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SCIENTIST'S CONSCIENCE — HOW FAR RESPONSIBILITY? 

Two events of the past year have led many of our scientific staff to a 
reassessment of their social responsibilities. 

The first was the announcement that the United States considered the 
development of an Enhanced Radiation Reduced Blast Weapon, popularly 
known as the neutron bomb. This announcement caused an unusual 
amount of political and public discussions. It seems that for the first time, 
radiation sources are being designed for the specific purposes of killing 
people. Conventional tactical nuclear weapons of small size were already 
seriously considered by the military for use against the crews of tanks, 
but the heavy steel armour of the vehicles offers considerable protection 
against gamma radation which is the principal radiation by-product of 
conventional A bombs. Fast neutrons penetrate steel much better and the 
neutron bomb is designed to yield more of these neutrons and relatively 
less explosive power and heat. High dose radiation is capable of incapaci
tating people in a short time by way of irreparable damage to the central 
nervous system, in particular the cerebellum. It is stated that a dose of 
between 8,000 and 10,000 rad is required to disable people within 5 - 30 
minutes. The suffering of those victims will be fully comparable to that 
following exposure to nerve gas, one of the most lethal chemical warfare 
agents. People present in the area around this high dose focus will be 
exposed to decreasing doses, leading respectively to the intestinal syn
drome and the bone marrow syndrome, both fatal diseases involving one 
week and up to six weeks of severe sickness. The diarrhoea and the in
fections which dominate these syndromes are in no way different from 
what was to be expected from the effects of so-called biological warfare. 

The detailed knowleage of the biological effects of fast neutrons and of 
the various radiation induced syndromes was not available to the public, 
neither had it been provided to those who make the decisions about the 
neutron bomb. Only radiation biologists can provide this information and 
discuss it with authority based on experiments and calculations. In 
Rijswijk we are especially well equipped to do so because of our research 
experience on the biological effects of fast neutrons, including whole 
body irradiation of monkeys (Broerse et al., in the press) and our long
standing experience with research on the intestinal and bone marrow 
syndromes (Balner, 1977). The question is: Should the experts on these 
radiation effects descend from their ivory towers and speak up? Some of 
us have done so and both our parliament and the public have appreciated 
this. The next question is: Should radiation biologists as the possessors 
of crucial information take a position? Some are convinced that they 
should strongly oppose the introduction of a new agent (neutron 
radiation) specifically geared to kill human beings, because the world is 
presently slowly progressing toward international control of weapons. 
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Others believe that however atrocious the new agents are, their intro
duction should be weighed against the needs of the defence of ourtype of 
society. The role of radiation biologists in the debates on the neutron 
weapon should in my opinion, be given high priority in forthcoming scien
tific meetings. The physicists who participated in the design and 
construction of the first atomic weapons were later accused of having 
applied their specific knowledge to the detriment of humanity. If we 
should remain silent in the present dispute, we can be similarly abused 
for having allowed the development of an even more disastrous agent. In 
contrast to the situation of Oppenheimer and his colleagues, we are not in 
wartime and we are not bound by secrecy. In addition, we witness perhaps 
for the first time, that the government of one of the big powers brings the 
issue of introducing a new lethal weapon into public discussion before 
decisions about mass production are being made. This is of great histori
cal significance and in fact exemplary of the course which all important 
scientific and technological developments should take in democratic 
societies. 

The second event which kept many of us to rack our consciences was 
the organization of the 12th International Cancer Congress In Argentine, a 
country where the freedom of scientists is doubtful to say the least. Is 
massive participation in this gathering to be taken as an approval of the 
Argentine regime — in which case many of us would not like to go — or 
will our participation benefit our Argentine colleagues in helping them to 
overcome the isolation which the regime imposes? 

Here again our present methods of disputing these important items are 
far from adequate. Letters to editors of scientific journals and the like 
cannot provide the leads which are required. It seems to be more 
appropriate that our scientific organizations take the issue up to 
formulate recommendations for their members, especially since the 
Argentine case is not the only one to pose this problem. The question 
should be discussed in relation to the limitations of scientific freedom 
which do exist in other countries, e.g., those of Eastern Europe, currently 
the site of many international scientific gatherings. If the national and in
ternational societies of scientists could realise that their responsibilities 
reach beyond designing high quality scientific programs, and could 
propose guidelines for the conduct of governments towards their scien
tists, this could be in the interest of all of us and may prove to be a more 
lasting service to our colleagues in the less free countries. 

Speaking about conferences, this mode of international exchange of 
results and opinions remains one of the most important mechanisms of 
maintaining academic independence. The current squeeze of research 
funds is reflected everywhere in a severe reduction of funds for travelling. 
Also regarding this development, recommendations by scientific 
societies seem to be in order. 
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Apart from difficulties to acquire the money for one's own travel to 
congresses, the local organizers of these events are facing increasing 
problems in collecting the funds for the physical facilities and conse
quently the enthusiasm for accepting the responsibility for setting up a 
meeting is decreasing. In spite of these difficulties the Institute for Expe
rimental Gerontology organized, jointly with the Laboratory for Electron 
Microscopy of the State University of Leiden, the First International Sym
posium on "Kupffer cells" at Noordwijkerhout, September 4-7, 1977. The 
Proceedings have been published by Elsevier/North-Holland Biomedical 
Press, under the title "Kupffer cells and other liver sinusoidal cells". 

From August 22 ti l l 25, 1979, staff members of the Radiobiological 
Institue, jointly with those of the Department of Cell Biology and 
Histology of the Eramus University Rotterdam, will organize the Eighth 
Annual Conference of the International Society for Experimental 
Hematology in Rotterdam. We are looking forward to greet many of our 
colleagues on that occasion. 

D.W. van Bekkum 

Balner, H., Bone marrow transplantation and other treatment after radiation injury: a review 
prepared for the Commission of the European Communities, The Hague, Nijhoff, 1977. 

Broerse, J.J. et al., Int. J. Radiat. Biol., in the press. 
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RADIATION P H Y S I C S 

RESULTS OFTHREEEULEPX-RAY DOSIMETRY INTERCOMPARISONS 

J. Zoetelief, J.J. Broerse and K.J. Puite * 

Studies on late somatic effects of ionizing radiation in mammalian 
organisms are of great importance for assessment of the risks of low level 
radiation exposure. Since this type of research requires large scale experi
ments and long term commitments of personnel and facilities, a cooper
ation has been established between 19 European laboratories organized 
in the European Late Effects Project Group (LULEP). A prerequisite for 
coordination of the EULEP programs is the standardization of experi
mental methods and materials such as dosimetry, pathology and the 
quality of experimental animals. 

In the past, two EULEP X-ray dosimetry intercomparisons have been 
performed (Broerse and Puite, 1974), which showed several discrepancies 
concerning the absolute dosimetry and the exposure conditions 
employed at the participating institutes. The results of the intercompari
sons have been evaluated and a protocol for EULEP X-ray dosimetry has 
been prepared (EULEP, 1972). During the period of September 1976 to 
February 1977, sixteen groups from eight countries participated in the 
third EULEP X-ray dosimetry intercomparison project. This third inter-
comparison was considered to be essential for a periodical check on the 
X-ray dosimetry procedures and for the benefit of the new groups joining 
EULEP in the intervening years. The participants were asked to irradiate 
the mouse phantom in such a way that the test capsule at the central 
position of the phantom would receive an absorbed dose of 200 rad in soft 
tissue and the irradiation could be considered as uniform (a ratio of less 
than 1.15 between maximum and minimum absorbed dose, according to 
the ICRU (1963) recommendations). An HVL of at least 1.5 mm Cu was 
recommended. 

The procedure for handling the thermoluminescent material was essen
tially the same as during the former intercomparisons (Puite et al., 1972). 
The estimated precision and uncertainty in absorbed dose derived by the 
TLD system are about 1.2 per cent and 3 per cent, respectively. 

Taking into account the estimated precision and uncertainty of the TLD 
system, the following recommendations were formulated (Broerse and 
Puite, 1974): 
1. The accuracy of the dosimetry is considered to be satisfactory when 

* Association Euratom-ltal, Wageningen, The Netherlands. 
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the mean value of the results from a laboratory differs by less than 5 
per cent from the standard value; when a difference between 5 and 10 
per cent from the standard value exists, a small discrepancy in the 
dosimetry is indicated; if the difference is more than 10 per cent, a 
recalibration of th^ X-ray dosimetry system is recommended. 

2. A standard deviation in the relative absorbed dose values below 3 per 
cent indicates a correct precision; when the standard deviation is 
between 3 and 5 per cent, some doubts arise about the precision; if the 
standard deviation is more than 5 per cent attention must be paid to 
the reproducibility of the irradiations. 

The LiF data from the participating institutes have been compared with 
those obtained from the standards laboratory. The results obtained for 
the mean relative absorbed dose of the 1971, 1973 and 1976 EULEP X-ray 
dosimetry intercomparisons are given in fig. 1. and an evaluation of the 
results of the three intercomparisons is presented in table 1. It can be con
cluded that considerable progress has been achieved with respect to the 

no-
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Figure 1. 
Results for mean absorbed dose in the central capsule of the mouse test phantom relative to 
the dose obtained from the standards laboratory for the participants in the 1971,1973 and 1976 
EULEP X-ray dosimetry intercomparison projects, respectively. 
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TABLE 1 

EVALUATION OF RESULTS OFTHE1971,1973 AND 1976 
EULEP X-RAY DOSIMETRY INTERCOMPARISONS 

Difference form standard dose 

A x«5% 5%<AX<10% Ax>10% 

1971 8/13 0/13 5/13 
1973 10/14 3/14 1/14 
1976 15/16 1/16 0/16 

Standard deviation of absorbed dose values 

ox<3% 3%<ox<5% ox>5% 

1971 10/13 0/13 3/13 
1973 9/14 2/14 3/14 
1976 9/15 6/16 1/16 

Absorbed dose distribution, Dmax/Dmin 

<1.06 < 1.10 < 1.15 > 1.15 

1971 1/12 2/12 5/12 7/12 
1973 1/13 5/13 10/13 3/13 
1976 2/15 5/15 11/15 4/15 

differences from the standard dose. These improvements can be partially 
attributed to site visits by members of the EULEP dosimetry committee to 
some institutes showing appreciable discrepancies. Where the standard 
deviations of the absorbed dose values of the individual participants are 
concerned, the improvements are only marginal. It can finally be con
cluded from table 1 that, between the first and the second inter-
comparison sessions, considerable improvements have been made with 
regard to the homogeneity of the dose distribution, whereas the results of 
the second and third intercomparison are comparable. 

The intercomparison projects provided the participants with the oppor
tunity of checking the accuracy and precision of their irradiations and the 
homogeneity of the dose distributions. It has to be realized that, in several 
countries, for instance, Belgium and Italy, the possibilities for calibration 
at a standards laboratory are not available. Repeated intercomparisons 
provide information on the long-term appropriateness of irradiation proce
dures and stimulate the participants to improve their dosimetry. Special 
assistance to institutes showing discrepancies have resulted in improve-, 
ments on a number of occasions. The intercomparisons are certainly 
valuable for new participants and for groups which have installed new 
irradiation arrangements. The intercomparison measurements revealed 
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unexpected discrepancies in dosimetry procedures at different institutes 
and this led to the requirement of repeated X-ray dosimetry inter-
comparisons at intervals of 2 to 3 years. It can be concluded that the 
stated limits for accuracy (5 per cent) and precision (3 per cent) are 
adequate to discover inconsistencies in X-ray dosimetry. 

Broerse, J.J. and Puite, K.J., Phys. Med. Biol., 19, (1974)732. 
EULEP, 1972, Protocol for EULEP X-ray dosimetry (Rijswijk, Radiobiological Institute TNO). 
ICRU, Report 10e, Radiobiological Dosimetry, NBS Handbook 88, Washington, 1963. 
Puite, K.J., etal., Phys. Med. Biol., 77,(1972)390. 
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DEPTH DOSE DISTRIBUTIONS FOR DIFFERENT NEUTRON BEAMS 
USED FOR RADIOTHERAPY 

J. Zoetelief, A.C. Engels, C.J. Bouts, J.J. Broerse, P.A. Visser* 
and B.J. Mijnheer* 

The depth dose distribution is one of the important physical charac
teristics of radiotherapy beams. Central axis depth-dose curves are avail
able for a number of neutron beams (ICRU, 1977); however, comparison of 
measurements of different authors is complex due to differences in field 
size, source to surface distance (SSD), phantom material and the quantity 
measured (neutron or total absorbed dose). It was decided therefore to 
perform measurements under comparable experimental conditions for 
d + T neutrons and d(50)+Be neutrons, which have been both in clinical 
use for some years, and for p(42)+Be neutrons, which were recently 
proposed as an alternative to the d + Be neutrons, since the same particle 
energy can be obtained with a cyclotron of smaller dimensions. 

The d + T neutrons of the Amsterdam radiotherapy facility were pro
duced with a sealed tube shielded by approximately 30 cm of steel and 19 
cm of polythene followed by 3 cm of lead (Mijnheer et al., 1978a). 

The d(50) + Be neutrons were obtained from the isochronous cyclotron 
at Louvain-La-Neuve, Belgium. A 105 cm thick multilayer collimator of 
steel, acrylic plastic and lead provided a 20 cm x 20 cm field at 129 cm 
distance from the target (Octave-Prignot, et al., 1976). 

The p(42) + Be neutrons were produced by the synchrocyclotron at the 
Institute for Nuclear Physics Research, IKO, Amsterdam. The beam was 
collimated by means of a tapered multilayer collimator consisting of 25 
cm steel and 25 cm borated paraffin with a circular steel insert, providing 
a field with a diameter of about 17 cm at 94 cm distance from the target; 
this field is approximately equivalent to a square field of 15 cm x 15 cm. 
For some experiments, a 6 cm thick nylon filter was inserted in the col
limator opening near the exit, to reduce the contribution of low energy 
neutrons. The neutron and gamma ray dose were determined separately, 
because of the differences in RBE of these two radiation qualities. To 
derive the separate contributions, it is generally preferable to combine a 
dosimeter with equal sensitivities to both radiation components with an 
instrument having a very low neutron sensitivity. In this respect, the com
bination of tissue equivalent (TE) ionization chamber and Geiger-Müller 
(GM) counter seems to be a suitable system. The depth-dose measure
ments were carried out in an open top acrylic plastic cube with outside 
dimensions of 30 cm and 0.6 cm thick walls filled with distilled water. For 

* Department of Radiotherapy. Antoni van Leeuwenhoek Hospital, Amsterdam, The Nether
lands. 
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the spherical TE-gas flushed TE ionization chamber the inside surface of 
the front wall was considered to be the effective point of measurement 
and for the energy compensated micro GM counter surrounded by a 6LiF 
cap the geometrical centre was taken as such. The numerical values for 
the basic parameters used to derive the neutron and gamma-ray absorbed 
dose from the relative responses of the TE chamber and the GM counter 
are given elsewhere (Mijnheer et al., 1978b). An air filled TE reference 
ionization chamber was used to monitor the neutron beam in each of the 
measurements. 

Central axis neutron depth dose curves as measured for d+T , 
p(42)+Be and d(50) + Be beams are given in fig. 2. The values for 
p(42) + Be neutrons are given for the situation with the nylon filter inserted 
in the collimator and are converted from 94 cm SSD to a more likely thera
peutic value of 125 cm SSD by means of an inverse square law correction. 
Such a conversion gave good agreement with experimental values for a 

100 
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A A d(16)+Be 
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—T~ 
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20 10 25 

depth in phonlom (cm) 
Figure 2. 
Central axis neutron depth dose curves in water for d(16) + Be neutrons (Bewley and Pamell, 
1969), d(0.25) + T, p(42) + Be and d(50)+ Be neutron beams of comparable large field sizes. 
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collimated d + T neutron beam (Mijnheer et al., 1978a). Also given are the 
values for d(16) + Be neutrons for a comparable field size 
(Bewley and Parnell, 1969). 

As can be seen from the figure, the data for the d-t T and d(16) + Be 
neutron beams at the given SSD are comparable. The depth dose curves 
for filtered p(42) + Be and d(50) + Be neutron beams show considerably 
better penetration characteristics. The 50 per cent neutron dose levels 
occur at depths in the water phantom of 12.7, 13.5, 10.2 and 9.7 cm, 
respectively, for the d(50)+Be, p(42)+Be (filtered), d(16) + Be and d + T 
beams at the given values of SSD for field sizes of approximately 15 cm x 
20 cm. Increasing the SSD for d + T neutrons from 80 cm to 100 cm results 
in a 50 per cent neutron dose level at 10.2 cm depth for the same field size. 

The depth dose measurements with and without the use of the nylon fil
ter showed that the filter hardens the beam and increases the depth for 
the 50 per cent neutron dose from 12.0 cm to 13.5 cm. A similar increase 
was observed by Johnson et al. (1976) for a p(26) + Be beam. The rapid 
decrease in intensity within the first two centimeters as observed by 
Smathers et al. (1978) for an unfiltered p(26)+Be beam could not be 
demonstrated for the p(42) + Be beam used in our experiments. 

The ratio of the gamma ray absorbed dose to the neutron absorbed 
dose along the central axis of the field is given in fig. 3 for the three meas
ured fields. The gamma ray component for the d + T beam is higher than 

DG/°N 

0.3 

0.2 -

0.1 -

v i . - . , - . . . , , , 

0 5 10 15 20 25 

depth in water (cm) 

Figure 3. 
Gamma component of beams of d(50)+ Be, p(42) + Be and d(0.25) + T neutrons expressed as a 
percentage of the neutron absorbed dose, as a function of depth in the water phantom. 
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for the cyclotron beams. As the p(42) + Be collimator is rather thin, 
improvement in the collimator design may reduce the ratio DG/DN for this 
beam. 

bewley, D.K. and Parnell, C.J., Brit. J. Radiol., 42, (1969) 281. 
ICRU, report 26, Neutron Dosimetry in Biology and Medicine, Washington, 1977. 
Johnsen, S.W. et al., Brit. J. Radiol., 49, (1976) 974. 
Mijnheer, B.J. et al., In: Proc. Third Symposium on Neutron Dosimetry in Biology and Medicine, 

Neuherberg (1978a), in the press. 
Mijnheer, B.J. et al., Brit. J. Radiol., 51, (1978b), 122. 
Octave-Prignot, M., eta l . , p. 173, In: Monograph on Basic Physical Data for Neutron Dosimetry 

(J.J.Broerse, ed.), Commission of the European Communities, Luxembourg (1976). 
Smathers., J.B. et al., In: Proc. Int. Conf. Particles and Radiation Therapy, Part II, Berkeley 

(1978), in the press. 
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BUILD-UP CHARACTERISTICS OF FAST NEUTRONS UNDER 
DIFFERENT CONDITIONS 

J.J. Broerse, J. Zoetelief, A.C. Engels, C.J. Bouts and B.J. Mijnheer* 

The build-up characteristics for three radiotherapy fast neutron beams 
have been studied under different experimental measuring conditions. 
The neutron sources studied were the reactions of deuterons on tritium 
(d + T) and of 50 MeV deuterons on beryllium (d (50) + Be), which have both 
been in clinical use for some years. The neutrons produced by 42 MeV 
protons on beryllium (p(42)+ Be), a reaction which has been proposed as 
an alternative to the d + Be reaction, were also studied. 

A modified tissue equivalent (TE) ionization chamber with an alumi-
nized mylar entrance wall (Zoetelief et al., 1978) was used to measure the 
secondary charged particle build-up by the addition of TE plastic discs of 
various thicknesses. The results of the response of the mylar walled ion
ization chamber flushed with TE gas relative to the response at maximum 
build-up for d +T neutrons for free-in-air conditions and for uncollimated 
and collimated d + T neutrons with the chamber placed against a water 
phantom are given in table 2. The d + T neutrons were collimated by 
means of a 41 cm thick multilayer collimator (Broerse et al., 1972), which 
provided a 6 cm x 8 cm field at 42.5 cm distance from the target. The 
table also shows the results obtained when a 0.5 mm thick lead filter is 
placed in front of the chamber. A relatively higher entrance dose is mea
sured if the chamber is placed in front of the phantom, a situation which is 
most relevant for the assessment of skin sparing for the clinical applica
tions. The increase in entrance dose might be attributed to a contribution 
from backscattered radiation from the phantom. It can be concluded that 
the introduction of the lead filter has the most pronounced effect on the 
results obtained for the collimated beam. The decrease in the relative 
ionization is probably due to the absorption of charged particles 
contaminating the beam. 

The results of the use of air or TE-gas flushing the ionization chamber 
on the relative ionization of the mylar walled chamber are given for several 
conditions in table 2. The values obtained for the air flushed chamber 
tend to be somewhat lower than those obtained when TE-gas is flushing 
the chamber. The thickness of the gas filling of the cavity (0.32 mg-cm- 2 

air; 0.28 mg-cm- 2 TE-gas) cannot be neglected with respect to the thick
ness of the mylar wall (1.0 mg-cm-2). The kerma factor for air is much 
lower than that forTE-gas (ICRU, 1977); consequently, the results with the 
air flushed chamber are lower. The build-up curve is somewhat dependent 
* Department of Radiotherapy, Antoni van Leeuwenhoek Hospital, Amsterdam, The Nether

lands. 
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TABLE 2 

BUILD-UP CHARACTERISTICS OFTE DISC CHAMBER 

Reaction 

d + T 
(TNO facility) 

d + T 
(AVL facility) 

* the overall u 

Condition 

free-in-air 
free-in-air 
free-in-air 
free-in-air 

in front of phantom 
in front of phantom 
collimated in front 

of phantom 
collimated in front 

of phantom 
collimated in front 

of phantom 
collimated in front 

of phantom 

collimated (6 cmx8 cm) 
in front of phantom 

collimated (16 cm x 20 cm) 
in front of phantom 

ncertainty of the measurements is 

Gas 
filling 

TE 
TE 
air 
air 
TE 
TE 

TE 

TE 

air 

air 

TE 

TE 

below 1 

Lead 
filter 

— 

+ 
— 
+ 
— 
+ 
— 

+ 

— 

+ 

+ 

+ 

percent. 

Relative ionization* 
at 1mg/cm2 

0.59 
0.55 
0.57 
0.53 
0.63 
0.58 

0.74 

0.58 

0.63 

0.54 

0.58 

0.62 

on the field size as can be concluded from the entrance dose values 
obtained with different field sizes (see table 2) at the Amsterdam neutron 
therapy facility. 

It can be concluded that the measuring conditions, i.e. application of a 
filter, the use of air or TE gas flushing the ionization chamber, the employ
ment of a phantom and the field size used are of importance for the inter
pretation of secondary charged particle build-up curves. 

A comparison of charged particle build-up for three radiotherapy 
neutron sources, for the assessment of skin sparing was therefore 
performed with one set of ionization chambers under similar conditions, 
i.e. the collimator or the ionization chamber covered with a lead layer, the 
presence of a phantom and comparable field sizes. Fig. 4 shows build-up 
curves for the three neutron beams. The results for the p(42) + Be beam 
are given for the situation with a nylon filter inserted in the collimator 
opening. The relative ionization at the entrance (which to a first approxim
ation is proportional to the entrance dose) is approximately 60 per cent of 
the maximum ionization for all three neutron beams. For the d + T 
neutrons, the maximum of the build-up is reached at a depth of about 2.5 
mm (in unit density tissue), whereas for the d(50) + Be beam the maximum 
is reached at a depth of about 7 mm. The p(42) + Be neutrons show a broad 
maximum in the build-up curve between 10 and 15 mm, indicating that 
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Figure 4. 
Charged partiele build-up for d(0.25) + T, p(42) + Be and d(50) + Be neutron beams as a function 
of thickness of TE plastic. 

there are more high energy neutrons in this beam than in the d(50) + Be 
beam. The build-up curve for the p(42) + Be beam without the nylon filter 
shows a steeper increase in ionization, whereas the maximum remains at 
about the same thickness. This indicates that the contribution of 
neutrons of lower energies is reduced by the use of the nylon filter. The 
depths at which the maxima are reached are in good agreement with the 
maximum ranges of recoil protons (ICRU, 1977). For the evaluation of skin 
damage, it must be realized that the critical layer of the epidermis is 
located at a depth between 15 and 100 ^m for most parts of the body 
(ICRP, 1975). Over this depth of 15-100 ^m, the relative doses are nearly 
the same for each of the neutron beams, indicating a similar skin sparing 
effect. 

Broerse, J.J. et al., p. 627, In: Proc. First Symp. on Neutron Dosimetry in Biology and Medicine, 
(G. Burger, H. Schraube and H.G. Ebert, eds)., Commission of the European Communities, 
Luxembourg 1972. 

ICRP, publication 23, Report of the Task Group on Reference Man (Pergamon Press, Oxford), 
1975. 

ICRU, report 26, Neutron Dosimetry for Biology and Medicine, ICRU, Washington, 1977. 
Zoetelief, J . et al., In: Proc. Third Symp. on Neutron Dosimetry in Biology and Medicine, Neuher-

berg (1978), in the press. 
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DOSIMETRIC ASPECTS OF FAST NEUTRON IRRADIATIONS OF CELLS 
CULTURED IN MONOLAYER 

J.J. Broerse, A.C. Engels, C.J. Bouts, J.F. Gaiser, 
A.S.M. van Rijsoort and J. Zoetelief 

Perturbations of charged particle equilibrium at interfaces of materials 
of different atomic compositions can lead to considerable differences in 
the energy deposition by photons and neutrons (ICRU, 1977). Specific 
examples of these interface perturbations are encountered during irradia
tions of body cavities and soft tissues adjacent to or enclosed by bone 
and irradiations of cells in monolayer on the bottom of culture dishes. The 
energy dissipation of fast neutrons in biological materials occurs from 
recoil protons, heavy recoil nuclei and products of nuclear reactions. The 
relative contributions of these interactions to the kerma or absorbed dose 
in soft tissue depend on the neutron energy. Under conditions of secon
dary charged particle equilibrium, the contribution from interactions with 
hydrogen nuclei to the neutron absorbed dose in muscle tissue is equal to 
94 and 73 per cent for monoenergetic neutron beams with energies of 0.5 
and 14.5 MeV, respectively (ICRU, 1977). Due to the- large contribution 
from recoil protons to the neutron kerma, energy deposition in 
various biological materials is determined mainly by the hydrogen con
tent. Consequently the hydrogen content of materials used for neutron 
dosimetry devices and exposure arrangements determines to a large 
extent the matching to tissue. In our previous experiments with fast 
neutrons (Broerse et al., 1968), culture dishes consisting of glass rings 
with a 6 urn thick Melinex bottom were used. In experiments in which the 
total effect of all interactions of fast neutrons with the cellular con
stituents was to be assessed, a layer of tissue equivalent material was 
mounted in front of the cells. This tissue equivalent material should be at 
least equal in thickness to the range of the protons with maximum energy, 
i.e., equal to the maximum of the neutron energy spectrum. In this case, 
the number and energy of protons set in motion outside the cell and enter
ing it are equal to the number and energy of protons produced inside the 
cell which emerge from it. 

Standard polystyrene culture flasks are presently employed at our 
institute as a routine procedure for fast neutron irradiation of cells in 
monolayer (Barendsen and Broerse, 1977), similar to the exposure 
arrangements applied by other groups for cell survival studies. The energy 
deposited in the cell will depend on the geometrical arrangement, 
notably, the irradiation of the cells through the polystyrene bottom of the 
culture flasks or through the medium which essentially has the same 
atomic composition as water. The dosimetric consequences of this 
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procedure have been investigated for d + T neutrons with an average 
energy of 14.5 MeV. Recent calculations of Caswell et al. (1976) have 
yielded the following kerma factors (in rad-cm2 or 10-2 Gy cm2) for this 
neutron energy: water, 0.698-10-8; muscle tissue, 0.661 -10-8; and poly
styrene, 0.585-10-8. On the basis of the kerma ratios only, it is expected 
that the absorbed dose in cells irradiated through the medium or through 
the polystyrene bottom will differ by a factor of 1.19. It should be realized, 
however, that part of the energy deposition in the cells is also delivered by 
secondaries originating in the cell. The definitive assessment of these 
dosimetric aspects has to be based on the biological response of cultured 
cells irradiated underthe two different exposure conditions. 

Cell survival characteristics have been determined for cultured cells of 
human kidney origin. In order to average variations in neutron fluence 
rate, the culture flasks were mounted on an exposure arrangement which 
was rotated slowly in front of the target. The dosimetry was performed 
with tissue equivalent ionization chambers and GM counters. The re-

1 Irradiation through medium 

2 irradiation through polystyrene 

u 10 -

200 400 600 

soft tissue kerma ( rad ) 
Figure 5. 
Survival curves of cultured cells irradiated with d + T neutrons through the medium (curve 1) or 
through the polystyrene bottom of the culture flasks (curve 2). 
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sponses of the chambers were converted to soft tissue kerma. The dbse 
rate was about 5 rad per min and the photon dose was measured to be 5 
per cent of the total dose. 

The survival curves obtained for the 14. 5 MeV neutron irradiation in the 
two geometries are presented in fig. 5. For a given tissue kerma, a higher 
level of survival is observed for the irradiations through the polystyrene 
bottom of the flasks. This indicates that a smaller amount of energy is 
absorbed in the cells in this situation. The relative absorbed doses in tis
sue layers irradiated through water or through polystyrene differ by a fac
tor of 1.16. This ratio is somewhat lower than the factor expected on the 
basis of the kerma ratios. The discrepancy has to be attributed to small 
contributions from energy deposition processes inside the cell and from 
backscattered secondary charged particles. Cell irradiations with 15 MeV 
neutrons are generally performed with the neutron beam reaching the 
cells through the medium . Under these conditions we account for the 
slight increase in absorbed dose by applying a correction of 5 per cent. It 
should be realized, however, that larger correction factors will be required 
for neutron irradiations through the bottom of the flasks. 

Barendsen, G.W. and Broerse, J.J., Int. J. Radiation Oncology Biol. Phys., 2, supplement no. 2, 
(1977), 211. 

Broerse, J.J. et al., Int. J. Radiat. Biol., 13, (1968), 559. 
Caswel I, R.S. et al., p. 69 in: Proc. Workshop on Basic Physical Data for Neutron Dosimetry, EUR 

5629(1976) 
ICRU report 26, Neutron Dosimetry for Biology and Medicine, ICRU, Washington, 1977. 
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RADATION QUALITY FACTORS OF Pu-Be AND Am-Be SPECTRA 
DERIVED FROM MICRODOSIMETRIC MEASUREMENTS 

B. Hogeweg 

Biological effects are induced by the different types of ionizing radi
ation with an effectiveness which is dependent on their linear energy 
transfer (LET). To account for these differences in effectiveness, the Inter
national Commission on Radiation Protection (ICRP) adopted as a dose 
weighting factor the quality factor, Q, for health physics purposes. The 
dependence of the quality factor on the type of directly ionizing radiation 
as represented by its LET value, L^, is adopted in current ICRP publi
cations (ICRP, 1969; ICRP, 1971) as a continuous function. 

This function is not given in an analytical form by the ICRP. Only a few 
selected numerical values and a diagram of the function are provided. 

For the calculations of quality factors from lineal energy distributions, 
this continuous function was approximated by the analytical function 
given as: 

L00< 35MeVcm-1 

as^L^^iyöOMeVcm-1 (1) 

L0o>1750MeVcm-1 

0.467, a3 = 0.188 and a4 = 

When the dose is delivered by indirectly ionizing radiation associated 
with wide distributions of secondary charged particles, then a mean 
quality factor, Q, must be applied for the calculation of the equivalent 
dose. This mean value can be derived from the equation: 

00 

Q = ^ / QdooJD^dLoo (2) 

0 

where D, denotes the differential distribution of the dose, D, in La,. 

By definition, the mean quality factor of the electrons generated within 
the body is assumed to be 1 forX-radiation and gamma rays. 

It can be demonstrated that lineal energy distributions measured with a 

,1 for 

Q (Loo) = f -exp I 2 a,(In Loo—In 35)' I for 

\ o for 

where the parameters are a, = 1.24, a2 = 
-0.025. 

15 



long cylindrical tissue-equivalent (TE) proportional counter are nearly 
identical to LET distributions. This is due to the fact that the track length 
distribution for a long TE counter is strongly peaked at a value equivalent 
to the diameter. Therefore, the integral (formulated by equation 2) of the 
product of the fractional dose distribution and the LET dependent quality 
function (i) will yield the mean quality factor of the radiation for which 
this fractional dose distribution was determined. 

Because the fractional dose distribution values for X- and gamma rays 
are larger than zero for LET values in excess of 35 MeV cm- 1 , quality fac
tors calculated from the distributions of these radiations by this method 
will be greater than the postulated value of 1. As a result, quality factors 
derived for sources which have large contributions of gamma rays also 
tend to be too high. A correction can be applied to those distributions for 
which the contribution of gamma rays can be discriminated from the 
other contributions. The correct value of the mean quality for these situa
tions can be derived by applying an L», independent quality factor of 1 for 
the gamma contribution and the defined quality dependent factor for the 
othercontribution. 

To test this method, mean quality factors were determined from lineal 
distributions measured for neutron spectra of a Pu-Be source and an 
Am-Be source. The neutron energy distributions of these (cr-n) sources are 
almost identical, because the energies of the alpha particles emitted by 
the americium and the plutonium are nearly the same. Since americium 
also emits a large fraction of gamma rays, the emitted spectrum of the 
Am-Be source has a relatively large gamma contribution. 

Lineal energy distributions of both sources were measured with the 
cylindrical TE counter previously described in annual reports. The frac
tional dose distributions derived from these measurements demonstrate 
an identical shape for that part of the spectrum which can be attributed to 
neutrons, as was to be expected from the source characteristics. For the 
region of iow lineal energy values, the fractional dose distribution of the 
americium source is large due to the high contribution of gamma rays. 

Quality factors derived from these fractional dose distributions 
employing formulas (1) and (2) are 7.6 ± 0.4 for the Pu-Be spectrum and 3.8 
± 0.2 for the uncorrected Am-Be spectrum. The value derived for the pluto
nium source is in good agreement with a value of 7.5 reported by Nachti-
gall (1987). The value for the americium source is greatly different from the 
value of 7.5 reported by Nachtigall and this can be explained by the fact 
that his value is based on the neutron component only. 

Employing the similarity of the shapes of the fractional dose curves for 
the americium and plutonium sources in the range of high LET values of 
secondary particles induced by neutrons and assuming that the similarity 
will also apply to the neutron component in the low LET region, the 
neutron and gamma components of the americium source can be 
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estimated from the extrapolation in this low LET region. 
The gamma ray corrected mean quality factor for the Am-Be source 

spectrum derived from both components is 3.3 ± 0.3 and has a value of 8.0 
± 0.6 for the neutron component only. It can be concluded from the dif
ference between the corrected and uncorrected quality factor for the 
americium source that, even for neutron sources with a high gamma 
contribution, the overestimation in the value 3.8 for the quality factor is 
relatively small. 

ICRP publication 15,1969 
ICRP publication 21,1971 
Nachtigall, D., Health. Phys. 13, (1967), 213 
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RADIOBIOLOGY 

RAPID INTERPHASE DEATH AND SLOW REPRODUCTIVE DEATH 
INDUCED BY RADIATION IN CULTURED HAEMOPOIETIC 

TUMOUR CELL LINES 

Alan W. Harris and Herman Burger 

For most types of mammalian cells and tissues, death following doses 
of ionizing radiation in the range between a few hundred to several thou
sand rad is related to mitotic activity. Amongst the few exceptions to this 
general rule are lymphocytes, especially those in the thymus which die 
within a few hours of irradiation and whose death requires no associated 
cell cycle progression. Some mouse lymphoid tumour cell lines, such as 
L5178Y, P388 and L1210, which have been previously studied by others, 
undergo slow reproduction-related death as do non-lymphoid cell lines. 
These observations, together with recent evidonce(Suciu et al., 1975) that, 
in the mouse thymus, non-cycling lymphocytes undergo rapid interphase 
death while cycling lymphocytes die a slower mitotic death, might 
suggest that only non-mitotically active lymphoid cells are capable of 
rapid interphase death. 

We have investigated the response to radiation of a number of mouse 
tumour cell lines which represent various stages of lymphoid and non-
lymphoid cell development. Although these cell populations are compo
sed almost entirely of cycling cells, some undergo rapid interphase death 
while others die a much slower presumably mitosis-related death. 

The experimental technique consisted principally of irradiating suspen
sions of exponentially growing cells with gamma rays from a 137Cs source 
and, during subsequent incubation under normal growth conditions, 
periodically measuring the proportion of live cells by the eosin dye exclu
sion method. As shown in fig. 6, cells of nine lines showed a rapid decline 
in viability after irradiation with 1000 rad. The mean half-life of live cells 
was about 8 h, which is very similar to that found for normal thymocytes 
by Myers et al. (1962). On the other hand, cells of ten other lines, whose 
viability was eventually reduced to less than 1 % by irradiation with 1000 
rad, declined in viability much more slowly with half-lives ranging from 
20 h to more than 70 h. Table 3 lists the lines concerned, their cell types, 
growth rates and their half lives after treatment with 1000 rad. Although 
the rapid-death group consists entirely of lymphoid cells, there are also 
similar types of lymphoid cells in the slow-death group. It is especially 
striking that some T lymphoma lines, whose cells possess many of the 
characteristics of normal thymic lymphocytes, are slow-dying while other 
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viability (eosin dye exclusion) of cultured lymphoma cells during incubation after 
with 1000 rad. 

lines, also sharing thymocyte charasteristics, are fast-dying. The differ
ence in response to radiation could be a differential marker of hitherto 
indistinguishable thymocyte subpopulations or may be a cell physiologi
cal divergence in the poorly defined process of adaptation of lymphoid 
tumourcells to continuous growth in cell culture. 

The relationship between radiation dose and cell killing was investi
gated for the group of cell lines showing rapid interphase death. The 
results, assayed as percentages of viable cells remaining 22 h after 
irradiation are shown in fig. 7. Most of the lines yielded very similar 
patterns, but two showed evidence of unusual radiosensitivity. The latter 
two suffered significant viability reductions after doses as low as 25 rad. 

Thus, in addition to sharing many other specific characteristics of nor
mal lymphocytes, such as cell surface antigens and responsiveness to 
steroid hormones, lymphoid tumour cells in continuous culture can also 
retain the lymphocyte's peculiar response to radiation. These cell lines, 
furthermore, provide us with experimentally convenient material with 
which to investigate the mechanism of interphase death and the cell 
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TABLE 3 

FAST INTERPHASE A N D SLOW REPRODUCTIVE DEATH OF IRRADIATED CELLS 

Cell line Cell type 
Cell doubling 

time(h) 
Viability half-life 
after 1000 rad (h) 

ABLS-8.1 
AVRij-1 
ST-1.2 
ST-4a 
ST-4b 
ST-4A1 
ST-4A2 
WEHI-7.1 
WEHI-112.1 

S49.1 
BW5147 
WEHI-22.1 
WEHI-231 
WEHI-279.1 
HPC-108.1 
MPC 11.45.6.2.4. 
P3.6.2.8.1. 
WEH 1-265.1 
PU-5-1R 

pre-B 
pre-B 
T 
thymocyte-likeT 
thymocyte-likeT 
thymocyte-likeT 
thymocyte-likeT 
thymic T 
thymicT 

thymocyte-likeT 
thymicT 
thymicT 
B 
B 
plasma cell 
plasma cell 
plasma cell 
myeloid 
macrophage 

10 
16 
11 
16 
13 
15 
16 
12 
12 

13 
12 
12 
18 
14 
11 
15 
15 
TS 
17 
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Radiation dose-cell viability relationship for lymphoma cell lines which undergo rapid inter
phase death. Cell viability was measured by eosin dye exclusion 22 h after irradiation. 
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physiological and molecular biological relationship between rapid inter
phase death and the more common mitotic death of irradiated normal and 
neoplastic cells. 

Myers, D.K. et al., Can. J. Biochem. Physiol., 40, (1962), 1535. 
Suciu, D. et al.. Int. J . Rad. Biol.28. (1975), 409 
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DECREASED BROMSULFOPHTHALEIN UPTAKE BY HEPATOCYTES 
ISOLATED FROM X-IRRADIATED LIVER 

K.L. Jackson, A.J. van der Kogel, C.F.A. van Bezooijen and D.L. Knook 

Irradiation of the liver during cancer therapy can lead to the serious 
consequences of radiation hepatitis and sometimes death (Ingold et al., 
1965; Lewin and Millis, 1973) . Functional impairment of the region of 
exposed liver is readily detected by external scintillation scanning for 
131l-rose bengal dye uptake following therapeutic photon doses greater 
than 3 krad (Kurohara et al., 1967). Reduced uptake of 131l-rose bengal after 
large X-ray exposures of the rat liver has also been reported and this 
change occurs prior to reduction in blood flow through the irradiated site 
(Jackson and Christensen, 1975). In spite of the seriousness of the clinical 
response to radiation hepatitis, very little is known concerning its patho
genesis (Lewin and Mil!is, 1973). Reed and Cox (1966) have suggested that 
it is a form of veno-occlusive disease. 

To clarify whether radiation-induced impairment in dye uptake by the 
liver is due simply to altered blood flow or is associated with reduced 
function in surviving hepatocytes, bromsulfophthalein-35S (BSP) dye up
take was studied in parenchymal cells isolated from irradiated livers of 
3-month.-old male Wistar rats. The surgically exteriorized left anterior liver 
lobe was exposed to 4.4 krad of 300 kV X-rays with the remainder of the 
liver and body shielded. Previous work has shown that 85% of the paren
chymal cells of rat liver survive this X-ray dose (Jackson et al., 1974). For 
sham irradiation, the left lobes were surgically exteriorized but not irradi
ated. At various times during the first 3 weeks post-irradiation or post-
sham-irradiation, parenchymal cells were isolated separately from the left 
and right anterior lobes by a modification of the method of Van Bezooijen 
et al. (1977). The nanomoles of BSP taken up per 106 parenchymal cells 
during a 21 minute incubation period (cell concentration 2 — 5 x 105 

cells/ml) were measured as previously described (Van Bezooijen et al., 
1976). In each animal, a comparison was made between BSP uptake by 
cells from the left lobe relative to BSP uptake by cells from the right lobe 
and this is reported as the BSP uptake ratio. As determined by trypan blue 
exclusion, 85% (±3% standard deviation) of the cells isolated were viable 
and irradiation had no effect on this percentage. 

Based on preliminary data, there was no effect of 4.4 krad on BSP up
take at 1 day or 1 week after irradiation. However, there was a significant 
reduction in cellular BSP transport 3 weeks after irradiation as shown in 
table 4. BSP uptake was reduced to 50% of the control at this time. 
Additional measurements on cells from one animal X-irradiated with 1.8 
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TABLE4 
BSP UPTAKE BY ISOLATED PARENCHYMAL LIVER CELLS 

3 WEEKS AFTER IN VIVO X-IRRADIATION 

Treatment 

Sham irradiation 

5 krad irradiation 

Numerof 
animals 

2 

3 

BSP uptake 
ratio* 

1.01 ±0.14 

0.50 ±0.08 

Significance 

p < 9.05 

* BSP uptake ratio: nmol BSP per 106 cells from the left lobe/nmol BSP per 106 cells from the 
right lobe. Mean ± standard error. 

krad 51/2 months previously showed a similar result. BSP uptake by cells 
isolated from the irradiated left lobe was reduced to 27% of the uptake by 
cells from the shielded right lobe. These results suggest that X-irradiation 
results in a functional defect in dye transport at the hepatocyte level. 

Van Bezooijen, C.F.A., et al., Biochem. Biophys. Res. Commun., 69, (1976), 354. 
Van Bezooijen, C.F.A., et al., Mech. Age. Dev. 6, (1977), 293. 
Ingold, J.A., et al., Amer. J. Roentgenol., 93, (1965), 200. 
Jackson, K.L., et al., Radiat. Res., 59, (1974), 585. 
Jackson, K.L., andChristensen.G.M., Radiat. Res., 62, (1975), 543. 
Kurohara, S.S., et al., Radiology, 89, (1967), 129. 
Lewin, K., and Millis, R.R., Arch. Pathol., 96, (1973), 21. 
Reed. B.G. and Cox, A.J., Amer. J. Patnol., 45,(1966), 597. 
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EFFECTIVENESS OF PROTRACTED ADMINISTRATION OF ETHRANE 
ON THE RADIATION RESPONSE 

H.B.Kal and J.F. Gaiser 

In a previous report (Annual Report, 1976, p. 41), we described frac
tionated low dose rate irradiations of a rat rhabdomyosarcoma and skin. 
These experiments were initiated to determine whether the therapeutic 
gain observed for radiation treatments applied at a dose rate of about 100 
rad/h relative to single doses is equivalent to that obtained at about 400 
rad/h (Kal and Barendsen, 1972; Kal and Sissingh. 1974). The results were 
unsatisfactory and several possible reasons were indicated to explain the 
unexpected loss in therapeutic gain at a dose rate of 390 rad/h as com
pared to acute irradiation. These were: a. the treatments applied i.e. 4 
daily fractions at low or high dose rate followed 3 days later by an 
additional dose, may induce different synchronization of repopulating 
cells, hence the additional dose of 1500 rad may induce different 
responses, b. the prolonged anaesthesia required for the protracted 
irradiations as compared to the relatively short anaesthesia periods for 
the acute irradiations may also play a part in the differences observed. 
The acute irradiations were performed under Nembutal* narcosis, the 
protracted irradiations under Ethranej** narcosis. 

Additional experiments in which the interval between 4 daily fractions 
and an additional dose was varied indicated that possible differences in 
synchronization of repopulating cells could not account for the results 
observed. The use of different kinds of anaesthesia, however, was found 
to be a major reason for the differences observed. This was demonstrated 
in experiments described here on the use of protracted administration of 
Nembutal or Ethrane on the radiation response of the rat skin and tumour. 
Nembutal was injected i.p. and Ethrane, of which 1 per cent was mixed 
with pure oxygen, was inhaled by the animals. This mixture of Ethrane and 
oxygen was pumped around in a closed circuit. 

In fig. 8. is plotted growth delay of the rat rhabdomyosarcoma observed 
after a single dose of 1800 rad of 300 kV X-rays (dose rate 340 rad/min) or 
after two fractions of 900 rad with an interval of 4 h between the two frac
tions. Repair of sublethal damage took place in the 4 h interval in which 
the animals remained under Nembutal narcosis. This resulted in a de
crease of growth delay of 4 d. No repair was seen when Ethrane was used 
for anaesthesia under similar conditions or when it was administered only 
during the irradiations. The conclusion from this experiment is that acute 
irradiations performed with a single, short administration of Ethrane 

* Nembutal: pentobarbital sodium 
** Ethrane: 2chloro-1,1,2-trifluoroethyldifluoromethyl ether 
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Figure 8. 
Tumour reactions after single and split-dose irradiations. 
Tumour growth delays are shown after single doses of 1800 rad or two fractions of 900 rad with 
an interval of 4 h. Irradiations were performed under Nembutal or Ethrane narcosis. " F " stands 
for fraction, "short" for anaesthesia during the radiation exposure only, " long" for the Ethrane 
anaesthesia also maintained during the interval. 

result in equivalent growth delay as irradiations under Nembutal narcosis. 
When a split-dose treatment was given, Ethrane was found to inhibit 
repair of sublethal damage. 

In fig. 9., results for normal tissue responses after irradiation treat
ments performed under Nembutal or Ethrane narcosis are summarized. 
The maximum foot skin reaction was used as the parameter for the skin 
damage (Annual Report 1976, p. 42). Two irradiation regimens were 
applied: a single dose treatment of 3000 rad or a split-dose treatment 
consisting of 2000 rad and 1000 rad with an interval of 24 h. Repair of 
radiation-induced damage in the 24 h interval is quite clear; when Nem
butal was used for narcosis, the maximum foot skin reaction was 0.65 for 
the single dose treatment, it was 0.4 for the split-dose treatment. When 
Ethrane was used, repair occurred also in the 24 h interval, however, 
marked differences are observed as compared with the Nembutal data. 
Firstly, when a single acute dose of 3000 rad was administered and the 
Ethrane narcosis was maintained for 3 h after irradiation, a more severe 
skin reaction was observed as compared to the situation where the 
animals were under Nembutal narcosis (short exposures to Ethrane did 
not result in a significant different skin reaction as compared with expo
sures to Nembutal). This indicated that additional damage was 
introduced by the Ethrane treatment and/or that repair of potentially lethal 
damage was inhibited. Secondly, split-dose experiments yielded a lower 
degree of damage as compared to single dose treatment; however, a more 
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Figure 9. 
Foot skin reactions after single and split-dose irra 
Maximum foot skin reactions were obtained after single doses of 3000 rad or two fractions of 
2000 rad + 1000 rad with 24 h interval. Irradiations were performed under Nembutal or Ethrane 
narcosis. " F " stands for fraction, "short" for anaesthesia during the radiation exposure only, 
" long" for the Ethrane anaesthesia also maintained for 3 h after the first dose. 

severe skin reaction was observed as compared to the animals treated 
with 2 fractions under Nembutal narcosis. Here again, when Ethrane was 
administered for 3 h after the first dose of 2000 rad, a larger degree of skin 
damage was observed as compared to the short Ethrane exposure. The 
severity of the damage is almost as large as is the case for the single 
acute exposure under Nembutal. This indicates that repair of radiation-
induced damage is partly inhibited or that the administration of Ethrane 
itself introduces additional damage. 

The results presented here make clear why skin reactions were more 
severe after fractionated low dose rate irradiations as compared to after 
fractionated acute irradiations (Annual Report, 1976, p. 41). Our data indi
cate that repair of sublethal damage during the low dose rate irradiation 
does not occur due to the presence of Ethrane and that additional 
damage was induced due to the Ethrane narcosis. 

It is recommended to avoid the use of Ethrane as an anaesthetic in 
experiments designed to investigate repair of damage during protracted 
irradiation treatments or in fractionation studies. 
Kal, H.B., and Barendsen, G.W., Brit. J. Radiol., 45, (1972), 279 
Kal., H.B., and Sissingh, H.A., Brit. J . Radiol., 47, (1974), 673. 
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CHANGES IN THE VASCULAR ARCHITECTURE OFTHE RAT BRAIN 
AFTER IRRADIATION 

H.S. Reinhold and B. Blachiewicz 

In the program of the European Late Effects Projects Group (EULEP) 
research project on the role of vascular changes in the development of 
late damage in the irradiated central nervous system, we investigated the 
effects of irradiation on vascular architecture. This was done by means of 
microscopic analysis of cleared, thick sections that were taken at the 
level of the optic chiasm. 

The blood vessels were initially visualized by means of perfusing the 
whole animal with the classical India ink mixture, which also contained 
some gelatin. It was found, however, that the variation among the various 
specimens was too large and, after a period in which we used an intrave
nous injection of a suspension of carbon particles, it became apparent 
that a new method was required. This was developed and the perfusion 
fluid presently used, contains fixatives, pigment particles and plastic 
latex particles. 

Obviously, if one wishes to investigate the development of minor chan
ges in the vascular architecture, it is of advantage to compare irradiated 
versus non-irradiated specimens. For this purpose, a "comparison" 
microscope was used, which, in essence, consists of two microscopes 
whose images each occupy one half of the microscope image. In the 

o % 

m<1 7 % 

* < 34 % 

|<51 % 
Figure 10. 
Distribution of vascular abnormalities in the irradiated rat brain. Pooled specimen (n = 29), 
obtained 18to26monthspostirradation. 
Note prevalence cf white matter over gray matter. 
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postirradiation follow-up period of up to 15 months, no changes in vas
cular architecture were observed. However, after that time, an increasing 
incidence of abnormalities was found. These consisted mainly of foci 
where the vessels were widened, the so-called telangiectasies. The 
impression was gained that these foci can develop into quite extensive 
areas. Focal haemorrhages and extensive necrotic areas may eventually 
develop. The obvious aspect of these abnormalities (which are readily 
recognizable) made further analysis by looking at minor changes from 
controls with the "comparison microscope" unnecessary and the data 
presented here were obtained by analysis of the irradiated specimens 
only. These were obtained by serial killing at prefixed time intervals. (In 
age-controls similar lesions were never observed). 

The distribution of the various abnormalities, regardless their severity, 
is shown in fig. 10. It is apparent that the focal abnormalities occur mainly 
in the pericentral areas: corpus callosum, corona radiata and the striatal 
area, with also a high incidence in the septal area and a low incidence in 
the hypothalamus. These findings indicate that the development of focal 
vascular lesions after irradiation of the rat brain occur in specific areas. 
The white matter and mixed white/gray matter seems particularly sen
sitive, while the gray matter (cortex) is hardly affected in this way. 
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TIME-DOSE RELATIONSHIPS FOR VARIOUSTYPES OF 
RADIATION-INDUCED LESIONS IN THE RAT SPINAL CORD 

A J . van der Kogel and H.A. Sissingh 

The tolerance of the spinal cord, a critical dose limiting tissue in radio
therapy, has been studied with respect to its dependence on fractionation 
and overall time of treatment. The vertebral region C5-T2 of 3-month-old 
maie rats (WAG/Rij) was irradiated with single and fractionated doses of 
300 kV X-rays and the incidence of paralysis was evaluated in each experi
mental group (Van der Kogel, 1977). In the present report, it will be shown 
that different pathological mechanisms are involved in the induction of 
paralysis, depending on the dose and time after irradiation. This suggests 
the involvement of different cell types as target cells and has implications 
for the two types of recovery reported earlier (Annual report, 1976,p. 21). 

After irradiation with single doses in the range of 2000-4000 rad, the 
latent period decreases with increasing dose from about 200 days to 120 
days. The predominant lesion observed is demyelination and necrosis of 
the white matter, which is attributed to specific damage in the oligoden
drocytes. This type of glial cell is involved in the maintenance of the 
myelin sheaths. After irradiation with doses below the level for induction 
of white matter necrosis, paralysis may develop after very long latent peri
ods varying fro.n 220 days up to the end of the normal life span which i's 
about IV2 years after irradiation. The lesions all seem to start with 
telangiectasis (dilatation of capillaries) and small haemorrhages. This 
stage may either develop into a chronic inflammatory stage or into an 
acute haemorrhagic infarction. Because the lesions apparently start in 
the capillaries, the endothelial cell is the most probable target. 

In addition to their histological characteristics the two main categories 
of damage (white matter necrosis and vascular damage) can be separated 
on the basis of time of development, with the point of transition at about 7 
months after irradiation. Thus, by separation in time, dose-response 
curves representing these specific lesions, presumably related to a 
specific target cell can be constructed. In fig. 11, dose-response curves 
are shown for single dose and two-fraction experiments with different 
time intervals. The upper set of curves represents the induction of 
paralysis due to white matter necrosis, while the lower curves represent 
the development of late vascular damage and show a slight shift to lower 
doses. From the dose-response curves, isoeffect doses can be obtained, 
e.g., the ED50 corresponding to 50 per cent incidence of paralysis. The 
capacity for repair of subeffective damage is obtained by comparing the 
ED50 of the single dose experiment with the two-fraction experiment (1 day 
interval). The D2-D., value is about 750 rad for the white matter necrosis 
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Figuren. 
Dose-response curves for the two different types of lesions in the cervical spinal cord. 
Standard errors derived by probit analysis; curves without error-bars are fitted by eye. 

and about 550 rad for the late vascular damage. This suggests that the 
two types of target cells have a different repair capacity. In the two-
fraction experiments with increasing time intervals, significant additional 
recovery has been reported for an interval of 112 days (Annual Report, 
1976, p. 21). The present data show that this increase in ED50 is observed 
only for paralysis due to the white matter necrosis syndrome, which has a 
latent period of about 6 months. For the late vascular damage, this 

TABLE 5 
CHARACTERISTICS OF LESIONS IN CERVICAL SPINALCORD 

White matter necrosis Vascular damage 

Dose range 

Latent period 

Possible target cell 

Repair (D2-D.|) 

Repopulation 

±2000-4000 rad 

inversely related to the dose 
(210 - 120days) 

oligodendrocyte 

± 750 rad 

starting after about 8 weeks 

< 2000 rad 

variable, 220-550 days 

endothelium 

±550 rad 

not observed for intervals 
<16 weeks 
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additional recovery apparently does not take place, because, at IV2 years 
after irradiation the ED50 is similar for all two-fraction experiments. The 
characteristics of the two types of lesions are summarized in table 5. It 
can be concluded that, for the development of radiation myelopathy, at 
least two types of target cells, which differ in their repair capacity and 
time-dose relationships, are involved. 

Van der Kogel, A.J., Radiology 722, (1977), 505. 
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RESPONSES OF RAT SKIN TO RADIATION TREATMENT 

T.L.S.A. van Beek*, L.E.C.M. Blank*, H.B. Kal and A.J. van der Kogel 

Responses of skin to irradiation have been studied by a variety of 
methods, but it is not evident what response is the most relevant for the 
prediction and evaluation of late damage occurring in normal tissues 
after irradiation of tumours in man with fractionated irradiations. In order 
to compare different responses in rat skin two types of reactions were 
studied, 1. the shrinkage of transplanted pieces of skin and 2. the 
contraction of dorsal skin in one dimension in a field of 4 x 4 cm2. Both 
responses were studied as a function of dose and fractionation regimen. 

In the transplantation studies albino WAG/Rij rats were irradiated with 
graded doses of 137Cs gamma rays. Following irradiation circular pieces 
of dorsal skin with a diameter of 20 mm were transplanted onto the backs 
of unirradiated brown (WAG/RijxBN) F1 rats. The choice of the donor-host 
combination eliminated the possibility of rejection of the grafts (Balner, 
1964 and Barendsen, 1969). The irradiated skin grafts started to decrease 
in size about 2 weeks after transplantation, depending on the dose given, 
until a constant value was reached at about 3 months after transplant
ation (Kal and Sissingh, 1974). In fig. 12 the remaining areas, 3 months 
after transplantation, relative to areas of unirradiated pieces of skin are 
plotted as a function of dose. At a dose of about 1100 rad, a reduction of 
the area of 50 per cent was observed. For doses in excess of 1100 rad the 
skin area decreased rapidly as a function of dose, resulting mostly in scar 
tissue. 

In the second type of experiments local irradiation of a dorsal field of 
4 x 4 cm2 in the WAG/Rij rat was performed to measure skin contraction. 
The irradiated area was marked by tattooing with indian ink. The distance 
between marks was measured as a function of time after irradiation. The 
dimensions of the fields irradiated with single doses up to about 2500 rad 
of 300 keV X-rays, measured 4 months after transplantation, showed no 
significant changes. For single doses in excess of 2500 rad, significant 
changes were observed; the median line in the cranial-caudal direction 
showed the largest contraction. With the regimen consisting of 5 daily 
fractions, changes in the median line were observed only for total doses 
in excess of 4000 rad. 

The contraction of the median line relative to controls is shown in 
fig. 13 for single doses and for 5 daily fractions. In the dose range of 2600 
to 3600 rad, the occurrence of islands of regenerating epithelial cells in 
the irradiated field were observed as well as crust formation, resulting in 

* Department of Radiotherapy, Westeinde Hospital, The Hague 
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Figure 12. 
Dose-effect relationship for skin grafts. 
Reduction in the area of irradiated skin grafts relative to controls as a function of doses of 
137Cs gamma rays, measured 3 months after irradiat'on and transplantation. 
Bars represent standard deviations. 
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Contraction of the median line as a function of dose. 
Cranial-caudal contraction of the median line in the irradiated field relative to controls as a 
function of single doses, curve 1, or 5 daily doses of 300 kV X-rays, curve 2, measured 4 months 
after treatment. Each data point is derived from 1 animal. 
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contraction after healing. For single doses in excess of 3600 rad only a 
few or no islands at all were observed and healing of the irradiated area 
occurred mostly by ingrowth from the unirradiated borders. The "dose 
repaired" in the intervals in the 5 fraction regimen at the 80 per cent level 
is about 400 rad per interval. This value for skin responses is similar to 
that observed by others (Dutreix et al., 1973). 

There seems to be a large difference with respect to the dose applied in 
the two types of experiments required for causing a significant effect, 
e.g. 50 per cent reduction in area or the occurrence of shrinkage of the 
median line. In the transplantation study a rapid decrease in skin area was 
observed for doses in excess of 1100 rad; in the second study contraction 
of the median line occurred for doses in excess of 250O rad. In spite of 
these large differences in doses applied, different fractionation regimens 
can be studied in both systems. 

In this report we presented data for five fractions for the local irradiation 
of the rat skin. With the skin transplantation method effects of irradia
tions administered with high or low dose rates were reported (Kal and 
Sissingh, 1974), as well as dose fractionation with high and low LET radia
tion (Broerse et al., 1971). It is clear that, despite surgical trauma and 
hence impaired vascularization, cellular responses with this transplant
ation method can be quantified.With the second system skin responses 
are also determined by ingrowth of epithelial cells from the unirradiated 
borders and favoured by the presence of an intact, although irradiated 
vascular bed. This system probably is more suitable as a clinical model 
since the total doses applied are also comparable with doses used in 
clinical practice and late effects may be scored more easily. 

The dose range in which island formation and skin contraction were 
observed i.e, the range which includes the tolerance dose, will be studied 
in more detail with respect to the influence of field size and dose fraction
ation. 

Balner, H., Transplantation 24, (1964), 464. 
Barendsen, G.W., p. 413 In: Radiation-Induced Cancer, IAEA, Vienna, 1969. 
Dutreix, J. et al., Europ. J. Cancer 9, (1973), 159. 
Kal, H.B. and Sissingh, H.A., Brit. J.Radiol., 47, (1974), 673 
Broerse, J.J., etal. , Europ. J.Cancer, 7,(1971), 171. 
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HAEMATOLOGY 

EFFECT OF NEURAMINIDASE ON CELLSURFACES AS MEASURED BY 
ELECTROPHORESIS 

G. Doekes, S.J.L. Bol and M. van Vliet 

The negative charge of cell surfaces is, to a large extent, due to the 
presence of sialic (N-acetylneuraminic) acid in membrane glycoproteins. 
It is possible to reduce the cell surface charge by treating the cells with 
the enzyme neuraminidase, which specifically removes sialic acid resi
dues. Consequently, the electrophoretic mobility (EPM) of the cells is 
reduced. 

Using human erythrocytes, which represent a homogeneous population, 
an attempt was made to determine the relationship between neurami
nidase concentration and reduction in surface charge density (which is 
supposed to be proportional to the EPM) (Hannig et al., 1975). Erythrocy
tes were incubated with various enzyme concentrations (1h, 37° C), after 
which the EPM was measured by free flow electrophoresis (Elphor Va P5, 
Bender and Hobein GmbH. München). During electrophoresis, the cells 
could be seen in the apparatus as a narrow band. This made it possible to 
estimate the fraction containing the highest cell concentration. The EPM 
of some samples was measured more accurately by determination of the 
cell distribution over the fractions by use a Coulter counter. The two 
methods gave similar results. 

In fig. 14, the homogeneity of red blood cells (with regard to their EPM) 
is illustrated: 70% of the untreated cells were found in three fractions 
only. This figure also shows the remarkable reduction in the EPM after 
neuraminidase treatment, while the homogeneity is not significantly 
affected. 

Fig. 15 shows the relationship between the logarithm of the neuramini
dase concentration and the EPM. This relationship seems to be linear. 
The EPM is approximately halved by a million-fold increase in enzyme 
concentration. This flat slope was at first sight somewhat surprising: 
although very low concentrations resulted in a detectable reduction in the 
EPM, no saturation was found at high concentrations. 

An explanation may be that the enzyme treatment of cells is not 
completely comparable to a "normal" enzyme reaction, since the sub
strate is not homogeneously distributed, but locally concentrated on the 
cell surfaces; this makes interactions between the substrate molecules 
possible. When the release of each particular sialic acid group is depen
dent on the sialic acid concentration on the cell surface, the observed 
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decrease in relative enzyme activity can be expected. Moreover, the inter
actions can also involve a concentration-dependent partial dissociation 
of the sialic acid carboxyl groups. In that case, the measured EPM will not 
be proportional to the actual amount of sialic acid on the cell surface and 
the measured decrease in EPM after neuraminidase treatment will be less 
than the actual release of sialic acid. These complications should be kept 
in mind when applying the method. 

In principle, a quantitative determination of the relationship between 
neuraminidase concentration and the EPM can be used as follows: 
a. using a well-defined cell population (e.g. erythrocytes), it will be possi

ble to measure enzyme activity in unknown preparations. From a 
chemical point of view, however, a better defined substrate is prefera
ble. Nevertheless, determination of the EPM of cells is a rapid method 
and, by using the same cell populations, unknown neuraminidase con
taining samples can be compared. The same system allows the investi
gation of processes involved in repair of the cell membrane after 
neuraminidase treatment. 

b. treatment of cells with known enzyme concentrations can be used for 
their characterization. Different cell types often have different amounts 
of neuraminidase-sensitive groups expressed on their membrane. 
Therefore, the maximum reduction in the EPM will be different. More
over, the interactions mentioned above may be different and thus the 
kinetics for the release of sialic acid will also be different. In this way, 
the total dose-effect curve may be used as characteristic for some cell 
populations. 

Hannig, K. et al., Hoppe-Seyler's Z. Physiol. Chem., 356,(1975), 1209 
Zeiller, K. et al., Israel J. Med. Sci.,7 7, (1975), 1242. 
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ELECTROPHORETIC MOBILITY OF CFU-s FROM NORMAL MOUSE 
BONE MARROW 

S.J.L. Bol and M. van Vliet 

Haemopoietic stem cells (CFU-s) from mouse bone marrow have been 
characterized on the basis of their density, sedimentation velocity (Visser 
et al., 1977) and light scatter properties, this report, p. 44). This has led to 
a physical description of CFU-s which allows study on changes in either 
of these parameters during differentiation processes. Cell separation on 
the basis of cell membrane structures will allow a more functional 
approach to cell typing. Such a technique may be a powerful tool, since 
chemical membrane components can be influenced specifically; this 
increases the number of possibilities for cell identification. 

Cell separation techniques have also been used to enrich CFU-s in 
comparison to other cell types. Van Bekkum et al. (1971) reported a 25-fold 
enrichment of CFU-s by combining vinblastine/mustine treatment of 
donor mice and bone marrow cell separation on discontinuous density 
gradients. Separation on physical cell properties only, even with a combi
nation of two techniques (e.g. separation on the basis of density and light 
scatter properties) does not result in high enrichment of CFU-s (maximum 
of 8 times normal concentrations). This rather low enrichment is partly 
due to the fact that the cell parameters mentioned above are not totally 
independent. Separation on the basis of new independent parameters 
may improve the purification of CFU-s. 

This illustrates the need for a new cell separation technique. Electro
phoresis has been chosen as an additional technique for more exact iden
tification of cells and for cell purification purposes. In the present report 
some technical details are given and a first survey is made on the elec-
trophoretic behaviour of CFU-s. 

Continuous free flow electrophoresis provides possibilities for charac
terization and separation of cells and investigations on the chemical 
composition of the cell membrane. In this technique, cells are subjected 
to a continuous buffer flow in a separation chamber formed by two glass 
plates which are placed at a short distance from each other. 

The electric field that can be installed perpendicular to the buffer flow 
causes cells to deflect towards the anode according to their net negative 
surface change. The rather complex physical phenomena of charged 
particles in electrolyte solutions are difficult to quantify. For this reason, 
the electrophoretic mobility (EPM) of a particle is mostly taken as an indi
cation of its surface charge. The EPM is defined as the quotient of the 
particle velocity and the strength of the electric field applied. Under the 
conditions used, the cells are mainly separated on the basis of their sur-
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face charge density, while other cell properties (e.g., size) have a minor 
influence (Hannig et al., 1975). 

Electrophoretic separation of bone marrow cells was carried out using 
an Elphor Va P5 apparatus (Bender and Hobein GmbH, München) which 
was developed by K. Hannig (1961). The separation medium consisted of 
HEPES buffer to maintain a pH of 7.2., glucose and sorbitol for 
maintaining the proper osmolarity and a small amount of balanced salt 
solution to provide the desired ionic strength (Boehmer et al., 1974). The 
low ionic strength of the buffer causes a strong aggregation of dead cells. 
Before separation, the cell suspensions were filtered through a thin layer 
of cotton wool to remove cell clumps. During the continuous separation 
procedure, the cells were collected in 90 tubes of 15 ml capacity, which 
contained 1 ml of balanced salt solution supplemented with 20% ot foetal 
calf serum at the start. Viable nucleated celi counts were performed on 
each fraction by pulse cytophotometry (BlO/Physics) using propidium 
iodide (PI) and fluorescein diacetate (FDA) (Annual Report 1976, p. 221). 
Suspending the cells in the low ionic strength medium causes some cell 
death, but cell viability is not reduced during the actual separation proce
dure. 

Nucleated cells from mouse bone marrow show an electrophoretic 
mobility distribution as given in fig. 16, panel A. The profile shows two 
peaks which represent cells with EPM of 1.81 and 2.19 x 10'" cm2.V-1.cm-1. 
Morphological characterization of the cells from different fractions using 
Giemsa stain show lymphocytes, polymorphonuclear cells and myelo
blasts to possess modal EPM of 1.75, 1.87 and 1.93 x 104 cm2.V'. sec1, 
respectively. Surprisingly, these cell types also have a small peak in the 
high EPM region around 2.19 x 104 cm2.V"1.sec"1. Peak incidences of 
normoblasts are found around 2.10 x 10"" cm2. VVsec1, while eryth
rocytes show an EPM higher than 2.20 x 10"4cm2.V'1.sec"1. 

In panel B of fig. 16, the EPM distribution of CFU-s is given. This profile 
shows two peaks, one of which coincides with the high EPM peak of the 
nucleated cell profile; the other peak is at 2.03 x 104 cm2. V"1.sec"\ which 
indicates that CFU-s have a higher EPM than most of the nucleated cells 
resulting in enrichment of CFU-s. This enrichment is illustrated in panel C 
of fig. 16, in which the number of CFU-s per 105 nucleated cells is plotted 
against the EPM values. Highest concentrations of CFU-s are found in 
fractions which contain cells with an EPM of around 2.05 x 104 cnV.V'1. 
sec1. In four experiments a mean enrichment factor of 4 (ranging from 
2.5 to 8.0) was observed in the peak fractions. 

These data describe the electrophoretic behaviour of CFU-s from nor
mal mouse bone marrow. A study on the EPM of CFU-s from rapidly pro
liferating bone marrow is in progress. Further investigations will be 
focused on the determination of the chemical nature of charged groups 
on the cell membrane of CFU-s and of other cells at different levels of dif-
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Figure 16. 
Electrophoretic mobility of mouse bone marrow cells. 
A. EPM distribution of total nucleated cells. 
B. EPM distribution of CFU-s 
C. Concentration of CFU-s. 
The distributions A and B are calculated as the number of cells per fraction, and are expressed 
as a percentage of the maximum value. Distribution C is calculated as CFU-s per 105 nucleated 
cells per fraction. 

42 



ferentiation. Since it can be assumed that surface charge is not physically 
related to sedimentation velocity, density or light scatter properties, 
separation on the basis of the latter parameters will be carried out in 
combination with electrophoresis to determine whether higher enrich
ment factors can be obtained. 

Van Bekkum, D.W. et al., Blood 38, (1971), 547. 
Von Boehmer, H. et al., J. Cell. Physiol., 83, (1974), 231. 
Hannig, K., 2. analyt. Chem., 7S7,(1961), 244. 
Hannig, K. et al., Hoppe-Seyler's Z. Physiol. Chem., 356, (1975), 1209 
Visser, J. etal.. p. 21, In: Experimental Hematology Today, 

(S.J. BaumandG. D. Ledney, eds.), Springer Verlag, New York, 1977. 
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THE MORPHOLOGYOFTHEHAEMOPOIETIC STEM CELL DERIVED 
FROM SCATTER MEASUREMENTS ON A LIGHT ACTIVATED 

CELL SORTER 

G.J. van den Engh and J.W.M. Visser 

Light scattered by a small particle contains information about its size, 
structure and refractive index. If the scatter intensity at all angles is 
known it is possible, at least in theory, to derive the shape and internal 
structure of the particle. Using a flow cytometer. the light scattering 
properties of single cells can be measured. Whenever a measurement is 
done on a flow cytometer scatter signals are always generated and these 
contain "morphological" information which can be extracted with little 
effort. Since no celi stain is required, such measurements have the advan
tage that they can be performed without interfering with cell viability. 

The intensity of the scattered light at low angles or forward light scatter 
(FLS) is largely (though not linearly) related to cell size (Mullaney and 
Dean, 1970). The complexity of the cell structure seems to contribute little 
to the intensity of the FLS signal. In contrast, the scatter intensity at right 
angles (perpendicular light scatter, PLS) depends on the number of reflec
tive surfaces on or inside a cell (Brunsting and Mullaney, 1974). When the 
FLS and PLS signals of mouse bone marrow cells are combined, a dot dia
gram as shown in fig. 17 is obtained. As indicated, one can distinguish 5 
clusters. Erythrocytes, dead cells, lymphocytes and unidentified blast 
cells are separated according to size along the FLS axis. Granulocytes 
can be recognized by the large PLS signal due to the complex structure of 
thenucleus. . . , . . . _ . . - -

° -i 
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dead cel ls lymphocytes 
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Figure 17. 
Forward (1 °-20°) versus perpendicular <60°-88°) light scatter of mouse bone marrow cells. 
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Distribution of the forward light scatter (1°-20°) of mouse bone marrow cells, thymocytes and 
CFU-s. From density and sedimentation rate measurements G1 thymocytes in suspension are 
estimated to measure 6 ^m in diameter (Q = 1.083 g/cm3; s = 3.3 mm/h; Boersma; personal 
communication). 

