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THE CHANCING PATTERNS IN HEALTH RESEARCH EXPENDITURE

Biomedical research is, by its nature, an intensive, capital-consuming
effort and requires an alert and stringent policy guided by medical but also
socioeconomic priorities. The progress in technology in particular has con¬
tributed to the current highly advanced state of affairs in the medical and
related basic sciences. However, the health research expenditure has increased
proportionally with the progress made. With respect to this, important ques¬
tions are, of course: "Who is responsible for drafting the priorities in bio¬
medical research?" "Who is responsible for approval of proposed research
programs?" In the circuit of (health) policy and decision making these ques¬
tions have to be answered in order to identify the funding parties. For this
identification it is necessary to distinguish between the several money flows in
health research using economical criteria. A distinction can be made between
non-profit biomedical or health research and profit health research. Biomedical
research with an ultimate aim of profitability is usually performed by industry,
while the not-for-profit research (traditionally) belongs to the universities or
related institutions. Industrial health research clearly contributes to the
structuring of an economic policy with a favourable spin off to "medicine". The
not-for-profit research primarily serves health policy and the economics aspect
of it is directed to the containment of the costs related to public health
(rather than making a profit). The not-for-profit research is a responsibility
of the government and a continuous financial input from the ministries with a
responsibility for health policy is mandatory.
The current trend to economize on science (and education) budgets has
also affected the Dutch government-sponsored biomedical research institutions.
University and non-university institutions had their share of a severe govern¬
ment initiated reorganization. The budgetary cuts have led to a considerable
reduction in research capacity. The REP-lnstitutes, which are part of the
Division for Health Research TNO, went through a process of several bud¬
getary cuts. In spite of the substantial reductions in funding imposed by the
government (which, of course, led to fewer personnel), the execution of the
research programs of the three institutes has kept pace with the planning
made before the recession. In fact, it was even possible to incorporate modern
technologies and methodologies in the programs, where necessary. For
instance, genetic engineering has found its way not only in the detection of
oncogenes or the production of reagents with a biological activity (vaccines,
monoclonal antibodies) but also in aging studies (repair mechanisms in "old"
DNA). It is due mainly to the inventiveness and improvisation of our inves¬
tigators that the research described in this issue of the Annual Report - and
the research which is still in progress - could be performed. In light of the
main objective of this research, i.e. supporting public health policy, it is
important to note that the programs were approved by representatives of dif¬
ferent stratifications in the community, including officials from the ministries,
who see to it that the government-imposed priorities are indeed followed. It
may seem clear that further threatening economizing actions by the "admini¬
stration" will lead to arrears in the carrying out of the research programs.
Consequently, a conflict may arise between those parties responsible for the
assignment and execution of research projects on the one hand and those
responsible for the money flow on the other.
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It has been suggested, also by the government, that the research insti¬
tutions should "collaborate" more closely with industry in order to supplement
their declining budgets. Such symbiosis also has advantages for the industrial
researchers since they acquire access to a source of "high technology exper¬
tise", essential for the development and production of safe, and probably less
expensive, products. Although flirtations between universities and industry
have always occurred, the current tendency to form more intense networks of
collaboration - undeniably with a commercial interest - entails potential con¬
flicts of interest, especially in health research where the consumer profits
directly from the results of the developments without the intervention of
business. The protection of know-how - cultivated by industry - can poten¬
tially contribute to a conflict of interest, since an open information flow is a
feature of health research much more than is the case in on industry directed
technological research. Noteworthy is that an inventory of health research
programs in which Dutch industry would be interested to participate shows
only very limited possibilities.
It is thus important to stress that the government cannot shirk its
responsibilities with regard to the funding of research programs which serve
to support national health policy. Disappointingly, a new wave of economizing
measures has been announced, while research expenditures in the Netherlands
are already the lowest of comparable West-European countries.

A.A. van Es

BIC MEETING IN SMALL COUNTRY

More than 1200 of our colleagues from 44 countries came to Amsterdam to par¬
ticipate in the 7th International Congress of Radiation Research on July 3-8
1983.
While in the process of slow recovery, we came to realize that this meeting has
been one of the highlights in the history of the Radiobiological Institute. Not
only because of the highly productive scientific interactions, the renewal and
enforcements of numerous friendships, but not in the least because of the
large involvement of many staff members of the Radiobiological Institute in the
organization of the Congress. We shall never forget the cordial visit to the
REP-Institutes by over 120 members and take this opportunity to extend our
sincere thanks to all of you who helped to make this meeting successful.
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PIONEER OF LABORATORY CARE RETIRES

In June 1983 Mr. Joop Brinkert retired from his position as chief of
Laboratory Animal Care of the REPCO-Institutes after 31 years of employment
with TNO.
Mr. Brinkert joined the small group of radiation biologists in Rijswijk in
1957 with the consignment to help organize small laboratory animal facilities for
the Radiobiological Institute which was by then under construction. At that
time the experience with large scale breeding and maintenance of laboratory
animals was limited in our country and the design of animal quarters equipped
with suitably controlled air conditioning systems was just developing. There
were no trained veterinarians in the field of laboratory animal medicine, animal
care takers were recruted from among the personnel of zoos and travelling
circuses.
After a few years experience with conventional colonies of mice and rats,
it became clear that the nature of the research at the institute required
experimental animals carrying a minimum burden of infectious diseases, if any,
and germ free breeding nuclei were started in 1961 from a few imported mice
and hand-reared caesarian-derived rats. Because of the expansion of the
Radiobtological Institute which was joined in 1970 by the newly organized
Institute for Experimental Gerontology, new animal facilities were continually
added, each time employing more sophisticated systems of barrier isolation.
In the course of his career at Rijswijk, Mr. Brinkert designed and super¬
vised the construction of over a hundred animal rooms. In addition, he contri¬
buted to the design of several animal facilites in other sites, among them at
the Erasmus University in Rotterdam and the University of Groningen.
Moreover, he was the driving force behind the design and production of the
first autoclavable macrolon cages which resulted in designs which are still used
throughout the country. Mr. Brinkert also performed the research which led
the Radiobiological Institute to formulate and test rat and mouse pelleted auto¬
clavable diets and which under the trade name of AM pellets* gained a solid
reputation in many Western European laboratories.
When the institute started its research program on bone marrow
transplantation in rhesus monkeys, Mr. Brinkert organized the necessary
quarters and helped start a breeding colony. The demand for "clean" rhesus
monkeys rapidly became so great that a separate Primate Center was founded
in 1972, The organization for the care of all laboratory animals of the three
institutes was centralized and Mr. Brinkert was appointed chief of the
combined biotechnical services. Mr. Brinkert's contributions to laboratory
animal rare in The Netherlands were reviewed by Professor Bennett J. Cohen,
Director of the Unit for Laboratory Animal Medicine, University of Michigan,
Ann Arbor, Michigan, U.S.A. in a special lecture at the farewell ceremony on
June 3, 1983 attended by many of Mr. Brinkert's colleagues from all over the
country.
* marketed by Hope Farms, Woerden, The Netherlands.
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Prof. Cohen who has spent two of his sabbatical leaves in Rijswijk, said
that he knew from personal experience of the commit inent to excellence that
pervades the entire staff of the biotechnical services of the REPGO-lnstitutes.
The concluding remarks from his special lecture entitled "The past is prologue
- a Partisan View of Laboratory Animal Science" were as follows:
"The concept of technical training in laboratory animal care evolved under"
"Mr. Brinkert's guidance. This has been a key factor in the excellence of the"
"husbandry programs at REPCO. The unique colonies of aging rodents and"
"the special strains of rodents that are being bred, reared and utilized"
"successfully in research today are a tribute to Mr. Brinkert's perseverance."
"The ability to maintain severely immunosuppressed animals reflects the skilled"
"maintenance techniques that he developed. These animal colonies and the"
"techniques for maintaining them are at the heart of the scientific programs"
"at REPCO. Indeed, the work of the REPCO-lnstitutes could not proceed"
"without these unique animal resources and there is no substitute for them."
"They are inseparable from the research itself. None of this would have been"
"possible in the absence of the programs that Mr. Brinkert developed and"
"which have contributed so importantly to REPGO's international stature."
"Mr. Brinkert has laid an impressive foundation on which to build for the"
"future. I am confident that his work in Rijswijk will be remembered and"
"respected for generations to come."
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As official recognition of Mr. Brinkert's contributions he was awarded a
Knighthood in the Order of the House of Orange on the occasion of the
Queen's birthday in April 1984. Directors, staff and colleagues of the REPCOInstitutes have honoured Joop Brinkert by attaching his name to the building
that houses the staff of the biotechnical services.
May "The Brinkert" continue to be
progress in laboratory animal research for
Our gratitude and good wishes accompany
this new and more carefree episode of their

the source of commitment to the
the people who succeed the chief.
Joop Brinkert and his wife An in
lives.

D.W. van Bekkum

XV

TABLE OF CONTENTS

RADIOBIOLOGY AND RADIATION PHYSICS
J . ZOETELIEF. A . C . ENGELS, L.A. HENNEN and J . J . BROERSE
Response of a high oressure ionization chamber in dependence on
filling gas and radiation quality.

3

E. van RONGEN
Survival of R-1 and RUC-2 tumour cells in vitro after gamma
irradiation at different dose rates.

7

A . J . VAN DER KOGEL
Effect of unilateral nephrectomy on the radiation tolerance of the
rat kidney.

11

A . F . HERMENS, R. KORVING and J . DEURLOO
Radiation responses of skeletal muscle as studied in an experimen¬
tal model in the WAG/Rij r a t .

15

G.W. BARENDSEN and J . F . GAISER
Relative biological effectiveness of fast neutrons of different
energies for the induction of cell transformation and reproductive
death in vitro.

19

B. LOPES CARDOZO, C. ZURCHER and A. HAGENBEEK

23

Idiopathic interstitial pneumonitis after bone marrow transplanta¬
tion: a rat model.
C. ZURCHER, B. LOPES CARDOZO, A . J . de VRIES and A . HAGENBEEK
Lung lesions in male BN/BiRij rats after local X irradiation at
high or low dose rates.

TUMOUR INDUCTION AND TUMOUR BIOLOGY

27

31

L.A. HENNEN, M.J. van ZWIETEN and J . J . BROERSE
Analysis of mammary tumorigenesis in rats by application of
hazard functions.

33

A . BROUWER and K . J . van den BERG
Marked differences in the kinetics of serum retinol reduction by
PCBs in C57BL/Rij and DBA/2 nice.

39

K . J . van den BERG and R . R . JONKER
Dose ionizing radiation lead to activation of oncogenes?

43

XVII

V. KRUMP-KONVALINKOVA. W.H. KOORNSTRA and A.C.M. HAAKSMA
Gen* transfer of dominant and selectable genetic markers in
rodent cells.

«7

M.J. VAESSEN and P.A.J. BENTVELZEN
Presence of RNAs homologous to a retroviral long terminal repeat
in transformed mouse cells.

SI

P.A.J. BENTVELZEN, W.H. KOORNSTRA, R.H. DUBBES and J.P.M.
JORE
Retrovirus related sequences in normal cellular DNA of several
mammalian species.

55

H.B. KAL, W.M.M.J. BOVEE and J . H . N . CREICHTON
vi\/o proton and 3 1 P NMR measurements in tumours and normal
In vi*o
tissues.

59

J.C. KLEIN. J . HASPER and C. ZURCHER
Differential behaviour of bronchial carcinoma cells in culture on
feeder layers.

63

E. BOUWMAN, A . C . M . MARTENS and A. HACENBEEK
Attempts to detect of minimal residual leukaemia in the rat «rich
antimalignant nucleolus antiserum.

67

P.M. HOOCERBRUCCE, A . C M . MARTENS and A. HACENBEEK
Central nervous system leukaemia: development of a model.

71

EXPERIMENTAL TUMOUR THERAPY

75

A. HACENBEEK and A . C M . MARTENS
Toxicity of ASTA-Z-7557 for normal and leukaemic stem cells:
Implications for autologous bone marrow transplantation.

77

P.J. HEIDT, M.J. KIESKAMP and C.P.J. TIMMERMANS
The influence of calcium leucovorin on the co-trimoxazole induced
inhibition of leukocyte regeneration after bone marrow transplan¬
tation.

81

A . C M . MARTENS and A. HACENBEEK
Treatment of leukaemia with m-AMSA:
(BNML).

85
results in a rat model

P. LELIEVELD, W.J.F, van der VIJCH and D. van VELZEN
Toxicology of 5 platinum derivatives in dogs.

89

J.H. MULDER and B. van der VECHT-de JONG
Three predictive drug tests evaluated in two solid mouse tumours.

93

XVIII

N. PASCHOUD and L.M. van PUTTEN
Solid tumours, adriamycin and flow rytonwtry: an unstable sys¬
tem.

95

F.W. SCHULTZ. A . C . M . MARTENS and A . HACENBEEK
Mathematical modeling of regrowth of a malignant cell population
after chemotherapy.

97

K. NOOTER. F. SCHULTZ and P. SONNEVELD
Evidence for dose-dependent pharmacokinetics of cyclosporin A in
the rat.

101

A . J . STORM, K. NOOTER, J . ZOETELIEF and A . J . van der KOGEL
The effects of X irradiation on the pharmacokinetics of methotrexate in the rat brain.

105

P. SONNEVELD. K. HAHLEN. and K. NOOTER
Variable pharmacokinetics of methotrexate in acute lymphoblastic

109

H.S. REINHOLD and A . E . van den BERC-BLOK
Experimental hyperthermic treatment of a human colon carcinoma;
thermal sensitivity of the tumour microcirculation.

111

GERONTOLOGY

115

H.A. SOLLEVELD, J . COOLEN, J . J . HAAIJMAN and C . ZURCHER
Heterogeneous effects of neonatal thymectomy and prepubertal
orchiectomy on various autoantibody specificities in outbred male
Praomys Mastomys natalensis.

117

J.W. CROESE, C . ZURCHER, M . H . M . , van den ENDE-VIEVEEN, R . J .
BRONDIJK, J . J . HAAIJMAN, O . M . L . BIJVOET and J . RADL
Influence of treatment with APO-bisphosphonate on the tumour
extent and the bone involvement in the mouse 5T2 multiple
myeloma.

119

J . RADL. R . J . BRONDIJK and Th.W. van den AKKER
Homogeneous immunoglobulins of the IgA isotype in the serum and
the bile in the aging C57BL/KaLwRij mouse.

123

P. van den BERG, J . RADL, J . J . ZIJLSTRA and J . J . HAAIJMAN
Selective determination of polymeric IgA and its subclasses
human external secretions of monoclonal antibodies.

125
in

J . COOLEN, C . J . M . KROSE, C . DEEN, J . J . ZIJLSTRA, J . RADL and
J . J . HAAIJMAN
The immunoglobulin class distribution of plasma cells in human
CUT and bronchus associated lymphoid tissue.

127

XIX

J.J. HAAUMAN. C. DEEN, C.J.M. KROSE. J . J . ZIJLSTRA.
COOLEN and J . RADL
Epitopc analysis of human IgA with monoclonal antibodies.

J.

131

W.J.A. BOERSMA. J.J. HAAUMAN, J. COOLEN. C.J.M. KROSE and
J.J. ZIJLSTRA
A convenient approach to preparation of direct antibody/enzyme
conjugates.

135

Adr. BROUWER, R. ONISHI, C.C.F, de RUITER, R.J. BARELOS and
D.L. KNOOK
Detection of filamentous proteins in cultured Kupffer cells by
immunofluorescence.

13»

H.F.J. HENDRIKS. Adr. BROUWER and D.L. KNOOK
The effect of age on vitamin A storage in rat liver and rat liver
fat-storing cells.

143

A . M . de LEEUW, S.P. MCCARTHY, A. CEERTS and D.L. KNOOK
The role of liver fat-storing cells in fibrogenesis.

117

C.F.A. van BEZOOIJEN. A . N . SAKKEE. I . H . J . BOONSTRA and D.L.
KNOOK
A decrease in the capacity of hepatocytes isolated from aged male
BN/BiRij rats to metabolize digitoxin.

151

C.J.M.J. HORBACH, J.M.C. PRINCEN, M. GOUDSWAARD, C.F.A. van
BEZOOIJE" and S.H. YAP
Sequence content of albumin mRNA in the rat liver with age.

155

E. MULLAART, J . V U G . P.M.M. LOHMAN and D.L. KNOOK
DNA repair synthesis in cultured rat fibroblasts.

159

J. V U G , E. MULLAART, P.H.M. LOHMAN and D. KNOOK.
DNA repair synthesis and pyrimidine dimer removal in UV-irradiated rat and human fibroblasts.

163

M.J. van ZWIETEN, C. ZURCHER, A.L. N0OTEB00M and C.F.
HOLLANDER

169

Variability of survival characteristics
aging rats.

in individual cohorts of

IMMUNOLOGY AND TRANSPLANTATION BIOLOGY

173

W. SLINGERLAND and J.G.J, BAUMAN
A procedure for the biotinylation of small amounts of monoclonal
antibodies.

175

M. JONKER, P. NEUHAUS and C. GOLDSTEIN
The use of monoclonal antibodies specific for T-cell subsets as
immunosupprcssive agents in rhesus monkeys.

179

XX

F . J . M . NOOIJ and R. van LAM BALGEN
Induction of nonresponsiveness to murine monoclonal antibodies in
rhesus monkeys.

1S3

R. van LAMBALGEN, C . MEYRAN, C. ZURCHER and M. JONKER
Lymphocyte subpopulations in acute experimental allergic encephaktmyelitis in rhesus monkeys.

"7

S . J . L . BOL and R . L . H . BOLHUIS
Immunological changes in rats
domyosarcoma.

191
bearing

a

transplantable

rhab-

R . L . H . BOLHUIS, R . J . van de GRIEND. B.A. van KRIMPEN and F.
SMEKENS
Cloned human B73.1 positive natural killer cells exerting strong
antibody dependent and independent cytotoxicity.

195

R . J . van de GRIEND, B.A. van KRIMPEN, C . P . M . RONTELTAP and
R . L . H . BOLHUIS
Rapidly expanded activated human killer (AK) cell clones have
strong antitumour cell activity and have the surface phenotype of
either Ty. T-non-Y or Null cells.

199

C.P.M RONTELTAP, R . J . van de GRIEND, M.J. GIPHART and R . L . H .
BOLHUIS
Human T-cell clones exerting multiple cytolytic activities show
heterogeneity in susceptibility to inhibition with monoclonal anti¬
bodies.

203

C. GRAVEKAMP, R. VREUCDENHIL, S . J . L . BOL and R . L . H . BOLHUIS
Different fusion methods for the generation of human cytotoxic
T-cell hybridomas.

207

S. KNAAN and D.W. van BEKKUM
A soluble factor with non-specific T-cell
(SUF) produced by T-hybridoma cell lines.

211
suppressor

activity

P. van de MEIDE, R. DIJKEMA, K. VIJVERBERG, J . WUBBE and H.
SCHELLEKENS
Purification and characterization of recombinant and naturally

215

derived rat interferon.

EXPERIMENTAL HAEMATOLOCY

J.W.M. VISSER, J . G . J . BAUMAN, A . H . MULDER, A . R . MIGLIACCIO
and A . M . de LEEUW
Functional characteristics of purified pluripotent haemopoietic stem
cells.

219

221

XXI

J . C . J . BAUMAN
Cell surface differentiation antigens on the murine haemopoietic
stem cell and committed progenitors.

225

A . H . MULDER and J.W.I». VISSER
Characterization of CFU-S and prothymocytes by use of soybean
agglutinin and wheat germ agglutinin.

229

M. PLATENBURG and J.W.M. VISSER
The use of metrizatnide to generate density gradients for the
separation of haemopoietic stem cells.

233

W.R. GERRITSEN, G. van Meurs. M. JONKER and G. WAGEMAKER
Assessment of haemopoietic stem cells toxicity of monoclonal or
polyctonal antibodies against human T lymphocytes in rhesus
monkeys.

237

L. DORSSERS and G. WAGEMAKER
Expression of stem cell activating factor mRNA in Xenopus leavis
oocytes.

241

W. STOK DIJK. J.W.M. VISSER, G.J. van den ENGH and J.C.J.
BAUMAN
RELACS-8: the 8-parameter Rijswijk Experimental Light-Activated
Cell Sorter.

243

ETHOLOGY

245

H. DIENSKE, J.A.R. SANDERS-WOUDSTRA and G. de JONGE
Assessment of the behaviour of deprived human infants by means
of ethological measurements.

247

C. COOSEN, L.G. RIBBENS and K.J. van den BERG
Effects of neuroleptic treatment effects on abnormal behaviour of
rhesus monkeys.

251

ACKNOWLEDGEMENTS

255

LIST OF PUBLICATIONS

257

XXII

Alphabetical list of first authors,page numbers
C.W. Barendsen
J . C . J . Bauman
P . A . J . Bentvelzen
K . J . van den Berg
P. van den Berg
C . F . A . van Bezooijen
W.J.M. Boersma
S . J . L . Bol
R . L . H . Bolhuis
E. Bouwman
A. Brouwer
A d r . Brouwer
J . Coolen
J.W. Croese
H. Dienske
L. Dorssers
W.R. Gerritsen
C. Coosen
C. Cravekamp
R . J . van de Griend
J . J . Haaijman
A . Hagenbeek
P.J. Heidt
H . F . J . Hendriks
L.A. Hennen
A . F . Hermens
P.M. Hoogerbrugge
G . J . M . J . Horbach
M. Jonker
K . B . Kal
J . C . Klein

19
225
55
43
125
151
135
191
195
67
39
139
127
119
247
241
237
251
207
199
131
77
81
143
33
15
71
155
179
59
63

S. Knaan
A . J . van der Kogel
V . Krump-Kcnvalinkova
R. van Lambalgen
A . M . de Leeuw
P. Lelieveld
B. Lopes Cardozo
A . C . M . Martens
P. van de Meide
A . H . Mulder
J . H . Mulder
E. Mullaart
K. Nooter
F . J . M . Nooij
N. Pascboud
M. Platenburg
J . Radl
H.S. Reinhold
E. van Rongen
C . P . M . Ronteltap
F.W. Schultz
W. Slingerland
H.A. Solleveld
P. Sonneveld
W. Stokdijk
A. Storm
M.J. Vaessen
J . Vijg
J.W.M. Visser
J . Zoetelief
C. Zurcher
M.J. van Zwieten

211
11
«7
187
147
89
23
85
215
229
93
159
101
183
95
233
123
111
7
203
97
175
117
109
243
105
51
163
221
3
27
169

XXIII

RADIOBIOLOCY AND RADIATION PHYSICS

RESPONSE OF A HIGH-PRESSURE IONIZATION CHAMBER IN DEPENDENCE ON
FILLING GAS AND RADIATION QUALITY

J. Zcetelief, A . C . Engels, L.A. Hennen and J.J. Broerse.

Studies on the characteristics of ionization chambers as a function of the
pressure of various filling gases are of practical as well as theoretical interest.
The first concerns applications in radiation protection; the second is connected
with basic aspects such as ion recombination and cavity theory. The tissue
equivalent (TE) ionization chambers used for dosimetry in radiobiology have
too low a sensitivity for application in radiation protection and provide no
information on radiation quality. These restrictions might be resolved by
operating ionization chambers at higher gas pressures. With increasing gas
pressure, the contribution from secondary charged particles created in the gas
to the ionization will increase, thus providing information on the validity of the
Bragg-Gray conditions (see, e . g . , ICRU 1977) for various irradiation
conditions.
Measurements with a thimble type high-pressure ionization chamber
(Zoetelief et a l . , 1981) filled with TE methane (ICRU, 1977) showed that only
initial recombination (see, e . g . , Boag, 1966) is important. It was concluded
that the amount of initial recombination is dependent on the type of radiation
used and increases with increasing radiation quality. The response of this
chamber operated at a collecting potential of 600 V (corresponding to a field
strength of 2.9 kV cm' 1 ) was investigated in the pressure region of 0.1 to 8
MPa. It was shown that the reading of the chamber with reference to
atmospheric pressure can be increased by factors of about 32, 15 and 6.3 for
irradiation with 137 Cs y rays, 14.5 and 0.9 MeV neutrons, respectively
(Zoetelief et a l . , 1981).
With the aim of obtaining a detector with a greater sensitivity, the
reading of the high-pressure ionization chamber has been studied for other
gases by use of i 3 7 C s y rays. For various gases (see, e . g . , ICRU, 1977), the
relative reading (defined as the ionization chamber reading at pressure p and
at a collecting potential of 600 V, relative to that at 0.1 MPa) as a function of
gas pressure is shown in Fig. 1. For all gases in the pressure region investi¬
gated, the relative reading increases with increasing pressure. For pressures
of up to about 1 MPa, the relative reading is approximately proportional to the
pressure for all gases used. For argon, initial recombination is small in the
pressure region investigated and the relative reading as a function of gas
pressure is supralinear. This supralinearity could be anticipated on the basis
of the Van der Waals equation of state predicting that the number of argon
atoms in a constant volume rises faster than the pressure and assuming that
the fonization produced in the cavity by secondary electrons (originating from
the chamber wall) is proportional to the number of atoms in the cavity. For
the other gases at higher pressures (in excess of 1 MPa), deviations in the
proportionality of the relative readings as a function of gas pressure occur
due to inital recombination.
Argon appears to be the most appropriate gas among the ones investi¬
gated for obtaining a sensitive dosimeter for photons and has therefore also
been investigated for other radiation qualities. The preliminary results of the
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Relative reading as a function of pressure of a TE ionization chamber
filled with various gases irradiated with 137 Cs y rays.

relative reading as a function of argon pressure are shown in Fig. 2 for 137 Cs
r rays and 0,9 and 14.5 MeV neutrons. For 14.5 MeV neutrons, the increase
in sensitivity at B MPa is a factor of about 55, whereas for 0.9 MeV neutrons
this increase is only about 2.5.
Deviations in the proportionality of the relative reading as a function of
gas pressure for neutrons occur due to initial recombination. The cross-section
for production of secondary charged particles in argon by neutrons is
relatively small, as can be assessed from the kerma ratios of argon to A-150
plastic (ICRU, 1977) of 0.0058 and 0.031 for 0.9 and 14.5 MeV neutrons,
respectively. This indicates that the ionization produced in the cavity is
due primarily to charged particles created in the wall. The range of the most
energetic protons produced by 0.9 MeV neutrons is about 2.1 cm in argon at
atmospheric pressure while the cavity diameter is 0.8 cm. At elevated pres¬
sures the proton range is reduced; hence, the charged secondaries of 0.9 MeV
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Fig. 2:

Relative reading as a function of pressure of a TE ionization chamber
filled with argon irradiated with photons and neutrons.

neutrons are completely stopped in the gas and the reading remains almost
constant at higher pressures. It is concluded that argon is suitable for sen¬
sitive dosimetry of higher energy neutrons but not for those of lower energy.
The use of a gas with a relatively high hydrogen content will increase the
contribution of secondary charged particles produced in the gas.
It is anticipated that the use of a set of chambers constructed from
different wall materials and different filling gases will allow the assessment of
the radiaton quality of mixed radiation fields.

Boag, J.W., p. 1. In: Radiation Dosimetry (eds.: F.H. Attix and W.C.
Roesch) vol. 2, Academic Press, New York (1966).
ICRU, 1977, Report 26, ICRU, Washington.
Zoetelief, J. et al, p. 315. In: Proceedings <tth Symp. Neutron Dosimetry
(eds. C. Burger and H.C. Ebert) vol. 2, EUR 7448, Commission of the
European Communities, Luxembourg (1981).

SURVIVAL OP R-1 AND RUC-2 TUMOUR CELLS IN VITRO AFTER GAMMA
IRRADIATION AT DIFFERENT DOSE RATES
E. van Rongen

In interstitial and intracavitary radiotherapy, radiation to the tumour and
the surrounding normal tissues is usually delivered at a low dose rate. The
curative effect of such treatment is supposed to result from greater repair
capacities of the normal tissues as compared with those of malignant tissues.
For both normal and malignant tissues, it is known that there is a marked
effect of dose rate (Hall, 1972).
We have investigated the effect of irradiation at different dose rates on
two rat tumour cell lines. This work is part of a project in which the effect of
irradiation of different malignant and normal tissues at low dose rates or with
multiple fractions per day is investigated in order to obtain information on a
possible therapeutic gain with these treatments.
The cell lines used were a rat rhabdomyosarcoma (R-1) and a rat ureter
carcinoma (RUC-2). These lines differ considerably in radiosensitivity, the
RUC-2 line being more radioresistant than the R-1 cell line (Barendsen and
Broerse, 1977).
Exponentially growing cells were irradiated in vitro with 137 Cs gamma
rays at dose rates of 0.30, 1.00 and 1.50 G y . h ' 1 . During the irradiation, the
temperature was maintained at 37 ± 0.1°C. In each low dose rate experiment,
survival after graded single acute doses (dose rate: 52.7 Cy.h' 1 ) was deter¬
mined as a reference. The clonogenic assay was used to determine the frac¬
tions of surviving cells. Cell number was determined at the start and at the
completion of each irradiation. Following Mitchell et al. (1979), a correction
was made for cell multiplicity at the start of the irradiation only, using the
method of Sinclair and Morton (1965).
The survival curves at various dose rates are presented in Figs. 1 and 2
for R-1 and RUC-2 cells, respectively. For both cell lines, irradiation at a
dose rate of 1.00 Cy.h' 1 tends to be slightly more effective in terms of cell
killing than one at 1.50 Cy.h* 1 . A similar result has been obtained with HeLa
cells by Mitchell et al. (1979.). They found that a treatment at a dose rate of
0.37 C y . h ' 1 was more effective in cell killing than those at lower (0.10 and
0.15 Cy.h' 1 ) and higher dose rates (0,55, 0.74 and 1.54 C y . h ' 1 ) . The expla¬
nation provided by these authors was that the overall radiosensitivity of the
cell population changed due to the occurrence of division delay, i.e., due to
redistribution of cells over the different phases of the cell cycle.
Redistribution during irradiation at dose rates of 1.00 and 1.50 Cy.h' 1
was Ie ter mined for RUC-2 cells by means of DNA histograms obtained at
2-hour intervals during these treatments. An initial increase in the fraction of
cells in the S phase (starting at about 4 hours after the start of the irra¬
diation) was followed by an increase of cells in the G2+M phase. The time
course for these events was about the same at both dose rates. Hence, for the
higher dose ranges (>10 Cy), a large fraction of the cells receiving 1.00
C y . h ' 1 might be in the radiosensitive C2+M phase, while cells receiving 1.50
C y . h ' 1 might still be delayed in the relatively insensitive S phase at the
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Survival of R-1 cells after single acute doses (1) and graded
doses given at dose rates of 0.30 Cy.h" 1 (2), 1.00 Cy.h" 1 (3) or
1.50 Cy.h' 1 ( * ) .

same dose levels due to a shorter overall time. The fact that cell divisions
occur during both treatments (as evidenced by an increase in the cell multi¬
plicity) indicates that the C2+M block is temporary, at least for some cells.
The survival curve in the low dose region after the treatment at 0.30
C y . h ' 1 for the RUC-2 cells is almost exponential. This is due to cell inactivation by single events and it is assumed that (almost) complete repair of
sublethal damage has taken place during the irradiation. When the dose rate is
lowered to 0.10 C y . h ' 1 , the cells will continue growing, although at a lower
population doubling time than without irradiation (Welleweerd and Van Rongen,
1981). The same observation was made with the R-1 cells under continuous
irradiation at a dose rate of 0.10 C y . h ' 1 , although it took a longer time for
these cells to adapt to the irradiation condition and the influence on the
doubling time was greater than with the RUC-2 cells.
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Survival of RUC-2 cells after single acute doses (1) and graded
doses given at dose rates of 0.30 Gy.h' 1 (2), 1.00 Cy.h" 1 (3) or
1.50 Cy.h" 1 (»).

With R-1 cells, the dose rate of 0.30 C y . h ' 1 has a great effect on the
cell cycle and will eventually cause the reproductive death of all cells. The
shape of the 0.30 Cy.h' 1 curve for the R-1 cells might perhaps be explained
by redistribution and a certain degree of synchronization. Extensive redistri¬
bution of the cells over the cell cycle is expected to occur at the different
dose rates. No DNA histograms have yet been made to confirm these assump¬
tions.
It might be concluded from the observations mentioned above and from
those presented by other authors that there is a range of dose rates which
have a nearly identical or even reverse effect in regard to cell killing per unit
dose. In any case, there is for R-1 and RUC-2 cells an almost identical effect
in the range of 1.00 - 1.50 C y . h ' 1 . A reverse dose rate effect was observed
with HeLa cells at between 0.37 and 1.54 Cy.h' 1 (Mitchell et a l . , 1979) and

with C3H1QT1/2 cells at between 0.8 and 2.0 G y . h ' 1 (Wells and Bedford.
1M3).
When cell survival of R-1 and RUC-2 cells after irradiation at dose rates
of 1.00 and 1.50 Cy.h" 1 as described above is compared with that after irra¬
diation with multiple fractions of 1.73 - 5.06 Cy separated by 2 - 4 hours
(Van Rongen and Kal, 1M1), no significant differences in survival can be
observed. This indicates that low dose rate irradiation can be simulated by
irradiation with multiple fractions given at equal intervals and that the overall
effect of lowering the fraction dose from 5.06 to 2.56 for RUC-2 cells and from
3.39 to 1.73 Cy for R-1 cells is minimal.
A therapeutic gain may be expected if there is a dose rate effect on
critical normal tissues over a range in which the dose rate effect on the
tumour to be eradicated is absent, as has been observed by Pierquin (personal
communication). He treated patients with oropharyngeal carcinomas with low
dose rate teiecobalt therapy and with conventional fractionation and observed a
clear dose rate effect at between 1.4 and 1.1 C y . h ' 1 with respect to both
acute (erythema) and late effects (necrosis) on normal tissues, with equal
effect on the tumours. The dose rate of 1.5 C y . h ' 1 was found to be the upper
limit for no incidence of severe normal tissue effects. A high therapeutic gain
was found for low dose rate irradiation in comparison with conventional frac¬
tionation.

Barendsen, C.W. and Broerse, J . J . , Int. J. Radiation Oncology Biol. Phys. 3
(1977) 211.
Hall, E.J., Br. J . Radiol. 45 (1972) 81.
Mitchell, J.B. et a l . , Radiat. Res. 79 (1979) 537.
Sinclair, W.K. and Morton, R.A., Biophys. J . 5 (1965) 1 .
Van Rongen. E. and Kal, H.B., p. 17. In: Annual Report REP-TNO (1981).
Welleweerd, J . and Van Rongen, E., p. 21. In: Annual Report REP-TNO
(1981).
Wells, R.E. and Bedford, J . S . , Radiat. Res. 94 (1983) 105.
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EFFECT OF UNILATERAL NEPHRECTOMY ON THE RADIATION TOLERANCE OF
THE RAT KIDNEY

A.J. van der Kogel

In the radiation treatment of abdominal tumours, several organs are
dose-limiting, of which the kidney is the most radiosensitive. The radiation
tolerance of the kidney is only approximately known for conventional fractionation schemes. Guidelines are needed to adjust the radiation dose in: 1) new
protocols that employ different fraction sizes or overall times; or 2) in com¬
binations with nephrotoxic drugs. In clinical practice, bilateral kidney ex¬
posure may occur with large abdominal fields. It is important to know the
effect of unilateral nephrectomy as performed in children with Wilms' tumour or
neuroblastoma on the radiosensitivity of the remaining kidney.
In experimental studies on the effects of radiation on the kidney, several
models have been used, e . g . , bilateral irradiation and unilateral irradiation
with or without prior contralateral nephrectomy. Based on functional and
morphological criteria, the pathogenesis of radiation nephritis has been
attributed primarily to either glomerular or tubular damage. These different
conclusions may be partly due to differences in dose levels, sampling times or
the use of different models. One of the aims in a program on the responses of
the kidney to radiation and cytostatic drugs was to systematically compare the
development of acute and chronic damage in different models of kidney
tolerance. In the part of the program reported here, the influence of
nephrectomy (NX) on the radiation response of the contralateral kidney was
studied and compared with the effect of bilateral irradiation to establish
baseline data for subsequent fractionated irradiations and combination with
nephrotoxic drugs.
Young adult, 12-week-old female WAC/Rij rats were used. Unilateral NX
of the right kidney was performed at 4 weeks before (NX-R) or after (R-NX)
irradiation to minimize the direct interaction between the effects of irradiation
and of the nephrectomy. After unilateral NX, the remaining kidney shows an
immediate increase in function (Provoost and Molenaar, 1980), followed by
compensatory hyperplasia and hypertrophy. Within 3-4 weeks, the kidney has
reached its maximum weight (35-50% increase) and glomerular filtration rate
(80% increase). It has been postulated that in such a hypertrophic kidney the
capacity of further compensatory proliferation is significantly reduced, which
may have important consequences for kidney tolerance. At the time of
irradiation (4 weeks after NX) proliferative activity has returned to normal and
the kidney is functioning at maximum capacity.
In several reported studies, the approach of irradiating at 2-4 weeks
after NX has been used, while no reports were found in which irradiation was
followed by NX. The latter sequence might be expected to lead to a different
response. The stimulated proliferation of previously irradiated cells as well as
a sudden physiological stress of the irradiated kidney may lead to an early
expression of latent radiation damage. This is investigated in the present
study.
Before irradiation, the animals were anaesthetized by ethrane/oxygen
inhalation anaesthesia and the kidney was manipulated in a lateral skin fold.
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nephrecromy (right kidney) - 4 weeks - irrodiofion (left kidney)
irradiation (left kidney) - 4 weeks - nephrectomy (right kidney)

Kidney function at 16 weeks after irradiation.
Each value represents the average from 5 or 6 animals ± 1 S.D.

The kidney was then fixed in position by a plastic ring, the shape of which
prevented occlusion of the renal blood supply. The kidney was locally irra¬
diated in the skin fold with single doses of 300 kV X rays, while other
abdominal structures were shielded with 4 mm lead. The dose range was 8-14
Gy, based on effects observed after bilateral kidney irradiation with doses of
10-15 Cy. Croups of 6 rats were irradiated at each dose level.
At 4-week intervals, the rats were placed in metabolic cages, urine was
collected during 24 hours and a blood sample was obtained from a tail vein.
From these samples were determined the concentration of urea in the blood,
the urine osmolality and protein content and the volume of urine excreted
during 24 hours. An increase in serum urea is directly related to a decreased
glomerular filtration, while proteinuria is an indication of glomerular leakage.
The osmolality and volume of urine represent the concentrating ability of the
kidney, which is a tubular function.
In the groups, NX-R and R-NX (with a 4-week interval between R and
NX), changes in kidney function were observed at 4 and 8 weeks after irra¬
diation, respectively. After 12 and 14 Cy, these changes progressed rapidly in
both groups (data not shown). After 8 and 10 Cy, changes occurred at a
slower rate and, in the experiment NX-R, the serum urea values were not sig¬
nificantly different from those of controls.
In Fig. 1 , the different parameters of kidney function are shown at 16
weeks after irradiation, a time at which the acute damage has developed and a
chronic phase has started. In the experiment R-NX, all values over the whole
dose range tested are significantly different from those of controls. In the
experiment NX-R, the changes after 8 and 10 Cy are much smaller for most
parameters, especially serum urea values. This is also demonstrated when
isoeffect doses (ED50) are calculated by probit analysis for significant changes

Table I
ISOEFFECT DOSES FOR VARIOUS RADIATION RESPONSES OF THE RAT
KIDNEY
Effect

Isoeffect dose (ED50) (Cy)
NX-R*

R-NX*

16 weeks

32 weeks

16 weeks

32 weeks

serum urea (>80 mg.100 ml"1)

10.6
(8.3-12.8)

9.1
(5.9-12.3)

8.6
(6.2-11.0)

7.2
(0.6-13.8)

urine protein (>50 mg.24 h"1)

10.6
(8.3-12.8)

8.9
(3.7-14.1)

8.6
(6.2-11.0)

urine volume (>10 ml.24 h"1)

11.6
(8.6-14.5)

10.1
(6.5-13.6)

8.4
(0.8-16.0)

7.5
(0.9-14.0)

urine osmolality «1000 mOsm)

11.0
(10.0-12.0)

10.0
(7.2-12.8)

7.2
(0.6-13.8)

—

<8

*see legend Fig. 1. In parenthesis the 95% confidence interval.
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in the various determinants of kidney function. The results presented in Table
I show that the unilaterally irradiated kidney is about 20% more sensitive
whenNX is performed after irradiation. This conclusion also holds for an
analysis at 32 weeks, when due to a slow progression of damage all effects are
observed at lower doses as compared with 16 weeks.
The results obtained in these experiments with unilateral NX are in
marked contrast to those obtained after bilateral irradiation (data not shown).
In bilaterally irradiated animals, damage develops much later (starting at 25-30
weeks) and at higher dose levels. At 52 weeks, the dose at which 50% of the
animals show a significantly increased serum urea level (ED50) was 13.1 Cy.
At 82 weeks the ED50 was 12.5 Cy. From these preliminary results, it can be
concluded that the radiation tolerance of bilaterally irradiated, unstimulated
kidneys is greater by a factor of about 1.3-1.6 when compared with that of
one kidney before or after contralateral nephrectomy. Further histological and
functional studies are aimed at evaluating the mechanisms involved in these
differences in response of the rat kidney.

