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PROGRESS UNDER PRESSURE

In spite of increasing limitations for biomedical research due
to the economic depression, the past year has been rewarding for
the REPGO Scientific Community in several respects.
The Primate Center was completing the construction of two
large buildings for chimpanzees. One will provide us with advanced
facilities for the performance of studies with hazardous agents in
that species; the building will be used in the coming few years
for the testing of human vaccines against hepatitis B virus. The
other building houses new chimp breeding and nursery facilities so
that the breeding program of this increasingly endangered species
can proceed in an optimal way.
A large compilation of the data from the ageing rat colony of
the Institute for Experimental Gerontology has been prepared in a
thesis defended at the Veterinary Faculty of the State University
of Utrecht by J.D. Burek and has been published in a monography
entitled "Pathology o£ Ageing Rats" by CRC Press. Data of this
type are fundamental to many types of long term studies such as
toxicology, experimental carcinogenesis and late effects of the
environment. The Institute for Experimental Gerontology serves as
the organizational center for the EEC concerted action on cellular
ageing and decreased functional capacity of organs. This involves
the coordination of research activities in the areas of the immune
response during ageing, cellular basis of liver ageing and ageing
of the crystalline lens which are performed by about 30 research
groups in the European Community.
The fast neutron therapy group of the Radiobiological Institute organized the 3rd Meeting on fundamental and practical
aspects of fast neutrons and other high LET particles in clinical
radiotherapy from 13-15 September 1978. It assembled more than 200
radiotherapists and radiation biologists from 15 different countries in The Hague, but more gratifyingly the results of all clinical fast neutron treatments were reviewed and led to the conclusion that it is worth while to move into controlled clinical
trials with this new modality. The first experiments with neutron
irradiation of cultured tumour cells were initiated in 1962 and
this illustrates the considerable length of time which normally
elapses between the concept of a new approach and its practical
application. In this respect biomedical research does not seem to
differ much from technological research.
In the cancer research area much progress has been made in the
political arena. For the first time in history the Dutch Parliamentary Committee for Health organized a public hearing on cancer.
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The main question to be informed upon for the committee was the
lack of progress in the execution of the Dutch Cancer Program
which was officially accepted by the government in 1974. The
interest in this public hearing from both professional groups and
lay organizations including patients was overwhelming, which made
quite an impression on the politicians. As a result the government
is being put under considerable pressure from Parliament to stimulate the organization of comprehensive cancer centers, which has
been severely hampered during the past few years for lack of support. Many of the ideas for the Dutch National Cancer Program as
well as the stimuli for getting the hearings organized were generated by KEPGO staff members, who also contributed considerably to
the discussions at the actual hearing. These events have shown
that the participation of scientists in the politics of science
an3 in our case of health care delivery has become an essential
part of our business. It only proves that in this country (as well
as in most of Europe) the wind blows predominantly from the West,
that is from North America.
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D.w. van Bekkum
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RADIATION PHYSICS
COMPARISON OF THE RELATIVE NEUTRON SENSITIVITY OF GEIGER-MULLER
COUNTERS FOR d+T NEUTRONS*

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

In mixed neutron-gamma fields it is necessary to determine absorbed doses of neutrons and photons in tissue separately, because
of the difference in relative biological effectiveness of these
two radiation components. This is generally achieved by combining
a dosimeter with equal sensitivities to both types of radiation
with an instrument with a low neutron sensitivity (photon dosimeter). Most instruments used as photon dosimeters have a relativ™
ely high neutron sensitivity which varies also with the neutron
energy.
Micro-Geiger-MUller counters surrounded by a suitable energy
compensating shield were proposed by Wagner and Hurst (1961) as
photon dosimeters in mixed fields. The thermal neutron response
was considerably reduced by an additional shield of Li. Their
measurements showed a low relative neutron sensitivity, k
o' of
less than 0.5 per cent in the energy range from 0.68 to 4.2 MeV.
Colvett (1974) determined experimentally that the response to 15
MeV neutrons is primarily ( ~ 90 per cent) due to photons generated locally in the screen resulting in a k value below 0.5 per
cent at even this high energy. However, higher k values have
been recently reported for d+T neutrons (Lewis and Young, 1977).
To investigate these discrepancies, a cooperative project
within the framework of CENDOS was initiated among Antoni van
Leeuwenhoek Hospital (AVL), National Physical Laboratory
(NPL),
Physikalisch-Technische Bundesanstalt (PTB) and Radiobiological
Institute (TNO). The characteristics of GM counters of different
types and with different shields were compared in the standard d+T
neutron fields at NPL (photon component D /D = 1.17 . 10~ 2 ) and
at PTB (Dr/DN= 0.55 . 1 0 ~ 2 ) . Neutron fluence measurements were
* The cooperation of Drs. R. Jahr, S. Guldbakke and H. Klein from
PTB, Braunschweig, and Dr. V.E. Lewis from NPL, Teddington, is
gratefully acknowledged. This work was performed within the
framework of CENDOS (Cooperative European research project on
collection and evaluation of neutron dosimetry data).
**Antoni van Leeuwenhoek Hospital, Amsterdam.

performed by an associated particle technique at NPL, while the
photon contribution was determined by using GM counters whose k
values had been determined by an absolute coincidence technique
(Lewis and Young, 1977). At PTB, the neutron fluence was determined with a proton recoil telescope and the relative photon contribution was determined employing time of flight techniques
(Guldbakke et al., 1978). The results obtained by TNO at PTB for
the k of different GM counters for 15.5 MeV neutrons are shown
in table 1, assuming a relative photon sensitivity (h ) of 1 when
calibrated with
Co-gamma rays. All measurements were performed
with reference to the charge collected on the neutron producing
target. The charge reading was converted to neutron kerma (K ) on
the basis of the fluence measurements. The k values were calculated on the basis of the relative photon contribution determined
by PTB. It can be concluded from table 1 that k is dependent on
the GM type and on the construction of the energy compensating
filter. The lowest k values
rounded by 1 mm tin or lead.

were found

for the

GM 18 529 sur-

1

I

Table 1

1 !

SUMMARY OF THE EXPERIMENTAL RESULTS (MEAN VALUE AND iSTANDARD
DEVIATION) OBTAINED BY TNO AT PTB FOR d+T NEUTRONS

Percentage
Detector + shielding

A 18529
A 18529
A 18529
A 18529
A 18529
B 18529
ZP 1100

+
+
+
+
+
+

PbSn
PbSn
1 mm
5 mm
1 mm
PbSn

(W&H)
(gap)
Sn

Sn
Pb
(W&H)

Efficiency for
6 0„
Co gamma-rays
ct.rad" 1 .10" 6

\
1

tL f\

1.295
1. 298
1.324
1.241
1.502
1. 289
5.055

±
±
±
±
±
±
±

0 .5
0 .5
0 .4
0 .5
0 .4
0 .4
0 .6

-1

R1

.K
GM It

2 .36
2 .51
2 .18
3 .12
2 .14
2 .41
3 .38

±
±
±
±
±
+
±

.io2

3.3
4. 0
3.8
3.3
3.6
3.3
2. 8

k . 10 2
u
1 .81
1 .96
1 .63
2 .57
1 • 59
1 .86
2 .83

3.4
4 .1
4.0
3.4
3.7
3.4
4 2 .9

i:
dt
i:
H:
i.
i:

Table 2 gives a summary of the k values derived from the
intercomparisons at NPL and PTB together with other available
results for d+T neutrons with the 18509 tube (with fixed shield
known as ZP1100) and the 18529 tube with different shields as
indicated= All counters were irradiated perpendicular to the
counter axis. An h value of 1 was assumed when the GM counter was

!

Table 2

RELATIVE NEUTRON SENSITIVITY, ky, OF GM COUNTERS WITH DIFFERENT SHIELD
DESIGN FOR d+T NEUTRONS
Neutron energy
(MeV)

Types of
counter

Composition and dimension
of shield

14.1 (collimated)
14.7

ZP 1100
ZP 1100

2 mm tin (perforated)
ibid

15

18509

1.35 mm tin + 0.25 mm lead

15.5

ZP 1100

2 mm tin (perforated)

15.5
14.1 (collimated)

ZP 1100
18529

ibid
1.05 mm tin + 0.55 mm lead
(perforated)

14.7

18529

k D .10'
2.74 ± 0.40
2.3
<0.5
2.84
2.86 ± 0.18
1.72 ± 0.25
1.33

ibid
14.7

18529

2.15 ± 0.20
ibid

15.5

18529

1.96
ibid

15.5

18529

1.C3
1 mm tin

(AVL)
comparison
at NPL
Colvett
(1974)
comparison
at PTB
(PTB)
(AVL)
comparison
at NPL
Lewis and
Young (1977)
comparison
at PTB
comparison
at PTB

calibrated with
Co gamma rays. For d+T neutrons, k values of
1.6 and 2.6 per cent appear to be most realistic for the 18529
tube with Pb/Sn shield and the ZP1100 counters, respectively.
These values are larger than those recommended by the ICRU (1977)
which are commonly accepted. The use of the new k values will
result in lower photon contributions for equal response of the
Geiger-Muller counters.

Colvett, R.D. p. 152. In: Annual Report Radiol. Res. Lab., USAEC
Report Coo-3243-3 (1974).
Guldbakke, S. et al. p. 821. In: Proc. Third Symp. Neutron Oosimetry in Biology and Medicine (G. Burger and H.G. Ebert, eds.),
Commission of the European Communities, Luxembourg (1978).
ICRU, Report 26, Neutron Dosimetry for Biology and Medicine, Washington (1977).
Lewis, V.E. and Young, D.J. , Phys. Med. Biol. _2£ (1977) 476.
Wagner, E.B. and Hurst, G.S., Health Phys. 5 (1961) 20.

COMPARISON OF DOSE-EQUIVALENT MEASUREMENTS IN THE PRIMARY BEAM AND
AROUND THE SHIELDING OF A NEUTRON GENERATOR

J. Zoetelief, B. Hogeweg and J.J. Broerse

The relevant parameter for radiation protection applications
is the dose-equivalent which is generally determined with a rem
counter consisting of a thermal neutron detector surrounded by
moderator material and absorbers. In common practice it is assumed
that these detectors provide reliable neutron dose-equivalent
values in the energy range from thermal to 17 MeV. The response of
these detectors (in counts per mrem) is approximately constant for
neutron energies up to 5 MeV, however, for higher neutron energies
this response is gradually decreasing. In view of this uncertainty, it was decided to compare the experimental data obtained with
the rem counter, with dose-equivalent values derived from measurements of absorbed dose with tissue equivalent (TE) ion chambers
and Geiger Miiller (GM) counters and of radiation quality with a TE
proportional counter. The measurements with the different detectors were performed at various positions in the primary neutron
beam and at the maze entrance of the neutron generator hall.
The neutron generator hall at the Radiobiological Institute
consists of a target room and a generator room with wall thicknesses of 2.5 and 1 m concrete, respectively. A Van de Graaff K2N3750 positive ion accelerator is used to produce neutrons with
energies of 15 MeV by employing the d(0.5)+T reaction and of 3 to
5 MeV by the d(2.3)+D reaction. The ground plan of the generator
hall and the location of the Van de Graaff accelerator are shown
in figure 1. The measurement positions in the generator hall (at
2 m distance in the 0 , 45 and 90 directions and at 6 m in the
45 direction with respect to the ion beam) and in the labyrinth
(positions A, B and C) are also indicated in figure 1.
The energy deposition distributions were determined with a cylindrical TE proportional counter (Hogeweg, 1978). The detector
simulates a. tissue volume with a diameter of 1.2 p and has an
elongation factor of 10. Since the distribution of track length is
strongly peaked for a track length equal to the diameter, the
linear energy distributions are almost identical to LET distributions.
The contributions from scattered neutrons are considerable at
great distances from the target in the neutron generator hall.
Mean quality factor (Q) values were derived (table 1) from the
measured LET spectra based on established Q-Loo
relationships
(ICRP, 1969) by an analytical function (Hogeweg, 1978). It can be
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Figure 1
Ground plan of the TNO neutron generator facility,
tions.

showing the measuring posi-

concluded from the table that the differences
in mean quality
factors at the various positions are not significant for d+T and
only marginal for d+D neutrons. The values obtained for the p r i mary beam are in good agreement with values reported by Nachtigall
and Burger (1972).

Table 1

MEAN QUALITY FACTOR, RELATIVE ABSORBED DOSE AND DOSE-EQUIVALENT AT DIFFERENT POSITIONS IN
THE PRIMARY BEAM AND THE MAZE ENTRANCE FOR d(0.5)+T AND d(2.3)+D NEUTRONS
Mean quality
factor

Measuring
condition

d+T 2
2
2
6
C
B
A

m,
m,
m,
m,

d+D 2
2
2
6
C
B
A

m,
m,
m,
m,

1

0°
45°
90°

45°

0°
4 5°
90°
45°

7.6
7.6
7.6
7.9
7.5
7.1

7.9
8.6
8.8
8.8
9.6

±
+
+
+
+
±
-

0.4
0.4
0.4
0.4
0.4
0.4

±
+
+
±
+
-

0.4
0.5
0.5
0.5
0.5

Neutron
absorbed
dose
(mrad)
244 + 17
248 + 17
98 ± 7
36 + 3
15 + 1
2.5+ 0.2
-

226 ± 16
77 + 5
27 ± 2
14 ± 1
5.6 + 0.4
-

Dose equivalent based on microdosimetry.
Dose equivalent based on rem counter.

Gamma
absorbed
dose
(mrad)

Dose
equivalent
(mrem)

Dose
equivalent

1030
1040
620
225
98
17
0.9

±

1650
610
290
141
73
12
0.5

+ 330
+ 120
+ 60
+ 28

31
31
25
8.9
4.4
1
0.1

±
±
+
±
±
+
±

3
3
3
0.9
0.4
0.7
0.01

2090
2120
930
357
148
25

20
15.1
8.2
4.7
2.2
0.62
0.07

±
+
+
+
+
+
+

2
1.5
0.8
0.5
0.2
0.06
0.007

1940 nt 170
790 iI 70
312 :b 27

i: 180
Ht 190

i:
dt
i:
it

163 dL
75 ;!:

80
31
16
3

14
7

(mrem)

200

+ 200

± 120
± 45
4
20
+
3
0.2

±
+
+

15
2
0.05

The neutron- and gamma-ray absorbed doses (table 1) were derived from the response of a TE ionization chamber having approximately equal sensitivities to both radiation components, combined
with the response of a GM counter which has a small relative
neutron sensitivity. The spherical TE ionization chamber, with an
outer diameter of 36.4 mm and a wall thickness of 2.2 mm, was
flushed with TE gas. The GM counter (Philips 18529) was shielded
with a suitable energy compensating filter. In addition, measurements were performed with the GM counter surrounded by 6 LiF, to
reduce the contribution of thermal neutrons to the response of the
counter.
Neutron dose-equivalent measurements were performed with a rem
counter (Studsvik neutron radiation meter 2002B) employing a dead
time correction of 2 JJS. The dose equivalent values from the rem
counter were compared with the values calculated on the basis of
absorbed dose and Q (table 1 ) . The values for the dose-equivalent
were reduced by factors of 100 and 150 for d+T and d+D neutrons,
respectively, between positions C and A, indicating that an effective decrease in radiation levels is achieved in the maze entrance. As can be seen from the table a good agreement is obtained
between the two independent measurements of dose-equivalent for
d+D neutrons. At all positions in the d-fT neutron field the doseequivalent results obtained with the rem counter are significantly
lower than those derived from absorbed dose and lineal energy
spectra. This is even valid for the positions in the maze entrance, where a considerable fraction of scattered neutrons is observed. The measurements indicate the necessity to apply a deviating response factor for the neutron rem counter, used for protection applications of neutrons with energies in excess of 10
MeV.

Hogeweg, B., Thesis, University of Amsterdam (1978).
ICRP, Publication 15, Protection against ionizing radiation from
external sources, Pergamon Press, Oxford, England (1969),
Nachtigall, D. and Burger, G. p. 385. In: Topics in Radiation
Dosimetry (F.H. Attix, e d . ) , Academic press, New York, USA
(1972).

A SMALL SCALE NEUTRON DOSIMETRY INTERCOMPARISON PROJECT

J.J. Broerse, G. Burger*, A. Ricourt**, H. Schraube* and
J. Zoetelief

The use of fast neutrons for radiobiological and medical purposes has increased considerably during the past ten years. To
predict the responses of irradiatsd biological specimens, it is
important to determine the absorbed dose in the irradiated material with a sufficient degree of precision and accuracy. For biological and medical applications of neutron beams, there are indications that the absorbed dose in the biological object should be
determined with an overall uncertainty of less than 5 per cent
(Broerse, 1977). Two extended neutron dosimetr;; intercomparisons
have been performed during the past five years, namely, the International Neutron Dosimetry Intercomparison, \NDI (ICRU, 1978) and
the European Neutron Dosimetry Intercomparison Project, ENDIP
(Broerse et al., 1978). The conclusion from both intercomparison
programs is that there is a strong need for adoption of uniform
basic physical parameters and for standardization of experimental
techniques used for the determination of absorbed dose.
Under the sponsorship of CENDOS (Collection and Evaluation of
Neutron Dosimetry Data), a small scale neutron dosimetry intercomparison was carried out in 1977 at Neuherberg between three ENDIP
participants (CENF, Fontenay-aux-Roses; GSFM, Neuherberg and TNO,
Rijswijk) whose results showed large discrepancies (table 1 ) . The
purpose of this special intercomparison was to resolve the existing discrepancies, to determine possible operational errors and
to obtain knowledge on detector characteristics.
The monitoring system (MOSES) employed for the ENDIP 1975
measurements was reassembled and put into operation for this program. The three participating groups performed measurements with
d(0.5)+T neutrons and 2 5 2 Cf neutrons. The experimental conditions
for the free-in-air irradiation were similar to those during
ENDIP. The water phantom used was placed at 20 cm distance from
the target on the ion beam axis. A 25 Ci
Cs gamma ray source
was provided for calibration of the dosimeters. A comparison of
various factors was made, including composition of TE gas mixtures
employed by the three groups and effects of change in polarity.
Measurements with different TE gases in a neutron field relative
to calibration with photons show variations up to 1 per cent for
* Institut fur Strahlenschutz, Neuherberg, Fed. Rep. of Germany.
**Centre d1Etudes NuclSaires, Fontenay-aux-Roses, France.

Table 1

COMPARISON OF RELATIVE RESPONSES (Gy PER 10 MONITOR UNITS) OF
TISSUE EQUIVALENT ION CHAMBERS UNDER DIFFERENT
EXPERIMENTAL CONDITIONS
Experimental conditions
CENF
d+T, free-in-air 1975
d+T, free-in-air
d+T, 5 cm depth in-phantom
d+T, 10 cm depth in-phantom
252
C f free-in-air

5.25
4.89
6.89
4.09
2.34

Participants
GSFM
4.84
4.88
6.93
4.10
2.25

TNO
4.47
4.84
6.59 (6 . 8 8 )
3.89 (4 . 0 5 )
2.33

Cf and negligible variations for d+T neutrons. Effects of changes
in the ionizing potential resulted in maximum differences of below
2 per cent. A summary of the results obtained for the relative
responses of the tissue equivalent (TE) ionization chambers is
given in table 1. Also included in this table are the measurements
for d+T neutrons free-in-air during ENDIP. The following conclusions have been made:
1. For the results of the GSFM group, the chamber response per
monitor unit obtained during the 1975 and 1977 intercomparisons
for 15 MeV neutron irradiation free-in-air differed by only 1
per cent, which proves the consistency of the dosimetry
measurements of the Neuherberg group.
2. For free-in-air exposure conditions, the 1977 results for the
responses of the ion chambers show a much better agreement than
those of 1975. However, neither of the three groups was aware
of any change in experimental techniques applied; consequently,
the reproducibility of the measurements during the two-year
period could be questioned.
3. The values obtained in the water phantom show larger discrepancies, up to 5.5 per cent. These differences could be attributed
to the choice of the effective measuring point, taken by GSFM
at the geometrical centre, by TNO at approximately 3/4 of the
radius of the cavity to the front of the chamber, while CENF
applied a constant correction factor of 0.975 for displacement.
Recent experiments (this report, p. 21 ) have shown that, for
the TNO spherical chamber, the effective measuring point should
be shifted to 1/4 of the radius. Under these conditions (the
values in parentheses in the table) the results of the three
groups are in better agreement.
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4. Some of the connecting cables between chambers and electrometers are very sensitive to mechanical stress. The need for
low noise, low capacitance cables is clearly indicated.
5. X-ray radiographs of the ionization chambers employed in this
intercomparison showed deficiencies in the construction of some
chambers, e.g., inadequate positioning of the central electrode
and imperfections in the connections of the guard electrode.
The CENDOS measuring project showed the great importance of
joint measurements followed by immediate calculation and evaluation of the results. The results indicate considerable improvements in the determination of neutron kerma and absorbed dose for
three groups participating in ENDIP. This small scale neutron
dosimetry intercomparison project emphasizes the need for uniform
procedures and techniques for measuring chamber response and for
applying the appropriate corrections. The introduction of a secondary standard and a transfer dosimeter system will be of great
importance for the consistency of neutron dosimetry for biological
and medical applications.

Broerse, J.J, p. 106. In: Proc. NBS Symp. on Neutron Standards and
Applications, NBS, Special publication 493, Washington (1977).
Broerse, J.J. et al. A European Neutron Dosimetry Intercomparison
Project (ENDIP), Results and Evaluation, EUR 6004. Commission
of the European Communities, Luxembourg (1978).
ICRU, Report 27, An International Neutron Dosimetry Intercomparison, Washington (1978).
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RBE OP COLLIMATED NEUTRON BEAMS AT VARIOUS POSITIONS IN A PHANTOM
IN RELATION TO DIFFERENCES IN LINEAL ENERGY SPECTRA

B. Hogeweg, J. Zoetelief and J.J. Broerse

Collimated beams should be employed by the application of ionizing radiations from external sources in radiotherapy, in order
to restrict the amount of irradiated tissue as much as possible to
the tumour area. Due to scattering and absorption by the collimator, the output spectrum will not be identical to an undisturbed "free-in-air" spectrum of the source. Likewise, changes in
the spectrum will occur with penetration depth in the patient.
For neutrons, the changes in energy spectrum and in relative gamma
contribution may result in significant variations in the relative
biological effectiveness (RBE) with position, which may be important for the application of fast neutrons in radiotherapy.
To estimate the modifying effects, changes in lineal energy
spectra and in RBE were determined for different positions in and
outside collimated beams of monoenergetic 15 and 6.5 MeV neutrons
produced by the d(.28)+T and d(3.5)+D reactions, respectively. The
collimated beam with an exit field size of 6 x 8 cm is defined by
a tapered steel insert (Broerse et al., 1975). Distributions of
the lineal energy, y, were measured with a tissue-equivalent cylindrical proportional counter (Hogeweg, 1978) at three different positions behind the collimator, namely, at the center of the
beam, at the geometrical edge (as defined by the steel insert) and
behind the shielding at a distance of 7 cm from the center. The
diameter of the tissue volume simulated by the proportional counter for these measurements was 1.2 urn.
Fractional dose distributions, determined from the microdosimetric measurements, for 6.5 MeV are presented in fig. 1. Dose
distributions for the collimated 15 MeV neutron beams are reported
elsewhere (Hogeweg, 1978). The results show that, for both neutron
energies used, the distributions derived for the center position
and for the geometrical edge are almost identical. The curves for
the boundary situation demonstrate a slight increase of events
with lineal energy values around 1000 MeV.cm"1, which can be
attributed to scatter effects on the inner lining of the collimator duct. Distributions for positions behind the shield clearly demonstrate the effects of absorption of primary neutrons and
the increased contribution of gamma-rays and scattered neutrons.
From the fractional dose distributions, values for the dose
average lineal energy, y , for the (for the saturation effect)
weighted dose average lineal energy, y*, and for the mean quality
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Figure 1
Fractional dose
Curve 1: behind
Curve 2: behind
Curve 3: behind

distributions of 6.5 MeV neutrons behind the collimator.
the collimator at the beam axis.
the collimator at the geometrical edge of the beam.
the shielding outside the primary beam at a distance of 7 cm.

factor,
Q, were calculated for the positions in and outside the
beam. The values for y* were calculated according to the method
suggested by Kellerer and Rossi (1972), employing a counter-shape
and volume corrected value for the parameter, y , of 950 MeV.cm"1.
For the collimated beam of 15 MeV neutrons, the calculated values
fLVII
o r y , y* and Q are 640 MeV.cm" 1 , 210 MeV.cm"" 11 and 7.7 for positions in the beam at 0 cm depth and 570 MeV.cm"1, 210 MeV.cm " and
7.6 at 7 cm depth. For the position behind the shield the values
for y , y* and Q are 480 MeV.cm"1, 230 MeV.cm"1 and 7.7, respectively. It can be deduced from the function of y* versus neutron
energy (Caswell and Coyne, 1978) that the small increase in y*
corresponds to a decrease in effective neutron energy from 15 to
about 7 MeV. Values for the parameters y , y* and Q for the collimated 6.5 MeV beam are 430 MeV.cm"1
248 MeV.cm"1 and 7.8 for po-1
1
sitions in the beam and 440 MeV.cm" , 280 HeV.cm"-1
and 8.6 for the
position behind the shield. From the function of y*, it can be deduced that the decrease in the value of y* corresponds to a change
in energy from 6.5 MeV to about 4.5 MeV.
Changes in quality with position were also determined by studying the variations in the RBE for impairment of the clonogenic
capacity of cultured cells. Mammalian cells (originating from human kidney and from the rat rhabdomyosarcoma) were irradiated in
culture flasks and tubes at various positions in a cubical water
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phantom (side lengths, 30 cm). As a typical example/ survival data
for cells irradiated with 15 MeV neutrons at different depths are
presented in fig. 2. Cell survival has also been studied for positions in the penumbral area.

1
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Figure 2
Survival of cultured T cells irradiated in flasks at different depths in a
phantom with collimatedg15 MeV neutrons. The curve designated as "neutrons" is
a mean best f i t survival curve for a l l data points.

Prom these r e s u l t s , i t could be concluded that the RBE does
not vary significantly in and outside the beam region. For positions in the beam, this is in agreement with the relatively small
changes observed in the lineal energy distributions. The constancy
of the RBE for the positions in the penumbra with regard to those
in the beam is in contrast with the large increase in the dose
contribution for y values around 1000 MeV.cm"1. This can be explained by the counterbalancing effects of the increasing contributions of gamma rays at these positions.
15

The absence of the RBE change in lateral direction is in
strong contrast to the expected variations in neutron energy as
deduced from the characteristic parameter, y*. This discrepancy is
due to limitations in the definition of this parameter. Generally,
y* is derived from lineal energy spectra which are measured or
calculated for sensitive site dimensions of 1 urn. The weightingfunction employed for these calculations of y* is deduced from RBE
results obtained for irradiations with monoenergetic charged particles under track-segment conditions. The dimension of the sensitive site, deduced earlier from these track-segment results, is
much smaller (20-100 n m ) , than the generally applied dimensions
(of the order of 1 jum) for the calculation of y*.
It can be concluded that only values of the weighted quantity,
y*, determined from event size distributions for these smaller dimensions are of biological significance.

Broerse, J.J. et al., Strahlentherapie £9 (1975) 585.
Caswell, R.S. and Coyne, J.J., p. 1159, Proc. Sixth Microdosimetry
Symp., Commission of the European Communities, Luxembourg,
(1978).
Hogeweg, B., Thesis, Amsterdam (1978).
Kellerer, A.M. and Rossi, H.H., Current Topics in Rad. Res.
Quarterly £ (1972) 85.
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DETERMINATION OF THE RESOLUTION FUNCTION FOR THE UNFOLDING OF
PROTON SPECTRA MEASURED WITH A RECOIL-PROTON SPECTROMETER

B. Hogeweg

Biological effects are induced by neutron radiations with an
effectiveness which is strongly dependent on neutron energy. The
determination of the neutron energy spectrum is, therefore, of
great interest for radiobiological studies.
Unlike charged particles, neutrons cannot be detected directly
by electromagnetic interactions with the atoms of a detector medium. Their detection and energy measurement are based on detection
and energy measurements of the directly ionizing charged-particles
induced by scattering or reaction processes. On the basis of the
different types of interaction processes, various methods, each
with its typical application, have been advanced for the measurement of neutron spectra. For the measurement of fast neutrons in
mixed neutron/gamma ray fields, proton-recoil spectrometers are
generally employed. This is due to the fact that neutron and gamma
ray contributions can be measured separately, since pulses generated by secondary protons and secondary electrons induced by neutrons and gamma rays, respectively, can be discriminated electronically on the basis of differences in their pulse shape.
It can be demonstrated theoretically that the recoil-protons
produced by single scattering collission of monoenergetic neutrons
with the hydrogen atom of the scintillator are distributed with
equal probability from zero to maximum energy and that this maximum energy is equal to the neutron energy. Differentiation of this
rectangular proton energy distribution will yield a delta-function
at an energy value equal to this maximum energy. The practical unfolding procedure of measured proton distributions into neutron
spectra is much more complicated and is the subject of this study.
The generated protons (apart from some escaping particles)
will deposit their energy in the scintillator volume by the creation of excited states. The light emitted from these centers is
collected and converted into charge pulses by the detector photomultiplier. At the various stages of conversion from energy absorption to the formation of pulses, these conversion processes
are subject to statistical fluctuations. It can be experimentally
shown that the magnitude of these variations is dependent on the
light output of the scintillator. In order to correct for these
variations in the unfolding procedure, the energy dependence of
the resolution for the neutron spectrometer, described earlier
(Hogeweg, 1978), was determined.*
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Birks (1964) has shown that the light output for charged particles is a non-linear function of their stopping power. Consequently, amplitude distributions derived from protons will be nonlinearly related to the energy spectra of these particles, in contrast to amplitude distributions derived from electrons which are
linearly related to their spectra. Therefore, the functional dependence of the variation with energy of the spectrometer was determined from measured Compton electron distributions. These distributions were derived from monoenergetic
Cs and
Na gamma
ray sources. The measured spectra were fitted to calculated
Compton profiles resulting from the folding of theoretical Compton
distributions (Birkhoff, 1958) with normal distributions. Profiles
for normal distributions having different energy-dependent resolution functions were calculated. In the energy range of 0.3 to
1.5 MeV, a best fit between measured and calculated spectra was
obtained for a resolution function, a (E), given by: <r(E) = 0.85
E
, where E is the electron energy. In fig. 1, a measured
Na
spectrum with corresponding calculated profile is presented as an
example. The figure shows that there is a good fit between measured and calculated curves, in particular, in the peak regions.
The deviation in the region between two peaks is, most likely, due
to scattered photons originating from the 1.28 MeV photons. In addition these Compton profiles demonstrated that the generally applied rules for the determination of the Compton edge from measured gamma ray spectra (for calibration of the spectrometer) will
yield incorrect values. It was shown that the value of the distribution function at the energy of the Compton edge is slightly dependent on energy and on resolution function. Therefore, better
results can be derived from a best fit between measured and calculated spectra. Moreover/ it was shown by these calculations that
the Compton profiles derived for a normal distribution with a constant resolution and those derived for a distribution having a
slowly varying resolution with energy (under the condition of
equal values of the resolutions at the edge) are almost the same
in the region of the Compton edge. These results are in contrast
to results derived with formulas suggested by Chatelain et al.
(1978) for the determination of the light output-dependent resolution functions. The observation that there is a close similarity
between the profiles for a constant and a slowly varying resolution seems quite logical. This is due to the fact that, under
practical conditions, the influence of resolution variation with
energy (in a restricted region) can only be a second order effect.
For a correct unfolding of proton recoil spectra into neutron
spectra, the mentioned function of light output versus proton energy as well as the neutron energy-dependent sensitivity function
of the detector for various angles of incidence has to be determined. These will be subjected to further analysis.
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Birkhoff, R.D., Handbook of Physics, Vol. 34, Springer Vet'lag,
Berlin (1958).
Birks, J.B., The Theory and Practise of Scintillation Counting,
Pergamon Press, Oxford (1964).
Chatelain, P. et al., Nucl. Instr. and Meth. 151 (1978) 519.
Hogeweg, B., Microdosimetric Measurements and some Applications in
Radiobiology and Radiation Protection, Monograph TNO, Rijswijk
(1978).
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Figure 1
Corapton electron spectra for 22..
Na.
22.. gamma
Measured (a) and calculated (b) Compton electron spectra, induced b y ~""Na
rays. T h e calculated spectrum is derived from a convolution o f the theoretical
Compton distribution with a normal distribution, having an energy-dependent
resolution: <r (E) = 0.85 E 0 - 6 .

19

EFFECTIVE MEASURING POINT FOR IN-PHANTOM NEUTRON DOSIMETRY WITH
ION CHAMBERS OF DIFFERENT SIZES

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

Tissue equivalent (TE) ionization chambers are the most commonly used instruments for neutron dosimetry in biology and medicine. For free-in-air irradiations, it is generally accepted that
the geometrical centre of the chamber is the position of measurement (effective measuring point). For the determination of depth
dose distributions, the position of the effective measuring point
of the ionization chamber can be shifted because of the replacement of the phantom material by the gas volume of the cavity. It
should be realized that, for photon beams (e.g./ 6 0 Co gamma-rays),
relatively small ion chambers can generally be used and that displacement corrections are only in the order of a few per cent. The
penetration of neutron beams with energies below 20 MeV is less
than that of
Co-gamma rays. Due to the relatively large slope of
the neutron depth dose curves and the use of relatively large ion
chambers, displacerant corrections up to 10 per cent have been
used (Broerse et al., 1978). Only limited information is presently
available on the determination of the displacement correction for
neutrons (Mijnheer et al., 1975). Therefore, it was decided to determine the effective measuring point of spherical chambers for
in-phantom measurements with d+T neutrons and 6 0 C o gamma-rays.
Since the displacement correction is shown to be dependent on
the geometry of ion chambers, a set of three spherical TE chambers
with internal diameters of 8, 16 and 32 mm, respectively, and a
wall thickness of 2.2 mm was constructed. Measurements with these
ion chambers, flushed with TE gas, were performed for collimated
d+T neutrons and 6 0 Co gamma-rays in a water phantom. The irradiation conditions were as follows: d+T neutrons, Rijswijk: SSD 42
cm, field size 6 x 8 cm 2 ; d+T neutrons, Amsterdam: SSD 80 cm and
field size 13 x 16 cm
and
Co gamma-rays, Amsterdam: SSD 80
2
u
cm and field size 13 x 16 cm . for o60,
Co gamma-rays, measurements
were also carried out with a Baldwin-Farmer thimble type ionization chamber. For d+T neutrons, measurements with a disc chamber
were also performed to allow comparison with previous results
(Mijnheer et al., 1975). For each series of measurements, the
dosimeters were calibrated at a J Cs gamma-ray source and corrections were applied for saturation and polarity effects. A summary of the results in shown in Fig. 1.
*Antoni van Leeuwenhoek Hospital, Amsterdam.
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Figure 1
Displacement (d) for ion chambers with different radius (r) for 60
" C o gamma rays
and d+T neutrons. Measurements were performed with spherical chambers; with a
thimble type chamber exposed t o ^ C o gamma rays and a disc type chamber exposed
to d+T neutrons.
For the measurements with
Co gamma-rays, a displacement correction of
(0.58 + 0.06),r was derived for the spherical chambers
and of (0.75 _+ 0.09)«r for the thimble-type Baldwin-Farmer chamber
(r being the radius of the gas volume). These values are in agreement with e a r l i e r results (Hettinger et a l . , 1967).
For d+T neutrons, a preliminary displacement correction of
(U.26 +_ 0.08).r was derived for the spherical chambers, which is
much smaller than the values reported e a r l i e r .
Mijnheer et a l .
(1975) derived a displacement correction of between r and 3/4 r
for spherical ionization chambers for d+T neutrons from measurements with a disc-type and a spherical-type ion chamber. The dose
determined with the disc chamber is considerably lower than that
derived from the spherical chambers taking the effective measuring
point a t the position 0.26.r to the front.
In previous studies,
t h i s r e s u l t was accepted as confirmation of displacement of the
effective point of measurement to the inner front wall. However,
i t now seems more logical to a t t r i b u t e the observed discrepancy to
the complex directional response of the disc chamber for free-ina i r and in-phantom measurements (Zoetelief et a l . , 1978). The dif-

22

ference found between displacement corrections for photons and
neutrons in this study might be attributed to differences in direction of scattered radiation in the phantom. Extension of the
present measurements to lower energy neutrons is in progress. The
displacement corrections found presently might account for some of
the differences observed during ENDIP for in-phantom measurements
(Broerse et al., 1978) and could explain the discrepancies between
absorbed dose determinations with TE ionization chambers and fission counters (Zoetelief et al., 1978).

Broerse, J.J. et al., A European Neutron Dosimetry Intercomparison
Project (ENDIP) - Results and Evaluation, EUR 6004, Commission
of the European Communities, Luxembourg (1978).
Hettinger, G. et al., Acta Radiologica 6^ (1967) 61.
Mijnheer, B.J. et al., p. 423. In: Proc. 2nd Symp. Neutron Dosimetry in Biology and Medicine, Commission of the European Communities, Luxembourg (1975).
Zoetelief, J. et al., p. 565. In: Proc. 3rd Symp. Neutron Dosimetry in Biology and Medicine, Commission of the European Communities, Luxembourg (1978).
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BETA AND GAMMA DOSE CALCULATIONS FOR
I,
I and
DEPOSITED IN THE THYROID GLAND

I ISOTOPES

J.A. van Best

To assess the radiotoxicity of various iodine isotopes to the
thyroid gland, beta and gamma dose calculations were performed in
a thyroid model. In mammals, the thyroid consists of two linked
lobes containing a large number of follicles. These follicles, of
different sizes, are each surrounded by a monocellular layer and
concentrate most of the iodine in the body. The energy deposited
by the (mainly short range) beta particles emitted by an isotope
is considered at a cellular level. A mathematical model was introduced in which the follicles are represented by identical spheres
with a radius of 100 urn and 25 urn for man and mice, respectively,
and surrounded by a 10 urn thick shell representing* the cell layer.
In addition, it was assumed that all of the activity is homogeneously concentrated in the regularly distributed spheres. The energy deposited by the (mainly long range) gamma rays of the isotope
was considered at a macroscopic level, for which the thyroid surface was represented by a mathematical expression (NM/MIRD, 1969).
A computer program based on Monte Carlo techniques was developed in order to calculate the energy deposition in the follicle
and its direct surroundings by beta particles with the same initial energy. The energy loss as a function of electron energy was
calculated on the basis of a polynomial fit to the stopping power
curve for electrons as described by Feige et al. (1971). The calculated average values of the dose as a function of the initial
electron energy for 5 concentric layers around the centre of the
follicle are shown in Fig. 1. The total dose as a function of the
distance from the centre of the follicle resulting from the beta
particles of the composite spectrum was calculated from the data
for monoenergetic electrons. For these calculations, the disintegration schemes of the nuclides as published by Dillman and Von
Derlage in the MIRD pamphlet (1975) were used. The dose due to a
single follicle with a homogeneously distributed activity is shown
as a first order approximation in Fig. 2 as a function of the distance from the centre of the follicle (curve 1 ) . A better approximation of the dose in the follicle and its surroundings was
achieved by adding the dose contributions due to the three subsequent surrounding layers of 26, 98 and 218 spheres, respectively.
These different approximations of the beta dose as a function of
the distance from the centre of a follicle are also shown in
Fig. 2 (curves 2, 3 and 4, respectively) for several isotopes.
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Figure 1A
Calculated average dose for man due to beta particles homogeneously distributed
over one follicle as a function of their i n i t i a l energy.
Follicle radius: 100 um; cell radius: 5 urn.
Curve 1: up to 100 um from the centre; curve 2: 100 to 105 um; curve 3: 105 to
110 jira; curve 4: 110 to 250 um; curve 5: 250 to 600 um.

The average dose delivered by monoenergetic gamma quanta was
calculated by applying the polynomial absorption coefficients for
the thyroid
(White and Fitzgerald, 1977) to the average path
length of the quanta in the thyroid. This path length was e s t i mated by the use of a Monte Carlo technique and the mentioned
mathematical expression for the surface of the thyroid. For man, a
path length of 1.15 _+ 0.02 cm, including the contribution of the
quanta which reentered the other lobe (8.1 per cent of the t o t a l ) ,
was found. The total gamma dose was calculated for
different
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Figure IB
As 1A, for the mouse.
Follicle radius: 25 jam; cell radius: 5 urn.
Curve 1: up to 25 ).vm from the centre; curve 2: 25 to 30 jim;
pm; curve 4: 35 to 60 um; curve 5: 60 to 150 jam.

curve 3: 30 to 35

thyroid sizes and for different iodine isotopes from the corresponding gamma emission spectrum (Dillman and Von Derlage, 1975).
The beta and gamma dose rates calculated for the different
parts of the thyroid of man and the mouse are given in table 1 for
several isotopes. The dose commitments for a single intake were
calculated on the basis of the effective half-life of each isotope; a biological half-life of 138 days for man and of 5 days for
the mouse was used. The results for the beta dose resulting from
I in man are in good agreement with those calculated by Feige
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Table 1
CALCULATED DOSE RATES AND DOSE COMMITMENTS

NO.

Part under
consideration

Continuous burden:
1
follicle
surr.cell layer
2
surr.cell layer
3
4
rest
total, thyroid
5
total thyroid
6

Type of dose

average
maximum
average
average
average
average

beta
beta
beta
beta
beta
gamma

Estimated
relative
volume

0.67
0.20
0.13
1
1

dose
123 c

Standard man
dose
dose
125 c
131 c

70
45
40
30
59
20

60
30
6
0.6
41
18

320
270
260
250
300
29

4-week-old mice
dose
dose
dose
123^
131^
125 c

40
24
15
13
32
1.6

60
23
3.7
0.3
41
2.3

100
80
75
65
90
0.9

Sinejle intake:

7
8

total thyroid
total thyroid

average commitment
commitment per uCi

1
1

follicle radius, 100 um; cell radius, 5 urn.
follicle radius, 25 urn; cell radius, 5 urn.
Nos. 1 to 6: (mrad/h) per (uCI/g thyroid);
no. 7: rad per (uCi/g thyroid); no. 8: rad per uCi,

1.5
0.075

86
4.3

87
4.3

0.56
930

9.8
6.9
16000
11000
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Figure 2A
Calculated dose versus the distance from the centre of a follicle for man.
1, 2, 3, 4: order of approximation; F = follicle, C = cell, I = intercellular
tissue; cell diameter: 10 jam. Follicle radius: 100 um.

et al.
(1971) and by Booz and Smit (1978). The calculated gamma
dose i s approximately 30 % lower than that given by Booz and Smit
(1978), which may be a t t r i b u t e d to improper use of the f o l l i c l e to-weight r a t i o in t h e i r study. Boundary e f f e c t s , which were neglected in the present model, will be considered in a future one.

Booz, J. and Smit, Th.,Current Topics in Radiation Research Quart.
12 (1978) 12.
Dillman, L.T. and Von Derlage, F.C.,NM/MIRD Pamphlet _10 (1975) 68.
Feige, Y. e t a l . , p . 383. In: Biophysical Aspects of
Radiation
Quality. IAEA (1971).
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RADIOBIOLOGY
ANALYSIS OF THE INFLUENCE OF RADIATION QUALITY ON THE
EFFECTIVENESS OF SMALL DOSES FOR INDUCTION OF REPRODUCTIVE DEATH
AND CHROMOSOME ABERRATIONS IN MAMMALIAN CELLS

G.W. Barendsen

Among the various types of radiobiological effects studied in
mammalian cells, reproductive der.th and chromosome aberrations occupy a prominent place, because they are important with respect to
damage expressed after irradiation in tissues, tumours, organisms
and offspring, they are induced by relatively small doses of radiation and can be measured with good accuracy and reproducibility.
In many radiobiological studies attempts have been made to
analyse relations of the relative biological effectiveness (RBE)
of ionizing radiations as a function of linear energy transfer
(LET) in terms of the energy required for the induction of primary
biomolecular changes, the probability of interaction of damaged
molecules and the spatial distribution of energy deposition in
cells. Such an analysis can provide a basis for estimations of the
effectiveness of small doses of different radiations that are important for protection purposes.
The most comprehensive series of experimental data concerning
the influence of radiation quality on dose-effect relations is
available for reproductive death of various types of mammalian
cells. A smaller amount of information has been published for
chromosome aberrations and particularly data on both types of effects for the same type of cells are scarce. Nevertheless, a comparison of RBE-LET relations for these two end-points can provide
insight into the types of mechanisms involved.
Mammalian cell survival curves for low LET radiations are frequently not exponential but the effectiveness increases with increasing dose in such a way that, for a limited region, namely,
between surviving fractions of 1 and 0.1, the data can be fitted
adequately by the formula:
surviving fraction: S /S

= e

(1)

For high LET radiations, the values of a, are frequently so large
relative to a that the curves are indistinguishable from exponential and that a can only be derived with considerable uncertainty.
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From published data, values of aj have been derived by fitting
a curve described by formula 1. Detailed results will be published
elsewhere and only a summary will be presented here (Barendsen, in
the press).
An analysis of many survival curves for X-rays and gamma rays
shows that values of a. range from about 10~ 5 Gy" 1 to 10~ 4 Gy"1
-3

9

1

~ 10

(10
to 10
rad ), while values of a. range from 10
to
10
Gy" . In view of the large differences observed, it is not
justified to suggest that mammalian cells all have similar sensitivities with respect to the induction of reproductive death.
Furthermore, calculations of mean values of a1 and a 2 have little
significance. Values of a,/a
for 200-300 kV X-rays also show a
wide range from 3 to 15 Gy. Values of a. and a2 for high energy
gamma rays are generally only a factor ot 0.8 to 0.9 smaller than
those for 200-300 kV X-rays derived for the same cell line.
For high LET radiation, a comparison of published data for
different cell lines also shows large differences in a., with values ranging from 0.8 x 10" Gy~
to 3 x 10~ 4 Gy"1 for LET values
corresponding to maximum effectiveness. A summary of the values
for various characteristic parameters is given in table 1.
For chromosome aberrations, data are available for a smaller
number of types of cells than for cell reproductive death, but
they are adequate to show significant differences between corresponding parameters in comparison with cell reproductive death
(Barendsen, in the press).
The number of chromosome aberrations induced by low LET radiations frequently does not increase as a linear function of the
dose, but can best be represented by:
Y =

+ P2D

(2)

The linear and quadratic terms can be interpreted by assuming that
the primary biophysical event involved, can be induced either by
energy deposition from a single ionizing particle or by energy deposited by two particles passing through a given structure or
structures in the cell.
Analysis of various sets of data has shown that values of p
for specific types of chromosome aberrations, e.g., dicentrics and
centric rings, frequently show a more pronounced dependence on LET
or Y p than values of a^ for impairment of clonogenic capacity,
especially in the region of low LET or Y p . This is schematically
summarized in fig. 1 and a summary of the ranges of values for p
and p is given in table 1.
As indicated in table 1 and fig. 1, values for a and p differ less for high LET as compared to low LET radiations. Analysis
of data for individual cell types indicates that, for the induction of chromosome structural changes observable at mitosis, e.g.,
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TABLE 1
COMPARISON OF PARAMETERS DERIVED FROM EXPERIMENTAL DATA FOR
DIFFERENT TYPES OF MAMMALIAN CELLS

cell reproductive death

chromosome aberrations
(dicentrics, centric rings,
fragments)

-a D-a D 2

V S o =e '

Y = p D +pD

X-rays (200-300 kV)
a range: 10~5-10~4 Gy"1
a 2 range: 10" 1 0 -10" 9 Gy~2
3-15 Gy
ai/a2:

X-rays (200-300 kV)
p range: 10" 6 -10~ 5 Gy"1
p range: 10
-10~ 9 Gy" 2
p /p : 0.7-3 Gy

gamma rays (~ 1 MeV)
RBE ~ 0.8-0.9 for a
1
0.8-0.9 for a.
RBE

gamma ra_*s ( ~ 1 MeV)
RBE ~ 0.3-0.6 for p
1
RBE ~ 0.8-0.9 for p'

high LET radiations
max. a range (0.8-3)xl0~4 Gy"1

high LET radiations
max. p range
(0.2-2)xl0"
"44.Gy "1
max. RBE ~ 20,
relative to X-rays
max. RBE ~ 4 0,
relative to 7-rays

max. RBE ~ 10

dicentrics, centric rings and acentric fragments, values for p
for high LET radiation where the maximum effectiveness is obtained are sometimes only a factor 2 smaller than corresponding
values of a, for cell reproductive death. This indicates that, at
high LET or ¥ p , cell reproductive death may be associated with a
a frequency in excess of 0.5, with severe chromosome structural
changes. However, for low LET radiations, the values for p for
the same type of damage are much smaller than the corresponding
values for a^. In addition, values for p
are significantly
smaller by a factor of about 2 for high energy gamma rays as compared to 200-300 kV X-rays, while values for ax differ less than
20 per cent between Y F = 0.4 and Y = 1.5 keV.jum"1. These differences further imply that larger maximum RBE values for high LET
radiation are observed for the linear component of chromosome ab-
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erration induction, ranging up to values of about 40, as compared
with maximum RBE values for cell reproductive death, which range
up to about 10. It is evident that different types of damage in
mammalian cells may show a different dependence on LET, especially
at small doses where the linear component is dominant. This conclusion is important with respect to considerations of quality
factors used in radiation protection recommendations.

Barendsen, G.W., Int. J. Rad. Biol. (1979), in the press.
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Figure 1

Schematic representation of differences in the dependence of the effectiveness
per unit dose on LET or Y , for mammalian cell reproductive death and chromosome aberrations scored at mitosis, respectively. The area between the solid
lines encompasses the values for reproductive death of different types of
mammalian cells and the area between the broken lines indicates the values derived for chromosome aberrations, mainly dicentrics, centric rings and fragments .
X : area for which data were derived from experiments with x-rays and gamma
rays.
n : area for which data were derived from experiments with fast neutrons,
i : area for which data were derived from experiments with heavy ions.
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FRACTIONATION EFFECTS FOR IMPAIRMENT OF CLONE FORMATION
BY RAT INTESTINAL CRYPT CELLS

G.W. Barendsen and J.F. Gaiser

Comparison of the effectiveness of single and fractionated
doses of different radiations for the induction of reproductive
death in stem cells of the intestinal crypts are of fundamental as
well as practical interest. The intestinal crypt stem cell population has a high proliferation rate and the cells have been shown
to have a great capacity to accumulate and to repair sublethal
damage. Consequently, with respect to early responses to low LET
radiations (e.g., X-rays), fractionation of a given total dose results in a considerable sparing effect. This favourable effect of
fractionation is reduced for high LET radiations (e.g., fast neutrons), resulting in a relatively large RBE for fractionated irradiations.
In experiments with rats, early intestinal damage has been determined by counting regenerating crypt cell colonies in histological cross sections of the jejunum and ileum according to the
technique developed by Withers and Elkind (Withers et al., 1975),
The purpose of the present experiments is to determine the relation between shapes of survival curves for crypt cells and the effect of fractionation for X-rays and 15 MeV neutrons.
Irradiations with 300 kV X-rays were given in fractionated
treatments at 4-hour intervals to keep the overall treatment time
short and thus to minimize the effect of repopulation. In separate
experiments with different intervals, these intervals of 4 h were
shown to be adequate to allow for completion of repair of sublethal damage. Studies with single doses demonstrated that a reduction of the numbers of regenerating crypts in the ileum and jejunum to 10 per cent of the control values in unirradiated animals
required single doses of 11.9 Gy (1190 rad) and 9.8 Gy (980 rad),
respectively, although the numbers of crypts per circumference
were similar in the unirradiated ileum and jejunum (150 and 154
respectively). The final slopes of the curves which represent the
decrease in numbers of regenerating crypts as a function of the
dose are, however, not significantly different. If the difference
between 11.9 Gy and 9.8 Gy was due to a difference in shoulder
width of the X-ray survival curves for the crypt cells of the
ileum and jejunum, a difference in RBE of fast neutrons would be
expected. However, the values for the RBE of 15 MeV neutrons, 1.7
at the level of damage corresponding to 10 per cent regenerating
crypts, were not significantly different for the ileum and jejunum.
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Experiments have now been carried out with 1, 2, 3, 4 and 8
fractions at 4-hour intervals and different doses per fraction,
ranging from 2.5 Gy to 12.5 Gy of 300 kV X-rays, were used. From
the dose-effect curves, total doses required to reduce the numbers
of regenerating crypts to 10 per cent of the control values have
been derived. These data are presented in fig. 1 as a function of
the number of fractions. It can be seen that the slopes of the
isoeffect curves, for the ileum and jejunum are not significantly
different. It can be concluded that for X-rays the cell survival
curve characteristics of the crypt stem cells in the ileum and jejunum must be very similar. The differences between the doses required to reduce the number of regenerating crypts in the two different regions of the intestine to 10 per cent of the control values are therefore not due to a difference in shoulder width of the
survival curve, but might be due to a smaller number of stem cells
per crypt in the jejunum as compared to the ileum. For comparison,
equivalent data of Withers for clonogeneic jejunal crypt cells in
the mouse, are included in fig. 1. These show a very similar slope
as compared to those for rat intestine. The slopes of the approxi-
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Figure 1
Isoeffect curves of doses required for reduction in regenerating rat and mouse
crypt cells to 10 per cent of control values as a function of the numbers of
dose fractions separated by four hours.
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mately straight parts for two or more doses are all equal to about
0.3. Further studies will be carried out with fractionated doses
of fast neutrons to investigate the dependence of RBE on the numbers of fractions for both regions of the intestine.

Withers, H.R. et al., Int. J. Radiat. Oncol. Biol. Phys. ^L (1975)
41.
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COMPARISON OF RESPONSES TO X-RAYS OF NORMAL MER-1 CELLS AND
SYNGENEIC R-1,M TUMOUR CELLS GROWN IN VITRO IN SINGLE AND IN
MIXED CULTURES

A.F. Hermens and H.T. Madhuizen

During local progression of malignant tumours, the norm?l tissue may be invaded and its cells subsequently destroyed; conversely, some types of normal cells may kill tumour cells. Treatment
with X-rays may change the relative numbers of clonoyenic normal
and clonogenic tumour cells which can interact if these show differences in their responsiveness to radiation. To study the consequences of a radiotherapeutic treatment in relation to the impairment of the reproductive capacity of normal and malignant cells
which are in close contact and interact, as may occur during
tumour invasion, radiation experiments were performed, employing
an iji vitro system as a first approximation. This experimental
system consists of two permanent cell lines, i.e., a line of normal mesenteric (MER-1) cells which have a phagocytotic capacity,
and a line of syngeneic tumour cells (R-1,M), derived from the R-l
rhabdomyosarcoma transplantable in the inbred WAG/Rij rat. In culture, the colonies originating from either type of cell are morphologically clearly distinct. Therefore, the system can be used
for determining radiation induced changes in the reproductive
capacity of each of the two types separately even when they are
grown in mixed cultures.
The radiation experiments involved determinations of dose response relationships for the normal MER-1 cells and for the R-1,M
tumour cells which were isolated either from single or from mixed
cultures at different time intervals after initiation of the cultures. For this purpose, series of glass culture bottles were
seeded either with MER-1, or with R-1,M cells at a density of 500
cells.cm"2 per bottle, or with MER-1 + R-1,M cells at a ratio of
1:1 at a density of 1000 cells.cm"2 per bottle. After culturing
at 37 C for a given period of time to up to 14 days, the cells
were harvested and used for preparing serial dilutions. Subsequently appropriate numbers of viable cells were plated into plastic FALCON flasks in order to grow about 100 to 200 colonies per
culture after exposure of the plated cells to 0 up to 9 Gy (900
rad) of 300 kV X-rays. The data obtained with this colony assay
were used to construct dose survival curves and finally to derive
values for the survival curve parameters D and D for each of the
two cell types (Alper et al., 1962).
Table 1 summarizes the data obtained for MER-1 and R-1,M cells
grown in single cultures and in mixed cultures and which were as-
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Table 1

VALUES OF SURVIVAL CURVE PARAMETERS* FOR NORMAL AND TUMOUR CELLS IN
SINGLE AND MIXED CULTURES AT DIFFERENT CULTURE AGES**
culture
age (day)
Normal cells
MER-1

0
4
8
12
14

tumour cells
R-1,M

0
4
8
12
14

single cultures

°Q

D

2.7
2.5
2.7
3.5
2.8

2.2
2.0
2.7
2.4
2.3

2.61

~2~.V
2.4
_2_-PJ

o

1.1
1.4
1.3
1.4
1.2

mixed cultures

°Q

D

2.7
1 .9-2.1
0 .6-0.9
0 .6-0.9
0 .3-0.4

2.2
1.6-1. 8
2. 1-2. 3
1.9-2. 1
2.4-2. 5

3.3

1.1
1.4
1.3
1.3
1.3

' 1.9J
"2.V
2.3

o

* Pertaining to irradiations in air; with 300 kV X-rays at a dose rate of
about 0.6 Gy.min"1 (60 rad.min" 1 ).
**The cultures were initially supplied with nutrient medium made of Hanks'
balanced salt solution and Eagle's minimal essential medium supplemented
with 20 volume per cent of heat inactivated calf serum. During culturing
medium was supplied at 2-day intervals.
D = quasi-threshold dose.
-1
D = dose required for reducing S to S.e~ at a survival level of 10
(S = fraction of surviving cells).

sayed at different time intervals after initiation of the cultures.
Comparison of data on D and D derived for the two cell types
in single cultures show that, at all time intervals studied, the
values for both parameters as derived for the R-1,M cells are always smaller than the corresponding values derived for the MER-1
cells at corresponding time intervals, except for R-1,M cells cultured for up to 4 days. At that time, the values of D^ and D derived for the R-1,M cells are larger. Accordingly, the R-1,M cells
are generally characterized by a higher radiosensitivity when exposed to low LET radiation as compared to MER-1 cells.
Furthermore, the data show that values of D derived for MER-1
cells present in the mixed cultures are smaller than those derived
for MER-1 cells in single cultures and grown for comparable periods of time. The differences between corresponding values are minimally small, 0.4 Gy, and maximally large, 2.9 Gy, for cells assayed at day 4 and day 12, respectively. Also the values of D derived for MER-1 cells grown in mixed cultures are smaller than
those derived for MER-1 cells grown in single cultures; however,
the differences between corresponding values are small, ranging
between 0.1 to 0.6 Gy.
In contrast to these results, the differences between values
of D_ and those between D derived for R-1,M tumour cells grown in
single and in mixed cultures for equally long periods of time are
not in excess of 0.1 Gy, except for the data on D determined for
cultures at day 4 and day 14, which show differences equivalent to
0.7 and 0.6 Gy, respectively.
From the present results, it may be concluded that the response of MER-1 cells to X-rays is enhanced as a consequence of
the presence of R-1,M cells during culturing of the two cell types
in mixed cultures. This enhancement is mainly accounted for by a
significant decrease in the value of D , suggesting that the capacity for repair of accumulated damage has been impaired. At the
present stage of the investigations, no definite conclusions can
be drawn regarding the mechanism responsible for the observed
change in repair capacity. Factors possibly involved may be related to: an increase in the fraction of radiosensitive cells as a
result of changes in cell cycle progression; rapid pollution of
the microenvironment to which cells capable of phagocytosis are
more sensitive than are non-phagocytotic cells. Further experiments are required to investigate these possibilities.
Finally, these observations strongly suggest that the fraction
surviving normal MER-1 cells irradiated in a culture mixed with
tumour cells may be smaller than would be predicted on the basis
of data on dose response relationships determined for MER-1 cells
grown in single cultures.
Alper, T. et al., Brit. J. Radiol. 35 (1962) 722.
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TOLERANCE OF MICE TO PROLONGED FRACTIONATED TOTAL BODY
IRRADIATION

B. Maat and D.W. van Bekkum

In view of the reduction of the incidence of long metastases
by "prophylactic" irradiation of the lungs reported in certain
patients with osteosarcoma (Newton, 1973; Cohen, 1976) a study was
initiated to explore the possibilities of prophylactic whole body
irradiation in normal laboratory rodents. The control tissue in
total body irradiation being the bone marrow, the life threatening
toxicity of this treatment may presently be alleviated to a certain extent by reinfusion of cryopreserved autologous bone marrow.
Six groups of different mouse strains received 10 fractions of
200 rad total body Csl37- 7 irradiation in 12 days. CBA, C3H, RFM
and ND2 mice did not survive the treatment but'C57BL/Rij and
F1(CBA-C57BL) strains did. A course of five fractions of 400 rad
in two weeks was not tolerated by any of these mouse strains.
WAG/Rij rats did not even tolerate 10 fractions of 200 rad TBI.
Continued irradiation with fractions of 200 rad per day (5 times a
week) killed the C57BL/Rij mice on the 16th and 17th days. When
there was an interval of two weeks between the first 10 fractions
of 200 rad and a second course of 5 fractions of 200 rad in one
week, the C57BL mice died in the 6th week after starting the
treatment; the Fl mice died in the 7th week. Grafting 5 x 1 0 6 isologous bone marrow cells on day 12 followed by an interval of two
weeks and another five times 200 rad TBI on days 29 to 33 reduced
mortality from 100 % to 50 %. Blood cell counts during the fractionation study are represented in Fig. 1. In order to quantitate
the toxicity to the bone marrow, CFU-s assays were performed after
various treatment regimens. The results are shown in Table 1.
The results indicate that it will be feasable to apply prophylactic whole body irradiation up to the total dose of 2000 rad
presently employed for prophylactic lung irradiation in patients,
provided haematological support with autologous bone marrow is
given. In view of the postulated differences in the concentrations
of haemopoietic stem cells between small rodents and larger animals (p. 49 ) , preclinical experiments are needed with dogs and
monkeys to more precisely define the tolerated total radiation
dose and the required amounts of bone marrow cells.
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Table I
CFU-s ASSAYS IN C57BL/Rij MICE AFTER VARIOUS RADIATION TREATMENT
REGIMENS

surviving fraction
of CFU-s
Exp.l
Exp.2
1.0
0.07
0.02
0.03

Control
5 x 200 rad in 5 days
10 x 200 rad in 12 days; CFU assay on day 12
10 x 200 rad in 12 days; CFU assay on day 21
10 x 200 rad in 12 days; 5 x 10 isologous
bone marrow cells at day 12.
CFU assay on day 21

i ii1 1
14

14,000-

12

12,000-

10
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0. 003
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Figure 1
Peripheral blood counts (average of 5 mice) during fractionated total body irradiation (10 x 200 rad in 12 days) (C57BL Rij o"d" ) .