The scattering properties of haemopoietic stem cells were determined 
by dividing bone marrow cells into fractions of increasing FLS or PLS 
signals and by assaying these fractions for CFU-s content. Fig. 18 shows 
the FLS histogram of CFU-s with respect to all bone marrow cells and to 
thymocytes. The CFU-s peak is situated in the lower region of the blast 
cells. When compared to thymocytes, the majority of CFU-s, presumably 
cells in G0or G1 phase, are somewhat smaller than G2 phase thymocytes. 
The latter cells are estimated to be 7.5 urn in diameter. Similar PLS 
measurements (not shown) also locate CFU-s in the blast cell region. If it 
is assumed that cells which group together in the dot diagram are similar 
in morphology, it may be concluded that the stem cell is a small blast cell 
with a rounded nucleus and inconspicuous internal structures. It meas
ures 7.0-7.5 pm in diameter. 
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These observations indicate a cell which is similar in morphology to the 
one which was described by Van Bekkum et al. (1971) as a candidate stem 
cell. Their cell type measures 7-10>m in diameter and shows no elaborate 
cytoplasmic structures. 

Van Bekkum, D.W. et al.. Blood 38, (1971). 547. 
Brunsting, A. and Mullaney, P.F., Biophys. J., 14, (1974), 439. 
Mullaney, P.F. and Dean, P.N., Biophys. J., 70(1970), 764. 

46 



ONTHEORIGIN OFCFU-s IN SPLEEN COLONIES 

J.W.M. Visser, G.J. van den Engh and M.G.C. Platenburg 

Numbers of murine pluripotent haemopoietic stem cells are usually 
determined by the spleen colony assay as described by Till and 
McCulloch (1961). Application of this method to enumerate stem cells in 
the spleen colonies themselves has led to several new hypotheses con
cerning the stem cells as well as the method (for reviews see Lajtha, 1970; 
Metcalf and Moore, 1971). These hypotheses assume that the colony 
forming cells (CFU-s) which are present in a spleen colony originate from 
the cell which gave rise to that colony. However, some as yet unexplained 
phenomena (Lajtha, 1970; Metcalf and Moore, 1971) may be understood if 
it is assumed that at least some of the CFU-s have migrated into the 
spleen colonies from elsewhere: 
a. the shorter doubling time of the CFU-s in the spleen with respect to 

that in the bone marrow of reconstituted mice; 
b. the "overshoot" of CFU-s per spleen at 3-30 days after reconstitution 

of irradiated mice, which does not occur in the bone marrow; 
c. the increase in the number of CFU-s per 106 spleen nodule cells with 

increasing graft size; 
d. the increase in the number of CFU-s per 106 spleen nodule cells with 

time after grafting after day 7; 
e. the increasing coefficient of variation in the number of CFU-s per 

colony with increasing colony age, which is not to be expected from 
a stochastic differentiation process. 

Since the rate of CFU-s migration :.. irradiated and reconstituted mice is 
known to be low (Metcalf and Moore, 1971), a significant effect of migra
ting CFU-s into spleen colonies may be expected only if the seeding 
efficiency factor (f-factor) for migrating CFU-s into spleen colonies is 
high. Therefore, we have determined the f-factor for CFU-s which migrate 
into colony-rich spleens. 

The seeding efficiency of migrating CFU-s into colony-rich spleens was 
measured by determining the number of CFU-s per spleen originating 
from a graft of bone marrow cells to recipients with colony-rich spleens. 
From a comparison of groups A and B (table 6), it can be calculated that 
the graft of 2.5 x 105 bone marrow cells gave rise to 64 more CFU-s per 
spleen 24 h after grafting than were already present in the colonies. The 
same graft size to mice without colonies on their spleens (group C) result
ed in only 6 CFU-s per spleen 24 h after grafting, which is in agreement 
with an f-factor of 0.05 and a doubling time of 24 h of mouse CFU-s in the 
spleen of irradiated and reconstituted mice (Metcalf and Moore, 1971). 
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T A B L E 6 

HOMING O F CFU-s IN SPLEEN COLONIES 

No. of colonies per 
No. of bone marrow cells spleen at day 9 

injected after irradiation 

primary secondary 
Group dayO day? recipients recipients 

A 105 0 19.3 8.62 69 ± 8 
B 105 2.5 x 105 n.d. 16.6 133±9 
C 0 2.5 x 105 n.d. 0.7 6 ± 5 
D 0 0 0.1 n.d. 0 

Male C3H mice (8-12 weeks of age) were lethally irradiated (950 rad gamma rays). Groups A and 
B received 105 syngeneic bone marrow cells i.v. within 6 h after irradiation. Groups C and D 
were not reconstituted with such a graft. After 7 days, both groups B and C received 2.5 x 105 

syngeneic bone marrow cells. One day later (at day 8), the CFU-s content of the spleens was 
determined. Mice from all groups were killed. Single cell suspensions of their spleens were 
prepared and injected into lethally irradiated, syngeneic, secondary recipients (1/8 spleen per 
recipient). The latter mice as well as survivors from groups A and D were killed 9 days after 
being irradiated and spleen colonies were counted (Till and McCulloch, 1961). Each group 
contained 10 mice. The experiment was repeated five times with similar results. 

Similarly, it can be calculated that the f-factor for CFU-s into colony-rich 
spleens is 0.67, which is more than 13 times higher than that of spleens 
without colonies. The latter figures, however, probably depend on the 
number and size of the colonies present in the spleens of the recipients. 
Our results indicate that colony-rich spleens are efficient traps for migra
ting CFU-s. It remains to be established whether these CFU-s home in the 
colonies or elsewhere in the spleens. 

Detailed information on the kinetics of CFU-s migration in irradiated 
and reconstituted mice could not be found in the literature. Available data 
suggest that migration of CFU-s to the spleen occurs for at least several 
days in partially irradiated mice (Metcalf and Moore, 1971; Van Bekkum 
and Schotman, 1974). In spleen colonies which originate from cells carry
ing chromosomal markers, a small number of immigrated cells has always 
been observed (Metcalf and Moore, 1971). A combination of a low rate of 
CFU-s migration and a high f-factor for CFU-s to spleen colonies may, 
qualitatively, account for the unexplained findings which were mentioned 
above. 

Van Bekkum, D.W. and Schotman, E., Int. J. Radiat. Biol., 25, (1974), 361. 
Lajtha, L.G., p. 111. In: Regulation of Hematopoiesis (Gordon, A.S., ed.), Appleton Century 

Crofts, New York, (1970). 
Metcalf, D. and Moore, M.A.S., p. 70. In: Haemopoietic Cells, (Neuberger, A. and Tatum, E.L., 

eds.), North-Holland Publishing Company, Amsterdam (1971). 
Til l, J.E. and McCulloch, E.A., Radiat. Res.,74, (1961), 213. 
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HETEROGENEITY OF MOUSE BONE MARROW CFU-c. 

S.J.L. Bol, J.W.M. Visserand G.J. van den Engh 

In studies on the regulation of haemopoiesis, the growth of haemopo-
ietic cell colonies in vitro is frequently used to determine the presence 
and the biological features of early stage cells with a high proliferation 
capacity (CFU-c) or to test protein preparations for their contents of activi
ties which induce these cells to proliferate. During the last few years a 
detailed analysis of the CFU-c compartment and of biological properties 
of colony stimulating activities (CSA) has been made. This analysis 
showed CFU-c as well as CSA to be heterogeneous in nature. CSA was 
shown to be composed of a primary stimulator (CSF-PMUE = pregnant 
mouse uterus extract) the action of which can be modified by different 
types of CSF-enhancing activities. Cell separation studies revealed dis
crete subpopulations of CFU-c which differ not only in physical properties 
but also in their responsiveness to the different stimuli present in CSA 
preparations. 

Table 7 gives the characteristics of the three CFU-c subpopulations 
which have been detected up to now. All three types of CFU-c need CSF-
PMUE for the formation of colonies. Two of them need a CSF-enhancing 
activity as an additional stimulus for induction of proliferation: CFU-cl 
and CFU-c3 depend on the presence of a postendotoxin serum type and 
an erythrocyte lysate type enhancer, respectively. Some CSA prep
arations contain - a s yet unidentified -factors which have no effect on 
induction of proliferation by CFU-c, but influence the direction of 
differentiation to either granulocytes or monocytes. These types of fac
tors have an equal effect on the progeny of the three CFU-c subpopu
lations. 

Modal densities of CFU-cl, 2 and 3 were found to be 1.070, 1.075 and 
1.080 g-cm-3, respectively. In previous experiments, at least one of the 
three types of CFU-c (CFU-c2) was considered to be homogeneous in its 

TABLE 7 
CHARACTERISTICS OF CFU-c SUBPOPULATIONS 

Differentiation sequence CFU-cl CFU-C2 CFU-C3 

CSF-PMUE + CSF-PMUE + 
Colony stimulating Postendotoxin serum CSF-PMUE erythrocyte lysate 
activity (CSA) type enhancer type enhancer 

Modal density 1.070g-crrr3 1.075g-cm-3 1.080g-cnv3 

Modal sedimentation rate 4.5 mm-rr1 5.0mm-h"1 5.2mm-h"1 

Modal diameter 7.6nm 7.7 fim 7.6fim 
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density properties (Van den Engh et al., 1977). In subsequent experiments 
this could not be reproduced. Broader density distributions of CFU-c 
responding to CSF-PMUE were found repeatedly. This is illustrated in 
fig. 19. The bandwidth at half the peak value is much larger than the reso
lution of the method (0.006 g-cm-3). In the same figure the profile of the 
lysate dependent CFU-c3 is plotted. Comparison of the two curves 
suggested that in these experiments CFU-c2 as well as CFU-c3 were 
stimulated by CSF-PMUE. Moreover, when the horse serum (one of the 
components of the culture medium) happened to be of suboptimal quality, 
more homogeneous density distributions of CFU-c2 were observed, due to 
reduced colony formation by high density CFU-c (fig. 20). On the basis of 
these observations, the broad density distribution of CFU-c responding to 
CSF-PMUE can be explained by the presence of lysate type enhancing 
activities in the optimal serum mixture, resulting in growth of CFU-c2 and 
a part of the CFU-c3 subpopulation. 

The three CFU-c subpopulations also differ in their sedimentation rates 
(table 7). Some inaccuracy exists in the determination of this parameter. 
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Figure 19. 
Density distributions of CFU-C2 and CFU-c3. 
CFU-c2 responding to CSF-PMUE (not dependent on enhancing activities). 
CFU-c3 dependent on the presence of erythrocyte lysate. 
The distributions are calculated as CFU-c per fraction per density increment and each is ex
pressed as a percentage of the maximum value. The distribution of CFU-c3 represents the 
difference between cultures which received CSF-PMUE, without and in the presence of 
erythrocyte lysate. 
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In three series of experiments, modal sedimentation rates of CFU-c2 were 
found to be 5.0 (Van den Engh et al., 1977), 5.3. (Wagemaker et al., Annual 
Report 1976, p.224) and 5.5. mm-lr1 (this report, p. 53). However, a 
characteristic sedimentation rate of 5.0 mm.fr1 for CFU-c2 was 
determined by a theoretical analysis of the sedimentation rate profiles. 
The same analysis resulted in sedimentation rates of 4.5 mm-IT1 for 
CFU-c1 and 5.2 mm • h-i for CFU-c3. 

Combination of density and sedimentation rate measurements offers 
the possibility to calculate cell size. The figures in table 7 show that there 
are no significant differences in diameter between the CFU-c types. This 
indicates that the differences in sedimentation rate are due mainly to 
differences in cell density. 

The biological significance of the presence of different CFU-c types is 
evident from experiments which show CFU-c1, 2 and 3 to represent 
different levels of differentiation., The numbers indicate the differentia
tion sequence (Bol and Williams, 1976). The possibility of recognizing 
sequential differentiation states allows more detailed studies on the diffe
rentiation mechanism. 
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Figure 20. 
Influence of culture conditions on the density distribution of CFU-c. 
Curve 1: responding to CSF-PMUE. The bone marrow cultures contained 20% of a mixture of 

horse serum and fetal calf serum. The growth in these cultures is comparable to that in 
cultures which contain 20% of normal horse serum only. 

Curve 2: CFU-c responding to CSF-PMUE. Cultures contained 20% of heat-inactivated horse 
serum. 

The distributions are calculated as CFU-c per fraction per density increment and each is 
expressed as a percentage of the maximum value. 
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The observed heterogeneity of both CSA and CFU-c questions the value 
of results from studies in which undefined CSA preparations were used 
and/or no discrimination was made between the CFU-c types. Especially 
in studies where an experimental group of animals is followed in time (e.g. 
after drug treatment, irradiation, virus inoculation, etc.) concerning serum 
CSA-levels or the presence of CFU-c in haemopoietic organs, the 
existence of CFU-c subpopulations susceptible to different types of 
stimuli is of main importance. 

Van den Engh, G.J. et al. p. 157. In: Experimental Hematology Today. (Eds. S.J. Baum and 
G.D. Ledney), Springer Verlag, N.Y. (1977). 

Bol, S.J.L. and Williams, N.T. p. 83. In: Proc. 5th Annual Meeting ISEH, Washington, (1976). 
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SEDIMENTATION RATES OF MONOCYTE/GRANULOCYTE 
PROGENITOR CELLS 

J.W.M. Visser and A. Uijttewaal 

Progenitor cells from mouse bone marrow can be induced to proliferate 
and differentiate into colonies of monocytes and/or granulocytes in semi
solid agar cultures in the presence of colony stimulating activity (CSA). 
Three different myeloid colony forming cells (CFU-c) can be distinguished 
on the basis of differences in buoyant density, sensitivity to CSA from 
different sources, and kinetics of colony maturation (Williams and Van 
den Engh, 1975; Van den Engh, 1976; Bol and Williams, 1976). In order to 
characterize these progenitor cells in more detail, their sedimentation 
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sedimentation rate ( m m / h ) 
Figure 21. 
Sedimentation rate distributions of CFU-c 
Mouse bone marrow cells were separated into 20-30 fractions by velocity sedimentation at unit 
gravity as described by Visser et al. (1977). Of each fraction cells were plated in semisolid agar 
cultures (5 x 104 cells per ml) in the presence of PMUE + PES, PMUE, orPMUE + lysate. 
After 7 days of culture colonies of more than 50-100 cells were counted. Sedimentation rate 
distributions are presented as percentage of the peak in the PMUE-sensitive CFU-c distribution. 
The curves are the average of three experiments. 
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rate distributions were determined. Fig. 21 shows the sedimentation rate 
profiles of CFU-c which in the presence of CSA from pregnant mouse uteri 
(PMUE) with and without post-endotoxin serum (PES) or rat erythrocyte 
lysate give rise to myeloid colonies. The recoveries of the CFU-c after the 
separation procedure were found to be low (45-65%) for the PMUE-
sensitive CFU-c and normal (80-100%) for the other CFU-c tested. The con
tributions of the CFU-c which are stimulated by PES and lysate to these 
distributions was obtained by subtraction of the number of PMUE-
sensitive CFU-c from that of the CFU-c detected in the presence of the 
combined activities for each sedimentation fraction (fig. 22). From this the 
maxima of the distribution of the PES-, lysate-, and PMUE-sensitive CFU-c 
were found to be 4.6; 5.2 and 5.5 mm/h, respectively. At higher sedimenta
tion rates decreasing numbers of CFU-c were found for each type. In addi
tion, minor peaks at 7.3 and 9.0 mm/h were found in the distribution of the 
lysate-sensitive CFU-c. Van den Engh (1976) and Wagemaker et al. (Annual 
Report 1976, p. 224) have reported sedimentation rate distributions of the 
PMUE-sensitive CFU-c which are similar to those observed here. 

The distributions of the PES- and PMUE-sensitive CFU-c are in agree
ment with those expected for a homogeneous population of a single cell 
type in different stages of the cell cycle (Visser et al., 1977). That of the 
lysate-sensitive CFU-c, however, is characteristic for a heterogenous 
population of cells. A preliminary analysis of the sedimentation rate distri-
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Figure 22. 
Sedimentation rate distributions of CFU-c 
Profiles of the sedimentation rates of the PES (dashed) and lysate-sensitive CFU-c (dot-dashed), 
obtained by subtracting the contribution of the PMUE-sensitive CFU-c from the distributions of 
the combined activities using the data given in f ig. 21. 
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bution suggests that the latter CFU-c consist of two subpopulations with 
sedimentation rates of 5.2 and 9.0 mm/h for the cells in the G^ phase of 
their cell cycles. It can also be calculated that there are about two times 
more lysate-sensitive CFU-c of the type with the G-^ cells at 5.2 mm/h than 
of the type with the G, cells at 9.0 mm/h. 

Bol, S.J.L. and Williams, NT-, Exp. Hematol. 4, (1976), 83. 
Van den Engh, G.J., Thesis, University of Leiden, (1976). 
Visser, J.W.M, et al., p. 21. In: Experimental Hematology Today, (Baum S.J. and Ledney, G.D., 

eds.), Springer Verlag New York, (1977). 
Williams, N.T. and Van den Engh, GJ.,J. Cell. Physiol 86, (1975), 237. 
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THYMIDINE SENSITIVITY OF HAEMOPOIETIC PROGENITOR CELLS 

Suzanne Hasthorpe and Alan W. Harris 

Addition of thymidine to cultures of mammalian cells has been shown 
to inhibit DNA synthesis (Bjursell and Reichard, 1973) and cell prolifera
tion (Morris and Fischer, 1960). This is explained by the observation that 
elevations in intracellular levels of deoxythymidine triphosphate cause 
inhibition of DNA synthesis by blocking the cells' ability to produce deoxy-
cytidine nucleotides. This inhibition can therefore be abolished by the 
addition of deoxycytidine to the cells (Bjursell and Reichard, 1973). 

Differential degrees of sensitivity to thymidine inhibition have been 
reported in the lymphoid series of the mouse and were found to correlate 
with the relative maturation state of lymphocytes (Harris, 1978). Therefore, 
thymidine sensitivity in the erythroid and myeloid colony-forming cell 
series was investigated. 

Two types of erythroid colony forming cells, both of which require the 
presence of the hormone erythropoietin, have been defined by their 
different growth characteristics in semisolid culture medium (Iscove and 
Sieber, 1975). The first is the erythroid colony-forming unit (CFU-e) which 
has limited proliferative potential, is responsive to low concentrations of 
erythropoietin and is apparent 2 days after culture. The second type is the 
erythroid burst-forming unit (BFU-e) (Iscove and Sieber, 1975) which has 
recently been divided into two subtypes (Gregory, 1976). One, the small 
short-lived burst, appears after 3 days of incubation and requires lower 
concentrations of erythropoietin than the other subtype, the 9-day BFU-e, 
which forms a large colony composed of clusters of erythroid cells. Colo
nies of granulocytes and macrophages are formed in semisolid culture 
medium by the action of colony-stimulating factors on a progenitor cell 
(GM-CFC)(Metcalf,1977). 

The results of a study on colony formation by mouse bone marrow cells 
in the presence of thymidine are shown in fig. 23. A striking sensitivity of 
CFU-e is apparent. BFU-e are substantially less sensitive, with 3-day 
BFU-e sensitivity being intermediate between CFU-e and 9-day BFU-e. 
The dose-response curve of GM-CFC was similar to that of the BFU-e. In 
addition to being more sensitive, the CFU-e also showed a less steep 
thymidine dose-responsive curve with colony numbers rising gradually to 
control levels as the thymidine concentrations were reduced. 

These observations raise an important question concerning the 
methodology of thymidine suicide experiments. During incubation with 
tritiated thymidine, further incorporation of the labelled nucleoside is 
stopped at the required time by addition of thymidine at a concentration 
of 100 jig/ml (i.e., 4.1 x 10-"M) (Iscove et al., 1970). This concentration is in 
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Inhibition of colony formation in cultures of normal mouse bone marrow by thymidine 
Mean values and standard errors (vertical bars) are expressed as percentage of controls without 
added thymidine. All colonies were cultured according to a previously described method 
(Guilbert and Iscove, 1976) with modifications being double transferrin concentration, 
Dulbecco's (GIBCO H16) and 5% foetal calf serum, 20% serum mixture of horse plus foetal calf 
serum and 20% foetal calf serum alone for CFU-e, BFU-e and GM-CFC, respectively. Connaught 
Step III erythropoietin (Batch number 3018-10, specific activity of 5.9 units per mg protein) was 
used at concentrations of 0.25 units and 1.0 units per ml of culture for CFU-e and BFU-e., 
respectively. GM-CFC were grown with an extract of pregnant mouse uterus embryo (Metcalf, 
1977). Means and S.E. for control numbers of CFU-e were 596 ± 75; 3-day BFU-e, 20.3 ± 2.8; day 
9-BFU-e, 15 ± 2.0; and GM-CFC, 72 ± 10 per 105 normal bone marrow cells from female BALB/c 
mice. 

the range which can cause inhibition of DNA synthesis, especially in 
CFU-e cultures. This effect of thymidine can be easily overcome by addi
tional washing without added thymidine. 

To determine whether the action of thymidine was due to restriction of 
deoxycytidine nucleotide synthesis, the effect of deoxycytidine on CFU-e 
was investigated. Results indicate that between lO-^ to 10^Mdeoxycyti
dine restores CFU-e colony numbers to control levels (table 8). In addition, 
considerable enhancement occurred in the presence of 10-6,10-5 and 104M 
deoxycytidine alone and also when added with KHM thymidine (table 8). 
Further studies to investigate the effects of deoxycytidine on BFU-e and 
GM-CFC cells are in progress. 
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TABLE8 
THE EFFECT OF DEOXYCYTIDINE ON THYMIDINE INHIBITION OF CFU-e IN 

NORMAL MOUSE BONE MARROW CULTURES 
The colony counts are expressed as percentage of the values obtained in the 

absence of both thymidine and deoxycytidine 
Maximum 

Thymidine 
concentration 

(molarity) 

10-" 
10-" 
10-" 
10"" 
10"" 
10"" 
10~* 
10"" 
10"" 

Deoxycytidine 
concentration 

(molarity) 

10-" 
-,0-4.5 
10 5 

-, Q-5.5 
10 6 

106.5 
10-' 
10-7-5 

— 
10-" 
10"5 

10"6 

— 

colony count 
(percent) 

(mean 

161.5 
184.5 
186.4 
140.6 
165.7 
79 

2.7 
0.4 
0.5 

162.1 
175.9 
147.3 
100.0 

±S.E.) 

8.4 
3.8 

27.1 
4.5 

14.7 
8.8 
0.4 
0.1 
0.1 

16.3 
10.8 
8.2 

— 

The findings indicate that thymidine sensitivity increases with the 
progressive maturation of erythroid colony forming cells and may provide 
an important tool to selectively study erythroid colony formation. 

The observed differential sensitivity of CFU-e and BFU-e to thymidine 
raises some interesting questions about the erythroid differentiation proc
ess occurring in vitro. Since BFU-e and CFU-e both give rise to erythro-
blasts which contain haemoglobin and stain positively with benzidine 
(Gregory, 1976), it would be reasonable to expect that BFU-e progeny go 
through a stage of CFU-e-like development during their growth in culture. 
Results presented here throw doubt on this assumption. 

The observed increase in CFU-e numbers when deoxycytidine was 
added to cultures represents a technical improvement in the culture con
ditions for this cell type. 

Bjursell, G. and Reichard, P., J. Biol. Chem., 248, (1973), 3904. 
Gregory, C.J., J. Cell. Physiol., 89, (1976), 289. 
Guilbert, L.J. and Iscove, N.N., Nature, 263, (1976), 594. 
Harris, A.W. p. 601 In: Protides of the Biological Fluids, 25th Colloquium (Peeters, H., ed.), 

(1978). 
Iscove, N.N. et al., PSEBM, 734, (1970), 33. 
Iscove, N.N. and Sieber, F., Exp. Hematol., 3, (1975), 32. 
Metcalf, D., Hemopoietic Colonies. In Vitro cloning of Normal and Leukemic Cells, Springer 

Verlag, Heidelberg, (1977). 
Morris, N.R. and Fischer, G.A., Biochem. Biophys. Acta, 42, (1960), 183. 
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INDUCTION OF ERYTHROPOIETIN RESPONSIVENESS IN PRIMITIVE 
ERYTHROID PROGENITOR CELLS IN VITRO 

G. Wagemakerand M.F. Peters 

Mouse bone marrow contains a small population of cells which form 
large erythroid colonies in semisolid cultures containing erythropoietin 
(EP). These cells have been termed erythroid "burst" forming units 
(BFU-e) because of the disperse appearance of the colonies (Axelrad et 
al., 1974). Bursts may contain up to 104 erythroid cells (Iscove and Sieber, 
1975), which eventually differentiate into reticulocytes, resulting in a 
bright red appearance due to their haemoglobin content (Wagemaker, in 
the press). 

Although EP is the apparent main limiting factor for erythroid burst 
formation, considerable doubt has emerged about the EP-dependency of 
the divisions of BFU-e preceding haemoglobinization of the burst. It has 
been demonstrated that BFU-e can survive and probably also proliferate 
without the addition of EP to the cultures. Based on the extreme serum-
dependency of erythroid burst formation, it has been suggested that a 
specific serum activity is critical to the initial differentiation of BFU-e 
(Iscove and Guilbert, in the press; Wagemaker, in the press). It has been 
noted earlier that in vivo manipulations such as bleeding, hyper-
transfusion and hypoxia, aimed at induction of changes in the concen
tration of circulating EP and resulting in profound changes in erythropo-
iesis, hardly influence the population size and cycling state of BFU-e 
(Axelrad etal., 1974; Iscove, 1977; Wagemaker etal., 1977). 

Under our culture conditions, the number of BFU-e detected was 
consistently dependent on the concentration of nucleated cells in the 
cultures. This dependency on cell concentration was found to be based 
on an active principle associated with bone marrow cells which is re
quired for BFU-e response to EP and has been designated as BFA (burst 
feeder activity). BFA is not abolished by washing the bone marrow cells 
and appears to resist irradiation up to a dose of 2000 rad. The relative 
resistance of BFA to irradiation was used to eliminate BFU-e from bone 
marrow suspensions serving as a source of BFA. BFA could not be 
extracted by suspending bone marrow cells in water, while non-selective 
kill of the cells by repeated freezing and thawing abolished the activity. 
Culture medium conditioned by bone marrow cells enhanced burst 
formation, although less effectively than an equivalent concentration 
of irradiated bone marrow cells. These data may indicate that BFA is 
associated with bone marrow cells which must be viable at the com
mencement of culture and probably produce a soluble factor. 

Addition of increasing numbers of irradiated (1500 rad) bone marrow 
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cells to EP-stimulated cultures containing 5x104-mM unirradiated cells 
resulted in increasing numbers of bursts, approaching plateau levels at 
an incidence of approximately 100 BFU-e per 105 unirradiated cells. This 
incidence, which is three to eight times higher than previously reported 
was reached at a concentration of irradiated cells of approximately 
106- ml-1. No bursts were obtained in the absence of unirradiated cells. 

A plateau concentration of irradiated cells in EP-stimulated cultures 
restores as might be predicted, the linearity of the relationship between 
burst numbers obtained and unirradiated cell concentration. In addition, 
irradiated cells appeared to profoundly influence the dose-response curve 
relating EP concentration and the number of BFU-e detected. Fig. 24 
shows that addition of a plateau concentration of irradiated cells to the 
cultures results in an increased range of sensitivity to EP and a greatly 
decreased threshold concentration of EP. The data indicate that the num
ber of BFU-e detected and their apparent sensitivity to EP is a function of 
the BFA concentration of the cultures. The absence of a direct response 
of BFU-e to EP, concluded both from in vivo studies and from the present 
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Figure 24. 
Effect of irradiated (1500 rad) cells on the dose-response curve relating number of BFU-e detec
ted to EP concentration. Cells were cultured in the absence and presence of 10 6 ml- 1 irradiated 
cells. The concentration of unirradiated cells was 105-m|-1. Bursts were scored at day 9 and day 
15. Vertical bars indicate standard errors. 
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in vitro results, probably indicates a two-step regulation of the differentia
tion of BFU-e in which BFA-induced progeny of BFU-e is dependent on 
EP to complete differentiation and maturation towards the reticulocyte 
stage. 

Axelrad, A.A. et al., p.226. In: Hemopoiesis in Culture (Ed. W.A. Robinson), DHEW Publ. No. 
(NIH) 74205, (1974). 
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Iscove, N.N. and Guilbert, L.J. In: In vitro aspects of erythropoiesis (Ed. M.J. Murphy Jr.), 
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New York, (in the press). 
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PEANUT LECTIN REACTIVITY AS A CELL TYPE-SPECIFIC MARKER FOR 
CULTURED HAEMOPOIETIC CELL LINES 

Alan W. Harris, Yair Reisner* and Ido Betel 

The galactose-binding lectin purified from peanuts has been 
demonstrated by Reisner et al. (1976) to bind to and selectively agglu
tinate the highly glucocorticoid-sensitive lymphocytes of the thymus 
cortex. The remainder of the thymic lymphocytes, and peripheral T and B 
lymphocytes, are not agglutinable. 

We have measured the reactivity of a number of continuous cell lines 
derived from haemopoietic tumours of the mouse to determine whether 
there are associations between this and other criteria currently used for 
cell type classification of such lines. Three different techniques have 
been used for these measurements: 1. cell agglutination tests; 2. cell sur
face fluorescence microscopy with fluorescein isothiocyariate-conju-
gated lectin; 3. quantitative binding to cells by radioiodinated lectin. 

Cell agglutinability was assayed by adding cultured cells to serially 
diluted peanut lectin solutions and determining the lectin concentration 
causing clumping of the cells after an incubation period of 60 min at room 
temperature. Amongst cells of the T lymphocyte series, thymocytes and 
T lymphoma cells with thymocyte-like characteristics were agglutinated 
in the region of 3-20 /ig/ml of the lectin while cells of a presumptive 
peripheral T cell lymphoma line, ST-1, required much higher concen
trations for agglutination. Amongst B lineage cell lines pre-B lymphoma 
cells and B lymphoma cells were not agglutinated by up to 300 /ug/ml 
(although one preparation of lectin caused slight agglutination at 1 
mg/ml), but plasmacytoma cells were agglutinated by low concentrations 
of the lectin. Two more cell l ines- a myeloid line and a macrophage l ine-
were also highly agglutinable. In all cases, the lectin-induced aggluti
nation was specific in that it could be blocked completely by addition of 
galactose to the reaction mixtures. 

Cell surface fluorescence microscopy on cells incubated with fluo
rescent peanut lectin revealed a pattern of lectin binding activity which 
was similar to the agglutinability measurements on the various types of 
cultured cell line. The results of both types of assay are listed in table 9. 

Quantitative assays of cell binding capacity have been performed by 
measuring cell-associated radioactivity after incubation of cells with 
concentrations of 125l-labelled peanut lectin over the range between 3 and 
200 f/g/ml. The resultant binding curves are complex, suggesting the 
existence of more than one type of lectin binding site on the cells and 

* from the laboratory of Dr. N. Sharon Weizmann Institute of Science, Rehovot, Israel. 
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TABLE9 

CELL AGGLUTINATING AND CELL SURFACE BINDING ACTIVITY OF 
PEANUT LECTIN 

Cell l ine 

S49.1 
ST-4 
WEHI-22.1 
WEHI-7.1 
ST-1.2 
ABLS-8.1 
AVRij-1 
WEHI-231 
WEHI-279.1 
HPC-108.1 
MPC-11.45 
P3.6 
WEHI-265.1 
PU-5IR 

Cell type 

normal thymus 
thymocyte-likeT 
thymocyte-likeT 
thymicT 
thymic T 
T 
pre-B 
? pre-B (Abelson virus) 
B 
B 
plasma cell 
plasma cell 
plasmacell 
myeloid 
macrophage 

Agglutination endpoint 
O^g/ml) 

3 
5 
3 

15 
20 

200 
>300 
>300 
>300 
>300 

10 
3 
1 

10 
N.D. 

FITC-PNA 
binding* 

+ + + 
+ + + 
N.D. 
+ + 
+ + 
+ 
— 
N.D. 
N.D. 
— 
+ + 
+ + + 
+ + + 
+ + + 
+ + 

* visual estimation of fluorescence intensity relative to normal thymocytes after incubation of 
cells with FlTC-PNAat100fig/ml. 
N.D. = not done 

cooperativity in binding. Preliminary results indicate the existence of high 
affinity sites on the cell types which are highly agglutinable and which are 
strongly reactive by fluorescence microscopy. These high affinity sites, 
which appear to number a few hundred thousand per cell and are detect
able in the 6-50 pg 125l-PNA/ml concentration range, are not measurably 
present on the other cell types. The latter appear to possess large num
bers of low affinity sites which may be responsible for their agglutination 
by veryhigh concentrations of the lectin (1mg/ml or more). 

The results to date suggest that agglutinability by peanut lectin is a 
distinctive property of certain types of normal and neoplastic lymphoid 
cells and is potentially a useful and simple criterion by which to 
differentially classify cells in conjunction with previously established 
methods- The results further indicate that the T and B lymphocyte 
developrnent lineages differ markedly in their sequence of high affinity 
lectin binding site expression. In the T series, primitive stages express it 
while more mature forms do not. In the B series, only the endstage-plasma 
cells do. Por B cell development, this conclusion is based so far only on 
work with cultured neoplastic cell lines and further studies are required to 
assess its validity for normal cells. 

Reisner, y. et al., Cell. Immunol., 25(1976), 129. 
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LEUKAEMIA RESEARCH 

PROMOTION OFTUMOUR CELL GROWTH BY ADHERENT CELLS FROM 
MOUSE BONE MARROW 

Dov Zipori and Alan W. Harris 

Bone marrow cells plated in vitro give rise to colonies of fibroblast-like 
cells and macrophages. It has been proposed that these cells are a com
ponent of the haemopoietic microenvironment (Friedenstein et al., 1974). 
Indeed, haemopoietic stem cells could be maintained in vitro for 
prolonged periods if cocultivated with adherent cells of bone marrow 
origin (Dexter et al., 1977). Such bone marrow-derived cells also seem to 
promote in vitro transformation of haemopoietic cells by leukaemia 
viruses (Moore, 1977). Moreover, viral leukaemogenesis is accompanied 
by a decrease in the incidence of bone marrow-derived fibroblastoid 
colony forming cells and these cells harbour C-type ecotropic virus 
(Zipori, 1977). It is thus possible that early stages of leukaemogenesis in
volve interactions between haemopoietic target cells and haemopoietic 
microenvironment. 

We have derived cell lines (ST series) from Soule virus-induced primary 
and transplanted lymphosarcomas of the BALB/c mouse strain (Harris 
and Zipori, this report, p. 75). One serially transplanted tumour readily gave 
rise to a continuously growing cell line (ST-1) whose growth was almost 
independent of cell concentration. Other Soule tumours (primaries and 
1st transplanted passage) initially showed very poor cell survival in vitro 
although some of the surviving cells proliferated and gave rise to cell 
lines. Some of these would not grow unless maintained at high cell 
concentrations. Similar growth properties were also characteristic of a 
cell line (AVRij-1) derived from in vitro Abelson virus-transformed bone 
marrow cells from BALB/c mice. In the experiments presented here, we 
show that such virus-transformed neoplastic cell lines are dependent on 
adherent cells from the bone marrow for in vitro growth. 

Bone marrow cells (106/ml) were plated in vitro in culture medium 
with 20% FCS and incubated for several weeks; the medium was re
freshed at 5-day intervals. Plates containing subconfluent adherent cell 
layers (2 weeks or more in culture) were used. On such layers were plated 
cells of the AVRij-1 and the ST lines that exhibited strong dependency on 
high cell concentrations for growth. Similar results were obtained with the 
different lines. Some experiments with the AVRij-1 cell line are presented 
here. 

AVRij-1 cells were plated at various concentrations and their growth 
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TABLE 10 

EFFECT OF ADHERENT CELLS FROM SYNGEN EIC BONE MARROW ON GROWTH 
OF AVRij-1 CELLS FROM DIFFERENT STARTING CELL CONCENTRATIONS 

Number of AVRij-1 
cells plated/ml 

8000 
800 

80 
8 

control 

90.0 
14.0 
0.5 

< 0.5 

AVRij-
13 days 

•1 cell concentration after 
incubation (cells/ml x 104) 

with adherent marrow 
cell layer 

190.0 
98.0 
25.0 
2.5 

assessed with the Coulter counter after 6-13 days. As seen in table 10; 
better growth was observed when AVRij-1 cells were plated on top of ad
herent cell layers as compared to equal numbers of cells plated without 
an adherent layer at all initial concentrations tested. When less than 80 
cells/ml were plated, no growth was observed unless an adherent layer 
was used. Allogeneic adherent cell layers from various sources (table 11) 
also promoted the growth of AVRij-1 cells. 

Apart from the suggested role of haemopoietic microenvironment cells 
in the production of leukaemogenic virus and in leukaemic trans
formation, these cells seem to be also involved in the promotion of the 
growth' of transformed cells. Determination of tumour cell growth 
promotion may serve as a simple, rapid assay of the haemopoietic micro-
environment and will be useful in the isolation and identification of 
microenvironment cells and factors. 

TABLE 11 

EFFECT OF ADHERENT CELLS FROM BONE MARROW OF VARIOUS MOUSE 
STRAINS ON GROWTH OF AVRij-1 CELLS (BALB/c H-2 d) 

Cell concentration after 6 clays' (I) or 
9 days' (II) incubation (cells/ml x 104) 

Source of adherent H-2 
cell layer type Expt. I* Exp. II** 

BALB/c d 15.0 7.5 
AKR k 12.0 8.8 
C3H k 15.0 8.5 
RFM f 7.5 4.2 
— — 1̂9 <0.5 

* initial concentration of AVRij-1 cells, 200/ml 
* * initial concentration of AVRij-1 cells, 20/ml 
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FIBROBLASTOID COLONY FORMING CELLS DERIVED FROM MOUSE 
BONE MARROW: THEIR RELEVANCE TO VIRAL LEUXAEMOGENESIS 

DovZipori and H.J. Molenaar 

Haemopoietic tissues contain cells which are capable of forming fibro-
blastoid colonies in vitro (fig. 25). It has been suggested that these cells 
belong to the stromal component of the haemopoietic tissue and tr.at 
they induce specific haemopoietic microenvironments (Friedenstein et 
al., 1974). We investigated the incidence of bone marrow derived fibro-
blastoid colony forming cells in the BALB/c, C3H, C57BURij and (BALB/c 
x DBA/2)F1 (CD2) mouse strains. The number of colony forming cells 
decreased from an average of 82 per 106 bone marrow cells at birth, to 27 

Figure 25. 
Fibroblastoid colony from a 10-day culture of mouse bone marrow cells. Magnification: 21 x . 
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per 106 bone marrow cells in 3-week-old mice and 19 per 106 in 6-week-old 
mice (fig. 26). The above-mentioned strains are all characterized by low 
spontaneous leukaemia rates. Inoculation of Soule tumour virus into 5-
day-old BALB/c mice induced a high lymphosarcoma incidence with an 
average latency of 4 months. A reduction in the number of bone marrow 
derived fibroblastoid colony forming cells was observed as early as 2 
weeks following virus inoculation (fig. 26). In contrast, the total cellularity 
and the number of CFU-s and CFU-c in the bone marrow did not differ 
significantly from the numbers in control animals. 

A low incidence of bone marrow derived fibroblastoid colony forming 
cells was also observed in AKR mice which are characterized by a high 
spontaneous leukaemia rate. Using a modified XC plaque assay, we found 
that fibroblastoid colonies from both AKR mice and Soule virus inocu
lated BALB/c mice harboured an ecotropic virus. In the latter mouse strain 
budding C type particles were observed in electron microscope prep-
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Figure 26. 
Incidence of fibroblastoid colony forming cells in mouse bone marrow. 
Ten to twenty-five mice of all strains indicated were individually tested at each time point for 
the incidence of fibroblastoid colony forming cells. Vertical bars represent standard error of the 
mean and the shaded area gives the average incidences for the mouse strain indicated ± S.E. of 
the mean. 
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arations of cells from fibroblastoid colonies. The presence of the 
ecotropic virus in fibroblastoid cells did not seem to be part of a 
generalized infection of the bone marrow, since ceils in CFU-c colonies 
assayed under similar conditions had very low XC transforming activity. 

The results presented here demonstrate a correlation between high 
leukaemia incidence in mice (AKR and Soule virus infected BALB/c) and 
ecotropic virus producing fibroblastoid cells in the bone marrow. RFM 
mice were also found to have a low incidence of fibroblastoid colony 
forming cells early in life (fig. 26). This mouse strain shows a high inci
dence of lymphoreticular tumours in old age (Annual Report, 1976, p. 280). 
However no evidence for early expression of virus in the bone marrow of 
this mouse strain has been found up to now. 

If fibroblastoid colony forming cells and their progeny participate in the 
regulation of haemopoiesis, their infection by leukaemia viruses could be 
the cause of preleukaemic alterations in haemopoiesis. Moreover, these 
cells may serve as a site for malignant transformation of haemopoietic 
cells by simultaneously providing differentiation signals and oncogenic 
viruses. 

Friedenstein. A.J. et al., Transplantation 17, (1974), 331. 
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KINETICSOFSPLEEN AND BONE MARROWCFU-e, BFU-e ANDCFU-c 
FOLLOWING RAUSCHER VIRUS INFECTION 

Suzanne Hasthorpe 

Perturbations in stem cells (CFU-s) and myeloid colony forming cells 
(CFU-c) have been described following infection of mice with Rauscher 
murine leukaemia virus (RLV). Present evidence shows that RLV affects 
both these haemopoietic cell types, however, the target cells for the virus 
are still not known (OKunewick, 1977). RLV has a most pronounced effect 
on the erythroid system with development of anaemia, splenomegaly and 
erythrocytopoiesis (Rauscher, 1962). 

Erythroid (CFU-e and BFU-e) progenitor cell kinetics have been studied 
here to determine the way in which RLV affects these progenitors. The 
capacity of the erythroid precursor pools for potential production of 
erythrocytes was also of interest, in view of the observation that mice 
finally become anaemic. CFU-c have been included in this study to enable 
comparison with a non-erythroid line of differentiation. 

Five-week-old female BALB/c mice were injected intraperitoneal^ with 
a cell free extract of spleen containing approximately 44,000 plaque form
ing units; it was assayed for virus according to Rowe et al. (1970). CFU-e 
were grown in methylcellulose according to the method described by 
Guilbert and Iscove (1976) with two modifications: 5% foetal calf serum 
and a double concentration of human transferrin. CFU-c and BFU-e were 
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Figure 27. 
The erythropoietin dose response relation for normal marrow CFU-e and CFU-e from mice infec
ted with Rauscher virus. 
The mean colony counts for normal mice were 320 CFU-e and for RLV infected mice 325 to 510 
CFU-e per 105 bone marrow cells. 
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Figure 28. 
The colony ratio (Rauscher infected /normal) of spleen CFU-e, CFU-c and BFU-e following infec
tion with RLV. 
Normal baseline levels of CFU-e, CFU-c and BFU-e were 119.000 ± 29.000, 3.700 ± 390 and 3.970 
± 690 per spleen, respectively. 
Haematocrit (HCT) and spleen weights (sp.wt.; grams, g).are shown for Rauscher virus infected 
mice. 

cultured with a 20% mixture of horse and foetal calf serum. Step III 
erythropoietin (Connaught) was used for erythroid cultures and, for CFU-c, 
an extract of pregnant mouse uteri. 

Dose responsiveness to erythropoietin for CFU-e is shown in fig. 27 for 
normal and RVL-infected mice; 0.25 units/ml culture was the optimum 
amount and was used throughout. This is in agreement with the findings 
of Opitz et al. (1977). For BFU-e, 2 units of erythropoietin per ml culture 
was used; a detailed dose responsiveness has been previously described 
(Hasthorpe, 1978). 

Following injection of mice with Rauscher virus, there is a coincident 
development of anaemia and a marked increase in spleen weight (fig. 28). 
The total splenic content of CFU-e, BFU-e and CFU-c increases markedly 
and is a -<*sult of both increased concentrations of colony forming cells 
and total organ cellularity. All splenic colony-forming cells increase se-
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quentially in a manner comparable to the normal pattern of haemopoietic 
regeneration described by Gregory et al. (1974). 

In the exponential phase, doubling times for CFU-e, CFU-c and BFU-e 
are approximately 17,30 and 42 h, respectively (fig. 28) which are consider
ably longer than those observed by Gregory in normal regenerating 
spleen. 

Corresponding changes in bone marrow (fig. 29) are not as pronounced 
as in spleen, with marrow cellularity being considerably lower than nor
mal. The interrelation of BFU-e and CFU-e changes in bone marrow and 
spleen are similar to the response described in normal mice under 
erythropoietic stimulation (Hara and Ogawa, 1977; Iscove, 1977). 

The data indicate significant changes in the size of both myeloid and 
erythroid compartments, although it is still unclear whether this is insti
gated at the stem cell level. In spite of high levels of erythroid precursor 
cells in the spleen, the release of erythrocytes into the peripheral 
circulation appears to be inadequate to maintain a normal haematocrit in 
these mice. 

Characterization of CFU-e and non-haemoglobin staining erythroblast-
like cells which fill the spleen was carried out in order to determine the 
relative differentiation level of these two cell types. Physical separation 
on the basis of buoyant density has shown that splenic erythroblast-like 
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Figure 29. 
The colony ratio (Rauscher infected/normal) of bone marrow CFU-e, CFU-c and BFU-e following 
infection with RLV. 
Measurements were carried out simultaneously with those described in fig. 28. 
Baseline levels of CFU-e, CFU-c and BFU-e are 63,700 ± 7,070, 10,800 ±830 and 2,900 ±240 per 
femur, respectively. 
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cells are somewhat lower in density than CFU-e with mean densities 
being 1.0658 and 1.0680 g/cm3, respectively. Modal sedimentation velocity 
of RLV spleen CFU-e was found to be 8.1 rnm/h. When this is combined 
with density measurements a cell diameter of 9 ^m is calculated. Direct 
micrometry measurements of erythroblast-like cells show a mean diame
ter of 13.5 pm. This indicates that the erythroblast-like cells are distinct 
from the CFU-e forming cells and may represent a somewhat more mature 
cell type. 

Gregory, C.J. et al., J. Cell Physiol, 84, (1974), 1. 
Guilbert, L.J. and Iscove, N.N., Nature 263, (1976), 594. 
Hara. H. and Ogawa. M.. Exp. Hemat.. 5.. (1977). 141. 
Hasthorpe. S. In: In vitro aspects of Erythropoiesis,(Ed. M.J. Murphy Jr), Springer Verlag, \197o), 

in the press. 
Iscove, N.N., Cell Tissue Kinet., 70, (1977), 323. 
OKunewick, J., Biomedicine26, (1977), 152. 
Opitz, O. et al., Blut 35, (1977), 35. 
Rauscher Jr., F.R., J. natl. Cancer Inst.. 29, (1962), 515. 
Rowe, W.P. et al., Virology 42, (1970), 1136. 
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CHARACTERIZATION OFSOULE VIRUS-INDUCED MOUSE TUMOURS 
AND DERIVED CULTURED CELL LINES 

Alan W. Harris and Dov Zipori 

The Soule murine leukaemia virus was first described by Stansly and 
Soule (1962) as producing reticulum celi sarcomas in mice. Neoplastic 
elements were present in the primary virus-induced disease since serially 
transplantable tumours could be derived from it, but the nature of the neo
plastic cell was not defined. There have been suggestions that erythroid 
and/or myeloid and/or lymphoid cells might be transformed in the primary 
tumour animals, but no conclusive evidence for any of these possibilities 
has been previously obtained. We have, therefore, extended the studies 
reported by Zipori and Molenaar in the previous Annual Report (1976, 
p. 81) by characterizing in more detail the cells occurring in primary and 
transplanted Soule virus-induced tumours from BALB/c mice and cells 
established from such tumours in continuous culture in vitro. 

Intraperitoneal injection of a virus-containing cell-free extract into 
1-5-day-old BALB/c mice was followed in 3-5 months by the appearance of 
tumours primarily in the spleen, lymph nodes, and liver of virtually all 
treated animals. The thymus was not noticeably enlarged. The tumours 
were histologically characterized as lymphosarcomas. Cell suspensions 
were prepared from a number of primary tumours and the presence of 
lymphoid cell surface markers assessed. By surface immuno
fluorescence, the cells reacted with a rabbit anti-mouse T cell serum, but 
not with anti-mouse immunoglobulin serum. Anti-Thy 1.2 serum and 
complement lysed the cells. These results are consistent with Soule virus-
induced primary tumour cells being of thymus-derived lymphoid nature. 

TABLE 12 

PROPERTIES OF CELLS FROM SOULE VIRUS-INDUCED TUMOURS 

Rabbit anti-MTLA 
serum1 

+ 

Cell membrane reactions with 

Mouse anti-Thy 1.2 Rabbit anti-mouse 
serum2 Ig serum1 

+ — 

Antigen-antibody 
complexes1 

— 

MTLA = mouse T lymphocyte antigen detected by immunofluorescence with rabbit anti-mouse 
thymus antibody. 

1 Reaction by cell surface immunofluorescence (performed by Ms. H.R.E. Schuit, Institute for 
Experimental Gerontology TNO). 

2 Cytotoxicity of antiserum + complement. 
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TABLE 13 
PROPERTIES OF CULTURED CELL LINES DERIVED FROM SOULE VIRUS-INDUCED TUMOURS 

2-ME Inhibition by Rapid 
MCV Chromosome require- Thy 1.2 Fc PNL interphase 
(pm3) Td number ment MTLA antigen mlg receptor receptor dt HC death 

ST-1 700 11 41 + + ± — — ± + ± + 
ST-4 450 13-16 40 — + + + — + + + + 

MCV = mean cell volumedetermined with Coulter Counter 
Td = mean cell population doubling time during exponential growth 
2-ME = 2-mercaptoethanol. 
MTLA = mouse T lymphocyte antigen detected by immunofluorescence with rabbit anti-mouse thymus antibody 
mlg = cell membrane immunoglobulin detected by immunofluorescence with rabbit anti-mouse Fab antibody 
Fc receptor = cell surface receptor for antigen-antibody complexes detected by immunofluorescence 
PNL = peanut lectin (see this Annual Report, page 62) 
dT = thymidine. Cells assayed for sensitivity to growth inhibition with dT concentrations in the region of 10^M 
HC = hydrocortisone. Cells assayed for sensitivity to growth inhibition with HC concentrations in the 0.01 - 1.0/JM range. 
Rapid interphase death — mode of death following irradiation with 1000 rad (see this Annual Report, page 19). 
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In order to obtain homogeneous populations of tumour cells, we estab
lished cells from two Soule tumours of independent origin as continuous 
cell lines in culture. The ST-1 line was derived from the fourth serial 
transplantation of tumour spleen while the ST-4 line was derived from 
primary tumour spleen. Both lines were characterized by a variety of cell 
biological, physiological and cell surface criteria and the results aie 
presented in table 12. The Soule virus tumour cell lines showed properties 
expected for T lymphoid cells as did the cells taken from primary tumour 
animals. On the other hand, there were clearly differences between the 
two cultured lines particularly in their mean cell volume, dependence on 
2-mercaptoethanol, content of T cell antigens, peanut lectin reactivity and 
steroid sensitivity. The ST-4 line shows properties of cortical thymus 
lymphocytes, while the ST-1 line appears to have more properties in com
mon with peripheral T cells. 

In addition to the two cell lines possessing different characteristics, 
there was also cell heterogeneity within each of the two lines. The ST-1 
line consisted of a mixed population with respect to karyotype (near-
diploid and near-tetraploid), mercaptoethanol requirement (a proportion 
of the cells could grow without it) and steroid sensitivity (some resistant, 
some moderately sensitive). The majority cell type was isolated by single 
cell cloning and its properties are those listed in table 13. From the ST-4 
tumour four sublines emerged in culture. Although all of them were more 
similar to each other than to ST-1, they differed from each other quantita
tively in a number of properties such as growth rate, steroid sensitivity 
and dependence on high cell concentrations for continuous growth. This 
heterogeneity could be either a manifestation of a polyclonal origin of 
each tumour or a variation in the manner by which individual tumour cells 
adapt themselves to growth in tissue culture. 

The common feature of all the tumours and derived cell lines is their 
T lymphoid character. Thus, the Soule mouse leukaemia virus causes 
tumours by transforming cells which are members of the T lymphocyte 
lineage. 

Stansly, P.G. and Soule, H.D., J. natl. Cancer Inst., 29, (1962), 1083. 
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C-TYPE ONCOVIRAL ANTIGENS IN COCULTURES OF HUMAN 
LEUKAEMIC BONE MARROW 

K. Nooter, J. Coolen and C. Zurcher 

The presence of C-type oncoviral antigens and even the isolation of 
complete virions from human tumour material has been claimed by 
several investigators (for a review, see Hehlmann, 1976). These findings, 
however, are difficult to reconcile with those obtained by Stephenson and 
Aaronson (1976) who could not detect C-type structural proteins in an 
appreciable number of human tumour samples with a sensitive radio
immunoassay. Equally conflicting are studies on the presence of anti
bodies to C-type oncoviruses in sera of cancer patients. 

In an earlier immunofluorescence study (Zurcher et al., 1975), 8 of 16 
human bone tumour cultures showed cytoplasmic fluorescence after 
incubation with antisera directed against p30 of simian sarcoma virus 
complex (SSV). In an extended study, such SSV related antigens were also 
demonstrated in several passages of a non-Hodgkin lymphoma, a myeloid 
leukaemia and an undifferentiated sarcoma. Fluorescence, however, was 
always of low intensity and varied with passage number. 

We therefore attempted to increase the expression of viral antigens and 
eventually induce the release of complete virions by cocultivating human 
tumour cells, mainly leukaemic bone marrow from children, with a dog 
thymus cell line (A7573). This cell line appeared to be permissive for the 
propagation of human derived C-type virus. Bone marrow was obtained 
from 8 leukaemic patients, from 8 patients with various haematological 
disorders and from 7 normal individuals. 

Bone marrow cells (107) were cocultivated with dog thymus cells (A7573) 
and serially passaged. For the immunofluorescence studies, 50 n\ of a 
suspension of 105 cultured cells per ml were placed into wells of Teflon-
coated microscope slides and left in petri dishes for 20 h under C0 2 at 
37°C. After fixation in cold acetone, slides were incubated with the 
specific antisera and subsequently with FITC labelled conjugates. A Leitz 
Orthoplan microscope with epiillumination using a 40 x II. 30 oil objective 
and 4 x wide angle eye pieces was used for screening. The highest anti
serum dilution showing cytoplasmic fluorescence as well as the intensity 
of fluorescence (—/±, + or + +) was recorded. Known virus-positive and 
-negative cell cultures were included in each experiment. 

A clearcut cytoplasmic fluorescence with anti-SSV p30 antiserum was 
observed in 3 of 8 cocultures of leukaemic bone marrow cells; whereas no 
such fluorescence was found in cocultures of bone marrow from 8 
patients with various non-leukaemic haematological disorders and in co-
cultures of bone marrow from 7 normal controls (table 14). There was no 
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TABLE 14 
HUMAN BM CELLS COCULTIVATED WITH A DOG CELL LINE (A7573) 

ENDPOINTTITERSOF IMMUNOFLUORESCENCE (>20) WITH ANTI-SSV AND ANTI-R-MuLV ANTISERA 

Coculture 

Leukaemic BM 
A21875 
A221075 
A22176 
A23176 
A1476 
A4676 
A29676 
A31177 

Non-Leukaemic BM 
A91176 
A1277 
A28377 
A30377 
A1477 
A3477 
A20477 
A8776 

Normal BM 
A121275 
A2277 
A3377 
A23377 
A29377 
A2477 
A19477 

Passages 
tested 

7,9,16,17 
3,4 
11 
13 
15 
19 

2,3,4,5,6 
9 

11 
9 
9 
9 

10 
8 

10 
5 

20 
8 

11 
8 
8 
9 

11 

Diagnosis 

ALL 
ALL 
ALL 
ALL 
AML 
AML 
ALL 
AML 

renal tr. 
apl. an. 

non H ly. 
PKdefic. 

PRCA 
myelofibr. 
non H ly. 

lysa 

normal 
normal 
normal 
normal 
normal 
normal 
normal 

Sex 

CT 

9 
cr 
a 
cr 
<y 

9 
O-

9 
c 
a 
cr 
cr 
cr 
cr 

9 

c 
9 
9 
9 
cr 
9 
c* 

Age 

3 
4 
5 
6 
8 
7 
5 

66 

44 
8 

60 
39 
18 
68 
30 

8 

35 
14 
11 
62 
24 
51 

8 

Anti-SSV 
(passage) 

40(9,17) 
— 
— 
80 
— 
— 

80(6) 
— 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 

Anti-R-MuLV 
(passage) 

— 
— 
— 
— 
— 
— 
— 
— 

— 
— 
— 
— 

— 

— 

— 
— 

— 

RT 
(passage) 

+ (5) 
n.t. 
+ (4) 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 
— 
— 
— 

n.t. 
— 
— 
— 
— 
— 
— 



TABLE 15 

SPECIFICITY TESTING OF ANTI-SVV AND ANTI-R-MuLV ANTISERA 
IMMUNOFLUORESCENCE ENDPOINTTITERS O N C O N T R O L C E L L C U L T U R E S 

Virus positive 

Control cell cultures 

BALB/3T3 + R-MuLV 
REF + SSV 

Antisera 

Anti-SSV Anti-R-MuLV 

40— 80 
160 — 640 

160 — 320 
20— 40 

Virus negative 
Animal 

Human 

BoEF + BoLV 
SKA 

BALB/3T3, REF,SIRC, 
A7573, FRhL, BoEF, R1 69 

(N=7) 

skin fibrobl. (7), 
lung fibrobl. (1) 

R970,WHE,A204 
(N = 11) 

>160 40- 80 

Figure 30 
Cytoplasmic fluorescence of cocultivation A21875 (left) and of SSV-infected rat embryo fibro
blasts (right) after incubation with RASSV p30, dilution 1:10. 
Uninfected rat embryo fibroblasts treated identically served as a negative control (middle). 
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reaction with anti-R-MuLV antisera. 
The three leukaemic patients with positive reactions were children suf

fering from acute lymphoblastic leukaemia. The intensity of the fluo
rescence in the cocultures was weak to moderate (fig. 30) and the end-
point dilution never exceeded a titer of 1:80. 

Interpretation of these reactions is difficult without extensive evalu
ation of the specificity of the antisera used. We therefore measured the 
reaction of these antisera with a set of virus-positive and -negative cell 
lines. The results are given in table 15. 

From these data, we conclude that SSV-related C-type viral information 
was present in the original bone marrow samples and that cocultivation 
with permissive cells resulted in viral antigen expression. 

Hehlmann, R., p.141. In: Current Topics in Microbiology and Immunology, vol. 73, Springer 
Verlag, Berlin, (1976). 

Stephenson, J. and Aaronson, S., P.N.A.S., 73, (1976), 1725. 
Zurcher, C. et al. Nature254, (1975), 457. 
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PROLIFERATION KINETICS OFTHE ACUTE MYELOID LEUKAEMIA 
OFTHE BROWN NORWAY (BN) RAT 

M. Aglietta, A. Hagenbeek and A.F. Hermens 

One advantage of animal models is to allow studies which are not 
possible in human beings. Therefore, the experimental models should 
possess growth characteristics which are reasonably comparable with 
those in humans. 

However, the most popular models for leukaemia studies, such as the 
L1210, are characterized by exponential growth with a short doubling time 
which approximates the cycling time, and, even if useful for screening 
purposes, show obvious limitations (Gavosto and Pagliardi, 1975). The 
acute myeloid leukaemia of the BN rat (BNML) shares with human leu
kaemias the properties of a slow growth rate and an early suppression of 
normal haemopoiesis (Van Bekkum et al., 1976); it has therefore been 
proposed as a more realistic model for comparative evaluation (Van 
Bekkum and Hagenbeek, 1977). 

Previous investigations have shown a cell cycle time (Tc = 14 h and Ts 

= 10 h) too short to explain the slow growth rate (Hagenbeek et al., 1977). 
The aim of our study was therefore to investigate the kinetic basis of 

this slow growth. For such a purpose, 2 different periods of the leukaemic 
evolution were studied: day 15 and day 24 after transplantation with 107 

leukaemic cells. At day 15, the bone marrow contains more than 90% 
leukaemic cells, the spleen and liver are enlarged and leukaemic cells 
start to appear in the peripheral blood. It is a stage comparable with the 
time of the diagnosis in the human situation. Day 24 is the preterminal 
stage of the disease. At day 15 (table 16) the labelling index (LI), that is, 

TABLE 16 
PROLIFERATIVE KINETICS OF THE BNML AT DIFFERENT STAGES 

AFTER TRANSPLANTATION WITH 107 LEUKAEMIC CELLS 

Day 15 after 
transplantation 

Day 24 after 
transplantation 

Organ 

bone marrow 
spleen 
liver 
periph. blood 

bone marrow 
spleen 
liver 
periph. blood 

Labelling Index 
(% ± SD) 

25.6 ± 1.9 
34.6+1.7 
33.6 + 2.5 
21.3 ±1.7 

17.0 + 2.2 
20.4 ±2.1 
29.4 + 3.7 
17.3 ±2.5 

Growth fraction 
(percent) 

36 
48 
46 
— 

24 
29 
41 
— 

Cell loss 
(percent) 

100% 
75% 
80% 

100% 
100% 

90% 
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the number of cells in S, is significantly higher in the spleen and liver as 
compared to the bone marrow. At this stage, no increase in the leukaemic 
population in the bone marrow is seen, while the doubling time calculated 
from a serial determination of the amount of leukaemic cells in the 
various organs is about 120 h in the liver and 100 h in the spleen. 

From these data, the growth fraction (GF), was calculated which is the 
proportion of cells actively engaged in the cell cycle. Moreover, using the 
formula of Steel (1967), the cell loss (Q) relative to cell production was cal
culated. The Q factor obtained does not take into account whether the cell 
loss is due to cell migration or cell death. 

The difference in the proliferation rate between spleen and bone 
marrow was also demonstrated with a stathmokinetic block with vincrist
ine (300 mg/kg i.v). In the first 3 h after drug administration, mitotic cells 
accumulate linearly, with a virtual absence of anaphases and telophases. 
The slope of mitotic increase gives the value for the birth rate, that is, the 
numberof cells produced each hour by 100 leukaemic cells (fig. 31). 
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Figure 31 
Comparison between birth rat 3 of bone marrow and spleen leukaemic cells, measured after 300 
mg/kg of vincristine (i.v.). 
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On day 24 (table 16), the proliferative status of the leukaemic cells 
varies among different organs and there is an evident decrease in the 
proliferation rate as compared to day 15 after transplantation. 

It can be concluded that, from a stage comparable with the time of the 
clinical diagnosis in the human, the growth of the leukaemic population, 
even if not uniform among different organs, is characterized by a high cell 
loss and a low GF. Because the presence of out-of-cycle cells is one of the 
major features of human acute leukaemias, which is believed to influence 
the antileukaemic treatment, this model seems most appropriate for 
studying the behaviour of these resting cells during the treatment. 

Van Bekkum, D.W. et al., Cancer Res., 36, (1976), 941. 
Van Bekkum, D.W. and Hagen beek, A., Blood Cells, 3 (1977), 565. 
Gavosto, F. and Pagliardi, G.L., p. 703 In: Comparative Leukemia Research 1973, Leukemo-

genesis, Karger, Basel, (1975). 
Hagenbeek, A. et al., Leukaemia Res., 7, (1977), 99. 
Steel, G., Europ. J. Cancer 3, (1967), 381. 
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KARYOTYPE OFTHE BROWN NORWAY MYELOCYTIC LEUKAEMIA 
(BNML) 

A. Th. van der Velde and J.C. Klein 

The transplantable Brown Norway myelocytic leukaemia (BNML) cell 
line is used as model for human leukaemia (Hagenbeek, 1977). Because 
human myeloid leukaemia cells often show specific chromosome aber
rations which have diagnostic and prognostic significance, cells of the 
BNML line were investigated for these characteristics. The Trypsin-
Giemsa (T.G.) banding technique of Seabright (1971; 1972) is used in this 
investigation. The slides are treated and the chromosomes measured as 
described previously (Annua' Report 1976, p. 370) (fig. 32). For demon
strating the centromers, the C-banding technique of Sumner (1972) is 
used (fig. 33). Reported here are the karyotypes prepared from bone 
marrow of 2 male BN rats 16 and 21 days after inoculation with 107(30-day 
kill dose) leukaemic cells of the BN rat leukaemia (Hagenbeek, 1977). 
A comparison of the karyotypes of leukaemic and control cells shows 

S H If M i 

«6 9 I 
8 10 11 12 

ft I 

13 14 

I 8 

15 

I I I I f f 

16 17 18 

i * 

19 

% %• 

2 0 

Figure 32. 
Karyotype BNML cell TG-banding. 
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Figure 33. 
Metaphase plate of a BNML cell demonstrating C-banding. 

some striking differences (table 17). The chromosome number of the leuka
emic cells seems to be 41, but according to the TG banding technique, 
chromosomes 2 and 9 represent a Robertsonian translocation. Further
more, the two chromosomes number 1 are unequal: the shorter arms differ 
in length; the long arms are normal. The size of one of chromosome pair 8 
is also increased. The measurements of those chromosomes which 
showed a significant difference from the controls are shown in table 18. 
The size of leukaemic chromosomes 20 suggests an enlargement of these 
chromosomes in comparison to the control 20. The BNML line originated 
in a female BN(Bi)/Rij rat and was transplanted into male rats. For our 
studies closely related passages (A and B) are used. With passage B, 5/40 
cells showed an XY pattern 16 days after inoculation. Three of them had a 
totally normal karyotype and were therefore scored as normal; two, 
however, had the markers specific for the leukaemia. Normal karyotypes 
were not found in passage A, 21 days after inoculation, but one karyotype 
showed BNML marker chromosomes as well as XY. It is difficult to 
suggest an explanation for the presence of leukaemic cells with XY 
chromosomes. An explanation could be the presence of virus 
transforming host cells; however, the BNML line has been extensively 
searched for virus, with negative results so far. In humans, a similar 
phenomenon was reported by Fialkow (1971). 
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TABLE 17 
MARKER CHROMOSOMES BNML LINE 

Subline 

passage 

B 

A 
Control 

from bone 

days 

marrow 

after inoc. 

16 

21 
0 

No. of 
cells 

studied 

40 - 37 
s 3 « 

20 
20 

1 + 

100 
— 
100 
— 

Marker chromosomes in 

2 + 9 

90 
— 
95 
— 

8 + 

78 
— 
84 
— 

per cent of total 

XX XY 

95 5 
— 100 
95 5 
— 100 

1+ = short arm chromosome t is enlarged 
2 + 9 = Robertsonian translocation 2/9 
8 + = one of chromosome pair 8 is enlarged 
XX = female 
XY = male 
'normal 

The frequency of the presence of markers is shown in table 17. The 
C-banding technique shows that chromosome 9 has a heavily stained 
centromeric region; the centromeric region of chromosome 2 is always 
visible, but mostly more weakly stained. The 2/9 Robertsonian translo
cation contains only one, mostly weakly stained, centromeric region. This 
suggests that the centromeric region of 9 is missing, which is in ac
cordance with the mean length found for the chromosomes in this trans
location; the mean length of the normal and free leukaemic chromosome 
9 is 4.80%, that of the translocated 9 of the leukaemic cells 4.62%. By 
investigating the banding pattern and measurement of the chromosome 
pairs, it has been attempted to find an explanation for the enlargement of 
chromosome 1. The banding pattern did not show extra bands, though the 
added chromosomal material must have originated from an interband. 
Half the sum of the length of both leukaemic chromosomes is equal to the 

TABLE 18 
MEAN CHROMOSOME LENGTH EXPRESSED AS PER CENT OFTHE HAPLOID 

AUTOSOME COMPLEMENT 

Chromosome 
number 

1 small 
1 large 
8 small 
8 large 

20 

Mean le 
control 

10.79 
10.79 
5.06 
5.06 
2.11 

mgth 
S.D. 

.61 

.61 

.33 

.33 

.28 

Mean lei 
16 days 

9.94 
11.50 
4.86 
5.62 
2.55 

ngth 
S.D. 

.40 

.50 

.31 

.36 

.24 

Mean ler 
21 days 

10.00 
11.52 
4.96 
5.78 
2.51 

igth 
S.D. 

.43 

.56 

.35 

.32 

.28 

M.L 
S.K. 

10.62 
10.62 
5.02 
5.02 
2.36 

M.L. = mean length 
S.K. = standard karyotype 
S.D. = standard deviation 
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normal chromosome 1 length. This could suggest that an exchange of 
interband material between the two chromosomes 1 took place in the 
leukaemic cell during transformation. 

The results demonstrate that cells of the BNML model show karyotypes 
with stable markers. This makes it possible to follow the BNML cells after 
transplantation and therapy. Also in this aspect, the BNML line is a suit
able model for human myeloid leukaemia. 

Committee fora Standardized Karyotype of Rattus norvegians. 
Cytogenet. Cell Genet., 72,(1973), 199. 

Fialkow. P.J., Lancet 1, (1971), 251. 
Hagenbeek, A.,Thesis Rotterdam University, (1977). 
Seabright, M., Lancet 2, (1971), 971. 
Seabright, M., Chromosome Berl., 36, (1972), 204. 
Sumner, A.T., Exptl. Cell Res., 75, (1972), 304. 
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CELL SEPARATION STUDIES IN THE BROWN NORWAY ACUTE 
MYELOCYTIC LEUKAEMIA 

A.C.M. Martens and A. Hagenbeek 

Although the BN acute myelocytic leukaemic cell population is quite 
homogeneous as regards its morphological characteristics, the biological 
properties seem to vary considerably within the population. A first 
indication came from TD50 studies. The inoculation dose which causes 
death from leukaemia in 50% of the injected animals is not one cell, but 
10 to 25 ceils (Hagenbeek, 1977); this finding may indicate the presence of 
at least two different cell types, one clonogenic cell and the other not 
capable of unlimited proliferation. Physical separation of different types 
of cells based on size differences was attempted by using the velocity 
sedimentation technique (Miller and Phillips, 1969). The aim was twofold: 
1) to identify different leukaemic subpopulations; and 2) to separate the 
normal haemopoietic stem cells (NHSC) from the leukaemic clonogenic 
cells. The latter technique would be useful for the application of 
autologous marrow transplantation with NHSC isolated from marrows 
after remission induction chemotherapy. These autologous NHSC might 
then in a later stage restore normal haemopoiesis after aggressive 
chemotherapy. 

A. The leukaemic cell population 
Bone marrow cells at two different stages of the leukaemia were 

studied, namely at days 16 and 21 after the i.v. inoculation of 107 BNML 
cells. In both cases, the bone marrow had already been completely re
placed by leukaemic cells. The sedimentation rate profiles of the 16 and 
21 day leukaemic marrows did not differ significantly from each other tu t 
both deviated considerably from the profile of normal rat bone marrow 
cells (fig. 34). 

Injection of low numbers of leukaemic cells into normal non-irradiated 
recipients leads to spleen colonies 19 days later. The cell type responsible 
for these colonies is called the leukaemic colony forming unit spleen 
(LCFU-s). The velocity sedimentation rate profile of LCFU-s is shown in 
fig. 35. From this figure, it appears that LCFU-s sediment between 5 and 
10mm-h-1. 

The profile is compared with the hypothetical profile of an exponential
ly growing cell population of a single cell type as described by Visser et 
al., (1977). In such a population, G2 cells sediment 1.59 times as fast as G-, 
cells due to volume changes during the progression through the cell 
cycle. The width of the distribution of the LCFU-s profile coincides with 
that found for a single cell type. The increase in the S phase region can be 
explained by the short TGi and a long Ts found in this leukaemia (Hagen-
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Figure 34 
Sedimentation rate profiles of normal and leukaemic bone marrow cells. 
The sedimentation rates are calculated as number of cells per fraction as a percentage of the 
maximum value for each curve. 

beek et al., 1977), so that the majority of cycling cells are expressed in 
S phase. 

DNA determinations with the pulse cytophotometer indicate that the 
majority of leukaemic clonogenic and non-clonogenic cells sedimenting 
at 5 to 6 mm-rv1 contain 2n DNA (G-, phase); those sedimenting at 
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Figure 35 
Sedimentation rate profile of LCFU-s. 
Solid line represents a theoretical profile of an exponentially growing cell population of a single 
cell type, to be compared with the LCFU-s profile. 
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± 8 mm-lr ' contain 4n DNA (G2 + M phase) and cells settling at 6 to 7.5 
mm-fr1 contain 2 to 4n DNA (S phase). These observations support the 
notion that there is one homogeneous subpopulation among leukaemic 
bone marrow cells, i.e. clonogenic cells that can be separated at different 
stages of the cell cycle. 

Still, there is a second component in the sedimentation rate profile of 
all nucleated cells in the case of the leukaemic bone marrow, i.e., cells 
that sediment at a rate slower than 4 mm-lr1. The viability of the cells was 
tested by double-staining the cells with the propidium iodide (PI) and 
fluoresceine diacetate (FDA) technique (Jongeling and Visser, personal 
communication). Very few living cells were found to sediment at a rate 
slower than 4 mm-tv1; in contrast to that, very few dead cells were found to 
sediment at a rate faster than 4mm -h-1. The sedimentation rate profile of 
the living leukaemic cells coincides with the profile found for the LCFU-s 
(fig. 36). To calculate the contribution of the LCFU-s to the living leu
kaemic cell number, the F-factor value must be known. Preliminary results 
show that the F-factor is in the order of 0.002, which is rather low, but not 
imaginary. This would imply that every living cell is a LCFU-s. Therefore, 
the TD50 value should not be explained as the number of leukaemic cells 
that contain 1 clonogenic cell, but that it would give the number of leu
kaemic cells that is required to cause one fatal leukaemic event. This 
would mean that it is unlikely that we are dealing with subpopulations 
but that basic mechanisms play an important role in the growth of small 
numbers of leukaemic tumour cells. 