Provoost, A.P. and Molenaar, J . C - , Pflügers Arch. 385 (1980) 161.

RADIATION RESPONSES OF THE SKELETAL MUSCLE AS STUDIED IN AN
EXPERIMENTAL MODEL IN THE WAC/RIJ RAT
A.F. Hermens, R. Korving and J . Deur loo

In radiotherapy, the maximum accumulated dose that can be administered
is usually limited by the probability of inducing unacceptable early and/or late
complications in normal tissues. To prevent such complications, data on
radiation "tolerance" doses should be availabe for as many types of normal
tissues which may ever be exposed during treatment with different types of
radiations and treatment protocols. Examples of normal tissues for which
detailed data are available in the literature are the haemopoietic tissue, the
intestinal epithelium, the skin and tissues of the nervous system. However,
few data are available on radiation tolerance on skeletal muscle. This lack of
information may be attributed to the fact that skeletal muscular tissue is
supposed to be relatively radioresistant; i.e., it can sustain fractionated doses
of up to 20 to 30 Cy without showing functional impairment and, if this occurs
it usually does not result in life threatening complications (Zeman and Solomon,
1971). Nevertheless skeletal muscle atrophy can be expected to occur and
disable patients, especially if the average survival time increases by employing
more effective therapy, as for instance, in the treatment of bone and soft
tissue sarcomas in children (Jentzch et a l . , 1981).
Therefore, experiments have been designed in order to obtain more
quantitative data on dose response relationships, as well as to increase insight
into the mechanism(s) involved in the development of damage induced by
ionizing radiations in skeletal muscle. The target tissue, being studied in this
model, is the gastrocnemius muscle of WAG/Rij inbred male rats. Initial
experiments for obtaining baseline data which are required for the assessment
of muscular atrophy induced by X rays have been performed. For this
purpose, the two hind legs of animals, anaesthetized with aether, were irra¬
diated with single doses of 300 kV X rays, while the remainder of the body,
including the feet was protected by lead shielding. Starting at about two
weeks before treatment, the animals were examined twice weekly for up to
about 3 months after irradiation and subsequently at intervals of 1-2 weeks to
determine changes in the muscle mass and, eventually, to establish the time
course of variation in muscular wasting.
The mass of the gastrocnemius muscle in the living animal, was assessed
by an indirect method which requires measurement of the length of the tibia
and circumferences of the calf at the same relative positions between the knee
and the heel. The principle of the technique employed to perform these meas¬
urements is outlined in Fig, 1. To measure the circumference of the leg at a
given position between the knee (K) and the heel ( H ) , the stretched hind leg
is placed on top of the plane H'H"K"K' so that the central axis of the hind leg
is parallel to H'K'. Subsequently, a wire (W) which has been stretched parallel
to H'H" between two points (AB) of the plane is looped around the leg. Con¬
sequently, the displacement of B towards B', which can be measured with a
ruler, represents the circumference of the leg at a position where AB crosses
the axis of the hind leg. Conversely, the wire can be looped around the leg at
any predeterminated position between K and H, and each of those positions
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correlates with a position of A on the calibrated scale K'H'. The reproducibility
of subsequent measurements at a given position is within 2 mm.
An example of the type of data that can be obtained with this technique
is shown in Fig. 2. The data represent the average values of determinations in
10 legs (5 animals). Data on tibia length measured at ages younger than 120
days have been omitted in order to keep the length of the Y axis of the figure
limited. Data on the circumference shown represent values of measurements at
a position on the hind leg which is situated at 27 per cent of the tibia length
close to the knee. Comparison of the curves me and mx demonstrates that the
circumference of irradiated legs increases for up to 100 days after irradiation,
at which time the maximum circumference in the irradiated legs is 95 per cent
of that of the nonirradiated ones. Subsequently the circumference of the irra¬
diated legs decreases until at about 2S0 days after treatment. It attains a
value of 83 per cent of that of nonirradiated controls. The difference between
the curves me and mx at this time is highly significant, with P< 0.001. Using
these data, the mass of the gastrocnemius muscle can be estimated by calcula¬
tions in which a conversion factor is applied to account for differences between
calculated and actual mass. This factor represents the correlation coefficient
between data on calculated mass and on actually measured tissue weight deter¬
mined for each single gastrocnemius muscle after sacrifice of groups of animals
varying in age from 21 to 204 days.
Preliminary results of analysis from data obtained for hind legs irradiated
with 15 Cy of 300 kV X rays indicate that after this dose the damage induced
in the gastrocnemius muscle is manifested very gradually, which is reflected
also by the data on the circumference of the irradiated calf shown in Fig. 2.
In these animals which were irradiated when they were 9 weeks of age, the
irradiated muscles gain mass for up to 100 days after treatment. At this time,
the mass of the irradiated muscle is about 90 percent of that of nonirradiated
control muscle in animals of the same age. Subsequently, the mass of the
irradiated muscle decreases to about 75 percent of that of nonirradiated
controls at day 2S0 after treatment. At this stage of the experiments there is
still no indication of whether at later times after treatment the irradiated
muscles are capable of increasing in mass again. Additional experiments are in
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progress to study the underlying mechanism of this radiation induced wasting
process. However, it is clear that radiation responses of muscular tissue can
be observed at doses smaller than 20 Gy, suggesting that muscular tissue is
not less radioresistant than is commonly thought.

Jentzch, K. et a l , . Cancer 47 (1981) 1267.
Zeman, W. and Solomon, M., p. 171. In: Pathology of Irradia on. (ed. C h . r .
Berdjis), Williams and Wilkins Cy., Baltimore (1971).
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RELATIVE BIOLOGICAL EFFECTIVENESS OF FAST NEUTRONS OF DIFFERENT
ENERGIES FOR THE INDUCTION OF CELL TRANSFORMATION AND
REPRODUCTIVE DEATH IN VITRO.
G.W. Barendsen en J.F. Gaiser.

In the Annual Report of 1982, a review and interpretation of published
dose-effect relations for the induction of reproductive death, chromosome
aberrations, morphological transformation and specific mutations in mammalian
cells after irradiation with radiations of different linear energy transfer (LET)
was presented (Barendsen, 1982). It was concluded that cell transformation is
50 to 1000 times less frequently induced than chromosome aberrations and cell
reproductive death, while mutations are less frequently induced than transfor¬
mation by factors ranging from 30 to 1000. The interpretation of the available
published data is hampered by the fact that a comparison had to be based on
results obtained in different laboratories for different types of cultured cells.
The studies to be reported here are part of a program aimed at determining in
one institute and for the same type of cells dose-effect relations for the vari¬
ous responses to radiations of different LET. Three cell lines are included in
the studies: C3H10T1/2 mouse fibroblasts used in several laboratories,
WAG/Rij/Fi-1 rat fibroblasts and ChH/Ep-1 hamster embryo epithelial cells de¬
veloped at the Radiobiological Institute. In the present report data on
C3H10T1/2 cells will be described and analysed.
Cell survival curves and dose-effect curves for transformation of
C3H10T1/2 cells have been obtained after irradiation with 0.5 MeV, « MeV and
15 MeV neutrons and with 300 kV X rays. The experimental data have been
fitted by formulas containing linear and quadratic terms only, namely:
S(D)/S(0) = exp-(ajD+a 2 D*) for survival curves and F(D) = t,D + t 2 D 2 for
cell transformation, as discussed in previous publications (Barendsen, 1979,
1982). From these fitted curves the values of a1 and a 2 and of t 1 and t 2
have been derived and the results are presented in Table I. The cell survival
curves obtained with neutrons were not significantly different from
exponential.
The data for cell transformation have been corrected for the number of
viable ceils per flask of 25 cm2 area, determined from parallel cell survival
experiments. This is necessary because, with decreasing numbers of viable
cells per cm2, over the region of cell densities employed the transformation
frequency increases proportionally. The results presented in Table I pertain to
a standardized value of 103 clonogenic cells per flask (Reznikoff et a l . , 1973;
Terraghi and Little, 1976). The dose-effect curves for neutrons were not
significantly different fr<--<i linear.
Two characteristic
of the results can be mentioned as preliminary
contusions: a) the values for a, for cell reproductive death caused by X rays
and neutrons of different energies, 0.5 MeV, H MeV and 15 MeV are in the
same range as the ones derived from published data and summarized earlier
(Barendsen, 1982). The relationships for transformation by these neutrons
show values for t 1 which are of similar magnitude as those published for 1 MeV
neutrons, but, for X rays, the t 1 value is somewhat larger than that of
published results; b) the RBE values derived as ratios of 3i values for
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Table I
A. Values for the parameters a, and a2 in the formula:
S(D)/S(0) = exp-(a 1 D+a 2 D 2 ).
derived from cell survival curves of C3H/10T1/2 cells.
Type of radiation

RBE
1

(Gy" )

2

(Cy" )

for al

300 kV X rays

0.25

0 .036

1

15 MeV neutrons

0.82

0

3

4 MeV neutrons

1.55

0

6

0.5 MeV neutrons

3.26

0

13

B. Values for the parameters tj and t 2 in the formula:
F(D) = t,D • t 2 D 2 ,
derived for dose-effect relations for transformation
of C3H10T1/2 cells.
Type of radiation

h

(Cy" 1 )
300 kV X rays

3.3x10~4

*2
(Cy" 2 )
0.5x10""

RBE
for ti
1

15 MeV neutrons

9x10"4

0

3

4 MeV neutrons

13x10"4

0

«

0.5 MeV neutrons

24x10"4

0

8

neutrons and X rays for cell reproductive death are of the same magnitude as
the corresponding ones for transformation.
With respect to the relation between cell reproductive death and
transformation of the C3H10T1/2 cells in vitro, it can be concluded that cell
transformation is much less frequently induced. The ratios of corresponding a,
values are of the order of 10 3 . This ratio is similar to the result derived from
the comparison of data in the literature presented in the last annual report.
Further studies with the other cell lines are required before attempts at a
further interpretation can be made.
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IDIOPATHIC INTERSTITIAL PNEUMONITIS AFTER
BONE MARROW TRANSPLANTATION: A RAT MODEL

B. Lopes Cardozo, C. Zurcher and A. Hagenbeek

High-dose chemoradiotherapy followed by bone marrow transplantation is
increasingly used as a treatment for patients with hematological malignancies or
aplastic anaemia. Major complications after this treatment are interstitial
pneumonitis (IP), Craft-versus-Host disease and relapse of leukaemia. Inter¬
stitial pneumonitis occurs in about 50% of all bone marrow transplantation
(BMT) patients. In about 50% of these cases, cytomegalovirus (CMV) is iden¬
tified. In half of the cases no infectious cause can be found and the syndrome
is consequently termed idiopathic interstitial pneumonitis (IIP). Fifty percent
of all cases of IP are lethal. Thus, the mortality of IP as a percentage of all
bone marrow transplantations is 25%. The following factors are supposed to be
related to IIP:
1)
previous remission-induction chemotherapy;
2)
high-dose cyclophosphamide as part of the pretransplant conditioning
regimen;
3)
total body irradiation;
4)
transfusion of blood products;
5)
methotrexate or cyclosporin A as prophylaxis for Craft-versus-Host
disease;
6)
Graft-ver sus-Host disease;
7)
unknown endogenous or exogenous microorganisms.
All of the factors mentioned above are known to cause immunosuppression
and/or damage to lung tissue.
To study the possible interrelationship of these factors, a model in the
Brown Norway rat carrying the transplantable acute myelocytic leukaemia
(BNML), the characteristics of which are very similar to those of human acute
myelocytic leukaemia, is under development.
Total body irradiation with or without chemotherapy can damage lung
tissue. To study this effect, groups of 8-10 female BN/BiRij rats were given
thoracic irradiation. During irradiation, the animals were anaesthetized with an
enflurane anaesthetic device. The heads and abdomens were shielded with lead
(5 mm thickness) to leave an opening of 45-50 mm through which the thoracic
cavity was irradiated using 300 kV X rays. Two dose rates were applied. The
measured output for the high dose rate (HDR) was 0.8 Cy.min" 1 ; for the low
dose rate (LDR) it was 0.05 Cy.min' 1 , Death of the animals was monitored as
a function of time. The endpoint of 180 days for determining the 50% lethality
(LD50) was chosen because previous studies (Hill, 1983) suggested that this
time period covers the early acute pneumonitis phase.
Fig. 1 shows the death pattern for groups of rats irradiated on the lungs
with a total dose varying from 14-24 Cy for the LDR group and from 8-20 Cy
for the HDR group. It is observed that early death due to radiation-induced
lung lesions (see also p. 27 of this Annual Report) occurs between days 50
and 80 and is related to the dose rate and the total dose used. Delayed death
23

0,1,10,12, high dose rote
f 0.14,16,18,20, low do*e rote

100

16 hightj
daerateij

It

e
u

! : | ! 20 high
• | | j dot* rate

o.

"5
50

I'h

SO

18 high do»e fott
•"i-i100

doic 'o te

j 14 high dose rote

24 low dote rat*

1
I—

ISO

200

rime after irradiation ( day )

Fig. 1:

The effect of different doses of a irradiation on the thorax at two
dose rates on the survival of female BN/BiRij rats. The numbers at
the end of each curve are the total doses at 0.8 Cy.min"1 (HDR)
and 0.05 Cy.min" 1 (LDR).

due to pneumonitis and early fibrosis is observed at 4 to 6 months after
thoracic irradiation. To allow the estimation of LD50 values for LOR and HDR
using probit analysis, data for early and delayed deaths were combined. Fig. 2
shows the percentage of animals dying as a function of total dose for the two
dose rates at 180 days after irradiation. There is a great difference between
LDR and HDR groups for the response of the rat lung expressed as LD50. The
LDR/HDR ratio = 22.1/13.3 = 1.7. This finding is in agreement with previous
experiments in mice (Siemann et a l . , 1982). The results provided here indicate
that there is a significant repair capacity in the rat lung.
Lung function
A whole body plethysmographic tube and a Fleisch type pneumomechanical
flow transducer head which converts gas flow into differential pressure in
connection with a pneumotachograph (modified to measure breathing frequencies
up to 500 per min) are used for determining breathing frequency, tidal volume
and minute volume in the rats after thoracic irradiation. Several weeks before
dying the rats which received a total dose higher than 20 Cy (LDR) developed
a significant higher breathing frequency as compared with control groups.
Rats dying from radiation-induced IP have breathing frequencies of 300-400
per min as compared to ISO per min in normal rats. Croups of rats which
received sublethal doses of thoracic irradiation continue to live with a higher
breathing frequency (about 200 per min).
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Fig. 2:

Percentage of rats dead after thoracic irradiation as a function of
total dose for high dose rate (HDR) of 0.8 Gy.min"1 and low dose
rate (LDR) of 0.05 Cy.min' 1 .
N.B.: LD50 180 days HDR, 13.3 Gy; LD50 180 days LDR, 22.1 Cy.

Total body irradiation (TBI) might be one of the contributing factors to
IIP Preliminary experiments suggest that the combination of TBI and high-dose
cyciophosphamide reduces the LDR/HDR ratio, which means that there is a
reduction in the sparing effect of LDR irradiation on the lung tissue. The
effect of other modifying factors such as previous chemotherapy or Graftversus-Host disease, and the difference between leukaemic and normal rats are
currently being studied in the proposed model for IIP.

Hill, R.P., Int. J. Radiation Oncology Biol. Phys. 9 (1983) 1043.
Siemann, D.W. et a l . , Radiat. Res. 89 (1982) 396.
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LUNG LESIONS IN FEMALE BN/BiRij RATS AFTER LOCAL
X IRRADIATION AT HIGH OR LOW DOSE RATES
C. Zurcher, B. Lopes Cardozo, A.J. de Vries and A. Hagenbeek

Interstitial pneumonia is a frequent and serious complication of clinical
aflogeneic bone marrow (BM) transplantation. When no infectious agent can be
incriminated, the pneumonia is designated as idiopathic interstitial pneumonia
(IIP). Patients receiving syngeneic BM have a much lower incidence of pneu¬
monia due to cytomegalovirus and Pneumocystis carinii than those receiving
allogeneic BM. The incidence of IIP, however, is about the same in both
groups (Appelbaum et a l . , 1982). This suggests that IIP is related to the
conditioning regimen and not to some infectious agent. As most conditioning
regimens include supralethal total body irradiation and as irradiation of the
lungs is a well-known cause of interstitial pneumonia in man as well as
experimental animals, a relation between the occurrence of IIP and dose am
dose rate of the preceding irradiation was sought. There appeared to be a
steep increase in IIP at between 8 and 10 Gy total dose of X rays received
(Keane et a l . , 1981). During a retrospective analysis on behalf of the
International Bone Marrow Transplantation Registry of 176 leukaemic patients
grafted with allogeneic BM. Bortin et al. (1982) concluded that a dose rate of
between 0.06-0.3 Cy.min"1 was associated with a relatively high risk for the
development of IIP as compared with lower dose rates. However, data derived
from several centres with differences in radiation set-up and dosimetry
procedures have to be considered with some caution. Moreover, uncertainties
about corrections to be applied for biologically effective total dose when
different dose rates are used add to the difficulties in interpretation. Other
aspects such as heterogeneity of patient material, differences between centres
in decontamination procedures and diagnostic facilities used to exclude
infectious agents as a cause for pneumonitis may further invalidate the
conclusions derived from multicentre studies on human patients.
In order to eliminate several of the complicating factors outlined above,
the effects of dose and dose rate on lung function and survival were studied
by Lopes Cardozo et al. in a rat model (see p. 23 of this Annual Report). In
short, anaesthetized female BN/BiRij rats received X irradiation on the lungs
with total doses of 12, 14, etc. up to 24 Gy at a low dose rate (LDR) of 0.05
Gy.min"' and of 8, 10 etc. up to 20 Gy at a high dose rate (HDR) of 0.8
Gy.mirf 1 (for details see p. 23 of this Annual Report).
In the present report, the histological lesions induced by such irra¬
diations are evaluated. To this end rats found dead were necropsied and all
tissues within the field of irradiation were included for histological
examination. Data for mortality and time of death of individual rats irradiated
less than 8 months earlier are given in Fig. 1. Eight rats (LDR: 2 early, 1
delayed; HDR 4 early, 1 delayed) were not taken into account as they were
partially eaten or too autolytic for histological examination. It appears that
most deaths occurred in two periods separated by a mortality-free interval of
about 5 weeks. Early mortality occurred at 6-13 (median value 9) weeks and
delayed mortality at 18-28 (median value 22) weeks. Early deaths were found
after 24 Gy LDR and after 16 Gy and higher for HDR. Delayed deaths
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not determined

Relation between dose and time of death after low and high dose rate
X irradiation of the thorax of female BN/BiRij rats.

occurred after 20-22 Cy at LDR and after 14 CY at HDR. Thus, an increase of
2 Cy total dose for HDR and 2-4 Cy for LDR caused a shift from all rats
dying at between 18 and 28 weeks to all rats dying at between 6 and 13
weeks. This shift took place at between 14 and 16 Cy for HDR and at between
22 and 24 Cy for LDR.
To evaluate possible differences between the histological lesions in rats
dying early or late (late as used here denotes delayed mortality as compared to
mortality at an earlier time period, i.e., 18-28 weeks versus 6-13 weeks) and
between the HDR and LDR groups dying early or late, we scored the histolo¬
gical lung lesions in each rat as absent or minimal (0), slight to moderate (1)
or severe (2). The incidence of lung lesions observed in these groups is
presented in Table I. Rats dying at between 18-28 weeks showed more severe
pneumonic changes than did those dying early. In fact, pneumonias in those
dying early generally was scored as slight. Alveolar septa were thickened by a
variety of inflammatory cells, fibroblasts and early fibrosis. The difference
between early and delayed deaths was most pronounced with regard to the
occurrence of focal areas of pneumonia, which did not occur in the early
deaths, and the presence of many intra-alveolar macrophages, which were less
frequent in the early deaths. The histologfcal changes in the early and delayed
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Table I
INCIDENCE (%) OF HISTOLOCICAL LUNG LESIONS IN EARLY AND DELAYED
DEATHS AFTER LOW DOSE RATE (LDR) OR HIGH DOSE RATE (HDR)
X IRRADIATION OF THE LUNGS OF FEMALE BN/BiRij RATS

Early

Delayed
HDR

Controls

LDR

HDR

9
22-24

20
16-20

3')
20

6
14

100
0

100
0

100
67

100
100

0
0

Fibrin

0

35

33

100

0

Hemorrhage

0

15

33

67

4

Alv.cell hyperpl.

11

0

100

67

0

Fibrosis

22

10

100

100

0

0

0

Number
Total dose (Gy)

Pneumonitis
diffuse
focal

Granulomatous lesions

LDR

? 2)

? 2)

24

38

1) One of the four rats available for histological examination died from osteosarcoma compressing the spinal cord and not from radiation pneumonitis.
2) The presence of additional granulomatous lesions was difficult to ascertain
in often moderately autolytic lungs with severe radiation pneumonitis.

deaths are comparable to the early and intermediate forms of acute radiation
pneumonitis described by Travis (1980) and others. Fibrosis was not prominent
in our series: it was mild in those dying late and absent or slight and focal in
those dying early.
When the histological changes induced by HDR irradiation were compared
with those induced by LDR irradiation, it appeared that fibrin deposition along
the alveolar walls was a common feature in the HDR groups, while it was infre¬
quent in those irradiated at low dose rates. Also, focal hemorrhage was more
common in HDR groups than in LDR groups.
Disturbing in this study was the occurrence of slight to moderate focal
granulomatous inflammatory lesions characterized by a cellular infiltrate of
histiocytes, some multinucleated giant cells and many eosinophilic granulocytes
in several of the untreated controls. All attempts to detect an infectious agent
as a clue to the pathogenesis of this lesion remained unsuccessful. From the
present data, it appears that such lesions were absent in the early deaths
after irradiation. To what extent this lesion complicates the appearance of the
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focal pneumonic changes in rats dying late after irradiation cannot be deter¬
mined.
In conclusion, this study has shown that after HDR as «ell as LOR X ir¬
radiation of the lungs, rats nay die early or late, both periods being sepa¬
rated by a mortality-free interval. Histological lung lesions such as pneumonitis
in those dying late were more severe than in those dying early. Fibrosis was
not conspicuous in this series and occurred only to some extent in those dying
late. HDR. in contrast to LOR X irradiation, was associated with a sometimes
extensive focal fibrin deposition along the alveolar walls and multiple intracapillary fibrin thrombi. It remains to be determined whether the generally
mild lung lesions in those dying early can explain the death of the animals or
whether other factors (differences in intrathoracic fluid, cardiac changes,
etc.) are more important in this respect.
Further studies are necessary to define whether the histological differ¬
ences observed after HDR and LDR irradiation can be related to possible dif¬
ferences in susceptibility to secondary infectious pneumonia.
Finally, one has to consider the possibility that IIP in human patients
after relatively HDR total body X irradiation indeed reflects radiation
pneumonitis. This certainly applies when the total dose delivered is not
sufficiently reduced upon changing from LDR to HDR irradiation. Even then, a
rather high sensitivity of human lung tissue for radiation damage has to be
assumed to explain the different doses capable of inducing fatal radiation
pneumonitis in rats and man.

Appelbaum. F.R. et a l . . Transplantation 33 (1982) 265.
Bortin, M.M. et a l . . Lancet I (1982) 437.
Keane. T . J . et a l . . Int. J . Radiation Oncology Biol. Phys. 7 (1981) 1365.
Travis. E.L.. Int. J. Radiation Oncology Biol. Phys. 6 (1980) 3*5.
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TUMOUR INDUCTION AND TUMOUR BIOLOGY
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ANALYSIS OF MAMMARY TUMORIGENESIS IN RATS
BY APPLICATION OF HAZARD FUNCTIONS

L.A. Hennen*. M.J. van Zwieten and J . J . Broerse

Because the female breast is one of the tissues of the human body with a
high susceptibility for radiation carcinogenesis, it is important to obtain
information on the dose-effect relations for induction of breast cancer. The use
of radiations of different linear energy transfer (LET), such as X rays and
neutrons of various energies, might provide insight into the process of radia¬
tion carcinogenesis. An experimental program on mammary tumorigenesis in
three rat strains, Sprague Oawley, BN/BiRij and WAG/Rij, exposed to radia¬
tions of different quality is in progress. The histopathological classification of
the neoplasms (Van Zwieten, 1984) allows the separate determination of doseeffect relations for the different categories of benign and malignant mammary
tumours. In our earlier analyses, dose-effect relationships for single dose and
fractionated irradiations were based on either the scoring of the increase in
the actuarial incidence at a fixed age (22 months) or the forward shift in time
of appearance of the lesions at a fixed incidence (20%) (Broerse et al.» 1984).
The induction of neoplasms is a stochastic process, however, which can be
described by hazard functions.
The time elapsing from when an animal entered the experiment until a
specified type of mammary tumour becomes palpable has been taken as the endpoint in the present analysis. If an animal dies of causes unrelated to the
appearance of this tumour type or is otherwise lost for histopathological
examination, the endpoint is right-censored, hereafter referred to as a loss.
Methods of analysis that accommodate censoring are generally called failure time
distributions. Let T be a random variable representing the onset time of a
tumour, hereafter referred to as a failure. Particularly useful in survival
applications for the description of the probability distribution of T are the
survivor function, the probability density function and the hazard function
(Kalbfleisch and Prentice, 1980).
The definitions of these functions are given below for continuous
distributions. The survivor function or cumulative distribution function, S, is
defined as the probability that T is at least as great as a value, t , that is:
S(t) = P r o b . ( T i t ) .
The probability density function, f, of T is defined as:
lim

Prob.(t < T < t-t-At)

7

dS(t)

~~7~

The hazard function, h, specifies the instantaneous rate of failure at T=t
conditional upon survival to time t and is defined as:
. ,..
lim
h(t) = A t | 0

P r o b . ( t S T < t + At j T £ t )
^

f(t)
5 ^

J.A. Cohen Institute for Radiopathology and Radiation Protection, Leiden.
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This quantity refers to the animals which are still at risk ( i . e . , without a
failure). It is easy to see that h(t) specifies the cumulative distribution
function of T , since by integrating the above equation and using the fact that
S(0) = 1, the following relation can be derived:

S(t) = e ' /o

hlU)dV

.

e" HCt) .

in which H(t) is the cumulative hazard function or, more concisely, the
hazard. The hazard depends not only explicitly on the time but also on a
number of covariates or variables such as the rat strain, hormonal status,
irradiation schedule, etc. In a proportional hazard model, with respect to the
time variable, the hazard function can be divided into two factors, the first
describing the time dependency and the second the other variables. If the
covariates are independent of time, the hazard can be similarly written as:

H(t;l) = l(t) Z(7).
In the present analysis only groups of cohorts in which all covariates were
kept constant, with the exception of the absorbed dose, D, are compared,
which implies that:
H(t;D) = l(t) Z(D).

(1)

The estimation of the sample survivor function, S, is based on a nonparametric
actuarial or life table method, with time intervals of one week (Kaplan and
Meier, 1958), and is calculated as:

s(t)

= .n

(i - h ) ,

t e i :,

=

!

hi=Oifn:=O,
'
•

where:
h
i

n

r

,
mj/2

dj = the number of failures during the i-th time interval,
rrij = the number of losses during the i-th time interval,
nf = the number of animals at risk at the start of the i-th time interval, and
I: = the j-th time interval =|(j-1,j) week.
The asymptotic variance of the actuarial survivor function estimator is
calculated according to Greenwood's formula (Greenwood, 1926). In order to
assess dose-effect relationships for the applied radiation modalities ( e . g . , X
rays and monoenergecic fast neutrons of different energies), a continuous
parametric failure time model is required. The three parameter Weibull
distribution is a generalization of the exponential distribution. This model
allows for a power dependency of the hazard function with time, usually
written as:

h(t) = a/S
where:
a = the time scale parameter, which indicates the time at which the survivor
function is equal to 37% ( Y = 0 ) ,
6 = the shape parameter, which is a measure of the time dependence, and
7 = the location parameter, which is a finite time prior to which no failure will
occur. In the present analysis, y is taken to be zero.
Four examples of a hazard function are schematically depicted in Fig. 1.

hazard for radioactive
decay ( 0 = 1 )
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time
hazord for mortality
in the human population

o
N

time

Fig. 1:

time

Examples of hazard functions, h ( t ) , as a function of age, t.
Indicated are the values of the shape parameter, B, when a Weibull
distribution is applicable for analysis.
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According to equation ( 1 ) . the Weibull hazard can be written as follows:
H (t;D) =

(2)

where only the time scale parameter is dependent on the absorbed dose. Thus
simultaneously a weighted least-squares fit of the Weibull distribution
parameters can be derived from the Kaplan-Meier estimate for the cohorts of
interest. In such a procedure, the value of the time scale parameter depends
on the different absorbed doses (without any constraint), while the shape
parameter has the same value for all cohorts. An example of this calculation
procedure is shown in Fig. 2 for the proportion of WAC/Rij rats surviving
without known mammary fibroadenomas after X irradiation.
100
c
u

80

3

j
60

40

20

a——a control cohort
• — • • 0.25 Gy single dose
A - - A 1.0 Gy , ,
• • " • • 4 . 0 Gy , ,

' 4.0Gy
X royj

1

oge ( yeor )
Fig. 2:

36

Percentage of intact female WAC/Rij rats without known mammary
fibroadenomas according to the Weibull distribution. Shown are the
Kaplan-Meier estimates for the control cohort ( a ) and for the
cohorts irradiated with a single dose of 0.25 Cy ( • ) , 1.0 Gy ( A )
and 4.0 Cy (•) of X rays.

The relative excess hazard, 17 , can be defined independent of the time
function and describes the net effect in the hazard of an irradiated cohort
relative to the hazard of the control cohort. On the basis of equation ( 2 ) , the
relative excess hazard is:
) - H(t;0)
H(t;0)
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300kV X ray»
0.5 McV neutrons
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Fig. 3:

Relative excess hazard,?; , as a function of total absorbed dose for
ffbroadenomas induced in WAG/Rij rats irradiated with single doses
of X rays and 0.5 MeV neutrons.
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Our experimental data on induction of benign and malignant tumours are
presently analysed by hazard functions. In Fig. 3. the relative excess hazard
is given for ftbroadenomas in WAC/Rij rats irradiated with X rays and 0.5 MeV
neutrons. The calculated data suggest a linear <Jose-effect relationship for both
X rays and 0.5 MeV neutrons. This results in a constant relative biological
effectiveness (RBE) of 12.0 t 2.4 for 0.5 MeV neutrons at all dose levels
investigated.
Broerse. J.J. et a l . . In: Proc. Intern. Symp. on Biological effects of low-level
radiation, IAEA, 19*4 (in press).
Greenwood. M., Reports on Public Health and Medical Subjects. London: Her
Majesty's Subjects 33. (1926) 1 .
Kalbfleisch, J.D. and Prentice, R.L., The statistical analysis of failure time
data. John Wiley and Sons, New York (1980).
Kaplan, E.L. and Meier, P., J. Am. Stat. Assoc. 53 (1958) 457.
Van Zwieten. M.J. The rat as animal model in breast cancer research. Martinus
Nijhoff Publishers, Boston (1984).
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MARKED DIFFERENCES IN THE KINETICS OF SERUM RETINOL REDUCTION
BY PCBs IN C57BL/Rij AND DBA/2 MICE
A. Brouwer and K.J. van den Berg

Most cancers have environmental causes rather than a genetic basis (Doll,
1977). The causative agents, i.e., carcinogens, are either of biological (viral
oncogenes). physical (UV and ionizing radiation) or chemical origin. Exposure
of man to chemical carcinogens through diet, smoking habits or occupation may
account for about 80% of all cases of cancer (Wynder and Cori, 1977). Besides
carcinogens, there is another group of chemicals which alone cannot cause
tumours in experimental animals but in combination with a carcinogen can
strongly promote the formation and incidence of tumours. These tumour pro¬
moters, such as the phorbol esters (skin), polychlorinated biphenyls and
dibenzodioxins (liver), are believed to interact with regulatory mechanisms of
cell growth and differentiation, such as the vitamin A metabolism, leading to
epithelial hyperproliferation (Fürstenberger et a l . , 1981).
A deficiency of vitamin A results in failure of normal differentiation of
epithelial cells, a condition which is also involved in the development of car¬
cinomas, and is accompanied by epithelial hyperplasia. In addition, a deficiency
of vitamin A has been shown to increase susceptibility to chemical carcinogens
in the respiratory tract, bladder, colon and stomach (Sporn, 1977). On the
other hand, several in vivo and in vitro experiments have suggested that
analogs of vitamin A can prevent or limit carcinogenesis of the skin especially
in the promotion phase (Verma et a l . , 1979). Experimental evidence has been
obtained that a number of chemicals involved in the initiation (3-methylcholanthrene, benzol a Jpyrene, 2-acetylaminofluorene) and/or promotion (PCBs,
TCDD) phase of tumour formation interfere with vitamin A metabolism by
reducing its liver storage (Thurnberg, 1983) and plasma transport (Brouwer
and Van den Berg, 1984). In view of the anticarcinogenic properties of vitamin
A, it seems important to study the relation between the reduction of vitamin A
levels induced by such chemicals and their carcinogenic potential. We have
reported earlier (Brouwer and Van den Berg, 1984) that 3,4,3',4' tetrachlorobiphenyl (TCB) induced considerable reductions in the vitamin A levels in
C57BL/Rij and DBA/2 mice. The site where this reduction took place, however,
was totally different in the two strains of mice used. In the C57BL/Rij, the
liver storage of retinoids was mainly affected, while in the DBA/2 mice only a
reduction in serum retinol occured.
In the study reported here, the time dependency of the TCB induced
reduction in serum retinol was determined in C57BL/Rij and DBA/2 mice. In
addition, an attempt was made to correlate the difference in the TCB induced
serum retinol reduction and the concentration of TCB in the blood of the two
strains of mice. Female C57BL/Rij and DBA/2 mice, 5 per group, were exposed
to a single i.p. injection of TCB (15 mg.kg ). Control animals received
injections of corn oil (vehicle). At several time intervals after injection, TCB
treated and control animals were killed and analyses of serum retinol and TCB
were performed by high performance liquid chroma tog raphy. The results were
markedly different in the two strains of mice, as shown in Fig. 1. In the
DBA/2, a very rapid decline in the amount of serum retinol to about 50% of
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Time dependency of the reduction in retinol (upper panels) and the
accumulation of TCB (lower panels) in the serum of C57BL/Rij (left
panels) and DBA/2 (right panels) mice. The animals were exposed to
a single i.p. dose of 15 mg.kg" 1 TCB. At the times indicated, serum
retinol and TCB concentrations were determined by HPLC. All values
were pooled from three independent experiments consisting of groups
of five mice each. Standard errors of the mean are represented by
vertical bars. The shaded area indicates the standard error of the
mean of the control.
*The amount of TCB per ml of serum is expressed as a percentage
of the total dose administered.

control values occurred as early as 2 to 6 hours after exposure to the single
dose of TCB (upper right panel) and remained at the lowest level for about 14
days. In the C57BL/Rij mouse (upper left panel), a somewhat slower decrease
in serum retinol to about 50% of control value was reached at 24 hours. How¬
ever, a return to normal values occurred at 48 hours after exposure to TCB.
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The results of the analysis of TCB in the serum of both strains of mice are
expressed in the lower panels of Fig. 1. In the serum of the DBA/2, TCB
accumulated to a much greater extent (ca. 15 times as high) than in the
C57BL/Rij mouse. A maximum value of 0.18% of the total dose administered was
observed per ml serum of the DBA/2 at 24 hours after exposure to TCB, while
in the C57BL/Rij the highest concentration of TCB, i.e., 0.015% of the total
dose administered per ml serum, was reached at 6 hours after injection. The
elimination of TCB from the serum as plotted on a semilogarithmic scale
proceeded linearly in time, indicating that first order kinetics were involved.
The half-life of elimination ( T i ) of TCB from the serum was 70 hours for the
DBA/2 mouse and although the levels of TCB in the C57BL/Rij mouse are just
above the limit of detection, from the data available a T i of 30 hours is
estimated.
In view of the marked difference in response between the C57BL/Rij and
DBA/2 mice with respect to reduction in serum retinol levels by TCB, the
great difference in serum TCB levels may be of importance. The half-life of
elimination of TCB from serum, which is more than twice as short in the
C57BL/Rij as in the DBA/2 mouse, can be explained by the fact that the meta¬
bolism of these kinds of compounds is induced in the C57BL/Rij as a conse¬
quence of TCB treatment (Brouwer and Van den Berg, 1983) and not in the
DBA/2 mouse.
The time necessary to completely eliminate TCB from the serum of DBA/2
mice (ca. 14 days) as estimated by extrapolation of the elimination curve to
zero concentration correlates well with the duration of the serum retinol
reduction. Along with the rapid fall in serum retinol within a short time after
administration of TCB, these results can be interpreted as a direct influence
of TCB on the level of retinol transport, for instance, by inhibition of the
synthesis of retinol carriers such as retinol binding protein (RBP) and/or
prealbumin (Goodman, 1982). Alternatively, TCB could directly compete with
retinol for binding sites on RBP. Experiments are in progress to further
unravel the basic mechanisms involved in the reduction in serum retinol by
PCBs and to assess the significance with respect to chronic toxicity and
tumour induction.
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OOES IONIZING RADIATION LEAD TO ACTIVATION OF ONCOGENES?
K.J. van den Berg and R.R. Jonker

The induction of tumours in experimental animals and in man by radiation
has been the subject of many investigations during the last 20 years. Despite
this, very little is known about the actual mechanism of radiation carcinogenesis. Such knowledge, however, is essential in the evaluation of radiation risks
at very low dose levels (in the area of 0.01-1 Cy). Conventional experimental
studies cannot be expected to provide this information because of the large
number of animals required.
In recent years, attention has been focused on the action of ionizing
radiation on genes (DNA), this being a critical first step in radiation carcinogenesis. Based on models used in tumor virology. Van Bekkum (197S) propo¬
sed that fragments of DNA induced by radiation might be transferred to secon¬
dary cells in which uncontrolled expression of specific genes could lead to
carcinogenesis. A wealth of recent information indicates that mammalian cells
harbor genetic information (oncogenes) that is assumed to play an important
role in carcinogenesis (Bishop. 19S2). Thus, as we have previously shown,
normal BALB/c mice possess a nucleotide sequence capable of neoplastic trans¬
formation when transferred into NIH fibroblasts (Krump-Konvalinkova and Van
den Berg. 1980; Van den Berg et a l . , 1982). Furthermore, when BALB/c thymocytes were irradiated with gamma rays, a dose dependent release of DNA
fragments was found. Interesting information has come from experiments where
isolated BALB/c DNA in solution was subjected to different doses of gamma
radiation and subsequently assayed by means of the NIH transfection system
(Jonker et a l . , 1982). At doses higher than 3 Cy, a rapid loss of focus forma¬
tion was found (Fig. 1A). However, with doses between 0.3 and 1 Cy, focus
formation was consistently higher, e . g . , by about a factor of two, than with
DNA that was not irradiated. It is a well known fact that the fibroblast trans¬
forming activity of DNA can be enhanced by a treatment that promotes fragmen¬
tation, such as shearing, sonication and digestion with restriction endonucleases. To explain these findings, cis-acting inhibiting sequences which in
normal cells suppress the expression of oncogenes have been proposed (Cooper
et a l . , 1980) and evidence for such a mechanism implicating c-mos has recently
been obtained (Wood, personal communication).
The activation and deactivation of transformation activity by radiation can
be well described in a model of inhibiting sequences (I) cis-acting with respect
to neighbouring oncogenes (0) (Fig. I B ) . A low dose cf ionizing radiation will
make random scissions in DNA strands thereby inactivating genes; the damage
is not repaired because DNA in solution is being irradiated. If damage should
occur in oncogenes only, transforming capacity would fall to zero levels with
increasing dose of radiation. If inhibiting sequences were to be damaged only,
inhibition of expression of oncogenes would be lost, resulting in maximum
transforming capacity of the available oncogenes. Inactivation of the biological
activity of DNA by irradiation may be described as an exponential equation
(Lea, 1946):
N/N o = e " k ' D