Cohen, P., Ned. T. Geneeskunde 120 (1976) p. 1932.
Newton, V.A. In: Bone; certain aspects of neoplasia (Eds. C.H.G,
Price and F.G.M. Ross), Buttersworths, London (1973).
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EFFECT OF TOTAL BODY IRRADIATION ON SKELETAL GROWTH AND CATARACT
FORMATION IN RHESUS MONKEYS
P. Sonneveld, E. Peperkamp* and D.W. van Bekkum

The effect of total body irradiation (TBI) in single doses of
4.0 - 9.5 Gy (400-950 rad) on skeletal growth and the development
of lens cataract was investigated in 21 rhesus monkeys from a
group treated experimentally with TBI and autologous bone marrow
transplantation. Radiographs of long bones, hands, feet and lumbal
vertebrae were obtained at least 4 y after irradiation and analyzed for the length as compared with bones of unirradiated monkeys of the same sex, age and weight. Measurements of the metacarpal and metatarsal bones and of the proximal phalanges of both
hands and feet showed only minor negative differences in irradiated animals when compared with controls. In these small bones, no
radiation dose-growth inhibition relationship could be demonstrated. However, in males, there was a clear trend towards a
decrease in length at the high dose. On the contrary, the effect
on long bones (e.g., ulna, radius, humerus and tibia) was very
obvious. As shown in Table 1, the inhibition of bone growth induced by irradiation resulted in a decrease in the length of the
long bones. The difference as compared with controls is significant in animals irradiated with doses of 7.5-9 Gy (p
0.005).
Most of the animals in this group received 8.5 Gy, in which dose
range the influence of the treatment is related to the age at
which irradiation was carried out. Irradiation with a dose of 8.5
Gy led to a reduction in adult tibia length which is more significant (p
0.001) in the group irradiated before 40 months of age
than in monkeys irradiated during adolescence or shortly after the
adolescence growth spurt. An equally significant difference was
shown in the humerus, radius and ulna.
In view of the close similarity between monkeys and man, the
results suggest that exposure to irradiation before or during adolescent growth in children may lead to bone shortening when doses
of 7.5 Gy or higher are concerned.
This group of primates was also analyzed for the presence of
ophthalmal cataracts. TBI of 8.5 Gy or more resulted in an incidence of progressive cataracts which varied from 17 % after a
latent period of 1 y to 100 % after 10 y. Irradiation with a dose
of 5.0 Gy or less did not result in cataracts. No significant correlation with the age at irradiation could be demonstrated (Table
2).
•Department of Ophthalmology,
Netherlands.

Erasmus

University Rotterdam,

The
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The results suggest that treatment of children with TBI in excess of 7.5 Gy - as is sometimes employed in conjunction with bone
marrow transplantation for the treatment of leukaemia - may carry
a strong risk for the subsequent development of skeletal growth
retardation and cataract formation.

Table 2
INCIDENCE AND STAGING OF CATARACTS INDUCED BY WHOLE BODY
IRRADIATION IN RHESUS MONKEYS
The dose was 8.5-9 Gy. The stage represents means of the
catagories of cataracts as described in the introduction
Period after
irradiation
(years)

Cataract
incidence
(per cent)

Stage of cataract*
bearing animals
(M + SE)

1-3

35-45

19

1.00 + 0.00

3-10

30-35
35-45

60
81

1.29 + 0.20
1.38 + 0.18

10-15

30-35

100

1.75 + 0.25

* Stage 0:
1:
2:
3:
4:
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Age at
irradiation
(months)

no changes
early posterior changes
moderate cortical opacity
posterior cortex opaque
mature cataract

Table 1
ADULT LENGTH OF LONG BONES IN RHESUS MONKEYS TREATED WITH WHOLE
BODY IRRADIATION
Dose (Gy)

ulna

radius

humerus

tibiai

Males
n = 19

7.5 - 9
4
- 5
controls

161.1 + 9 .7
172.5 + 5 .6
176.5 + 1 .2

140.9 + 3.9
152.8 ± A' 3
156.2 + 2.9

139 .7
157 .5
160 .8

-6
.3
12.4

153.0 + 4. 2
166.1 + 2. 1
168.1 + 7. 1

Females
n = 13

7.5 - 9
4
- 5
controls

142.5 + 6 .6
146.5 + 4 .8
158.2 + 1 .2

128.5 + 5.9
131.7 + 3.5
143.8 ± 8- 5

128 .9 jL 7 « 5
135 .6 Ht 3- 7
144 .6 j
6

138.0 + 6. 1
147.9 + 2. 6
153/1 + 5.7

Values are expressed as means ± SD in mm.

j:
j•

I

H
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SUSCEPTIBILITY OF FOUR MAMMALIAN SPECIES TO TOTAL BODY
IRRADIATION
H.M. Vriesendorp and D.W. van Bekkum

Total body irradiation (TBI) is an established procedure for
the conditioning of human recipients of allogeneic bone marrow
cells and is under investigation for eradication of disseminated
tumour cells. The dose limiting factor for TBI in all mammalian
species is the haemopoietic system. The toxicity to this system
can be circumvented
if enough bone marrow (BM) cells are given
intravenously after TBI. If TBI and effective BM transplantation
are combined, a higher TBI dose can be given. In that case, gastrointestinal toxicity for which no effective treatment is currently available, becomes dose limiting. The design of optimal BM
transplantation- and tumour eradication protocols in man would be
facilitated if the susceptibility of man to TBI and the number of
human BM cells required for radioprotection were known. Because of
obvious ethical limitations, these problems cannot1 be investigated
directly in man. Estimates have to be made from experimental
animal data. Studies were performed in mice, ^E^ats, rhesus monkeys
and dogs. In Table 1, the LD
for TBI arfQ- the number of BM cells
required for 50 % survival after supralethal TBI are given. It appears that species with a larger body weight require relatively
more BM cells for rescue and have a lower LD 50' There is a linear
positive correlation between body weight and BM rescue dose
(Y = a X + b; a = 2.05 x 10 7 ; b = 1.10 x 10 7 ; r = 0.99; p= 0.009).
Extrapolated to man (70 kg body weight), a value of 2 x 10 BM
cells.kg" body weight is obtained as a 50 % rescue dose. Doubling
this number gives the estimate for a 100 % rescue dose.
Theoretically, three possible explanations ^an be offered for
the differences between species in LD 5g for TBI arid BM rescue
dose: 1) differences in D
of haemopoietic stem cells (HSC);
2) differences in marrow transit time, i.e., the time required for
a HSC to deliver a "critical" end cell (e.g. a granulocyte or a
thrombocyte), combined with differences in half lives of the same
critical end cells; and 3) differences in the number of HSC per
body unit (kg. body weight or m 2 surface area).
The first explanation can be disregarded for the following
reasons. The fraction of the total bone marrow which is required
for radioprotection (see Table) is equivalent to the fraction of
total HSC required for radioprotection. The same fraction of HSC
is expected to survive in animals subjected to an
dose of
..
TBI. With this assumption and an extrapolation number chosen as 1,
the D of mouse HSC can be estimated to be approximately 0.6 5 Gy
(i.e., 10
survival at 7.0 Gy) which is close to the D Q measured
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Table 1
LD

50

Species
(body weight
in kg)

FOR TBI AND BM RESCUE DOSE IN FOUR MAMMALIAN SPECIES

5C, for
TBI*
in Gy

LD

mouse
(0.025)

7

rat

6..75

BM rescue dose x 10" 4
after supralethal TBI**

Rescue dose as
fraction of total
bone marrow x 10

5 = 200/kg

1.2

50 = 250/kg

3.1

(0.2)
rhesus monkey
(2.6)

5..25

dog
(12.0)

3,.75

*

70/kg

12

2400 = 200/kg
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195 =

300 kV X rays; dose rate, 1.2 Gy in rodents, 0.3 Gy in monkey and 0.16 Gy in
dogs.
** 300 kV X rays, 8 Gy.
***Total bone marrow, as given by Pegg (1966) with .he exception of the dog,
for which a total of 145 x 1 0 9 B M cells were assumed.

for the CFU-s of the mouse of 0.74 Gy (Van Bekkum and Schotman,
1974). In the dog, an unrealistic low D of approximately 0.35 Gy
would have to be postulated to give the same fractional survival
at the LD
TBI dose in this species. This explanation is also unlikely because differences in D Q of HSC do not explain the observed requirement for more BM cells for rescue in radiosensitive
species. It can be shown that the second explanation would hold if
radiosensitive species have a longer transit time (HSC-end cell)
and a shorter survival time of critical end cells than radioresistant species. This is not found, since the disappearance patterns of granulocytes and thrombocytes after supralethal TBI and
the regeneration patterns of these cells after a successful bone
marrow transplant are similar in all species. The third explanation appears most likely to be the correct one. It is reasonable
to assume that the same minimum number of active HSC per body unit
is required for survival in the different species. More radiation
will be required to reach this critical level in a species with a
high concentration of HSC. Thus, the fraction of surviving HSC at
the LD
TBI dose for a species would be inversely related to the
concentration of HSC per body unit in that species. An estimate of
this fraction is the value shown in the last column of Table 1.
This model assumes a similar D Q for HSC in all species. The
fractional survival of HSC at the LD
TBI dose in all species can
be used to estimate this Dp. This analysis is shown in Fig. 1 and
predicts a D of between 0.5 and 0.75 Gy for HSC. This model has
the advantage that it explains differences in LD 5 Q as well as BM
rescue dose. The significant correlation (r = 0.99; p < 0.0004) in
a logarithmic regression of the points shown in Fig. 1 indicate
that the assumed interconnections between the points are not unrealistic. Another implication of this model is that the fraction of
the total bone marrow required for 50 % rescue not only reflects
the concentration of HSC in that species but also allows a prediction of the L D 5 Q TBI dose. The estimated BM rescue dose for man
(see above) and the total BM dose in this species (Pegg, 1966)
predict on the curve shown in Table 1 an L D 5 Q for TBI in man of
3.15 Gy kV X rays. This is close to the value estimated on the
basis of the data of radiation accidents (i.e. 3 Gy; NCRP Report
no. 39, 1971).
The minimum TBI dose for allogeneic bone marrow transplantation was previously determined in dogs (Vriesendorp and Van Bekkum, 1978). Also the required increase in BM rescue dose was defined for allogeneic donors in mice and dogs (Vriesendorp et al.,
1976). New recommendations for human bone marrow transplantation
can be made by incorporating these observations and the new estimation for human LD 5 Q TBI dose and the required BM rescue dose.
This would include a lower TBI dose (approx. 5 Gy) and a lower BM
dose (approx. 1.5 x 10 BM cells.kg"1 body weight of an HLA iden-
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Figure 1
Estimate of radiation survival of haemopoietic stem c e l l s . Fraction of total
bone marrow required for 50 % rescue after supralethal TBI is assumed to be
identical to the fraction of the total number of HSC surviving a LD__ TBI.

t i c a l s i b l i n g donor). Possible advantages of t h i s approach over
the currently used human bone marrow transplantation protocols are
lower host t o x i c i t y ,
lower incidence of GvH complications and
b e t t e r p o s s i b i l i t i e s for the combined use of TBI and other tumour
eradicating agents.

Van Bekkum, D.W. and Schotman, E., I n t . J . Radiat. Biol. 2^ (1974)
361.
National Council on Radiation Protection Report nr. 39. "Basic
Radiation Protection C r i t e r i a " (1971), p . 46, NCRP Publicat i o n s , Washington, USA.
Pegg, D.E., p . 8. In: Bone Marrow Transplantation,
Lloyd-Luke,
London, (1966).
Vriesendorp, H.M. e t a l . , Transpl. Proc. £ (1976) 483.
Vriesendorp, H.M. and Van Bekkum, D.W., Exp. Hematol. £ (1978)
19.
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HAEMATOLOGY
ON THE SIGNIFICANCE OF THE ERYTHROPOIETIN DOSE-RESPONSE CURVE OF
EARLY ERYTHROID PROGENITOR CELLS (E-BFU)

G. Wagemaker

During the last few years, erythropoietin (EP) stimulated
cultures of murine bone marrow cells have been extensively used to
study the differentiation of erythroid progenitor cells. Three
types of cells which are capable of forming progeny which mature
into haemoglobin synthesizing cells have been detected. One has
been termed the erythroid colony forming unit {E-CFU); it has a
slight proliferative potential, requires low concentrations of EP
and is evident as a small cluster after two days in culture
(Stephenson et al., 1971). Another progenitor cell, termed the
erythroid burst forming unit (E-BFU), forms very large colonies
which are apparent after 6 or 7 days and continue to grow for another few days (Axelrad et al., 1974). The EP requirement of this
type of colony is much higher than that of E-CFU. A more recently
detected progenitor cell has been termed day 3 E-BFU and in its
colony size and EP requirement is intermediate to E-CFU and E-BFU
(Gregory, 1976).
These cell populations differ not only in proliferative potential and apparent sensitivity to EP but also in physical properties, cycling state (Wagemaker et al., 1979) and sensitivity towards jin vivo manipulation of the serum EP levels. They seem to
form a sequence from early (E-BFU) to late (E-CFU) progenitor
cells in which decreasing proliferative potential, increasing sensitivity to EP and an increase in cycling state mark progressive
differentiation in the early erythroid series. Fig. 1 demonstrates
the differential EP requirement of these cells.
Colony formation by E-BFU in EP-stimulated cultures is dependent on an accessory activity. We have previously designated
this activity as BFA (burst feeder activity), as it was most easily demonstrated as being provided by bone marrow "feeder cells"
added to the cultures. It was originally defined as an activity
required for expression of the erythroid differentiation potential
of E-BFU but not for that of E-CFU. A recent analysis showed that
BFA is, among the presently detectable primitive haemopoietic
cells, specific for E-BFU. The activity has not only been detected
in association with a population of bone marrow cells but also in
53
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Figure 1
Dose-effect curves r e l a t i n g numbers of E-CFU, day 3 E-BFU and E-BFU detected to
EP concentration. E-CFU and day 3 E-BFU were cultured at a concentration of
5 x 104.ral~
in medium supplemented with 5 % f e t a l calf serum, E-BFU a t a concentration of 2 x 10 .ml
in medium with 10 % ^atal calf serum and 10 % horse
serum. For explanation, see t e x t .
serum, and in the supernates of cultured, lectin-stimulated peripheral blood or spleen cells (Wagemaker, 1978a; 1978b; Iscove and
Guilbert, 1978). These include media conditioned by Concanavalin
A-stimulated spleen cells of the mouse (MSCM) and by human peripheral leukocytes (HLCM). BFA from different sources appeared to
be non-additive to each other.
As a consequence, E-BFU cultures may contain two sources of
endogenous BFA due to the presence of bone marrow cells (BFA-bm)
and serum (BFA-s). The EP-dose-effeet curve of E-BFU shown in Fig.
1 was produced under such conditions. Although the cells which
provide BFA-bm can be separated from E-BFU by density centrifugation, avoidance of endogenous BFA from bone marrow cells is more
easily achieved by culturing low cell concentrations ( $ 5 x 1 0 .
ml~ ) . Such concentrations appear to result in BFA concentrations
insufficient for burst formation (Wagemaker, 1978a). Similarly,
endogenous BFA-s is undetectable if the serum requirement of the
cells is reduced to less than 5 % by substitution with serum albumin, selinite, lecithin and transferrin (modified from Guilbert
and Iscove, 1976). Fig. 2 shows that, in the absence of an exogenous source of BFA, these manipulations suffice to prevent colony
formation by E-BFU, while increasing the cell concentration readily induces it. These culture conditions therefore provide a suitable and sensitive assay for exogenous BFA.
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Figure 2
Dose-effect curves relating
the absence or presence of a
were detected in the absence
calf serum. For explanation,

numbers of E-BFU detected to EP-concentration in
4x saturating concentration of BFA-mscm. No bursts
of EP. Culture medium supplemented with 5 % fetal
see text.

Fig. 2 also shows the influence on the EP-dose-effeet curve
of E-BFU of a preparation of BFA, semipurifled (600-fold on a protein basis)
from medium conditioned by Con A-stimulated spleen
c e l l s (BFA-mscm). This mouse spleen cell conditioned medium was
selected for i t s particular properties as described on p. 61 - 64
The influence of BFA-mscm on the EP-dose-effeet curve is identical
to that of BFA-bm previously described (Wagemaker/ 1978a) and is
characterized by an increased number of bursts, a decreased threshold EP-concentration and an increased range in sensitivity to EP.
The EP-dose-effeet
curve of E-BFU is thus dependent on the BFA
concentration of the cultures. This also applies to endogenous
BFA-bm, and therefore, changes in the apparent EP responsiveness
of E-BFU following jin vivo manipulations can be interpreted only
if either the endogenous BFA-bm levels are determined or if the
cultures are stimulated with a saturating concentration of BFA.
Preferentially, such studies should be done both ways.
BFA induces E-BFU to proliferate and differentiate
to form
progeny which is responsive to EP (see p . 57-60). The shift in the
EP-dose-effeet towards a lower threshold and the greater range in
s e n s i t i v i t y demonstrates that the BFA concentration of the cultures not only determined the number of E-BFU which produce progeny but also the range in sensitivity of that progeny to EP.

55

i

Axelrad, A.A. et al., p. 226. In: Hemopoiesis in Culture (Ed.
W.A. Robinson), DHEW Publ. No. (NIH) 74-205, 1974.
Gregory, C.J., J. Cell Phys. 8£ (1976) 289.
Guilbert, L.J. and Iscove, N.N., Nature 263 (1976) 594.
Iscove, N.N. and Guilbert, L.J., In: In vitro Aspects of Erythropoiesis (Ed. M.J. Murphy Jr.). Springer-Verlag, New York (1978)
(in the press).
Stephenson, J.R. et al., Proc. nat. Acad. Sci. USA j>j3 (1971)
1542.
Wagemaker, G., p. 44. In: In vitro Aspects of Erythropoiesis (Ed.
M.J. Murphy Jr.). Springer Verlag, New York (1978a) (in the
press).
Wagemaker, G., p. 109. In: Hemopoietic Cell Differentiation (Eds.
M.J. Cline, D. Colde, D. Metcalf and C.F. Fox). Proc. ICN-UCLA
Symp. on Hemopoietic Cell Differentiation (1978b) (in the
press).
Wagemaker, G., Peters, M.F. and Bol, S.J.L., Cell Tissue Kinet.
(1979), in the press.

56

INDUCTION OF ERYTHROPOIETIN RESPONSIVENESS _IN VITRO BY A SPECIFIC
GLYCOPROTEIN FACTOR
G. Wagemaker, T.P. Visser and A. Brouwer

Expression of the differentiation potential of primitive erythroid progenitor cells (E-BFU) _in vitro requires erythropoietin
(EP) and an accessory activity which we have designated as BFA
(burst feeder activity). As BFA has no effect on late erythroid
progenitor cells (E-CFU), it is not required as a culture constituent for EP-induced erythroid differentiation. Since, on the
other hand, no erythroid bursts are formed in cultures which are
only stimulated by BFA, it was predicted that BFA stimulates proliferation and differentiation of E-BFU into a stage in which EP
is required for further maturation of its progeny to produce haemoglobin-synthesizing cells.
Iscove (1978) demonstrated that E-BFU functionally survive
for a few days in viscous cultures containing BFA,but rapidly decrease in its absence, irrespective of the presence of EP. These
experiments also strongly suggested significant proliferation of
E-BFU in BFA-containing but EP-lacking cultures. The experiment
shown in Fig. 1 define more precisely the stage at which EP is required during burst formation. Cultures were stimulated with a 4x
saturating concentration of BFA-mscm (a 600-fold purified preparation from medium conditioned by Con A-stimulated mouse spleen
cells) and EP was added at varying time intervals. Bursts were
scored daily in independent cultures according to their characteristic clustered appearance, small cell size and red colour
(Wagemaker, 1978). Fig. 1 shows that there is a critical time interval, indicated by the shaded area, in which the presence of EP
starts to be required for optimal burst formation. Addition of EP
prior to this time interval does not influence the appearance
rate of the bursts; addition of EP after it results in a delayed
appearance and a lower number. This critical time interval is
found between 5 and 6 days of incubation. As the majority of
bursts in cultures to which EP was added on day 5 became recognizable on day 6, the experiment also indicates that extensive
proliferation of E-BFU had already taken place prior to adding EP;
from the burst sizes on day 6 it was calculated that such EP-independent proliferation involves approximately 5 to 7 divisions.
The delayed responses observed when 'EP was added after the critical time interval, indicate that the BFA-induced progeny of E-BFU
is dependent on EP for its functional survival. BFA therefore induces differentiation of E-BFU from unresponsiveness to EP into a
state of responsiveness and dependency.
A similar study in suspension cultures was done to identify
the cells present during the EP-responsive stage. It appeared that
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Figure 1
Appearance rate and numbers of erythroid bursts in BFA-mscm stimulated cultures
as a function of the time at which EP was added to the cultures. For explanation, see text.

the c r i t i c a l time interval shown in Fig. 1 coincided with the maximum of a transient increase in intermediate erythroid progenitor
c e l l s termed day 3 E-BFU (see p. 53-56) , in numbers compatible
with the 5 to 7 c e l l divisions of E-BFU mentioned above, while no
E-BFU were l e f t .
This demonstrates that BFA induces differentiation from E-BFU to day 3 E-BFU. In the presence of EP, the wave of
produced day 3 E-BFU was followed by a wave of E-CFU.
E-BFU have a low proliferative
activity similar to pluripot e n t i a l stem cells (CFU-s). The action of BFA, therefore, must involve i n i t i a t i o n of DNA synthesis as an i n i t i a l step. Table 1
shows that a 4 h incubation of bdne marrow cells stimulated by
BFA-mscm results in an 85 % k i l l of E-BFU by t r i t i a t e d
thymidine.
This can only be explained from a rapid synchronized i n i t i a t i o n of
DNA synthesis.
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Table 1

INITIATION OF DNA SYNTHESIS IN E-BFU BY A SHORT-TERM INCUBATION
WITH BFA-MSCM*
fraction surviving
3
H-TdR + S.D.
4 hour, 37 C
4 hour, 37 C + BFA-mscm
unincubated control

75 + 9 %
15 ± 5 %
83+9 %

* bone marrow cells were incubated as suspension cultures in
-medium supplemented with 5 % (v/v) fetal calf serum, transferrin, selenite, lecithin, bovine serum albumin and 2-mercaptoethanol. The concentration of BFA-mscm was lOx saturating for
burst formation. The 1 ml cultures were terminated after 4 h by
adding 10 ml ice-cold Hanks' Balanced Salt Solution (HBSS), the
cells centrifuged at 500 g for 10 min and resuspended in HBSS.
Subsequently,
H-TdR incubations were done as described by
Iscove, Till and McCulloch (1970). The incidence of E-BFU in the
incubation controls after these treatments was 3 7 + 2 per 10
nucleated cells.

The BFA requirement of E-BFU was demonstrated to be highly
specific among the erythroid progenitor cells, as only a small effect on day 3 E-BFU and no effect on E-CFU could be demonstrated
(Fig. 2 ) . The small effect of BFA on day 3 E-BFU is compatible
with the presence _in vivo of a population of progenitor cells susceptible to a dual regulation, as was previously predicted (Wagemaker, 1978). In addition, it was demonstrated that BFA has no
effect on progenitor cells of the granulocyte/macrophage series
(G/M-CFU) and does not seem to influence pluripotential stem cells
(CFU-s). Among the progenitor cells which we can presently detect,
BFA therefore appears to be highly specific for E-BFU (see also p.
61-64).
BFA-mscm appeared to be of a glycoprotein nature as it binds
to Con A-Sepharose and is associated with a band staining with
Coomassie Brilliant Blue after polyacrylamide gel electrophoresis.
Its apparent molecular weight was estimated to be approximately
24,000. From a biochemical and biological point of view, it is
closely related to glycoprotein factors which stimulate CFU-s and
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The differential responsiveness among erythroid progenitor cells to BFA-mscm.
Cultures stimulated by EP alone are indicated by open columns; those to which
BFA-mscm was also added by shaded columns.

{I
early G/M-CFU (see p. 61- 64). We believe therefore that we have
detected a group of glycoprotein inducer molecules which are of
relevance in the earliest differentiation steps in haemopoiesis.

Iscove, N.N., In: Hemopoietic Cell Differentiation
(Eds. M.J.
Cline, D. Golde, D. Metcalf and C.F. Fox), Proc. ICN-UCLA Symp.
on Hemopoietic Cell Differentiation, 1978 (in the press).
Iscove, N.N., Till, J.E. and McCulloch, E.A., Proc. Soc. Exp.
Biol. Med. _L34 (1970) 33.
Wagemaker, G., p.44. In: ^n vitro Aspects of Hemopoiesis (Ed. M.J.
Murphy J r . ) , Springer-Verlag, New York Inc., New York, 1978.
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ISOLATION AND PURIFICATION OF SPECIFIC GLYCOPROTEIN FACTORS ACTING
ON PRIMITIVE HAEMOPOIETIC CELLS

G. Wagemaker and A. Brouwer

Several factors have been reported which act on primitive haemopoietic cells of the mouse _in vitro without inducing the formation of colonies containing recognizable end cells. The factors
include those required for the initiation of cell cycling in
CFU-s, for expression of the erythroid differentiation potential of E-BFU and for expression of early low-density progenitor
cells of the granulocyte macrophage series (GM-CFU1). The activities of these substances have been operationally designated as
stem cell activating factor (SAF), burst feeder activity (BFA) and
CSF-enhancing activity (CEA) (Lowenberg and Dicke, 1977; Wagemaker, 1978; Van den Engh and Bol, 1975). The detection of CEA and
BFA requires the presence of GIM-CSF and EP, respectively. In
principle, these activities can be referred to as proliferationinducing. BFA has been shown to induce differentiation in that its
target cells respond by forming progeny which acquires sensitivity
to EP (Wagemaker, 1978). CEA similarly induces its target cells to
produce progeny which acquire sensitivity to GM-CSF (Wagemaker and
Peters, 1978). The jji vitro initiation of cell cycling in CFU-s
coincides with an increased maintenance of this cell population in
culture. As CFU-s maintenance is dependent on the concentration of
the factor we have used it as a quantitative assay.
These activities can be detected in mouse serum under various
conditions, such as after endotoxin treatment, irradiation and in
induced severe haemolytic anaemia. They have also been shown to be
present in the supernates of cultured cells. Such conditioned media are advantageous as a starting material for purification
studies, since their protein content can be defined and restricted. We have begun purification studies on two conditioned media
which were shown to contain all three of the described activities.
One was medium conditioned by human peripheral blood cells (HLCM),
the other was medium conditioned by Concanavalin A-stimulated
spleen cells of the mouse (MSCM). The latter, in which the main
protein contamination is due to albumin and transferrin, was used
for purification studies directed at the question of whether the
three activities are associated with distinct molecules.
The three activities appeared to be adsorbed by Sepharosebound Con A columns and could be eluted with 0.1 M «-D-methylglucoside. As most of the albumin present in the medium does not adsorb to such columns this procedure resulted in a 50- to 100-fold
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purification on the basis of total protein. The preparations obtained were subsequently subjected to gel filtration on Sephadex
G150, from which the factors eluted as single molecules each
with an apparent molecular weight of approximately 24,000 daltons
0.58, range 0 . 5 5- 0.61) ( F i g . 1 ) .
(distribution coefficient K
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Figure 1
Distribution coefficient Kav on gel filtration on Sepharose-G150 as a function
of molecular weight. The columns were calibrated by a set of standard proteins
including horse cytochrome c, ovoalbumin, bovine serum albumin (monomer and
dimer) and human igG. The three substances acting on primitive haemopoietic
cells eluted with a Kav compatible with an apparent molecular weight of approximately 24,000. For further explanation, see text.

This resulted in an additional purification of 5 to lOx on the bas i s of protein. From these two steps i t can be concluded that the
three activities are identical in apparent molecular weight and in
sugar moiety as detected by the Con A column. Further purification
by polyacrylamide gel electrophoresis, however, revealed that the
three activities behave distinctly with respect to electrophoretic
mobility (Fig. 2). Also here, they were eluted as single molecules. These results suggest that the activities are associated
with closely related but distinct molecules. By virtue of their
binding to a Con A column and of the activities being associated
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Figure 2
Polyacrylamide gel electrophoresis (PAGE) of the preparations from mouse spleen
conditioned medium
(MSCM) obtained by affinity chromatography on Con A-Sepharose and gel filtration on Sephadex-Gl50. PAGE-conditions: 15 % T; 2.6 % C;
pH 8.9; 4° C. For further explanation, see text.

with bands staining with Coomassie brilliant blue, they are
characterized as glycoproteins.
This study shows therefore that primitive haemopoietic progenitor cells are susceptible to a set of closely related but distinct glycoproteins. It is thought that these glycoproteins play a
regulatory role.

Van den Engh, G.J. and Bol, S.J.L., Cell Tissue Kinet. J3 (1975)
579.
Lowenberg, B. and Dicke, K.A. , Exp. Hemat. J5 (1977) 319.
Wagemaker/ G. p. 44. In: jtn vivo Aspects of Erythropoiesis. (Ed.
M.J. Murphy, J r . ) , Springer Verlag (1978).
Wagemaker, G. and Peters, M.F., Cell Tissue Kinet. _11 (1978) 45.
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FOUR-PARAMETER SEPARATION OF CFU-S FROM OTHER MOUSE
BONE MARROW CELLS

J.W.M. Visser and S.J.L. Bol

\
l
I
j

Many attempts have been made to separate pluripotent haemopoietic stem cells from the other cells in the bone marrow. Van
Bekkum et al. (1971) reported CFU-s enrichment factors between 10
and 30 obtained by repeated density gradient separation of bone
marrow cells from mice treated with a vinblastine-nitrogen mustard
regimen.
In most studies concerning the isolation of CFU-s, the enriched fractions contain many lymphocytes which have similar physical characteristics. In this contribution, a method by which
lymphocytes are separated from CFU-s and other cells will be described.
Mouse bone marrow cells suspended in phosphate buffered saline were stained with the fluorescent bis-benzimidazole dye
Hoechst 33342 (10 mg.l" , 2 h at room temperature) and were analysed by use of a light activated cell sorter (FACS II, Becton and
Dickinson). Four subpopulations of cells could be discriminated on
the basis of forward light scatter and fluorescence intensities
(Fig. 1 ) . Cells from each subpopulation were sorted, stained with
May-Grunwald-Giemsa stain and examined by light microscopy. In sequence of increasing fluorescence intensities, the subpopulations
were found to consist mainly of 1) erythrocytes, 2) blast cells
and grariulocytes, 3) lymphocytes, and 4) dead cells. This indicates that, by combining Hoechst 33342 fluorescence and forward
light scatter measurements, lymphocytes can be separated from the
other gross subpopulations of bone marrow cells. The sorted subpopulations of bone marrow cells were also tested for the presence
of CFU-s by use of the iji vivo spleen colony assay. The subpopulation of blast cells and granulocytes was found to contain 90 %
of all CFU-s.
The dye Hoechst 33342 was found to be non-toxic for CFU-s and
other myeloid progenitor cells. The enrichment for CFU-s by employing only fluorescence and forward light scatter was small
(1.5x to 2.Ox). However, CFU-s can be separated from granulocytes
on the basis of differences in size (Viscer et al., 1977), density
(Bol et al., 1977) and perpendicular light scatter (Van den Engh
et al., 1979). Therefore, separation methods were combined to enrich for CFU-s.
Mouse bone marrow cells were first separated into two fractions by a "density cut" procedure. The cells were suspended in a
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Figure 1
Distribution of mouse bone marrow cells stained with Hoechst 33342 with respect
to fluorescence and forward light scatter intensity.

BSA solution with a density of 1.072 g.cm"3 and cells with a dens i t y higher than 1.072 g.cm " 3 were removed from the supernatant by
centrifugation.
About 60 % of the CFU-s were found in the supernatant and the enrichment factor was found to be 3.0
(Table 1).
After the density fractionation
the cells were separated by the
FACS with simultaneous sort windows for forward light
scatter
( s i z e ) , perpendicular light scatter (structure) and fluorescence
intensity (differential Hoechst s t a i n ) . For each of the different
sorting parameters separately,
the enrichment factor was low
(Table 1). All combinations of methods yielded
significantly
higher enrichment factors. This indicates that the four parameters
are largely independent. Each one selects for another property of
the CFU-3. With the combination of a l l four parameters, the enrichment factor was found to be 27 and 12 in two different experiments. In both experiments, the density fractionation doubled the
enrichment factor.
However, the density cut lowered the recovery
of CFU-s importantly. The loss of CFU-s was mostly due to the
choice of the density separation (1.072 g.cm" 3 ). The CFU-s with a
density higher than 1.072 g.cm" have been shown to be the proliferating CFU-s (Visser et a l . , 1977). Since about 60 % of the CFU-s
are normally quiescent, enrichment for CFU-s according to the
above described combination of methods is probably selective for
quiescent CFU-s.
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Table 1

PURIFICATION OF HAEMOPOIETIC STEM CELLS (CFU-s)
Separation parameter

DENS

FLS
PLS
FL

density cut
( 1.072 g.cm"3)
forward light scatter
(FACS)
perpendicular light
scatter (FACS)
Hoechst 33342 fluorescence (FACS)

Combinations:
FLS, PLS, FL
DENS, FLS, PLS, FL

Enrichment factor
exp. 1
exp. 2

Average
recovery

2.7

3.4

60

1.7

-

80

1.7

-

70

1.5

-

80

16.0
27.0

6 .0

12 .0

80
30

Mouse bone marrow cells stained with Hoechst 33342 were separated
on a density column and by the FACS II. Sorted fractions were
tested for the presence of CFU-s by the spleen colony assay.
* I
If the three cell sorter parameters were employed for the
separation of CFU-s from mouse bone marrow which was not fractionated on a density column, the enrichment factor was found to be
16, 15/ 17, 12 and 6 in five different experiments. The loss of
CFU-s in these experiments was only 20 %.

Van Bekkum, D.W. et al., Blood 5, (1971), 547.
Bol, S. et al., p. 39. In: Cell separation methods (Ed. H. Bloemendal) Elsevier/North Holland Biomedical Press, Amsterdam,
(1977).
Van den Engh, G.J. et al. In: Experimental Hematology Today 1979
(Eds. S.J. Baura and G.D. Ledney), Springer-Verlag, New York, in
the press.
Visser, J.W.M. et al., p. 21. In: Experimental Hematology Today
1977 (Eds. S.J. Baum and G.D. Ledney), Springer-Verlag, New
York (1977).

67

Ii

I

MORPHOLOGICAL CRITERIA FOR PLURIPOTENT STEM CELLS
APPLY TO ONLY 50 PER CENT OF CFC-s

D.W. van Bekkum and S. Knaan

Using a modification of the discontinuous albumen density gradient centrifugation up to 30-fold concentration of CFC-s could be
obtained from rat bone marrow in a one step procedure. In such
concentrates, a cell type matching the morphological characteristics (Van Bekkum et al., 1971) of the mouse haemopoietic stem
cell (HSC) was observed in high frequency with electron microscopical methodology. However, the observed proportions of HSC in
the various concentrates did not accurately agree with the proportions of CFC-s, as estimated by spleen colony assay and f factor
determinations, the percentage of morphologically identified HSC
being always substantially less than the percentage of CFC-s. This
deficit might be due to abundance of cycling HSC in the concentrates, if HSC in cycle did not. meet the characteristics described
for resting HSC. To test this possibility, stem cell concentrates
from cycling rat bone marrow were studied with the same techniques. The cycling HSC were collected from bone marrow of rats
treated with 2 i.v. injections of 500 mg hydroxyurea with an
interval of 10 h. It was demonstrated with the H thymidine suicide technique that this treatment increased the percentage of
cycling CFC-s to 80-100%, as compared to 20-50% in bone marrow
from untreated rats (Van Bekkum and Knaan, 1978).
The correlation between morphologically identified HSC and
CFC-s was graphically expressed for all the measurements performed
in preparations of different concentrations obtained from mouse
bone marrow, normal rat bone marrow and cycling rat bone marrow.
In all 3 instances highly significant correlations between the two
different determinations were obtained and the slopes of the regression lines were nearly identical, namely between 0.50 and 0.53
(fig. 1 ) . It is unlikely that the 50% deficit in morphological HSC
counts is due to errors in the f values employed in CFC-s calculations (Van Bekkum and Knaan, 1978). Therefore, the hypothesis is
advanced that only 50% of spleen colonies arise from pluripotent
HSC, the remainder being generated by stem cells of restricted potentiality, which present different morphological characteristics.
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Figure 1
Regression lines for correlation between percentage of HSC determined with
spleen colony assay and percentage of HSC counted directly in electron microscopical preparations.

Van Bekkum, D.W. et al., Blood 3J3. (1971) 547.
Van Bekkum, D.W. and Knaan, S., Bull. Cancer 65 (1978) 437.
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ON THE ORIGIN OF CFU-S IN SPLEEN COLONIES
J.W.M. Visser and G.J. van den Engh

It is generally accepted that the spleen colonies in irradiated mice which have received a graft of bone marrow cells originate from single pluripotent haemopoietic stem cells. We have demonstrated that spleens which contain about 20 colonies are very
efficient traps for migrating CFU-s (Annual Report 1977, p. 47).
Therefore, we suggested that the CFU-s content of spleen colonies
may be influenced by migration. In this report, we provide experimental evidence supporting this hypothesis.
The CFU-s content of various organs of splenectomized and
control mice was compared at 4 and 8 days after lethal irradiation
and reconstitution. The results are given in Table .. On both
days, relatively low numbers of CFU-s were found in the blood. The
increase in the CFU-s content of the blood in the splenectomized
mice between day 4 and day 8 was found to be 2 to 20 times greater
than that in the control mice. Lahiri and Van Putten (1969) have
shown that the number of CFU-s per ml blood in irradiated and reconstituted mice increases sharply between day 2 and 6 and then
becomes constant. Apparently, there are fewer circulating CFU-s in
the control mice than in the splenectomized animals. This indicates that there is a homing site for migrating CFU-s in the control mice which is absent in the splenectomized mice or that the
release of CFU-s into the blood occurs at a slower rate in control
than in splenectomized mice.
The bone marrow of splenectomized and control mice was found
to contain similar numbers of CFU-s at day 4 (Table 1 ) . However,
at day 8, the bone marrow of the splenectomized mice contained
more than twice the CFU-s numbers of control animals. Assuming
that splenectomy does not increase the rate of self-renewal, these
data indicate that significant numbers of CFU-s migrate out of the
bone marrow between 4 and 8 days after irradiation and reconstitution. Since the f-factor for a colony rich spleen is almost
unity at that time (Annual Report 1977, p. 47), it may be expected that most of these migrating CFU-s lodge in the spleen.
From the data given in Table 1, it can be calculated that the
increase in the CFU-s number in the spleen between day 4 and day
8 might be almost completely due to migration from the bone marrow
to the spleen.
These data indicate that self-renewal of CFU-s cannot be determined by examination of the CFU-s content of spleen colonies
only. A large proportion of spleen colonies may originate from the
bone marrow. The increase in the CFU-s content with time after irradiation and reconstitution reflects mostly the increase by self-
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Table 1
CFU-S CONTENT OF SPLENECTOMIZED AND CONTROL MICE AT FOUR AND EIGHT
DAYS AFTER GAMMA-IRRADIATION AND BONE MARROW TRANSPLANTATION

Total CFU-s content
day 4
day 8
splenectomized
peripheral blood
bone marrow
subtotal

3 ±
2
1,650 + 200
1,653

58 +
9
14,500 + 1,400
14,558

subtotal

8 +
2
1,650 ± 200
1,400 + 200
3,058

37 ±
6
6,500 ± 1,200
9,900 + 2,200
16,437

control
peripheral blood
bone marrow
spleen

C3H mice (8-12 weeks of age) were splenectomized and allowed to
recuperate for 2 weeks. Control C3H and the splenectomized mice
were lethally irradiated (9.5 Gy = 950 rad gamma) and reconstituted with 10 syngeneic bone marrow cells. Four and eight days later, 10 to 20 of mice were injected i.p. with 100-200 I.U. heparin and peripheral blood was taken from the orbital sinus. Bone
marrow and spleen cell suspensions were obtained from 3 to 5 of
of the same mice. The number of CFU-s in the blood, bone marrow
and spleen was determined by injecting adequate numbers of cells
i.v. into syngeneic lethally irradiated recipients, which were
killed 9 days later. Their spleens were fixed <and macroscopically visible colonies were counted. Values given ."n the table are
calculated on the assumption that mice contain 2.0 ml blood and
that one femur contains 8.5 % of all bone marrow cells. The
standard deviations given are calculated on the basis of Poisson
statistics for cell and colony counts.

renewal in the bone marrow.
The size of the graft in these experiments was rather large:
10 nucleated bone marrow cells, of which 3 x 10
were CFU-s. It
may be expected that the contribution of migration to the CFU-s
content of the spleen depends on the graft size. Preliminary experiments have indicated that migration cannot be demonstrated
with a graft size of 2.5 x 10
nucleated cells (of which 8 are
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CFU-s) and that some migration is apparent with an inoculation of
5 x 10 nucleated cells (16 CFU-s).
If the subtotals (Table 1) are extrapolated to day 0, the
data indicate that only 6 to 20 % of the 3000 CFU-s injected per
mouse start self-replication at day 0 in bone marrow and spleen.
Independent experiments indicated that the liver contains relatively low numbers of CFU-s (10 to 40 at day 4 and 50 to 250 at day
8 ) . Since no other organs are likely to contain significant numbers of CFU-s under these conditions, the subtotals given in
Table 1 are a good estimate of the total number of CFU-s per
mouse. This indicates that 80-94 % of the CFU-s injected either
differentiate into committed progenitor cells or die. The latter
possibility is unlikely, because all CFU-s form spleen colonies.
The seeding efficiency factor of CFU-s to the splfeen at day 0
is often determined by extrapolation of the observed numbers of
CFU-s in the spleen between 2 and 8 days after irradiation and reconstitution (Lahiri and Van Putten, 1969). Our data indicate that
the number of CFU-s in the spleen after day 4 may pe increased by
migration. Therefore, extrapolation to day 0 may lead to a lower
f-factor than one calculated from self-renewal and extinction
(Vogel et al., 1969).

Lahiri, S.K. and Van Putten, L.M., Cell Tissue Kinet.
Vogel, H. et al., Theor. Biol. 22 (1969) 249.

(1969) 21.
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THE EFFECT OF NEURAMINIDASE ON THE ELECTROPHORETIC MOBILITY OF THE
HAEMOPOIETIC STEM CELL (CFU-s) AND GRANULOCYTE/MACROPHAGE
PROGENITOR CELLS (GM CFU 1, 2, 3) FROM MOUSE BONE MARROW
Simon Bol and Marijke van Vliet

The characterization of haemopoietic cells in different stages
of development allow the analysis of changes which take place during the differentiation and maturation process. Thus far haemopoietic cells have mainly been characterized by physical properties
such as buoyant density, sedimentation velocity and light scattering properties. The present investigations are focussed on the
cell membrane properties.
Cells can be characterized on the basis of their membrane
charge by electrophoresis techniques. The continuous free flow
cell electrophoresis (Elphor VaP 5, Bender and Hobein GmbH) developed by Hannig (1961) is a preparative method allowing cells
with different electrophoretic mobilities (EPM) to'be collected in
different fractions. Specific reactions of enzymes with cell membrane molecules can provide information on the biochemical composition of the cell membrane. Vibrio cholerae neuraminidase (VCN)
(Behringwerke AG) specifically removes N-acetylneuraminic-acid
(NANA or sialic acid) from carbohydrates. Since NANA is negatively charged, removal of this molecule will alter the EPM of cells.
The change in EPM may be used as an indication for the number of
VCN sensitive groups on the cell membrane. In this study, it was
investigated whether haemopoietic cells in different stages of development could be characterized by their sensitivity to VCN. The
EPM of _in vivo colony forming cells (CFU-s) and of three sequential maturation stages of granulocyte/macrophage progenitor cells
(in vitro GM CFU 1, 2, 3) was determined before and after VCN
treatment.
Mouse bone marrow cells were separated by free flow cell electrophoresis. All cells carry a net negative charge and will move
towards the anode. Fig. 1A shows the EPM distribution of CFU-s in
comparison to that of all viable nucleated cells. The distributions overlap each other, but CFU-s appear to have a somewhat
higher EPM than most of the nucleated cells. The EPM of bone marrow cells is drastically reduced after incubation with VCN (50
units per 5 x 1 0 7 cells per ml; pH 7.2; 37 C; 1 h) as shown in
Fig. IB. The modal EPM of all viable nucleated cells is reduced to
63 % of the normal value. CFU-s appear to be very sensitive to VCN
and the modal EPM is reduced to 51 % of the normal value, indicating that CFU-s from VCN-treated bone marrow have a lower EPM
than most other nucleated cells. Three developmental stages of
granulocyte/macrophage progenitor cells (GM CFU 1, 2, 3) were also
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Figure 1
Electrophoretic mobility of CFU-s before and after treatment with neuraminidase.
Dotted-dashed line: EPM distribution of t o t a l , viable nucleated c e l l s . Solid
line: EPM distribution of CFU-s.
A^. Incubation in Hanks' balanced s a l t solution (pH 7.2; 37° C; 1 h) .
IJ. Incubation in the presence of Vibrio cholerae neuraminidase (50 units/5xl0
cells/ml; pH 7.2; 37° C; 1 h ) . The distributions are calculated as the number
of cells per fraction and are expressed as a percentage of the maximum value.

investigated for t h e i r s e n s i t i v i t y to VCN. Separation of untreated
bone marrow c e l l s reveals no differences in EPM among GM CPU 1, 2
and 3 as shown in Fig. 2A. There also is a complete concurrence
with the EPM distribution of a l l nucleated c e l l s (not shown). However/ the three GM progenitor c e l l s show a differential s e n s i t i v i ty to VCN. After incubation with VCN, GM CFU 1 shows the highest
reduction in EPM (to 50 % of normal values) while GM CPU 3 i s
least affected (to 69 % of normal values) (Fig. 2B). These results
suggest that VCN s e n s i t i v i t y may be an indication for the stage of
development.
In previous studies,
i t was shown that GM CFU 1, 2 and 3 do
not significantly differ in s i z e , but that the maturation series
of GM CFU 1 through GM CFU 3 i s accompanied by an increase in dens i t y , reflecting
an increase in biosynthesis. The differences
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Figure 2
Electrophoretic mobility of i £ v i t r o GM CFU 1, 2 and 3 before and after t r e a t ment with neuraminidase.
Dashed l i n e : EPM d i s t r i b u t i o n of GM CFU 1; solid l i n e : EPM d i s t r i b u t i o n of GM
CFU 2; dotted l i n e : EPM d i s t r i b u t i o n of GM CFU 3.
A. Incubation in Hanks' balanced s a l t solution (pH 7.2; 37° C; 1 h ) .
15. Incubation in the presence of Vibrio cholerae neuraminidase (50 units/5xlO^
c e l l s / m l ; pH 7.2; 37° C; 1 h ) . The d i s t r i b u t i o n s are calculated as the number
of c e l l s per fraction and each i s expressed as a percentage of i t s maximum
value. GM CFU 2 responds d i r e c t l y t o CSF-pmue. In addition to CSF-pmue, GM CFU
1 and 3 need enhancing factors from 18 h post-endotoxin serum and erythrocyte
l y s a t e , respectively. The d i s t r i b u t i o n s of GM CFU 1 and 3 are determined by
the difference in numbers of CFU detected in cultures stimulated by CSF-pmue,
in the absence and in the presence of the enhancing f a c t o r s .
among these three GM CFU with respect to t h e i r VCN s e n s i t i v i t y are
a f i r s t indication of changes in the c e l l membrane composition in
t h i s maturation s e r i e s . The detected differences in physical prop e r t i e s between CFU-s and GM CFU 1 are rather small. CFU-s (which
represent mainly GQ c e l l s )
have the same density as GM CFU 1 bat
are somewhat smaller
(diameters of 7.1 pm and 7.4 jum +_ 4 % for
CFU-s and GM CFU 1, r e s p e c t i v e l y ) . The EPM of CFU-s is higher than
that of GM CFU 1. From 6 experiments mean EPM values of 1.96 and
1.83 cm 2 .V" : .sec ~* + 6 % can be calculated for CFU-s and GM CFU 1,
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respectively. However, no difference in sensitivity to VCN is observed between these two cell types. To clarify the relation between CFU-s and GM CFU 1, more powerful techniques for the characterization of the cell membrane composition will be necessary.
Cell separation procedures may also be used to enrich for
CFU-s. Fractionation of bone marrow cells by electrophoresis results in CFU-s concentrations of 2.5 to 8.0 times normal concen2 —1
trations in specific fractions (EPM of cells around 2.10 cm .V
sec" ) . Electrophoretic separation of VCN-treated bone marrow
cells can result in CFU-s enrichment factors of 5.1 to 10 in fractions of cells with a low EPM (around 0.85 cm 2 .V" 1 .sec" 1 )• It
should be noted that the number of CFU-s in VCN-treated bone marrow is only 30 % of the normal number. However, studies on the in
vivo behaviour of CFU-s (this report, p. 79) indicate that the colony forming cells which are still detectable after VCN treatment
are representative for the total CFU-s population.

Hannig, K., Z. analyt. Chem. 181 (1961) 244.
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CHARACTERIZATION OF MOUSE HAEMOPOIETIC STEM CELLS (CFU-s) BY THEIR
SENSITIVITY TO NEURAMINIDASE

Simon Bol, Gert Doekes and Marijke van Vliet

The cells which are capable of forming colonies in the spleera
of lethally irradiated mice (CFU-s as a measure for all CFC)*, and
which are considered to represent pluripotent haemopoietic stem
cells, differ in functional and physical properties from the committed progenitor cells of the various cell lineages. Within the
CFU-s population, variations in self-renewal capacity (Worton et
a h , 1969) and differences in physical properties (Visser et al.,
1977) have been reported. However, these phenomena could be related to the cycling state of CFU-s and cannot be regarded as essential heterogeneity. In this study, the composition of the CFU-s
compartment is further analysed by determination of the CFU-s sensitivity to the enEyme neuraminidase.
The presence of cell membrane N-acetylneuraminicacid
(NANA or
sialic acid) can be investigated by a combination of treatment of
cells with Vibrio cholerae neuraminidase, which specifically removes NANA residues, and determination of changes in electrophoretic mobility of these cells by use of the free flow cell electrophoresis technique. By this procedure, differential effects of
neuraminidase on CFU-s and three maturation stages of granulocyte/
macrophage progenitor cells (GM CFU 1,2 and 3) could be detected
(this report, p. 75 ) . Incubation of cells with neuraminidase affects neither cell viability nor ijn vitro colony formation by GMCFU, but it does reduce the number of jln vivo spleen colonies derived from CFU-s. Fig. 1 shows the relationship between the concentration of neuraminidase (at the start of a 1 h incubation) and
the number of CFU-s. The number of CFC detected by _in vivo colony
formation can be maximally decreased by about 70 %. This observation may indicate the presence of two subpopulations of CFC with
respect to colony forming capacity: one, neuraminidase sensitive;
the other, neuraminidase resistant. However, the CFC which are
still detectable after neuraminidase treatment have a strongly decreased electrophoretic mobility (this report, p. 75 ) . if there
are two types of CFC they probably have a similar membrane NANA
content.
* CFU-s (colony forming unit-spleen) are the CFC (colony forming
cells) which lodge in the spleen and form colonies. Thus, CFU-s
presents only a fraction of the injected CFC.
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Figure 1
The number of CFC detected by i £ vivo spleen colony formation
after ijQ vitro
incubation with various concentrations of neuraminidase. Bone marrow cells were
incubated for
1 h at 37° C in the presence of neuraminidase and injected into
lethally irradiated mice. The points represent the number of colonies per 1CF
c e l l s injected and are expressed as a percentage of the colony number observed
after injection
of c e l l s incubated without neuraminidase. The results of two
independent experiments are shown. Units of neuraminidase are expressed according to the method of Schultze et a l . (1958).

It is very unlikely that the 70 % reduction in spleen colony
number is due to cell k i l l ,
since neuraminidase affected GM-CFU
and CFC (as determined by electrophoresis)
are s t i l l capable to
proliferate and differentiate.
The reduction in colony number may
br> due to a lower spleen seeding efficiency
of a l l CFC after neuraminidase treatment. On the other hand,
neuraminidase-affected
CFC which s t i l l form spleen colonies may represent a CFC subpopulation with specific functional properties. Therefore, the possible existence of two CFC subpopulations was further
investigated
by comparing functional
properties of untreated CFU-s and CFU-s
treated with neuraminidase.
Firstly,
the growth rate of neuraminidase-treated and nontreated CFU-s was determined (according to Lahiri et a l . , 1970).
Bone marrow c e l l s were incubated with and without neuraminidase
and injected into lethally irradiated mice. After 4 h, 24 h and
168 h, the number of CFLJ-s in the spleens of these mice was determined by injection of spleen cells into secondary irradiated r e c i pients. As shown in Fig. 2, the growth rate of non-treated and
neuraminidase-treated CFU-s in the spleens of irradiated
recipients is identical. Surprisingly, the seeding efficiency of both
treated and untreated CFC as determined by extrapolation of the
growth curves to time point 0 h is apparently the same. Besides
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Figure 2
The proliferation of injected bone marrow CFU-s in the spleens of irradiated
recipients. The curves represent the number of CFU-s recovered from spleens of
primary recipients at different time intervals after injection of 5 x 10 nontreated (solid line) and neuraminidase-treated (dashed line) bone marrow cells.
Each curve is expressed as a percentage of the number of CFU-s injected, calculated from the colony number in primary recipients 9 days after injection of
0.5 x 10^ untreated and 2 x 105 neuraminidase-treated bone marrow cells, respectively. The cells were injected within 3 h after irradiation.

cell k i l l
(which is unlikely), the only explaration is that the
neuraminidase-affected CFC have a lower spleen seeding efficiency
which gradually changes back to normal values as a result of cell
membrane repair and formation of normal daughter c e l l s . This hypothesis also explains the low number of CFU-s recovered at 4 h from
spleens of animals which received neuraminidase-treated bone marro-.« c e l l s , since the repair has not been completed shortly after
injection.
A normal growth behaviour of the progeny cells of neuraminidase-treated CFU-s is also observed in liquid cultures using
feeder layers of bone marrow derived adherent fibroblastoid cells
(Dexter et a l . , 1977). After plating of normal bone marrow cells
the number of CFU-s decreases to about 30 % of the original number
in 1 to 3 d and this level can be maintained for several weeks.
CFU-s from neuraminidase-treated bone marrow can be recovered in

these cultures and control CFU-s levels are reached after 2 d.
A difference is observed in the number of non-treated and neuraminidase-treated bone marrow cells needed to prevent mortality
of lethally irradiated mice. After incubation of the cells with
neuraminidase, the cell number has to be raised 2 to 4 times for
50 % survival at day 30 following irradiation and transplantation.
This difference between cell numbers is similar to the difference
between the number.of spleen colonies observed after injection of
normal and neuraminidase-treated bone marrow ce''s. This indicates
that neuraminidase-affected CFC still have the opacity to restore
the haemopoietic system but that fewer cells are involved in the
restoration process. These data show similarities with data on
accumulation of lymphocytes in the liver (Freitas and De Sousa,
1976) and the rapid ^n vivo clearance of erythrocytes
(Landaw et
al., 1977) after _in vitro treatment of these cells with neuraminidase, indicating changes in the distribution of cells in various
organs. To determine whether this applies to CFC, neuraminidasetreated CFC were injected into irradiated mice which had received
100 units of neuraminidase i.v. 0.5 h earlier, assuming that desialiated cells and plasma glycoproteins in the mice would compete
with the desialiated CFC and that this should result in a normal
distribution of CFC in the various organs. Indeed, a much smaller
reduction in spleen colony numbers was observed in these mice. Injection of untreated bone marrow cells in neuraminidase-treated
mice results in normal colony numbers. The hypothesis that neuraminidase-treated CFC have normal proliferation and differentiation
capacities but that a larger proportion is lodging in non-haematological organs can explain the reduction in spleen colony numbers
and the reduced radiation protection.
It can be concluded that neuraminidase-treated CFC which are
still detectable by spleen colony formation do not differ in membrane NANA content nor in functional properties from the non-detectable CFC. Therefore, it is suggested that the neuraminidaseaffected CFU-s are representative for the total CFC population and
that there is no heterogeneity among CFC with respect to the measured parameters.

Dexter, T.M., Allen, T.D. and Lajtha, L.G., J. Cell. Physiol. £1^
(1977) 335.
Freitas, A.A. and De Sousa, M. , Cell Immunol. 22^ (1976) 345.
Lahiri, S.K., Keizer, H.J. and Van Putten, L.M., Cell Tissue
Kinet. 3 (1970) 355.
Landaw, S.A., Tenforde, T. and Schooley, J.C., J. Lab. Clin. Med.
89 (1977) 581.
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RELATION BETWEEN SHAPE AND LIGHT SCATTERING PROPERTIES
OF BLOOD CELLS

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

It was previously reported that mouse bone marrow cells can be
separated according to their light scattering properties in a
light activated cell sorter (Visser et al., 1978). The light scattering of cells is measured in two directions. One detector is positioned along the optical axis of the system and registers forward light scatter (FLS). Another detector collects light scattered perpendicular (80 -100 ) to the incident light and to the
fluid jet (perpendicular light scatter , PLS). In comparison to
the total bone marrow cells, CFU-s give rise to FLS signals in the
medium range, while the intensity of PLS signals is low (Van den
Engh et al., in the press).
The interpretation of such measurements is not trivial. The
scatter signals derived from small particles are due to diffraction, refraction and reflection of light. No theory has been advanced which fully explains the intensity distribution of scattered light in relation to the scatter angle for biological cells.
However, using the following considerations, conclusions on cell
size and structure can be reached.
I. Although the exact distribution of the scattered light intensity is not known, the total scattered light should be equal to
the amount of light which is intercepted by the particle minus the
light absorbed by the particle. Consequently, the total light
scattering is proportional to the cross-sectional area of the particle.
II. The intensity of diffracted light decreases exponentially with
increasing scatter angles. Over 90 % of the diffracted light is
located within the first 10 of the scatter cone (Brunsting and
Mullaney, 1974).
III. For a perfect sphere of a refractive index slightly greater
than the surrounding medium, reflection and refraction play a
minor role. These two mechanisms contribute significantly to the
scatter signals when the cell deviates from a spherical configuration, e.g., when it has a folded cell membrane and/or contains
particles of high refractive index. These contributions may be
considered to be relatively independent of the scatter angle.
On the basis of these considerations, FLS is measured over as
wide an angle as is practical. In that case, the FLS detector
measures the majority of the scatter light and the FLS signal
should be proportional to the cross-sectional area of the cells.
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The PLS signal is relatively independent of the FLS intensity and
consists mainly of reflection and refraction on the cell surface.
The first conclusion has been shown to hold for Sephadex
spheres (Visser et al., 1978). Fig. 1 demonstrates that the relation is also valid for spherical cells. The FLS distribution of
thymocytes is shown in Fig. 1. The cells cover a range which corresponds with a factor of two in volume (indicated by the two ar100
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Figure 1
The forward light scatter distribution of mouse thymocytes, represented in a
linear (upper panel) and a logarithmic (lower panel) plot. The total light
scatter collected over angles of 1-20° was measured. The two arrows indicate a
twofold difference in volume if FLS is proportional to the cross-sectional area
of the cells. Cells separated from these regions were shown to contain 2n and
4n DNA, respectively.
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MOUSE ERYTHROCYTES
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PLS versus FLS intensity of mouse erythrocytes suspended in media of different
osmolarities. FLS and cell volume are inversely related to medium osmolarity.
The PLS intensity increases at high osmolarities when the erythrocyte membrane
takes on a spiked and folded configuration.

arrows) which would correspond with cells in the Gj and G 2 phases
of the cycle. Cells separated from these scatter regions and
stained for DNA content showed that this is indeed the case.
The independency of the FLS and PLS signals is illustrated in
Fig. 2. It shows dot displays of FLS versus PLS of mouse erythrocytes suspended in media of different osmolarities. The volume of
the erythrocytes is inversely related to the osmolarity of the
medium and so is the intensity of the FLS. In contrast, the PLS
signal increases with higher osmolarities. This can be attributed
to an increased membrane surface/volume ratio. Under hypertonic
conditions, the erythrocytes take on a spiked form (due to folding
of the membrane) which results in reflection and refraction of
light.

Brunsting, A. and Hullaney, P.F., Biophysical J. 14_ (1974) 439.
Van den Engh, G.J., Visser, J.W.M. and Trask, B.J., In: Experimental Hematology Today 1979 (Eds. S.J. Baum and G.D. Ledney),
Springer Verlag, New York, in the press.
Visser, J.W.M. et al., p. 187. In: Pulse cytophotometry (Ed. D.
Lutz), European Press, Ghent (1978).
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ANTIGEN EXPRESSION ON HAEMOPOIETIC STEM CELLS AS MEASURED IN A
LIGHT ACTIVATED CELL SORTER

B.J. Trask, G.J. van den Engh and J.W.M. Visser

The expression of H-2 and Thy-1 antigens on haemopoietic stem
cells was determined in a light activated cell sorter. Antibody
binding to mouse bone marrow cells was quantified with a double
layer immunofluorescence technique. The cells were first incubated
with the immunoglobulin (Ig) fraction of an allo-antiserum which
had been conjugated with dinitrophenyl (DNP) (substitution ratio
15 : 1 ) . The cells were subsequently stained with the Ig fraction
of an anti-DNP antiserum labelled with fluorescein isothiocyanate
(FITC) [rabbit anti-(rhesus albumin-DNP)-FITC, substitution ratio
3 : 1, gift of Dr. J. Radl]. With the conditions used, fluorescent
staining is directly proportional to the binding of the allo-antibody and is independent of the anti-DNP-FITC concentration (Visser
et al., 1978). Fig. 1 shows the fluorescence intensity distribution of mouse thymocytes in comparison to the fluorescence inten-
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Figure 1
The distribution of fluorescence intensity of C3H thymocytes and bone marrow
cells after labelling with an anti-Thyl.2-DNP anti-DNP-FITC sandwich. At this
amplification, the fluorescence distribution of bone marrow is not significantly different from cells treated with anti-DNP-FITC serum only.
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Figure 2
Fluorescence intensity distribution of mouse bone marrow cells and CFU-s after
labelling with fluorescent anti-Thyl.2 and anti-H-2 sera.

s i t y distribution of mouse bone marrow cells after staining, with a
sandwich of (anti-Thy-l)-DNP and (anti-DNP)-FITC.
To investigate antigen expression on haemopoietic stem c e l l s ,
fractions of bone marrow c e l l s with increasing fluorescence intensity
(thus antibody binding) were separated by use of the cell
sorter.
To prevent jji viv° complement or cell mediated death of
c e l l s , the bound antibody was removed by incubation with papain (3
mg.ml" ) a t 37 C for 1 h after sorting
(Van den Engh and Platenburg, 1978). The CFU-s content of the fractions was determined by
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injection into irradiated mice and, counting the spleen colonies 8
days later.
Fig. 2 shows the fluorescence intensity distribution of CFU-s
as compared to that of anti-H-2
serum and anti-Thy-1.2 serum
treated bone marrow cells. In the case of staining for Thy-1.2
antigen, the CFU-s distribution coincides with the fluorescence
profile of all bone marrow cells. Since bone marrow cells are negative for Thy-1 antigens as compared to thymocytes and since the
fluorescence distribution of stained bone marrow is not significantly different from control bone marrow incubated with (antiDNPJ-FITC serum only, the distribution represents background
fluorescence. CFU-s can thus be considered to be Thy-1 negative.
CFU-s have a higher affinity to anti-H-2 serum than the majority
of bone marrow cells, indicating a high H-2 antigen expression on
the stem cells.
These results on the antigen distribution of stem cells obtained with the light activated cell sorter confirm previous conclusions based on the cytotoxicity of antisera (Russell and Van
den Engh, in the press).