B. TheratNHSC 
The sedimentation rate profile of the rat NHSC was determined by 

100 

z «> 

iv ing 

12 

sedimentat ion rate ( mm . h ) 

Figure 36 
Sedimentation rate profile of normal CFU-s, leukaemic CFU-s and living leukaemic cells. 
The sedimentation rates are calculated as the number of cells per fraction as a percentage of 
the maximum value for each curve. 
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using bone marrow from a normal rat (fig. 36). The fractionated bone mar
row cells were injected into irradiated rats and spleen colonies were 
determined 11 days later. Of all NHSC, 88% sedimented at a rate slower 
than 4mm-h-l Survival studies after the injection of separated cells 
showed that about 1 % of all leukaemic cells sediment at a rate of 4 
mm-lr1. The results sofar are encouraging with regard to the purification 
of the NHSC from remission bone marrow. Studies of this kind wil! be 
undertaken in the future. 

Van Bekkum, D.W., Blood 38, (197V, 547. 
Hagenbeek, A., ' .ei'kemia Res., 7, ;1977), 85. 
Hagenbeek, A. et al., Leukemia Res., 7, (1977), 99. 
Miller, R.G. and Phillips, P A., J . Cell Physiol, 73,0969), 237. 
Visser, J.W.M, et .!., p. 21, In: Experimenial Hematology Today, (Baum, S.J. and Ledney, G.D., 

eds.), Springer Verlag, New York (1977). 
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EFFECT OF 1/3-D-ARABINOFURANOSYLCYTOSINE ON THE CELLULAR 
KINETICS OFTHE BROWN NORWAY MYELOCYTIC LEUKAEMIA 

M. Aglietta, A.C.M. Martens and t . Hoogeveen-van Beugen 

The presence of a large fraction of non-proliferating cells which are 
believed to be resistent to the action of most cytostatic drugs is con
sidered one of the major problems of treatment of human leukaemias (Hill 
and Baserga, 1975). However, a precise analysis of the behaviour of the 
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Figure 37 
Effect of a single dose of ara-C (200 mg/kg i.v.) on the labelling and mitotic index of bone 
marrow and spleen leukaemic cells. 
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resting leukaemic population after treatment is lacking in the human and 
has never been possible to study in animal models because they are 
generally characterized by rapid exponential growth. 

The presence in the BNML of a large number of non-proliferating cells 
(this report, p. 82) induced us to study in what way a high dose of "I 
/3-D-arabinofuranosylcytosine (ara-C) interfered with the leukaemic cell 
proliferation and, particularly whether the proliferation of the resting cell 
population could be affected directly or indirectly. Ara-C was chosen 
because it is excreted very rapidly and its mode of action on the cell cycle: 
inhibition of DNA synthesis and blocking of cells at the G,-S boundary is 
well known (Woo et al., 1975: Cohen, 1977). 

After a single injection of ara-C (200 mg/kg), the leukaemic cell prolifer
ation is nearly completely blocked, both in the spleen and in the bone mar
row, as shown by the dscrepse in labelling index and mitotic index (fie. 
37). Afterwards, the number of S cells increases to reach a peak at 12 h., 
followed by an increase in the number of mitotic cells, Cytophotometric 
analysis of bone marrow leukaemic cells confirms this data showing a 
decrease in proliferating cells followed by synchronous wave of cells 
entering the cell cycle. The early inhibition of DNA synthesis can be ex
plained by the killing of the cells engaged in S shortly after administration 
of the drug. If the ara-C produced only a temporary block of cells in DNA 
synthesis at the time of the injection of the drug, the increase in the 
mitotic index would appear rather soon after the increase in the labelling 
index and the cytophotometric profiles would not show such a syn-
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Figure 38 
DNA histograms of femoral BNML after one injection of ara-C 
(200 mg/kg i.v.). 
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chronous wave of proliferation. In addition, the hypothesis that the syn
chronous proliferative wave is due only to release of cells blocked by 
ara-C at the G-,-S boundary can be excluded, because the number of cells 
present in G2, M and G, before treatment (10-15%), is too small to account 
for the subsequent increase of S and M phase cells to the very high values 
observed. The only explanation is that the resting ceil population, follow
ing the depletion of the S cells, leave the GQ compartment to enter into 
proliferation. 

This demonstrates that the non-proliferating cells are not merely sterile 
but are able to re-enter in cycle and to perpetuate the leukaemic produc
tion. Moreover, the synchronized way in which cells are proliferating after 
ara-C offers a tool to investigate the relevance of kinetic data for in vivo 
activity of antileukaemic drugs. 

Cohen, S., Cancer 40, (1977), 509. 
Hill, T.B. and Baserga, R., Cancer Treatm. Rev., 2, (1975), 159. 
Woo, K.B. et al.. Cancer Chemother. Rep., 59, (1975), 847. 

95 



RELEVANCE OF RECRUITMENT-SYNCHRONIZATION FOR THE 
TREATMENT OF A SLOW GROWING EXPERIMENTAL LEUKAEMIA 

M. Aglietta and R. Korving 

Most anticancer agents are also toxic to normal tissues and, if used 
inappropriately, they may produce injury to the patient without an ade
quate decrease in the tumour load. The intrinsic sensitivity of a tumour to 
anti-neoplastic agents is obviously the most important factor to influence 
the therapy. However, appropriate drug scheduling can considerably 
influence the treatment and widen the therapeutic ratio (Venditti, 1971). 
Insight in cell kinetics has always been considered of basic importance 
for the scheduling of drugs. However, good arguments have recently been 
raised to question the importance of cell kinetics in the design ot chemo
therapy schedules (Van Putten, 1974). The presence in the BNML of a 
large proportion of non-proliferating cells which are synchronously re
cruited into cycle after a single injection of ara-C (this report, p. 93) 
induced us to study whether this phenomenon could influence the 
treatment. 

Ara-C is believed to be an S phase specific agent; therefore, the 
administration of a second dose of ara-C, at the peak of cells in S., i.e. 12 h 
after the first dose of ara-C, should decrease the tumour load more 
efficiently than a second dose given when the majority of the recruited 
cells is out of the S phase, e.g. at 24 h after the first dose. 

Bone marrow, spleen and liver are heavily infiltrated with leukaemic 
cells at the stage of the disease we studied (day 15 after transplantation 
with 107 leukaemic cells). Therefore we followed the variations in bone 
marrow cellularity as well as spleen and liver weight 48 h after the end of 

TABLE 19 
EFFECT OF ARA-C (200 mg/kg x dose) ON THE TUMOUR LOAD OF BNML RATS. 

Comparison between the effect of a single injection and of 2 injections 
12 or 24 h apart 

The values represent the mean of 8 animals per point ± S.D. 

Spleen weight Liverweight Femoral 
(grams) (grams) cellularity (x 106) 
3.7 ±0.4 17.5 ±2.1 62 ±10 
3.2±0.4 17 ±1.8 55±12 
3.1 ±0.4 13.8±1.1 61 ±13 

1.2±0.4 11.2±0.7 15±6 

controls 
1 dose 
2 doses 
q24hrs 

2 doses 
q 12hrs. 
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Figure 39 
Effect of ara-C on CFU-s of normal BN rats. 
1st injection = 200 mg/kg. The second injection varies in dosage and interval. 
The 0 point represents the effect of 1 injection. Three animals per point were killed 2 h after the 
last injection of the drug and the femur cells were pooled and injected into rats irradiated with 
700 rad. The values represent the mean number of spleen colonies of 10 recipient rats expres
sed as percentage of untreated controls. 

the treatment as indicators of the efficacy of the schedule. Table 19 
shows that a 12 h interval between two doses of ara-C is very significantly 
more effective in decreasing the tumour load than the 24 h interval. The 
toxicity for the normal haemopoietic system is the most important limita
tion to the use of ara-C. Therefore, the two schedules were tested for their 
killing effect on normal CFU-s which are considered the best indicators of 
the status of the haemopoietic tissue. Normal CFU-s are not affected in a 
significantly different manner by the two schedules (fig. 39). Moreover, 
treating the animals with 5 injections of ara-C at 12 h intervals increases 
the survival time to 41 days as compared to 31 days when treatment is 
given at 24 h intervals. Untreated leukaemic controls die after 27 days. It 
can be concluded that it is possible to take advantage of recruitment-
synchronization for antileukaemic treatment, without increasing the 
toxicity for the normal haemopoietic system. 

Van Putten, LM. , Cell Tiss Kinet., 17, (1974), 493. 
Venditti, J.M., Cancer Chemother Rep. 2, (1971), 35. 
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RATIONAL DRUG SCHEDULING FOR REMISSION SCHEDULES IN THE 
BROWN NORWAY MYELOCYTIC LEUKAEMIA 

L.P. Colly and A. Tons 

Remission induction schedules based on cell kinetic data obtained by 
pulse cytophotometer analysis after drug administration have been 
evaluated in vivo. The optimal accumulation of cells in the S phase of the 
cell cycle after ara-C (200 mg/kg i.p.) is 16 h after drug administration. 
Therefore, the second drug, adriamycin (7.7 mg/kg i.v.), was given 16 h 
after an initial injection of ara-C, (see Annual Report 1976, page 257). All 
treatment schedules started on day 15 after inoculation of 107 leukaemic 
cells. 

The increase in lifespan for the combination ara-C/adriamycin is not 
impressive. Improving mean survival time by repeating courses of ara-
C/adriamycin was restricted by the cardiotoxic side effect of adriamycin 
which is manifest after cumulative doses above 12.5 mg/kg for the BN rat. 
In contrast, repeating ara-C injections gives no toxic side effects on 
normal bone marrow cells. On repeating the same dose of ara-C (200 
mg/kg i.p.) after a 16 h interval, a fraction of the G0 population will be 
recruted to enter cell cycle and consequently be killed by the repeated 
injection of ara-C. A steady increase in survival related to the number of 
ara-C fnjections is observed. However with the schedule of 5 repeated 
injections of ara-C followed by adriamycin 16 h after the last ara-C 
injection, the leukaemia relapsed. 

After completing labelling index studies following ara-C 200 mg/kg 
i.v., Aglietta (this report, page 93) found a maximum accumulation of cells 
in S phase at 12 h after injection. Survival results using schedules with 
repeated injections of ara-C 200 mg/kg i.v. at 12 h intervals and each 
regimen ending with one injection of adriamycin (7.7 mg/kg) 12 h after the 

TABLE 20 
EFFECT OF SEQUENTIAL DOSES OF ARA-C (200 MG/KG I.V.) AND 

ADRIAMYCIN (7.7 MG/KG I.V.) ON THE PROGRESSION DELAY OFTHE BNML 
Interval between drug administration: 12 hours 

Treatment 

controls 
5 x ara-C/adria 
6 x ara-C/adria 
7 x ara-C/adria 
8 x ara-C/adria 

Mean survival 
time (days) ±SE 

32.3 ± 1.52 
107 ±10.8 

> 120 
> 120 
>120 
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Figure 40. 
Surviving fraction of LCFU-s as a function of different time intervals between two injections of 
ara-C, 200 mg/kg i.v. 
Different symbols represent means ± SE of different experiments. 

last ara-C injection are presented in table 20. The increase in the survival 
time of these groups of rats is greater than was found with the previously 
used schedule. To avoid the problems of aplasia, all groups received 
optimal haematologic supportive care. 

The optimal time interval between two injections of ara-C was also 
estimated by means of reduction in the surviving fraction of Leukaemic 

^ ( hours ) 

adriomycin before ara-C ara'-C adr iamycin after ara-C 

Figure4L 
Surviving fractions of LCFU-s as a function of sequence and time interval between injections of 
ara-C (200 mg/kg i.v.) and adriamycin (7.7 mg/kg i.v.).Different symbols represent means ± SE of 
different experiments. 
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Colony Forming Unit spleen (LCFU-s) after different time intervals fol
lowing the first injection of ara-C (fig. 40). The beneficial effect of the 
second dose of ara-C given at 12 h compared to 24 h after the first is 
shown in a reduction in LCFU-s by a factor of ± 7. 

The same technique was used to determine the optimal time interval 
between the injections of ara-C and adriamycin and the best sequence of 
drug administration. Fig. 41 shows the superiority of the drug sequence 
ara-C followed by adriamycin and the best interval is again about 12 h. 

In the near future, the normal haemopoietic stem cell will be monitored 
during and after remission induction therapy. 
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DISTRIBUTION OFADRIAMYCIN IN NORMAL AND LEUKAEMIC RATS 

P. Sonneveld and W. Asscherman 

The most commonly used chemotherapeutic agents have been 
investigated for their pharmacokinetic behaviour, which includes metabo
lism, toxicity and distribution data. Distribution kinetics are particularly 
important in achieving optimal drug levels. A compartment model is 
usually used to describe the pharmacokinetics of a drug. The nature of 
the model is determined by the properties of the drug, combining 
distribution data, mode of uptake and excretion and metabolism. 

In fig. 42, a multicompartment model, which was developed to describe 
adriamycin (ADR) pharmacokinetics in the Brown Norway (BN) rat is 
shown. The purpose of the study was to investigate the behaviour of ADR 
in the rat and to define compartments and alterations in the relationship 
among compartments after introduction of the BN myeloid leukaemia. 

Drug levels in various tissues at different time intervals after adminis
tration of the drug were determined by a spectrophotofluorometric 
method (Schwartz, 1973). Drug concentrations as low as 10-5 mg/ml are 
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Figure 42 
Multicompartment model for adriamycin distribution kinetics in the rat 
Each compartment is chosen for specific properties regarding ADR uptake and excretion for 
which "K" values are representive. 

101 



a 
P L A S M A 

1 . 2 - . 

1 . 0 -

0 .8 

0.6 

0.4 

0.2 

- 1 1 1 1 1 1 
10 20 30 40 50 60 

b 
S P L E E N 

30 -i 

~ 2 0 -

10 
'eufcaemic ""' 

—I 1 1 1 1 1 
10 20 30 40 50 60 

minutes 

~l 1 1 1 1 1 
8 16 24 32 40 48 

C 
L I V E R 

50 -\ 

40 

~ 30 
O) 

20 H 

1 0 -

- 1 1 1 1 1 1 
10 20 30 40 50 60 

minutes hour 

Figure 43 
Adriamycin tissue concentrations in normal and 14 days leukaemic rats after administration of 
7.5 mg/kg i.v. 
Drug levels are shown as determined in plasma (a), spleen (b), and liver (c). 
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detectable by this method. Up to 48 h after administration of the drug (i.v.), 
highest tissue levels are found in the kidney, the liver and the lung. How
ever, the most constant levels are found in the spleen (fig. 43). Since ADR 
is excreted in the bile after being partly metabolized in the liver, the 
increase in serum drug levels 8 h after administration of the drug can be 
explained by the mechanism of the enterohepatic circle, which means 
that bile reenters the circulation from the intestine. 

Determinations of ADR in BN rats on day 17 after inoculation with 107 

BNML cells show decreased concentrations of ADR in two affected 
organs: liver and spleen. On the contrary, ADR levels in plasma are higher 
in leukaemic animals up to 8 h after drug administration. In normal rats 
concentrations in bone marrow are the same as plasma levels. However, 
leukaemic animals show lower levels in bone marrow as compared with 
normal animals. These data suggest that organs in which normal tissue is 
replaced by leukaemic cells show a lower uptake of ADR and probably 
changed compartment qualities. A computer program in which pharma
cokinetic organ qualities of the multicompartment model can be defined 
in a mathematical way is now being developed. Preliminary data suggest 
that these qualities change considerably by leukaemic infiltration of 
organs (J.A. Mulder, personal communication). This is of great importance 
for clinical chemotherapeutic scheduling, since plasma levels may be 
associated with tissue levels in a different way when a tumour is involved 
as compared with the normal situation. Attempts to define these relation
ships are now in progress. 

Schwartz, H.S., Biochem. Med., 7,(1973), 396. 
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CYCLOPHOSPHAMIDE AND ISOLOGOUS BONE MARROW 
TRANSPLANTATION IN A RAT MODEL FOR HUMAN ACUTE 

MYELOCYTIC LEUKAEMIA 

A. Hagenbeek and A.C.M. Martens 

The use of cyclophosphamide as a preconditioning step before bone 
marrow transplantation is well known and has led to varying results in 
human leukaemia. Since a transplantable myelocytic leukaemia (BNML) 
which has many similarities with human acute myelocytic leukaemia 
(Hagenbeek and Van Bekkum, 1977) is available in the BN rat strain, 
studies were initiated with high-dose cyclophosphamide followed by 
infusion of isologous bone marrow. 

The result of this combination treatment applied at different stages of 
the disease was first evaluated in terms of survival time. Fig. 44 presents 
survival times when cyclophosphamide (200 mg/kg i.p.) was administered 
at days 5, 10, 15 or 20 after i.v. inoculation with 107 BNML cells, followed 
24 h later by infusion of 108 normal isologous bone marrow cells. Controls 
die between days 19 and 24. The most optimal time interval between 
inoculation of leukaemic cells and eradication therapy seems to be 10 
days. In this group, 50% of the rats are classified as "long survivors" 

100 ' t 

50 

200 mg / kg cyclophosphamide i . p . 
p 

10 isologous normal bone marrow cells i . v . 

• T O X I C I T Y -
LEUKAEMIA 

10 

2 0 
15 

-ih 120 days 

0 5 10 15 20 43 

time after start of treatment ( days ) 

Figure 44 
Survival of rats treated with cyclophosphamide and isologous bone marrow transplantation at 
various intervals after inoculation with 107 BNML cells. 
5,10,15 and 20: interval (days) between inoculation with 107 leukaemic cells and start of anti-
leukaemic therapy. 
Each group represents data on 6 rats. 
The mean survival time of non-treated leukaemic controls was 22.5 days. 
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(more than 120 days), with a complete recovery of normal haemopoiesis. 
They should be regarded as being cured, because it is known that one clo-
nogenic BNML cell results in death from leukaemia at about 60 days after 
the inoculation (Hagenbeek, 1977). Unfortunately, these animals died of a 
Sendai virus infection. No signs of leukaemia were recognized at autopsy. 
Day 10 after inoculation with BNML cells is comparable with the stage of 
an early relapse (30% of leukaemic cells in the bone marrow). The other 
50% of rats treated at day 10, as well as the majority of rats treated at day 
5 died within one week after treatment due to severe toxic side effects of 
cyclophosphamide, i.e., haemorrhage in the respiratory, digestive and 
urinary tracts. Rats treated at days 15 and 20 also died shortly afterwards. 
Except for toxicity, massive tumour cell destruction leading to cell emboli 
and infarctions in various organs was found to be the major cause of 
death in these cases. 

From this study it can be concluded that the number of tumour cells 
present at the start of treatment is critical: if the tumour mass is too small, 
toxicity to normal tissues seems to prevail; if the number of leukaemic 
cells exceeds a certain level with a concomitant suppression of normal 
haemopoiesis (Hagenbeek, 1977), aggressive chemotherapy is incomp
atible with life. The phase of early relapse seems to be most suitable for 
the application of eradication therapy. 

In a second experiment, 8 rats were treated according to the above-
mentioned protocol starting at day 11 after inoculation with 107 BNML 
cells. Three rats died of early toxicity; two survived for 24 and 30 days, 
respectively, after treatment was started. They died of BNML relapse. The 
remaining 3 rats were free of disease until 140-190 days after treatment. 
They then developed paralysis of the lower limbs. These animals were 
sacrificed and, at autopsy, all lymph nodes were greatly enlarged, while 
the spleen and the liver were only slightly increased in size. Histology re
vealed heavy infiltration of the bone marrow with leukaemic cells. The 
splenic white pulp showed a normal architecture; some invasion with 
leukaemic cells was observed in the red pulp. The liver was relatively free 
of tumour cell infiltration. Large clusters of leukaemic cells compressing 
ventral nerve roots at their origin from the spinal cord were thought to be 
responsible for the development of paralysis. This finding reminds of late 
relapse after chemotherapy in human AML/ALL. 

Leukopenia, anaemia and thrombocytopenia were observed in the pe
ripheral blood. Only a few leukaemic cells were recognized. Cytology of 
the blood and bone marrow suggested the leukaemic cell population to be 
of a lymphoblastic nature. Cytochemistry and electron microscopy are 
presently being performed. 

In conclusion, the leukaemia which developed in all three long-term 
survivors was of a different type than the original BNML in terms of 
growth pattern, histological spread and cytological characteristics. The 
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question remains as to whether cyclophosphamide induced a new leu
kaemia or whether maligant proliferation switched from the myelocytic 
line to the lymphocytic line, as seems to occur in some cases of human 
chronic myelocytic leukaemia. This question is being investigated by 
repeating the experiment of the cyclophosphamide treatment in normal 
and leukaemic rats. 

Hagenbeek, A. (1977). Thesis Erasmus University Rotterdam. 
Hagenbeek, A. and Van Bekkum, D.W., Editors Leukemia Research 2, (1977). Proceedings of a 

Workshop on: "Comparative evaluation of the L5222 and the BNML rat leukaemia models 
and their relevance for human acute leukaemia. 
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T U M O U R I N D U C T I O N AND 
T U M O U R B IOLOGY 

AN ASSOCIATION BETWEEN VIRUS EXPRESSION AT A YOUNG AGE 
AND MAMMARY CARCINOGENESIS AT A LATE AGE IN MICE 

P. Bentvelzen 

It has been well established that every mouse strain tested contains in 
its cellular DNA genetic information for a murine mammary tumour virus 
(Michalidesetal., 1976). Such a germinal provirus is usually not expressed. 
An extensive genetic study has been carried out on the control of expres
sion of endogenous mammary tumour virus (MTV), in which offspring of 
various crosses were tested for the presence of MTV antigens in the milk 
(Annual Report 1976, p. 88). To investigate the relevance of these findings 
to carcinogenesis, the animals were forced bred after testing and permit
ted to live out their lifespan. 

In table 21 tumour incidences in the various populations in relation to 
their MTV status at a young age are reported. In all populations, tumours 
appear in a higher incidence and considerably earlier in the virus-positive 
category. However, tumour incidences are substantial in the virus-
negative category. They may result from switching on of an endogenous 
virus at a later age or by partial expression where only the oncogene of the 
provirus is transcribed. However, it is also possible that these tumours 
have arisen without any involvement of an endogenous mammary tumour 
virus gene. 

Michalides, R.et al., Int. J. Cancer 18, (1976), 105 
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TABLE 21 
MAMMARYTUMOUR INCIDENCES IN FORCED BRED PROGENY OF HYBRID MICE 

9 

BALB/c 
C3Hf 
C3Hf 
(C57BL X C3Hf)F1 
BALB/c 
C57BL 
C57BL 
BALB/c 
BALB/c 
BALB/c 

Cross 

cr 

(BALB/c x C3Hf) F1 
(BALB/c x C3Hf)F1 
(C57BL X C3Hf)F1 
(C57BL x C3Hf)F1 
C57BL X C3Hf)F1 
(C57BL X GR)F1 
(BALB/c x GR)F1 
(C57BL x GR)F1 
(C3Hf x GR)F1 
(BALB/c x GR)F1 

Number of 
mice 

277 
104 
111 
68 
84 

166 
48 

135 
92 

103 

Numberwith 
tumours 

74 
56 
29 
23 
26 
91 
33 

101 
84 
80 

Percentage 

26 
54 
26 
34 
31 
55 
71 
75 
91 
78 

Milk 

MTV-positive 

tumour 
% 

43 
58 
38 
86 
88 

100 
93 
93 

100 
87 

tumour age 
(months) 

15 
17 
19 
20 
14 
8 
8 
9 

12 
13 

MTV-negative 

tumour 
% 

14 
11 
14 
20 
17 
9 

35 
50 
38 
20 

tumour age 
(months) 

21 
23 
21 
23 
20 
16 
19 
22 
25 
21 



STRUCTURAL PROTEINS OFTHE MURINE MAMMARY TUMOUR VIRUS: 
IMMUNOLOGICAL CHARACTERISTICS AND CELLULAR LOCALIZATION 

F. Westenbrink, W. Koomstra, P. Creemers and P. Bentvelzen 

Three major polypeptides of the murine mammary tumour virus 
(MuMTV) were isolated as reported previously (Annual Report 1976, p. 92; 
Westenbrink et al., 1977). The glycoprotein gp 52 is a component of the 
envelope of the virus, p28 is a non-glycosylated core protein. The position 
of p12 in the virion is not clear as yet. 

With regard to our vaccination studies it was important to know 
whether the purified polypeptides had retained their antigenic integrity in 
the course of the isolation procedure. 
Furthermore, investigation of the cellular localization of these viral 
antigens was important with respect to immunological surveillance: 
those antigens which are expressed on the tumour cell surface, should be 
most suitable forvaccination experiments. 

Rabbit antisera, raised against the several viral antigens, were charac
terized by means of double immunodiffusion, immunoelectrophoresis 
and competitive radioimmunoassay. With the double immunodiffusion 
technique the three antisera gave single precipitation lines with the virus. 
An antiserum, raised against disrupted virus particles, produced three 
lines (fig. 45). No cross-reactivity between the three antisera could be 
observed. Immunoelectrophoresis gave also no evidence for any cross-
reactivity between the three sera. 

C4 
*_^/ 

Figure 45 
Double immunodiffusion 
Double immunodiffusion of rabbit antisera raised to MTV-proteins, against detergent-
disrupted MTV. (1) anti-gp52; (2) anti-p28; (3) anti-p12; (4) anti-MTV; (5) solubilized MTV. 
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Figure 46 
Competitive radioimmunoassay 
Radioimmunoassays were developed for p28 (A), gp52 (B) and p12 (C). The capability of the 
purified MTV-proteins to compete with the iodinated proteins in their homologous assays was 
measured. The competing antigens were tested at serial two-fold dilution. 

In order to develop a double radioimmunoassay (RIA) the viral antigens-
were chemically iodinated. In the RIA an antiserum dilution was used, 
which precipitated 50% of the 125l-labelled antigen. Inhibition of this 
precipitation by competing antigen indicates possible antigenic related-
ness. 

The radioimmunoassay made detection of ng quantities of viral 
antigens in tissue or serum possible. With respect to the immunological 
characteristics of the viral antigens, the three polypeptides were tested in 
the three homologous assays (fig. 46). In all three cases competition was 
only achieved with a 100-fold excess or more of the test-antigen added, 
indicating immunological uniqueness of the three antigens, with respect 
to each other. 

Considering the results of the three immunological tests we conclude: 
a) the isolated viral antigens are of a high degree of purity; b) the antigens 
retaine their antigenic nativity in the course of the isolation procedure; 
c) the produced antisera are monospecific and contain no cross-reactivity 
with respect to each other. 
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By way of fixed cell immunofluorescence the three viral antigens could 
be detected in the cytoplasm of two MuMTV-producing cell lines. Mem
brane immunofluorescence proved only gp52 and p12 to be expressed on 
the cell membrane. In cytotoxicity tests, however, p 12 appeared not to be 
a cytotoxic target. Only antiserum against gp52 was able to kill the 
MuMTV-producing cells in the presence of rabbit complement. The results 
indicate that gp52 is the most promising protein for vaccination experi
ments. 

Westenbrink, F. et al., Eur. J. Biochem. 76, (1977), 85. 
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ISOLATION AND CHARACTERIZATION OF GP 36, A MAJOR 
POLYPEPTIDE OFTHE MURINE MAMMARY TUMOUR VIRUS 

F. Westenbrink and W. Koomstra 

The envelope of the murine mammary tumour virus (MTV) is covered 
with characteristic projections. The major polypeptides of the envelope of 
the virus are two glycoproteins: gp52 and gp36. After surface iodination of 
intact virus particles, only gp52 proves to be radioactively labelled (Witte 
et al., 1973), indicating that gp52 shields gp36 in the virion structure. 

f? a 
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Figure 47 
SDS-PAGE 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) of (1) MTV; (2) gp52-
gp36 complex; (3) purified gp52; (4) purified gp36. Gp36 was electrophoresed in the presence of 
8 M ureum. The fraction is contaminated with 1 % gp52. A small quantity of gp36 is present as a 
dimer (upper faint band). 
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Radioimmunoassay 
Competitive radioimmunoassay developed for gp36 using an antiserum raised against 
detergent-disrupted MTV. Only a 400 fold excess of gp52 resulted in a displacement of the input 
counts, indicating immunological unrelatedness of gp36 with respect to the tested viral 
proteins. 

We previously reported on the isolation of three structural MTV poly
peptides, gp52, p28 and p12 from virus, purified out of mouse mammary 
tumours (Westenbrink et al., 1977). By making some modifications in the 
isolation procedure, we succeeded in the purification of a gp52-gp36-
complex, in addition to a free form of gp52. Gel filtration of the complex 
on Sephadex in the presence of the detergents nonidet and sodium 
deoxycholate resulted in the separation of gp52 and gp36. Remarkably, 
gp36 eluted in the void volume of the column. Analysis of this protein 
fraction with SDS-polyacrylamide gel electrophoreris showed that a 
fraction of gp36 was present as a dimer. Addition of 8 M urea reduced the 
amount of this dimer to a negligible level (fig. 47). These results indicate 
strong hydrophobic interactions within the molecule. 

We hypothesize the following polypeptide construction of the surface 
projections of the virion: The strong hydrophobicity of gp36 suggests a 
localization mainly inside the lipid bilayer of the viral envelope. Via a com
plex with gp52 (constituting the stalk of the projection) the structure ends 
up in a knob formed by the free form of gp52. 

Purified gp36 showed a positive reaction with antisera directed against 
MTV in double immunodiffusion and Immunoelectrophoresis. In a compe
titive radioimmunoassay, the gp36- fraction appeared to be contaminated 
with about 1 % gp52. In an assay developed for gp36, no cross-reactivity 
was observed with either gp52, p28 or p12 (fig. 48). 

Westenbrink, F. et al., Eur. J. Biochem, 76, (1977), 85. 
Witte, D. et al., P.N.A.S. 70, (1973), 36. 
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DE NOVO INDUCTION OF A VIRULENT MAMMARY TUMOUR VIRUS IN 
KIDN EY CELL CULTURES OF C3Hf MICE BY GLUCOCORTICOIDS 

P. Bentvelzen 

Glucocorticoids increase the release of virus by mammary tumour cell 
cultures (McGrath, 1971). This seems to be due to an increase in trans
cription of the somatic provirus of the milkborne MTV-S, the standard 
mammary tumour virus strain. This category of steroid hormones would 
not induce transcription of proviruses which were fully inhibited in their 
expression (Parks et al., 1975). 

The C3Hf mouse strain has been segregated from the C3H strain by 
foster nursing of a litter on a C57BL female after delivery by caesarean 
section. By this procedure, the exogenous milkborne MTV-S has been 
removed. Female mice of this strain sti!! continuously release another 
mammary tumour virus strain which has a considerably lesser oncogenic 
activity than the so-called milkfactor (Annual Report 1975, p. 88). 

Glucocorticoids such as hydrocortisone and dexamethasone induce 
the appearance of MTV antigens in kidney cell cultures of some mouse 
strains (Bentvelzen, 1974). In the case of the C3Hf mouse strain, this was 
thought to be due to activation of the low-oncogenic MTV-L variant. How
ever, bioassays of supernatants of glucocorticoid-treated C3Hf kidney 
cultures (table 22) showed the presence of a highly virulent mammary 
tumourvirus. 

This experiment has been repeated two times with similar results. In 
view of possible contamination, all tissue culture work with the virulent 
MTV-S was discontinued during the tissue culture phase of these experi
ments. In addition, a transplantable C3Hf mammary tumour line which 

TABLE 22 
BIOASSAY OF TISSUE CULTURE SUPERNATANTS IN FEMALE BALB/c MICE 

Numberof Number with tumour Tumourage 
Inoculum 

None 
C3Hf tc-mour extract 
C3Hf kidney culture 
C3Hf kidney culture 

+ dexamethasone 
C3Hf kidney culture 

+ hydrocortisone 
C57BL kidney culture 
C57BL kidney culture 

mice 

20 
20 
18 
20 

10 

20 
10 

(percentage) 

5 (25) 
12 (60) 
3 (17) 

20 (100) 

9 (90) 

4 (20) 
3 (30) 

(months) 

20 
19 
18 
9 

7 

17 
21 

+ dexamethasone 
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does not normally contain virulent virus produced highly oncogenic virus 
after treatment with dexamethasone. 

The C3Hf mouse strain seems to contain information for a virulent 
mammary tumour virus which must be genetically quite distinct from 
MTV-S according to the molecular hybridization studies of Michalides et 
al. (1976). The expression of this virus is usually strongly inhibited, but this 
inhibition can be abrogated by treatment with glucocorticoids. 

Bentvelzen, P., Biochem. Biophys. Acta, 355, (1974), 236. 
McGrath, CM. , J. natl. Cancer lnst.47,(1971), 455. 
Michalides, R. et al., Int. J. Cancer 1S, (1976), 105. 
Parks, W.P. et al., J . Biol. Chem., 250, (1975), 3330. 
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ATTEMPTS TO INDUCETUMOURTRANSPLANTATION RESISTANCE BY 
VACCINATIONS WITH PURIFIED MAMMARYTUMOUR VIRUS PROTEINS 

P. Creemers and F. Westenbrink 

In an earlier study, transplantation resistance was evoked against 
tumours which produce mammary tumour virus antigens by immunization 
with a crude virus protein vaccine (Creemers et al., 1977). The present 
study concerns vaccination with purified viral polypeptides. 

The major polypeptides of the mouse mammary tumour virus (MTV) 
were isolated by affinity chromatography on plant lectins as described 
previously (Westenbrink et al., 1977). 

For vaccination we chose the major viral membrane and core proteins: 
a glycoprotein with a molecular weight of 52,000 daltons (gp52) and a 
protein of which the molecular weight is 28,000 (p28). Since we have 
indications that the structural integrity of the viral membrane in a vaccine 
is of importance for the resulting immune response (Creemers et al., 
1977), we also tested viral membranes disrupted by ten times freezing and 
thawing and an MTV soluble protein preparation which was obtained by 
dissolving virus particles by the addition of nonidet. 

For vaccination, we used 8-week-old female DBAf mice; we tested for 
the induction of transplantation resistance against the MTV-positive 
L1210 leukaemia cell line. 

The advantage of this cell line is the rapidity of the test and the quanti
tative aspects of the assay (Skipper et al., 1964). As adjuvant 50 ^9 IPM, 
the active component of Mycobacterium smegmatis (Lamensans et al., 
1975), was used. The vaccine was administered subcutaneously; control 
animals were treated with the adjuvant alone. Twenty days after treat
ment, the animals were challenged by intraperitoneal injection of 100 
L1210 cells; deaths caused by the leukaemia were recorded twice a day. 

The results of the vaccination trials on survival time of the mice are 
summarized in table 23. A slight increase in survival was only observed 
following vaccination with 1 yg of MTV membranes; no protection or 
enhanced tumour growth was observed in all other instances. Only the 
difference in survival time between the group treated with 10 ng gp52 and 
the control group was significant. The differences in survival rates be
tween any vaccinated and control group was not significant; however, 
when the animals treated with 1 ng dissolved MTV protein or with 1 ^g 
gp52 are compared to the group that received 1 ng of MTV membranes, a 
significant difference emerges. This indicates that structural integrity of 
the MTV membrane is of importance for the induction of an effective anti-
MTV immune response, and is in accord with earlier findings (Creemers et 
al.,1977). 
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TABLE 23 
INFLUENCE OF DIFFERENT MTV-DERIVED VACCINES ON DEATH DUE TO 100 TRANSPLANTED L1210 LEUKAEMIC 

CELLS IN DBAf MICE 

Treatment 

vaccine 

MTV membranes 

dissolved MTV 

gp52 

p28 

dose 

ipg 
10^g 

1^g 
10 M9 

i/<g 
I0ng 

1^9 
10 ug 

Survival 

vaccinated 

6/10 
0/10 

1/10 
0/10 

0/10 
0/10 

0/9 
0/10 

control 

2/10 
0/10 

4/10 
0/ 8 

2/10 
0/10 

2/10 
0/10 

vaccinated 

15.9±0.7 

15.3 ±0.4 

14.7 ±0.3 

15.3 ±0.1 

Survival time ±SE in days 

control 

15.8 ±0.2 

15.1 ±0.2 

15.8 ±0.2 

15.8 ±0.2 

significance 

NS 

NS 

p < 0.010 

NS 



The cellular immune response to MTV was monitored with the Leuko
cyte Adherence Inhibition (LAI) test. This method reveals the presence of 
factors that block or enhance cellular immunity in the serum. The induc
tion of anti-mammary-tumour cell antibodies was established by means of 
membrane immunofluorescence . Rauscher leukaemia virus was used as 
a control in all assays; positive immune responses were regarded as MTV-
specific. The results for celis and sera of mice tested at days 12 and 20 
post-vaccination indicate the induction of faint cellular and humoral 
responses only; blocking factors were found in the serum in most 
instances. 

From these results, we conclude that vaccination with isolated proteins 
in combination with IPM does not have a substantial protective effect in 
DBAf mice against subsequent challenge with an MTV-positive cell line. 
Under these circumstances, MTV membranes disrupted by freezing and 
thawing have a slight protective effect but only when a low dose is used. 

Creemers, P. et al., J. natl. Cancer Inst., 59, (1977), 895. 
Lamensans, A. et al., Proc. Nat. Acad. Sci., USA 72, (1975), 3656. 
Skipper, H.E. et al., Cancer Chemother. Rep., 35, (1964), 1. 
Westenbrink, F. et al., Europ. J. Biol. 76, (1977), 85. 
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INFLUENCE OF A MAMMARY TUMOUR VIRUS PROTEIN VACCINE ON 
PRIMARYTUMOUR DEVELOPMENTS MOUSE STRAINS WITH HIGH 

AND LOW INCIDENCEOF MAMMARY TUMOURS 

P. Creemers, J. Ouwehand and P. Bentvelzen 

By affinity chromatography, we prepared protein fractions of the mam
mary tumour virus (MTV) substrains MTV-S and MTV-O, which consisted 
to approximately 60% of the major viral membrane glycoprotein gp52. 
With the MTV-S protein fraction, we performed vaccination studies in 
which resistance against transplanted mammary tumours was used as a 
parameter for tumour prophylaxis (Creemers et al., 1977). Here, we report 
on studies in which the effect of vaccination with this protein fraction 
against primary tumourdevelopment was investigated. 

A dose of 10 pig was injected subcutaneously (s.c.) into female 8-week-
old GR, BALB/cfC3H, C3Hf and BALB/c mice. To stimulate the develop
ment of primary tumours, the animals were subjected to forced breeding 
at 22 weeks of age. The animals were examined twice a week to establish 
tumour incidence; they were otherwise permitted to live out their lifespan. 

The results are summarized in table 24. The vaccination procedure led 
to a significant increase in the latent period of 9.0 and 7.5 weeks in the GR 
and BALB/cfC3H strains, respectively. In the BALB/c and C3Hf strains 
however, the same treatment resulted in an acceleration in tumour 
appearance; this was only significant in the C3Hf strain. These two mouse 
strains also showed a slight increase in tumour incidence. Since the 
BALB/c and the BALB/cfC3H strains are genetically very closely related, it 
is likely that the viremic state and the resulting natural immune reactivity 
influence the results of vaccination. 

At several intervals after vaccination, two BALB/c and two GR mice 
were killed to establish the immune reactivity against MTV. MTV-specific 
reactivity was established by means of the direct Leukocyte Adherence 
Inhibition (LAI) assay; normal GR and BALB/c mice do not show reactivity 
in this test (Creemers, 1977). The presence of anti-mammary-tumour cell 
antibodies was established by means of membrane immunofluorescence 
on the MTV-positive AR 963 cell line. Rauscher leukaemia virus infected 
fibroblasts served as a specificity control. 

The GR strain showed higher cellular and humoral responses than did 
the BALB/c strain. Blocking factors which are known to suppress cellular 
immune reactivity in tumour bearing mice and thereby promote tumour 
growth (Creemers and Brinkhof, 1977), were not identified but they may be 
the main reason for the observed tumour growth enhancement in the 
BALB/c and C3Hf strain. 

The influence of different vaccination schemes on primary tumour 
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TABLE 24 
INFLUENCE OF INJECTION WITH 10Mg MTV-S PROTEIN VACCINE ON DEVELOPMENT OF PRIMARY 

MAMMARYTUMOURS 

Mouse strain 

GR 
C3Hf 
BALB/c 
BALB/cfC3H 

Tumour incidence3 

V 

9/ 9(100%) 
15/ 39 ( 39%) 
39/107 ( 37%) 
29/ 31 ( 94%) 

C 

54/54(100%) 
28/90 ( 31%) 
27/90 ( 30%) 
38/40 ( 95%) 

V 

36.1 ± 2.7 
57.7 ±4.2 
66.9 ±3.2 
42.0 ±1.6 

Latent period (weeks: 

C 

27.1 ±1.2 
76.9 ±2.5 
77.4 ±3.1 
36.4 ±0.9 

±SEb) 

significance 

0.005<p< 0.010 
p < 0.001 

0.010<p< 0.025 
0.001<p< 0.005 

a: V= vaccinated animals; C = control animals, 
b: standard error 

TABLE 25 
THE EFFECT OF VACCINATION AND BOOSTER DOSES WITH MTV-O PROTEIN 

ON PRIMARYTUMOUR DEVELOPMENT IN THE BALB/cfC3H STRAIN 

Latent period 
Treatment Tumour incidence (weeks ±SEa) 

10/10(100%) 56.1 ±0.9 
10fig MTV-O protein and alum 5/13 ( 39%) 55.2 + 3.2 
10 (ig MTV-O protein and alum; 
2 booster doses of 1pg MTV-O protein 8/18 ( 44%) 53.3 + 1.5 

10iig MTV-O protein and alum; 
5 booster doses of 1 ^g MTV-O protein 5/9(56%) 52.6 + 0.2 

a: standard error 



development was studied in the BALB/cfC3H strain by the use of an 
MTV-0 derived protein vaccine enriched for gp52. At the age of 16 weeks, 
the animals received a s.c. injection with 10 /ug of the vaccine that was 
precipitated on alum. One group received two, a second group five 
booster doses of 1 ^g of the unprecipitated MTV-0 protein vaccine. The 
booster injections were administered intraperitoneally. The first injection 
was given one week after the initial treatment; all other injections were 
given at intervals of two weeks. At 37 weeks of age, the animals were sub
jected to forced breeding; the observation period was 67 weeks. 

The results are summarized in table 25. Although a single treatment 
with 10 ^g of the vaccine precipitated on alum resulted in a 61 per cent 
decrease in tumour incidence (p<0.001), no additional beneficial effect 
was found when booster doses were injected. 

After the initial vaccination, all animals in the groups were bled from 
the retro-orbital plexus at two week intervals. The sera were pooled and 
tested for the presence of anti-mammary-tumour cell antibodies. The 
results show that antibody titer is initially somewhat decreased, but later 
increases after booster doses (fig. 49). The observation that antibody titer 

1/64 

1/32-

1/16 

1/8 

1/4 

1/2 

-//-
20 24 28 32 36 

days after initial treatment 

—i 
40 

Figure 49. 
Anti-mammary-tumour cell antibody levels as estimated by membrane immunofluorescence in 
BALB/cfC3H mice immunized by different vaccination schedules. Arrows indicate dates of 
booster doses. 
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is not a useful parameter for predicting tumour prophylaxis in the MTV 
system is in accordance with earlier findings (Creemers et al., 1977). 

Creemers, P., Eur. J. Immunol. 7, (1977), 48. 
Creemers, P. and Brinkhof, J., Int. J. Cancer 20, (1977), 441. 
Creemers, P. et al., J. natl. Cancer Inst. 59, (1977), 895. 
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MAMMARY TUMOURS IN IRRADIATED AND NON-IRRADIATED 
FEMALE RATS 

M.J.vanZwieten, J.J. Broerse, C.F. Hollander, A.L. Nooteboom 
andS. Knaan 

The mammary carcinogenesis program using female rats of three 
strains has been in progress for several years. The goals of this program 
are: a) to investigate the dose-response effects of X-irradiation and fast 
neutron irradiation to gain insight into the mechanisms of radiation-
induced carcinogenesis; b) to determine the relative biological effec
tiveness (RBE) of neutron irradiation of various energies, to assess the 
relative risk of neutron irradiation; and, c) to examine the synergism 
between an exogenous hormone and irradiation on the induction of mam
mary tumours. In addition, since the study is done in rats of three different 
strains, namely Sprague-Dawley, WAG/Rij and BN/Bi, some insight may 
be gained into the influence of irradiation and hormonal factors on mam
mary tumour induction in strains with differing backgrounds of genetic
ally determined susceptibilities. 

The rats are irradiated at 8 weeks of age with a single dose of either 
X-rays at various dosage levels or monoenergetic fast neutrons of 0.5, 
4.0, or 15.0 MeV and at various dose levels. The ovariohysterectomies 
were performed at 4 weeks of age and implantation of oestradiol pellets 
was done at 6-7 weeks of age. All animals were inspected weekly and the 
presence of mammary tumours is carefully noted as to time of appear
ance, size and location. The animals are allowed to live out their natural 
lifespans and are killed when moribund. Severely autolyzed or partially 
cannibalized rats were discarded. A complete necropsy is performed and 
representative sections from all tissues are examined histologically. 
Special attention is paid to the numbers and histological types of mam
mary tumours as well as to the presence of non-neoplastic mammary 
gland lesions. 

Of the 5000 rats which entered the study, approximately half have been 
examined histologically. These represent the majority of the non-hormone 
treated, intact and ovariohysterectomized, irradiated and non-irradiated 
rats. 

The number of rats bearing mammary tumours, regardless of his
tological type, are listed in table 26, as a per cent of the total number of 
rats in each group. As can be seen from the table, the incidence of 
spontaneously occurring mammary tumours in the non-irradiated control 
rats was approximately equal in Sprague-Dawley and WAG/Rij rats (27%), 
and was 10% in the BN/Bi strain. The increasing tumour incidence with 
increasing doses of irradiation is clearly evident for the 3 strains and with 
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TABLE 26 

PERCENT INCIDENCE OF MAMMARY TUMOURS IN FEMALE RATS 

Sprague-Dawley WAG/Rij BN/Bi 

Intact OVH + Intact OVH Intact OVH 

Control non-irradiated 

X-rays 
25rad(SD° 10 rad) 

100 rad (SD 30 rad) 
400 rad (SD 100 rad) 
200 rad 

Neutrons, 0,5 MeV 
5 rad (SD 2 rad) 

20rad(SD 8 rad) 
80 rad (SD 32 rad) 

Neutrons, 4 MeV 
10rad(SD 4 rad) 
30rad(SD 12 rad) 

100 rad (SD 40 rad) 

Neutrons, 15 MeV 
15rad(SD 5 rad) 
50rad(SD 15 rad) 

150 rad (SD 50 rad) 

27 ( 8/30) + + 10(3/30) 27 ( 9/33) 0(0/31) 10 ( 2/19) 2(1/52) 

69(20/29) 
67(12/18) 
75(12/16) 
86(12/14) 

12( 3/24) 
50 ( 7/14) 
61(11/18) 

48(14/29) 
63(10/16) 
69(11/16) 

40(12/30) 
56(10/81) 
85(17/20) 

4(1/24) 
7(1/14) 
8(1/12) 
6(1/16) 

0(0/28) 
0(0/12) 
8(1/13) 

4(1/25) 
0(0/1.0) 

17(2/12) 

10(3/31) 
0(0/10) 

29(4/14) 

29(14/49) 
40 ( 6/15) 
76(22/29) 

15 ( 4/27) 
31 ( 4/13) 
56 ( 9/16) 

39 ( 9/23) 
67(12/18) 
53 ( 9/17) 

38(14/37) 
58(11/19) 
56(10/18) 

0(0/26) 
7(1/14) 
5(1/19) 

9(2/22) 
0(0/ 3) 
0(0/11) 

0(0/18) 
0(0/ 5) 
7(1/15) 

12(3/25) 
19(3/16) 
6( 1/16) 

15 ( 4/26) 
56 ( 9/16) 
81(13/16) 

13 ( 4/30) 
19 ( 3/17) 
40 ( 6/15) 

24 ( 6/25) 
31 ( 5/16) 
50 ( 8/16) 

21 ( 6/29) 
50 ( 8/16) 
78(14/18) 

0(0/31) 
0(0/13) 

18(3/17) 

0(0/33) 
0(0/21) 
6(1/17) 

4(1/28) 
0(0/16) 
0(0/17) 

4(1/24) 
0(0/18) 
0(0/20) 

OHV = ovariohysterectomized 
+ Percent (No. of rats with mammary tumours/total no. of rats per group) 

SD = Sprague-Dawley 



both types of irradiation. The WAG/Rij strain can now be seen to take, in 
most situations, an intermediate position between the highly susceptible 
Sprague-Dawley strain and the least susceptible BN/Bi strain. The 
dramatic sparing effect of early ovariectomy on the occurrence of mam
mary tumours in the 3 strains is evident from table 26. 

The majority (approximately 80%) of all mammary tumours found in rats 
of the various groups was histologically benign. By far, the most frequent
ly encountered type was the fibroadenoma. Adenomas, either solid 
lobular adenomas or intraductal papillary adenomas, and fibromas were 
far less common. The most common types of carcinomas were simple 
adenocarcinomas and papillary adenocarcinomas or mixtures of the two. 
Cribriform and anaplastic carcinomas were rare. Spindle cell sarcomas of 
the mammary gland were extremely rare, as they were found in only 10 
animals of the entire series examined. 

Although the percentage of rats with mammary tumours increased 
following irradiation, the ratio of rats with malignant tumours to the total 
number of tumour-bearing rats did not increase when compared to the 
controls. Thus, irradiation, regardless of the type, increased the number 
of both benign and malignant mammary tumours. With respect to the 
occurrence of multiple mammary tumours in individual rats, it can be 
stated in general terms that, with increasing radiation dose, regardless of 
type, a slight but definite increased tendency to multiple tumour 
development was seen in most groups (see table 27). 

In the coming year, the compilation of morphological data from the non-
hormone treated groups will be completed, to which will be added the 
histological findings from the oestradiol-implanted rats which are now 
becoming available. Correlations between mammary gland lesions and 
changes in other organs, especially of the endocrine system, will be 
made. 
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TABLE 27 
OCCURRENCE OF MULTIPLE MAMMARY TUMOURS IN INTACT IRRADIATED AND NON-IRRADIATED FEMALE RATS 

Sprague-Dawley 

total 
no. 

No. with x tumours 

1 2 3 
total 
no. 

WAG/Rij 

No. with x tumours 

1 2 3 

BN/Bi 

t 0 ( a i No. with x tumours 

no. 1 2 3 

Control 30 33 19 

X-ray 
25rad(SD x 10 rad) 

100 rad (SD 30 rad) 
400 rad (SD 100 rad) 
200 rad 

Neutron 0.5 MeV 
5rad(SD 2 rad) 

20rad(SD 8 rad) 
80rad(SD 32 rad) 

Neutron 15.0 MeV 
15rad(SD 5 rad) 
50rad(SD 15 rad) 

150 rad (SD 50 rad) 

29 
18 
16 
14 

24 
14 
18 

30 
18 
20 

13 
8 
7 
7 

3 
6 
8 

8 
8 
13 

7 
2 
2 
4 

0 
1 
2 

4 
2 
3 

0 
2 
3 
1 

0 
0 
1 

0 
0 
1 

49 
15 
29 
— 

27 
13 
16 

37 
19 
18 

12 
4 
12 
— 

3 
3 
5 

13 
9 
7 

2 
2 
6 
— 

1 
1 
4 

1 
2 
2 

0 
0 
4 
— 

0 
0 
0 

0 
0 
1 

26 
16 
16 
— 

30 
16 
15 

29 
16 
18 

4 
9 
11 
— 

4 
2 
4 

6 
7 
9 

0 
0 
2 
— 

0 
0 
2 

0 
1 
4 

0 
0 
0 
— 

0 
1 
0 

0 
0 
1 

SD = Sprague-Dawley 



EVALUATION OF A NUCLEAR EXCHANGE ASSAY FORTHE 
ESTIMATION OF OESTROGEN RECEPTORS IN RAT MAMMARY 

TUMOURS 

M.A. Blankenstein, E. Mulder* and H.J. van der Molen* 

In investigations concerning the role of oestrogens in radiation-induced 
mammary carcinogenesis it was necessary to measure oestrogen recep
tors in rat mammary tumours. Techniques for oestrogen receptor assay, 
however, suffer from a severe disadvantage in that the result is influenced 
by the presence of endogenous oestrogens. There is one type of assay 
which is insensitive to the presence of unlabelled oestrogens. In this 
assay, which up to now has been described for uterine but not for 
mammary tissue, the receptor-bound unlabelled oestradiol in the cell 
nucleus is exchanged with radioactive oestradiol. Consequently, this type 
of assay has been termed "nuclear exchange assay". 

A nuclear exchange assay for the estimation of oestrogen receptors in 
rat mammary tumour tissue has been evaluated using dimethylbenzan-
thracene (DMBA)-induced rat mammary tumours. These tumours were 
included in 50-60-day-old virgin Sprague Dawley by three intragastric 
administrations of 10 mg of DMBA dissolved in oil with intervals of one 
week. Within three months, all rats developed mammary tumours (4-15 
tumours per rat). Briefly, the exchange assay for estimation of nuclear 
steroid receptors consists of the following steps: 

_ translocation of free receptor sites from the cytoplasm to the nucleus 
by incubation of tissue for 1 hour at 37°C under 95% 0 2 and 5% C0 2 

in the presence of 108 M cold oestradiol; 
_ preparation of a nuclear fraction; 
_ exchange of cold oestradiol with tritiated oestradiol during 

incubation at 0°C for 1 hour in a glycerol containing buffer; 
_ extraction of labelled steroid-receptor complexes from the nuclei 

with 0.4 M KCI; 
_ separation of free and receptor-bound steroid by sucrose density 

gradient centrifugation followed by counting radioactivity in isolated 
fractions. 

Evaluation of this assay revealed that: 
1. the steroid-receptor complex from nuclei of DMBA-induced rat 

mammary tissue is not stable when stored for longer than 30 minutes 
at temperatures higherthan 10°C; 

2. this instability of the steroid-receptor complex is not the result of 
proteolytic activity or dissociation of the steroid from the receptor 
during the handling of the nuclear preparation; 

* Dept. of Biochemistry II (Division of Chemical Endocrinology), Medical Faculty, Erasmus 
University, Rotterdam 
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3. exchange of oestradiol should therefore be carried out at low 
temperature (0°C) for 1-2 hours. Incubations for less than 30 minutes 
at 23°C are as effective as longer incubations at 0°C; 

4. it is necessary to use fresh tissue for the assay. This limits the 
application of the assay; 

5. estimation of receptor sites by extraction of radioactive oestradiol 
from the receptors with ethanol, which works well for uterine tissue, 
gives unreliable results due to high non-specific binding of oestra
diol. 

The nuclear exchange assay was compared with the direct nuclear assay 
which involves labelling of the receptor sites by incubating the whole 
tissue with radioactive oestradiol, followed by preparation of nuclei and 
extraction of steroid-receptor complexes. The result of this comparison is 
given in fig. 50 and shows clearly that the exchange assay is to be 
preferred for the estimation of oestrogen receptors in tissue from intact 
rats. 

Since the direct nuclear assay is known to give reliable results in tissue 
from animals with low endogenous oestrogen, this assay was applied to 
mammary tumour tissue from rats ovariectomized 2 days before use. In 
addition, the in vivo labelling assay, described in the 1976 Annual Report, 
was applied to an ovariectomized animal. Comparison of these 

0 10 20 30 0 10 20 30 

Sucrose gradient analysis of oestrogen receptors extracted from nuclei of rat mammary tumour 
tissue after direct nuclear assay (A) and nuclear exchange assay (B). 
Oestrogen receptors (ER) move downwards whereas free oestradiol remains on top of the 
gradient. 
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TABLE 28 

OESTROGEN RECEPTORS (ER) IN DMBA-INDUCED RAT MAMMARY TUMOURS 
MEASURED WITH DIFFERENT ASSAYS 

ER (fmoles/mg 
Assay procedure extract protein) 

— Ovariectomized animals 
In vivo injection of labelled E2 44 

49 

in vitro labelling with E2 49 
54 

— Intact animals 
A/uc/ea/-exchange 15' 23°C 49 

60 

30' 23°C 67 
49 

60' 0°C 44 

techniques with the nuclear exchange assay applied on tissue from an 
intact rat is given in table 28 and shows that these three types of assay 
give comparable results. 

Based on these findings, and accepting that in vivo labelling assay 
gives the best approximation of the true receptor level in the tissue, we 
concluded that the nuclear exchange assay is suitable for the 
measurement of oestradiol receptors in rat mammary tumour tissue. The 
assay will be used to determine a possible involvement of oestrogen 
receptors in rat mammary carcinogenesis, induced by ionizing radiation 
and/or oestrogen treatment. 
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•EPITHELIALTUMOURSOFTHESKIN IN IRRADIATED FEMALE RATS 

M.J. van Zwieten,C. Zurcher and A.L. Nooteboom 

It is frequently stated that spontaneous skin tumours are uncommon in 
rats (Zackheim, 1973). This has been supported in a recent study on the 
pathology of ageing rats (Burek, in the press). In 405 female rats of the 
Wag/Rij and BN/Bi strains and the (WAG x BN) F1 hybrid, only 3 (0.7%) 
epithelial skin tumours were found. The incidence in the 265 male rats of 
these strains was somewhat higher, with 12 skin tumours being reported. 
The most frequent type of skin tumour encountered was the squamous 
papilloma (2 fem&les, 10 males). Others found were squamous cell car
cinomas (1 female, 1 male) and a basal cell tumour (1 male). 

It is well known that most types of epithelial skin tumours can be 
induced by various forms of irradiation. We considered it of interest to 
determine the numbers and types of epithelial skin tumours found in a 
series of female rats irradiated as part of a mammary carcinogenesis 
study and to compare these data with those of the ageing female rats. 
Rats were irradiated with X-rays and with neutrons (0.5, 4.0 and 15.0 Mev) 
at doses ranging from 5 to 400 rad. 

In table 29 are listed the various types of skin tumours encountered in 

TABLE 29 
OCCURRENCEOF EPITHELIALSKIN TUMOURS IN IRRADIATED FEMALE RATS 

Type of Tumour 

Trichoepithelioma 

Trichofolliculoma 

Pilomatrixoma 
Basal cell tumour 
Sebaceous basal 

cell tumour 
Sebaceous-squamous 

celICA 
Sebaceous adeno CA 
Clitoral gland adenoma 

Clitoral gland adeno CA 
Squamous papilloma 
Keratoacanthoma 
Squamous cell OA 

Strain 

Wag/Rij 
BN/Bi 
S-D* 
Wag/Rij 
BN/Bi 
Wag/Rij 
Wag/Rij 
S-D 

S-D 

Wag/Rij 
Wag/Rij 
S-D 
S-D 
Wag/Rij 
BN/Bi 
Wag/Rij 

Mean age 
(Range) (mo.) 

24 
20 

22 

(18-28) 
(15-29) 
17,20 
22 
26 
31 

(20-28) 
14,20 

20 

20 
14 
17 
19 
27 
25 
15,23 

No. with 
tumour 

8 
4 
2 
1 
1 
2 
4 
2 

1 

1 
1 
1 
1 
1 
1 
2 

Type of Irradiation 

X-ray (4 rats); neutron (4 rats) 
neutron 
neutron 
X-ray 
neutron 
X-ray 
X-ray (3 rats); neutron (1 rat) 
neutron 

neutron 

neutron 
X-ray 
neutron 
neutron 
X-ray 
neutron 
neutron 

x S-D = Sprague-Dawley 
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the approximately 1700 irradiated female rats examined. Thirty-three 
(approximately 2%) tumours were found, of which 20 occurred in Wag/Rij 
rats, 6 in BN/Bi and 7 in the Sprague-Dawley strain. 

No conclusion can be drawn at this time regarding the relative 
effectiveness of the two types of irradiation in inducing skin tumours. 
Although 21 of the 33 rats with skin tumours were irradiated with 
neutrons, the number of rats in the study receiving neutron irradiation is 
more than twice the number receiving X-irradiation. 

Only one non-irradiated control rat from this study, a 34-month-old 
WAG/Rij rat (not included in table 29), developed an epithelial skin tumour, 
a basal cell tumour. 

It is of interest that one-third of the tumours were derived from basal 
epithelium, including the basal cell tumours per se and those forming 
greater or lesser amounts of abortive hair follicle structures: trichoepi
thelioma, trichofolliculoma and pilomatrixoma. Fourteen of these were 
diagnosed as trichoepitheliomas. These tumours are composed pre
dominantly of basal cells and show, to a varying degree, attempts at 

Figure 51. 
Trichoepithelioma from rat skin showing ribbons and whorls of basal cells with hair follicle 
formation.(HPS x 140) 
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primitive hair follicle formation (fig. 51). These structures can appear as 
small, tight whorls of basal cells, sometimes with a single outer layer of 
more lightly stained cells resembling cells of the outer root sheath, or as 
empty or keratin-containing cysts lined by flattened epithelium 
containing trichohyaline granules. On occasion, these cysts contained 
birefringent fragments compatible with hair shaft substance. 

In the series of 15 tumours from the ageing rats, only one basal cell 
tumour was indentified, in a 36-month-old male F1 rat. In the series of 
irradiated rats, 22 of 33 tumours were of the basal cell type, including 
those with hair follicle differentiation. Conversely 4 of the 33 tumours in 
this series were of the squamous cell type, including only 1 squamous 
papilloma; the lattertumourtype was the most common in the ageing rats 
of either sex (12 of the 15 cases). 

In conclusion, the incidence of skin tumours in irradiated female 
rats (approx. 2%) was slightly increased as compared to that of non-
irradiated ageing female rats (0.7%). Interestingly, however, the type of 
tumours encountered changed from a type of predominantly squamous 
cell differentiation to a type of predominantly basal cell origin with 
differentation into pilar structures. 

Burek, J.D., Pathology of Ageing Rats (Thesis, in the press). 
Zackheim. H.S., p.1. In: Pathology of Tumours in Laboratory Animals Vol. 1, IARC Scientific 
Publications (1973). 
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IMMUNOGENICITY OF "SPONTANEOUS" AND RADIATION-INDUCED 
TUMOURS IN RATS 

R.L. Marquet, G.A. Heystek and R.H. van Leersum 

It has become a widely accepted generalization that most animal 
tumours have tumour-associated antigens. Several laboratories have 
reported, however, that "spontaneous" animal tumours or tumours 
resulting from low levels of oncogen have little or no immunogenicity as 
measured by in vivo challenge-protection experiments. If this observation 
is generally correct, it would have important implications for ideas 
concerning immunotherapy and immunodiagnosis. 

In an attempt to contribute to the clarification of the above-mentioned 
generalization, a study on the immunogenicity of "spontaneous" and 
radiation-induced tumours in rats was recently initiated. "Spontaneous" 
rat tumours were derived from ageing Sprague Dawley (SD), WAG/Rij and 
BN rats; radiation-induced tumours from the same strains were derived 
from the mammary gland carcinogenesis program of Broerse et al. 
(Annual Report 1976, p. 113). From this last program, only tumours which 
were induced by various dosages of X-rays and neutrons in "intact" (non-
ovariohysterectomized) animals were used. 

Four in vivo approaches (l-IV) in syngeneic animals have been planned 
to gain insight into the degree of immunogenicity of the tumours, using 
early transplant generations of the tumours whenever possible. Approach 
I consists of challenge-protection experiments in "immunized" and 
control animals; approach II consists of TD50 determinations in 
"immunized" and control rats; approach III involves the use of "immune" 
serum; and approach IV the use of "immune" lymphocytes in animals in 
which TD50's are being determined. Only if no indication for immuno
genicity is derived from approaches I + II, the other two approaches are 
applied. Of the 75 transplantable tumours harvested up to now, 31 
tumours passed approach I. Briefly, the procedure in approach I was as 
follows: a±8 mm3 solid piece of tumour was implanted s.c. on the left side 
of the experimental rats (6 weeks of age; n = 5-7). After growth of the 
tumours to 10-15 mm diameter they were surgically excised; an ellipse of 
skin was removed from the uninoculated control rats. Both groups were 
challenged after 14 days with a ± 4 mm3 solid piece of tumour which was 
implanted on the right side. Challenge tumours were measured at regular 
intervals. The data were analyzed at the time at which the average 
diameter in the control group was over 20 mm. The antigenicity ratio 
(average diameter of controls/average diameter of tumours in 
experimental animals) was used as a measure of overall antigenicity. The 
findings summarized in table 30 show that 29% of SD-tumours, 29% of the 
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BN-tumours and 10% of the WAG/Rij tumours are significantly immuno
genic. The results should be considered as preliminary; more refined 
approaches are needed before definite statements about the degree of 
immunogenicity of the respective tumours can be given. 

TABLE30 
IMMUNOGENICITY OF "SPONTANEOUS" AND RADIATION-INDUCED TUMOURS 

Tumour Induction Immunogenicity ratio 

Mammary sarcoma 
FA 
FA 
FA 
FA 
FA 
cervix ca. 
FA 
FA 
skin sarcoma 
FA 
FA 
FA 
FA 

FA 
FA 
neurofibrosarcoma 
FA 
mammary ca. 
mammary ca. 
FA 
FA 
ovary 
mammary ca. 

Fibrosarcoma of cervix 
FA 
mammary ca. 
FA 
FA 
skin ca. 
adrenal 

(SD strain) 
30 X 

100X 
200 X 
200 X 

4N 
12N 
12N 
15N 
15N 
32 N 
32 N 
50 N 
50 N 
50 N 

(WAG/Rij strain) 
25 X 

100 X 
400 X 
400 X 
400 X 
400 X 

5N 
10 N 

100 N 
"spontaneous" 

(BN strain) 
100 X 

15N 
15N 
80 N 
80 N 

150 N 
"spontaneous" 

2.3 (S) 
1.5 
0.9 
1.3 
1.0 
1.1 
1.4 
7.5 (S) 
1.1 
3.1 (S) 
1.6 
1.0 
1.2 

10 (S) 

1.0 
2.0 (S) 
0.9 
1.0 
0.8 
1.0 
1.0 
0.9 
1.0 
1.0 

1.4 (S) 
0.9 
1.2 
0.9 
1.0 
0.7 
2.7 (S) 

Immunogenicity ratio = average diameter controls/average diameter of tumours in experimen
tal animals, at interval when mean diameter controls >20 mm. 
FA: fibroadenoma of the mammary gland. 
(S): significant (p < 0.05), student-t test. 
Radiation dosages are in rads;X = X-rays; N = neutrons. 
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I MM UN OGEN I CITY OF LEWIS LUNG CARCINOMA IN C57BL/Ka MICE 

J.H. Mulder and M. Huurman 

The Lewis Lung carcinoma (LL), a transplantable poorly differentiated 
epidermoid carcinoma, arose spontaneously in the lung of a C57BL 
mouse in 1951 (Sugiura et al., 1955). Our tumour line was obtained from 
the Mario Negri Institute, Milan, in 1973. 

This report is concerned with the influence of the host (C57BL/Ka) on 
tumour take (LL carcinoma) after various immunization procedures. Two 
types of experiments were performed: lung colony assays and endpoint 
dilution studies. Immunization was carried out either with irradiation-
killed cells (Hewitt et al., 1976) or with a growing tumour mass (Boone et 
al., 1973). The latter method of immunization may result in immunity 
induced by viable tumour cells which can be investigated after excision of 
the tumour and is therefore the most relevant experimental model for 
clinical chemoimmuno adjuvant therapy. 

In table 31, results for mice immunized with heavily irradiated LL cells 
and challenged with either viable LL cells injected intravenously or 
subcutaneously with serial dilutions of LL cell suspensions are presented. 
The number of lung colonies in immunized mice is smaller than in control 
mice, indicating host resistance to tumour take. A discrepancy can be 
demonstrated between the two methods of investigation: the lung colony 
assay is much more sensitive than the classical endpoint dilution assay. 

Table 32 shows the influence of postoperative immunity on the number 
of lung colonies: although the number of lung colonies in control animals 
differs from one experiment to another the same pattern as in table 31 is 

TABLE 31 

THE EFFECT OF IMMUNIZATION WITH HEAVILY IRRADIATED CELLS 
ON NUMBER OF LUNG COLONIES AND NUMBER OF CELLS NEEDED 

FOR 50% LEWIS LUNG TUMOUR TAKE 

Number of cells Lung colonies per mouse 
Procedure TD^ Median (range) 

Non-immunized 5.5 104 115 (79—> 200) 
Immunized 8 104 11 ( 1—24) 

C57BL/Ka mice were immunized by s.c. injection of 106 irradiation-killed LL tumour cells on 
days 1 and 15. For the endpoint dilution study, non-immunized and immunized groups of 4 mice 
were s.c. challenged at day 29 at four different sites. Tumour take was recorded up to day 60 
after challenge. For the lung colony assay, non-immunized (n = 11) and immunized (n = 8) 
animals were challenged with 106 LL cells. Two weeks later, the animals were sacrificed and the 
number of lung colonies counted. 
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TABLE 32 
IMMUNITY INDUCED BY GROWING TUMOUR, MEASURED WITH THE 

LUNG COLONY ASSAY 

Procedure Number of lung colonies per mouse (Mean + S.E.) 

Non-immunized 
Immunized 

37±4 
4±1 

C57BL/KA mice were or were not inoculated s.c. with LL tumour cells. From nembutal anaes
thetized animals, the tumour was excised on day 10. Control mice were sham-operated. One day 
later, 106 LL cells were injected into one of the tail veins of 10 control mice and 10 operated 
mice. Lung fixation was performed 15 days after i.v. challenge. Historical control experiments 
did not show a significant number of spontaneous lung metastases or local tumour recur
rences. 

observed. Fig. 52 shows the effect of post-operative immunity on the 
number of LL cells needed for 50% tumour take. In contrast to immu
nization with irradiation-killed LL cells (table 31), this method of immu
nization increases the TD50significantly. 

In conclusion, the LL carcinoma inoculated in C57BL/Ka mice was 
proven to be immunogenic. An opposite conclusion might have been 
reached if relatively insensitive methods of investigation had been used 
e.g., TD50measurements after injection of heavily irradiated cells. The LL 

100 

number of viable cells implanted 

Figure 52 
The influence of immunity on Lewis Lung tumour take (TD50) after Lewis Lung tumour excision. 
For immunization, C57BL/Ka mice were inoculated s.c. with 106 LL cells. Tumour excision was 
performed on day 10. Two days later, immunized and non-immunized groups of 4 animals were 
challenged s.c. with tumour cells at three different sites. Tumour take was recorded up to day 
90 after challenge. The relation between the observed proportion of takes and the size of the 
inoculum is given. The curve is fitted to the data by eye. No animal died of spontaneous lung 
metastases and the number of local tumour recurrences was negligible. 
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adjuvant therapy model (Mulder et al., 1977) is a suitable model for inves
tigations on the effect of treatment with immunosuppressive cytostatic 
agents with or without immunostimulators such as, e.g., Coryne-
bacterium parvum. LL tumour immunogenicity may also play a role in the 
efficacy of tumour treatment with so-called synergistic two-drug 
combinations (Mulder et al., in the press). An additional cell kill as a result 
of an immunological attack may possibly lead to a more than expected 
effect based on single drug treatment results. Therefore, knowledge 
about a host-tumour relationship is essential for the interpretation of this 
kind of experimental results. 

Boone, W.C., et al., J . natl. Cancer Inst., 57, (1973), 1731. 
Hewitt, H.E.etal., Brit. J . Cancer 33, (1976), 241. 
Mulder, J.H. et al., Europ. J. Cancer 13, (1977), 1123. 
Mulder, J.H. et al., Europ. J. Cancer, in the press. 
Sugiura, K. et al., Cancer Res., 15, (1955), 38. 
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FURTHER ANALYSIS OFTHE EFFECT OF COUMARIN 
ANTICOAGULATION ON EXPERIMENTAL LUNG TUMOUR COLONIES 

B. Maat and P. Hilgard* 

Earlier studies have revealed that the antimetastatic effect of 
phenprocoumon in experimental tumour model systems is probably 
independent of the anticoagulant action of the drug (Annual Report 1976, 
p. 122). Administration of phenprocoumon after i.v. injection of tumour 
cells into normal recipients has been shown to cause a reduction in the 
number of lung colonies as effectively as in phenprocoumon pretreated 
animals. In addition, prolonged administration of the anticoagulant 
appeared to be more effective than short term treatment. 

Since vitamin K is a prerequisite for the formation of certain clotting 
factors which have strong calcium and phospholipid binding capacities, 
vitamin K deficiency might reduce characteristic malignant cell activities 
such as tumour cell mobility and adhesion. These facts lead to the 
assumption that the phenprocoumon-induced vitamin K-deficiency might 
be responsible for the antimetastatic effect. 