(1)
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Focus formation as a function of the dose of gamma irradiation.
BALB/c DNA was irradiated with doses of gamma irradiation of
up to 10 Cy and then put into a transfection assay with
NIH/3T3 cells in the presence of promotor sequences (LTR)
which enhance the transformation efficiency. Foci were counted
at 21 days after transfection.
Model of oncogenes (0) and cis-inhibiting ( I ) sequences and the
effect of irradiation.
Curve representing the transformation function e" l ' D (1-e" r n ' D )
Experimental data points from A fitted with the transformation
function.
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where N / N Q is the fraction of intact genes, k is a constant representing the
radiation sensitivity of DNA and D the dose of irradiation causing the inactivation. Thus, the inactivation of oncogenic sequences (O) can be described
as:
O/O0 = e " L D

(2)

and that of inhibiting sequences ( I ) accordingly by
_ «-m.D

I/In = e

(3)

The increase in transforming capacity resulting from damaged inhibiting se¬
quences is represented by:
I-e"" 1 ' 0

14)

The overall transforming activity, Tr, of irradiated DNA will depend on the
fraction of damaged inhibiting sequences times the fraction of undamaged oncogenes:
Tr = e-'- D (1-e~ m - D )

(5)

The analytical representation of expression (5) is shown in Fig. 1C. The expe¬
rimental data points can be fitted quite well to this model, as is shown in Fig.
1D (X 2 = 0.59; p < 0.001). We have found that at a zero dose level, there is
already transforming activity which in the theoretical model would not be
expected (Fig. 1A). Even the most gentle isolation procedure for DNA,
however, introduces a certain level of fragmentation which may already
separate a number of as-inhibiting sequences from the corresponding
oncogenes. At this stage, the size of the oncogene and corresponding
inhibiting sequence cannot be reliably estimated under the irradiation
conditions used in this experiment. Another interesting observation is that
DNA isolated from a human breast carcinoma cell line. MCF-7, does not show
enhancement of transformation at low doses. The experimentally derived curve
(Jonker et a l . , 1982) resembles an inactivation curve only. This may indicate
that in certain types of tumours oncogenes are no longer controlled by
inhibiting sequences because these sequences may be either mutated or
deleted.
The availability of specific cloned oncogenes with stretches of neigh¬
bouring sequences makes it possible to directly test the capacity of ionizing
radiation to activate specific oncogenes by damaging as-inhibiting sequences
and to evaluate whether such a mechanism plays a role in radiation carcinogenesis. If such a mechanism should exist, then, from the radiation activation
or inactivation curve, certain predictions could be made concerning the role of
these inhibiting sequences in various tumours.
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GENE TRANSFER OF DOMINANT AND SELECTABLE GENETIC MARKERS
IN RODENT CELLS

V . Krump-Konvalinkova. W.H. Koornstra and A . G . M . Haaksma
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In our attempts to isolate cellular sequences having oncogenic activity
from normal mouse DNA (Krump-Konvalinkova and Van den Berg, 1980), we
were consistently confronted with a poor reproducibility of gene transfer
experiments and repeated reversion to normalcy during the propagation to mass
cultures of cells which had been selected for their changes in growth prop¬
erties. We considered that cotransfer of a dominant and selectable gene might
allow us to control thes£ phenomena.
We have investigated the validity of this approach with two different
recombinant plasmids which carry a dominant and selectable gene. The plasmid
pKo (obtained from Dr. D. Hanahan, Harvard University, Cambridge, Massa¬
chusetts) carries the bacterial transposon Tn5 gene for aminoglycoside3'-0-phosphotransferase joined to the SV40 early promotor. Expression of this
gene allows the cells to survive in the presence of the neomycin analog G418
(Cibco). This is a 2-deoxystreptamine antibiotic which interferes with the
function of eukaryotic ribosomes (Davies and Jimenez, 1980). The second
plasmid, pHG, carries a prokaryotic dihydrofolate reductase (dhfr) gene and
can be used to induce resistance to the folic acid antagonist methotrexate in
cultured mouse fibroblasts (O'Hare et a l . , 1981).
We found that G418 in a concentration of 1 mg.ml
was sufficient to kill
all cells of the NIH/3T3 (mouse) or R1-3T3-like (rat) lines within one week.
The spontaneous resistance frequency was estimated to be lower than 1 x 10~ 7 .
At 5 yM selective concentration o' methotrexate was used, no spontaneously
resistant cells could be detected, the frequency of these being lower than 1 x
10" . When the lower dose of 1 yM was used, a small proportion of cells
survived and could be stepwise adapted to grow even in 50 pM methotrexate,
presumably because of amplification of the endogenous dhfr gene.
Table I shows the frequency of transformation to resistance to G418 by
plasmid pKo, the frequency of transformation to resistance to methotrexate by
plasmid pHG and the frequency of transformation to oncogenic phenotype by
the plasmid pT24 which curries the activated human homologue of the Harvey
sarcoma virus oncogene (Capon et a l . , 1983). The NIH/3T3 cells have about a
20-fold greater capacity to either take up or to express exogenous DNA as
compared to rat R1 cells (not shown). The efficiency of transformation by
plasmids pKo and pHG is stable up to a concentration of 20 pg.mr 1 and 6
ug.ml" 1 DNA precipitate, respectively. At higher concentrations, the efficiency
of transformation diminishes proportionally to the quantity of plasmid used.
Linearization of plasmid pKo by EcoRi, the restriction site of which is situated
directly at the 5'extremity of the pKo insert, led to an approximately 10-fold
diminution of transforming activity when compared to either circular plasmid
DNA or plasmid linearized by Bam HI which restriction site is at the 3'extremity of the insert. The frequency of transformation of NIH/3T3 to methotrexate
resistance was about 250-fold lower than that to either G418 resistance or
oncogenic phenotype.
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Analysis of DNAs from three
NIH/3T3-G418 R
transformants
(N/3-neoi, N/3-neo2, N/3-neo3). High molecular weight DNAs (10 ng
per lane) were either digested with Hindi 11 or used undigested (1B:
lanes 3, 5 8) and filter hybridized to either 3 2 P labelled pBR322
(1A) or ^ 2 P labelled pKo specific Hindi 11 fragment coding for
Tn5-aminoglycoside phosphotransferase (Tn5neo R ) ( I B ) .
DNAs of recipient NIH/3T3 cells (A: lane 5; B: lane 2) and of both
probes (A: lane 1 pBR322, 0.4 ng; B: lane 1 Tn5neo R , 1 ng) were
included as controls.
The numbers on both sides indicate the size of fragments in kilobase
pairs. With the exception of N/3-neo2(-C418) (B: lane 7) which was
isolated in media containing 1 g G418 per I and then propagated in
media without C418, all transformants were grown in media containing
1 g G418 per I.
1A lane
1; pBR322; 2: N/3 neol; 3: N/3 neo2; 4: N/3 neo3;
5: NIH/3T3
IB lane
1: Tn5neo R ; 2: NIH/3T3; 3: N/3-neo3 undigested;
4: N/3-neo3; 5: N/3-neo2 undigested; 6: N/3-neo2; 7: N/3-neo2
(-C418); 8: N/3-neoi undigested; 9: N/3-neoi

Table I
FREQUENCY OF TRANSFORMATION OF NIH/3T3 MOUSE EMBRYO FIBROBLASTS
BY PLASMIDS pKo. pHG, pT24 IN THE PRESENCE OF VARIOUS
"CARRIER" DNAs

number of colonies of transformed cells
per ng plasmid DNA
pKo (10 yg.mf 1 ) + CT

7

1

pKo (20 yg.mf ) + CT

13

pKo (50 yg.mf 1 ) + CT

0.5

1

pKo (100 yg.mf ) + CT

0.4

1

0.05

1

5

pKo (20 yg.mf ) + SS
pKo (20 yg.mf ) + BALB/c
1

pKo (20 ug.mf ) + X /EcoRI

< 0.02

pKo (20 tig.ml"1) + X

<0.2
1

pKo/EcoR1 (20 ug.mf ) + CT
1

pKo/Pstl (20 yg.mf ) + CT

0.5
< 0.05

1

pKo/Bam HI (20 ug.mf ) + CT

6

pT24 (10 yg.mf 1 ) + CT

5

pT24 (10 y g . m f 1 ) * X
1

pHG/Pstl (1.5 yg.mf ) + CT
1

pHC/Pstl (6 yg.mf ) + CT
1

pHC/Pstl (12 yg.mf ) + CT

<0.5
0.04
0.02
0.02

CT : high molecular weight ( >50 kbp) calf thymus DNA
SS: Salmon sperm DNA, MW<10 kbp
BALB/c: mouse DNA slightly sheared, MW: 10-50 kbp

The source and the molecular weight of the carrier DNA (which was used
to adjust the total DNA concentration in order to obtain a DNA calcium
phosphate coprecipitate) has influence on the frequency of transformation.
Compared with eukaryotic DNA of the same molecular weight, bacteriophage
lambda DNA strongly inhibits the transforming activity of both pKo and pT24.
Digestion of the phage DNA with EcoRI does not abolish this inhibition. Low
molecular weight of carrier DNA has a negative influence on the efficiency of
transformation.
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To determine the presence of exogenous DNA sequences responsible for
the change in cellular phenotype and to analyse their state and stability in
transformants. colonies of transformed cells were isolated, grown in selective
media to mass cultures and their DNAs analysed by means of Southern blot and
hybridization with 3 P labelled DNA probes (Fig. 1 ) . In contrast to recipient
NIH/3T3 cells, the eel's transformed to G418 resistance contain sequences
homologous to plasmid DNA. The plasmid sequences are integrated into chromo¬
somal DNA (Fig. I B : lanes 3, 5, 8 ) ; the site of integration is different in each
transformant (Fig. 1A).
When the transformed cell lines are grown for approximately 20 genera¬
tions in a nonselective medium, only a minority of cells contain pKo specific
sequences (Fig. I B : lanes 6 and 7 ) . In the absence of selection pressure, the
plasmid and its insert is eliminated from many cells. This is associated with the
loss of resistance to G418. A strong selective pressure is, therefore, neces¬
sary in order to prevent reversion of a whole population of cells to their
original phenotype. Cellular DNA of six lines oncogenically transformed by
plasmid pT24 and propagated to mass cultures gave a weak reaction with
plasmid DNA as a probe. It is assumed that, as with pKo, the plasmid has
been eliminated from many cells in the absence of a selective pressure.
As the dhfr gene is known to be amplifiable (Schimke et a l . , 1981) and a
considerable amount of flanking DNA can be «amplified (Milbrandt et a l . ,
1983), cotransfection with plasmid pHC might be useful for the generation of
cell lines coamplifying under methotrexate selection and subsequently overexpressing a cotransformed and cointegrated gene. The resistance to G418 allows
us to easily trace the cells having incorporated exogenous DNA and provides
us with a convenient measure of the efficiency of gene transfer. It can be
used to control and optimize the conditions of transfection assays required for
isolation of normal BALB/c mouse DNA fragments having oncogenic capacity.

Capon, K. e t a l . . Nature 302 (1983) 33.
Davies, J. and Jimenez, A . , Am. J. Trop. Med. Hyg. 29 (1980) 1089.
Krump-Konvalinkova, V . and Van den Berg, K . J . , Nature 287 (1980) 353.
Milbrandt, J . D . et a l . . Mol. Cell. Biology 3 (1983) 1274.
O'Hare, K. et a l . , Proc. Natl. Acad. Sci. USA 78 (1981) 1527.
Schimke et a l . . Cold Spring Harbor Symposia on Quant. Biol. 45 (1981) 785.

50

PRESENCE OF RN As HOMOLOGOUS TO A RETROVIRAL LONG TERMINAL REPEAT
IN TRANSFORMED MOUSE CELLS

M.J. Vaessen and P.A.J. Bentvel zen

Normal mouse DNA is known to contain several endogenous murine leuka
mia virus (MuLV) genomes. These MuLVs can be divided into three classes ac¬
cording to their host range. Ecotropic MuLVs infect only mouse cells; xenotropic MuLVs replicate mostly in cells of heterologous species and recombinants
of ecotropic MuLVs; and xenotropic MuLVs are able to infect cells from both
mice and heterologous species. DNA hybridization analyses indicate that there
are at least 20 to 50 copies of endogenous MuLV related sequences per haploid
genome (see, for instance. Khan et a l . . 1982).
One structural feature shared by the endogenous provi ruses is the
presence of long terminal repeats (LTRs) at both ends of the viral DNA. The
nucleotide sequence of these LTRs is highly conserved. Retroviral LTRs are
known to contain promotor and transcription enhancer sequences which can in¬
duce expression of genes located in their proximity.
No transcripts sharing homology with the retroviral LTR can be detected
in normal mouse cells. Several investigators have found that transformed cells
do contain LTR related transcripts in general. Using a labelled retroviral LTR
as a probe in hybridization, Kirschmeier et al. (1982) have detected a mRNA
with a sedimentation coefficient of 18-20S. This RNA was reported not to hybri¬
dize to the viral structural genes gag, pol and env of Moloney MuLV and was
therefore assumed to be of nonviral origin. The proviral LTR would have
mediated transcription of flanking cellular sequences. They suggest that
expression of the LTR is indicative for the transformed state of the cell.
To test this hypothesis, we have screened a collection of transformed
mouse cells (Table I) for the presence of LTR related transcripts by means of
the Northern blotting procedure. Only in two cases, BabalO and WEHI3, did
we find a significant expression of LTR related transcripts. To test whether
these transcripts were derived from proviral sequences, hybridization experi¬
ments with a second probe were carried out. This probe was constructed in
vitro and contained sequences specific for an ecotropic MuLV linked to
sequences specific for a xenotropic MuLV. It did not contain the proviral LTR.
Fig. 1 shows the results obtained with this proviral probe as compared
with the LTR probe for RNA isolated from the BabalO cell line. Apparently,
both probes detect the same transcripts; therefore, they must be of proviral
origin. Also in the WEHI3 cell line transcripts detected by the LTR probe
contained viral sequences.
We have not been able to detect a RNA of 18-20S that could be trans¬
cribed from nonviral sequences using a retroviral LTR as a promotor. We also
conclude that the retroviral LTR is not necessarily transcribed in transformed
mouse cells.
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Table I

MOUSE CELLS AND TISSUES SCREENED FOR EXPRESSION OF
LTR RELATED TRANSCRIPTS

code

pathological description

strain or hybrid

SHC1
5T21
C22LR
Sp2O
ORII882

hepatoma
myeloma
osteosarcoma
plasmacytoma
normal splenic fibroblasts
methylcholantrene trans¬
formed fibroblasts
methylcholantrene trans¬
formed fibroblasts
fibrosarcoma (radiation
transformed fibroblasts)
pulmonary tumour
radiation transformed
fibroblasts
monocyte cell line
3T3 fibroblasts trans¬
formed by BALB/c DNA
fragments
3T3 fibroblasts trans¬
formed by BALB/c DNA
fragments
3T3 fibroblasts trans¬
formed by C3Hf DNA
fragments
3T3 fibroblasts trans¬
formed by CBA DNA
fragments

CBA
C57BL
(C57BL x CBA)F1
BALB/c
(C57BL x CBA)F1
(C57BL x CBA1F1

ORII886
ORII888
SAKS
LL
C3H10T1/2R1
WEHI3
Babai

BabalO

BAC3Hf

BACBA
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(C57BL x CBA)F1
(C57BL x CBA)F1
C57BL
C3H
BALB/c
BALB/c
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Hybridization analysis of RNA isolated from:
1) BALB/3T3 infected with Moloney/murine leukaemia virus (MuLV);
2) BabalO (3T3 fibroblasts transformed by BALB/c DNA fragments);
3) normal BALB/3T3;
with (left) the retroviral LTR, and (rjght) the broad reactive MuLV
probe.
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RETROVIRUS RELATED SEQUENCES IN NORMAL CELLULAR DNA
OF SEVERAL MAMMALIAN SPECIES

P . A . J . Bentvelzen, W.H. Koornstra, R.H. Dubbes and J . P . M . Jore*

The synthesis of a double stranded DNA copy of the viral RNA genome
plays an essential role in the replication of retroviruses. This DNA copy called
provirus becomes integrated into the cellular genome and then serves as a
template for viral RNA synthesis. Occasionally, such a provirus is integrated
into the germ line of an organism and be transmitted vertically for numerous
generations (Todaro, 1980). There is no obvious physiological advantage of the
possession of such germinal proviruses. Their expression, resulting in the
synthesis of viral RNA and possibly in tumour formation, can even be
regarded as disadvantageous. We hav£ studied the distribution of germinal
proviruses in several vertebrates in relation to studies on the possible role of
endogenous retroviruses in radiation carcinogenesis. The results obtained in
this study can also be used for speculations on genetic aspects of speciation.
We have used in Southern blot DNA hybridization studies as probes the DNA
copies of the genomes of two unrelated retroviruses; the murine mammary
tumour virus and simian sarcoma-associated virus.
The murine mammary tumour virus (MuMTV) is a morphologically unique
retrovirus, which has only been isolated from some species of mice. However,
related sequences can be found in the DNA of several mammals, particularly
when relaxed hybridization conditions are applied (Callahan et a l . , 1982;
Koornstra et a l . , 1982]. These studies have been extended using cloned proviral fragments as probes in Southern blot hybridization experiments. These
fragments are the long terminal repeat ( L T R ) , which is an crucial element for
proviral integration and subsequent expression, and gag + pol, which code for
the core proteins plus reverse transcriptase. The results in Table I indicate
that under relaxed hybridization conditions related sequences to the gag + pol
fragment are found in the DNA of several mammals, including man. The
patterns of hybridizing fragments made visible by the Southern blot technique
varied from one species to the other. In almost every species tested, no
variation in this respect was found, however, between individuals of the same
species. Also in rats, great similarities were found in the hybridization
patterns, but some small differences were found between the inbred rat strains
WAC/Rij, BN/BiRij and SD/Rij. In mice a great variation is found from one
inbred strain to the other. This variation is explained by recent, independent
integration of MuMTV proviruses into the germ line. The small differences
observed between the three rat strains indicate that despite the polymorphism
of biochemical markers the three strains originated from the same ancestral
couple. This also holds for domestic cattle of which seven individuals tested
showed exactly the same hybridization pattern. The absence of polymorphism in
Southern blot patterns in the other species suggests that inbreeding took place
during speciation.

•Medical Biological Laboratory TNO, Rijswijk, The Netherlands.
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Disparity has been found in reactions obtained with the LTR and gag +
pol probes (Table I ) . In case bands are only produced with gag 4 pol. it can
be hypothesized that after integration of a MuMTV-related provirus the LTR
has been eliminated. It is also possible that « different LTR gave rise to the
integration of the gag + pol related sequences. When only the LTR probe gives
a reaction, it can be envisaged that these sequences have been used for the
integration of completely different retroviruses or that the gag + pol sequences
have been eliminated.
In dog and cat all MuMTV-related sequences hybridize only with the LTR
probe. In sheep and man only reactions were found with the gag + pol probe.
It must therefore be assumed that after integration of a single provirus and its
subsequent perturbation, amplification of such a provirus took place before
that species was established. The amplification may be due to occasional
expression of a germinal provirus, reverse transcription and subsequent inte¬
gration at a different site in the genetic material of the germ line.
The simian sarcoma-associated virus (SiSAV) was isolated from a fibrosarcoma of a woolly monkey. It is closely related to the gibbon ape leukaemia
virus. Its oncogenic and immunosuppressive potential in rodents is extensively
studied in this laboratory as a model for the Acquired Immune Deficiency Syn¬
drome in man. Under relaxed hybridization conditions nucleotide sequences
related to SiSAV could be found in the DNA of a variety of mammalian species,
including man (Jore et a l . , 1981; Dubbes et a l . , 1982). In subsequent studies
no hybridization reaction was observed with DNA isolated from tobacco and pea
plants or from trouts and chickens. Presumably the germ line of the ancestor
of mammals became infected with a type C retrovirus, which is distantly
related to SiSAV. During the evolution of the mammalian orders, this "protovirus" has been subjected to mutations, which are neutral with regard to
selection.
Table I
SOUTHERN BLOT HYBRIDIZATION ANALYSIS OF
MURINE MAMMARY TUMOUR VIRUS RELATED SEQUENCES IN
NORMAL CELLULAR DNA OF VARIOUS VERTEBRATES

species

mouse
rat
mastomys
rabbit
cat
dog
sheep
cow
horse
pig
man
chicken
trout
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MuMTV-gag + pol
relaxed
stringent

MuMTV-LTR
relaxed
stringent

The SiSAV probe gave very strong signals with mouse DNA. Considerable
variation was found in hybridization patterns among inbred mouse strains (Fig.
1). This polymorphism can be explained by repeated transcription of the SiSAV
germinal provirus and reintegration of the newly formed provirus during the
relatively recent history of mice. As in several other mammalian species, no
polymorphism was found with regard to SiSAV-related sequences in 37 human
DNA samples of different ethnic background. This finding stronly suggest that
an ancestral couple of man obtained in its germ line SiSAV-related proviruses
and that several generation of inbreeding has led to the fixation of these
proviruses resulting in identical Southern blot patterns with the SiSAV probe.
Before modern man arose proviral amplification as described above must have
taken place during the inbreeding period.

Fig. 1:

Blot hybridization pattern of Hindi 11 digested BALB/c mouse DNA
(lane 1) and C3H mouse DNA (lane 2) using cloned SiSAV provirus
as a probe.
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IN VIVO PROTON AND 3 1 P NMR MEASUREMENTS IN
TUMOURS AND NORMAL TISSUES.
H.B. Kal, W.M.M.J. Bovée* and J.H.N. Creighton*

A new technique for obtaining cross-sectional pictures through the body
without exposing it to ionizing radiation is nuclear magnetic resonance (NMR)
imaging (James et a l . , 1981). NMR imaging not only yields anatomical
information comparable in many ways with the information obtained by computed
tomography (CT) scans but also promises to more sensitively discriminate
between healthy and diseased tissue. The full clinical potential of this new
modality is currently under investigation.
Nuclei sjf atoms possess a positive charge. Many also possess an intrinsic
spin than produces an associated magnetic moment so that they resemble tiny
bar magnets. When they are placed in a magnetic field, they will orient them¬
selves with the field direction. For protons (hydrogen nuclei) the orientations
are parallel and antiparallel to the magnetic field. The difference between the
number of protons with spin parallel and spin antiparallel is very small, only
about one part in 10 , with a slight excess of parallel spins. Their spin axes
rotate about the field direction (precession). The precessional frequency is
determined by the magnetic field strength, properties of the particular nucleus
and a gyromagnetic constant.
In NMR imaging, the nuclei to be studied are irradiated with a pulse of
radiofrequency (RF-) radiation of precisely the same frequency as the
precessional frequency. During interrogation by the applied RF pulso, many of
the resonating nuclei with spins parallel undergo a transition to a higher
energy state (spins antiparallel). In addition, the pulse induces the nuclei to
precess in synchronism with each other. Once the pulse is removed, the nuclei
in the excited state tend to revert to the more stable low-energy state (spins
parallel) and remit the RF energy; they "relax" to their original alignment.
The reemitted energy provides a signal that can be detected by a receiver coil
wrapped around the sample. If there is a sufficient number of these signals
and if they can be spatially resolved, an image of the distribution of the
emitting nuclei can be formed (the technique of imaging with different pulse
sequences will not be discussed here) or a frequency spectrum of the
resonance signal can be recorded. The relaxation time is determined in part by
the general environment of the nuclei. The greater the facility to pass energy
to the neighbouring nuclei, the more rapidly the excited nuclei can return to
their original state; hence, a shorter relaxation time will be observed. The
relaxation times T1 (spin-lattice or longitudinal relaxation time) and T2
(spin-spin or transverse relaxation time describing the loss of spin synchro¬
nism) are parameters that describe the exponential return to the iow-energy
state. Variations in T l , T2 and r.uclear density or a combination of these
parameters, may permit normal cells and those in inflammatory, benign or
malignant lesions to be distinguished.
Proton imaging with NMR has been achieved at the Department of Applied
Physics of the Technical University at Delft for cross-sections of WAC/Rlj rats
•Technical University, Delft.
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implanted with the R-1 rhabdomyosarcoma and the L37 lung squamous cell
carcinoma. T1 images of the L37 carcinoma implanted in the flank of the animal
are presented in Fig. 1. These were obtained after different pulse sequences
with different time intervals between subsequent pulses. In this way, contrast
in the image can be enhanced. This illustrates the potential of NMR imaging
over, e . g . , CT or echography imaging. Furthermore, when images are taken
as a function of time, the evolution of a process can be studied and responses
to treatment can be evaluated in the same animal.

Fig. 1:

Proton images of cross-sections of WAG/Rij rats implanted with the
L37 lung squamous cell carcinoma (left upper corners). Left lower
corners represent the spinal cord with muscles. Pulse intervals of
100, 300, 500 and 900 msec were used (inversion recovery method).

Atomic nuclei in different chemical environments possess different
resonance frequencies with amplitudes proportional to their individual abun¬
dances. For example, it is possible by measuring the resonance frequencies of
the phosphorous isotope ' P to determine the relative concentrations of energy
metabolites such as ATP, ADP (adenosine t r i - and diphosphate), phospho¬
creatine and inorganic phosphate which play a key role in the production of
energy
J
P spectra have been obtained at Delft for the thigh muscle of a
C57BL/Rij mouse in the living animal as a function of time after the death o,
the animal. The 3 1 P spectra presented in Fig. 2 provide information on the
concentrations of the energy metabolites such as ATP, ADP, phosphocreatine
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and inorganic phosphate. In addition, due to the anaerobic process in the dead
cnimal. a chemical shift of the inorganic phosphate resonance peak relative to
the phosphocreatine resonance peak ( P c peak at 0 ppm) due to changes in pH
was observed.
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P spectra of the thigh muscle of the CS7BL/Rij mouse.
spectrum of the muscle in the living mouse.
a.
b-d . spectra nf the muscle in the mouse 5, 30 and 60 minutes after
death, respectively.
oATP, aADP and NAD
a:
6ATP
B:
1P

C'

>V

YATP and

YADP

phosphocreatine
inorganic phosphate
sugar phosphate

61

NMR provides information on the chemical and biological state of the
tissue of interest. The diagnosis of the presence and extent of cancer using
NMR imaging is currently an area of investigation. Noninvasive determinations
of blood flow and the phosphorous isotope 3 ' P have important clinical
implications for cerebrovascular ischemia and myocardial infarction. The NMR
imaging technique imposes a high external magnetic field and a pulse of RF
energy on the patient. At levels for clinical use, no notable adverse biological
effects have been demonstrated.

James, A . E . et a l . , Review: Nuclear Magnetic Resonance Imaging: the Current
State. Am. J. Roentgenol. 138 (1981) 210.
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DIFFERENTIAL BEHAVIOUR OF BRONCHIAL CARCINOMA CELLS
IN CULTURE ON FEEDER LAYERS
J . C . Klein, J . Hasper and vl. Zurcher

Lung cancer cells have been difficult to grow in culture up to now
(Gazdar et a l . , 1982). This is ascribed to the special organisation of epithelia
consisting of polygonal cells closely connected by many desmosomes. Small cell
carcinomas hardly have any desmosomes. This may be the reason that these
cells can be cultured in suspension, especially when freshly derived from
pleural exsudate or ascites (Carney et a l . , 1981). The present report deals
with culturing of the 4 main histological types of bronchial carcinoma (Sobin
and Yesner, 1981): squamous cell carcinoma ( S q . C C ) , adenocarcinoma ( A C ) ,
small cell carcinoma (SCC) and undifferentiated large cell carcinoma (ULCC).
The cultures were initiated from fresh human surgical specimens or from human
tumours grown as xenografts in nude mice.
The problems encountered in attempts to grow these tumour cells in vitro
can be summarized as follows: 1) considerable loss of viability of the tumour
cells, except ir the case of SCC, during the preparation of single cell sus¬
pensions; 2) ovc-qrox.tii by nonrr lignant connective tissue cells in monolayer
cultu'rfs prepared witl» noticed tumour tissue; 3) lack of attachment of clumps
of tunw-ur cells to the bottrii of the culture dish; 4) inability of detachment of
viable tumour cells frcn tne bottom cf the culture dish by enzymatic or
mechanic > tie» fr.ent,
T J overcome these problems Ó feeder layer culture system was developed.
It consists of a complete sheet of cells of a nonmalignant murine endothelial cell
line irradiated with 50 Gy r rays, in Dulbecco's modified Eagle's medium
containing 10% newborn calf serum. Minced tumour material is deposited on top
of this feeder layer. Tumour cells, connective tissue cells and ccrcinoma cell
clusters attach mostly within a few hours on top of the feeder layer. The
nonmalignant cells and single tumour cells also settle onto the feeder layer.
However, these cells shrink and deteriorate within a few days. At places on
the surface not covered by feeder layer cells, nonmalignant CP!IS can attach
and grow. After transfer of such cultures onto complete <.;«-jer layers, these
nonmalignant cells will die. The only nonmalignant cells tiii. were found to
grow well in this feeder layer system were freshly derived bone marrow cells.
The medium is renewed depending on the growth activity of the carcinoma
cells. Cultures are passaged onto a new feeder layer if the original one dete¬
riorates or the carcinoma cells form relatively large compact sheets. This can
become necessary after a few days with primary or secondary cultures and
after several weeks in the slow growth phase. The feeder layer with th*.
tumour cells is mechanically detached from the bottom of the culture dish with
a silicone policeman and minced by pipetting. The tumour aggregates with or
without feeder cells attach to the new feeder layer within a few hours, in
general, carcinoma cells also from ether sources grow well during the early
passages but slow down afterwards. After some months, growth accelerates aod
a tumour cell line is established.
So far, this culture method has been employed with fresh surgical
specimens from 23 human lung turr.-.nir patients and with 16 specimens of human
lung tumour material grown in nude mice. In total 18 Sq.CC, 8 A C , S SCC ?nd
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Fig. 2:

Schematic representation of the behaviour patterns of three lung
tumour types during successive phases of culturinn, in vitro.

1:

Photomicrographs of cultured human lung tumour cells (phase I I I ) ,
a and b:
squamous cell
carcinoma;
c and d:
adenocarcinoma;
e and f: small cell carcinoma. Magnifications: a, c and e 63x; b, d
and f 100x.
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8 ULCC have been cultured. During the three phases of culturing (see below)
several patterns were observed. These could retrospectively be related to the
types of tumour cultured. The patterns characteristic for Sq.CC. AC and SCC
are represented in Figs. 1 and 2.
Phase I: Formation of cell aggregates. Just before and after plating,
aggregates of tumour cells, which are different for each tumour type, are
formed. Sq.CC produce a. compact spherule with a clear halo corresponding
with the cell nests in vivo. AC produce irregular, loosely packed cell struc¬
tures. SCC produce spherules which instead of a halo show separated "cobble¬
stone" shaped cells on their surface.
Phase I I : Attachment of aggregates to the feeder layer. After attachment
different structures are formed. Sq.CC show transition into a fried egg shape.
AC spread on the feeder layer; they form double layers and the upper part
show "streamers" consisting of viable cells. SCC are rearranged as a pile of
loosely packed cells. Those cells in contact with the feeder layer do attach.
Phase I I I : Development of a monolayer or double layer of carcinoma cells on
top of the feeder layer. In Sq.CC cultures the monolayers show dividing cells
forming squames associated with cell death. In AC cultures the cells form
double layers with streamers consisting of viable cells. The streamers may
detach and settle elsewhere in the culture flask. Lacunae surrounded by
double cell strings which resemble acini in the initial tumour can be seen from
above. In SCC cultures dividing cells form large groups on the feeder layer
and small floating spherules of viable cells.
Well-differentiated carcinomas exhibited in vitro a more characteristic
culture pattern than found for the undifferentiated tumours, but all cultures
could be easily characterized.
The ULCC showed a behaviour pattern of either one of the three types
mentioned above or a combination of these. Five of such ULCC cultures
presented a stable pattern during several months of culture: 3 of the
squamous carcinoma type, 1 adenocarcinoma and one behaved as a small cell
carcinoma. Two of the ULCC cultures showed two types from the start: adenocarcinoma-small cell carcinoma and squamous cell carcinoma-small cell carcinoma,
which could be separated by cloning. One culture of a ULCC (LTH16) was at
first scored as squamous, but later also produced typical adenocarcinoma and
small cell carcinoma cell groups. This in vitro differentiation pattern of LTH16
tumour cells is suggestive for a stem cell nature of these cells.
The growth patterns described in this culture system seem to be quite
specific. This facilitates the identification of special types of human lung
carcinomas almost immediately after plating. For instance, the system allows to
differentiate, soon after plating, between ULCC and SCC, which is important
for the choice of therapy.

Carney, D.N. et a l . , Proc. Natl. Acad. Sci. USA 78 (1981) 3185.
Cazdar, A.F. et a l . , p. 14. In: The biology of lung cancer. Lung Cancer 1982
(eds.: S. Ishikawa et a l . ) , Excerpta Medica, Amsterdam (1982).
Sobtn, L.H. and Yesner, R. In: International Histologic Classification of
Tumors, Ceneva, World Health Organisation (1981).
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ATTEMPTS TO DETECT MINIMAL RESIDUAL LEUKAEMIA IN THE RAT
WITH ANTIMALICNANT NUCLEOLUS ANTISERUM

E. Bouwman, A . C . M . Martens and A. Hagenbeek

It is generally assumed that cure of acute leukaemia can be achieved only
if all clonogenic leukaemic cells are inactivated. With the morphological detec¬
tion methods used up to now, residual leukaemia can be detected only if the
number of leukaemic blasts in the bone marrow is 5% or higher. Consequently,
if no blasts are detected, there can be left a number of residual leukaemic
cells varying from no cells at all up to 5% of all bone marrow cells. To
quantitate and monitor this remaining population ("minimal residual disease":
MRD), other methods have to be developed. We have attempted to develop such
a MRD detection system in a rat model for AML: the Brown Norway Myelocytic
Leukaemia (BNML) (Hagenbeek and Van Bekkum, 1975; Van Bekkum and
Hagenbeek, 1977). As a marker for leukaemic cells, a rabbit antiserum raised
against nucleoli of rat tumour cells was used. This aru.nucleolar antiserum
(ANAS) was said to react especially with nucleoli of malignant rat cells and
was developed and described extensively by Busch et al. (1974).
To determine the reactivity pattern of this antiserum with BNML cells,
slide techniques were applied with bone marrow cells of healthy BN/BiRij rats
and of leukaemic rats. Regenerating normal bone marrow was obtained from
BN/BiRij rats at 12 days after i.p. treatment with 100 mg cyclophosphamide
per kg body weight. Cytocentrifuge slides were prepared, air dried and fixed
in cold methanol for 10 minutes.

Table I
ANAS IN IMMUNOFLUORESCENCE TECHNIQUE

positive (per cent]
ANAS/CAR-FITC
-/CAR-FITC
BN/BiRij normal bone marrow cells
BN/BiRij regenerating bone marrow
cells

10-26
26

0-3
0

BNML leukaemic cells

90-100

0

100

0

BNML-LT15

BN/BiRij = Brown Norway
BNML = Brown Norway Myelocytic Leukaemia
BNML-LT = BNML-long-term culture
ANAS = anti-nucleolar-antiserum
CAR-FITC = goat-anti-rabbit/f I uoresceine isothiocyanate.
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The labelling procedure was as follows: incubation with ANAS (1:40,
37°C, moist chamber), wash with PBS (3x5 min), incubated with goat-antirabbit immunoglobulin serum conjugated with FITC fCAR-FITC 1:50, 30 min,
room temperature in a moist chamber), wash with P6S (5 min and overnight)
and wash with distilled water. Finally, the slide was mounted in glycerol +
"antifading" (.paraphenylene diamine). The slides were studied with phasecontrast and fluorescence microscopy. At least 200 cells per slide were scored.
A cell was scored positive if one or more fluorescent nucleoli were observed
(Table I ) .
It was observed that ANAS bound to 90-100% of BNML cells. The phase
contrast image of the positive cells was invariably blast-like; the unstained
cells were mainly mature granulocytes. In normal BN/BiRij bone marrow up to
26% of the cells appeared to be positive, but only weakly. It was not quite
clear which populations stained positively. Regenerating BN/BiRij bone marrow
showed 26% positive cells, most of them being only weakly stained. Again, it
was not quite clear which types of cells were positive. One long-term in vitro
BN'IL culture. BNML-LT15, showed 100% reactivity with ANAS.
In order to be able to study the morphology of the cells which reacted
with ANAS, an immunoperoxidase technique which gives good maintenance of
morphology was also applied. The labelling technique used was in part t ! ie
same as in the immunofluorescence technique, however after ANAS incubation
and PBS washes the procedure was as follows: incubation with goat-anti-rabbit
immunoglob ilin cerum conjugated with peroxidase (3*0 min, room temperature,
moist f camber), PBS wash ( 3 x 5 min), diaminobenzidine (DAB) reaction (5 mg
DAB. 1 HCI in 10 ml PBS + 50 ]i\ H 2 O 2 3%, 5 min, room- temperature, moist

Table II
ANAS IN IMMUNOPEROXIDASE TECHNIQUE

positive (per cent)
ANAS/GAR-PO
-/CAR-PO
BN/BiRij normal bone marrow cells

63

0

BN/BiRij regenerating bone marrow cells 71

0

BNML leukaemic cells

98-100

0

98
100
100
100

0
0
0
0

BNML-LT12
BNML-LT13
BNML-LT15
faWML-LT19

BN/BiRij = Brown Norway
BNML = Brown Norway Myelocytic Leukaemia
BNML-LT = BNML-long-term culture
ANAS = anti-nucleolar-antiserum
GAR-PO = goat-anti-rabbit peroxidase
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chamber), PBS wash ( 3 x 2 min). Finally, the preparation was counterstained
with haematoxylin and mounted with Entellan R (Merck). The results are shown
in Table I I .
All BNML cells stain positively (98-100%), as do several long-term in vitro
BNML cultures (98-100%). However, a high percentage of normal bone marrow
ceils also stains positively (63%). Cells of all different lineages are found
among the positive ones, immature as well as mature stages. Also, regenerating
BN/BiRij bone marrow showed a high percentage of positive cells (71%).
Positive cells were found among all different types of cells.
It can be concluded that,, in the BNML model, ANAS is not suitable as a
marker for detection of minimal residual disease, since there is also extensive
reactivity with normal and regenerating oone marrow cells.