Van den Engh, G.J. and Platenburg, M.W.H., Exp. Hemat. £ (1978)
627.
Russell, J. and Van den Engh, G.J., Tissue Antigens, in the press.
Visser, J.W.M., Haaijman, J.J. and Trask, B., p. 147. In: Immunofluorescence and related staining techniques. (Eds. W. Knapp et
al.), Elsevier / North Holland Biomedical Press, Amsterdam
(1978).
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LEUKAEMIA RESEARCH
DISTRIBUTION AND PROLIFERATION OF INFUSED BROWN NORWAY MYELOID
LEUKAEMIA (BNML) LEUKAEMIC CELLS IN THE NORMAL RAT FEMUR

M.E.F. Prins and D.W. van Bekkum

In the mouse, evidence has been presented that normal haemopoiesis takes place predominantly in the subendosteal region of the
bone marrow. Early precursor cells seem to have an optimum microenvironment there for cell division, while the maturing daughter
cells migrate towards to centre of the bone marrow (Shackney et
al., 1975).
The object of this study was to find an explanation for the
striking decrease in normal haemopoiesis as observed in acute
myeloid leukaemia even when the bone marrow is only partly infiltrated with leukaemia. The hypothesis was that leukaemic cells
localize near the endosteum and start to divide there. Their
daughter cells would fail to migrate to the centre because they
are unable to differentiate. Instead, they form small aggregates
in the periphery occupying more and more of the subendosteal region at the expense of microenvironment of normal cells. Decrease
in haemopoiesis can then be explained on a physical and anatomical
basis rather than on the basis of a leukaemic hormonal suppressing
factor,
BNML cells were labelled by continuous i.v. infusion of H-TdR
(2 pCi/g body weight) during 8 h in 3 leukaemic donor rats. A
spleen suspension was made and 8 x 10 leukaemia cells were inoculated in normal rats. After intervals ranging from 4 h to 7
days, animals were sacrificed by perfusion fixation. The mid portion of the shaft of the femurs was embedded in glycol methacylate. With this plastic embedding technique hardly any shrinkage
of the bone marrow occurs and very thin sections of 2 w thickness
can be produced. The transverse sections were screened for labelled cells after autoradiographic processing. As can be seen in
Table 1, nearly all labelled cells were localized in the periphery
of the femur. The square area of the subendosteal region represents about 27 % of the entire square area of the femur. Therefore, in case of a random distribution of leukaemic cells, only
27 % of the labelled cells would be expected in the periphery.
With the passage of time, it was observed that the relative
number of cells with a high number of grains decreased while that
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Table 1

NUMBER AND LOCALIZATION OF H-TdR LABELLED LEUKAEMIA CELLS IN
TRANSVERSE SECTIONS OF NORMAL RAT FEMUR AFTER i.v. INFUSION OF
3.8 x 1 0 7 LABELLED BNML CELLS

Time after
injection
4 hours
12 hours
24 hours
48 hours
72 hours
7 days
expected

Number of cells
centre
periphery

24
40
29
25
25

4
3
1
0
0

Per cent labelled cells
periphery
centre
86
93
97
100
100

14
7
3
0
0

27

73

no labelled cells

observed 4 sections per point

of cells with a low grain number increased.
The mean grain count decreased from 18 grains at 12 h to 8
grains at 72 h, an indication that the cells were dividing. The
half life of the initial mean grain count can be roughly calculated as 50 h. Assuming that the cycle time of 14 h (as calculated
from PLM studies in late leukaemia) also hold for early leukaemia,
the growth fraction of leukaemic cells in the first 72 h has to
be less than 1.0.
From these results, we conclude that leukaemic cells lodge
predominantly in the subendosteal region of the bone marrow and
that they proliferate and remain there. These results support our
hypothesis of inhibition of normal haemopoiesis in AML by competition of leukaemic cells with normal haemopoietic stem cells for
the area of optimum microenvironment of the bone marrow.

Shackney, S.E., Cell Tissue Kinet. 8 (1975) 505.
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THE PROLIFERATIVE STATE OF NORMAL HAEMOPOIETIC STEM CELLS DURING
PROGRESSION OF LEUKAEMIA

A. Hagenbeek and A . C M . Martens

One of the most serious events during progression of acute
leukaemia is the severe suppression of normal haemopoiesis. This
results in a lack of mature end cells (i.e. erythrocytes/ granulocytes and platelets) towards the terminal stage of the disease.
Many experimental haematologists have focussed their attention on
the underlying mechanism. Various ideas have emerged from different experimental systems. For instance, it has been postulated
that humoral factors produced by leukaemic cells inhibit proliferation of pluripotent haemopoietic stem cells (HSC). Others indicate inhibitory direct cell to cell interaction between leukaemic
cells and HSC as being responsible for the observed phenomenon.
In a transplantable rat leukaemia model (BNML) which shows
many similarities with human acute myelocytic leukaemia (AML; Van
Bekkum and Hagenbeek, 1977), the cause of defective normal haemopoiesis was investigated. Based on studies described earlier (Van
Bekkum et al., 1976) it was concluded that humoral factors did not
play an essential role (diffusion chamber experiments; j£ vitro
coculturing of leukaemic and normal bone marrow cells). During
progression of leukaemia, a redistribution of HSC was observed;
around day 12 after leukaemia transfer, HSC disappeared from the
bone marrow and their number simultaneously increased in the blood
and in the spleen (Hagenbeek et al., 1977). In addition, it was
found that there was an absolute numerical decrease in the total
number of HSC in the body to 20 % of their original number, as
judged by spleen colony assays (CFU-s; Hagenbeek, 1977). Despite
the residual population of HSC, normal haemopoiesis still becomes
defective.
Based on the hypothesis that the kinetics of proliferation
(e.g., the growth fraction) of HSC might change during the development of leukaemia, hydroxyurea suicide experiments were performed. At various time intervals after inoculation with 10 BNML
cells (survival time: 22-25 days), rats were injected i.p. with
1000 mg hydroxyurea and killed 2 h later. Non-treated leukaemic
rats served as controls. Cell suspensions were prepared from the
bone marrow, the blood and the spleen. The percentage of HSC in
the S-phase (DNA synthesis) of the cell cycle (killed by" hydroxyurea) present in the various organs was determined by comparing
the number of CFU-s/10 nucleated cells obtained from the hydroxyurea-treated rats with those of the controls. The results are
given in table 1. Among the reduced number of HSC in the bone mar95
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Table 1
PERCENTAGE OF NORMAL CFU-S IN THE S-PHASE OF THE CELL CYCLE DURING THE
PROGRESSION OF THE BN ACUTE MYELOCYTIC LEUKAEMIA (BNML)

Organ

Day after inoculation with
10 7 BNML cells

Non-treated
controls
CFU-s/10 7 cells

bone marrow

0
9
12
16
22

903
809
372
31
9

557
632
328
31
8

38.3
21.9
11.8
0
11.1

blood

12
16
22

309
1019
1500

321
661
1400

-4
35.1
6.7

8
12

84
655
800
274
249

27
466
303
130
169

67.9
28.9
62.2
52.6
32.1

spleen

15
20
22

Per point tissue samples of 3 donors were pooled;
were performed with 3 different cell doses.
"S": DNA synthesis phase of the cell cycle.

Hydroxyureatreated rats
CFU-s/10 7 cell

per cent
reduction
(per cent in "S")

CFU-s (colony forming unit-spleen) assays

row (at the terminal stage, only 1 % of the original number is
present), the fraction of cells in S-phase decreases as the leukaemia progresses. From day 12 onwards, there is no significant
difference between the control group and the treated rats. The
first HSC appearing in the blood (day 12) seem to be out of cycle.
At a later stage (day 16), active proliferation of HSC takes
place; this again ceases in the terminal stage of the disease. Of
the three organs studied, proliferation of HSC is best preserved
in the spleen. Here, the percentage of HSC in S-phase is maximal
up to day 20. This value seems to decrease in the terminal stage.
In theory, a lower percentage of cells in S-pnase might be due
to either a lower growth fraction or to a relative increase in the
total cell cycle; time in relation to the duration of the S-phase.
However, reduced production of mature end cells is observed in
both cases. The data presented are in accordance with those obtained in the L5222 rat leukaemia (Harriss and Hoelzer, 1978).
These authors found a small - but significant - decrease in the
number of normal CPU-c in S-phase as the leukaemia progressed.
Thus, in summary, in this rat leukaemia model, an absolute decrease in the total number of HSC to 20 % of the original number
is noted. Around day 20 (preterminal stage) the majority of the
remaining stem cell population is found in the spleen (10 CFU-s
in a spleen weighing 3-4 grams; i.e. containing 3-4 x 10 cells).
Although these cells are maximally proliferating (1.5 - 2 times as
fast as in normal bone marrow) the production of offspring is
still insufficient. In combination with an increased peripheral
destruction of mature cells (disseminated intravascular coagulation; microangiopathic haemolytic anaemia; Hilgard, 1977) this
explains the severe thrombocytopenia and anaemia which develop at
this stage of the disease.
The mechanism underlying the difference in kinetic behaviour
of HSC in the various organs studied remains to be investigated. A
preferential emigration of proliferating HSC from the blood to extramedullary sites might explain the decrease in the fraction of
S-phase cells in this compartment in the terminal stage. Differences between the bone marrow and the spleen might be explained by
different intensities of cell to cell interaction between HSC and
leukaemic cells. This interaction seems to be much more intense in
the limited space of the bone marrow cavity.

Van Bekkum, D.W. et al., Cancer Res. _3_i (1976) 941.
Van Bekkum, D.W. and Hagenbeek, A., Blood Cells 2 (1977) 565.
Hagenbeek, A. et al., Leukemia Research _1 (1977) 149.
Hagenbeek, A., p. 78. In: Thesis, Erasmus University Rotterdam,
(1977).
Harriss, E.B. and Hoelzer, D., Blood ^1 (1978) 221.
Hilgard, P., Leukemia Research 1 (1977) 175.
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LEUKAEMIC CELL LOAD REDUCTION AND MYELOSUPPRESSIVE EFFECT OF ARA-C
AFTER DIFFERENT ROUTES OF ADMINISTRATION IN THE BNML LEUKAEMIC RAT

L.P. Colly, A. Tons and P. Sonneveld

Ara-C seems to be an obligatory drug in remission induction
protocols for human acute myelocytic leukaemia (AML); however,
many differences are encountered in the route and schedule of administration of this important drug. In most schedules, it is
given as a rapid intraveneous injection or as a 12 h or 24 h continues infusion, whereas, for maintenance therapy, ara-C is frequently given by a subcutaneous or intramuscular injection.
In the Brown Norway Myeloid Leukaemia (BNML) experiments were
designed to compare the antileukaemic effects as well as the haemopoietic depression of these various pathways of ara-C administration. The reduction in tumour load is reflected by the reduction in spleen and liver weights and in femur cellularity. Groups
of rats were treated for four days with a daily dose of 200 mg.
kg" 1 ara-C, which was administered either rapidly intraveneously
(i.v.), intramuscularly (i.m.), subcutaneously (s.c.) or intraperitoneally (i.p.). A 5th group was given 3 rapid i.v. injections
of 70 mg/kg each at intervals of 8 h for a period of 4 days. The
results presented in table 1 demonstrate that little effect is
observed after i.m. or s.c. ara-C injections. The reduction in
the tumour load after ara-C i.p. is comparable with the effect
after i.v. injection (groups 2 and 1 ) . The most pronounced tumour
reduction is observed in group 3, which received the daily dose
rapid i.v. at 8 h intervals.
For evaluating the effect of slow ara-C %nfusion, a group
rats received an infusion of 400 mg.kg"1 during 24 h. This group
has been compared with the one receiving the most effective treatment schedule designed so far, consisting of repeated ara-C injections at 12 h intervals as based on cell kinetic measurements
(Annual Report 1976, p. 98; Fig. 40). Table 2 shows the reduction
in tumour load after one day of treatment and clearly demonstrates
the superiority of interval treatment as compared to continuous
infusion of the drug.
The most crucial side effect of ara-C is myelosuppression
since the regenerative capacity of the marrow is dependent on the
number and quality of CFU-s, the reduction in CFU-s was used as a
measure of ara-C toxicity. Normal rats were employed because the
number of CFU-s in leukaemic rats is too low in this stage of the
disease to be measured accurately.
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Table 1

COMPARISON OF THE EFFECTS OF DIFFERENT ROUTES AND INTERVAL BETWEEN
ARA-C ADMINISTRATION ON TUMOUR LOAD REDUCTION AFTER 4 DAYS
TREATMENT IN FEMALE LEUKAEMIC RATS
spleen (g)

liver (g)

Group 1
200 mg/kg ara-C i.v.
n = 5

1.31 + 0.04

8.42 + 0.11

3.5 + 0.29

Group 2
200 mg/kg ara-C i.p.
n = 5

1.34 + 0.13

8.53 + 0.65

4.6 + 0.15

0.30 + 0.007

5.37 + 0.16

0.75+0.12

1.97 + 0.15

9.71 + 0.88

4.3 + 0.27

Group 3
3x dd 70 mg/kg ara-C
8 h interval i.v.
n = 4
Group 4
200 mg/kg ara-C i.m.
n = 5

femur cellularity x 10 7

i* II
Group 5
200 mg/kg ara-C s.c.
n = 5

1.74 + 0.15

9.27 + 0.48

4.2 + 0.42

Group 6
leukaemic controls
n = 5

2.20 + 0.07

12.71 + 0.43

5.1 + 0.23
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Pig. 1 shows the CFU-s pattern during interval treatment with
two injections of ara-C, while Fig. 2 represents a declining curve
for the CFU-s content during ara-C infusion. At 32 h after interval ara-C treatment, 60 % of the initial CFU-s remains; however,
at 32 h after the start of ara-C infusion, only 40 % of the CFU-s
per femur can be estimated.
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Figure 1
CFU-s reduction per femur after two injections of ara-C in normal r a t s . Different symbols represent means + S.E. of 3 experiments.

These data demonstrate that, in view of tumour load reduction
as well as the toxic effect on the CFU-s pool, the best regimen of
ara-C administration is by rapid i.v.
injectional intervals selected on the basis of cell kinetic studies. This regimen is superior to continuous ara-C infusion. Intramuscular and s . c . administration of the drug have l i t t l e effect on the reduction in tumour
load. Because i.m. and s.c. ara-C injection is an often
applied
route of administration for AML maintenance therapy in humans, the
results in the BN leukaemic rats demonstrate that this parameter
should be evaluated in a clinical t r i a l .

101

Table 2

COMPARISON OF ARA-C INTERVAL TREATMENT AND ARA-C INFUSION ON TUMOUR
LOAD REDUCTION AFTER ONE DAY OF TREATMENT IN MALE LEUKAEMIC RATS

Group A
2x dd 200 mg/kg ara-C
12 h interval rapid i.v.
injections; n = 5

spleen (g)

liver (g)

femur cellularity x 10 7

1.02 + 0.18

9.79 ± 0.59

3.4 + 0.24

p <0.05
Group B
400 mg/kg ara-C i.v.
infusion during 24 h;
n = 5
Group C
leukaemic
n = 5

controls

! i

p <0.005

N.S.

1.26 ± 0.11

12.37 ± 0.27

3.6 + 0.71

3.22 ± 0.21

17.49 + 0.60

7.0 ± 0 . 2 1

1001

80

60
40

£
u

20

0

4

8

12

16

20

24

28

32

36

time after start infusion (hours)
a-C infusion 400

Figure 2
CFU-s reduction per femur after ara-C infusion in normal rats.
bols represent means + S.E. of 3 experiments.
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SEQUENTIAL SCHEDULING OF ARA-C AND METHOTREXATE IN THE BROWN
NORWAY MYELOCYTIC LEUKAEMIA

P. Sonneveld and M. Aglietta

One of the features of the growth pattern of human acute leukaemias is the presence of a high proportion of non-proliferating
cells which can eventually re-enter into cycle to perpetuate the
disease (Gavosto and Pileri, 1971). When these resting cells are
recruited into the cycle, they eventually enter a phase which is
sensitive to the specific action of cytotoxic drugs. Consequently,
it should be possible, on this basis, to more effectively reduce
the tumour load by cycle-specific drugs.
The acute myeloid leukaemia of the BN rat (BNML) has been proposed as a useful model for comparative evaluations directed at
the treatment of human acute myelocytic leukaemia (AML) because of
the slow growth rate. In the present study, the interaction between ara-C and methotrexate
(MTX), two major antileukaemic
agents, was investigated. Both of these drugs are believed to exert their cytotoxic action during the S phase, although each
through a different mechanism.
The two drugs given simultaneously do not show a higher antileukaemic effect than each drug alone. However, sequential administration results in enhanced leukaemic cell reduction as demonstrated in bone marrow (Fig. 1 ) , liver and spleen (Fig. 2 ) . No
significant difference is found where the sequence is concerned.
Whether ara-C is given before or after MTX, the effectiveness is
dependent on the interval: the maximal cytotoxic activity is produced by sequential administration with an interval of 8-12 h.
With a longer interval, the synergistic effect decreases and virtually disappears within 24 h.
These data are in contrast with those of Edelstein and coworkers
(1975), who found the maximum activity against L1210
LCFU-s when the two drugs were given simultaneously; sequential
administration resulted in a decrease in activity which was proportional to the interval of time between administration. Their
results are in conflict with those expected for two agents believed to kill cells in the same phase of the cell cycle. The
authors suggested that biochemical interactions resulting in variation in the nucleoside pool after ara-C and in the nucleotide
pool (mainly CTP) after MTX are more important than cell kinetic
interactions.
However, the proliferation pattern of human acute leukaemias
is quite different from the L1210 leukaemia, because of the high
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Variations in bone marrow cellularity of leukaemic rats following administration of ara-C and MTX at different intervals in BNML rats at day 15 after inoculation with 10^ leukaemic spleen cells.
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Figure 2
Variation in spleen weight of leukaemic rats following administration of ara-C
and MTX at different intervals. The reduction in leukaemic cell infiltration
can be derived by comparing the spleen weight of leukaemic untreated animals
(100 %) with that of normal animals or of leukaemic animals after complete remission (obtained with ara-C 200 mg.kg
x 6; q = 12 h ) .
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proportion of non-cycling cells in human AML.
In our model, where the resting cells are synchronously recruited into cycle after a single injection of ara-C (as shown by
the variation in the labelling index), the cytotoxic action of MTX
correlates well with the variation in the number of cells in the S
phase.
Therefore, it can be concluded that, when a large number of
nonproliferating cells is present, the antileukaemic action of the
combination of ara-C and MTX seems more dependent on cell kinetics
than on biochemical variations.

Edelstein, M., Vietti, T. and Valeriote, F., Cancer Res. 2s. (1975)
1555.
Gavosto, F. and Pileri, A., p. 99, In: The Cell Cycle and Cancer,
(Ed. R. Baserga), Marcel Dekker Inc., New York (1971).
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EFFECT OF SUCCINYLATED ACINETOBACTER GLUTAMINASE-ASPARAGINASE
TREATMENT ON AN ACUTE MYELOID LEUKAEMIA IN THE RAT (BNML)

P. Sonneveld, J.S. Holcenberg* and D.W. van Bekkum

In 1974, Roberts et al. (1972) purified a glutaminase-asparaginase enzyme with activity in tumours resistant to asparaginase.
It was called G-A:l,2, indicating that the enzyme has a ratio of
1.2 to 1.0 of glutaminase and asparaginase activity. Schrek et al.
(1973) demonstrated that the glutaminase activity of the enzyme
was more important than asparaginase in reducing both the survival
of chronic leukaemic lymphocytes and the transformation of normal
lymphocytes. The physical properties were described by Holcenberg
et al. (1972).
This report describes the results of treatment with Acinetobacter glutaminase-asparaginase in the acute myelpid leukaemia in
the Brown Norway rat (BNML).
Glutaminase-asparaginase
(G-A) (isolated from Acinetobacter
glutaminasificans and purified and succinylated by Dr. Holcenberg)
used in these studies was from a single batch and had a specific
glutaminase activity of 150 I.U./mg of protein.
Enzyme activity was assayed by ammonia formation from asparagine, as measured spectrophotometrically using Nessler solution.
Enzyme activity was calculated from the ratio of absorbance as
compared with the absorbance produced by ammonium chloride. Leukaemic animals were injected with G-A daily at a dose of either
200 I.U./kg or 400 I.U./kg for 7 days starting at day 14 after
inoculation of 10 7 leukaemic spleen cells.
As shown in Table 1, a 7-day treatment period with 400 I.U./kg
G-A is very effective in reducing the leukaemic infiltration of
the liver and spleen (p
0.01). If the lower dose of 200 I.U./kg
is administered, the results are moderate and not significant. In
these experiments, no deaths due to toxicity were observed.
Figure 1 shows the plasma G-A activity following the administration of 400 I.U./kg intravenously. The observation period was
24 h. Within this period, an initial half-life of + 3 h followed
by a long second half-life is observed. This indicates that the
drug penetrates well into tissues and is broken down slowly.
As judged by the remarkable decrease in liver and spleen
weights following the 400 I.U./kg dose, G-A is an effective drug
in the BNML. However, no effect can be observed in the bone marrow
*Medical College of Wisconsin,
W i s e , USA.

Dept. of

Pediatrics,

Milwaukee,
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Table 1
EFFECT OF GLUTAMINASE-ASPARAGINASE ON BNML

Treatment

Liver (g)
M + S.D.

Spleen (g)
M ± S.D.

Glutaminase-Asparag inase
400 I.U./kg/day i.v. for
7 days; n = 8

8.92 + 0.50

1.55 ± 0.14

5.82 + 0.38

Glutaminase-Asparaginase
200 I.U./kg i.v. for
7 days; n = 8

12.78 + 2.38

2.92 ± 0.41

6.48 ± 1.04

26.2

± 5.05

3.66 ± 1.06

5.95 ± 1.50

J8.21 + 0.50

0.65 ± 0.12

9.70 + 2.15

NaCl 0.9 % for 7 days
n = 8
normal rats; n = 5

Autopsy at day 22 after inoculation of 1 0 ? spleen cells.

Femoral bone marrow
(cells x 10 7 )
M ± S.D.
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acinetobocter glutamtnase - asparaginase tn the rat
dose : glutaminase 400 l.'U./kg l.v.

Figure 1

Plasma succinylated Acinetobacter glutaminase-asparaginase in the rat (M +_ SD).
Dose: glutaminase 400 I.U./kg i.v.
(BM), in contrast to the effects of other drugs such as ::nethotrexate and ara-C (Aglietta and Sonneveld, in the press). Possible
explanations for this BM sparing effect are either: 1) pharmacokinetic variables such as an incomplete penetration of G-A in the
BM; or 2) a reduced glutamine and asparagine requirement of the
leukaemic BM blasts when compared with blast cells which have
migrated to the liver and spleen; or 3) lack of toxicity to normal
haemopoietic cells.
The plasma curve after intravenous administration of 400 I.U./
kg, is compatible with a two-compartment system to explain the
distribution of the drug. However, an incomplete penetration into
the BM cannot be excluded. Therefore, further experiments have
been planned to study tissue distribution of G-A, jri vitro sensitivity of isolated leukaemic blast cells to G-A, and the effect of
higher doses of G-A on leukaemic blast cells and CFU-s _in vivo.

Aglietta, M. and Sonneveld, P., Cancer Chem. Pharm., in the
press.
Holcenberg, J.S. et al., J. Biol. Chem. J247 (1972) 7750.
Roberts, J., Holcenberg, J.S. and Dolowey, W.C., J. Biol. Chem.
247 (1972) 84.
Schrek, R. et al., J. natl. Cancer Inst. 51 (1973) 1103.
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THE EFFECT OF BACILLE CALMET GUERIN (BCG) ON THE GROWTH OF A
TRANSPLANTABLE ACUTE MYELOCYTIC LEUKAEMIA IN RATS (BNML)

A . C M . Martens and A. Hagenbeek

Immunotherapy with BCG vaccine is frequently used in the
treatment of malignancies. Conflicting results have been reported
on the beneficial effect of BCG in the treatment of human leukaemia. Prolongation of remission and survival time in acute leukaemia have been reported (Mathe1 et al., 1969; Powles et al., 1973).
However, negative reports have also appeared
(Leukaemia Committee
and the Working Party on Leukaemia in Childhood, 1971).
The effectiveness of BCG treatment depends on a number of factors, such as the tumour load at the start of the treatment, the
type of BCG vaccine preparation used, the route of administration,
the dosage and the scheduling.
The effect observed on the growth of a transplantable acute
myelocytic leukaemia after a single intravenous injection of BCG
is described in this report. The study was carried out in the BN
acute myelocytic leukaemia (BNML) which is transplantable in the
Brown Norway (BN) rat and serves as a model for human acute myelocytic leukaemia (AML) (Hagenbeek and Van Bekkum, 1977). The BCG
used was of the Pasteur type. The effect of BCG on the spleen
weight in normal BN rats was first investigated by injecting 0.3
mg or 3 mg intravenously and recording the spleen weight at various time periods. It appeared that a maximal increase in spleen
weight (fivefold) was observed 14 days after the i.v. administration of 3 mg BCG. As the rat spleen is a purely lymphatic organ,
this increase is considered to be a strong indication that a high,
though non-specific, immunostimulation took place. This information was used to study the effect of BCG on the number of BNML
cells needed to kill 50 % of the animals (TD 5 Q ). This value was
determined by noting the per cent survival of rats treated with
BCG 14 days prior to inoculation with low numbers of leukaemic
cells. Non-BCG-treated animals served as controls. The data were
evaluated by means of probit analysis (Fig. 1 ) . A T D 5 0 value of
38.8 cells with 95 % confidence limits ranging between 12.2 to
12 2.4 was calculated for the control group. BCG pretreatment results in an increased TD
value of 302.2 cells with 95 % confidence limits ranging between 143.8 and 634.9 cells.
The influence of the time interval between BCG treatment and
the challenge with 10 leukaemic cells is shown in Fig. 2. Treatment 14 days prior to inoculation of the cells resulted in the
prevention of death from leukaemia in 50 % of the cases. This is
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Figure 1
Changes, in the number of leukaemic cells necessary to kill 50 % of the rats
(TDJJQ) after BCG administration (3 mg i.v.) 14 days prior to injection of leukaemic cells (BN acute myelocytic leukaemia). Each point was derived from 10
rats. Horizontal bars represent 95 % confidence limits.

in good accord with the TD
study (see Fig. 1 ) . The observation
period is now ^ 3 6 0 days. BCG treatment one day after leukaemia
inoculation had no beneficial effect.
From these observations, it is concluded that BCG may completely inhibit the outgrowth of leukaemic cells, provided that
their number is below a certain critical value. If less than 10
leukaemic cells are present at the time of maximum immunostimulation of the host by BCG, all rats survive (Fig. 1 ) . Maximum stimulation in the BN rat was achieved 14 days after the administration
of BCG as judged by the increase in spleen weight. Therefore, it
seems that some time is needed after BCG injection before the immune apparatus is sufficiently activated to effectively inhibit
the proliferation of leukaemic cells.
It is concluded that in this model, BCG is only effective in
terms of inhibiting leukaemia growth when the leukaemic cell load
is very small. If these data may be extrapolated to man, thif
would mean that a positive effect of BCG might be expected only
when the original tumour load is reduced by more than 9 decades
(from 1 0 1 2 to less than 10 cells) by preceding remission-induction chemotherapy. The difference in the number of residual leukaemic cells in individual patients at the time of BCG treatment
might well explain the conflicting results from the various clinical studies.
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Figure 2
Survival of rats treated with BCG (3 mg i.v.) before or after inoculation with
the BN acute myelocytic leukaemia (BNML).
With respect to the mode of action of BCG, it should be mentioned, that even weak antigenicity could never be demonstrated
for BNML cells. The observation that BCG, if administered at the
right time, hampers leukaemia growth, might indicate e.g. stimulation of macrophages. If patients do not respond to BCG this might
well mean that they lack a sufficient number of stimulatory macrophages. Obviously, this hypothesis remains to be investigated.

Ha-,enbeek, A. and Van Bekkum, D.W., Editors Leukemia Research £,
Proc. of a Workshop on Comparative evaluation of the L5222 and
the BNML rat leukaemia models and their relevance for human
acute leukaemia (1977).
Math§, G. et al. , Lancet _1 (1969) 697.
Powles, R.L. et al., Br. J. Cancer 28 (1973) 365.
Leukaemia Committee and the Working Party on Leukaemia in Childhood. Br. Med. J. 4 (1971) 189.
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PIPERAZINEDIONE IN ERADICATION CHEMOTHERAPY IN A RAT MODEL FOR
ACUTE MYELOCYTIC LEUKAEMIA

A. Hagenbeek and A . C M . Martens

Piperazinedione is an antibiotic isolated from the fermentation broth of Streptomyces griseoluteus by Gitterman et al.
(1970). It has activity against a variety of rodent and human
tumours. The first results of high-dose piperazinedione treatment
in human acute myelocytic leukaemia (AML) in combination with
total body irradiation and autologous bone marrow transplantation
demonstrate the great efficacy of the drug in this particular disease (M.D. Anderson Hospital and Tumor Institute, Houston, Texas,
USA; Dicke, personal communication).
In a rat model for human AML (BNML), various treatment regimens were investigated. Initially, the clinically used doses were
administered (human dose: 2 x 25 mg.m"2 at a 24 h interval; translated to the rat, this is 2 x 5 mg.kg" 1 i.p.). Treatment was
started at day 13 after inoculation with 10 7 BNML cells, which is
equal to the stage of "full blown" relapse in human AML. Two days
after the last injection of piperazinedione, 10
isologous normal
bone marrow cells were transplanted. Results are given in table 1.
Early death was observed in 50 % of the rats due to induced toxicity (complete aplasia; tumour cell emboli in the lungs; intraalveolar haemorrhages). The 50 % survival time of the remaining
rats was 55 days. They died from leukaemia. As the controls died
at day 23, the prolongation of lifespan of the treated rats was 32
days.
From another experiment it appeared that, w^th split doses (2
injections per day at an 8 h interval), the total dose administered could be increased to 12 mg.kg"1 (Fig. 1 ) . Provided that
bone marrow transplantation was followed by additional haematological supportive care (4 injections of 1 ml of packed erythrocytes
and platelets at 4 consecutive days), it was found that no toxicity-induced deaths occurred. There was no significant difference in
the survival time after i.p. or i.v. administration of piperazinedione (average 50 % survival time: 63 days). Without additional
care, 55 % of the rats died of the early toxic side effects of
piperazinedione. Controls died around day 20. Thus, in the successfully treated animals, the prolongation of lifespan as compared to the controls is 43 days. From the linear relationship between the number of leukaemic cells inoculated and the survival
time, it is known that survival of 43 days corresponds with an
initial number of 10 3 leukaemic cells (Hagenbeek, 1977). As the
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Figure 1
Survival time after split daily dose treatment with piperazinedione in the BN
acute myelocytic leukaemia (E/P: packed erythrocytes/platelets; 1 ml per injection; NBM: normal isologous bone marrow).

total tumour load at day 13 after injection of 10
BNML cells
ranges between 10 and 10
cells, it can be calculated that
piperazinedione decreases the number of leukaemic cells by 6-7 decades. Although the total dose of piperazinedione administered was
somewhat lower (10 mg versus 12 m g ) , the 2 x 5 mg regimen is less
effective (table 1) and much more toxic. Therefore, the presently
available data suggest that administration of piperazinedione in
split doses (in these experiments: at 8 h intervals per day) seems
to be more effective. This cannot be explained by specific kinetic
perturbations of the leukaemic cell population, because, in contrast to suggestions made by others (Rao and Mahagaokar, 1975;
Wheeler et al., 1976), DNA histograms of leukaemic cells prepared
by pulse cytophotometry revealed no cell cycle phase specific action of piperazinedione. It is therefore suggested that the drug
acts like an alkylating agent.
In summary, high-dose piperazinedione treatment has a very
strong antileukaemic activity (smallest surviving fraction: 10 ).
In addition, it reduces normal haemopoiesis to such a level that
subsequent bone marrow transplantation is required. Preliminary
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Table 1
EFFICACY OF PIPERAZINEDIONE TREATMENT IN THE BN ACUTE MYELOCYTIC
LEUKAEMIA*

Regimen

Prolongation of
lifespan** (days)

Decrease in
tumour load
(decades)

<1)

5 mg.kg" 1 q 24 h x 2

32***

4-5

(2)

2x2

43

6-7

mg.kg~

q 24 h x 3

Start of treatment: day 13 after inoculation with 10 7 leukaemic
cells; 10 isologous bone marrow cells were transplanted 2 (1)
and 1 (2) days after the last injection of piperazinedione.
** determined by 50 % survival time.
***50 per cent toxicity-induced deaths not included.
(1) n = 6 rats; (2) n = 14 rats.
*

experiments indicate that combination with lethal total body irradiation offers no additional advantage in terms of eradication of
the population of leukaemic cells. This unexpected finding obviously requires further investigation.

Gitterman, C O . et al., J. Antibiot. ^3_ (1970) 305.
Hagenbeek, A., Thesis, Erasmus University Rotterdam (1977).
Rao, P.N. and Mahagaokar, S., Proc. Am. Assoc. Cancer Res. lj>
(1975) 74.
Wheeler, G.P. et al., Cancer Treat. Rep. 6£ (1976) 1307.
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TOTAL BODY IRRADIATION FOR BONE MARROW TRANSPLANTATION IN ACUTE
LEUKAEMIA: A SEARCH FOR THE OPTIMAL TREATMENT SCHEDULE

A. Hagenbeek and A . C M . Martens

High dosis total body irradiation (TBI) has been employed for
many years in combination with cyclophosphamide or other chemical
agents and bone marrow transplantation in attempts to cure leukaemia. In contrast to most cytostatic agents, radiation also kills
non-proliferating leukaemic cells. In this respect it should be
mentioned that in human acute myelocytic leukaemia the majority of
leukaemic cells (65-90 %) is out of cycle. Besides, TBI reaches
leukaemic cells in the various hidden places in the body (brain,
meninges, ovaria, testicles). However, from several recent clinical studies it appeared that acute high dose TBI in particular in
combination with - preceding - chemotherapy may induce severe or
even fatal, toxicity in normal host tissues (lungs, Gl-tract) in
a significant percentage of patients. Based on a difference in
repopulation kinetics, it has been suggested that fractionated
TBI might decrease the toxic side-effects, without changing the
reduction of the tumour load.
In a rat leukaemia model (BNML), which shares many characteristics with human acute myelocytic leukaemia (Hagenbeek, 1977a)
tumour eradication and toxic properties of high dose rate acuteand high dose rate fractionated TBI were compared by determining
survival times after TBI and bone marrow transplantation. Gamma
radiation was used
[Caesium 137; dose rate: 1.15 Gy (115 rad) per
min]. Irradiation was started 13 days after inoculation with 10 7
BNML cells. This stage of the rat disease equals to the phase of
"full blown" relapse in the human disease. Within 24 h after the
last irradiation 1 0 8 isologous bone marrow cells were transferred.
This cell dose is known to be more than sufficient for an early
and complete haemopoietic recovery in supralethally irradiated
normal BN rats.
Firstly 9.0 Gy acute TBI was compared with 4-5 times 2.25 Gy
given in daily fractions (Fig. 1 ) . In the first group 45 % of the
rats died between days 24 and 30, i.e., 11-17 d after TBI. On
microscopical examination the lungs (interstitial pneumonitis;
tumour cell emboli; intra-alveolar haemorrhages) and the Gl-tract
(haemorrhages; denudated villi) showed severe lesions. The remaining rats died from leukaemia (50 % survival: 33 d ) . When the
total radiation dose was given in 4 fractions at 24 h intervals,
no early mortality was found. However, 50 % survival was only 23
days. With 5x 2.25 Gy only 2 days were added to the survival time.
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Figure 1
Survival of rats after TBI and isologous bone marrow transplantation in the BN
acute myelocytic leukaemia: 9.0 Gy (10 rats per group; irradiation took place
at day 13 after inoculation with 10 7 BNML cells; 10 8 isologous bone marrow
cells were infused 24 h later).

With a total dose of 13.5 Gy either given in 3 fractions of
4.5 Gy at 24 h intervals or in 6 fractions (2 x 2.25 Gy per day at
8 h intervals for 3 d) the following results were obtained (Fig.
2 ) . In both groups death from radiation-induced toxicity did not
occur. The 50 % survival time for the 3 x 4.5 Gy group was 36 d,
for the 6 x 2.25 Gy group 32 d.
Previously, a linear relationship was found between the number
of leukaemic cells injected in healthy animals and the survival
time. A tenfold decrease in initial leukaemic cell load prolongs
the survival by 4 d (Hagenbeek, 1977b). This finding enables one
to calculate the actual overall reduction in tumour load induced
by TBI or any other mode of treatment. The number of days added to
the lifespan of treated rats as compared with non-treated controls
divided by four gives the "log cell kill". For this computation
the assumption has to be made that leukaemic cells surviving TBI
do not differ in their growth pattern from unirradiated leukaemic
cells.
The efficacy of the various treatment schedules in terms of
log cell kill is given in table 1. It appears that large fractions
(4.5 Gy) are more effective than smaller ones (2.25 Gy) either
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Table 1
THE EFFICACY OF TOTAL BODY IRRADIATION ( 7 ) IN THE BN ACUTE
MYELOCYTIC LEUKAEMIA*

Regimen

2.25 Gy q 24 h x 4

Prolongation of
lifespan** (days)

Decrease in
tumour load
(decades)

Total radiation
dose (Gy)

6

1-2

9.0

2.25 Gy q 24 h x 5
2 x 2.25 Gy q 24 h x 3
4.5 Gy q 24 h x 3
9.0 Gy "acute"***

2

12
15

3
4

11.25
13.5
13.5
9.0

* 10 7 BNML cells i.v.: day 0; start of TBI: day 13.
** difference in 50 % survival time between treated and untreated animals.
***45% toxicity-induced deaths not included.
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Figure 2
Survival of rats after TBI and isologous bone marrow transplantation in the BN
acute myelocytic leukaemia: 13.5 Gy (5 rats per group; irradiation took place
at day 13 after inoculation with 10 BNML cells; 10 isologous bone marrow
cells were infused 8 h after the last session of irradiation.

given once or twice a day. Obviously, small fractions will
kill
less cells and - particularly
if the intervals are
sufficiently
long - will enable a significant repopulation in between the i r r a diation sessions. Unfractionated
exposure resulted in highest
tumour cell k i l l . However, a substantial percentage of early mort a l i t y was found.
On the basis of these results TBI in 2 or 3
large fractions would appear to be the optimal schedule for untreated or relapsed acute myelocytic leukaemia. It remains to be
established whether toxic side-effects will appear when fractionated TBI is combined with chemotherapy.

Hagenbeek, A., Thesis, Erasmus University, Rotterdam (1977a).
Hagenbeek, A., Leukemia Research 1 (1977b) 85.
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AUTOLOGOUS BONE MARROW TRANSPLANTATION FOR TREATMENT OF LEUKAEMIAS
SEPARATION OF NORMAL HAEMOPOIETIC STEM CELLS FROM CLONOGENIC
LEUKAEMIC CELLS IN A RAT MODEL FOR ACUTE MYELOCYTIC LEUKAEMIA

A. Hagenbeek and A . C M . Martens

The successful outcome of autologous bone marrow transplantation in leukaemia depends on: 1) complete eradication of the leukaemic cell population present in the host; and 2) reinfusion of
leukaemia cell-free normal marrow, obtained earlier during complete remission.
In an earlier report (Annual Report 1977, p. 89) the first results on separation of normal haemopoietic stem cells (HSC) from
clonogenic leukaemic cells (CLC) using the velocity sedimentation
technique were described in a rat model for acute (pro-)myelocytic
leukaemia (BNML). It was found that below a sedimentation rate of
4 mm.h" 1 , 88 % of the HSC and only 1 % of the CLC were recovered.
Recently, mixture experiments were performed; i.e. different
mixtures of normal bone marrow cells and leukaemic cells were prepared, separated, and fractions below a certain sedimentation rate
were injected into normal recipient rats. These rats were observed
for 250-300 days to see whether they would develop leukaemia. It
should be mentioned that 1 CLC causes death from leukaemia about
60 d later (Hagenbeek, 1977). The results are given in table 1.
The efficacy of the separation procedure was tested on three mixtures. In each experiment a total number of 2 x 10 cells was introduced in the sedimentation chamber. The critical area appears
to lie somewhere between a contamination of 1 CLC per 2000-10,000
normal bone marrow cells, i.e., per 14 to 70 HSC (normal rat bone
marrow contains 7 HSC per 1000 nucleated cells). From the number
of CLC per inoculum after separation, derived from the survival
time of the rats (linear relationship), it was calculated that the
number of CLC per injected fraction expressed as percentage of the
number of CLC present in the original mixture was 0.8 % for experiment (b) and 0.7 % for experiment (c).
If, before remission-induction chemotherapy, the bone marrow
consists, e.g., for 90 % of leukaemic cells it can be calculated
that it is required to reduce the leukaemic cell load with 5-6 decades. Provided that normal bone marrow cells (including HSC)
repopulate at a much faster rate than leukaemic cells,, one might
meet a marrow population containing 1 CLC per 70 HSC somewhere
during the remission phase. From this mixture the leukaemic cells
could then selectively be removed. However, as a decrease with 5-6
decades will not always be achieved, separation by velocity sedi-
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Table 1

SEPARATION OF CLC PROM NORMAL BONE MARROW CELLS BY VELOCITY SEDIMENTATION
BN acute myelocytic leukaemia
before separation

no. cells
injected

deaths/
total

normal BM cells

(a)

1

10
1_
(b)
3
2x10
1

(c)

1.3 x 10
2.4 x 10
3

x 10

2x10
CLC: clonogenic leukaemic cells
-1
fraction injected: (a) <4.46 mm.h
-1
(b) < 4.55 mm.h
-1
(c)< 4.24 mm.h

average
CLC
survival
per
time (days) inoculum

after separation
CLC
normal BM cells
0

0/5
3/6
6/6

56 (90)
52

(1) 10
100

1.3 x 10
1
2.4 x 10f
1
3

x 10*

mentation is not sufficient. Either a more effective separation
method or combination with another procedure (e.g. cell electrophoresis: see page 127, or density separation) should be applied.
In this report the results of density separation using discontinuous albumin two-step density gradients are presented. In contrast
to velocity separation, where cells are separated mainly based on
their size, the density gradient - apparently - distinguishes between cells with different density.
From studies by Van Bekkum (1977) it appeared that the majority of HSC (colony forming units spleen - CFU-s - as determined by
a spleen colony assay modified for the rat) settles between densiIn this study 30 - 50 % of the HSC
ties 1.065 and 1.068 g.cm -3
are recovered below a density of 1.071 g.cm -3
Most of the CLC
(leukaemic promyelocytes) have densities greater than 1.071 g.
cm" , as is demonstrated in table 2. The optimal density to separate the two cell populations is at 1.065 g.cm"3. It should be
mentioned that leukaemic promyelocytes seem to settle at a greater
density as compared with less differentiated leukaemic cells. This
statement was confirmed by separation studies with cells derived
from a patient with acute promyelocytic leukaemia (80 % of the
leukaemic cells settled above a density of 1.065 g.cm" 3 ). Human
acute myelocytic leukaemia cells have a density around 1.062 g.
cm"3 (Moore et al., 1973). In this respect, when separation
studies are performed with clinical material, one should be aware
that every leukaemia might have its own density characteristics.

Table 2

SEPARATION OF NORMAL HAEMOPOIETIC STEM CELLS AND CLONOGENIC
LEUKAEMIC CELLS BYDISCONTINUOUS "TWO STEP" DENSITY
CENTRIFCJGATION
density (g.cm" )

CFU-s*

CLC*

97
34
47
46
*colony forming units spleen (CFU-s = normal haemopoietic stem
cells) and clonogenic leukaemic cells (CLC) finally recovered,
expressed as percentage of the original number before separation.
Data from separate experiments were pooled. N.D.: not determined.
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Theoretically, if velocity separation (below a sedimentation
rate of 4 mm.h" 1 , 88 % of the HSC and only 1 % of the CLC are recovered) is followed by density separation (below 1.065 g.cm'-3 46
% of the remaining HSC and 2 % of the remaining CLC are recovered), the final yield of HSC would be 40 % of the number started
with, while only 0.02 % of the original population of CLC would be
present in that particular fraction. This then would be a highly
efficient separation procedure, because a cell mixture containing
1 CLC per 3.5 HSC (or: per 500 bone marrow cells, as 1000 bone
marrow cells contain 7 HSC) would be completely decontaminated
from CLC and at the same time yield the number of HSC required to
restore normal haemopoiesis after transplantation into lethally
treated leukaemic rats. At present, this theory is tested by in
vivo experiments.
For clinical application, the combination of velocity and density separation does not seem to be optimal. In particular with
the density separation method relatively few normal haemopoietic
stem cells are recovered. Therefore new separation methods are being developed (see page 127).

Van Bekkum, D.W. p. 3. In: Experimental Hematology Today (Eds.
S.J. Baum and G.D. Ledney), Springer Verlag, N.Y. (1977), 3.
Hagenbeek, A., Leukemia Research 1^ (1977) 85.
Moore, M.A.S. et al., J. natl. Cancer Inst. j[0 (1973) 603.
\ \
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SEPARATION OF NORMAL HAEMOPOIETIC STEM CELLS FROM CLONOGENIC
LEUKAEMIC CELLS BY CELL ELECTROPHORESIS

A . C M . Martens, S.J.L. Bol and A. Hagenbeek

The BN acute myelocytic leukaemia (BNML), chemically induced
by dimethylbenzanthracene in the Brown Norway (BN) rat, is studied
as an experimental model for human acute myelocytic leukaemia
(AMD;
(Hagenbeek and Van Bekkum, 1977). Cell separation studies
have been employed to characterize normal and leukaemic cells. The
aim of these investigations is to eliminate clonogenic leukaemic
cells (CLC) from leukaemic marrow without losing normal haemopoietic stem cells. This is a prerequisite for the effective application of autologous bone marrow transplantation where marrow is
obtained after remission induction chemotherapy in AML. After
storage of these purified stem cells in liquid nitrogen, they can
be used for bone marrow restoration after eradication therapy has
been applied during the remission phase or at relapse of the leukaemia.
Results obtained with density separation (Van Bekkum, 1977)
and sedimentation velocity separation
(Hagenbeek and Martens,
1978) revealed separation to an acceptable degree of purity. However, the number of cells that can be processed in a short time is
limited and insufficient to be used for clinical application.
The present studies describe the separation of normal and leukaemic cells on the basis of cell membrane charge density by use
of the free flow cell electrophoresis technique.. This method allows continuous separation of cells with a maximum input of 2 x
10 cells per hour.
Electrophoresis was carried out with an Elphor Va P5 apparatus
(Bender and Hobein GmbH, Miinchen) according to the method desdescribed by Hannig et al. (1975) and Von Boehmer et al. (1974).
Cells with different electrophoretic mobility (EPM) were collected
in different fractions. Viable nucleated cell counts were performed on each fraction by pulse cytophotometry
(BIO/PHYSICS)
after staining with propidium iodide and fluorescein diacetate
(Annual Report 1976, p. 221).
The presence of stem cells in the collected fractions was determined by the CFU-s assay in 10.25 Gy (1025 rad) gamma irradiated BC3 male mice. The EPM distributions of untreated normal and
leukaemic nucleated bone marrow cells were almost completely concurrent. Also no detectable difference in EPM was found between
normal haemopoietic stem cells (CFU-s) and leukaemic cells (Fig.
1A). Apparently, stem cells are not concentrated and cannot be
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Figure 1
Electrophoretic mobility of normal haemopoietic stem cells (CFU-s) and leukaemic cells.
A. Untreated cells; B. Neuraminidase-pretreated cells.
CFU-s;
Leukaemic
cells.
The distributions are calculated as the number of cells per fraction and are
expressed as a percentage of the maximum value.
separated
from leukaemia cells by this procedure. It should be
mentioned that data obtained in previous studies indicated
that

every viable leukaemic cell is a clonogenic leukaemic cell (Hagenbeek and Martens, 1978).
In addition to studies on untreated normal and leukaemic bone
marrow cells, the EPM of neuraminidase-treated cells was investigated. Treatment of cells with Vibrio Cholerae neuraminidase r e sults in removal of membrane sialic acid residues. Since sialic
acid is negatively charged, removal of this molecule will affect
the EPM of cells. BNML cells have been reported to be highly s e n sitive to neuraminidase (Roeder, 1977).
The effect of neuraminidase treatment on the EPM of stem cells
and leukaemic cells is shown in Fig. IB. Neuraminidase treatment
strongly reduces the EPM of leukaemic cells, whereas the EPM of
normal bone marrow cells is hardly affected.
In agreement with data of Roeder (1977), it can be concluded
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that the contribution of sialic acid to the net electrical surface
charge of the leukaemic cells is high. Neuraminidase pretreatment
results in an efficient separation of stem cells from leukaemic
cells. The fraction of cells with an EPM faster than 1.42 cm .v~ .
sec"
contains 99 % of the recovered stem cells and 3 % of the
recovered leukaemic cells.
These results obtained in the BNML are encouraging in our
search for applicable separation procedures, because of the high
degree of elimination of leukaemic cells. The purification of haemopoietic stem cells might even be increased by combination of
cell electrophoresis with other separation methods (this report,
p.123).

Van Bekkum, D.W., p. 3. In: Experimental Haematology Today (Eds.
Baum, S.J. and Ledney, G.D.). Springer Verlag, New York (1977).
Von Boehmer, H. et al., J. Cell. Physiol. £3 (1974) 231.
Hagenbeek, A. and Van Bekkum, D.W., Editors, Leukaemia Research _1,
no. 2. Proc. of a Workshop on: Comparative evaluation of the
L5222 and the BNML rat leukaemia models and their relevance for
human acute leukaemia (1977).
Hagenbeek, A. and Martens, A . C M . , Experimental Hematology j>
(1978) 99.
Kannig, K. et al., Hoppe-Seyler's Z. Physiol. Chemie 356 (1975)
1209.
Roeder, C , Leukaemia Res. 1 (1977) 201.
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TUMOUR INDUCTION AND TUMOUR BIOLOGY
UBIQUITY OF NATURAL ANTIBODIES TO THE MURINE MAMMARY TUMOUR VIRUS
IN MICE

P. Bentvelzen and J. Brinkhof

Molecular hybridization studies have shown that every inbred
mouse strain tested so far contains proviral DNA copies of the murine mammary tumour virus (MuMTV) in its normal cellular DNA
(Morris et al., 1977). These endogenous viruses are antigenic in
their murine hosts, as detected with the immunoprecipitation technique using radioiodinated virus particles (Ihle et al., 1976). In
the present study, sera from female and male mice of a number of
inbred mouse strains taken at different ages were tested in the
Sepharose bead immunofluorescence assay for antibody activity
against MuMTV. Except for the AKR and CBA-N strains, all lines
were positive for natural antibodies to the virus, although the
onset of antibody production varies (Table 1 ) . The titer of antiTable 1
ENDPOINT TITERS OF SERA FROM FEMALES OF DIFFERENT INBRED RODENT
STRAINS TAKEN AT DIFFERENT AGES FOR REACTIVITY WITH THE MURINE
MAMMARY TUMOUR VIRUS
Mouse strain

MuMTV status*

4
AKR
BALB/c
C3Hf
C57BL/Rij
CBA/Rij
CBA-N
DBAf
GR
ND2
RFM
SJL/J
WAG/Rij (rat)

Age (weeks)
12
36

60

640
160
-

160
640
640
-

2560
2560

_
640
640

160
640
640
640

640
640

640
160

2560
2560

ND

2560
ND**
2560

640
640
ND
ND
2560

ND
ND

* based on viral antigens in the milk
**ND = not done
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bodies increases with age. There is no association between the release of virus by the mammary gland and antibody status, suggesting that the immunological reactivity is due to expression of
endogenous MuMTV in other organs.
The ubiquity of natural antiviral antibodies, in contrast to
the findings of Ihle et al. (1976)/ may suggest non-specificity of
the Sepharose bead immunoassay. However, specificity was concluded, in that absorption with foetal calf serum or sheep erythrocytes did not affect the reaction (Fig. 1 ) , in contrast to
absorption with MuMTV (Fig. 2 ) . In addition, the higher titres
were retained when sera were tested on beads coupled with highly
purified MuMTV polypeptides (Westenbrink et al., 1977). Specificity was also concluded from the lack of correlation between antibody titer to MuMTV and murine leukaemia virus. The antibody na-

O untreated mouse serum
+ addition of MuMTV to the mouse serum
T addition of Rabbit anti mouse Ig 6 to the mouse serum
no mouse serum added

10° •

40

160

640

2560

10240

40960

<*>

mouse scrum dilution

Figure 1
Specificity of natural
virus.
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antibody activity of mouse

sera to the mammary

tumour

O untreated mouse serum
• serum diluted in FCS
A serum absorbed with sheep red blood cells
no mouse serum added

e\,

10°

40

160

640

2560

10240

40960

«

mouse serum dilution

Figure 2
Blocking of natural antibody reactivity of mouse sera to
coupled with mammary tumour virus by absorption with MuMTV
ment with antiserum to mouse IgG.

Sepharose beads
or by pretreat-

ture of the reaction becomes evident from the removal of the activity by preincubation of sera with rabbit antiserum to mouse IgG
(Pig. 2) or with protein A from Staphylococcus aureus. It is concluded that this solid-phase immunoassay is more sensitive and detects antibodies with less affinity than needed for precipitation
of intact virus particles.
The -ubiquity might be due to horizontal transmission in the
rodent colony, but as germfree mice of several strains which had
been foster-nursed by "virus-free" females and kept separated from
each other were also strongly positive for natural antibodies to
MuMTV, this seems to be a remote possibility.
On the basis of the present knowledge of mammary tumour incidences in these mouse strains, the conclusion can be drawn that
antibodies are not indicative for an increased risk of tumour de-
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velopment. Although natural antibodies to MuMTV can be cytotoxic
to mammary tumour cells (this Annual Report, p.143)/ no immunosurveillance role of these antibodies is apparent. Other mechanisms
complicate the possible antitumour activity of these antibodies.

Ihle, J.N. et al., Cancer Res. 2£ (1976) 2840.
Morris, V. et al., J. Mol. Biol. 1JL4 (1977) 73.
Westenbrink, F. et al. Europ. J. Biochem. 76 (1977) 85.
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HUMORAL RESPONSE OF MICE TO IMMUNIZATION WITH VIRALLY-INDUCED
MAMMARY TUMOUR CELLS

F. Westenbrink, W.H. Koornstra and J. Brinkhof

Immunization with virally-induced mammary tumours can evoke
strong cross reactive transplantation resistance in syngeneic uninfected mice (Weiss, 1969). The cross reactive antigens may be
either structural viral proteins or a virally coded non-virion
antigen, presumably the product of the mam-gene of the virus (Hil~
gers and Bentvelzen, 1978). We have attempted to serologically
characterize the tumour-specific cell surface antigens of such
tumours.
Mice of the C3Hf strain were immunized six times with 10 irradiated cells (20 Gy = 2000 rad) of the cloned cultured mammary
gp 52

28

unabsorbed antiserum
antiserum absorbed
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Figure 1 a
Immunoprecipitation and subsequent gel electrophoresis of radio-iodinated proteins by murine antisera from mice hyperimmunized with mammary tumour cells.
C3Hf mouse antiserum to C3H mammary tumour cells reacted with tumour extracts.
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Figure 1 b
Immunoprecipitation and subsequent gel electrophoresis of radio-iodinated proteins by murine antisera from mice hyperimmunized with mammary tumour c e l l s .
C3Hf mouse antiserum to C3H mammary tumour cells reacted with mammary tumour
virus p a r t i c l e s .

tumour cell line C3HMT/cl 11. The pooled sera reacted in complement-dependent cytotoxicity and membrane immunofluorescence assays
not only with the immunizing tumour but also with a virally induced mammary carcinoma of the BALB/cfC3H and GR s t r a i n s . No reactions were found with cultured murine embryonic fibroblasts, mammary e p i t h e l i a l c e l l s or BALB/3T3 c e l l s infected with Rauscher
murine leukaemia virus. In immunoprecipitation techniques, the
sera precipitated mainly a protein with a molecular weight of
52,000 daltons from radio-iodinated extracts of mammary tumour
c e l l s (Fig. l a ) . From disrupted radioiodinated virus particles
not only the 52,000 protein (gp52) but also the structural proteins gp36 and p28 are precipitated (Fig. l b ) .
Sera from BALB/c mice immunized with a transplanted v i r a l l y induced syngeneic mammary adenocarcinoma recognize in tumour cell
extracts not only gp52 but also the v i r a l core protein p28 (Fig.
1 c and d ) .
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Figure 1c

Immunoprecipitation and subsequent gel electrophoresis of radio-iodinated proteins by murine antisera from mice hyperimmunized with mammary tumour cells.
BALB/c antiserum to BALB/cfC3H mammary tumour cells reacted with tumour extracts .
p 28

10

e
a.

.5

___

unabsorbed antiserum

___

antiserum absorbed
with virus

4

10

20

30

50

60

70

gelfraction

Figure 1d

Immunoprecipitation and subsequent gel electrophoresis of radio-iodinated proteins by murine antisera from mice hyperimmunized with mammary tumour cells.
BALB/c antiserum to BALB/cfC3H mammary tumour cells reacted with mammary tumour virus particles.
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Absorption of either set of sera with purified virus particles
resulted in complete negation of reactivity in cytotoxicity and
membrane inununofluorescence assays and a drastic reduction in the
immunoprecipitation test. Obviously, these sera recognize neither
unique tumour antigens as described in mammary tumours (Blair and
Lane, 1978) nor cross-reactive non-virion antigens produced by the
putative mam-gene of the virus. The cross reactive transplantation
antigens seem to be different viral structural proteins.

Blair, P.B. and Lane, M.A., Int. J. Cancer _2_1 (1978) 476.
Hilgers, J. and Bentvelzen, P. Adv. Cancer Res. 29_ (1978) 143.
Weiss, D.W. Cancer Res. 29 (1969) 2368.
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EXPRESSION OF ENDOGENOUS MURINE MAMMARY TUMOUR VIRUS IN LATE
APPEARING MAMMARY CARCINOMAS OF PRESUMED VIRUS-FREE MICE

P. Bentvelzen

Expression of endogenous murine mammary tumour virus (MuMTV)
in the mammary gland at a young age is associated with an increased risk for mammary tumour development/ but a substantial
number of tumours arise in mice which are negative for viral antigens in the milk at the age of 6 months (Bentvelzen et al., 1978).
To investigate whether age-dependent switching on of endogenous
MuMTV is associated with "spontaneous" development of mammary carcinomas in the latter category of mice, cell-free extracts of a
number of tumours were bioassayed for the presence of infectious
MuMTV in female BALB/c mice (Table 1 ) .
Table 1

PRESENCE OF INFECTIOUS MAMMARY TUMOUR VIRUS IN MAMMARY TUMOURS-OF
PROGENY FROM HYBRID MICE
Number of
tumours

GR-crosses
Early tumours
Late tumours in viruspositive mice
Late tumours in virusnegative mice
C3Hf crosses
Early tumours
Late tumours in viruspositive mice
Late tumours in virusnegative mice

Number with
virulent
MuMTV*

Number with
late-oncogenic
MUMTV**

17

16

19

2

12

8

1

1

5
23

0
2

14

4

14

* Inducing at least 30 % mammary tumours before one year of age in
BALB/c mice.
**Inducing at least 60 % mammary tumours at two years of age in
BALB/c mice.
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In crosses involving the high mammary cancer strain GR, a virulent MuMTV was found in 16 of 17 early tumours in the offspring.
In 16 of 27 tumours which appeared after one year, infectious
virus was found but was proved to be highly oncogenic in only 3
cases. Two of those virus-positive late tumours arose which were
negative for viral antigens in the milk when tested a year earlier.
In crosses involving the C3Hf mouse strain, which has a moderate mammary tumour incidence and spontaneously releases -a lateoncogenic MuMTV strain, 24 of 42 tumours proved to contain infectious virus. In only 4 cases this virus proved to be virulent in
that it induces tumours before one year of age in the BALB/c recipients. Five of those virus-positive tumours arose in mice which
were virus-free at 6 months of age.
Another collection of tumours which arose in the same series
of genetical experiments (Bentvelzen et al., 1978) were tested in
the Sepharose bead immunofluorescence assay for the presence of
the viral envelope glycoprotein gp52. The minimal detectable amount of purified MuMTV, when diluted in phosphate-buffered saline, is 1 ng in a 50 ul sample. However, diluted in a rat mammary
carcinoma or spleen tissue extract, the sensitivity of the technique decreases 16-fold (Fig. 1) when used as an endpoint dilution
assay. Without this control experiment, several values obtained
with murine tumour extracts would have been regarded as positive,
while they were due only to non-specific reactions with tissue
proteins.

D dilutions in PBS-tween
• dilutions in rat mammary
tumour extract

"0

2

4

6

8

10

12

14

16

dilution MuMTV preparations

Figure 1
Influence of organ extracts on inununofluorometric assay of viral proteins.
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All 41 tumours which arose in mice which were positive for
MuMTV in the milk at 6 months of age were also positive for gp52.
Of the 39 tumours which arose in so-called virus-negative mice, 25
were positive for this viral protein, suggesting that the tumours
developed as a result of switching on of MuMTV at a late age. A
significant minority of the tumours showed no signs of expression
of MuMTV. It remains to be established whether they are the result
of switching on of only the mam-gene of endogenous MuMTV (Hilgers
and Bentvelzen, 1978).