In the present study, the effects of the vitamin K antagonist phen
procoumon (Marcoumar® ) were further investigated. One million viable 
Lewis Lung tumour cells were injected intravenously as a single cell 
suspension (Maat, in the press) into normal C57BL/Rij male mice. 
Administration of phenprocoumon to these animals (Hilgard, 1977) 
starting 10 min after cell challenge and continued for 10 days resulted in a 
decrease in the number of lung tumour colonies. When the phen
procoumon administration was started at day +2 , + 4 or + 8 after cell 
challenge and continued for 10 days a significant reduction in the number 
of lung tumour colonies was also observed (table 33). 

The phenprocoumon-induced prolongation of the Thrombotest clotting 
time (Thrombotest, Nyegard, Oslo) to 400 sec could be completely 
abolished by intravenous injection of human factor IX complex (Konyne® , 
Cutter Labs, Berkeley) containing the vitamin K-dependent clotting 
factors II, VII, IX and X (Hilgard and Maat, in the press). When 106 viable 
Lewis Lung carcinoma cells were injected intravenously into 
phenprocoumon pretreated mice in which clotting capacity was normal
ized by injection of human factor IX complex, the number of lung tumour 
colonies was still significantly reduced (table 33). 

These data indicate that anticoagulation is not the principal 
mechanism by which phenprocoumon reduces the number of lung tumour 

* Innere Klinik und Poliklinik (Tumorforschung), Universitatsklinikum, Essen, W. Germany, 
supported by a grant from "Deutsche Forschungsgemeinschaft", Bonn, FRG (Hi 213/4). 
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TABLE 33 
AVERAGE NUMBERS OF LUNG COLONIES AFTER l.V. INJECTION OF 106 LEWIS 

LUNG CARCINOMA CELLS INTO NORMALC57BURij MICE 

Period of phenprocoumon 
administration (days) 

None 
Oto + 1 
Oto +10 
4 to +14 
8 to +18 

Number of animals 
per group 

11 
10 
9 

10 
12 

Number of lung 
colonies 

± S.E. 

6.5 + 0.9 
3.6 ±1.0 
2.1 ±0.5 
3.2 + 0.6 
1.8±0.5 

Significance as 
compared to 

controls 

p<0.05 
p<0.05 
p<0.01 
p<0.01 

colonies. To dist inguish between a direct effect of the drug and vitamin K 
deficiency as the cause of reduced lung colony format ion, vitamin K 
deficiency was induced by dietary means. 
When animals were fed a semisynthetic vitamin K deficient diet 
(Altromin® C 1020) which contained 2 grams of neomycin sulphate per kg 
dry food, the Thrombotest clott ing time was found to be prolonged to the 
commonly employed therapeutical range of about 250 sec, provided the 
animals were housed in cages preventing coprophagy (Hilgard, 1977). 
Injection of 106 Lewis Lung carcinoma cells into C57BL mice thus fed 
from day -20 to + 10 resulted in a signif icant decrease in the number of 
lung colonies (table 34). 

These observations suggest that the lung tumour colony reducing 
effects of coumarin are independent of the actual blood coagulabil i ty at 
the t ime of tumour cell injection and are not due to a direct effect of the 

TABLE 34 
AVERAGE NUMBER OF LUNG COLONIES AFTER l.V. INJECTION OF 106VIABLE 

LEWIS LUNG CELLS INTOC57BL/Rij MICE 

Treatment 
Number of 
animals 

Numberof lung 
colonies ±S.D. Significance 

None 
Phenprocoumon 
day -4 to +10, 
factor IX complex 
10 min prior to cell 
challenge 

Vitamin K deficiency 
day-20 to +1U 

15 
10 

39.1 ±4.9* 
6.8 ± 5.8 

13 3.3 + 1.2 

p<0.01 

p< 0.001 

* The difference in the number of lung colonies in this control group as compared to table 
is due to biologic variability in different experiments. 
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drug on the tumour cells. Rather, it seems to be mediated by the drug-
induced vitamin K deficiency. Further studies are necessary to analyse 
the mode of action of this effect. 

Hilgard, P., Brit. J . Cancer 35,(1977), 891. 
Hilgard, P. et al., Brit. J . Cancer 35, (1977), 78. 
Hilgard, P. and Maat, B., Europ. J. Cancer, in the press. 
Maat, B., Br. J. Cancer, in the press. 

140 



THE EFFECT OF DEFIBRINATION OFTHE BLOOD ON EXPERIMENTAL 
LUNG TUMOUR COLONY FORMATION 

B. Maat and P. Hilgard* 

Among the factors which can cause a reduction in the number of 
experimental metastases, decreased blood coagulability plays an 
important role. Experiments with the use of heparin and coumarin deriv
atives have shown diminished numbers of lung tumour colonies after 
intravenous injection of tumour cells (Hilgard and Thornes, 1976). 
Continuous administration of coumarins to animals bearing sub
cutaneous tumours reduces the number of lung colonies. The mechanism 
of this antimetastatic activity has been suggested to be related to the 
prevention of the formation of a tumour cell fibrin complex which is 
needed for the eventual tumour cell lodgement in the vascular 
endothelium. Recent investigations using coumarin however have shown 
that the antimetastatic effect is primarily due to the induced vitamin K 
deficiency and is probably unrelated to the actual coagulability of the 
host blood at the time of cell challenge (this report, page 138). In order to 
test this theory, experiments were performed in which the defibrinating 
viper venom ancrod was employed. The drug was administered sub-
cutaneously to mice in a dose of 200 U/kg body weight every 24 hours, 
during the course of the experiment. This resulted in a stable state 
of anticoagulation, the degree of whicn was monitored by determining 
fibrinogen levels and whole blood clotting times. 

One million viable Lewis Lung tumour cells were injected intravenously 
as a single cell suspension (Maat, in the press) into ancrod pretreated 
C57BL/Rij male mice. The administration of aricrod was terminated after 
the tumour cell challenge. All animals were killed after 22 days and the 
number of lung tumour colonies in both treated and control animals was 
counted. A significant reduction in the number of colonies was seen in 
the defibrinated animals (table 35). 

When the number of lung metastases was recorded in animals bearing 
a subcutaneous tumour, there was no difference between animals that 
had received ancrod every 24 h and control animals having normal blood 
coagulation times. 

From these results, we conclude that defibrination of the host only 
reduces the number of lung tumour colonies after the intravenous injec
tion of tumour cells and not in the case of a primary tumour which is kept 
in situ and metastasizes to distant organs. Since the presence of fibrin 
around intravascular tumour cells has been shown only in systems using 
* Innere Klinik und Poliklinik (Tumorforschung), Universitatsklinikum Essen, W. Germany, 

supported by a grant trom "Deutsche Forschungsgemeinschaft", Bonn, FRG (Hi 213/4). 
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TABLE35 

NUMBERS OF LUNG TUMOUR COLONIES (±S.E.) IN DEFIBRINATED 
AND CONTROL ANIMALS 

Tumour 
source 

106 viable 
cells i.v. 

106viable 
cells i.v. 

s.c.tumour 

s.c. tumour 

Anticoagulation 
regimen 

none 

200U/kgancrod 
at d a y s - 1 andO 

none 

200 U/kg ancrod 
every 24 h 

Number of 
animals 

11 

19 

15 

20 

Number of 
lung colonies 

41.7 ±1.5 

9.4 + 1.1 

7.1±1 2 

6.6±1.0 

Significance 
(U-test) 

p < 0.001 

not 
significant 

intravenously injected tumour cells, it is quite possible that the 
endothelial attachment of tumour cells in spontaneously metastasizing 
solid tumours is independent from fibrin deposition. The results of the 
experiments presented here as well as those described elsewhere in this 
report (page 138) are highly supportive for this hypothesis. In the inter
pretation of the actions of drugs on metastasis formation, results from 
intravenous tumour systems should apparently not be extrapolated to 
systems using primary metastasizing tumours. 

Hilgard, P. and Thornes, R.D., Europ. J. Cancer,72, (1976), 755. 
Maat, B., Brit. J. Cancer, in the press. 
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CHANGES IN THE REPRODUCTIVE CAPACITY OF CELLS FROM A RAT 
RHABDOMYOSARCOMA DURING COCULTURING//V VITRO WITH 

SYNGENEICCELLSOFTHERAT MESENTERY 

A.F. Hermens and H.T. Madhuizen 

Normal cells and tissues may be destroyed when confronted with 
malignant cells during the process of tumour invasion but, conversely, 
several types of normal cells may be directly involved in the destruction of 
tumour cells. The ultimate disintegration and loss of normal and/or 
malignant cells may be preceded by impairment in their capacity for cell 
reproduction. In an attempt to quantitatively study these aspects of 
tumour invasive growth, experiments were performed by employing the 
R-1, M rhabdomyosarcoma tumour cell line and a line of syngeneic 
normal cells derived from the mesentery of a female WAG/Rij rat of an 
inbred strain, designated as the MER-1 cell line. Basically, these 
experiments involved measurements on the variations in the number of 
cells and in the fractional clonogenic cells during culturing of the two cell 
types in single cultures and in mixed cultures in vitro. 

Single cultures of normal and tumour cells were prepared by seeding 
2 x 104 cells of either type into two separate series of culture flasks 
containing nutrient medium made up of Hanks' balanced salt solution 
and Eagle's minimal essential medium supplemented with 20 volume per 
cent heat inactivated calf serum (HEC medium). The cells were harvested 
at 2 to 3-day intervals after seeding from 2 flasks at a time, starting at day 
2. At each time interval, the number of cells collected per flask was 
counted. The cells of the flasks then were pooled, washed, resuspended 
in fresh medium and used for replicate plating of appropriate numbers of 
cells in plastic Falcon flasks. These cultures were incubated for a period 
of 8 days and then fixed and used for the counting of colonies containing 
more than 50 cells. 

From the data on cell numbers and fractions of clonogenic cells, the 
total number of clonogenic cells was calculated for different time inter
vals after seeding of the cells. Results of these calculations are shown in 
fig. 53; curves referred to by MER-1 and R-1, M represent the variation with 
time in the total number of clonogenic MER-1 and clonogenic R-1, M cells, 
respectively. 

It was concluded from these data that the R-1, M tumour cells growing 
in single culture increase much more rapidly in cell number and reach 
higher cell densities in comparison to the increase and cell densities 
observed for the normal MER-1 cells in single culture. A similar trend is 
reflected by the variations in the total number of clonogenic cells with 
time observed for the two types of cells. In order to express the variation 
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in the total number of clonogenic normal cells, relative to that of the total 
number of clonogenic tumour cells the ratio normal colonies/tumour 
colonies was calculated for different time intervals. According to the 
variation of this ratio with time, which is shown in f ig. 53, curve a, the total 
number of clonogenic normal celts will t>e smaller than that of clonogenic 
tumour cells by a factor of maximally 50, i.e., corresponding with a ratio of 
normal colonies/tumour colonies = 0.02 at day 6 if the two cell types were 
cultured separately. 

The influence of normal cells on the reproductive capacity of tumour 
cells and vice versa was studied by determining the ratio normal colonies/ 
tumour colonies at different time intervals after initiation of cultures in 
which normal cells were in close contact with tumour cells. For this 
purpose, cultures were prepared by seeding 2 x 104 tumour cells plus 
2 x 104 normal cells into individual flasks. These cultures were used for 
assessing values for the same parameters as described above. Data on 
the variation in cell number with time indicate that the rate of net cell 
production in these cultures is slightly smaller as compared to that of the 
sum of the rates of net cell production measured for the two cell types 
when growing independently. Calculations show that the difference is not 
statistically significant. 

At this stage of the investigations a method for the determination of the 
absolute numbers of normal and tumour cells present in the mixed 
cultures was not yet developed. However, the colonies originating from 
the tumour cells are clearly morphologically distinct from those origi
nating from the normal cells. Values for the ratio normal colonies/tumour 
colonies were calculated by using data on the per cent normal and tumour 
colonies determined for cultures which were assayed at days 4, 8 and 11. 
The values derived for these time intervals were 0.3, 0.08 and 0.2, respec
tively and are represented by curve b, in fig. 53. It is clear that the values 
obtained for day 4 are significantly larger than those of ratios represented 
by curve a; at later time intervals, the difference between the values 
represented by curves a and b becomes less significant. 

The results of these experiments suggest that, in the mixed cultures, 
the total number of clonogenic tumour cells is temporarily reduced or, 
alternatively, that the total number of clonogenic normal cells is 
increased relative to the numbers of those observed in the single cultures 
of each cell type. A reduction in the number of clonogenic tumour cells 
could be accounted for by a smaller net production of tumour cells in the 
mixed cultures assuming that a fraction of the tumour cells was 
phagocytosed by the normal cells. Evidence of a phagocytotic capacity of 
this latter cell was obtained by cytologic techniques. Furthermore, from 
data on colony assays in which the effect of the use of feeder cells 
prepared from normal and tumour cells was tested it could be concluded 
that medium conditioning factors produced by normal cells did not 
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Figure 53 
Kinetics of clonogenic celi production assessed for normal (MER-I) cells and tumour (R-1, M) 
cells during culturing in vitro of each of the cell types in separate or in mixed cultures. 
Curves MER-1 and R-1.M: variations with time in the number of clonogenic MER-1 cells and R-1, 
M cells, respectively, per culture flask in single cultures; 
Curves a and b: expected variation with time in the ratio "normal colonies/tumour colonies" 
and observed variation, respectively. 
For further explanation, see text. 
Curves MER-1 and R-1, M represent results of pooled data obtained from two series of 
experiments; data points of curve b represent individual values obtained from the two series of 
experiments. Vertical bars represent standard deviations. 
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significantly influence the yield of tumour colonies determined for mixed 
or single tumour cell cultures. However, these results do not completely 
rule out the possibility that products from normal cells released into the 
medium could reduce the proliferation of the tumour cells present in 
mixed cultures. 

Further experiments to examine these possibilities are in progress. 

146 



RESCUE OF ATRANSFORMING VIRUS FROM A SPONTANEOUS 
NON-PRODUCING OSTEOSARCOMA IN BALB/c MICE 

P. Bentvelzen, K. Nooter and B.F. Deys* 

All known mammalian sarcomaviruses are replication-defective and 
need so-called helper C-type viruses that compensate for this inability by 
means of phenotypic mixing. Murine sarcoma virus has either originated 
in murine leukaemia virus preparations by recombination with host genes 
(Scolnick et al., 1974; Dina et al., 1976) or has been isolated from spon
taneous neoplasms (e.g. Finkel et al., 1966). In the latter instance, both 
transforming principle and helper virus have been isolated from the 
tumours. 

A spontaneous osteosarcoma that produced abundant bone structures 
(fig. 54a) originated in a 19-month-old female BALB/c mouse and was 
found to be transplantable in syngeneic mice. Cell-free extracts of the 
tumour failed to induce any neoplasms after inoculation into newborn 
mice. The tumour was readily brought into tissue culture. When growing 
in monolayer, the cells had a fibroblast-like appearance; however, when 
confluent, round cells piled up in multiple areas of the culture. No bone 
production could be detected. The tumours resulting from inoculation of 
cultured cells, were classified as anaplastic sarcomas. 

The chromosome number of the tumour cells varied from 63 to 78. No 
uniform and consistent changes in karyotypes were observed, but 
structurally abnormal chromosomes of unknown origin were seen. The 
overall chromosome breakage frequency was approximately 6%. 

The culture supernatant showed no significant reverse transcriptase 
activity. In the immunofluorescence test, no reaction of the tumour cells 
with an anti-serum to murine leukaemia virus was seen. 

A focus-forming virus could be rescued from the tumour cells by infec
tion with a murine leukaemia virus (fig. 54b). The concentration of such a 
transforming virus varied between 103to 104 focus forming units per ml. 
The new pseudotype virus transformed a variety of murine and rat cells, 
but not rabbit cornea cells. 

In view of the non-producing state of the tumour, it is hypothesized that 
the tumour originated by the transfer of an endogenous sarc gene to 
another site in the genome where its expression is no longer controlled by 
a neighbouring regulatory gene. 

Dina, D. et al., Cell 9, (1976), 299. 
Finkel, M.P. et al., Sciene 151, (1966), 698. 
Scolnick, E.M. et al.,J. Virol., 14, (1974), 1435. 

* Laboratory for Radiobiology, University of Amsterdam 
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Figure 54 
The sarcoma virus isolated from a spontaneous osteosarcoma. 
a: The spontaneous osteosarcoma V793 which originated in the tibia of a 19-month-old female 

BALB/c mouse (50x). 
b: Focus of BALB/3T3 cells transformed by the focusforming principle rescued from V793 

osteosarcoma cells after cocultivation with BALB/3T3 cells infected with Rauscher murine 
leukaemia virus (80 x). 



CHARACTERIZATION OF LONG TRANSCRIPTS SYNTHESIZED IN VITRO 
FROM SIMIAN SARCOMA VIRUS* 

K.J. van den Berg, P. Sarin* and R. Gallo* 

The transcription of the genome of RNA tumour viruses by the enzyme 
reverse transcriptase often yields partial DNA copies instead of full 
genome transcripts both when whole virus is employed in an endogenous 
reaction and when purified enzyme and RNA are used in a reconstituted 
reaction. Moreover, this population of partial transcripts is probably not a 
good representation of the viral genome since certain parts of the RNA 
genome may be transcribed more frequently than others. In order to be 
able to use more representative probes for molecular hybridization and for 
the analysis of the proviral genome many attemps are being made to 
obtain in vitro full length transcripts of the genome of RNA tumour 
viruses. 

Previously, we have reported on the in vitro synthesis of long tran
scripts from primate RNA tumour viruses (Annual Report REP-TNO, 1976, 
p. 71). These transcripts could analytically be detected on denaturing 
polyacrylamide gels. We now have prepared a sufficient amount of this 
material for a further characterization. 

Transcripts of the genome of Simian sarcoma virus (SSV) were prepared 
in an endogenous reaction with the labelled deoxyribonucleotide triphos
phate concentration at 1 mM each. A concentration of Mn2+ equimolar 
(4 mM) to the total nucleotide triphosphate concentration was found to 
give a maximum rate of transcripton. Mangenese ions at lower concen
trations were rate limiting. We also observed that by addition of pyro
phosphate to the reaction mixture, as suggested by Kacian et al. (1976), a 
precipitate was formed while the reaction rate slowed down considerably. 
Usually the reaction proceeded linearly for at least 3-4 h and levelled off. 
after 6 h. At that point the transcription products were isolated from the 
reaction mixture by two SDS-phenol-chloroform extractions and a final 
precipitation from ethanol. For preparative purposes alkaline sucrose 
gradient centrifugation was used to estimate the size of the transcript, to 
hydrolize the viral RNA and to remove non-incorporated labelled 
triphosphates. Various regions of the gradient were pooled and the tran
scripts were isolated after ethanol precipitation. The size of the various 
pools of transcripts was determined on a second alkaline sucrose 
gradient relative to the distance sedimented by the linear form of SV40 
DNA (MW 3 x 106 daltons), which has a sedimentation coefficient of 16S 
under denaturing conditions. 

* This work was performed in the Laboratory of Tumour Cell Biology, National Cancer Institute, 
NIH,Bethesda,Md.,USA. 
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We repeatedly observed a peak of material sedimenting at 20-23S 
indicating the presence of products with a size comparable to that of a full 
length genome copy. However, at present we have been unable to analyse 
these full length copies in any further detail because of the minute 
amounts available. The next largest pool was that of half genome length 
copies (14-15S) which were present in sufficient quantities to be charac
terized. The DNA nature of this long transcription product was derived 
from the fact that the product was stable in alkaline solutions and from 
the buoyant density in a neutral cesium sulfate equilibrium density 
gradient, e.g., at 1.47 g/cm3, which is a characteristic value for DNA. The 
question as to whether these long DNA transcripts were faithful copies of 
the parental RNA genome was answered with molecular hybridization 
studies. Molecular hybridization was performed with 70S RNA from SSV 
and from RLV, a non-related virus, and with poly rA. The DNA transcripts 
were also allowed to self-anneal in the absence of RNA to estimate wheth
er any complementary sequences or double structures were present. The 
hybridization reaction was performed at 37°C in a solution containing 
50% formamide. Hybrid formation was determined by resistance against 
digestion with the single strand specific enzyme ST nuclease. The results 
of hybridization experiments with the various size classes of transcripts 
are summarized in table 36. Thehalf genome size transcripts (Pcol I, -14 S) 
appear to hybridize back completely to the parental RNA indicating that 
faithful copies have been synthesized in vitro from both the 5' and 3' 
ends. The long transcripts seem to possess very little complementary 
structures in the absence of RNA since about 1 % is resistant to ST 
nuclease. SSV c DNA hybridizes about 10% with RLV RNA-indicating that 
there is some sequence homology, i.e. relatedness between these two 

TABLE 36 

HYBRIDIZATION OF SSV c DNA SIZE CLASSES 

Pool 

I 
II 
III 
IV 

Sedimentationb 

coeff. (S) 

14 
10 
6 
4 

M.W.C 

x 10-6 

daltons 

1.2 
0.5 
0.15 
0.05 

Without 
added 
RNA 

1 
2 

18 
30 

Pe r cent hybridization3 

SSV 
RNA 

99 
94 
77 
69 

RLV 
RNA 

8 
9 
9 

18 

Poly rA 

0 
0 
0 
0 

a Hybridization was performed in 50% formamide, 3 x SSC at 37°C with the various RNA's 
and 3H-labelled SSV c DNA to an average Crt of 30. The hybridization mixture was digested 
with Si nuclease and the radioactivity in S-| resistant hybrids was determined. 

b The sedimentation coefficient S was determined relative to the position of SV40 form I DNA 
which was run in a parallel gradient. 

c Molecular weights were calculated from the S values according to the relation 
S = 0.0528 M0-4. 
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viruses. The lack of hybridization of the long transcripts with poly rA 
shows that long oligo dT tracks are virtually absent, suggesting that there 
is very little transcription of that part of the viral genome under these 
conditions. When the hybridization data of the various pools of 
transcripts are compared it appears that with a decrease in molecular 
weight there is an increase in complementary sequences up to 30% for 
the smallest transcripts. Furthermore, when the self-complementary 
sequences are taken into account, the hybridization to parental RNA is 
not as good as with the longer transcripts. The reason for this difference 
is unknown as yet but it stresses once more the importance of using long 
transcripts for molecular hybridization studies. 

Kacian.D.L.etal., P.N.A.S. 73, (1976), 2191. 
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EXPERIMENTAL TUMOUR THERAPY 

PHOSPORAMIDE MUSTARD (NSC 69945) HAS A LOWER THERAPEUTIC 
INDEX ON L1210LEUKAEMIATHAN CYCLOPHOSPHAMIDE 

P. Lelieveld 

Cyclophosphamide is activated in vivo via C4-hydroxylation. Further 
dehydrogenation leads to 4-ketocyclophosphamide. The 4-hydroxycy-
clophosphamide is in equilibrium with the open ring aldehyde. The latter 
compound can be enzymatically oxidized to carboxycyclophosphamide or 
it may split into acrolein and N,N-bis (2-chloroethyl) phosphorodiamidic 
acid (phosphoramide mustard; PM; NSC 69945)*. Further separation may 
yield nor-N-mustard. 

Cyclophosphamide (Cy) shows a favourable ratio in cell killing 
effectiveness between normal cells of the haemopoietic system and 
malignant cells of leukaemia L1210 and of C22LR osteosarcoma. The 
same effectiveness might be shown by one of the activation products. 
Some of the metabolites were studied earlier (Lelieveld and Van Putten, 
1976). In the present study, the therapeutic effectiveness of PM on L1210 
leukaemia was compared on a molar basis with that of Cy. 

Survival of L1210 leukaemia cells after treatment in vivo was deter
mined by colony formation in vitro. For haemopoietic stem cells, survival 
was determined by using the spleen colony technique. Both drugs were 
administered as a single i.p. dose. The dose-survival curves for both cell 
types are presented in fig. 55. The slopes of the curves were expressed in 
their D0 values, and the ratios were calculated (table 37). 

It is clear that Cy is about 2 times more active against L1210 cells than 
is PM. Earlier, it was shown by an increase in the lifespan (Colvin et al., 
1976) that Cy is more active than PM against L1210 leukaemia in vivo. 
Moreover, microsomally activated solutions of Cy were more toxic to 
L1210 cells in vitro than PM in a solution of equal alkylating activity. This 
implies that there is no correlation between antitumour effectiveness and 
alkylating activity. Our results also show that toxicity of Cy to bone 
marrow stem cells is about half of that of PM. Most probably, Cy is not 
completely converted into PM. It appears that the intermediate metabo
lites are not very toxic to normal cells, but do contribute to the killing of 
leukaemic cells. Another explanation might be that the two different cell 
types are not equally permeable to PM and "activated Cy". It can be 
assumed that the activation products of Cy come into the circulation 
* Supply of the drug as the cyclohexylamine salt by Prof. Dr. N. Brock, ASTAWERKE, Germany, 

is gratefully acknowledged. 
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Figure 55 
Dose-survival curves for normal haemopoietic stem cells and L1210 leukaemia cells after differ
ent doses of cyclophosphamide and phosphoramide mustard. 

T A B L E 37 

Treatment 

Cyclophosphamide 
Phosphoramide mustard 

D0Gimol-kg-l)forki l l ing n0st f imc f i l ls /n0 l .121fJ 

Bone marrow CFU L1210 leukaemia leukaemia cells 

492 72.3 6.8 
220 139 1.6 

D0 is the dose which will lead to a reduction in cell survival by a factor of 37% on the exponent
ial part of the curve. 

relatively slowly when compared to the single i.p. injection of PM. 
Consequently, the duration of time that the cells are exposed to effective 
concentrations of the effective compound may be different. This renders 
a direct comparison of the therapeutic activity of the two drugs under the 
experimental conditions used questionable. However, the time and 
concentration exposure of normal stem cells and of leukaemic cells (both 
in the mouse femur) are similar for the same drug and the lack of 
difference in sensitivity between the two cell types is not in accordance 
with the assumption that PM is the most effective metabolite of Cy which 
itself shows a marked difference in effectiveness on the two cell types-. 

Colvin, M. et al., Cancer Res., 36, (1976), 1121. 
Lelieveld, P. and Van Putten, L.M., Cancer Treatm. Rep., 60, (1976), 373. 
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9-HYDROXY, 2-METHYL ELLIPTICINE (NSC 264137) IS A POTENTIALLY 
USEFUL DRUG FOR INTRA-ARTERIAL TUMOUR TREATMENT* 

P. Lelieveld, W. Akkerman and J.M. Ossewaarde 

Ellipticine and its derivatives act on DNA by intercalation. DNA binding 
affinity is correlated with the antitumour activity of the compounds. Thus, 
9-hydroxy, 2-methyl ellipticine (HME, NSC 264137), carrying a quarternary 
nitrogen was prepared by Le Pecq et al. (1975). This drug was tested in our 
systems**. HME could be dissolved in a 5% glucose solution; it 
polymerizes in CI~-containing solutions. Resting haemopoietic stem 
cells are not very sensitive to single or fractionated doses of the drug; 
proliferating CFU are slightly more sensitive. Maximally tolerated doses 
of the drug lead to a reduction in CFU survival per femur to 31 and 13 % of 
control values, respectively. 

Tumour growth curves were constructed for the C22LR osteosarcoma. 
Four days after treatment with HME, the tumour volume was reduced to 
70% of control values. Earlier observations had made clear that values 
higher than 50% indicate that only temporary arrest of tumour growth 
occurs. We can conclude that HME under the experimental conditions 
used was not effective against the solid osteosarcoma. 

The drug was also tested on the leukaemia L1210. Using the in vitro cell 
survival assay after treatment in vivo, no activity against L1210 cells was 
demonstrated. However, continuous exposure to the drug in vitro inhib
ited colony formation of L1210 cells completely at a dose of 0.1 mg-ml-1. 
Thus, under certain circumstances, the drug could be very effective in 
killing leukaemic cells. For the derivative 9-hydroxy ellipticine (NSC 
210717) a similar but less pronounced discrepancy was observed between 
i.v. and i.p. treatment of ascites L1210 cells by Le Pecq et al., (1976). 
Therefore, we compared HME effectiveness after different routes of 
leukaemic cells and drug administration. The results are presented in 
table 38. In a repeated experiment, leukaemic mice were cured when both 
cells and drug were given intraperitoneal^, though some relapses were 
seen as solid tumour recurrences growing in the needle track. The solid 
tumours were histologically confirmed to be malignant lymphoma. These 
results show that HME has a strong local action. Moreover, it was shown 
by Le Pecq (presented at 12th meeting of the EORTC Screening and 
Pharmacology Group) that the plasma half-life of the drug in rabbits was 
less than 1 minute. For these reasons, HME was tested in an intra-arterial 
infusion system against the rat squamous cell carcinoma RSC-1. For this 

* This study was carried out in a program of the EORTC Screening and Pharmacology Group. 
* * Supply of the drug by Dr. Dat-Xuong, Gif-sur-Yvette, is gratefully acknowledged. 
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TABLE 38 
SURVIVALTIMEOFMICE WITH LEUKAEMIA L1210 ANDTREATEDWITH 

9-HYDROXY, 2-METHYL ELLIPTICINE BY DIFFERENT ROUTES OF 
ADMINISTRATION 

50% survival time 
(days) 

7 
7 
7 

9 
10 
24 

5 mg of the drug per kg body weight was injected 24 h atter administration of 105 11210 cells. 
Each group consisted of 10 mice. 

TABLE 39 
THE EFFECT OF INTRA-ARTERIAL INFUSION WITH 9-HYDROXY, 2-M ETHYL 

ELLIPTICINE ON THE RAT SQUAMOUS CELL CARCINOMA RSC-1 

L1210cellsi.v. 

L 1210 cells i.p. 

No drug 
Drug i.v. 
Drug i.p. 

No drug 
Drug i.v. 
Drug i.p. 

Treatment 

HME 
5% glucose 

Growth delay (days) 

regional systemic 

4.5 ±2.1 0.7 ±2.1 
0.6 ±2.4 1.4 ±1.1 

Values are the mean ±95% confidence limits. 
Data derived from at least 8 rats, carrying 2 tumours each. The tumour at the cannulated site 
was treated regionally; the otherone served as a systemic control within the same animal. 
HME was infused for 24 h in a total dose of 2 mg • kg -1body weight. 

purpose, a branch of the external maxillary artery, was cannulated. HME 
with the addition of 10 IU heparin per ml was infused with an infusion 
pump at a speed of 0.15 ml-rr ' during 24 h. Pieces of the tumour were 
implanted in the front margin of both ears, so that one tumour might show 
a regional effect and the other would serve as a systemic control within 
the same animal. The results were expressed as growth delay, that is, the 
displacement in time between the growth curve of an untreated control 
group (28 tumours) and the growth curve of the tumours recurring after 
regional or systemic treatment (table 39). 

These preliminary data show that HME has a clear regional effect 
against the rat squamous carcinoma RSC-1, but no effect upon systemic 
administration. However, this tumour has the unpleasant property that 
the volume doubling time depends on its initial volume. Therefore, more 
studies will be made in a more suitable tumour model. 
Le Pecq, J.B. et al., CR. Acad. Sci. Paris, D281, (1975), 1365. 
Le Pecq, J.B. et al., Cancer Res., 36, (1976), 3067. 
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LACK OF VINCRISTINE-CYCLOPHOSPHAMIDE POTENTIATION IN 
DIFFERENT EXPERIMENTALTUMOUR LINES 

J.H. Mulder,T.Smink, M. Huurman, P. Lelieveld and L.M.van Putten 

After vincristine (VCR) application, cycling cells are arrested in the 
metaphase of the cell cycle and subsequently released in a more or less 
synchronous fashion; thus, a partially synchronized cell population can 
be obtained. Klein and co-workers have used VCR as a synchronizing 
agent in the treatment of mice inoculated with the diploid Ehrlich ascites 
tumour (Klein and Lennartz, 1974). In their so-called synchronization 
treatment schedule, VCR administration was followed after a short time 
interval by cyclophosphamide (Cy). Although this type of treatment has 
also been applied in the management of patients with malignant disease 
(Klein and Lennartz, 1974; Pouillart et al., 1974), the explanation of the 
underlying mechanisms of this approach has been questioned 
(Jellinghaus et al., 1977; Stephens et al., 1977; Volm et al., 1977). 

The work reported here is concerned with the question of selective 
potentiation of effects on tumour relative to normal tissue. The effect of 
sequential treatment with VCR and Cy was investigated on L1210 
leukaemia and on haematopoietic bone marrow stem cells. In an attempt 

TABLE 40 

THE INFLUENCE OF DRUG SCHEDULING WITH VINCRISTINE AND 
CYCLOPHOSPHAMIDE ON THE LIFE SPAN OF LEUKAEMIC MICE 

Percentage increase in lifespan (% ILS) 

Treatment schedule 

VCR 
Cy 
VCR 2 4 h r > Cy 
VCR 1 2 h r> Cy 
VCR + Cy 
Cy 1 2 h r )VCR 
Cy -J4hr_^vCR 
Expected % ILS for the combination 

105L1210 cells were injected i.p. into groups of 10CD2F1 mice (single drug treatment in groups 
of 5 mice). Treatment was given on two consecutive days and started either on day 2 or on day 3. 
A dose of 0.075 mg/kg VCR was given i.p. in combination with a dose of Cy which varied in the 
different experiments between 150 and 200 mg/kg i.p. Early death due to drug toxicity was not 
observed. Antagonism is evident when the observed % ILS is smaller than the algebraic sum of 
the individual % ILS. The difference between the effect of simultaneous treatment and ot the 
least effective sequential treatment was always significant (p < 0.005) except for Exp. III. 
n.d. indicates that the investigation was not done. 

Exp. I 

12 
48 
65 
72 
41 
n.d. 
82 
60 

Exp. II 

2 
62 
61 
72 
51 
n.d. 
73 
64 

Exp. Ill 

n.d. 
n.d. 
70 
66 
49 
n.d. 
55 
— 

Exp. IV 

n.d. 
n.d. 
147 
144 
62 

n.d. 
119 
— 

Exp.V 

11 
66 
57 
80 
40 
81 
74 
77 
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to make our conclusions more relevant to clinical practice, we extended 
our investigations to two solid tumour lines. 

The effect of sequential treatment on L1210 is shown in table 40. The 
expected percentage increase in lifespan (% ILS) calculated from the data 
of the single drug treatments is higher than the observed % ILS of the 
simultaneously given treatment schedule, indicating drug antagonism. 
Sequential treatment with an interval of 12 h and 24 h is more effective 
than simultaneous treatment and there is no influence of the sequence in 
which the two drugs are given. The results of treatment on two solid 
tumours are shown in tables 41 and 42. Simultaneous treatment was 
always additive and no effect of drug scheduling with different intervals 
could be demonstrated. Experiments on resting and rapidly proliferating 
haematopoietic bone marrow stem cells showed an additive effect for the 
various combinations. Schedule dependency was not observed. 

Our results in L1210 leukaemia show that VCR — Cy treatment (the so-
called synchronization schedule) is indeed more effective than simulta
neous treatment. From the single drug treatment data, however, it can be 
calculated that VCR-»Cy treatment does not result in a more than additive 
effect and is as effective as the opposite sequence, Cy -* VCR treatment. 
Therefore tumour cell synchronization seems not to be relevant in this 
particular combination chemotherapy schedule. Simultaneous treatment 
with VCR and Cy is relatively less effective than sequential administration 
of the two drugs, as has been described for AKR and L1210 leukaemia 
(Razek et al., 1974) and for Ehrlich ascites tumour (Klein and Lennartz, 
1974). The most likely explanation for this drug antagonism is that both 
agents kill L1210 cells preferentially in the same phase of the cell cycle 
and therefore the effect of each drug in the combination is directed to the 
same cell population. In the stem cell investigations and in the solid 

TABLE 41 
THE EFFECT OF SEQUENTIALTREATMENT WITH VINCRISTINE AND 

CYCLOPHOSPHAMIDE IN LEWIS LUNG CARCINOMA 

Treatment schedule Gi 

Control 
VCR 0.05 mg/kgip 
Cy 50mg/kg ip 
vr.R 24hr.? C y 
VCR 1 6 h r

> n y 

VCR + Cy 
Cy_2HlL»VCR 

Groups of 5 C57BUKa mice were inoculated i.m. with 106 Lewis lung tumour cells on day 0. Cy 
treatment was given on day 8. The mean growth delay and standard error is given. The differen
ces between the results of the various treatment schedules are not statistically significant. 

m delay (days) 

0 ±0.1 
1.8 ±0.2 
2.3 ±0.2 
3.4 ±0.2 
4.5 ±0.5 
3.2 ±0.4 
3.2 ±0.4 

Median survival time and range 
(days) 

32 (27-43) 
33 (33-40) 
34 (28-41) 
38 (35-39) 
37 (30-41) 
36 (36-44) 
38 (32-40) 
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TABLE42 

Exp.l 

0 ±0.5 
_1.0 + 0.4 

5.2 + 0.7 
4.4 + 0.5 
n.d. 

6.8 ± 0.6 
5.4 3.0.4 

Exp. II 

0 ±0.3 
0.6 + 0.4 
4.3 + 0.4 
5.9 ±0.4 
5.6 ±0.2 
5.0 ± 0.3 
4.2 ±0.3 

Exp. Ill 

0 ±0.3 
_ 0.6 ±0.4 

5.0 + 0.8 
3.7 + 0.4 
4.0 + 0.5 
4.7 + 0.5 
5.1 ±0.4 

THE EFFECT OF SEQUENTIAL TREATM ENT WITH VINCRISTINE AND 
CYCLOPHOSPHAMIDE IN C22LR OSTEOSARCOMA 

Mean growth delay and standard errors (days) 

Treatment schedule 

Control 
VCR 
Cy 
VCR 2 4 h r ; Cy 
VCR 1 6 h r yC.y 
VCR + Cy 
Cy 2 4 . h r )VCR 

One million osteosarcoma cells were injected bilaterally s.c. into groups of 5 BCBA F1 mice on 
day 0. In exp. \. the dosages were Cy 100 mg.'kg i.p. on day -4 and VCR 0.05 mg/kg i.p. In exp. it, 
the dosages were Cy 50 mg/kg i.p.onday 4 and VCR 1 mg/kg i.p. Inexp. III. the dosages wereCy 
50 mg/kg i.p.onday 11 and VCR 1 mg/kg i.p. 
n.d. indicates that the investigation was not done. The differences between the results of the 
various treatment schedules are not statistically significant. 

tumour experiments, drug antagonism or an effect of drug scheduling 
could not be demonstrated. 

In conclusion, to optimize the combination chemotherapy with VCR 
and Cy in the treatment of L1210 leukaemia, the two drugs should be 
administered with a time interval of at least 12 h. This effect of drug 
scheduling has nothing to do with tumour cell synchronization. The 
results of treatment in the two solid tumour lines demonstrate that 
extrapolation of the L1210 findings to clinical cancer treatment is most 
likely not justified. 

Jellinghaus, W. et al., Cell Tissue Kinet., 10, (1977), 147. 
Klein, H.O., and Lennartz, K.J., Seminars in Hematology, Vol. 11, No2,1974. 
Pouillart, P. et al., Biomedicine, 21, (1974), 471. 
Ra2ek, A. et al., Cancer Res., 34, (1974), 1857. 
Stephens, T.C. et al., Brit. J . Cancer 36, (1977), 84. 
Volm.M.eta l . , Europ. J. Cancer 73,(1977), 1099. 
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COMPARISON OF VINBLASTINE AND METHOTREXATE WITH RESPECT 
TO THE EFFECTIVENESS OF COMBINED RADIO-CHEMOTHERAPY 

OFTRANSPLANTABLETUMOURS IN RATS 

H.B. Kal, H.C. Janse and G.W. Barendsen 

In previous reports (Annual Report 1975, p. 48 and Annual Report 1976, 
p. 47) results of experiments on the effectiveness of combined treatments 
with X-rays and vinblastine on different transplantable rat tumours have 
been described. It was shown that the administration of 1.5 mg of 
vinblastine per kg rat body weight at intervals in excess of 2 d after single 
doses of 2000 rad and 1000 rad of X-rays induced a significantly enhanced 
effect on growth delay for the R-1 sarcoma and to a lesser extent for the 
ROS-1 sarcoma. A similar enhancement of growth delay could not be 
demonstrated in the rat skin carcinoma RSC-1 and the rat ureter car
cinoma RUC-1. Since the enhanced effectiveness for the two sarcomas 
has been suggested to result from cell kinetic changes, responses to 
combined treatments with another cell cycle phase specific drug, metho
trexate (MTX) have been investigated for the R-1 sarcoma and the RUC-1 
carcinoma. The folate antagonist MTX is a chemotherapeutic agent that 
affects cells predominantly in DNA synthesis while vinblastine acts 
predominantly on cells approaching mitosis. 

R-1 and RUC-1 tumours were treated with doses of 2000 and 1000 rad of 
300 kV X-rays, respectively, preceded or followed at different time inter
vals by a treatment with MTX. The treatment with MTX consisted of 3 
doses of either 7 or 10 mg/kg body weight with an interval between two 
successive doses of 4 h. In one experiment an interval of 1 d was 
employed but significant differences as compared with the 4 h interval 
were not observed. 

In fig. 56 the results of these experiments are presented for the R-1 
tumour. The data points represent mean values of usually 4 tumours and 
the vertical bars represent standard errors. A solid line is also shown in 
the figure indicating excess growth delay* observed for tumours treated 
with a dose of 2000 rad and vinblastine (see Annual Report 1975, p. 48). 

R-1 tumours treated with radiation and MTX showed a negative excess 
growth delay when MTX preceded the irradiation within 2 d orfollowed the 
irradiation within 4 d. A positive excess growth delay was observed only 
when MTX preceded the irradiation treatment by 4 to 6 d. The data point 
shown at the interval of 10 d may also indicate a positive excess growth 
delay. 

The treatment of R-1 tumours with MTX alone, causes a growth delay of 
* Excess growth delay is calculated as the difference between observed growth delay for 

combined treatment and the sum of growth delays of individual treatments. 
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Figure 56 f !me >n*erva\ (<*) 
Excess growth delay after combined treatment as a function of time interval. 
Curve 1: excess growth delay after combined treatment of R-1 tumours with 2000 rad of X-rays 

and MTX; 
Curve 2: excess growth delay after combined treatment of R-1 tumours for the combination 

X-rays and vinblastine. 

about 4 to 5 d and the irradiation treatment with a dose of 2000 rad causes 
a growth delay of 18 d. The combined treatment with intervals up to 1 d 
results in growth delays close to the delays observed for the radiation 
treatment only. This indicates that MTX mainly affects those cells that are 
affected by the radiation. When the interval between radiation and MTX 
exceeds 4 d, i.e. when the surviving cells in the R-1 tumour no longer 
experience the influence of the radiation treatment, the application of 
MTX causes only an additive effect. The indication that a more than addi
tive effect is obtained for intervals of 6 d or more may be due to a larger 
fraction of proliferating cells in the tumour that will be more efficiently 
affected by the MTX. A more than additive effect is observed in the 
combination MTX plus radiation with an interval of 4 to 6 d. A dose of 
radiation administered about 4 to 6 d after the MTX treatment might 
probably affect a tumour population with a larger growth fraction due to 
recruitment of resting cells, and possibly reoxygenated cells, resulting in 
excess growth delay; however, this is not a generally observed phe
nomenon. The possibility should not be neglected that, after MTX treat
ment the condition of the animals is not optimal and that the growth 
pattern of the tumours will be influenced by the general condition of the 
host. A radiation dose given under these circumstances may be more 
effective than when given to healthy animals. 

We have no data points for R-1 tumours treated with vinblastine 
preceding radiation for intervals in excess of 2 d, but the data available 
suggest another interaction of vinblastine with R-1 cells than is observed 
for MTX. When given shortly before the radiation, only an additive effect is 
observed, indicating that vinblastine affects also those cells that are not 
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TABLE 43 
GROWTH DELAY OF RAT URETER SQUAMOUS CELL CARCINOMAS 

AFTER TREATMENTS WITH X-RAYS AND METHOTREXATE 

Treatment 

Controls, T^ = 5d 
1000 rad of 300 kV X-rays TGD** = 19.3 d 
MTX, 3 x 10 rng.kg-1,4 h interval, TGD = 9.7 d 
MTX, 0.5 h, 1000 rad 
MTX, 1 d, 1000 rad 
MTX, 2d , 1000 rad 
MTX, 3d , 1000 rad 
MTX, 4d , 1000 rad 
1000 rad, 1 d, MTX 
1000 rad, 4 d, MTX 

Excess growth delay ± SE (d) 

— 
— 
— 

—7.4(1 tumour) 
0.6 ±1.4 

—5.4+4.0 
— 2.0 ±1.8 
—0.5 ± 2 
—4.2 ±1.3 
+ 2.2 ±1.8 

* Tü: tumour volume doubling time 
* *TGD: tumour growth delay 

lethally damaged by the radiation. When vinblastine is applied after 
radiation a more than additive effect is observed. This indicates that 
vinblastine may affect the cells experiencing a mitotic delay induced by 
the radiation. Furthermore, recruitment of resting cells after irradiation 
results in a larger growth fraction (Hermens, 1973) which will lead to a 
greater sensitivity to the drug. 

Results of treatments of RUC-1 tumours with MTX are summarized in 
table 43 . Up till now, longer time intervals than 4 d have not been applied. 
The results of the combined treatments with intervals of less than 4 d 
indicate an additive or less than additive effect. When MTX is admin
istered 4 d after the radiation exposure a more than additive effect, 
although not statistically significant, is observed. The data points are too 
limited to allow valid comparisons with the data obtained for the treat
ment of R-1 tumours with radiation and MTX. 

From the experiments described here we can conclude that MTX given 
4 to 6 d before the start of and for intervals of at least 6 d after a radiation 
treatment and vinblastine given anytime after the start of the radiation 
treatment, is favourable in the case of the R-1 tumour. For the RUC-1 
tumour no gain might be expected for combined treatments of radiation 
and MTX for intervals less than 4 d. Thus, the combination of radiation 
with MTX or vinblastine, both acting predominantly on specific phases of 
the cell cycle, results in different responses of the R-1 tumour which also 
differ from the responses of the RUC-1 tumour. A simple explanation 
based on the tumour growth delay data only can therefore not be provided 
yet. Additional experiments on cell kinetics and cell survival are required 
for interpretation of the differences observed between the two drugs and 
tumours. 
Hermens, A.F. Thesis, Amsterdam, 1973. 
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FROM SINGLE TO TWICE A DAY FRACTIONATION 

H.B. Kal 

In radiotherapy, the frequency of death of treated patients due to local 
failure has induced radiotherapists to consider combined modality treat
ments or to introduce changes in the present fractionation schemes. One 
of the possibilities considered is a change from a single dose to two 
fractions per day. The question then arises as to what the presumably 
larger equivalent tolerance dose to the normal tissue is, compared to a 
regimen of 6000 rad in 3G .Tactions of 200 rad, e.g. with 60 fractions in the 
same overall time. With respect to normal tissue responses this change 
from a single dose to two fractionations per day intervals of at least 5 to 
6 h should not lead to increased complications. From a radiobiological 
point of view, this prerequisite could be fulfilled if the increase in dose 
given, accounts for the repair of sublethal damage of the normal tissue in 
that interval. It is hoped that an increase in total dose tolerated by the 
normal tissues in more fractions may be enough to eradicate significantly 
more tumour cells and will lead to a larger probability of local control. This 
will only occur, however, if the tumour cells have a smaller repair capacity 
in the shorter intervals introduced by the new regimen and if other 
phenomena, such as reoxygenation and repopulation are influenced 
favourably. 

Several methods are available to calculate the tolerated total daily dose 
when a single dose of 200 rad is administered in 2 fractions. Cell survival 
curves are available for a large variety of cell types and the mathematical 
formulation of these curves are available. Furthermore, dose-time-
isoeffect relationships have been derived from clinical data and could be 
employed. It must be realised, however, that these relationships were 
derived from data obtained with daily fractionation schemes. 

An adequate description of survival curves in the low dose region 
between surviving fractions of 1 and 101 can be given by a formula: 

S/S0 = e x p ^ D - a r j s ) (1) 

where S/S0 is the surviving fraction, D is the fraction dose and a1 

represents a measure for the initial slope at small doses and a2 for the 
influence of accumulation of damage, a^ has a value of about 1 x 103 to 
3 x 103 and for a variety of cell types the ratio of a^la2 is in the range of 
0.4 x 103 to 1.5 x 103(Annual Report 1975, p. 38). 

With equation (1) one can calculate the dose D1 for the change from a 
daily dose D to two fractions of dose D-^ for the same surviving fraction 
using the equation: 
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exp^D-agD2) = exp(-a1D1-a2Df)- exp(-a1D1-a2D^) (2) 
or: D2 + pD1_(1/2 pd + Vz D2) = 0 
withD = 200 rad and p = aja2 = 0.4 to 1.5 x 103. 

The dose-time-isoeffect relationships available are e.g. those of Ellis 
(1968), Wara et al. (1973) and Wollin et al. (1976). They are: 
Ellis: D T = NSD-N024.jo.li 
Wara: DT = ED-N°-38- T°°e 

Wollin: D T = BIR-N»- T0with a= l n
6

1 ° ° ° / D and/3 = ' " ^ I f 5 

In these relationships, DT is the total dose, N the number of fractions 
and T the overall treatment time in d. The NSD, Nominal Standard Dose, 
introduced by Ellis was designed to parameterize the specific end-point 
of normal tissue tolerance. The ED, Estimated Single Dose, was intro
duced by Wara et al. to characterize the end-point of radiation 
pneumonitis. The BIR, Biological Index of Reaction, was introduced by 
Wollin et al. as a modified NSD constant. Wara et al. found better 
correspondence between reactions in literature and BIR when a and 0 
were dependent on D and T, respectively. In table 44 the values are listed 
for the doses D., calculated with the above equation and isoeffect relation
ships for the change from a daily dose of 200 rad to two fractions of dose 
D-, as well as the total dose DT in 60 fractions. 

The results indicate a wide variation in D, values; an increase in the 
daily dose from 6 to even 42 per cent was calculated. Comparable results 
were obtained only with the cell survival curve approach with a ^ = 
0.4 x 103 and the Ellis formula. One can conclude, that for questions 
regarding what dose to normal tissues could be administered with more 
fractions per day as compared to 1 fraction per day the greatest care 
should be exercised. Clinical trials and/or applied radiobiological 

TABLE 44 
SUMMARY OF CALCULATIONS TO ESTABLISH A VALUE FOR DOSE D, 

IN THETWICE A DAY FRACTIONATION SCHEME 

Original scheme : N = 30 fractions, D = 200 rad, total dose D T = 6000 rad 
Newscheme : N = 60 fractions, D1 and DT to be calculated (D T = 60 x D-,) 

Method of calculation D^rad) DT(rad) 

Cell survival curve p = 1500 
S/S0 = e x p ^ D - a p 2 ) p = 1000 
p = a i /a 2 p = 400 

Ellis 
Wara 
Wollin 

D T = NSDN°-24.T0-11 
DT = ED N°-3 8 .T0 0 6 

DT = BIR Na.T0 

106 
109 
116 

118 
130 
142 

6360 
6540 
6960 

7080 
7800 
8520 
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research only can give this answer as well as whether there is an increase 
in therapeutic gain. 

Ellis, F., p. 357 In: Current Topics in Radiation Research IV (1968) 
Wara, M.W. et al.. Cancer 33, (1973), 547. 
Wollin, M.and Kagan, A.R., Acta Radiol., 75, (1976), 481. 
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INCIDENCE OF METASTASES AFTER RADIOTHERAPY OR SURGERY 
OF A TRANSPLANTABLE TUMOUR IN A MOUSE MODEL 

J. de Ruiter and S.J. Cramer 

During the last few years a number of clinical trials have been carried 
out in which adjuvant chemotherapy is administered after treatment of 
the primary tumour with either surgery, radiotherapy or a combination of 
the two treatments. With our experimental model, studies were designed 
to investigate whether there is a difference in tolerance to chemotherapy 
after these modalities. 

In the experimental metastases model, as has been described by 
Van de Velde (1977), lymph node and lung metastases will develop in 
100% of mice inoculated in the foot pad with cells of the 2661 carcinoma. 
However, comparison of effects of local therapy on the foot pad tumours 
with surgery or radiotherapy showed a difference in incidence of mice 
dying with metastases as is represented in fig. 57. In this study the local 
therapy was performed using a field just including the knee joint. The 
irradiation was carried out with 300 kVp X-rays, applied at a dose rate of 
350 rad/minute. During the irradiation, the remainder of the mouse body 
was protected by lead shields. 

The results in fig. 57 show that local therapy administered 6-10 days 
after inoculation of tumour cells saves a number of mice from dying with 
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Figure 57 
Effect of treatment of the primary tumour on the incidence of mice dying with lymph node 
and/or lung metastases. 
Mice were treated between 6 and 10 days after s.c. inoculation of 2.105 carcinoma 2661 cells 
and the surviving mice were sacrificed at 120 days after inoculation. 
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metastases, but it is evident that surgery is much more effective than 
radiotherapy: In a previous unpublished study on cell survival it was 
estimated that a dose of around 6000 rad would eradicate these tumours. 
This study and the fact that local recurrences were observed only rarely 
seems to indicate that the high incidence of mice with metastatic disease 
is not due to incomplete eradication of the tumour. 

In order to elucidate the mechanism, which is responsible for the 
difference in frequency of metastatic disease after radiotherapy and 
surgery in this model, some hypotheses were tested. Firstly, local radio
therapy in contrast to local surgery might promote the outgrowth of 
tumour cells, which already left the foot tumour at the time of treatment. If 
this hypothesis would be valid, dissemination of tumour cells from the 
foot tumour must have occurred already at the time of treatment. Evidence 
of this early dissemination can be obtained if the incidence of metastatic 
disease can be increased with any treatment of the host after removal of 
the local foot tumour. For that reason the influence of s.c. treatment with 
2.5 mg cortisone acetate before or after the amputation of the tumour-
bearing leg was tested. The results of this study are shown in part a of 
table 45. A significantly increased incidence of mice dying with metas
tases is observed in the group treated with cortisone acetate one day 
before surgery. In the group treated with cortisone acetate after surgery a 
similar tendency is obtained, however, the difference with controls is not 
significant. This might be due to the smaller number of mice in these 
groups. The pooled data on cortisone acetate treatment differ signif
icantly from the controls. However, further experiments are required with 
cortisone acetate treatment after surgery, to draw a definite conclusion 
on the presence of disseminated tumour cells at the time of local therapy. 

Secondly the hypothesis was advanced that stress due to the high local 
radiation dose on the tumour-bearing leg might influence the incidence of 
the metastatic disease. For that purpose, the tumour-bearing leg was 
amputated and the other non-tumour-bearing leg was irradiated. The 
results of this study are shown in part b of table 45. Although in this study 
only a small number of mice was used no evidence of increased metasta
tic disease could be obtained after irradiation of the non-tumour bearing 
leg. Tentatively the conclusion might be drawn that the stress of a high 
radiation dose on normal tissue has no influence on the frequency of the 
metastatic disease. 

However, this conclusion is in contradiction with the results presented 
in part c of table 45. These results show that irradiation of the tumour-
bearing leg does not increase the incidence of metastatic disease, if the 
irradiation is followed one hour later by amputation of the irradiated leg. 
No significant difference is seen between the amputated group and the 
group which was both irradiated and amputated, whereas both groups 
differed significantly from the group which was only irradiated. This 
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TABLE 45 

FRACTION OF MICE WHICH DIED WITH LYMPH NODE AND/OR LUNG 
METASTASES AFTER VARIOUS TREATMENTS OF A FOOT TUMOUR 

Treatment of foot tumour Incidence Percent Group 

a: Local surgery 
Local surgery + cortisone acetate* 1 day before 
Local surgery + cortisone acetate* 1 hour later 
Local surgery + cortisone acetate* 1 day later 

27/67 
32/38 
12/19 
5/10 

40 
84 
63 
50 

A 
B 
C 
D 

b: Local surgery 
Local irradiation** 
Local surgery + local irradiation*'other leg 

17/27 
19/19 
3/7 

63 
100 
43 

E 
F 
G 

c: Local surgery 
Local irradiation** 
Local irradiation** local surgery 1 hour later 

27/52 
27/28 
5/20 

52 
96 
25 

H 
I 
J 

* 2.5 mg cortisone acetate s.c. per mouse 
** foot pad irradiation with 6200rad X-rays 

Each part of the table represents a pool of experiments in which the various experimental 
groups were studied simultaneously. 

Statistical evaluation by chi-square test 

A—B 
A— Bt/mD 
E - F 
F - G 
H —I 
I - J 

p<0.01 
A —C 
A —D 
E —G 
H— J 

n.s. 

finding is hard to explain and further experiments are required for its inter
pretation. It might be possible that the presence of the high number of 
irradiated tumour cells might paralyse the defense of the host to 
outgrowth of disseminated tumour cells, although this tumour is non-
immunogenic in its host. 

The preliminary results of this study are in accordance with the 
conclusion of Stjemsward (1977), who stressed that local irradiation 
decreases the resistance of the host to attack tumour cells present out
side the primary tumour. However, his conclusion is based on clinical 
data and some heterogeneous experimental studies with tumours that are 
mostly immunogenic. 

Van de Velde, C.J.H., Van Putten, L.M., and Zwaveling, A., Eur. J. Cancer 73, (1977), 555. 
Stjernsward, J., p. 139. In: "Secondary spread in breast cancer" vol. 3 (1977), ed. B.A. Stoll. 

William Heinemann Medical Books, Limited. 
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ADJUVANT CHEMOTHERAPY AND NON-SPECIFIC HOST RESISTANCE 

L.M. van Putten and T. Smink 

Non-specific host resistance, stimulated by Corynebacterium parvum 
and abrogated by cytostatic agents has been documented in a system in 
which the number of microtumours in the lung is evaluated after intrave
nous injection of tumour cells (Van Putten et al., 1975). The interpretation 
as non-specific host resistance is based on the non-immunogenicity of 
the mouse tumour osteosarcoma C22LR in (C57BL x CBA) F1 hybrid mice 
in which previous immunization does not affect lung tumour nodule 

non-pretreated mice 
cyclophosphamide 
treatment on day 
1 , 2 , 3 , or -1 

prefreafmenr wi th 
cortisone acetate 
on day - 1 

for comparison : 
tumour ce l l survival 
in f lank tumour 

»—r 
150 200 

_. __ cyclophosphamide ( r n g / k g ) 
Figure 58 
Dose effect curves for suppression of lung colony growth by cyclophosphamide under different 
conditions. 
The suppression of lung colonies induced by i.v. injection of osteosarcoma C22LR cells by 
different doses of cyclophosphamide on days 1,2,3 or 4 after inoculation, deviates markedly 
from the cell survival curve for tumour cells from a flank tumour. This deviation may be 
markedly reduced by pretreatment ol the mice with cortisone acetate (2.5 mg/mouse.i.p. 1 day 
before tumour cell injection). 
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formation or growth. Recently it has been shown that the abrogation of 
host resistance in this model is seen not only if a cytostatic drug., e.g. 
cyclophosphamide, is applied before tumour cell injection but also if it is 
given later (Smink et al., 1977). 

The existence of host resistance is based on a discrepancy between the 
tumour cell survival curve for cyclophosphamide and the dose-effect 
curve for the suppression of lung formation (see fig. 58). 

The depression of host resistance after higher drug doses permits more 
of the injected cells to find expression as colonies. This compensates for 
increased cell killing and causes a decrease in the slope of the curve or 
even an increase in colony formation with increasing dose (fig. 58). This 
host resistance could be abolished to a large extent by pretreatment of 
the recipients with cortisone acetate. This treatment brings back the 
parallelism between tumour cell survival and colony "survival" over a 
wide dosage range. 
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cyclophosphamide ( m g / k g ) 
Figure 59 
Absence of effect of tumour load on the suppression of lung colony growth by cyclo
phosphamide. 
There is no difference between the dose-effect curve for lung colony suppression by cyclo
phosphamide between mice which do and which do not carry a C22LR tumour in the flank. 
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It seemed interesting to consider to what extent this phenomenon 
might be relevant for adjuvant chemotherapy aimed at eradication of 
residual tumour in patients. It is useally claimed that "immunotherapy" 
and enhancement of host resistance is relevant only if small tumour loads 
are present and conversely the "immunodepresstve" effect of cytostatic 
drugs is considered less important in patients with large tumour loads. 

In order to determine whether similar considerations are valid for our 
osteosarcoma C22LR which is not immunogenic to the host and for which 
only non-specific host resistance can be identified, the effect of variation 
in tumour load was studied. Dose-effect curves for colony suppression by 
cyclophosphamide were compared in two groups of mice of which one 
carried a flank tumour. Both the lung colony forming cells and the flank 
tumours originated from the same osteosarcoma line as used in the 
preceding experiments. 

As is shown in fig. 59, there is with respect to the level at which the dose 
effect curves for colony suppression deviate from the cell survival curves 
no significant difference between the groups of mice with or without an 
additional tumour in the flank. These findings support the idea that non
specific host resistance of the type that is not associated with immunity 
is unaffected by tumour load. Its efficacy may however be affected by 
distribution and size of tumour foci, as it appears to be more effective in 
eliminating micrometastases than in affecting large tumours. 

Van Putten, L.M. et al., Int. J. Cancer 75, (1975), 588. 
Smink, T. et al., Abstract Neth. Fed. Meeting (1977), p. 54. 
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PREVENTION OF ADRIAMYCIN-INDUCED CARDIOTOXICITY IN THE RAT 
BY ALPHATOCOPHEROL 

P. Sonneveld 

The major limitation in the clinical use of adriamycin (ADR) is its severe 
cardiac toxicity, which leads to congestive heart failure and specific 
electrocardiographic alterations. As a rule, the total cumulative dose of 
ADR should not exceed 550 mg/m2 body surface if cardiomyopathy is to 
be avoided (Minow et al., 1975). 

Ultrastructural changes observed in heart muscle cells after toxic 
doses of adriamycin consist of cytoplasmic vacuolization, nuclear 
pycnosis and reduction in PAS positivity, which are similar to cr-toco-
pherol (cr-T) deficient diet changes. Alpha-T administration increases the 
survival time of mice treated with a cardiotoxic dose of ADR (Meyers et al., 
1976). In this study, the effect of a-~T on electrocardiographic changes 
produced by ADR was investigated in the Brown Norway (BN) rat. 
A decrease in the amplitude of the QRS complex, which is representative 
for ventricular function, after chronic ADR administration was observed to 
be the main irreversible change in the BN rat (fig. 60) Pretreatment with 
a-T, 3200 IU/kg, 24 h prior to a cardiotoxic dose of ADR (17.5 mg/kg) 
prevented a decrease in QRS amplitude in a follow-up of 38 days after 
administration. Table 46 summarizes the findings after sacrificing the 
animals. In this table, a decrease in ventricular weight represents a 
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Figure 60 
QRS voltage in precordial lead 
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TABLE 46 
NORMAL RATS, BEING TREATED ON DAY 1 ANDSACRIFICEDON DAY 38 

o-tocopherol Adriamycin Adriamycin 17.5mg/kg 
3200IU/kg 17.5mg/kg + o-tocopherol 

d a y l day 2 3200!U/kg Controls 

Ventricular weight 

(g) 

Ascites/hydrothorax 

Light microscopy 

Light microscopy score 0.4 on: 

0.798 
± 0.027 

0% 

0 

0.548 
±0.013 

100% 

12.75 
± .94 

nuclear pycnosis 
oedema 
vacuoles 
decrease of PAS pos. 

0.644 
±0.012 

20% 

1.75 
±0.32 

0.902 
±0.011 

0% 

0 

decrease in muscular mass as confirmed by systematic microscopical 
inspections. The decrease in the ADR treated group is more significant 
(p < 0.01) as compared with a-T pretreated ADR treated rats. The develop
ment of hydrothorax and ascites (which are generally the result of 
congestive heart failure) was partly prevented by pretreatment with a-T. 

To exclude an antagonistic effect of a-T on the antitumour action of 
ADR, the influence of this compound on the BNML leukaemia was 
studied. The leukaemia was treated with a schedule of ara-C and ADR in 
which the major influence on survival proved to be ADR. No significant 
alterations occurred in the parameters chosen when a-T was added (table 
47). 

TABLE 47 
EFFECT OFa-TOCOPHEROL ON THE BNML LEUKAEMIA, TREATED WITH ARA-C 

AND ADRIAMYCIN 

Survival after inoculati 

Ventricular weight (g) 

Liver weight (g) 

Spleen weight (g) 

Ascites/hydrothorax 

on in days 

Adri amycin + ara-C 
±S.E. 

49.0 
± 2.4 

0.59 
± 0.14 

10.18 
± 0.8 

0.56 
± 0.10 

30% 

Adriamycin + ara-C 
+ ^-tocopherol 

49.3 
± 2.3 

0.63 
± 0.09 

9.92 
± 0.9 

0.56 
± 0.18 

0% 

Controls 

25.0 

0.90 
0.01 

11.73 
0.31 

2.11 
0.05 
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These experiments indicate that a-T pretreatment significantly reduces 
the ADR induced cardiotoxicity without affecting the antitumour actions 
of the drug. However, further experiments in the rhesus monkey will still 
have to prove the possible clinical value of a-T in preventing cardiotoxic 
side effects of ADR. 

Meyers, CE. et al., Cancer Treatm. Rep.6,(1976), 961. 
Minow, R.A. et al.. Cancer Treatm. Rep.6.(1975), 203. 
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CIRCULATORY FAILURE IN "SANDWICH" TUMOURS DURING 
HYPERTHERMIC TREATMENT 

H.S. Reinhold, B. Blachiewicz and A. Berg-Blok 

The "sandwich" tumour system is quite well suited for investigations 
regarding the sequence of occurrences of some of the physiological para
meters in tumours. The "sandwich" tumour consists of a 100-200> thick 
tumour growing in a sheet-like fashion between a mica plate and a glass 
coverslip. The assembly is situated in the skin of the back of the rat 
(fig. 61). The temperature of a tumour growing in this way depends mainly 
on the environmental temperature and its relative thickness results in the 
entire tumour being uniformly heated when the "sandwich" is exposed to 
a flow of hot air. In the present experiments the tumour temperature was 
controlled electronically by means of a thermocouple which was attached 
to the coverslip. In addition to this, the temperature was monitored 
continuously via a (needle) thermocouple meter. During and after the ^eat 
treatment, changes in the microcirculatory bed and the transparency of 
the tumour tissue could be observed by stereomicroscope and recorded. 

The results of 21 treatments with a temperature of 42.5°C during 3 h are 
available. The treatment time was 3 h. Over that period, 2/3 of the tumours 
showed a gradually developing circulatory deficiency in the central areas. 
Once this appeared, it was followed in about 30 min by a decrease in 
transparency of the tumour tissue in these (central) areas. This decrease 
in transparency was found to be the first sign of hyperthermia-induced 
tumour necrosis. The afore mentioned phenomenon was inevitably 
followed by the development of obvious necrosis, which could be 
observed on the following day (fig. 61). Observations on 21 tumours 
indicate that a treatment time of about 2Vz hours at 42.5°C seems to be 
required forthe development of this phenomenon. 
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Figure 61 
The effect of a 180 min exposure at 42.5°C on a "sandwich" tumour. 
A after 1 h there is abundant circulation in the tumour blood vessels (identical to time 0). 
B at the end of 3 h exposure, circulation has ceased and some "cloudiness" indicates 

beginning necrosis. 
C three days after heat treatment. Only the area showing circulatory failure (in B) has 

developed necrosis. 



THE COLLECTION OF BLOOD COMPONENTS FOR AND FROM 
CANCER PATIENTS 

H.M. Vriesendorp, K. Sintnicolaas*, W. Sizoo*, W.F. Stenfert Kroese* 
andW.G.Haije* 

Disease and treatment compromise the bone marrow function of 
cancer patients. The complications of too few or too many thrombocytes, 
granulocytes, erythrocytes or plasma proteins can be alleviated by 
selective transfusion or removal of the relevant blood components. 
Controversies exist regarding timing, nature and efficacy of various 
aspects of such treatments (Goldman and Lowenthal, 1975). An increased 
complication rate due to bone marrow failure can be expected in cancer 
patients in view of the current tendency to administer higher doses of 
chemotherapy and radiation. It was decided to intensify studies of blood 
component treatment in cancer patients in the newlKR** organization. 

A continuous flow cell centrifuge (Centrifuge, Aminco) was evaluated 
as a tool for the separation of blood components of single individuals. 
This machine has not been used previously for this purpose in the Nether
lands. Its reported advantages are a low (250cc) extra corporeal volume 
and a high versatility. The drawbacks are the possible side effects to the 
persons who are connected to the machine. These include infectious 
complications, haemorrhagic problems from citrate or heparin infusions 
and nausea, headache or chills. Healthy volunteers were recruited among 
staff members of the RRTI and the REPGO-TNO and among family 
members of RRTI patients. Initially, sterilization problems were 
encountered with the centrifuge bowl. Positive cultures were obtained 
from the priming fluid of the machine and the blood in four of the donors. 
When the amount of ethyleendioxide during the sterilization procedure 
was increased, these complications were no longer encountered. In the 
next 89 runs, including 6 patients and 49 healthy donors, temporary chills 
and feelings of nausea occurred during ten of them. No other important 
clinical symptoms were noted. Both patients and donors experienced the 
procedure as tolerable; most of them underwent several procedures with 
a maximum of ten in one patient with chronic lymphatic leukaemia. 

Blood chemistry values before and after the procedure were similar 
with the exception of a slight rise in serum sodium levels (from 139 ±3.4 to 
145 ± 5.2 mmol/l, and a asymptomatic mild hypocalcemia (from 2.46 ± .13 
to 2.19 ± .12 mmol/l). The latter is most likely due to the citrate 
infusions. No significant changes were noted in potassium, alkaline 
phosphatase, SGOT, SGPT, ureum or creatinine levels. 

* Rotterdam Radiotherapeutic Institute, Rotterdam. 
** IKR = Integraal Kankercentrum Rotterdam (Comprehensive Cancer Center Rotterdam). 
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The following haematological changes were noted: 
A. using the WBC method in our healthy donors: 

1. A 1.1 mmol/l depression of haemoglobin levels, which can be 
explained by the haemodilution caused by infusion of citrate and 
heparine solutions and machine prime fluid, and the estimated 
blood loss per procedure of approximately 150 cc. 

2. A statistically non-significant increase in granulocytes 
3. A decrease in lymphocytes and monocytes. Lymphocytes went 

down an average of 1.40 x 109/l; monocyies.13 x 109/l. 
B. All machine procedures led to an on average 35% decrease in 

circulating thrombocyte counts. 
In view of the observations under A1 and B a policy was adopted to use 

healthy donors not more often than once every two weeks. Moreover for 
the removal of blood components patients ought to have a platelet count 
of over 60 x 109/l. The cell yields obtained from healthy donors are given 
in table 48. Thrombocyte collections via the plasma pump (method 1) have 
the advantage that pure thrombocytes are obtained, the disadvantage is 
the slow procedure. The second method, collecting via the WBC pump, is 
much faster but leads to a considerable contamination with red cells and 
lymphocytes (1.8 mM haemoglobin and 6x10 9 lymphocytes per trans
fusion). The latter cells might play an important role in sensit'u.ng the 
patient against foreign HL-A antigens, which is a complicating factor in 
repeated transfusions. Possible G-v-H reactions are prevented by 
irradiation of the thrombocyte suspensions with 1500 R. By both methods 
the yield of thrombocytes is sufficient to enable the use of a single donor 
for one effective clinical transfusion. The advantages or drawbacks from 
using one donor per transfusion instead of the currently combined yields 
of four to eight donors remain to be investigated. 

In the limited number of oncological patients investigated so far, the 
recovery and haemostatic effects of thrombocytes obtained from single 
donors via the centrifuge appear to be adequate. 

The yield of granulocytes is low compared to the number of cells 

TABLE 48 
YIELDS OF PLATELETS AND OF GRANULOCYTES WITH THE CELLTRIFUGE 

Main component Procedure Yield/h 

Thrombocytes 1. 600rpm 1.5 x 1011 ±0.8 
via plasma pump n = 10 

2. 1200rpm 3.0 x 1011 ±1.2 
viaWBCpump n = 61 

Granulocytes 350-500rpm 0.8 x 109±0.3 
vla WBC pump n = 6 
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TABLE49 
REMOVAL OF BLOOD COMPONENTS FROM ONCOLOGICAL PATIENTS 

Diagnosis 

chronic 
myeloid 
leukaemia 

chronic 
myeloid 
leukaemia 

chronic 
lymphatic 
leukaemia 

chronic 
lymphatic 
leukaemia 

multiple 
myeloma 

Number of 
Patients Tested 

1 

1 

3 

2 

1 

Procedure 

granulo-
pheresis 

thrombo-
pheresis 

lympho-
pheresis 

plasma
pheresis 

plasma
pheresis 

Indication 

high peripheral 
granulocyte 
counts 

thrombocythemia 
with cerebral 
complications 

generalized 
lymphade-
nopathy 

autoimmune 
haemolytic 
anaemia 

hypergamma 
globulinaemia 

Effect 

2X10 1 1 cells 
removed 

5 x 1 0 1 2 cells 

2-20 x10 1 0 

lymphocytes 
removed 

1.5 liter 
plasma 
exchanged/h 

1.5 liter plasma 
exchanged/h 

required for clinical transfusion (approximately 2 x 1010). Investigations 
will be continued with the systemic use of corticosteroids and/or 
sedimenting agents which have been reported to increase the yield of 
granulocytes (Goldman and Lowenthal, 1975). 

In table 49 a list is given of the results obtained when removing blood 
components from cancer patients. All patients were felt to have benefit
ted from the various procedures. No side effects were observed. Further 
studies are required for an establishment of the proper place of these 
procedures in patient management and their long term effect. 