Busch, R.K. et a l . . Cancer Res. 3J4 (1974) 2362.
Hagenbeek, A. and Van Bekkum, D.W.. Leukemie Res. j_ (1975) 75.
Van Bekkum, D.W. and Hagenbeek, A . , Blood Cells 3 (1977) 565.
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CENTRAL NERVOUS SYSTEM LEUKAEMIA: DEVELOPMENT OF A MODEL
P.M. Hoogerbrugge, A . C M . Martens and A. Hagenbeek

The aim of this study is to develop an animal model for leptomeningeal
infiltration of acute leukaemia. Central nervous system (CNS) involvement is a
frequent complication of several malignancies, e . g . . leukaemia. non-Hodgkin
lymphoma, oat cell carcinoma and mammary carcinoma. Between 1960 and 1970,
an increased remission induction rate in childhood acute lymphocytic leukaemia
(ALL) was obtained by better therapeutic regimens. However, with prolonged
survival times, an increase of up to 50% in the relapse rate of leukaemia in the
CNS was observed (Simone et a l . , 1978). This increased relapse rate can be
reduced by CNS prophylactic treatment (intrathecal methotrexate and X - i r r a diation of the skull), which is now a part of standard treatment protocols for
childhood ALL. The blood brain barrier (BBB) is thought to be responsible for
this high percentage of CNS infiltration: the leukaemic cells can cross the
BBB, whereas most intravenously ( i . v . ) administered drugs cannot. The lepto¬
meningeal leukaemic infiltration causes a disruption of the BBB only in severe
disease states (Creig et a l . , 1983). in contrast to solitary tumour metastases,
which disrupt the BBB early in the course of the disease (Vick et a l . , 1977).
Leukaemic growth in the CNS after intrathecal inoculation
Two established leukaemia models were used in this study. Acute myelocytic leukaemia cells derived from BN/BiRij rats (BNML cells) as described by
Hagenbeek (1977) were inoculated into fifteen 12-week-old female BN/BiRij rats
and L4415 acute lymphocytic leukaemia cells of WAG/Rij rat origin were inocu¬
lated into forty 12-week-old female WAG/Rij rats. The L44I5 model resembles
human ALL in various aspects, e . g . , suppression of normal haemopoiesis,
response to chemotherapy, etc. (Van Bekkum et a l . , 1981). A total of 10° or
107 leukaemia cells were inoculated percutaneously into the greater cistern of
rats using a stereotactic procedure similar to that used by Ushio et a l . (1977)
for the development of a model of leptomeningeal infiltration with the Walker
256 carcinoma cell line.
In both BN/BiRij and WAG/Rij rats, survival after intrathecal administra¬
tion was significantly longer (p < 0.05, chi-square test) than after i.v. in¬
jection of the same number of cells (Fig. 1; data shown for WAG/Rij rats
only). Systemic leukaemia was the cause of death in rats of both strains. This
condition could have been due either to leakage during the 'inoculation proce¬
dure or to outgrowth of leukaemia cells from the CNS at some particular time
during the disease process. Cyclophosphamide (Cy) is a drug which does not
cross the BBB in therapeutic amounts and for which the L4415 and BNML are
sensitive. By giving Cy intraperitoneally (120 mg.kg" 1 ) on day 2 after inocu¬
lation, cells that enter the system during the inoculation procedure can be
eliminated. Administration of Cy on day 2, however, neither prolonged survival
time nor decreased the systemic "leukaemia load" at death. These data suggest
that there is not a remarkable systemic tumour load resulting from leakage
from the CNS; so, the systemic leukaemia appears to originate by outgrowth
from the CNS after day 2.
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Fig. 1:

Survival after intravenous and intrathecal inoculation of 107 L4415
cells in female WAG/Rij rats.

On histopathological examination at the time of death, the L4415 ALL had
infiltrated the meninges and ventricles in 100% of the animals, whereas the
BNML developed more superficially on the CNS, infiltrating the ventricles in 1
of 8 animals. In the spinal cord, the ALL developed subdurally, in contrast to
the BNML which had an epidural growth pattern (Fig. 2). After i.v. injection,
the L4415 and the BNML only rarely showed leptomeningeal infiltration. On
those occasions, the BNML showed an epidural growth pattern and the L4415 a
subdural growth pattern. Also in humans, nerve root and spinal cord compres¬
sion is more common in AML than in ALL (Dawson et a l . , 1973).
In summary, the L4415 acute lymphocytic leukaemia inoculated intrathe¬
cal ly in the WAG/Rij rat may offer possibilities for developing a model of
human leptomeningeal metastasis. One problem to be solved, however, is that
the outgrowth of leukaemia from the CNS causes death due to systemic leukae¬
mia before the appearance of neurological signs. The BNML model appears to
be less appropriate at this stage because the leptomeningeal infiltration is less
consistent than in the L4415 model.
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Fig. 2:

Difference in growth pattern between BNML (upper) and L1415
(lower) in the central nervous system. BNML shows epidural growth,
L1115 subarachnoidal growth (1 = vertebra, 2 = dura mater,
3 = spinal cord, 4 = leukaemia).
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TOXICITY OF ASTA-Z-7557 FOR NORMAL AND LEUKAEMIC STEM CELLS:
IMPLICATIONS FOR AUTOLOCOUS BONE MARROW TRANSPLANTATION
A. Hagenbeek and A . C M . Martens.

Autologous bone marrow transplantation (ABMT) as a treatment modality
for acute leukaemia is presently being explored in various centres. Apart from
the advantage that no histocompatibility barriers nave to be taken into ac¬
count, the apparent disadvantage is that leukaemic cells might be reinfused
with the graft. A graft of 101" cells harvested in complete remission might
contain between 0 and 10s leukaemic cells. Various methods for eliminating
leukaemic cells from the graft are being evaluated. Selective in vitro chemo¬
therapy and/or monoclonal antibody treatment appear to be promising. It is
clear that, whatever method is applied, a sufficient number of normal stem
cells should be preserved to fully repopulate a lethally treated host.
As regards in vitro chemotherapy, most experience has been gained with
derivatives of cyclophosphamide. i.e., a-hydroperoxycyclophosphamide (1HC)
and ASTA-Z-75S7 (Kaizer et a l . , 1981; Hervé et a l . , 1983; Körbling et a l . ,
1983). However, the outcome of clinical studies is difficult to evaluate: is a
relapse after transplantation due to ineffective eradication of residual leukaemia
in the patient, to the infusion of autologous leukaemic cells or to a combination
of both? As long as the number of leukaemic cells in the graft is difficult to
establish and no information on the log leukaemic cell kill induced by the con¬
ditioning regimen is available, there will be no clear insight into the origin of
the relapse after ABMT. Indirect information on the efficacy of in vitro elimi¬
nation of leukaemic cells can be obtained by comparing the results of ABMT
using treated and nontreated marrow in a comparable group of patients.
On the other hand, studies in relevant preclinical animal models might
contribute to the elucidation of the complexicity of problems in human ABMT.
In this contribution, a relevant rat model for human AML (BNML) is introduced
as a model to evaluate the selective activity of ASTA-Z-7S57 (provided by
Dr. P. Hilgard, ASTA-Werke AC. Bielefeld, West Germany) against normal
haemopoietic stem cells and clonogenic leukaemic cells. It should be mentioned
that the BNML.has served as a preclinical model for purging of human AML
marrows by 4HC at the Johns Hopkins University, Baltimore, Md.. U.S.A.
(Sharkis et a l . , 1980).
a.

The sensitivity of CFU-S, CFU-C and LCFU-S to In vitro treatment with
ASTA-Z-7557
In Table I, the in vitro sensitivity of normal haemopoietic stem cells
(CFU-S), normal myeloid precursor cells (CFU-C) and clonogenic BN/BiRij leu-kaemic cells (LCFU-S) towards ASTA-Z-7557 is shown. It appears that clono¬
genic leukaemic cells are more sensitive than normal stem cells. The sensitivity
of normal CFU-C is somewhere in between. The DQ values for two other cyclo¬
phosphamide derivatives (4HC and ASTA-Z-7595) are also given in this table.
The therapeutic index for 4HC is higher. However, this derivatives is rather
unstable. The therapeutic index of ASTA-Z-7595 is comparable to that of
ASTA-Z-7557, although at a 50 times higher dose level.
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Table I
COMPARISON OF THREE CYCLOPHOSPHAMIDE DERIVATIVES WITH RESPECT TO
THEIR DIFFERENTIAL KILLING OF CFU-S. CFU-C AND LCFU-S

D o values
4-hydroperoxycyclophosphamide
LCFU-S
CFU-C
CFU-S

4.9 x 10~6 M
9.6 x 10~6 M
16.7 x 10~6 M

ASTA-2-7557

ASTA-Z-7595

10.9 x TO"6 M
16.4 x 10" 6 M
22.1 x 10~6 M

520 x 1 0 ' 6 M
487 x 10" 6 M
939 x 10~6 M

Q.- dosage resulting in a decrease in the surviving fraction to 0.37.

b.

Mixtures of leukaemic and normal bone marrow cells
Decreasing concentrations of leukaemic cells in normal marrow cell sus¬
pensions (1 leukaemic cell per 10-1000 normal marrow cells) were incubated at
37°C with 40 x 10~6 M ASTA-Z-7557. After incubation and washing, 105 BNML
cells were injected i.v. into normal recipient BN/BiRij rats. Their survival
times were determined as a measure for the number of viable BNML cells after
incubation.
Fig. 1 shows that the addition of normal marrow to leukaemic cells
decreases the cytotoxic activity of ASTA-Z-7557 against BNML cells. The sur¬
vival time of recipient rats is shortened ( i . e . , more viable leukaemic cells are
present in the postincubation inoculum) as the concentration of leukaemic cells
during incubation with ASTA-Z-7557 decreases. A plateau is reached starting
with mixtures containing 1 leukaemic cell per 100 normal bone marrow cells (10*
BNML cells per 10 8 normal marrow cells). Furthermore, it is clear that incuba¬
tion of leukaemic cells at 37°C - without addition of ASTA-Z-7557 - results in
a substantial kill of BNML cells (control I I ) as compared with incubation at 0°C
(control I ) , the survival times of recipient rats being 37 and 34 days, respec¬
tively.
From the in vitro studies, it appears that there is a differential sensi¬
tivity for normal haemopoietic stem cells and clonogenic leukaemic cells as
regards ASTA-Z-7557. The therapeutic index is in the order of 2 (Table I ) .
However, cytotoxicity for the leukaemic cells decreases as the number of
normal cells increases (Fig. 1 ) . This might be simply explained by assuming
that less drug is available for leukaemic cells in the presence of an overload of
normal marrow. Obviously, thfs finding might have important implications for
the in vitro treatment of human remission marrows in which the concentration
of leukaemic cells is at least below 1 per 20 normal bone marrow cells. As
demonstrated (Fig. 1 ) , a decreased cytotoxicity against leukaemic cells is
already observed in mixtures containing 1 leukaemic cell per 10 normal marrow
cells. A similar phenomenon has been observed for human in vitro LCFU-C
mixed with irradiated normal marrow cells in a ratio of 1 : 19 (Kluin-Nelemans

78

651
o
-

control»

60

I

10* BNML 0°C

II 106 BNML37°C
6
III 10
10 BNML + ASTA-Z-7557

5 55
Z

(40xl0"6M)

«o
o

I

50

u

1

45

i
40

35

30

i

ii

ui

controls

25
10 7

108

io'

number of normal BM cells added to 10 BNML cells
during incubation with 40x »0"*M ASTA-Z-7557

Fig. 1:

The sensitivity of BN/BiRij acute myelocytic leukaemia cells to
ASTA-Z-7S57: the influence of the admixture of increasing numbers
of normal bone marrow cells. Both mean values (e) and individual
observations (•) are plotted. The number of leukaemic cells as well
as the incubation volume were kept constant in all groups.

et a l . , 1984).
In vitro myeloid precursor cells (CFU-C) are more sensitive to ASTA-Z7557 than pluripotent stem cells (CFU-S). This is in agreement with clinical
studies, which showed that, even in the absence of CFU-C after incubation
with 4HC or ASTA-Z-7557, engraftment in the patient took place (Kaizer et
a l . , 1981; Hervé et a l . , 1983). In other words, toxicity for CFU-C does not
seem to correlate with toxicity for haemopoietic stem cells.
In conclusion, although the present rat model studies indicate a cytotoxic
action of ASTA-Z-7557 against haemopoietic stem cells and clonogenic leukaemic
cells this information is difficult to extrapolate to human ABMT at present.
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mainly because no realistic in vitro assays are available for these two human
cell populations. The in vivo transplantation experiment in man will provide ar
answer as to whether these preclinical studies are relevant for human ABMT.
Hervé. P. et a l . , Brit. J. Haemat. 53 (1983) 683.
Kaizer. H. et a l . . Exp. Hemat. 9 (suppl. 9) (1981) 190.
Kluin-Nelemans, J.C. et a l . . Leukemia Res. (1984) (In Press).
Körbling. M. et a l . . Blut 46 (1983) 89.
Sharkis. S.J. et a l . . Blood 55 (1980) 521.
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THE INFLUENCE OF CALCIUM LEUCOVORIN ON THE CO-TRIMOXAZOLE
INDUCED INHIBITION OF LEUKOCYTE REGENERATION
AFTER BONE MARROW TRANSPLANTATION

P.J. Heidt. M.J. Kieskamp and C . P . J . Timmermans

One of the most life-threatening complications in patients with a severe
long-lasting granulocytopenia is the occurrence of bacterial and fungal infec¬
tions (Bodey et a l . , 1966). One method to prevent these infections is the
selective decontamination (SD) of the gastrointestinal ( C l ) tract (Van der Waaij
and Berghuis-de Vries, 1974), which results in the selective elimination of the
potential pathogenic microorganisms from the Cl tract.
One of the drugs frequently used for SD is co-trimoxazole ( S x T ) , a com¬
bination of trimethoprim and sulfamethoxazole (Heidt, 1979; Sleyfer et a l . ,
1980; Sheenan, 1981; Dekker et a l . , 1981). However, it can have toxic side
effects since after profound bone marrow suppression a slower regeneration of
the leukocytes is observed in patients receiving this drug combination (Dekker
et a l . , 1981; Schey and Kay, 1984). In last year's annual report (Heidt,
1982), we presented our findings in bone marrow transplanted germfree mice
which were treated with SxT. We found that, in comparison with control
animals, the SxT treated group showed a delay in the regeneration of the
leukocytes, which is in agreement with the former mentioned clinical findings.
This slower regeneration can be explained by a possible inhibition of
tetrahydrofolate synthesis by SxT, as was also suggested by Colde et al.
(1978) and Rivard et a l . (1981). This inhibition should be mainly the result of
the binding of dihydrofolate reductase by trimethoprim, which in this way can
interfere with nucleic acid synthesis. Therefore, we investigated whether the
slower regeneration of the leukocytes after isologous bone marrow transplan¬
tation (BMT) can be counteracted by simultaneous treatment with calcium
leucovorin (d,l-5-formyltetrahydrofolate; calcium salt). For these experiments,
three groups of 30 male C3H/LwRij mice were completely decontaminated to rule
out possible stimulation of the regenerating bone marrow by components from
the microflora in the control group. All animals were housed in macrolon cages
(5 animals per cage) in a laminar flow isolator and were fed sterile food and
drinking water ad libitum. For complete decontamination, Neomycin (2.5 g . l " 1 ) ,
Cephalotin (2.5 g.l" 1 ) and Pimafucin (0.1 g . T 1 ) were added to the drinking
water, as was sugar (50 g.l" 1 ) to improve the taste. The control group was
completely decontaminated only, while the second group received SxT (1920
mg.l" 1 ) in the drinking water in addition to the antimicrobial drugs for
decontamination. The third group of completely decontaminated animals also
received SxT in the drinking water and was treated i.m. with leucovorin (9 yg
per mouse, 3 times per week). After being successfully decontaminated, all
animals were irradiated (7.5 Cy) and transplanted with 3 x 10® isologous bone
marrow cells. Injections of leucovorin, which were started on day 3 after BMT,
were performed with a Hamilton microliter syringe. The leukocyte counts of
peripheral blood as presented in Fig. 1 are the mean of data obtained from 4
sacrificed animals each time. The time period after which a certain number of
leukocytes in the peripheral blood is reached after bone marrow transplantation
is delayed by treatment with SxT. This delay can be reversed by treatment of
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Fig. 1:

Mean number of leukocytes (x 109) per I of peripheral blood in
decontaminated control, SxT and SxT plus leucovorin treated
C3H/LwRij mice after total body irradiation and isologous bone
marrow transplantation.

the animals with leu«-uvorin; leukocytes appearing even earlier than in con¬
trols. The difference in these time periods between the three groups of animals
is statistically significant (p < 0.05).
Although the number of determinations is very limited, these findings
suggest that the delay in the regeneration of the leukocytes after BMT or
after remission induction therapy for lymphoproiiferative diseases as a result of
SxT given for infection prevention in patients (Dekker et a l . , 1981; Schey and
Kay, 1984) can be prevented by simultaneous administration of calcium leuco¬
vorin.
Bodey, C.P. et a l . , Ann. Intern. Med. 64 (1966) 328.
Bradley, P.P. et a l . , Ann, Intern. Med, 93 (1980) 560.
Dekker, A.W. et a l . , Ann. Intern. Med. 95 (1981) 555.
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Schey. S.A. and Kay. H.E.M., Brit. J. Haematol. 56 (1984) 179.
Sheenan, J . , The Lancet ii (1981) 692.
Sleyfer. D.Th. et a l . . Eurbp. J. Cancer 16 (1980) 859.
Van der Waaij, D. and Berghuis-de Vries. J.M.. J. >lyg. Camb. 72 (1974)
205.

TREATMENT OF LEUKAEMIA WITH m-AMSA:
RESULTS IN A RAT MODEL (BNML)

A . C M . Martens and A . Hagenbeek

The treatment of leukaemia patients who are refractory to the standard
remission-induction chemotherapy protocols presents great problems. One of
the drugs that is presently being exploited for the treatment of such patients
is m-AMSA (1'-(9-acridinylamino)methanesulfon-m-anisidide). The success rate
of m-AMSA in the group of refractory patients is 30% for acute lymphocytic
leukaemia and 20% for acute myelocytic leukaemia (Grove et a l . , 19B2). Other
patients who may benefit from treatment with m-AMSA are those whose leukae¬
mia at relapse appears to be resistant to previously used drugs. Finally,
m-AMSA is now being introduced in various centres as remission induction
chemotherapy.
In a rat model for acute myelocytic leukaemia (BNML), we tested the effi¬
cacy of m-AMSA in reducing the load of leukaemic cells and the toxicity of the
various treatment regimens for the normal haemopoietic stem cell in the rat
(CFU-S).
For this purpose, the LD50 was determined in both leukaemic and normal
BN/BiRij rats for a single dose treatment. In these experiments, the cause of
death was a combination of myelotoxicity and gastrointestinal tract toxicity. In
the leukaemic rats, drug induced deaths could be distinguished from leukaemia
relapse deaths after autopsy. For normal rats, the LD50 value was 26.4
mg.kg" 1 i.v. and for leukaemic rats 28.3 m g . k g ' 1 , which is not significantly
different. At higher dosages, acute death caused by cardiac/respiratory failure
was observed.
A dose-response relation for the single dose treatment has been deter¬
mined for the CFU-S and for the leukaemic cell. A dose range of between 5
and 30 mg.kg" 1 was tested. The results are shown in Fig. 1 . The
anti leukaemic effect was evaluated by comparing the increase in survival time
of the treated rats with that of nontreated leukaemic ones. It was assumed that
the kinetics of leukaemia regrowth are comparable with growth kinetics of leu¬
kaemia in nontreated animals (the validity of this assumption is one of the
subjects of investigation in an ongoing study; See p. 77 of this Annual
Report). There appeared to be a linear relationship between the dose and the
surviving fraction of CFU-S after a single dose treatment with m-AMSA at
doses between 15 and 30 m g . k g ' 1 . For the leukaemic cell, the surviving frac¬
tion appeared to be increasingly smaller as the dose was increased. At a dose
of 30 m g . k g ' 1 , there even appeared to be a 3 decade difference in the sur¬
viving fraction between the CFU-S and the leukaemic clonogenic cell. The
underlying cause for this observation is still unclear; however, it is evident
that the leukaemic cells are more sensitive to the drug treatment than are the
haemopoietic stem cells.
For comparing single dose treatment with fractionated treatment, the
LD5-LD10 dose of 20 m g . k g ' 1 was chosen. Fractionated treatment consisted of
giving the total dose divided into four fractions of 5 m g . k g ' 1 each at 24-hour
time intervals. The effect of one, two or three times S m g . k g ' 1 was also
investigated. The results are shown in Fig. 2. For both cell types, there
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Fig. 1 :

Survival of normal CFU-S and clonogenic leukaemic cells after treat¬
ment with different doses of m-AMSA given as single i . v . injections.
The CFU-S response was tested in normal BN/BiRij rats. The leu¬
kaemic cell response was tested in BNML rats at day 13 after 10'
leukaemic cell transfer at day 0.

appears to be a linear relationship between the number of m-AMSA injections
and the surviving fractions of CFU-S and leukaemic cells. Although these data
are preliminary, it may be concluded that there is an increased sensitivity of
the leukaemic cells to m-AMSA as compared with the CFU-S. Furthermore, a
single dose treatment of 20 mg.kg" 1 is more toxic for the CFU-S and less toxic
to the clonogenic leukaemic cells than is the split dose treatment with 4 x 5
m g . k g ' 1 . Fractionating the dose may therefore be of value in selectively
protecting the haemopoietfc stem cell.
Because m-AMSA might be of value in the treatment of drug resistant
tumours, BNML sublines that have developed a resistance to various cytostatic
drugs will be investigated. This approach might give a better insight into the
problem of drug resistance and/or drug cross-resistance.
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Survival of normal CFU-S and clonogenic leukaemic cells after treat¬
ment with either 1 , 2, 3 or 4 multiple i.v. injections of m-AMSA of 5
mg.kg" 1 each with a time interval of 24 hours. The maximal cumula¬
tive dose of 20 mg.kg"' ( 4 x 5 mg.kg" 1 ) is compared with the single
dose treatment of 2b m g . k g ' 1 .

Additional information on late effects of m-AMSA could also be gathered,
although the present experiments were not designed to serve this purpose.
Normal rats that survived the initial treatment with m-AMSA (dose range 5 to
25 mg.kg" 1 ) were kept for observation during the rest of their life span. The
total observation time so far has been up to 103 weeks. At risk were 47 ani¬
mals; 33 of these died at an age between 60 and 103 weeks and 4 could not be
autopsied due to cannibalism. Of the remaining 29 animals, 20 developed
tumours. Many rats presented with multiple tumours at gross examination.
Histological examination will give more insight into the exact distribution and
tumour type. However, a cumulative tumour incidence of 47% at this age is
impressive when compared with a historical control group (tumour incidence of
5-10%) (Burek, 1978). Like all other cytostatic drugs m-AMSA also seems to be
a carcinogen.
Burek, J . D . , Pathology of aging rats, CRC Press, West Palm Beach (1978).
Grove, W.R, et a l . , Clin, Pharmacol. 1 (1982) 320.

87

TOXICOLOGY OF FIVE PLATINUM DERIVATIVES IN DOCS
P. Lelieveld, W.J.F, var der Vijgh* and D. van Velzen**
Cisplatin (CDDP) is a valuable drug for the clinical treatment of several
tumour types, such as canrer of the ovary and the testis. In man. its main
side effects are nausea and vomiting, myelosuppression, nephrotoxicity and
neurotoxicity. Derivatives of CDDP have been developed with the aim elimi¬
nating these toxicities.
Clinical trials have been performed with
cis-1,1-di(aminomethyl)cyclohexane platinum(ll) sulphate (TNO-6), cis-diammine-i.i-cyclobutane-dicarboxylate
platinum(ll)
(CBDCA), cis-dichlorobis(isopropylamine)-trans-dihydroxy platinum(IV) (CHIP) and cis-ethylenediamino platinum(ll) malonate (JM40). In the present study toxicity of the five
platinum compounds was investigated in dogs and compared with the results of
the clinical trials. The aim was to establish the usefulness of the dog for
predicting toxicity in man of new chemotherapeutic drugs.
We used male Beagle dogs with a body weight of 12-16 kg. Each platinum
compound was tested in three dogs. Each animal received three intravenous
bolus injections at intervals of three weeks, except for one dog which, due to
technical problems, received the third dose of CBDCA at six weeks after the
second dose. The compounds were administered at the following doses: CDDP,
1.2 mg.kg"1 (30 mg.m"2); TNO-6. 1.0 mg.kg"1 (25 mg.m"2)- CBDCA, 12
mg.kg' 1 (300 mg.m"2); CHIP (one dog), 10 mg.kg' 1 (240 mg.m' 2 ); because of
unexpected high toxicity the two other dogs were treated with 6 mg.kg' 1 (140
mg.m' 2 ); JM40, 10 mg.kg"1 (240 mg.m"2). In general, these drug doses were
based on extrapolations from their 50% lethal doses in mice and their maximum
tolerated doses as determined in phase I clinical trials (except for JM40).
Conversions of the doses per kg body weight to doses per body surface were
made according to Freireich et al. (1966). The occurrence of vomiting was
recorded. At regular time intervals, blood samples were collected for counting
leukocytes and platelets and to determine serum concentrations of urea (BUN)
and creatinine. Urine was sampled and checked for protein content. The dogs
were sacrificed at six weeks after the last drug dose and a complete necropsy,
including microscopic examination, was performed.
Vomiting, in decreasing order of severity, occurred with TNO-6, CHIP,
CDDP and JM40, while CBDCA did not lead to vomiting. TNO-6 caused a
mucous vomit, while CHIP caused large volumes of watery vomit. The low
frequency of vomiting seen in dogs after JM40 is in contrast to the severe
vomiting in man. However, the drug doses also differ. In man, dose dependent
vomiting occurs which becomes severe above 240 mg.m' 2 . The mild to moderate
vomiting observed in most patients treated with CBDCA was not correctly
predicted by dogs, where we noticed no vomiting at all. For the other drugs
vomiting in dog and man was comparable.
Counts of peripheral blood leukocytes and platelets were used as para¬
meters for haematotoxicity. Mean counts before treatment were: leukocytes, 7.2
x 109 per I (range 4.7 - 9.4); platelets, 120 x 109 per I (range 50 - 200).
Only CHIP (at both doses) led to leukocyte counts below 2 x 109 per I. The
nadir was reached at day 10-11 after drug administration. Dog 237 (treated
with 10 mg.kg' 1 CHIP) died on day 54 from sepsis: in most organs, micro¬
organisms of a coliform type were found. Thrombocytopenia was arbitrarily said

89

to occur when counts fell below «0. This was the case only for CHIP (Fig. 1).
A consistent pattern of decreasing values with a nadir on day 10-15 and
recovery thereafter can be observed. The „platelets of dog 237 had not yet
recovered at the time of the third injection. This may have contributed to its
early death. Neither CDDP (Fig. 1) nor the other derivatives (not presented)
caused thrombocytopenia. The absence of thrombocytopenia after TNO-6 and
CBDCA in dogs is in sharp contrast with their dose-limiting effects on
platelets in man.
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Fig. I : Platelet counts in dogs treated with CHIP or CDDP.
As parameters for renal toxicity, we used the concentrations of urea and
creatinine in serum. The average urea concentration for untreated dogs was
4.5 mmol.r1 (range 2.7-7.5). We considered a value as being abnormally high
when twice the control value. Such abnormally high urea concentrations were
observed three times for CDDP and seven times for TNO-6, while the other
drugs caused only one or no value above the normal range. The average
creatinine concentration for untreated dogs was 82 pmol.T1 (range 65-100).
For CDDP, most values fell in this range; only two measurements were just
above 100 ymol.T 1 . For TNO-6, most values fell in the range of 80-110
timol.r 1 , but repeatedly high values (110-160 umol.T1) were obversed. Dog
300 (treated with TNO-6) died on day 54. Serum values for urea and crea¬
tinine were 15.3 mmol.r1 and 135 jimol.T1, respectively. Renal failure may well
have been the cause of its death. After CBDCA, CHIP and JM40, creatinine
concentrations remained in the normal range. In summary, although in this
experimental set-up the differences are not pronounced, both urea and
creatinine concentrations were highest for TNO-6 and CDDP.
As an additional parameter for renal toxicity, we assessed the protein
content of urine per 24 hours. After the first drug dose, urine was collected
daily for 14 days. Supplementary collections were made on several occasions.
All 3 dogs treated with TNO-6 exhibited severe proteinuria, with a peak at
day 4-5 (Fig. 2); for dog 932 only, a second peak was observed at around
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Protein in urine of dogs treated with TNO-6 or CDDP.

day 10-11. The values returned to normal within three weeks. CDDP produced
a very mild proteinuria at around day 6 ( F i g . 2 ) . For both CBDCA and CHIP,
only one dog showed proteinuria. Other dogs as well as those treated with
JM40 did not show significant protein loss by urine. Histopathology of the
kidneys confirmed these clinical-toxicotogical parameters. More glomerular and
tubular damage to the kidneys was observed for TNO-6 than for CDDP. Kidney
damage by JM40 was variable: in one dog, it was comparable to the effects of
CDDP, while the two other dogs showed less severe damage. For CBDCA and
CHIP, damages to the kidneys were seen, but they were much less severe.
These observations in dogs agree with those in man, except for JIM0. Its
dose-limiting factor in man is nephrotoxicity. However, as pointed out above,
the dosage of JMW in man (800-1000 mg.nT 2 ) is much higher than that used in
the dogs (240 m g . n f 2 ) .

TABLE I
RELEVANCE OF THE DOC AS A MODEL TO PREDICT TOXICITIES IN MAN

drug

Cisplatin
TNO-6
CBDCA
CHIP
JM40

vomiting
dog
man
+

+

•f

+

+
±

+
+

+

occurrence of toxicity
haematotoxicfty

renal toxicity

dog

man

dog

man

+
-

+

+

+

+

-

+

As can be seen in Table I, the dog seemed to be a relevant model for
predicting emetic effects and renal toxicity caused by platinum drugs.
Freireich. E.J. et a l . . Cancer Chemother. Rep. 50 (1966) 219-244.
*
**
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THREE PREDICTIVE DRUG TESTS EVALUATED
IN TWO SOLID MOUSE TUMOURS
J.H. Mulder and B. van de Vecht-de Jong

It has been the objective of a number of investigators to develop a test
that would predict the response of an individual patient's tumour to chemothe¬
rapy. Volm et al. (1974) described a short-term test in which the inhibition of
incorporation of labelled nucleosides after a two-hour cytostatic drug incuba¬
tion is the parameter for drug sensitivity (precursor assay). More recently.
Hamburger and Salmon (1977) were among the first to apply the soft agar
culture technique in drug testing (clonogenic assay). The most recent test is
the mouse subrenal capsule assay developed by Bogden et al. (1979). This
report is concerned with predicting the effect of eight drugs (melphalan,
cisplatin, BCNU, adriamycin, 5-fluorouracil, methotrexate, vinblastine, and
vincristine) in Lewis lung carcinoma and osteosarcoma C22LR. To evaluate each
of the above mentioned predictive tests the test results are compared with
measured tumour growth delay in situ after subcutaneous transplantation.
In the precursor and clonogenic assays, tumour cells are classified as
sensitive to a drug if at a dose below one-tenth of the peak plasma concentra¬
tion reached in vivo an inhibition of more than 50 per cent of the precursor
incorporation and number of colonies is obtained (ID50). In the subrenal
capsule assay, the difference in tumour size between treated and control mice
is the parameter statistically tested. The smaller the p-value, the more sen¬
sitive should the tumour in situ be. The results obtained with these para¬
meters for prediction of effectiveness are compared with the growth delay
measured in tumour bearing mice treated with approximately the LD10 dose of
each drug.
The results of four drugs tested in lewis lung carcinoma are selected for
presentation as an example in Table I. All assays were carried out as des¬
cribed previously (Mulder et a l . , 1980; Mulder and Lelieveld, 1981). For the
precursor and the clonogenic assays, the ID50 values are presented. When this
in vitro concentration was above or below one tenth of the peak plasma con¬
centration reached in vivo, cells were predicted to be resistant (R) or sen¬
sitive (S) to the drug in vivo. A measured growth delay of subcutaneously
localized tumours of more than one tumour volume doubling time (2.5 days)
indicated tumour sensitivity (S) for that particular drug. Each data point is
the mean of at least three separate experiments and the SE was approximately
50 per cent (precursor assay) or less (other assays). Peak plasma concentra¬
tions are from the literature, as is the idea of using one-tenth of this concen¬
tration as a point of reference for testing. In the subrenal capsule assay, a
result was classified as resistant (R) if no statistical difference (ns) was
observed between the sizes of treated and control tumours (Mann-Whitney
test). According to the peak plasma concentrations known for each drug and
the p-values obtained with the subrenal capsule assay, it was possible to
predict on the basis of each test result what the effect of treatment in situ
ought to be. By comparing these predictive results with the measured growth
delay, it was possible to obtain false negative and false positive prediction
rates for each assay, each tumour cell line and individual drugs concurrently.
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Table I
COMPARATIVE INVESTIGATIONS IN LEWIS LUNG CARCINOMA*

assay system

cisplatin

melphalan

5-fluorouracil

BCNU

precursor (yg.mr 1 )
clonogenic (iig.ml"1)
subrenal capsule (p-value)
growth delay (days)
peak plasma concentration

100
2.3
ns
2.8
3.0

45
0.2
ns
2.7
1.5

1.0
(S)
0.7
(S)
0.O05 (S)

7
(R)
4
(R)
0.01 (S)

3.7

5.5

(R)
(R)
(R)
(S)

(R)
(S)
(R)
(S)

60

(S)

(S)

1.0

R.' resistant, S: sensitive

To summarize the data from Table I (and all our data not presented in this
report), the precursor assay seems of very limited value, as only for 5-fluorouracil sensitivity and resistance was correctly predicted. The clonogenic assay
correctly predicted in both tumour lines for only two drugs: melphalan and
5-fluorouracil. The subrenal capsule assay and growth delay measurements
were done in mice of the same strain with comparable drug dosages. Conse¬
quently, the only difference between the two systems was the localization of
the tumour: under the renal capsule and subcutaneously, respectively. Not¬
withstanding the similarities between the two in vivo systems, the subrenal
capsule assay was demonstrated to be correct for testing in only four of eight
drugs. Finally, neither of the three tests evaluated could be applied in
correctly predicting the effect of, among others, cisplatin.
In conclusion, neither of the three predictive test systems investigated
could be validated. By modifying various conditions within each test, one may
increase the sensitivity and specificity of a particular test. Based on prelim¬
inary data, however, we doubt whether this policy of making modifications will
lead to a reliable predictive test in the near future. Nevertheless, an analysis
of the mechanisms of response discrepancies might be helpful in designing
better test systems.

Bogden, A.E. et a l . , Exp. Cell Biol. 47 (1979) 281.
Hamburger, A.W. and Salmon, S.E., Science 197 (1977) 461.
Mulder, J.H. et a l . , p. 93. In: Annual Report REP-TNO (1980).
Mulder, J.H. and Lelieveld, P., p. 147. In: Annual Report REP-TNO (1981).
Volm, M. et a l . , Deut. Med. Wochenschr. 99 (1974) 38.

SOLID TUMOURS, ADRIAMYCIN AND rLOW CYTOMETRY:
AN UNSTABLE SYSTEM
N. Paschoud and L.M. van Putten

A central question concerning limited efficiency of chemotherapeutic
agents in solid tumours is their potential unequal distribution leading to
microscopic pharmacologic sanctuaries.
A widely used drug, adriamycin (ADM), has the advantages of both
intrinsic fluorescence, allowing its detection by several methods, and dissimilar
activity in different transplantable murine solid tumour models.
Plow cytofluorometry (FCM) has the unique advantage over other detec¬
tion methods of a per cell quantification of ADM content. It has proved to be
of value in the study of ADM penetration in tumour cells exposed in vitro to
the agent (Sonneveld and Van den Engh. 1981).
Mice bearing the transplantable ADM resistant C22LR osteosarcoma (Osteo)
or the sensitive mammary carcinoma (Prima) were treated with ADM at 15
mg.kg' 1 body weight. At different time points over a period of 24 hours, the
tumours were harvested. The fresh suspensions to be studied by FCM were
prepared by using a combination of mechanical and enzymatic treatments rou¬
tinely used in our laboratory (Reinhold, 196S). For both tumour types,
increases in fluorescence per cell in suspensions obtained after ADM treatment
as compared with control suspensions were marginal and inconsistent at any
time point. The results were in contrast to previous ones from alcohol fixed
cells after similar treatment and preparation (Edelstein, 1980). In an attempt to
explain these contradictory findings, other detection techniques were applied
to our model tumours: high pressure liquid chromatography (HPLC) and epiillumination fluorescence microscopy.
HPLC analyses were kindly performed by Dr. K. Nooter of our institute,
using a standard assay (Baurain et a l . , 1979). Mice bearing tumours in both
flanks were treated with ADM at 15 mg.kg"1 body weight and tumours were
harvested as above. The tumours from one side were immediately frozen and
processed further in toto. The tumours from the other side were processed to
suspensions as above. The pooled supernatants and the pellets were obtained
from five animals per time point. The comparison of drug content of the ADM
resistant Osteo and the ADM sensitive Prima failed to reveal marked differences
ovtr the period of 24 hours after treatment. The loss in the suspension
procedure was estimated from the difference in ADM content per gram of tissue
in whole tumours and in pellets. Interestingly, the losses were much more
important early after treatment than at 24 hours (Table I ) ,
An optical check was performed with microscopy for both tumour types
over the same period of time after ADM administration. The harvested tumours
were frozen, freeze-sectioned, freeze-dried and scanned. A photomultiplier was
used to measure fluorescence intensities. The fluorescence varied with time,
following a pattern in overall accord with HPLC measurements on whole
tumours. No evident differences in fluorescence levels were observed for ADM
sensitive and insensitive tumours. The localization of fluorescence was
characterized as being on the cellular membranes for Osteo and both on
membranes and the nucleus for Prima.
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Table I
HPLC DETERMINATION OF ADRIAMYCIN CONTENT OF WHOLE TUMOURS
AND OF PELLETS FROM TUMOUR SUSPENSIONS

pellet
1
ug. ml" tissue

whole tumour
ug.g" 1 tissue

recovery (%)

1 hour after treatment
Prima
Osteo

1.44
1.40
0.64

4.21
4.50
2.80

1.06
1.50
0.83

1.50
1.30
0.86

33*
23

24 hours after treatment
Prima
Osteo

91*
97

* Independent determinations on two tumour pools: overall recovery in pellets.

These data strongly suggest that ADM, at least in both our sensitive and
insensitive tumour systems, is far from firmly bound to cells in the first hour
after exposure. The incorporation is more stable at 24 hours. Comparable
lability of ADM was already noted, in at least one other tumour sustem
(Krisham and Ganapathi, 1982). As the samples have to be in the form of a
suspension for FCM, their preparation and preservation is crucial. Making a
cell suspension by the use of enzymes is known to result in an important loss
of cells (Stephens and Peacock, 1978). This may result in redistribution of
drugs or dyes, especially when combined with a further preservation. Direct
studies of ADM distribution in cell suspensions of solid tumours using FCM may
well be hampered by these factors. The stable ADM in cells at 24 hours did
not permit a reliable direct detection due to its low fluorescence intensity per
cell, reflecting its low absolute level.