Bentvelzen, P. et al., Europ. J. Cancer 1^4 (1978) 1137.
Hilgers, J. and Bentvelzen, P., Adv. Cancer Res. 29^ (1978) 143.
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CYTOTOXIC ACTIVITY TO MOUSE MAMMARY TUMOUR CELLS OF SERA PROM
NORMAL AND TUMOUR-BEARING MICE

P. Creemers

Sera from mice with mammary carcinomas have a cytotoxic activity against mammary tumour cells but only at high dilutions, suggesting the presence of an inhibitor (Stolfi et al., 1975). In the
present study, it was found that sera from GR mice with a primary
mammary tumour or BALB/c mice with a transplanted virally induced
mammary neoplasm specifically kill the mammary tumour cell line
Mm5mt/cl, but not the BALB/3T3 cells infected with Rauscher murine
leukaemia virus. Cytotoxicity was found only when sera were diluted 16-128x. Maximum cytotoxicity (approx. 50 %) was found when
the average tumour weight was 2-4 g. Absorption of the cytotoxic
serum with murine mammary tumour virus (MuMTV) blocked the cytotoxic action of the sera, but absorption with the purified viral
polypeptides gp52 and p28 had no effect. It is assumed that the
cytotoxic antibody is directed against another MuMTV glycoprotein,
gp36, which is also exposed on the cell surface.
Sera from normal mice of several mouse strains were found to
be cytotoxic to the Mm5mt/cl cell line (table 1 ) . Cytotoxicity is
considerably less than that of sera from tumour-bearing mice, but,
also in this case, the sera must be diluted before killing takes
place. There are no appreciable differences between sera from
female and male mice. Also sera from strains such as BALB/c, which
do not express MuMTV in the mammary gland (Michalides et al.,
1978), have a considerable cytotoxic activity.
It must be concluded that the cytotoxic antibodies in normal
mice are the consequence of expression of endogenous MuMTV in tissues other than the mammary gland.

Michalides, R. et al., J. Virol. 27 (1978) 551.
Stolfi, R.L. et al., J. Immunol. 114 (1975) 1824.
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Table 1
CYTOTOXIC ACTIVITY OF SERA FROM NORMAL MICE FOR
THE CELL LINE Mm5mt/cl

Mouse
strain

AKR

C57BL
DBAf

Age
(weeks)

1/5

26
12
19

10

0/5

0

4

1/5
2/5
0/5

14
20
0

10 - 40
80 •-160
-

1/5
2/5

15
10

320 •- 640

2/5
1/5
1/5

33
13
10

10 - 160
80 --640
80-2560

0/5
2/5
3/5

0
22
13

4

4
12
36

GR

160-1280
8 0 •- 320
20 -160

4/5
3/5

42
BALB/c

Range serum
dilutions with
cytotoxic
activity

12
24
36

13
44
C3Hf

Females
number
Highest
positive/
cytotoxicity*
number
tested

5
12
22

-

40 •-640

—
10 - 80
40 •-320

* The average of the highest % cytotoxicity of the positive mice,
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INHIBITION OP THE CYTOTOXIC ACTION OF A RABBIT ANTISERUM TO THE
MURINE MAMMARY TUMOUR VIRUS BY PREINCUBATION OF TARGET CELLS
WITH MOUSE SERA

P. Creemers

Sera from both tumour bearing mice (Stolfi et al., 1975) and
normal mice (this Annual Report, p.143) are cytotoxic to mouse
mammary tumour cells, but only at high dilutions. This prozone effect has been explained by the presence of an inhibitor which interferes with cytotoxicity.
When target cells Mm5mt/cl (Fine et al., 1974) which have been
labelled with 51 Cr are incubated with mouse sera, they become insensitive to the cytotoxic action of a subsequently added rabbit
antiserum to the murine mammary tumour virus (Fig. 1 ) . These mouse
sera block to a lesser extent the cytotoxic action of a rabbit
antiserum to Rauscher murine leukaemia virus (R-MuLV) on BALB/3T3
100

50

rabbit anti gp 52
O MuMTV
A R-MuLV
0 normal mouse serum
(BALB/c 2wk. )

10

16

20

32

50

64

serum dilution

Figure 1
Blocking activity of mouse serum on the cytotoxic
to the mammary tumour virus.

action of a rabbit antiserum
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cells infected with R-MuLV. A slight inhibition is observed of the
cytotoxic activity of a rhesus monkey antiserum to vaccinia on
L929 cells infected with this virus.
Sera from AKR mice show little inhibitory activity, while sera
from SJL and C3Hf mice have a very pronounced effect on the cytotoxic activity of the heterologous antiserum (Table 1)* The presence of a mammary tumour causes a strong increase in inhibition;
the larger the tumour the greater the inhibition.
The inhibitory effect of the serum of a 12-week-old B?.LB/c
mouse could be removed by prior incubation of the mouse se>-am with
a rabbit antiserum to the MuMTV polypeptide gp52 (Fig. 1 ) . Incubation of Mm5mt/cl cells with MuMTV also had an inhibitory effect on
the action of the heterologous antiserum, while incubation with
R-MuLV or ovalbumin had no effect at all. Also incubation with immune complexes of MuMTV and rabbit antibodies in different ratios
could block the cytotoxic action of rabbit anti-MuMTV (Fig. 2 ) .

100

50 -

O
Q
V
O
A
•

2

4

8

16

32

64

MuMTV
MuMTV/antiserum
I bid. 1:10
I bid. 1:100
R-MuLV
anti-MuMTV

128

256

512

1:1

1024

serum dilution

Figure 2
Influence of pretreatment of tumour cells with mammary tumour viruses or immune
complexes on the cytotoxic action of an antiserum to the virus. Inhibitory effect of prior incubation of mammary tumour cells with mammary tumour virus or
immune complexes of viral polypeptides on the cytostatic action of a rabbit antiserum to the virus.
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Table 1
INHIBITION OF CYTOTOXIC ACTIVITY OF RABBIT ANTI-MuMTV SERUM ON
Mm5mt/cl CELLS BY SERA FROM NORMAL MICE OF DIFFERENT STRAINS

test serum
dilution:
Mouse
strain
AKR

C57BL

per cent
cytotoxicity
1/4

1/8

0
0

12
25
36

64
74
44
43

103
92
71
76

0
0
0
0

4
4
52
52

37
47
29
39

68
72
52
63

39

87

Sex

0
0

Age
(weeks)

4

DBAf
C3Hf

0
0
0
0

4
4
36
42

23
26
46
22

59
39
80
40

BALB/c

0
0
0
0

4
5
14
60

28
32
20*
18

47
54
29
44

RFM

0
0

17
40

44
39

100
60

SJL/J

0
0
0
0

4
4
12
17

25
35
27
18

59
69
45
52

GR

0
0
0
0

6
8
46
48

29
53
25
39

71
75
45
57
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It seems that either free gp52 of MuMTV or immune complexes in
mouse sera block the cytotoxic action of the heterologous antiserum to MuMTV. Furthermore/ they are the inhibitory factors which
cause the prozone effect of mouse sera in cytotoxicity on mouse
mammary tumour cells.

Fine, D.L. et al., Applied Microbiol. 28 (1974) 1040.
Stolfi, R.L. et al. # J. Immunol. L14 (1975) 1824.
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SEARCH FOR IMMUNE COMPLEXES OF VIRAL POLYPEPTIDES IN THE SERUM OF
MICE WITH MAMMARY TUMOURS

J. Brinkhof and P. Bentvelzen

In tumour immunology much attention is paid to immune complexes of tumour-associated antigens and their presumed interfering role in immunosurveillance. Since the polypeptide gp52 of
the murine mammary tumour virus (MuMTV) is immunogenic in mice
(Creemers et al., 1977) and is released by tumour cells (Ritzi et
al., 1977; Zangerle et al., 1977; Arthur and Fine, 1978), it might
be regarded as a mammary tumour-associated antigen. Using a highly
sensitive enzy 9-1 inked immuno assay (Annual Report 1977, p. 341),
it was investigated whether this antigen occurred in immune com-

Glass - rabbit - anti MuMTV gp 52
O serum BALB/cf C3H
• serum BAlB/c I t wk.
a p28 in serum BALB/cf C3H
no mocttf serum added

r
"c

102-J
4

5

6

7

mouse serum dilution ( ~ log )

Figure 1
Presence of polypeptides from the mammary
bearing mice.

tumour virus in the serum of tumour-
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plexes in the serum of tumour-bearing mice.
Glass beads coupled with antisera to either MuMTV-gp52 or to
MuMTV-p28 were incubated with sera from tumour-bearing BALB/cfC3H
mice. It was found that the mouse sera contained large amounts of
gp52 (1 ug.ml ) but not of p28 (Fig. 1 ) . In the virus particles,
the quantities of the two viral polypeptides are approximately the
same. The excess of gp52 in the serum must therefore be due to
release of the antigen from the cell surface and not from virus
particles which have budded from the tumour cells.
The mouse sera also contain high titres of antibodies which
react with glass beads coupled with MuMTV. In competition experiments with a rabbit antiserum to gp52, the reaction of the mouse
serum is blocked almost completely, indicating that a large portion of the anti-MuMTV antibodies are directed against the viral
envelope glycoprotein gp52.
Prior incubation of the mouse sera with either rabbit antiserum to mouse IgG or protein A from Staphylococcus aureus completely abrogates the reaction of the sera with beads coated with
MuMTV, but has little influence on the gp52 content of the serum
(Fig. 2 ) .
Rabbit - anti - MuMTV gp 52 sandwich ; interlayer

104-

• serum BALB/cf C3H
O serum treated with RAMIg6
A serum treated with Sepharose Prot A

6

10

3_

mouse serum dilution (

log )

Figure 2
Influence of pretreatment of sera from
gp52 from the mammary tumour virus.
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tumour-bearing mice on the

content of

As the enzyme-linked immunoassay can detect gp52 in artificially
prepared immune complexes, it follows that little of the gp52 in
the serum of tumour-bearing mice is present in the form of immune
complexes.

Arthur, L.O. and Fine, D.L., Int. J. Cancer ££ (1978) 734.
Creemers, P. et al., J. natl. Cancer Inst. 5£ (1977) 895.
Ritzi, E. et al. , J. exp. Med. .145 (1977) 999.
Zangerle, P.F. et al., Cancer Res. 32 (1977) 4326.
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THE PRESENCE OF A MURINE MAMMARY TUMOUR VIRUS CORE PROTEIN ON THE
SURFACE OF TUMOUR CELLS

F. Westenbrink, W. Koornstra and P. Creemers

The two major polypeptides of the murine mammary tumour virus
(MuMTV) are the envelope glycoprotein with a molecular weight of
52,000 daltons (gp52) and the core protein with a molecular weight
of 28,000 daltons (p28) (Teramoto et al., 1974). In infected
cells, gp52 is deposited on the cell surface at the sites where
virus particles will be formed, while p28 is mainly associated
with intracytoplasmic structures which are the precursor stages of
complete virions (Smith, 1978).
By means of complement-dependent cytotoxicity tests, it was
found that only antisera to gp52 could kill cultured mammary tumour cells (Annual Report 1977, p. 111). However, in the membrane
immunofluorescence test, a faint reaction of MuMTV-producing cells
with antisera raised against p28 was noted. Using the cytostasis

•

a P 28 on CSH MT / c l 11 16 h incubation

O a p 28 on C3H MT / c l 11 40 h incubation
A serum control
a
c

5

50

I

g

0-

2

4

8

16

32

64

128

256

512

1024

serum dilution

Figure 1
Cytostatic activity of an antiserum to the viral core protein p28 to mouse mammary tumour cells.
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100

• a MuMTVO a p 28

j on C3H MT/cl 11

a p 28 on BALB/3T3 + R-MuLV

o

o

50

2

4

8

16

32

64

128

256

512

1024

serum dilution

Figure 2
Antibody-dependent cytotoxicity of human leukocytes to mouse
cells, using a rabbit antiserum to the viral core protein p28.

mammary tumour

assay/ in which the effect of incubation with antiserum upon the
3
H-thymidine incorporation of cultured cells is determined, antiserum to p28 proved to arrest the growth of the mammary tumour
cell line C3HMT/cl 11 (Fig. 1 ) . In the antibody-dependent cellular
cytotoxicity assay, in which 5 1 Cr labelled cells are first incubated with antisera and subsequently with human leukocytes (100fold excess over target cells), an antiserum to MuMTV shows a very
high kill rate, but an antiserum to p28 also significantly lyses
C3HMT/cl 11 (Fig. 2 ) . This antiserum has no effect on BALB/3T3
cells infected with Rauscher murine leukaemia virus.
In immunoprecipitation studies with solubilized cell membrane
preparations subjected to Concanavalin A affinity chromatography,
not only gp52 and another MuMTV glycoprotein, gp36, but also p28
can be precipitated. It seems that the viral core protein p28 is
present in the cell membrane of mammary tumour cells in a glycosylated form but in relatively small quantities. Although the antigen is not detectable in traditional cytotoxicity assays, it may
play a role in immunosurveillance.
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Smith, G.H., J, gen. Virol. 4J. (1978) 193.
Teramoto, Y.A. et al., J. Virol. L3 (1974) 411.
Westenbrink, P. et al., Europ. J. Biochem. 7£ (1977) 85.
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HIGH CAPACITY OF HUMAN BRONCHIAL CANCER TO GROW IN
ALLOGENEIC NUDE MICE

D.W. van Bekkum, S. Knaan and C. Zurcher

During the past decade numerous studies have been reported on
the capacity of human tumour fragments to take and proliferate in
congenital athymic mice (nude mice). The results have been extremely variable between different laboratories.
In a previous study (Annual Report 1973, p. 60) we reported
results obtained with 48 human tumour specimens/ mostly mammary
carcinomas, bladder cancers and brain tumours. Only a small proportion of the tumours exhibited sustained growth in the nude
mice: 4/6 colonic or rectal adenocarcinomas, 2/9 brain tumours and
1 adrenal neurofibroma. Fifteen grafts showed a take but remained
stationary, 26 grafts did not take.
The present experiments were performed with surgical specimens
from patients suffering from bronchial c?.ncer. The nude mice were
from CBA genetic stock and had been backcrossad with BALB/c for 4
generations. They were produced under strict reverse barrier conditions in an SPF rodent colony and were kept in conventional
mouse quarters after the inoculation of the tumours. Grafts were
inspected weekly for periods up to 6 months. Tumour formation at
the inoculation site was scored when a nodule of 5 mm diameter was
observed. Thereafter, the growth rate was measured with callipers
at weekly intervals. Retransplantation into fresh nude recipients
was performed when the tumour mass had reached a size of approximately 2-3 cm 3 .
Part of the surgical specimens used for transplantation was
formalin fixed, paraffin embedded and stained with haematoxylinphoboxine saffran (HPS) for a histological classification.
If the 3 specimens which contained insufficient tumour tissue
are discarded, 18 of the 20 tumours proliferated in the nude recipients, and formed a distinct macroscopical mass which histologically contained tumour tissue (Table 1 ) . This is a surprisingly
high score as compared to our previous results and to those of
others. One of the highest scores (56 %) is reported by Giovanella et al. (1978) in a series of 277 attempted human tissue transplants of different tumour types. In all our cases where a transfer from the primary transplant was made, the second passage tumours grew well. Literature data on growth of human lung tumour
tissue in nude mice are scarce and relate to small numbers only.
Apart from the casuistic reports of incidental tumour takes, only
Ueyama et al. (1977) report 2/6 human lung tumours to take in nude

157

mice. More detailed information is available for a series of 9 oat
cell tumours (Kameya et al., 1977) of which 6 grew in nude mice.
Our material does not include oat cell tumours since these are
presently not surgically treated.
The high take rate of human bronchial tumours observed in this
investigation seems to provide interesting opportunities to study
the biology of these tumours upon continued transfer and perhaps
to obtain information about sensitivity to chemotherapeutic drugs.

Table 1

GROWTH CAPACITY OF HUMAN LUNG TUMOURS IN ALLOGENEIC NUDE MICE
Histological
diagnosis

) S

I1

No. of takes/
no. of specimens

Latency in days
M (range)

Growth
rate*

Squamous cell
carcinoma

7/7

55 (19- 84)

1.4

Adenocarcinoma

5/5

95 (30-125)

1.0

Undifferentiated
carcinoma

6/8

84 (56-150)

1.5

Not classifiable**

0/3

* Each tumour graft was classified as growth rate 1 ( { 5 • per
month increase of diameter) or ^ ( > 5 mm per month increase of
diameter) and the scores were averaged.
**Insufficient material available.

Tumour specimens were kindly provided by Dr. P.A. Frederiksz from
the Thoracic Centre of the Medical Faculty of the Erasmus University of Rotterdam.

Giovanella, B.C. et al., Cancer £2 (1978) 2269.
Kameya, T. et al., p. 405. In: Proc. 2nd Int.
Mice, University of Tokyo Press, Tokyo, 1977
Verlag, Stuttgart (1977).
Ueyama, Y. et al., p. 365. In: Proc. 2nd Int.
Mice, University of Tokyo Press, Tokyo, 1977
Verlag, Stuttgart (1977).
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ENHANCEMENT OF THERMAL DAMAGE TO "SANDWICH" TUMOURS BY ADDITIONAL
TREATMENT

H.S. Reinhold and A. van de Berg-Slok

Exposure of tumours to hyperthermia may lead to destruction of
tumour cells. This observation was confirmed earlier in the "sandwich" tumour system. This system consists of a 0.2 mm thick tumour
growing between two observation windows in the subcutis of the
rat. When a series of such preparations was heated (by means of
warm air) to a temperature of 42.5 C for 3 h, the majority of the
tumours showed a central circulatory failure. This was almost inevitably followed by the development of necrosis in the affected
area, which became apparent on the next day.
A temperature of 42.5 C is somewhat high for clinical application; therefore, the effects of treatment at 42 C were investigated. It appears that the effect of heat is much less striking at
this temperature of exposure (Fig. 1 ) . It is evident from this

42°C

^
.
42 C ( + misonidazole
" " 42°C ( +glucose)

120

180

treatment time { minutes )

Figure 1
The effect of hyperthermia alone or in combination with various substances on
defects in the microcirculation in central tumour regions as a function of
treatment time.
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li

I
figure that an unduly long treatment time would be required in
order to induce circulatory failure in a substantial proportion of
tumours. Therefore, we have investigated whether there might be
ways to amplify the effect of heat at 42 C.
Several authors have reported that a high level of glucose may
increase tumour acidification and that this may increase hyperthermic damage. The effect of glucose was therefore investigated
in these studies. The drugs 5-thio-D-glucose
(5TG)/ which is an
analogue of D-glucose, and misonidazole (Ro-07-0582) were also included, because of their reported action on hypoxic cells. The results (Fig. 1) show that, when hyperthermia is combined with any
of the above three substances, the decreased effect due to a lower

o

o

temperature of 42 C compared to 42.5 C can increase to the same
level as observed for 4 2.5 alone. It was found that 5TG in the
drinking water for 7 days before the hyperthermic treatment had
absolutely no effect and that administration of glucose at the beginning of the heat treatment was also ineffective. The results
shown in Fig. 1 apply to: 5TG, 20 mg/100 gr animal (i.p.) at time
0 (n = 11); misonidasole, 30 mg/100 g animal (i.p.) at time 0 (n =
12), and glucose 100 mg/100 g animal (i.p.) 120 minutes before
o
time zero (n = 18). For 42 C alone; n = 42 (pooled controls).
The follow-up of the animals confirmed the tendency of the development of damaged
areas during treatment. Fig. 2 shows the ef100
42.5°C 42°C

42°C
42°C
42°C
( + 5TG)(+miso.)(+glu.)

50

28,
'19

v'io

V'i17

Figure 2
Incidence of development of central necrosis in tumours following (combined)
hyperthermic treatment. Bars: 95 % confidence limits. There is a significant
difference between 42.5° C versus 42° C and 42° C versus the various combined
treatments. Other combinations n.s.
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fects observed on the day following treatment. The combination of
heat treatment at 42 C with glucose given 2 h before treatment
has the greatest effect in this series. These results suggest
that, by manipulation of tumour metabolism, the damaging effect of
hyperthermia to central tumour areas can be effectively increased.
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MAMMARY TUMOUR INDUCTION FOLLOWING IRRADIATION AND
HORMONE ADMINISTRATION IN THE FEMALE RAT

M.J. van Zwieten, A.L. Nootebooni/ C.F. Hollander, S. Knaan
and J.J. Broerse

Data from the ongoing study on mammary carcinogenesis in the
rat have recently been compiled on the mammary tumour frequency in
certain groups of rats receiving implants of 17-13-estradiol with
and without irradiation and with and without ovariohysterectomy.
One aim of studying these experimental groups, as outlined previously (Broerse et al., 1978, and Annual Report 1977, p. 123), was,
briefly, to determine whether there is synergism between an exogeneous hormone and irradiation in the induction of mammary tumours
in the presence or absence of an endogeneous source of estrogenic
hormones.
Detailed descriptions of the methodology employed in this
study are given elsewhere (Broerse et al., 1978, and Annual Report
1977, p. 123) and will be omitted here. The results of the histopathological examination concerning the occurrence of mammary tumours in four groups of irradiated and non-irradiated female WAG/
Rij rats (intact rats with and without estrogen administration)
are presented in table 1. The number of rats bearing mammary tumours, regardless of multiplicity or histological type, is listed
as a per cent of the total number of rats examined histologically
in each group and includes non-irradiated controls, rats receiving
X-irradiation at three dose levels and those receiving neutron irradiation at two energy levels (0.5 and 15 MeV) and three dose
levels.
It is clear that intact female rats receiving estrogen implants showed a markedly increased tendency to develop mammary tumours as compared to those not receiving the hormones. A doseeffect relationship was evident in most irradiated groups. Whereas
ovariohysterectomized, non-estrogen-treated, irradiated and nonirradiated rats were apparently protected from mammary tumour development, the administration of exogeneous hormone completely abrogated this effect, increasing tumour frequencies to the levels
observed in intact estrogen-treated rats. The percentage of estrogen-treated, non-irradiated control rats developing mammary tumours was somewhat higher in ovariohysterectomized rats as compared to intact ones (59% vs. 42%, respectively).
Also included in table 1 is an indication of the tendency for
WAG/Rij rats in the various treatment groups to develop multiple
mammary tumours. This is expressed as the average number of tu-
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TABLE 1

PER CENT INCIDENCE OF MAMMARY TUMOURS IN IRRADIATED AND ESTROGEN-TREATED
INTACT AND OVARIOHYSTERECTOMIZED FEMALE WAG/Rij RATS
ovariohysterectomized
non-estrogen
estrogen

intact
estrogen

non-estrogen

(n)

av. no.
tumours*

%

(n)

av. no.
tumours*

%

(n)

av. no.
tumours*

(n)

control

27

(37)

1.0

42

(31)

1.2

0

(36)

-

59

(37)

1.3

X-rays
0.25 Gy (25 rad)
1.0 Gy
4.0 Gy

26
35
76

(38)
(17)
(33)

1.1
1.3
1.7

51
74
82

(35)
(19)
(17)

1.6
2.0
2.0

0
7
5

(33)
(15)
(21)

1.0
1.0

45
63
81

(33)
(16)
(16)

1.5
2.5
1.7

neutrons, 0.5 MeV
0.05 Gy
0.2 Gy
0.8 Gy

20
33
53

(35)
(15)
(17)

1.6
1.4
1.7

77
84
95

(35)
(19)
(20)

1.4
2.1
2.1

3
4
0

(31)
(28)
(14)

1.0
1.0

84
89
90

(38)
(18)
(20)

2.1
3.7
2.7

neutrons, 15 MeV
0.15 Gy
0.5 Gy
1.5 Gy

35
58
56

(37)
(19)
(18)

1.1
1.2
1.4

68
95
80

(38)
(19)
(20)

1.7
1.9
1.9

12
19
6

(33)
(16)
(18)

1.0
1.0
1.0

58
82
94

(33)
(17)
(18)

1.8
2.4
3.1

•average number of tumours per tumour-bearing r a t

mours per tumour-bearing rat. In general, the rats receiving estrogen implants developed multiple mammary tumours more frequently than did their non-estrogen-treated counterparts and this
effect was somewhat more pronounced in the ovariohysterectomized
groups.
While a synergistic interaction between exogeneous estrogen
and radiation on the development of mammary tumours in the WAG/Rij
strain is apparent, no such interaction was seen in the SpragueDawley strain, as shown in table 2. Similar differences in mammary tumour development in response to radiation and exogeneous
hormone administration in two rat strains have been reported previously (Shellabarger, 1976). It is not clear at this time why the
administration of estrogens had an apparent sparing effect on mammary tumour development in most of the Sprague-Dawley groups
listed in table 2 when compared to the non-estrogen-treated
groups, but reasons for this may become evident when the other
histopathological findings in these animals are tabulated.

TABLE 2
PER CENT INCIDENCE OF MAMMARY TUMOURS IN INTACT FEMALE RATS

Sprague-Dawley
nonestrogen
estrogen
control

Wag/Rij
nonestrogen
estrogen

29

14

27

42

70
71
75
36

44
52
58
50

26
35
76
-

51
74
82
-

neutrons , .0.5 MeV
0.32 - 0.8 Gy

63

76

53

95

neutrons , 15 MeV
0.5 - 1.5 Gy

90

56

56

80

X-rays
0.1 0.3
1.0
2.0

-

0.25 Gy*
1.0 Gy

4.0

Gy
Gy

*the first and second radiation doses listed were received by
Sprague-Dawley and Wag/Rij rats, respectively.
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et al., p. 13, In: Proc. Symp. on the Late Biologic
Ionizing Radiation, IAEA, Vienna, (1978).
C.J., p. 31, In: Biology of Radiation CarcinogeneYuhas, R.W. Tennant and J.D. Regan, eds.), Raven
York (.1976).

ESTROGEN RECEPTORS IN RAT MAMMARY GLANDS DURING ESTROGEN- AND
RADIATION-INDUCED CARCINOGENESIS

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

The observation of Segaloff and Maxfield (1971) that estrogens
and ionizing radiation could act synergistically to produce mammary tumours in rats has been verified and extended in a research
program on mammary carcinogenesis in three different rat strains
after X- and neutron irradiation and hormone administration
(Broerse et al., 1978). It remains unclear, however, how estrogens
can promote mammary carcinogenesis. It is generally accepted that
the action of steroid hormones involves receptors and a project
was initiated to study a possible direct involvement of estrogen
receptors in rat mammary gland carcinogenesis. Intact Sprague
Dawley rats (6 weeks of age) were divided into four groups which
were treated as follows:
A. Controls;
B. 2 mg estradiol implanted subcutaneously;
C. 2 Gy (200 rad) X-rays;
D. 2 mg estradiol + 2 Gy X-rays.
For comparison, two groups of WAG/Rij rats were included:
E. Controls;
F. 4 Gy X-rays.
Six rats from each group are killed every two months in the metoestrus phase of the cycle. Estradiol and prolactin are estimated
in the plasma. Total estrogen receptors are determined in the abdominal glands by a modification of the nuclear exchange assay
described earlier (Blankenstein, 1979). Pituitary and mammary
gland tissues are sampled for histologic examination. Macroscopic
observations show that mammary glands of animals receiving estrogen treatment (groups B and D) are stimulated and contain several
vesicles with a thick fatty content. No tumours have been observed
thus far. In animals receiving radiation treatment, some small
nodules which contained 2-3 times as many estrogen receptors as
the surrounding "normal mammary tissue" have been observed. These
nodules, which were only seen during the first 4 months after
treatment, could be described as dilated ducts filled with secretory materials (Broerse et al., 1978). Estrogen receptor levels
in mammary glands of irradiated rats (group C) were higher and
those of estrogen-treated animals (group B) lower than in control
*Dept. of Biochemistry II (Division of Chemical
Medical Faculty, Erasmus University Rotterdam.

Endocrinology),
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animals during the first phase of the experiment (table 1 ) . During
the course of the experiment these differences disappeared. Since
the first tumours are known to develop after a latent period of 12
months (Broerse et al., 1978), this could indicate that the development of mammary tumours in the rat is not preceded by an
increase in estrogen receptors of the mammary glands. Final conclusions must await completion of the experiment.

Table 1

ESTROGEN RECEPTORS (ER) IN MAMMARY GLANDS OF SPRAGUE DAWLEY RATS
AFTER ESTROGEN (E2) OR RADIATION TREATMENT
Results are given as means + S.E.M. (n)
Time after
treatment
(months)

i
\

i

1\
\
i i

ER (fmole/mg protein)
Control

2 mg E 2

2 Gy X-rays

2

64 ±

9 (6)

22 + 7 (5)*

106 ± 13 (5)*

4

60 ± 12 (4)

25 ± 8 (9)*

36 ± 13 (5)

6

22 ± 15 (4)

12 ± 3 (5)

61 ±

8

40 ± 15 (4)

17 ± 6 (5)

29 ±

19 ± 7 (6)

10

9 (3)

7 (5)*

—
49 ± 10 (6)

*Significantly different from control (p < 0.05).

Blankenstein, M.A. (1979), submitted for publication.
Broerse, J.J. et al. p. 13. In: Proc. Int. Symp. on the Late Biological Effects of Ionizing Radiation, International Atomic
Energy Agengy, Vienna (1978).
Segaloff, A. and Maxfield, W.S., Cancer Res. 31 (1971) 166.

168

TIME COURSE VARIATIONS IN THE PERIPHERAL AND CENTRAL TUMOUR MASS
OF THE R-l RAT RHABDOMYOSARCOMA BEFORE AND AFTER X-RAY IRRADIATION

A.F. Hermens

Analysis of factors which determine changes in the volume of
experimental and human tumours are important for the interpretation of data obtained in various kinds of studies directed at improving the results of: cancer therapy. These include studies on
the natural growth and progression of cancer, and comparisons of
the effectiveness of different types of radiations and cytostatic
drugs applied in radio- and chemotherapy, respectively, or in combined modality therapy. In many of these studies, the results are
interpreted on the basis of data obtained after the tumour as a
whole or a few tissue samples of it has been treated or processed
by the method of choice. Consequently, the conclusions drawn from
such data provide information mainly on average values for volume
responses or average tumour properties, etc. However, it is known
from histologic studies, that many types of tumours are heterogeneous with respect to structure and tissue components. Studies with
the experimental R-l rhabdomyosarcoina have demonstrated that,
despite the fact that this tumour is characterized by a uniform
and monotonous histologic structure, the proliferation kinetics
of the cells are different in different regions of the tumour
(table 1 ) . Furthermore, 80 per cent of the cells in the centre
of the P.-l tumours exist in severely hypoxic conditions, while
this is only 5 per cent at the periphery (Hermens and Barendsen,
1975). Such differences are expected to influence the overall
growth rate and volume responses after therapy.
Since overall tumour growth was determined in all of the experiments performed with the R-l tumour so far, it was considered
of interest to investigate whether or not the central tumour region shows different changes in mass as a function of time before
and after irradiation as compared to the peripheral tumour mass.
For this purpose, R-l tumours were grown in the subcutaneous space
of the flanks of inbred WAG/Rij rats. When the tumours reached
volumes of between 100 to 500 mm 3 , two to four tiny metal markers
were inserted into the solid tissue of each tumour. Roentgenographs* were then taken at regular intervals during the period of
observation. A lead rod of 1 cm length was used for checking the
*Roentgenographs were taken with a diagnostic X-ray apparatous,
type ENRAF (Delft) operated at 55 kV and using KODAK radiographic
films; the exposure time was 0.16 sec.
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Table 1

CELL PROLIFERATION AND GROWTH PARAMETERS FOR R-l TUMOURS OF 1250 mm
Area of the tumour
that is represented

Growth curve
(see fig. 1 )

Volume in per cent
of total volume*

VOLUME

cell proliferation and growth parameters
F**

T

c

(h)

dfpot)
(h)

(h)

(%)

Complete tumour

1

100

0.30

20.5

54.2

110

51

Mid-centre + centre

2

11

0.27

25.7

74.5

192

61

Centre

3

2

0.27

25.7

74.5

336

78

88

0.32

17.6

43.9

108

59

Periphery
Mid-centre

2'

9

0.27

25.7

74.5

178

58

Centre

3'

2

0.27

25.7

74.5

336

78

Curves 1, 2 and 3 : curves representing variations in tumour volume with time corresponding to changes in
outer dimensions, i.e., diameter, d (curve 1 ) , and to changes in distances between pairs of markers which
at day t = 10 measured (1/2).d and (1/4 ).d (curves 2 and 3, respectively).
Curves I 1 , 2' and 3': curves representing variations in exclusively the mass of tumour tissue at the periphery (curve I 1 ) , the mid-central region (curve 2 1 ) and the central region (curve 3') of the tumour.
F: growth fraction; T : cell cycle time in hour; T
: potential doubling time in hour; T : actual
doubling time in hour; 0 = (1 - T
>/T,J x 1 0 0 » i.e., per cent cell loss (Steel, 1968).
* The average total volume at day t P 2 t 10 was equal to V = 1250 mm .
**Data taken from Hermens, 1973.

I

magnification of the pictures. From roentgenographs of each individual tumour, the distances between pairs of markers were measured as well as the dimensions of the shadow of the tumour and
that of the rod. Series of roentgenographs were taken from nonirradiated growing tumours until they reached volumes of about
8000 mm 3 . Two series of tumours with markers were irradiated with
300 kV X-rays. In one series, the tumours received a dose of 25
Gy; in the second series, a dose of 37.5 Gy was applied. The volumes of the tumours at the time of irradiation ranged from 4000 to
8000 mm . Roentgenographs were taken at regular time intervals after treatment until the external dimensions of the tumour were as
large or larger than they were at the time of irradiation.
The data obtained for tumour dimensions and for the distances
between pairs of markers measured in unirradiated tumours were
used to calculate volumes for spheres with corresponding diameters. Results of these calculations were plotted as a function
of time in order to construct the growth curves which are presented in figure 1. Curve 1 represents the average time course
variation in total tumour volume; curve 2 represents the average
change in mass of the tumour tissue with a sphere of 1/4 times the
tumour diameter, d; curve 3 represents the average change in tumour ""ass very near the tumour centre, i.e., corresponding to a
sphere of 1/8 times d. To calculate the mass of tumour tissue
which was present exclusively at the periphery of the tumour at a
given time, t, the total volume was reduced by the volume represented by curve 2. Similarly, the mass of tumour tissue exclusively present in the mid-centre part was calculated from the difference between volumes represented by curves 2 and 3 at any time t.
The time course variations in tissue mass for each of the 3 parts
of the tumours are represented by the curves I 1 , 2' and 3 1 , shown
in fig. 1. From these curves, values for doubling times were determined; in addition, values for the per cent cell loss were calculated for the populations of cells present in each of the three
tumour compartments using data on cell proliferation parameters
published earlier (Hermens, 1973). From the data summarized in
table 1, it can be seen that cell loss is highest for cells located near the centre, i.e., in about 2 per cent or less of the
total tumour mass which is represented by curve 3 1 . Interestingly,
the cell loss in the remaining 98 per cent of the tumour mass does
not show large variations, i.e., o = 58 to 59 %. Furthermore, it
can be calculated that the peripheral part of the tumour represented by curve I 1 comprises the largest part of the tumour mass
and increases from 88 % of the total tumour mass observed at day t
= 10 to a value of 94 % at day t = 23.
The volume responses to radiations with 300 kV X-rays are
shown in fig. 2. Curves a.l and b.l represent the time course
variations in the total tumour volume after doses of 25 Gy and
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volume for r = 1/2 x d
3

.0 -

volume for rft:1/4 x d
z

io H

volume for r ss 1/8 x d
I

10

15

20

25

30

time ( day ) relative to V = 250
T

V = 250

Figure 1
Time course variation in the relative position of tiny metal markers inserted
into solid experimental R-l tumours.
s individual data used for calculating curves 1, 2 and 3, respectively.
and
correlate with volumes calculated from data on distances between pairs
of metal markers.
Curves 1, 2, 3 represent variations in average tumour volume calculated from
data on tumour diameter, d, (curve 1) or the distance between pairs of metal
markers (curves 2 and 3).
Curves I 1 , 2 ' , 3 ' : represent changes in average volumes represented exclusively
by the mass of the peripheral tissue, that of the mid-central and that of the
central tissue, respectively.
T,: volume doubling time derived from growth curves a t day t = 10.
37.5 Gy, respectively, whereas curves a.2 and b.2 show the corresponding changes in volume in those parts of the tumours which were
distinguished by the metal markers. Curves a . l ' and b . l 1 represent
the changes in tissue masses present exclusively
at the periphery
as described above. From the data shown, i t can be seen,
firstly,
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time after irradiation ( days
X -radiation

Figure 2
Time course variation in the relative position of tiny markers inserted into
solid experimental R-l tumours submitted to irradiation.
Curves a.l, b.l, a.2 and b.2 represent changes in tumour volume after irradiation calculated from data on external tumour dimensions (curves a.l and b.l)
and from data and distances between pairs of markers (a.2 and b.2).
Curves (a.l)1 and (b.l)1 represent changes in volume calculated exclusively for
the peripheral tissue mass.
relative tumour volume

volume at day t
total volume of tumour at day t = 0

that the growth delay induced in the central tumour mass, as represented by curves a.2 and b.2, is much longer, i.e., It is
longer than 23 days and 34 days, respectively, as compared to the
delay measured for the peripheral mass which is in the order of 19
days (curve a.l 1 ) and 29 days {curve b.l 1 ) for tumours irradiated
with 25 Gy and 37.5 Gy, respectively.
Secondly, the minimum volumes which the central masses reached
after irradiation are 45 % and 30 % of their volumes at the time
of irradiation with 25 Gy and 45 Gy, respectively. These values
should be compared with minimum volumes of 70 % (curve a.l 1 ) and
50 % (curve b.l 1 ) determined for tissue masses at the periphery.
However, the cell losses at day t = 8 after irradiation calculated
for the two compartments are not significantly different and range
between 120 and 125 per cent irrespective of the radiation dose
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applied to the tumours.
In earlier experiments (Hermens and Barendsen, 1975), it was
shown that the fractional surviving clonogenic cells at the periphery was about a factor 10 smaller after a single dose of 20 Gy
of 300 kV X-rays, as compared to those surviving in the centre. If
it is assumed similar responses took place in the survival of clonogenic cells in tumours irradiated in the present experiments,
then the present data suggest that, notwithstanding the fact that
a relatively larger fraction of surviving clonogenic cells may be
present in the tumour centre, the cells contained in this mass of
tissue do not repopulate the corresponding tumour area more rapidly than those in the peripheral tissue mass. The combined results
of the experiments described here provide evidence that, in the
R-l rhabdomyosarcoma, the cells of the peripheral tumour mass play
a major role in the progression of the unperturbed tumour and
during regrowth after irradiation.

Hermens, A.F., Thesis, Amsterdam (1973).
Hermens, A.F. and Barendsen, G.W. p. 834. In: Proc. 5th Int.
gress on Radiation Research, Seattle, Washington, 1974,
demic Press (1975).
Steel, G.G., Cell Tissue Kinet. 1 (1968) 193.
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EXPERIMENTAL TUMOUR THERAPY

THE INFLUENCE OF PHYSICAL MALTREATMENT ON THE; LIFE SPAN OF TUMOUR
BEARING MICE
J.H. Mulder, F.H.J. Rampen* and L. van der Lugt**

The prognosis for a cancer patient depends on various factors
which, for simplicity, may be classified inf-o three groups:
a) factors related to the biological properties of the tumour;
b) factors related to the host;
c) factors related to the medical treatment.
A typical example of an unfavourable tumour-oriented prognostic factor is the presence of regional lymph node metastases. General host factors such as age and sex may influence the course of
the disease in one type of tumour more than another; e.g., women
with melanoma have a better prognosis than their men.
Data have been reported which suggest that manipulation of
malignant tumours during physical examination and surgical tumour
resection may facilitate cell detachement from the tumour tissue
or even may be the direct cause of freeing such cells. A question
frequently raised by surgeons is whether physical trauma to a primary tumour will result in an increased dissemination of tumour
cells into the venous circulation. The influence of surgical trauma may be especially relevant in patients with easily accessible
tumours such as breast carcinoma and cutaneous melanoma. Is it acceptable to perform a diagnostic needle- or incisional biopsy in
these cases? In two experimental tumour cell lines, Riggins and
Ketcham (1965) demonstrated a small increase in the incidence of
lung metastases after incisional biopsy. Paslin (1973) found the
same tendency, although not always significant, in hamsters bearing malignant melanoma. Hermann et al. (1978) investigated the effect of standardized squeezing of a primary tumour and the effect
of needle biopsy. An increased number of lung metastases was found
after needle biopsy and no additional metastases were found after
squeezing of the tumour.
* Department of Radiotherapy, Rotterdam Radio-Therapeutic Institute, Rotterdam, The Netherlands.
**Department of Dermatology, Erasmus University Rotterdam, Medical
Faculty, Rotterdam, The Netherlands.
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Table 1
THE INFLUENCE OF PHYSICAL MALTREATMENT ON THE LIFESPAN OF TUMOURBEARING MICE

Procedure

Control, simple amputation
Preoperative palpation
Preoperative biopsy

Median survival time in days (range)
Lewis lung carcinoma
B16 melanoma
38 (38-48) n = 7
32 (30-46) n = 17
33 (29-41) n = 14

48 (33-* ) n = 11
39 (30-47) n = 17
35 (33-46) n = 17

Cells of a Lewis lung tumour or a B16 melanoma suspension were injected
i.m. into the gastrocnemius muscle of the right hind leg of C57BL mice on
day 0. In one group, each individual tumour was palpated daily for 0.5
minutes on day 2 through 14, after which the tumour-bearing leg was amputated. In the other group, an incisional biopsy was taken 2 days before
amputation. In the Lewis lung experiments, all mice were amputated on day
14 and, in B16 melanoma experiments, on day 20; n is the number of mice per
group. The asterisk indicates that 3 of 11 mice had no evidence of disease
at day 125. Log rank analysis showed the differences in the Lewis lung
groups to be not significant. In the B16 experiment, values of p 0.01 were
calculated for the differences in mean lifespan between control and experimental groups.

The present experiments were designed to quantitatively study
whether repeated preoperative tumour palpation or the performance
of a preoperative incisional tumour biopsy adversely influence the
prognosis for tumour-bearing animals. Two metastasizing experimental tumour models were used: the Lewis lung carcinoma and the
B16 melanoma. The median survival time of animals was used as the
endpoint. After surgical removal of the primary tumour, mice will
die of lung metastases. Consequently, if the number of lung metastases per mouse increases, the life span will be reduced concomittantly. In this study, lifespan measurements were taken as a crude
indication for the occurrence of metastases.
In Table 1, the effect of repeated preoperative palpation and
that of preoperative incisional biopsy are compared with the effect of amputation without any preoperative intervention (control). In the Lewis lung tumour experiments, th<= median survival
time of the control animals is longer than that of the mice in the
so-called "treated" groups. Three of 11 mice inoculated with the
B16 melanoma had no evidence of disease when only amputation was
performed. Palpation and surgical biopsy significantly reduced the
survival time.
In conclusion, our data demonstrate an increased risk of tumour cells dissociation after physical trauma to the primary tumour. Therefore, whenever an incisional biopsy is required within
the framework of a diagnostic procedure, this hazard should be
taken into accour.L. As skin lesions are easily accessible, the
danger of this procedure should especially be recognized in stage
I melanoma. In such cases, it seems preferable to perform an excisional biopsy in which the suspected skin lesion is removed
without being traumatized.

Hermann, 0. et al. Presentation at the EORTC Metastases Project
Group Meeting, London (1978).
Paslin, D.A., J. Invest. Derm. £1 (1973) 33.
Riggins, R.S. and Ketcham, A.S. , J. Surg. Res. ji (1965) 200.
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APPLICATION OF SYSTEM IDENTIFICATION TO THE COMPARTMENTAL ANALYSIS
OF ADRIAMYCIN PHARMACOKINETICS

J.A. Mulder* and P. Sonneveld

Adriamycin is an important drug in many protocols for the
treatment of cancer in man. However, its applicability is strongly
restricted by selective toxicity to the heart and normal bone marrow cells. Information on the distribution of the drug in the body
can contribute to an understanding of the mechanisms of these
harmful effects. Furthermore, the necessity to achieve optimal
drug levels at the tumour site makes it urgent to obtain specific
concentration-time relationships of several organs. Although the
plasma concentration is considered as representative for all wellperfused organs in the clinical situation, experimental data often
are in contradiction with this hypothesis (Annual Report 1977, p.
101). Therefore, a conventional two-compartment model cannot be
used to explain or to predict the concentration of adriamycin at
any time outside the plasma compartment. Estimation of organ concentrations of the drug from plasma data can be done only if a
multicompartment model is applied in which experimental data from
several organs (compartments) are included (Fig. 1 ) . Such a model
20

18

I
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14-

12-

0
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8

10

time ( hours )

Figure 1
Multi-compartment model for adriamycin distribution kinetics in r a t s .

*Dept. of Air- and Space Technique, University of Delft, Technical
School.
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should regard the variations in concentration of the drug among
the different compartments as a function of uptake and secretion
by individual cells. However, conventional mathematical approaches
are unable to discern relationships among the compartments in the
model.
In the present case, system identification theory was applied
for the analysis of the experimentally obtained concentration-time
relationships of different organs. In system identification, a
mathematical model of the process under consideration is first
postulated. Next, the unknown parameters in the mathematical model
are estimated from the experimental data according to optimalization methods. This results in the compilation of all available experimental information in the form of estimated parameter values.
An estimate of the concentration-time histories of all compartments is then calculated. These time histories may be interpreted
as "smoothed" versions of the experimentally obtained analogues.
Obviously, the smoothing of the measured time histories as a result of system identification depends on the estimation of the
parameters in the mathematical model mentioned above. Furthermore,
concentration-time or excretion-time histories for which no direct
measurements are available may be predicted. Finally, an estimate
of the reliability of the estimated parameter values and smoothed
time histories is given.
Measurements of the time histories of plasma, kidney, heart,
lung, liver, spleen and bone marrow were made. As an example, Fig.
2 shows a measured time history of the spleen with the corresponding calculated "smoothed" curve. At present, these curves
have been obtained for all listed organs. With this approach, it
seems possible to achieve mathematical curve fitting which is
based on interactions in exchange of the drug among all compartments in the body. It offers a more realistic estimation of the
relation between the drug concentration in plasma and any other
compartment than the two compartment model and will be valuable in
the design of better clinical protocols for the use of this drug.
Furthermore, deviations from the physiological situation can be
implemented by simple variation of the specific parameters.
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THE IMPORTANCE OF DRUG SCHEDULING IN COMBINATION CHEMOTHERAPY;
STUDIES ON THE COMBINATION OF ADRIAMYCIN AND CYCLOPHOSPHAMIDE

J.H. Mulder/ K. Bignell and L.M. van Putten

For optimal chemotherapy of tumours with combinations of different types of drugs, it is of great importance to have available
detailed data on dose, time and sequence of drug applications that
result in maximum tumour response and minimal side effects. Such
procedures of drug application are designated as "drug sheduling".
The combination of the DNA-intercalating antibiotic adriamycin
(ADR) and the alkylating agent cyclophosphamide
(Cy) has been
shown to be very effective in treating several animal and human
tumours. Because of the increasing interest in the use of the ADRCy combination in adjuvant therapy for breast cancer patients, it
is worthwhile to investigate whether it is possible to increase
the antitumour effect and decrease the drug induced toxicity by
employing different treatment schedules with ADR-Cy. The present
experiments were designed as part of a comprehensive study on drug
schedule design (Mulder et al., 1977; 1978).
The work reported here is concerned with the question of selective potentiation of effects on the tumour relative to the normal tissue. The antitumour effect of sequential treatment with ADR
and Cy was investigated in L1210 leukaemia and in two solid tumour
lines; the Lewis lung carcinoma and the C22LR osteosarcoma;
resting and rapidly proliferating haemopoietic bone marrow stem
cell systems were employed for studying responses of the normal
tissue.
The therapeutic effect and the influence of drug scheduling on
the percentages increase in lifespan (% ILS) for L1210 leukaemic
mice is shown in Table 1. The expected % ILS calculated from the
data of the single drug treatments by assuming an additive effect
is smaller than the observed % ILS of the administration of the
drugs simultaneously, indicating drug synergism. Furthermore, the
data show that sequential treatment with an interval of 24 h is
less effective than simultaneous treatment but not significantly
different as compared to the calculated % ILS, indicating that the
effect was additive in these treatments. Experiments on resting
haemopoietic stem cells show an additive effect for the simultaneous treatment and a synergistic effect when the two drugs are
given in sequence. Data obtained with the rapidly proliferating
haemopoietic systems show an additive effect for the various combinations and no schedule dependency is observed. The results of
treatment in the two solid tumour lines are shown in Table 2.
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Table 1
THE INFLUENCE OF DRUG SCHEDULING WITH ADRIAMYCIN AND CYCLOPHOSPHAMIDE ON L1210
LEUKAEMIC MICE AND NORMAL HAEMOPOIETIC BONE MARROW STEM CELLS

Drugs and treatment
schedules

Dosages (mg/kg i.p.) ADR

Cy

ADR
Cy
ADR 24 h m
ADR + Cy
Cy j24 h

Cy

snn

Calculated effect of
combination

L1210 leuke-mia
percentage increase in
lifespan (% ILS)
Exp. I.
Exp. II.

Haemopoietic stem cells
(% surviving cells)
Resting
cells

Proliferating
cells

2.5
100

2.5
100

20
75

5
50

84
37
105
238
94

81
41
141
205
164

18.7
27.5
0.1
8.3
0.6

25.3
21.4
3.0
3.0
3.6

121

122

5.1

3.2

On days 2 and 3 or 3 and 4 after the i.p. inoculation of 10 L1210 cells, groups
of 10 CD2 mice were treated i.p. Synergism in L1210 leukaemia is evident when the
% ILS corresponding to the effect observed after combined treatment is greater than
the algebraic sum of the values of % ILS determined for the two agents separately.
Synergistic effect on bone marrow cells is present when the observed percentage is
smaller than the expected percentage of surviving cells calculated by multiplying
the values of percentage surviving cells determined for the two agents separately
(based on dose-response curves for the individual drugs).

Table 2
THE EFFECT OF SEQUENTIAL TREATMENT WITH ADRIAMYCIN AND
CYCLOPHOSPHAMIDE IN LEWIS LUNG CARCINOMA
AND C22LR OSTEOSARCOMA

Drug treatment schedules

Lewis lung
C22LR
carcinoma
osteosarcoma
Growth delay (days)

Control
ADR
Cy
ADR 24 h
Cy
ADR + Cy
Tv 24 h ^ ADR

0
2.2
5.8
6.2
8.7
8.4

Calculated effect of
combination

8.0

0
+ 0.5
1.6 ± 1.0
6.9 ± 0 . 2

±
±
±
±

0.5
1.0
0.8
0.6

±

1.4

10.0 + 0 . 6
10.0 ± 0 . 5

+ 1.6

9.7 + 0.5
8.5

Groups of 10 mice were inoculated s.c. with tumour cells on day 0.
Treatment was given on two subsequent days during the early stage
of tumour growth. A dose of 10 mg.kg"* ADR was given i.p. in combination with a dose of Cy which, in the Lewis lung experiments,
was 100 and, in the osteosarcoma experiments, 50 mg.kg" 1 i.p.
Drug-induced early toxic death was not observed. The mean growth
delay and standard error is given. The differences between the expected and observed effects of the various treatment schedules are
not statistically significant.

Simultaneous treatment is always additive and no effect of drug
scheduling with different time intervals could be demonstrated.
Simultaneous treatment with ADR and Cy is the least effective
and therefore the least toxic schedule for resting haemopoietic
stem cells. Sequential treatment with either ADR-»-Cy or Cy —*- ADR
is less effective in L1210 leukaemia and is more toxic to bone
marrow cells than simultaneous treatment. In contrast, this differential effect of ADR + Cy treatment on leukaemia versus normal
haemopoietic stem cells could not be demonstrated in the solid tumour experiments.
These data are not totally in agreement with those in the literature. Therapeutic synergism of ADR and Cy has been described in
L1210 and in P388 leukaemia (Avery and Roberts, 1977). Investigations on haemopoietic stem cells by Vietti et al. (1975)/ however,
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showed an additive effect and no effect of drug scheduling could
be demonstrated. Corbett et al. (1975) showed a synergistic effect
of ADR and Cy in C3H mammary carcinoma/ B16 melanoma and in the
Ridgway osteosarcoma, which is in marked contrast to the present
results obtained for Lewis lung carcinoma and C22LR osteosarcoma.
In conclusion, to optimize the combination chemotherapy with
ADR and Cy in rapidly proliferating tumour cell lines, the two
drugs should be administered simultaneously. The data obtained
with the Lewis lung carcinoma and osteosarcoma seem to suggest
that, in solid tumour treatment, neither synergism nor schedule
dependency may be expected with these combinations of drugs. From
the bone marrow stem cell data, there is an argument for a preference of administering the two drugs simultaneously. Based on
these data, it may be recommended that, in clinical cancer treatment, ADR and Cy be given simultaneously and not sequentially until more experimental data are available to conclude otherwise.

Avery, T.L. and Roberts, D., Cancer Res. 22 (1977) 678.
Corbett, T.H. et al., Cancer Res. 21 (1975) 1568.
Mulder, J.H. et al., Europ. J. Cancer _L3 (1977) 1123.
Mulder, J.H. et al., Europ. J. Cancer L4 (1978) 537.
Vietti, T. et al., Proc. Amer. Ass. Cancer Res. 16_ (1975) 166.
Yesair, D.W. et al., Europ. J. Cancer 14 (1978) 141.
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CELL KINETIC AND PHARMACOKINETIC STUDIES WITH FTORAFUR AND 5-FU*

L.M. van Putten, P. Lelieveld, C. Pantarotto**,
M. Salmona** and F. Spreafico**

Ftorafur is Nl-(2'-furanidyl)-5-fluorouracil, originally synthesized in Latvia. Although of a preliminary nature, clinical results seem to confirm the claim of a better tolerance of the
haeniatological system to ftorafur than to 5-FU. Studies on the metabolism of ftorafur have indicated that this agent is not directly active, but must be activated _in vivo (Fujii and Okuda, 1974).
Among its activation products, 5-FU, 5-FUdR and other transformation products of 5-FU have been identified, indicating that the
major pathway of activation is through hydrolysis of ftorafur to
5-FU. This activation may take place in the liver (Fujita and
Kimura, 1974). In a number of publications, attention has been
drawn to the fact that ftorafur (Carevic and Serko, 1973) and 5-FU
(Klubes and Cerna, 1974) may affect the activity of a number of
enzyme systems in the liver. However, it is still not understood
whether the process of the transformation itself might also be affected by substrate-ftorafur and the reaction product 5-FU. If
this is the case then this might lead to a decreasing effectiveness of ftorafur upon continuous or fractionated administration
due to a decreasing degree of transformation to 5-FU. The effect
of treatment with single and repeated doses of ftorafur and of
treatment with 5-FU was determined in the following assay system
in mice:
1. animal survival (LD );
2. normal resting haemopoietic stem cells;
3. rapidly proliferating haemopoietic stem cells (assayed only
after single doses of ftorafur and 5-FU);
4. leukaemia L1210 cells;
5. osteosarcoma C22LR.
Both drugs were injected subcutaneously as a single dose or 5
daily doses. The endpoint for haemopoietic stem cells was cell
survival as assayed by the spleen colony technique. From the increase in lifespan of treated L1210 leukaemic mice, a fractional
* This study was carried out in a program of the EORTC Screening
and Pharmacology Group. Supply of the drugs by the National
Cancer Institute, Bethesda, Md., U.S.A., is gratefully acknowledged ,
**Istituto di Ricerche Pharmacologiche "Mario Negri", Via Eritrea
62, 20157 Milan, Italy
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cell kill could be calculated and dose-survival curves could be
made. For the osteosarcoma, tumour volume was measured. The doses
of the two agents, given separately, which had a similar effect on
tumour volume reduction, were determined. Dose-survival curves for
bone marrow stem cells and for leukaemia L1210 cells have been
published earlier (Annual Report 1973, p . 3 8 ) . The D values for
these curves and the results for the other assay systems are presented in table 1. When each drug was given separately in fractionated doses, a change in the relative effectiveness of the
drugs was noted. The effectiveness expressed as dose ratios of
ftorafur/5-FU (table IB) are all higher following fractionated ad-

TABLE 1
EFFECTIVENESS OF FTORAFUR AND 5-FU ON DIFFERENT ENDPOINTS
WHEN GIVEN IN SINGLE AND FRACTIONATED DOSES

assay system

ftorafur
(mg.kg"1)

5-FU
(mg.kg"1)

dose
ratio

A. single doses

! 5

mouse
normal haemopoietic stem c e l l
survival (DQ)
rapidly proliferating haemopoietic
cell survival (D )

851

315

2.7

165

49

3.4

12.3

7.8

leukaemia L1210 cells (D )

120

55

2.2

osteosarcoma (volume reduction by
factor 3)

900

350

2.6

1250

320

3.9

normal haemopoietic stem cell
survival (D )

148

22

6.7

leukaemia L1210 cells (D )

386

11.6

95.5

B. five daily doses
mouse

osteosarcoma (volume reduction by
factor 3)
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1325

240

33.3

5.5

ministration. To explain this phenomenon, a difference in pharmacokinetics was considered. For this purpose/ serum levels of
ftorafur and 5-FU were determined as a function of time after single and repeated intravenous injections of each drug. These serum
samples after a single injection and after the last of 3 daily injections, as well as internal standards were assayed bygas liquid
chromatography, using either electron capture or flame ionization
detection. In parallel, some of the samples were also checked for
specificity by mass fragmentography after a permethylation reaction. From the serum level determination it became clear that,
upon repeated administration of 5-FU, there was an increase in
late drug serum levels and a decreased clearance of 5-FU from the
serum. Repeated administration of ftorafur was not associated with
significant differences in serum levels of 5-FU or ftorafur. The
kinetic parameters are summarized in table 2. From the results, it
is clear that 5-FU levels after single and repeated administration
of ftorafur are not significantly different, confirming results
obtained earlier by Johnson et al. (1976). However, the present
results also indicate that disappearance of 5-FU from the serum

TABLE 2
KINETIC PARAMETERS FOR 5-FU GIVEN AS SUCH AND FOR FTORAFUR AND
5-FU AFTER INJECTION OF FTORAFUR

parameters
treatment
40 mg.kg" 1 5-FU
3 x 40 mg.kg" 1 5-FU

Tl/2

Kel*

c **
1

o 1
(jug.ml"

for drug

(min)

5-FU
5-FU

1.71
5.50

0.34
0.11

54.95
49.72

(min" )

200 mg.kg" 1 ftorafur
3 x 200 mg.kg" 1 ftorafur

ftorafur
ftorafur

34.26
44.92

0.01
0.01

423.04
431.00

200 mg.kg" 1 ftorafur
3 x 200 mg.kg" 1 ftorafur

5-FU
5-FU

52.52
89.83

0.008
0.006

26.64
20.82

Serum levels of ftorafur and 5-FU were determined after single and
repeated doses of both drugs.
* Kel = elimination constant
**C
= concentration at time zero
o
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after repeated 5-FU administration is less rapid than upon first
administration. This might explain the poor tolerance to repeated 5-FU administration. In contrast, the repeated injection
of ftorafur does not lead to significantly increased drug levels.
On the basis of this difference, the better tolerance to repetitious administration of ftorafur might still be based on pharmacokinetic differences.

Carevic, 0. and Serko, V., Biomedicine Express L2 (1973) 532.
Fujii, S. and Okuda, H., p. 669, In: Progress in Chemotherapy
(G.K. Daikos, e d . ) , vol. Ill, Hellenic Society for Chemotherapy,
Athens (1974).
Fujita, H. and Kimura, K., p. 159, In: Progress in Chemotherapy
(G.K. Daikos, e d . ) , vol. Ill, Hellenic Society for Chemotherapy,
Athens (1974).
Johnson, R.K. et al., Cancer Treatment Reports jH) (1976) 1335.
Klubes, P. and Cerna, I., Cancer Res. 34 (1974) 927.
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NEW PLATINUM COMPLEXES WITH ANTITUMOUR ACTIVITY AGAINST
LEUKAEMIA L1210 IN MICE

C.G. van Kralingen* and P. Lelieveld

In 1969, Rosenberg and co-workers reported on the capacity of
cis-dichlorodiammine platinum (II) (Cis-platin ; PDD) and some
related compounds to inhibit the growth of certain tumours in mice
(Rosenberg et al., 1969).
The antitumour activity of PDD and a number of derivatives is
now well-established
(Khan, 1977). In the derivatives, the NH
molecules are replaced by other ligands which bind to platinum via
a nitrogen atom. The chloride anions can be replaced by malonate
or sulphate. Extensive clinical trials, mainly with the parent
compound, have been carried out (Rozencweig, 1977). The major
toxic effects can be classified as renal, gastrointestinal, haematological and auditory. The activity of these platinum compounds
is most likely due to the formation of DNA intrastrand cross-links
between two neighbouring guanine bases, leading to inhibition of
DNA replication (Kistenmacher, 1978).
To obtain more information on the relationship between the
structure and activity, we synthesized new platinum compounds and
determined their antitumour activity in mice. A series of cisplatinum compounds in which the NH, molecules are replaced by imidazole, pyrazole or substituted derivatives showed no activity
against the leukaemia L1210 (Van Kralingen and Reedijk, 1978).
This is not surprising, since the molecules replacing the NH3
groups in most of the active derivatives are organic aliphatic
amines which bind to the platinum atom via their NH 2 groups. Imidazole and pyrazole do not contain such NH 2 groups. These molecules bind to platinum via one of the nitrogen atoms of the heterocyclic ring. Thus, the nature of the nitrogen atom bound to
platinum seems to be very important in determining the activity of
the compound. The presence of NH 2 groups bound to platinum is most
likely essential for activity. Therefore, a number of platinum
compounds was synthesized with the aliphatic amines 2,2-dimethyl1,3-diamino propane (DMDAP) and N,N,2,2-tetramethyl-l,3-diamino
propane (TMDAP) as ligands. The following platinum compounds were
then tested for their activity against leukaemia L1210: Pt(DMDAP)C l 2 , Pt(DMDAP)malonate, Pt(D.'lDAP)Cl4 (containing Pt 4 + ), Pt(TMDAP)Cl 2 and the parent compound PDD. For this purpose, groups of 5
mice were injected with 10 5 L1210 cells at day 0. At days 1 and
*Dept. of General Chemistry, Delft Univ. of Technology, Delft,
191

5, different doses of the platinum compounds were injected i.p.
either as a suspension in 2 % carboxymethylcellulose [Pt(DMDAP)Cl2
and Pt(DMDAP)Cl4] or as a solution in saline [Pt(DMDAP)malonate,
Pt(TMDAP)Cl2 and PDD]. Each drug was tested in a separate experiment. Endpoint of the assay was animal survival (60 days). The results are presented in table 1.
PDD showed a high activity at a dose of 4 mg.kg" 1 . The survival following a dose of 8 mg.kg"1 was much less, most probably due
to toxicity of the drug. At non-toxic doses, all Pt-DMDAP compounds showed considerable activity; in contrast, the TMDAP derivative was much less active. However, the highest dose tested
might have been suboptimal. Since DMDAP contains two NH 2 groups,
while TMDAP contains one NH~ group and one N(CH-) 2 group, these
data are in agreement with the (above-mentioned) speculation that
N H 2 groups bound to platinum are essential for activity.
Additional experiments are required to determine the activity
and toxic effects of these compounds in more detail. The compound
Pt(DMDAP)malonate seems especially interesting because of its
antitumour activity, low toxicity and water solubility.