The current experience with the centrifuge is comparable to that 
obtained and reported by other investigators (Goldman and Lowenthal, 
1975). It appears to be a versatile instrument which can be usefully 
applied without undue toxicity in further studies of haematological 
problems in cancer patients. 

Goldman, J.M. and Lowenthal, R.M. (eds): Leucocytes: 
Separation, Collection and Transfusion, Academic Press, London, 1975. 
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G E R O N T O L O G Y 

MORPHOMETRIC ANALYSIS OF LIVER PARENCHYMAL CELLS IN 
YOUNG AND OLD RATS 

S.P. Meihuizen and N. Blansjaar 

Several functions of rat liver parenchymal cells change during ageing 
(Van Bezooijen, Thesis, 1978, in preparation) in both intact animals and 
after isolation. Conventional morphological studies at both light and 
electron microscopical levels demonstrated an increase in the size of the 
cell and nucleus, but allowed no further definite conclusions. 

Therefore, a morphometric study using the methods of preparation and 
analysis as established by Weibel (1966) and Loud (1968), to investigate 
whether concomitant morphological changes could help to explain 
functional changes was undertaken. 

Two groups of clinically healthy virgin female WAG/Rij rats were used: 
one consisting of three 3-month-old animals, the other consisting of three 
35-month-old animals. Random selection of material was carefully 
adhered to during all steps of selection. For each animal, 30 light 
micrographs to a final calibrated magnification of 1200 x and 45 electron 
micrographs to a final calibrated magnification of 13,000 x were 
analysed. The results are given in table 50. 

The increase in smooth endoplasmic reticulum (SER) may prove to be 
an important fact in interpreting age-associated changes in detoxification 
capacities such as BSP clearance, in which the SER is thought to play an 
important role. 

An increase in lysosomal structures during ageing is not uncommon in 
both short-lived and long-lived cell types. In long-lived cell types (such as 
neurons, striated muscle cells and hepatocytes), however, it is often in the 
form of lipofuscin or age pigment, a lysosome-derived structure with 
typical morphological, physical and chemical properties. At present, it is 
not clear whether accumulation of lipofuscin alone is responsible for the 
increased lysosomal volume. 

The decrease in glycogen in the old animals may prove to be of little 
significance for the understanding of hepatocyte ageing, since the 
amount of this unstable cytoplasmic compound present is susceptible to 
so many environmental factors (such as hormone levels, activity, 
temperature, feeding habits, etc.). 

Of more importance than the changes in volume of the different cell 
compartments is the fact that the distribution of different organelles over 
the three hepatic zones remained unchanged. The peripheral hepatocyte, 
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TABLE 50 

SIZEOF LIVER PARENCHYMALCELLS ANDTHEIR ORGANELLES IN 
3-MONTH-OLD AND 35-MONTH-OLD FEMALE WAG/RIJ RATS 

hepatocytes 
nucleus 

mitochondria 
glycogen 
RER 
SER 
Golgi 
microbodies 
lysosomes 
vacuoles 
lipid 
cytosol 

P 
3210 

285 

18.97 
16.88 
8.53 
5.09 
0.81 
0.36 
0.31 
0.28 
0.35 

48.41 

Light mic 

3 months 

M 
4235 

330 

Electron mic 

18.06 
16.36 
9.02 
6.47 
0.55 
0.54 
0.46 
0.30 
0.29 

47.97 

:rographs (1200 x ; method of Loud) 
Volumes (/i)3 

C 
4020 

330 

rographs (13,000 

P 
5735 

445 

35 months 

M 
5852 

460 

x ; method of Weibel) 
Relative volumes (%) 

13.32 
17.13 
8.01 
7.00 
0.55 
0.71 
0.77 
0.21 
0.21 

52.08 

18.66 
10.39 
8.61 
7.19 
0.77 
0.41 
0.42 
0.33 
0.38 

52.84 

14.62 
11.10 
9.59 
8.55 
.078 
0.56 
0.70 
0.10 
0.30 

53.69 

C 
6410 
L90 

13.43 
8.34 
9.09 

10.64 
0.72 
0.56 
1.47 
0.15 
0.06 

55.73 

p 
c 
M 

peripheral hepatocytes (4 rows of cells adjacent to the portal area) 
central (4 rows of cells adjacent to the central vein) 
midzonal (remaining cells; 2 rows directly adjacent to the central and peripheral areas 
were excluded). 

in its environment of ample supply of oxygen and " food" as well as the 
highest levels of toxic compounds which enter the liver, shows the same 
ageing characteristics as the central hepatocyte in its environment of 
relatively poor supply of both beneficial and toxic compounds. This 
tentatively suggests that the ageing of hepatocytes proceeds compara
tively unaffected by environmental factors. 

Another fact (which is not represented in detail here) is that the 
variability of most parameters investigated here increases with age. 

This phenomenon seems to consistently reappear in gerontological 
studies at all levels. 

Loud, A.V., J. Cell. Biol., 37, (1968), 27 
Weibel, E.R., J. Cell Biol.,30, (1966), 23. 
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MULTIPLE FORMS OF LYSOSOMAL ENZYMES IN PARENCHYMAL, 
KUPFFER AND ENDOTHELIAL CELLS FROM THE RAT LIVER 

E. Ch. Sleyster and D.L. Knook 

Multiple forms of lysosomal enzymes have been most often studied 
with homogenates of total rat liver (Dean, 1975). In these studies, the liver 
was considered as a rather homogeneous organ. However, although 80% 
of the liver volume is occupied by parenchymal cells, these cells 
contribute only 57% of the volume of lysosomes in the rat liver. The 
remaining volume is present in the non-parenchymal Kupffer and 
endothelial cells (Blouin et al, 1977). Therefore, multiple forms of lyso
somal enzymes identified in a total liver homogenate may originate from 
lysosomes from various types of cells. In order to determine whether each 
cell population contributes its own set of enzymes or whether the same 
multiple forms are present in all types of cells, studies were performed on 
purified liver cell suspensions. 

Parenchymal and non-parenchymal cell suspensions were prepared 
from the livers of 3-month-old female BN rats. Purified endothelial and 
Kupffer cell suspensions were obtained by centrifugal elutriation of the 
non-parenchymal cell suspensions (Knook and Sleyster, 1976). At least 
90% of the cells in all cell preparations were viable and structurally intact. 
The purities of the parenchymal, endothelial and Kupffer cell suspensions 
were 98,96 and 88%, respectively. 

The activities of acid phosphatase enzymes in the three liver cell classes 
were determined with the substrates 4-methylumbelliferylphosphate 
(4- MUP), 1-naphthylphosphate (1-NP) and p-nitrophenylphosphate (p-NPP) 
at pH = 5.0 The results are given in table 51. Different specific activities 
against each substrate were observed for parenchymal, endothelial and 

TABLE 51 
DISTRIBUTION OF ACID PHOSPHATASE ACTIVITIES OVER RAT LIVER 
PARENCHYMAL, ENDOTHELIAL AND KUPFFER CELLS, USING THREE 

DIFFERENT SUBSTRATES 

Cell suspension 

Parenchymal cells 
Endothelial cells 
Kupffer cells 

4-MUP* 

27.67 ± 1.30 
53.72 ±6.61 
39.62 ±0.61 

1-NP*" 

36.31 ±1.33 
41.28 ±2.07 
96.40 ±3.85 

p-NPP*** 

43.60 ±1.93 
93.16 ±6.32 

110.29 ±2.91 

The values represent the mean ± S.E. of three different cell preparations used for each enzyme 
determination. 

* Expressed as nmoles 4-methylumbelliferone released per min per mg protein 
* * Expressed as nmoles 1-naphthol released per min per mg protein 

* * * Expressed as nmoles p-nitrophenol released per min per mg protein 
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Kupffer cells. When the activities were calculated on a cellular basis, it 
was found that the turnover rates of 4-MUP,1-NP and p-NPP are highest in 
parenchymal cells, which is in accordance to the high protein content of 
these cells amounting to 2.09 mg/106 cells. The protein content of 
endothelial and Kupffer cells are 50 /ig/106 cells and 117 ng/106 cells, 
respectively. 

When the inhibiting effects of tartrate, fluoride and alloxan on the acid 
phosphatase activities were studied, it was shown that each inhibitor 
inactivated the enzymes from parenchymal, endothelial and Kupffer cells 
at different rates. Different rates of inhibition of the acid phosphatase en
zymes were also found when the activities against the three substrates 
were compared. The results obtained with inhibitors and the differences 
found for substrate specificities (table 51) indicate the occurrence of 
multiple forms of acid phosphatase enzymes with specific enzyme 
characteristics in the three cell populations. 

Further evidence for the existence of multiple forms of acid 
phosphatase in parenchymal, endothelial and Kupffer cells was obtained 
by isoelectric focusing experiments. With this technique, acid phos
phatase enzymes could be separated in thin layer polyacrylamide gels on 
the basis of their differences in isoelectric points. A comparison of the 
distribution of enzymes in the gel after isoelectric focusing showed that 
each cell population had a specific pattern. One form of acid phosphatase 
with'an isoelectric point around 4 is found in Kupffer cells, whereas 
another form with an isoelectric point of about 7 is found in parenchymal 
cells. Endothelial cells possess both forms .with different affinities for 
4-MUP and i-NP. Minor peaks of acid phosphatase enzymes with other 
isoelectric points were also found in the three liver cell populations. 

The distribution of cathepsin D activities over parenchymal, endothelial 
and Kupffer cells is shown in table 52. The activities of cathepsin D 
enzymes, which are supposed to preferentially hydrolyse at peptide 
bonds formed by tyrosine with other amino acids, were determined from 
the amount of tyrosine and tryptophan liberated from the substrate 
haemoglobin at pH = 3.6. 

The existence of at least four multiple forms of cathepsin D has already 
been described for total rat liver, each form having different isoelectric 
points (Wiederanders et al., 1976). However, these results were obtained 
with liver homogenates and no conclusion could be reached concerning 
specific functions of each cell class in protein catabolism. Our results 
obtained with purified liver cells show that cathepsin D enzymes in 
various cell classes have different specificities, as indicated by the 
difference in amino acids liberated (table 52). This implies that multiple 
forms are distributed over the liver cell classes and suggests a specific 
function in proteolysis for each cell type. The high turnover rate of 
haemoglobin by the cathepsin D enzymes from Kupffer cells can be 
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TABLE 52 
DISTRIBUTION OF CATHEPSIN D ACTIVITIES, BASED ON THE LIBERATION OF 

TYROSINEORTRYPTOPHAN FROM HAEMOGLOBIN, OVER RAT LIVER 
PARENCHYMAL, ENDOTHELIAL AND KUPFFER CELLS 

nmolesTyr* 

Cell suspension nmoles tyrosine nmoles tryptophan nmolesTrp 

Parenchymal cells 6.90 + 0.91 0.29 ±0.04 23.8 ±2.3 
Endothelial cells 53.43±3.60 3.06±0.25 17.5 + 0.6 
Kupffercells 230.02±6.64 14.16±0.49 16.3±0.2 

The enzyme activities are expressed per min per mg protein. The values represent the mean 
±S.E. of 3 determinations each. 

" The ratio nmolesTyrlnmolesTrp is 2.4 forintact hemoglobin. 

related to the specific functions which Kupffer cells have in the liver, 
which includes an important role in the clearance of senescent erythro
cytes from the circulation. The relatively high specific cathepsin D activity 
in endothelial cells compared to parenchymal cells is probably related to 
the endocytosis of proteins by endothelial cells. 

The possible specific functions in proteolysis and the presence of 
multiple forms of acid phosphatase in isolated parenchymal, endothelial 
and Kupffer cells stress the differences in the functions of the lysosomal 
systems in these cells. 

Dean, R.T., p. 349. In: Lysosomes in Biology and Pathology, Vol. IV (J.T. Dingle and R.T. Dean, 
eds.), North Holland Publ. Co., Amsterdam (1975). 

Blouin.A., etal . ,J.Cel l Biol., 72, (1977), 441. 
Knook, D.L. and Sleyster, E. Ch., Exptl. Cell Res., 99, (1976), 444. 
Wiederanders, B„ et al., Acta Biol. Med. Germ., 35, (1976), 269. 
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AGEING CHANGES IN LYSOSOMAL ENZYME CONTENT OF PURIFIED 
PARENCHYMAL, KUPFFER AND ENDOTHELIAL RAT LIVER CELLS 

D.L. Knook and E. Ch. Sleyster 

A new approach to the study of the manifestations of cellular ageing in
volves the use of isolated liver cells of various classes (Knook, 1978). 
Instead of cultures of human diploid fibroblasts which are often studied in 
relation to hypotheses for the mechanisms of cellular ageing, liver cells 
that have been isolated from rats of various ages are used. 

The isolated cell suspensions offer several distinct advantages for 
interpreting and explaining the phenomena of ageing at the cellular 
level. The most important one is the possibility of studying age-dependent 
alterations that are intrinsic to ageing in short-lived cells, viz., the Kupffer 
or endothelial cells, and in the long-lived parenchymal cells. Another is 
that both cell types are obtained from the same organ and this permits a 
comparison of biochemical ageing changes in specific liver cell classes 
with those reported in the literature for the homogenates of the total liver. 
Both of these advantages can be illustrated with the example of 
alterations in the level of liver lysosomal enzymes with age. 

Although a considerable amount of information concerning ageing 
changes in lysosomal enzyme activities in liver homogenates is available, 
several discrepancies in these changes have been reported (Annual 
Report, 1975, p. 226). During our studies on the age-related lysosomal 
enzyme changes in suspensions of isolated liver cells, it emerged that the 
patterns of ageing changes often differed considerably for liver 
parenchymal cells and sinusoidal cells (Annual Report, 1975, p. 226). In 
this report, we demonstrate that the situation is even more complex, in 
that the two main sinusoidal cell classes, Kupffer and endothelial cells, 
show different age-patterns in their lysosomal enzyme content. 

Parenchymal cells were isolated by perfusion and incubation of the 
liver of female BN/Bi rats with the enzymes collagenase and hyaluroni-
dase as described previously (Van Bezooijen et al., 1977). The final cell 
suspension consisted entirely of parenchymal cells which met several 
criteria for viability. The isolation of sinusoidal cells was achieved by 
perfusion and incubation of the liver with a pronase E containing Gey's 
balanced salt solution. The Kupffer and endothelial cells in the sinusoidal 
cell suspension were further purified by centrifugal elutriation (Knook et 
al., 1977). Cell suspensions which had a purity of at least 90% for Kupffer 
cells and 95% for endothelial cells were finally obtained. The pattern of 
some lysosomal enzymes in endothelial cells and Kupffer cells from 
young rats and the functional meaning of their distribution have been 
described previously (Annual Report, 1976, p. 268; Knook et al., 1977). 
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Compared with parenchymal cells, all specific lysosomal enzyme 
activities, with the exception of aminopeptidase B, are much higher in 
endothelial and Kupffer cells (table 53). The ratios of the various specific 
enzyme activities in endothelial or Kupffer cells versus the activities in 
parenchymal cells show large fluctuations. In young rats, a ratio of about 
3 is found for the acid phosphatase activity in endothelial or Kupffer cells 
versus the activity in parenchymal cells, whereas the specific cathepsin D 
activity is about 35 times higher in Kupffer cells as compared with paren
chymal cells. With respect to the changes with age in the lysosomal 
enzyme activities in the three liver cell classes, two main conclusions can 
be drawn. 

Firstly, the results obtaineu for the enzyme activities in parenchymal 
cells do not support the often postulated hypothesis that ageinc 
particularly in long-lived reverting post-mitotic cells such as parenchymal 
cells, is accompanied bv an increase in the level of the lysosomal 

TABLE 53 

AGE DEPENDENCY OF LYSOSOMAL ENZYME ACTIVITIES IN PARENCHYMAL, 
ENDOTHELIAL AND KUPFER CELLS ISOLATED FROM RAT LIVER 

Enzyme measured 

Acid phosphatase 

/3-Galactosidase 

Cathepsin D 

ArylsulphataseB 

^-Glucuronidase 

Aminopeptidase B 

A g e " 

Y 
0 

Y 
0 

Y 
0 

Y 

0 

Y 
0 

Y 
0 

Parenchymal 
cells 

36.28 ±2.08 
29.81 ±0.80 

2.51 ±0.07 
2.45 ±0.13 

0.517 ±0.025 
0.964 ±0.080 

9.68 ±0.71 
9.87 ±0.25 

6.39 ±0.39 
5.88 ±0.48 

9.86 ±1.32 
5.51 ±0.22 

ActivityVmg protein 

Endothelial 
cells 

97.45 ± 7.58 
118.59 ± 7.74 

17.49 ± 1.12 
14.45± 0.74 

6.12 ± 1.22 
7.09 ± 1.37 

107.63 ±11.76 
90.66 ± 2.01 

16.18± 1.46 
9.06 ± 1.54 

9.40 ± 0.29 
9.34 ± 1.72 

Kupffer 
cells 

86.63 ±4.83 
106.30 ±1.90 

21.69 ±2.45 
22.94 ±1.86 

17.97 ±2.87 
28.65 ±7.60 

33.61 ±5.81 
28.67 ±1.53 

28.93 ±2.10 
13.45±2.14 

14.60 ±2.47 
19.94 ±0.84 

* Enzyme activities are expressed as nmoles 4-methylumbelliferone (acid phosphatase 
/?-galactosidase), nmoles tryptophan (cathepsin D), nmoles nitrocatechol (arylsulphatase B), 
nmoles phenolphthalein (/3-glucuronidase) and nmoles /3-naphthylamine (aminopeptidase B) 
released per min at 37°C. The values represent the mean ± S.E. Four different preparations 
of parenchymal cells and three different preparations of Kupffer or endothelial cells were 
used for the enzyme determinations. 

** Y = young, 3 months of age 
0 = old, 33-35 months of age 
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enzymes. Most activities do not change or even decline with age. The 
increased cathepsin D activity in parenchymal cells from old rats is an 
interesting exception (Knook and Sleyster, 1976). 

Secondly, no general age-related pattern can be detected in the 
lysosomal .activities in the relatively short-lived endothelial and Kupffer 
cells. The changes in the lysosomal enzyme activities of these cells seem 
to depend entirely on the class of cells and the types of enzymes. For 
example, the cathepsin D activity in Kupffer cells increased with age but 
remained constant in endothelial cells, whereas the /3-glucuronidase 
activity decreased for both cell types. 

An evaluation or explanation of this variation in changes in lysosomal 
enzyme activities with age in Kupffer and endothelial cells vjan not be 
given at Ih^ mome t. The high specific lysosomal enzvme activities in 
these cells compared with those in parenchymal cells aru in accordance 
with important functions of both Kupffer and endothelial cells in the 
clearance of foreign material from the circulation. The pattern of 
lysosomal enzymes in the Kupffer and endothelial cells will largely reflect 
the types of substrates that are presented to the lysosomes as a 
consequence of heterophagy. Therefore, age-related changes in lyso
somal enzyme activities in Kupffer and endothelial cells may be related 
with changes in the endocytosis of certain substances from the 
circulation. An age-related disturbance or change in the cellular 
mechanism may be another cause for the changes in enzyme activities. 

Van Bezooijen, C.F.A., et al., Mech. Age. Dev., 6, (1977), 293. 
Knook, D.L., In: Genetic effect on Ageing, (D.E. Harrison, ed.), Alan R. Li.cs Inc.. New York (1978), 

in the press. 
Knook D.L., et al., Exptl. Cell Res., 109, (1977), 317. 
Knook, D.L., and Sleyster, E. Ch., Mech. Age. Dev., 5, (1976), 389. 
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QUANTIFICATION OF ENDOCYTOSIS AND INTRACELLULAR 
DIGESTION OF HEAT-AGGREGATED ALBUMIN BY CULTURED 

RAT LIVER KUPFFER CELLS 

A. Brouwer and D.L. Knook 

It is generally accepted that denatured proteins injected into the blood 
stream of man and other mammals are rapidly taken up by the cells of the 
reticuloendothelial system. The activity of the reticuloendothelial system 
takes place mainly in the liver, more specifically in phagocytic Kupffer 
cells and, to a smaller extent, also in endothelial cells in the sinusoidal 
area of this organ. 

Recently developed techniques for the isolation of purified Kupffer 
cells from rat liver have made possible an increase in our knowledge of 
the biochemical and functional nature of these cells. In this report, a 
method for the quantification of a major function of rat liver Kupffer cells 
in vitro is presented, namely the uptake and degradation of denatured 
protein. 

As the substrate was chosen radioactively labelled heat-aggregated 
colloidal serum albumin (C.A. 125l), which is also clinically used as a test 
substance for the activity of the reticuloenthelial system in man. Kupffer 
cells were isolated from the liver of three-month-old female BN/Bi/Rij rats 
by a method based on the selective destruction of parenchymal cells by 
pronase which was followed by the separation of the Kupffer cells from 
contaminating cells by centrifugal elutriation according to the methods 
described by Knook et al., (1977). For optimum uptake of C.A. 1 2 5 l , freshly 
isolated cells had to be kept in maintenance culture at 37°C for 24 hours 
in a medium containing 20% fetal calf serum. During this culture period, 
the Kupffer cells became attached to the bottom of the petri dish. The 
monolayers of Kupffer cells were incubated at 37°C with C.A. 125l in 1 ml 
fresh medium containing 10% fetal calf serum. This concentration was 
found to be optimum for the uptake of the denatured protein by the cells. 

The amount of C.A. 125l that was ingested by the cells was determined 
by counting the radioactivity in an alkaline digest of the monolayer that 
was made after extensive washing of the cells. 

Intracellular digestion and excretion of C.A. 125l during reincubation of 
the washed cells in fresh complete culture medium were estimated by 
separate determination of the amount of trichloroacetic acid (TCA)-
soluble radioactivity that appeared in the cells and in the medium. The 
TCA-soluble radioactivity represents the C.A. 125l that has been degraded 
into smaller fragments, since intact proteins are sedimented by the 
addition of TCA. 

The relationship between the cell number and the amount of ingested 
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C.A. 125l is presented in fig. 62. The uptake of heat-agglutinated albumin is 
proportional to the cell number when 0.7 — 3 x 106 purified Kupffer cells 
are seeded per petri dish. There is also linear relationship between the 
uptake of C.A. 125l and the amount of cellular protein (not shown). The rate 
of uptake of C.A. 125| is approximately 1 f^g/h 106 cells and about 
30 figlb-mg celluiar protein when the cells are incubated with 100 HQ 
C.A. 125l/ml medium. When incubated at 4°C, cultured Kupffer cells take 
up only small amounts of C.A. 125l (fig. 62). This suggests that 
C.A. 125l is ingested by an active process of endocytosis, since mere 
binding to the cell membrane also occurs at low temperature. The time 
course of the uptake of C.A. 125l is shown in fig. 63. Up to about 30 min, the 
amount of C.A. 125l within the cells increases linearly with time and 
thereafter levels off due to degradation and exocytosis. Consequently, 
the amount of radioactivity that is present in the cells only is a good 
measure for the uptake of C.A. 125l when incubation times shorter than 30 
minutes are used. 

The degradation of ingested C.A. 125l as judged by the appearance of 
TCA-soluble radioactivity is summarized in table 54. Most of the ingested 
protein is digested and excreted by the cultured Kupffer cells within 18 
hours of postincubation. The radioactivity excreted into the medium is 
almost entirely in TCA-soluble form, while most of that within the cells is 

i . 5 n 

1.0-

< 
Ü 

0.5 

number of Kupffer cells (10 cells) 

Figure 62 
Effect of temperature and cell number on the uptake of C.A. 125l by cultured purified Kupffer 
cells. 
Incubation time 30 min. Concentration of C.A. 1 2 5 l : 58/ig/ml medium. 
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fime (min) 
Figure 63 
Time course of the uptake of C.A. 125l by cultured purified Kupffer cells. 
Concentration of C.A. 1 2 5 l : 129 ng/ml medium. Amount of Kupffer cells seeded per petri dish: 
2.0 x 106 cells. 

TABLE 54 
DEGRADATION OF INGESTED HEAT-AGGLUTINATED BSA BY CULTURED 

KUPFFER CELLS 
2.45 x 106 Kupffer cells were seeded per petri dish. Preincubation for 45 min in the presence of 
318|iy C.A. 125 l/ml medium. 

Postincu 
period 
hours 

1 
1 
5 

18 

bation 
Amount of 
C.A. 1 2 5 l i n 
cells 
^g/petridish 

4.05 
2.75 
1.77 
1.45 

Cell-bound 

Fraction of TCA 
soluble radioac
tivity in cells 
in per cent 

4 
7 
5 
2 

Amount of 
C.A.1 2 5 l in 
medium 
/jg/petri dish 

0 
0.64 
1.67 
2.51 

Excreted 

Fraction of TCA 
soluble radioac
tivity in medium 
in percent 

— 
85 
89 
86 
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still TCA-precipit.able, even after 18 hours postincubation. The rate of 
digestion and excretion of the ingested protein is highest within the first 
hour of postincubation and slowly levels off afterwards. 

In the near future, the method for the determination of Kupffer cell 
function with regard to endocytosis and digestion of denatured protein 
described above will be used as a tool to study the cellular basis of ageing 
in the reticuloendothelial system. The age-related changes in the function 
of Kupffer cells, as representatives of relatively short-lived cells in a vital 
organ, will give insight into the contribution of short-lived cells to the 
changes that take place in organs during ageing. 

Knook. D.L. et al., Exptl. Cell Res 709, (1977), 317. 
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NUMBERS OFT AND B LYMPHOCYTES IN PERIPHERAL BLOOD, 
SPLEEN AND BONE MARROW OF ADULT MALE C57BL/KaLwRij MICE 

H.RE. Schuit, J.J. Slingerland-Teunissen, J.J. Haaijman, and W. Hijmans 

In the hypothesis advanced for the development of idiopathic para-
proteinaemia, the decrease in T cell functions and consequently the 
impairment in the cooperation with B cells play an important role (Annual 
Report, 1976, p. 306). During a systematic investigation, numbers of T and 
B lymphocytes were determined in the peripheral blood, spleen and bone 
marrow of adult C57BL male mice. The Ficoll-lsopaque separated 
mononuclear cells from the blood and the suspensions prepared from 
spleen and bone marrow were fixed with 0.04% formaldehyde solution in 
PBS (this Annual Report, p.339) After washing, the cells were incubated 
with aTRITC labelled specific rabbit anti-MTLA antiserum (mouse thymus 
lymphocyte antigen) (Nordic Immunological Laboratories, Tilburg, The 
Netherlands) and subsequently with a FITC-labelled rabbit anti-Fab anti
serum (anti-Fab fragment of mouse heterogenous IgG). Calculation of 
absolute numbers of T and B lymphocytes in blood and spleen was based 
on the number of small lymphocytes identified with phase-contrast 
microscopy. In the bone marrow, identification of small lymphocytes is 
not realistic and therefore total nucleated cells formed the basis of 

TABLE55 
NUMBERS OFT AND B LYMPHOCYTES IN PERIPHERAL BLOOD, SPLEEN 

AND BONE MARROW OF ADULT MALE C57BL/KaLwRij MICE 

Age 

7monthsPBL x 106/ml 
9months 

12months 
15months 
19months 

6 months SP x 106/organ 
14 months 
25months 

6 months BM x 106/organ 
14 months 
25 months 

Small ly 

7.0 
5.8 
5.5 
6.0 
3.0 

77.0 
104.0 
140.0 

• 

T + 

4.1 
2.3 
1.4 
2.4 
1.3 

28.2 
20.3 
2K.2 

11.0 
5.0 
4.8 

B + 

2.3 
3.1 
3.8 
3.2 
1.5 

42.7 
59.7 
23.7 

10.1 
6.3 

10.1 

T~~ B~ 

0.6 
0.3 
0.4 
0.3 
0.2 

6.1 
24.0 
90.1 

* 

PBL = peripheral blood; each value is the average of 6 animals 
SP = spleen; each value is the average of 4 animals 
BM = bone marrow; each value is the average of 4 animals 
* The figures for the bone marrow specimen are calculated on the total of nucleated 

cells and values for T_B" lymphocytes are therefore not known. 
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calculation, with the assumption that the two femurs represent 12.5% of 
the total bone marrow in the body (Benner and van Oudenaren 1975). 
Lymphocytes positive for both markers are occasionally seen, mainly in 
the bone marrow, but, because their number is low, they are not 
mentioned in table 55. 

Adult C57BL male mice kept under conventional conditions have a 
markedly higher number of lymphocytes and consequently more T and B 
cells man CBA mice (this Annual Report, p.202). During ageing, the number 
of lymphocytes decreases, while the number of polymorphonuclear cells 
increases. Although relative numbers of T and B cells remain rather 
constant, there is some loss of circulating T cells in the blood of the older 
age group as compared to the 6-month-old animals; CBA mice do not 
show this loss. Both strains, however, have the same number of T cells at 
the age of 19 months, approximately 1.0 x 106/ml, which is also the 
average numberof c i rcu lat ing! cells found in adult humans. 

In the spleen, absolute numbers of T cells remain constant and are 
equal to the numbers found in CBA mice. The B cells show a tendency to 
decrease in contrast to the results obtained in the CBA strain. The most 
striking phenomenon, however, is the steady increase in non-T, non-B 
cells. The number given in the table refers to small lymphocytes only, but 
many large mononuclear cells which do not react with either of the two 
antisera are also seen (fig. 64). 

In the bone marrow, T and B lymphocytes are a minor component (less 
than 5 per cent) of the total number of nucleated cells and no clear 
differences were seen in the age groups studied. 

In conclusion, it is shown that the numbers of T and B cells in C57BL 
mice do not tend to decrease considerably with age. With reference to the 
long-lived CBA strain, which does not show a high frequency of age-
related paraproteinaemia, young and old C57BL mice certainly are not 
deficient in numbers of T cells. The elevated number of circulating T and B 
cells in the young adult group and the gradual development in the spleen 
of a large population of cells which are negative with the T and B reagents 
will be further investigated. In preliminary results obtained in 3-month-old 
C57BL mice kept under SPF conditions, numbers of T lymphocytes in the 
peripheral blood are definitely lower than in the 6-month-old animals kept 
under conventional conditions. 

Benner, R. and Van Oudenaren, A., Cell. Immunol., 79,(1975), 167. 
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Figure 64 
C57BL/Ka spleen 6 months (a.b.c.) and 25 months (d.e.f). 
Reactivity of cells with FITC anti-Fab - B cells (a and d) and with TRITC anti MTLA - T cells 
(cand f). 
Note the increased number of non-reactive cells in 25-month spleen. 
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INTRACELLULAR lg CLASS DISTRIBUTION AND CELLS SHOWING 
DOUBLE SPECIFICITY IN SPLEEN AND BONE MARROW OF ADULT 

MALEC57BL/KaLwRij MICE 

H.R.E. Schuit, P.C. Moree-van der Linde, E. de Glopper-van der Veer 
and P.van den Berg 

The aim of this investigation was to obtain data on the relative numbers 
of cells containing Cytoplasmic immunoglobulins (C-lg cells) of different 
classes and subclasses in adult C57BL/Ka mice not showing a para
protein. As reference values, these distribution patterns can be used in 
the study of the age-related frequent occurrence of idiopathic para
proteins (IP). Because double paraproteins were observed in old 
individuals, the C-lg cells were also tested for the simultaneous occurren
ce of two heavy chains in the cytoplasm, i.e. for double specificity. 

Cell suspensions from spleen and femurs were spun down in ^ cyto-
centrifuge. The slides were fixed at -20°C in acid ethanol a> after 
thorough washing incubated for 30 min at room temperature with K'.'C or 
TRITC labelled antisera specific for the Fc part of the different 
immunoglobulin classes and subclasses. The antisera were mixed in the 
combinations shown in table 57; Ig class distribution was calculated from 
the combinations: a + M,a + y,y1 + y2b, y2a + y2bandy3 + y2b 

In.the spleen , IgA and y2a positive cells show a tendency to decrease 

TABLE 56 

INTRACELLULAR Ig CLASS DISTRIBUTION AS A PERCENTAGE OF C-lg CELLS IN 
SPLEEN AND BONE MARROW OF ADULT MALE C57BL/KaLwRij MICE 

SP 
6 months; n = 4 

14 months, n = 3 
25 months; n = 4 

CBA 
24 months; n = 10* 

BM 
6 months; n = 4 

14 months; n = 3 
25 months; n = 3 

CBA 
24 months; n = 10* 

IgA 

63.9 
46.2 
41.0 

32.5 

53.1 
62.3 
66.8 

66.9 

igM 

12.9 
23.6 
33.2 

46.0 

2.5 
3.0 
5.0 

18.1 

y i 

2.9 
3.9 
5.5 

5.4 

7.0 
4.3 
6.0 

4.9 

y2a 

9.8 
13.3 
8.2 

y2b 

8.1 
10.0 
8.7 

13.5.2) 

22.8 
17.6 
10.6 

13.6 
11.0 

8.3 

8.82> 

y3 

2.4 
3.0 
3.4 

2.6 

1.0 
1.8 
3.3 

1.3 

igG1> 

23.2 
30.2 
25.8 

21.5 

44.4 
34.7 
28.2 

15.0 

* J.J. Haaijman and W. Hijmans, Mech. Ageing and Develop., in the press. 
SP = spleen 
BM = bone marrow 
1> sum of all IgG subclasses 
2> sum of y2aandy2b 
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TABLE 57 
PER CENT OF C-lg CELLS SHOWING DOUBLE SPECIFICITY IN SPLEEN 

AND BONE MARROW OF ADULT MALbC57BUKaLwRij MICE 

SP 
6 months; n = 4 

14months;n = 3 
25 months; n = 4 

BM 
6 months; n = 4 

14 months; n = 3 
25 months; n = 3 

a\i 

0 
0.3 
0 

0 
1.2 
0 

ay 

0.6 
0.2 
0.5 

0.7 
0.3 
0.2 

Mr 

1.0 
1.4 
1.5 

0.4 
1.3 
0.5 

r1/2a 

0.3 
0.6 

<0.1 

1.1 
0.9 
0.3 

y1y2b 

<0.1 
0.1 
0 

0.1 
0 
0.4 

y i r3 

0.1 
0.3 
0.3 

0.4 
0.3 
0.5 

y2ay2b y2ay3 

0.5 
1.1 
1.8 

1.9 
1.0 
0.9 

0.6 
0.6 
0.6 

0.5 
0.6 
0.4 

y".oy3 

<0.1 
0.2 
0.2 

0 
0.4 
0.2 

SP = spleen 
BM = bone marrow 

with age, whereas IgM and y1 positive cells increase; this in agreement 
with the Ig levels in serum (this annual report, p.198) Compared to the data 
obtained in 2-year-old CBA mice, no considerable difference in distribu
tion pattern is found. In the bone marrow, the most striking aspect is the 
very low relative number of IgM containing cells in all age groups. An 
increase in IgA positive cells and a decrease in IgG positive cells is seen, 
which is mainly due to a decrease in y2 containing cells. Compared to 
2-year-old CBA however, the cells containing this subclass are increased. 

In the spleen, double specificity is most obvious for IgM and IgG and 
this phenomenon is not age-dependent; y2a + y2b is also a combination 
frequently found and here a tendency to increase during ageing is seen. 
Not only as an expression in percentage of C - Ig cells are these two 
combinations more outstanding, but also considering the numbers of 
animals showing the phenomenon, 11 and 10 respectively. 

In the bone marrow of the 6-month-old animals, the simultaneous 
occurrence of y2a either with y2b or with y1 is the most frequently 
encountered, but the number of these cells tends to decrease with age. 
The decrease in cells containing y2a only or in combination with y2b or y1 
in the oldest age group may be a false interpretation caused by selection: 
animals showing a paraprotein were excluded. In the 6- and 14 month-old 
animals, three combinations are the most frequently found: IgM + IgG, 
y2a + y2b and y2a + y1. The cells containing two different heavy chains 
are predominantly mature plasma cells. In humans, however, the cells 
showing double specificity are mainly lymphoid cells (Van Camp, 1978). 

Van Camp B.G.K. et al., Clin. Imm. and Imm Path., 9, (1978) 111. 
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THE IMMUNESYSTEM DURING AGEING 
V. SERUM IMMUNOGLOBULIN LEVELS IN THE C57BUKaLwRij 

MALE MICE 

P. van den Berg and J. Radl 

Mice of the C57BL/KaLwRij strain are the subject of systemic 
immunological studies of pronounced changes in their immune system 
appearing with age (Radl and Hollander, 1974). Serum immunoglobulin 
levels, as one of the useful parameters for the evaluation of the immune 
system functions, were investigated in ten age groups, each consisting of 
20anima!s. The concentration of immunoglobulins (IgM, IgA, lgG1, lgG2a, 
lgG2b, and lgG3) was determined by the single radial immunodiffusion 
technique (Voormolen-Kalova et al., 1974). Antisera specific for individual 
mouse immunoglobulin classes and subclasses were prepared as 
previously described (Bloemmen et al., 1976). The results were expressed 
as a percentage of a reference serum consisting of a large pool of sera 
from 6-month-old male mice. 

Immunoglobulin concentrations throughout the lifespan of the male 
C57BL/KaLwRij mice are shown in fig. 65. 

The levels of IgM and lgG1 gradually increase and reach a plateau at 
the age of 18 months. The IgM concentration is then about 3 times higher 
than- that in 3-month-old mice. The mean concentrations of IgA, lgG2a, 
lgG2b, and lgG3 have already reached their highest levels after one year 
of age. They do not change much afterwards, except for a slight tendency 
to a decrease in IgA, lgG2a and lgG3 at the end of the lifespan. 
Immunoglobulins of all classes and subclasses show a large variability, 
which further increases with age. The variability is significantly increased 
when the oldest groups are compared with that of animals of three 
months of age. 

Comparing the shapes of the developmental immunoglobulin curves in 
the male C57BL/KaLwRij mice with those in the long-lived and without 
obvious immunopathology ageing male CBA/Rij mice (Haaijman et al., 
1977), some differences can be observed. The levels of IgM increase 
gradually during the first 18 months and in comparison to the CBA mice 
they reach remarkably high values in the oldest age groups. The most 
striking finding in the C57BL mice is the extremely high variability in 
practically all immunoglobulin classes and subclasses. Increase in the 
variability in the immunoglobulin levels was also found as a typical 
phenomenon in an old age human population (Radl et al., 1975) as well as 
in aged CBA mice (Haaijman et al., 1977). The variation in the immuno
globulin levels in the C57BL mice is, however, very large; already in young 
adult age. These findings are in agreement with those of restricted hetero-
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Figure 65 
Serum immunoglobulin levels during the lifespan in male C57BL/KaLwRij mice. 
Values are expressed as a percentage of reference pool serum. Each value represents the 
geometrical mean of 20 individual values ± 1SD. 

geneity of immunoglobulins, increased frequency of transient homogene
ous immunoglobulins and permanent idiopathic paraproteins described 
in this mouse strain (Radl and Hollander, 1974). 

Bloemmen, F.J. et al., J. Immunol. Methods, 10, (1976), 337. 
Haaijman, J.J., et al., Immunology, 32, (1977), 923. 
Radl, J. and Hollander, C.F., J. Immunol., 172,(1974), 2271. 
Radl. J., et al., Clin. exp. Immunol., 22, (1975), 84. 
Voormolen-Kalova, M. et al., J. Med. Prim., 3, (1974), 335. 
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THE IMMUNE SYSTEM DURING AGEING 
VI. INCREASED FREQUENCY OF PARAPROTEINS IN THYMECTOMIZED 

C57BL/KaLwRijMICE 

J. Rad I., E. de Glopper-van der Veer and P. van den Berg 

The ageing C57BL/KaLwRij mouse is considered to be a suitable model 
for studies on the etiology and pathogenesis of idiopathic para-
proteinaemia (IP) (Radl and Hollander, 1974; Annual Report, 1975, p. 263). 
According to the working hypothesis (Annual Report, 1976, p. 306), the 
increased frequency of IP in ageing individuals is a consequence of an 
age-related immunodeficiency, which primarily affects the T-immune 
system. A chain of events leads consequently to an overshoot production 
of homogeneous immunoglobulins and eventually to an irreversible para
protein production. 

If the presumption of a crucial role of the T-system in the development 
of the IP is correct, thymectomized C57BL mice should develop IP in a 
higher frequency and at an earlier age than untreated or sham-thymec-
tomized animals. The role of thymectomy on the appearance of para
proteins was subject of the present study. Thymectomy was performed in 
75 neonatal mice (36 males and 39 females) - (NTx group) and in 55 young 
adult male mice (ATx group). The animals were allowed to live out their 
lifespans. At 3 months intervals, small blood samples were taken and the 
serum was investigated for the presence of paraproteins by agar electro
phoresis according to Wieme and by Immunoelectrophoresis. Results 
from these three groups were compared with those of a group of in total 
196 untreated mice of the same age and sex. Necropsies and histological 
examinations of the dead animals were performed according to a 
standard protocol in 70% of the cases. 

The 50% survival of the ShTx and the ATx group was 105 weeks, as 
compared to 100 weeks of the large untreated control group. In the NTx 
group, this value was 90 weeks for both the males and the females. The 
frequency of paraproteins in sera of males of the four different groups is 
shown in fig. 66. The paraprotein frequency curve of the ShTx group 
follows closely that of the control group. Mice of the ATx, and even more 
animals of the NTx group showed an early onset and a rather steep 
increase in the appearance of paraproteins in their sera. A similar 
development could be observed in the female NTx group (fig. 67). Only a 
minority of the paraproteins were transcrient in appearance. 

These results support the idea that an impairment in the T immune 
system plays an important role in the pathogenesis of idiopathic para
proteins in the ageing individuals. 
Radl. J., and Hollander, C.F., J. Immunol., 772,(1974), 2271. 
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Figure 66 
Freguency of paraproteins in neonatally-(NTx), adult-(ATx), sham-thymectomized (STx), and 
control C57BL/KaLwRij male mice during ageing. 
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Frequency of paraproteins in neonatally thymectomized (NTx) and control C57BL/KaLwRij 
female mice during ageing. 
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THE NUMBERS OFT AND B CELLS AS A FUNCTION OF AGE 
IN DIFFERENT LYMPHOIDORGANSOFTHECBA MOUSE 

J.J. Haaijman and J. Slingerland-Teunissen 

The immunological capacity to respond to primarily T-cell dependent 
antigens declines markedly with age. This has been shown in the mouse 
for both a particular antigen such as foreign red blood cells and a 
soluble protein antigen such as human serum albumin. T-cell-
independent antibody responses are less severely affected by age 
(Blankwater et al., 1975). For this report, we have enumerated the numbers 
of T and B cells in different lymphoid organs of the female CBA mouse in 
order to determine whether a loss in either number might explain the age-
related decrease in immunological capacity. Cell suspensions of spleen, 
mesenteric lymph nodes and Peyer's patches were prepared as described 
earlier (Hijmans et al., 1969). Bone marrow cells were obtained in suspen
sion by flushing the femurs with phosphate buffered saline supplemented 
with bovine serum albumin and EDTA. Lymphocytes from peripheral 
blood were collected from heparinized blood by the Ficoll-lsopaque 
method. Formaldehyde fixation was employed for all suspensions (see 
this Annual Report p. 193). B cells were visualized by immunofluorescence 
using either a rhodamine labelled goat antiserum directed against mouse 
immunoglobulins (GAM/TRITC, Nordic Immunological Laboratories, 
Tilburg, The Netherlands) or a fluorescein labelled rabbit antiserum 
directed against the Fab part of heterogenous mouse IgG. The 
percentages of B cells observed with the two antisera were not signifi
cantly different. For the enumeration of T cells, a rhodamine labelled 
rabbit antiserum which was prepared against membrane fragments of 
mouse thymocytes (Nordic Immunological Laboratories, Ti lbjrg, The 
Netherlands) was used. 

The results for both B and T cell numbers in the above-mentioned 
lymphoid organs as a function of age are shown in table 58. For each time 
point, the average of 4 mice and standard error is presented. The highest 
absolute number of T and B cells is found in the spleen. Approximately 
twice as many B cells as T cells are found. No significant influence of age 
is seen on the number of T or B cells in the spleen. Strikingly, in the spleen 
of CBA mice, the number of small lymphocytes positive neither with anti-T 
nor with anti-B antisera decreased slightly from 3 to 12 months of age and 
then remained constant (data not shown). This is in contrast to the steeply 
increasing numbers of these cells in the conventional C57BL/KaLwRij 
mice, this Annual Report page 193). The total number of B cells in 
peripheral blood was quite low. On the average, it did not exceed 106 

cells-ml1 . This constitutes only one fourth of the number of B cells found 
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TABLE 58 

THE NUMBER OF B AND T LYMPHOCYTES IN DIFFERENT LYMPHOID ORGANS OF THE FEMALE CBA MOUSE 
AS FUNCTION OF AGE 

Spleen Bone marrow Mysenteric lymph nodes Peyer's patches Peripheral blood 

Age 

3 months 
7 months 

13 months 
19 months 
26 months 
33 months 

B 

39±6 
46±6 
42±6 
41+8 
53±5 
25±5 

T 

28± 5 
26±11 
21± 3 
16± 5 
27± 4 
18+ 7 

B 

11 ±1 
12.5+4.7 
7.0±1.6 

12.5±2.3 
19.5±5.5 
22 +9 

T 

4 +1 
2.3±0.1 
2.3±0.8 
3.1 ±0.8 
5.5±1.6 
8.6+2.4 

B 

7 ±3 
0.8+0.1 
1.6±1.2 

_ 1 ) 

0.9±0.6 
2.2±1.3 

T 

9 ±4 
0.7+0.3 
2.3+1.9 

— 
0.4+0.2 
2.1+0.8 

B 

9.6-1.3 
7.7-2.8 
0.52:0.3 
3.7-1.8 
1.7-0.5 
1.8-0.3 

T 

4.7±0.6 
2.8+0.7 
0.4+0.3 
1.5+0.5 
3.3+1.2 
1.8+0.3 

B 

0.5+0.2 
0.9+0.3 
0.7+0.1 
0.4±0.1 
1.0+0.2 
0.3+0.1 

T 

1.4±0.4 
1.1 ±0.2 
0.7±0.1 
1.0±0.3 
0.9±0.1 
0.3±0.1 

The average numoers of B and T cells x 10~6 ± standard error (I.e. = 4) are given per total organ for spleen: bone marrow, mesenteric lymph 
nodes and Peyer's patches. The number per ml"1 is given for peripheral blood. 
1) No lymphocytes were obtained from the lymph nodes of animals of this age. 



in the peripheral blood of C57BL mice. The number of T cells in blood 
showed a decreasing trend in the CBA mice studied. This observation is in 
accord with Inchley et al., (1976) who reported an increased localization 
tendency of small lymphocytes within the peripheral lymph nodes upon 
ageing in CBA/H mice. In the bone marrow of CBA mice, the number of 
both B and T cells showed a slight increase. An exceptionally large 
variability among individual animals was, however, apparent. It is 
tempting to speculate that the increased numbers of small lymphocytes 
bearing detectable surface markers represent the influx of B and T 
memory cells generated in the spleen during the late phase of primary 
responses and early phase of secondary responses directed against 
environmental antigens (Haaijman, 1977). The variation among individual 
mice remained almost constant or decreased with age in all lymphoid 
organs studied, with the exception of the bone marrow. This phenomenon 
represents an exception to the rule that old age is characterized by large 
differences among individuals, as has been found for a number of bio
chemical and physiological parameters (Haaijman, 1977). The mesenteric 
lymph nodes and Peyer's patches are immunologically active only during 
the first half year of life in the CBA mouse. This has been demonstrated 
previously by counting the number of cells containing cytoplasmic 
immunoglobulins. As can be seen from table 58, the number of B and T 
cells decreases with age in both organs. This observation supports the 
hypothesis that the initial role of these organs in the combat against 
enteric antigens changes with age. 

Blankwater, M.J., et al., Immunology, 28, (1975), 847. 
Haaijman, J.J., Thesis, Leiden, (1977). 
Hijmans, W., et al., Clin. Exp. Immunol., 4, (1969), 457. 
Inchley, C.J. et al., Clin. Exp. Immunol., 26, (1976), 286. 
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INFLUENCE OF AGE ON THE ANTIBODY FORMATION IN SPLEEN 
AND BONE MARROW OF CBA MICE DURING A SECONDARY RESPONSE 

TO SHEEP RED BLOOD CELLS 

Marie-José Blankwater 

It has been extensively reported that various immune functions decline 
with advancing age in man and experimental animals (for a recent review, 
see Makinodan et al., 1977). Differences can be observed, however, in the 
onset, magnitude and rate of decline, dependent on the type of immune 
function and species studied. With regard to humoral immune functions 
in mice, there are indications that the capacity to mount a secondary 
response is less susceptible to alterations with age than is the capacity to 
react to a newly encountered antigenic stimulus during a primary 
response (Makinodan et al., 1971; Finger et al., 1972; Haaijman 1977). 
These studies were limited to the estimation of the number of antibody 
forming cells in the spleen or the level of antibodies in the serum. How
ever, Benner (1975) presented evidence that the bone marrow contributes 
to a major extent to antibody formation during secondary responses. 
Therefore, it was considered worthwhile to extend the observations on 
secondary responses in aged mice by studying the effect of age on the 
capacity to develop antibody forming cells in the bone marrow. 

Male CBA/Rij mice were used throughout this study. Their 50% and 
maximal survival ages are 29 and 34 months, respectively. Cells obtained 
from the femurs were used for the estimation of the plaque forming cell 

TABLE 59 
SECONDARY PFC RESPONSE TO SRBC IN THE SPLEEN AND BONE MARROW 

OF 30-32-MONTH-OLD CBA MICE 

Mouse 
no 

1 
2 
3 

4 
5 
6 

Response 
day 

4 

6 

IgM-

spleen 

36.0 (2)2) 
203.8(14) 
245.1 (16) 

24.3 (43) 
41.2(73) 
18.6(33) 

PFC x 10"3 D 

bone marrow 

7.1 (25) 
4.7(16) 
6.5(22) 

8.9 (23) 
21.4(55) 
15.5(40) 

The mice were intravenously primed with 107 SRBC 
A second intravenous injection of 4 x 108SRBC was given three months later. 

1 ' No IgG-PFC could be detected. 
2' Values in parentheses indicate the number of PFC expressed as a percentage of the mean 

number of PFC obtained in 6-month-old CBA mice (see fig. 68). 
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(PFC) response to sheep red blood cells (SRBC) in the bone marrow. 
Benner and Van Oudenaren (1975) showed that the antibody forming 
potential of the femoral compartment is representative for the total bone 
marrow. Hence, the data of Chervenick et al., (1968), who demonstrated 
that one femur contains 5.9% of the total bone marrow, were used to 
calculate the number of PFC in the total bone marrow from the number of 
PFC obtained in one femur. 

The number of IgM and IgG-PFC was determined in the spieen and bone 
marrow of 6-, 18-, 24-, and 30-32-month-old mice 4 and 6 days after the 
booster injection and 3 months after the primary immunization. The 
results are given in fig. 68, 69 and table 59. The following points can be 
noted. Until the age of 24 months, the mice did not show significant 
differences in the IgM response of neither the spleen nor the bone 
marrow. A decrease in the number of IgM-PFC in the spleen as well as the 
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Figure 68 
Secondary PFC response to SRBC in the spleen of CBA mice of various ages. 
The mice were intravenously primed with 107 SRBC. A second intravenous injection of 4 x 108 

SRBC was given three months later. Each figure represents the geometric mean of 5-10 mice. 
The 95% confidence limits are indicated by vertical bars. 
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bone marrow was observed only in 30-32-month-old mice. With regard to 
the IgG response, the number of PFC in the spleen decreased with age 
when measured on the peak day (day 4), whereas the response on day 6 
was comparable for the age groups of 6, 18 and 24 months. In the bone 
marrow, a significant age-related decrease in the number of IgG-PFC was 
found on both days tested. No IgG-PFC could be detected in the spleen or 
the bone marrow of 30-32-month-old mice. 

Insummary,thedatarevealthat,up to the age of 24 months, a significant 
age-related decline in a secondary response to SRBC was noted only for 
the IgG antibody formation in the bone marrow. Later on, in 30-32-month-
old mice, the capacity to produce IgM antibody forming cells in both the 
spleen and bone marrow was also diminished, while there was no IgG 
response. In comparison with the effect of age on a primary response to 
SRBC in the spleen of CBA mice (Annual Report, 1976, p.296), the 
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6 18 24 6 18 24 6 18 24 18 24 
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Figure 69 
Secondary PFC response to SRBC in the bone marrow of CBA mice of various ages. 
The number of PFC in the bone marrow of 3- and 24-month-old mice which were either 
unstimulated or received only the booster injection of 4 x 108SRBCdid not exceed 103PFC. 
See further legend to figure 68. 
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secondary response in the spleen is much less affected confirming the 
results of other authors as mentioned above. 

It has previously been reported that the number of immunoglobulin 
containing (C-lg) cells in the bone marrow remains constant from the age 
of one year onward in male CBA mice (Haaijman et al., 1977). These mice 
were derived from the same ageing cohorts as the mice used for the 
present study. The level of C-lg cells is a result of all ongoing reactions to 
environmental antigens. Although the constant number of these cells in 
the bone marrow during ageing suggests an intact humoral immune 
system, our data nevertheless indicate that the bone marrow of ageing 
mice shows a decreasing capacity to respond to a specific antigenic 
stimulus. 

Benner, R., Thesis, University of Rotterdam, Rotterdam, 1975. 
Kenner, R., and Van Oudenaren, A., Cell. Immunol., 19, (1975), 167. 
Chervenick, P.A. et al., Amer. J. Physiol., 275, (1968), 353. 
Finger, H.,etal.,Gerontologia, 70,(1972)77. 
Haaijman, J.J., Thesis, University of Leiden, Leiden, 1977. 
Haaijman, J.J. et al., Immunology 32, (1977), 427 
Makinodan, T., et a l „ J. Gerontol., 26, (1971), 515. 
Makinodan, T., et al., p 9, In: Immunology and Aging, (T. Makinodan and E.J. Yunis eds.), 

Comprehensive Immunology, Vol. 1,(R.A. Good and S.B. Day, eds.), Plenum Press, New York, 
(1977). 
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IN VITRO EFFECT OFTHYMIC EPITHELIALCULTURESUPERNATANT 
ON PROLIFERATIVE RESPONSES OF LYMPHOCYTES FROM RATS 

OF VARIOUS AGEGROUPS 

Ada M. Kruisbeek, Tonny J.M. Kröse and Jelly J. Zijlstra 

Several authors have demonstrated that the age-related decrease in T 
cell mitogen responsiveness of spleen ceils in mice and rats is due to a 
decrease in the number of responsive cells (Hung et al., 1975; Kruisbeek, 
1976; Abraham et al., 1977). We recently demonstrated that the extent to 
which responsiveness of spleen cells to T cell mitogens and allogeneic 
cells diminishes with advancing age is dependent on the degree of 
involution the thymic tissue has undergone (Annual Report, 1976, p. 293). 
i.e., ageing rats exhibiting severe thymus atrophy showed 2 to 4 times 
lower T cell responses than age-matched rats exhibiting only mild thymus 
atrophy. The manner in which age-reiated involution of the thymus affects 
the depression of spleen lymphocyte proliferative responses remains to 
be established. Among the various factors which might contribute to this 
phenomenon are: 1). a decrease in secretion of thymic factors due to a 
diminution in the number of epithelial cells and/or a decrease in the 
secretion per individual epithelial cell; 2). a decrease in the number of 
precursor T cells in the thymus which still have to undergo thymic 
humoral influence before they become functional T cells. In an attempt to 
investigate the latter possibility, the capacity of thymic epithelial culture 
supernatant (TES) to affect T cell mitogen responsiveness and mixed 
lymphocyte reactivity (MLR) of thymocytes from rats of various age. 
groups was investigated. It was recently demonstrated (Kruisbeek et al., 
1977, 1978; this Annual Report p. 237) that TES is capable of enhancing 
PHA, ConA and MLR responses in young rat thymocytes, at least partially 
by inducing an increase in the number of responsive cells. Since a 
possible consequence of a decrease in precursor T cells in the thymus 
could be an increase in such immature precursors in the peripheral 
lymphoid organs, we also tested whether TES could affect spleen cell 
responses in the various age groups. An effect of TES on splenic mitogen 
and MLR responses (Kruisbeek et al., 1977,1978) could not be demonstra
ted in young rats. 

Female WAG/Rij rats of three age groups (13-15 weeks, 62-63 weeks, 
snd 128-135 weeks) were used in the present study; these will be referred 
to as young, middle-aged and old, respectively. Only individual rats were 
tested because of the large variability of age-related changes in various 
immune parameters. Thymocyte responses to PHA and ConA and in MLR 
varied in the middle-aged and old rats from 8 to 240% of the values 
observed in the young rats (taken as 100 %). Thymocytes from 60-70% of 
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the middle-aged and old rats gave lower responses than did thymocytes 
from the young rats. This suggests that, on a per cell basis: 1) in some of 
the aged rats, the number of responsive cells in the thymus had 
decreased or there was an increase in suppressor T cells; and 2) in those 
rats showing enhanced responses as compared to young rats, a relative 
loss of non-responsive cells had occurred orthere had been a decrease in 
suppressor T cells. In addition to these deviations on a per cell basis, the 
total number of cells in the thymus of the aged rats was also greatly 
decreased. These results emphasize the fact that pools of thymocytes 
cannot be used in ageing studies, since totally opposite effects of ageing 
were observed. Gerbase-De Lima et al., (1975) and Meredith et al., (1975) 
reported an age-related increase in thymocyte MLR; these authors found 
this was a strain-dependent phenomenon. However, pools of mice 
instead of individual animals were used<in their experiments, which could 
have averaged out individual variations such as we observed. 

The effect of TES on thymocytes of the same animals discussed above 
is shown in table 60. A marked difference is observed among the various 
age groups: in the oldest age group, TES completely fails to affect PHA, 
ConA and MLR responses, whereas, in the middle-aged group, the effect 
of TES in the whole group is already lower than in young rats. In some of 
the middle-aged rats, however, TES exhibited similar effects as in young 
rats, but none of the rats in the oldest age group responded to the 
addition of TES in the cultures. No correlation was found between 
baseline proliferative responses (i.e., in cultures without TES) and the 
effect of addition of TES. These results indicate that, on a per cell basis, a 
loss of cells sensitive to the action of TES occurs in the thymus with 
increasing age. If the enhancing effect of TES on thymocyte PHA, ConA 
and MLR responses represents differentiation of precursor T cells into 
functional end cells (an assumption which still has to be proven), these 
results could be interpreted as a loss of precursor T cells in the thymus 
with advancing age. Since the total number of thymocytes also decreases 

TABLE 60 

EFFECT OF THYMIC EPITHELIAL CULTURE SUPERNATANT (TES) ON PHA, ConA 
and MLR RESPONSES OF THYMOCYTES FROM RATS OF DIFFERENT AGES 

Age group 

13- 15 weeks 
62- 63 weeks 

128-135 weeks 

Numberof 
rats 

10 
16 
12 

PHA 

3.5 + 0.3* 
2.5 ±0.6 
1.1 ±0.3 

ConA 

1.9 ±0.1 
1.4+0.2 
0.9 ±0.2 

MLR 

1.9 + 0.2 
1.3 ±0.1 
1.1 ±0.2 

* Factor by which the response is increased due to the addition of TES as compared to 
cultures containing kidney epithelial control supernatant (mean ± S.D. of the mean of the 
indicated numberof rats), 
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with increasing age, the consequences of these findings for the final 
number of T cells in the periphery can be expected to be even worse. 

The spleen cell responses of the same rats as used for the thymocyte 
responses above exhibited the following pattern: depressed responses to 
PHA, ConA and allogeneic cells in all middle-aged and old rats (values 
ranging from 10 to 60% of those obtained in young rats and no differences 
between old and middle-aged rats) and no effect of the addition of TES to 
the cultures in any of the animals. These results indicate that a decrease 
in the number of responsive cells in the spleen occurs with increasing age 
(we previously excluded other possibilities which could result in 
depressed responses; Kruisbeek, 1976) and that this is not accompanied 
by an increase in the number of precursor T cells which can still be 
induced to responsiveness by TES. 

Abraham, C., et al., Eur. J. Immunol., 7, (1977), 301. 
Gerbase-De Lima, M., eta l . , Fed. Proc, 34, (1975), 159. 
Hung, C.Y., et al., Mech. Age. Develop., 4, (1975), 29. 
Kruisbeek, A.M., Mech. Age. Develop., 5, (197G), 125. 
Kruisbeek, A.M., et al., Eur. J. Immunol., 3, (1977), 375. 
Kruisbeek, A.M., et al., Cell. Immunol., (1978), in the press. 
Meredith, P., et al., Cell. Immunol., 18, (1975), 324. 
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THE EFFECT OF NEONATAL AND ADULT THYMECTOMY ON THE 
LEVEL OF A CYCLIC AMP-INDUCING FACTOR IN THE SERUM OF 

RATS OF DIFFERENT AGE 

E.K.O. Kruithof and A.C.W. Swart 

Astaldi et al. (1976) reported on a low molecular weight factor in human 
serum that increased the intracellular cAMP level of murine thymocytes. 
This serum factor disappears within a few days after thymectomy. 
Injection of thymosin in three immunodeficient patients (one with 
combined immunodeficiency disease, one with subacute sclerosing 
panencephalitis and one with di George's syndrome) resulted in 
restoration of the originally low serum factor levels to a level that was 
comparable to that of age-matched controls (Astaldi et a!., 1977). These 
results made it likely that this serum factor was thymus-dependent or 
related to the thymus hormone. This factor is therefore interesting for 
both thymus hormone research and research on the age-related decline in 
thymus function. The properties of a possibly thymus-related factor was 
studied in the rat. 
Experiments were performed to investigate: 
a. whether there is a cAMP increasing factor in rat serum; 
b. whether this factor disappears after thymectomy; and 
c. whether it is age-related. 
The results showed that the properties of the rat serum factor are 
different from those of the human serum factor. 

Blood was obtained from WAG/Rij rats by tail bleeding or by heart 
puncture. It was collected in glass tubes, allowed to clot for exactly ten 
minutes at room temperature and subsequently put on ice for a period of a 
maximum of 30 min and the blood cells were then spun down for 10 min at 
4°C and 1000 g. The serum obtained was immediately placed on an 
Amicon CF 50 membrane and centrifuged for one h at 4°C and 1000 g. The 
low molecular weight (less than 50,000 dalton) fraction passing the filter 
was frozen at-20°C. 

Thymocytes (5x106) from 6-week-old C57BL/KaLwRij female mice 
were incubated with serum factor in 2 ml Earle's balanced salt solution. 
After incubation for 5 min at 37°C and centrifugation for 5 min at 4°C and 
1000 g, the cells were resuspended in 0.5 ml Tris EDTA buffer, pH 7.5, 
frozen in liquid nitrogen and boiled for 3 min. After spinning down the 
denatured proteins for 5 min at 4°C and 1500 g, the cAMP concentration 
of the supernatant was determined with the protein binding assay of the 
Radiochemical Centre (Amersham, England). The rat serum factor level is 
expressed as the amount of cAMPthat is induced in 5 x 106thymocytes 
by the rat serum factor preparation at a dilution of 1:5 after 5 min incu-
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TABLE 61 
THE CAMP-INDUCING ACTIVITY IN THE SERUM OF NORMAL AND 

NEONATALLY THYMECTOMIZED (NTx) WAG/Rij RATS 

Age 
(weeks) 

12 
19 
32 
33 
34 
35 
50 
30 
32 

Sex 

male 
female 
male 
male 
female 
male 
male 
female 
male 

NTx 

— 
— 
— 
— 
— 
— 
— 

+ 
+ 

Number of 
animals (pmol 

9 
3 
4 
4 
4 
3 
2 

10 
12 

Rat serum facto 

cAMP/5-106 cells) 

6.6 ± 3.5 
7.6 ±2.1 
4.9 ± 0,8 
7.5+1.1 
2.6 ±1.1 
4.8 ±0.8 
3.6 ± 1.6 
7.1 ± 2.9 
5.6 ±2.6 

r level 

±SD 

(2.8 — 
(5.3 — 
(3.9 — 
(6.0 — 
( 1 . 1 -
( 4 . 2 -
( 2 . 4 -
(2.3 — 
(0 -

range 

14.6) 
9.5) 
5.8) 
8.5) 
3.7) 
5.7) 
4.7) 
9.8) 
9.0) 

Blood 
collection 

hartpuncture 
hartpuncture 
tail bleeding 

i i 

Jt 

I ! 

H 

hartpuncture 
hartpuncture 

N.B. The 30-and 32-week-old NTx rats, the cAMP-inducing activity of which is given in this 
table, had no thymus remnants according to macroscopic and microscopic examinations. 

bat ion. The rats were macroscopical ly and microscopical ly examined for 
thymus remnants. 

In table 61, the rat serum factor level of normal and neonatally thymec-
tomized WAG/Rij rats is shown. The average serum factor level in neona
tally thymectomized rats of 30 to 32 weeks of age was not signif icant ly 
different from that of normal rats of 32 to 35 weeks of age (6.3 ± 2.8 SD 
(n = 22) as compared to 4.9 ± 2,0 (n = 15)). In addit ion, two 32-week-old 
neonatally thymectomized rats possessing thymus remnants had a serum 
factor level of 8.9 and 2.4. 

In table 62, the rat serum factor of adult thymectomizea rats ai ainerent 
t imes after thymectomy is shown. After adult thymectomy, the serum 
factor level remains high and comparable to that of age-matched controls. 
This is in contrast to the human serum factor, which disappears within a 
few days after thymectomy. 

In this study, no age-related decrease in serum factor level was 

TABLE 62 
THE SERUM FACTOR LEVEL OF 11 MALE WAG/Rij RATS AFTER 

THYMECTOMY AT THE AGE OF 10 WEEKS 

Time after thymectomy Numberof animals 
Rat serum factor level 

(pmol cAMP/5-106 cells )±SD 

2h 
5h 

25 h 
3d 

28 d 

3 
4 
4 

11 
11 

8.5 ±1.4 
7.0 ± 0.9 
7.3 ±1.6 
7.8 ±2.8 
7.8 ±1.0 
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observed until the age of 50 weeks. The results obtained show that the 
cAMP increasing activity in rat serum is not thymus-dependent. Similar 
results were recently described by Bach (1977) with murine and pig serum 
factor. The cAMP increasing factors in the serum of mice, rats and pigs 
are therefore not comparable with the human cAMP increasing serum 
factor. 

Astaldi, A., et al., Nature, 260(1976), 713. 
Astaldi, A., et al., J. Immunol., 119, (1977), 1106. 
Bach, M.A., Cell. Immunol., 33, (1977), 224. 
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NEONATAL AND ADULT THYMECTOMY AND SPONTANEOUS 
AMYLOIDOSIS IN C57BL/KaLwRij MICE 

C. Zurcher, M.J. van Zwieten, H.A. Solleveld and J. Radl 

Amyloidosis is a common phenomenon in ageing and is often associ
ated with an impairment of the immune system. Some forms of 
spontaneous and experimentally induced amyloidosis in mice can be 
correlated with B cell dyscrasia and decreased T cell functions 
(Scheinberg et al., 1976a). A direct role of the thymus in experimental 
amyloidogenesis was suggested by Scheinberg et a!., (1976b) when they 
demonstrated a reduced incidence of casein-induced amyloidosis in mice 
which also received thymosin injections. 

It seemed useful therefore to investigate whether thymectomy (Thx) 
affected the incidence and severity of spontaneous amyloidosis in C57BL 
mice. Male and female mice of this inbred strain have a high incidence of 
spontaneous amyloidosis of varying severity (Annual Report, 1975, p. 252). 
Thymectomy was performed as part of an ongoing program relating the 
incidence of idiopathic paraproteinaemia in C57BL mice to disorders of 
the immune system. 

Experimental groups consisted of mice which underwent neonatal 
thymectomy (male and female) or adult thymectomy (male). Controls were 
sham-thymectomized (male) and untreated mice (male and female) born 
during the same period as the experimental animals and kept under 
similar conditions. Adult- and sham-thymectomies took place at the age 
of 5-7 weeks. All mice were allowed to live out their life-spans and a 
complete necropsy was performed on those found dead arid on those 
killed while moribund. Thymectomized and sham-thymectomized mice 
were kept in groups of 4 per polycarbonate cage (35 x 23 x 16 cm). 
Untreated mice were kept in groups of 10-15 per cage until the age of 15 
months, thereafter in groups of 4 per cage. 

The severity of amyloidosis was scored histologically as slight when 
present only in the intestinal tract (mainly terminal ileum and stomach) or 
severe when also present in other organs such as liver, spleen, kidneys, 
adrenals, thyroid, etc. 

The incidence and severity of amyloid depositions observed in the 
experimental and control groups are given in table 63. These data indicate 
that thymectomy did not appreciably influence the incidence or severity 
of amyloidosis in male mice, whereas both were slightly increased in 
female mice. However, when comparing the data of untreated mice from 
this experiment with those obtained 2-3 years ago, a striking increase in 
both the incidence and the severity of amyloidosis was found. This 
indicates that some uncontrolled exogenous amyloidogenic factors were 
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TABLE63 

SPONTANEOUS AMYLOIDOSIS IN THYMECTOMIZED AND IN UNTREATED C57BL 
MICE 

Treatment 

Males 
Adult ThX 
Sham-ThX 
Neonatal ThX 
Untreated (new series) 
Untreated (old series) 

Females 
Neonatal ThX 
Untreated (new series) 
Untreated (old series) 

Number 

38 
16 
21 
49 
97 

29 
37 
32 

50% 
age 

survival 
months) 

23 
23 
22 
23 
23 

20 
19 
19 

Amyloidosis 

absent 

8% 
12% 
5% 
2% 

18% 

14% 
30% 
44% 

slight 

18% 
25% 
29% 

8% 
42% 

24% 
46% 
38% 

• 

severe 

74% 
63% 
67% 
89% 
40% 

62% 
24% 
19% 

Percent 
dead due"* 

to CRD 

34 
25 
0 

37 
— 

3 
22 
— 

Scoring criteria: see text. 
Thymectomized mice in which histologically a thymic remnant was found were excluded 
from the calculations (Adult ThX:2, Neonatal ThX: o-2,91.) 

involved during the last study. An explanation for such great differences 
between two samples of one inbred strain housed under similar 
conditions may be found in the altered microbiological status during the 
last 3 years. 

As previously reported (Zurcher et al., 1977), our rodent colonies 
experienced an acute Sendai virus infection "in late 1974 and early 1975. 
This presumably increased the susceptibility of the mice to Mycoplasma 
pulmonis and eventually led to typical lesions of murine respiratory 
mycoplasmosis including purulent bronchopneumonia and bronchiec
tasis (chronic respiratory disease CRD). Untreated male C57BL mice 
developed pneumonia more frequently than untreated female mice as can 
be seen in table 63. This differential effect of mycoplasma infection on 
male and female C57BL mice may have been in part responsible for the 
small increase in the severity of the amyloid deposition in the untreated 
female mice as compared to the considerable changes observed in the 
untreated male mice. It cannot, however, easily explain the increased 
incidence and severity of amyloidosis in neonatally thymectomized 
female mice, as bronchopneumonia was rare in the females (as it was in 
males) of this experimental group (table 63). One has to conclude that, 
compared to the effect of exogenous factors such as intercurrent infec
tions, the effect of thymectomy on the incidence and severity of amyloi
dosis was only marginal in the male C57BL mice. However, neonatal 
thymectomy may have influenced the incidence and severity of 
amyloidosis in the female mice. 
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These experiments were performed primarily to study the effect of 
thymectomy on the occurrence of idiopathic paraproteins. A clear-cut 
increase in the incidence of paraproteinaemia was observed in the 
thymectomized animals (this Annual Report, p. 200). There, contrary to our 
study, the altered microbiological status did not hamper unequivocal 
interpretation of the results. 

Finally, our data derived from animals in the chronic stages of an 
infectious respiratory disease, stress again that, in addition to genetic 
factors, the incidence and severity of spontaneous amyloidosis may be 
markedly influenced by exogenous factors. 

Scheinberg.M.A.etal., Lab. Invest.,35(1976a), 47 
Scheinberg, M.A. et al., J. Immunol., 716, (1976b), 156. 
Zurcher, C. et al., Lab. Anim. Sci., 27, (1977), 955. 
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AGE, STRAIN AND FOOTSHOCKSENSITIVITY IN RELATION TO 
ACQUISITION IN RATS 

I.F. de Koning-Verest*, D.L. Knook and O.L Wolthuis* 

Previous results (Wolthuis et al., 1976) indicated that acquisition of 
positively or negatively reinforced conditioned suppression of drinking 
behaviour was deficient in 30-month-old female albino (WAG/Rij) rats 
when compared with acquisition of 12- or 3-month-old rats. 

Since the differences were most obvious when the animals were 
punished by electric foot shocks, the question arose as to whether this 
acquisition deficit was the result of a decreased foot shock sensitivity, 
caused e.g. by a thicker corneous tissue of the skin of the paws. 
Decreased foot shock sensitivity might result in reduced punishment, 
which in turn might cause a decrease in motivation. The foot shock 
sensitivity was measured by determining the lowest foot shock current at 
which the animals showed a flinch reaction (quick withdrawal of the 
paws). Neither the flinch thresholds nor the thickness of the corneous 
tissue of the skin of the paws differed significantly among the three age 
groups. It seems, therefore, that a decreased foot shock sensivity cannot 
explain the acquisition deficits of the 30-month-old rats. 