Baurain, R. et a l . r Cancer Chemother. Pharmacol. 2 (1979) 1 1 .
Edelstein, M . B . , p. 95. I n : Annual Report of REP-TNO (1980).
Krishan, A. and Canapathi, R,, Cell Tissue Kinet. ±5 (1982) 685.
Reinhold, H . S . , Europ. J . Cancer 1_ (1965) 67,
Sonneveld, P. and Van den Engh, C . J . , Leukemia Res. 5 (1981) 251.
Stephens, T . C . and Peacock, J . H . , Brit. J . Cancer 38 (~1978) 591.
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MATHEMATICAL MODELING OF RECROWTH OF A MALIGNANT CELL POPULATION
AFTER CHEMOTHERAPY
F.W. Schultz, A . C M . Martens and A. Hagenbeek

During the past few years, experiments V v e been conducted with
BN/BiRij rats in which a myeloid leukaemia (BK. ) has been transplanted.
From these experiments, the tumour load in several organs could be deduced
at various time-points for both untreated controls and for rats that were given
chemotherapy. The observations were used to construct a model of the malig¬
nant growth.
Below, the time-course of the BNML toad in the bone marrow will be
discussed. The observed data points at various times after i.v. inoculation of
107 BNML cells are the result of clonogenic leukaemic cell (LCFU-S) assays
(Hagenbeek and Martens, 1981). Fig. 1 shows them for both the controls and
the treated group. The latter had been given a dose of 100 mg.kg"1 cyclophosphamide JCY) at day 13. It has been empirically found ( e . g . . Hanson and
Tier. 1982) that the control type of growth can be well described with an
exponential curve contiguously followed by a Gompertx curve. The equations
(see Appendix) do not describe the growth fraction, cell cycle time or cell loss
rate, which in reality determine the growth function, but the contributions of
these factors are combined in one parameter, the population doubling time, Td.
At first, Td remains constant (exponential phase); then, it increases progres¬
sively, so that eventually the population size will remain nearly constant
(plateau phase).
The resulting growth curve contains four independent parameters: the
time of conversion from exponential to Gompertz growth, t 0 ; the population
size at this time, C(t Q ); the population doubling time in the exponential phase,
Td e ; and the retardation constant. A, that determines the rate of change in
Td. A computer program has been designed to optimize the parameter values
(nonlinear least squares algorithm) to make the growth curve fit the observed
data best. The total correlation coefficient, TCC (see Appendix), is taken as a
measure of goodness of fit. Thus, in the present case, for the controls the
best fitting (TCC = 0.994) tumour load time relationship is given by: exponen¬
tial growth from day zero (4.8 x 103 cells) until day 7.9 (1.24 x 10* cells),
with Td e = 0.54 days; subsequently, Compertz growth, with A = 0.41 days",
leading to a plateau of 2.84 x 109 cells from day 29 on. If this curve (a in
Fig. 1) is correct, then it implies that only 0.05% of the inoculate has reached
the bone marrow. At death - the observed median time of death is day 20 the tumour load in bone marrow cells will be 2.78 x 109 cells.
If it is assumed that regrowth after chemotherapy will be identical to the
growth in controls and considering the condition (Hagenbeek and Martens,
1982) that the given drug dose will probably cause a 5.5 log cell kill (Ick),
then the simulated growth curve (b) can be drawn. This curve does not fit
the data points (TCC<10~ 3 ). Furthermore, it gives rise to the expectation of
death to occur at day 33. However, the median time of death has been
observed to be day 42. If one corrects for this time discrepancy by shifting
the simulated curve to the right, still assuming that regrowth is identical to
growth, then one has to allow 10.6 Ick (c). This will not likely be correct, for
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BNML cells in BN/BiRij rat bone marrow after i.v. inoculation of 107
BNML cells at day zero;
observations (LCFU-S data) for (o) controls and (X) treated
rats (100 mg.kg" 1 CY at day 13);
fitted growth curves for (a) controls, total correlation coeffi¬
cient (TCC) = .994 and (e) treated rats, TCC = .969;
simulated curves for treatment: j b ) 5.5 log cell kill (Ick),
regrowth as controls, TCC < 10~3; with correction to match
expected and observed time of death: (c) 10.6 Ick, regrowth as
controls, TCC<10" 3 , or, (d) 5.5 Ick, regrowth delay T = 12.3,
TCC<10" 3 ; If) 5.5 Ick, regrowth delay T = 2.3, TCC = .969.

it implies starting at day 13 with less than one cell. A simulation that main¬
tains a 5.5 Ick and yields expected death at day 42 can be made by intro¬
ducing a time delay T = 12.3 days in the exponential phase (curve d ) . This
means that regrowth is not quite identical to growth; at first, a gradual
speeding-up occurs until the original exponential conditions are met after the
shift T in time (see equation (2) in the Appendix). Of the three simulations,
the last one seems to agree best with the observed data; however, in terms of
TCC. there is a very poor fit. Applying the fit procedure to the data points
rather than working with simulations, thus abandoning the assumption of iden¬
tical regrowth and growth, a much better fit can be obtained (TCC = 0.969).
Exponential growth occurs from day 13 until day 26.1. with Td e = 0.81 days;
Compertz growth is started then, with 6.07 x 107 cells and A = 0.54 days' 1
(curve e ) . This would imply that the drug dose would have caused a 6.3 Ick.
By allowing a time delay T = 2.3 days, it is possible to retain a 5.5 Ick (curve
f ) . This does not alter the goodness of fit; TCC = 0.969 in both cases.
In conclusion, in bone marrow. BNML regrowth after chemotherapy
appears to be slower (doubling time 1.5 x that of controls) and to stop at a
lower level (plateau 2.89 x 10* cells from day 39 on; tumour load at death:
2.89 x 10* cells). However, a few additional data points would be useful,
e . g . , to confirm the continuation of the plateau at the indicated level, and to
check on the accuracy of the experimental 5.5 Ick value which determines the
significance of the time delay introduction. Furthermore, one should look at
what happens in other organs and try to detect regularities in the phenomena
when different initial BNML loads and different drug doses are applied.

Appendix
1.
The growth curves: the number of cells, C(t), as function of time, t.
a) exponential growth:
C(t) = C(t o ).exp
{«^.(t-t,,)}
(1)
where, proportionality constant, Ke = In2/Td e , and
Td e = population doubling time in exponential phase (const.).
b) exponential growth with time delay T:
C(t) = C(t o ).exp ( K e . ( t - t 0 - T ) + K e .T.exp { - ( t - t o ) / T } ]
(2)
NB. - for T = 0, equation (2) reduces to equation (1);
- for T >0 and t large, equation (2) reduces to equation (1), but
shifted a distance T in time.
c) Compertz growth:
C(t) = C(t o ).exp < - Ko. | exp { -A.Jt-t,,) } -1 J /A >
(3)
NB. - if retardation constant A = 0, then Compertz growth reduces to
exponential growth (const, doubling time);
- the larger A, the faster the curve levels to reach a plateau phase;
- if Compertz growth follows contiguously after exponential growth:
2.

Goodness of fit; the total correlation coefficient, TCC, is defined as:
TCC = {1 -Z t ( C 0 b 5 - C ^ ) 2 / ^ (C o b $ ) 2 } * • *
where C o b 5 and C c a ) c are observed and calculated values, respectively,
and may vary between the values 0 (no fit at all) and 1 (perfect fit).
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EVIDENCE FOR DOSE-DEPENDENT PHARMACOKINETICS OF
CYCLOSPORIN A IN THE RAT

K. Nooter, F. Schultz and P. Sonneveld

Cyclosporin A (CyA), a novel type of immunosuppressive agent is used
for the inhibition of graft rejection in organ transplantation and for the
prevention and treatment of Craft-versus-Host disease in bone marrow trans¬
plantation. The clinical use of Cy-A is encouraged due to its T-cell specificity,
so that bone marrow inhibition, a common side effect of most cytostatic drugs,
does not take place. However, a dose-dependent nephrotoxicity can be a
serious problem in CyA treated patients (Klintmalm et a l . , 1981). CyA plasma
and blood concentrations have been monitored to detect a threshold concentra¬
tion with regard to nephrotoxicity (Klintmalm et a l . , 1981). CyA is mostly
administered orally. The evaluation of the relationship between serum levels
and nephrotoxicity is complicated by the fact that during the early phase of
acute Craft-versus-Host disease, intravenous (i.v.) injections may be
required, leading to higher peak plasma levels of CyA. Intravenous administra¬
tion of CyA, therefore, potentially increases the tissue exposure to the drug
and the risk of toxicity. The ultimate goal of our research effort on CyA will
be the elucidation of the mechanism of the CyA induced nephrotoxicity and the
relation of the nephrotoxicity to the drug levels in blood and tissues. There¬
fore, experimental pharmacokinetic studies in rats will be combined with kidney
function tests. We here present preliminary results on the pharmacokinetics of
CyA in rats after i.v. administration.
CyA was determined by radioimmunoassay (RIA) (Donatsch et a l . , 1981).
Unfortunately, the antibody used in the radioimmunoassay also precipitates the
possible metabolic products of CyA. Thus, when mentioning CyA concentra¬
tions, we mean CyA equivalents. A specific chromatographic assay for CyA is
currently in use in our laboratory. This assay, however, is very time con¬
suming. Due to its rapidity the RIA for CyA remains the method of choice
when large numbers of samples have to be determined.
After an i.v. bolus dosage of 20, 40 or 80 mg.kg"1 body weight in threemonth-old female WAG/Rij rats; CyA was rapidly distributed over the tissues
while the drug elimination phase lasted for at least three days (Fig. 1). The
20 mg.kg' 1 dosage of CyA in the rat resulted in CyA blood levels which are in
the same order of magnitude as those obtained with clinical dosages in man.
The data obtained after a 20, 40 or 80 mg.kg' 1 dose, were fitted to a twoand three-compartment open model with drug elimination from the central
compartment only (Wagner, 1975).
The coefficients and exponents in the integrated equations were estimated
by fitting the biexponential function A.e" a # t + B.e" B#t or the triexponential
function A.e" a > t + B.e"^#t • C.e" T ' t to the observed blood concentrations.
The concentration-time curves were generated by iterative numerical analysis.
From data shown in Fig. 1, it could be deduced that the distribution and eli¬
mination of CyA at the lowest dose (20 mg.kg"1) can be described by a twocompartment model equation (correlation coefficient, 0.9314). However, the data
obtained after either a 40 or an 80 mg.kg"1 dose fitted best to a three-com101
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Fig. I:

Blood concentration-time curves for CyA after i.v. bolus injections
of 20, 40 or 80 mg.kg"1 body weight. At each time point, blood
samples of 4 animals were pooled and then tested for CyA. Lines
were generated by iterative numerical analysis with a bi- or a
triexponential function.

partment model (correlation coefficient, 0.9585 and 0.9231, respectively). An
explanation for the shift from two- to three-compartmental kinetics could be
the involvement of a tissue that is less accessible than other well-perfused
tissues such as the heart, lungs, kidneys, liver, etc. When the easily acces¬
sible tissues become saturated on increasing the dose, other tissues with
slower rate constants of drug uptake can play a prominent role. Preliminary
experiments in which the bile was collected during a 24-hour period showed
that about 20% of the total administered CyA dose was excreted via the hepatic
rou.«. Thus, it is possible that the change from a two- to three-compartment
distribution is also due to an enterohepatic circulation of CyA, which becomes
manifest at higher drug doses.
Table I summarizes some pharmacokinetic parameters calculated from the
blood data. The area under the blood concentration-time curve (AUC)
increased more than proportionally with increase in dose. As a consequence of
this, the blood clearance (Clb) decreased with increase in dose. The transfer
rate constants from central to peripheral compartments (K12 and K13) and vice
versa (K21 and K31) and the elimination rate constant changed remarkably with
an increase in dose from 40 to 80 mg.kg 1 .
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Table I
PHARMACOKINETIC PARAMETERS OF CyA IN THE RAT AFTER A RAPID
I.V. BOLUS INJECTION OF 20. 40 OR 80 MG.KG"1 BODY WEIGHT
20 mg.kg"1
(min)

tia
0
7

•AUC
*CI b
K

12
21
K
13
K
31
Kel
K

(h
(h

)
)

(ug.mr'.h)
(ml.h" 1 )
(h- 1 )
(IT)
(h")
(IT)
(h" 1 )

40 mg.kg-1

80 mg.kg -1

5.23

10.01

6.15
16.5
-

101.9
29.6
5.73
0.57
-

0.50

'AUC: area under the blood elimination curve (
2
Clb: blood clearance d o s e
AUC

4.7

6.0

30.8

67.8

322.6
18.6
5.96
0.68
0.70
0.54
0.72

f

2511.8
4.9

2.69
1.21
0.17
0.02
0.18

C,(t)dt).

Although in the study described here each set of concentration-time data
could be described reasonably well by linear kinetics, we still think that our
experiments provide evidence for nonlinear dose-dependent pharmacokinetics of
Cy-A in the rat. Firstly, the increase in AUC with increase in dose is far
more than expectcc! from a linear relationship. The normalized AUCs should be
1 , 2 and 4; the actually found values, however, were 1 , 3 and 25. Secondly,
the magnitude of most rate constants changes with increase in dose from 40 to
80 mg.kg' 1 . According to Wagner (1975), both these facts make nonlinear
kinetics highly probable. Deviations from linearity may occur, among others,
because of nonlinear tissue binding of the drug and/or nonlinear drug excre¬
tion. As mentioned above, our RIA measures CyA equivalents. So, it is
theoretically possible that CyA metabolites play a role in the above-discussed
phenomena. Additional studies will be carried out to elucidate the nature of the
nonlinearility of CyA pharmacokinetics.

Donatsch, P. et a l . , J. Immunoassay 2 (1981) 19.
Klintmalm, C.B. et a l . . The Lancet Ü1981) 470.
Wagner, J.C., Fundamentals of clinical pharmacokinetics. Drug Intelligence
Publications, The Hamilton Press, Inc., Hamilton, III. (1975).
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THE EFFECTS OF X IRRADIATION ON THE PHARMACOKINETICS
OF METHOTREXATE IN THE RAT BRAIN
A.J. Storm, K. Nooter. J. Zoetelief and A.J. van der Kogel.

The blood/brain barrier can be considered as a membrane which selective¬
ly permits the passage of substances from plasma to the brain. External
factors that can change the function of the blood/brain barrier are. among
others, meningitis (Rapoport, 1976), osmotic changes (Rapoport et a l . , 1972),
microwaves (Merritt et a l . , 1971; Oscar and Hawkins. 1977) and X irradiation
(Pitcock, 1962; Hopewell, 1979). X irradiation of the head is being increasingly
used for the treatment of central nervous system (CNS) metastases in oncologic
patients. Mostly, such patients are also treated with cytostatic drugs. There is
a report about the possibility of cytostatic drugs to penetrate the blood/brain
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Fig. 1:

Concentration of methotrexate in the plasma, heart and kidneys
(mean i SD of three rats) at one hour after i.v. administration of
methotrexate (25 mg.kg"1) at different time intervals after irra¬
diation (20 Cy) of the head.
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barrier after irradiation (Griffin et a l . , 1977), in which an increased amount of
methotrexate 2* hours after irradiation of the head was found.
A cytostatic drug which is commonly used, e . g . , for the treatment of
childhood leukaemia in combination with CNS X irradiation, is methotrexate
(MTX). Due to its limited lipid solubility. MTX can only very slowly penetrate
through the blood/brain barrier. The purpose of the investigation presented
here was to determine the effects of X irradiation of the head on the blood/
brain barrier permeability for MTX after intravenous administration of the
drug. MTX concentrations were determined by high performance liquid chromatography (HPLC) and by a MTX ( 1 2 5 I) radioimmunoassay (RIA). Female
WAG/Rij rats were irradiated with a single dose of 20 Gy of 300 kV X rays to
the head. At different time intervals after irradiation, the rats were injected
into the tail vein with MTX {25 mg.kg"1 body weight). One hour after drug
administration, the rats were bled under aether anaesthesia and the brain,
heart and kidneys were removed and the methotrexate concentration deter¬
mined.
The MTX concentrations as determined by HPLC in the plasma, heart and
kidneys on the different days after irradiation are presented in Fig. 1. A
striking difference is seen in MTX concentration between heart and kidney
tissue. In the kidneys, levels of up to 14 mg.kg"1 of tissue were found, while
the levels in the heart did not exceed 1.0 mg.kg"1 of tissue. As far as the
plasma and heart data are concerned, it seems that there are no effects of
irradiation on the MTX concentration. However, in the kidneys, a slight in7
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Concentration of methotrexate in brain tissue (mean i SD of three
rats) at different time intervals after 20 Gy whole head irradiation.

crease in MTX concentration is observed after irradiation. Among the tissues
examined, only in the kidneys was the metabolite 7-hydroxy-MTX found in
small amounts. The results of the MTX determination in brain tissue of irra¬
diated rats are presented in Fig. 2. Because of the low concentration, the
determination was carried out by RIA. Compared with the unirradiated rats (6
animals with an average methotrexate concentration of 0.021 mg.kg' 1 tissue),
the amount of MTX in the brain of irradiated rats was higher during the first
9 days following irradiation. However, the concentration of MTX in the brain
of irradiated rats is about 100 times less than in their kidneys. Our data
suggest that, after irradiation of the head, the blood/brain barrier permea¬
bility for MTX is changed, but that this effect is only marginal and that this
change is reversible.
Griffin, T.W. et a l . . Cancer W (1977) 1109.
Hopewell, J.W., Neuropathol. Appl. Microbiol. 5 (1979) 329.
Merritt, J.H. et a l . , Radiat. Environ. Biophys.~15 (1978) 367.
Oscar. K.J. and Hawkins. T . D . , Brain Res. 126 (1977) 281.
Pitcock, M., Lab. Invest. 1± (1962) 32.
Rapoport. S.I. et a l . . Am. J. Physiol. 223 (1972) 323.
Rapoport, S . I . , Blood brain barrier in physiology and medicine. Raven Press,
New York (1976).
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VARIABLE PHARMACOKINETICS OF METHOTREXATE
IN ACUTE LYMPHOBLASTIC LEUKAEMIA
P. Sonneveld, K. Hahlen* and K. Nooter

Methotrexate (MTX) is an important drug in the remission induction
treatment and consolidation therapy of acute lymphoblastic leukaemia (ALL)
according to many protocols, including the regimen of the Dutch Working Party
on Leukemia in Children (SNWLK). Resorption of oral MTX and subsequent
drug disposition and urinary elimination play important roles in establishing
MTX efficacy. However, therapeutic drug monitoring is not yet frequently used
in defining dose schedules. We determined plasma levels, bone marrow
concentrations and urinary elimination of oral MTX in 11 children during
several stages of maintenance treatment using high pressure liquid chromatography (HPLC) and radioimmunoassay drug monitoring. With HPLC. MTX and
some of its metabolites (7-OH-MTX, DAMPA and MTX-polyglutamates) can be
detected, while the radioimmunoassay is capable of detecting low concentrations
of MTX as found in bone marrow. The results are shown in Table I. The
patients can be classified as "fast absorbers" and "slow absorbers", as can be
observed from the difference in the interval between drug administration and
time of maximum plasma concentration of MTX. An absolute difference in peak

Table I
PHARMACOKINETICS OF MTX IN ALL PATIENTS

absorption

no. of patients
peak MTX plasma concentration
time (min)

"fast"

"slow"

10

16

60-90

peak MTX concentration in plasma
of MTX and metabolites (x 10~6 M)
(mean ± S.D.)
1.38 ±0.51
plasma 6 hours Area Under the Curve
(AUC) (mean l S.D.)
(10"6 M x min)
258 ± 92.5
renal elimination of MTX and
metabolites (percentage
of dose excreted in 21 hours)

35.0 + 12.1

90-180

1.54±0.58

313 ± 118

52.4 t 13.4
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MTX concentration in plasma was present in favour of the "slow absorbers",
although this difference was not significant. Several patients, however, did
not reach the therapeutic plasma level of 10~6 M of MTX. The area under the
curve (AUC) which represents the total plasma MTX disposition was higher in
the slow absorption group. The proportion of metabolites (mainly 7-OH-MTX)
in plasma was high in both groups. At 4 to 6 hours after the administration of
MTX, up to 50 per cent of plasma MTX equivalents consisted of 7-OH-MTX.
These data indicate that the absorption of MTX, as expressed by plasma AUC
is variable between patients. Absorption may be fast or slow, as expressed by
the time of peak MTX level. It appears that the plasma AUC is larger in the
slow absorption group. This may be the result of a) more complete absorption
from the gut, or b) decreased elimination in this group. The latter possibility
is not supported by the data of urinary elimination. As can be seen in Table
I, urinary elimination on the contrary is more complete in the slow absorption
group, at least during the initial 24 hours after drug administration. Thus, it
could be concluded that not a decrease of urinary elimination but a more com¬
plete absorption from the gut is responsible for the higher AUC in the slow
absorption group.
Preliminary findings in this study indicate that measurable MTX concen¬
trations in the target organ, i.e., remission bone marrow cells, are found in
most patients at 24 hours. However, these concentrations of MTX were very
low, when compared with plasma concentrations, as determined in 6 of these
patients (50.75 x 10~9 M). In 1 out of 6 patients, minute amounts of the
polyglutamate of MTX (MTX-PC1) were present. No differences in the bone
marrow concentration were present between the slow and the fast absorption
group. Further studies are in progress to determine the significance of the
attained intracellular bone marrow concentration with respect to the efficacy of
the treatment and the relapse rate. The pharmacokinetic parameters will be
studied in this group of patients during several stages of treatment.
•Academic Hospital Rotterdam, Dept. of Paediatric Oncology, Rotterdam, The
Netherlands.

110

EXPERIMENTAL HYPERTHERMIC TREATMENT OF A HUMAN COLON CARCINOMA;
THERMAL SENSITIVITY OF THE TUMOUR MICROCIRCULATION
H.S. Reinhold and A.E. van den Berg-Btok

Hyperthermia is a rapidly developing treatment modality that is believed
to be complementary to radiation therapy. The reason for this may be, among
other things, that the radiation resistant, hypoxic fraction of the tumour cell
population has a tow pH. This tow pH makes the cells even somewhat more
resistant to radiation damage, but cells at a low pH arc highly sensitive to
hyperthermia. In addition, the tumour microcirculation appears to be more
vulnerable to hyperthermia than the microcirculation of the surrounding normal
tissue. This feature appears to be a highly effective, additional destructive
component in the mechanism of hyperthermic tumour cell treatment.
One of the proposed future applications of hyperthermia is the treatment
of human gastrointestinal tumours. The question then, of course, arises
whether human gastrointestinal tumours will be sufficiently sensitive to
hyperthermia. We therefore adapted our "sandwich" tumour system in such a
way that the effect of hyperthermia on a human colon adenocarcinoma can be
investigated. The colon carcinoma designated as XColF is being routinely main¬
tained in this laboratory in nude mice. From the time of transplantation of a
small piece of the tumour in the "sandwich" chamber, the animals receive a
daily injection of cyclosporin A (10 mg.kg"1 i.m.) to suppress immune reac¬
tions. After about 8 days, the tumours reach a size of about 5 mm1 and the
experimental hyperthermic treatment can be administered. This consists of the
application of a temperature of W.5°C for ISO minutes in the manner described
previously (Reinhold et a l . , 197»; Reinhold and Van den Berg-Blok, 19t1,
19S3).

120
time ol 42.5 °C (minute»)

Fig. 1:

Microcirculation stoppage in a human colon carcinoma in sandwich
observation chambers (n = 10).
Ill

The persistence of the tumour microcirculation and velocity of the erythrocytes in a selected blood vessel ar« the "endpoints" investigated. They are
scored by microscopic observation and photography during the treatment. Once
the circulation has ceased, the tumour inevitably becomes necrotic.
The results of such an experiment are presented in Figs. 1 and 2. The
ST50, i.e., the time required to induce microcirculatory stoppage in 50% of the
XColF tumours at 42.5°C. was 118 minutes (95% confidence limits: 107-137
min). This tumour is more sensitive than is the Rhabdomyosarcoma BAH 12,
which has an ST50 of 152 min (95% confidence limits: 1 "8-157 min).
Fig. 2 demonstrates the effect of heat exposure on the average erythrocyte velocity. After a temporary increase, the erythrocyte velocity decreases
and approaches zero values after 3 hours. This is in accord with the observa¬
tions demonstrated in Fig. 1.
The present results clearly indicate that it will be worthwhile to
investigate further the possibilities of hyperthermic treatment of human
gastrointestinal tumours with hyperthermia. This should encompass clinical
developments as well as a wider range of experimental determinations.

indicates mean
and SEM
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Fig. 2:
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Decrease in erythrocyte velocity in capillaries duri g hyperthermic
exposure of a colon carcinoma in sandwich observation chambers.
Average velocity at time 0 was 428 nm.sec"1.

Reinhold, H.S. et a l . , p. 231. In: Cancer Therapy by Hyperthermia and
Radiation (ed.: C. Streffer), Urban and Schwarzenberg, Baltimore-Munich
(1978).
Reinhold, H.S. and Van den Berg-Blok, A., Eur. J. Cancer Clin. Oncol. V7
(1981) 781.
Reinhold, H.S. and Van den Berg-Blok, A . , Eur. J. Cancer Clin. Oncol. Y9
(1983) 221.
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HETEROGENEOUS EFFECTS OF NEONATAL THYMECTOMY AND
PREPUBERTAL ORCHIECTOMY ON VARIOUS AUTOANTIBODY
SPECIFICITIES IN OUTBRED MALE PRAOMYS (MASTOMYS) NATALENSIS
H.A. Solleveld, J. Coolen, J.J. Haaijman and C. Zurcher

A previous report (Solleveld et a l . , 1982) dealt with the effects of
neonatal thymectomy (nTx) and prepubertal orchiectomy (Orx) on antithyroid
colloid antibody formation in outbred male Praomys (Mastomys) natalensis
(further indicated as mastomys). It appeared that both nTx and Orx decreased
the incidence of antithyroid colloid antibodies, although the decrease was
statistically significant only in nTx males when compared with untreated
controls. To investigate whether the observed decrease was a general effect on
autoantibody formation in mastomys, we extended our investigations to two
other autoantibody specificities: autoantibodies to cytoplasmic and nuclear
antigens using the indirect immunofluorescence technique and rat thyroid
glands as substrate. Autoantibody determinations were performed at specified
intervals. The results, including those of antithyroid colloid antibodies, are
shown in Table I.
Autoantibodies directed against thyroid colloid were first detected at 9
months of age, when Orx animals had the highest incidence (15%). Untreated
control and nTx males had incidences of 4% and 5%, respectively. At 27 months
of age, nTx males had the lowest (15%) and untreated controls the highest
incidence (75%). Orx males were in between with an incidence of 56%. A
different pattern was observed for autoantibodies to cytoplasmic antigens.
Twenty-five percent of nTx males had this type of autoantibody as early as 4
months of age, while the respective incidences in untreated control and Orx
males were 12% and 5%. A steep increase in incidence was seen in all three
groups from 4 months thereafter. Orx and nTx males had an incidence of 100%
at 27 months of age, while 82% of the untreated controls were positive at this
age. A similar pattern was observed for autoantibodies to nuclear antigens. An
incidence of 100% was observed in nTx males at the age of 15 months, whereas
this incidence was reached by untreated controls and Orx males at 21 months
of age.
These data indicate that nTx and Orx had no consistent effect on the
auioantibody specificities investigated in mastomys. The decrease in incidence
of antithyroid colloid antibodies in nTx males as compared with untreated
controls contrasts with that in the Obese strain of chickens and BUF rats,
which both are alternative models for autoimmune thyroiditis. NTx promotes
thyroiditfs in these two animal species (summarized by Smith and Steinberg,
1983). In the case of mastomys anticolloid antibodies, a decreased incidence
after nTx may indicate that the autoantibody production against this antigen is
dependent on T-helper cells. Autoantibodies against nuclear thyroid antigens,
on the other hand, increase after nTx and require the hypothesis that as a
result of the treatment the function of the T-cell compartment in suppressing
unwanted B-cell activation has been compromised. Theoretically, both
possibilities are open: in mice, the self-tolerance to some autoantigens after
nTx appears to be diminished due to the lack of suppressor cells, whereas 'or
other antigens B cells become anergic through the lack of helper signals. In
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Table I
INCIDENCE (%) OF AUTOANTIBODIES TO VARIOUS ANTIGENS IN
UNTREATED CONTROL. NEONATALLY THYMECTOMIZED AND PREPUBERTALLY ORCHIECTOMIZED OUTBRED MALE MASTOMYS
USING RAT THYROID GLAND AS A SUBSTRATE

Number at risk

Groups
Controls
Orx

4
50
20
20

Age in months
IS
9
50
19
20
19

8

21
45
18
19

27
28
13

75
15*
56

Autoantibodies to:
Thyroid colloid

0
0
0

4
5
15

30
16
32

53
22*
42

Orx

12
25
5

64
75
35*

78
89
79

76
94
100*

100

Control
nTx
Orx

26
70*
0*

60
90*
35

74
100*
74

100
100
100

100
100
100

Control

nTx
Orx
Cytoplasmic antigens

Control

nTx
Nuclear antigens

Values significantly different
untreated controls

(p < 0.05,

two-tailed Fisher exact)

82

too

from

both of these hypotheses, the nature and method of presentation of the autoantigens is very important. Indirectly, this is also apparent in mastomys:
preliminary results indicate that the incidence of autoantibodies directed
against nuclear antigens of liver cells is much less affected by nTx and Orx
than is observed for thyroid nuclear antigens. Clearly, the two types of nuclei
do not contain the same autoantigens or they are expressed differently. The
influence of sex hormones on the immune system is a very complex one. The
fact that the autoantibody frequency is very similar in male and female
mastomys makes it the more surprising that Orx appears to have a delaying
effect on at least antibodies to both cytoplasmic and nuclear antigens of the
thyroid. The mastovnys data amply illustrate that autoimmunity is a phenomenon
that is far from understood.
Smith, H.R. and Steinberg, A . D . , Ann Rev. Immunol. 1 (1983) 175.
Solleveid, H.A. et a l . , p.121. In: Annual Report REP-TNO (1982).
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INFLUENCE OF TREATMENT WITH APD-BISPHOSPHONATE
ON THE TUMOUR EXTENT AND THE BONE INVOLVEMENT
IN THE MOUSE 5T2 MULTIPLE MYELOMA
J.W. Croese. C. Zurcher. M.H.M. v . d . Enden-Vieveen. R.J. Brondijk,
J.J. Haaijman, O.L.M. Bijvoet* and J. Radl
The effect of treatment of the mouse ST2 multiple myeloma (MM) with
APD-bisphosphonate (APD) was investigated in a preclinical experimental
study. Radiographic and microradiographic examinations demonstrated that
treatment of the 5T2 MM with APD protected the mice against a loss of bone to
a significant extent (Radl et a l . , 1912). It seemed also that the treatment with
APD led to the formation of new bone in already affected bone tissue. Determi¬
nation of the serum 5T2 MM paraprotein content and preliminary histopathoJogic
examination of bone marrow and extraskeletal tissue of the untreated and
treated myeloma mice suggested that APD treatment had no significant influence
on the growth and distribution pattern of the ST2 MM. However, there was an
indication that APD exerts some cytotoxic effect on the MM cells.
In order to substantiate these preliminary findings and to allow a compa¬
rison with the more semiquantitative and quantitative data from X ray and
microradiography, respectively, the tumour extent in bone marrow, spleen,
lymph nodes and other tissues and the degree of cortical and trabecular bone
loss were scored in a semiquantitative way. These estimations were performed
in all mice of the different experimental groups and the results were compared
with those of X-ray and microradiographic examinations.
The experimental set-up of this study has already been described (Radl
et a l . , 1982) and is only schematically reviewed here. Five groups of male
C57BL/KaLv»Rij mice were included (Fig. 1).

group

(n)

1
2
3

(16)
(16)
(16)

4
5

(16)
( 5)

5T2 MM
transplantation

normal control
untreated MM
short treatment MM
APD
control • APD
long treatment MM
APD
16

Fig. 1:

MM "take"
end of
experiment
seropositive
for MM protein

31

age (weeks)

Schematic representation of the experiments on treatment with APDbisphosphonate of mice transplanted with the 5T2 myeloma.

•Clinical Investigation Unit of the Department of Clinical Endocrinology and Me¬
tabolism, University Hospital Leiden.
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Table I
SURVEY OF HISTOLOCICAL, X-RAY, MICRORADIOCRAPHIC AND SEROLOCICAL FINDINGS
IN THE DIFFERENT EXPERIMENTAL CROUPS
Exp. group

1
X

2
n

(range)

X

3
n

X

4
n

(range)

(range)

15
22.8
(16.9-40. 3)
16
2.0
(2-2)
16
7.0
(5-9)

21.9
16
(11.3-34 .3)
16
1.9
(1-2)
6.4
16
(3-9)

X

n

(range)

X

(range)

n

Tumour extent
Serum M-protein
(mg.ml" 1 )
Intramedullary
Histology
(score:all bones)
Extramedullary
(score)
Bone destruction

Serology

0

16

0

16

Cort. destruction
femur L
(score)
No.trabeculae
femur L
(per a.u.a.)

0

15

X ray

Bone destruction
femur L (score)

0

Microrad.

Trabecular surface( 644.4 14
femur R
(299-1185)

Histology

16.6
14
(13-25]1
16

0

16

0

16

21.8
5
(10.8-37.7)
5
2.0
(2-2)
7.2
5
(5-9)

1.6
(0-2)

16

1.6
(0-2)

16

0

16

1.2
(1-2)

5

6.3
(1-20)

16

12.7
(2-27)

15

18.8
(9-25)

16

26.6
(21-34)

5

2.9
(2-3)

16

2.6
(0-3)

16

0

16

1.2
(1-2)

5

144.4
(23-280)

14

283.1
(24-655)

14

480.6 14
(118-1241)

605.0
(227-1156)

3

(In a.u./a.u.a.)
Abbreviations: cort.: cortical; a . u . : arbitrary unit; a.u.a.: arbitrary unit of area

A complete gross and microscopic examination was performed on all animals
used in this study. The histopathological picture of the bone lesions showed in
agreement with radiographic examinations, that the bone lesions in MM mice
were due to the focal destruction of cortical bone and a more diffuse loss of
trabecular bone.
Examination of the 5T2 MM mice demonstrated that, of the extraskeletal
tissues, the spleen, lymph nodes and the meninges were most frequently in¬
vaded by myeloma cells.
The extent of the intra- and extramedullary growing myeloma cells
appeared not to <*fffcr significantly among the three myeloma groups. This
observation was in accord with the myeloma protein quantisation. Focal bone
marrow necrosis was observed in a minority of cases among the myelomatous
mice of all three groups.
The effect of APD treatment was reflected in a smaller degree of cortical
destruction in the treated mice (statistically significant only for group 5) and
an increase in *he number of bone trabeculae (significant for both groups 3
and 5) as compared with the untreated MM mice.
APD given to normal mice (group *) seemed to induce a slight but signif¬
icant increase in the number of bone trabeculae as compared with untreated
age-related control mice (Table I ) .
The bone lesions in multiple myeloma are considered to be due to osteoclasts activated by an osteoclast activating factor produced by the myeloma
cells. To determine whether APD treatment has an influence on the number of
osteoclasts, these were counted per arbitrary unit of bone marrow space in the
rib ends of the mice of the different groups. The number of osteoclasts in the
APD treated MM mice was not decreased when compared with the untreated MM
mice; however, when the number of osteoclasts per arbitrary unit of bone
marrow space was divided by the number of trabeculae in the same surface
area, this was decreased in APD treated MM as compared with the untreated
MM mice.
From the results obtained by X-ray examination, microradiography and
histopathology, it can be concluded that APD treatment led to a decrease in
bone destruction in 5T2 mice, especially when the drug was given from the
day of transplantation of the myeloma cells.
A comparison of the results obtained by the three methods for each indi¬
vidual mouse revealed that the X-ray data and the histopathological scores
from the same bones ( e . g . , femur) correlated very well: of the scores of 66
mice which were available for comparison, 63 were congruent ( i . e . , 95%). In 3
cases, a discrepancy between the two approaches was found. However, the
data from histology of the distal metaphysis of the left femur and those from
microradiography of the distal metaphysis of the right femur showed a congruency only in 44 of 57 estimations ( i . e . , 77%). This discrepancy might be partly
due to the fact that, on histological investigation, only the number and not the
width of trabeculae per unit area was determined, while microradiography
determined the total area of trabecular bone at the cut surface.
For a rapid and relatively easy way of screening for the effect of treat¬
ment on bone destruction, an X-ray scoring of the whole skeleton is clearly
superior to the other two methods. The typical effect of APD treatment on the
pattern of trabecular bone with a focally increased number of trabeculae, how¬
ever, was most clearly demonstrated by microradiography and histology.
Radl, J. et a l . , p. 113. In: Annual Report REP-TNO (1982).
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HOMOGENEOUS IMMUNOGLOBULINS OF THE IgA ISOTYPE IN THE SERUM ANC
THE BILE IN THE AGING C57BL/KaLwRij MOUSE
J. Radl. R.J. Brondijk and Th.W. van den Akker*

The frequency of B-cell proliferative disorders with the appearance of ho¬
mogeneous immunoglobuHns (H-lg) in the serum increases with age in both man
and the C57BL/KaLwRij mouse. The features of these monoclonal gammapathies
are very similar in the two species, except for a relatively low frequency of
H-lg of the IgA isotype (H-lg-A) in the C57BL mouse. This discrepancy could
be the result of technical problems related to the detection of the mouse
H-lgA. The introduction of a new technique of immunofixation solved the
technical problems and partly diminished that discrepancy (Van den Akker et
a l . , 1984). However, another difference existing between the human and the
mouse IgA systems may play a role in the problems of the detectability of
H-lgA in the serum. While the secretory IgA system in both species produces
mainly dimeric IgA, the systemic (predominantly bone marrow) contribution to
the IgA production is mainly in the form of monomeric IgA in man and of
dimeric IgA in the mouse. It can be speculated that the difference between
mice and man with respect to the H-lgA frequencies in the serum is due to a
higher rate of specific clearance of dimer IgA by the hepatobiliary tract in
mice. In that case, however, these mouse H-lgA components should be detect¬
able in the bile, in the absence of the monomers.
To study this possibility, serum samples and gall bladder bile from 44 ve¬
ry old (26-28 month of age) C57BL/KaLwRij mice were investigated for H-lgA
by immunofixation with anti sera to all Ig and to IgA (Fig. 1.). In 19 of the 44
mice (43%), a H-lgA component was detected in the serum. In 17 of the 19 ca¬
ses (89%), a H-lgA component of the same or similar electrophoretic mobility
was found also in the bile. Only in two mice (11%), was H-lgA detected in the
serum but not in the bile. In no case was there a H-lgA component found in
the bile only. The concentration of the heterogeneous normal IgA and of the
homogeneous IgA components did not differ substantially between the two ma¬
terials as evaluated semiquantitatively. Only in a few cases was the H-lgA in
the bile somewhat higher in concentration than in the serum. Immunofixation
using specific anti IgA serum was clearly superior to that using antiserum to
all Ig in detecting H-lgA components of low concentration. The representation
in serum of H-lgA among H-lg of all isotypes was 19%.
These results demonstrate that H-lg of the IgA isotype may reach a high
frequency in C57BL mice of a very old age (near to the 10% survival value).
Almost 90% of these components were subject to hepatobiliary clearance and
therefore most likely in a dimeric form. The two H-lgA found in the serum and
not in the bile were presumably monomers; this will be further analysed. Our
negative finding of a situation with H-lgA in the bile and not in the serum in¬
dicates that, under present technical conditions, the possibility of missing
some mouse H-lgAs because of their potential very rapid clearance from the
serum is very unlikely.

Dept. Cell Biology and Genetics, Erasmus University, Rotterdam
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Examples of different patterns of the IgA immunofixation (IFIX/lgA)
in the sera (s) and gall-bladder bile (b) from four different old
C57BL/KaLwRij mice (1 to 4). Dilutions of the antigens are given on
the right site of the individual samples. As compared to normal
heterogeneous IgA in both serum and bile (1), note homogeneous IgA
components (arrow) in both these materials in mice no. 2 and 3 and
only in the serum in the mouse no. 4.

Van den Akker, Tn.W. et a l . , p. 671. In: Prot. Biol. Fluids, 31^ (ed.: H.
Peeters), Pergamon Press, Oxford (1984).
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SELECTIVE DETERMINATION OF POLYMERIC IgA AND ITS SUBCLASSES IN
HUMAN EXTERNAL SECRETIONS BY MEANS OF MONOCLONAL ANTIBODIES

P. van den Berg, J . Radl. J . J . Zijlstra and J . J . Haaijman

The secretory IgA system as the first line of defence plays a very impor¬
tant role in protecting the body against countless numbers of pathogens at its
external and internal surfaces. Therefore, it is essential to be able to quantitate its components in the different external secretions to obtain information
on the capacity and the status of this system. However, this presents great
problems because of the composite nature of IgA in the secretions (a mixture
of monomer ic and polymeric IgA consisting of two subclasses in an unknown
proportion) and the lack of an appropriate standard. For this reason, most of
the results of quantification of IgA in external secretions are difficult to
interpret.
The major and most important component of the secretory IgA system is a
dimer molecule combined with a secretory component ( S - l g A ) . This structure is
highly resistent to the action of proteolytic enzymes, which an abundant in
various secretions, and advantageous therefore for tong lasting activity of the
S-lgA. A selective determination of the S-lgA would reflect most truly the IgA
status in individual secretions. Such a possibility appeared to us when testing
some of the monoclonal antibodies from mouse hybridomas prepared against
human IgA common and subclass specific determinants. In Ouchterlony plates.