Table 1
ACTIVITY OF CIS-DICHLORODIAMMINE PLATINUM (II) AND RELATED
COMPOUNDS AGAINST LEUKAEMIA L1210

Drug

i

Dose
(mg.kg"1)

Number of
60-day survivors

1

Control
PDD
Pt(DMDAP)C12
Pt(DMDAP)malonate

_
4
8
2
4
4
8
16

Pt(DMDAP)Cl4

4

Pt(TMDAP)Cl2

8
8
16

0/5
4/5
0/5
3/5
5/5
0/5
0/5
3/5
3/5
0/5
0/5
1/5

Drugs were injected in the indicated doses at day 1 and day 5
after administration of 10 L1210 cells. Each drug was tested in
a separate experiment. Each group consisted of 5 mice. The results
for the control group were the same in all 5 experiments.
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VINCRISTINE-METHOTREXATE COMBINATION CHEMOTHERAPY AND THE
INFLUENCE OP WEIGHT LOSS ON EXPERIMENTAL TUMOUR GROWTH

J.H,, Mulder, M. Huurman and L.M. van Putten

!

3

Vincristine (VCR) increases membrane transport of methotrexate
(MTX) _in vitro (Zager et al., 1973; Goldman et al., 1976; Fusner
et al., 1978; Warren et al., 1977). A more than additive antitumour effect in L1210 leukaemia has been demonstrated when MTX
treatment is preceded by VCR administration (Zager et al./ 1973).
The objectives of the experiments to be discussed are to obtain:
1) information on the effectiveness of a given treatment schedule
when applied to different types of tumours;
2) information on the role of the host submitted to combination
chemotherapy in relation to the toxic effects.
Three tumour lines were used in the experiments: the L1210
leukaemia, the mouse C22LR osteosarcoma and the Lewis lung carcinoma. Pretreatment with VCR sometimes resulted in MTX-induced
weight loss and toxic death of the mice. Since the growth of tumours can be modified by regulation of the caloric intake of the
host, this aspect was investigated in more detail.
The effect of VCR-MTX administration on L1210 leukaemia is
shown in Table 1. It can be concluded that all of the therapy
schedules resulted in an additive tumour response. In Lewis lung
carcinoma and in osteosarcoma, some tumour reduction was observed
when VCR was given 24 h before the MTX administration. However,
experiments with VCR and MTX using these solid tumours were discontinued because of severe loss of body weight and early toxic
death of the mice after VCR 24 h » MTX administration. In order to
distinguish between a direct effect on tumour growth induced by
the drugs and an indirect effect related to the toxic effect experienced by the host, animals were deprived of food. The effect
of intermittent starvation on the weight of the mice and on tumour
growth are shown in Fig. 1 and Table 2. A marked decrease in the
growth rate of the primary tumour was observed. However, the data
also show that the effect on the number of lung metastases or lung
colonies was negligible. This differential effect of fasting on a
large tumour mass and on small tumour volume was also observed in
mice inoculated s.c. with Lewis lung tumour or osteosarcoma cells.
The fasting procedure started either very early on day 3 after tumour inoculation or late on day 10. The effect of starvation on
early tumour growth was far less pronounced than the effect on
large tumour volumes (data not shown). Drug induced weight loss
and the simulated situation of starvation has a retarding effect
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Table 1

THE EFFECT OF VINCRISTINE AND METHOTREXATE TREATMENT ON PER CENT INCREASE IN LIFESPAN
(% ILS) IN L1210 LEUKAEMIA-BEARING MICE
Agents and treatment schedule

VCR
MTX
VCR 2,4ft ». MTX
VCR + MTX
MTX 24h

Exp.
Days
Dose
Dose
Time

no.
of treatment
of VCR
of MTX
interval (h)

C133
1,2
0.075
40
24

C184
1,2
0.5
40
24

12
73
87
93
83

25
62
62
75
50

CV14*
2,6,10,14
0.5
25
0.5
67
117
167

CV21*
2,6,10,14
0.5
25
0.5
29
100
115

Groups of 10 CD2F1 mice were injected i.p. with 10 L1210 cells on day 0. Dosages are
expressed in mg.kg"1 i.p. The effect of time intervals of 12 and 6 h between VCR and
MTX administration was also investigated in C184. The results (not shown in the Table)
were never significantly different from simultaneous treatment according to the
Student's t-test.
*Treatment schedule according to Zager's experiment (Zager et al., 1973).
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Figure 1
Animal weight and tumour growth in control and i n t e r m i t t e n t l y starved mice i n oculated with the Lewis lung carcinoma. Groups of 15 BCBA male mice were inocul a t e d i.ra. with 10^ Lewis lung tumour c e l l s on day 0. To increase t h e informat i o n of spontaneous lung metastases, 106 microspheres were injected i . v . on day
1. One group was submitted t o i n t e r m i t t e n t starvation as indicated. The
standard e r r o r (S.E.) of the tumour volume measurements was + 200 mm and the
S.E. for body weight was 1.2 g. The animals were sacrificed on day 30 and t h e
number of macroscopic lung metastases was determined. During the end stage of
the disease, a t o t a l of 11 mice died. The number of lung metastases per mouse
in t h e control group was 7 9 + 3 (n = 11) and in the i n t e r m i t t e n t l y starved mice
86 + 8 (n = 8) .
on tumour growth. Smaller tumour volumes were less affected
in
their growth rates than large tumour masses. This non-specific antitumour effect may have consequences, for instance, in drug
screening studies. The administration of any new anticancer agent
which causes a marked weight loss in the animal can eventually
lead to erroneous conclusions. Regular weight control of the animals will avoid misinterpretation of growth delay data.
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Table 2
COMPARISON OF TUMOUR VOLUME AND NUMBER OF LUNG METASTASES OR LUNG COLONIES
IN CONTROL AND INTERMITTENTLY STARVED MICE

Tumour type and regimen

Tumour volume (mm3)

Lewis lung carcinoma
control
starved

1649 +
1144 +

C22LR osteosarcoma
control
starved

1500 + 134 (n = 10)
796 + 84 (n = 10)

82 (n = 14)
52 (n = 11)

Number of lung deposits
per mouse at day 30

79 ±
86 ±

3 (n = 11)
8 (n = 8)

49 + 9 (n = 9)
65 + 10 (n = 10)

For details of the Lewis lung carcinoma experiment, see legend to Figure 1. In
the osteosarcoma experiment, 10 6 per 0.1 ml cells were injected into BCBA m;.;e
either s.c. or i.v., resulting in local tumour growth and lung colonies, respectively. Animals were deprived of food 3 times in succession from day 9 on
over a total time period of 140 h. Data are expressed in mean + S.E., and n is
the number of animals.

Experimental results can have a great impact on the clinical
management of cancer patients. After Zager et al. showed a therapeutic gain with VCR pretreatment in MTX therapy in L1210, these
findings led to the clinical practice of VCR administration preceding MTX therapy. Neither our observations nor those of other
investigators (Bender et al., 1978) specifically discourage VCR —*•
MTX treatment. However, we would suggest not to include VCR pretreatment routinely in any MTX treatment schedule unless experimental data proves VCR —>• MTX to have a higher therapeutic index
than simultaneously given treatment. The efficacy of VCR in this
setting should be demonstrated more conclusively not in the clinical trial context but in relevant animal studies.
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Bender, R.A. et al., Cancer Treatm. Rep. 6_2 (1978) 997.
Fusner, J.E., Ramu, A. and Gratwohl, A., Proc. Amer. Ass. Cancer
Res. _19 (1978) 235.
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SELECTIVE MACROPHAGE INHIBITION AND THE ANTIMETASTATIC EFFECT OF
COUMARIN DERIVATIVES

B. Maat

Warfarin administration to tumour bearing mice causes a reduction in the number of lung metastases (Hilgard et al., 1977). Although the precise mechanism of this phenomenon has not yet been
fully elucidated, we have been able to show that it is unrelated
to the induced impairment of the blood clotting capacity
(Hilgard
and Maat, 1979). Restoration of coumarin-induced coagulopathy by
administration of the vitamin K-dependent factors II, VII, IX and
X still resulted in a decreased number of lung colonies. Undoubtedly, macrophages play a major role in the host's defense
mechanisms against tumour activity. Stimulation of this defense is
likely to result in increased antitumour activity.
Coumarin and related compounds have been shown to stimulate
macrophages (Piller, 1977) and the antimetastatic coumarin derivative warfarin also increases jiji vivo macrophage activity. These
data may suggest that the antitumour effects of coumarin deriva-

Table 1
AVERAGE NUMBER OF LUNG METASTASES (+ S.E.) IN MICE BEARING LEWIS
LUNG CARCINOMA AND TREATED WITH CARRAGEENAN (CARR)
AND/OR WARFARIN (WARF)
(2 experiments)

number of
animals

number of lung
metastases

Experiment I
Control
Carr.
Warf. + carr.
Warf.

12
12
14

9.5 ±0.7
19.3 + 1.2
14.3 ± 1.5
3.9 + 0.6

Experiment II
Control
Carr.
Warf. + carr.
Warf.

14
10
12
13

7.3
17.2
10.8
3.7

15

±
±
±
+

1.2
1.4
0.8
0.5

P < 0.001

D = 10

P < 0 .001

D = 10

P<

0 .001

D = 10

P<

0 .001

D =

7
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tives might be mediated by stimulation of the reticular endothelium system (RES). In order to investigate this, substances which
have a blocking effect on macrophages were administered to warfarin-treated tumour bearing arlmals. Groups of 10-15 C57BL/Rij male
mice were injected subcutaneously with 10 viable Lewis lung tumour cells. The animals were 10-12 weeks of age and weighed 25-28
grams. Warfarin treatment was initiated by an i.p. injection of
2.5 mg.kg^ 1 on the day of tumour transplant. This was followed by
daily administration in the drinking water, with the dosage adadjusted according to the results of thrombotest assay. In the
treated group thrombotest values were kept 2-3 times normal. Iotacarrageenan (type 5, Sigma) dissolved in sterile physiological
saline, was given on days 0, 5, and 10 as an i.p. injection of 0.5
mg/mouse. Silica (< 5 ju 0) was given i.p. on days 0 and 5 at a
dosage of 25 mg.kg" 1 . After killing the animals on day 23, the
lungs were removed, and, after fixation in Bouin's solution, the
number of macroscopic metastases was determined.
In the experiments with carrageenan (Table 1 ) , an increase in
lung metastases was seen in animals treated with this substance as
compared to controls. The warfarin-treated mice showed the expected decrease in lung metastases but a significant increase to
normal values was again seen when carrageenan was added to the
warfarin regimen.

Table 2
AVERAGE NUMBERS OF LUNG METASTASES (+ S.E.) IN MICE BEARING LEWIS
LUNG CARCINOMA AND TREATED WITH SILICA (Si) AND/OR WARFARIN (WARF)
(2 experiments)

number of
animals

number of lung
metastasis

Experiment I
Control
Si.
Warf. + Si.
Warf.

14
11
12
13

7. 3
6.2
5.8
3.7

±
±
+
±

1.2
1.2
0.8
0.5

n .s.*
P < 0.05

Experiment II
Control
Si.
Warf. + Si.
Warf.

15
10
10
14

9. 5
6. 3
6. 2
3.5

±0.7
± 1.6
± 1.8
+ 0.5

n .s.*
P < 0.05

*n.s.: not significant
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Silica (Table 2) administration alone did not cause an increase but silica added to warfarin gave a significant increase in
lung metastases versus warfarin alone. The results of experiments
with Lewis lung carcinoma did not differ from those with B-16
melanoma.
In conclusion, both macrophage inhibitors silica and carrageenan abolish the warfarin-induced decrease in tumour metastases,
which strongly supports the hypothesis that the antitumour effect
of coumarin derivatives is mediated by stimulation of macrophages.

Hilgard, P. et al., Br. J. Cancer 21 (1977) 78.
Hilgard, P. and Maat, B. , Eur. J. Cancer, JJ5 (1979) 183.
Piller, N.B., Lyraphologie 1 (1977) 106.
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TOLERANCE TO ADJUVANT CHEMOTHERAPY AFTER LOCAL TUMOUR TREATMENT BY
SURGERY OR RADIOTHERAPY

J. de Ruiter, S.J. Cramer and L.M. van Putten

With the aim of improving the cure rate of cancer patients
which are suspect for nonihanifest metastases at the time of treatment of their primary tumour, adjuvant chemotherapy is administered after treatment of the primary tumour by either surgery,
radiotherapy or a combination of the two. When radiotherapy is
applied, the bone marrow usually unavoidably receives a substantial dose of radiation. Consequently, the haemopoietic bone marrow
cells may decrease to an extent which is dependent on the dose of
irradiation and on the location and size of the radiation field
(Rubin and Scarantino, 1978). Since the bone marrow is the critical organ for most cytostatic drugs, the effect of irradiation on
the bone marrow might interfere with the tolerance to subsequently
administered adjuvant chemotherapy.
To study this aspect, the bone marrow survival was determined
in mice in which chemotherapy was administered after either local
radiotherapy or local surgery. The animals used in these experiments were mice either inoculated s.c. with 2 x 10 5 tumour cells
of the nonimmunogenic syngeneic 2661 mammary carcinoma into the
left foot pad 14 days before local treatment or tumour-free controls. The local treatment (either amputation or radiotherapy) was
performed under pentobarbital anaesthesia and included the left
hind leg up to the knee joint. The dose of irradiation was 70 Gy
(7000 rad) applied with a 300 kVp Philips-Muller X-ray generator
at a dose rate of 3.5 Gy.min" 1 . During irradiation of the left
hind leg, the remainder of the mouse body was protected by lead
shields. Adjuvant chemotherapy with CMF started 3 or 10 days after
local treatment of the foot tumours and consisted of 100 mg.m"
cyclophosphamide (C) i.p. on days 1, 2, 3, 20 mg.m
methotrex2
ate (M) s.c. on day 1 and 300 mg.m" 5-fluorouracil (F) i.p. on
day 1. Survival of bone marrow stem cells was assessed by the
spleen colony assay of Till and McCulloch (1961) one day after the
last drug dose. The number of CFU-s cells present in the femur of
both the left leg (which was amputated or irradiated in some
groups) and the right control leg are presented in table 1. These
data allow the following conclusions to be drawn.
From the data of experimental group I, it can be derived that
the presence of a tumour in the foot of control mice is associated
with a decrease in the number of CFU-s cells. It should be admitted that the tumours were very large, i.e., about 1 to 10 cm"
at the time of assay.
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Table 1
CHAKGES IN THE NUMBER OF HAEMOPOIETIC STEM CELLS OF TUMOUR-BEARING AND TUMOUR-FREE
MICE TREATED WITH ADJUVANT CHEMOTHERAPY AFTER LOCAL SURGERY AND RADIOTHERAPY

Exp. groups

Treatment

CFU-s per femur: pooled data from n replicate
experiments [mean + S.E. (n)]
Femur used for
Tumour-bearing
Tumour-free
mice
assay
mice

control

left leg
right leg

1280 ± 270 (6)
1460 ± 110 (4)

II

CMF*

left leg
right leg

312 + 95 (8)
298 ± 101 (8)

41 ±
40 +

17 (6)
21 (3)

III

amputation+
CMF**

left treated leg
right leg

350 ± 134 (6)
406 ± 194 (6)

70 +
43 ±

23 (5)
14 (5)

IV

X-rays + CMF

left treated leg
right leg

3 +
8 +

2 (6)
3 (6)

31 ±
86 ±

13 (8)
26 (8)

3626 + 458 (6)

* CMF. = adjuvant chemotherapy with cyclophosphamide, methotrexate and 5-Fluorouracil.
**Note that after amputation of a leg the femur remains ^n situ.

Treatment with CMF (experimental group II) decreased the
number of CFU-s to a lower extent in tumour-free mice than in
tumour-bearing mice. The number of CFU-s is also higher in tumourbearing mice than in tumour-free mice if CMF is applied after
amputation (experimental group III) or after irradiation (experimental group IV) of the tumour-bearing left leg.
The data on the number of CFU-s determined in mice treated
with CMF after sugery or radiation show that a lower number of
CFU-s per femur is present after X-rays + CMF than after surgery +
CMF. This finding is rather remarkable, since irradiation of a leg
of tumour-free mice will decrease the number of CFU-s by only a
factor 2 to 3 (de Ruiter et al., in the press). Apparently, the
minor decrease in number of CFU-s after local radiotherapy increases the sensitivity of the remaining bone marrow stem cells to
subsequently administered CMF. An explanation for the differences
in numbers of CFU-s in tumour-bearing and tumour-free mice is
presently lacking. As a consequence of local tumour irradiation,
distant parts of the body may still receive some dose of scattered
radiation in spite of shielding of these parts. Since this could
complicate the experimental results, experiments were performed to
study this aspect. The mean dose of scattered radiation to the
body of the mice was estimated to be approximately one per cent of
the locally applied radiation dose (de Ruiter et al., in the
press). The scattered radiation decreased the total bone marrow
stem cell content of non-tumour-bearing mice to about one-third of
the normal content if assayed one day after local irradiation.
To determine whether the decrease in CFU-s per femur observed
after radiotherapy + CMF was due to the low dose of scattered
radiation or to other factors (for instance, to the presence of
the irradiated leg), two additional series of experiments were
performed. In the first series, the irradiated leg was amputated
one hour after the local radiotherapy. The second series involved
subjecting mice to 0.8 Gy whole body gamma irradiation and subsequent amputation or not of the leg one hour afterwards. In addition to these treatments, the mice were submitted to CMF as shown
in Table 2. From these data, it can be concluded that amputation
of an irradiated leg does not influence the decrease in the CFU-s
content induced by radiation alone. Furthermore, replacing local
radiotherapy with whole body irradiation decreased the number of
CFU-s to almost the same extent. Also no difference in the number
of CFU-s is observed between these groups if these treatments are
followed by adjuvant chemotherapy.
It can be concluded from these results that the tolerance to
chemotherapy, in terms of CFU-s survival, is lower after locally
applied radiotherapy than after local surgery in our mouse model.
However, a similar decrease in tolerance to chemotherapy is found
if the local radiotherapy is replace*.; by a whole body irradiation
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Table 2
INFLUENCE OF THE PRESENCE OF AN IRRADIATED LEG OR OF SCATTERED
WHOLE BODY IRRADIATION (WBI) ON THE NUMBER OF HAEMOPOIETIC STEM
CELLS OF MICE TREATED WITH ADJUVANT CHEMOTHERAPY AFTER LOCAL
SURGERY OR RADIOTHERAPY

Treatment

Control
Amputation*
70 Gy X-rays
70 Gy X-rays + amputation*
0.8 Gy WBI + amputation*
CMF
Amputation* + CMF
70 Gy X-rays* + CMF
70 Gy X-rays* + amputation* + CMF
0.8 Gy WBI + CMF
0.8 Gy WBI + amputation* + CMF

CFU-s per femur: pooled data from
treated and control legs**
Mean ± S.E.
Tumour-bearing
Tumour-free
mice
mice
1229
904
931
724
771
88
134
12

+ 38
+ 72
± 206
+ 101
+ 75
±
7
+ 52
±
5
10 ±
3
1
9 ±
2
14 ±

2157
1193
794
875
817
46
59
7
6
7
6

+
±
+
+
±
±
+
±
±
+
+

443
-i88
182
208
150
2
23
6
3
1
1

* Local irradiation and/or amputation of left leg.
WBI = whole body irradiation.
CMF = adjuvant chemotherapy with cyclophosphamide, methotrexate
and 5-Fluorouracil.
**The combined results for two replicate experiments with tumourbearing mice and the results of a single experiment for tumourfree mice are presented.

dose which is approximately equivalent to the mean dose accumulated in shielded parts of the body due to local radiotherapy of
the leg. This parallelism seems to indicate that the scattered
radiation dose is mainly responsible for the low tolerance to chemotherapy after local radiotherapy in our mouse model.
Since the difference in response of haemopoietic bone marrow
stem cells to chemotherapy after surgery or radiotherapy is so
pronounced in this model, it seems worthwhile to determine the
mechanism responsible for this phenomenon. In addition, knowledge
is needed on whether there is a relationship between the extent of
haemopoietic bone marrow stem cell depletion by radiotherapy and
the subsequent sensitivity to chemotherapy.

208

Rubin, R. and Scarantino, C.W. Int. J. Radiat. Oncol. Biol. Phys.
± (1978) 3.
De Ruiter, J., Cramer, S.J. and Van Putten, L.M. Int. J. Radiat.
One. Biol. Phys. (submitted for publication).
Till, J.E. and McCulloch, E.A. Radiat. Res. 14 (1961) 213.

v

-,

209

I I

COMPARISON OF LOCAL TUMOUR TREATMENT WITH SURGEJRY OR RADIOTHERAPY
ON DEVELOPMENT OF METASTATIC DISEASE

J. de Ruiter and S.J. Cramer

It was described in a previous Annual Report (197 7, p. 166)
that a larger number of mice died with evidence of metastatic disease after local treatment of the primary tumour with radiotherapy than after surgery. Since the data available at that time
did not permit drawing firm conclusions about the mechanisms involved, some additional experiments were performed. The experimental metastases model as described by Van de Velde (1977) was
used for these studies. In this model, lymph node and/or lung
metastases will develop in 100 % of mice inoculated s.c. into the
foot pad with cells of the 2661 carcinoma. Local treatment of the
foot pas tumours by either amputation or irradiation with 70 Gy
(7000 rad) of X-rays included the left hind leg up to the knee
joint. For both treatments, mice were anaesthetized with 60 mg.
kg - 1 pentobarbital. Trradiations were carried out with 300 kVp
X-rays applied at a d >se rate of 3.5 Gy.min"1. During irradiation
of the left hind foot, the remainder of the mouse body was protected by lead shields. The mean scattered radiation dose to the
protected part of the mouse body was approximately one per cent of
the dose given to the tumour. In order to explain the higher incidence of metastases after radiotherapy than after surgery in this
model, some hypotheses were tested. It was shown previously (Annual Report 1977, p. 166) that, if the irradiation is followed one
hour later by amputation of the irradiated leg, the incidence of
metastasis is significantly lower than that observed after surgery
alone (Table 1A).
The only visible difference between radiotherapy followed by
amputation of the irradiated leg and radiotherapy alone is that,
in the latter case, the mice remain alive with an irradiated
tumour-bearing leg. This mere fact might be of prime importance
for the explanation of the difference in the frequency of metastases observed after the two treatments. For that reason, the
question was raised of whether the increased incidence of metastases could be related to:
a. the high local radiation dose, which results in very pronounced
normal tissue damage;
b. the presence of irradiated tumour tissue.
To investigate the first possibility, a series of experiments
was carried out. In these, the local radiotherapy was applied not
to the tumour-bearing leg but to the other hind leg of the ani-

211

Table 1

FRACTION OF MICE DYING WITH LYMPH NODE AND/OR LUNG METASTASES AFTER VARIOUS TREATMENTS
Series

Treatment of tumourbearing leg
Amputation
70 Gy X-rays
70 Gy X-rays +
amputation
Amputation
70 Gy X-rays
Amputation
Amputation
70 Gy X-rays
Amputation +
irradiated tumour
Amputation +
irradiated tumour

Treatment of tumourfree leg

t/n

Per cent
t/n x 10C

_
—

52/89
58/64
19/60

58
91
32

A
B
C

-

29/60
46/51
27/41

48
90
41

D
E
F

6/33
28/33
5/33

18
85
15

G
H
I

15/30

50

70 Gy X-rays

70 Gy X-rays

Incidence

Each part of the table represents a pool of experiments in which the various
groups within one series were studied simultaneously.
Statistical evaluation by chi-square test:
A - B \
G - J
p < 0.025
p <0.01

Groi

experimental

D - F -)

G - I } "•

D - E
G - H
t number of mice dying with metastases; mice surviving 120 days after treatment were assumed
tumour-free,
n = total number of treated mice.

mals, while the tumour-bearing leg was removed by amputation. The
data shown in table IB indicate that irradiation of the other leg
did not increase the number of mice dying with metastases. This
confirms the previous tentatively drawn conclusion, which was
based on a very limited number of mice (Annual Report 1977, p.
166).
To study the second possibility, another series of experiments
in which the tumour-bearing leg was amputated and an irradiated
tumour subsequently implanted within the amputation wound was performed. For this purpose, flank tumours (of the same stage of development as the foot pad tumours) were removed from donor mice
and irradiated _in vitro with 100 Gy tl0,000 rad) of X-rays. As
shown in table 1C, the presence of irradiated tumour tissue within
the amputation wound did not change the number of mice dying with
metastases. However, in the same series of experiments, a group of
mice in which both situations mentioned above were present simultaneously was involved, i.e., an irradiated tumour-free hind leg
and an irradiated tumour implanted within the amputation wound.
The results in table 1C show that this procedure significantly increases the number of mice dying with metastases. However, the
increase is not as high as that observed after local irradiation
of the tumour-bearing leg. Nevertheless, these results seem to indicate that the negative metastases enhancing effect of local
radiotherapy might be partly explained by the presence of normal
tissue damage in the irradiated leg together with the presence of
a heavy local load of irradiated tumour tissue. Evidently, the
combination of these two factors decreases the host defense mechanism to such an extent that tumour cells which will not form
metastases after surgery of the primary tumour do so after local
radiotherapy.
During irradiation of a leg, shielded parts of the body receive some scattered radiation. Since no negative effect of radiotherapy was observed if it was followed by surgery, it was originally concluded that the scattered radiation did not account for
any negative effect of radiotherapy. But, in the present study, it
is observed that a combination of factors seems to be responsible
for the negative effect of local radiotherapy. Therefore, the combination of scattered radiation and the presence of irradiated tumour tissue might also be responsible for the increase in metastases formation. Studies are presently underway to investigate these
possibilities.
Studies of phenomena such as described here are of importance
in elucidating the question of the possible harmful effect of
radiotherapy on the development of metastases (Stjernsward, 1977).
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EFFECTS OF RADIATION AND VINBLASTINE ON THE R-l TUMOUR.
I. TUMOUR GROWTH DELAY

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

In previous reports (Annual Report 1975, p. 48; Annual Report
1976, p. 47, and Annual Report 1977, p. 160) results of experiments on the effectiveness of combined treatments with X-rays and
vinblastine for growth delay of the R-l tumour have been described. The work reported here is a continuation of these experiments.
The interaction of radiation and vinblastine was investigated
in a solid rhabdomyosarcoma, R-l, growing in the flank of WAG/Rij
rats. Growth delay of the tumour was the endpoint considered. Vinblastine was administered at a dose of 1.5 mg per kg body weight
at different time intervals before or after a dose of 20 Gy (2000
rad) of X-rays. Growth delay is defined as the time required by
the treated tumour to attain a volume twice as large as the volume
at the start of the treatment, with the volume doubling time of
the control tumour subtracted. Excess growth delay, i.e., the difference between observed growth delay for the combined radiochemotherapy treatment and the sum of growth delays of individual
treatments, was calculated. In a large fraction of treated tumours
the time required to double the volume from 100%, i.e., the volume
at the start of the treatment, to 200%, was larger than the doubling time of the control tumours. The difference between the doubling times of the treated and the control tumour has been applied
as a correction for the excess growth delay values. This will
eliminate influences due to the choice of the reference volume
level from which growth delay data are derived. Therefore, the
corrected excess growth delays discussed here may show deviations
from earlier reported values.
The results of these experiments are presented in fig. 1. The
data points represent mean values of usually 4 tumours and the
vertical bars represent standard errors. The data show that, for
the combination of a dose of 20 Gy of X-rays and vinblastine at
intervals of 8 h to 2 d, a positive excess growth delay of about 5
to 6 d is obtained. This decreases to zero for very short time intervals. When vinblastine is administered before the radiation
treatment, the excess growth delay increases to about 2 d at an
interval of 4 d and decreases again for longer intervals. These
data indicate that different processes may occur in the R-l tumour, depending on the sequence of administration of the treatments. Experiments with combined treatments of a dose of 10 Gy and
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Figure 1
Excess growth delay after combined treatment as a function of time interval.
Curve 1: excess growth delay after combined treatment of R-l tumours with a
dose of 20 Gy of X-rays and vinblastine. Corrections for excess tumour volume
doubling times of regrowing tumours with respect to the tumour volume doubling
time of control tumours have been applied.

vinblastine resulted in excess growth delays not different from
values for the combination of 20 Gy and vinblastine.
Results obtained with an jji vitro survival assay indicate that
the combined treatment with a dose of 10 Gy and vinblastine with
an interval of I d
has the same effectiveness as expected if the
two treatments were administered independently of each other (this
Annual Report, p.217). The excess growth delay observed for this
combination is about 4 d. This finding indicates that a positive
excess growth delay is not a direct indication of whether a combined treatment with fixed doses results in a positive
interaction,
i.e.,
in a situation in which there is evidence for one
agent influencing the response to another.
It is evidently necessary to accumulate more data on cell survival following combination therapy for other intervals to correlate survival data with
regrowth data.
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EFFECTS OF RADIATION AND VINBLASTINE ON THE R-l TUMOUR.
II. IN VITRO SURVIVAL

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

! I

The clonogenic capacity of cells from R-l tumours treated in
vivo was assessed by using an _in vitro survival assay. Cell survival data as a function of time after treatment with either vinblastine, a dose of 10 Gy (1000 rad) of X-rays or a dose of 10 Gy
followed after 1 d by vinblastine were collected. Vinblastine was
administered at a dose of 1.5 mg per kg body weight. This study
was performed to investigate whether results obtained with the in
vitro survival assay correlate with those obtained from the growth
delay studies (this Annual Report, p.215).
In fig. 1 the curves represent the fraction of clonogenic
cells relative to the number of cells present at the start of the
treatment for the following treatments: 1) vinblastine treatment;
2) radiation treatment with a dose of 10 Gy; and 3) combined
treatment in which a dose of 10 Gy of radiation was given and was
followed after 1 day by the vinblastine treatment. The treatment
with vinblastine reduced the fraction of clonogenic cells to 0.2
as determined on days 2 and 3 after treatment. After the dose of
10 Gy, a minimum value of 0.033 was calculated. This value does
not depend on the time interval after treatment, provided that the
assay is performed within 4 d. After the combined treatment, the
minimum fraction of clonogenic cells is 0.004 as assessed on day 2
or 3 after treatment. These data indicate that, using the _iri vitro
survival assay, the effectiveness of a treatment must be determined at specific time intervals after treatment in order to evaluate at what time the maximum effect, i.e., the minimum survival,
is obtained.
The survival data obtained for the vinblastine treatment indicate that repopulation of the tumour becomes important after 3 d.
After the radiation treatment, the fraction of surviving cells remains constant up to 4 d after treatment. Cells affected by the
radiation treatment will probably suffer from a mitotic delay and
may then undergo one or two division cycles before they lyse and
are subsequently removed from the tumour. These processes probably
require more time than when tumours are treated with vinblastine.
Therefore, repopulation of the tumour by surviving cells becomes
manifest about 5 d after treatment. For the combined treatment, a
combination effect of the two individual treatments is seen. Probably two different populations of cells doomed to die are present
in the tumour: one population affected by the drug treatment which
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and another, sterilized by the radiation, that will persist for up
to 5 d. This indicates that radiation and the drug affect different populations of cells, which may be due to the time interval of
1 d between radiation and drug treatment, vinblastine might selectively kill the surviving cells and not interfere with repair
processes after the radiation treatment.
This conclusion can also be reached when taking into account
the values for the surviving fractions obtained after the individual treatments and the combined treatment. For instance, .the combined treatment gives a surviving fraction of 0.004 at day 2 after

iou vinblastine
1.5 mg/leg

10 Gy of X-rays I

\

X

]'' 1vinblastine
?G.>' !.ld'

\

**A

../

10,-3-

time interval between treatment
and in vitro assay ( d )

Figure 1
Fraction of clonogenic R-l cells after treatment.
Fraction of clonogenic R-i tumour cells relative to the number of cells present
at the time of irradiation after treatment of R-l tumours iri vivo as a function
of time interval between treatment and in_ vitro assay. The curves represent
fractions of clonogenic cells after treatments with 1.5 mg of vinblastine per
kg body weight, a dose of 10 Gy of 300 kV X-rays and a dose of 10 Gy followed
after 1 d with a dose of vinblastine.
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treatment, while the fractions for the dose of 10 Gy at day 3 and
for the vinblastine treatment at day 2 are 0.025 and 0.22, respectively, the product being 0.0055. The calculated values for combined treatment at other time intervals on the basis of non-interaction, i.e., in the situation in which the agents appear to act
independently, differ about a factor 2 or less from the values represented in fig. 1 and this factor is not considered as statistically significant from 1. For longer time intervals between radiation and vinblastine application (2 d or more, i.e., for periods
during which reoxygenation may occur and a large proportion of
resting cells may have entered the proliferating compartment in
the tumour), the treatment with vinblastine may be more effective.
This may be indicated in growth delay studies where a positive
excess growth delay of about 6 d is observed for the interval of 2
d between radiation and drug application (this Annual Report, p.
215.
It is evidently of interest to accumulate more data on cell
survival following combination therapy for these longer intervals
to correlate survival data with regrowth data. When data on different endpoints are not available, then conclusions based on one
endpoint may have too weak a basis. Additional data on cell survival, cell proliferation and cell loss are required to interpret
the differences observed among the responses of the R-l tumour to
the different treatments.

Ii

I
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EFFECTS OF METHOTREXATE, ARA-C, ACTINOMYCIN-D AND MISONIDAZOLE
ON THE RADIATION TOLERANCE OF THE RAT SPINAL CORD

A.J. van der Kogel, H.A. Sissingh and C.D.F. van den Berg

Combination of radiation and chemotherapeutic agents is increasingly used in tumour therapy for various purposes, e.g., enhancement of local control or the eradication of micrometastases
outside the radiation field. However, combined treatments are of
advantage only if normal tissue damage is not increased to a
larger extent than the effect on the tumour. The degree of modification of the normal tissue tolerance can be expressed by a doseeffect factor:
- radiation dose for effect without drug
radiation dose for effect with drug
For a number of drugs, DEF values have been determined mainly for
acute reactions of skin, intestine and oesophagus (Phillips and
Fu, 1976). Most of the critical dose-limiting normal tissues such
as lung, liver, kidney and the central nervous system (CNS) are
characterized by a late development of damage, and DEF values have
been determined only for the lung.
In the present experiments, the effect of various chemotherapeutic agents on the tolerance of the cervical spinal cord of male
WAG/Rij rats was evaluated. From dose-response curves for the induction of acute myelopathy (latent period about 6 months), the
E D 5 Q was determined and the DEF values calculated.
1. Methotrexate (MTX). In the course of treatment of childhood
acute lymphocytic leukaemia, this drug is administered intrathecally (i.t.) in combination with irradiation of the brain and
spinal cord, mainly prohylactically to prevent relapse from the
CNS. In addition, MTX is usually administered i.v. as maintenance
therapy. Unfortunately, a serious complication of this therapy is
the development of leukoencephalopathy
(white matter necrosis of
the brain). In the experiments reported here, MTX (4 mg.kg" 1 ) was
administered i.t. in the lumbar region or intraperitoneally and,
0.5-1 h later, the cervical cord was irradiated. The pharmacokinetics of MTX for the various routes of administration are reported on page 225 of this report. The dose-response curves obtained for irradiation with single doses as well as two and four
fractions indicate no modification of the tolerance as compared
with radiation alone.
2. Cytosine arabinoside (ara-C) which is used in a similar way
as MTX for treatment of CNS leukaemia appears to be more toxic in
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the rat spinal cord. Preliminary results with i.t. administration
of ara-C (100 mg.kg" 1 ) show the development of tremors and paresis
as early as 1.5-2 months after irradiation, slowly progressing
to paralysis. Histopathologically the lesions are characterized by
diffuse demyelination of the white matter. It cannot yet be evaluated to what extent the early onset of the lesions is related to a
decrease in tolerance.
3. Actinomycin-L is an agent of which a strong potentiation of
radiation effects is described for various tissues, with DEF values up to 1.6-1.8. Actinomycin-D (0.1 mg.kg" 1 ) was administered
i.p. and, 1/2-1 h later, the cervical cord was irradiated with one
single dose or two fractions separated by exactly 4 h. The splitdose experiment was carried out to evaluate the effect on the repair capacity. Dose-response curves obtained from these experiments are presented in figure 1. With single doses, actinomycin
appears to have a small effect, with a DEF of 1.05 at the 50% paralysis dose. A significant effect is observed for the split dose
experiment, with a DEF of 1.12. Experiments employing more fractions and daily intervals are in progress, to evaluate to what extent the reduced repair capacity might have consequences for
clinical treatment schemes.
4. Misonidazole (RO-07-0582), a hypoxic cell sensitizer, is
most promising for clinical use and is currently being tested. It
passes the blood-brain barrier relatively well and its major limitation is a peripheral neurotoxicity or even the development of
convulsions. To evaluate the chronic toxicity without irradiation,
single dose
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Figure 1
Dose-response curves for the induction of myelopathy.
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rats were injected daily with 0.15 or 0.30 mg.g"1 of misonidazole.
No peripheral neuropathy or demyelination in the nerve roots or
the sciatic nerve was observed. All animals injected with 0.3
mg.g"1 developed brain damage with lesions mainly at the base of
the cerebellum after cumulative doses from 3.6-6.9 mg.g" 1 . Rats
injected with 0.15 mg.g - 1 showed no lesions with cumulative doses
of up to 6.6 mg.g" 1 .
A general principle appears to be that enhancement of radiation injury occurs in those organs for which a drug is specifically toxic, simply on the basis of additive action. Thus, in the
case of misonidazole, modification of the spinal cord tolerance
would be expected. Effects on the radiation tolerance were studied
with single doses and two fractions with a 4 h interval, analogous
to the actinomycin-D experiment. Preliminary results (figure 1)
indicate for both the single dose and the two-fraction response a
decrease in tolerance of about 10%. This suggests that misonidazole does not act specifically on the repair capacity, in contrast
to actinomycin-D. The results of the present experiments are summarized in table 1.

TABLE 1
EFFECT OF COMBINED CHEMOTHERAPY AND RADIATION

ED 5 Q **

DEF**

number of
fractions

overall
time

1
2

4

10'
4 h
3 d

2100
2750
3700

methotrexate

1
4

10'
12 d

2100
+ 3750

actinomycin-D

1
2

10'
4 h

2000
2450

1.05
1.12

1

10'

1950
2550

1.09
1.08

drug
control
(without drug)

misonidazole
(RO-07-0582)

2

4 h

(rad)

1
1

* white matter necrosis syndrome, latent period about 6 months
**due to the steepness of the dose-response curves, the accuracy
of the DEF and E D 5 0 values is estimated to be within 2-3%.
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In the reported experiments, a modification of up to 10% has
been observed for the spinal cord tolerance for the induction of
acute myelopathy. Long term follow-up of all surviving animals
will show whether the results are similar for the late (1-1.5
year) onset of paralysis due to vascular damage.

Phillips, T.L. and Fu, K.F., Cancer 32 (1976) 1186.
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DISTRIBUTION OF METHOTREXATE IN THE RAT CENTRAL NERVOUS SYSTEM
AFTER INTRATHECAL AND INTRAVENOUS ADMINISTRATION

A.J. van der Kogel, H.A. Sissingh and P. Sonneveld

Methotrexate (MTX) is widely used for the treatment and prophylaxis of Central Nervous System (CNS) leukaemia. As described
on p.221 of this report, experiments were carried out to determine
the effect of intrathecally or intravenously administered MTX on
the radiation tolerance of the spinal cord. Information on the
pharmacokinetics of MTX after both routes of administration is
needed to select optimal intervals in fractionated treatment
schedules and to evaluate the relevance of the rat model for comparison to man.
In the experiments to be reported, male WAG/Rij rats were injected with MTX (4 mg.kg" 1 ) via the tail vein or via lumbar puncture. For the latter technique, a needle was inserted between lumbar vertebrae L4 and L5. The position of the needle was ascertained by electrical stimulation. When the tip of the needle was
within the spinal canal, increasing the strength of the stimuli
resulted first in activation of the muscles of the tail, followed
by both hind legs. MTX in a final volume of 0.1 ml was administered in about one minute. After 10 min and 1/2, 2, 4, 24 and 72 h
at least three rats were anaesthetized with ether and 2 ml of
blood was taken from the heart. This was followed immediately by
perfusion with saline through the left ventricle for 30 sec, to
minimize contamination of the brain and spinal cord with blood.
After perfusion, the brain and cord were dissected and stored at
-32 C. The blood was allowed to coagulate for about one h, centrifuged and the plasma collected and stored at »32 C. MTX levels
were determined in plasma and tissue homogenates using a competitive radioimmunoassay
(Diagnostic Biochemistry Inc.). The sensitivity of this method is greater than 10 M. The preliminary results are shown in figure 1.
After intravenous administration, MTX disappearance from plasma shows an initial rapid phase (T = 30 min), followed by a slower phase (T = 3 h ) . A peak brain level of 10~6M is attained after
about 2 h and appears to remain constant for 24 h. In contrast to
the brain, spinal cord levels decrease rapidly to 5 x 10~8M after
2 h, followed by a slow disappearance with a half-life of 17 h.
After 72 h, the concentration in brain and cord is 3 x 10~ M,
while the plasma level is increased to 5.5 x 10 M, as compared to
2 x 10" M after 24 h. This increase of MTX in the plasma compartment might be due to the release from the CNS which is primarily
observed between 24 and 72 h.
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Methotrexate tissue concentrations in brain,
ministration of 4 mg.kg .
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After intrathecal (i.t.) administration, a peak concentration
of 2 x 10" M is attained in the spinal cord after 30 min. This
high concentration is accompanied by severe symptoms of neurotoxicity such as strong extensor reflexes after light touch or a general state of rigidity of the muscles of the back and the legs.
These symptoms disappear after 3-4 h, reflecting the decrease in
concentration. The threshold for this reaction appears to be about
10~ 4 M, as reactions were minimal in rats showing concentrations
below this level. The reactions are completely reversible and no
signs of damage were observed during the lifespan of rats injected
with up to four times MTX i.t. Acute neurotoxicity is also common
in man and described as chemical arachnoiditis (Bleyer, 1977).
The brain concentration after i.t. administration is initially
lower by a factor of 5 as compared to the cord, but the difference
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is only a factor 2 after 4 h and the disappearance pattern from
brain and cord is similar, with a half-time of 6 h. The slow release of MTX from the CNS compartment into the plasma is reflected
by the relatively small decrease in plasma concentrations. After
24 h, the plasma level is 2 x 10~ 7 M, as compared to 2 x 10" 9 M after i.v, administration of a similar dose of MTX. The higher systemic toxicity observed after i.t. as compared to i.v. administration can be attributed to the longer persistence of cytotoxic
plasma concentrations. After 4 i.v. doses administered in 4 days,
the I"D10 was found to be 2.3 mg.kg" 1 per dose, while after 4 days
2 mg.kg" 1 i.t. all rats died from intestinal toxicity. With 4
doses of 2 mg.kg" 1 i.t. over 13-15 days instead of 4, survival increased to 100 per cent. The observation of increased systemic
toxicity after intrathecal administration is also reported for
human patients (Bleyer, 1977). It can be concluded from the preliminary results reported here that the rat model has a number of
characteristics similar to man. A new observation is the great
difference in brain and cord levels after intravenous administration, which indicates that measurements of MTX in the cerebrospinal fluid (CSF) are not representative for CNS concentrations
in general, as is often suggested in reports on humans. Therefore,
a technique is being developed to obtain CSF from the rat and, in
future experiments, MTX levels will also be determined in this
compartment, to obtain insight in the relationship between CSF
levels and CNS tissue levels.

Bleyer, W.A., Cancer Treatment Rev. £ (1977) 87.
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GERONTOLOGY
AGEING CHANGES IN MULTIPLE FORMS OF LYSOSOMAL ENZYMES IN
PARENCHYMAL, KUPFFER AND ENDOTHELIAL CELLS FROM THE RAT LIVER

E.Ch. Sleyster and D.L. Knook

Previous results have shown that multiple forms of acid phosphatase and cathepsin D can be determined in rat liver parenchymal, endothelial and Kupffer cells (Annual Report 1977, p. 183;
Sleyster and Knook, 1978). The methods described offer the possibility to selectively study the age-related alterations in properties and distribution of multiple forms of lysosomal enzymes in
long-lived cells (parenchymal cells) and short-lived cells (sinusoidal cells) from one organ.
For cell isolations, young (3-month-old) and old (34-35-monthold) female BN/Bi rats were used. Highly viable parenchymal cells
could be isolated by perfusing and incubating the liver with the
enzymes collagenase and hyaluronidase. Sinusoidal cells, which
were isolated by means of pronase, were submitted to countercurrent centrifugation in an elutriator rotor. Two purified fractions
of endothelial cells and Kupffer cells, respectively, were obtained. Both suspensions consisted of viable and structurally intact cells with purities of at least 85%.
Acid phosphatase activities were determined with the substrates 4-methylumbelliferylphosphate (4-MUP), 1-naphthylphosphate
(1-NP) and £-nitrophenylphosphate (p_-NPP) at pH 5.0. The specific
activities for parenchymal, Kupffer and endothelial cells are
given in table 1. Different specific activities against each
substrate were observed for parenchymal, endothelial and Kupffer
cells. The distribution of acid phosphatase activities towards the
three substrates shows an identical pattern for cell suspensions
prepared from young and old rats, with one exception: whereas all
activities increase with age, the activity for jo-NPP decreases
with age in Kupffer cells.
The effects of inhibitors on the acid phosphatase activities
were studied with tartrate, fluoride and alloxan. During ageing,
no significant changes occurred in the different effects of the
three inhibitors on the activities of acid phosphatase enzymes in
parenchymal, endothelial and Kupffer cells. The unchanged affinity
for inhibitors suggests the absence of alterations in the active
site of the acid phosphatase molecules in liver cells from old
rats. Comparable results have been reported for other liver enzymes (Reiss et al., 1978).
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TABLE 1
DISTRIBUTION OF ACID PHOSPHATASE ACTIVITIES OVER PARENCHYMAL, ENDOTHELIAL
AND KUPFFER CELLS FROM YOUNG AND OLD RATS
USING THREE DIFFERENT SUBSTRATES

age
(months)

cell suspension

4-MUP*

1-NP**

£-NPP***

3

parenchymal cells
endothelial cells
Kupffer cells

27.67 ± 1.30
53.72 + 6.61
39.62 ± 0.61

36.31 ± 1.33
41.28 ± 2.07
96.40 ± 3.85

43.60 ± 1.93
93.16 + 6.32
110.29 + 2.91

33-34

parenchymal cells
endothelial cells
Kupffer cells

31.76 ± 3.04
61.82 ± 1.53
46.36 + 0.79

45.18 ± 1.79
62.30 ± 2.98
118.81 ± 7.39

52.97 ± 1.02
113.66 ± 7.90
80.05 + 6.69

The values represent the mean + S.E. of three different
each enzyme determination.
* expressed as nmoles 4-methylumbelliferone released per
** expressed as nmoles 1-naphthol released per min per mg
***expressed as nmoles ]D-nitrophenol released per min per

cell preparations used for
min per mg protein.
protein.
mg protein.

In isoelectric focusing experiments, multiple forms of acid
phosphatase could be separated on the basis of their difference in
isoelectric points. After isoelectric focusing, each cell population showed a specific distribution pattern which changed in
some characteristics during ageing. A second peak of acid phosphatase activity with a low isoelectric point appeared in parenchymal
cells isolated from old rats. The multiple forms with isoelectric
points around 4 and 7 which occur in endothelial cells show ageing
changes in affinity for substrates only. The distribution pattern
of acid phosphatase from Kupffer cells does not change with age.
It is interesting that alterations in isoelectric points occur only in enzymes of the long-lived parenchymal cells. The overall
age-related increase in the total acid phosphatase activity in
parenchymal cells may be explained by the occurrence of an extra
form of acid phosphatase with a relatively low isoelectric point
in parenchymal cells isolated from old rats. This additional form
of acid phosphatase showu identical substrate specificities and
affinity for inhibitors as the main type of acid phosphatase. In
Kupffer and endothelial cells, an increase in acid phosphatase activity is found with ageing (table 2 ) . However, no altered forms
of acid phosphatase which could account for the increase in enzyme
activity could be detected with isoelectric focusing techniques.
The activities of multiple forms of cathepsin D in the three
liver cell populations were determined by measuring the amount of
tyrosine and tryptophan liberated from haemoglobin at pH = 3.6.
With age, the specific activities of cathepsin D in Kupffer and
endothelial cells (table 2) show only slight changes. The agedependent increase in activity in parenchymal cells is expressed
relatively more by the release of tryptophan than by tyrosine release. Since cathepsin D enzymes hydrolyse haemoglobin at peptide
bonds of mostly tyrosine with other amino acids, the greater increase in tryptophan liberation may indicate a less specific reaction of cathepsin D from old parenchymal cells. An age-related
change in specificity is not very pronounced in the Kupffer and
endothelial cells. These results stress the differences in the
alteration of the protein degradation system with age between
long-lived and short-lived cells. In this respect, the following
hypothesis may be proposed. In parenchymal cells from old rats, an
altered form of acid phosphatase with a relatively low isoelectric
point can occur because these molecules are possibly not recognized as a protein to be degraded by the cathepsin D enzymes which
become less specific in proteolytic activity during ageing.

Reiss, U. et al., p. 199, In: Liver and ageing (D. Platt, e d . ) ,
Schattauer Verlag, Stuttgart (1978).
Sleyster, E.Ch. and Knook, D.L., Arch. Biochem. Biophys. 190
(1978) 756.
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TABLE 2
DISTRIBUTION OF CATHEPSIN D ACTIVITIES BASED ON THE LIBERATION OF TYROSINE
OR TRYPTOPHAN FROM HAEMOGLOBIN, OVER PARENCHYMAL, ENDOTHELIAL AND
KUPFFER CELLS FROM YOUNG AND OLD RATS

age
(months)

33-34

cell suspension

nmoles Tyr*

nmoles Trp*

nmoles Tyr**
nmoles Trp

parenchymal cells
endothelial cells
Kupffer cells

6.90 ±
53.43 ±
230.02 +

0.91
3.60
6.64

0.29 ± 0.04
3.06 ± 0.25
14.16 ± 0.49

23.8 ± 2.3
17.5 ± 0.6
16.3 + 0.2

parenchymal cells
endothelial cells
Kupffer cells

11.45 + 0.84
59.25 ± 3.03
220.57 ± 42.79

0.89 ± 0.06
2.97 + 0.15
10.84 ± 2.22

13.1 ± 1.8
20.0 + 0.4
20.4 + 0.8

The values represent the mean ± S.E. of three different cell preparations used.
* the activities are expressed as nmoles tyrosine or tryptophan released per min
per mg protein
**the ratio nmoles Tyr/nmoles Trp is 2.4 for intact haemoglobin.
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BIOTRANSFORMATION OF DIGITOXIN BY ISOLATED HEPATOCYTES

C.F.A. van Bezooijen, Y. Soekawa*, M. Ohta*,
M. Nokubo* and K. Kitani*

The drug digitoxin is often prescribed for patients with heart
• arythmias or heart insufficiency. However, toxic manifestations
are frequently observed during the treatment of elderly patients.
These toxic manifestations can be attributed to higher plasma
digitoxin levels (Storstein et al., 1977). Since digitoxin is
mainly metabolized by the liver, the toxic effects in elderly
patients might be explained by decreased metabolic activity in the
liver. If the mechanism of biotransformation of digitoxin is the
same in man and rats, this hypothesis can be tested by isolating
hepatocytes from rats of different ages and measuring the capacity
of these isolated hepatocytes to metabolize digitoxin.
The following method was used for determining this metabolic
activity. Isolated hepatocytes were incubated with 3*H-digi toxin.'
After various incubation periods, samples were withdrawn and added
to 99% ethanol. Digitoxin together with its metabolites were separated from all constituents of the incubation medium such as salts
and sugars by means of an Amberlite XAD-2 column. Thin layer chromatography was used for the separation of digitoxin and its metabolites. The spots were located by using a "Diinnschicht" scanner.
After collecting the spots, the amount of digitoxin and its metabolites was determined with a liquid scintillation counter.

start

conjugates

DG 3

DG 2 DG, DT3 DT,

DT,

Figure 1
Thin-layer radiochromatogram of digitoxin and i t s metabolites.
Hepatocytes were, isolated from a 3-month-old male Wistar r a t . g Cell concentration: 7.4 x 10 cells.ml . Digitoxin concentration: 2.5 x 10 M. Incubation
time 3 h. DT. = digitoxin; DT2 : digitoxigenin-bis-digitoxoside, DT. = digitoxigenin-mono-digitoxoside; DG = digitoxin; DG. = digoxin-bis-digitoxoside;
DG. = digoxiri-mono-digitoxoside.

*First Laboratory of Clinical Physiology, Tokyo Metropolitan Ins t i t u t e of Gerontology, Itabashiku, Tokyo.
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Figure 2

Effect of the cell concentration in the incubation medium on digitoxin biotransformation by isolated hepatocytes.
Cells were isolated fromga male Wistar rat of 3 months of age. Digitoxin concentration: 0.3125 x 10~ M. Incubation time 30 or 60 min. DT3 = digitoxin, DT2
= digitoxin-bis-digitoxoside.

Incubating hepatocytes isolated from male Wistar rats with Hdigitoxin resulted in metabolites which could be separated by thin
layer chromatography (fig. 1). The metabolites are exactly the
same as those observed by Storstein
(1973) in patients on d i g i toxin maintenance therapy.
The time course revealed that hepatocytes could metabolize
digitoxin linearly for at least 3 hours.
Fig. 2 shows that the amount of metabolized digitoxin is proportional to the number of c e l l s present in the incubation medium
between 0.125 and at least 1.35 x 106 cells/ml medium. These data
indicate that hepatocytes isolated from rats of different ages may
constitute a suitable model system to study age-related changes in
the capacity- of the liver .to metabolize digitoxin.

Storstein, L., p. 158 and 249. In: Symposium on Digitalis,
(O. Storstein, e d . ) , Gyldendal Norsk Forlag, Oslo, (1973).
Storstein, L. et a l . , Am. Heart J. 93 (1977) 434.
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CHARACTERIZATION OF ENDOCYTOSIS AND DIGESTION OF DENATURED ALBUMIN
BY CULTURED RAT LIVER KUPFFER CELLS

A. Brouwer and D.L. Knook

The Kupffer cells in the liver form the largest population of
fixed mononuclear phagocytes in the mammalian body. In comparison
with peritoneal macrophages little is known about the specific
characteristics and functions of Kupffer cells within the mononuclear phagocyte system. Their location within the liver sinusoids
in the blood stream and the fact that they represent the body's
first opportunity to clear the portal blood of undesired particles
and other material suggest an important role of Kupffer cells in
the defense of the body. Indeed, Kupffer cells have been shown to
be capable of clearing a large variety of injected or naturally
occurring substances from the blood, including bacteria, latex
particles, bacterial endotoxins and many different kinds of proteins and protein containing materials.
The development of new techniques for the isolation and purification of Kupffer cells has increased the possibilities to study
the nature and biological significance of these cells. One of the
most striking observations on the biochemical nature of Kupffer
cells is the high specific activity of several lysosomal acid
hydrolases, especially cathepsin D, an acid proteinase.
To investigate the more general role of Kupffer cells in the
clearance of proteins and the involvement of their active lysosomal system, we have developed an Jji vitro system to study certain
aspects of Kupffer cell functions. Endocytosis and the subsequent
degradation and excretion of protein by Kupffer cells jji vitro are.
measured after incubation of Kupffer cells in maintenance culture
with heat agglutinated colloidal albumin (CA 1 2 5 I).
In a previous report (Annual Report 197 7, p. 189) we presented
baseline data concerning the influence of incubation time, cell
number and temperature on the uptake of CA 1 2 5 I by cultured Kupffer
cells. The present report concerns the influence of various specific inhibitors of specialized cellular processes on the uptake
and degradation of CA* 25 I by cultured Kupffer cells, including the
characterization of the mechanism of uptake and the involvement of
the lysosomal system in the degradation of CA
I.
The influence of fluoride and antimycin A, metabolic inhibitors of glycolysis and mitochondrial respiration, respectively, is
shown in table 1. Both inhibitors cause a decrease in the uptake
of CA 1 2 5 I and, when present simultaneously, the uptake per mg cellular protein is reduced to 37% of the control values.
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TABLE 1
EFFECT OF_F- AND ANTIMYCIN ON THE UPTAKE
. 1 25
i. I BY CULTURED KUPFFER CELLS
OF CA"

uptake of CA
additions
none
F~
Antimycin A
F + Antimycin A

jjg/10

Kupffer cells
0.
0.
0.
0.

40
29
28
11

125
I
pg/mg cell protein
5.16
4.14
3.57
1.90

(100%)
( 80%)
{ 69%)
( 37%)

incubation time: 30 min
concentrations : F
: 10 mM
Antimycin A: 0.8 jjg/petri dish
CA125I
: 121 ug/ml
percentage of control
in parentheses

In order to study the involvement of microfilaments in the
mechanism of uptake, the effect of preincubation of the cells with
various concentrations of cytochalasin B was determined. The results (not shown) indicate that the endocytosis of C A 1 2 5 I is affected by this drug. At concentrations of cytochalasin B (10-40
jjg.ml""1 ) that are sufficient to prevent the action of microf ilaments, the inhibition of the uptake of CA 1 2 5 I is 35-60%.
The possible mechanisms of endocytosis of CA 1 2 5 I by cultured
Kupffer cells include micropinocytosis, (macro)pinocytosis and
phagocytosis (Wisse, 1977; Munthe-Kaas, 1977). The two forms of
pinocytosis may or may not be associated with prior adsorption of
the test substance to the cell membrane. If prior adsorption takes
place, specific or non-specific membrane receptors may be involved. Fluid pinocytosis alone (without adsorption) can be ruled
out, because the amount of extracellular fluid that is pinocytosed
by cultured macrophages (Pratten et al., 1978) can account for
only 1-2% of the amount of ingested CA 1 2 5 I at the concentrations
of CA 1 2 5 I used.
The sensitivity of the uptake of CA
I by cultured Kupffer
cells to metabolic inhibitors and to cytochalasin B indicates that
(macro)pinocytosis or phagocytosis are the major endocytic mechanisms responsible for the uptake of C A 1 2 5 I , since micropinocytosis is less affected by these agents (Allison and Davies, 1974;
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Allison, 1974). On the basis of the current data, it is difficult
to conclude whether phagocytosis, (macro)pinocytosis or simultaneous action of the two mechanisms is the actual means of uptake of
C A 1 2 5 I . The finding that intravenously injected CA
I is also
endocytosed by liver endothelial cells _i_n vivo (unpublished results) indicates that CA 1 2 5 I can be taken up by (macro)pinocycytosis, since endothelial cells are not able to phagocytize.
Whether specific or non-specific membrane receptors play a role in
the adsorption of CA 1 2 5 I to Kupffer cells remains to be investigated.
In fig. 1 the influence of chloroquine on the degradation and
excretion of C A 1 2 5 I by Kupffer cells is presented. Chloroquine is
an inhibitor of intralysosomal enzymatic degradation and exerts
its action mainly by raising the intralysosomal pH.
After a short lag time of about 10 minutes, the degradation
and the excretion on ingested CA 1 2 5 I is strongly inhibited by
chloroquine. These results show that degradation of CA 1 2 5 I by
Kupffer cells occurs mainly within the lysosomes and that excretion of ingested material does not take place when the degradation of this material is blocked. Consequently, the degradation of
ingested CA 1 2 5 I by cultured Kupffer cells can be used to study the
action of the lysosomal system in intact cells.