Subsequently, the question was asked whether the acquisition deficits 
observed develop suddenly or gradually and at what age. Four groups of 
female WAG/Rij rats of 12, 18, 24 or 30 months of age, respectively, were 
trained in the "drinktest" apparatus previously described (Wolthuis, 1971). 
In fig. 70 it can be seen that the deficits in acquisition develop gradually 
after the age of 12 months. 

Since the rats in the drinktest have to suppress their drinking behaviour 
during unsafe periods (indicated by light and sound signals) and since it is 
generally known that the albino rats have poor vision, it seemed interest
ing to compare the performance of albino rats with that of pigmented rats, 
which have a better visual perception. Therefore, female BN/Bi rats of 3 
and 30 months of age were trained in the "drinktest" apparatus, following 
a procedure that was identical to that used for the albino rats. Similar to 
the results of the WAG/Rij rats, the 30-month-old BN/Bi rats showed a 
deficit in acquisition when compared with the 3-month-old rats. The initial 
performance of the 30-month-old pigmented rats appeared to be lower 
than that of the 30-month-old albino rats; in the later acquisition stages, 
however, performance increased and was comparable to that of the 
30-month-old albino rats (fig. 71). In contrast, the rate of acquisition of the 
3-month-old BN/Bi rats is always much lower than that of the 3-month-old 

* Medical Biological Laboratory TNO, P.O. Box 45,2280 AA Rijswijk. 
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WAG/Rij rats; to reach the same high level of performance took much 
longer in the pigmented strain. Indirectly, these findings suggest that 
vision does not play an important role in the results obtained. 

When observed, the BN/Bi rats appear to be much more lively and 
active than the WAG/Rij rats. When measured, however, the spontaneous 
motor activity of both the 3- and 30-month-old BN/Bi rats was | not 
higher than that of the WAG/Rij rats of the same age. This was in 
agreement with the finding that the number of scores of the pigmented 
and the albino rats in the drinktest was approximately the same when the 
animals were not trained. Therefore, this parameter of activity also did not 
show differences between the two strains. Possibly the observed higher 
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Figure 70. 
A comparison of acquisition of 12, 18, 24 and 30-month-old rats trained in the "drinktest" 
apparatus. The results are expressed as mean percentage correct responses (correct/total) ± 
S.E.M. For the sake of clarity the S.E.M.'s have been omitted for the first ten days. 
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Figure 71 
A comparison of acquisition of 3- and 30-month-old female WAG/Rij rats and 3- and 30-month-
old female BN/Bi rats trained in the "drinktest" apparatus. 
The results are expressed as mean percentage correct responses. For the sake of clarity the 
S.E.M.'s have been omitted. 

activity of the BN/Bi rats does not represent a higher level of activity per 
se, but a higher stimulus induced re-activity. 

Wolthuis,O.L., Europ. J. Pharmacol., 76(1971),283. 
Wolthuis, O.L. et al., Neuroscience Letters, 2(1976), 343. 
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FURTHER STUDIES ON GRANULAR CELL TUMOURS OFTHE RAT 
CENTRAL NERVOUS SYSTEM:TRANSPLANTATION AND ELECTRON 

MICROSCOPIC OBSERVATIONS 

M.J. van Zwieten, J.D. Burek, S.P. Meihuizen, A.L. Nooteboom 
and C.F. Hollander 

Despite a rapidly increasing body of literature dealing with granular cell 
tumours of man, the cell of origin of this tumour remains in dispute. 
Historically, the tumour was considered to be of striated muscle cell 
origin, but most recent reports suggest a peripheral nerve or Schwann cell 
origin. The possibility that the tumour is derived from undifferentiated 
mesenchymal cells has also not been completely excluded. It is rare in 
animals, having been described only incidentally in several laboratory 
rodents. Hollander et al., (1976) reported on a series of 12 rats with intra
cranial granular cell tumours and speculated on a possible origin from 
Schwann cells of small perivascular nerves in the leptomeninges. The 
tumours described in these rats were morphologically identical to those 
described in man. 

Since the original publication by Hollander et al., (1976), 34 additional 
cases of central nervous system (CNS) granular cell tumours in BN/Bi, 
WAG/Rij and (WAG x BN) F1 rats have been diagnosed (table 64). The 
eight previously reported cases from this Institute are also included in ta
ble 64. Twenty-eight cases occurred in untreated ageing rats; the treat
ments received by the remaining 14 animals are listed in the table. 

TABLE 64 

GRANULAR CELL TUMOURS OFTHE CENTRAL NERVOUS SYSTEM OF BN/Bi, 
WAG/Rij, AND (WAG x BN)F1 RATS 

Strain 

BN/Bi 

WAG/Rij 

(WAG x BN)F1 

Sex 

Female 
male 

female 

female 
male 

Mean age 
(range) 

in months 

27(16-37) 
32(22-43) 

26(18-36) 

35 
34(26-42) 

Total 

Total no. 
with 

tumour 

26 
3 

5 

1 
7 

42 

Prior t 

None 

15 
3 

2 

1 
7 

28 

reatment 

i Expt.* 

11 
0 

3 

0 
0 

14 

Location 

Cerebrum 

20 
2 

2 

1 
6 

31 

Cerebellum 

6 
1 

3 

0 
1 

11 

Treatment of experimental animals consisted of neutron or X-irradiation at 2 months of age 
(8 cases), accompanied by ovario-hysterectomy at 6 weeks of age (5 cases), and adminis
tration of 226 fjCu of Na125l at 12 weeks of age (1 case). 
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Further, 29 of the 42 cases occurred in the BN/Bi strain and 26 of these 
were females. In a consecutive series of ageing BN/Bi rats studied by 
Burek (in preparation), the incidence of CNS granular cell tumours was 
found to be 5% in females, making this the most common type of brain 
tumour observed (excluding pituitary tumours). 

The tumours ranged in size from microscopic nodules to masses larger 
than 2 cm in diameter. All were either located in, or at some point made 
contact with, the leptomeninges. Five tumours were examined by electron 
microscopy. The light and electron microscopic appearance of these 
tumours was identical to the previous description (Hollander, 1976, and 
Annual Report, 1975, p. 250). 

In an attempt to further characterize the cell of origin of these tumours 
and to ensure the availability of sufficient tumour material on which to 
perform additional biochemical and histochemical tests, transplantation 
studies were initiated. Portions of a granular cell tumour from a 24-month-
old female BN/Bi rat were transplanted subcutaneously into five 1-month-
old female BN/Bi rats. Tumour growth, as evidenced by increases in trans
plant volumes ranging from 2 to more than 12 times, was observed in 4 of 
the 5 recipients, with post-transplantation intervals of 7 to 11 months. 
Tumour material from 2 of these 1st generation recipients has been 
further transplanted subcutaneously into six 6-week-old female BN/Bi 
rats. 

A second line was started from a 20-month-old female BN/Bi rat, from 
which tumour fragments were transplanted beneath the kidney capsule in 
three 1-month-old female BN/Bi recipients. After 6.5 months, there was no 
change in transplant volume in one recipient, whereas, after 8 and 10.5 
months, an increase in volume in one recipient, ranging from 9 to 12 times 
had occurred. Tumour material from these latter two recipients has been 
transplanted beneath the renal capsule of single recipients. 

The morphological appearance of the transplanted tumours, at both the 
light and electron microscopic levels, was not discernibly different from 
that of the primary tumours from which they were derived (fig. 72 a and b). 
The transplanted tumours exhibit slow, expansive growth, sometimes 
poorly demarcated from surrounding tissues, especially evident in the 
subcutaneous transplants. Occasional mitotic figures as were observed 
in occasional primary tumours were seen in some transplants. No 
metastases were observed in any transplant recipients nor were any 
observed in rats bearing primary tumours. 

The.available evidence, based on morphological criteria and infor
mation from the transplantations, suggests that these are slow-growing 
tumours. This is in agreement with the experience of Dunn (1965) who was 
able to transplant granular cell tumours derived from the uterine cervix of 
oestrogen treated mice. At present, there is not enough information to 
ascertain whether these tumours at times possess malignant potential. 
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cell.(a:HPS x 170;b: x 9450). 

Thus far, we have found no compelling morphological evidence to 
precisely identify the cell of origin of this tumour. If, in fact, an origin from 
Schwann cells can be substantiated by our continuing studies, this prima
ry brain tumour may have to be reclassified as a tumour of the peripheral 
nervous system, since, due to their location in the leptomeninges, their 
most probable origin would be from meningeal nerve fibres which are 
largely derived from the sympathetic nervous system (Bloom, 1975). 

Bloom, W., and Fawcett, D.W., p. 377. In: A Textbook of Histology, 10th ed. W.B. Saunders, Co., 
Philadelphia, 1975. 

Burek, J.D., Pathology of Aging Rats, Thesis, in preparation. 
Dunn, T.B., and Green, A.W., J. natl. Cancer Inst. 34, (1965), 389. 
Hollander, C.F., et al., Arch. Pathol. Lab. Med., 700, (1976), 445. 
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INFLUENCE OFCHRONIC RESPIRATORY DISEASE ON THE SURVIVAL 
OFTWO INBRED RATSTRAINS ANDTHEIR F1 HYBRID 

A.L. Nooteboom, M.J. van Zwieten, C. Zurcher, H.A. Solleveld 
andC.F. Hollander 

As previously reported (Zurcher et-al., 1977; Burek et al., 1977; Annual 
Report 1976, p. 343 and p. 346), a Sendai virus infection occurred in the 
breeding, stock and ageing rodent colonies of the REP-lnstitutes TNO 
between November 1974 and January 1975. In rats, this acute infection 
was not associated with increased mortality, in contrast to the situation 
in mice. During 1975, lung lesions which were compatible with a mild to 
moderate form of chronic respiratory disease (CRD) or murine respiratory 
mycoplasmosis (Lindsey et al., 1971) gradually developed in the rats. 
Cultures and serological tests for mycoplasma were repeatedly negative 
during this period. By the beginning of 1976, the condition of the rats had 
further deteriorated, resulting in a picture of full-blown CRD and markedly 
decreased survival ages were becoming evident. In 1977, mycoplasma 
was demonstrated in the lungs of mice and serological tests were also 
positive. Although still unconfirmed, it is likely that the Sendai virus 
infection in the rats triggered a Mycoplasma pulmonis superinfection 
which resulted in the severe clinical disease. 

A pilot study revealed that the reduced mean survival ages in the rats 
caused an important change in the tumour incidences as compared to 
incidences found in earlier years. As the rats could no longer live out their 
natural life-spans, they were less likely to develop neoplasms. As would 
be expected, the incidence of slow growing tumours (e.g., medullary 
thyroid carcinoma) was less affected than that of rapidly growing tumours 
(e.g., pituitary tumours). This relation between the pattern of background 
disease and mean survival age necessitated a survey of the survival of 
succeeding cohorts of rats from the ageing colony during the last few 
years. 

With the aid of a computer program, survival data which were corrected 
for the loss of animals from the cohorts due to investigational use were 
accumulated. Data were collected for cohorts of male and female 
WAG/Rij, BN/Bi and (WAG x BN)F1 rats born between January 1973 and 
December 1975. Each cohort consisted of 15-40 rats when they entered 
the colony. For each cohort, the age at which 50% of the rats from a 
cohort had died (defined as the 50% survival age) was determined. 

The results are shown in fig. 73. Each point represents the mean of 1 to 
4. cohorts born at approximately the same time. Generally, survival was 
decreased for cohorts born after 1974. The 50% survival age of rats born 
between early 1973 and late 1975 was decreased in some cases by more 
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Figure 73 
The 50% survival ages as a function of the birth dates of the cohorts for females and males of 2 
strains of rats and their F1 hybrid are shown. Each point represents the mean 50% survival age 
of 1-4 cohorts born at approximately the same time. 

than half. The BN/Bi males showed this decrease most strikingly: for 
cohorts born around the middle of 1973, the mean survival age was 32 
months while, for those born in mid- to late 1975, the mean survival age 
was 10-11 months. 

The 50% survival ages of the various strains correlated well with the 
severity of the lung lesions found at necropsy. BN/Bi rats had the most 
severe lung changes, WAG/Rij the least severe and F1 rats had lung 
lesions of intermediate severity (Annual Report 1976, p. 346). 
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It is interesting to note that the F1 hybrid rats in this case did not show 
a greater resistance to disease, as evidenced by increased longevity, or 
better survival than did either of the parental strains. 

Similar observations regarding the lack of evidence for "hybrid vigour" 
were made by Burek (Thesis, in preparation) who studied rats of the same 
strains before the period of CRD. 

The consequences of these findings for the interpretation of the 
pathology data from long term studies performed in rats born after 1974 
are currently being assessed. 

Finally, the periodic calculation of survival ages of rodent strains within 
a single facility seems highly advisable in order to continually monitor the 
longevity of the strains. Thus, external (e.g., infectious diseases) or 
endogenous (e.g., genetic changes) factors which may influence the 
survival of an animal species may be more readily appreciated. 

Burek, J.D., et al., Lab. Anim. Sci., 27, (1977), 963. 
Burek, J.D., Thesis, University of Utrecht, (in preparation). 
Lindsey, J.R., et al., Am. J. Pathol., 64, (1971), 675. 
Zurcher, C , et al., Lab. Anim. Sci., 27, (1977), 955. 
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I M M U N O L O G Y 

PROLIFERATING CELLS IN THE MOUSE THYMUS 

I. Betel, G. van der Westen and W.J.A. Boersma 

Peripheral lymhoid T cells develop from pluripotent haematopoietic 
stem cells. The specific maturation site for bone marrow derived T cell 
precursors is the thymus gland. There are good indications that the 
number of cells that will migrate from a bone marrow inoculum to the 
thymus is very small (about 0.1% of the number of bone marrow cells 
transplanted). Since 106 bone marrow cells can reconstitute the whole T 
cell system of a lethally irradiated mouse, all T cells in this reconstituted 
animal must be the progency of only 103cells. Since cell replication takes 
place predominantly in the thymus gland, it seems likely that actively 
dividing precursors of the different T cell lineages can be found in the 
thymus. To characterize these cells further it is necessary to identify them 
and to be able to separate them from the bulk of non-dividing cells in the 
thymus gland. 

Recently, we have adapted a flow cytofluorometric method to 
distinguish mitogen activated cells from resting lymphocytes on the basis 
of their larger RNA content — and therefore higher red fluorescence after 
acridine orange staining. Cells in S-phase and G2 + M can be measured 
on the basis of their increased RNA content and DNA content. We have 
applied this method to non-stimulated thymocytes, although we have no 
formal proof that cells with a greater DNA content than the bulk of the 
thymocytes must be considered as G, cells. In addition, the spontaneous 
thymidine incorporation was measured in some experiments. Separation 
of proliferating cells was attempted with velocity and isopyknic density 
sedimentation. 

Fig. 74 shows the distribution of "proliferating" cells in velocity 
sedimentation. Cells incorporating thymidine were concentrated at the 
right hand side of the distribution, where the largest cells are found. In 
1-day-old mice about 20 per cent "non-G0 " cells are found. They are 
observed at all sedimentation rates, but the fractions with S-values 
greater than 5 mm per h contain more than 80 per cent proliferating cells 
(fig. 74a). In regenerating thymus — after dexamethasone treatment of the 
mouse — a similar percentage of "non-G0" cells was observed but with a 
more restricted distribution (fig. 74b). In 70-day-old mice only about 5 per 
cent "non-G0" cells was found, they were restricted to the region with 
sedimentation rates greater than 4 mm per h (fig. 74c). The peak of the 
distribution of these three thymocyte populations was nearly the same. It 
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Velocity sedimentation profiles of thymocytes 
A. Thymocytes from 1-day-old mice. 
B. Thymocytes from 42-day-old mice, 3.5 days after treatment with cortisone. 
C. Thymocytes from 70-day-old mice. 
The total cell profile is expressed as cells per sedimentation rate increment as a percentage of 
the peak value. G1 and S + G2 + M areas are calculated as the fraction of these cells from all 
cells at that S-value. 
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Density distribution of thymocytes from 42-day-old mice 
The cell profile expressed as cells per density increment as a percentage of the peak value. 
Gi andS + G2 + M are calculated as the proportion of these cells in a density fraction. 
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can be seen, however, that in the 70-day-old animal, large cells 
(S > 5 mm/h) are far less abundant than in the other cell populations. In 
isopyknic density separations the distribution of G1 and S = G2 + M cells 
closely followed the total cell profile, although thymidine incorporation 
was shifted to the lower densities. This is in agreement with the obser
vation that large cells are found in all density fractions (fig. 75). 

It seems that velocity sedimentation is a suitable technique to con
centrate the small pool of proliferating cells in the thymus. Unfortunately 
also all mitogen responsive cells are found at the light side of the cell 
profile. Preliminary experiments indicate that pretreatment of the 
thymocytes with peanutagglutinin can remove these cells nearly 
completely. 
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THYMIC REGENERATION AFTER BONE MARROW TRANSPLANTATION 

W.J.A. Boersma and I. Betel 

Thymocytes are derived from bone marrow precursor cells (Owen and 
Raff, 1970). We studied the restoration of the thymus cell population after 
whole body irradiation and bone marrow transplantation in order to 
characterize the prethymic cell and the relationship between this cell and 
the thymic subpopulations. 

A system analogous to the system described by Kadish and Basch 
(1976) was used. In this system, in bone marrow transplanted animals, the 
difference in thy 1 marker alleles was used to identify donor- and host-
derived thy 1 positive cells. Irradiated C3H mice (950 rad gamma-rays), 8 
weeks old, were transplanted with bone marrow cells from (C3HxAKR)F1 
mice about 6 weeks of age. The subpopulation of thy 1 positive cells in 
C3H thymus bears the thy 1.2 marker, while the majority of F1 thymocytes 
show both the thy 1.1 and the thy 1.2 antigen. 

Anti-thy 1.1 (C3H anti-AKR) and anti-thy 1.2 (AKR anti-C3H) sera (Searle 
U.S.) were used in a cytotoxicity assay. A fiow-cytofluorometric method 
was applied to discriminate between living and dead cells. Living cells 
were stained with fluoresceinediacetate (FDA) while dead cells were 
counter stained with Propidium Iodide (PI) (Jongeling and Visser, personal 
communication). 

Development of donor type cells was studied during the first 30 days 
after transplantation. Since donor derived cells were demonstrated in the 
cytotoxicity assay, generation of donor type cells which are thy 1-
negative and their relationship to thy 1-positive cell populations remains 
undetected. 

The regeneration exists of two phases, which show the same rate, but 
are separated in time. The first phase in the regeneration process is 
caused by the generation of host type cells. This is followed by a second 
phase which can be fully ascribed to the donor type cells (fig. 77). Host 
type cells are not detectable after day 25. Donor cells are detectable from 
day 10-12 on. The phase in which the host cells decrease in number and 
the donor cells increase, causes a plateau in the thymic cellularity during 
regeneration. The host type cell population is probably the progeny of the 
radiation-resistant cells, while the donor type cells must have their 
precursors in the bone marrow inoculum. 

Density fractionation was performed on a continous albumin gradient 
according to the method of Shortman (1972). Thy 1-positive cells of both 
alleles were assayed in all fractions. 

Fig. 76 shows the profile of thymocytes, 17 days after transplantation 
with 106 bone marrow cells per mouse. The number of donor cells in a 
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Figure 76 
Regeneration kinetics of thy 1-positive cells in the thymus after bone marrow transplantation. 
Donor type cells are represented by the percentage of total cells killed with anti-thy 1.1 serum. 
Host type cells are the percentage of thy 1.2 -positive cells minus the percentage donor type 
(thy 1.1-positive) cells. 

100 

5 0 -
donor type cells 

host type cells 

15 20 25 

F i g u r e 7 7 time after transplantation ( days ) 

Distribution of thymocytes In a density gradient. 
The profile was made 17 days after total body irradiation (950 rad) and injection of 106 bone 
marrow cells per mouse. 
Donor and recipient cells were determined with a cytotoxicity assay and expressed as 
percentage of cells killed per fraction. 
Thy 1.2-positive cells are donor type + host type cells. Thy 1.1-positive cells represent donor 
type cells. Values for host type cells are found by subtraction. 
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fraction rises with increasing density. Host type cells are a constant 
proportion of the thy 1-positive cells in the low and medium density 
region. There are no host type thy 1-positive cells in the high density 
fractions. This suggests that the first thy 1.1-positive cells are of high 
density ("late cortical cells"). Possibly there is a deletion of the other thy 
1-positive cell type which is of medium density ("early cortical cells") and 
is present in normal thymus but cannot be generated in irradiated 
animals, due to damage to the thymic tissue (Droege et al., 1973; Droege, 
1976). 

Droege, W. et al., Cell. Immunol., 12, (1973), 173. 
Droege, W„ Europ. J. Immunol., 6, (1976), 763. 
Kadish, J.L. and Basen, R.S., J. exp. Med., 743,(1976), 1082. 
Owen, J.J. and Raff, M.C., J. exp. Med., 732, (1970), 1216. 
Shortman, K., Amer. Rev. Bioph. Bioenerg. 7, (1972), 93. 
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EFFECT OFTHYMIC EPITHELIAL CULTURE SUPERNATANT ON 
IN VITRO ANTI BODY PRODUCTION TO SHEEP RED BLOOD CELLS 

BYSPLEEN CELLS FROM NUDE MICE AND " B " MICE 

Marie-José Blankwater, Louise A. Levert and Ada M. Kruisbeek 

Much attention has been paid to factors isolated from thymic extracts 
in the search for humoral factors produced by the thymus. Kruisbeek et al. 
(1977) recently demonstrated the presence of active material in thymic 
epithelial culture supernatant (TES). Since these cultures consist of 
epithelial cells only after a certain period of time, the supernatant 
provides a more homogeneous starting material for the isolation of 
thymic factors than do thymic extracts. The activity of TES was initially 
demonstrated by the PHA and ConA responsiveness of rat thymocytes. In 
order to gain more insight into the biological activity of TES, its influence 
on a number of thymus-dependent immune functions was investigated. 
The present report deals with the effect of TES on the 'in vitro generation 
of cells forming antibody to sheep red blood cells (SRBC). It was previ
ously shown that two thymic extracts, thymosin and thymic humoral fac
tor, were capable of enhancing the in vitro anti-SRBC response of spleen 
cells from nude mice, whereas control preparations of lymphoid and non-
lymphoid tissues did not influence the response (Blankwater et al., 1978). 
In the present report, the same assay was used to study the effect of TES. 

Thymic epithelial cultures were prepared from rat thymuses as 
described by Kruisbeek et al. (1977). Nude mice of 2-3 months of age were 
used. " B " mice were female CBA mice thymectomized at the age of 6 
weeks, lethally irradiated and reconstituted with 5 x 106 syngeneic bone 
marrow cells two weeks later. Four to 6 weeks after reconstitution, the 
spleen cells were used for the in vitro anti-SRBC response. Thymocytes 
obtained from 6-week-old CBA mice were added at the beginning of the 
culture in some experiments. After 4 days, the number of cells forming 
antibody to SRBC was determined by means of a plaque forming cell 
(PFC) assay. 

Spleen cells from nude mice develop only low numbers of anti-SRBC 
PFC in vitro. In the presence of TES, a significant increase in the antibody 
response was observed (fig. 78), whereas addition of culture supernatant 
from kidney epithelium had no effect. Likewise, control supematants 
derived from thymocytes or pancreas epithelial cultures did not alter the 
response (data not shown). The survival of the spleen cells at the end of 
the culture period varied from 20-30% and was^not affected by the 
presence of TES or control supernatant. TES exhibited no effect on the 
number of background PFC in unstimulated spleen cell cultures, 
indicating the absence of B cell mitogenic properties. 
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lated cultures (without SRBC) was 16 ± 2 and was not affected by the presence of either super
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The increased response of nude spleen cells in the presence of TES 
could reflect a direct influence of TES on B lymphocyte precursors of anti
body forming cells, on T lymphocyte precursors of T helper cells or both. 
Therefore, TES was also tested in cultures of spleen cells from " B " mice 
in the presence or absence of thymocytes in order to discriminate 
between these possibilities. Fig. 79 shows that addition of TES to spleen 
cell cultures of " B " mice had no enhancing effect. This indicates that 
TES does not directly facilitate triggering of B cells. Addition of 105thymo-
cytes to spleen cell cultures of " B " mice in the absence of TES also did 
not result in a significant increase in the number of PFC. This finding 
confirms other reports (Mosier and Pierce, 1972; Kontiainen and 
Feldmann, 1975) which showed that normal thymocytes exhibited poor 
helper ceil function. However, when TES was added together with thymo
cytes to spleen cells of " B " mice cultured with SRBC, a strong increase in 
the number of PKO was observed. In the representative experiment shown 
here, 105 thymocytes were used. Similar results were obtained by adding 
0.5 or 2 x 105thymocytes phs TES to the B cell cultures. 

These results indicate that TES influences the T helper cell function of 
thymocytes and has no effect on the generation of antibody forming cells 
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in the absence of thymocytes. In view of these data, the possibility that 
the activity observed in nude spleen cell cultures can be attributed to a 
direct effect on B cells can also be excluded. This suggests that the in 
vitro anti-SRBC response of spleen cells from nude mice may have been 
increased due to TES by the induction of T helper cell function in 
precursor T cells. An enhancing effect on a few already present T helper 
cells cannot be excluded. It has been reported that spleen cells from 
nude mice possess precursor cells which can be induced to respond to T 
cell mitogens and allogenic cells by cocultivation with thymic epithelial 
cells (Sato etal. , 1976). 
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Figure 79 
Effects of TES and kidney supernatant on the in vitro anti-SRBC response of spleen cells from B 
mice in the presence or absence of thymocytes. 
Spleen cells from B mice (106) were cultured with TES either alone (B) or in the presence of 105 

thymocytes (B + T). " B " mice were female CBA mice thymectomized at the age of 6 weeks, 
lethally irradiated and reconstituted with 5 x 106syngeneic bone marrow cells two weeks later. 
The effect of kidney supernatant on spleen cells from " B " mice cultured in the presence of 
1 x 105 thymocytes is shown. TES or kidney supernatant were present throughout the culture 
period of 4 days. Each point represents the average number of PFC of four replicate cultures. 
Vertica' bars indicate standard deviations. The number of PFC in unstimulated cultures 
(without SRBC) was 23 ± 2 and 30 ± 2 for spleen cells from " B " mice alone and together with 
thymocytes, respectively, and was not affected by the presence of either supernatant. 
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In addition to the previously reported effect of TES on T cell mitogen 
responsiveness (Kruisbeek et ai., 1977) and the induction of T helper cell 
activity in thymocytes described here, it was further shown that TES 
enhances the responder capacity of thymocytes in a mixed lymphocyte 
reaction and increased cAMP levels in thymocytes (Kruisbeek et al., 1978; 
this Annual Report p.237). 

TES exhibits activity in all thymus-dependent immune assays tested so 
far, in contrast to the factors prepared from thymic tissue, e.g., thymosin 
and thymic humoral factor (Annual Report, 1976, p. 130). Therefore, our 
future investigations on the nature and mode of action of thymic factors 
will be focused on factors in thymic epithelial culture supernatant rather 
than on thymic extracts. 

Blankwater, M.J. et al.. Cell Immunol., 35, (1978), 242. 
Kontiainen.S., and Feldmann, M., Scand. J. Immunol., 4(1975), 121. 
Kruisbeek, A.M. et al., Eur. J. Immunol., 7, (1977), 375. 
Kruisbeek., A.M., et al., Cell. Immunol., 35, (1978), 134. 
Mosier, D.E., and Pierce, C.W., J. Exp. Med., 736, (1972), 1484. 
Sato, V.L., et al., Cell. Immunol., 24,(1976), 173. 
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IN VITRO EFFECT OFTHYMIC EPITHELIAL CULTURE SUPERNATANT 
ON MIXED LYMPHOCYTE REACTIVITY OF RATTHYMOCYTES AND 

SPLEEN CELLS 

Ada M. Kruisbeek, Jelly J. Zijlstra and Tonny J.M. Kröse 

Thymic humoral factors are considered to be secreted by epithelial 
cells of the thymus (Stutman et aL, 1969; Dardenne et al., 1974; Beach et 
a!., 1975). This has led several investigators to study the effect of either 
supernatants from cultured thymic epithelial cells on the induction of T 
cell markers (Pyke et al., 1974) or the effect of coculturing lymphocytes 
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Figure 80 
Effect of TES and kidney epithelial control supernatant on 14-TdR incorporation in one-way 
MLR of rat thymocytes at varying numbers of responder cells (left) or stimulator spleen cells 
(right). 
TES was added in a dilution of 1:15. Figures represent the mean ± standard deviation of tri
plicate cultures. TdR incorporation into control cultures varied from 150 to 500 cpm and was not 
affected by the addition of TES a t any dosage of responder or stimulator cells. When the 
number of responder cells was varied, the number of stimulator cells was kept constant at 
0.5 x 10 6 ; when the number of stimulator cells was varied, the number of responder cells was 
kept constant at 2 x 106. 

237 



with thymic epithelial cells on Tcell markers (Papiernik etal., 1975) and on 
various functional T cell parameters (Waksal et al., 1975; Sato et al., 1976), 
i.e. T-helper-cell activity, mitogen reactivity, mixed lymphocyte reactivity 
and graft-versus-host responses. None of these authors reported, how
ever, whether the enhancing effects on T cell function could also be 
obtained with supernatants from these cultures. Kruisbeek et al., (1977) 
reported that the supernatant from cultured rat thymic epithelial cells 
(TES) is capable of increasing PHA and ConA responses of rat thymocy
tes. In addition, it was found that TES also enhances T helper cell function 
and intracellular cAMP levels in thymocytes (Kruisbeek et al., 1978). The 
latter assay was performed in close cooperation with G.C.B. 
Astaldi and A. Astaldi from the Central Laboratory of the Blood Trans
fusion Service in Amsterdam. The present report describes the activity of 
TES in a functional assay for T cell reactivity: the mixed lymphocyte 
reaction (MLR), which involves the proliferation of antigen specific clones 
of Tcells. 

Our test system consisted of WAG/Rij rat thymocytes as responder 
cells and (WAG/Rij x BN/Bi)F1 rat spleen cells (irradiated with 2500 rad) 
as stimulator cells. Other allogeneic combinations, however, gave similar 
results. Responder thymocytes and stimulator spleen cells were obtained 
from donors of 6-8 weeks of age and 14-18 weeks old, respectively. The 
test was performed in U-shaped microtiter plates employing varying 
numbers of responder and stimulator cells per well (see legends to fig. 80) 
in 0.2 ml of medium. Cells were labelled at 72 h with 14 C-TdR and cultures 
were harvested at 96 h. Preparation of the thymic epithelial and control 
cultures (consisting of kidney epithelial and pancreas epithelial cultures) 
has been described in detail elswhere (Kruisbeek et al., 1977), as was the 
collection and handling of the supernatants. 

TES increased 14C-TdR incorporation into thymocytes stimulated with 
F1 spleen cells under optimal culture conditions (2 x 106 responder and 
0.5 x 106 stimulator cells) approximately twofold. TES had no effect on 
TdR incorporation into thymocytes cultured with syngeneic spleen cells 
or cultured alone. When TES was tested at a dilution of 1:15 over a range 
of responder cell numbers, keeping the stimulator cell numbers constant 
at 0.5 x 106/well, it was found (fig. 80) that TES exerted its relatively 
highest activity at low responder cell numbers when no significant MLR 
can usually be detected in the absence of TES. Since these experimental 
conditions did not permit identification of the cell type influenced by TES 
(i.e., the responder or the stimulator cell or both), we tested the effect of 
preincubation of thymocytes alone in TES containing medium on their 
subsequent (after removal of TES) capacity to act as responder cells in the 
MLR. Table 65 shows that preincubation of responder cells in TES for 24 h 
resulted in a similar enhancement of MLR as did the continuous presence 
of TES during the entire culture period. The T cell-mitogen reactivity of 
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TABLE 65 

EFFECT OF THE ADDITION OF TES OR PREINCUBATION 
WITH TES ON ALLOANTIGEN, PHA AND ConA RESPONSES OF RAT 

THYMOCYTES OR SPLEEN CELLS 

Lymphocyte 
source TES treatment3) MLR 

PHA 
response 

ConA 
response 

thymus 

spleen 

continuous presence 
1 h preincubation 
24 h preincubation 

continuous presence 
1 h preincubation 
24 h preincubation 

2.1±0.3b) 
0.9 + 0.1 
2.2 + 0.2 

1.1 ±0.1 
1.2 + 0.1 
1.1+0.1 

4.0 + 0.4 
0.9 +0.2 
3.6 +. 0.5 

1.2±0.1 
1.2 + 0.2 
1.1+0.2 

2.4+0.6 
1.0+0.1 
1.9 + 0.3 

1.1 +0.1 
0.8 + 0.1 
1.1+0.3 

a) For determination of MLR, responder cell numbers were readjusted to 1 x 106/0.1 ml and 
stimulated with 0.5 x 106/0.1ml irradiated F1 spleen cells. Formitogen responsiveness, cell 
numbers were readjusted to 4 x 105/0.2 ml and stimulated with mitogen doses giving 
optimum responses. 

b) Factor by which the response is increased as compared to cultures incubated in the same 
way with kidney epithelial control supernatant (mean ± standard deviation of 6 separate 
experiments). For absolute values of TdR incorporation, see t ig . 80 and Kruisbeek et al., 
1977. TdR incorporation in one-way MLR of spleen cells varied from 4300 to 7800 cpm, with 
control values (in syngeneic control cultures) from 200 to 500 cpm. 

these preincubated cells is also included in the table for comparison. 
Since preincubation of stimulator spleen cells did not result in increased 
MLR (data not shown), these data indicate that the TES-induced increase 
in MLR is indeed due to an effect of TES on thymocytes. 

We tested whether TES could also influence the response of spleen 
cells to semi-allogeneic cells. Table 65 shows that TES had virtually no 
effect on the MLR of spleen cells, regardless of whether it was present 
during the entire culture period or whether the cells were preincubated in 
TES. These data indicate that no target cells for the action of TES on MLR 
are present in the spleen. The mitogen responsiveness of spleen cells is 
also unaffected by TES. However, no conclusions with regard to absence 
or presence of target cells in the spleen can be drawn in this case. Since 
the PHA and ConA responsiveness of spleen cells in cultures without TES 
is much higher than that of thymocytes, a certain (absolute) increase in 
cpm, which is relatively high for thymocytes, will be relatively low for 
spleen cells. Thus, only cell separation studies might reveal whether the 
spleen also contains target cells for the action of TES on mitogen 
responsiveness. 

Bach, J.F. et al., Ann. N.Y. Acad. Sci., 249, (1975), 186. 
Dardenne, M. et al., Immunology, 27, (1974), 299. 
Kruisbeek, A.M., et al., Eur. J. Immunol., 7, (1977), 375. 
Kruisbeek. A.M., el al., Cell. Immunol., 35, (1978), 134. 
Pépiernik, M.etal. , Clin. exp. Immunol., 79,(1975), 281. 
Pyke, K.W.etal., Nature, 25T, (1974), 421. 
Sato, V.L. et al., Cell. Immunol., 24,(1976), 173. 
Stutman, O. et al., J. exp. Med., 130. (1969), 189. 
Waksal, S.D. et al., Ann. N.Y. Acad. Sci., 249, (1975), 492. 
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MACROPHAGES IN RAT SPLEEN SUPPRESS i<C-TdR INCORPORATION 
AN D GEN ERATION OF CYTOTOXIC EFFECTOR CELLS 

IN MIXED LYMPHOCYTE CULTURES 

Ada M. Kruisbeek, Tonny J.M. Kröse and Jelly J. Zijlstra 

In contrast to others (Bernstein, 1975; Oehleret al., 1977; Lundin et al., 
1977) who observed that rat spleen cells responded only to allogeneic 
cells after macrophages had been depleted of the responding cells, we 
consistently obtained good mixed lymphocyte reactivity (MLR) employing 
rat spleen cells as responders. Thus, we could not support the hypothesis 
of these authors that the rat spleen contains suppressor macrophages. 
However, we failed in our attempts to generate cytotoxic effector cells in 
rat spleen after in vitro exposure to allogeneic cells. It is known that the 
proliferative phase as measured by 14C-TdR incorporation and the effector 
phase as measured in a cell-mediated lympholysis (CML) assay of the 
MLR are mediated by separate T cell populations (for a recent review; see 
Cantor et al., 1976), which have different antigen requirements for their 
activation (antigens coded for by the I and K/D regions). We lacked the 
tools, however, to determine whether our failure in obtaining reactivity in 
CML with rat spleen cells has a genetic origin. Therefore, we again 
considered the possible presence of suppressor macrophages in the rat 
spleen, which perhaps did not influence the MLR but did suppress the 
development of cytotoxic activity. The experiments presented here 
illustrate that the rat spleen indeed contains macrophages which do 
suppress the generation of cytotoxic effector cell activity in a MLR, and 
that the proliferative phase of the spleen MLR is also partially inhibited by 
macrophages. 

All data presented here were obtained with Lewis rat spleen cells as 
responders and 2500 rad irradiated (WAG/Rij x BN/Bi)F1 spleen cells as 
stimulator cells. The CML assay was performed with 51Cr-labelled ConA-
stimulated F1 lymph node cells as target cells in a 5 h 51Cr release assay. 
The lymphocyte proliferative response in the MLR was determined by 
measuring 14C-thymidine incorporation during the last 24 h of a 96 h 
culture period. Responder spleen cells were treated according to 
techniques leading to macrophage depletion (Kruisbeek, 1977). The data 
presented in fig. 81 indicate that, although a good MLR is obtained with 
untreated spleen cells (±10000 cpm in allogeneic MLR versus 300 cpm in 
syngeneic control cultures), a strong increase in ^C-TdR incorporation is 
obtained after a carbonyi iron/magnet treatment. Similar effects were 
observed when the responder spleen cells were allowed to adhere to glass 
for 2 h (data not shown), a technique previously shown to be equally 
effective in macrophage depletion as carbonyi iron/magnet treatment 
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Figure81 
14CTdR incorporation into normal and macrophage depleted rat spleen cells stimulated with 
irradiated allogeneic orsyngeneic spleen cells. 
Figures represent the mean ± standard deviation of triplicate cultures containing 1 x 106 

responder and 0.5 x 106 stimulator spleen cells. Data are representative for 5 separate 
experiments. The mean increase in MLR due to macrophage depletion was a factorof 2.6 ± 0.7 
for these experiments. 

(Kruisbeek, 1977; 1978). The view that the enhancement is due to removal 
of macrophages is further supported by the observation that addition of 
peritoneal exudate cells (PEC) consisting of > 90% of phagocytic cells 
negated the enhancing effects of macrophage depletion (fig. 81). Addition 
of 5% PEC reduces the response in macrophage-depleted cells 
(containing less than 2% macrophages) to the starting values of 
untreated cells (containing 5-6% macrophages), indicating that on a per 
cell basis PEC are as equally suppressive as splenic macrophages. 

These data indicate that the MLR in rat spleen is also partially sup
pressed by splenic macrophages, though not to the same extent as 
observed by others (see above). We believe that this difference may be 
due to a difference in the number of macrophages in the spleen cell sus
pensions since a) Oehler et al., (1977) reported that their rat spleens 
contained 10-12% of macrophages, which is higher than the numbers we 
found (6%), and b) we observed that, with increasing numbers of 

} 

B - m a c r o p h a g e 
d e p l e t e d 

a l l o g e n e i c 

s y n g e n e i c 

241 



60 

50 

40 

30 

20 

10 

macrophage 
dep le ted 

D——-O norma 

foe ta l 
' c a l f serum 

macrophage 
d e p l e t e d 

-—O normal 

/ " 

X 
•o o 

4 :1 8:1 16:1 32 :1 48:1 

ef fec tor t a r g e t r a t i o 

Figure 82 
Cell-mediated cytotoxicity to allogeneic target cells of normal and macrophage depleted rat 
spleen cells stimulated with irradiated allogeneic spleen cells in the presence of foetal calf 
serum or human serum. 
Figures represent the mean of triplicate cultures containing 0.25 x 106 responder and 0.25 x 
106 allogeneic stimulator spleen cells, harvested on day 5 and tested at various effector: target 
ratios against 5 x 104 51Cr-labelled allogeneic target lymphoblasts. The cytotoxic activity of 
each sensitized cell population was calculated according to the formula: 
Per cent specific lysis = 

100 x 
51Cr-release (sensitized cells) — 51Cr-release (unsensitized cells) 

maximum 51Cr-release — background 51Cr-release 

in which 51 Cr-release by non-sensitized cells represents values obtained with effector cells 
from syngeneic control cultures and "background" represents the values obtained with target 
cells incubated alone; these values varied from 9 to 18% and were not significantly different 
from each other. Standard deviations in triplicate determinations varied from 0.2 to 6%. 

exogenous macrophages (PEC), a gradual decrease in MLR is observed. 
As mentioned above, no cytotoxic activity was obtained in rat spleen 

MLR. The data presented in fig. 82 indicate that, upon removal of macro
phages from the responder spleen cells, a significant CML is observed. 
This appeared to be consistent and reproducible, not only for the 
allogeneic combination reported here but also for other rat strain combi 
nations. The serum source appeared to be important: in rat serum, 
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cytotoxicity tended to be low, whereas, in foetal calf serum (FCS) or 
human serum (fig. 82) good cytotoxicity was observed. 

Summarizing, the present data indicate that, whereas the number of 
macrophages in rat spleen cell suspensions was not sufficient to fully 
suppress MLR, it did fully suppress generation of cytotoxic effector cells 
in vitro. This assay will eventually be used in both our ageing studies and 
our studies on the effect of thymic epithelial culture supernatant on 
various T cell functions. For the latter purpose, the assay will also be 
adapted for thymocytes as responder cells. 

Bernstein, I.D. et al., Transplantation 27,(1975), 173. 
Cantor, H. et al., Progress in Allergy 20, (1976). 1. 
Kruisbeek, A.M., J. natl. Cancer Inst. 55, (1977), 153. 
Kruisbeek, A.M. et al., Eur. J. Immunol. (1978), in the press. 
Lundin, A.P. et al., Proc. Eleventh Leuc. Cult. Conf., (1977), p. 800. 
Oehler, J.R. et al., Cell Immunol., 29, (1977), 238. 
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ANTIBODIESAGAINSTTHEDINITROPHENYLGROUPINMICE: 
ANTI-HAPTEN AND ANTI-CARRIER ANTIBODIES 

J.J. Haaijman, J. Slingerland-Teunissen and G. Koch 

Haptens are usually small molecules which do not elicit an antibody 
response when injected alone. Only when conjugated to large molecules 
(the carrier) will they give rise to antibody formation when injected into 
animals. Primarily through the work of Mitchison, the hypothesis that B 
cells specific for the hapten are "helped" by carrier specific T cells has 
gained acceptance. However, haptens represent not more than single or 
at most a very limited number of antigenic determinants of which the 
nature is known, in contrast to the other determinants on the carrier 
molecules. This implies that B celis respond to only a limited number of 
determinants requiring the signal of a T-helper cell recognizing a larger 
number of determinants. The haptenic group need not be contained 
within the set of determinants which T-helper cells recognize: chicken 
gamma globulin (CGG) primed T cells may help dinitrophenyl (DNP) 
specific B cells, primed with, e.g., keyhole limpet haemocyanin-DNP, to 
respond secondarily to CGG-DNP. T cells recognizing the carrier molecule 
not only help B cells to respond to haptenic groups coupled to this carrier 
but also B cells in the response to determinants of the carrier itself. To 
investigate whether anticarrier antibodies are necessary companions of 
antihapten antibodies, we investigated the concentration of both anti
bodies after a single dose of hapten-carrier complex in mice. For the hap
ten, only DNP was used; for the carriers, the less immunogenic human se
rum albumin (HSA) and the more immunogenic CGG were employed (the 
relative immunogenicity only applies to the tested mice). Antibodies were 
determined with the Sepharose bead immunofluorescence assay 
(Haaijman, 1977) in which antibodies reacting with antigens bound 
covalently to Sepharose beads are demonstrated with fluorescent anti
immunoglobulin antisera. The fluorescence of individual beads is 
measured microfluorometrically. Results for CGG-DNP are given in fig. 83. 
Two-month-old BALB/c mice reared under specific pathogen-free con
ditions received a single i.p. injection of various amounts of CGG-DNP on 
alum. Serum was collected after 7 days. Antibodies directed against the 
DNP group were measured by using as a substrate Sepharose beads 
coupled with lysine-DNP. Sepharose beads coupled with CGG served to 
quantify the anticarrier antibodies and Sepharose beads coupled with 
bovine serum albumin constituted the negative control. The conclusion 
from fig. 83 is obvious: in the case of CGG-DNP, the dose-response 
relationship in BALB/c mice is the same for anticarrier and for antihapten 
antibodies. The same conclusion was reached using CBA/Rij and 
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C57BL/Rij mice with the antigens CGG-DNP and KLH-DNP. 
In contrast to these findings were the results obtained with HSA-DNP. 

No anti-HSA response could be demonstrated in either CBA or C57BL 
mice, although anti-DNP antibodies were easily detected. An example of 
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Antl-CGG-DNP (chicken gamma globulin conjugated with 2,4 dlnltrophenol) responses In 
BALB/c mice. 
Two-month-old mice were injected i.p. with different doses of CGG-DNP on alum. Blood was 
collected on day 7. Serum samples were diluted 100-fold and incubated with Sepharose beads 
coupled with the indicated moieties. After washing, the antibodies bound to the beads were 
demonstrated with a rhodamine labelled goat antiserum directed against mouse Immuno
globulins (GAM/TRITC, Nordic Immunological Laboratories, Tilburg, The Netherlands). 
Fluorescence values of at least 5 individual beads were averaged. Each point represents the 
average of 4 mice; bars indicate standard deviation. 

245 



5.5 

5.0-

4 . 5 ' 

4 . 0 -

• Seph-HSA-DNP 

v Seph-BSA-DNP 

n Seph-lys-DNP 

O Seph-HSA 

* Seph-BSA 

3 . 5 

dilution ( - log ) 
Figure 84 
Anti-HSA-DNP (human serum albumin conjugated with 2,4 dinitrophenol) response in CBA 
mice. 
Example of titration curves of the serum of a three-month-old CBA mouse injected 7 days 
previously with 100 ̂ g HSA-DNP with a number of Sepharose bead varieties. Beads were first 
incubated with different dilutions of the mouse serum and then with 1:100 diluted fluorescent 
goat anti-mouse/immunoglobulin. Each value represents the average fluorescence value of at 
least 5 individual beads. 

this phenomenon is shown in fig. 84, in which the serum of a 3-month-old 
CBA injected i.p. 7 days previously with 100 ^g HSA-DNP on alum was 
incubated in various dilutions with a variety of Sepharose beads. No 
reaction with the Sepharose beads coupled with HSA was seen for any 
serum dilution. The same result was obtained for antigen doses ranging 
between 10 and 1000 ^g HSA-DNP and for molar substitution values for 
DNP/HSA of between 3 and 50. The conclusion seems warranted that anti
genic determinants on carrier molecules may trigger T-helper cells which 
cooperate with hapten specific B cells without necessarily activating 
carrier reactive B cells. 

Haaijman, J.J. (1977), Thesis, Leiden. 
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CHARACTERIZATION OF NATURAL KILLER (NK)-CELLS AND 
KILLER (K)-CELLS IN HUMAN BLOOD 

R.L.H. Bolhuis, H.R.E. Schuit, A.M. Nooyen and C.P.M. Ronteltap 

Many reports have appeared in the literature demonstrating disease-
related anti-tumour cytotoxic activity of lymphocytes of tumour patients. 
Documentation on spontaneous cytotoxicity or natural killer (NK)-
cytotoxicity of lymphocytes derived from both normal donors and cancer 
patients against a wide variety of cell lines seriously questioned is now 
available. The NK-cytotoxic reactions have hampered the detection of 
cell-mediated tumour-specific reactions (Bolhuis, 1977a;b). It is therefore 
evident that, in the area of tumour immunology, characterization of the 
nature and specificity of the NK-cell is of paramount importance. Removal 
of these cells may improve the chance of detection of disease-specific 
cellular anti-tumour immune reactions in cancer patients. One of the 
important questions is whether the NK-cell cytotoxic mechanism is 
antibody-dependent. 

Lymphocytes exert IgG-antibody dependent and/or antibody-
independent cell-mediated cytotoxicity (ADCC) and both the mechanisms 
exist operative in cancer patients. The former activity represents an IgG-
antibody-dependent cell-mediated reaction against IgG-coated mouse 
mastocytoma cells (K-cell cytotoxicity) and the effector lymphocytes bear 
surface receptors for the Fc portion of IgG (IgG-FcR). Granulocytes and 
monocytes have also been shown to bear these IgG-Fc receptors. A 
number of cell types have been reported to exert the natural killer 
cytotoxicity in man, such as activated T cells, IgG-FcR bearing cells, 
complement receptor bearing cells, cells carrying both Fc receptors as 
well as complement receptors. 

Hence, there are indications in the literature that: 1) IgG-FcR are 
present on both NK-cells cytotoxic against monolayer target cells (Hersey 
et al., 1975) or K-562 cells (West et al., 1976) and K-cells (Peter et al., 1975); 
2) that soluble factors or antibodies are involved in NK cytotoxicity; and 
3) that at least a proportion of these cells belong to the T cell sub-
population of lymphocytes (Hersey et al., 1975). The involvement of anti
bodies, suggested some of these authors, would indicate that the NK 
cytotoxic cell mechanism is of an ADCC type. 

The myeloid cell line K-562 has been shown to be extremely susceptible 
to NK-cytotoxicity in a short-term (4 h) 51Chromium release assay and 
indeed unfractionated lymphocytes (fractions A, table 66, column NKst) of 
all normal donors tested in our study exhibited NK-cytotoxicity against 
this cell line. Furthermore, we employed cells from established cell lines 
as targets to monitor NK-cell cytotoxicity in a long-term (48 h) microcyto-
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TABLE 66 

PER CENT CYTOTOXICITY OF VARIOUS LYMPHOCYTE FRACTIONS 

Lymphocyte donor 

Donor313 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor314 
A. unfractionated lymphocytes 
B. T-ceU fraction: E-RFC 
C. E-RFC depleted fraction 
,D. 'cA-RFC depleted fraction 

Donor316 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor 317 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor 320 
A. unfractionated lymphocytes 
D. EA-RFC depleted fraction 

NKI-4 

37* 
15' 
43* 
33* 

64* 
15 
55* 
18 

19* 

35* 
17* 

_ 9 

15 
_ 3 

Percent reduction of target cells 

NK|t
1> 

Mel-I 

25* 
_ 5 
38* 
11 

22* 
20* 
13 

colon 

44* 
9 

33* 
28 

44* 
19* 
40" 

31* 
40* 
38* 
35* 

48* 
4 

NKst2) 

K-562 

20* 
34* 
32* 

4 

35* 
46* 
35* 

4 

24* 
13* 
24* 

2 

47* 
2 1 * 
34* 

0 

14* 
4 

K3> 

P-815 

14* 

0 

39* 
25" 
19* 
5 

0 

0 

23* 
0 

1) 
2) 
3) 

NK„ 
NK 
K 

st 

NK cell cytotoxicity against monolayer cultures (48 h MCT). 
NK cell cytotoxicity against K-562 (4 h 51Cr-release assay). 
K cell cytotoxicity against IgG-roated P-815 (4 h 51Cr- release assay). 

p value <0.05. 

toxicity test, yielding similar results (fractions A, table 66, column NK)t). 
P-815 cells coated with IgG were used for monitoring the K-cell activity. It 
should be noted that all fractions of lymphocytes shown in tables 66 and 
67 of one individual donor were examined simultaneously in the same 
experiment for NK- and K-cell activity and for the presence of cell surface 
markers to avoid experiment to experiment variations. 

As shown in table 66, depletion of cells forming rosettes with IgG-
coated erythrocytes (E-RFC) on erythrocyte ghost antibody monolayers 
resulted in a complete loss of NK-cell activity against K-562 (NKst) 
(fractions D, column NKst) and these EARFC depleted fractions no longer 
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showed K-cell activity in a cytotoxic test (table 66, fractions D, column K) 
and no EA-RFC were found (table 67, fractions D, column % EA-RFC). This 
suggests that the cytotoxic cells bear FcR on their surface (NKst cells). 
The same EA-RFC depleted fraction of lymphocytes were simultaneously 
tested for NK-activity (NK,t) on the established cell lines (NKI-4, MEI-1, 
Colon) and varying results were obtained (table 66, fractions D). However, 
the cytotoxic reactions observed indicate that cells without FcR on their 
surface are also involved in the NK-cell lytic process (NK)t-cells); hence, 
the NK|t is not likely to be of an antibody-dependent type of reaction, 
since this fraction is virtually devoid of EA-RFC (table 67, fractions D, 
column % EA-RFC) and since no ADCC against IgG-coated P-815 is 
observed (table 66, fractions D, column K). T cells forming rosettes with 

TABLE67 
COMPOSITION OFTHE MONONUCLEAR CELL POPULATIONS 

PRESENT IN THE ISOLATED FRACTIONS 

Lymphocyte donor 

Donor313 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor314 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor316 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor317 
A. unfractionated lymphocytes 
B. T-cell fraction: E-RFC 
C. E-RFC depleted fraction 
D. EA-RFC depleted fraction 

Donor 320 
A. unfractionated lymphocytes 
D. EA-RFC depleted fraction 

% E-RFC 

71 
89 

5 
76 

82 
95 
3 

87 

76 
85 

3 
93 

74 
84 

3 
77 

80 
96 

%T + 

73 
93 
16 
89 

90 
6 

93 

96 
19 

80 
97 
17 
98 

87 
96 

Immunofluorescence 

%lg + 

8 
1 

30 
1 

1 
30 

1 

0 
45 

8 
2 

36 
1 

6 
0 

%T + /lg + 

1 
0 
1 
5 

0 
2 
0 

0 
1 

2 
0 
0 
0 

1 
0 

%T"/lg-

18 
6 

54 
5 

9 
62 
6 

4 
36 

10 
1 

47 
1 

6 
4 

% EA-RFC 

12 
7 

39 
1 

22 
14 
61 

0 

20 
3 

50 
1 

17 
3 

73 
0 

2 
0 

Lymphocytes were not treated. The average yield of B 55% of A 
C 7% of A 
D 43% of A 
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sheep red blood cells (E-RFC) cell fractions (T cell enriched) and E-RFC 
depleted cell fractions (T cell depleted) obtained-by E-rosette formation 
and separation under optimum conditions were tested for NK-
cytotoxicity. Both E-RFC enriched and E-RFC depleted fractions are 
shown to be almost equally cytotoxic against K-562 target cells and the 
extent of reactivity is more or less comparable to the unfractionated 
lymphocytes (table 66, fractions B and C, column NK|t and NKst). From the 
cell surface marker analysis of the T-cell fraction (table 67), fractions B, 
colums % E-RFC and % T), it can be concluded that the T-cell fractions 
are extremely pure. The results from the cytotoxicity experiments 
employing the NKI-4, MEI-1 and Colon cells as target are comparable to 
those with the K-562 cells. It should be noted to the tact that T-cells 
fractionated by E-rosette formation and subsequent separation of the 
Esh-RFC on Ficoll-lsopaque are less capable of rosetting with Esh. The 
percentage T+-cells indicates, however, that this fraction indeed 
contained pure T-cells. The implications of the latter finding became even 
more clear when the E-RFC depleted fractions were examined. 

As can be seen from our data (table 66, fractions C, column NK), this 
fraction is also cytotoxic against all types of target cells used. The 
efficiency of E-RFC depletion is checked by E-rosette formation of the 
non-T-cell fraction and this fraction appears to contain virtually no T-cells, 
i.e. 3-5% (table 67, fractions C, column % E-RFC). Analysis of the lympho

cyte subpopulation by means of the anti-T-cell serum, however, indicates 
that 6-17% of the cells in the E-RFC depleted fraction can be identified as 
T-cells; therefore, these T-cells may be responsible of the cytotoxic 
effects of lymphocytes in this fraction. From the data discussed so far, it 
can be concluded that several populations of N K-cells exist: 
1. NK-cells showing cytotoxicity against all types of target cells tested in 

long-term (NK!t) and short-term (NKst) cytotoxicity experiments and 
with IgG-FcR on their cell surface (NK i t and NKst, IgG-FcR positive); 

2. NK-cells showing cytotoxicity against monolayer cultured target cells 
tested in a microcytotoxicity assay (MCT) (NK)t), with no demonstrable 
IgG-FcR on their cell surface as demonstrated with EA-RFC and ADCC 
against IgG-coated P-815. 

Bolhuis, R.L.H. Immunol. Immunother. 2, (1977a), 245. 
Bolhuis, R.L.H.Thesis Rotterdam University, (1977b). 
Hersey, D.S. et al., Int. J. Cancer 16, (1975), 173. 
MacLennan, I.C.M. Transplant. Rev. 13, (1972), 67. 
Peter, H.H. et al., Clin Exp. Immunol. 20, (1975), 193. 
West, W.H. et al., J. Immunol. 118, (1976), 355. 
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ANALYSIS OF THE INVOLVEMENT OF THE IgG-Fc RECEPTORS ON 
LYMPHOCYTES IN THE NK-CELL CYTOTOXICITY 

R.L.H. Bolhuis 

In the previous report (p. 247), it was shown that there are at least three 
populations NK-cells: 1) an NKu-cell belonging to a subset of lymphocytes 
with an IgG-FcR, e.g., exerting NK-cell activity against monolayer target 
cells, as monitored in a 48 h MCT, and also showing antibody dependent 
lysis of P-815 cells (K-cell activity); 2) a NK)t-cell belonging to a subset of 
lymphocytes without detectable IgG-FcR, e.g., exerting NK-cell activity 
against monolayer target cells, as monitored in a 48 h MCT, but not 
showing antibody dependent lysis of P-815 cells; and 3) a NKst-cell 
belonging to a subset of lymphocytes with an IgG-FcR and also exerting 
NK-cell activity against 51Chromium labelled K-562 cells as monitored in a 
4 h isotope release cytotoxicity assay and showing antibody dependent 
lysis of P-815 cells. 

For the NK|t-cell without an FcR on its surface, it is clear that the cyto
toxic mechanism is not antibody dependent. 

In the previous report, it was shown that the various types of NK-cells, 
FcR positive and negative, are likely to belong to the T-cell subset which 
also bear low-affinity receptors for sheep red blood cells (Esh) (West et al., 
1977). West reported that these low-affinity Esh-RFC are probably pre-T-
cells. 

We have already shown that EA-RFC when incubated on EA-
monolayers remain attached to the IgG coated Esh ghost monolayer. 
These cells, overlayered with medium, were incubated for 18 h at 37°C. 
After incubation, the cells that had spontaneously detached from the 
monolayers were recovered (total yield 21%) and tested for their NK- and 
K-cell activity against K-562, NKI-4, Colon-1 and IgG-sensitized P-815 cells 
(tables 68 and 69, fractions E). Cell surface marker monitoring revealed 
that, although 100% of these cells are theoretically expected to bear FcR, 
only avery small percentage (4-12%) of these "FcR bearing" cells still bear 
IgG-Fc receptors capable of binding to IgG sensitized Esh and fresh EA-
monolayers (data not shown). If one compares the NK- and K-cell activity 
(ADCC) against K-562 and IgG sensitized P-815 cells of the EA-RFC 
recovered fraction to that of the unfractionated cells, one can see that the 
lymphocytes of 3 out of 5 donors (donor 313, 314, 316, tables 68 and 69, 
fractions A and E, column NK„ and K) showed an increased NK- but a 
decreased K-cell activity. 

For 2 out of 5 donors, the level of NK- and K-ceii activity remained the 
same before EA-RFC recovery (donors 320 and 321, tables 68 and 69, 
fractions A and E, column NKst and K). The NK-cells of all donors showed 
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TABLE68 

PER CENT CYTOTOXICITY OF VARIOUS LYMPHOCYTE FRACTIONS AFTER 
SEPARATION OF EA-RFC DEPLETED FRACTIONS, EA-RFC RECOVERED 

FRACTIONS AND THE EFFECT OF PROLONGED CULTURING 
ON NK CELL CYTOTOXICITY 

Lymphocyte donor NKI-41» 

Per cent reduction of target cells 

NK|t NKS, 

Mel-I1» colon1» K-5622» 

K 

P-8152» 

Donor313 
A. 
A c . 

D. 
Dc. 

E. 

unfractionated lymphocytes 
unfractionated lymphocytes 
cultured for 1 week 
EA-RFC depleted fraction 
EA-RFC depleted fraction 
cultured f o r i week 
EA-RFC recovered fraction 

33* 

2V 

21' 

16 

Donor314 
A. unfractionated lymphocytes 
A c . unfractionated lymphocytes 

cultured f o r i week 
EA-RFC depleted fraction 
EA-RFC depleted fraction 
cultured f o r i week 
EA-RFC recovered fraction 

D. 
D c 

E. 

Donor316 
A. 
A c . 

D. 
Dc. 

unfractionated lymphocytes 
unfractionated lymphocytes 
cultured for 1 week 
EA-RFC depleted fraction 
EA-RFC depleted fraction 
cultured f o r i week 
EA-RFC recovered fraction 

64* 
74* 

18 
48* 

99* 

23 
77* 

19 
56* 

30* 

22* 

20* 

47* 

19* 

14* 

44* 
59' 

28* 
61* 

20* 

44* 

35* 
21* 

4 
9* 

53* 

9* 
38* 

2 
23* 

30 
49 

5 
48 

10 

9 
22 

0 
5 

1> lymphocyte target cell ratio: 2 0 0 : 1 ; 
2> lymphocyte target cell ratio: 50:1; P-815 is sensitized with IgG. 
* P-value<0.05. 

an increased lytic activity against the monolayer target cells (tables 68 
and69, column NK„). 

When the EA-RFC recovered fractions were depleted of residual 
EA-RFC directly before cytotoxicity testing, the results became more 
clear. As can be seen in fig. 85, the levels of cytotoxicity against K-562 and 
P-815 cells before fractionation were equal and the influence of the 
effector target cell ratio was determined. 

When the EA-RFC recovered fraction was depleted of residual EA-RFC 
directly before the cytotoxicity testing, one can see that the level of NK-
cell activity remained unchanged as compared to the unfractionated 
lymphocytes, whereas the level of K-cell activity was strongly decreased. 
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Furthermore, at an effector target cell ratio of 3:1, the per cent NK-celi 
cytotoxicity against K-562 cells is still significant, whereas no K-cell 
activity was detected. Moreover, the decrease in K-cell activity coincided 
with a decrease in the per cent EA-RFC. Since a change in per cent cyto
toxicity of the NK-cells is not accompanied by a similar change in K-cell 
activity, it may be concluded that the IgG-FcR is not necessarily involved 
in the NK-cell cytotoxic mechanism. 

Bolhuis, R.L.H., Thesis Rotterdam University (1977). 
West, W.H. et al., In: Immunodiagnosis of Cancer. 

(Eds. Herberman, R.B. and Mclntire, A)., Marcel Dekker Publ., New York 1977, In the press. 

TABLE 69 

PER CENT CYTOTOXICITY OF VARIOUS LYMPHOCYTE FRACTIONS 
AFTER SEPARATION OF EA-RFC DEPLETED FRACTIONS, 

EA-RFC RECOVERED FRACTIONS ANDTHE EFFECT OF PROLONGED 
CULTURINGON NKCELL CYTOTOXICITY 

Per cent reduction of target cells 

NK„ NKst K 
Lymphocyte donor NKI-41» Mel-I1> colon1' K-5622' P-8152» 

donor 320 
A. unfractionated lymphocytes 15 43* 14* 23' 
Ac. unfractionated lymphocytes 

cultured for i week 
D. EA-RFC depleted fraction _ 3 4 4 0 
Dc. EA-RFC depleted fraction 45 58* 18' 20' 

cultured for i week 
E. EA-RFC recovered fraction 30* 37* 12* 23* 

donor 321 
A. unfractionated lymphocytes 39* 83* 59' 73* 
Ac. unfractionated lymphocytes 18* 0 

cultured for i week 
Ac. unfractionated lymphocytes 17* 0 

cultured for 1 week, EA-RFC de
pleted 

D. EA-RFC depleted fraction 22* 0 
cultured for i week 

Dc. EA-RFC depleted fraction 16* 3 
cultured for i week, 
EA-RFC depleted 

E. EA-RFC recovered fraction 63* 91* 31 ' 57* 
1> lymphocyte target cell ratio: 200 : 1; 
2> lymphocyte target cell ratio: 50:1; P-815 is sensitized with IgG. 

* P-value<0.05. 
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Figure 85 
Separation of NK- and K-cell activity by means of EA-RFC recovery followed by EA-RFC depleti
on. 
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THEINFLUENCEOFSOLUBLECOMPLEXESONTHENK-AND 
K-CELL ACTIVITIES 

R.L.H. Bolhuis 

Antibody-antigen complexes were expected to reduce the lytic activity 
of K-cells by "plugging" of the IgG-Fc receptor (FcR) on the surface of the 
effector lymphocytes. That this is indeed the case can be seen in fig. 86. 
The maximum per cent reduction of K-cell cytotoxicity was 100%, 
depending on the effector/target cell ratio. The reduction in per cent NK-
cell cytotoxicity against K-562 myelogenous leukaemia target cells, 
however, is much less, ranging from 40 to 50%. This suggests that at least 
a subset of the NKst-cells do not need the functional involvement of the 
IgG-FcR for NK-killing of K-562 target cells. This stronger inhibition of 
K-cell cytotoxicity is illustrated by a complete inhibition of EA-rosette 
(EA-RFC) formation (legends fig. 86). 

lymphocyte lymphocyte lymphocyte 

donor 269 donor 332 donor 323 

6 12 25 6 12 25 6 12 25 

K-562 ( N K - c e l l M e r g e , c e l l effector / ton 

P -815 ( K - c e l l ) target c e l l 

Per cent EA - RFC wi thout complexes : donor 269 : 12 % donor 332 : 22 % donor 323 : 23 % 
wi th complexes : donor 269 : 1 % donor 332 : 4 % donor 323 : 1 % 

Complexes : Rabbit - ant i - O V A , 1 : 4 d i lu ted 
: O V A 17 t i g / m l 

Figure 36 
Per cent reduction of the cytotoxic capacity of N K- and K-cells by immune complexes. 
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Figs. 87 and 88 show the data obtained from an experiment combining 
the monitoring of the NK- and K-cell activity of EA-RFC recovered and 
EA-RFC depleted fraction (described earlier) with inhibition of the NK-and 
K-cell cytotoxicity by immune complexes. Since the total level of NK-cell 
cytotoxicity of unfractionated lymphocytes is reduced by the immune 
complexes, this experiment allows the conclusion that the cytotoxic 
capacity of a proportion of the NKst-cells can be inhibited by immune 
complexes. These NKs,-cells thus bear FcR on their surface. 

The K-cell activity however, is reduced even more strongly. Again, from 
figs. 87 and 88, it can be seen that addition of immune complexes 
completely inhibits EA-RFC formation and further that no EA-RFC are 
present in the EA-RFC recovered fraction after lgG-Esh ghost monolayer 
incubation. When the influence of the addition of immune complexes on 
the NK- and K-cell activity of the EA-RFC recovered cell population is 
monitored after depletion of residual EA-RFC, one can see that the 
NK-cell activity is only slightly reduced. This observation allows the 
conclusion that several subsets of NKst-cells exist: 1) NKst-cells bearing 
IgG-FcR on the cell surface since this NK-activity can be blocked by 

10<H 

50 

N K - c e l l cytotoxicity 

target cell K - 562 

K - c e l l cytotoxicity 

target cell P-815 

„•* 

12 
T— 

25 

effector / target c e l l ra t io 

O 

unfroct ionoted lymphocytes ( EA - RFC : 20 % ) 

unf ract ionoted lymphocytes + 
robbi t - ant i - O V A - O V A complexes ( EA - RFC : 0 % ) 

( E A - R F C : 0 % ) » EA - RFC recovered lymphocytes 

a EA - RFC recovered lymphocytes + 
rabbi t - an t i - O V A - O V A complexes ( EA - RFC : 0 % ) 

Figure 87 
The influence of immune complexes on the NK- and K-cell activities of unfractionated and 
EA-RFC recovered lymphocytes: separation of NK- and K-cell activities. 
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a EA - RFC recovered lymphocytes + 
rabbi t - a n t i - O V A - O V A complexes ( not tested ) 

Figure 88 
The influence of immune complexes on the NK- and K-cell activities of unfractionated and 
EA-RFC recovered lymphocytes: separation of NK- and K-cell activities. 

immune complexes and hence may require the functional involvement of 
FcRfor its lytic activity; and 2) NKst-cellsof which the lytic activity cannot 
be blocked by immune complexes. Cells of the latter population expres
sed IgG-FcR on their surface before fractionation. Thus, this IgG-FcR 
seems not to be functionally involved in the lytic NK process. 

An alternative explanation is that the inhibition of NK-cell cytotoxicity 
by immune complexes was caused by steric hindrance rather than by 
blocking of a functionally required FcR. 

The EA-RFC recovered lymphocyte population of 3 out of 5 donors 
showed increased NK-cell activity without a concomitant increase in K-
cell activity (this report, p. 251). No trypsin was used for the recovery of the 
EA-RFC cells since this might have led to inactivation of NK-cells (Jondal 
and Pross, 1975.) Moreover, these cells bore IgG-FcR on their surface 
before fractionation, since they were separated on the basis of that 
quality. After 18 h incubation, however, a small percentage of FcR bearing 
cells was detected, probably because the cells had shed off their FcR, as 

JU ' 

4 0 -

3 0 -

r 
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has been observed for IgM-FcR. Again this observation suggests that NK-
and K-cells are distinct cell types or, when there is an overlap between 
these cell types (K-cells and NK„- or NKst cells; FcR-positive), the NK- and 
K-oel! lytic capacities are distinct functions of the individual lymphocytes. 

The immune complex inhibition experiments of NK- and K-cell cyto
toxicity and the combination of NK- or K-cytotoxicity tests of EA-RFC 
recovered cells with immune complex inhibition provides an experimental 
basis for the hypothesis presented here, i.e., that several types of NK-cells 
exist. Furthermore, the FcR present on the NK-cells studied are shown not 
to play a functional role in the NK-lytic process. Whether the lytic 
mechanism of a subset of NK-cells is antibody-dependent is under 
investigation. 

Bolhuis, R.L.H, et al., J. Exp. Med., submitted for publication. 
Jondal, M., Scan. J. Immunol., 3, (1974), 739. 
Jondal, M. and Pross, H., Int. J. Cancer 15, (1975), 596. 
Ortaldo, J.R. et al., submitted for publication. 
Stejskal, V. et al., Cell. Immunol., 8, (1973), 71. 
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PATTERNS OF IN VITRO CYTOTOXITY OF LYMPHOCYTES 
FROM VACCINIA VIRUS INFECTED RHESUS MONKEYS 

L.W. Stitz, R.M. Zinkernager, M.C. van den Ende, VV. van Vreeswijk, 
and H. Balner 

In mice, cell-mediated immunity against certain viruses have been 
shown to be restricted by the Major Histocompatibility Complex or MHO 
Specific lysis of virus-infected target cells by sensitized effector cells 
(T lymphocytes) was possible only when both cell types shared at least 
one gene product of the K or D region of H-2 (Zinkernagel and Doherty, 
1974; Doherty and Zinkemagel, 1975). In view of the important 
implications of that finding, it was clearly of interest to investigate 
whether a similar MHC restriction of cell-mediated cytotoxic responses 
against virus infected target cells would also exist in the rhesus monkey. 
Vaccinia virus was chosen as the immunizing agent because of its 
innocuity to the animals and because of the well-documented MHC 
restricted cytotoxic T-cell responses to this virus in mice(Blanden, 1974). 

Several unrelated rhesus monkeys were vaccinated intracutaneously 
on both sides of the chest. On days 6 and 8 after vaccination, a few 
enlarged axillary lymph nodes were excised and lymphocyte suspensions 
were prepared as follows: the nodes were freed of fatty and fibrous tissue, 
minced and the cells were suspended in Dulbecco's Modification of 
Eagle's Medium supplemented with 10% foetal calf serum (FCS). In the 
cytotoxicity test, effector/target ratios of 100:1, 50:1 and 25:1 were used. 
As control effector cells, mouse spleen cell suspensions were prepared 
and used in a similar fashion. Monkey target cells were grown in micro-
titer plates at a concentration of approximately 4 x 104 cells per well. 
They were labelled for 1 h with 51Cr, washed twice and infected with 
vaccinia virus. After incubation for 1 h at 37°C, the medium was with
drawn and effector cell suspensions added. At six and twelve h after the 
addition of effector cells, the supernatant was collected and 51Cr release 
was determined. Uninfected target cells were used as background 
controls in each test. 

Effector cells were tested against cultured fibroblasts prepared from 
skin of the same animal and from skin of a few selected unrelated 
monkeys which did or did not share one or more A and B locus antigens 
with the donor of the effector cells. As controls, mouse effector and target 
cells were also used. Table 70 shows the preliminary results obtained with 
lymph node effector cells of two immunized monkeys (#3012 and #3314: 
nodes harvested 6 and 8 days after in vivo vaccination) and with mouse 

* Scripps Clinic and Research Foundation, La Jolla, Calif., USA. 
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TABLE 70 
SPECIFIC LYSIS OFTARGET CELLS BY LYMPHOID CELLS FROM VACCINIA INFECTED RHESUS MONKEYS AND MICE 

Effector cells from monkey 3012 

at 6 days ^ 

1 
at 8 days „ 

sharing of SD antigens 
with target cells 

Effector cells from monkey 3314 
>KA 1 

at 6 days _ 

1 

at 8 days „ 

sharing of SD antigens 
with target cells 

Effector cells from mice 

* * . i 1 
at 6 days _ 

monkey 

6h 

22 
17 

15 
2 

+ 

11 
2 

7 
0 

0 
0 

3012 

+ + 

+ 

> 

12h 

7 
52 

73 
13 

+ 

14 
20 

47 
9 

0 
0 

monkey 

6h 

6 
0 

5 
0 

2 
12 

15 
2 

3314 

12h 

63 
54 

32 
0 

+ 

56 
72 

33 
0 

+ + + + 

0 
0 

0 
0 

Target fibroblasts from 

monkey 

6h 

15 
10 

2 
0 

4 

31 
17 

5 
0 

0 
0 

2485 

12h 

59 
60 

34 
6 

- + + 

66 
50 

48 
0 

+ 

0 
0 

monkey 

6h 

3 
2 

0 
0 

? 
2 

0 
0 

3419 

12h 

0 
9 

10 
0 

— 

19 
13 

n.d. 