7S

10S

10S
O-K

#

~ *

,K

. o-ie
*

+X

10S
Fig. 1 :

Double radial immunodiffusion (Ouchterlony plate) of various prep¬
arations containing either monomer (7S) or dimer (10S) IgAj of k or
g light chain type with mouse monoclonal antibodies specific for the
lgA 2 isotype ( A 2 ) .
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they precipitated only the dimeric IgA or S-lgA of the corresponding specifi¬
city but not the monomer (Fig. 1 ) . Taking advantage of this property, these
monoclonal antibodies were used for quantifications of the S-lgA in human milk
by single radial immunodiffusion (Voormolen-Kalova et a l . . 1974). A pure
isolated S-lgA provided by Or. J . Mestecky (University of Alabama in
Birmingham, Ala., U.S.A.) was used as a reference standard for a total S-lgA
determination. In all samples from a human milk pool (secondary standard)
tested so far, precipitin rings with sharp margins and a linear growth of their
precipitin area with increasing IgA concentration were seen (Fig. 2 ) .
Because of our previous experience with some conventional antisera ha¬
ving similar properties (Radl et a l . , 1978) where monomer IgA in excess interferred with and inhibited the precipitation of the polymeric IgA, we have tes¬
ted tills potential influence also in this arrangement. Our preliminary results
demonstrated that the addition of more than 15% of monomer IgA to the polymer
IgA blurred the precipitin rings but did not increase their size (within the an¬
tigen range used). Because the amount of monomeric to polymeric IgA in most
of the secretions probably less than 15% of polymeric IgA, we hope that this
technique can be applied in our further studies on the secretory system in
aging man.
150
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Fig. 2:

Calibration lines of a secondary standard (prepared from normal
human milk) in single radial immunodiffusion with mouse monoclonal
antibodies to IgA common determinants (lgA c ), IgAj and lgA2 isotypic determinants.

Radl, J. et a l . , p. 911. In: Protides in Biological Fluids Vol. 25 (ed. H.
Peeters), Pergamon Press, Oxford/New Vork (1978).
Voormolen-Kalova, M. et a l . , J. Med. Prim. 3 (1974) 335.
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THE IMMUNOCLOBULIN CLASS DISTRIBUTION OF PLASMA CELLS
IN HUMAN CUT AND BRONCHUS ASSOCIATED LYMPHOID TISSUE

J. Coolen, C.J.M. Kröse. C. Deen. J . J . Zijlstra, J . Radl and J . J . Haaijman

The digestive and respiratory tracts represent the most important sites of
entry of environmental antigens. The gut and bronchus associated lymphoid
tissue (CALT and BALT, respectively) provide one of the first lines of de¬
fense. It is generally assumed that IgA is the major immunoglobulin class of
CALT and BALT. Indeed, many secretions (saliva, tears, milk, bile and stool)
contain appreciable amounts of IgA. However, this is a immunoglobulin class
characteristic for a secondary reaction, formed only after a primary reaction
involving IgM. In this study, we have determined the immunoglobulin (Ig)
class distribution of the plasma cells in the mucosa of the trachea, duodenum,
ileum and colon. A double enzymatic procedure was used to visualize two
classes or subclasses in a single slide. The first Ig was stained indirectly with
a mouse monoclonal antibody and then by a peroxidase labelled rabbit-antimouse Ig (RAM/PO). The peroxidase reaction was developed with diaminobenzidine in the presence of cobalt chloride. This procedure (Hsu and Soban,
1982) yields a blue-black precipitate and the peroxidase appears to become
inactivated. The second Ig is also revealed with a monoclonal antibody and the
RAM/PO reagent. The second peroxidase reaction is developed with aminoethylcarbazole, resulting in cells stained brightly red. The numbers of black and
red cells were counted per visual field using a projection microscope. Enough
fields were examined to collect data of at least 100 cells. Human autopsy
material of the trachea and gut was obtained from the Department of Pathol¬
ogy, University of Leiden, through the courtesy of Prof. Dr. F. Eulderink.
Care was taken to exclude material from patients who died with an overt
immunopathological condition. No other exclusion criteria were applied for this
investigation.
Table I is a summary of the results. First, it is confirmed that IgA is the
major Ig class of CALT and BALT. The presence of IgD containing cells ( C IgD cells) in the trachea is noteworthy. C-lgD cells are known to occur in
tonsillar tissue and in the bone marrow. Most likely, the latter are responsible
for the serum IgD. The presence of C-lgD cells in both the tonsil and the
trachea possibly indicates a secretory role of IgD. In the duodenum, almost
20% of all C-lg cells belong to the IgM class. The percentage of C-IgM cells is
decreased in the ileum and these cells are almost absent from the colon. The
high percentage of C-IgM cells in the duodenum and ileum is reminescent of a
primary response pattern. It is not unlikely that the antigens which enter the
duodenum trigger a local primary response. It must be supposed then that
migration of stimulated memory cells occurs only upon secondary stimulation.
Descendents of these stimulated cells could home to distant parts of the lamina
propria. Such a model would be in accord with the spleen/bone marrow axis
proposed and proven by Benner et al. (1981). C-lgC cells were very rare in
the trachea as well as in the gut tissue; they are therefore omitted from the
Table I results. Within the C-lgA cell population, a distinction can be made
between the subclasses IgAI and lgA2. As was reported previously (Haaijman
et al, ,1982), the balance between IgAI and lgA2 changes gradually along the
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TABLE I

Ig CLASS DISTRIBUTION OF PLASMA CELLS IN HUMAN BALT AND CALT

% + SEM1
Organ

N

IgM

IgD

IgAI

lgA2

Trachea

9

4 + 1
(0.5-8)2

6 ± 1
(2-13)

61 + 4
(45-83)

29+3
(10-41)

Duodenum

6

17 ± 3
(4-24)

> 1

41 + 6
(16-59)

41 + 9
(23-80)

lleum

6

13 + 1
(8-18)

31+6
(14-55)

56+7
(27-74)

Colon

9

5 + 2
(0-15)

25 + 5
(9-58)

71 + 5
(39-89)

1
2

>1

SEM standard error of the mean
range

The following monoclonal antibodies were used: anti-IgM: 152-7.4; anti-lgD:
158-9R; anti-lgAI: 69-11.4 and anti-lgA2: 16-512-H5. The class distribution
was calculated from data on the antibody combinations: anti-lgAI + anti-IgM;
anti-lgAI + anti-lgD and anti IgAI + anti-lgA2, according to Hijmans et a l . ,
1969.

digestive tract: the duodenum is characterized by almost equal proportions of
IgAI and lgA2, whereas in the colon about 70% of all C-lgA cells belong to the
lgA2 subclass. The ileum is in an intermediate position. In tracheal tissue,
about 70% of the C-lgA cells are I g A I . Nothing is yet known about the mecha¬
nism! s) which regulates the IgA subclass expression. Nor is it known whether
some antigens elict antibodies selectively in one or the other subclasses. The
only possible clue at present is the difference between IgAI and lgA2 with
respect to proteolytic digestion: IgAI is much more rapidly cleaved by
Staphylococcal proteases than is lgA2. Perhaps, the changes in subclass
distribution reflect an adaptation of the immune system to the enzymatic
composition of the gut contents.
The double-immunoperoxidase method allows the quantitation of two C-fg
cell populations, provided that the two immunoglobulins are mutually exclusive.
If two Igs occur in the same cell, the resulting mixed colour cannot be unambigously distinguished from the single stained cells. In this respect, the immunoperoxidase method is still inferior to the double immunofluorescence tech¬
nique. The use of the same RAM/PO with two different monoclonal antibodies
together with two different developing substrates may introdace unwanted
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cross-reactions in particular combinations of antibodies. Direct labelling of
monoclonal antibodies with different enzymes ( e . g . . peroxidase and alkaline
phosphatase, see this Annual Report, p 135 may prove to be a valuable
alternative.

Benner, R. et a l . , Clin. Exp. Immunol. 46 (1981) 1 .
Haaijman. J . J . et a l . , p. 125. In: Annual Report REP-TNO (1982).
Hsu, S.M. and Soban, E.. J. Histochem. Cytochem. 30 (1982) 1079.
Hijmans, W. et a l . , Clin. Exp. Immunol. 4 (1969) 457.

129

EPITOPE ANALYSIS OF HUMAN IgA WITH MONOCLONAL ANTIBODIES

J.J. Haaijman. C. Deen, C.J.M. Kröse. J . J . Zijlstra. J . Coolen and J. Radl

Monoclonal antibodies (MCAs) are increasingly used as diagnostic tools
because they are directed against single epitopes and can be prepared in suf¬
ficiently large quantities. However, certain MCAs may not be applicable as
general purpose reagents because they recognize their relevant epitope only
under very specific assay conditions. We observed a large number of examples
of such assay specificity in our search for murine monoclonal antibodies
directed against isotypic determinants on human immunoglobulin molecules.
Rather than continuing to look for the ideal MCA performing equally well in all
different immunoiogical assays, it was decided to combine two or more MCAs in
order to arrive at a standard reagent.
The procedure will be illustrated with a series of MCAs directed against
human IgA. MCAs were prepared in the usual way (Kohier and Milstein, 1975).
Positive supernatants were first screened for IgA specificity by an ELISA
method. Table I lists the present series together with their gross isotype
specificity. The MCAs were then tested by an indirect immunofluorescence
technique on acid-ethanol fixed human bone marrow cells. With exception of
anti-lgA(i) and anti-lgA2(2), all MCAs yielded brightly fluorescent cells. The
anti-lgA(i) antibody gave rather dull fluorescence and no fluorescent cells at
all with anti-lgA2(2) were observed. In the next test, the MCAs were applied
to slides of formalin/acetic acid/mercury chloride fixed human lymphoid tissue.
Bound antibody was revealed with a peroxidase labelled antimouse reagent (see
p. 135 of this Annual Report). Good staining was obtained in this assay with

TABLE I
MCAs DIRECTED AGAINST HUMAN IgA

ELISA
Code

Clone

lgA1

lgA2

anti-lgAI(i)
anti-lgA1(2)
anti-lgA2(1)
anti-lgA2(2)

69-11.1
69-7.1
512-H5
194-3.1

+
+
-

+
+

anti-lgA(1)
anti-lgA(2)
anti-lgA(3)
anti-lgA(4)
anti-lgA(5)

69-10.2
69-6.3.2
184-6.1
194-2.1
194-7.1

+
+
+
+
+

+
+
+
+
+
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anti-lgAI(i) and anti-lgA1(2), the anti-lgAs(2). (3) and («). and with
anti-lgA2(1). Anti-lgA(i) and anti-lgA2(2) gave negative results, whereas
anti-lgA(S) stained only very few cells. Anti-lgA(2) deserves special
attention because it failed to stain the cells containing lgA2 and behaved
in this peroxidase assay as an anti-lgAI. Evidently, the epitope recognized
by this antibody on lgA2 is selectively destroyed during formalin fixation.
Another indication for a different relationship between the epitopes on
IgAI and lgA2 with respect to the anti-lgA(2) MCA came from an indirect
ELISA designed for the estimation of IgA in serum. In this assay, IgA
from biological samples is bound by a polyclonal anti-IgA adsorbed to a
plastic plate. The amount of bound IgA is then quantitated with a
monoclonal antibody followed by a peroxidase-labelled rabbit-anti-mouse Ig.
In this assay, the response with lgA2 is much less than with IgAI on a
mol per mole basis.
The kind of results reported above prompted a series of experiments to
evaluate the spatial relationship between the epitopes recognized by the dif¬
ferent MCAs. A competitive ELISA technique in which un label led antibodies had
to compete for epitopes on IgAI with a biotin labelled indicator antibody was
used. Binding of the biotin labelled antibody was determined with peroxidase
labelled avidin. The absence of competition in this assay indicates that the epi¬
topes are separated at least by about lOnm (Oi and Herzenberg, 1979). Using
several MCAs (of Table I) as the indicator antibodies, it became clear that the
epitopes form a stretched cluster (Fig. 1). For example, the anti-lgA(3) MCA
competes with anti-lgA(2) and with anti-lgA1(2), but not with anti-lgA(S). On
the other hand, anti-lgA(i) competes with (5) and with (3) but not with (2).
The chart in Fig. 1 represents an epitope distribution of IgAI. This distri¬
bution does not necessarily reflect a sequence of epitopes along the amino acid
backbone of the IgAI heavy chain. It is likely that many epitopes are related
to the quaternary structure of the immunoglobulins. This is illustrated by the
anti-lgAl(i). This antibody reacts with an epitope on the third domain (CH 3 )
of IgAI (Dr. D. Delacroix, University of Brussels, personal communication)
and does not react with any lgA2 tested. However, the CH3 amino acid
sequence is the same in IgAI and at least in one allotype of lgA2. This lgA2
allotype was present in our panel of IgAs which were used to test the subclass
specificity of anti-lgAi (1). It follows that antigenic epitopes are not solely
determined by the primary amino acid sequence and that, vice versa, this
sequence cannot be used in a direct manner for the assignment of epitopes to
different domains of immunoglobulins.

69-6.3.2 Ü 8 4 - 6 . 1 69-11.4

69-7.1

69-10.2

194-7.1

194-2.1

•+•

Fig. 1:
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Epitope relationships on human IgAI defined with the MCAs
given in Table I.
The boxes contain MCAs which compete with each other. Dashed
boundery sig- nifies weak competition. MCAs 69-6.3.2, 69-10.2
and 184-6.1 were used as indicator antibodies, respectively.

The chart of Fig. 1 may be used to construct useful combinations of
MCAs for immunological assays. Logically, it is not advisable to combine
competing MCAs or MCAs that do not stain cells, e . g . , in tissue slides.
Although the MCA anti-lgA(3) by itself gives good staining of cells, this
could be further improved by the combination with anti-lgA(«). There is
no guarantee, however, that this combination will prove to be optimal for
all kinds of different immunoassays. As with conventional polyclonal
antisera. the researcher has to check in a final test whether the
monoclonal reagent meets all the requirements of a particular study.
Kohier, G. and Milstein, C . Nature 256 (1975) «95.
Oi. V . T . and Herzenberg. L.A.. Mol. Immunol. 16 (1979) 1005.
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A CONVENIENT APPROACH TO PREPARATION OF DIRECT
ANT I BODY/ENZYME CONJUGATES

W.J.A. Boersma, J - J . Haaijman, J . Coolen, C . J . M . Kröse
and J . J . Zijlstra

Direct enzyme/antibody conjugates to be used in different immunochemical.
histochemical and cytochemical techniques offer the advantage of a specific
reaction pattern, especially when monoclonal antibodies are used, and allow a
more rapid procedure.
We have developed a convenient approach to application of direct
enzyme/antibody conjugates which makes possible the flexible use of different
enzyme and Ig combinations. The method we used makes it possible to prepare
in advance enzyme and Ig preparations ready for conjugation. The conjugate
and the substitutes are stable and can be stored for relatively long periods.
No negative influence of the substitution method on the specificity and the
activity of the conjugated antibody was observed.
Different techniques have been described for the preparation of
antibody/enzyme conjugates. The use of bifunctional
reagents, e . g . ,
glutaraldehyde, leads to a Sigh proportion of homopolymeric coupling products.
Heterobifunctional reagents offer the possibility to avoid cross linking and side
reactions. The reagent N-succinidyl-3-(2-pyridyldithio)
propionate (SPDP)
(Pharmacia) reacting to amino groups allows the introduction of a sulfhydryl
group into one and a pyridyldithio group into a second molecule to produce
conjugates which have a disulfide bridge. The coupling product, however, has
the disadvantage of limited stability under reducing conditions. Other heterobifunctional reagents which react under relatively mild conditions such as
m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) (Pierce Chemical Co.)
require a free sulfhydryl group in one and an amino group in the other
molecule to be conjugated. There are, however, no sulfhydryl groups in immum
globulins and in addition very few enzymes useful in immunodetection systems
contain these SH groups.
Therefore, we have produced direct enzyme/antibody conjugates by
using two heterobifunctionat reagents. SPDP was used to introduce sulfhydryl
groups into the enzymes horseradish peroxidase (KRPO) and alkaline phosphatase according to the method originally described by Carlsson et al. (1978).
MBS was used to acylate the immunoglobulins under conditions similar to those
described by Shechter et a l . (1978) and Deelder and De Water (1981). These
conditions were chosen because they result in a strong MBS substitution of the
immunoglobulin and tend to form mainly single Ig/enzyme complexes when the
enzyme contains a small number of sulfhydryl groups (Deelder and De Water,
1981).
The acylated immunoglobulins were conjugated to the thiolated enzymes in
a 24-hour incubation at 4°C at neutral pH. Addition of a thiol group to the
maleimide moiety proceeds relatively rapidly under these conditions (Kitagawa
et a l . , 1981).
The method described above allows one to prepare in advance large
batches of thiolated enzymes and acylated immunoglobulins which can then be
coupled in the desired combinations at will. Thiolated HRPO preparations
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remained stable at -20°C for at least 4 months. A HRPO-mouse-anti-human IgA
conjugate remained stable during 3 months at 4°C.
In this report, we will describe some results of coupling HRPO to mouseant i-human IgA (H69-6.3.2, H184-6.1; see this Annual Report, p . . . ) and to
mouse-anti-human IgM (H179-1.1) monoclonal antibodies. All three anti-lg anti¬
bodies are of the mouse IgCI class. The enzyme/IgCI conjugates were testec
in ELISA for their specificity. According to ELISA readings, the best signal tc
background ratios were obtained when the thiol substitution of HRPO wai
about 1 mol per mole and when during conjugation enzyme and Ig were present
in equimolar quantities. Background values decreased substantially when free
HRPO was separated from Ig and enzyme/Ig complexes by precipitation with
45% ammonium sulphate. Protein electrophoresis and immunoelectrophoresis
showed that an efficient coupling was obtained (Fig. l a , 1c). With these
methods, free (uncoupled) immunoglobulin was undetectable. However, enzym¬
atic staining of protein electrophoresis of low concentrations of the prepara¬
tions reveals that there is still some free HRPO in our preparations which can
be removed by gel filtration methods (Fig. 1b).

Fig. l a .

protein electrophoresis in agar of:
lane 1
H179-1.1 mouse-anti-human IgM)
lane 2
idem, conjugated to HRPO (1.6 SH.mol" 1 ) Sigma HRPO
lane 3
idem, conjugated to HRPO (2.3 SH.mol" 1 ) Sigma HRPO
lane 4
idem, conjugated to HRPO (0.8 S H . m o r ' j Boehringer HRPO
lane 5
free HRPO (0.8 SH.mol" 1 ) Boehringer

b.

enzyme staining of an electrophoresis plate:
lane 1
H179-1.1 mouse-anti-human IgM
lane 2
free HRPO (1.6 SH.mol" 1 )
lane 3
free HRPO (2.3 SH.mol" 1 )
lane 4
free HRPO (0.8 SH.mol" 1 )
lane 5
H179-1.1-HRPO (1.6 SH.mol" 1 )
lane 6
H179-1.1-HRPO (2.3 SH.mol" 1 )
lane 7
H179-1.1-HRPO (0.8 SH.mol" 1 )

c.

immunoelectrophoresis of H179-1.1-HRPO conjugates
goat-anti-mouse Ig (CAM):
trough 1 CAM lane 1 H179-1.1
lane 2 H179-1.1-HRPO(1.6 SH.mol" 1 )
trough 3 CAM lane 5 H179-1.1-HRPO(2.3 SH.mol" 1 )
lane 6 H179-1.1-HRPO(0.8 SH.mol" 1 )

detected

with
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Application to histological paraffin coupes showed that our preparations
were also active in this procedure. Incubation of serial slides was done for 30
min at room temperature and at 1/100 dilutions. The preparations used in this
experiment were not subjected to separation of free HRPO by ammonium sul¬
phate precipitation. The background staining in this technique correlated with
the pattern observed in ELISA and therefore leads to similar conclusions. An
example of a preparation of human gut (duodenum) stained with a direct con¬
jugate of HRPO to mouse-anti- human-IgA is shown in Fig. 2. In this report,
we have shown that the method described is reliable and seems generally appli¬
cable.

Fig. 2:

Human duodenum section stained with direct HRPO conjugated antihuman-Ig A (H69-6.3.2). IgrHRPO (1.6 SH.mol" 1 ; conjugated 1/1).
Dilution tested in incubation, 1/100.

Carlsson, J . et a l . , Biochem. J . |73 (1978) 723.
Oeelder, A . M . and De Water, C . J . Histochem. Cytochem. 29(11) (1981) 1273.
Kitagawa, T . et a l . , Chem. Pharm. Bull. 29(t) (1981) 1130.
Shcchter, Y. et a l . , Proc. Natl. Acad. Sci. USA 75(5) (1978) 2135.
Streefkerk, J . C . , J . Histochem. Cytochem. 20 (1972) 829.
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DETECTION OF FILAMENTOUS PROTEINS IN CULTURED KUPFFER CELLS
BY IMMUNOFLUORESCENCE

Adr. Brouwer, R. Ohnishi , C . C . F , de Ruiter,
R.J. 8arelds and D.L. Knook.

The Kupffer cells of the liver constitute one of the main populations of
macrophages in the mammalian body. They possess a well developed capacity to
take up particulate and soluble material from the circulation by both phagocy¬
tosis and bristle coated micropinocytosis. The behaviour of these cells has
been extensively described, also in vitro. In maintenance culture, the cells
retain most of the differentiated functions they possess in vivo. In this study,
the presence and intracellular distribution pattern of act in, tubulin and v i mentin was determined in maintenance cultures of Kupffer cells by indirect
immunofluorescence. These components of the cellular cytoskeleton have impor¬
tant functions in the maintenance of cell shape, in cell motility and in the
process of endocytosis and intracellular transport.
Kupffer cells were isolated from 3-month-oid female BN/BiRij rats by perfusion and incubation of the liver with media containing both pronase and collagenase and purified by centrifugal elutriation. The cells were seeded on
glass coverslips and kept in maintenance culture for three days before fixation
and visualization of the components of cytoplasmic filaments.
The cultured Kupffer cells are tightly adherent to the glass coverslips
and appear well spread when observed by phase contrast microscopy. On elec¬
tron microscopic examination, most of the organelles were located in the
endoplasmic region of the cells, while bristle coated micropinocytic vesicles,
rough endoplasmic reticulum and few iysosomes and mitochondria were also
found at the cell periphery. The lamelli podia had a very low density of or¬
ganelles.
When fixed Kupffer cells are stained by indirect immunofluorescence with
a mouse monoclonal antibody to tubulin isolated from rat brain, the staining
pattern reveals the microtubules in radial arrangement (Fig. 1A). Microtubules
traverse the whole cytoplasm from centriole to the cell periphery. This distri¬
bution pattern is very similar to that in other cultured cells.
The actin filaments in Kupffer cells, as detected by a mouse monoclonal
antibody to actin isolated from Acanthamoebe castellani, show a network of
fibers which is very pronounced in the central region of the cell surrounding
the nucleus and lysosomes (Fig. I B ) . The lamelloplasmic regions of the cells
display fewer, thin filaments. When Kupffer cells are preincubated with 2.0 pm
latex particles, endocytosed latex particles appear to be closely surrounded by
actin filaments (not shown). The distribution pattern of actin filaments in
Kupffer cells (Fig, IB) is different from that in other cells in culture, such as
fibroblasts and other cells ( e . g . , fat-storing cells). These cells contain actin
in filament bundles, whereas Kupffer cells display a fine network of filaments.
Immunofluorescent staining using a rabbit antiserum against ret vimentin shows
a positive reaction in Kupffer cells (Fig. 1C),The staining pattern is rather
diffuse. Fluorescence is concentrated in the central region of the cells, with a
coarse network in the lamelloplastic region.
'Department of Anatomy, Osaka City University Medical School, Japan
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Fig. 1:

Indirect immunofluorescence micrographs of cultured Kupffer cells.

a. Tubulin; b. Actin; c. Vimentin,
K: Kupffer cells; F: Fat-storing cell; L: Lamelloplastic region.
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This study shows that cultured Kupffer cells contain tubulin, actin and
vimentin. Each of these components is also present in the other liver cell
types, v i z . . parenchymal. endothelial and fat-storing cells, but the patterns of
localization inside the cells may vary between cell types. This variation is
particularly evident for actin. Its distribution in Kupffer cells reflects the
capacity of these cells to rapidly change their shape and to perform phago¬
cytosis of large particles.
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THE EFFECT OF AGE ON VITAMIN A STORAGE IN RAT LIVER AND RAT LIVER
FAT-STORING CELLS

H . F . J . Hendriks, Adr. Brouwer and D.L. Knook

The fat-storing cells (perisinusoidal cells, Ito cells or lipocytes) contain
ipid droplets in the cytoplasm as their main structural characteristic. In ad¬
dition, these cells show characteristics of fibroblasts. The functions attributed
to fat-storing cells include a role in the storage of lipophilic compounds such
as vitamin A, E and K and a function in the synthesis of connective tissue
components of the liver lobule under normal and pathological conditions.
In the literature, several liver cell types are controversely proposed to
be the site of vitamin A storage. Parenchymal, Kupffer and fat-storing cells
have been reported to constitute the main liver vitamin A reservoir. Procedu¬
res have been developed in our laboratory for the preparation of purified
parenchymal, Kupffer, endothelial and fat-storing cells from the rat liver. This
enables an analysis of the cell types involved in the storage of vitamin A. For
this purpose, the vitamin A content of the total liver and the distribution of
vitamin A over the various purified liver cell types were investigated. Age-de¬
pendent changes in the retinyl palmitate content of total liver and fat-storing
cells both before and after excess retinyl acetate administration were also stu¬
died. To enable the identification and analysis of all major vitamin A meta¬
bolites reported in the literature, a new HPLC method was developed.
Parenchymal, Kupffer, endothelial and fat-storing cells were isolated from
the livers of female BN/BiRij rats aged 6 or 36 months, as described previous¬
ly (Knook and Sleyster, 1976; Van Bezooijen et a l . . 1977; De Leeuw et a l . ,
1984). Whole livers were ground in a mortar with 2.5 times this weight of
anhydrous sodium sulphate and suspensions of isolated liver cells were lyophilized. Extraction was done in chloroform (14 ml per g liver weight or 1
ml per 10 6 cells) for at least 24 hours at -20°C. Vitamin A metabolites in
extracts were determined by reversed phase HPLC using a Radial pack 8C18
analytical column (Waters) developed at 2 ml per min for 24 min with
methanol: ethyl acetate (90:10 v / v ) containing 10 mM ammonium acetate.
Absorbance of vitamin A metabolites was monitored at 365 nm (HPLC method I ) .
As shown in Fig. 1 , two major retinoid peaks were detected in extracts
from total liver and from the main liver cell types. Only 10% of the total retinoid content of the liver appeared to be retinol, whereas 90% was retinyl
palmitate. Several small peaks which are as yet unidentified could be observed.
Fat-storing cells from 3-month-old rats appeared to contain 220 pg retinyl
palmitate per mg cell protein. This is about 1400 times as much as found in
parenchymal cells (see Table I ) . Also Kupffer and endothelial cells contained
only minor amounts of retinyl palmitate. When extrapolated to the total liver, it
could be calculated that fat-storing cells contained about 94% of total liver
retinyl palmitate.
About the same distribution pattern was found for liver retinol. Since
90-95% of vitamin A in the rat is present in its fiver, fat-storing cells appear
to be the major site of vitamin A storage in the rat under normal nutritional
conditions, contrary to the report by Goodman (1982) that parenchymal cells
contain most of the vitamin A stored in the liver.
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Comparison of two HPLC methods for the detection of retinoids.
Chromatogram of rat liver extract separated using HPLC method I.
Peak identification: 1. chloroform; 2. retinol; 3. retinyl palmitate.
Chromatogram of retinoic acid, retinol, retinal, retinyl acetate and
retinyl palmitate dissolved in methanol and separated with HPLC
method I I .
Peak identification: 1. retinoic acid; 2. retinol; 3. retinal (first
peak); 4. retinyl acetate; 5. retinal (second peak); 6. retinyl
palmitate.

As retinyl palmitate is the main retinoid present in the rat liver, the re¬
tinyl palmitate content of livers derived from young (6-month-old) and old (36
months) rats was determined. Preliminary results indicate a 17-fold increase in
the retinyl palmitate content of total liver and a 3.4-fold increase in that of
fat-storing cells between these ages.
To determine the influence of age on the capacity of the liver to store
newly administered vitamin A, 6-month-old and 36-month-old rats were given
excess retinyl acetate orally. After administration of 5,000 1.1), retinyl acetate
in 0.2 ml sunflower oil 3 times weekly for two weeks prior to sacrifice, the
retinyl palmitate content increased in the liver and fat-storing cells of both
age groups (Table I ) . In young rats, it was increased 13-fold in the liver and
3-fold in fat-storing cells; in old rats, the increase was 1.4-fold in the liver
and 1.1-fold in fat-storing cells.
As shown in Fig. 1A, HPLC method I appeared to be adequate for quanti¬
fying the main rat liver retinoids. To detect several other vitamin A metabo¬
lites present in other organs, a new, and more sensitive HPLC method was
developed (HPLC method I I ) . Retinoids were separated by use of a Novapach
8C18 analytical column (particle size 5 urn) and developed at 2 ml.min"1 for (
minutes with methanol:water (95:5 v/v) and for another 22 minutes with metha¬
nol: ethyl acetate (90:10 v/v) containing 10 mM ammonium acetate. Absorbana
of vitamin A metabolites was monitored at 365 nm.
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Table I
DISTRIBUTION OF RETINOIDS OVER DIFFERENT TYPES OF RAT LIVER CELLS

age
lug per
(months) 106 cells)

total liver
homogenate

(ug per
mg cell
protein)

(ug per
10* cells)

(ug per
mg cell
protein)

0.39
1.04

-

1.14
19.60

0.23

0.15

6
36

-

parenchymal cells

3

<0.02

<0.01

endothelial cells

3

0.01

0.24

0

0

Kupffer cells

3

0.10

0.B5

0.75

6.36

3
6
12
36

1.53

21.25

215.30

2.34

32.50

15.50
45.00
49.60
155.00

fat-storing cells

685.00

Tissue or cell preparations were dehydrated with anhydrous sodium sulfate or
lyophylized and extracted overnight with chloroform. The amounts of retinol
and retinyl palmitate were determined by high pressure liquid chromatography
(HPLC) using UV detection.

As shown in Fig. I B , five different retinoids could be separated, inclu¬
ding retinoids with a terminal polar group such as retinoic acid as well as re¬
latively nonpolar retinyl esters including retinyl palmitate. Advantages of the
new method are: 1) the opportunity to separate polar retinoids as well as long
chain fatty acid retinyl esters in the same run; and 2) a relatively short run
time as compared with the method described by Bhat and Lacroix (1983). This
new method will be used to determine the retinoid contents of rat organs.

Bhat, P.V. and Lacroix, A , , J , Chrom. 272 (1983) 269.
De Leeuw, A.M. et a l . , Hepatology (1984) in press.
Goodman, D.S., p. 347. In: The Liver: Biology and Pathobiology (eds.: I.
Arias, H. Popper, D. Schachter and D.A. Schatriz), Raven Press, New
York (1982).
Knook, D.L. and Sleyster, E . C h . , Exp. Cell Res. 99 (1976) 444.
Van Bezooijen, C.F.A. et a l . , Mech. Aging Dev. 6 (1977) 293.
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THE ROLE OF LIVER FAT-STORING CELLS IN FIBROCENESIS

A . M . de Leeuw. S.P. McCarthy,
A . Geerts* and D.L. Knook

Fat-storing cells present in the mammalian liver are located beneath the
endothelial lining of the liver sinusoids in the space of Disse. i . e . , the space
between the endothelial lining and the hepatocytes. In the space of Disse.
fat-storing cells are often present in recesses between adjacent hepatocytes
(Wake. 1980). This localization suggests & relationship with connective tissue
cells which surround endothelial cells lining blood vessels. Fat-storing cells
contain characteristic lipid droplets in which about 80% of total liver vitamin A
is stored (De Leeuw et a l . 1983). These cells also show morphological charac¬
teristics of fibroblasts. v i z . , an abundance of swollen strands of rough
endoplasmic reticulum filled with flocculent material and a well-developed Colgi
system, as revealed by electron microscopy. The cells are often closely
associated with extracellular collagen fibers. In addition, phenotypic alterations
of fat-storing cells towards a myofibroblastic or fibroblastic appearance were
observed after liver injury by C C I , , ethanol/vitamin A or heterologous serum
(McGee and Patrick. 1972; Kent et a l . , 1976; Ballardini et a l . , 1983; Leo and
Lieber, 1983). Based on the morphological features and on structural altera¬
tions of fat-storing cells observed after liver injury, these cells are now
considered to be implicated in fibrogenesis in the liver under both normal and
pathological conditions.
Fibrogenesis is part of the complex process of formation of the extra¬
cellular matrix. Various kinds of fibers consisting of different types of
collagen molecules and noncollagenous glycoproteins such as laminin are
embedded in a homogenous substance made up of glycosaminoglycans and
proteoglycans. Over the past few years, data have been obtained which
suggest that the extracellular matrix could provide specific signals for
modulation of the phenotypic expression of cells and that it may play an
important role in development and cell differentiation.
The composition and topographical localization of the extracellular matrix
in the liver has been investigated by biochemical and immunofluorescence
techniques, respectively (Rojkind and Ponce-Noyola, 1982). Apart from a
characteristic localization pattern around the larger vessels, various types of
collagen (types I , I I I , I V , V and V I ) and some noncollagenous glycoproteins
(fibronectin and laminin) were shown to be present in the space of Disse.
Because all of the main cell types of the liver, i . e . , the parenchymal,
sinusoidal endothelial, Kupffer and fat-storing cells, partly contribute to the
lining of the space of Disse, each of them could possibly be involved in the
synthesis of at least some of the extracellular matrix components. However, the
cellular origin of the various components of the extracellular matrix under both
normal and pathological conditions remains to be elucidated.

Laboratory for Cell Biology and Histology,
Free University of Brussels, Belgium.

The development of a method for obtaining liver cell suspensions highly
enriched in fat-storing cells (purity 70%; Knook et a l . , 1982) enabled the
establishment of proliferating fat-storing cell cultures, which has already been
outlined in detail (De Leeuw et a l . , 1982). In this culture system, the
involvement of fat-storing cells in fibrogenesis was investigated by applying
immunofluorescence with conventional antibodies to various fibrous components
of the extracellular matrix. Two and four-day-old primary cultures and semiconfluent first and fourth passage cultures of fat-storing cells were tested.
Cells grown on glass coverslius were washed three times in 0.1 M sodium
cacodylate buffer (pH 7.4) containing 0.02% CaCI2.2H2O and 3% sucrose. They
were then fixed with 0.5% formaldehyde in the same buffer for 1 hour at room
temperature, after which they were kept in buffer. Indirect immunofluores¬
cence was performed as described earlier (Geerts et a l . . 1982). Details of the
primary anti sera are given in the same reference.
The results are summarized in Table I. Collagen type I, a typical product
of fibroblasts. was shown to be present intracellularly in small vesicles in all
cells at each culture stage tested (Fig. 1). Procollagen type I I I . which is
supposed to form the substrate for "reticulum stains", could not be detected at
any stage. Collagen type IV and laminin, both components of basement mem¬
branes, were detected in cells late in primary culture and in the first passage
(Table I ) . Collagen types V and VI were not detected. Fibronectin was shown
to be aligned only extracellularly along the cell membranes, which indicates a
serum source of this glycoprotein.

Table I
DETECTION OF EXTRACELLULAR MATRIX COMPONENTS IN
SEMICONFLUENT CULTURES OF RAT LIVER FAT-STORINC
CELLS BY IMMUNOFLUORESCENCE
primary culture
2 days
collagen type I
procol lagen type III
collagen type IV
collagen type V
collagen type VI
laminin
fibronectin

4 days

1st passage 4th passage
8 days

+/n.t.
+/n.t.
n.t.
+

•+ strongly positive; + positive; +/- weakly positive;
- negative; n.t. not tested.

148

14 days

Fig. 1:

Indirect immunofluorescence of collagen type 1 applied to a
four-day-old primary culture of fat-storing cells: label is present in
small granules which are primarily located around the nucleus
(400x).

The occurrence of various extracellular matrix components in fat-storing
cells in culture suggests the involvement of these cells in the synthesis of
these components in the liver in vivo, although this synthetic capacity has also
been reported for some other cell types derived from normal or fibrotic liver in
culture. The presence of collagen type I, which was most prominent among all
connective tissue components tested, stresses the fibroblastic nature of fatstoring cells. The absence of type III procollagen was surprising, because, up
to now, fat-storing cells were thought to be involved in the synthesis of the
type III rich "reticular" fibers present in the space of Disse. The presence of
collagen type IV and laminin suggests the involvement of fat-storing cells in
the formation of the incomplete basal lamina which is known to be present
between parenchymal and sinusoidal endothelial cells.
In the literature, it is indicated that, in experimental models using
carbon tetrachloride, heterologous serum or ethanol/vitamin A administration,
fat-storing cells are involved in the pathogenesis of liver fibrosis. Further
elucidation of their role would require highly sensitive methods for determining
the incorporation of labelled precursors into collagen molecules in various types
of isolated liver cells. Such methods would give further insight into the
pathogenesis of liver fibrosis and the role of various liver cell types in this
complex process.
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A DECREASE IN THE CAPACITY OF HEPATOCYTES ISOLATED
FROM AGED MALE BN/BiRij RATS TO METABOLIZE DICITOXIN

C.F.A. van Bezooijen, A . N . Sakkee, I . H . J . Boonstra-Nieveld and D.L. Knook

Lipid soluble drugs are generally metabolized by the liver in two phases.
The phase I metabolism comprises those reactions in which lipophilic drugs are
transformed by oxidation, hydrolysis and reduction. Phase II metabolism invol¬
ves those reactions in which drugs or their phase I metabolites are transfor¬
med to less lipophilic metabolites by conjugation with small endogenous mole¬
cules such as glucuronic acid. Subdivision into the various phase I and phase
II reactions and the determination of the effect of age on these different me¬
tabolic pathways seems to be necessary to understand the apparently contra¬
dictory literature data on the effect of age on the metabolism of lipid soluble
drugs. As an example of such lipid soluble drugs we studied the effect of age
on the metabolism of digitoxin ( D T j ) . This drug is degraded by hydrolysis
and hydroxylation reactions. DT 3 and its active metabolites can be inactivated
by conjugation with glucuronic or sulphuric acid. By studying the metabolism
of DT 3 by hepatocytes isolated from rats of various ages, the effect of age on
the phase I (hydroxylation and hydrolysis) reaction and the phase II reaction
can be determined.
It was previously observed that the pattern of the active metabolites of DT 3
present in isolated rat hepatocytes was similar to that reported to be present
in serum and urine of patients on DT 3 therapy (Van Bezooijen et a l . , 1980)
and to that in the bile of male and female rats (Kitani et a l . , 1982a,b), al¬
though the amount of the inactive conjugated metabolites was lower in the rat
hepatocytes as compared with the in vivo situation (Van Bezooijen et a l . ,
1980). Possible age-related changes in the capacity of the liver to metabolize
DTa were studied in hepatocytes isolated from 3 - , 18-, 30- and 36-month-old
male BN/BiRij rats. The following results were obtained.
1) Changes in the relative distribution pattern of DT 3 metabolites with age.
The isolated hepatocytes were incubated with 50 yM DTj for 3 hours at a
cell concentration of about 10x106 cells.ml' 1 . Under these incubation condi¬
tions, the types and relative amounts of the metabolites can be determined by
thin layer chromatography. No significant changes in the relative distribution
pattern of DT 3 metabolites with age were observed (Table I ) .
2) Changes in the kinetic characteristics of DT» biotransformation with age.
Hepatocytes from the same rats used for determining the pattern of DTj
metabolites were incubated for 1 hour at cell concentrations of about 1x10°
cells.ml" 1 with DT 3 concentrations of 20, 25, 30, 40, 60 and 100 pM. The ap¬
parent kinetic constants, Km and V m a x , could be calculated from LineweaverBurke plots. The data are shown in Table I I . The apparent K m did not change
with age. The V m a x did not change at between 3 and 18 months, but was
sharply decreased at between 18 and 36 months. The value for the intrinsic
hepatic clearance (Cli=V m a x /K m ) was significantly decreased at 36 months of
age in comparision with the 3- and 18-month values.
From these data and the observation that the relative distribution pattern
did not change with age, it can be concluded that all mechanisms involved in
DT 3 metabolism, namely, hydroxylation, hydrolysis and conjugation, equally
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Table I
THE EFFECT OF ACE ON THE RELATIVE DISTRIBUTION PATTERN OF DIGITOXIN
METABOLITES BY ISOLATED HEPATOCYTES*

Age
N
conjugates
DC 3
DC 2
DC.
DT 2
DT,

3 months*

18 months

30 months**

36 months

4

5

5

6

3.5 ± 2.6
± 14
21

11.2 ± 1.4

±
t

9.8
2.7

20.6 ± 5.3
3.8 ± 2.1

3.6
15.7
28.8
7.2

± 6.0
± 2.0

49.2 ± 9.4
5.3 + 0.6

42.3 + 9.5
2.4 ± 2.3

23.5
9.1
10.5
1.7

9.9 ± 3.9

±
±
±
±

2.1
4.0
4.3
8.0

6.8
18.5
19.0
4.5
46.2
4.9

±
+
±
±
±
±

3.0
5.2
3.7
3.6
3.6
0.8

*Values representing % of the total metabolite fraction are expressed as mean ±
SD.
**These data have been previously reported (Van Bezooijen et a l . , 1982)

decreased with age. A study by Kitani and co-wo-kers (1982b), however, re¬
vealed that the conjugation reaction in vivo is not decreased with aging, but,
as a consequence of a decrease in hydrolysis, less D T j , the preferred sub¬
strate for glucuronidation, is available for conjugation.
In a previous study, the effect of age on DT 3 metabolism was investigated
in vivo (Kitani et a l . , 1982a,b) by ai.Jyzing the pattern and amount of DT 3
metabolites in the bile of 24-month-old male and female Wistar and 30-month-old
female BN/BiRij rats. The total amount of DT 3 and its metabolites excreted via

Table II
THE EFFECT OF ACE ON THE KINETIC CHARACTERISTICS OF DIGITOXIN
BIOTRANSFORMATION BY ISOLATED HEPA fQCYTES*

Age
N

3 months*
4

Vmax
(pmol/min .10* cells)
Apparent

K

m (UM)

c" <v m a x ' K m )
* Values
a
Value
b
Value
c
Value
"These
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18 months
5

30 months**
4

36 months

6

82 + 14

88 ± 34

57 ± 15 a

a b
37 t 1 1 ' ,c

41 ± 18

47 ± 20

43 ± 26

34

2.25 ± 0.68

1.95 ± 0.33

1.61 ± 0.75

• 18

1.30 ± 0.50 a ,b

are expressed as mean ± SD.
differs significantly (p < 0.05) from the 3-month value.
differs significantly (p < 0.05) from the 18-month value.
differs significantly (p < 0.05) from the 30-month value.
data have been previously reported (Van Bezooijen et a l . , 1982).

the bile appeared to decrease with age. Since the excretion of DTj itself in
the bile did not change with age, the observed decrease was completely attri¬
butable to decreased excretion of the DTj metabolites with age (Kitani et al.»
1982a,b). In addition, Kitani et a l . (1982a,b) also determined the plasma dis¬
appearance curves of DT 3 and its metabolites. A slower disappearance was ob¬
served in the 24- and 30-month-old rats.
The observed decrease in the capacity of the hepatocytes to metabolize
DT 3 in this study might explain the decrease in the biliary excretion of D T j
metabolites and the slower decrease in the slopes of plasma disappearance
curves for DT3 and its metabolites with age reported by Kitani et al.
(1982a,b).