~

i

60

•n
<

• posrincubation without chloroquine
•
,,
with chloroquine (0.1 mM)
_ — . TCA-soluble radioactivity (degraded)
__._
excreted radioactivity
30

45

60

postincubation time ( min )
Figure

1

Influence of chloroquine on the excretion and degradation of CA^ 25 I fay cultured
Kupffer cells. Monolayers of Kupffer cells (2 x 106 cells/petri dish) were preincubated for 45 min in the presence of CA^^i, washed and postincubated in
fresh medium with or without chloroquine.
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Allison, A.C., In: CIBA Symposium on the Locomotion of tissue
cells, (Porter, R. and Fitzsimons, D.W., eds.)» Associated Scientific Publishers Amsterdam, 1974.
Allison, A.C. and Davies, P., Symp. soc. exp. biol. ^8 (1974) 419.
Munthe-Kaas, A.C., Exp. Cell Res. ^07 (1977) 55.
Pratten, M.K. et al., Biochim. Biophys. Acta 540 (1978) 455.
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GLUTAMATE METABOLISM IN THE AGEING RAT BRAIN

I.F. de Koning-Verest*

One of the characteristics of old age is the change in the
function of the central nervous system (CNS). For example, defects
in adaptive behaviour, learning and memory have been demonstrated
by several investigators. Previous results of our group (Wolthuis
et al., 1976) indicated that acquisition was deficient in 30month-old female WAG/Rij rats when compared with acquisition of
12- or 3-month-old rats. The question arose as to whether these
learning and memory defects might result from possible gross overall metabolic changes in the brain during ageing. Because it was
impossible to investigate brain metabolism in its entirety, we attempted to select a representative section of it. From a biochemical and practical point of view, a study of glutamic acid turnover
seemed feasible and would give some insight into the overall
metabolic state of the brain.
Much evidence is available that glutamate metabolism in the
brain is compartmentalized; at least two glutamate pools - a
"large" and a "small" - exist. Acetate is a precursor of the
"small" and glucose principally of the "large" glutamate pool.
Female WAG/Rij rats of 3, 12 and 30 months of age were injected intraperitoneally with a mixture of 300 uCi (3H)-acetate
and 30 uCi (2-14C)-glucose. The levels of glutamate, aspartate and
glutamine were determined and the incorporation of the radioactivity into these amino acids was measured according to methods described by Cheng and Waelsch
(1963) and van den Berg et al.
(1969).
It was found that the brain levels of glutamate and aspartate
were decreased in 30-month-old rats as compared with 3- and 12month-old rats. No significant age-related differences were found,
however, in glutamine levels (fig. 1 ) . These results are in accord
with data from literature.
Neither the protein levels nor the incorporation of the radioactivity into brain proteins differed among the three age groups,
suggesting that there are no age-related differences in protein
synthesis.
The incorporation of (2- C)-glucose into aspartate and glutamine expressed as the respective relative specific activities
(RSA: specific activity of amino acid/specific activity of gluta•Medical Biological Laboratory TNO, P.O. Box 45, 2280 AA
and Institute for Experimental Gerontology TNO.
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Figure 1
ftmino acid levels in brains of 3-month (n=14), 12-month (n=15) and
(n=16) old r a t s .
* significantly different from values of 3 months (P
(p 2 <^ 0 .05)
** significantly different from values of 3 and 12 months (p
(P2< 0.05)

30-month

mate) did not show age-related changes. Since glucose is the precursor of the large glutamate pool in the brain,
i t can be concluded that no age-related changes occur in the metabolism of glutamate in the large compartment.
The incorporation of
( H)-acetate into aspartate, also expressed as the RSA, did not differ among the three age groups. The
RSA of 3 H-labelled glutarine in brains of 30-month-old r a t s , however, was significantly
decreased 10 min after injection of the
precursor mixture when compared with 3-month-old r a t s . This
dif_'~rence disappeared 20 min after injection (fig. 2). These r e s u l t s
may indicate that the incorporation of ( H ) - a c e t a t e into glutamine
i s delayed in 30-month-old rats? therefore, i t is suggested that -
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Figure 2
The relative specific activity of glutamine (the specific activity of glutamine/specific activity of glutamate) in rat brain 10 and 20 min after injection
of the mixture of 300 uCi(^H)-acetate and 30 uCi(2-14C)-glucose.
•significantly different (p ^ 0.05)

in contrast to the large compartment - the metabolism of glutamate in the small compartment is altered in the brains of aged
rats.
The degree of labelling of aspartate is a parameter for the
turnover rate of the tricarboxylic acid cycle. Since no age-related differences in aspartate labelling were found,
i t can be
concluded that the turnover rate of the tricarboxylic acid cycle
is unaffected by age. Therefore/ i t is reasonable to conclude that
no great age-related changes in energy metabolism take place in
rat brains.
There appears to be a direct relation between ammonia levels
and glutamine synthesis.
It i s , for example, well documented that
an increased brain ammonia level or administration of high doses
ammonia lead to increased synthesis of glutamine in brains of experimental animals. The findings that neither the levels nor the
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incorporation of the radioactivity into glutamine are increased
may indicate that, in rats, the brain ammonia levels do not increase with age.
Summarizing, data in the literature as well as our own indicate that glutamate brain levels are lowered in aged animals. This
might suggest that disturbances in glutamate metabolism occur with
age. The present turnover studies of glutamate show, however, that
age-related overall gross changes in glutamate metabolism do not
occur; albeit, the metabolism of glutamate is somewhat delayed in
the small compartment. From these and the additional findings, it
is concluded that age-related overall gross metabolic changes in
rat brain do not occur. The defects in acquisition of old rats,
therefore, cannot be simply explained by gross changes in cerebral
metabolism.

Van den Berg, C.J. et al., Biochem. J. 113 (1969) 281.
Cheng, S.C. and Waelsch, H., Biochem. Z. 3_38 (1963) 643.
Wolthuis, O.L. et al., Neuroscience Letters 2 (1976) 343.
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AGE-RELATED CHANGES IN THE HUMORAL IMMUNE RESPONSE OF CBA MICE

Marie-Jose Blankwater

The effect of age on the JiH vivo humoral immune response was
investigated in male CBA mice. The 90%, 50%, 10% and maximum survival ages of male CBA mice in our colony are 15, 29, 33 and 34
months, respectively. The response after immunization with either
sheep red blood cells (SRBC) or lipopolysaccharide
(LPS) of E\_
coli was determined by measuring the number of plaque forming
cells (PFC). SRBC represent a thymus-dependent antigen, whereas
the response to LPS is exerted by B cells only (without the influence of helper or suppressor T cells). In addition to the primary
immune response in the spleen to optimum and low doses of both antigens, age-related alterations in a secondary response to SRBC in
the spleen as well as in the bone marrow were investigated. The
results are summarized in fig. 1, where the IgM response of 24and 30-month-old CBA mice is expressed as a percentage of the response of 3- and 6-month-old mice, respectively. The age-related
changes observed in the above-mentioned responses can be summarized as follows (see fig. 1 ) :
1. The primary response to an optimum dose of SRBC declines
faster with age than the primary response to an optimum dose
of LPS. Mice of 24 months still exhibit the same responsiveness to LPS as do young animals. A decrease in the anti-LPS
response was observed only in 30-month-old mice.
2. The difference in responsiveness between young and aged mice
becomes greater when a suboptimum dose of antigen is used.
This applies for the anti-SRBC as well as for the anti-LPS response.
3. The primary response to SRBC in the spleen decreases earlier
in life than does the secondary response to this antigen.
4. The bone marrow, which constitutes an important antibody forming organ during a secondary response to SRBC (Benner and van
Oudenaren, 1975), shows a declining capacity to develop PFC in
30-month-old mice, while the response in 24-month-old mice is
still comparable to that of 6-month-old mice.
Fig. 1 only shows changes in the number of cells forming antibodies of the IgM class. In the same series of experiments, it was
found (data not shown) that the generation of cells forming antibodies of the IgG class after a primary as well as a secondary
stimulation with SRBC is more severely affected by age than is the
generation of IgM-PFC. Some of the 2- and 2.5-year-old mice failed
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Figure 1
Summary of the age-related changes i n the humoral immune response of ageing CBA
mice a f t e r immunization with the thymus-dependent antigen SRBC and the thymusindependent antigen LPS.
The number of IgM-PFC a r e expressed as a percentage of the response of 3 - and
6-month-old mice, respectively, which i s taken a s 100%. The primary anti-SRBC
and anti-LPS response i n the spleen were determined on the peak day (day 4) aft e r immunization. Responses t o both high (H) antigen doses (4 x 10^ SRBC, 10 ug
LPS) and low (L) doses (10° SRBC, 0.01 ug LPS) were compared. The secondary r e sponse t o SRBC was determined on day 4 and day 6 in the spleen and bone marrow,
r e s p e c t i v e l y , a f t e r the booster i n j e c t i o n . For the secondary response, the mice
received a booster injection of 4 x 10^ SRBC 3 months a f t e r priming with 107
SRBC. The antigens were given intravenously. The figure i s based on the average
r e s u l t s obtained i n 2-4 separate experiments. In each experiment, 5-10 mice per
age group were used.
to develop any IgG-PFC. I t should be realized in this respect that
the IgG response requires more help from T c e l l s than does the IgM
response.
The aforementioned r e s u l t s indicate that the capacity to mount
an effective immune response towards a new antigenic challenge declines during ageing, especially when T c e l l s are involved ( e . g . ,
anti-SRBC response and IgG antibody formation). The responsiveness
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to low doses of antigen, thymus-dependent as well as thymus-independent, decreases faster than that to optimum doses of antigen. A
secondary response is less affected by age than is a primary response. The latter confirms the results reported by Makinodan et
al. (1971) and Haaijman and Hijmans (1978).
Literature data indicate differences in the ageing behaviour
of a thymus-independent humoral immune response in various strains
of mice (Blankwater et al., 1975; Smith, 1976; Friedman and
Globerson, 1978). Nevertheless, in comparison with thymus-dependent humoral immune responses, the functional capacity of B cells
seems to decline less rapidly with age in most strains studied
(see also Segre and Segre, 1977).
Since macrophages, the third cell type involved in humoral immune reactions, show only minimal changes in mice with age (Kay
and Makinodan, 1976), functional changes in the T cell population
must play an important role in the impaired humoral immune responsiveness before changes in the B cell compartment occur. T cells,
if involved, exert their influence on humoral immune reactions in
two ways: as helper or as suppressor cells. Therefore, the decline
can be interpreted as less helper activity and/or increased suppressor activity. Evidence for both possibilities has been obtained. Using a hapten-carrier system, Krogsrud and Perkins (1977)
demonstrated that carrier-primed helper T cells show an earlier
decline during ageing in their capacity to initiate a response
than do hapten-primed B cells. Studies on suppressor cell activity
in mice have suggested an increase rather than a decrease in this
activity during ageing (Goidl et al., 1976; Makinodan et al.,
1976; Segre and Segre, 1977). To what extent both processes contribute to the decline remains to be investigated.

Benner, R. and Van Oudenaren, A., Cell. Immunol. JJ? (1975) 167.
Blankwater, M.J. et al., Immunology £8 (1975) 847.
Friedman, D. and Globerson, A., Mech. Ageing Develop. 1_ (1978)
289.
Goidl, E.A. et al., J. Exp. Med. L44 (1976) 1037.
Haaijman, J.J. and Hijmans, W., Mech. Ageing Develop. _3 (1978)
375.
Kay, M.M.B. and Makinodan, T., Clin. Immunol. Immunopath. 6^ (1976)
394.
Krogsrud, T. and Perkins, E.H., J. Immunol. 118 (1977) 1607.
Makinodan, T. et al., J. Geront. _26 (1971) 515.
Makinodan, T. et al., Immunology SI (1976) 903.
Segre, D. and Segre, M., Mech. Ageing Develop. 6^ (1977) 115.
Smith, A.M., J. Immunol. 116 (1976) 469.
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THE IMMUNE SYSTEM DURING AGEING
VII. Influence of thymectomy on th> frequency of homogeneous
immunoglobulins-paraproteins in the sera
of ageing CBA/Rij mice

J. Radl, P. van den Berg and E. de Glopper-van der Veer

Previous studies in the ageing C57BL/KaLwRij mice demonstrated
that thymectomy performed in young adult mice, but even more
clearly thymectomy in neonatal mice, substantially increased the
frequency of transient homogeneous
immunoglobulins-paraproteins
and of permanent idiopathic paraproteinaemias (IP) which appeared
during ageing in these animals (Annual Report 1977, p. 200). While
the ageing animals of this mouse strain develop IP spontaneously
in a high frequency, only a few mice of some other strains were
found to have paraproteins in their sera and these were present
only during the last months of their life (Radl et al., 1978). The
question as to whether thymectomy would also increase the frequency of paraproteins in such low frequency strains was investigated
in the CBA/Rij mice.
Thymectomy was performed in 33 neonatal mice (15 males and 18
females) which were then allowed to live out their lifespan. Small
blood samples were taken at 3-month intervals and the serum was
investigated for the presence of paraproteins by agar-electrophoresis according to Wieme and by immuno-electrophoresis, using
monospecific antisera to each of the Ig classes, subclasses and
light chain types. Animals of this experimental group have already
exceeded the age of 21 months and 19 of the mice are still alive.
The frequency of paraproteins in the sera of the entire experimental group and of males and females separately as compared
to the untreated CBA mice is shown in fig. 1. Evaluation of the
follow-up study showed that 20 (60%) of all mice had produced a
paraprotein at least once in their life. In 8 of these cases (40%)
the paraproteins were transient and in 12 (60%) they were permanent, possibly IP. Sixteen per cent of the animals which developed
a permanent paraproteinaemia had once also produced transient
paraproteins before. The incidence of paraproteinaemias in females
was clearly higher than in males. The level of the transient paraproteins was generally lower than that of permanent paraproteins.
Neither the transient nor the permanent paraproteins usually
reached levels as high as those seen in the C57BL mice (i.e., up
to 4 mg.ml" 1 ) and many of them were detectable only by immunoelectrophoresis. In 7 of the 20 cases with a paraproteinaemia
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Frequency of homogeneous immunoglobulins in neonatally
control CBA/Rij mice during ageing.

thymectomized (NTx) and

(35%), multiple paraproteins appeared in the same individual with
ageing. The class and subclass distribution of a t o t a l of 32 paraproteins was 28%, 22%, 16%, 12% and 22% for IgM, IgGl, IgG2a,
IgG2b and IgG3, respectively.
There was no clear-cut IgA paraprotein detected among these paraproteins.
These r e s u l t s show that an impairment of the T immune system
may lead to the r e s t r i c t i o n of the heterogeneity of immunoglobul i n s and to the increasing frequency of IP with age, also in animals which suffer only very l i t t l e from this immune system d i s order under normal conditions.

Radl, J. et a l . , Clin. exp. Immunol. _3_3 (1978) 395.
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THE IMMUNE SYSTEM DURING AGEING
VIII. The effect of thymus implantation on the frequency of
homogeneous immunoglobulins in the ageing C57BL/KaLwRij mouse

J. Radl, E. de Glopper-van der Veer, M.J. van Zwieten,
P. van den Berg and C. Zurcher

Thymectomy performed in neonatal mice and young adult mice
substantially increases the frequency of homogeneous immunoglobulins (H-Ig) and idiopathic paraproteinaemia (IP) which appear in
mice during ageing (Annual Report 1977, p. 200 and this Annual Report, p.247). These findings strongly suggest that a deficiency in
the T immune system plays an important role in the pathogenesis of
IP, probably in an early stage of its development, as was suggested in the working hypothesis on the development of IP (Annual
Report 1976, p. 306).
Consequently, the question can be raised as to whether substitution therapy, e.g. implantation of additional thymuses to ageing
mice, would correct the assumed age-related T system deficiency
and decrease the incidence of IP in these ageing animals. Pilot
studies performed in limited numbers (12 and 10, respectively) of
24- and 18-month-old C57BL/KaLwRij mice with clear-cut IP showed
no influence on the level or the number of the paraproteins after
single implantation of 2 neonatal thymuses per animal. In addition, necropsy findings at ± 2 months after transplantation showed
an unusually high frequency of lymphoreticular malignancies in
these groups (9/12 in the first and 4/10 in the second group).
Therefore, new experiments were designed in which the thymuses
were transplanted at an earlier age.
Two groups of C57BL/KaLwRij male mice, each consisting of 20
animals, were used for this transplantation experiment. At 10 and
15 months of age, 2 neonatal thymuses were implanted subcutaneously under barbiturate anesthesia in the dorsal neck region in each
of the mice of the experimental (T) group. Heart muscle from neonatal mice of the same strain was implanted subcutaneously in a
similar manner in each of the mice of the control (C) group. The
presence of H-Ig in sera of the animals was investigated by agarelectro-phoresis according to Wieme and by immunoelectrophoresis
before implantation and every two months thereafter until the
death of the animal.
As seen in fig. 1, there was no substantial difference in the
age-related frequency of H-Ig between the two groups. The percentage of transient and permanent (possibly IP) paraproteinaemias was
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Influence of thymus and heart muscle implantation on the frequency of
teinaemias in ageing C57BL/KaLwRij mice (male).
The time of graft implantation i s indicated by arrows.

parapro-

also comparable in both groups. However, the lifespan of mice of
the T group was distinctly shorter than that of the C group (the
50% survival value being 73 weeks for the T group and 88 weeks for
the C group).
Necropsy and histological examination was performed
on 17 animals of the T group and 11 of the C group, the remainder
being lost to further study due to severe autolysis. The thymic
implants were generally atrophic but comparable with the morphology of the autologous thymus. A higher incidence of lymphoblastic
lymphoma (12%), reticulum cell sarcoma type A (12%) and periarteritis nodosa (12%), but a lower incidence of amyloidosis (65%) was
found in the T group as compared with the control C group (0%, 9%,
0% and 90%, respectively) (fig. 2 ) . None of the lymphoreticular
tumours originated in the thymus grafts.
These results show that, although a take of the thymus implant
could be histologically demonstrated in most cases, implantations
of neonatal thymuses to adult animals did not prevent the development of IP. The reasons for this failure are unclear, but may be
due to a quantitative insufficiency of active thymic tissue implanted or to the fact that the substitution therapy was still
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Figure 2
Survival curve and major histopathological data of the experimental and the
control groups.
A+ = amyloidosis of a light grade; A+++ = general amyloidosis; Ly = lymphob l a s t i c lymphoma; RS-A = reticulum cell sarcoma type A; RS-B = reticulum cell
sarcoma type B; PN = p e r i a r t e r i t i s nodosa; 0 = no abnormality of the immune
system; f = sudden death during narcosis. Note: the l a s t three animals of the
control group were killed a t the age of 104 weeks.

initiated too l a t e . However, the shorter survival time and the
histopathological findings in the experimental group as compared
to the control group indicate a more complex situation. While the
higher incidence of amyloidosis in the control group might be explained by their more advanced age, the higher frequency of lymphoreticular malignancies and the shorter survival time in the T
group remains obscure. On the basis of work by Kaplan (1974) and
van Bekkum et a l . (1977), however, we can speculate that, with the
transplantation of neonatal thymuses, the recipients may also have
received some oncogenic factors. The implant could contain cells
suitable as targets for neoplastic transformation or i t might provide a microenvironment for virus-infected cells essential
for
their progression into neoplasia. Alternatively, the newborn thy251

mus may contain and/or educate large numbers of suppressor T cells
which control a state of tolerance to oncogenic viruses known to
be transmitted vertically in mice of this strain. On the introduction of such cells into an adult recipient, they may change the
balance established during life between the host's defence mechanism and the latent oncogenic virus in favour of the virus, which
may then replicate and cause malignant transformation of cells of
the lymphoreticular system. The results of this experiment may imply that the thymus in the C57BL/KaLwRij mouse may already be impaired very early in its ontogenesis. Therefore, implantation of
neonatal C57BL/Ka thymuses may not be an appropriate procedure for
studies on the relationship between thymic function and the occurrence of idiopathic paraproteinaemias and a different approach
for future experiments is clearly indicated.

Van Bekkum, D.W. et al., p. 51, In: International Symposium on
radiation-induced leukemogenesis and related viruses, Elsevier/
North Holland, 1977.
Kaplan, H.S., p. 94, In: Ser. Haemat., Vol. Ill 2, Munksgaard,
Copenhagen, 1974.
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NATURALLY OCCURRING AUTOANTIBODIES IN AGEING
PRAOMYS (MASTOMYS) NATALENSIS

J. Coolen, A.L. van Rossum*, J.A.M.W. Hartman, H.A. Solleveld
and C. Zurcher

The age-related pathology of Praomys (Mastomys) natalensis is
characterized by a great variety of tumours and non-neoplastic lesions (Solleveld, 1978). Several of these lesions such as thyroiditis, myocarditis, myositis, sialo-adenitis and glomerulonephritis
and the high frequency of lympho-epithelial thymomas are suspect
for a dysfunction of the immune system.
We therefore screened 135 serum samples of random bred? conventionally maintained Mastomys which were killed when moribund
(age range 18-40 months) for the presence of autoantibodies. An
indirect immunofluorescence technique with frozen sections of different normal rat organs as an antigenic substrate was used. A
complete histopathological examination was performed on animals
used in this study.
The results of the study are given in table 1. A great variety
of autoantibodies was found. Among them were antibodies to nuclear
antigens (as also described by van Pelt and Blankwater [1972]), to
cytoplasmic antigens (of liver parenchymal cells, thyroid follicular cells, epithelial lining cells of the renal proximal tubules,
parietal and "other" cells of the stomach), to colloid and to erythrocytes. The occurrence of autoantibodies to striated muscle
corresponding to the type found in human patients with myasthenia
gravis is especially striking and needs to be further investigated.
The results of a computer analysis of the data showed an association between the cytoplasmic autoantibodies of the liver parenchymal cells, the thyroid follicular cells, the epithelial lining
cells of the proximal tubules of the kidney and the "other" cells
of the stomach in females as well as in males. In females, autoantibodies to muscle of the intermyofibrillar type should also be
included in this association. The relation between autoantibodies
to colloid and the presence of thyroiditis will be discussed elsewhere in this report (see page 255).
The high incidence and great variety of autoantibodies found
in this species in addition to the presence of lympho-epithelial
thymomas and the fact that an inbred strain has recently become
*Central Laboratory of The Netherlands'
fusion Service, Amsterdam.

Red Cross Blood Trans-
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available makes Praoniys (Mastomysl natalensis an attractive
for the study of autoimmunity.

model

Pelt, F.C. van and Blankwater, M.J., Gerontologica 1J3 (1972) 200.
Solleveld, H.A., Acta Zool. Path. Antver. 72 (1978) 5.

TABLE 1
AUTOANTIBODIES IN AGEING PRAOMYS (MASTOMYS) NATALENSIS
(age range 18-40 months)

females
(n=84)

males
(n=51)

autoantibodies to:

no.

liver

: nucleus
cytoplasm
erythrocytes

12
32
6

14

11

22

38
7

25
1

49
2

: cytoplasm
colloid

34
14

40

21
3

41

: prox. tubules
dist. tubules
glomerulus (mesangium)

35
4
6

42

21
1

41

diaphragm; intermyofibrillar
striated muscle
zebra
mitochondrial
myasthenia gravis

16
3
10
1

19
4
12
1
15

7
4
12
1

5

14
8
24
2
10

heart

: intermyofibrillar
striated muscle
mitochondrial
myasthenia gravis

21
8
1
17

25
10
20

12
14
3
14

24
27
6
27

: parietal cells
"other" cells
smooth muscle

40

48
20
17

10
21
16

41

thyroid

kidney

stomach
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13

17
14

no.

17

5
7

1

3

6

2
6

20
31

SPONTANEOUS AUTOIMMUNE THYROIDITIS
IN PRAOMYS (MASTOMYS) NATALENSIS

H.A. Solleveld, J. Coolen, J.A.M.W. Hartman and C. Zurcher

Spontaneously occurring autoimmune thyroiditis has been described in man, monkeys, dogs, chickens and rats. In addition, it
is possible to induce thyroiditis in many species by immunization
with homologous and heterologous thyroglobulin in Freund's adjuvant. The spontaneously occurring disorder in the various species
appears to be genetically determined and, in experimental murine
thyroiditis, the responsiveness to thyroglobulin immunization is
dependent upon the H-2 haplotype of the host (Rose et al., 1977).
This report describes the occurrence of spontaneous autoimmune
thyroiditis in Praomys (Mastomys) natalensis.
A histopathological study of 199 random bred, conventionally
maintained Mastomys (Solleveld, 1978; Annual Report 1973, p. 185)
revealed a variety of non-neoplastic lesions, including mononuclear myocarditis, myositis, sialoadenitis and thyroiditis, which
were often accompanied by lympho-epithelial thymomas. Such a constellation of lesions in these animals was suggestive for an autoimmune disorder.
The lesions in the thyroid gland were characterized by a lymphoplasmacellular infiltrate in either a diffuse or nodular pattern and sometimes associated with destruction of follicles. Some
lesions were focal and limited to several adjacent follicles,
while others were extensive and involved the entire gland. Clearcut germinal centers as described in Hashimoto's disease in man
were not observed. These findings prompted us to investigate
whether antithyroid autoantibodies were present in these animals.
Serum samples from 135 Mastomys, which were killed when moribund,
were screened by an indirect fluorescent-antibody technique against frozen sections of normal rat thyroid glands. A highly significant relationship (p < 0.001) was found between histologically
observed thyroiditis and the presence of autoantibodies to colloid
(table 1 ) .
Seventeen of 84 females had thyroiditis and sera of 14 of
these 17 animals contained autoantibodies to colloid. The incidence was lower in males. Four of 51 males had thyroiditis, 3 of
which were also positive for autoantibodies to colloid. Localization of fluorescence in the cytoplasm of the follicular epithelium
was found in 55 cases, but was not associated with thyroiditis,
suggesting that antibodies to thyroglobulin and not to thyroid
microsomal antigen are responsible for the histological lesions.
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TABLE 1
THYROIDITIS AND AUTOANTIBODIES TO COLLOID
IN PRAOMYS (MASTOMYS) NATALENSIS

females
autoantibodies
to colloid

males
autoantibodies
to colloid

in
•H

I
•r)

W
•H

4J

14/17
0/6 7

3/17
6 7/6 7

3/4
0/4 7

1/4
4 7/4 7

3

I

Lympho-epithelial thymomas were found in 50 of the 135 Mastomys. In 6 cases of thyroiditis, a thymoma was found/ but no thymic
neoplasm was present in 10 other animals with thyroiditis and no
thyroiditis was found in 44 cases of thymoma. These results suggest that no relationship exists between the presence of thymomas
and thyroiditis.

Rose, N.R. et al., p. 63. In: Autoimmunity. Genetic, immunologic,
virologic and clinical aspects. Ed. by N. Talal, Academic Press,
New York, (1977).
Solleveld, H.A., Acta Zool. Path. Antverp. 72 (1978) 5.
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I
APPARENT TRANSFORMATION OF A TRANSPLANTED
RAT CENTRAL NERVOUS SYSTEM GRANULAR CELL TUMOUR INTO A SCHWANNOMA

M.J. van Zwieten/ S.P. Meihuizen, A.L. Nootebooni/
J.D. Burek* and C.F. Hollander

The cell of origin of the granular cell tumour (granular cell
"myoblastoma") of man has at various times been considered to be
the embryonic striated muscle cell, fibroblast, histiocyte, undifferentiated mesenchymal cell and a neurogenic cell, particularly the Schwann cell. Although most present evidence suggests the
latter as the most likely candidate, scientific opinion is still
divided.
Transplantation studies of spontaneously occurring intracranial granular cell tumours of rats were initiated, as reported previously (Annual Report 1977, p. 221), in order to learn more about
the cellular origin of these tumours and to increase the amount of
tumour tissue available for other studies, including biochemical
analyses, which might yield additional information. The purpose of
this report is to briefly document the occurrence of a Schwannoma
at the transplantation site of a granular cell tumour, which, it
is believed, provides additional circumstantial evidence for the
neurogenic origin (i.e., Schwann cell) of granular cell tumours.
A primary cerebral granular cell tumour from an untreated 24month-old female BN/Bi rat was initially transplanted subcutaneously into 5 one-month-old female BN/Bi rats. Tumour growth was
observed in 4 of these recipients between 7 and 11 months after
transplantation. Tumours from 2 of these first generation recipients were transplanted further into 6 weanling BN/Bi rats. Growth
of the transplanted tumour was observed in only one of these
recipients 8 months following transplantation. In a second rat of
that series killed 9 months after transplantation, the transplanted tumour was identified within a large subcutaneous Schwannoma.
The granular cell tumour is represented by a few small nodules
composed of typical granular cells which are morphologically indistinguishable from cells in the parent tumour. In one nodule, an
intermingling of granular c«lls and neoplastic Schwann cells is
present. In addition, there are cells suggestive of transitional
forms between the two cell types (fig. 1 ) . The Schwannoma is characterized by two predominant patterns: one consisting of highly
•Toxicology Research Laboratory, Health & Environmental Research,
Dow Chemical, Midland, Michigan, U.S.A.

257

I

Figure 1
Intermingling of transplanted granular cell tumour (upper right) and neoplastic
Schwann cells (lower l e f t ) .
Note the presence of cells suggestive of transitional forms between the two
cell types (PAS x 390 ) .

cellular areas in which the cells are spindle-form,
arranged in
fascicles and whorls, with occasional palisading of nuclei, and a
second in which c e l l s are round, with clear or poorly defined
cytoplasm and arranged in sheets. These two patterns are consistent with Antoni type A and B t i s s u e , respectively, as described
in human Schwannomas (Weller and Cervos-Navarro, 1977).
With electron microscopy, the most common cell type in the
Schwannoma is characterized by a moderate amount of cytoplasm containing free ribosomes, l i t t l e rough endoplasmic reticulum, swollen mitochondria and occasional lysosomes. Most cells have extensive cytoplasmic processes which often contain microtubules as
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well as microfilaments. Pericellular basement membrane material
was not evident in the tissues examined.
Four further transplantation generations of the Schwannoma described above have yielded no substantial changes in the morphology of the tumour.
The finding of a Schwannoma at the site of a second generation
granular cell tumour transplant is interpreted not as a chance occurrence but as circumstantial evidence for a histogenic relationship between these two tumours. Such a relationship has been previously suggested in man (Sobel et al., 1973) and a situation
opposite to the one we described was recently reported - namely,
the finding of typical granular cell areas within a carcinogeninduced Schwannoma in a rat (Berman et al., 1978).

Berman, J. et al., Vet. Pathol. _L5 (1978) 725.
Sobel, H.J. et al.. Arch. Pathol. 9_5 (1973) 396.
Weller, R.O. and Cervos-Navarro, J., p. 155, In:
Peripheral Nerves, Butterworths, London (1977).

Pathology of
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RETICULUM CELL SARCOMA TYPE A AND UTERINE SARCOMA
IN AGED C57BL/KaLwRij MICE

C. Zurcherf M.J. van Zwieten, H.A. Solleveld, C.F. Hollander
and J. Radl

According to Dunn's description (1954), reticulum cell sarcoma
type A (Ret A) is localized predominantly in the liver, lymph
nodes, and uterus, vagina or ovary. Serious doubt about the existence of Ret A as a separate entity was put forward by Stewart
et al. (1974) who demonstrated that uterine sarcomas originally
diagnosed as Ret A appeared to be malignant schwannomas which often metastasized to lymph nodes, liver, spleen, peritoneum and
lungs. On transplantation of the uterine sarcomas, the same histological appearance as seen in the primary and metastatic tumour
tissue was observed. It appeared that, in the uterine tumours, the
loose cellular pattern of the Antoni type B tissue had been diagnosed formerly as Ret A, while the areas with jalisading nuclei
and Verocay bodies (Antoni type A tissue) had not received sufficient attention.
Also in a recent book on the pathology of laboratory animals
(1978) the possibility that all so-called Ret A sarcomas in the
liver are metastatic from malignant schwannomas elsewhere is seriously considered.
In our strain of C57BL mice, tumours in the liver sinusoids
compatible with a diagnosis of Ret A and tumours in the female
genital tract are not uncommon. However, the fact that the localization in the liver is more frequent than in the uterus (other
sarcomas of possible Schwann cell origin being absent) is difficult to reconcile with a diagnosis of primary uterine schwannoma
with liver metastasis. Furthermore, extensive erythrophagocytosis
by tumour cells is frequently observed in the liver, while this
aspect was exceptional in the uterine tumours (fig. 1 ) . In fact, a
massive proliferation of phagocytizing histiocytes in the liver as
well as in the uterus was evident in only one case. Schwann cells
may exhibit phagocytic capacity jin vivo as well as JJI vitro, but
such massive erythrophagocytosis as observed in several sarcomas
in the liver sinusoids has not been described for schwannomas to
our knowledge. Clear-cut features of schwannoma such as palisading
of nuclei and Verocay bodies were not present in the uterine
tumours of our mice. Lastly, the same type of sarcomatous tissue
as found in the genital tract was frequently also observed in bone
marrow (BM), but mainly in those cases where the liver was not involved.
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Figure 1
Left:

Diffusely growing histiocytic sarcoma in the liver with extensive
erythrophagocytosis by tumour cells
(arrows)
in a 26-month-old female
C57BL mouse.
Same case.
Sarcoma in uterine stroma consisting of cells with histiocytic appearance but without erythrophagocytosis.
(Both: HPS x 335).

These findings prompted us to investigate whether the uterine
sarcomas in our mice belonged to two different
categories. We
therefore divided our series of 24 histiocytic sarcomas into 3
groups: one with liver involvement and without sarcoma in the geni t a l tract or BM, one with sarcoma in the genital tract or B
M and
not in the liver and a group showing both localizations. The organ
distribution of sarcoma in the 3 groups is given in table 1.
It appears that group II (main localization in genital tract
or BM) is characterized by frequent involvement of the B
M and no
involvement of the spleen, lymph nodes and lungs. The third group
takes an intermediate position.
These data are compatible with the hypothesis that the sarcomas in the genital tract may be derived mainly from two sites of
origin: one from the bone marrow and the other from the liver.
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TABLE 1
ORGAN DISTRIBUTION AS RELATED TO PRIMARY LOCALIZATION IN 24 CASES
OF HISTIOCYTIC OR UNDIFFERENTIATED SARCOMAS
IN 107 AGED FEMALE C57BL/KaLwRij MICE
primary localization in:
liver
organ distribution
(n=14)
liver

genital tract
and/or BM
(n=6)

liver + genital
tract and/or BM
(n=4)

14

uterus
ovary
BM
spleen
lymph nodes
lungs

11

That the tumour in the liver sinusoids is derived from the
mononuclear phagocytic system and possibly from Kupffer cells is
suggested by its cellular characteristics, growth pattern and organ distribution (liver sinusoids, lymph node sinuses, red pulp of
spleen). Tumour cells in the liver often adhere to the endothelial
lining of portal and central veins, sometimes leading to occlusion
of the lumen. Intravascular tumour cells are frequently found in
the lungs and spleen. As part of another experiment, intravenous
injection of BM and spleen cells derived from a male C57BL mouse
which was subsequently found to have Ret A in the liver resulted
in a typical phagocytizing histiocytic tumour with its main localization in the liver sinusoids in all of the 15 recipients examined. This characteristic behaviour was described by Dunn (1954)
and also by Ralph et al. (1975, 1976) who investigated a murine
histiocytic cell line which was morphologically, biochemically and
functionally characterized to be of mononuclear phagocytic origin.
The origin of the uterine sarcomas remains enigmatic, as no
typical features of a schwannoma were observed. The frequent association with identical tumour tissue in the bone marrow suggests
an origin from one of the haemopoietic cell lines. Thus, again in
this situation, a tumour derived from the mononuclear phagocytic
system cannot be excluded.
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Dunn, T.B., J. natl. Cancer Inst. 1^ (1954) 1281.
Pathology of Laboratory Animals (Benirschke, K., Garner, F.M. and
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IMMUNOLOGY
THE HAPTEN-CARRIER APPROACH TO T AND B CELL COOPERATION!
AN INTRODUCTION

J.J. Haaijman and J. Slingerland-Teunissen

i ;

Haptens are usually small molecules which by themselves will
not stimulate antibody production but will do so if they are coupled covalently to a larger molecule, the carrier. Mitchison
(1971) showed that, for the antibody to be produced, cooperation
between two cell types was necessary. Raff (1970) presented the
formal proof that the hapten is recognized by the B cells and the
carrier molecules by the T cells. Spleen cells of a mouse immunized with dinitrophenylated keyhole limpet haemocyanin
(KLH-DNP)
and treated with anti-0 and complement are not able to generate a
secondary anti-DNP response following transfer into an irradiated
animal and challenge with a low dose of soluble KLH-DNP. The missing T cells can be supplied by either KLH-DNP primed, anti-immunoglobulin treated spleen cells or spleen cells primed with KLH
alone. The hapten specificity of the B cell population can be demonstrated by using spleens of mice primed to DNP-chicken gamma
globulin (CGG-DNP).
The immune response against a hapten-carrier complex is both
hapten and carrier specific. Spleen cells from a KLH-DNP primed
animal will only respond secondarily to KLH-DNP and not to CGG-DNP
or to KLH conjugated with para-aminobenzoic acid. Moreover, the
carrier and hapten should be physically coupled. Challenge of KLHDNP primed spleen cells with CGG-DNP + KLH will not yield a secondary anti-DNP response.
Figure 1 shows the principle of carrier specificity. Threemonth-old CBA mice were primed with 10 ug alum precipitated KLHDNP. Two months later, the spleens were removed and 4 x 10 spleen
cells were injected intravenously into T.50 Gy (750 rad) irradiated CBA recipients. The age of the recipients proved not to be
critical between 3 and 21 months of age. The animals of group 1
received 1 .ug KLH together with the cells; groups 2, 3 and 4 received 1 jig of CGG-DNP, 1 pg of KLH-DNP and no antigen, respectively. Seven days after transfer, the animals were bled and the
level of anti-DNP, anti-CGG and anti-KLH antibodies was determined
using the Sepharose bead immunofluorescence assay (Haaijman,
1977). In order to reveal bound antibodies, a tetramethylrhodamine
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Figure 1
Carrier specificity for secondary antihapten responses.
4 x lo' spleen cells of CBA mice primed with 10 iig alum precipitated KLH-DNP
3 months earlier were transferred to irradiated recipients. The cells were
challenged with the indicated antigens; serum obtained 7 days after transfer
was tested on Sepharose beads coupled with lysine (LYS), KLH, CGG and DNP. The
values represent the geometric mean of 4 recipient mice. Bars indicate standard
deviation.

labelled polyvalent goat antiserum directed against mouse immunoglobulins (Nordic Immunological Laboratories, Tilburg, The Netherlands) was used. Conditions of the assay were chosen such that the
logarithm of the fluorescence was linearly related to the logarithm of the antibody concentration. The assay background was determined by using Sepharose beads coupled with lysine. The data of
fig. 1 demonstrate that: a) without challenging antigen, there are
no detectable antibodies generated; b) KLH and DNP primed cells
are distinct populations responding only to the appropriate challenge; c) the DNP primed cells will only respond upon challenge
with KLH-DNP and not upon challenge with CGG-DNP.
Figure 2 shows the use of separately primed carrier and hapten
reactive cells: mice were either injected with 400 jjg alum precipitated CGG-DNP, KLH-DNP, CGG or KLH. CGG-DNP primed cells were
transferred together with KLH primed cells in groups 1-3, whereas
groups 4-6 received KLH-DNP and CGG primed cells. The CGG-DNP
primed cells, unable to react to a KLH-DNP challenge, will do so
in the presence of KLH primed cells. The same phenomenon using the
other combination of cells is shown in group 6. The levels of
anti-CGG and anti-KLH antibodies after challenge serve as a control for successful priming.
In comparing groups 2 and 6, it is clear that for the cooperation effect the best combination is B cell priming with CGG-DNP
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Figure 2
Cellular cooperation using hapten-carrier complexes.
Irradiated recipients received primed cells and challenging antigen as indicated. Sera were tested for various antibody level seven days after transfer.
Four recipients were used per group. Bars indicate standard deviation.

a more potent secondary antigen or to KLH being a better T c e l l
priming antigen cannot be concluded at this point.
We have introduced the hapten-carrier approach in t h i s laboratory because i t offers a method for testing the influence of age
on B and T helper c e l l s separately.

Haaijman/ J . J . , Thesis, University of Leiden, Leiden, 1977.
Mitchison, N.A., Eur. J . Immunol. ^ (1971) 18.
Raff, M.C., Nature 226 (1970) 1257.
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THE KINETICS OF T AND B MEMORY CELL DEVELOPMENT
AFTER PRIMARY IMMUNIZATION

J.J. Haaijman and J. Slingerland-Teunissen

It has already been shown (this report, p. 265) that two cell
populations are needed for the generation of a secondary antihapten response: the carrier primed T memory cells and the hapten
primed B memory cells. This was demonstrated by cotransferring into an irradiated host carrier primed spleen cells and spleen cells
primed with hapten on a non-cross-reacting carrier. Another way of
demonstrating the involvement of tv-'o separately primed cell populations is that of sequential immunization, introduced originally
by Rajevsky (1969). An animal primed, e.g., with KLH-DNP (dinitrophenylated keyhole limpet haemocyanin) will not respond secondarily upon challenge with hapten conjugated to a second carrier such
as chicken gamma globulin (CGG-DNP). The animal will respond, however, if it receives a primary immunization with CGG alone some
time prior to challenge. The explanation would be that the KLH-DNP
immunization primes the B memory cells which may cooperate with
the CGG primed T memory cells. It should be noted that the way in
which the carrier primed T helper cells (cTh) provide a positive
signal to the memory B cells is far from clear. Direct recognition
of the challenging antigen by both cTh and B cells is not likely.
Rather, the cTh influences the T helper cells necessary for the
hapten specific B cell to become activated and driven to differentiate ultimately into antibody producing cells. Whatever the
mechanism, the sequential immunization scheme may be used to monitor the appearance of carrier T helper cell activity and B cells
after immunization separataly. Three-month-old male CBA mice received an intraperitoneal injection of 10 ug KLH-DNP on alum in
order to prime DNP specific B memory cells. Eight weeks later, the
same animals were immunized with 10 ug of alum precipitated CGG.
At specified days after this second immunization, the spleen cells
were transferred to 7.50 Gy (750 rad) irradiated recipients which
were challenged with either 1 jjg KLH-DNP, 1 ug CGG-DNP or no antigen. The transfer is necessary because the KLH-DNP priming will
cause anti-DNP antibodies which will be indistinguishable from the
secondary antibodies to be formed. Challenge with KLH-DNP serves
as a control for the hapten priming, whereas the CGG-DNP is used,
on the other hand, to determine the cooperation between CGG primed
T helper cells and the hapten primed B cells by the anti-DNP response. On the other hand, the anti-CGG antibody activity in the
recipients will be an indication of both the generation of CGG
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CGG
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• •
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log fluorescence ( arbitrary units )

Figure 1
The kinetics of the appearance of T helper cells after immunization.
Three-month-old male CBA mice received 10 ug alum precipitated KLH-DNP intraperitoneally. Two months later, 10 ug CGG was given i.p. on alum. After indicated intervals, 4 x 10^ cells were transferred into irradiated recipients.
The recipients received the challenging antigens (1 ug per animal) together
with the cells. Antibodies were determined 7 days after transfer using the
Sepharose bead immunofluorescence assay. Instrument background was determined
with Sepharose beads coupled with lysine (LYS). Indicated values are the geometric mean of at least 3 recipients; bars indicate standard deviations.
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specific B cells which are helped by CGG specific T cells. Transfer of spleen cells without challenging antigen is done in order
to demonstrate the absence in the recipients of antibody producing
cells generated during priming in the donors (carry over effect).
The mechanisms for the lack of carry over in an adoptive transfer
are not clear. Either the (pre)plasma cells are trapped by the
liver or lungs or the T cells, possibly necessary for continuing
immunoglobulin secretion by plasma cells, do not take readily in
the recipient to prevent the differentiated B cells from disappearing. In any event, no antibody can usually be detected after
transfer without challenge. The results of the experiment are
shown in fig. 1. Judging from the anti-DNP and anti-KLH response
after KLH-DNP challenge, the priming of the donors was adequate.
Four days after the CGG priming, clear T helper activity has
already been generated, as can be seen from the substantial antiDNP response after CGG-DNP challenge. By this time, no CGG specific B cells can be demonstrated. The same picture is obtained 6
days after CGG priming, only the anti-DNP response is a bit lower.
An eleven-day interval between CGG and transfer plus challenge reveals the presence of both T helper activity and CGG specific B
cells which are helped by T cells. Interestingly, with an interval
of 14 days, both the anti-DNP and anti-CGG are significantly lower, a situation which is reversed at least with respect to the
anti-CGG response if the interval is extended still longer to 35
days. It should be kept in mind that, because the system does not
show signs of carry over of primary antibody forming units, the
presence of antigen sensitive memory cells is determined. To explain the failure to demonstrate both T helper and B cell activity
14 days after priming, the following may be suggested. The first
cells to become stimulated after antigen exposure are the T cells.
This has been shown in quite a number of different systems. Those
cells will be able to stimulate the transferred DNP specific B
memory cells. At the same time, the cells will aid in the differentiation of CGG specific B cells. Somewhere between 11 and 14
days, some mechanism suppresses the T helper activity: both the
aid to CGG cells as well as to DNP cells is diminished. The simplest explanation would be that the antibodies generated by the
stimulated B cells act as a signal to shut off the T helper cells,
probably by activation of T suppressor cells. The reappearance of
T aid to B cells during later stages of the response suggests more
sets of T helper cells. One suggestion would be that those "later"
T cells are helping B cells which are able to be triggered by lower concentrations of circulating antigen. In this model, T cells
which helped a certain antibody to be generated will be suppressed
if the antibody is eventually produced. This process of different
clones of T/B cells being switched on and off may go on as long as
antigen is circulating. Interestingly, the T help provided by the
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CGG priming is highest if no CGG antibodies are yet generated (4
days after injection). Another explanation for our results would
be the involvement of two cell types for help to the B cells. One
would be a short lived T cell subject to suppression by serum
antibody; the other would be a long lived T cell capable of expanding after secondary challenge. In subsequent experiments, it
will be attempted to characterize the differences in antibodies
produced by help from 4-day-old T helper cells as compared to 35day-old T helper cells.

Rajevsky, K. et al., J. exp. Med. 129 (1969) 1131.
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ANTIBODY CLASS AND SUBCLASS AFTER PRIMARY IMMUNIZATION

J.J. Haaijman, J. Slingerland-Teunissen and G. Koch

The mechanisms determining the antibody immunoglobulin class
and subclass after immunization are still poorly understood. The
type of antigen, the route of immunization and the type of adjuvants used seem to play a role superimposed on a genetic background.
The reasons for us to look at the class and subclass distribution were threefold: a) M.J. Blankwater (1978) reported that, in
aged mice, the IgG response was more seriously affected than the
IgM response, as measured with the placque forming cell assay and
sheep red blood cells as the antigen; however, she did not study
the IgG subclasses; b) the appearance of different IgG subclasses
after priming gives an indication more or less of the memory cells
one should expect after transfer into an irradiated recipient and
which may be turned on following challenge; c) based upon the previous remark, it is of interest to establish whether different
priming regimens might select for particular memory cells.
Three-month-old malo CBA mice received a single dose of 100 ,ug
chicken gamma globulin (CGG) either intravenously in soluble form
(fig. 1) or intraperitoneally precipitated on alum (fig. 2 ) . Blood
l.O-i
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! i
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o

IgM
•A lgG2b
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" lgG3
IgA
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I
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time after immunization ( days )

Figure 1
Antibody class and subclass after intravenous immunization with chicken gamma
globulin (CGG).
Values represent the average of 3 animals. Values are expressed relative to the
reaction observed with preimmune sera.
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Figure 2
Antibody class and subclass after intraperitoneal immunization with CGG.

samples were taken from the tails at indicated days after immunization. Sepharose beads coupled with CGG were incubated with 1:200
diluted serum and subsequently with fluorescent antisera specific
for the Pc part of the indicated Ig classes or subclasses. The
fluorescent antisera were prepared and generously supplied by Dr.
J. Radl and Miss P. v.d. Berg of this Institute. The fluorescence
of individual beads was measured. As discussed previously, under
appropriate conditions, the logarithm of the fluorescence is
proportional to the logarithm of the antibody concentration
(Haaijman, 1977). Because the antibody content and fluorochrome/
protein ratio of the conjugates is not the same, the microfluorometry results obtained from individual beads per preparation were
expressed relative to the staining measured with pre-immune sera.
The ratio is indicated as contrast and plotted logarithmically.
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The level of IgM anti-CGG is maximum 6 days after immunization; it
then declines rapidly to become hardly significant 14 days after
priming. IgGl and IgG2 antibodies start to appear on day 5 and remain essentially constant after day 7. The anti-IgG2 conjugate
recognizes the antigenic determinants common to IgG2a and IgG2b.
From the observation that hardly any lgG2b antibody was detected,
it may be inferred that the IgG2 reactivity is for the greater
part an IgG2a. No antibody reaction was found within the IgA class
and IgG3 subclass. It should be mentioned that the CGG preparation
was not disintegrated by ultracentrifugation before use. This may
have led to the rather large IgG response.
After intraperitoneal injection (fig. 2) with alum precipitated CGG, the emerging pattern is clearly different. Under these
conditions, the level of IgM antibody peaks at about day 7 and it
does not precede the IgG response. Within the IgG class/ the IgG2
reaction is predominant. Comparing the IgG2 and IgG2b curves again
indicates that the antibody reactivity is mostly of the IgG2a subclass. Intraperitoneal injection favours the generation of IgG2a
over IgGl antibodies. The mechanisms by which this selection takes
place are unknown. In the future, we will determine whether the
priming history of an animal is indicative for its secondary response and also whether age has an influence on the IgG subclass
distribution after priming.

\
J

Blankwater, M.J., Thesis, University of Utrecht, Utrecht, 1978.
Haaijman, 3.3., Thesis, University of Leiden, Leiden, 1977.
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NATURAL CYTOTOXICITY OF HUMAN LYMPHOCYTES: MECHANISMS

R.L.H. Bolhuis. C.P.M. Ronteltap and A.M. Nooyen

We have shown earlier (Annual Report, 1977, p. 251; Bolhuis et
al., 1978) that a proportion of Natural Killer (NK) cells bear receptors on their surface (PcR ) for the Fc fragment of IgG and
that these NK cells are capable of lysing both anchorage-dependent
tumour cells and those growing in suspension. Another subset of NK
cells lack this receptor and exclusively kill anchorage-dependent
tumour cells. However, the FcR cells may still belong to the same
cell lineage as the FcR cells, the FcR being a differentiation
marker which may regenerate on the lymphocytes when kept in culture. We have also provided experimental evidence for the fact
that the PcR is not involved in the spontaneous lysis of the tumour cells growing in suspension (Annual Report 1977, p. 251) and
hence that the lytic mechanism was distinct from antibody-dependent cellular cytolysis by K cells.
Table 1 shows the effect of binding immune complexes to the
FcR on the lytic capacity of NK and K cells. It is clear that the
K cell activity can be completely blocked, whereas the NK cell cytotoxicity can be blocked only partially (max. 50 % ) . When the
FcR cells are removed by rosetting of FcR-bearing cells with IgG
coated bovine red blood cells (EA-rosettes) and subsequent separation of the rosettes over Ficoll, NK cell activity against K-562
is completely lost. Therefore, the binding affinity of IgG-FcR for
the soluble complexes and for the IgG-EA complexes is different,
suggesting a heterogeneity of the affinity of the FcR for the Fc
part of IgG.
There are several ways to interpret the complete blockage of K
cell activity (ADCC) and the partial inhibition of NK cell activity: 1) K cell activity is much more sensitive than the NK cell
activity to blocking of high affinity FcR by soluble immune complexes bound to their surface, not because of the fact that the
FcR is blocked but as a result of steric hindrance thus preventing
an effective effector cell-target cell interaction; or 2) the NK
cell population is heterogeneous and a proportion of these cells
have already passively adsorbed natural antibodies bound to the
FcR on their surface, elicited by (unknown) immunizations earlier
in life; these Ig-bearing NK cells can therefore not be blocked by
the complexes and hence show NK cell activity of an ADCC type
against K-562. Addition of rabbit F(ab), antihuman F(ab) would
then be expected to inhibit the NK cell cytotoxicity. That this is
not the case can be seen in Table 2. The K cell cytotoxicity
(ADCC) for both donors is strongly reduced by the antiserum.
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Table 1

00

THE INFLUENCE OF IMMUNE COMPLEXES ON THE LYTIC CAPACITY OF NK- AND K-CELLS

Donor
number

332

336

337

Effector:
target cell
ratio

Incubation
procedure

25
12
6
3

:
:
:
:

1
1
1
1

- complexes*

25
12
6
3

:
:
:
:

1
1

+ complexes*

1
1

25
12
6
3

:
:
:
:

1
1
1
1

- complexes*

25
12
6
3

:
:
:
:

1
1
1
1

+ complexes*

25
12
6
3

:
:
:
:

1

- complexes*

25
12
6
3

:
:
:
:

1

Target cells
K-562
IgG coated P-815
K-CTX
NK-CTX
% CTX
% reduction
t CTX
% reduction
CTX
CTX
25.7
13.3
7.3
4.1
8.7
3.7
2.3
1.6

1
+ complexes*

1
1

1

ovalbumin-anti-ovalbumin complexes

22.0
11.4
4.7
66
72
68
61

10.5

6.6
2.6
0
0

100

6.1
3.4
52
62
70
63

2.5
0.2

-0.7
-0.5

24.3
13.5

31.5

7.0
4.1

9.3

14.4
7.7
3.2
1.6

79
88
100

20.8
11.8

22.1
12.0
6.4
3.5

4.6
1.9
1.3

1
1

31.5

88
98
100
100

20.5
5.1
41

43
54
61

3.4
0.5

-1.2
-1.8

89
98
100
100

Table 2

INFLUENCE OF F(ab)2 ANTI-Fab ON THE PERCENTAGE LYSIS
BY NK- AND K-CELLS

Donor
number

Incubation
procedure

337

- F(ab)2
+ F(ab)2

335

348

413

414

Target cell
K-562*
IgG coated P-815*
NK-CTX**
K-CTX**
% CTX
% reduction
% CTX
% reduction
of CTX
of CTX

7.2

- F(ab)2
+ F(ab)2

62.0
48.0

- F(ab)2
+ F(ab)2

28.9
55.1
45.2

18.0

24.8
24.8

35.2
VJ>.0

29.0

- F(ab)2
+ F(ab)2

32
34

51
41

20.0

- F(ab)2
+ F(ab)2

43
46

29
17

41.0

22.6

* 4-h Chromium release assay; effector:target
cell ratio, 50:1.
Lymphocytes were seeded
into Cooke microtitre plates, centrifuged, the supernatant aspirated and the pellets incubated with
50 Ail 1:8 diluted F ( a b ) 2 fragment of goat-anti-human F(ab) fragments for 30 min at room temperature.
**CTX: cytotoxicity.

Protein A, which binds to the Fc part of most subclasses of
human IgG and also to a large proportion of rabbit IgG, inhibited
ADCC but did not affect NK cell activity against K-562. We even
observed a slight enhancement of the NK cell activity which may
possibly be attributed to the lymphocyte stimulating property of
protein A.
On the basis of the results described above we have so far
been unable to demonstrate that FcR and hence antibodies are involved in the NK cell mediated lysis.

Bolhuis, R.L.H. et a l . , Eur. J. Immunol. 8 (1978) 731.
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NATURAL CYTOTOXICITY OF HUMAN LYMPHOCYTES: THE EFFECTOR CELLS

R.L.H. Bolhuis, A.M. Nooyen, H.R.E. Schuit and C.P.M. Ronteltap

1

Studies on the disease-related cytotoxicity of lymphocytes
from cancer patients using lymphocytes obtained from healthy
donors as controls led to the observation that lymphocytes from
both cancer patients and healthy non-immunized donors were cytotoxic for tumour cells of different histologic origins. There was
no apparent relationship of the specificity of the cellular immune
reaction to disease. This natural killer (NK) cell cytotoxicity
brought into question the validity of the previously reported disease-related cytotoxicity of lymphocytes of tumour patients. Lymphocytes from bladder cancer patients not undergoing therapy have
a significantly higher mean NK cell reactivity against a number of
anchorage-dependent tumour target cells when compared to the mean
NK cytotoxicity effects of lymphocytes of the same group of patients after therapy and as compared to other cancer patients during and after therapy and/or healthy donors (Bolhuis, 1977).
Most tumour cells, whether anchorage-dependent or growing in
suspension, are found to be susceptible to the NK cell cytotoxic
effector cells. The myeloid leukemia cell line K-562 is frequently
used to monitor the NK cell cytotoxicity of human lymphocytes. As
in mice, the NK cytotoxicity affects various types of target cells
to varying degrees (selectively) and the reactivity is not species
restricted; i.e., human lymphocytes may cause the lysis of, e.g.,
rat tumour cells.
Statistical analysis of the susceptibility of different target
cells to lysis (Takasugi and Micky, 1976) illustrates the complex
nature of the selectivity and reflects the recognition by the effector lymphocytes of an array of tumour cell surface antigens
that may be shared to various degrees by a number of individual
target cells. The molecular nature of the structures recognized by
the NK cells is unknown.
One of the problems concern the nature of the effector lymphocytes, i.e,, whether it is a T cell or non-T-cell, although it is
generally agreed now that surface Ig-postive B cells, monocytes
and macrophages do not belong to the- NK cells.
We have found that a proportion of NK cells bear a receptor on
their membrane for the Fc part of IgG molecules, but this receptor
appears not to be functionally involved in the lytic process (Annual Report, 1977, p. 251; Bolhuis et al., 1978).
Whether the NK cells belong to the T or non-T-cell fractions
isolated from lymphocytes was investigated by the isolation over
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Table 1

THE NK CELL ACTIVITY IN SEVERAL ISOLATED FRACTIONS OF LYMPHOCYTES
Per cent reduction of target cells
K-562
effector : target cell ratio
25 : 1
12 : 1
6:1

per cent E-RFC
at 4° C
High and low
affinity E-RFC

Unfractionated lymphocytes

61

53

39

76

High and low affinity E-RFC
enriched fractions

34

30

22

99

High and low affinity E-RFC
depleted fractions

37

30

26

High affinity E-RFC enriched
fractions

41

33

25

98

High affinity E-RFC depleted
fractions

55

48

42

16

Ficoll of T cell rosettes with only high (29 C) and those with
high and low affinity receptors (4 C) for sheep red blood cells
(SRBC), such in order to determine whether the isolation conditions used would result in a difference in the percentage of low
and high affinity E-rosette forming cells in the respective fractions and whether these differences correlated with the lytic capacity of the cells present. Freshly isolated lymphocytes were
used for reasons described elsewhere (p.285). A representative experiment is presented in Table 1. From these and other similar
data, it can be concluded that T cells have natural killer activity. The non-T-cell fraction, however, also shows considerable cytotoxic activity. Since the T cells comprise roughly 75 per cent
of the lymphoid cells, comparison of the lytic activities of the
separated fractions with that of the unfractionated lymphocytes
|
shows that, on a per cell basis, the non-T-cells are the most rejf
active cells.
I
One could argue that the three per cent contaminating cells in
\
the non-T cell fraction may represent the highly reactive NK cells
j
which are responsible for the total NK cytotoxicity observed in
this fraction (calculated effector target cell ratio being 1:17).
This possibility cannot be formally excluded at present. Determination of the nature of the NK cell in this non-T-cell fraction
', is in progress. Furthermore, it will be explored whether the NK
j cell activity observed after induction by either heat killed BCG,
j i
injection of tumour cells, interferon, stimulation with K-562 or a
j | pool of normal donor lymphocytes is the function of the original
i :j endogenous NK cells or represents the recruitment of a new class
' S of NK cells.
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Bolhuis, R.L.H., Cancer Immunol, and Immunother. 2^ (1977) 245.
Bolhuis, R.L.H. et al. , Eur. J. Immunol, j} (1978) 731.
Takasugi, M. and Micky, M.R., J. natl. Cancer Inst. 5^ (1976) 255.
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IDENTIFICATION OF LYMPHOCYTE SUBPOPULATIONS IN E-RFC ENRICHED AND
E-RFC DEPLETED CELL FRACTIONS OF FRESH AND CRYOPRESERVED
LYMPHOCYTES

R.L.H. Bolhuis and H.R.E. Schuit

!

The evaluation of cell surface characteristics and the isolation of subpopulations of mononuclear lymphoid cells on the basis
of these characteristics is of paramount importance for basic and
clinical immunology. Conflicting data as to the nature of cytotoxic cells (e.g. NK cells) have been reported. One such procedure involves the separation of "T"- and "non-T" cells by means
of centrifugation on Ficoll-Isopaque of T cells that bear a receptor for sheep red blood cells, after allowing the T cells to
form the rosettes. The efficacy of the cell separation procedure
is then tested by rerosetting the lymphocytes in the non-T and T
cell (E-RFC depleted and E-RFC enriched) fractions.
We investigated the purity of the isolated fractions using ERFC rosette formation and TRITC conjugate poly-valent anti-human
T cell antiserum for the identification of T-cells, FITC-conjugated F(ab)2 antihuman F(ab) antiserum for the identification of
surface Ig bearing B cells, and IgG-coated bovine red blood cells
for the identification of lymphocytes bearing a receptor for the
Fc part of IgG (IgG-FcR).
The cell yield of the cell separation procedure for the different fractions is presented in Table 1. Viability of the cells
after programmed freezing and thawing was always higher than 95 %.
The cell surface analysis of the fractions obtained after E-RFC
separation demonstrate that E-RFC are enriched in the pellet,
whilst the percentage of T cells in that fraction, as identified
with anti-T cell antiserum appears to be slightly higher (Tables
1 and 2, column II, E-RFC and T + ) .
Furthermore, there are virtually no B cells (SIg ) present in
the E-RFC fraction and it can thus be concluded that a proportion
of the T cells bear FcR on their surface (Tables 1 and 2, column
II, SIg and EA-RFC). The difference in the percentage of T cells
identified by E-rosette formation and anti-T cell antiserum is
even wore pronounced in the E-RFC-depleted cell fraction (Tables 1
and 2, column III, E-RFC and T ). When the capacity of the lymphocytes in the E-RFC-depleted cell fraction to form E-rosettes is
determined, virtually no E-rosettes are formed, suggesting that
this fraction indeed contains no T cells. The analysis of the lymphocytes in this fraction by the anti-T cell antiserum, however,
indicates that a notable proportion of T cells is still present.
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Table 1

COMPOSITION OP THE POPULATIONS OF FRESH LYMPHOCYTES BEFORE AND AFTER FRACTIONATION

I

II

Non-fractionated lymphocytes
Lymphocyte
donor

E-RFC

T

(t) (%)

SIg

T /SIg

(%)

(%)

EA-RFC
(%)

III

T cell fraction

Non-T cell fraction
T~/Slg~

T

sig

(*)

(%)

(«)

(*)

20

2

5

33

15

30

2

8

66

22

44

0

9

35

57

73

E-RFC

T

SIg

T /SIg

(%)

(%)

(%)

(%)

(*)

84

97

0

3

EA-RFC

E-RFC

EA-RFC

(%)

1

85

81

3

16

2

69

76

14

9

35

96

98

0

2

3

64

81

8

12

36

96

97

1

2

4

74

82

2

16

25

1

6

22

72

67

5

80

71

10

19

21

0

6

24

70

31

6

80

81

8

12

16

0

2

30

78

47

7

80

73

4

22

4

4

26

70

83

93

0

7

Mononuclear cells were separated on Ficoll-Isopaque and depleted of phagocytic cells by iron + magnetism treatment.

Table 2

COMPOSITION OP POPULATIONS OF FROZEN/STORED LYMPHOCYTES BEFORE AND AFTER FRACTIONATION

I

II
T cell fraction

Non-fractionated lymphocytes
E-RFC

T

SIg

(%)

(%)

(*)

(%)

12

89

93

21

95

20
10

17

8

10

9

10

T~/SIg~ EA-RFC

Lymphocyte

E-RFC

T

SIg

donor

(%)

(%)

{*)

(%)

A

71

73

8

18

B

82

80

C

76

D

74

80

8

E

82

82

F

81

80

III

T"/sig"

Non-T cell fraction
EA-RFC

E-RFC T

SIg

T /Sig

EA-RFC

(%)

<%)

(%)

(%)

5

16

30

54

39

14

3

6

31

62

61

4

3

3

19

45

36

50

2

1

3

3

17

36

47

73

98

1

1

5

22

25

53

50

94

3

3

2

11

23

63

59

(%)

(%)

1

6

7

90

1

9

85

96

0

84

97

19
21

(*)

Hononuclear cells were separated on Ficoll-Isopaque and depleted of phagocytic cells by iron + magnetism treatment.
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Table 3

COMPOSITION OF T CELL POPULATIONS IN UNFRACTIONATED, FRACTIONATED, FRESH AND FROZEN/STORED LYMPHOCYTES

I

Fresh lymphocytes

III

Non-fractionated

E-RFC-enriched

E-RFC-depleted

lymphocytes

lymphocytes

lymphocytes

Lymphocyte

Frozen/stored lymphocytes

II

donor

o
4 C*

% E-RFC
O
29 C

B

82

C

% E-RFC
O
+
29 C
T

% E-RFC
o
+
T
29 C

+

o
4 C

76

n.t.