— 

0 
0 

mouse 
target cells 

6h 

0 
0 

0 
0 

0 
0 

0 
0 

27 
23 

(L929) 

— 

— 

12h 

0 
23 

0 
0 

3 
18 

10 
5 

87 
98 

Monkey lymph node effector cells were harvested on days 6 and 8 after vaccination; they were tested against monkey skin fibroblasts and 
mouse L929 cells in ratios of 100:1 and 50:1 (indicated in the table as 1 and 2, respectively). Spleen cells from mice were taken en day 6 after 
intraveneous infection with vaccinia virus and were tested in the same way as monkey effector cells. The 51Cr-release from injected target 
cells was determined 6 and 12 hours after addition of the effector cells (6 h and 12 h in the table). All tests were run in duplicate; the figures in 
the table indicate the average. Results are presented as the percentage of maximal release (in water) and after correction for "spontaneous 
release". The number of + symbols indicate the number of RhLA A and B locus antigens shared between effector cells and target cells (no 
sharing = —). 



spleen cells. The data indicate that there was rather strong lysis when the 
target cells were derived from the animal which provided the effector cells 
(identity between effector and target). With target cells from other 
monkeys, it seemed that there was a higher degree of lysis when effector 
and target cells did share A or B locus antigens than when they did not. It 
was further evident that mouse effector cells had no lytic effect on 
monkey target cells and vice versa. 

In summary, there is provisional evidence that the sharing of one or 
more RhLA(SD) antigens may be required for a lytic effect of immune 
lymphocytes against vaccinia-infected target cells in the monkey. If 
confirmed, the data would suggest an MHC restriction for cellular defen
ces against viruses, also in the primate model. Experiments are in 
progress which should reveal whether this is a purely cellular effect or 
whether antibody is also involved (antibody-dependent cytotoxicity, as 
suggested for similar MHC restrictions in man (Perrin, et al., 1977). 

Blanden, R.V., Transplantation Reviews, 19, (1974), 56. 
Doherty, P.C., and Zinkernagel, R.M., J. exp. Med., 141, (1975). 502. 
Perrin, L., et al., J. exp. Med., 146, (1977), 949. 
Zinkernagel, R.M., and Doherty, P.C., Nature (Lond.), 248, (1974), 701. 
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TRANSPLANTATION AND 
I M M U N O G E N E T I C S 

THE INFLUENCE OF MATCHING FOR RhLA-^ ANTIGENS AND OF 
MIXED LYMPHOCYTE REACTIVITY ON KIDNEY ALLOGRAFT SURVIVAL 

IN UNRELATED RHESUS MONKEYS 

A.A. van Es, R.L. Marquet, G.A. Heystek, and H. Balner 

Histocompatibility testing and its application in the selection of 
suitable organ donors (host/donor matching) plays an important role in 
clinical transplantation immunology. In man, matching for the conven
tional serologically defined (SD) A and B locus products of the major 
histocompatibility system (MHS) seems to have a beneficial influence on 
organ graft prognosis only if recipients are preimmunized and have anti-
SD antibodies in their serum. Further, retrospective analysis has shown 
that non-reactivity in mixed cultures (MLC) of recipient against donor cells 
(compatibility for D locus products) has a positive effect on kidney 
allograft survival (Cochrum et al., 1973; Festenstein et al., 1976). However, 
the cumbersome and time-consuming MLC test (4-5 days) does not permit 
donor selection for D locus identity on the basis of that technique. For 
such matching, a comparatively faster and more reliable test system 
would be required. 

In rhesus monkeys, as in humans, there is a strong association* 
between la,-antigens and D locus products (see page. 292). Since a pro
spective study had shown that identity for SD**antigens alone does not 
prolong kidney graft survival except when the hosts were non-reactive in 
MLC against their donors, it was interesting to investigate the value of 
prospective matching for the serologically identifiable la., antigens for 
kidney allograft survival. In fact, rhesus monkeys are the only outbred 
species where la serology has reached a stage at which such studies 
could be performed (for details, see page 292 this report). 

In the current investigation, kidney transplantations were performed 
between unrelated, non-immunosuppressed and non-immunized rhesus 
monkeys which shared two la1 antigens and were either MLC reactive or 
MLC non-reactive. The kidney recipients differed from their donors for 2-4 
SD antigens. MLC reactivity was expressed in stimulation indices; Si's of 
3 or less indicated D locus compatability and Si's of 9 or greater, strong 
incompatibility. Data for an la^mismatched control group has been 

* As in man, the la1 locus of rhesus monkeys will be called the DR-locus (for D-related), in the 
future. 

** SD-identical combinations can be MLC non-reactive but that is a rare event (5-10% of 
cases). 
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Kidney graft survival in la1 identical unrelated rhesus monkeys. 
Bars indicate survival times of individual kidney recipients. The hatched area represents the 
mean survival time. (No immunosuppression was given). 

described before. Survival times are presented in fig. 89. The la.,-matched, 
MLC-reactive host/donor combinations showed a mean survival time 
(MST.) of 12.0 days, similar to that of the unmatched control group (MST 
11.4 days). On the other hand, la^matched, MLC non-reactive combina
tions showed a MST of 42.8 days (p < 0.01). Apparently, D locus compat
ibility between recipient and donor was required to considerably improve 
kidney graft prognosis. Since the relatively simple selection on the basis 
of la-, identity yields a rather high proportion of MLC non-reactive host/ 
donor combinations (see also page 292), this method is likely to become 
an essential addition to the conventional SD matching procedure (also in 
clinical kidney transplantation) for the following reasons: a) SD identity as 
such does not convincingly improve graft prognosis unless recipients are 
preimmunized; b) it is much easier to match for two \a^ or DR antigens 
than for four SD (A and B locus) antigens; and 3) the la1 locus appears to 
be less polymorphic than each of the SD loci, which also increases the 
chance of finding la^identical unrelated combinations. 

Cochrum., L.C. et al., Transpl. Proc. V,(1973), 391. 
Van Es, A.A. and Balner, H., Transplantation, in the press. 
Festenstein, H. et al., Lancet 1, (1976), 157. 
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THEINFLUENCEOFBLOODTRANSFUSIONSON KiDNEY ALLOGRAFT 
SURVIVAL IN UNRELATED RHESUS MONKEYS 

A.A. van Es, R.L. Marquet, G.A. Heystek, and H. Balner 

It was recently found that 5 blood transfusions given to rhesus 
monkeys prior to transplantation produce a fourfold increase in the mean 
kidney allograft survival time as compared to non-transfused controls 
(Van Es et al., 1977). This finding confirmed the impression obtained from 
retrospective clinical studies that blood tranfusions given before trans
plantation to a kidney recipient may have a beneficial influence on graft 
prognosis (Festenstein et al., 1976; Persijn et al., 1977). The seemingly 
paradoxical* positive effect of pretransplant blood transfusions on graft 
survival in monkeys formed the basis of follow-up experiments in which 
the influence of a single transfusion on subsequent kidney grafts was 
studied. Several transfusion protocols were used. The aim was to test the 
influence of variations in the interval between the transfusion and the 
time of transplantation, the compositionof the transfusate with regard to 
the blood corpuscules and the role of matching for the major histo
compatibility (A and B locus) antigens of blood and kidney donors in 
relation to the recipients. Kidney transplantation was performed in 
unrelated rhesus monkeys of both sexes with an average weight of 3 kg; 
uremic death of the transplanted animals was taken as the endpoint of 
graft survival. A standard immunosuppressive regimen consisting of 
azathioprine (4 mg/kg) and prednisolone (2mg/kg) was given intra
muscularly on alternate days, starting on the day of transplantation. 
Unless otherwise stated, all recipients were disparate for 3-4 A and B 
locus antigens with their blood as well as kidney donors and all kidney 
recipients were positive in MLC against their donors. 

The influence of the timing of the tranfusion was tested by comparison 
of two groups of kidney recipients, one receiving a transfusion of 20 ml 
whole blood 0-12 hours before transplantation (table 71, group II) and 
another transfused 2-3 weeks pretransplant (group III). Considerable 
prolongations of kidney allograft survival times were observed in both 
experimental groups, but only the MST of group II differed significantly 
from that of the control group. It appeared that the transfusions given 2-3 
weeks prior to transplantation could also induce accelerated rejection. 
The table shows that 4 recipients in this group rejected their kidneys 

* In man, the general impression was obtained that administration of blood transfusions to 
prospective kidney recipients entails the risk of sensitization and subsequent accelerated or 
even hyperacute rejection of the graft. However, retrospective studies had shown that 
dialysis patients which had received five or more pretransplant blood transfusions had a far 
better graft prognosis than those who had received none at all. 

265 



TABLE 71 
INFLUENCE OF A SINGLE BLOOD TRANSFUSION ON KIDNEY GRAFTS SURVIVAL IN UNRELATED RHESUS MONKEYS 

Matching forSD antigens 

Experimental 
groups 

I 
II 
III 
IV 

V 

VI 

Composition 
of the 
transfusate 

whole blood 
whole blood 
washed 
erythrocytes 
washed 
lymphocytes 
whole blood 

Interval between 
transfusion and 
transplantation 

— 
0—12 hours 

13—19 hours 
19—27 days 

20—25 days 

19—23 days 

Blood donor 
versus 
recipient 

n.o. 
n.o. 
n.o. 

n.o. 

optimal 

Kidney donor 
versus 
recipient 

n.o. 
n.o. 
n.o. 
n.o. 

n.o. 

optimal 

Survival time in days 

9,10,11,11,12,12, (controls) 
11,14,19,25,34,39,47,49 
6.6,6,8,13,21,28,32,102,150 
4.5,6,7,8,10,15,26,39,40,201 

7,7,8,16,25,33 

9.10,17,33,39,52,69 

All recipients received imuran and prednisone 4 mg/kg and 2 mg/kg, resp., on alternate days, 
n.o. = not optimally matched for A and B locus antigens. 



earlier than the shortest survivor in the control group (9 days). On the 
other hand, none of the animals receiving a blood transfusion shortly be
fore or during transplantation showed accelerated rejection. Thus, it 
would seem that a single blood transfusion given several weeks before 
transplantation may indeed lead to sensitization, although this was not 
reflected in high levels of cytotoxic antibodies in the recipient's sera or in 
a positive cross-match against kidney donor lymphocytes. 

The possible influence of variations in the composition of the trans-
fusate was then studied in two experimental groups. In those 
experiments, an unpredictable effect of pretransplant transfusions on 
graft survival was also observed. Kidney recipients which received either 
transfusates of pure erythrocyte suspensions (group IV) or lymphocyte 
suspensions (group V) 2-3 weeks before transplantation again showed 
prolonged graft survival as well as accelerated rejection; the MST of 
neither group differed significantly from that of the control group. 
Sensitization of the recipients is again a likely explanation for the early 
rejections, although no cytotoxic antibodies against kidney donor or third 
party lymphocytes could be demonstrated in the recipients, sera of either 
group. It should be mentioned though that the possible presence of red 
cell antibodies was not investigated. 

It is conceivable that in groups III and IV sensitization to red cell anti
gens also present on the kidneys had taken place and was the reason for 
the accelerated rejections. If this were the case, at least some of the 
simian red blood cell antigens might be strong histocompatibility anti
gens, as was originally suggested by Murphy et al. (1965). 

Further, the influence of matching blood and kidney donors with the 
recipients for their A and B locus antigens was investigated. For this 
purpose, blood and kidney donors (VI in table 71) were selected in such a 
way that there were no disparities between these antigens and those of 
the recipients. The animals were transplanted 2-3 weeks after a single 
transfusion with whole blood and are thus comparable to group III. The 
MST's of groups III and VI were not significantly different. 

However, no accelerated graft rejections were noticed in group VI. This 
could indicate that compatibility for A and B locus antigens between 
recipients and donors may prevent early rejection. Interestingly, two 
recipients' sera in the optimally matched group contained B cell antibod
ies also directed against the kidney donor's B lymphocytes. The occur
rence of those positive B cell cross-matches did not lead to hyperacute or 
accelerated rejection of the transplanted kidneys. Whether they 
contribute to a prolonged survival time is not known. 

To investigate the species specificity of the beneficial effect of multiple 
blood transfusions on organ graft survival, a limited number of rhesus 
monkeys were given rhesus blood transfusions and were then trans
planted with baboon kidneys (not depicted in the table). The recipients 
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received 5 consecutive transfusions at biweekly intervals and were 
grafted 2-3 weeks after the last transfusion. Because of the species 
barrier, the recipients received additional immunosuppressive treatment 
(Antithymocyte Globulin, 100 mg/kg 3 x in the first week post-transplant). 
Preliminary results indicate that, even in this xenogeneic combination, 
multiple pretransplant blood transfusions can have a beneficial influence 
on kidney graft survival. This makes it unlikely that classical immuno
logical enhancement is the mechanism responsible for the prolonged 
graft survival after multiple blood transfusions. For the induction of 
"enhancing" antibodies, one would expect a major degree of sharing of 
MHC products between blood and kidney donors and that is not very likely 
in the described protocol. 

Van Es, A.A., et al., Lancet 1, (1977). 506. 
Festenstein, H., et al., Lancet 1, (1976), 157. 
Murphy, G.P. et al., Investigative Urology, 3, (1965), 244. 
Persijn, G.G. et al., Transpl. Proc. IX, (1977), 503. 
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ATTEMPTS TO INDUCE SPECIFIC IMMUNOSUPPRESSION FOR KIDNEY 
ALLOGRAFTS IN RHESUS MONKEYS BY USE OF SOLUBLE 

DONOR-TYPE ANTIGEN AND ANTIGEN-ANTIBODY COMPLEXES 

R.L. Marquet, G.A. Heystek, A.A. van Es and H. Balner 

Complexes made up of antigen and specific antibody can decrease the 
ability of immunocompetent cells to generate an immune response 
(Feldmann and Diener, 1970). Also, such antigen-antibody (Ag-Ab) 
complexes have been implicated in the induction of certain immuno
logically hyporesponsive states, as seen in rats with progressively 
growing tumours (Baldwin et al., 1972), in rat recipients which maintain 
healthy kidney allografts (Stuart et al., 1968) and in various forms of 
immunological unresponsiveness. 

From our previous work in rats (Marquet et al., 1976) it had become 
evident that, although Ag-Ab complexes were highly effective in in
activating immunocompetent cells, comparable treatment with either 
antigen or antibody alone was less effective or totally ineffective. 
Prompted by the observation that in rats Ag-Ab complexes had unique 
immunosuppressive properties experiments were devised to test the 
effect of complexes on kidney graft survival in rhesus monkeys. 

Firstly, it was necessary to study the respective effects of the two 
constituents used to assemble Ag-Ab complexes, namely donor type 
antigen and alloantibody. The results obtained with various types of allo-
antisera have been reported (Marquet et al., in the press); it was found that 
none of the sera used had a significant influence on kidney graft survival. 
In subsequent studies, reported here, the effect of soluble donor-type 
antigen and Ag-Ab complexes on kidney graft survival was investigated. 
Soluble donor-type antigens were prepared by treating kidney cell 
suspensions with the non-ionic detergent nonidet p-40 (NP-40) after 
which the supernatant was ultracentrifuged. The final preparations 
contained about 1 mg protein/ml and were tested for antigenicity using a 
lymphocytotoxicity inhibition assay. Ag-ab complexes were prepared in 
vitro, at the zone of equivalence, from donor-type kidney antigen and the 
IgG-fraction from a pool of polyspecific rhesus alloantisera. In all cases 
the amount of antigen in the complexes was 0.4 mg/kg. Kidney trans
plantation was performed in SD-mismatched MLR-positive rhesus 
monkeys of about 2V2 kg body weight; contralateral nephrectomy was 
done at the time of transplantation. Death of the recipient was taken as 
endpoint of graft survival. The results obtained in the 4 experimental 
groups are summarized in table 72. 

It was found that treatment with kidney antigens caused a significant 
prolongation in 3 out of 6 cases, whereas for the other 3 no effect could be 
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TABLE 72 
EFFECT OF TREATMENT WITH ALLOANTISERUM, DONOR TYPE ANTIGEN 

AND ANTIGEN-ANTIBODY COMPLEXES ON KIDNEY GRAFT SURVIVAL 
IN RHESUS MONKEYS 

Treatment Survival times (in days) Mean±SD 

None 7,7,10,10,11(4x),13,14,19 11.4±3.5 

8mg/kgpolyspecif ic lgG 6,7,9,10,12,13,19,20 12 ±5.2 

0.4 mg/kg kidney antigen 8,8,9,37,41,47 N.D. 

Antigen-antibody complexes 4,4.5.7,7,9,11,22,56 13.9±8.5 

All treatments were given i.v. on days 0,2,4,6, and 8. 
Polyspecif ic IgG was prepared from a pool of rhesus alloantisera exhibiting broad specificity. 
Ag-Ab complexes were prepared in vitro at the zone of equivalence from donor-type kidney 
antigen and polyspecific IgG; each preparation contained 0.4 mg/kg antigen. 

noticed. Administration of Ag-Ab complexes resulted in accelerated graft 
rejection in 30% of the cases and induced a marked prolongation of 
kidney graft survival in one recipient only. These results are quite contrary 
to our findings in rats, where donor-type antigen was ineffective and treat
ment with Ag-Ab complexes induced permanent survival of organ 
allografts. Our recent finding that in rats Ag-Ab complexes can induce 
hyperacute graft rejection also, provided the recipient has been presensi-
tized, may provide a clue in understanding the variable results obtained in 
rhesus monkeys. 

Baldwin, R.W. et al„ Nature 238, (1972), 185. 
Feldmann, M. and Diener, E., J. exp. Med. 131, (1970), 247. 
Marquet, R.L. et al., Transplantation 21, (1976), 454. 
Marquet, R.L. et al„ Transplantation, in the press. 
Stuart, F.P. et al., Science 760, (1968), 1463. 
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THE EFFECT OF MATCHING AND BLOOD TRANSFUSIONS ON KIDNEY 
ALLOGRAFT SURVIVAL IN DOGS 

H.M. Vriesendorp, A.B. Bijnen*, H. Obertop* and D.L. Westbroek* 

Results of kidney transplantation in man have failed to improve over the 
last years (Barnes, 1977). About 50% of the grafts from cadaver donors 
and 25% of those from sibling donors fail within two years. Rejection and 
complications inherent to the required immunosuppressive treatment are 
the major remaining unsolved problems. Studies in tissue typed dogs 
were continued in two directions; 1): a further analysis of the genetic 
control of kidney graft survival and 2): the development of more effective 
immunosuppressive protocols. 

Genetic control of kidney graft survival 
The major histocompatibility complex of the dog (DLA) consists of a 

number of closely linked, highly polymorphic loci (Vriesendorp et al., 
1977). A search was made for subregion(s) within DLA which are relevant 
to kidney graft survival by a study of infrequently occurring DLA recom
binants. Six sibling donor-recipient pairs were found where identity for 
only one part of the DLA complex was present through the occurrence of a 
recognizable DLA combination. Graft survival data indicated that the 
region close to or to the left of the DLA-D locus (one of the loci deter
mining the response in mixed lymphocyte cultures (MLC) was most 
relevant to kidney graft survival (Bijnen et al., in prep.). These results are 
consistent with the earlier reported efficacy of MLC matching in 
prolonging kidney graft survival in unrelated canine donor recipient pairs 
(Westbroek, et al., 1975). 

The effect of minor histocompatibility systems was investigated in DLA 
identical beagles from different litters. A pedigree analysis revealed that 
common ancestors to the donor recipient pairs used could be excluded 
for at least two generations but were present for the majority of pairs in 
earlier generations. The high degree of linkage disequilibrium between 
DLA components (Vriesendorp et al., 1977) and the common early ances
tors indicate that in these donor recipient pairs identity was most 
probably present for the whole DLA complex, although only lymphocyte 
defined and serologically defined antigens were determined. A 
comparison between the survival times in these donor recipient pairs and 
the ones previously observed in DLA identical littermates showed a 
significantly shorter survival time of animals receiving a DLA identical 
kidney from a non-littermate. The median survival time found (20 days) is 

* Lab. for Exp. Surgery, Erasmus University, Rotterdam. 
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identical to the one reported for littermate donor recipient pairs differing 
for one DLA haplotype. This indicates that the expected higher degree of 
incompatibility for minor histocompatibility antigens in non-littermate 
dogs can have an equally strong effect on kidney graft survival as major 
histocompatibility differences in littermate dogs. 

A comparison of the effect of immunosuppressive treatment on minor 
versus major histocompatibility differences remains to be made. 

Immunosuppressive protocols 
The dog has frequently been used as a preclinical model for immuno

suppressive protocols developed in rodents. Previously, three protocols 
were tested in the dog, the use of antilymphocyte serum and donor bone 
marrow, antidonor antisera and the use of pretransplant donor blood 
transfusions. All were found to be without predictable benefit. The last 
study in this series included the subcutaneous injection of 2 ml of donor 
blood on days 10 and 5 before transplantation. This protocol was 
previously reported to be succesful in non-tissue-typed dogs (Halasz, 
1964), but was now found to be ineffective in dogs with defined 
histocompatibility differences (Obertop et al., in prep). In fact, graft sur
vival was shortened in comparison with the non-transfused controls. 
Additional studies on the effect of blood transfusions on kidney graft 
survival were performed. 

Hundred ml of blood from third party donors was given i.v. on days 21, 

— 100-

50- 1 
' transfused 

not transfused 

(n = 10 ) 

20 40 60 

time after transplantation ( days ) 

Figure 90 
The survival of recipients of DLA mismatched kidneys with and without prior blood trans
fusions. 
All recipients received Imuran and Prednison after transplantation. 
Transfusions were given on days 21,14 and 7 before transplantation. 
Without immunosuppression all recipients die before day 12. 
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14 and 7 prior to a DLA mismatched kidney graft. Immunosuppressive 
treatment was given daily from the day of grafting as 2 mg Imuran and 1 
mg Prednisone per kilogram body weight i.v. for 60 days or till the day of 
rejection. Results are given in fig. 90. The transfused dogs showed a 
significantly prolonged graft survival time, which is in agreement with 
earlier results obtained by Van Es et aJ. (1977) in rhesus monkeys. The 
dogs which did not reject their graft did produce antibodies, after the 
blood transfusions with a low frequency of positive results, when tested 
against a panel of leukocytes of random dogs. The transfused dogs which 
did reject their grafts produced antibodies with reactivity against a 
significantly higher number of unrelated dogs. 

Research will be continued following both lines of investigation in an 
attempt to define optimal ways of donor selection as well as optimal 
blood transfusion protocols. 

Barnes, R.A., Transpl. Proc. 9, (1977), 9. 
Bijnen, A.B. et al., Manuscript in preparation, (1978). 
Van Es, A.A. et al., Lancet 5, (1977), 506. 
Halasz, N.A. et al., Transplantation 2, (1964), 453. 
Obertop, H. et al., Manuscript in preparation, (1978). 
Vriesendorp, H.;. et al., In: Major Histocompatibility systems in animals. Springer Verlag, 

New York, (1977). 
Westbroek, D.L. et al., Transpl. Proc. 7, (1975), 427. 
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THE EFFECT OF PUTATIVE ANTI-la AND ANTI-SD SERA ON HEART 
ALLOGRAFTSURVIVALIN RATS 

R.L Marquet and G.A. Heystek 

One of the central questions that has emerged from recent studies on 
immunological enhancement is whether enhancement is attributable to 
the presence of antibodies directed against donor type SD antigens or to 
antibodies against !a-antigens (SD: serologically defined "conventional" 
histocompatibility antigens; la: immune-region associated or B-cell 
alloantigens). It has been claimed from experiments performed in rodents 
that la-antibodies were the only relevant enhancing antibodies; SD- anti
bodies were found to exhibit none or only trivial enhancing capacities 
(Catto et al., 1977). However, the la-concept has been challenged by 
findings of Jeekel et al., (1977) and Davis (1977). 

In order to study the la-versus SD controversy in our (WAG/Rij x BN) 
F1 to BN heart transplantation model, the following approaches were 
employed: 
1. BN rats were immunized i.v. with 1 ml of WAG/Rij blood and trans

planted with a WAG/Rij heart after one week. The hearts were rejected 
in an accelerated fashion (5 days ); 7 days later serum was collected 
(serum I). 

2. Serum I was absorbed 3 times with pure WAG/Rij erythrocytes (1:1), in 
order to remove SD antibodies and to obtain a putative anti-la serum 
(serum II). Rat erythrocytes only carry Ag-B (SD) antigens on their sur
face, la-antigens are not present. 

3. BN rats were immunized two times with 5 x 109 pure WAG/Rij erythro
cytes with the objective to obtain a putative anti-SD serum (serum III). 

TABLE 73 

THE EFFECT OF PUTATIVE ANTI-la AND ANTI-SD SERA ON HEART ALLOGRAFT 
SURVIVAL IN THE (WAG/Rij x BN)F1 TO BN COMBINATION 

Treatment Survival in days 

— 8,9,9,10,10,10,12 
Serum I 16,16,16,17,18,20,25 
Serum II (anti-la) 13,15,15,16,16,20 
Serum III (anti-SD) 14,>30(5x) 

Serum I: BN anti WAG/Rij serum produced by immunization with WAG/Rij blood and WAG/Rij 
heart transplantation. 
Serum II: Serum I absorbed 3 times with pure WAG/Rij erythrocytes. 
Serum III: BN anti WAG/Rij serum prepared by immunization of BN rats with pure WAG/Rij 
erythrocytes. 
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The three sera were tested for their capacity to enhance heart transplants 
in the (WAG/Rij x BN)F1 to BN model. Serum was given i.v. in a dosage of 
0.25 ml per rat on days, 0,2,4,6 and 8. The results are given in table 73. 

If we would only consider the results obtained with sera I and II it would 
appear that SD antibodies are irrelevant for the induction of 
enhancement; removal of SD antibodies by absorption with erythrocytes 
did not significantly impair the enhancing capacity of the serum. How
ever, the results obtained with serum ill indicate that putative SD-antibo-
riies do have potent enhancing capabilities; the results were even better 
than those obtained with "whole" serum (serum I). Although our experi
ments are far from complete and hinge on the assumption that in serum II 
and III la and SD antibodies were present respectively, the conflicting re
sults seem to indicate that the la-SD controversy is a simplification of an 
obviously complex phenomenon. 

Catto, G.R.D. et al., Transpl., Proc. 9, (1977), 957. 
Davis., W.C., Transpl. Proc. 9, (1977), 937. 
Jeekel, J. et al., Transpl. Proc., 9, (1977), 969. 
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ALLOGENEIC RESISTANCE IN RHESUS MONKEYS 

H.M. Vriesendorp and G. Wagemaker 

Allogeneic resistance is the term used for the phenomenon that after a 
supralethal total body irradiation (TBI) higher numbers of allogeneic bone 
marrow (BM) cells are required for haemopoietic reconstitution than in the 
case of autologous bone marrow. This difference has been explained by 
assuming that enough immune reactivity remains in the recipient after 
supralethal irradiation to inactivate a substantial number of allogeneic 
haemopoietic stem cells. Studies in mice and dogs have shown that in 
major histocompatibility mismatched donor/recipient combinations 
about 50 times more BM cells are required for haemopoietic recovery than 
in the isogeneic or autologous situation (Vriesendorp et al., 1976). Earlier 
studies provided evidence for an exceptionally low allogeneic resistance 
ratio in monkeys as only 4 times more allogeneic than autologous BM 
cells were required for radioprotection (Van Bekkum and De Vries, 1967). 
However, the comparison between the allogeneic and autologous trans
plants was of doubtful value in that haematological support (blood and/or 
platelet transfusions) was only given to the former group. 

To elucidate that question 4 monkeys received a supralethal dose of 
total, body irradiation (850 rad X-rays) and 107 fresh BM cells/kg body 
weight aspirated just prior to irradiation. Leukocyte levels increased 
starting day 15; thrombocyte levels remained below 70 x 109/l for at least 
a month. Two to 5 transfusions were given per animal over this period. 
Reticulocytes started to come back on day 10 after TBI before the onset of 
supportive transfusions. Formally, no pros>£ can be obtained that the 
reappearance of cellular blood elements after irradiation originates from 
the injected BM cells due to absence of appropriate genetic markers in 
the case of autologous BM. However, the speed of recovery, although 
slower than following previously used higher numbers of autologous BM 
cells (108/kg body weight), is sufficiently different (p < 0.01) from the 
haematological events in the monkeys which did not receive BM cells and 
which died, to permit the conclusion that all 4 animals survived the 
irridation due to haemopoietic recovery originating from the autologous 
BM cells infused. As the earlier reported minimum number of effective 
allogeneic BM cells is 3 x 108/kg body weight (Crouch et al., 1961), this 
brings the allogeneic resistance ratio in the monkey to more than 30 
(3x 108/1 x 107). These results demonstrate that, contrary to previous 
reports, allogeneic resistance does occur to the same extent in mice, 
dogs and monkeys. This implicates that humans will probably not be an 
exception and that similarly high ratios have to be taken into account in 
clinical bone marrow transplantation. 
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GRAFT VERSUS HOST REACTIONS IN DOGS AFTER TOTAL BODY 
IRRADIATION AND BONE MARROW TRANSPLANTATION 

C. Zurcher, A.C.M. van Kessel and H.M. Vriesendorp 

As part of an ongoing program for the investigation of factors 
influencing survival after bone marrow (BM) transplantation in dogs, a full 
necropsy was performed on 126 dogs. Twenty-six received different doses 
of total body irradiation (TBI), 23 autologous BM after TBI and 77 allogenic 
BM. Fifty-eight dogs of those receiving allogenic BM showed clinical 
and/or histological signs of a persistent take. The following report is 
mainly concerned with the occurrence of histological signs of Graft 
versus Host (GvH) reactions in this latter group of 58 dogs. 

All dogs received TBI in doses of 700-800 rad (X-rays) and various 
additional modes of conditioning such as silica, asparaginase or anti-
lymphocyte serum (Vriesendorp, et al., 1975). This was done to reduce the 
effect of allogenic resistance, inducing a take with smaller numbers of 
BM cells and thus to decrease the incidence or severity of GvH reactions. 
Various host-donor combinations were tested to investigate the effect of 
histocompatibility for LD and SD loci in related and unrelated dogs 
(Vriesendorp, et al., 1977). 

After TBI, all dogs received 2 -4 x 108 BM cells per kg body weight and 
supportive treatment such as blood transfusions and antibiotics. They 
were regularly checked for haematological reconstitution and for clinical 
and biochemical signs of GvH reactions. Animals dead or killed when 
moribund underwent a complete necropsy. 

A histological diagnosis of GvH was made in 33 dogs, as characteristic 
lesions were present in one or more of the "classical" target tissues (skin, 
intestinal tract, liver, and oropharynx) (Van Bekkum and de Vries, 1967; 
Slavin and Woodruff, 1974). 

However, in addition to these tissues, it appeared that other epithelial 
structures were also attacked by the allogenic immunocompetent 
lymphoid cells. Especially in the lungs were lesions suggestive for GvH 
frequently found. They consisted of an infiltration of lymphoid cells into 
the epithelium of the mucous glands of the bronchi, with destruction of 
the epithelial lining and distension of the glandular lumen by necrotic 
debris and mucus (fig. 91). Sometimes, the bronchial epithelium was also 
affected. Comparable lesions could be found in the mucous glands of the 
trachea and the esophagus as well as in the prostate, epididymis, uroepi-
thelium and in the excretory ducts of salivary glands and pancreas. The 
relative frequency of GvH lesions in dogs is given in table 74. As is 
apparent from the table, such lesions were not found in control dogs 
receiving autologous BM or in dogs without a take after allogenic BM. 
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TABLE 74 

GvH LESIONS IN VARIOUS TISSUES IN DOGS* AFTER BM TRANSPLANTATION 

Percentage of dogs with lesions in: 

Bm 
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Histological 
GvH 
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Mean Survival 
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allogenic Mild/moderate 
33 
29 

(11-108) 
48 42 45 15 73 36 67 60 21 30 19 12 15 

allogenic No/dubious 
25 
33 

(11—149) 
0 0 0 4 0 4 0 0 4 0 

allogenic No 
12 
15 

(12—21) 
0 0 0 0 0 0 0 0 

autologous No 
12 
33 

(11-48) 
0 0 0 0 0 0 

* only dogs surviving for 11 days or longer were used for calculation 



Figure 91 
Lung tissue from dog with GvH disease 20 days after allogenic BM transplantation. 
Note lymphocytic infiltration and necrosis of bronchial gland epithelium. HPS x 310. 

Some other aspects of GvH reactions in dogs need to be mentioned 
here. In dogs with clinically and histologically proven GvH, characteristic 
lesions are often absent in skin samples taken at random, while they may 
be present in the skin of the lip and of the inner surface of the pinna. 
Furthermore, slight GvH lesions in the intestinal tract may be difficult to 
differentiate from occasional mucosal cysts which are a frequent finding 
in normal beagle dogs. (Feron and Mullink, 1971). Liver lesions non
specific for GvH such as focal parenchymal necrosis and bile stasis were 
frequent in the 126 dogs examined and an extensive search for more 
specific lesions such as focal bile duct destruction with intra-epithelial 
lymphoid cell infiltration may be necessary to warrant a diagnosis of GvH 
of the liver. 

In addition to the specific pathologic changes associated with GvH 
disease and its complications, some pathologic lesions were induced by 
the conditioning regimen, e.g. pancreatic necrosis and atrophy by TBI and 
fibrinoid necrosis of arteries and lymphoid organs by silica. 
Van Bekkum, D.W., and De Vries, M.J., p.127. In: Radiation Chimaeras, Logos Press, London 

(1967). 
Feron, V.J., and Mullink, J.W.M.A., Lab. Anim. 5, (1971), 193. 
Slavin, R.E., and Woodruff, J.M., p.291. In: Pathology Annual 1974, (S.C. Sommers ed.), 

Appleton-Century-Crofts, New York (1974). 
Vriesendorp, H.M., et al. Transpl. Proa, 7, (1975), 465. 
Vriesendorp, H.M., et al., Transpl. Proa, 9, (1977), 293. 
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PHAGOCYTIC CAPACITY OF LEUKOCYTES FROM DOG BLOOD 
BEFORE AND AFTER CRYOPRESERVATION 

A.C.M. van Kessel and W. Klapwijk 

To determine the effectiveness of a cryopreservation program for 
granulocytes, several functions of these cells were investigated before 
and after freezing. After cryopreservation, the granulocytes are mostly 
transfused into granulocytopenic patients to combat infections. For that 
purpose, the granulocytes had to have the capacity to phagocyte and kill 
the causative microorganisms. Therefore, we determined the phagocytic 
capacity of dog leukocytes before and after freezing to evaluate the use
fulness of several cryopreservation programs. The method described by 
Van Furth and Van Zwet (1973) was selected and modified to make it 
possible to quantify the results. 

Leukocytes were isolated from peripheral dog blood or from the cell 
suspension obtained from a donor dog by continuous flow centrifugation 
at a low force for 2 h, when a larger number of leukocytes was needed. The 
cell suspension was anticoagulated with heparin or heparin and acid-
citrate-dextrose (ACD); there was no difference in results obtained with 
the two anticoagulation methods. For the phagocytosis study, a 
streptomycin-resistant Escherichia coli (SRE) strain was used. This made 
it possible to add streptomycin (1 mg per 10 ml medium) to the medium to 
prevent contamination. Approximately 3 x 107 bacteria per ml Hanks' 
balanced salt solution (HBSS) were always used for the phagocytosis 
study. 

To the test suspensions, 10% serum rich in specific opsonizing anti
bodies was always added; otherwise, the results would not be constant 
and comparable from one experiment to another. 

For measuring the rate of ingestion of SRE by the leukocytes, 1 ml of 
the leukocyte cell suspension, 1 ml of the SRE suspension and 0.2 ml 
antibody-rich serum were mixed and incubated at 37°C for 30 min under 
continuous rotation. At the beginning and the end of the incubation, the 
number of non-ingested microorganisms was determined by counting the 
number of colonies found on Endo agar plates after overnight incubation. 

The half-time of phagocytosis was calculated according to the formula: 

-r log 2 o n 

T,, = - x 30 mm 
log(N0/N30) 

in which N0 is the number of viable bacteria in the test suspension at the 
start of the experiment and N30 is the number of viable non-ingested 
bacteria in the test suspension after 30 min incubation. 
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Figure 92 
Relation between the bacteria/leukocyte ratio and the half-time of 30 min phagocytosis by 
"fresh" leukocytes. Each point gives the mean of 15 experiments ± the standard error. 

By changing the bacteria-leukocyte ratio dilution of the leukocyte 
suspension, it was possible to obtain a series of standards (fig. 92) for 
the comparison with frozen leukocytes. By comparing the half-time value 
obtained with the frozen leukocytes in a bacteria-leukocyte ratio of 1:1 
with the four half-time values obtained with non-frozen leukocytes, the 
percentage of phagocytic capacity of the cryopreserved leukocytes could 
be calculated. Up to now, 3 cryopreservation programs have been tested; 

TABLE 75 

RECOVERY OF PHAGOCITYC CAPACITY OF DOG LEUKOCYTES AFTER 
CRYOPRESERVATION WITH DIFFERENT FREEZING PROGRAMS 

Compensation for1 Cryoprotective 
Freezing program Freezing rate the heat of fusion agent Recovery in %2 

Bone marrow — 1°C7min 

Lymphocyte —5°C/min 

Erythrocyte — 10°C/min 
1 + : use of an alcohol bath and a maximum inflow of liquid nitrogen 

± : only a maximum inflow of liquid nitrogen 
— : no compensation 

2 The mean value of the phagocytic capacity after cryopreservation is given and the range is 
shown in parenthesis. 

+ 

± 

5% DMSO 

5% DMSO 

10% DMSO 

4.5(0 -10.8) 

11.9(0.6-46.3) 

19.3(6.3-35.7) 

282 



the details of the programs and the results are given in table 75. In the 
programs, the ampoules containing the cell suspensions were cooled to 
—7°C and then transferred to liquid nitrogen for storage. Samples taken 
during the cooling in the bone marrow and lymphocyte programs had 
shown that the recovered phagocytic capacity of the dog leukocytes was 
correlated with the temperature. At —70°C, the phagocytic capacity for 
the bone marrow program was 19% (at —196°C, only 4.5%) and that for 
the lymphocyte program was 24.6% (at 196°C, only 11.9%); thus, by the 
transfer of the ampoules from the freezing machine to the liquid nitrogen, 
there was still a considerable loss of phagocytic capacity. The cell 
suspensions were always rapidly thawed and the DMSO was removed by 
stepwise dilution (Schaefer et al., 1972). The results obtained so far are 
comparable with the results published by others, who used other function 
tests and mostly programs with a freezing rate of -1°C/min and with a 
rec very of r to 20%. 

Van Furth, R. and Van Zwet, T.L., In: Handbook of Experimental Immunology (D.M. Weir, ed.), 
Blackwell, Oxford, (1973), Chapt.36. 

Schaefer, U.W. et al., Rev. Europ. Et. Clin. Biol., 17, (1972), 483. 
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BONE MARROW TRANSPLANTATION AFTER DIFFERENT DOSES 
OFTOTAL BODY IRRADIATION IN MAJOR HISTOCOMPATIBILITY 

COMPLEX-IDENTICAL DOGS 

A.CM. van Kessel and H.M. Vriesendorp 

One of the problems in todays clinical bone marrow (BM) trans
plantation is the toxicity of the conditioning regimen, which is necessary 
to obtain a lasting take of the BM-graft in aplastic and leukaemic patients. 
One possibility is the use of a high dose of total body irradiation (TBI) 
which has proven to be effective in conditioning a patient for a BM- trans
plant from a donor matched for the major histocompatibility complex 
(MHC). One could easier decide to transplant BM if the toxicity of the 
conditioning regimen would be less. Given the availability of a dog model 
for BM-transplantation, in which TBI is used as conditioning, we have 
investigated the takeability of a MHC-identical BM-graft and the 

time after Irradiation ( day» ) 

Figure 93 
Peripheral leukocyte counts after different doses TBI and transplantation of 4 x 108 DLA-
identical BM cells/kg body weight. 
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persistence of the take after decreasing doses of TBI. The technical 
details of TBI of dogs have been described (Vriesendorp et al., Annual 
Report 1973, p. 22). Initially, a dose of 750 rad TBI was used, followed by 
the intravenous administration of 4 x 108 BM cells/kg body weight; the 
interval between TBI and BM administration was 3-30 h. This schedule 
was sufficient to obtain lasting takes of DLA (dog MHC) identical sibling 
BM in over 20 dogs transplanted sofar (fig. 93). If DLA non-identical sibling 
BM was given, the administration of 100 mg silica particles per kilogram 
body weight intravenously 6 h before the injection of the BM cells was 
necessary to obtain a similar effect. Because of the occurrence of a 
severe gastrointestinal syndrome after the TBI with the supralethal dose 
of 750 rad X-rays, we reduced the irradiation dose to the 100% lethal dose 
of 500 rad TBI and gave 3-30 h later the same low number of 4 x 108 DLA-
idential sibling BM cells/kg body weight. By daily counting the number of 
leukocytes in the peripheral blood from day 3 after the irradiation (fig. 93), 
by determining the isoenzymes of the erythrocytes and leukocytes before 
and several times after the transplantation and by karyotyping of the 

~ io -
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time after irradiation ( days ) 

Figure 94 
Peripheral leukocyte counts of dog 6220D after 350 rad TBI and transplantation of 4 x 108 DLA-
identical BM cells/kg body weight. 
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nucleated BM cells of the recipient about 3 months after the trans
plantation in the case of sex-difference between the donor and recipient a 
take and a persistence of the take of the BM graft was detected. All 5 dogs 
transplanted following this schedule had shown a lasting take of the DLA-
identical BM graft. In contrast 4 dogs transplanted with the same low 
number of DLA-non-identical BM cells all died 2-3 weeks after this dose of 
500 rad TBI from BM aplasia. Thus, this radiation dose is sufficient to 
abrogate the resistance of a dog against the transplantation of 4 x 108 

DLA-identical BM cells/kg body weight, but it cannot abrogate the 
resistance of a dog against the same number of DLA- mismatched BM 
cells. 

In the next experiment, 5 dogs were irradiated with 350 rad X-rays (a 
dose that had been proven to be close to the LD50 for irradiation of dogs) 
and transplanted with the same number of DLA-identical BM cells. The 
number of peripheral leukocytes decreases between day 19 and 22 after 
TBI and increases afterwards rather quickly to normal values (fig. 93). This 
decrease and increase is si?an more clearly from the data for individual 
dogs (an example is shown in fig. 94). These results can be explained by a 
rejection of the BM graft about 20 days after the transplantation and an 
regeneration of the haemopoietic system from autologous stem cells, 
which have survived the 350 rad TBI. This is confirmed by the karyotyping 
of BM cells of two dogs, who received BM from a donor of the other sex: 3 
months after the transplantation all the cells were from recipient origin. 
Since all the dogs had similar isoenzyme patterns of the leukocytes and 
erythrocytes, these markers could not be used to determine the origin of 
the blood cells after transplantation. In conclusion: it is clear that dogs 
can be irradiated with a lethal dose of 500 rad TBI instead of a supralethal 
dose of 750 rad to condition them for a persistent take of low numbers of 
DLA-identical BM cells. A dose of 350 rad X-ray is not sufficient to obtain a 
lasting chimaeric state with this number of cells. Present studies are 
aimed to find out whether stable chimaeras may be obtained after 500 rad 
TBI with lower numbers of DLA-identical BM cells. 

286 



THE ChLA SYSTEM OF CHIMPANZEES; NEW SEROLOGICALLY 
DEFINED ANTIGENS AND SIMILARITIES WITH HUMAN HLA(SD) 

AND DR(la) ANTIGENS 

H. Balner, W. van Vreeswijk, J.D'Amaro, J.H. Roger* 
and leke Schreuder** 

At present 16 serologically defined (SD) alloantigens of chimpanzees 
can be identified. A study of 200 unrelated chimps and 37 families 
revealed that six of the antigens are defined by the A-locus 1>and seven by 
the B locus of ChLA; the remaining three are probably also controlled by 
genes in the ChLA region but not by alleles of the A or B loci. Fig. 95 
graphically depicts the distribution of the thirteen A and B locus antigens 
in a population of 200 unrelated chimpanzees. The gene frequency for 
"blanks" of the A locus is now approx. 0.3, for those of the B locus about 
0.2. 

The ChLA antigens as defined by chimpanzee alloantisera were 
compared with human HLA antigens. This was done by testing cells from 
72 chimpanzees with the human alloantisera which were used to define 
human HLA(SD) antigens during the 7th Histocompatibility Workshop 
(Oxford, 1977). An analysis of reactivity patterns revealed high positive 
associations between chimp antigens A121, A111, A108and A126of ChLA 
and human antigens A1, A3, A11 and Aw31 of HLA, respectively. The 
chimp antigens B125, B106 and B123 of ChLA were similar to the human 
antigens B17, B22 and B37 of HLA. Further, chimp antigen 4* of ChLA-B 
was associated with a human antigen of the HLA-C locus (CwL). Symbols 
for human HLA antigens which are associated with ChLA antigens of 
chimpanzees are given at the bottom of fig. 95. (The similarity between 
antigens W4 and W6 of man and chimpanzee was confirmed, but the 
distribution of those supertypic antigens is not shown in the figure). The 
homology between the A and B loci of the human major histocompatibility 
complex (MHC) and the A and B loci of the MHC of the chimp is thus firmly 
established; in addition, there is circumstantial evidence for the existence 
in the chimpanzee of an analogue for the human HLA-C locus. 

In view of the demonstrable similarities between SD antigens of 
chimpanzee and man, it was interesting to investigate whether there 
would be a similar "sharing" of B-cell or la antigens between the two 
highest primate species. Thus, the human B-cell ailoantisera used during 

* Department of Applied Statistics, Reading University, Great Britain. 
* * Department of Immunohaematology, University of Leiden. 

1 Another A-locus antigen, A128, has been recently identified. The reagents were not yet 
available when the chimp population illustrated in fig. 95 was typed, but, in the chimp 
families of the Rijswijk colony, A128 showed perfect segregation with ChLA. 
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Figure 95 
ChLA antigens of chimpanzees. 
Distribution of antigens controlled by the A and B loci of ChLA in 200 unrelated chimpanzees. 
The vertical columns indicate lymphocytotoxicity patterns of groups of antisera (group 
numbers at the top; for details see Balner et al., 1978), An antigen was assigned if the majority 
or all sera of a group gave a strongly positive reaction (black horizontal bars); shaded horizontal 
bars idicate variable, mostly weak serological reactions and uncertainty about the presence of 
an antigen; blanks are negative reactions and interrupted horizontal lines indicate that an 
animal was not typed for a particular antigen. The cell samples shown in the left part of the 
figure were arranged for an optimal display of A-locus antigens; those in the right part of the 
figure were rearranged for proper visualization of the B-locus antigens. Symbols at the bottom 
of the figure stand for human HLA antigens which may be associated with certain ChLA 
antigens of chimpanzees; these associations are based on results of typing a proportion of the 
chimp population with human HLA-sera and comparing the reactivity patterns with those 
obtained with ChLA sera (D'Amaro and Balner, 1978). 

the Oxford Workshop were tested against B-cell suspensions from 70 
Rijswijk chimps. Several interesting associations of serum reaction 
patterns were observed. The rather impressive concordance of cytotoxic 
patterns for chimp cells which was found for sera defining the human 
Dw-7 associated antigen (now designated as DRw7), suggests that 
chimpanzees carry a B-cell antigen which is rather similar to the human 
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DRw7. In family studies, this antigen segregated with ChLA haplotypes in 
at least one and possibly two chimp families. This indicates that the 
chimp's counterpart of DRw7 is probably controlled by the ChLA complex. 

Finally; it should be mentioned that human "typing cells" which define 
D locus antigens in man (Keuning et al., 1975) have also shown typing cell 
responses (absence of stimulation in unidirectional MLC's) when tested 
with chimp lymphocytes (Balner, 1977). Thus, the analogies which have 
been known to exist between HLA(SD) antigens of chimpanzee and man 
can now probably be extended to B-cell or DR antigens and D locus 
determinants. 

Balner, H., p. 79. In: The major histocompatibility system in man and animals, (D Götze, ed.). 
Springer Verlag, New York (1977). 

Balner, H. et al., Tissue Antigens (1978), in the press. 
D'Amaro, J. and Balner, H., (1978), submitted to Tissue Antigens 
Keuning, J.J. et al., 533. In: Histocompatibility testing 1975, (F. Kissmeyer-Nielsen, ed.), 

Munksgaard, Copenhagen(1975). 
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MULTILOCUS CONTROL OF MIXED LEUKOCYTE CULTURE REACTIONS 
IN RHESUS MONKEYS 

H. Balner, M.B. Widmer and A.A. van Es 

Studies in the mouse and man strongly suggest the existence of at 
least two loci whose products stimulate lymphocyte proliferation in 
mixed lymphocyte cultures or MLC. In mice, the strongest MLC 
stimulation occurs across incompatibilities for the I region of H2; 
however, other loci, linked or not linked to H2, can also exert an influence. 
MLC stimulation in man is controlled primarily by the HLA-D locus, 
although one or two other HLA- linked loci with a weaker influence on 
MLC reactivity have been suggested. 

Evidence in the rhesus monkeys indicates that, as in man, an RhLA-
linked D locus has an overriding influence on MLC reactivity (Balner and 
Toth, 1973). So far, two pairs of RhLA(SD)-identical sibs which are 
mutually stimulating in MLC have been found. Since there was 
"combined" crossing-over of parental la-, and D locus antigens in both 
cases, the D and la-, loci were mapped, close to each other, to a position 
outside of the two SD loci, A and B. The products of the la1 locus have, as 
in man, a high positive association with D locus determinants as defined 
by so-called typing cells (this report, p. 292). 

A second type of aberrant MLC reactivity has been observed recently. 
Stimulation was found between several pairs of RhLA(SD)-identical sibs. 
However, recombination for genes of the A, B, D and la-, loci was not 
demonstrable in these cases and could be formally excluded in one 
instance (Widmer and Balner, 1978). Thus, a second MLC locus had to be 
postulated and was provisionally called D'. In the majority of the cases, 
one partner of the sib pairs was possibly a recombinant for an MHC-
linked immune response gene (Dorf et al., 1975). Therefore, it was attrac
tive to speculate that MLC reactivity between those pairs of "identical" 
sibs was due to recombination involving the proposed D'locus (although 
mutation as the cause for MLC reactivity could not be excluded). Results 
of recent immunization experiments with several pairs of siblings and 

D' D D' 
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Figure 96 
Possible mapping positions for two proposed loci (D and D') which may influence MLC 
reactivity in rhesus monkeys. 
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unrelated animals identical for the products of the RhLA A,B,D and la, 
loci, strongly suggest that the proposed D'locus is RhLA-linked and that 
it exerts i ts influence on MLC reactivity only after immunization (Van Es 
and Balner, 1978). 

Balner, H., and Toth, E.K., Tissue Antigens 3,4, (1973), 273. 
Dorf, M.E., Balner, H., and Benacerraf, B., J . Exp. Med., 742, (1975), 673. 
Van Es, A.A., and Balner, H., (1978), submitted for publication. 
Widmer, M.B., and Balner, H., Immunogenetics (1978), submitted for publication. 



CURRENT KNOWLEDGE OFTHE D-LOCUS OF RHESUS MONKEYS: 
SELECTION OF TYPING CELLS AND PREDICTIVE VALUE 

OF la, MATCHING FOR NON-REACTIVITY 
IN MIXED LYMPHOCYTE CULTURES (MLC) 

A.A. van Es and H Balner 

The rhesus monkey's Major Histocompatibility Complex (RhLA) 
contains at least two loci controlling Mixed Lymphocyte Reactivity (MLR), 
of which the D or major MLC locus has been most thoroughly investigated 
(see also p. 263). Demonstration of the D locus determinants requires 
lymphocytes homozygous fora particular D determinant, i.e. homozygous 
typing cells (HTC) (Mempel, 1975). Until recently, the main supply of such 
typing cells were the offspring of consanguinous matings carrying two 
identical ancestral RhLA haplotypes. However, as a result of the lately 
discovered strong association between the D locus determinants and la, 
antigens of rhesus monkeys, a new source of HTC's has been found. 
Related animals of proved homozygosity for the la., antigens and 
unrelated monkeys which carry a single la-, antigen (and are therefore 
possibly homozygous for la-,) can also be homozygous for the D 
determinants and thus HTC's. Table 76 schematically presents results of 
MLC tests performed among all members of an interesting family (c 1435, 
9 1425) where both parents were homozygous for the la1 antigens 70 and 
6, so that all offspring had the 70/6 genotype. 

It was previously shown that unrelated responder/stimulator pairs 
matched for two la-, antigens do not show mutual stimulation in MLC in 
10-25% of the cases, the so-called predictive value of la1 matching for 
non(-reactivity\in\MLC;an example of such non-reactivity in MLC is shown 
in table 77 (see cell samples 5 and 6). It was of course interesting to inves
tigate whether related animals have a similar or possibly even higher 
predictive value (PV) for la^matching. Table 76 shows the mutual MLC 
reactions of full siblings different for one or two RhLA haplotypes but 
identical for the l a ^O and la^ö antigens: It can be seen that only negative 
or weak MLC reactions were observed. 

Similar cases of high PV were found among monkeys of numerous 
other families (not shown). An equally high PV for la-, matching for non-
reactivity in MLC was found among unrelated individuals sharing four A 
and B locus antigens. The reason for a higher PV for la^matching in 
related monkeys may be that assignment of the la-, antigens is more 
reliable owing to the built-in control of segregation of antigens within a 
family. In the unrelated SD-identical monkeys, the higher PV may be due 
to linkage disequilibrium (high positive association) between la, and 
conventional SD-antigens, so that animals which have the same A and B 
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TABLE76 

MLC REACTION PATTERN IN A RHESUS MONKEY FAMILY WITH PARENTS HOMOZYGOUS FOR ^ ANTIGENS 

Cells as 
cr1425 

91425 

HQ 

JC 

NS 

ER 

GB 

Haplo
types 

responders 
ab 

cd 

ac 

ac 

ad 

be 

bd 

parents 

91435 
ab 

250 

15625 
41.9 

1678 
4.9 

1240 
3.7 

756 
8.2 

5044 
8.2 

1410 
14.3 

U425 
cd 

3985 
16.0 

373 

859 
2.5 

560 
1.7 

152 
1.6 

504 
0.8 

173 
1.8 

Cells as stimulators 

HQ 
ac 

3772 
14.9 

9834 
26.4 

339 

289 
0.9 

271 
2.9 

1461 
2.4 

660 
6.7 

JC 
ac 

3086 
12.4 

8357 
22.4 

425 
1.3 

333 

262 
2.8 

1307 
2.1 

551 
5.6 

offspring 

NS 
ad 

1819 
7.3 

4367 
11.7 

1011 
3.0 

379 
1.1 

92 

1150 
1.9 

347 
3.5 

ER 
be 

3372 
13.5 

8303 
22.3 

821 
2.4 

471 
1.4 

384 
2.8 

618 

276 
2.8 

GB 
bd 

2938 
11.8 

4993 
13.4 

771 
2.3 

469 
1.4 

91 
4.2 

1047 
1.7 

98 

1*1 
genotypes 

70/70 

6/6 

70/6 

70/6 

(70/6) 

70/6 

70/6 

SD 
genotypes 

9 13/10 26 

6 26/— 20 

9 13/ 6 26 

9 131 6 26 

9 13/— 20 

10 26/ 6 26 

10 26/— 20 

Symbols a and b stand for paternal, c and d for maternal RhLA (SD) haplotypes. The two values given for each allogeneic combination 
represent mean stimulations in cpm's and Si's (stimulation indices), respectively. The la< genotype of animal NS is deduced (in brackets). 



TABLE 77 

HOMOZYGOUS TYPING CELLS DETECTED A M O N G UNRELATED RHESUS MONKEYS CARRYING A SINGLE la 1 ANTIGEN 

Cells as stimulators 

ro 
CO 

phenotypes 
SD-

phenotypes 

cells as 
responders 

2 

3 

4 

5 

6 

156 

301 
3.9 

343 
1.9 

467 
3.7 

481 
4.8 

555 
4.2 

332 
2.1 

77 

707 
3.9 

282 
2.2 

548 
5.5 

304 
2.3 

176 
1.1 

774 
10.0 

180 

2135 
13.7 

1731 
22.5 

1767 
9.8 

701 
5.5 

730 
7.3 

783 
5.9 

128 

5817 
58.2 

1624 
12.2 

2022 
12.9 

1813 
23.5 

2949 
16.4 

2462 
19.3 

100 

2527 
16.2 

2032 
26.4 

1947 
10.8 

1922 
15.0 

374 
3.7 

412 
3.1 

133 

70 

70 

10 24 34 

24 

28 26 32 

19 20 25 

26 

6 13 26 

11 

Cells as stimulators 

12 13 14 15 16 17 
l a r 

phenotypes 
SD-

phenotypes 

cells as 
responders 11 

12 

13 

14 

15 

16 

17 

136 

386 
1.9 

366 
4.8 

948 
2.3 

1356 
10.5 

2727 
17.2 

3057 
14.6 

3655 
26.8 

199 

1894 
25.0 

2548 
6.3 

3366 
26.0 

4905 
30.8 

5006 
23.9 

3931 
28.8 

1940 
9.7 

76 

1917 
4.7 

1779 
13.7 

844 
5.3 

1707 
8.1 

11591 
85.0 

4635 
23.3 

4487 
59.2 

408 

5759 
44.4 

5382 
33.9 

4487 
21.4 

5745 
42.1 

1303 
6.5 

2519 
33.2 

4268 
10.5 

130 

3516 
22.1 

3096 
14.8 

7169 
52.6 

3789 
19.0 

1866 
24.6 

4552 
11.2 

5522 
42.6 

159 

2497 
11.9 

10343 
75.9 

3649 
18.3 

1938 
25.6 

5084 
12.5 

5527 
42.6 

1956 
12.3 

210 

70 

70 

70 

70/— 

70 75* 

13 4 

6 4 

10 17 

10 17/ 

26 

10 17 26 

10 18 26 

26 

33 26 31 

19 26 32 

10 18 26 

The two values given for each allogeneic combination represent stimulations in cpm's and Si's (stimulation indices), respectively. The 



locus antigens have a greater chance of carrying the very same la, 
antigens. Lymphocytes of 91425 displayed clear-cut typing cell 
characteristics; cells of all offspring were negative in MLC against 
maternal cells when used as stimulator, while strong reactions were seen 
in the reverse direction. However, the cells of o*1435 did not behave as 
perfect typing cells; it can be seen that the children's cells reacted weakly 
to moderately positive against irradiated paternal lymphocytes. 

Similar results were obtained in experiments in which unrelated 
monkeys were tested against each other in MLC. Two representative 
examples of such MLC experiments are shown in table 77. It can be seen 
that three cell samples carrying a single la, antigen, viz. nos. 1, 2 and 11, 
behaved as perfect HTC's with all cells carrying an identical la, antigen*. 
Thus typing cells could be traced among unrelated random monkeys 
simply by selection of animals carrying a single la, antigen (potentially 
homozygous for la, and D antigens). At the time of writing, more than 
twenty HTC's (each of which is associated to an identifiable la, antigen or 
a "blank" of that locus) had become available by selecting la, 
homozygous cell samples in the way described above. 

The predictive value of la,-matching has important implications for the 
selection of optimal donors for organ transplantation. It was recently 
shown in kidney transplantation experiments that la,-matched MLC-
negative donor recipient combinations have a far better graft prognosis 
than mismatched controls. Studies are in progress to investigate whether 
the value of la,-matching for MLC non-reactivity can be increased by 
improving the la serology. 

Mempel, W. et al., Transpl. Proa, 7, (1975), 81. 

Cell sample 3 showed a more complex MLC pattern: it was mutually negative with sample I, 
so that both cell samples could be expected to be identical HTC's. However, the data reveal 
that cell 3 did stimulate all cells positive for la1-4 to a moderate degree. Further, cell 3 was 
not mutually non-reactive with cell 2, a proved HTC with a reactivity pattern similar to that of 
cell 1. This complex phenomenon (cell 1 identical with cell 2 and 3 but cell 2 non-identical 
with cell 3) has been observed on several occasions and is most readily explained by 
assuming a second locus with an influence on MLR (see page 290). 
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B-CELL OR la ANTIGENS OF RHESUS MONKEYS: CURRENT STATE 
OF SEROLOGY AND GENETICS 

W. van Vreeswijk, M.C. Noort, J.A.K. Baumeister, J.H. Roger* 
and H. Balner 

The study of B-cell or la alloantigens of the rhesus monkey was 
continued in 1977. la antigens occur primarily on B lymphocytes and can 
be distinguished from conventional serologically defined (SD) antigens by 
various biochemical and immunocytological methods. The antisera 
identifying la antigens are produced by immunization of rhesus monkeys 
with tissues from animals identical for A and B locus antigens of RhLA 
(Balner and Van Vreeswijk, 1975). In 1975, eleven la specificities could be 
identified and four of them seemed to be controlled by a RhLA-linked 
locus, designated as the first series or la1 (Roger etal., 1976; Balner etal. , 
1976). The other identifiable la antigens appeared not to be controlled by 
la, but probably also by genes located in the major histocompatibility 
complex, RhLA. In 1976, many new antisera were produced, also by cross-
immunization of monkeys identical for four A and B locus antigens. 

The reactivity patterns of all available antisera were again investigated 
in 1977. An analysis of data obtained with cells from 266 unrelated 
monkeys and animals belonging to 32 rhesus families revealed that, as in 
the mouse, several RhLA-linked systems must control the various sets of 
la antigens in the monkey. However, only one set of 5 or 6 antigens could 
be shown to be controlled by allelic genes of a distinct locus, namely the 
la-, locus which had also been described in 1976 (see above). The 
segregation of five of the six proposed la-, antigens in the families of three 
monkey harems is shown in table 78. It appears that none of the RhLA 
"haplotypes" carries more than a single antigen of that series. (The other 
identifiable la antigens are not shown in the table; for details, see Roger 
etal., 1978). 

The la, locus was originally mapped in the RhLA complex but not 
adjacent to the D or major MLC locus. More recent data obtained in mixed 
lymphocyte cultures with cells from two RhLA-recombinant offspring now 
suggest that the D and la, loci are situated in the same part of RhLA, both 
outside of and to the left of the SD region (Roger et al., 1978). This 
mapping position is further supported by the positive association 
between the serologically defined la, antigens and D-locus determinants 
as defined by cellular methods (this report p. 292). As a consequence of 
that assocation, it is now much easier to detect pairs of unrelated 
individuals who are mutually negative in MLC. This finding has important 

* Dept. of Applied Statistics, Reading University, Great Britain. 
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TABLE 78 

GENOTYPING FOR la, ANTIGENS IN SEVERAL RHESUS MONKEY FAMILIES 

Parents 
and 

offspring 

cr381 

9 584 
V 
GO 
JJ 
AV 
BU 
CZ 

9 432 
N 
FN 
AK 
GM 
CP 

9 494 
AA 
L 
CY 
AM 

RhLa 
(SD) 

genotypes 

ab 

cd 
bd 
bd 
be 
be 
be 
be 
cd 
ac 
ac 
bd 
bd 
ad 

cd 
bd 
ac 
ac 
ad 

'a . 
geno
types 

70/75* 

•14 
75*/4 
75*/4 
757-
757-
757-
757-

-/4 
70/-
70/-

7574 
75*/4 
70/4 

13/13 
75*/13 
70/13 
70/13 
70/13 

Parents 
and 

offspring 

c599 

9 581 
G 
GG 
DV 
AG 
CF 

9 498 
NN 
AQ 
ED 
GU 

* 9 493 
CK 
DM 

- A X 

RhLA 
(SD) 

genotypes 

ab 

cd 
be 
be 
be 
ac 
ac 

cd 
ac 
ac 
ad 
bd 

cd 
be 
be 
be 

'ai 
geno
types 

70/4 

13/75* 
4/13 
4/13 
4/13 

70/13 
70/13 

4/6 
70/4 
70/4 
70/6 
4/6 

75*/70 
4/75* 
4/75* 
4/70 

Parents 
and 

offspring 

c1435 

9 1422 
FX 
JM 
HP 
GV 

9 1425 
HQ 
JC 
ER 
GB 

* 9 493 
HZ 
KU 

RhLA 
(SD) 

genotypes 

ab 

cd 
ac 
ac 
ad 
be 

cd 
ac 
ac 
be 
bd 

cd 
be 
bd 

la. 
geno
types 

70/70 

4/6 
70/4 
70/4 
70/6 
70/4 

6/6 
70/6 
70/6 
70/6 
70/6 

75770 
70/75* 
70/70 

Parents are indicated by numerical designations, offspring by capital letter. Symbols a and b stand for paternal, c and d for maternal 
RhLA(SD) haplotypes. The asterisk preceding the number of one of the females (493) indicates that she was mated also to another male 
not depicted in this table. The arrow indicates a recombination for the maternal la< antigens. 



practical implications, since the survival time of kidney grafts in unrelated 
monkeys is significantly prolonged if the donor's cells do not stimulate 
the recipient's cells in mixed culture (Van Es et al., 1977). 

In view of the importance of B-cell antigens in fundamental and applied 
immunology, the study of la antigens of the rhesus monkey is being 
continued. Many antisera which probably identify new la antigens were 
produced in the second half of 1977. Investigations to determine the 
genetics and biochemical characteristics* of those antigens as well as 
their biological significance (e.g., relevance to transplantation) are in 
progress. 

References 
Balner, H., and Van Vreeswijk, W. Transpl. Proc. 7,1 (1975), 13. 
Balner, H., et al., Transplantation Reviews 30, (1976), 3. 
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M I C R O B I O L O G Y AND GNOTOBIOLOGY 

CYTOPLASMIC IMMUNOGLOBULIN CONTAINING CELLS IN LYMPHOID 
ORGANS OF MICE REARED UNDER GERMFREE AND 

ANTIGEN-FREE CONDITIONS 

J.J. Haaijman, J. Slingerland-Teunissen and W. Hijmans 

The mesenteric lymph nodes and Peyer's patches as part of the gut 
associated lymphoid organs play a significant role only in the first few 
weeks of life in mice. Haaijman et al. (1977) attributed this phenomenon to 
the high enteric antigen dose which young mice receive shortly after 
weaning. To test this hypothesis, they compared the number of cyto
plasmic immunoglobulin (Ig) containing cells (C-lg cells) in different 
lymphoid organs of both conventionally and germfree (GF) reared CBA 
mice. C-lg cells were visualized by an immunofluorescence technique 
(Hijmans et al., 1969) using a fluorescein labelled goat antiserum directed 
against mouse Ig (GAM/FITC, Nordic Immunological Laboratories, Tilburg, 
The Netherlands). The class distribution of the C-lg cells was determined 
with antisera directed specifically against the heavy chains of the 
different Ig classes, which were generously supplied by Dr. J. Radl and 
Miss P. van den Berg of this institute. Briefly, the total C-lg cell count in 
the spleen of GF mice was almost as high as in conventional mice, 
whereas the number of C-lg cells in the bone marrow was clearly 
decreased and the development as a function of age severely retarded. 
The vast majority of C-lg cells in GF mice was of the IgM class; however, a 
small but significant number of C-lgA cells was observed in the bone 
marrow of 26-week-old GF mice. The antigenic stimulus for the generation 
of C-lgA cells could arise either from antigens introduced with the food or 
from natural tissue breakdown products as a result of catabolic 
processes within the animals themselves. Through the courtesy of Dr. 
Wostman from the University of Notre Dame (Ind) USA, we have had the 
opportunity to study spleen and bone marrow of C3H mice reared under 
antigen-free (AF) conditions for C-lg cell content and Ig class distribution. 
Antigen-free conditions means that the mice were fed on a chemically 
defined diet containing only compounds of low molecular weight. These 
mice were housed in cages on grids and without bedding. In table 79, the 
numbers of IgA, IgM and IgG, C-lg cells in the spleen and bone marrow are 
presented for 40-week-old conventional CBA mice (data from four 
individual mice), 22-week-old C3H GF (n = 2) and 4 individual antigen-free 
(AF) C3H mice of the indicated ages. The results for the GF C3H mice 
confirm those obtained previously with the GF CBA mice, with the 
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TABLE 79 
THE NUMBER OF C-lg CELLS X 10"3IN THE SPLEEN AND BONE MARROW 

OF MICE REARED UNDER CONVENTIONAL, GERMFREE AND ANTIGEN-FREE 
CONDITIONS 

CBAconv. 40 week 
C3H germ free 22 week 
C3H antigen-free 6 week 

6 week 
24 week 
32 week 

IgA 

178 
3 
0 
0 
0 
0 

Spleen 

IgM 

141 
331 
170 
222 
450 
225 

IgG 

138 
14 
3 
0 
0 
4 

IgA 

423 
2 
0 
0 
0 
0 

Bo ne marrow 

IgM IgG 

54 162 
188 12 

0 0 
0 0 
0 0 

107 1 

exception that the number of C-IgM cells is rather high. With regard to the 
AF C3H mice, the data for the spleens are comparable to those of the GF 
mice. Remarkably, no C-lgA cells were observed. The number of C-IgM 
cells exceeded that of conventional CBA mice, but this may be attributed 
to the strain difference. In the bone marrow of the 6- and 24-week-old AF 
C3H mice, no C-lg cell was observed (less than 1 in 4 x 105 cells, which 
constitutes our detection limit). In the bone marrow of the oldest available 
specimen, a number of C-IgM cells was found which was not dramatically 
lower than that in the bone marrow of the GF animals. The results clearly 
suggest that, even without antigenic stimulation from the environment, 
the IgM synthesis takes place, either not antigen-induced or by antigen 
produced within the body itself during catabolic processes. It is also 
apparent that at least a part of the immunological activity observed in GF 
animals is directed against antigens derived from the food. 

Haaijman, J.J. et al., Immunology, 32, (1977), 427. 
Hijmans, W., et al., Clin. Exp. Imm. 4, (1969), 457. 
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BACTERIAL CONTAMINATION IN IRRADIATED AND NON-IRRADIATED 
LABORATORY ANIMAL DIETS 

Jean M. Davies 

Laboratory animal diets sterilized by autoclaving are not always of 
satisfactory quality. Sterility is sometimes not achieved and undesirable 
changes may occur in texture, nutritional content arid palatibility. Food 
sterilized by gamma irradiation seems to suffer less from these defects 
and, according to Ley et al., (1969) and Ley (1975), few problems have 
emerged from use of food sterilized in this way. 

A number of pelleted irradiated diets are currently being examined 
bacteriologically to assess their suitability for use in SPF animal units. 
Forty-six sacks of animal feed have been examined. Half of this number 
had been subjected to 1 Mrad of gamma irradiation. This dosage has been 
suggested to be an adequate treatment for food for SPF animals (Munzer, 
1974; Strasser, 1974; Ley 1975) and it was hoped to confirm these findings. 

Pelleted food was removed from each sack and weighed to give 
samples of 25 g. Each sample was homogenized in a domestic blendor 
after the addition of peptone water to give a dilution of 1CK A dilution 

TABLE 80 

AVERAGE BACTERIAL COUNTS OF IRRADIATED AND NON-IRRADIATED 
LABORATORY ANIMAL FOOD SAMPLES 

Type of food 

1410RMH-TM 
1410RMH-TM 

1010RMH-B 
1010RMH-B 

RMH 
RMH 

3104 GP 
3104GP 

monkey 
monkey 

Key: RMH-rat, mouse hamster; GP-guinea pig 

* The number represent varation in average count of different types of food. Counts in samples 
may vary between 400,000 bacteria/gm of food and 4,000 bacteria/gm, and such differences 
are probably caused by differences in ingredients, size of pellets and varations in pelleting 
temperature. 

— TM: manufactures code 
— B: „ „ 

rradiation 

no 
yes 

no 
yes 

no 
yes 

no 
yes 

no 
yes 

i(1 M rad) Organisms/gmfood 

145,666/gm 
zero 

35,900/gm 
zero 

163,000/gm 
zero 

612,666/gm 
zero 

68,333/gm 
zero 
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series was made by pipetting 1 ml of this mixture into a tube containing 9 
ml of peptone water, transferring 1 ml of the resulting mixture to a further 
9 ml of peptone water and so on; 0.1 ml amounts were then removed from 
each tube, inoculated onto plate count agar and incubated for three days 
as recommended in Technical Report Series 104 (IAEA). Some samples of 
irradiated, food were also inoculated into thioglycollate broth and 
incubated at 30°C for 16 days in an attempt to revive any sublethally 
damaged organisms. 