Kitani, K. et a l . . Arch. Cerontol. Geriatr. 2. (1982a) 43.
Kitani, K. et a l . , p. 179. I n : Liver and Aging - 1982, (ed. K. Kitani),
Elsevier Biomedical Press, Amsterdam-New York-Oxford, (1982b).
Van Bezooijen, C.F.A. et a l . , Biochem. Pharmacol. 29 (1980) 3023.
Van Bezooijen, C.F.A. et a l . , p. 167. In: Liver and Aging - 1982 (ed. K.
Kitani), Elsevier Biomedical Press, Amsterdam-New York-Oxford. (1982).

153

SEQUENCE CONTENT OF ALBUMIN mRNA IN THE RAT LIVER WITH ACE
C.J.M.J. Horbach, J.M.C. Princen* + , M. Goudswaard,
C.F.A. van Bezooijen and S . H . Yap

In a number of organisms, the aging process appears to be accompanied
by a change in the capacity to synthesize proteins. In the rat liver, agerelated changes in the synthesis of the individual proteins do not reflect
uniform control processes. One of the liver specific proteins of which changes
in synthesis with age are observed is albumin (Va.i Bezooijen et a l . , 1977). A
study on the effect of aging on the regulation of the synthesis of this specific
protein may offer a good approach for a better ur.^v'Standing of the role of
gene expression .1 aging.
In the present study, a complementary DNA probe specific for albumin
mRNA was used to quantify albumin mRNA sequences in RNA fractions prepa¬
red from liver homogenates of rats of various ages. From pooled livers of these
rats, either postnuclear RNA or polyribosomes was isolated (for experimental
details, see Princen, 1983). Polyadenylated (poly(A) + -) RNA was prepared
from total postnuclear RNA by oligo(dT)-cellulose chromatography. RNA was
also extracted from the void of the oligo(dT)-cellulose column ("poly(A)~"RNA). The polyribosomes were separated into a free and a membrane-bound
fraction. RNA was also extracted from these two fractions. The yield of RNA
obtained with these isolations is presented in Table IA. No age-related changes
in the RNA yield per gram of liver were observed for the various RNA frac¬
tions. Since the liver weight of 36-month-old rats is greater than that of rats
of the other age groups (Table I I ) , the total amount of RNA per liver is also
higher for old rats.
Albumin mRNA sequences were quantified by molecular hybridization of
the labelled specific cDNA probe to the various RNA fractions. The results are
shown in Table IB. It can be seen that the amount of albumin mRNA sequences
in total postnuclear RNA is higher at 24 months of age than at 3 and 12
months. At 36 months of age, a higher value than that found for rats of 24
months of age was observed. These changes in the albumin mRNA sequence
content can also be seen in the fraction of membrane-bound polyribosomes.
This is as expected since albumin, being a secretory protein, will be
synthesized on these polyribosomes. However, this increase with age in the
albumin mRNA content at between 12 and 36 months of age was not found in
the poly(A)-ccntaining RNA, a fraction that consists mainly of messenger
RNAs. The increase was seen in the RNA extracted from the void of oligo(dT)-cellulose column chromatography ("poly(A)""-RNA). Furthermore,-in 24and 36-month-old rats, the amount of albumin mRNA sequences is less in the
poly(A)-containing RNA than in the RNA extracted from the void of the olig.o(dT)-cellulose column. This finding would indicate a shortening or absence
of the poly[A)-tail for albumin mRNA with age. Whether this is an overall
Laboratory of Gastrointestinal and Liver Diseases, University of Nijmegen,
The Netherlands
^Present address: Gaubius Institute, Health Organization TNO Leiden, The
Netherlands
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TABLE I
INFLUENCE OF AGE ON RNA AND ALBUMIN mRNA SEQUENCE CONTENT
IN LIVERS OF FEMALE WAG/RU RATS

Age (months)
12

RNA source

(A)

post-nuclear RNA
poly(A} + -RNA
"poly(A)" H -RNA
membrane-bound
polyribosomes
free polyribosomes

6.31
0.11
6.26
3.62

24

RNA content (mg.g~ 1 liver)
t
±
±
±

0.12
0.02
0.15
0.29

1.22 + 0.09

6.50
0.15
6.01
3.54

±
±
+
±

0.52
0.03
0.30
0.11

1.15 ± 0.04

6.29
0.12
6.28
3.44

±
±
±
±

0.45
0.02
0.22
0.13

1.31 ± 0.12

6.48
0.13
5.92
3.69

±
±
t
±

0.60
0.04
0.51
0.46

1.21 ± 0.17

(B) Albumin mRNA sequence conte» t per whole liver

laai
post-nuclear RNA
poly(A) + -RNA
"poly(A)""RNA
membrane-bound
polyribosomes
free polyribosomes

44.5
16.8
16.1
42

t
±
±
±

4.2
3.9
1.9
15

0.11 + 0.01

47.8
28
20.0
38.4

+ 2.1
±11
± 4.0
± 9.0

0.11 ± 0.01

96
24.8
61.3
70

10
5.5
4.3"
14**

0.13 ± 0.03

137
38
96
109

± 11
*»:
i 12
20*

0.15 i 0.03

Values are expressed as means ± SD for a minimum of three experiments with
two livers per experiment.
: value differs significantly (P< 0.05) from 3-month value
: value differs significantly (P<0.05) from 3- and 12-month value
: value differs significantly (P<0.05) from 3 - , 12- and 24-month value
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phenomenon in rat liver or occurs only in one or a few mRNAs remains to be
investigated.
The results with regard to age-related changes in the amount of albumin
mRNA sequences show an increase at between 12 and 24 months of age and at
between 24 and 36 months of age. The latter increase can be entirely attri¬
buted to the increase in iiver weight (Table II) and is therefore nonspecific.
At between 12 and 24 months of age, no change in liver weight is observed;
so, this increase in albumin mRNA sequence content is a specific one. The ori¬
gin of this biphasic regulation of albumin synthesis is still unknown and will
be the aim of future research.

Table II
ACE-RELATED CHANCES IN LIVER WEIGHT IN FEMALE WAG/RIJ RATS

Age (months)
3
12
24
36

N
11
12
14
12

Liver weight (g)
4.71
4.65
4.94
6.79

+
±
+
±

0.38
0.57
0.55
0.89*

The liver weight of the rats used for RNA extractions were determined.
The values are expressed as mean ± SD.
value differs significantly (P<0.05) from 3 - , 12- and 24-month values.

Princen, J . M . C . , Thesis, University of Nijmegen (1983)
Van Bezooijen, C.F.A. et a l . , Mech. Aging Dev. 6 (1977) 293
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DNA REPAIR SYNTHESIS IN CULTURED RAT FIBROBLASTS

E. Mullaart, J . Vijg, P.H.M. Lohman* and D.L. Knook

It is well documented that fibroblasts in culture do not have an indefinite
lifespan (Hayflick and Moorhead, 1961). After a species specific number of po¬
pulation doublings, the growth rate declines and ultimately the cells die. This
loss of proliferative capacity in vitro has been associated with aging at the
cell ilar level and, therefore, fibroblasts have been widely used as an in vitro
mooel for cellular aging.
The loss of the replicative capacity of fibroblasts in culture is associated
with morphological changes. There is a switch from rapidly dividing spindle
and sail-shaped cells to large pleomorphic cells with a marked cytoskeleton and
a low proliferative capacity. Whether this reflects true aging or must be con¬
sidered merely as a differentiation process is still a point of discussion (Kontermann and Bayreuther, 1979).
The suggestion has been made that the limited lifespan of fibroblasts in
vitro is due to an accumulation of DNA damage which might be the result of a
decline in the fidelity of DNA repair. Indeed, several investigators demonstra¬
ted such a reduced repair capacity in late passage cells. However, the rate
and time of this decrease seem to vary between species. In human cells, there
is a moderate decline of UV-induced DNA repair synthesis only in late passage
cells (Hart en Setlow, 1976), while moure (r^cleg et a l . , 1977) and hamster
cells ( Little, 1976) completely lose this rtoatv capacity after several passages;
this is followed by spontaneous transformatie.. Therefore, the question arises
whether the loss of capacity for DNA repair synthesis is a general phenomenon
in cultured rodent cells or is associated with the occurrence of transformation.
We previously reported that rat fibroblasts in culture do not lose their
capacity for UV-induced unscheduled DNA synthesis (UDS), a measure for
DNA repair synthesis (Vijg et a l . , 1982). In order to analyse DNA repair in
cultured rat fibroblasts more carefully, UDS was studied in primary, rapidly
dividing and senescent fibroblasts, designated as phase I , II and III cells,
respectively (Hayflick and Moorhead, 1961).
Rat fibroblasts were isolated from skin biopsies of 3- and 40-month-old
WAC/Rij female rats by means of collagenase/trypsin extraction. For determi¬
nation of UDS, a portion of these primary cells (phase I) was seeded on coverslips placed in a petri dish. The rema r»g part of the isolated cells was
grown in tissue culture bottles until confluency was reached. They were then
harvested by trypsinization and subcultlvated at 3 : 1 . At this time the cells
were assumed to be at a population doubling level of 10, based on an estima¬
tion of the total number of cells initially attached. During the next period of
rapid cell division (phase II) the culture was regularly split at 3:1 at confluency. After entering phase I I I , the senescent phase, the cells were no
longer subcultivated but only regularly trypsinized for UDS determinations.

* Medical Biological Laboratory, TNO, Rijswijk, The Netherlands
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The morphological changes which the cells showed during successive subciltures are shown in Fig. 1 . The primary culture (Fig. 1A) consists of
spindle and sail-shaped cells as well as a few large pleomorphic cells charac¬
terized by a marked cytoskeleton. This latter cell type disappears during the
next period of rapid cell division, resulting in a homogeneous population of
rapidly dividing spindle and sail-shaped cells (Fig. I B ) . However, after
several passages, these cells are replaced by reappearing large pleomcrphic
ones (Fig. 1C). This is probably the result of a differentiation process, al¬
though selection for this cell type during culture cannot be ruled out. In
contrast to what is usually observed in rodent fibroblasts at this stage of their
in vitro life span, no spontaneous transformation has occurred in the cell
cukures tested thus far. This might be due to the rat strain which we used or
to the culture conditions.

a
Fig. 1:

I
f

To monitor the proliferative capacity of the population the percentage of
cells capable of performing normal DNA synthesis (mitotic index) was deter¬
mined in phases I, II and III after a 24-hour incubation with 3 H-thymidine.
The decline in the proliferation capacity of the population is shown in
Fig. 2A. In phase I I I , when the culture consist' mainly of large pleomorphic
cells, almost no cell division is observed; however, the cells are still able to
attach after trypsinization indicating that they are still viable.
To determine the capacity of the primary (phase I ) , rapidly dividing
(phase I I ) and senescent fibroblasts (phase III) to perform UDS, the attached
cells were irradiated with 11.3 J.m~ 2 UV light (Vijg et a l . , 1982). The cells
were allowed to repair the damage for 3 and 24 hours to determine the initial
rate and the end level of UDS, respectively. Fig. 2B shows that no significant

I
v

Morphological changes of cultured fibrcolasts from a 3-months-old
female WAC/Rij rat. ( a ) Primary fibroblast ci'ifure (Phase I) with
spindle and sail-shaped ce»!s plus a few large pleomorphic cells,
( b ) A rapidly dividing secondary culture (phase II) of spindle and
sail shaped fibroblasts. ( c ) Large senescent cells (phase I I I ) with a
marked cytoskeleton. (x400. stained with Ciemsa).
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(A) The percentage of cells capable of performing normal DNA syn¬
thesis (mitotic index) as determined autoradiographically
after
incorparation of 3 H-thymidine within 24 hours. (B) UDS determined
autoradiographically in primary, rapidly dividing and senescent
cultured fibroblasts from 3- and 24-months-old femrie WAG/ Rij rats
after 11.3 J.rtT 2 UV light. Each point represents the mean grain
surface area (area occupied by the grains) of 60 cells, expressed as
percentage of the area of the nucleus.
UDS level was determined at 3 hours after irradiation (initial rate)
and 24 hours after irradiation (end level).
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difference exists in performing UDS between cells from young and old rats.
Rapidly dividing fibroblasts have a slightly greater capacity to perform UDS
than do the primary cells. After entering phase I I I , there is a drastic decline
in both initial rate and end level of UDS. This decline in UDS in late passage
cells is in agreement with the results of similar experiments performed with
human fibroblasts (Hart en Set low, 1976), but is in contrast with the rapid
total loss of UDS found with fibroblasts of mice (Peleg et a t . , 1977) and
hamsters (Little, 1976).
The results show that the UDS capacity declines when the proliferative
capacity decreases and the large pleomorphic cells appear. This suggests that
only or especially these cells have a diminished capacity to perform UDS. The
large pleomorphic cells present in the primary culture appear to have a lower
UDS capacity (results not shown), but this could not be unequivocally esta¬
blished because of their low frequency in a population already characterized by
intercellular variation in UDS.
In summary, it was demonstrated that rat fibroblasts have an almost con¬
stant capacity to perform UDS during the first period of cultivation. This is
followed by a rapid decline in UDS paralleling the decline in proliferative capa¬
city. In this respect, these cells differed from other rodent cells generally
characterized by an early loss of their capacity to perform DNA repair synthe¬
sis followed by spontaneous transformation. However, they >ehave identically
to human cells, where spontaneous transformation in vitro is never observed.
It would be interesting to follow the course of UDS in spontaneously trans¬
forming rat fibroblasts in view of the suggested relationship between DNA
repair deficiencies and cellular transformation. Studies of this kind are pre¬
sently in progress.
Hart, R.W. and Setlow. R . B . , Mech. Ageing Dev. S
Hayflick, L. and Moorhead, P.S., Exp. Cell Res. 25
Kontermann, K. and Bayreuther, K., Gerontology 75
Little, J . B . , Gerontology 22 (1976) 28.
Peleg, L. et a l . , Exp. Cell Res. 104 (1977) 301.
Vijg, J . et a l . , p. 129. I n : Annual Report REP-TNO
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DNA REPAIR SYNTHESIS AND PYRIMIDINE DIMER REMOVAL IN UV IRRADI¬
ATED RAT AND HUMAN FIBROBLASTS

J. Vijg, E. M u l l w t , P.H.M. Lohman* and D.L. Knook

Survival of an organism demands that its genetic material is accurately
maintained. To achieve this a large variety of various DNA repair enzymes are
continuously scanning the DNA. They eliminate with a remarkable efficiency
the thousands of lesions induced in the DNA every day. In view of the impor¬
tance of these DNA repair processes to life a relationship has been suggested
between the fidelity of the cellular DNA repair systems and the life span of an
organism.
One approach to obtain information about a possible relationship between
the fide'ity of the cellular DNA repair systems and life span of the organism is
through comparison of DNA repair parameters in cells derived from animal spe¬
cies having different maximum life spans. The maximum life span has been sug¬
gested to be genetically determined and a constitutional characteristic of the
soecies (Sacher, 1978). In this context, it is not unreasonable to hypothesize
that maximum life span differences among species are reflected by corres¬
ponding differences in the fidelity of DNA repair in their cells. This hypoth¬
esis seemed to be confirmed by the observation of a strong correlation between
the rates of UV-'nduced DNA repair synthesis (one step in the excision repair
process) in skin fibr -«blasts of seven animal species with their maximum life
spans (Kart and 3etk>», 1974). This report was in some respects contradicted
by the results of more recent studies on a larger number of species, indicating
either the absence of such a correlation (Kato et a l . , 1980) or only a slight
one (Francis et a l . , 14,11). However, in all studies on this topic to date, there
is a consensus with respect to the smaller amount of DNA repair synthesis of
rodent cells in comparison with human cells.
The above-mentioned findings leave it uncertain as to whether the capaci¬
ty to perform DNA excis >n repair may be a determinant of life span or not.
For a further understanding of this problem, it is necessary to analyse in
more detail the interspecies differences in DNA excision repair and preferably
with more techniques, since the observation of DNA repair synthesis does not
ensure that damage induced in the DNA is completely removed. The latter phe¬
nomena can only be demonstrated by following the removal of induced specific
lesions during the DNA repair process.
In this report, an attempt to define the difference in excision repair
between rodent and human cells in more detail is described. For this purpose,
normal human and rat skin fibroblasts were compared in terms of the kinetics
of UV-induced DNA repair synthesis and pyrimidine dimer removal. Pyrimidine
dimers are supposed to be the most predominant UV lesion. DNA repair synthe¬
sis was assessed by determining unscheduled DNA synthesis (UDS) by means
of autoradiography as previously described (Vijg et a l . , 1982). To monitor the
disappearance of pyrimidine dimers, the Micrococcus luteus endonuclease,
which is specific for dimers, was used in combination with alkaline sucrose
gradient centrifugation to quantify the induced nicks corresponding to the
number of pyrimidine dimers.
Medical Biological Laboratory TNO, Rijswijk, The Netherlands.
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Rat and human cells were both studied in the second stage of their in vitro
life span when they were still actively dividing, since it was shown that human
as well as rat fibroblasts undergo changes in the repair synthesis level at the
end of their in vitro life span (Hart et a l . , 1976; Mullaart et a l . , this Annual
Report, p. 159).
A time course study of the incorporation of 3 H-thymidine after UV irra¬
diation is shown in Fig. 1 . Initally, the rate of UDS is high but after 8-10
hours the slope of the curve becomes less steep. These kinetics found for both
human and rat cells suggest that some of the induced lesions are removed in a
relatively short period of time, while others (perhaps the less accessible ones)
are removed much more slowly. In addition, the figure shows that the human
cells are more capable of repair synthesis, especially in the initial rate phase
of the process.

20

30

pott- Irradiation time ( hour )

Fig. 1:

Unscheduled DNA synthesis occurring in normal (3-month-old female
WAG/Rij) rat and human skin fibroblasts as a function of repair time
after exposure to 4.6 J.m" 2 of 254 nm UV radiation. Points in each
curve were obtained by determining the amount of UDS occurring in
each time interval and adding each value to the preceding one.
Corrections for the background were made by subtracting the value
obtained from unirradiated control cells. Each point is the mean
determined from 60 cells belonging to two separate cell cultures.

When the excision
lowing the removal of
instead of determining
ques became obvious.
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repair capacity of both cell types was assessed by fol¬
UV-endonuclease susceptible sites (pyrimidine dimers)
UDS, an apparent discrepancy between the two techni¬
While human cells removed more than 70% of the total

number of induced lesions within 24 hours, rat cells during the same period
and under identical conditions removed less than 20% of the dimers originally
present (Fig. 2 ) . This means that, although rat cells are quite capaole of per¬
forming DNA repair synthesis, they are much less able to perform the process
thought to underly this, i . e . , the removal of pyrimidine dimers. To check
whether the UV-endonuclease susceptible sites still present in rat calls at this
time were genuine pyrimidine dimers. their photoreactivation was monitored. It
has been demonstrated in many living systems that photoreactivation involves
the direct removal of pyrimidine dimers by an enzyme which utilizes the energy
of visible light to catalyze the cleavage of the joined pyrimidines. As indicated
in Fig. 2, all sites could be photoreactivated both directly after irradiation and
24 hours later.
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Fig. 2:

Relative time course of disappearance of UV-endonuclease-sensitive
sites (pyrimidine dimers) from the DNA of indicated female WAG/Rij
rat and human fibroblast strains exposed to 4.2 J.m" 2 of 254 nm UV
radiation. Enzymatic photoreactivation of the extracted DNA from rat
cells was performed prior to treatment with the M^ luteus extract.
PRE stands for photoreactivating enzyme.

The observed differences between human and rat cells prompted us to
analyse the time course kinetics of the excision repair process in rat cells in
more detail. A comparison of Fig. 1 with Fig. 2 demonstrates that, although
the majority of the induced dimers is still present 24 hours after irradiation
(Fig. 2 ) , the amount of UD5 occurring at that time is only minor (Fig. 1).
UDS continues until at least 35 hours after irradiation, but at a very low level
(results not shown). To explore how rat cells would cope with a second amount
of UV damage after reacting to the first one with rapid UDS, the cells were
irradiated a second time at 7 hours after a first UV dose. The reaction on this

165

second dose (indicated by the broken line in Fig. 3) is the start of a new
rapid process, with an end level significantly lower than that obtained when
both doses are given at the same time (upper solid line in Fig. 3 ) . This
finding indicates that at this stage of the time course there is no complete
additivity of repair synthesis in rat cells. However, it is obvious that rat cells
are still able to perform repair synthesis at 7 hours after irradiation. A
similar picture can be observed if the second dose is applied 24 hours after
the first irradiation (results not shown).
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Fig. 3:

Unscheduled DNA synthesis in normal (3-month-old female WAG/Rij)
rat fibroblasts as a function of repair time after exposure to 9.2
J . n f 2 (black triangles), 4.6 J.nT 2 (black squares) and two times 4.6
J.m" 2 (open circles). The times of irradiation are indicated by the
arrows. Each point is the cumulative amount of UDS determined over
each time interval and corrected for the background by subtracting
the value obtained from unirradiated control cells. Each point
represents the mean value obtained from measurements on 60 cells
belonging to two separate cell cultures.

The conclusion should be that while "new" dimers are able at any time to
induce rapid UDS, "old" dimers (dimers induced by the first UV dose and for
the most part still present after 24 hours) are unable to do so.
Although a lack of data does not presently allow anything more than spe¬
culation, the possibility has to be taken into account that the reported dif¬
ference in DNA repair synthesis between human and rodent cells does not re166

fleet a true difference in DNA repair capacity, but is due to other factors,
such as mechanistic differences or the utilization of »!ternate repair pathways
to remove pyrimidine dimers (Vijg et a l . . 1984).
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Hart, R.W. and Set low, R.B., Proc. Natl. Acad. Sci. (U.S.A.) 71 (1974)
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Hart, R.W. and Setlow. R.B., Mech. Ageing Dev. 5 (1976) 67.
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VARIABILITY OF SURVIVAL CHARACTERISTICS IN INDIVIDUAL
COHORTS OF AGING RATS
M.J. van Zwieten, C. Zurcher, A . L . Nooteboom
and C.F. Hollander

A renewed interest in the increasing life expectancy of human populations
and the continued "rectangularization" of the human survival curve has become
evident in recent years (Fries, 1980; Schneider and Brody. 1983). Many
gerontological studies in experimental animals, primarily inbred strains of
laboratory rodents, have also explored ways of changing the shape of the
survival curve and prolonging the maximum life span. Such studies have often
involved dietary manipulation ( e . g . , dietary restriction, caloric restriction) or
treatment with chemical compounds and the effects are assessed in terms of
prolongation of life spans of the treated animals relative to those of the
controls. The age of the last survivor in a particular group of rats or mice is
often an endpoint (Cheney et a l . , 1983). Little attention seems to have been
paid to how well this endpoint is defined; therefore, the present analysis was
undertaken.
Cohorts of male and female inbred rats of two strains, WAG/Rij and
BN/BiRij, maintained in the aging colony at the Institute for Experimental
Gerontology TNO during the last 5 years were studied. The cohorts were
comprised of 20 to 30 animals per sex and strain and born in the same week.
They were removed from the SPF breeding facility at the age of 3 weeks and
maintained under clean-conventional conditions (Hollander, 1976) for the
duration of their natural lives. The maximum age reached in each cohort was
recorded. Since animals were removed from some cohorts for use in other aging
studies, e . g . , organ function experiments, the ages of the last survivors were
recorded separately for cohorts from which either more or less than 50% of the
animals had been removed before the last survivor died as well as for
complete, undisturbed cohorts.
The results are presented in Table I. A considerable range in the
maximum ages is evident in both sexes of both strains, although the observed
variation in age of the last survivors appears greatest in female WAG/Rij rats
(13.4 months). It is also clear that the mean of the maximum observed ages is
lowest for the cohorts in which more than half of the animals were removed
and highest for the complete, undisturbed cohorts. The cohorts in which less
than half of the animals were removed before the last survivor died appeared
to occupy an intermediate position in terms of their maximum longevity. An
observation of interest is that the greatest maximum ages observed were always
found in either intact cohorts or cohorts in which less than half of the animals
were removed. The fact that this endpoint was not seen in those cohorts from
which more than half of the animals were withdrawn before the last survivor
died may be explained by the greater likelihood that the potentially longest
lived survivor in such cohorts was removed prematurely.
The fact that the maximum ages of inbred rats maintained under
standardized conditions of husbandry varied considerably from one cohort to
another was a rather unexpected and somewhat disturbing finding. These
observations challenge the interpretation of studies in which a prolongation of
maximum life span is observed in a relatively small treated group relative to an
equally small control group as a result of dietary manipulation, whether
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Table I

MAXIMUM LIFE SPAN IN INDIVIDUAL COHORTS OF ACINC
WAG/Rij AND BN/BiRij RATS

mean of maximum ages (ranges) in months
WAG/Rij

BN/BiRij

9

WAG/Rij d"

39.8 (31.2-44.5)
(n=48)

38.2 (31.8-41.3)
(n=29)

> 50% of cohort withdrawn
before end of life span

34.9 (31.2-37.2)
(n=4)

35.5 (32.3-38.8)
(n=4)

< 50$ of cohort withdrawn
before end of life span

39.2 (34.6-43.6)
(n=25)

38.6 (31.8-41.3)
(n=19)

34.3 (30.9-36.5)
(n=9)

35.9 (33.2-37.4)

Complete undisturbed cohort

41.5 (37.2-44.5)

38.8 (37.4-40.M)
(n=6)

34.8, 35.3
(n=2)

38.0 (36.S-39.9)
(n=4)

All cohorts

(n=19)
n = number of cohorts

34.4 (30.9-36.5)
(n=11)

BN/BiRij <f
36.0 (32.8-39.9)
(n=14)
34.2 (32.8-36.7)
(n=4)

undemutrition, calorie restriction or Chemical additives. It would seem prudent
therefore to have available more information concerning the real maximum age
of the species, strain and sex under study before claiming an effect of
particular treatment. It is not known what effect the cohort size may have on
the maximum ages of a particular strain or sex. However, on the basis of the
data presented above, it was found that the means of the maximum ages of,
for example, female WAG/Rij rats from complete cohorts and those of rats from
cohorts in which less than SOt of the animals had been removed differed
significantly from each other (p O 0.05. 2-tailed Mann-Whitney U test). This
difference could not be explained by cohort size nor by a more frequent
withdrawal of relatively old rats than of young ones. Whether other cohort
related effects may influence the maximum age must be further analysed. In a
sense, this kind of study presents the same types of complications as do those
which attempt to establish the maximum life span of man under the conditions
of our present-day existence.
Cheney. K.E. et a l . . J. Ceront. 38 (1983) «20.
Fries. J . F . , New Engl. J. Med. 303 (1980) 130.
Hollander, C.F.. Lab. Anim. Sci. 26 (1976) 320.
Schneider, E.L. and Brody, J.A., New Engl. J. Med. 309 (1983) 854.
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A PROCEDURE FOR THE BIOTINYLATION OF SMALL AMOUNTS
OF MONOCLONAL ANTIBODIES
W. Slingerland and J.C.J. Bauman

When mouse monoclonal antibodies (MCAs) are used to stain cell surface
antigens of mouse haemopoietic cells by indirect immunofluorescence, the
second reagent (anti-mouse-lg-FITC conjugate) also stains the immunoglobulins
(Ig) on B cells present in bone marrow, spleen and lymph node cells. This
problem has been circumvented in the past by using haptens like ONP and
antihapten FITC conjugates (Trask and Van den Engh, 1980) or the use of the
biotin-avidin system (Bayer and Wilcheck, 1980). The biotin-avidin system has
several advantages over the antihapten method. Firstly, the high affinity
between the vitamin biotin and the glycoprotein avidin ensures good staining
characteristics. Secondly, the reagent used, biotinyl-N-hydroxy-succinimideester (NHS-biotin), binds efficiently under mild conditions to lysine amino
groups of proteins. Thirdly, the toxic effects of indirect immunofluorescence
on the in vivo stem cell assay (CFU-S, Till and McCulloch) are absent when
the biotin-avidin system is used (Bauman et a l . , 1983). Biotinylation
procedures described in the literature apply to milligram quantities of purified
proteins (Bayer and Wilcheck, 1980).
Several reasons led us to develop a biotin labelling technique for small
quantities of MCAs. For screening of new MCAs for their usefulness in
staining surface antigens on haemopoietic cells, small quantities of hybridoma
supernate are adequate. Culturing of large cell quantities is not necessary.
Testing can even be done with supernates of single wells. In most cases,
biotinylation of serum proteins present in the supernate produced no non¬
specific fluorescence when tested using cell surface labelling. Furthermore, the
instability of the NHS-biotin reagent (see below) and the differences in protein
content and composition as well as reactivity towards NHS-biotin of different
MCAs necessitates the determination of optimal coupling conditions in small
samples. To label small quantities of hybridoma supernate or purified MCA, a
quick and reliable method for changing from culture medium to coupling buffer
without loss of material or excessive dilution has been devised. We use gel
chromatography by microcentrifuge gel filtration (Helmerhorst and Stokes,
1980; Christopherson, 1983) as follows. A column in the form of a disposable
small syringe filled with Sephadex is equilibrated with the desired buffer and
centrifuged to remove its void volume. A sample is applied to the top of the
column and again the column is centrifuged. The protein molecules pass
through the gel undiluted and are collected in the void volume, whereas
smaller molecules become entrapped in the gel matrix. When small amounts of
purified proteins were to be chromatographed, an increased loss was sometimes
found. This could be prevented by adding 0.1% BSA to the borate buffer used
to equilibrate the Sephadex.
For obtaining good biotinylation the quality of NHS-biotin is important.
Contact with water by repeatedly opening the bottle containing the NHS-biotin
for weighing out small quantities rapidly decreases the activity of the
N-hydroxy-succinimide ester. This necessitates an increasing amount of NHSbiotin for the same coupling results. In general poor results are obtained after
1,5

5-10 openings of the bottle. This can be prevented by using aliquoted samples
of NHS-biotin stored under dry conditions. The amount of NHS-bioiIn to be
added during the coupling reaction (B/P ratio on a mol per mole basis) is
determined by assessing the protein concentration of the sample with a sen¬
sitive protein assay (using Coomassy Brilliant Blue (Bradford, 1976) Bio-Rad
Protein Assay). Small samples containing 5-15 yg of protein are sufficient.
The detailed procedure for the biotinylation of a small sample is as
follows:
1)
Determine the protein content of the sample (before or after the chromatog raphy).
2)
Remove low molecular weight materials and change to borate buffer (which
is 0.05 M Na2 B4O? and 0.2 M H3BO,, mixed to give a pH of 8.5) by
microcentrifuge gel filtration as follows:
a)
fill a 1 ml disposable syringe which fits a 15 ml tube (Falcon type
2057) with Sephadex-C25 sterilised swollen in water (use cotton wool
or a porous polyethylene disk to plug the bottom hole of syringe);
b) after settling of the gel and washing with 2 ml borate buffer (+ 0.1%
BSA when needed) centrifuge for 1 min at 700 g;
c)
apply sample (10-100 yl);
d)
change column to new tube containing a 1.5 ml Eppendorf type tube;
e)
centrifuge again, at exactly the same time and speed;
f)
collect sample in about the original volume in the Eppendorf tube.
3)
Add the calculated amount of NHS-biotin, freshly dissolved in DMSO
(usually 5 yl per 50 yl protein; we use 1 yg NHS biotin per 10 yg pro¬
tein as a first approximation, which equals a B/P ratio of 50).
4)
Incubate at room temperature for 3 hours or at 4°C for 16 hours in the
dark.
5)
Remove excess biotin by centrifugation as above but using PBS as buffer.
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Illustration of the effect of B/P ratio during coupling of biotin to
anti-H-2K antibody on the fluorescene intensity obtained by CAMFITC or avidin-FITC. Bone marrow cells were stained with biotinylated anti-H-2K antibody and with either CAM-FITC or avidin-FITC
as the second layer. The monoclonal anti-H-2K was biotinylated in 50
yl samples.

6)

Add 1/100 volume of 2% NaN3 as a preservative (and BSA to 0.3-0.5%
when needed).
7)
Test sample for staining of cell surface antigens with avidin-FITC by
means of the FACS I I .
In general, the microcentrifuge gel filtration as described results in
recoveries of at least 80% of the protein in essentially the same volume as
applied to the column. The effect of the variation of the amount of NHS-biotin
during the biotinylation of small samples of a monoclonal anti-H-2K antibody on
the staining of cell surface antigens by the indirect immunofluorescence tech¬
nique using goat-anti-mouse FITC conjugate or avidin-FITC as the second
layer is illustrated in Fig. 1 .
The method described has been used on a number of monoclonal anti¬
bodies and on purified or crude supernates and ascites grown materials. Good
labelling was obtained in most cases when the gradual degradation of the
NHS-biotin was taken into account.

Bauman, J.C.J. e t a l . , Exp. Hematol. 1_K Suppl. 14 (1983) 63.
Bayer, E.A. and Wilcheck, M., Methods of Biochemical Analysis 26 (1980) 1 .
Bradford. M., Anal. Biochem. 72 (1976) 248.
Christopherson, R . I . , Methods Enzymol. 9_[ (1983) 278.
Helmerhorst, E. and Stokes, C . B . , Anal. Biochem. 104 (1980) 130.
Till, J.E. and McCulloch, E.A., Radiat. Res. 14 (1961) 213.
Trask, B. and Van den Engh, C , p. 299. In: Experimental Hematology Today
1980 (eds.: S.J. Baum and C O . Ledney), New York, Karger (1980).
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THE USE OF MONOCLONAL ANTIBODIES SPECIFIC FOR T-CELL SUBSETS
AS IMMUNOSUPPRESSIVE AGENTS IN RHESUS MONKEYS
M. Jonker, P. Neuhaus' and C. Goldstein2

A large number of monoclonal antibodies (MCA) specific for antigens ex¬
pressed on subpopulations of human lymphocytes has become available in the
past few years. Apart from their value as reagents for studying lymphocyte
differentiation and cellular interactions in the immune response, these MCAs
are likely candidates for replacing antilymphocyte sera as immunosuppressive
agents in organ transplantation. The major advantage of MCAs over antilymphocyte sera is the selective Kill of cell populations responsible for graft
rejection, while the populations responsible for other immune responses are not
affected. Since many of the antihuman MCAs also react with lymphocytes of
nonhuman primates macaques are good subjects for the testing of such
reagents for efficacy and toxicity.
Monoclonal antibodies reactive with all T cells (OKT11A and WT1) or the
helper T-cell population (OKT4 and OKT4A) prolonged skin allograft survival
in rhesus monkeys (Jonker et a l . , 1983). Some of the antibodies reactive with
the cytotoxic/suppressor T cells also prolong skin allograft survival.
Since the injection of 0KT4 and OKT4A resulted in skin graft survival
times of up to 19 days, it was decided to test these antibodies for their capa¬
city to prevent or reverse kidney allograft rejection. As the combination of the
0KT4 and 4A antibodies had a more profound effect on the helper T cells than
when these two antibodies were injected alone, it was decided to use a one to
one mixture of OKT4 and 4A in these experiments.
There were six experimental groups (see also Table I ) . The first group
was an untreated control group. The second group received a three-week
treatment course of 2.5 mg OKT4 mixed with 2.5 mg OKT4A intravenously daily
starting at two days before transplantation. The third group received a
three-week OKT4+4A treatment course starting at five days after transplanta¬
tion (rejection treatment). All animals received an RhLA-A,B and DR mis¬
matched kidney. Additional daily low doses of prednisolone (1 mg.kg" 1 ) and
azathioprine (2 mg.kg" 1 ) were given, starting on the day of transplantation
and continued for 45 days. Animals in groups IV, V and VI received three
pretransplant blood transfusions from random donors at two-week intervals.
The last transfusion was given at two to three weeks before transplantation.
Blood donors shared no RhLA-A or B locus antigens with the prospective
kidney donors; therefore, there was no sensitization against these antigens.
Group V received OKT4+4A treatment for three weeks starting two days before
transplantation. Animals in group VI received OKT4+4A treatment when the
serum creatinine level rose to 200 vmol.I"1 or higher. Only those animals which
had a creatinine level of less than 200 pmol.l"1 during the first two weeks
after transplantation were included in this group.

'Medizinische Hochschule Hannover, Hannover, Germany
2
Ortho Pharmaceutical Co., Raritan, N.J., U.S.A.
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Table I
THE EFFECT OF TREATMENT WITH OKT4+4A MONOCLONAL ANTIBODIES ON
KIDNEY CRAFT SURVIVAL IN RHESUS MONKEYS

group

treatment

I

number
mean survival time + SE
of
(days after transplantation)
monkeys
11

12.8 ±

1.2
5.8

p <0.001
II

OKT4+4A start day -2

7

38.6 ±

III

OKT4+4A start day 5

7

40.6 ± 13.8

IV

3 blood transfusions

23

33.6 ±

4.1

IVa

3 blood transfusions
(first serum creatinine
>200 iimol.r 1 not before
day 14)

11

48.8 ±

4.1

p<0.05

VI

3 blood transfusions
OKT4+4A start day -2

8

49.0 ± 11.3

3 blood transfusions
OKT4+4A treatment when
serum creatinine
>200wmol.r'

8

60.1 ±

n.s.

> n.s.