95

87

90

3

1

6

76

54

n.t.

85

78

96

3

3

19

E

82

69

82

5

1

22

F

81

71

80

2

3

11

4

74

50

82

1

1

6

6

80

62

81

0

0

2

5

80

61

71

0

1

6

T

o
4 C
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The difference in the percentage of T cells as determined by these
two methods is more pronounced when frozen-stored lymphocytes are
used rather than fresh lymphocytes. Whether this is a donor-dependent phenomenon or an effect of the cryopreservation cannot be
concluded from our data, since each blood sample was obtained from
an individual donor. The higher percentage of T cells detected by
means of the anti-T cell antiserum is not due to non-specific
binding of the TRITC-labelled anti-T cell antiserum. The two-wavelength method enables the visualization of SIg and T cell markers
on the surface of an individual lymphocyte. In the unfractionated
suspensions, containing SIg , T , and FcR-bearing cells, and in
the E-RFC-depleted fractions containing higher numbers of SIg and
FcR-bearing cells, no double staining was observed to indicate the
specificity of the antisera employed. Furthermore, we have not observed staining of cells with the anti-T cell antiserum in monocyte enriched fraction:, (data not shown).
Recently, West et al. (1976) and Bolhuis et al. (1978) showed
that E-RFC from human peripheral blood obtained under optimal
rosetting conditions as used here, contain high avidity and low
avidity E-RFC, and hence the T cells with low affinity receptors
for SRBC can be expected to become disrupted more readily during
the density gradient centrifugation procedure of E-RFC. These
cells should then be found in the interface fraction, i.e. E-RFCdepleted cell fraction. The data presented in Table 3 indeed suggest that, as predicted, a higher percentage of T cells as identified by the anti-T cell antiserum is found in the E-RFC-depleted
fraction when there is a large difference in the percentages between high and low avidity E-RFC in the non-separated lymphocytes.
Apparently, a proportion of the T cells separated by E-RFC on
Ficoll-Isopaque does not form rosettes, even under optimal conditions, as readily as before the separation procedure. Again, it
can be seen that this difference is more pronoujiced when cryopreserved lymphocytes are used.
Because of the different conclusions reached as to the purity
of cell fractions, depending on the techniques employed for the
characterization of the lymphocyte subpopulations in the isolated
cell fractions, it is of utmost importance that the heterogeneity
of the cells in the separated fractions is assessed by identification of various cell surface markers. Whenever possible a different technique should be used for the identification of T cells
in purified fractions than the one used for the separation of
these cells.

Bolhuis, R.L.H. et al., Eur. J. Immunol. j} (1978) 731.
West, W.H. et al., Clin. Immunol. Immunopathol. ^ (1976) 60.
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DENSITY DISTRIBUTION OF T CELL PRECURSORS IN BONE MARROW

W.J.A. Boersma, R. Daculsi and G. van de Westen

An iri vivo system was used to study T cell development from
bone marrow precursors. Bone marrow of (C3H x AKR)F1 mice was injected into lethally irradiated C3Hf recipients. The difference in
Thy-1 surface marker on the T cell progeny derived from host and
donor type precursors was used for discrimination of these cells
in a cytotoxic assay with the specific Thy-1.2 and Thy-1.1 antisera.
For the bone marrow transplanted, the capacity to form spleen
colonies, CFU-s, and the thymocyte precursor content were determined (Till and McCulloch, 1961).
The thymocyte precursor cell in the bone marrow vas defined as
the cell that possesses the capacity to give rise to a donor type
thymocyte population in an irradiated recipient.
Bone marrow was separated on a continuous BSA gradient
(Shortman, 1972). From each fraction, 10 cells were injected into
a lethally irradiated mouse. Precursor activity in a bone marrow
fraction was expressed as the absolute number of donor type cells

100

50
o

1.06

1.07

1.08

1.09
density (g/cm )

Figure 1
Relative distribution of T precursor capacity and CFU-s. The distribution of
the T precursor capacity is calculated as:
precursor capacity = number of donor (host) cells/thymus x number of bone marrow cells per density increment
and represents the mean of four experiments.
Distributions were normalised with the peak value being 100 %.
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in a recipient's thymus x the number of bone marrow cells in that
fraction. The peak of the thymocyte precursor activity was found
at a density d = 1.071 ± 0.002 g.cm3. The mean of four experiments
is shown in Fig. 1. This distribution of T-precursor activity
shows overlap with the distribution of CFU-s. El Arini and Osoba
(1973) defined the pre-T-cells in the bone marrow as the cells
that give rise to MLR-responsive progeny in the spleen of irradiated mice 15 days after transplantation of 5 x 10
nucleated bone
marrow cells and separated pre-T-cells from CFU-s on a Ficoll gradient. Even when their indirect definition of T cell precursor was
applied, we could not separate the pre-T-cells from CFU-s on a
continuous BSA gradient. Both pre-T-cell and CFU-s could be separated from mature lymphocytes in the bone marrow as determined in
a MLR reaction.
As expected, the development of a host type cell population
is independent of the density of the bone marrow cells injected
(Fig. 2).
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_ _ _ bm (nucleated cells)
t
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^

........ hosttype

3

so.
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1.07
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density g/cm

Figure

1.09

3

2

Relative distribution of T cell precursor capacity. The distribution of the
capacity of bone marrow cells to function as a precursor for donor
and host
type
cells in the thymus of irradiated recipients were calculated as for
fig. 1. The distributions were normalized with the peak value being 100 %.

El Arini, M.O. and Osoba, D., J. Exp. Med.
(1973) 821.
Shortman, K. , Amer Rev. Bioph. Bioenerg. _1 (1972) 93.
Till, J.E. and McCulloch, E.A., Radiation Res. 14 (1961) 213.
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KINETICS OF THYMOCYTE DEVELOPMENT AFTER TOTAL BONE MARROW
TRANSPLANTATION

W.J.A. Boersma, R. Daculsi and G. van der Westen
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The investigation of thymocyte development in irradiated and
bone marrow transplanted mice was used to quantify the number of
bone marrow thymocyte precursor cells. The thymocyte precursor was
defined as the cell in the bone marrow that is able to give rise
to donor type thymocytes in irradiated and bone marrow transplanted mice.
Thymocyte regeneration was monitored in a transplantation system as described in this Annual Report (p. 291). From day 10-12
after bone marrow transplantation the donor type cell number in
the thymus reaches detectable levels and from thereon an exponential increase can be observed. The rapid phase of development ends
when the number of cells in the thymus approaches that in untreated age-matched control mice of the host type. When 10 nucleated bone marrow cells are injected, this stage is reached 19
days after transplantation {Fig. 1).
The number of cycling cells in regenerating thymus was determined by acridine orange staining (Darzynkiewicz et al., 1976;
Betel and Van der Westen, 1977). During the exponential growth
phase the percentage of cycling cells in the thymus never exceeded
25 %. This was only slightly higher than in the normal thymocyte
population (21 % ) . The doubling time calculated for the rapid
phase of the donor cell regeneration was 28.6 h. Taking into account the fraction of cycling cells, a cycling time of 8 h can be
calculated. This is in agreement with the cycle time of 8.5-9.5 h
for thymocytes as found in thymidine labelling
experiments
(Bryant, 1972). This means that regeneration starts immediately
after bone marrow inoculation and the apparent lag phase in detectability of donor cells of 8-10 days is due to the limitation
of the method to detect less than 2-3 % of donor cells. The exponential development of the donor type cells in the thymus was extrapolated to the day of bone marrow transplantation. When the regeneration in the thymus is derived from donor type precursors
that lodge in the thymus on day zero only then the number of
donor type cells initially present was
300 when 10 nucleated
bone marrow cells were injected. A lag real phase before the onset
of the development would require a higher percentage of cycling
cells, a shorter cycling time or a higher number of cells initially present in the thymus, in order to produce the observed numbers
of thymocytes at the time point the donor cells are detectable.
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Figure 1
Thymocyte regeneration after bone marrow transplantation.
A (C3H x AKR)Fl bone
marrow dose of 106 nucleated cells containing 317 CFU-s was transplanted
in
lethally irradiated animals (C3H).

Influx of thymocyte precursors from bone marrow will be low because cycling bone marrow contains relatively low numbers of precursors. Efflux of mature c e l l s as monitored by restoration of the
T c e l l responses in spleen (Con A, PHA, MLR) is found only after
the thymus cell population is fully regenerated.
Host cell development is independent of the quantity of bone
marrow injected. Extrapolation of the exponential growth phase of
host c e l l s to the time of irradiation shows that t h i s population
is derived from a limited (~200) number of radioresistant precur294

sors. After day 14, the number of host cells decreases rapidly.
The transient character of the host cell development can be due to
the effect of irradiation on the proliferation capacity or to the
limited self-reproduction capacity of the host cell precursors.

Betel, I. and Van de Westen, G. p. 289.In: Proc. 3rd Intern. Symp.
on Pulse Cytophotometry. Vienna, Austria (1977).
Bryant, B.J., Eur. J. Immunol. 2. (1972) 38.
Darzynkiewicz, Z. et al., Proc. Natl. Acad. Sci. USA 7_3_ (1976)
2881.
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THE DISTRIBUTION OF Lyt-PHENOTYPES IN SEPARATED THYMOCYTES*

I. Betel, B.J. Mathieson** and S.O. Sharrow***

Lyt-antigens are expressed exclusively on mouse thymocytes and
peripheral T cells. Many data have been accumulated in the literature indicating that functionally distinct subclasses of T cells
express different Lyt-phenotypes, Helper cells have the Lyt 1 ,
23 phenotype while suppressor and killer cells in most systems
are considered to be Lyt 1 23 . Peripheral Lyt 123 cells may be
considered as "post-thymic precursor" cells. All Lyt-phenotyping
so far has been done by the method of differential cytotoxicity.
Data on thymocytes obtained by this method indicated that most if
not all thymocytes are Lyt 123 (reviewed by Katz, 1977). Recently, however, using flow microfluorometry and anti-Lyt sera in inindirect immunof luorescence, it has been demonstrated that 10-15 %
of the thymocytes show a differentiated Lyt-phenotype and are
Lyt 1 23 . The other 85-90 % of the thymocytes must be considered Lyt 123 + (Mathieson et al., 1979).
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Subpopulations of thymocytes have also been characterized by
density and size and their difference in agglutination by peanutlectin. We have investigated whether there is a relation between
the physical properties of the cell and its pattern of Lyt-antigen
expression to see whether these separation methods can be used to
isolate Lyt-differentiated subpopulations.
The results can be summarized as follows (see also Table 1 ) :
a. Velocity sedimentation.
This method will separate thymocytes mainly according to their
size. The distribution of Lyt 1 23 cells of both Lyt 1.1 and
Lyt 1.2 alleles closely followed the cell distribution. Expression of Lyt 1.1 and Lyt 1.2 increased with increasing size. The
average density of Lyt 1 was roughly equal for cells of all
sizes. Total fluorescence for Lyt 2 (both alleles) and Lyt 3.2
did not change with size, therefore, the antigen density must
decrease with increasing size.
b. Isopyknic sedimentation in an iso-osmotic continuous BSA gradient will separate cells according to density. With this method the fractions of low density were enriched for Lyt 2 and
and Lyt 3 cells as well as for cells with a low expression of
*

This work was performed during a stay at the Lab. of
Immunity, NIAID, NIH, Bethesda, Md., USA.
** Lab. of Microbial Immunity, NIAID.
***Immunology Branch, NCI, Bethesda, Md., USA.
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Table 1

EXPRESSION OF L y t PHENOTYPES ON SEPARATED THYMOCYTES

expression with
phenotype

increasing
density

expression on

increasing
size

PNA +

PNA'

Lyt 1.1 and 1.2
Lyt 2.1 and 2.2
Lyr 3.2
percentage

negative

cells

Lyt 2 . l " a n d 2 . 2 "
Lyt 3.2"

decreased with density or size
increased

,,

,,

,,

no change
I

t
>.

i

increased

I decreased ( compared to unfractionated cells )

these antigens. Fractions with a density >1.0830 g/cm
were
virtually depleted of Lyt 2 cells but still contained a small
fraction of Lyt 3 cells. This suggests that 0.5-1 % of normal
thymocytes may express the phenotype Lyt 1 2 3 .
Cells with a high amount of Lyt 1.1 or 1.2 also accumulated in
the "low density" fractions. The cell frequency vs fluorescence
histograms of Lyt 1.1 and Lyt 1.2 were superimposable for
fractions of the same density, indicating that the expression
of both alleles shows an identical distribution over the cell
fractions. This would argue against the notion that Lyt 1.1 or
Lyt 1.2 may be of a very different complexity that might be
differentially expressed on thymocyte subsets.
Treatment with PNA divided the thymocytes in two subpopulations
(Fig. 1 ) . The fraction not agglutinated by PNA (PNA ) was
strongly enriched for Lyt 2 and Lyt 3 cells (60-70 % ) , but
still contained 30-40 % Lyt 23 cells. Reagglutination of this
fraction failed to remove these Lyt 23 cells indicating that
the thymus contains PNA Lyt 123 ' and PNA Lyt 123 cells. Preliminary data suggest that the PNA
Lyt 123
subpopulation
contains the precursors for cytotoxic lymphocytes.
It was noted that pretreatment of thymocytes with anti Lyt 2
sera did not inhibit their agglutination by PNA.
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Lyf 2.1 on B 6 / Lyf 2 o , 3a

Lyt 2.2 on B 6 / Lyt l a
200

8

10 0

2

4

fluorescence units x 10

6

8

10

-2

Figure 1

f I

Thymocytes were incubated with 500 ug/tnl PNA and agglutinated and non-agglutinated c e l l s were separated by sedimentation of the aggregates in 20 % fetal
calf serum. Cells were desaggregated by incubation with 0.3 M galactose. They
were stained with anti-Lyt serum plus fluorescent polyvalent goat anti-mouse
Ig.

PNA Lyt 1 c e l l s were enriched in Lyt 1 "bright" c e l l s and r e sembled cortison-resistant thymocytes in this respect.
PNA agglutionation seems to be the simplest method to obtain
c e l l s that are depleted or enriched for Lyt 23 c e l l s .
There seems to be a reciprocal relationship between the expression of Lyt 1 on the one hand and Lyt 2 and Lyt 3.2 on the
other. Large, low density, PNA c e l l s show the highest expression of Lyt 1 and are low or negative in Lyt 2 and Lyt 3.
Small, dense, PNA c e l l s show a low expression of Lyt 1 and the
highest amount of Lyt 2 and 3.

Katz, D.H., In: Lymphocyte differentiation,
recognition and regul a t i o n . Academic Press, New York (1977).
Mathieson, B.J. e t a l . , Nature 277 (1979) 478.
299

ANTI-Lyt ANTIBODIES IN AKR ANTI C3H (ANTI-Thy 1.2) SERUM*

I. Betel, B.J. Mathieson** and S.O. Sharrow***

,
•
t
i
I

j
|
•
!

I
I
I
|

AKR anti C3H serum is generally referred to as anti-Thy 1.2
serum. As is shown in Table 1 there are many more alloantigenic
differences between these two mouse strains, that might give rise
to antibody production after reciprocal immunization with lymphoid
cells. The possibility that these sera could contain anti-Lyt antibodies has been offered (Katz, 1977), but has never been substantiated. We have absorbed AKR anti-C3H serum jln vivo and subsequently once Jji vitro (with thymocytes) of four different B6 congenie mouse strains and tested the sera obtained on thymocytes
from the same four strains after separation of the thymocytes in 2
subpopulations by peanut agglutinin. Cells were stained by an indirect immunofluorescence technique and fluorescence intensity vs
cell number histograms were obtained on the fluorescence activated
cell sorter (FACS II). Three examples of the sixteen possible combinations are shown here.
a. Absorption on B6/PL (phenotype Thy 1.1, Lyt 1.2, Lyt 2.2, Lyt
3.2) will leave anti-Thy 1.2 and anti-Lyt 1.1 antibodies in the
serum. Testing on B6/Lyt 2a, 3a will show only anti-Thy 1.2.
Fig. 1 shows that unseparated thymocytes of this strain are
100% Thy 11.2
2 ++ with a minority of relatively "dull" cells. Cells
not agglutinated by PNA (10 % of total thymocytes) show a low
Th 1.2
1 2 expression
i
hil the
th fluorescence
fl
p f i l off the
th PNA
PNA
Thy
while
profile

Table 1

TABLE OF AKR/C3H DIFFERENCES

Strains

Thy-1

AKR
C3H

1
2

Ly 1
2
1

Antigens
Ly 6
Ly 7

Ly 3
1
2

2

2
1

1

1

Ly 8

ALA-1

2

2
1

MLS

*

This work was performed during a stay at the Lab. of Microbial
Immunity, NIAID, NIH, Bethesda, Md., USA.
** Lab. of Microbial Immunity, NIAID.
***Immunology Branch, NCI, Bethesda, Md., USA.
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Figure 1
Thymocytes were separated in a PNA and PNA fraction (see p. 297 ) and incubated with the respective sera as indicated and subsequently with polyvalent
fluoresceinated goat anti-mouse Ig. The fluorescence profiles were measured on
the FACS II.
population is shifted to brighter fluorescence in comparison
with the total population. In this respect the fluorescence
data on Thy 1.2 are in agreement with cytotoxic data obtained
by Reisner et al. (1976).
b. Absorption on B6/Lyt 2a, 3a (phenotype Thy 1.2, Lyt 1.2, Lyt
2.1, Lyt 3.1) and testing on B6 (phenotype Thy 1.2, Lyt 1.2,
Lyt 2.2, Lyt 3.2) will show only anti Lyt 3.2 antibodies. Fig.
2 shows that this activity is indeed present in the serum.
As expected from other experiments the Lyt 3.2
thymocytes accumulated in the PNA
fraction and the PNA cells were depleted from Lyt 3.2 cells. It should be noted that the antiLyt 3.2 activity could only be observed at a much higher amplification than the anti Thy 1.2 activity.
c. Finally, absorption on B6 (phenotype Thy 1.2, Lyt 1.2, Lyt 2.2,
Lyt 3.2) and testing on B6/Lyt la (phenotype Thy 1.2, Lyt 1.1,
Lyt 1.2, Lyt 3.2) will show only anti Lyt 1.1. Fig. 3 shows
that also this acitivity could be demonstrated at high amplification.
It is improbable that the presence of anti-Lyt antibodies will interfere with fluorescence assays of the Thy 1.2 antigen in this
serum, but since we have tested only one serum no general conclusion is possible. Whether the presence of anti-Lyt antibodies will
influence the results obtained in cytotoxic assays remains to be
investigated.
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Figure 2
For legends, see figure

1.

Katz, H.D., p . 32. In: Lymphocyte differentiation recognition and
regulation. Academic Press, New York (1977).
Reisner, Y., L i n k e r - I s r a e l i , M. and Sharon, N., Cell. Immunol. ^5
(1976) 129.
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EFFECT OF THYMIC EPITHELIAL CULTURE SUPERNATANT (TES) ON .IN VITRO
GENEKATION OF CYTOTOXIC T LYMPHOCYTES BY ALLOGENEIC STIMULATION

Ada M. Kruisbeek and Tonny J.M. Krose

In our attempts to investigate whether factors present in
supernatants from cultured thymic epithelial cells (TES) can induce maturation of immature T cells from the thymus, we initially
observed that TES induces a strong enhancement of T cell proliferative capacity in thymocytes stimulated with PHA, Con A or semiallogeneic cells (Kruisbeek et al., 1977, 1978) and not in corticosteroid-resistant thymocytes. In addition, TES induces helper T
cell function in thymocytes (Kruisbeek et al., 1978) and reduces
Thy 1-antigen density and corticosteroid sensitivity in some of
the thymocytes (Kruisbeek, 1978, Kruisbeek and Astaldi, 1979).
Inasmuch as the few immunocompetent T cells of the thymus reside
within the corticosteroid-resistant, low Thy 1-antigen density
subpopulation, these findings might be interpreted as reflecting a
step in the T cell maturation process.
The present experiments were concerned with the question of
whether TES also affects another T cell function in thymocytes,
i.e., killer T cell function towards allogeneic target cells. Only
few cytotoxic effector lymphocytes (CTL) can be derived from
thymocytes stimulated in mixed lymphocyte cultures (MLC) and the
few precursor killer cells are found only among the corticosteroid
resistant population (Cantor and Simpson, 1975). It was investigated whether incubation of thymocytes with TES would render these
cells capable of generating a higher CTL response subsequent to
stimulation in MLC.
The test system consisted of 5 x 10 C57BL/Rij ?H-2b) thymocytes as responder cells and 5 x 10 irradiated (10 Gy = 1000 rad)
DBA/2 (H-2d) spleen cells as stimulator cells. In some experiments, thymocytes from hydrocortisone treated mice (i.e., HC-resistant thymocytes) or spleen cells were used as responder cells.
After 5 days of culturing, effector cells were harvested from
MLC's and added at various concentrations in a volume of 0.1 ml to
1 x 1 0 4 51Cr-labelled target cells (i.e., P-815-X2 mastocytoma
cells, syngeneic to DBA/2). After a 3.5 h incubation of effectortarget cell mixtures, the radioactivity released into the supernatant was counted in a gamma counter. Specific
Cr release was
calculated as follows:
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51Cr release in presence
percent
specific
51Cr release

= 100 x

of effector cells from
allogeneic MLC
maximal

Cr release

Cr release in presence
of effector cells from
syngeneic control cultures

51Cr release in presence
of medium

Lytic units (LU) were determined from dose response curves. One LU
is arbitrarily defined as the number of effector cells required to
achieve 50% lysis of 1 x 10 4 51Cr-labelled target cells.
Fig. 1 illustrates that, when TES was present during the MLC
period, a strong increase in the CTL response of thymocytes was
observed. Approximately 10-fold fewer effector cells from MLC with
TES were required for lysis equivalent to that obtained with
effector cells from MLC with control supernatant. The capacity of
TES to elevate the CTL response of thymocytes is further illustrated when the results are expressed as the number of LU per culture (see example in table 1 ) . In 7 experiments, a 7- to 30-fold
increase in the number of LU/culture was observed.
Results obtained when spleen cells or thymocytes from HCtreated mice were used as responder cells are also shown in
fig. 1. T' ese responder cells give rise to much stronger CTL responses than do normal thymocytes and these are not further intensified by the addition of TES.
14
C-TdR incorporation was also assessed in samples from the
same cultures used for determination of CTL. TES clearly increased
14
C-TdR incorporation into MLC of thymocytes (table 1 ) , while the
proliferative capacity of thymocytes in syngeneic control cultures
or of spleen cells in MLC or syngeneic control cultures remained
unaffected (table 1).
The data presented indicate that TES increases the CTL response of thymocytes and not that of spleen cells and HC-resistant
thymocytes. As mentioned previously, TES also induces a decrease
in HC-sensitivity and Thy 1-antigen density in part of the thymocytes, an event which can be regarded as reflecting a step in the
T cell maturation process (for more details, see Kruisbeek, 1978).
Thus, together with the earlier reported effects of TES on other
functional T cell parameters, these findings are suggestive for a
TES-induced maturation step in thymocytes. This suggestion is supported by the observation that TES never affected any of the functional parameters studied in HC-resistant thymocytes, a presumably
more mature population of T cells in the thymus. However, it is
clear that conclusive evidence for maturation can be obtained only
when completely non-responsive target cells are used instead of a
mixed population of responsive and non-responsive cells. This is
the subject of the accompanying paper (this Annual Report, p.309).
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TABLE 1
14.
EFFECT OF TES ON
C-TdR INCORPORATION AND CTL-RESPONSE
IN THYMOCYTES AND SPLEEN CELLS FROM C57BL MICE

C57BL
responding
cells

stimulating
cells

14
C-TdR* incorporation
CS

TES

target
cells**

LU/culture
CS

TES

thymus

C5 7BL
DBA

604 ± 246
22924 + 1833

897 + 141
62984 + 5532

DBA
DBA
C57BL

0.2
2
0.4

0.4
27
0.4

spleen

C57BL
DBA

6009 ± 573
22903 ± 2768

7117 + 573
24468 ± 1578

DBA
DBA
C57BL

0.1
115
0.3

0.3
110
0.4

*

14

C-TdR incorporation was determined on day 4 in 0.2 ml samples taken from the same MLC
cultures which on day 5 were used for determination of CTL responses. CS = control supernatant.
.
**Control target cells (i.e., syngeneic to C57BL) were
Cr-labelled Con A-stimulated
C57BL-lymph node cells.
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Figure 1
Effect of TES on the lysis of P815 ( i . e . , DBA) target cells by DBA-stimulated
thymocytes or spleen cells from C57BL mice.
Figures are representative for 7 separate experiments. All determinations were
performed in triplicate and standard deviations varied between 0.05 and 5%.
Percent specific 51Cr release i s plotted as a function of the effector:
target
cell r a t i o . Control values ( i . e . , from syngeneic control cultures or with syngeneic target cells) were not affected by the addition of TES and were always
similar to those for background -^Cr release. Control supernatant consisted of
supernatant from kidney epithelial cultures (Kruisbeek et a l . , 1977, 1978).

Cantor, H.
Kruisbeek,
Kruisbeek,
Kruisbeek,
Kruisbeek,
ference,
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and Simpson, E . , Eur. J . Immunol. 5 (1975) 330.
A.M. e t a l . , Eur. J . Immunol. 7 (1977) 375.
A.M. e t a l . , C e l l . Immunol. 35 (1978) 134.
A.M. T h e s i s , Utrecht U n i v e r s i t y , 1978.
A.M. and A s t a l d i , G.C.B., 12th Leucocyte Culture ConAcademic P r e s s , New York, 1979, in the p r e s s .

ENHANCING EFFECT OF THYMIC EPITHELIAL CULTURE SUPERNATANT (TES)
ON T CELL PROLIFERATIVE CAPACITY OF THYMOCYTES STIMULATED
WITH MITOGENS OR ALLOGENEIC CELLS ATTRIBUTABLE
TO AN EFFECT ON PEANUT AGGLUTININ AGGLUTINATING CELLS

Ada M. Kruisbeek and Jelly J. Zijlstra

Most of the cells in the thymus represent a population of immunoincompetent T cells which are characterized, e.g., by a high
density of Thy 1-antigen, high sensitivity to corticosteroid
treatment and the capacity to be agglutinated by peanut agglutinin
(PNA). So far, only the total lymphocyte population has been used
untreated
thymocytes

PNA agglutinating
thymocytes

PNA non-agglutinating
thymocytes
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Figure 1
Effect of TES on
C-TdR incorporation into thymocytes stimulated with PHA.
Data are representative for 5 separate experiments in which the response of untreated, PNA-agglutinating and PNA-non-agglutinating C57BL/Rij thymocytes in
the presence of T3S or control supernatant was tested in triplicate. Five x 10 5
cells were cultured in 0.2 ml in flat-rbottom wells of microtiter plates for
96 h, the last 24 h in the presence of l^c-TdR. TdR incorporation into unstimulated control cultures was not affected by the addition of TES.
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in the Course of our studies on the possible effects of factors in
thymic epithelial culture supernatant (TES) on the maturation of
thymocytes. T cell proliferative capacity as well as helper and
killer T cell function could be strongly enhanced in thymocytes by
TES (see the accompanying paper, p. 305 this Annual Report, and
Kruisbeek, 1978). These effects on functional T cell parameters
are accompanied by a decrease in Thy 1-antigen density and corticosteroid sensitivity in part of the thymocytes, events which
might be regarded as reflecting a step in the T cell maturation
process.
The present experiments were concerned with the question of
whether the enhancing effects of TES on T cell proliferative capacity of thymocytes were due to an effect on previously unresponsive, immature T cells. For this purpose, mouse thymocytes were
incubated with PNA (Reisner et al,, 1976) in order to separate
them into two subpopulations, the PNA-agglutinating and PNA-nonagglutinating cells. The latter population is considered to contain the minor population of mature T cells in the thymus, which
seems to be equivalent to the low Thy 1, corticosteroid-resistant

untreated
thymocyfes

PNA agglutinating
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PNA non-agglutinating
thymocytes

3-
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1.5

control supernatant

Figure 2

14.

Effect of TES on
C-TdR incorporation into thymocytes stimulated with Con A.
For further details see figure 1.
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population. The effect of TES on mitogen- and alloantigen-induced
T cell proliferation of these two thymocyte subpopulations were
compared with its effect on untreated thymocytes. For technical
details concerning mitogen- and alloantigen stimulation, see
Kruisbeek et al., 1977, 1978.
The results shown in figs. 1 and 2 indicate that TES strongly
enhances the PHA and Con A responsiveness of mouse thymocytes, in
in accord with the previously reported enhancing effects of TES
on rat thymocyte proliferative responses (Kruisbeek et al., 1977).
In addition, the data indicate that the effects of TES can be
attributed to an effect on the population of PNA-agglutinating
cells, the subpopulation which is enriched for unresponsive, presumably immature T cells. TES does not affect the response of the
enriched for mature, immunocompetent T cells. These data are in
agreement with our previous failure to observe effects of TES on
functional T cell parameters of corticosteroid-resistant thymocytes (for a summary, see Kruisbeek, 1978).
Data shown in table 1 suggest that the enhancing effect of TES
on the response of thymocytes to allogeneic stimulation can also
be attributed to an effect on the PNA-agglutinating cells, whereas, again, the MLR of PNA-non-agglutinating cells remains unaffected by the addition of TES.
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TABLE 1
EFFECT OF TES ON 14 C-TdR INCORPORATION INTO MOUSE THYMOCYTES
STIMULATED WITH SEMIALLOGENEIC CELLS

j
!
C57BL
responding cells

untreated
thymocytes
PNA-agglutinating
thymocytes
PNA-non-agglutinating
thymocytes
HC-resistant
thymocytes

14
C-TdR incorporation
control
supernatant
TES

1277 ±

46

2681 + 255

1192 + 182

2348 ± 176

4342 + 360

4147 ±

3864 + 319

4072 + 209

81

311

<;
;
1 ,'
j \

When combined, these findings suggest that the enhancing effects of TES on T cell proliferative capacity of thymocytes are
due to an effect on the PNA-agglutinating subpopulation, thus supporting the concept that TES induces maturation of at least some
of the immature thymocytes.

Kruisbeek, A.M., Thesis, Utrecht University, 1978
Kruisbeek, A.M., et al., Eur. J. Immunol., 7, (1977), 375.
Kruisbeek, A.M., et al., Cell. Immunol., 35, (1978), 134.
Reisner, Y., et al., Cell. Immunol., 25, (1976), 129.
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PARTIAL RESTORATION OF TUMOUR XENOGRAFT REJECTION BY NUDE MICE
FOLLOWING TREATMENT WITH THYMOSIN

D.W. van Bekkum and S. Knaan

The important role that the thymic hormone plays in the maturation and differentiation of T cells has been extensively studied
in the past years. In the majority of cases, ^n vitro effects of
various putative hormone preparations have been reported (The Biological Activity of Thymic Hormones, Van Bekkum, ed., 1975), while
demonstrations of jji vivo restoration of immune functions in T
cell deficient animals have been scarce. We have developed an jin
vivo model based on the inability of congenitally athymic "nude"
mice to reject xenogeneic tumour grafts. In this assay, a reproducible restoration of xenograft rejection is obtained with thymus
implants. The results obtained with repeated administrations of
thymosin are reported. The tumour selected for this test system
was the Shay Chloroma - a rapidly growing transplantable acute
myelocytic leukaemia of the WAG/Rij rat. The mice used were 10-12week-old "nude" males or females of the BALB/c strain. The nude
mice were transplanted s.c. with spleen cells from Shay inoculated
rats. The leukaemia donor rats were always in the final stage of
the disease (7 days after inoculation of 10
leukaemic spleen
cells).
Tumour cell dose response studies in nude mice showed that 10
tumour cells is the minimum number required for 90-100% tumour incidence. Consequently, we inoculated different groups of mice with
10
and 10
Shay cells, respectively. Subcutaneous tumours appeared 10-15 d after inoculation. Tumour size was regularly measured till the death of the animals, which occurred 20-40 d after
tumour grafting (fig. 1 ) . Nude mice which were implanted with 3
parental newborn thymuses s.c. [from BALB/c mice younger than
24 h, 3.0 Gy (300 rad) X-irradiated] one week before tumour inoculation, showed a significantly slower tumour growth rate as compared to the control animals. Furthermore, in 56% of the animals
the tumours began to decrease in size about one month after inoculation and one month later these tumours had been completely rejected.
In this assay the activity of thymosin (T175)* prepared according to A.L. Goldstein (Hooper et al., 1975) was tested, with
*These preparations were isolated from pig thymus and spleen, respectively, by Drs. F.C. den Hollander and H. van den Berg of
Organon BV, Oss, The Netherlands, which Company also supported
part of this investigation.
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Figure 1
Tumour
growth follow-up and survival curve of nude mice inoculated with 10
107 Shay c e l l s .
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spleen extract (M95)* prepared in the same way as a control. The
preparations were administered in a dose of 1 mg per day per mouse
i.p. 5 x per week, starting one week before tumour inoculation;
treatment was continued for 12-14 d after the tumour cells were
implanted. Three series of experiments were performed, each employing 8-10 nude mice per experimental group. The results of the
treatment with T175 were comparable to those of the thymus implanted mice. There was a clear-cut decrease in growth rate in the
group of Tl75-treated mice compared to untreated controls and the
M-treated groups. The difference in tumour size measured at day 24
post inoculation as presented in fig. 2 indicates a low biological
activity of the spleen extract as well. The 70-day survival data
(in fig. 2) reflect the effects of tumour growth. Unfortunately,
the survival data represent only one experiment since the animals
of the subsequent experiments became infected with mouse hepatitis
virus which caused heavy mortality between 30-40 d after tumour
inoculation.
The interpretation of these findings is obviously complicated
by the weak biological activity of the control spleen preparation.
Similar disturbing activities of various control extracts have
been encountered in many other assay systems. It has been tenta-
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Tumour size at 24-30 days after tumour cell inoculations and survival.

tively ascribed to the existence of non-thymic pathways of maturation of T cells or to the presence of low concentrations of
thymic hormones in other lymphoid tissues. Whatever is the case/
in our series of experiments the 70-day survival (i.e., tumour rejection rate) of thymosin-treated animals is significantly different from the untreated group according to the x test with Yates
correction (p < 0.01), while no significant difference is seen between the groups treated with spleen extract and the untreated
controls. The experiments have to be continued with more highly
purified preparations to establish the specificity of the thymus
hormone preparations.

The Biological Activity of Thymic Hormones (Ed. D.W. van Bekkum)
Rotterdam, Kooyker Scientific Publications, New York, Wiley,
1975.
Hooper, J.A. et al., Ann. N.Y. Acad. Sci. 249 (1975) 154.

315

ATTEMPTS TO CULTURE BOVINE THYMIC EPITHELIUM AND TO DEMONSTRATE
THYMIC HORMONE ACTIVITY IN THE SUPERNATANTS

A.M. Seffelaar and A.C.W. Swart

The thymus is reported to produce humoral factors acting as
differentiation hormones in the maturation of immunocompetent
thymus-dependent lymphocytes from precursor cells (Bach et al.,
1976). These factors appear to be produced in the thymic epithelium (Dardenne et al., 1974).
The supernatant of thymic epithelial cultures (TES) induces
maturation of thymocytes as judged by its capacity to induce mitogen responsiveness in thymocytes (Kruisbeek et al., 1977; Hensen
et al., 1978). It also stimulates mixed lymphocyte reactivity in
thymocytes and increases intracellular levels of cAMP {Kruisbeek
et al., 1978). It may be expected and indeed has been suggested
that supernatants are potential therapeutic agents for treating
immunodeficiencies
resulting
from
impaired thymus function
(Willis-Carr et al., 1978). It was found to be difficult to produce sufficient active supernatant for jjn vivo treatment of experimental animals when using thymic tissue of mice and rats.
Therefore, it was attempted to produce more active material by
starting from bovine thymus tissue which is readily available in
large quantities. Thymuses from 5-month-old calves were used.
Two procedures were used to culture the thymus tissue. In the
first procedure, pieces of bovine thymus were minced. After thorough washing of the fragments, the material was transferred with a
minimum amount of medium to culture flasks, the bottoms of which
were moistened with a thin layer of serum. More medium was added
after 15 h, at which time the tissue pieces were attached.
In the? second procedure, pieces of thymus were minced and then
treated with 0.25% trypsin for a period of 30 min to dissociate
the tissue into single cells. The cells in medium were transferred
to petri dishes. Non-attached cells were rinsed off after two
days. When fibroblasts were present, they were removed by trypsinEDTA treatment; the cultures were incubated for one or two min
with 0.05% trypsin-EDTA solution at 37 C. When the fibroblast
cells were rounded, the cultures were carefully rinsed with medium
to remove them. This treatment was followed in some experiments by
collagenase treatment to prevent reattachment of any remaining
fibroblasts. For this purpose, the cultures were incubated with a
collagenase solution (100 I.E.ml" ) for one h; the solution was
then replaced by culture medium.
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Culture media used were RPMI 1640 and Dulbecco modification of
Eagle's medium. Media were supplemented with fetal calf serum to
10%, 2 mM Glutamine, 20 mM HEPES and antibiotics. To RPMI 1640 medium, 25 mM glucose was added. Cultures were kept in a humidified
atmosphere containing 5% CO at 37 C.
All medium was changed after four days in both procedures. After the second medium change, only two-thirds of the medium was
changed every four days. Supernatant was collected after three medium changes.
The cultures prepared by the first procedure showed some outgrowth around the fragments within 5 days. They were confluent after 20 days. Light microscopy showed that the cultures contained
lymphocytes, macrophages and about 60% fibroblasts. The epithelial
cells were large, round cells with a large nucleus containing one
or more round, dense nucleoli. Electron microscopy (performed by
S.P. Meihuizen) showed desmosomes and many tonofilaments specific
for epithelial cells. The cells showed no characteristics of secretory cells such as rough endoplasmatic reticulum (RER) and a
well developed Golgi apparatus. Most cultures disintegrated after
27 days.
The cultures prepared by the second procedure initially contained many lymphocytes and macrophages. These disappeared after
the second medium change. The cultures were confluent after 8
days. They contained about 50% fibroblasts. Attempts were made to
remove the fibroblasts by trypsin-EDTA and collagenase treatment.
However, many of the cells remained attached. When the trypsinEDTA treatment was frequently repeated, the epithelial cells also
tended to detach. Collagenase treatment had no distinct negative
effect on the growth of the fibroblasts.
Electron microscopy of the cultures showed desmosomes and
tonofilaments. The cells showed hardly any secretory characteristics. Little RER and a poorly developed Golgi apparatus were observed. Many epithelial cells had disintegrated after 15 days.
Supernatants from cultures prepared by both methods were
tested for their capacity to enhance the mitogenic stimulation of
murine thymus and spleen lymphocytes by PHA and Con A (Kruisbeek
et al., 1977; Rotter et al., 1976) and for their capacity to increase the intracellular cyclic AMP levels of thymocytes (Astaldi
et al., 1977; Kruisbeek et al., 1978). No activity was detected in
either test system.
The question remains as to why bovine TES exhibits no activity
in test systems in which rat and human TES were shown to induce or
enhance several T cell functions (Kruisbeek et al., 1977, 1978;
Hensen et al., 1978). Hensen et al. (1978) found that thymic epithelial cultures produced no active TES in the presence of fibroblasts. Therefore, it is necessary to find an additional technique
for the removal of the fibroblasts. Furthermore, the thymic epi-
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thelial cultures showed rather rapid disintegration as compared
with the results of Kruisbeek et al. (1977).
A further development of the culture technique seems to be
necessary.

Astaldi, A. et al., J. Immunol. 119 (1977) 1106.
Bach, J.F. et al., Prog. Allergy 21 (1976) 342.
Dardenne, M. et al., Immunol. ,27 (1974) 299.
Hensen, E.J. et al. Eur. J. Immunol. 22^ (1978) 309.
Kruisbeek, A.M. et al., Eur. J. Immunol. 7. (1977) 375.
Kruisbeek, A.M. et al., Cell. Immunol. 3J5 (1978) 134.
Rotter, V. et al., J. Immunol. U/7 (1976) 1927.
Willis-Carr, J.I. et al., Clin. 1mm. Path. 10 (1978) 3.15.
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IDENTIFICATION OF A SEPARATE POPULATION OF MONONUCLEAR CELLS
IN NORMAL HUMAN BLOOD

H.R.E. Schuit and W. Hijraans

A significant decrease was found in the percentage of mononuclear cells reactive with a labelled anti-Fab antiserum after
formaldehyde fixation of the cells when compared to unfixed cells.
This difference in reactivity was not observed in the small
lymphocytes. Obviously, it is a larger mononuclear cell in which
the capacity to stain with the anti-Fab antiserum is lost by the
fixation procedure (Annual Report 1977, p. 339). Several experiments were performed to characterize these yet undefined cells in
terms of morphological and immunological aspects.
Larger mononuclear cells could be distinguished in the unfixed
sample which in contrast to the B lymphocytes showed a weak atypical fluorescence with the anti-Fab antiserum/ i.e. the fluorescence was not clearly membrane associated. These cells differ from
classical lymphocytes from the morphological point of view; although the nucleus is round or oval, the cell border is not distinct, the cytoplasma is less dense than seen in a lymphocyte of
the same size and vacuclcs can often be observed. The same atypical fluorescence pattern was found in mature monocytes but the capacity to stain with the anti-Fab antiserum is not lost in these
cells after formaldehyde fixation.
The unfixed cells were incubated with labelled antigen-antibody complexes, which is a standard immunofluorescence technique
for detecting receptors for the Fc part of IgG molecules. The majority of the cells which bound the complexes showed the same morphology as the undefined cells. A minority of the mature monocytes
exhibited the same property, but binding of the complexes was very
rare in the population of small lymphocytes. These observations
are indicative for the presence of Fc receptors for IgG on the
membrane of the undefined cells.
When the unfixed cells were incubated with RPMI containing 10%
fetal calf serum at 37 C, the atypical reactivity of the undefined
cells was no longer detectable. Although a large proportion of the
mature monocytes is lost by this procedure because of their adherence, the non-adherent mature monocytes still showed the atypical reactivity with the anti-Fab antiserum. The undefined cells
are not adherent, since, after reincubation with autologous plasma, the relative number of cells showing reactivity with anti-Fab
was restored (table 1 ) .
The atypical fluoresence of the undefined cells and the mature
monocytes is most likely due to the presence of autologous IgG

321

TABLE 1
REACTIVITY OF MONONUCLEAR CELLS FROM NORMAL HUMAN BLOOD
WITH AN ANTI-Fab ANTISERUM

pretreatment of cells
none
o
incubation at 37 C
o
incubation at 37 C followed by
incubation with autologous plasma
formaldehyde fixation

J I

percentage of
positive cells
20.8 ±
11.8 ±

8.2
6.6

19.4 + 11.9
14.4 ± 7.5

Figures represent the mean and standard deviation of 5 experiments and are expressed as the percentage of mononuclear cells, with the exclusion of mature monocytes.

molecules on the membrane, presumably bound to an Fc receptor in
such a way that the Fab part of the IgG molecule is available for
the binding with the anti-Fab antiserum,. The Fc part of the IgG
molecule could not be demonstrated. Whereas, in the undefined
cells, this membrane-bound IgG is readily released by incubation
at 37 C and no longer detectable after formaldehyde fixation, it
is still detectable under both conditions in the mature monocytes.
The capacity of mature monocytes to endocytose the complex formed
by the Fc receptor and the IgG molecules could be the explanation
for this different behaviour.
In preliminary experiments, the majority of the undefined
cells could neither be identified as T nor as B lymphocytes when
FITC labelled antigen-antibody complexes were applied simultaneously with the TRITC labelled anti-T-cell antiserum or with a
TRITC labelled antiserum, recognizing IgM and IgD.
The undefined cells are most likely identical to the cells
designated as "L cells" by Horwitz and Lobo (1975) and as a "third
population" by Froland and Natvig (1973). They lack the specific
membrane properties of T and B lymphocytes and are also morphologically different from classical lymphocytes; however, they resemble mature monocytes in certain aspects. The question arises as
to whether they are immature monocytes.

Froland, S.S. and Natvig, J.B., Transplant. Rev. lj> (1973) 114,
Horwitz, D.A. and Lobo, P.I.J., Clin. Invest, 56 (1975) 1464.
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PRESENCE OF MULTIPLE ISOTYPES ON THE SURFACE OF HUMAN LYMPHOCYTES

F.M.Y.R. Vessiere-Louveaux, H.R.E. Schuit and W. Hijmans

The expression of multiple immunoglobulin isotypes on the membrane of a single lymphocyte has already been shown in the neonatal period (Abney et al., 1978) and in a case of chronic lymphatic
leukaemia (Rudder and Ross, 1975). The existence of cells bearing
three or more isotypes on their membrane was suggested as an expected step in B cell development. In our investigations, we have
determined the proportions of cells bearing one, two, three or
four isotypes on their membrane. Moreover, we have found that this
multiplicity is not restricted to the neonatal period.
Cell suspensions from chronically infected human tonsils were
fixed with a highly diluted formaldehyde solution and stained with
a mixture of TRITC and/or FITC labelled heavy chain specific antisera. The following associations were studied: o + n , a + 6 , a+y ,
Y + K , Y + 6 , 6 + H , a6n+v , flYI»+ 6 , ay 6 + V and y5n + a . When
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DISTRIBUTION OF B CELLS BEARING IMMUNOGLOBULIN ISOTYPES ALONE
OR IN ASSOCIATION AS A PERCENTAGE OF THE TOTAL SMALL LYMPHOCYTES

cells bearing
total
single
n=4

IgM

IgD

IgG

16.5
2.05

41. 5
0.5

45
2.4

9
1.55

—
12.6
10.4
5.6

12. 6
39. 4
5.2

10.4
39.4
3.8

5.6
5.2
3.8

IgA

total amount
of B cells (+)
51

in association with
IgA
IgM
IgD
IgG

Except if specified in the table, n=10
(+) defined as positive cells with an anti-Fab conjugate
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the experiments were performed under capping conditions, we found
that each isotype capped independently of the other in all of the
associations studied. Cells bearing only a single isotype on their
membrane are rare (table 1) and cells bearing each of the double
associations are all present. The frequency of these associations
for each isotype is always so high that at least a few cells must
bear three or four isotypes on their membrane. Fifteen isotype
combinations are then possible: four of cells bearing a single
isotype, six of cells bearing two isotypes, four of cells bearing
three isotypes and one of cells bearing all four isotypes. From
table 1, we could find good approximations for each of these fifteen combinations (fig. 1). All of the associations are present.
Among them, the 6(i and the a6(i bearing cells are the most frequent.
The existence of cells bearing only IgD has not been described
earlier and could be related to the presence of cells containing
IgD in the infected tonsils (Brandtzaeg, 1978). Many cells reveal
the association of a and y with or without other isotypes on their
membrane. The significance of this association remains uncertain,
but this finding can be used as an argument for a switch from IgG
to IgA. The abundance of cells bearing more than one isotype could
be related to the permanent antigenic stimulation of the infected
tonsils used in this study.
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ceils bearing each of the fifteen Tsotype combinations

Figure 1
Proportions of B cells bearing one, two, three or four isotypes.

Abney, E.R. e t a l . , J . Immunol. 120 (1978) 2041.
Brandtzaeg, P . , C l i n . Exp. Immunol. 31^ (1978) 3 6 7 .
Rudder, R.A. and R o s s , R . , J . Exp. Med. 142 (1975) 5 4 9 .
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TRANSPLANTATION AND IMMUNOGENETICS

THE INFLUENCE OF BLOOD TRANSFUSIONS AND MATCHING FOR DR-ANTIGENS
ON KIDNEY ALLOGRAFT SURVIVAL IN UNRELATED RHESUS MONKEYS

A.A. van Es and H. Balner
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Two recent developments have had a major impact on clinical
and experimental transplantation immunology. Firstly, it has been
shown that multiple blood transfusions given prior to transplantation can substantially prolong kidney allograft survival. Secondly, protection of allografts may be achieved by matching host/
donor combinations for the products of the D locus and the closely
associated (or identical?) DR locus.
Both approaches to the prolongation of kidney allografts have
been investigated in rhesus monkeys. It was shown that the administration of blood transfusions prior to transplantation leads
to a considerable improvement of graft prognosis (Van Es et al.,
1977). Further, it was demonstrated that matching unrelated monkeys for DR antigens causes a significant prolongation of kidney
graft survival, at least if incipient lymphocytes are MLC-negative
against donor cells (van Es and Balner, 1978). In view of those
results, it was clearly of interest to investigate whether
matching for DR antigens combined with pretransplant transfusions
would show an additive or even synergistic effect on graft survival. Therefore, kidney transplantations were performed between
unrelated immunosuppressed rhesus monkeys which shared two DR antigens and were given 5 blood transfusions prior to transplantation. The host/donor combinations were either reactive or nonreactive in MLC and shared one to three A and B locus antigens
with their blood donors as well as their kidney donors. The recipients were treated with azathioprine (4 mg.kg" ) and prednisolone
(2 mg.kg ) intramuscularly on alternate days (starting on the day
of transplantation) and antibody determinations were made before
and after the transfusions.
Survival times for the two experimental groups are presented
in fig. 1. It can be seen that the DR-matched MLC-positive host/
donor combinations showed a mean graft survival time (MST) of 21.3
days while the MST in the MLC-negative group was 28.2 days (no
significant difference between the two groups). The MST's of these
two experimental groups were also not significantly different from
that of the unmatched, non-transfused control group receiving the
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Figure 1
Kidney allograft survival in transfused DR-identical unrelated rhesus monkeys.
Recipients received 5 blood transfusions prior to transplantation. Bars represent survival times of individual kidney recipients; shaded areas indicate the
mean survival time (MST) of each experimental group. In selecting host/donir
combinations, the phenotypes for A- and B-locus antigens were disregarded.

same immunosuppression (MST 10.8 days)*. In both experimental
groups, a few animals rejected their kidneys e a r l i e r than the
shortest survivor in that control group; there was no correlation
between accelerated rejection and the occurrence of a positive
serological cross-match (Van Es et a l . , 1979).
It appears, therefore,
that the combination of pretransplant
transfusions and matching for DR antigens does not have an additive or synergistic effect on graft survival.
In fact, the prominent transfusion effect demonstrated previously (Van Es et a l . ,
1977) may have been compromised by matching for DR antigens.
Alternatively, the clearly positive effect of matching for two DR
antigens (Van Es and Balner, 1978) on graft survival may have been
reduced or lost as a consequence of giving the blood transfusions.

*Data for transfused animals not matched with their kidney donors
for DR antigens (van Es et a l . , 1977) and for nontransfused animals matched for two DR antigens with their kidney donors (van Es
and Balner, 1978) were also available. In the l a t t e r group immunosuppression was not applied.
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In conclusion, the current findings indicate that matching for two
DR antigens combined with pretransplant transfusions does not show
the positive effect of either procedure applied separately and
seems to entail the risk of accelerated rejections.

Van Es, A.A. et al., The Lancet 1^ (March 5) (1977) 506.
Van Es, A.A. and Balner, H., Transplantation ^ 6 , 3 (1978) 187.
Van Es, A.A. et al., Transplantation, 1979 (manuscript submitted)
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MIXED LYMPHOCYTE REACTIVITY (MLR) IN RHESUS MONKEYS IS CONTROLLED
BY SEVERAL LOCI

A.A. van Es and H. Balner

5
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j
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|
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In the past year circumstantial evidence has been obtained
that disparity for antigens not controlled by the D or major MLC
locus may play a role in MLC responsiveness. For instance, pairs
of RhLA identical siblings appeared to be MLC-positive far more
frequently than could be explained by recombination between the D
and SD region of RhLA. One theory to explain these results was a
possible influence of alloimmunxzation on MLR. To test that hypothesis, pairs of MLC non-responsive monkeys were intentionally
immunized. The f.ir_sj: group consisted of 4 pairs of unrelated monkeys which were identical for the A, B and DR locus antigens and
MLC non-responsive; after mutual immunization with skin and blood,
distinct MLC responsiveness against the partner's lymphocytes occurred in 6 out of 8 cases (fig. 1). The second group consisted of
MLC-negative sibling pairs. Here, mutual immunization with skin
grafts and multiple blood injections did not lead to significant
responsiveness against the partner's cells. However, subsequent
immunization with blood and skin from third party monkeys (differing for one parental RhLA haplotype) led to MLC responsiveness
against the original RhLA identical partner's lymphocytes in most

)
}
v
5
j ;
j'
• .

5

;

i

cases (fig. 2).

I

The combined results of those experiments led to the hypothesis that MLC non-responsiveness among D-identical individuals can
be converted into responsiveness by alloimmunization. Since mutual
immunization of RhLA-identical siblings did not lead to responsiveness (the second group; identity for the entire RhLA complex),
but the same procedure performed with unrelated animals did (first
group; identity for A, B, D and DR locus products), conversion in
this first set of experiments is likely to be caused by immunization against a product of an RhLA-linked MLC locus called D 1 .
The identical siblings could nevertheless be made mutually MLC responsive after immunization against tissue from third party animals. This suggests an influence of genes outside the RhLA complex; immunization against products of those genes can apparently
induce MLC responsiveness among genotypically identical siblings.
The genes or loci responsible for that effect have been provisionally designated by the symbol D" (Van Es and Balner, 1978a).
In summary, alloimmunization against products of loci other
than D can convert MLC-negative reactions into positive ones. If
this phenomenon is confirmed in humans, it would imply that MLC

j

329

I

10.000

2-1,

3-4,

4-3,

6-5,

7-8,

8-7,

8000

6000-

a
c
E

4000

S 2000
a

5-6,

6000-

4000-

2000

iI

0J
•

mean stimulation in cpm ' s ( ± S . E , ) of indirectional allogeneic cultures

•

mean autologous " stimulation " { + S . E . )

Figure 1
Positive MLR provoked by mutual
lated rhesus monkeys.
The graph represents data from
tional responsiveness of animal
and c stand for data obtained
grafts and after multiple blood

330

immunization between

D-locus

identical

unre-

four pairs of animals; 1-»2 X means unidirec1 to irradiated cells of animal 2. Symbols a, b
before immunization, after an exchange of skin
injections, respectively.

MH-~HP X

60004000-

I)

a

a

b

c

d

e

f

a

b

c

d

e

f

a

b

c

d

e

f

a

b

c

•

mean stimulation in cpm ' s ( ± S . E . ) of undirectional allogeneic cultures

•

mean autologous " stimulation " ( ± S . E . )

d

e

F

Figure 2
Positive MLR provoked by alloinnnunization between RhLA-identical rhesus monkey
siblings.
The graph represents data from four pairs of identical siblings; GY - • LF means
unidirectional responsiveness of animal GY to irradiated cells of sibling LF.
Symbols a, b, c and d stand for data obtained in the course of the mutual immunizations; e and f stand for data obtained after immunization with tissue from
a third party animal.
responsiveness

among

HLA-identical s i b l i n g s does not n e c e s s a r i l y

support the assumption of a recombinational event but could be due
t o prior immunization. Additionally, the conversion phenomenon
might be the reason for unexpected r e s u l t s which are sometimes observed when homozygous typing c e l l s are used to define D locus antigens (Van Es and Balner/ 1978b and page 333).

Van Es, A.A. and Balner, H., Tissue Antigens (1978a) in the press.
Van Es, A.A. and Balner, H., Tissue Antigens (1978b) in the press.
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CELLULAR TYPING FOR D LOCUS ANTIGENS IN RHESUS MONKEY FAMILIES

A.A. van Es and H. Balner

The use of "homozygous typing cells" (TC) in cellular typing
for D locus antigens is now firmly established in man, the dog and
the rhesus monkey. Close associations between the ceilularly defined D locus antigens and the serologically defined DR antigens*
has greatly facilitated the selection of typing cells in rhesus
monkeys (Van Es and Balner, 1978). Hence, eight or nine groups of
TC's of different specificities have recently become available.
They represent three categories: those from consanguinous matings,
those from genotyped animals homozygous for DR antigens and those
from random animals which carry a single DR antigen and are thus
presumably homozygous for D and DR locus products.
As the first step in investigating the genetics of the D
locus, the available groups of TC's were used for the identification of D locus antigens in rhesus monkey families. As anticipated, the antigens defined by this cellular method nearly always
segregated with the other RhLA markers. In one animal, an offspring with a proved recombination within the RhLA region, the D
antigen was inherited in coupling with the (recombined) antigen of
the DR or la locus. There were a few other instances in which responder cells did not show the "expected" typing cell response
(i.e., they showed positive reactivity against the appropriate
TC's). Such absence of expected typing cell responses occurred
only in animals which had a history of alloimmunization. These
aberrant reactivities are attributed to the "conversion" phenomenon which is described on page 329 and by Van Es and Balner
(1978a).
When typing cells of each group (associated with the same DR
or la antigen) were tested against each other, two interesting
phenomena were observed. Firstly, the TC's associated with la 75*
showed a split into two sets of TC's designated as 75*-l and
75*-2; the 75*-l cells were mutually non-reactive in MLC but responded to all TC 75*-2 cells (which were also mutually non-reactive). As depicted in table 1 on page 336 these two groups of TC's
are now associated with two distinct DR antigens. A different,
equally interesting phenomenon was the so-called inclusion which
was observed for TC antigens 6, 70, blank-1 and perhaps 4; the responses of the TC's within those groups were asymmetrical, sug*As in man, the major la (or la,)
called DR (for D-Related).

locus of rhesus monkeys is now
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gesting that one set of TC's defines a "narrower" D antigen than
the other. The inclusion phenomenon is somewhat reminiscent of
cross-reactivity observed in SD serology.
The described family data indicate that the D locus of rhesus
monkeys is indeed MHC-1inked and that its mapping position is
probably outside the SD region of RhLA (Van Es and Balner, 1978b).
As in man, the D locus of the monkey is far less polymorphic than
the A or B loci. In order to define the gene frequencies of the
various D antigens, a population study using the same TC groups is
in progress.

Van Es, A.A. and Balner, H., Tissue Antigens 1J2, 4 (1978) 279.
Van Es, A.A. and Balner, H., Tissue Antigens (1978a) in the press,.
Van Es, A.A. and Balner, H., Tissue Antigens (1978b) in the press.
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B CELL SPECIFIC ANTIGENS OF RHESUS MONKEYS

H. Balner, W. van Vreeswijk, and J. Roger*

!

•;

During an international workshop in Oxford (1977), it was
firmly established that the majority of the identifiable human B
cell antigens are controlled by a single HLA-Jinked genetic system; since those antigens are highly associated with the antigens of the D or major MLC locus, they were officially designated
as DR or D-Related antigens (Histocompatibility Testing 1977,
Munksgaard, 1978). The existence of other HLA-controlled B cell or
la antigens has been proposed but a second segregant series of la
antigens in man has not yet been established.
In the rhesus monkey, the study of the serology, genetics and
biological significance of la antigens has also been vigorously
pursued in 1978. Numerous new antisera were produced and screened
for B cell reactivity in unrelated and related monkeys. A provisional analysis of those data now permits the identification of
more than fifteen B cell antigens. The previously reported Ia 1
locus comprises 8 of those antigens; in view of the close association of the Iaj^ antigens with the cellularly defined D locus antigens, they are currently designated as D-related or DR antigens
(in analogy with the official HLA nomenclature; see above). About
90% of the DR gene products are now identifiable and the predictive value of DR matching for MHC non-reactivity is high (Van Es
and Balner, 1978a). Further, it was shown that host/donor matching
for DR antigens significantly improves kidney allograft survival
in rhesus monkeys (Van Es and Balner, 1978b).
The current knowledge of the DR and the associated D antigens
of the rhesus monkey (as defined by serological and cellular methods, respectively) is shown in fig. 1. It can be seen that two
groups of typing cells are still associated with "blanks" of the
DR series and that none of the available typing cells is associated with antigen DR4 (Balner, 1979). Of the other identifiable B
cell antigens, three or fourarenot controlled by the DR locus but
are probably allelic products of a second RhLA-linked series. Two
or three additional antigens are controlled by genes which may
be loosely linked to RhLA. The remaining B cell antigens appear to
be controlled by genes not associated with the major histocompaticomplex. Genetics, characteristics and biological signifi-
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Figure 1
Associations between DR and D determinants in rhesus monkeys.
The previously published nomenclature for groups of typing cells
(TC) i s depicted in the right hand part of the figure. For details regarding the symbols
used in this figure, see Balner, 1979.

cance of a l l c u r r e n t l y i d e n t i f i a b l e B c e l l a n t i g e n s of t h e rhesus
monkey w i l l be t h e s u b j e c t of f u r t h e r i n v e s t i g a t i o n s in t h e coining
year.