Total bacterial counts from non-irradiated samples fell within the range 
considered normal for untreated food as is shown in table 80. Organisms 
could not be grown either from irradiated samples inoculated directly 
onto agar plates, or from irradiated samples incubated in thioglycollate 
broth. Attemps to resuscitate bacterial contaminants having failed in 
vitro, an additional experiment is planned using germfree rats. These will 
be fed with irradiated food and attempts will be made to isolate bacteria 
from the faeces. 

IAEA. Vienna (1970), Techn. Rep. Serv. no 104. 
Ley. F.J., J. Inst. Anim. Techn., 26, (1975), 87. 
Ley. F.J. et al.. Lab. Anirn., 3,(1969), 221. 
Munzer, R.. Zbl. Bakt. Hyg., Abt. Orig. B-158, (1974), 588. 
Strasser. H., Comment in E.G.A. Newsletter, (1974). 
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COLLECTION AND ANTIBIOTIC ASSAY OF FAECES AND SERUM 
SAMPLES OF RHESUS MONKEYS 

Jean M. Davies and C.P.J. Timmermans 

This study was concerned with the monitoring of antibiotic concen
trations in the faeces and serum of M. mutatta during gastrointestinal 
decontamination and after irradiation and bone marrow grafting. The 
decontamination procedure is described by Hendriks et al. (Annual Report 
1976, p. 349). 

Faecal samples were collected daily. One portion was placed in a 
weighed petri dish, sealed and stored at 4°C. When required, the contents 
were placed in a weighed tube and diluted 1:10 in tryptose phosphate 
broth. A second portion was placed in a weighed tube, diluted 1:10 in 
tryptose phosphate broth, sealed and frozen. On defrosting, these 
samples were ready for testing. 

Two methods were employed to compare the antibiotic content of the 
samples. Each sample was examined in a dilution series and by an agar 
plate diffusion technique. The first method was a modification of the tech
nique described by Gross and Cimyotti (1968) and used by Hendriks et al. 
(1975) in which serial dilutions of faeces or serum were made in micro-
trays. A bacterial strain, sensitive to the antibiotic to be tested for, was 
suspended together with tryphenyl tetrazolium chloride as indicator of 
growth and pipetted into micro-trays. Bacterial growth is inhibited in 
those cups where the concentration of antibiotics is sufficiently high. The 
antibiotic concentration of each sample was thus determined by 
comparing the number of inhibited cups with the number inhibited by 
antibiotics of known concentration. 

An agar well diffusion assay method was developed by modifications of 
methods described by Bennett et al. (1966) and Broughall (1976, personal 
communication). Large agar plates were prepared and seeded with a 
bacterium of known sensitivity and from the same source as used in the 
dilution method. Holes were punched in the dried plates to form wells for 
the reception of samples and standard. Antibiotic standards were 
prepared as for the microtitration method. Test samples and standards 
were dispersed in 0.1 ml amount, in triplicate. The plates were incubated 
overnight at 37°C and the inhibition zones measured with vernier calipers 
(fig. 97.) The average zone sizes were calculated for the samples and 
standards. A standard curve was plotted on semilog paper and the 
unknown concentrations read from this (fig. 98 ~ g., standard line). The 
results of a series of tests in which a large .- ;ber of samples were 
examined showed that a higher level of ai.tiuiotics was generally 
recorded by both test methods from the tubed, stored samples. This was 
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Figure 97 
Photograph of assay plate showing zones of Inhibition. 

probably due to the greater homogeneity of the tube samples giving an 
ease of handling, which increased the accuracy of both methods. 

To date the results of assays of serum and faecal samples from seven 
monkeys have been compared.Serum neomycin levels were generally very 
low, though in one case on one day, a reading of 0.022 mg/ml was 
recorded. The results obtained from assaying faecal samples give a 
similar overall picture with both methods. However, the well diffusion 
assay technique seems to be preferable because fewer aberrations occur 
in the results than are found with the titration technique. 

In ail monkeys tested, a higher faecal concentration of neomycin can 
be clearly shown during the first 5 to 7 days of decontamination. Higher 
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doses of antibiotic are administered in the first five days and a tailing off 
in faecal concentration can be seen, which finally levels off on day 7 or 8. 
Thereafter, as lower doses continue to be given, it is difficult to see a 
correlation between daily variations in intake of antibiotics and the faecal 
concentration. However, a clear picture showing just such a correlation 
emerges in monkey 3515. It can be seen (table 81) that, after day 6 when 
the monkey was drinking well, a fairly high level of neomycin was maint
ained. As the monkey drank less (days 16-19), a lower level was found and 
this trend continued and stabilized from day 20-26. A similar trend can be 
seen in all the monkeys tested, but less clearly due to difficulties in 
feeding and the general condition of the animals. After irradiation, a drop 
in faecal concentration usually occurs. This is not seen in monkey 3515, 
as it took food and thus antibiotics continuously. 

TABLE 81 
THE RELATIONSHIP BETWEEN THE INTAKE OF NEOMYCIN 

ANDTHECONCENTRATION OF NEYOMYCIN IN THE FAECES OF MONKEY 3515 

Day 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

Neomycin concentr. 
as determined by 
agardiffusion 

2.70mg/ml 
3.40 
2.20 
2.10 
3.20 
2.60 
1.10 
1.10 
1.05 
1.75 
1.40 
1.35 
1.55 
1.35 
1.05 
no test 
2.30 
1.55 
1.25 
0.87 
0.58 
0,54 
0.68 
0.87 
0.70 
0.68 

Neomycin 
administered 
orally 

1.5 g 
1.5 
1.5 
1.0 
1.0 

Neomycin 
taken in 
food 

0.02g 
0.01 
0.2 
0.2 
0.2 
0.4 
0.6 
0.4 
0.6 
0.4 
0.6 
0.6 
0.4 
0.4 
0.6 
0.6 
0.3 
0.2 
0.3 
0.4 
0.2 
0.3 
0.3 
0.3 
0.2 
0.2 
0.2 

Feeding 
method 

self 
self 
self 
tube 
tube 
tube 
tube 
self 
self 
self 
self 
self 
self 
self 
self 
self 
self 
sel f - IRRADIATED 
self 
self 
tube 
tube 
tube 
tube 
tube 
tube 
tube 
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Figure 98 
Standard curve for the determination of unknown antibiotic concentrations. 

Similar trends can be seen with other antibiotics, but these are less 
clear-cut and there are fewer results available for comparison. It seems 
clear, however, that there is a definite correlation between the intake of 
antibiotics and the amount detectable in the faeces. 

Benett, J.V. etal., Appl. Microbiol., 74,(1966), 170. 
Gross. A.W. and Cimyotti, E.B., Appl. Microbiol., 6, (1968), 1414. 
Hendriks, W.D.H. et al„ p. 135. In: Clinical use of combinations of antibiotics. 

J. Klastersky), HodderandStoughton, Publ.,(1975). 
12. (Ed. 
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SELECTIVE DECONTAMINATION OFTHEDIGESTIVETRACT OF MICE 
WITH OXOLONIC ACID AND PIPEMIDIC ACID 

PJ.Heidt 

In patients and animals with impaired immune competence, 
decontamination of the digestive tract by treatment with oral non
absorbable antibiotics is often used to prevent infections with poten
tially pathogenic microorganisms such as Pseudomonas aeruginosa, 
Escherichia coli and other Enterobacteriaceae. Complete decontarr*' a-
tion has disadvantages, since decontaminated individuals are easily 
colonized by bacteria from the environment which are resistant to the 
antibiotics used for decontamination. This can be prevented by selective 
decontamination which does not remove the anaerobes responsible for 
the so-called colonization resistance (Van der Waaij et al., 1971). 

Nalidixic acid has been successfully used in selectively eliminating 
the Enterobacteriacea species from mice, monkeys and rabbits (Van der 
Waaij and Berghuis-de Vries, 1974; Heidt and Timmermans, 1975). In 
cases where the Gram negative flora is resistant to nalidixic acid, it is 
necessary to use other agents. We used two new absorbable drugs, 
oxolonic acid (OA) and pipemidic acid (PA), to selectively eliminate the 
aerobic Gram negative microflora of the digestive tract of male C57BL/Ka 
mice. After it was shown that the Gram negative flora of the mice was 
sensitive to the drug, treatment was started. The drugs were administered 
in the drinking water in doses of 100, 250 and 500 uglml. Each treatment 
group consisted of three animals. The group of mice to be treated with OA 
had a microflora which consisted of 8 different Enterobacteriaceae bio-
types with a Minimal Inhibitory Concentration (MIC) value for OA between 

TABLE 82 
DAILY ORAL INTAKE AND FAECAL CONCENTRATIONS OF OXOLONIC ACID (OA) 

AND PIPEMIDIC ACID (PA)* IN MICE** (C57BUKA orcr) 

Number 
of mice 

3 
3 
3 
3 
3 
3 

Mean daily 
oral intake 
of drinking water 

7.16ml 
10.16ml 
12.33 ml 
4.66 ml 
9.83 ml 
5 ml 

Concentration of 
the drug 
in the drinking water 

100figOA/ml 
250 ^g O A/ml 
500 jig 0 A/ml 
100MgPA/ml 
250MgPA/ml 
500^g PA/ml 

* Administered in the drinking water 
** Mean body weight21.83gi 
N.M. = i not measurable 

•am 

Mean daily oral 
intake per gram 
body weight 

32.79 Mg 
116.35 ^g 
282.4 Mg 

21.34Mg 
112.57 ng 
114 .52^ 

Concentration 
in the faeces 

N.M. 
0.27tig/g 
1.2 pg/g 
0.27 pg/g 
0.96 ng/g 
0.95 jig/g 
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of Enterobacteriaceae and antimicrobial drugs in the faeces of mice 
Figure 99 
Concentration 
(C57BL/Kacr). 
A. During treatment with oxolinic acid (OA) in the drinking water. 
B. During treatment with pipemidic acid (PA) in the drinking water. 



0.12 and 0,25 ug/ml. For the group to be treated with PA, there were 5 
different biotypes with a MIC value for PA between 0.5 and 0.9 ug/ml. The 
daily intake and the mean concentration of the drugs in the faeces varied 
in the different groups (table 82). The results of the selective de
contamination are shown in fig. 99. After the onset of treatment, there is a 
high intake of drinking water, resulting in a decrease in the concentration 
of Enterobacteriaceae in the faeces. In the groups treated with 100 ug/ml 
in the drinking water, Enterobacteriaceae reappear in the faeces after a 
constant intake of drinking water is reached. 

When the intake of the drinking water is high enough to reach a faecal 
concentration of the drugs which is sufficiently higher than the MIC 
values, selective decontamination is successful within 2 days. (The mean 
concentration of the drugs on the last day of treatment is also shown in 
fig. 99.) In the group of mice treated with 250 ug/ml OA drinking water, the 
MIC of some bacterial species was 0.25 ug/ml, which is nearly as high as 
the concentration of antibiotics reached in the faeces. This can explain 
the fact that in this group the Gram negative bacteria remained in a low 
concentration in the faeces. The fact that this can occur (for PA no growth 
was observed in cases were the MIC value of some Enterobacteriaceae 
species was about as high as the faecal concentration of the drug) 
indicate that the dosage of the drugs must be enough to reach a faecal 
concentration which must be significantly higher than the MIC value of 
the bacteria to be eliminated. 

These experiments indicate that it is possible to remove the Entero
bacteriaceae from the intestinal microflora of mice with OA and PA, if an 
amply sufficient faecal concentration of the drugs is obtained. 

Heidt, P.J. and Timmermans, C.P.J., Lab. Animal Science 25, (1975), 594. 
Van der Waaij, D. et al., J. Hyg. Camb.,69, (1971), 405. 
Van der Waaij, D. and Berghuis-de Vries, J.M., J. Hyg. Camb., 72, (1974), 205. 
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TOXIC EFFECTS OF NALIDIXIC ACID (N EGRAM ® ) USED AS A 
DECONTAMINATING AGENT IN DOGS 

H.A. Solleveld, M.J. van Zwieten, A.C.M. van Kessel and P.J. Heidt 

To study cyclic neutropenia, a disease inherited as a simple autosomal 
recessive in the dog, it is necessary to protect animals homozygous for 
this trait against bacterial infections of either exogenous or endogenous 
origin, especially during the neutropenic episodes. These episodes are 
the results of a periodic failure of granulocyte production in the bone 
marrow (Lund, 1973). 

One of the methods available to minimize the risks of infections in such 
animals is by selective decontamination of the gastrointestinal tract. This 
can be achieved through the use of^antibiotics and/or chemotherapeutic 
agents, combined with confinement in a laminar flow bench. 

Since aerobic bacteria were consistently absent in the offspring of 
mice (Van der Waaij, 1967) and rabbits (Heidt and Timmermans, 1975) 
decontaminated in this fashion during pregnancy, selective elimination of 
the Gram negative aerobic bacteria in two pregnant bitches (of which 
some of the offspring were expected to be homozygous for the cyclic 
neutropenia trait) was attempted in order to obtain offspring free of these 
bacteria. 

On the basis of sensitivity testing, nalidixic acid was selected as the 
drug of choice. Furthermore, it had already been successfully used in the 
decontamination of mice, monkeys and rabbits at a dose of 80 mg/kg body 
weight given orally three times daily. This dosage level is higher than the 
recommended therapeutic dose in humans (50-60 mg/kg), but, since no 
toxic effects were observed in the previously mentioned animal species, it 
was decided to employ the higher dosage schedule. 

Both dogs died fourteen days after the initiation of the antimicrobial 
treatment. Icterus and seizures had been apparent in both before death. 
The SGPT and SGOT levels were elevated. 

Gross and histopathological examination disclosed changes primarily 
in the liver which were consistent with toxic hepatic necrosis and were 
characterized by severe centrilobular haemorrhage and disappearance of 
hepatocytes (fig. 100). Surviving hepatocytes had vacuolated cytoplasm 
with large, vesicular nuclei and marginated chromatin. Between these 
cells, eosinophilic hepatocytes showing karyopyknosis and karyorrhexis 
could be observed. A mixed cellular infiltrate consisting of poly
morphonuclear leukocytes, lymphocytes and histiocytes was found in the 
portal tracts and around central veins. Hemosiderin-laden macrophages 
were also conspicuous around central veins and mild centrilobular fibro
sis was evident. Bile thrombi were seen in the canaliculi. 
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Figure 100 
Liver of pregnant bitch treated with nalidixic acid. There is extensive liver cell necrosis and 
haemorrhage. (H PS x 190) 

300H 

u 15° 

FEMALE 

Figure 101 
Serum enzyme levels of two experimental dogs before, during and after treatment with nalidixic 
acid. 
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In addition, subpleural congestion and perivascular haemorrhage in the 
lungs, congestion and haemorrhage in the digestive tract, haemorrhage in 
the thymus, mesenteric lymph nodes and tonsils were observed. The 
kidneys showed vacuolisation and incidental necrosis of tubular 
epithelial cells. 

To investigate whether nalidixic acid may have been responsible for the 
observed signs and deaths, two other dogs, one non-pregnant female and 
one male, were medicated in the same way. The only difference was that 
they were not housed in a laminar flow bench. The serum GOT, GPT and 
alkaline phosphatase levels were determined at regular intervals; the 
results are shown in fig 101. 

Twelve days after initiation of the treatment, the direct reacting 
bilirubin content was 2.5 and 4.5 /imol/L, respectively, in the two experi
mental dogs. After three weeks, icterus was observed. The medication 
was terminated at this time. From ttie biochemical parameters and the 
appearance of icterus, we concluded that nalidixic acid has an hepato-
toxic effect. In addition, Froelich (personal communication) confirmed the 
appearance of seizures and sudden death in a toxicity study of nalidixic 
acid in dogs. Biewenga (personal communication) also observed icterus 
coupled with central nervous system signs in two dogs which were 
treated with nalidixic acid for Gram negative urinary tract infections. 

The changes in liver enzyme levels and the appearance of icterus in the 
two experimental dogs following nalidixic acid administration, together 
with the findings of Froelich (personal communication) and Biewenga 
(personal communication), support, in our opinion, the conclusion that 
the two pregnant dogs died of nalidixic acid intoxication. 

Heidt. P.J., and Timmermans, C.P.J., Lab. Anim. Sci., 25, (1975), 594. 
Lund, J.E., Comp. Path. Bull., 5, (1973), 2. 
Van der Waaij, D., p. 30. In: Advances in Germfree Research and Gnotobiology (M. Miyakawa 

and T.D. Lucky eds.), CRC Press, Cleveland, 1967. 
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GASTROINTESTINAL DECONTAMINATION: SUPPRESSION AND 
REAPPEARANCE OF MICROORGANISMS 

W.D.H. Hendriks, J. de Vast, C.P.J. Timmermans and D. van derWaaij1 

To prevent deaths due to infection after total body irradiation with 850 
rad of X-rays as a preparation for bone marrow grafting, rhesus monkeys 
were submitted to gastrointestinal decontamination with non-absorbable 
antibiotics prior to irradiation (Annual Report 1976, p. 356). After the first 
week of treatment, we found that microorganisms persisted. We also 
detected microorganisms not previously found. The latter were thought to 
be due to breaks in isolation. The majority of these colonizations 
disappeared with or without adjustment of antibiotic treatment. However, 
in a number of monkeys, the microorganisms that were thought to be 
eliminated reappeared after irradiation. Since this indicates a potential 
hazard, it was investigated whether "reappearance" could be predicted. 

In 55 monkeys, we observed 39 colonizations that could be suppressed 
before irradiation. As described previously, sampling was done by 
swabbing the oral cavity, the ears, hands and perianal region with swabs 
that had been premoistened in BHI broth. A faecal sample was cultured in 

TABLE 83 

NUMBER OF COLONIZATIONS BEFORE IRRADIATION W H I C H COULD BE 
SUPPRESSED A N D REAPPEARANCE AFTER IRRADIATION 

latest isolation before irradiation 

total 0-5 5-10 10-15 15 days total 

Microorganisms: 
Staphylococci 2 0/1* 0/1 0/2 
Streptococci 2 1/2 1/2 
(non-Strept-faec.) 
Strept. faecalis 8 0/1 2/7 2/8 
OtherG + microorgs. 3 1/1** 1/2 2/3 

Enterobacteriaceae 12 2/2 3/5 0/3 0/2 5/12 
Pseudomonas 1 1/1 1/1 
Other non-ferm. rods 4 2/3 0/1 2/4 

Yeasts 

Total 

7 

39 

1/2 

7/11 

1/1 

5/8 

0/2 

1/8 

1/2 

3/12 

3/7 

16/39 

* reappeared/total 
** single isolate 

Laboratory for Medical Microbiology, University of Groningen, The Netherlands. 
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Brewer's thioglycollate broth. Since no extensive typing facilities were 
available, we considered all microorganisms of the same species as 
identical. 

The results are presented in table 83. Of 39 microorganisms which 
colonized a monkey, but which were subsequently suppressed, the micro
organism reappeared 16 times and again colonized the monkey after 
irradiation. These reappearances occurred in 14 monkeys. In 13 of these, 
the recolonization was found within the first two weeks after irradiation; 
in one monkey, a Streptococcus faecalis reappeared at day 23. This, 
however, could very well be a result of a break in isolation. The micro
organisms disappeared in 3 out of 8 colonizations after adjustment of 
treatment and, in 3 out of 8 colonizations, the microorganisms disap
peared without further treatment. 

These data also indicate that the chance of reappearance is very much 
reduced when the interval between the latest isolation and irradiation is at 
least 10 days. It can be concluded that an interval of preferably at least 10 
days should elapse afterthe last positive culture and irradiation. 
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RECONTAMINATION AFTER GASTROINTESTINAL DECONTAMINATION 

W.D.H. Hendriks and P.J. Heidt 

When reverse isolation and gastrointestinal decontamination are 
applied in order to prevent infections during periods of immuno
suppression, one is left with an individual without a microflora after the 
immune capacity has been restored. The microflora, particularly the 
anaerobic part of it, is responsible for the colonization resistance, i.e., 
the resistance a microorganism encounters in colonizing the gastro
intestinal tract. For this reason, termination of treatment is potentially 
dangerous. Any microorganism that happens to be present will colonize 
the whole animal without any restriction. It will be found at all sites in 
large numbers, as happens when germfree mice are taken out of their 
isolators. It is for this reason that we attempted to restore the colonization 
resistance by administration of the anaerobic part of the human micro
flora before the isolation was discontinued. 

The anaerobic microflora was isolated by Van der Waaij (personal 
communication). It is kept and propagated in mice which are born germ-
free. After birth they are transferred into isolators containing mice already 
carrying the anaerobic microflora. When the microflora was required, the 
mice were sacrificed and caecal contents were suspended in Brewer's 
thioglycollate or stored in liquid nitrogen and thawed in Brewer's thiogly-
collate immediately before administration. 

Fifteen rhesus monkeys were colonized with the microflora after 
gastrointestinal decontamination and total body X- irradiation with 850 
rad. The microflora was administered orally in Brewer's thioglycollate 
broth 48,72 and 96 h afterdiscontinuation of the antibiotics. 

By studying the morphology in the Gram stain, complete "take" of the 
microflora was determined. The effect on the colonization resistance was 
investigated by semiquantitative culturing of faecal samples on Brain 
Heart Infusion, Endo and aesculin agar plates. This was done by streaking 
segments on the plates, 1 + means growth in the first segment, etc. The 
results are presented in table 84. 

The antibiotics had to be discontinued before the microflora could be 
administered. This gives the opportunity for any microorganism not 
eliminated but only suppressed to grow out to significant numbers and 
colonize the monkey, as can be concluded from our data. The microflora 
did not restore the colonization resistance to normal levels, since when 
microorganisms were not eliminated or reappeared after discontinuation 
of antibiotics they were not reduced in number after the anaerobic micro
flora had been established. The outgrowth of microorganisms 
immediately after termination of antibiotic treatment is potentially 
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dangerous. We observed 3 deaths shortly after recontamination due to 
lung infections superimposed on viral lung lesions, twice with a Strepto
coccus faecalis, once with a Klebsiella. 

These findings require a screening for antibiotics that can be given 
systemically without affecting the anaerobic microflora responsible for 
the colonization resistance. 

TABLE 84 
COLONIZATION AFTER DISCONTINUATION OF ANTIBIOTICS 

Microorganism 
isolated 

Staph, aureus 
Strep, faecalis 

G + rod 
Enterobacteriaceae 
Pseudomonas 

Other non fermentive 
Gram neg. m.o. 

Yeast 

Day after irridation 
antibiotics were withdrawn 

22* 
100,34,103,52,31' 

60,50* 
25,65 
37,50* 

22*, 55,102 

3 1 * , 37,51 

First day of isolation 
of microorganism after 
antibiotic decontinuation 

7 
0,2,3,3,10 

1,4 
1,2 
0,0 

0,0,0 

0,0,0 

Faecal 
concen
tration 

4 + 
4 + ,4 + ,4 + , 
4 + ,1 + 
1 + . 4 + 
4 + ,4 + 
4 + ,4 + 

1 + , ? , ? 

?, 2+,4-t-

?: not known, due to overgrowth by other microorganisms 
* 3 monkeys were colonized by more than one microorganism. 
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EFFICACY OF ISOLATION AND DECONTAMINATION IN BONE MARROW 
GRAFTING 

W.D.H. Hendriks, C.PJ. Timmermans, D. van der Waaij and B. Löwenberg 

To prevent microbial invasion during immunosuppression as required 
for bone marrow grafting, rhesus monkeys were submitted to reverse 
isolation in a laminar air flow system followed by gastrointestinal decon
tamination with non-absorbable antibiotics in an attempt to eliminate the 
entire microflora. When the microflora was eliminated, the monkeys were 
submitted to total body irradiation with 850 rad of X-rays. The bone 
marrow grafting was performed on the next day. Fifty-five monkeys were 
submitted to irradiation and 29 received an allogeneic graft which was not 
matched for histocompatibility with the recipient. In the latter group 13 
animals died within 14 days after grafting, 8 became reversals, 6 became 
proven chimaeras and 2 monkeys were not evaluable in this respect. 

A number of colonizations occurred in these 29 monkeys as indicated in 
table 85. The numbers in parentheses indicate the number of monkeys in 
which a colonization was present at irradiation. The presence of all other 

TABLE 85 
NUMBER OF MONKEYS IN WHICH COLONIZATIONS WERE OBSERVED 

Microorganism 
Staph, aureus 
Streptococci 
Strept. faecalis 
OtherGram pos. 
microorganisms 

Enterobacteriaceae 
Pseudomonas 
Other non-ferm. 
microorganisms 

Anaerobes 

Yeasts 

Total nr. of colonizations 

Nr. of monkeys alive at 
first day of treatment period 

0-10 

2(1) 
2(1) 

5(3) 

10 
2(1)* 

10(6) 

2 

13(9) 

46(21) 

55 

Post-

10-20 

1 

1 
1 

2 
1 
1 

7 

47 

irradiation days 

20-50 

1 

1 
1 

1 

4 

36 

50 

1 

3 

1 

5 

17 

Total nr. 
colonizations 

5(1) 
2(1) 
5 
7(3) 

13 
4(1) 

11(6) 

2 

13(9) 

62(21) 

( ) knownto be present at irradiation 
* not known at day of irradiation 
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microorganisms was due to reappearance of a previously suppressed 
colonization or due to a break in isolation. Since the pathogenicity of 
these microorganisms was thought to be low, their presence was not 
considered a contra-indication for irradiation. 

It is obvious that the majority of the colonizations occurred within the 
first 10 days after irradiation. This is attributed to the enhanced degree of 
immunosuppression during this period leading to reappearance of 
microbes that were previously suppressed. It is not likely to be associated 
with a higher incidence of isolation breaks, since the intensity of handling 
was similar during the 1st and 2nd 10-day postirradiation periods. 
Systemic treatment should be considered at the initial phase of 
decontamination in order to prevent reappearance of microorganisms. 

In table 86, the results obtained in managing these colonizations are 
presented. Out of 55 monkeys, 14 died without a known colonization, 11 
survived and 6 died after discontinuation of the antibiotics, leaving 24 
monkeys. Of these latter, 16 were colonized at only one site, where the 
microorganisms were present in low numbers. Their death was thought 
not to be related to the presence of these microorganisms. In only 8 
monkeys could the death be directly attributed to the microorganisms 
present. 

TABLE 86 
COLONIZATION AT DEATH 

(expressed as number of monkeys colonized) 

Microorganism 

none 
Staph.aureus 
Other G + microorganisms 

Enterobacteriaceae 
Pseudomonas 
Non-fermentive rods 

Bacteroides 
Yeasts 

E. coli + Strept. faec. 
E. coli + Pseudomonas 

Total 

I 
m.o. present in 

low concentration 
at one sampling 

site 

14 

5 

2 

4 

1(?) 
4 

16 

II 
Extensive 

colonization 
and/or positive 

heart blood 

1 

2 
1 
1 

1 

1 
1 

8 

Survival 
time (days) 

group 
I 

7,10,12, 
16,70 
9,18 

12,12,23 
40 

7 
15,22,25, 
26 

group 
II 

8-70 
15 

18,34 
10 
22 

36 

65 
12 

Alive 11;Recontaminated at death, 6. 

318 



ETHOLOGY 

IS "GAZE AVERSION" A CHARACTERISTIC OF EARLY CHILDHOOD 
AUTISM? 

H. Dienske 

Gaze aversion has often been mentioned as an important aspect of the 
social withdrawal that characterizes the syndrome of early childhood 
autism (e.g., Kanner, 1943; Hutt and Ounsted, 1970; Richer and Coss, 
1976). One objective of this investigation was to determine whether gaze 
aversion could be quantitatively defined. Secondly, it was investigated 
whether gaze aversion is a characteristic for autism. 

Gazes were studied in 24 child psychiatric patients whose initiatives in 
social contact ranged from very infrequent (autistic) to numerous (over-
demanding), as described previously (Dienske, 1977). The children had 
become accustomed to the observer on preceding days and also for 40 
minutes prior to recording. During recording, the observer almost 
continuously looked at the child's face. The time a child started and 
terminated its gaze at the observer's face was recorded in time units of 
0.1 s. 

The observation period lasted for 2 h and 47 min. It included a few 
different circumstances that mainly consisted of instruction by the 
caretaker, a meal and free play. Gaze frequency appeared to be influenced 
by these circumstances. As a result, they were inhomogeneously 
distributed over the observation period (see fig.102). However, the gaze 
bout length for each child (on the ordinate) was about the same in 
different clusters. These results were found in most of the children. So, 
gaze bout length can be studied regardless of the mentioned cir
cumstances. 

There are two different possibilities for gaze aversion, (a) The child 
looks at a person; as soon as the person looks back, the child averts its 
gaze. This possibility was excluded by the procedure, (b) The observer 
looks at the child; when the child looks back and notices that it is being 
observed, it "immediately" looks away. If a child does so in some of the 
cases, it must be possible to distinguish a class of very short bouts 
(averted gazes) from a class of longer gazes. If a child averts all its gazes, 
all its gaze bouts must be very short. 

The probability of gaze bout termination as a function of the time the 
child had already looked at the observer's face was determined for each 
child (see Dienske and Metz, 1977 for methods). In 20 of 24 children gaze 
bout termination was independent of the time that the child had already 
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Figure 102 
Distribution of gaze bout lengths over the observation time in one child. 

looked at the observer's face. The 4 exceptions had long or frequent gaze 
bouts (see triangles in fig. 103). Hence, in none of the children it was 
possible to distinguish between short "averted" and "normal" gazes. 
From fig. 103 it follows that there is no "gap" between short and long 
mean bout lengths. In conclusion, neither within a particular child nor 
across all children averted gazes as a distinct class of short looking bouts 
could be demonstrated. 

2-
o 

o 

10 100 

number of gazes per hour 

Figure 103 
Gaze behaviour relationship between frequency and mean bout length. Open circles: children 
diagnosed as autistic. Black symbols (circles or triangles): no autism. Triangles: children in 
which the probability of looking away significantly decreased with gaze bout length. In the 
other cases (open or solid circles) this probability was constant. 
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Next it was investigated whether autists gazed with shorter bouts than 
did the other children. It was previously found in the same group of 
children that infrequent gazing is characteristic of autism (Dienske, 
1977). It is clear from fig. 103 that the mean gaze bout length is not cor
related with gaze frequency. Short mean gaze bout lengths did not 
characterize autism. The latter finding is in contrast with the results of 
Richer and Coss (1976). This may be due to the fact that their children 
were unfamiliar with the observer and test environment and possibly also 
to the selection of their children. 

It is concluded that gaze aversion from a familiar observer who 
continuously looked bacK could not be demonstrated. Under these 
circumstances, it is not gaze aversion but an aversion to start a gaze that 
is one of the characteristics of autism. 

Dienske, H., T.Psychiat., 79,(1977), 476. 
Dienske, H., and Metz, J.A.J., Biol. Behav. 2, (1977), 3. 
Hutt, C. and Ounsted, C , p.103. In: Behaviour studies in psychiatry (Eds. S.J.Hutt and C.Hutt), 

Pergamon Press, (1970). 
Kanner, L, Nerv. Child 2, (1943), 217. 
Richer, J.M. and Coss, R.G., Acta psychiat. scand., 53, (1976), 193. 
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HOWMUCH DO MOTHER AND INFANT CONTRIBUTETOTHEIR 
MUTUAL INTERACTIONS? A SURVEY OF METHODS 

H. Dienske and J .A. J. Metz* 

A young rhesus monkey depends on its mother for food, protection and 
quick safe transport. For these purposes, mother-infant body contact is 
necessary. On the other hand, the infant must develop its social skills by 
means of interactions with group members while being off its mother. 
Young rhesus monkeys face these different tasks by short term alter
nations between on- and off-mother. 

In the course of a long-term study of the mother's influence on the 
infant's social development, methods have been worked out for the 
measurement of the contribution of both pair members to these alter
nations (Dienske and Metz, 1977; Dienske et al., in the press). This report 
deals with an extension of this methodological framework that, in 
principle, can be applied to many behavioural problems. It also introduces 
the next report (p. 326). 

It was previously found that the alternations between on- en off-mother 
during waking could be described by tiansitions between three behav
ioural states: on, nipple and off (see fig. 104). Transitions can be effectu
ated through terminations by the mother or the infant, as indicated by the 
arrows in fig. 104. 

In the literature usually only transition frequencies between acts are 
given (e.g., Altmann, 1965; Lemon and Chatfield, 1971; see table 87B). 
Unless all acts last equally long, this omission of time is a severe loss of 
information. This is especially so when the time budget is of chief 
concern. Therefore, it is desirable to characterize the behaviour time 
structure. This can easily be done if the process of behaviour alternations 
is a continuous time Markov chain (Metz, in the press), since then the pro
cess is characterized completely by its transition tendencies, as specified 
in table 87C. The value of a transition tendency depends on the behaviour 
considered (i), the subsequent behaviour (j) and the very brief act or 
"point" event X that effectuates the transition from i to j . We denote each 
transition tendency as x^i.j- K gives the probability per time unit that 
behaviour i is terminated by X and leads to behaviour j . 

Estimated transition tendencies are only meaningful if the observed 
process is indeed a continuous time Markov chain. Some tests are 
suggested in table 87. In the majority of the cases studied, no significant 
deviations were found. 

" Institute of Theoretical Biology, Leiden, The Netherlands. 
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Figure 104 
Observed transitions between three behavioural states. At each arrow, it is indicated to which 
individual or act the transition is due (M: mother, I: infant; acts: hold or reject). The alternations 
between body contact (on and nipple) and off-mother can be simply represented as a 
continuous time Markov chain, as described in table 87. 

Fig. 104 gives the observed transitions. All x«i.j values of a particular 
behavioural state i (leaving one box in fig. 104) may be added in any 
combination; e.g., the infant's tendency to terminate on, \aori is equal to 
î on.nippie + \a on.off- This reduces the number of parameters to 3 per 
individual (viz. one per state). A further reduction in the number of para
meters is possible only if the various a's for a pair member are well 
correlated. Preliminary results on this point indicate that a weak cor
relation is present at the most. Hence, it is not likely that the impact of 
each pair member can be accurately described with less than 3 para
meters. 

Our aims to describe the contribution of each pair member to the 
amount of on- and off-mother closely resemble those of Hinde and White 
(1974) and Hinde (1977). Therefore, their parameters are compared with 
ours in table 87D. Hinde's parameters account only for frequencies and 
not for time. He combined these parameters to give an "index" by sub
traction, in order to specify the infant's role in contact (see table 87D). The 
apparent simplicity of this index is counterweighted by another loss of 
information. For, values of the index are largely independent of the degree 
a pair member dominates the number of changes from on- to off-mother 
and vice versa. A value of +5%, e.g., is found for a dominating mother 
that allows her infant to achieve only 10% of the makes and 5% of the 
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TABLE 87 
PARAMETERS USED IN THE DESCRIPTION OF BEHAVIOUR SEQUENCES 

A. Naive descriptive parameters 

n j number of bouts of behaviour i (on, nipple, off; see fig. 104) 
n j j numberof behaviouri bouts followed by behaviour j (also on, nipple, off) 
x n , number of i bouts terminated by point-event X (e.g. infant takes nipple, mother 

breaks on, mother rejects infant that attemps to make contact; see fig. 104) 
Xni.j. numberof i bouts followed byj through point event X 
fj observed mean bout length of behaviour i 
From the definitions, it follows that 

n i . j = £x n i - i ; Xn i . = fx n i . j : n i = f x n i . = ? n i . j 
A J A J 

B. Parameters of a "stepwise" collapsed Markov chain 
(i.e., only transition frequencies are accounted for) 

These parameters only characterize the structure completely if the collapsed chain is Markov, 
i.e. if the transition probabilities are independent of previous history. As a test, one can 
compare the frequencies of triplets with those predicted from doublet frequencies. 

XP; j transition probability of i to j through X; estimator x P f j = x n , j In-, 

Definitions of xPj. and P, j are analogous. From the definitions, it follows that: 

Z Z x Pj ; = 1 
X j * '•' 

C. Parameters of a continuous time Markov chain 
(he.., the full time structure is accounted for) 

These parameters only characterize the structure completely if the process is a Markov chain, 
i.e. the transition rates do not depend on the previous history. This implies, among others, that 
the collapsed process is Markov (see B) and that the bout lengths of each i are exponentially 
distributed. 

Af termination rate of i; estimator A, = 1/t, 

xffj. termination tendency of i by X; estimator x 5 j . = xp i . * i 

Ojj transition rate of i to j ; estimator &j j = PjjAj 

X ^ M transition tendency of i to j through X; estimator x * u = x^i.j Ai 

Fromthedefinit ions. i t follows that: I I x ° i . j = *i 

0. Parameters used by Hinde 

i = 1 outof ventro-ventral contact 
i = 2 ventro-ventral contact 
Percentage of makes (Mk), respectively breaks (Bk) of ventro-ventral contact by the infant (I): 

% M k , = 1 0 0 M k | = 100 ,P„ respectively % Bk, = 1 0 0 B k ' = 100,P2 

Mk, + MkM Bk,+ BkM 

The infant's "role" in ventro-ventral contact: % Mk,— % Bk, = 100()P1 — (P2) 
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breaks of contact. The same value ( + 5%) is found if it is the infant that 
dominates by making 90% and breaking 85% of the contact. Thus, the 
index insufficiently characterizes individuals. 

In the following report, transition tendencies will be used for the 
measurement of the separate contributions of mother and infant to the 
amount of body contact and off-mother. 

Altmann, S.A., J. Theoret. Biol., 8, (1965), 490. 
Dienske, H., and Metz, J.A.J., Biol. Behav., 2,(1977), 3. 
Dienske. H. et al.. Proc. of the 6th Meeting Primatol. Society, in the press. 
Metz, J.A.J., Proc. ITACSymposium Leipzig 1977, in thepress. 
Hinde, R.A., Behaviour, 62, (1977), 1. 
Hinde, R.A., and White, LE., J. Comp. Physiol. Psychol., S6(1974), 8. 
Lemon, R.E., and Chatfield.C., Anim. Behav., 79,(1971), 1. 
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CONTROL OF THE CHANGES IN BODY CONTACT WITH AGE 
IN RHESUS MOTHERS AND INFANTS 

G. de Jonge, H. Dienske and L.G. Ribbens 

We are presently engaged in an extensive study to answer various 
questions concerning rhesus mother-infant interaction by using the 
methods described on p. 322. One of these questions is: does the well-
known decrease in the per cent of time spent in body contact with age 
result from behavioural changes in the mother, in the infant or both? On 
the basis of behaviour frequencies, Hinde and White (1974) found 
indications that the decrease in the duration of body contact with age is 
more immediately due to changes of the mother rather than to those of 
the infant. However, as discussed on p. 322, transition frequencies give 
insufficient information on durations. 

Transition tendencies also give information on durations. The 
tendencies which are together responsible for the total time spent on the 
mother are summarized in table 88. 

The per cent of the time spent on the mother is approximately halved 
during the age span of one to four weeks. The changes with age in the 
values for the various termination tendencies that form the detailed back
ground of this decrease in on-mother are even more dramatic. This can be 
best demonstrated for on-nipple, which takes place during 90% of the 
time spent on the mother. Fig. 105 gives examples of these changes in the 
tendencies of mother and infant to terminate nipple bouts (table 88, 
points 5 and 6) for 4 mother-infant pairs. Three of the infants show (like 
most of the 12 infants studied up to now) a considerably increasing 
termination tendency, leading to shorter on-nipple bouts which may result 
in less on-mother. All except one mother, in contrast, had rather low and 
constant termination tendencies. The exceptional mother in fig. 105 
showed much stereotypic behaviour which resulted in many terminations 
of on-nipple. Her infant seemed to compensate by a relatively low 
termination tendency of on-nipple. 

In general, the decrease with age in the per cent of the time spent on 
the nipple was far less (on the average, from 95% to 50%) than would be 
expected solely from the illustrated increase in the termination 
tendencies of on-nipple. This is due to the fact that the tendencies 
leading to on-nipple (table 88, point 4) also increased. The latter increases, 
however, were of less influence than that of the termination of on-nipple. 
Hence, the net result was a decrease in total time spent on the nipple. 

The parameters that determine termination of off-mother changed in all 
pairs. Picking up the infant by the mother (table 88, point 8) mainly occur
red during the first month of life. The infant's tendencies to terminate 
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Figure 105 
Changes with age in the termination tendencies (a's) of nipple bouts in 4 mother-infant pairs. 
The top graph shows the changes in the infants' parameter values (l^nipple., see table 88); the 
bottom graph shows those of their mothers (Manipple). 

off-mother (table 88, point 7) by attempts, successful or not, to establish 
on-mother or on-nipple increased, but so did the mother's tendency to 
reject these attempts (table 88, point 9). These changes compensated for 
each other to such an extent that, on the average, the time interval 
between onset and termination of off-mother remained unchanged. 

Most parameters, including those determining the bout length of on, 
nipple and off, have in common that the main changes, if any, occurred in 
the third and fourth week of the infant's life (see fig. 105), Within a certain 
mother-infant pair, such changes in one parameter of the infant were 
often compensated by changes in a parameter of the mother. As a result, 
the achieved amounts of body contact always varied to a lesser extent 
than did the values for the separate parameters. 

In general, the value of none of the parameters is correlated with the 
percentage of time spent off the mother. This is possible because the 
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TABLE 88 
TERMINATION RATES ANDTRANSITION TENDENCIES BY MEANS 

OF WHICH THE INCREASE WITH AGE IN THE PERCENTAGE OF 
OFF-MOTHER WHEN AWAKE CAN BE QUANTIFIED 

+ (—): if the given parameter increases (decreases) it effectuates the observed 
augmentation of off-mother. 

1. laon.off + infant terminates on-mother 
2. M t ton.off + mother terminates on-mother 
3. M° holds on.on — mother holds infant so that it cannot terminate on-mother 
4. I 0 on-nipple. — infant takes nipple either while off- or when already on the 

mother 
5. \a nipple. + infant terminates nipple bout (eitheroff oron follows) 
6. M" nipple. + mother terminates nipple bout (either off oron follows) 
7. I0" off. — infant terminates off-mother (either nipple oron follows) 
8. M f foff. — mother picks up the infant 
9. Ma reject off.off + mother prevents infant from getting on her 

Note: In the notation Xa i . j , the point between i and j separates the preceding and following act. 

increase in off-mother always resulted from changes in at least two 
parameters. However, the parameters changed in various combinat ions in 
the different mother-infant pairs. These combinat ions consisted of either 
the infant's parameters or those of the mother or both. 

The question as to whether the mother's or the infant's behavioural 
changes primarily lead to a decrease in body contact must be answered 
differently for the various parameters as well as the various individuals. 
Educational effects can be investigated only if these dist inct ions are 
made. 

Hinde, R.A., and White, L.E., J . Comp. Physiol. Psychol., 86, (1974), 8. 
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PRELIMINARY OBSERVATIONS ON SCRATCHING IN A DERMATITIS 
ARTEFACTA PATIENT 

C. Goosen, W. van der Schaar1» 

In dermatological medicine, scratching can present considerable 
problems. It may complicate skin lesions and delay recovery. Scratching 
can also constitute the primary cause of the skin lesions; the disease is 
then called dermatitis artefacta. In such cases, admission to the hospital 
for dermatological therapy may be successful in curing the lesions, but 
relapses are still probable. Scratching has been related to, rather intuitive, 
concepts such as frustration and resentment (e.g. Musaph, 1972; Jordan 
and Whitlock, 1972). The purpose of the study was to define more closely 
at what time of the day or what occasions scratching was most 
prominent. An 8-year-old girl suffering from lesions due to scratching was 
admitted to the dermatology department1) with lesions on the cheeks, 
arms, lower legs, hands and feet. It was her third admission to a hospital 
with the same complaints. The observer was introduced to the patient and 
her mother as a person studying itching who wanted to prepare behaviour 
recordings. Observations were made during 10 days scattered over a 
period of 5 weeks. Video recordings were made of a few daily recurring 
situations, e.g., morning bath, dressing and bandaging afterwards, 
instruction from the hospital's teacher and of sleep during two nights (4 
days apart). Additional, more casual observations were made during 
various other times of the day when the ambulant patient stayed in 
numerous rooms and halls and interacted with a number of primarily adult 
persons. 

Scratching appeared to be virtually absent during the greater part of the 
days; also during more quiet periods such as, e.g., when looking out of the 
window or watching personnel at work. So there was little reason to 
postulate chronic skin irritation as a causal factor. Periods of frequent 
scratching were occasionally observed. Some of the situations could 
have been intuitively termed frustrating (e.g., when she was told to wear a 
face bandage again because the head lesions had become worse). Other 
circumstances with scratching were quite relaxed (e.g., extensive 
scratching occurred once during one of the periods of quiet reading). 
These situations, however, might be related to sleep because scratching 
was occasionally alternated with stretching (see below). 

Sleep was generally quiet. The state of motionlessness was occasion
ally interrupted by activity bouts. The activity could vary from a single 
movement by hand or foot to a whole sequence of movements including 

1> Psychodermatology Dept. University of Amsterdam. 
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Activity bouts during the patient's sleep on two nights. Black bars indicate bouts with 
scratching; small bars indicate bouts without scratching. Arrows indicate moments of apparent 
awaking: C — in order to replace the cover; N — awakened by a nurse. 

stretching and curling up, turning over to the other side, scratching and 
rubbing various parts of the body. The occurrence of the activity bouts 
showed a pattern rather similar to that known from eye and other 
movements in the so-called paradoxical stages of sleep. After the onset of 
sleep, there appeared to be a quiet period of about 2V2-3 hours (see fig. 
106), after which the activity bouts seemed to occur in clusters with a 
periodicity of about 1V2 hours. The two nights apparently differed, in that 
the quiet period of the second night began only after the patient fell 
asleep for the second time. Scratching occurred relatively frequently, in 
55% of the activity bouts during both nights. The probability of scratching 
per time unit, however, was so low that scratching passed largely 
unnoticed by the night nurse making regular visits. With respect to the 
form of scratching, the two nights differed remarkably. Forceful up-
downwards strokes over the face with both hands, were observed a 
number of times during the first night only. It seemed quite probable that 
particularly this type was potentially harmful. No actual damage was 
inflicted during the observations, because the patient wore a face mask 
during both nights. Scratching was again virtually absent shortly before 
and after both nights of sleep. 

The above results seem to indicate that dermatitis artefacta can be 
primarily due to scratching during sleep. It is possible that scratching 
during sleep should be regarded partly as a longterm consequence of 
frequently recurring frustration. If so, the conditions giving rise to frustra
tion in the concerned patient must be identified. It is also conceivable 
that scratching still occurs during sleep as a conditioned habit, although-
the original frustration no longer recurs. In that case, the possibility of. 
behavioural therapy during sleep could be considered. Besides, it is likely 
that part of the scratching is caused by irritation from the lesions 
themselves so that dermatological treatment is also required. 

Jordan, J.M., and Whitlock, F.A., Br. J .'Derm. 86, (1972), 574 
Musaph.H., J. Psychiatry in Med., vol. 5, no 4, (1974), 449. 
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EVALUATION OFBEHAVIOURALTHERAPY 

C. Goosen 

The goal of any treatment of particular pathological behaviour patterns 
is to modify the behaviour so that disturbance is removed from the 
subject's behavioural repertoire. Therapy, therefore, aims at suppressing 
the display of a disturbed type of activity while the other activities are not 
adversely affected. 

To systematically evaluate various kinds of therapy, one must be able 
to reliably predict at which moments the disturbed activity as well as the 
other non-disturbed activities will be shown. Only then can one assess 
whether a particular disturbance is decreased after treatment and 
whether or not other activities have been affected. However, in 
spontaneously occurring complex behaviour, it is often impossible to 
precisely determine at which moment which action will occur. Generally, 
transitions among the various types of activity seem to occur rather by 
chance than to be predetermined. 

Arbitrary activity measurements such as the total time or frequency per 
observation can be useful to test whether or not treatment had a 
particular effect. However, in the evaluation of a certain type of treatment, 
one wishes to also account for the possibility that certain effects 
intended or to be avoided were masked by other behaviour changes that 
were simultaneously brought about. For this purpose, arbitrary 
measurements are unlikely to yield conclusive results. This follows from 
the fact that, once the subject has spent a certain amount of time in one 
activity, it has less time left for other activities. The measured values for 
the respective activities, therefore, will be interdependent. Statistical in
dependence could be obtained by expressing each measure as a fraction 
of the time not spent in other incompatible activities. But, in that case, the 
values obtained will depend on the particular order in which the activities 
are successively considered. 

The present study of autoaggression in a stumptailed macaque under 
solitary conditions showed that the above problems can be eluded and 
that it is possible to arrive at a quantitative, conclusive description of 
behaviour. The data consisted of a set of nine behaviour records; each 
lasted for 15 minutes and was made on a different day. Recording with a 
time unit of one second concerned the moments of onset and termination 
of the following mutually exclusive activities: autoaggression, auto-
grooming, scratching, walking. "Blank" intervals between successive 
activity bouts could contain various unrecorded activities such as sitting, 
standing or manipulating. A complete quantitative assessment of the 
probability of onset and termination of the activities is possible if tran-
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sitions among activities in the records are independent of all previous 
history (i.e., the behaviour can be represented by a continuous time 
Markov chain.This condition appeared to be fulfilled. 

A diagram of the Markov chain corresponding to the recorded 
behaviour is given in fig. 107. The arrows represent transitions that occur
red at least once in the majority of the records. The arrow width is 
proportional to the probability per time unit (rate) of transition from one 
activity to another. As illustrated by the figure, there were two types of 
relatively long lasting blank intervals (blank 1 and blank 2), during which 
unrecorded activities such as sit, manipulate, could occur. The two types 
differed from each other in the average duration and the type of the activ
ity that followed. In this model, the rates of the various types of transition 
are statistically independent. The representation, therefore, provides a 
suitable basis for a differentiated evaluation of therapeutic effects. 

Treatments could be aimed, e.g., at minimizing only the transition rates 
(width of the arrows in the diagram) towards autoaggression, regardless 
the rates of the remaining transitions. It remains to be empirically deter
mined to what extent this could be accomplished. The present data 
showed that the rates of certain transitions were mutually correlated in 
their variation across records, whereas others were not. However, the 
rates of the various transitions towards autoaggression were not cor-
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^Zt represents transition rate of 100 ks 
Figure 107 
Diagram of the transitions between activities in the behaviour of a solitary stumptailec' 
macaque. The recorded activities were autoaggression (A-AG), autogrooming (GROOM), walk 
and scratch. Blank 1 and blank 2 refer to two types of relatively long lasting intervals between 
these activities, which differed in average duration depending on the type of the following 
activity. 
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related among each other. This might indicate that, in this subject, the 
probability of the various transitions towards autoaggression depended 
on different factors or sets of factors. 

On the other hand, it is also possible to assess whether the treatment 
affected the occurrence of autoaggression by other means. The occur
rence of autoaggression within a given time span is also diminished, e.g., 
if the rate of transition from walk to blank 2 is decreased or if that from 
blank 2 to groom is increased. Obviously, the effect of a change in 
one transition rate can be counteracted by changes in the others. Such 
partially therapeutic effects cannot be established if other, arbitrary, 
methods of quantification are used. 
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T E C H N I Q U E S AND A N I M A L S 

STUDIES ON THE RESOLUTION OF A M1CROPH0T0METRIC SCANNING 
SYSTEM FORTHE ANALYSIS OF MICROAUTORADIOGRAPHS 

A.F. Hermens, J.S. Groen, L.A. Reeder, J. Coolen and G.M. Zaat 

The practical application of photometric techniques for the assess
ment of labelled and nonlabelled cells based on measurements of silver 
grains in microautoradiographs is still very limited (Bunn et al., 1977). 
Some of the major causative factors are the complexity of the instrumen
tal systems, the difficulty of preparing suitable microautoradiographs of 
appropriate material, and, most important, the identification and dis
tinction in the autoradiographs of individual cells from adjacent cells. The 
latter position is related to the resolution of the system and this will 
determine the choice of the material to be analysed; e.g. whether isolated 
single cells or tissue sections can be used. 

In order to obtain insight into the resolution attainable with a photo
metric system, measurements were performed on single cells of a rat 
tumour cell line designated as R-1.M, which were cultured in vitro on glass 
cover slips. Before fixation, these cells were allowed to incorporate 3HTdR 
for 30 minutes. Subsequently, microautoradiographs were prepared by 
dipping the coverslips in melted photographic emulsion. After 2 to 4 
weeks of exposure in the dark at a temperature of 4°C, the slides were 
developed by routine procedures (Rogers, 1973) stained with haema-
toxylin and eosin. The autoradiographs were scanned with an incident 
beam of monochromatic light* of 470 nm focused by an OPAK 60 x oil 
emersion objective manufactured by Leitz. Light reflected backwards 
from the structures on a slide was collimated by a 7.5 nm wide circular 
diaphragm and then measured with an S-20 photomultiplier tube operated 
at a stabilized voltage of 1.0 kV. For scanning of a microautoradiograph 
this was fixed to a moving stage which enabled stepwise linear displace
ments of the slide in two perpendicular directions in the horizontal plane, 
relative to the centre of the optical axis of the microscope which was in a 
vertical position. Details of the electronic equipment designed for control
ling the movements of the microscope stage and the read-out of both the 
displacements in the X and Y axes and of the photomultiplier responses 
were described earlier (Annual Report 1976, p. 366). 

Information on the resolution with respect to the contour of an 

* Monochromatic light was obtained by generating light with a XENON lamp that subsequently 
traversed a mirror type of monochromator. 

335 



Figure 108 * _ a x i s 

Variation in the quantity of reflected light obtained with stepwise linear scanning of a single 
labelled cell in a microautoradiograph. 
3 dimensional representation of photomultiplier responses in mV (z axis) and the positions of 
the measuring points (x,y axes). 
z axis: photometric response; absolute values in mV; 
x axis: shows series of 16 measuring points each separated by 5 pulses equivalent to a 

distance of 3fim; 
y axis: represents distance between two subsequent series of line scans in the x axis; 
PN : projection of nucleus in the plane formed by the x,y axes. 
Gray area: photomultiplier responsecorresponding with PN. 

individual labelled cell was obtained by detailed scanning of a single cell 
plus the cell-free area adjacent to it. For this purpose, a cell that had an 
elongated nucleus measuring 18 x 23 ^m, with 20 silver grains regularly 
distributed over this area and with a scanty rim of cytoplasma around the 
nucleus was selected. The light reflectance was measured at 144 
individual positions located in a matrix such as shown in fig. 108. Each 
point was reached via a continuous scanning path comprised of 9 series 
of 16 measuring points along the X-axis with individual points separated 
by 5 pulses; i.e., at distances equivalent to 3 ^m. At each point of return a 
new series of 16 points was started at a distance of 5 pulses in the Y 
direction from the previous series (see fig. 109). 

It should be realized that for linear scanning many combinations of 
diaphragm width and step length may be chosen. 

Physically, the lower limits are 1 pm and 0.6 /.i.m respectively, while 
these two dimensions should not exceed that of the diameter of the 
nucleus of the cell. Therefore, in the present experiments values for the 
diaphragm width and step length were chosen which were halfway in 
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between the values for the upper and lower limits. Figure 108 shows the 
photomultiplier response in absolute values (mV) for the reflected light 
measured at each point of the matrix in relation to the location of the 
nucleus projected on the horizontal plane (PN). It demonstrates that the 
highest and lowest values for reflected light are measured over the plane 
of the nucleus and the cell-free areas, respectively. In general, these 
values change regularly and continuously from the lowest to the highest 
values when the nuclear area is approached from the cell-free area. 

The change in the quantity of reflected light as a function of the 
displacement of the microscope stage depends on the area of the nucleus 
relative to that of the cell-free area from which the light is reflected 
through the diaphragm of the photomultiplier. Results of statistical 
analysis of the data presented in fig. 108 demonstrate a 5-fold larger 
response when all of the reflected light originates from the nuclear area 
as compared to that originating from the cell-free area. This implied that 
in practice a non-labelled cell can be distinguished from a labelled one 
with 20 grains or more since non-labelled cells show a photomultiplier re
sponse which is not statistically significantly different from responses 
observed over cell free areas. Using these results it can also be shown 
that two adjacent labelled cells can still be distinguished from each other, 
if the distance between the two is less than the width of the diaphragm. 

Figure 109 
Schematic representation of the diaphragm of the photomultiplier (D), the cell (C), its nucleus 
(N) and the pathway followed during linear scanning (arrows). 
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However, if the two cells are at closer distance than Vz x the width of the 
diaphragm then it is not possible with the above described scanning 
method to distinguish these as separate cells, since the average quantity 
of reflected light will not change significantly as a function of the dis
placement of the microscopic stage. Alternative solutions for this 
problem and for other geometrical distributions of labelled and non-
labelled cells in microautoradiographs will be studied in the future. 

Bunn, P.A., et al., J . natl. Cancer Inst., 59, (1977), 285. 
Rogers, A.W., Techniques of Autoradiography, 2nd ed., Elsevier Publ. Co., Amsterdam, London 

(1973). 
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AN IMPROVED PROCEDURE FORTHESTUDYOFIMMUNOLOGICAL 
SURFACE MARKERSON HUMAN LYMPHOCYTES INCLUDING FIXATION 

OF CELLS ANDTHE APPLICATION OF COMBINED OPTICAL SYSTEMS 

H.R.E. Schuit, G.E.M. Asma and W. Hijmans 

Subpopulations of lymphocytes can be distinguished according to the 
presence of different surface markers. The technique of immuno
fluorescence has been extensively used for this purpose. The figures in 
the literature on the percentage of B lymphocytes in human peripheral 
blood and also on the subdivisions based on immunoglobulin classes 
show large differences. These can be due to differences in the handling of 
the cells, in the reagents and in the microscopical techniques. Many of 
the variables have been the subject of systematic studies by us and the 
results can be summarized as follows. (Details have often proved to be 
critical). 
a. Handling of the cells. EDTA (Titriplex III from Merck) is used for anti

coagulation. Because it is not toxic, the morphology of the cells is well 
preserved. Mononuclear cells are obtained by the Ficoll- Isopaque 
method, slightly modified, after Böyum. The EDTA blood is diluted 
with an equal amount of PBS (pH = 7.4) Five ml of this mixture are 
layered on top of 2 ml of the Ficoll-lsopaque mixture and centrifuged 
at room temperature for 13 min at 1000 x g. As there is no satisfactory 
selective procedure to remove monocytes for this type of work, no 
further purification is attempted. After washing, the cells are fixed 
with 0.04% formaldehyde in PBS prepared from commercial formal
dehyde, 37%, for 10 min at room temperature and washed again. After 
staining, a small drop of buffered glycerol (9 parts of glycerol and 1 
part of PBS, pH 7.8) is placed on a cover slip and the pelleted cells are 
carefully deposited into the glycerol drop. The suspension is covered 
with a slide and the cover glass is sealed with paraffin. Embedding in 
the buffered glycerol ensures optimal images for phase-contrast 
microscopy (Schneider, 1955) and is essential for the classification of 
the cells. In cells treated in this way, the morphological and immunolo
gical properties remain unimpaired for at least some days, permitting 
the investigator more time for critical examination. 

b. Antisera. The specificity of the reagents is of the utmost importance 
and thorough testing is required. Performance testing on bone marrow 
slides from monoclonal gammopathies proved to be satisfactory in 
this respect. 
Care should be taken that no soluble antigens are used to absorb out 
unwanted antibody activity, because soluble antigen-antibody 
complexes can bind to Fc receptors and might be the source of 

339 



erroneous results, 
c. Microscopy. The possibility for epi-illumination with the two-

wavelength method according to Ploem should be combined with 
phase contrast equipment to obtain correct morphological classi
fication. The application of a combination of two reagents labelled 
with different fluorochromes furthermore offers an extra control for 
specificity. Because all cells exposed to the different reagents are 
viewed in one slide, accurate judgement can be made about double 
specificity and non-reactivity. 

A difference was found in reactivity with an antiserum directed against 
the Fab fragment of human IgG when unfixed and fixed peripheral blood 
cells were compared. In the fixed specimens, a definitely lower per
centage of reactive cells was found when total mononuclear cells were 
examined; no difference was found, however, in the number of positive 
small lymphocytes. Similar results were obtained when the F(ab')2 
fragment of an anti-Fab antiserum was used (Nordic Immunological 
Laboratories, Tilburg, The Netherlands). With the IgG fractions of antisera 
specific for the Fc part of the different immunoglobulin classes, identical 
relative values were obtained and the same was true for the IgG fraction 
of an antiserum directed against human T cells. The peripheral blood 
most likely contains a population of larger mononuclear cells which do 
show reactivity with the anti-Fab reagent when unfixed. This capacity is 
apparently lost after fixation with formalin. Characterization of this cell 
population in terms of morphological and immunological aspects will be 
further pursued. 

Reference values for surface immunoglobulins of different classes and 
types obtained in formalin-fixed PBL are given in table 89. 

TABLE 89 
SURFACE IMMUNOGLOBULINS OF FORMALIN-FIXED MONONUCLEAR 

CELLS OF HUMAN PERIPHERAL BLOOD* 

mononuclear cells 
S.D. 
(n = 8) 
small lymphocytes 
S.D. 
(n = 6) 

a 

3.1 
±1.1 

2.7 
±2.7 

M 

0.2 
0.3 

0.3 
0.8 

H + ó 

4.2 
2.6 

9.7 
4.5 

Ó 

1.0 
1.1 

1.2 
1.8 

Y 

0.5 
0.5 

0.3 
0.5 

X 

2.5 
1.2 

5.0 
2.9 

A 

2.7 
2.1 

3.8 
2.6 

* Figures are average percentage values with standard deviations. 

Schneider, R.M., Exp. Cell Research, 8, (1955), 24. 
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ENZYME LINKED IMMUNOASSAY (ELISA) FOR QUANTITATIVE 
ESTIMATION OF VIRAL SUBSTANCES AND ANTIVIRAL ANTIBODIES 

IN EXPERIMENTS WITH THE MOUSE MAMMARY TUMOUR VIRUS (MTV) 

J. Brinkhof 

In tumour virology, quantitative estimations of subnanogram amounts 
of virus-associated proteins and antiviral antibodies are commonly done 
by means of radioimmunoassay (RIA). This method, however, requires 
very expensive investments in laboratory equipment, e.g., gamma- and 
liquid scintillation counters and highly skilled technicians. Furthermore, 
working with isotopes brings risks of contamination to personnel and the 
environment. Attempting to auoid the drawbacks but to retain the high 
detection sensitivity of radioimmunoassay, we adapted the microfluoro-
metric Enzyme Linked Immunoassay (ELISA) to the mammary tumour 
virus (MTV) system. The scheme below indicates how this technique is 
applied where an antigen is to be detected (fig. 110). For this purpose, an 
IgG preparation of an antiserum directed against the antigen to be 
detected is attached to a support (3 mm precision glass beads) by means 
of glutaraldehyde coupling after sensitizing the glass support by 
3-aminopropyltriethoxysilane. These antibody-coated beads are then 
incubated with a solution in which the antigen is to be detected. 

After washing, bound antigens are demonstrated by incubation of the 
glass-antibody-antigen complex with an enzyme-labelled antibody 
preparation directed to the antigen to be detected. Bound antibody-
enzyme complex is visualized by incubation after washing the glass 
beads with a suitable substrate for the enzyme. As the enzyme-substrate 
couple, we use /J-galactosidase (E.C. 3.2.1.23) and 4-methyl-
umbelliferyl-0-D-galactoside, which after enzymatic digestion produces 
the highly fluorescent product 4-methylumbeHiferone(Aexc = 360 nm;Aemiss 

450 nm) which is measured in the supernatant. We choselaJfluorogenic 
substrate because of the low molar amounts needed in fluorometric 
estimations. Influence of enzyme labelling of the antibody preparation on 
the enzyme kinetics was estimated by Michaelis-Menten Constant deter
mination. A slight decrease in this parameter was observed, possibly due 
to charge changes in the antibody-enzyme complex. No product inhibition 
was noticed within six hours after starting enzymatic digestion in several 
experiments. The sensitivity of ELISA was assessed in an experiment in 
which an MTV preparation (0.7 mg-ml 1 viral protein) was titrated. Up to a 
dilution of 106, a value of about four times background fluorescence (only 
antibody enzyme added) was obtained. Glass beads coupled with non-
antiviral antisera such as antifoetal calf serum, antinormal mouse serum 
or beads coupled with bovine serum albumin also gave rise to background 
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Figure 110 
ENZYME LINKED IMMUNOASSAY 
Double antibody sandwich for detection of antigen. 

fluorescence. In these cases, a 50 MI sample was used; 35 picograms of 
viral protein was easily detected. For quantitative estimations, the log 
fluorescence was plotted against the log dilution. In a certain region, a 
straight calibration line was obtained. 

Antibody determinations were carried out in a similar way as described 
for antigens. However, the antigen was coupled to glass beads and the 
enzyme-labelled antibody preparation was directed to immunoglobulins 
of the animal species in which the antibody level was to be determined. 
For the detection of naturally occurring antibodies in tumour bearing mi
ce we incubated glass beads coupled with MTV with sera of a mammary 
tumour bearing GR mouse and a normal rabbit (fig. 111). 

Antibodies can be detected in this mouse serum, even when it is diluted 
40,000 times. When the mouse serum was absorbed in the incubation well 
with MTV proteins, fluorescence decreased to a large extent. Positive 
results were also obtained when using sera from normal GR and BALB/c 
mice, but not with those from AKR and CBA/T6 mice. When the animals 
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Figure 111 
ENZYME LINKED IMMUNOASSAY 
Naturally occurring antibodies in mammary tumour bearing mice 
Dilution 0 represents 1 : 10 diluted serum. 

serum d i l u t i o n ( - log ) 

were immunized with MTV, sera from CBA/T6 mice also showed positive 
reactions. 

The microfluorometric ELISA seems to offer a very sensitive method 
for quantification of macromolecular antigens which is completely 
comparable if not superior to RIA. 
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A-SPECIFIC STAINING OF DEAD CELLS AS A POSSIBLE CAUSE OF 
ARTEFACTS IN FLUORESENCE ACTIVATED CELL SORTING 

G.J. van den Engh and A.H. Jongeling 

The most promising application of light activated cell sorters is the 
analysis and separation of cells which have been stained with a 
fluorescein-labelled antibody. This application is severely restricted by 
the fact that dead cells pick up antibody non-specifically and are 
consequently scored as positive. In immunofluorescence microscopy, 
dead cells are readily recognized, since the membrane fluorescence of 
live cells occurs in characteristic patches, while the cytoplasm of dead 
cells is uniformly stained. This distinction cannot be made by a cell sorter. 
The contamination of dead cells in the antibody-positive cell fraction 
becomes a greater problem when the number of positive cells is a smaller 
fraction of the cell sample. The use of a cell sorter is therefore limited 
unless dead cells can be recognized and rejected. 

Many immunofluorescence distributions which are published in the 
literature show that this is indeed a problem. Rarely does one see a profile 
in which the positive and negative cells belong to distinct distributions. 
Therefore, the criterion for positiveness is arbitrarily determined by the 
experimenter's-experience and the number of positive cells he expects in 
the control sample. 

It was found that dead cells can be recognized if fluorescein-labelled 
antibody incubation of the cells takes place in the presence of 0.5 ^g 
propidium iodide (PI) per ml of cell suspension. This fluorescent dye, 
which has a high affinity to DNA, does not penetrate the membranes of 
viable cells but enters dead cells and stains their nuclei (Annual Report 
1976, p. 221). Consequently, non-specifically stained dead cells show both 
antibody and PI fluorescence and can be rejected. 

In many cases, the deletion of signals derived from dead cells markedly 
improve the immunofluorescence measurements. Fig. 112 shows the 
fluorescence distribution of mouse spleen cells which have been treated 
with a fluorescent anti-immunoglobulin serum. The upper panel which 
includes the dead cells, shows a fluorescence distribution with a gradual 
decay. No clearcut distinction between negative and positive cells is pos
sible. The lower panel shows that if the dead cells are not included two 
populations of cells can be recognized. This method can be used with 
both fluorescein isothiocyanate (FITC) and tetramethylrhodamine 
isothiocyanate (TRITC) labelled antibodies. 

The fluorescence light of FITC can be measured separately from PI 
fluorescence and can therefore be recorded on a different photo-
multiplier. PI and TRITC overlap in their fluorescence spectra and can 
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Figure 112 
Fluorescence distribution at 520 nm of FITC- Ig labelled spleen lymphocytes. 
Dead cells have been counter stained with PI. The far red fluorescence is recorded on a 
different photomultiplier. The fluorescence distribution of all cells (upper curve) does not allow 
an unambiguous distinction between Ig positive and Ig negative lymphocytes. The bottom 
curve shows the distribution when the signals from dead cells are discarded. In this case Ig 
negative and Ig positive lymphocytes appear as two separate populations. 

therefore not be recorded separately. In this case, the dead cells can be 
distinguished from living antibody stained cells by the difference in 
fluorescence intensity. Since PI gives a much higher fluorescence signal 
than does TRITC, the PI positive cells are found in the highest channels of 
the fluorescence distribution. It is therefore still possible to use PI as a 
marker for dead cells and record the presence of FITC and TRITC labelled 
antibodies at the same time. 
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MEMBRANOUS DYSMENORRHEA IN THE CHIMPANZEE 
(PAN TROGLODYTES) 

H.A. Solleveld and M.J. van Zwieten 

The menstruation process in the human female and in the chimpanzee 
is similar and consists of loss of endometrial tissue in a fragmentary 
fashion. In rare instances in women, however, the endometrium may be 
thrown off as a more or less complete cast, the so-called uterine cast, 
which is often associated clinically with membranous dysmenorrhea. 
During the past year, we had the opportunity to study 10 uterine casts 
from 6 mature female chimpanzees which resembled those reported in 
women. 

Grossly, all casts had the same appearance. Each was a pear-shaped, 
sac-like structure with a rough, granular, red-brown inner surface and a 

Figure 113 
Uterine cast, partially Incised to show both surfaces. 
As a result of inversion during expulsion, the rough granular inner surface of the cast 
corresponds to the zone of detachment and the smooth outer surface to the luminal surface 
(Bar represents 1 cm). 
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Figure 114 
Uterine cast, comprising the zona compacta and a portion of the zona spongiosa. 
Note extensive area of predecidual cells, tortuous glands and congested blood vessels. Spiral 
arterioles and focal haemorrhages are prominent near the zone of detachment (HPS x37). 

grey-pink smooth outer surface (fig. 113). Each mass appeared to be an 
exact mold of the uterus which had been inverted during expulsion. 

Histologically, the casts consisted of the zona compacta and a varying 
amount of the zona spongiosa of the endometrium. The entire thickness 
of the cast was composed of stromal tissue in which glands and blood 
vessels were present (fig. 114). The glands showed different degrees of 
tortuosity, often resulting in a saw-tooth appearance, and they were 
separated from each other by a moderate amount of stromal tissue. 
Widespread haemorrhage was present in all cases, being more intense at 
the eroded irregular surface. The stromal tissue consisted of an extensive 
area of polygonal cells with large pale vesicular nuclei and moderate 
amounts of pale pink cytoplasm. These cells are comparable to 
predecidual cells of the human, which are stromal cells of the endo-
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metrium altered under the sequential influence of.estrogen and prog
esterone. A more or less dense yellow, slightly fibrillar to homogeneous 
intercellular matrix surrounded the predecidual cells. Numerous blood 
vessels were present throughout the entire uterine cast. Thick walled 
spiral arterioles were conspicious in the deep and middle layers of the 
endometrial tissue. The glands were lined by columnar or pseudo-
stratified columnar epithelium which corresponded to the secretory 
phase of the menstrual cycle. Constant findings were a random infil
tration of the glands and stromal cells by neutrophils, with smaller num
bers of lymphocytes, plasma cells and histiocytes and foci of necrosis 
which varied in extent from case to case. 

The etiology of membranous dysmenorrhea in women is still unknown. 
Novak and Woodruff (1974) state that membranous dysmenorrhea in 
women may be associated with extra-uterine pregnancy. When the em
bryo dies due to its extra-uterine location, the decidua undergoes degene
rative changes and is thrown off in the form of a cast (decidual cast). The 
glands in these casts are lined by flat, simple squamous-like epithelium, 
which is in contrast to our finding of columnar or pseudostratified colum
nar epithelium in the chimpanzee casts. In addition, no structures res
embling chorionic villi could be demonstrated in any of our cases, despite 
extensive sampling and serial sectioning of the available material. These 
findings combined with, in most cases, negative pregnancy tests during 
the period of uterine cast expulsion and the fact that one chimpanzee 
exhibited regular mentrual cycles of 35-36 days accompanied by the 
expulsion of uterine casts argued against an extra-uterine pregnancy. 

Crimail and Aubel (1971) diagnosed membranous dysmenorrhea un-
associated with pregnancy in two women on day 2 to day 3 of their regular 
menstrual cycles. This unusual form of menstruation was always accom
panied by pain. Gynaecological examination revealed no abnormalities in 
either case. The brief histological descriptions of the menstrual tissue 
from these women appeared to correspond to those of the chimpanzees. 
Dysmenorrhea is a clinical term denoting painful menstruation. Although 
evidence for pain or discomfort was lacking in our chimpanzee cases, we 
felt justified to classify these cases as membranous dysmenorrhea un-
associated with pregnancy on the basis of the comparable gross and 
histological finding of our cases to those in women. Further studies of 
this condition in the chimpanzee may help to elucidate the cause of 
membranous dysmenorrhea in women. 

Crimail, P.H., and Aubel, J.C., Rev. franc. Gynéc, 66, (1971), 407. 
Novak, E.R., and Woodruff, J.D., In: Novak's Gynecologic and Obstetric Pathology, 

W.B. Saunders Comp., Philadelphia, London, Toronto,1974. 
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