Balner, H . , T r a n s p l a n t . Proc. 1979, in t h e p r e s s .
Van E s , A.A. and Balner, H . , Tissue Antigens 12_ (4) (1978a) 279.
Van E s , A.A. and Balner, H . , T r a n s p l a n t a t i o n 26 (3) (1978b) 187.
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CONTROL OF GRAFT VERSUS HOST DISEASE IN MHC-IDENTICAL DONOR
RECIPIENT PAIRS

H.M. Vriesendorp, A . C M . van Kessel, C. Zurcher
and D.W. van Bekkum

In man, Graft versus Host disease (GvHD) is still a frequent
and often lethal complication after the transplantation of bone
marrow (BM) cells of a major histocompatibility complex (MHC)
identical sibling. This prevents a more general application of the
potentially life saving procedure of BM transplantation in human
patients with aplastic anaemia or acute leukaemia. MHC-identical
dogs were employed to investigate this problem. The minimal BM
rescue dose from a MHC-identical littermate after supralethal
total body irradiation has been determined and appears to be 2 x
10 BM cells/kg body weight. An approximately 35 % incidence of
mild and usually transient, non-lethal GvH disease is found when
only BM cells are used for transplantation. The incidence or the
severity of GvH disease is not intensified by increasing the BM
cell dose (1.6 x 10 BM cells/kg body weight maximum dose tested;
Vriesendorp et al., 1978). In contrast, in human bone marrow
transplantation with similar donor recipient pairs, an approximately 60 % GvH incidence is found and approximately 1 of 3 of the
total number of patients dies from GvH disease. This difference
can be explained by the smaller number of post-thymic T cells in
dog bone cell suspensions in comparison to primate bone marrow
(Van Bekkum et al., 1978). The addition of lymphocytes from lymph
node (1 x 10 /kg body weight) to dog-bone marrow cell suspensions
(2 x 10 /kg body weight) increases the incidence as well as severity of GvH reactions (table 1 ) . The five animals that died before
day 30 revealed classical histological signs of GvH disease in
skin, liver, intestines and other organs (Annual Report 1977, p.
278). Seven additional animals died between day 75 and 132 after
total body irradiation (TBI), without these clearcut histological
signs of GvH disease. A variety of lesions in multiple organs
(pancreas, stomach, ileum, kidney, liver, lung, adrenal gland,
thyroid) was observed, which suggest in many cases chronic infections. The absence of late mortality in animals treated with bone
marrow cells only indicates that the addition of lymph node cells
can induce a greater vulnerability to intercurrent infections,
possibly due to a subnormal lymphoid reconstitution. In an immunogenetic analysis no evidence was found for an X-linked histocompatibility influence on GvHD (Vriesendorp et al., 1978), as can also
be observed from the similar GvH incidence in (J-9 and 6*-o* donor
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Table 1
SURVIVAL AND GvH DISEASE IN DLA-IDENTICAL DONOR-RECIPIENT PAIRS*

Sexes
donor and
recipient

<S-d

Survival in days
after TBI
•GvH +
GvH -

GvH
incidence lethality

108
132
300
300
300
300

87
300
300
300

6/10

2/10

300
300

300
300
300
300

2/ 6

0/ 6

o-<

24
29
75
75
300
300
300

300

7/ 8

4/ 8

9-9

16
25
27
89
97
300
300

300
300

7/ 9

5/ 9

ri

.8
*TBI 7.5 Gy (750 rad), 300 kV X-ray; 2 x 10" BM
weight; lx 10 lymph node cells/kg body weight.

cells/kg

body

recipient pairs in table 1. The lethality and incidence of GvH
reactions appeared to be highest when female BM donors are used.
This can be explained by the assumption of a Y-linked, GvH controlling, histocompatibility antigen as well as by a more "aggressive" behaviour of female lymphocytes in general. These data would
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suggest that the preferential use of male donors in human bone
marrow transplantation would be more effective in attempts to
prevent GvH than the avoidance of a sex mismatch between donor and
recipient (Storb et al., 1977).

Van Bekkum, D.W. et el., p. 179. In: Immunological Engineering,
Ed. D.W. Jirsch, MTP Press Ltd., Lancaster, England (1978).
Storb, R. et al., Transplantation Proc. £ (1977) 101.
Vriesendorp, H.M. et al. p. 109. In: Experimental Hematology Today
1978. (S.J. Baum and G.D. Ledney, eds.), Springer Verlag, New
York (1978).
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COMBINATION OF TOTAL BODY IRRADIATION AND CYCLOPHOSPHAMIDE IN
CONDITIONING FOR BONE MARROW TRANSPLANTATION

H.M. Vriesendorp and A.CM. van Kessel

Total body irradiation (TBI) is an effective method for the
preparation of a recipient for bone marrow (BM) transplantation
(Van Bekkura et al., 1978). After TBI, the resistance of the recipient towards allogeneic BM cells- is decreased, but not completely
abolished, since more BM cells are required for a successful
transplant from an allogeneic donor than from an autologous or
isologous donor. It was previously shown that 4x more cells are
required from a donor which is identical with the recipient for
the major histocompatibility complex (MHC) and 50x more cells from
a MHC-mismatched donor (Vriesendorp et al., 1976). Studies in mice
indicated that the conditioning of the BM recipient with a combination of TBI and cyclophosphamide (Cy) might permit the use of
lower numbers of allogeneic BM cells for transplantation (Cudkowicz and Bennett, 1971). In addition, this combination has the advantage of being more effective in the eradication of leukaemia in
human bone marrow transplantation patients in comparison to Cy or
TBI conditioning alone (Thomas et al., 1977).
Studies were performed in MHC-identical and MHC-mismatched
dog donor-recipient pairs to test the toxicity of TBI and Cy conditioning protocols and the influence of such protocols on allogeneic resistance. A permanent take of the allogeneic donor cells
was assessed by a posttransplant evaluation of haematological regeneration, BM and peripheral blood karyotypes, polymorphic leukocyte/red cell enzyme markers and the survival of a kidney graft of
the BM donor in the BM recipient. Results are shown in Table 1. A
Q

low dose of MHC-mismatched BM (4 x 10 /kg body weight) does not
take after high dose Cy and TBI conditioning. Vomiting and watery
diarrhoea were major side effects and. increased in comparison to
TBI of 7.5 Gy (750 rad) alone. The minimum BM cell dose for a take
of MHC-identical BM is .between 1 and 4.x 10
cells/kg body weight
(see Table 1 ) . The addition of Cy to TBI increased toxicity, but
did not result in takes after lower doses of TBI or BM cells and
therefore appears to have no additional .effect on resistance
against MHC-identical or mismatched BM cells. Higher doses of Cy
or different dose schedules were not studied in view-of the experienced toxicity with the tested Cy and TBI combinatipns. The
discrepancy between the results in mice (Cudkowicz and Bennett,
1971) and this experience in dogs is probably due to the difference in endpoint selected, i.e. the spleen IUDR uptake in mice and

341

TABLE 1
TOTAL BODY IRRADIATION (TBI) AND CYCLOPHOSPHAMIDE (Cy) IN CONDITIONING FOR DOG BONE MARROW TRANSPLANTATION

Donor-recipient
combination (n)

mg Cy/kg body
weight

TBI in Gy
day 0

MHC-mismatched
(6)
MHC-mismatched
(3)

25
day -2, -1

MHC-identical
(31)'

BM dose x 10-8/
kg body weight
day 1

BM take

12, 13, 15,
15, 16, 19

BM syndrome

7.5

*6, 6, 12

GI syndrome
BM syndrome

50, 73

heart disease
encephalitis

yes

7.5

no

MHC-identical
(5)

5.0

yes

MHC-identical
(4)

5.0

MHC-identical
(5)

3.5

MHC-identical
(5)

25
day -3, -2

25
day -3, -2

Cause of death

7.5

7.5

MHC-identical
(2)

Day of
death

3.5

2/4

no

21

16, 21

BM syndrome

BM syndrome

total haemopoietic regeneration in dogs. The search for a conditioning protocol which is more effective in suppressing allogeneic
resistance than TBI alone will be continued with combinations of
TBI with non-alkylating chemotherapeutic agents.

Van Bekkum, D.W. et al., In: Bone marrow transplantation in
immunological engineering (Ed. D.W. Hirsh). MTP Press Ltd.,
Lancaster, England, 1978, in the press.
Cudkowicz, G. and Bennett, M., J. Exp. Med. 134, (1971), 83.
Thomas, E.D. et al., Blood £9, (1977),, 511.
Vriesendorp, H.M. et al., Transpl. Proc. 8 (1976) 483.
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MICROBIOLOGY AND GNOTOBIOLOGY
THE ANTIVIRAL EFFECT OF INTERFERON IN VIVO
IS NOT NECESSARILY DUE TO DIRECT INHIBITION OF VIRUS REPLICATION

L.W. Stitz, W. Weimar* and H. Schellekens**

Interferon shows antiviral effects jin vivo and jln vitro. In
vitro it is thought to inhibit viral replication at the transcriptional or translational level, depending on the virus-cell
systems used. The mechanism of the jji vivo effect is presumably
a
direct inhibition of viral replication
similar,
namely
(Friedman, 1977). We present here results that indicate _in vivo
protection against a viral infection without jji vi'tro inhibition
of the same virus.
Antiviral activity of interferon was tested in six rhesus monkeys which were infected intradermally at day 0 with different
doses of vaccinia virus. Three of the animals were treated daily
with interferon administered intramuscularly from day -1 till +7.
The interferon preparation used was prepared from human leukocytes
as described by Cantell and Hirvonen (1978) and had a specific
activity of 2.1 x 10
units/mg protein. In the untreated control
monkeys, the typical vaccinia-induced skin lesions reached maximal
size on day 7 (fig. 1, left). The animals injected daily with
5 x 1 0 5 units/kg of interferon did not develop skin lesions (fig.
1, right) nor did lesions develop when the interferon therapy was
terminated after 8 days (observation period of 3 months).
In spite of this impressive Jji vivo effect of interferon we
were unable to find an in vitro effect on vaccinia-infected diploid rhesus skin fibrablasts (Schellekens et al., 1979). Concentrations of interferon up to 1044 units/ml failed to protect the
cells against the cytopathogenic effect (CPE) of vaccinia virus,
although the same type of cells was protected against the CPE of
vesicular stomatitis virus (VSV) (table 1; Stitz and Schellekens,
submitted for publication). There was also no inhibition of the
production of infectious vaccinia virus (data not shown). In addition, no iji vitro protective activity against vaccinia was de* Dept. of Internal Medicine, Erasmus University, Rotterdam, The
Netherlands.
**Dept. of Virology, Erasmus University, Rotterdam, The Netherlands.
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Figure 1
In vivo effect of human leukocyte interferon (HLI) in rhesus monkeys infected
intradermally with vaccinia virus.
5
Monkeys were treated with HLI from day -1 to day 7 at 5 x 10"" units/kg i.m.
They were vaccinated intradermally at day 0 with the following preparations:
vaccinia virus (from the Rijks
Instituut voor de
j
e Volksgezondheid)
k g e n )
(box A ) ; • 10^ TCID /ml vaccinia virus (box B ) ; 1 0 5 TCID 50 /ml vaccinia virus
50
(box C ) . 10
10' TCIDcr/ml
TCIDeg/ml vaccinia virus, subjected to UV- and heat inactivation
(box D ) ; NaCl (box E ) . For each dilution 0.05 ml were injected at three sites.
The vaccination sites on day 7 after infection are shown in a rhesus monkey
treated with HLI (right) and in a control monkey (left). Three monkeys were
treated with interferon and three served as controls.
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TABLE 1

IN VITRO INHIBITION OF THE CYTOPATHOGENIC EFFECT (CPE)
OF VACCINIA VIRUS BY HUMAN LEUKOCYTE INTERFERON (HLI)
AND SERUM FROM RHESUS MONKEYS TREATED WITH HLI

a. Effect on human fibroblasts (RSb cells)
Vesicular stomatitis
virus
Interferon
HLI 10 4 units/ml

|
1
|

Monkey serum
before interferon treatment
after interferon treatment

Vaccinia virus

10.000

<1

< 10*
350*

<10
< 10

b. Effect on rhesus monkey skin fibroblasts
Vesicular stomatitis
virus
Interferon
HLI 10 4 units/ml

\
i

10.000

Vaccinia virus
<1

*Mean titer of three monkeys,
Rous sarcoma virus transformed human fibroblasts (RSb) or monkey
skin fibroblasts were plated in microtiter plates, grown to confluency (4 x 10 4 cells/well) and treated with serial dilutions of
HLI containing 10 units/ml or rhesus monkey sera (before and after injection of 5 x 1 0 s units HLI/kg). After overnight incubation, the supernatant was removed and cells were infected with
with vesicular stomatitis virus (VSV) or vaccinia virus (MOI of
0*25 TCID_ /cell). The incubation was terminated when untreated
infected control cells showed more than 90% CPE. The cells were
stained with crystal violet. The activity of interferon is expressed as the reciprocal of the highest dilution giving 50% protection. The titers are given as reference units (tested against
the international standard preparation 69/16).
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tected in the sera taken from monkeys 4 h after the first interferon injection, the time at which maximum anti-VSV activity was
observed.
The lack of activity of interferon against Vaccinia virus in
various cell cultures and the fact that no lesions developed in
monkeys treated with interferon strongly suggests that factors
other than direct inhibition of viral replication were instrumental in the effect of interferon _iri vivo. The mechanism by which
interferon protects against virus infection is not yet known. Recently the enhancement of the cytotoxicity of natural kilTer cells
and macrophages by interferon has been suggested as the mode of
action (Gresser and Tovey, 1978; Gidlund et al., 1978) and may also be a possible explanation for our observations.

j
}
!
5

Cantell, K. and Hirvonen, S., J. gen. Virol. 21 (1978) 541.
Friedman, R., Bact. Rev. 3 (1977) 543-567.
Gidlund, M. et al., Nature 2T2 (1978) 759.
Gresser, I. and Tovey, M.G., Biochimica et Biophysica Acta 516
(1978) 231.
Schellekens, H. et al., Nature (1979), in the press.
Stitz, L. and Schellekens, H., 1979, submitted for publication.
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LIMITATIONS OF THE INHIBITION OF VIRAL INFECTION
BY INTERFERON IN VITRO

L.W. Stitz and H. Schellekens*

Interferon has a distinct antiviral effect ^n vitro. After
cells have been treated with interferon, viruses cannot replicate.
Several blocking sites for interferon to inhibit the synthesis of
progeny virus particles have been proposed: inhibition of a) the
uncoating process of the replicating virus, b) the transcription
of the viral genome, c) the viral protein synthesis or d) the terminal events of the replication cycle (i.e. assembly of RNA tumour
viruses) (Friedman, 1977).
We have made studies to determine whether this protective effect of interferon jjn vitro is a long lasting one and whether it
can be overcome by prolonging the incubation period after virus
infection. In the same study, different dilutions of the challenge
virus were tested to see if the protective effect is dependent on
the quantity of virus per cell, i.e. multiplicity of infection
(MOI).
To test the antiviral activity of interferon in relation to
time and MOI, different cell types were treated with serial dilutions of human leukocyte interferon (HLI; Cantell and Hirvonen,
1978; specific activity of 2.1 x 10
units/mg protein). After
overnight incubation, the cells were infected with vesicular
stomatitis virus (VSV) at different MOI. In each test, the incubation was terminated at 24, 48, 72, 96 and 120 h after infection.
As shown in table 1, there is a decrease in the protective effect
of interferon with time. After 96 h, there is no longer protection. The table also shows the dependence of the effect of interferon on the multiplicity of infection. It can be clearly seen
that the protective effect of interferon shows a distinct correlation with the titer of the virus used. Interferon-treated cells
challenged with lower (£ 1) MOI are protected for a comparatively
long time whereas cells challenged with higher MOI (>1) cannot be
protected (Stitz and Schellekens, submitted for publication).
Thus we can protect cells ^n vitro against the cytopathogenic
effect of virus infections by interferon, but this protective effect is dependent on the length of the incubation period and the
MOI. A possible explanation for this effect may be that in cells
infected with a higher MOI the virus breaks through the "inter*Dept. of Virology/
lands.

Erasmus

University,

Rotterdam,

The Nether-

349

in
O

TABLE 1
TIME AND DOSE DEPENDENCE OF IN VITRO PROTECTION
AGAINST VIRUS INFECTION BY INTERFERON

vesicular stomatitis
virus (VSV)
(MOI TCID5Q/cell)

1000
100
10
1
0.1
0.01
0.001

interferon units needed at different times after i nfectioi
24 h

48 h

72 h

> 512
8
-

> 512
> 512
> 512
32
16
8
2

> 512
> 512
> 512
512
32

96 h

>
>
>
>

16
2

512
512
512
512
512
64
16

120 h

>
>
>
>
>

512
512
512
512
512
128
16

MOI = multiplicity of infection (see text)
Mouse L 929 cells were plated in microtiter plates, grown to confluency and were
treated thereafter with serial dilutions of mouse interferon. After overnight incubation, the supernatant was removed and cells were infected with vesicular stomatitis
virus (VSV) at the MOI indicated in the table. The incubation was terminated at different times after infection. The activity of interferon is expressed as the reciprocal of the highest dilution giving 50% protection. The cells were stained with crystal violet and scored for CPE.
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feron-state" of the cells in which they replicate. The "protective" effect of interferon infected with low MOI (^ 1) only
lasts for a limited period of time, which indicates a delay in virus replication. An explanation for this phenomenon may be that
more than a single replication cycle of the virus is needed tc
break through the interferon protected state of the cells. After a
certain time interval, either the interferon activity decreases or
the cell cannot be protected against the increasing replication of
the virus used for the challenge.

Cantell, K. and Hirvonen, S., J. gen. Virol. 29_ (1978) 541,
Friedman, R., Bact. Rev. 2 (1977) 543.
Stitz, L. and Schellekens, H., 1979, submitted for publication.
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FAECAL CONCENTRATION OF NEOMYCIN IN DECONTAMINATED MONKEYS

W.D.H. Hendriks, J.M. Davies, C.P.J. Timmermans and P.J. Heidt

In gastrointestinal decontamination, nonabsorbed antibiotics
are administered orally to achieve suppression of the endogenous
microflora, thus preventing infection from this source before as
well after irradiation and bone marrow grafting. In our investigations, the antibiotic combination to be employed for decontamination was selected on the basis of an _in vitro sensitivity test
(Van der Waaij et al., 1970). In addition it is necessary to have
information on the antibiotic concentration that is actually
achieved in the faeces. This should be well above the minimal bactericidal concentration as determined in the jji vitro sensitivity
test. Since elimination of the "normal microflora" results in an
extreme reduction in the colonization resistance (Van der Waaij et
al., 1971), the antibiotic concentration in the gastrointestinal
tract should also be sufficient to prevent colonization by microorganisms that are inadvertantly introduced into the isolator.
Rhesus monkeys were decontaminated by oral administration of
1.5 grams of Neomycin, Cephalorin and Nystatin for 3 days and 1.0
gram of each for another two days. The same antibiotics were added
to the liquid food in an amount of 0.1 mg.ml
(Annual Report
1976, p. 357) of which the animals took 180-540 ml daily.
Faecal material was collected from 9 rhesus monkeys. This
material was taken each morning and a portion of about 0.5 gram
was placed in a weighed tube, diluted 1 : 10 in tryptose phosphate
broth, sealed and stored frozen at -18 C. On defrosting, these
samples were ready for testing.
In two other monkeys, the sampling was implemented during
treatment; therefore, data are available only from the period
after the high dose regimen. The antibiotic content of the samples
was determined by an agar well diffusion assay method as developed
at this Institute by Davies (Annual Report 1977, p. 303). The results obtained in the "high dose" treatment period are presented
in Fig. 1.
Thereafter, from day 7 on, the faecal concentration of neomycin was related to the amount of liquid food (containing 0.2
mg.ml~ of the antibiotic) consumed during the previous 24 hours.
The data were pooled per treatment period. The periods considered
were: a) from day 7 until irradiation; b) from irradiation until
day 21 thereafter; c) from day 21 until some form of solid food
(cakes or grains and pellets) was added or until antibiotics were
discontinued; d) from the addition of solid food until the anti-
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F igure 1
Faecal concentration of Neomycin in the first 10 days of treatment.
biotics were discontinued. The mean faecal concentration during
the first 10 days is plotted for neomycin in Fig. 1. It is obvious
that the faecal concentration was high during the first days of
treatment when 1.5 or 1.0 grams of each antibiotic was given as
compared to the days when the antibiotics were only present in the
food, as plotted in Fig. 2. The mean faecal concentration does not
seem to be influenced by the treatment period, except for the
period in which solid food was also given.
After 24 hours of oral antibiotic treatment, antibiotic concentrations in the faeces were sufficiently high to obtain microflora suppression. The faecal concentration was well above the
minimal inhibitory concentration as determined in the JJI vitro
sensitivity test (0.19 mg.g" 1 ).
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A POSSIBLE NEUROTOXIC EFFECT OF COLISTIN IN NEONATAL DOGS

P.J. Heidt, H.A. Solleveld,- M.J. van Zwieten, H.M. Vriesendorp
and W.M. Klapwijk

Animals and patients with bone marrow aplasia often suffer
from infections with potentially pathogenic microorganisms such as
Pseudomonas aeruginosa, Escherichia coli, Klebsiella sp. and other
Enterobacteriaceae as well as staphylococci, yeasts and fungi. The
majority of infections caused by Enterobacteriaceae species and
Pseudomonas aeruginosa originate from the gastrointestinal tract.
To prevent infections with these microorganisms, selective decontamination of the gastrointestinal tract of animals and man is
sometimes performed. Another approach for animals is to breed them
with a microflora free of potentially pathogenic microorganisms.
Since the offspring of rabbits selectively decontaminated of
their Enterobacteriaceae flora remained free of these microorganisms as long as they were housed under conditions of strict
reverse isolation (Heidt and Timmermans, 1975), we selectively decontaminated two pregnant bitches (beagles) so that their pups
would be born with a microflora free of Enterobacteriaceae and
Pseudomonas sp. The bitches were housed in a laminar down flow
isolator and given sterile food and drinking water. The drug used
for the selective decontamination was colistin, which is active
against Pseudomonas sp. and most of the Enterobacteriaceae species. Treatment was started about two weeks before the expected
delivery, after it was shown that the aerobic Gram negative microflora of the bitches was sensitive to colistin. The drug was administered orally twice daily at a total daily dose of 5 mg.kg"1.
This resulted in the disappearance ol the aerobic Gram negative
microflora within 3 days. After 9 and 17 days of treatment, respectively, two litters, each consisting of 6 pups, were born. One
of the pups of the second litter was not well accepted by the dam,
and was therefore removed from the isolator two days following
birth and nursed by hand. The other pups remained with the dams
until weaning, after which the dams were removed. The pups remained in the isolator and were given sterile food and drinking
water. Although the pups received no antimicrobial treatment, they
remained free of Enterobacteriaceae and Pseudomonas sp. until they
were removed from the isolator.
After some weeks, it became apparent that these pups behaved
abnormally. They showed signs of blindness and severe dysmetria.
Clinical examination revealed retention of proprioceptive ability
with diminished direct pupillary reflexes and the absence of con357

sensual pupillary reflexes. These signs are compatible with a central nervous system disorder resulting from lesions in the cerebral cortex or subcortical areas. Therefore, initially one animal
was sacrificed for pathological examination. At necropsy, gross
findings were limited to severe hydrocephalus (Fig. 1). Subsequently, 8 other pups which had similar clinical signs were sacrificed and examination of the central nervous system (CNS) revealed
the same pathological finding. The pup which was removed from the
dam shortly after birth has shown no clinical abnormalities to
date.
Similar neurological signs or gross postmortem findings have
not been observed previously in dogs at our institutes. The possibility that the severe hydrocephalus in the two litters of pups
had a hereditary basis is not considered likely, since no genetic
relationship existed between the sires and the dams. Similarly, an
intrauterine or perinatal infectious etiology cannot be substantiated. The above observations, therefore, lead us to speculate that

Figure 1
Severe hydrocephalus in a 5-months-old pup nursed by a dam selectively decontaminated with colistin. Note the extreme thinning of the cerebral cortex due to
the extremely dilated lateral ventricles.
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the CNS lesions in the pups nursed by their dams may have a toxicologic basis and, more specifically, that they may be related to
ingestion of colistin by the pups, since exposure to other chemicals common to both litters could not be established. Colistin was
administered orally to the dams until the pups were weaned and it
is postulated that as a result of maternal licking behaviour, the
pups had ample opportunity to ingest an unknown quantity of the
drug. Colistin is readily absorbed via the gastrointestinal tract
in human neonates (Council on Drugs, 1963), but not in adult humans (Wright and Welek, 1959/60), the latter being confirmed for
the dogs by our inability to demonstrate by agar diffusion techniques the presence of colistin in the serum or colostrum of dams
during treatment. Intralumbar administration of colistin, however,
can cause heavy neurotoxic reactions in human patients (Walter and
Heilmeyer, 1975).
Finally, the fact that the pup which was removed from the dam
shortly after birth and was therefore not exposed to colistin
shows no abnormalities further supports this hypothesis, the confirmation of which is the subject of further studies.

i
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Council on Drugs, J. Amer. Med. Ass. 184 (1963) 772.
Heidt, P.J. and Timmermans, C.P.J., Lab. Animal Sci. 2j[ (1975)
594.
Walter, A.M. and Heilmeyer, L., In: Antibiotika-fibel, Georg
Thieme Verlag, Stuttgart (1975).
Wright, W.W. and Welek, H., Antibiot. Ann. (1959/60) 61.
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MENINGITIS IN THREE CHIMPANZEES (PAN TROGLODYTES)

H.A. Solleveld, M.J. van Zwieten, L.W. Stitz and P.J. Heidt

As is known in man, bacterial meningitis may have an extremely
rapid and fatal course. Even when the disease is diagnosed within
24 h of the onset of symptoms, it has a high mortality rate (51%).
A recently 22-year survey of meningitis in adults (Agranat et al.,
1977J showed an overall mortality of 40%, Pneumococci and meningococci were the two most frequently recovered pathogens, accounting
for 71% of cases of bacterial meningitis. Of these two, the pneumococcus is the most common causative organism and is associated
with a case fatality rate of 45%.
Although very little pertinent data are available in the literature concerning the incidence of meningitis in animals, it appears that bacterial meningitis occurs more frequently in nonhuman primates than in other animal species. An important cause of
meningitis in non-human primates is the pneumococcus, which is also one of the major causes of respiratory disease in these species
(Good and May, 1971).
This report describes three cases of meningitis in chimpanzees
which resulted in sudden death and were not preceded by significant clinical signs. Two of these animals, both females, had been
at the Primate Center TNO since 1968 and the third, also a female,
since 1971. All three were imported from West Africa at ages of
approximately 5, 10 and 2 years, respectively. The chimpanzees,
all members of the breeding colony, were housed either singly or
in small groups in cages within a single large room. Two of them
developed the fatal illness in the fall of 1977 and the other in
the fall of 1978. During this time of the year, more than in other
seasons, a number of chimpanzees in the colony suffer from a mild
upper respiratory tract syndrome characterized by a slight cough
and a seromucoid to mucopurulent nasal discharge. The three animals which developed meningitis had a nasal discharge for an indeterminate time prior to death. In addition, one of them had a decreased appetite two days before death and developed vestibular
signs and respiratory distress immediately prior to dying. Another
one suddenly became comatose and died within a few minutes without
any previous evidence of clinical disease. Similarly, the third
was found dead during the morning inspection without premonitory
signs.
At necropsy, similar lesions were found in the three chimpanzees and they will all be described together. The leptomeninges
over the entire brain were dull in appearance and copious amounts
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Figure 1
Ventral aspect of the brain.
Note the presence of exudate under the leptomeninges especially in the region
of the basilar artery and its branches.

of grey-yellow exudate were found beneath them (fig. 1). Greyyellow exudate was also present in the middle and inner ear in one
case; the frontal sinuses in another contained similar exudate. No
lesions were observed in the lung or other organs. Microscopically, severe fibrinopurulent leptomeningitis was seen (fig. 2).
Some meningeal blood vessels showed inflammation of the entire
wall and many contained fibrin thrombi. The infiltrate consisted
mainly of polymorphonuclear cells with a slight mononuclear cell
component. The infiltrate penetrated into the superficial layers
of the brain in some areas and could also be found in the VirchowRobin spaces.
Bacteriological cultures of the meningeal exudate yielded
Streptococcus pneumoniae in two cases and were negative in one
case. The sinus exudate in the latter case was positive for S.
pneumoniae. Middle ear exudate in one of the cases also yielded S.
pneumoniae. Based on the histopathological and bacteriological
findings, it appears most likely that the route of infection in
all 3 cases was via the upper respiratory tract.
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Figure 2
Fibrinopurulent meningeal exudate overlying the cerebral cortex. (23x)
Insert: The exudate consists mainly of polymorphnuclear cells with a slight
raononuclear cell component.(530x)
A g r a n a t , 0 . e t a l . , I s r . J . Med. S c i . 3 ^ ( 1 9 7 7 ) 1 1 5 1 .
Good, R . C . and May, B . D . I n f e c t i o n and Immunity _3 ( 1 9 7 1 ) 8 7 .
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SELECTION OF ANTIBIOTICS SUITABLE FOR PARENTERAL ADMINISTRATION
DURING RECONTAMINATION

W.D.H. Hendriks, J. de Vast and P.J. Heidt

In decontamination it is not always possible to suppress all
micro-organisms (Annual Report 1976, p. 356). When recontamination
can be performed these patients are unprotected from these endogenous microorganisms which unantagonized by antibiotics, will
rapidly spread to all sites and eventually will become invasive.
In some cases, in which an infection had developed during decontamination, systemic antibiotics were required and sometimes had to
be continued during recontamination. Many systemic antibiotics,
however, have an effect on the anaerobic part of the microflora
and therefore decrease the colonization resistance (Van der Waaij,
1972). In order to select antimicrobial agents that can be administered safely during recontamination, a mouse model was used.
For each antibiotic to be tested, 24 germfree ND2 mice of 10-14
weeks of age were colonized with a strain of E_^ coli (code 1881).
They were divided into three groups of 8 mice each.
Group I was treated for 12 days with the antimicrobial agent i.p.;
Group II was treated similarly but also received a human donor
flora (Vossen/ 1973) obtained from a healthy volonteer at a
moment her faeces were free of E_^ coli, enterococci and yeast.
The flora is maintained and propagated in mice. Germfree mice
are introduced into an isolator lodging mice associated with
this flora in order to obtain this flora also. The flora was
administered orally 24, 48 and 96 hours after starting administration of the antimicrobial agent.
Group III was not treated with the antimicrobial agent, but did
receive the human donor flora.
A faecal pellet of each mouse was collected on alternate days. The
faecal pellet was dispersed in 0.5 ml BHI broth and diluted serially for 12 steps with microdilutors. After overnight incubation
o
at 37 C subinoculations were made onto Endo agar. These plates
were also incubated at 37 C before reading.
For the testing of ampicillin
(twice daily 80 mg.kg" 1 ) the
mean faecal concentration of Ej_ coli for each group of mice for
each sampling day is plotted in Fig. 1. The donor flora reduces
the faecal concentration of E^ coli from 10 to 10 . Ampicillin
seems not to affect the faecal concentration of the E^ coli in
the mice not receiving the donor flora but only treated with this
drug. The donor flora is affected by ampicillin, since, during
treatment, the faecal concentration of the E_^ coli remains above
10 in the group treated with ampicillin and donor flora.
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Figure 1
Mean concentration of E. coli in faecal pellets of the

three treatment groups.

Essentially similar results were obtained with -amoxycillin at
3 daily doses of 80 ing.kg"1; carbenicillin, 2 daily doses of 400
ing.kg"1; erythromycin, twice daily at 7 mg,kg
and clindamycin,
40 ing.kg"1. Gentamycin/ 5 mg.kg ~h and cephalothin, twice daily
at 80 mg.kg" , however, seemed not to affect the anaerobes, since
the faecal concentration of the indicator strain was essentially
similar to that of the mice that did not receive the antibiotic.
These results indicate that gentamycin as well as cephalothin
can be given intravenously during recontamination without interferring with the donor flora. The combination of these agents,
however, was not tested.

Vossen, J.M., p. 549. In: Airborne Transmission and Airborne
Infection, Utrecht, The Netherlands, Oosthoek (1973).
Van der Waaij, D., J. Hyg. Camb. 70 (1972) 605.
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ETHOLOGY
THE EFFECT OF A PLAYMATE ON PROXIMITY.TO THE MOTHER
IN RHESUS MONKEYS
P.J.C.M. van Luxemburg and L.G. Ribbens

Young rhesus monkeys are in continuous contact with their
mothers during the first days of their life. After a certain period
(usually one to two weeks) the infant begins to leave its
mother and starts interactions with other group members. This increase in infant-infant play might be accompanied by less motherinfant body contact
(i.e., more off-mother) or less proximity to
the mother. Proximity is defined as within mother's reach (a distance of at most 30 c m ) . To test these hypotheses, mother-infant
pairs were studied in three different situations.
1. Single pair; singly caged mother-infant pairs.
2. Double pair: two mother-infant pairs caged together in a cage
of the same size as when singly.
3. Free infant; two mother-infant pairs separated by two opaque
partitions with an opening just wide enough to permit the infants
to pass, but too narrow for the mothers; this situation permits
each infant to enter the middle section (that no mother can enter)
or even the section of the second pair.
We first compared the single with the double pair situation.
Fig. 1A shows the difference in off-mother between the double and
single pair situation. Sleeping time is not considered. Especially
after 60 days there is a tendency to be more off-mother in the
double pair situation; however, the difference is not large. The
time that the infant is out of the mother's reach is much longer
than in single pairs (fig. IB). This difference is more pronounced
than it is in off-mother (fig. 1A).
We then compared the single pair with the free infant situation. The free infant situation differs from the other two situations in that here only the infant is able to initiate being out
of its mother's reach (by leaving its mother's cage through the
small opening). The time off-mother in the free infant situation
is only slightly different from the single pair situation
(fig.
2A). However, the time out of the mother's reach is quite different the two situations
(fig. 2B). The figure shows that there is
more proximity in the free infant situation than in single pairs.
This clearly contrasts with the double pair situation, as there
was less proximity than in single pairs (Fig. IB). This contrast
is likely due to the fact that, in the double pair situation, an
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Figure 1
Difference between double and single pair situations in 4 mother-infant pairs
in (A) time off-mother (as a percentage of the time the infant is awake) and
(B) time out of mother's reach (as a percentage of the time off-mother).
infant can always be protected by i t s mother, even when out of i t s
mother's reach.
In the free infant situation,
however,
infants
have to abandon their mother's protection entirely to approach the
other infant.
Obviously, infants reduce their risks by doing this
l e s s . This also follows from the i n i t i a l adjustment to the experimental situations.
In fig. 2B, an arrow for each infant indicates the f i r s t time they entered the middle cage unaccessible to
mothers. One infant never left i t s mother's cage, the others did
so only after 2 to 3 months. In the other three comparisons, there
was orily a brief period of habituation.
For a complete description of the roles of mother and
infant
in the regulation of the amount of body contact and proximity, v.e
need to know their i n i t i a t i v e s
to s t a r t and terminate this behaviour.
From observations, we know that i t is mainly the infant who
takes the i n i t i a t i v e s in a l l cases. The estimation of the precise
contributions of mother and infant is in progress.
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Figure 2
Difference between free infant and single pair situations in 4 mother-infant
pairs in (A) time off-mother and (B) time out of mother's reach. The arrows indicate for each infant the f i r s t entrance to the cage without mothers.

I t can be concluded that infants indeed reduce off-mother and
notably proximity in favour of an opportunity to play. However,
they are not willing to do so if they have to enter a space where
their own mother is unable to protect them. Previously (Annual Report, 1976, p. 331), i t was found that infants also increase time
to be used for play by synchronizing their sleep-awake cycle in
the double pair situation. Apparently,
infants possess various
mechanisms to increase play opportunities. This implies that
infant-infant play is important for adequate social development.
An impairment of social s k i l l s has indeed been demonstrated for
infants reared only with their mother (Mitchell, 1970). From our
experiments, i t
follows that
infants are able to contribute to
their own education by increasing the opportunity to play with
peers.
Mitchell, G., p. 195, In: Primate Behaviour (Ed. L.A. Rosenblum),
Academic Press (1970).
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HOW MUCH DO RHESUS MONKEY INFANTS
EACH OTHER'S BEHAVIOUR

INFLUENCE

G. de Jonge and T.G.C.M. Kokx*

In the course of a long term study of maternal influence on
the infant's social development, interactions between infants were
studied after permanent separation of the infants from their mothers at the age of 6 months. It was attempted to determine how much
the behaviour of an infant is influenced by that of its playmate.
During the age span between 6 and 8 months, 4 infants (2 of
each sex) were caged as pairs. The pair members were shifted weekly in a regular way so that each infant met all others. Of each of
the six possible arrangements, 5 or 6 behaviour records of 2 h 47
min were made. The behaviour appeared not to change with age during the period of investigation.
Infant-infant interactions had much in common with motherinfant interactions. Both were dominated by a sleep-awake cycle;
during sleep, infants clasp a peer as they otherwise would their
mother. In both types of social interaction, the awake periods
consisted of an alternation of some types of body contact and contact gaps. In both cases sleeping was often preceded by a period
with an increased amount of body contact. Here, we will confine
ourselves to the periods of full awakeness. In mother-infant interactions, only 3 behavioural categories
(on-mother, on-nipple
and off-mother) were minimally necessary to describe the alternation of body contact and intervening gaps with constant termination rates (Dienske and Metz, 1977; Dienske et al., 1978). Categories with constant termination rates are termed states. For a
similar description of infantile interactions, at least 6 categories were required. If categories were combined, the convenient
constancy of parameters would be lost; the transition rates would
then have to be specified as complicated functions of time. The
6 states are: 1) off - no contact, as during off-mother; 2) body
contact without further social interaction; 3) clasping each
other; body contact lasts longer when the infants clasp each
other; 4) social grooming; 5) wrestling; 6) sexual play - mainly
mounting. A Lew rare interaction types are not mentioned. Among
the 6 states in infant-infant interactions, in principle, 30 transitions are possible. The rather neutral behaviours body contact
and off were most common. The most frequent transitions were those
from these 2 neutral states to the remaining 4 states. As a re*Dept. of Ethology, Leiden University, The Netherlands.
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suit, only 8 of these 30 possible transitions were sufficiently
common to be used here. The remaining 22 transitions were practically zero.
These 8 transitions are used to answer the question whether
and how the behaviour of one infant depends on that of its partners. It can be shown that transitions among states can be quantified as constants, called transition tendencies. They subsume frequencies and durations, the more commonly used behaviour parameters in the literature. Values for the transition tendencies varied considerably in each infant over the different observation pe-
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traniUion tendency of partners ( 1000 s " )

Figure 1
Transition tendencies of one particular infant (ordinate) as a function of the
partner's tendencies to effectuate the same transition.
Each symbol represents one observation period of 2 h 47 min; similar symbols
refer to the same partner.
A
Transition tendency from off to wrestling
B
Transition tendency from off to body contact
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riods. To determine whether these variations were due to variations in the partner's behaviour, the values of 1 infant were
plotted against those of its 3 partners for each transition tendency. Four infants and 8 transitions provided 32 diagrams. The
diagrams can be grouped into 3 classes.
1. There is a significant positive correlation between a transition tendency of an infant considered and thai of the daily values of its 3 partners. However, the values for the partners did
not significantly differ from each other. An illustrative example
is given in fig. 1A. The 8 cases of this class of relationships
are marked with an asterisk in table 1. There is some concentration of higher positive correlations in transitions leading to
wrestling. This seems to imply that, on days that one infant
readily wrestles, its partner does so as well. This does not
clearly apply to transitions leading to the other acts.
2. Daily variations are not correlated, but there is a significant difference
(Mann-Whitney U test) between the tendencies of
at least 2 of the 3 partners. An example is given in fig. IB.

TABLE 1
CORRELATION COEFFICIENTS BETWEEN TRANSITION TENDENCIES
OF A CERTAIN INFANT AND THE SAME TYPE OF TRANSITION TENDENCY
OF ITS THREE PARTNERS

infant:
type of transition

1

2

3

4

body contact.off
off
.body contact

+0.3
+ 0.0

+0.4
-0.1

+0.7*
-0.1

+0.0
+ 0.2

body contact.wrestle
off
.wrestle

+0.4
+ 0.6*

-0.2
+ 0.2

+0.7*
+ 0.3

+0.9*
+ 0.6*

body contact.sexual play
off
.sexual play

-0.0
-0.2

-0.0
+ 0.0

+0.8*
+ 0.2

-0.0
-0.2

body contact.social groom
off
.social groom

+0.8*
-0.0

-0.1
-0.1

-0.1
-0.1

+0.5*
-0.0

*p < 0.05
A point separates the preceding and following act.
N = 15 to 18

373

There are 10 such cases. The interpretation of these relationships
is that an infant's readiness to change from one act to another
remains similar, irrespective of the fact that at least 2 of its
partners differ from each other. In shoru, the infant is not affected in this respect by partnership.
3. Daily variations are neither correlated nor different among
partners. Tnis held true for all of the 14 remaining transitions.
It can be concluded that infants do not react differentially
to partnership. However, in some cases, especially transitions to
wrestling, daily values of pair members were positively correlated. One could imagine that, if an infant is confined to only
one partner (as in the experiments described on p. 3671), it would
matter for the value of a behaviour parameter whether the partner's behaviour had particular high (or low) transition tendencies. In such cases, effects of maternal education would be confounded with characteristics of the juvenile partner. That such
cases were not found in the present experiment means that such a
confounding effect is not to be expected.

Dienske, H and Metz, J.A.J., Biol. Behav. 2^ (1977) 3Dienske et al., p. 107, In: Recent Advances in Primatology, vol. 1
(Eds. D.J.Chivers and J.Herbert), Academic Press, London (1978).
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SOCIAL PLAY AND RANK ORDER IN RHESUS MONKEYS

H. Dienske and A. Tartabini*

Several authors have found that the ranks of mother and infant
are correlated (Koyama, 1967; Fedigan, 1972; Gouzoulez, 1975; Gard
and Meier, 1977). Although this may in part be due to inheritance,
it is likely that experience also plays a major role in this correlation. The question is which experiences are responsible for
this connection. Play is an obvious candidate.
Social play among group members of rhesus monkeys was quantified in the laboratory. The group initially consisted of 1 adult
male, 6 adult females and two infants. Four additional infants
were born during the study period. All infants were females. For
each mother, social rank and order of giving birth was identical.
The infants will be denoted with letters in the order of their
mother's rank. The two approximately one-year-old infants receive
capital letters and the 1 to 5-month-old infants small letters as
follows (age in months by the end of observation in parentheses):
A (20), a (2), B (14), c (4), d (3), e (2). A is the sister of a.
In fig. 1, the amount of play initiated and received by the
younger infants is given as a function of age. Clearly, infant a,
the second infant of the highest ranking female, received and initiated more play than any other young infant. Not only was the
play level very high at all ages, but play also started at the
earliest age. She received much play from A (her sister) and B and
also showed some initiatives towards them (note scale differences
in fig. 1 ) . Infant a also initiated play with the other younger
infants, although preferably with c whose mother ranked nearest.
The graphs suggest that play with A and B was gradually replaced
by play with c, d and e. Although a's partners are of the same age
or older than herself, no younger infant initiated play towards a.
In summary, infant a was born last, she initiated play earliest
and towards all other infants, recived much play from A and B but
none from c, d and e. The suggestion of a favourable predeposition
of this infant for social skills will be discussed later.
The social play of infant c concerned mainly infants B and d,
both in initiatives and receipts. The mothers of B and d ranked
closest to that of c. Infant c also received play from A and a,
but did not initiate play towards them. The small amount of play
towards a may be due to age difference (see fig. 1 ) . This also applies to infant e, with whom c did not play at all.
*Calabria University, Italy
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Figure 1
Change of social play with age. A and B are about one year old. The receivers
of the partner's initiatives are indicated in each graph. For c and d births of
younger infants are indicated by arrows.

Infant d, as mentioned, exchanged play with c. It also i n i tiated some play towards e. There was some reciprocal play with A,
but no play at a l l with B.
Infant e, of the same age as a, initiated only a few play
bouts in the entire study period (omitted in fig. 1) and nearly
always scored lowest as a receiver.
From the summarized results in fig. 2, the conclusion can be
marie that infant play is more if 1) the ranks of their mothers are
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Figure 2
Relationship between closeness in social rank of mothers and the frequency of
play between infant Dairs. Ranks are in the order of the alphabet. Sums of the
maternal ranks of pairs are given in parentheses.

closer and 2) their mothers rank higher. These results are similar
to those of Cheney (1978) on baboons (Papio cynocephalus).
These conclusions can be drawn fairly independently of age and
group composition. This most clearly applies to the two infants of
which the mothers ranked highest and lowest, respectively. They
were born on subsequent days but form extremes in the amount of
social play and the variety of play relationships.
It may be expected that play with more different infants and
more play overall will improve social qualities. The better the
social skill, the more successful attempts to dominate will be. It
may also be expected that relatively many play initiatives that
will favour the initiator with respect to moment and mode of play
increase the chance of dominance. The more favourable play aspects
(viz., high frequency, many partners and a high proportion of initiatives) of infants decreased with the mother's rank. It is likely that these factors influence the infant's place in the rank order.
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It is concluded that the mother's rank influences play by her
daughter in an early stage of development. This may be a mechanism
for passing maternal status to the infant.

Cheney, D.L., Animal. Behav. 2^ (1978) 1038.
Fedigan, L., Primates 12 (1972) 137.
Gard, C.G. and Meier, G.W., Primates 18^ (1977) 367.
Gouzoules, H., Primates 3j[ (1975) 405.
Koyama, N., Primates £ (1967) 189.
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BEHAVIOUR RECORDING AND SUBSEQUENT DATA PROCESSING
WITH THE COMPUTER

H. Dienske, C. Goosen, G. de Jonge, P.J.C.M. van Luxemburg
and M.W.M. Oostenbrug

Although intuition is still a precious tool, good behaviour
research should attempt to work with clearly described units that
can be reliably discerned. The interpretation of behaviour in more
general terms (such as angry, tolerant, rejective, playful, conflictuous) is a distinct, subsequent step. This "ethological" approach involves 1) subdivision of the relevant behaviour into
ethogram units, 2) recording the moments that these units are observed and 3) the subsequent quantification. In the literature,
the methodological solutions of these three aspects are diverse
and often not clearly argumented. Some arguments and our technical
approach are described here.
1. An ethogram often cannot be well-chosen if no previous aim
or hypothesis is stated. Clearly, the aim determines the amount of
detail in the ethogram elements. A student of self-aggression will
subdivide this behaviour into all visually discernable acts,
whereas,
in studies on mother-infant interactions, all selfaggressive acts may be regarded to be one category. Constraints on
splitting or lumping of acts are only occasionally studied. Two
acts that always form a chain can be lumped
(Dawkins, 1976) and
differently appearing acts that have the same effect need not be
distinguished between (Maurus and Pruscha, 1973). However, if the
density distributions of their durations are different, lumping
leads to problems (Dienske and Metz, 1977).
2. Our recording involves a keyboard with 6 4 keys. Keys correspond with ethogram elements, sections of space or individuals who
perform the ethogram elements. When a behaviour starts, the corresponding key is pressed and kept down until the behaviour is terminated. Depressing and releasing a key each result in recording
of an event consisting of the code of the key and the time (in
0.1 s ) . Onsets are given as key codes 0 to 63, terminations as 64
to 127. All keys can be operated independently of each other. The
information can be stored on magnetic tape, floppy disc or paper
tape; the latter medium is difficult to handle, but allows for
visual and audible check of the proper operation of the system.
3. Recording the behaviour of primates (including the human
kind) may lead to 1000 to 2000 events per hour, so that the aid of
a computer is indispensable for working out the data. Our first
step is reading the tape into the computer, which decodes the tape
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On-nipple when awake: log bout length plotted against the time since the onset of recording. Figure 1 is
derived from a part of the same behaviour record. Note the clear inhomogeneity with record time but similar bout lengths.

and writes the decoded events on a disc file. Then the protocol is
printed as a list of subsequent events. To assist the human mind,
behaviour names - corresponding to each key - are printed as well.
Corrections such as changes, deletions and insertions of events
are made by the use of the protocol print, A program checks for
obvious errors (e.g., double begins or double ends, backwards time
j umps).
After these introductory manipulations, the real work of mastering the data flood sets in. Of course, a computer is quickly
able to provide per category the frequency/hour, mean bout length
and per cent of observation time spent in the behaviour.
However* these may not be fully satisfactory as a quantification of the amount of behaviour shown. One reason may be that a
behaviour is inhomogeneously distributed over the observation period. A clear example of inhomogeneity is confinement of a behaviour to a limited part of the observation period. Another possibility is that bout lengths are not similar in all parts of a behaviour record. In such cases, behaviour must be quantified per homogeneous phase of the record.
An easy, rather superficial tool in checking for homogeneity
is plotting the bouts of each behaviour as black bars on a real
time plot (see fig. 1 ) . Sudden or gradual changes in the concentration of occurrence or of bout lengths of a behaviour (e.g., onmother in fig. 1) are easily detected.
A more precise method to check for homogeneities is plotting
the bout length of a behaviour against the clock time (fig. 2 ) .
The same can be done for gaps (time between end and subsequent beginning) of a behaviour. It is our experience that gaps are more
often influenced than bouts.
Homogeneity may follow from tests for discrepancies between
the observed and some simple density distributions of bout (gap)
length. In our experience, the most common simple distributions in
behaviour are the exponential and the normal distribution. Subdivision of a behaviour record into homogeneous phases at best can
proceed until such simple distributions are found. Characterizations of individuals, their possible abnormalities and the effects of therapies can be specified with these "purified" parameters.

Dawkins, R., p. 7, In: Growing points in ethology (P.P.G. Bateson
and R.A. Hinde, eds.), Cambridge Univ. Press, (1976).
Dienske, H. and Metz, J.A.J., Biol. Behav. 2^ (1977) 3.
Maurus, M. and Pruscha, Behaviour 47 (1973) 106.
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SCRATCHING DURING SLEEP

C. Goosen, W. v.d. Schaar* and L.G. Ribbens

Certain types of constitutional dermatitis in children are
diagnosed to be a direct consequence of excessive scratching which
is attributed to psychological factors to a great extent. The
diagnosis is often based on the shape of the skin lesions, verbal
reports from the patients or their relatives and lack of evidence
for other pathogens. Under dermatological treatment, lesions can
heal rapidly but they may also recur or become worse quite spontaneously. The prognosis is generally recurrent hospitalization for
dermatological treatment.
The aim of this study was to determine under what circumstances harmful scratching occurred, so that psychological therapeutic efforts could concentrate on these situations.
Exploratory observations of a few patients in the hospital
showed that scratching was generally rare and mild during the day
time. However, potentially harmful scratching could occur during
sleep. Since little is known about scratching during sleep, behavioural observations were made at night.
Videotaped behaviour was coded by means of an event recorder
(see p- . . . ) .
A distinction was made between: 1) scratching; 2)
rubbing? 3) movements of head, limbs or whole body; and 4) immobility. It was also recorded at which body area scratching or
rubbing was directed.
A useful tool in the analysis of the distribution of a behaviour over the observation time is a plot of the bout length
against the observation time. An example fo;r scratching is given
in Fig. la. The following information can be easily read from this
plot. 1) Bout length does not change importantly during the night,
except for one brief period of time. 2) There is a number of long
phases of immobility. Body movements (not given) are also absent
during these phases. 3) The clusters of bouts between these phases
of immobility themselves also consist of clusters. This twofold
clustering can also be easily read from log survivors of immobility bouts (not given) that show two clear breaking points.
Scratching, rubbing and body movements occurred together in
the same clusters. This is connected with the fact that there was
a preferent sequential order between activities. Immobility was

*Psychodermatology Dept.,
Netherlands.

University of Amsterdam, Amsterdam, The
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Figure 1
Human child: distribution of bout lengths of scratching and/or rubbing over the
observation time during one night.
a
Scratching and rubbing, all body areas
b
Scratching the leg

more often followed and preceded by body movements than by
scratching or rubbing.
Most body parts were scratched during a single night. Scratching a few locations (most often the face) was about equally divided over the various movement clusters. However, for most regions scratching was almost entirely confined to a few clusters
only. A clear example is given in Fig. lb. Rubbing of a particular
body area mainly occurred during the same clusters as did scratching of that area.
There was no firm connection between 1) the degree of clustering, 2) the bout length of touching movements and 3) mainly
touching one body part during a cluster. All of these parameters
showed considerable variation. Damage to a certain body part is to
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be expected if these variations happen to coincide in such a manner that scratching and rubbing are concentrated at that skin region. On the basis of this result, it is not amazing that the appearance or recurrence of a lesion is so poorly predictable.
The results suggest that therapy can at best focus on skin
touching in general, disregarding the area where the lesion occurs.
To determine whether this hypothesis could be tested in an
animal model, similar data on scratching during sleep were collected from two rhesus monkeys. The distribution of scratching
over the observation time in one animal is given in Fig. 2. The
pattern of distribution over the observation time is very similar
to that in the human patients. This also applied to many of the
other features described. Therefore, it is possible to test certain types of psycho- and pharmacotherapy initially in rhesus monkeys.
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Figure 2
Rhesus monkey: distribution of bout lengths of scratching over the observation
time during one night.
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TECHNIQUES AND ANIMALS
RELATIONSHIP BETWEEN CELL SIZE AS DETERMINED BY COULTER VOLUME AND
BY FORWARD LIGHT SCATTER ON THE FACS II*

I. Betel, B.J. Mathieson** and S.O. Sharrow***

V

Every particle passing through the focus of the laser beam of
the FACS II generates a signal, which is derived from the light
scattered in the forward direction in a solid angle between 2-15
from the beam axis. For homogeneous spheres it has been demonstrated that this scatter signal is proportional to the r 2 of the particle. From this observation it has been assumed that also for nucleated cells, the scatter signal is proportional - or closely so
- with the cross-sectional area of the cell.
The scatter signal in combination with the signals derived
from fluorescent staining of surface antigens, has therefore been
used to obtain data on the antigen density on cells.
Velocity sedimentation will separate cells mainly according to
their size. The sedimentation rate is proportional to the square
of its radius and to the difference in density between the cell
and the suspension medium. For thymocytes those density differences will play a minor role and differences in sedimentation rate
will be largely due to size differences.
Mouse thymocytes were separated by the velocity sedimentation
technique in fractions covering a sedimentation rate increment
( A S ) of 0.3-0.4 mm/h. From these fractions we have measured the
Coulter volume distributions and the forward light scatter signal
distribution. We have plotted the quantity (kr ) which is proportional to the cross sectional area as derived from the peak of the
Coulter volume distribution vs the sedimentation rate of the different fractions. These data were best fitted by a straight line
(Fig. 1 A ) . This shows that the effect of density differences has
only a minor effect on the sedimentation rate of the thymocyte
population. The relationship between the peak channel of the scatter distribution and sedimentation rate was non-linear There is a
break in the curve at S = 4 mm/h, and for larger cells the scatter
*

This work was performed during a stay at the Lab. of Microbial
Immunity, NIAIO, NIH, Bethesda, USA.
** Lab. of Microbial Immunity, NIAID.
***Immunology Branch, NCI., Bethesda, Md. USA.
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Relationship between sedimentation rate, Coulter volume and FACS scatter.
A. Relative Coulter volume was converted to a quantity proportional to cross
sectional area by taking (peak channel) 2/3 = fcr2 o f coulter distribution.
B. For scatter the peak channel of the forward light scatter distribution
(x 10~2) w as plotted against sedimentation velocity.

signal shows a much stronger increase with increasing sedimentation rate than for small cells (Fig. IB).
Microscopical observations indicate that the thymocytes with S
< 4 mm/h are in majority small cells with a very narrow rim of
cytoplasma, while fractions with S > 4 mm/h contained many cells
with an enlarged cytoplasma and cells with a blast-like appearance. Under our measuring conditions the scatter signal is not
proportional with the particle cross section over the entire size
range. This may be due to the non-homogeneity of the cells and to
differences in cytoplasmic volume.
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THE CELL SORTER AS A pH. METER

J.W.M. Visser, A.A.M. Jongeling and H.J. Tanke*

Mainly from studies concerning the effects of hyperthermia
following preconditioning of cells by pH changes, but also from
other investigations, interest was stimulated to separate cells
differing with respect to internal pH (pH.). Several methods have
have been described for determining the intracellular pH. We have
studied the possibility of using fluorescein as a pH indicator
(Thomas and Johnson, 1975) and of separating cells with different
pH. by use of the fluorescent activated cell sorter (FACS II,
Becton and Dickinson).
For this purpose, fluorescein diacetate (FDA) was dissolved in
acetone at a concentration of 5 mg.ml" . This FDA solution was
diluted 300-fold in buffered media with pH values between 3.0 and
9.0 and vigorously shaken for 15 min at room temperature. The resuiting suspension was filtered through a 0.45 um mesh filter and
added to a suspension of rat bone marrow at a 1 : 1 volume ratio.
The cell suspension was incubated for 30-45 min at room temperature with the FDA and, subsequently stored at 0-4 C until use
(within 2 h ) .
Corrected fluorescence excitation spectra of individual rat
bone marrow cells were recorded with a microspectrofluorometer
with epi-illumination operated under computer control (Ploem et
al., 1974). The shape of these spectra was found to be dependent
on the pH of the buffered medium (Fig. 1 ) . At low pH, the spectrum
consists of two bands peaking at 455 and 490 nm, respectively; at
high pH, the spectrum is dominated by a band peaking near 490 nm
with a shoulder at the short wavelength side. At each pH value,
the shape was similar to that of free fluorescein in solution
(data not shown). This indicates that the pH. is equal to the external pH under these conditions.
If rat bone marrow cells were suspended at pH 4.8 in citric
acid/ phosphate buffers of different buffering capacities in the
presence of FDA, it was observed that the shape of the fluorescence excitation spectra of individual cells was equal to that of
the medium for strongly buffering medium (50 mM citric acid and
0.1 H Na 2 HPO 4 ) but that the shape of the spectra of the cells
changed into that of a pH of 6.7 + 0.2 by 100- to 1000-fold dilution of the strongly buffering medium in 0.9 % NaCl (not shown).
* Dept. of Histochemistry and Cytochemistry, Sylvius Laboratories,
Leiden, The Netherlands.
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This indicates that the pH. is not dependent on the extracellular
pH if the buffering capacity of the medium is low. Therefore, the
pH. of individual cells can be determined by measuring the fluorescence excitation spectra after incubation with FDA in weakly
buffered media.
Complete fluorescence excitation spectra cannot be measured in
the FACS, because of the limited time of measurement per cell and
also because of the limited number of excitation wavelengths available in a laser. As can be seen in Fig. 1 the main difference between cells of different pH. is the relative extent of the spectra
at 460 and at 490 nm. The argon ion laser of the FACS has lines at
458 and 488 nm.
Figure 2 shows the relative amount of fluorescence from rat
bone marrow granulocytes which were suspended
in strongly buffering media of pH between 3.0 and 9.0 in the presence of FDA and
which were excited in the FACS by an argon ion laser tuned at 488
nm and, in a separate experiment, at 458 nm. The results indicate
that the ratio of the fluorescence intensities measured with 458
and 488 nm light is a measure of the pH. of the cells. Therefore,
it should be possible to separate cells of different pH. with a
FACS which is modified as described by Stohr (1977) to permit twowavelength excitation.
100
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Figure 1
Fluorescence excitation spectra of individual rat bone marrow cells suspended
in strongly buffered media of pH between 4.8 and 8.1 in the presence of FDA.
Spectra are normalized to their peak values.
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Figure 2
Dependence of the fluorescence intensity of bone marrow granulocytes containing
fluorescein on the pH of the suspending buffer and on the excitation wavelength. Open squares, 488 nm excitation; solid c i r c l e s , 458 nm excitation.
Many fluorochromes may serve as pH indicators in different pH
regions and with different spectral areas (see, e . g . r Handbook of
Chemistry and Physics, 1973-1974). Some of these may be much bett e r than fluorescein to determine the pH. of individual c e l l s . The
pH. determination as described in this contribution was estimated
to be accurate within 0.2 unit for pH values between 4.0 and 7.0.
This pH region is generally the one of interest for living mammalian c e l l s . Studies on preconditioning of c e l l s by pH changes generally deal with differences of 1.0 pH u n i t s . Therefore, our
method is sufficiently accurate to be of aid with such studies.

Handbook o f Chem. & P h y s i c s , D. 117 ( W e a s t , R . C . , e d . ) , 1 9 7 3 - 1 9 7 4 ,
CRC P r e s s , C l e v e l a n d .
P l o e m , J . S . e t a l . , J . H i s t o c h e m . Cytochem. 22 ( 1 9 7 4 ) 6 6 8 .
S t o h r , M. p . 4 8 . I n : P u l s e - c y t o p h o t o m e t r y
(Lutz, D . , e d . ) , European P r e s s , Ghent, ( 1 9 7 7 ) .
Thomas, J . A . and J o h n s o n , D . L . , Biochem.
B i o p h y s . R e s . Comm. £ 5
(1975) 9 3 1 .
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RECOVERY AND PURITY OP HUMAN CELL POPULATIONS AFTER SORTING THEM
WITH THE FLUORESCENCE ACTIVATED CELL SORTER

F.M.Y.R. Vessiere-Louveaux, J.W.M. Visser, N. Vreeken
and W. Hijmans

The Fluorescence Activated Cell Sorter (FACS) (Herzenberg et
al., 1976) was designed to sort cells on the basis of differences
in optical characteristics. However, the number of deflected cells
is generally far less than what would be expected from the initial
number of cells and from the analysis of the optical characteristics of these cells. Furthermore, it is often impossible to obfirst sorting
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Figure 1
Fluorescence intensity of the a-stained cells.
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tain two pure populations of cells after sorting. These two problems have attracted insufficient attention in the literature.
In our experiments, we stained human tonsillar cells by means
of a direct immunofluorescence technique. The conjugate used was
made from the Fab fragment of the sheep IgG fraction directed
against human IgA and labelled with FITv_. It was a kind gift from
Dr. F. Skvaril, Bern, Switzerland. We sorted at a rate of 4.5 to
5.5 x 1 0 3 cells per sec with a frequency of droplet formation of
38 x 1 0 3 per sec. The nozzle was 50 mu in diameter. A .4 W argon
ion laser operating at 1 W and 488 nm served as a light source.
The laser light blocking filter was a multicavity band pass interference filter transmitting between 520 and 560 nm. Before sorting, cells w e n well mixed by means of a vortex mixer. Cells were
observed to sediment rapidly in the sample tube. Therefore, when
this was almost empty, the remaining cell suspensions were diluted
twice, mixed again and sorted in order to recover all cells present in the tube. Even with this procedure, the maximum recovery
rate was 75%.
The remaining cells were found in the flask for undeflected
droplets. This cell loss was not selective with regard to the fluorescence intensity analyzed either by the FACS (fig. 1) or
counted under the fluorescence microscope. Indeed, the percentage
of fluorescent positive cells found in the middle tube was similar
to that found with the cells before sorting.

0%a(+)eells

|| 10%a(+)cells

the (+) cell fraction contained
only 40 % ofa(+) cells

Figure 2
Sorting of the a-stained cells in two steps.
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The second problem concerns the purity of the sorted cell
populations. The IgA positive cells showed a wide variation in
their fluorescence intensity when either examined visually under
the fluorescence microscope or analyzed by the FACS. This is
probably due to a variable distribution of the IgA molecules on
the lymphocyte membranes. On a histogram, the curve of the positive cells showed a very weak slope and partly overlapped the
curve of the negative cells (fig. 1). Therefore, regardless of
the window chosen, never were two populations, one with only positive cells and a second with only negative cells, obtained after
the first run (fig. 2). Using a two-step procedure, the last few
per cent of positive cells could be removed from the negative
fraction, but then the purity of the pooled positive fractions decreased from 85% to 40% (fig. 2). Therefore, further analyses of
the negative cell populations concerned only a fraction of these
cells.

1I

Herzenberg, L.A. et al., Scientific American 3_ (1976) 108.
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