7.8

Nontransfused monkeys receiving OKT4+4A antibody treatment starting at
two days before or five days after transplantation (groups II and III) showed
a significant prolongation of kidney graft survival (Table I ) . Thus, treatment
with OKT4+4A antibody could prevent and reverse kidney allograft rejection.
Since most patients awaiting a kidney allograft are transfused prior to
transplantation, it was of importance to determine whether treatment with
OKT4+4A antibodies was also effective in transfused monkeys. Pretransplant
blood transfusions have a significant favourable effect on kidney graft survival
in rhesus monkeys (Van Es et a l . , 1977; Borieffs et a l . , 1981), as is found in
man. No additional effect was observed when these transfused monkeys
received OKT4+4A treatment starting at two days before transplantation (Table
I ) . It is possible that blood transfusions somehow render the OKT4+ cells
ineffective, so that elimination of these cells at the time of transplantation does
not affect graft outcome. Whether these OKT4* cells are actively suppressed
by another cell type or are affected in some other way remains to be es¬
tablished. Application of other antibodies reactive with other cell types may
eventually give insight into the mechanism of the blood transfusion effect.
The last group (VI) of transfused monkeys received OKT4+4A treatment
when they had a serum creatinine level of 200 nmol.l"1 or higher. The results
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of this group were compared with those of untreated transfused animals (from
group IV) which also had a serum creatinine level of less than 200 \imol.l~1
during the first two weeks after transplantation. OKT4+4A treated animals had
lower serum creatinine levels than the untreated controls, although this
difference was not significant. Three of seven OKT4+4A treated animals showed
a reversal to serum creatinine levels of less than 200 ymol.T1 for a duration of
one to three weeks, whereas only one of the ten control animals showed a
reversal to a serum creatinine of less than 20C ymol.r 1 for five days. Also,
graft survival after the initial increase in serum creatinine levels to 200
limol.r 1 was significantly longer in the OKT4+4A treated group (35.6 days) as
compared with the untreated group (19.6 days) (Fig. 1). Thus, in transfused
monkeys, treatment of rejection with OKT4+4A antibody is possible. The OKT4+
cells apparently do play a role in this "late" onset rejection.
It can be concluded that monoclonal antibodies reactive with T-cell sub¬
sets can be used as immunosuppressive agents in transplantation. Since these
reagents are highly specific, it will be possible to select antibodies which will
be very effective in preventing or reversing a rejection. Moreover, it will be
possible in the rhesus monkey model to study the cells responsible for the
blood transfusion effect in vivo. And this may then eventually lead to a better
blood transfusion policy for patients awaiting kidney transplantation.
controls (IV.)
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Fig. 1:

Effect of therapy with OKT4+4A monoclonal antibodies during kidney
graft rejection episodes in transfused monkeys.

Borleffs, J.C.C, et a l . . Transplantation 32 (1981) 48.
Jonker, M. et a l . . Transplantation 35 (1983) 521.
Van Es, A.A. et a l . , Lancet i (1977) 506.
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INDUCTION OF NCNRESPONSIVENESS TO MURINE MONOCLONAL ANTIBODIES
IN RHESUS MONKEYS

F.J.M. Nooij and R. van Lambalgen

During the past few years, several monoclonal antibodies (MCAs) that are
specific for antigens expressed on subsets of human lymphocytes have been
developed. These MCAs are used not only for studying lymphocyte ontogeny
and the cellular immune response but also as immunosuppressive agents in
organ transplantation. These antibodies have the advantage over antilymphocyte sera that they react specifically with the lymphocyte subsets that are
responsible for graft rejection. Many antihuman MCAs also react with lympho¬
cytes of nonhuman primates. Therefore, in recent years, several of these
products have been tested for efficacy and side effects in macaques. In a
recent study, the immunosuppressive effect of several antihuman MCAs was
investigated in the allogeneic skin graft model in rhesus monkeys (Jonker et
a l . , 1983). It was shown that OKT4 and OKT4A, MCAs specific for human
T-helper cells, can prolong skin graft survival. When rhesus monkeys were
injected with OKT4 and/or OKT4A, T-helper cells could no longer be demon¬
strated in the circulation. The serum level of injected MCA was high during
the first 10 to 13 days, but decreased rapidly thereafter. This was most likely
due to the formation o" anti-mouse-Ig antibodies which neutralized the immuno¬
suppressive effect of the injected MCA.
The object of this study was to prevent the formation of anti-mouse-lg
antibodies in order to increase the immunosuppressive potential of murine
monoclonal antibodies in rhesus monkeys. Use was made of an "irrelevant"
MCA: mouse-anti-human secretory component (a-SC). This MCA is of the same
Ig subclass as OKT4A (lgC2a) but is not crossreactive with rhesus monkey
lymphocytes. Three rhesus monkeys were injected with a high dose of a-SC
(see Table I ) . Two of these were also treated with cyclosporin A (CyA) to
suppress a possible immune response. Two control monkeys received an equi¬
valent dose of OKT4A or saline. Five and seven weeks after this immunization,
all animals received a standard therapeutic dose of OKT4A. During the
experiment, the relative and absolute numbers of lymphocyte subsets were
monitored using fluorescence activated cell sorting analysis. Sera of the
animals were screened in ELISA and Ouchterlony for antibody production
against a-SC and OKT4A.
Subcutaneous injection of a high dose of a-SC did not result in the
formation of anti-mouse-lgC2a antibodies (phase I ) . However, since the a-SC
preparation was not purified, antibodies could be demonstrated against
contaminating substances. Subcutaneous injection of a similar dose of OKT4A in
a control monkey resulted in formation of anti-mouse-igC2a. No anti-mouse-lg
antibodies were present in the saline treated monkey. During this phase, no
significant change in the number of lymphocytes or subsets thereof was
observed. No effect of cyclosporin A could be demonstrated. After five weeks,
all monkeys were injected intravenously with three daily doses of 5 mg OKT4A
(phase I I ) . In monkeys previously treated with a-SC and the saline control
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TABLE I
ANTIBODY RESPONSE AFTER TREATMENT WITH MONOCLONAL ANTIBODIES

Phase I
monkey

specific antibody
to mouse
injected MCA
70 mg ot-SC sc
70 mg a-SC sc • 2.5 mg.kg" 1 CyA im
i
70 mg a-SC sc + 10 mg.kg" 1 CyA im
i
25 mg OKT4A sc
2 ml saline sc

specific antibody
to mouse

Phase II
monkey
1
2
3
4
5

injected MCA
3
3
3
3
3

x
x
x
x
x

5
5
5
5
5

mg
mg
mg
mg
mg

OKT4A
OKT4A
OKT4A
OKT4A
OKT4A

iv
iv
iv
iv
iv

+
+
+
+

monkey, no OKT4* ceils could be demonstrated within 10 minutes after injec¬
tion. Thus, an efficient elimination of these lymphocytes had occurred. After
about one week, the numbers of OKT4* cells gradually returned to normal
values. The OKT4A pretreated monkey only showed some minor fluctuations in
the number of OKT4 cells. Apparently, the effect of the injected OKT4A was
immediately counteracted by the previously formed anti-mouse-lgC2a antibodies.
All monkeys in this experiment produced anti-mouse-lgC2a antibodies within
two weeks after injection of OKT4A. A subsequent series of injections with
OKT4A in all animals did not significantly change the levels of the OKT4 + cells
(phase I I I ) .
It can be concluded that administration of a high dose of anti-secretory
component does not lead to the formation of antibodies against the injected
mouse lgC2a. Thus, it is possible to induce nonresponsiveness to a mouse
lgC2a. However, the formation of antibodies against another mouse lgC2a could
not be prevented after an equivalent dose of OKT4A. The difference in
antibody formation upon injection of a-SC or OKT4A may be due to the fact
that the injected OKT4A is presented on the T-helper cells directly to the B
cells, while a-SC does not bind to a cell population. Despite the induction of
nonresponsiveness to a-SC lgC2a, a subsequent challenge with another lgC2a
(OKT4A) induced antibody formation against both immunoglobulins. A
possibility may be that the one specific for the OKT4A lgC2a is directed
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against a different antigenk determinant than the antibody specific for the
a-SC lgG2a, resulting in the abrogation of the previously induced
nonresponsiveness. Another cause may be the rather long period of five weeks
between the first immunization with a-SC and the subsequent injection with
OKT1A. A revised immunization protocol with a different and shorter time
schedule and using purified a-SC intravenously, perhaps in combination with
OKT4A, may be required to prevent formation of antibodies.

Jonker M.„ et a l . . Transplantation 35 (1913) 521.
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LYMPHOCYTE SUBPOPULATIONS IN ACUTE EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS IN RHESUS MONKEYS
R. van Lambalgen, C. Meijran, C. Zurcher and M. Jonker

Experimental allergic encephalomyelitis (EAE) is a T-cell mediated auto¬
immune disease which is used as a model to study the pathogenesis of demy el inating diseases, in particular multiple sclerosis (MS). Compston (1983) found
fluctuations of lymphocyte subsets in the peripheral blood of MS patients which
were associated with the progression of the disease. Patients in remission had
normal levels of "helper" lymphocytes ( T H . as defined by the monoclonal anti¬
body (MCA) OKT4) and "suppressor/cytotoxic" lymphocytes ( T s , MCA OKT8);
however, just before and during a relapse, the T H / T g ratio increased due to a
reduction in the absolute number of T s lymphocytes. This ratio returned to
normal values during relapse and subsequent recovery.
In this report data on changes in the lymphocyte subsets during the
induction of acute EAE in rhesus monkeys are presented. Acute EAE was
induced in five healthy adult rhesus monkeys by subcutaneous immunization
with 4 mg bovine myelin emulsified in complete Freunds adjuvant (CFA). One
control monkey received CFA alone.
All five monkeys treated with myelin/CFA developed acute EAE. Survival
times were 13, 18, 18, 19 and 21 days. Clinical symptoms became apparent at 1
to 3 days before death and included ataxia, paralysis or severe weakness of
the hind limbs, blindness in one case and anorexia.
Histological examination of haematoxylin-phioxine-safran stained sections of
formalin fixed brain and «oinal cord tissue showed perivascular infiltrates in
the cerebrum, cerebellum and spinal cord white matter and occasionally in the
grey matter. Small, probably incipient lesions were characterized by a pre¬
dominantly lymphocytic infiltrate, whereas larger lesions showed a rapid
increase in the relative number of histiocytes, macrophages, neutrophils and
eosinophils, often coinciding with necrosis and hemorrhages.
Blood samples were taken at weekly intervals, at the onset of clinical
symptoms and just before the animals were sacrificed when moribund. The
following lymphocyte subsets were determined by indirect immunofluorescence
and flow cytometric analysis: 1) T H with the MCA OKT4; 2) T $ with CM9; and
3) B lymphocytes with CM11. The observed shifts in lymphocyte subpopulations
during disease progress were similar for the animals with acute EAE and
therefore the results were pooled (see Fig. 1). All five animals had a
progressive lymphopenia. There was a significant decrease in the absolute
number of T^ and Tg lymphocytes during the first week, but the T§
lymphocytes were more severely depleted, thus resulting in a doubling of the
T|_j/Ts ratio. No additional changes occurred until after the onset of clinical
symptoms, when a further significant decrease in the T H lymphocytes was
observed, while the number of Tg lymphocytes remained constant. The number
of B lymphocytes decreased significantly during the first week, but did not
change thereafter. The significant increase in the B/T lymphocyte ratio during
the last few days of the disease was due to the depletion of T H lymphocytes,
since both T$ and B lymphocytes remained constant during that time.
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Fig. 1:

Lymphocyte subpopulations in the development of acute experimental
allergic encephalomyelitis. Each bar represents the mean of five
animals. The values are relative to those on the day of immunization,
which were taken to be 100%. 1st bar = immunization (day 0);
2nd bar = day 7; 3rd bar = onset of clinical symptoms (day 9-19);
4th bar = death (day 12-21). A dark bar differs significantly from
the preceding one (chi-square test). The black dots represent the
values for the CFA control monkey on days 0, 7, 14 and 21.
Ly: total number of peripheral blood lymphocytes.
T: T H • T s .

The CFA control monkey showed similar shifts in lymphocyte subpopu¬
lations, except that the absolute number of T H lymphocytes did not change.
The reduction in T s lymphocytes in both the EAE animals and the CFA control
indicates that this reduction is due to the CFA alone. The mode of action of
CFA is poorly understood, but its presence is necessary for the induction of
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EAE. Based on the above results it can be postulated that CFA affects a
suppressor cell circuit and thus permits the development of autoimmunity. This
selective depletion of suppressor lymphocytes is the "adjuvant effect". The
CFA control monkey was followed for up to 12 weeks, during which the
elevated T H / T c ratio slowly returned to a normal value. Thus, the only
significant shift in lymphocyte subpopulations which was related to disease
progress was the rapid decrease in the T" H /T S ratio in the final stage of the
disease.
In conclusion, acute AEA shows fluctuations in the T H / T c ratio similar to
MS (an increase preceding a relapse and a decrease during the relapse), but
in addition, it was shown that this was partly due to the CFA effect. The
short and fatal course of acute EAE does not allow a valid comparison with a
MS relapse; therefore, further comparisons must await the development of a
chronic/relapsing model for EAE.

Compston, A . , J. Neural. Neurosurg. Psych. 46 (1983) 105.
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IMMUNOLOCICAL CHANCES IN RATS BEARINC
A TRANSPLANTABLE RHABDOMYOSARCOMA

S.J.L. Bol and R.L.H. Bolhuis

Spontaneous tumours are often regarded as lacking immunogenicity as
tested in a syngeneic system. This in contrast to viral and chemically induced
tumours. However, lack of immunogenicity does not necessarily imply lack of
antigenicity. Tumour cells carrying tumour associated antigens may or may not
escape immune control by various mechanisms, depending on the conditions of
tumour growth. With respect to tumour-immune system interactions, it may be
that the immune system is deficient or affected by the growing tumour or that
the tumour triggers immune suppressor mechanisms inhibiting the antitumour
response. If this is the case, immunotherapy by in vivo activation of the
immune reactions and/or transplantation of immune components ( e . g . , antitumour antibodies, specific immune T cells) could be applied. The purpose of
this study was to determine the interaction between a tumour and the immune
system in a syngeneic rat tumour model. It was investigated whether the
presence of a tumour had an effect on the cellular composition of the lymphoid
organs.
The R-1.M rhabdomyosarcoma, which is a subline of the R-1 tumour and
transplantable in syngeneic WAG/Rij rats (Hermens, 1980), was used as the
model tumour. The R-1.M grows as a solid tumour, has undifferentiated cell
characteristics and according to recent experiments does not conclusively show
signs of in vivo immunogenicity (Hermens, unpublished results). The tumour
can also be grown in vitro. Six-week-old female WAG/Rij rats were injected
intramuscularly with 10s R-1.M cells in both hind legs. Nontreated rats were
used as controls. On day 30 after tumour cell inoculation, the cellular com¬
position of the spleen, lymph nodes and peripheral blood was determined.
Lymphocyte subpopulations were identified on the basis of membrane antigen
expression by use of mouse monoclonal antibodies (MCA) (Sera Lab), FITC
conjugated goat-anti-mouse Ig antibodies (CAM) as fluorescent labels and
fluorescence activated cell sorting analysis. The presence of cytotoxic cells was
determined by their capacity to kill 51 Chromium-labelled target tumour cells in
vitro ( 5 1 Cr release assay).
Table 1A shows the composition of the various organs from normal and
tumour bearing rats. The frequencies of MCA W3/13* (all T cells), W3/25* (T
helper cells) and OX8+ (T-suppressor and T-cytotoxic cells) were similar in
healthy and tumour bearing rats. Only the ratio of W3/25* to 0X8* cells
tended to be increased in the lymph nodes of tumour bearing rats. Differences
in the cellular composition between normal and tumour bearing rats are
revealed by identification of lymphoid cells with the 0X22 MCA. This MCA has
been reported to react with a portion of the W3/25+ cells, B cells and probably
all OX8* cells (Spickett, 1983). In tumour bearing rats, the frequency of
0X22* cells is increased in the spleen and lymph nodes and decreased in the
peripheral blood in comparison with control rats. These observations could
indicate changes in the B-cell population and/or changes in a subset of the
W3/25+ population. Further analysis by using combinations of W3/25 x PX22
and 0X8 + 0X22 MCAs and anti-surface-lg antibody (B cells) will be necessary
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Table I
CELLULAR COMPOSITION AND CYTOTOXIC ACTIVITY OF LYMPHOID ORGANS
FROM NORMAL AND TUMOUR BEARING RATS

spleen
control tumour
rats
rats

lymph nodes
contr*- tumour
rats
«ats

per. blood
control tumour
rats
rats

A. T cell subpopulatfons*
cell type
All T
Th
Ts,Tc

MCA
W3/13
W3/25
0X8

57
37
28

56
36
31

72
51
29

73
55
23

75
52
29

75
51
28

0X22

50

61

37

44

41

25

1.3

1.2

1.8

2.4

1.8

1.8

ratio W3/25+ to 0X8*

B. Cytotoxic activity**
Target tumour cell
R-1.M
YAC-1

Tumour rats:

1780
±180
4720
±280

1390
±190
3300
±200

290
±110
540
±110

200
±110
80
±60

1360
±140
2890
±170

2100
±170
5010
±300

6-week-old female WAG/Rij rats injected i.m. with 10* R-1,M
cells in both hind legs.
Control rats:
nontreated age matched rats.
The cellular composition of the organs was determined at 30 days after tumour
cell inoculation. Organs of two rats were pooled.
Fluorescence activated cell sorting analysis was performed on viable lympho¬
cytes selected on the basis of forward and perpendicular light scattering
properties.
* percentage positive cells. A standard deviation of ± 3 was calculated from 5
experiments with normal rats.
* * number of target cells (± SD) killed by 5x105 lymphoid cells in a 3-hour
51
Cr release assay.
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to clarify this point.
Table 1B shows the cytotoxic activity of cells from the various organs
against in vitro cultured R-1.M cells and YAC-1 lymphoma cells, the latter
being susceptible to natural killer (NK) cell activity. In tumour bearing rats,
the cytotoxic activity against R-1 ,M and YAC-1 is decreased in the spleen and
lymph nodes and increased in the peripheral blood in comparison with control
rats.
Our data show that R-1 ,M tumour cells can be recognised and lysed in
vitro by syngeneic cytotoxic cells (NK) and that this cytotoxic activity is
influenced by the tumour. Furthermore, in vivo, the presence of the R-1,M
tumour may induce changes in the size of T-cell subpopulations detectable by
use of the 0X22 MCA. No changes in the W3/25+ to 0X8+ cell ratio were
observed. This is in contrast to observations of Fernandez Cruz et al. (1982),
who reported on such changes induced by a virus induced tumour in the
BN/BiRij rat. Further experiments will be aimed at monitoring the kinetics of
immunological changes during tumour development to determine which cell types
might be of importance for in vivo anti R-1,M tumour reactivity.

Fernandez Cruz, E. et a l . , J . Immunol. 129 (1982) 1324.
Hermens, A . F . . Brit. J. Cancer * n , suppl. IV (1980) 245.
Spickett, C.P. et a l . , J. Exp. Med. 158 (1983) 795.
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CLONED HUMAN B73.1 POSITIVE NATURAL KILLER CELLS EXERTING
STRONC ANTIBODY DEPENDENT AND INDEPENDENT CYTOTOXICITY

R.L.H. Bolhuis, R.J. van de Griend, B.A. van Krimpen en F. Smekens

Natural killer (NK) cells continue to be difficult to define (Klein et a l . ,
1983). They are morphologically identified by Timonen et al. (1979) as large
granular lymphocytes (LGL) and have recently been found to react with the
monoclonal antibody B73.1 (Perrusia et a l . , 1983). Their lytic function appears
to be not under control of the major histocompatibility complex. They are
reported to be capable of lysing tumour cell lines and virus infected cells and
to exert antibody dependent cellular cytotoxicity (ADCC). They are hetero¬
geneous in nature. When lymphocytes are cultured or when biological response
modifiers ( i . e . , lectins, interferons, prostanglandins, etc.) are added, the
cytolytic activity for these target cells can be enhanced or decreased. Because
their target cell specificity spectrum is also broader than that of "fresh" NK
cells, these cultured cells may have been activated and are operationally
termed activated killer (AK) cells. Evidence has been provided that AK cells
are different from allospecific, MLC restricted CTL and could be derived from
NK cell depleted responder cells (Seeley et a l . , 1979; Bolhuis and Ronteltap,
1980). Although several investigators were able to generate continuously
growing allospecific human CTLs (Bach et a l . , 1979; Malissen et a l . , 1981),
the expansion of human NK cells was more difficult (Pawelec et at., 1982; Vose
and Bonnard, 1983).
To further investigate the relationship between NK cells, cultured (AK)
cells, and allospecific CTLs. we have separated B73.1 + (NK enriched) and
B73.1" (NK depleted) cells by fluorescence activated cell sorting (FACS) and
cultured them for several weeks. The freshly sorted positive fraction contained
84% B73.1 + cells and 81% LGLs. The negative fraction contained 1% B73.1
binding cells and 3% LGLs. The unseparated lymphocytes contained 23% B73.T1"
cells and 9% LGLs. The NK cell activity (Fig. 1) and ADCC in the B73.1 +
fraction was about 7 times higher as compared with the B73.1" fraction.
Lymphocytes from B73.1* and B73.1" fractions were seeded (1-1000 cells
per well) immediately after sorting and cultured for 13 days. The plating
efficiency was about 4% in each fraction. In addition, the plating efficiency of
the B73.1" cells was 3-7 times higher when cultured in the presence of leukoagglutinin. The B73.1 + cells, however, showed no growth enhancement with
leukoagglutinin. All clones except clone p+2 derived from the B73.1* fraction
still expressed the B73.1 antigen, whereas none of the clones from the B73.1"
fraction reacted with this B73.1 antibody.
Rapidly proliferating clones (16 from the B73.1 + and 20 from the B73.1"
fraction; probability of being derived from a single cell 85-96%) were tested for
cytolytic activity against a panel of target cells after four weeks of culture.
As shown in Table I, 15 of 16 clones from the B73.1 + fraction showed cytolytic
activity against NK susceptible target cells such as K562 (27-70%) and MOLT-4
(12-72%) and HSB (11-70%) (not shown) at an E/T ratio of 3 : 1. These clones
also exerted antibody dependent cytolytic activity (ADCC) against rabbit
anti-P815 coated P815 murine mastocytoma cells (11-54%) but not against
uncoated murine cells (not shown). In addition, these clones were able to kill
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Fig. 1 :

Cytolytic activity towards K562 of B73.1+ and B73.1" lymphocytes.
Assay (3 hours) was performed at 24 hours after sorting with 103
target cells per well.

NK nonsusceptible Daudi cells (14-78%), the bladder tumour cell line T24 and
O-Mel melanoma cells (up to 74%). Nine clones were able to lyse two EpsteinBarr virus transformed B lymphocyte lines, APD and BSM (up to 44% lysis).
Similar results were obtained using a leukaemia derived plasma cell line
LICR-LON as the target cell. The single clone derived from the B73.1 + fraction
(clone p+2) showing no cytolytic activity against these target cells was B73.1".
Of the clones derived from the B73.1" fraction, twenty were further analysed
(15 are shown in Table I ) . Only two clones showed more than 5% lysis towards
several target cells at an E/T ratio of 3 : 1. Several of these clones, however,
showed lectin dependent cellular toxicity (LDCC), provided that the target
cells had been pretreated with PHA. Thus, separation of B73.1 + and B73.1"
cells by FACS resulted in a good separation between cells with and cells
without NK as well as AK cell activity, respectively.
Clones derived from B73.1 + cells killed a broad spectrum of target cells.
These clones also exerted ADCC and some of them LDCC activity. Clones from
the B73.1" fraction appeared to be more heterogeneous with respect to their
target cell specificity pattern. Although most clones derived from this fraction
showed absolutely no cytolytic activity (especially when cultured in the
presence of lectins), a few clones did clearly show cytolytic activity against
NK susceptible target cells, B-LCLs and ADCC. We have recently found that
B73.1" allospecific cytotoxic T cells (CTL) exert strong LDCC and that also
cells without NK allospecific CTL or AK activity can still exert LDCC exclu¬
sively (see p. 203 of this Annual Report). Here, we report that B73.1 + clones
that have LDCC activity in addition to NK cell activity can be obtained.
Extensive analyses of surface markers on these clones is reported by Van de
Criend et al. ( p . 199 of this Annual Report) and indicate that all B73.1*
clones are OKT3". However, most B73.1 + clones react with (some) other mono-
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Table I
TARGET CELL SPECIFICITY OF CLONES DERIVED FROM
B73.1+ AND B73.1" CELLS

clones

NK susceptible
K562 MOLT-4

B73.1 +
-1
-3
-4
-5

-6
-7
-13
+1
+2
+3
+6
exp.2
+9
+10
+15
+16
•17

B73.1"
exp.1
-2
-4
-5
+5
+7
+8
+9
+12
exp.2
-8
-9
-11
-12
-13
-14
-15

62
63
70
68
48
45
42
55
0
64

57
45
46
57

53
27

5
18
10
1
0
-1

2
0
0
0
0

0
0
0
0

ADCC
P815IgC

17
5

76
55
70
71
49
48
43
42
1

0
2
6
-4

30
6
18
13
18
6
4
18
0
25
-1

-2
1
8
2
5

26
23
5
7
3

2
18
6
14

0
-1
2

27
5
13
2
1
10
5

-9
27
2
-1
0
0
-1
0

0
30
4
0
2
3
-1

0
1
0
0
0
0
0

0
0
0
0
-2
1
0

4
0
1

0

1

1
3
0
3
-1
2

0
0
0

33
38
54
53
22
34
21
33
0
47
19

26
29
37
12

11
15
26
19
20

-1
44
8
0
-1
0
0
0

other tumour cells
LICR Daudi T24 O-Mel

26
7
19
44
18
20
8
10
0
26
1

50
72
51
26
22
26
47
0
62
42

67

target cells
LDCC B-LCL's
P815- APD BSM
PHA

3
25
5
0

0

2
8
30
9
12

3
0
0
4

-2

34
10
14
9
1
20
1

28
5

5

1

78
21

20
1
6
1

55
14
38
26
34

24
6
2
2
3
2
0

-3
90
11
3
2
0
1
0

51
51
61
17

43
74

52
39

1
0

0
0
1
0

0
0
0

Cytolytic activity expressed as percentage 5 1 C r release in a 3 hour assay with
1000 target cells per well. Effector to target cell ratio 3 : 1 . Clones cultured
with lectins (indicated by "+") were preincubated for 18 hours in lectin-free
medium before assay.
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clonal antibodies that also react with E-rosette-forming T cells ( e . g . , Lyt3 or
WT1) in addition to the B73.1 antigen (Van de Griend et a l . . 1984).
Many speculations can be made about the origin of so-called NK or "NKlike" clones reported in the literature. The plating efficiency of B73.1" cells
appears to be much higher in the presence of lectin in the expansion medium
as used by most investigators (Pawelec et a l . , 1982; Vose and Bonnard. 1983;
Allavena and Ortaldo. 1982; Hercend et a l . , 1983). Thus, it cannot be
excluded that a number of these clones were derived from the contaminating
cells in the (LCL enriched) fractions, especially since we have shown that
clones which do not express NK cell markers (Fc-r or B73.1 + markers) can,
however, lyse NK susceptible targets (clone-4; p. . . . of this Annual Report).
The observation that clones derived from the B73.1+ fraction were B73.1 +
whereas no B73.1 + clones were derived from the B73.1" fraction makes it
unlikely that B73.1 + clones originated from B73.1" cells. Taking the former
along with the fact that the B73.1 MCA is highly NK cell specific (Perussia et
a l . , 1983), this allows us to conclude that the B73.1 + clones have NK-cellderived activity.

Allavena. P. and Ortaldo, J.R.. Immunobiology 163 (1982) 400.
Bach, F.H. et a l . . Nature 2JM (1979) 307.
Bolhuis, R.L.H, and Ronteltap, C.P.M., Immunol. Letters I (1980) 191.
Hercend, T . et a l . . Nature 3JH (1983) 158.
Klein, E. et a L , Immunol. Today 4 (1983) 97.
Malissen, B. et a l . . Scand. J . Immunol. _H (1981) 213.
Pawelec, C.P. et a l . , J. Immunol. Ut (19B2) 1892.
Perussia, B. et a l . , J . Immunol. 130 (1983) 2133.
Seeley, J.K. et a l . , J . Immunol. 123 (1979) 1303.
Timonen, T. et a l . . Cell. Immunol. 48 (1979) 133.
Van de Criend, R.J. et a l . , J. Immunol. 22? (1984) in press.
Vose, B.M. and Bonnard, C D . , J. Immunol. 130 (1983) 687.
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RAPIDLY EXPANDED ACTIVATED HUMAN KILLER (AK) CELL CLONES
HAVE STRONG ANTITUMOUR CELL ACTIVITY AND HAVE THE SURFACE
PHENOTYPE OF EITHER T T . T - N O N - T OR NULL CELLS

R.J. van de Griend, B.A. van Krimpen. C.P.M. Ronteltap and R.L.H. Bolhuis

There are many reports describing attempts to characterize natural killer
(NK) cells on the basis of morphology and cell surface markers. Three mono¬
clonal antibodies (MCAs) associated with NK cells in man have recently been
described: 1) OKM1 reacts with the majority of NK cells (Kay and Horwitz.
1980) and with T T cells (Reinherz et a l . , 1980); 2) HNK-1 (leu 7) reacts with
almost all large granular lymphocytes (LGLs) as well as some OKT3+OKM1~ T
cells (Abo and Balch, 1981); and 3) B73.1 described by Perussia et al. (1983)
reacts with nearly all cells with K and NK cell activity.
Because of the potent antitumour cell activity of NK cells, several in¬
vestigators have become interested in the expansion of such cells. Several
clones or cell lines with cytolytic activity that to some extent resembled that of
"fresh" NK cells have been described. Although these cell lines, often called
"NK-like", have in common that they kill the NK susceptible target cell KS62,
they differ in their cell surface marker profiles, cytolytic potential, target cell
specificity spectrum and their capacity to exert antibody dependent cellular
cytotoxicity (ADCC). To distinguish cultured cells from "fresh" NK cells, the
former cells were called activated killer (AK) cells. Evidence has been
provided that the antigen defined by the B73.1 MCA might be the Fc receptor
for IgC or a related structure (Perussia et a l . , 1983). B73.1 appears to be the
best marker presently available for "fresh" NK cell activity.
The expansion of human NK cells appeared to be more troublesome than
that of allospecific cytotoxic T lymphocytes (CTL) (Pawelec et a l . , 1982;
Hercend et a l . , 1983; Allavena and Ortaldo, 1982). We have recently developed
a culture system for human allospecific cytotoxic T lymphocytes (CTL) that
allows expansion of a single CTL up to 10* cells in about thirty days (Van de
Griend et a l . , 1984). This system includes two types of allogeneic feeder cells:
peripheral blood lymphocytes (PBL) and Epstein Barr Virus (EBV) transformed
lymphoblastoid cell lines (B-LCL). It was found that B-LCLs other than the
stimulator cell can also exert this growth promoting activity. This system was
used for the expansion of MHC nonrestricted cytotoxic lymphocytes.
Bulk cultures as well as cloned cell lines derived from single cells of
FACS purified B73.1* as well as B73.1" cells were characterized by using MCA
and by studying rosette formation with sheep red blood cells and anti-IgC
treated ox erythrocytes. As shown in Fig. 1 , almost all cells from the B73.1*
fraction (bulk culture) reacted with B73.1, OKTai and OKT10 after two weeks
of culture, but not with the "NK-associated" MCA HNK1 or the anti-T-cell
MCAs OKT3, OKT4 or Leui. However, about 60% of the cells reacted with an
antibody to another anti-T-cell antigen, Lyt 3, recognizing the human receptor
for sheep red blood cell receptor, and about 15% reacted with OKT8. Further¬
more, a portion of the cells reacted with WT1, a MCA reacting with all T cells
but not B cells or myelomonocytic cells (Vodinelich et a l . , 1983). In contrast,
cultured cells from the B73.1" fraction did not react with B73.1 or HNK1, but
up to 100% reacted with OKTal, OKT10, OKT3, Leui and WT1 as well as Lyt3.
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NONE

Fig. 1:

173.1

HNK I

OKM I

Reactivity pattern of B73.1* and B73.T bulk cultured T lympho¬
cytes, with a panel of monoclonal antibodies.

About 701 of these cells reacted with OKT4 and 25% with OKT8. In addition,
cultured cells showed a very weak reactivity with the MCA OKM1; however, no
clear difference in reactivity with OKM1 was seen between B73.1+ and B73.1"
cells.
After three weeks of culture, a variation in proliferation rates between
individual clones became apparent (Table I ) . Although a considerable variation
from week to week between individual clones was also observed, B73.1" clones
generally expanded more rapidly than did B73.1* ones. When all cells had been
maintained in culture, the time required to obtain 10* cells from a single cell
was calculated. B73.1* clones and B73.1' had to be cultured for 38 t 2 or 30 ±
1 days (mean ± SEM), respectively, to reach this number.
Thirteen of fourteen clones derived from the B73.1* fraction showed
strong cytolytic activity against a variety of tumour target cells, including
antibody dependent cellular cytotoxicity (see p. 195 of this Annual Report) as
determined at 4-5 weeks after establishment of the cultures. These B73.1*
clones showed a similar binding pattern with MCAs to that of bulk cultured
cells. All clones, except one, reacted with Lyt3. Only one clone derived from
the B73.1 + fraction comprised 50% of cells that reacted with 0KT8 in addition
to B73.1.
Clones derived from the B73.1' fraction also showed a binding pattern
comparable with the bulk culture (Fig. 1 ) . Five of thirteen B73.'!" clones
reacted with OKT8 and seven with OKT4. One clone that in contrast to the
other B73.1" clones showed antitumor cell reactivity was OKT6" as well as
O K T T , but OKT3*. The percentage cells forming rosettes with sheep erythrocytes (E-rosettes) was also determined in these clones. This percentage
appeared to be about twofold lower in B73.1 + clones than in B73.1' ones (37 t
13 versus 67 ± 19, mean ± SD, respectively). Only one clone (p+16) did not
form E-rosettes and failed to react with Lyt 3. Some of the cells in all B73.1+
clones were able to form rosettes with IgC coated ox erythrocytes ( E A T
rosettes) (34% t 18, mean £ SD), but none of the B73.1" clones were able to
form EAT rosettes. A strict correlation was observed between the presence of
the B73.1 antigen, the absence of the OKT3 marker and the capacity to form
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EA-r rosettes. The B73.1" 1 clones did not form rosettes with IgM coated ox
erythrocytes (EA y rosettes).
Cultured activated killer (AK) cells, like natural killer (NK) cells,
represent a heterogeneous cell population based on differences in cell surface
marker expression and in target cell specificity spectrum. We were able to
identify three different types of activated killer cell clones. AK clones either
resembled Tr cells (B73.1 + ,T3~,T«~,T8~,Lyt3*.E + ,EA-r + ) or "Null" cells
(B73.1 + ,T3~,"pr,T8",Lyt3~.E~,EAY + ). In addition, although Strassman et al.
(1983) reported that B73.T cells are depleted of NK-like cells, we found that
AK clones can also be derived from B73.1" T-non-T cells, being B73.1~.T3*,
T4~ or T8~,Lyt3 + ,E + ,EA-r~. These clones were compared with clones with
"NK-like" activity described in the literature. The cytotoxic clone JT1
described by Hercend et at. (1982) resembled our "Null cell" clone. Other
clones described by Kornbluth et al. (1982) and Hercend et al. (1983) were
found to be 0KT11+OKT3'. These clones might resemble our B73.1 + clones,
showing a surface phenotype resembling that of T T cells, although no data on
binding of the MCA B73.1, E A-RFC or ADCC activity were presented. Strong
evidence that the " T T " clones indeed belong to the T-cell lineage is provided
by our recent finding- that these clones express IL2 receptors.
The B73.1" cytotoxic clone resembled the so-called large granular lympho¬
cyte clone described by Sheeny et al. (1983) and had the surface phenotype of
T-non-T cells. However, our clone had only few azurophilic granules and the
cells did not show the morphological appearance of proliferating LCLs.
Because we found that, from the third week onwards, B73.1"OKT3+ clones
generally proliferated more rapidly than did B73.1+OKT3~ ones, it can be ex¬
pected that in bulk cultures the phenotype of the total cell population will
shift towards that of B73.1T3* cells. Because the latter cells have a lower
cytotoxic activity or a narrower target cell specificity spectrum, a decrease in
cytolytic activity can be anticipated. Therefore, cloning is a prerequisite to
obtain large numbers of B73.1+OKT3" cells with high antitumour cell reactivity.
In summary, AK clones can have the phenotypic appearance of T T ,
T-non-T or "Null" cells and may share some functional, morphological and
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phenotypic properties with "fresh" NK cells. We have demonstrated that at
least three different types of AK clones could be expanded to large cell
numbers and with full retention of cytolytic capacity and specificity pattern.

Table I
GROWTH CHARACTERISTICS OP B73.1* AND B73.1" CLONES

clones

mean multiplication factor per week*
week 1-3 week 4
week 5
week 6

B73.1 +
(n = 15)

91
(45-153)

26
(7-61)

21
(5-75)

B73.1"
(n = 13)

120
(87-170)

92
(8-258)

217
(0-436)

day yielding
10 9 cells

number of
generations
observed

15
(0-84)

38
(31-44)

31
(25-43)

185
(0-454)

30
(26-34)

40
(23-52)

Range given in parenthesis.
'Multiplication factor was calculated by dividing the number of cells harvested
by the number of cells that were plated.
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HUMAN T-CELL CLONES EXERTING MULTIPLE CYTOLYTIC ACTIVITIES SHOW
HETEROGENEITY IN SUSCEPTIBILITY TO INHIBITION
WITH MONOCLONAL ANTIBODIES
C.P.M. Ronteltap, R.J. van de Griend, M.J. Giphart and R.L.H. Bolhuis

Induction of cytotoxic T cells by stimulation of peripheral lymphocytes
with Epstein Barr virus transformed lymphoblastoid B-cell lines (B-LCL) fol¬
lowed by limiting dilution was used to obtain cytotoxic T-cell (CTL) clones
with or without allospecificity. It is known that, along with allospecific CTL,
generation of activated killer (AK) cells occurs in the mixed lymphocyte reac¬
tion (MLC) (Seeley et a l . . 1979; Bolhuis and Schellekens. 1981). However, this
AK activity generally disappears after prolonged culture with feeder cells
unless clonal expansion is performed (Pawelec et a l . , 1982). Here, we have
studied whether or not AK as well as CTL activity can be exerted by effector
cells derived from a single clone. Furthermore, we have studied the sensitivity
of these various lytic activities to blocking by monoclonal antibodies directed
against MHC products on target ceils or cell surface antigens on the effector
cells.
Three anti-B-LCL T-cell clones G9, D11 and A3, generated and cultured
as described elsewhere (Van de Griend et a l . , 1984a), showed high cytolytic
activity against the BSM B-LCL stimulator cell. Up to 50% of the BSM cells
were lysed by these clones (data for clone D11 are shown in Fig. 1) at an ef¬
fector to target cell ratio of 1 : 1. In addition, differential cytotoxicity for
other cell lines was observed. Clones G9, D11 and A3 were also able to lyse
the B-cell line LICR-LON and short-term cultured O-Mel melanoma tumour cells
(Fig. 1). These three clones showed lysis of the NK sensitive TC KS62 to some
extent. Clone D11 showed the highest cytolytic activity (50% 5 1 Cr release at
E/T ratio of 27:1, Fig. 1). In contrast, two other NK sensitive target cells
(Molt-4 and Daudi) were not lysed.
To further explore the specificity for HLA determinants, the cytolytic
activity of G9, D11 and A3 was determined against a panel of lymphocytes and
B-LCLs with known HLA phenotype. Clone G9 lysed all cells that carried the
Cw3 determinant, including lymphocytes of the donor of the stimulator B-LCL
(BSM). Lymphocytes from Cw3" donors as well as four Cw3" B-LCLs were not
lysed. Clones D11 and A3, however, did not lyse Cw3+ lymphocytes or
B-LCLs. The specificity of clone G9 for Cw3 was confirmed by cold target cell
inhibition studies. Both autologous and allogeneic Cw3 bearing lymphocytes as
well as a Cw3+ B-LCL caused a reduction (up to 80%) in the cytolytic activity
towards Cw3 positive target cells (data not shown), whereas Cw3 negative
lymphocytes or B-LCLs did not.
The cytotoxic T-cell clones C9, D11 and A3 expressed the T3 and T8,
but not the T4 cell surface marker. None of them bound with OKM1, HNK1 or
B73.1, three monoclonal antibodies that bind to natural killer cells. The
sensitivity of clones G9, D11 and A3 to blocking of the cytotoxic activity was
investigated using monoclonal anti-T-cell surface antigens, anti-NK and anticlass I and class II activity. As shown in Table I, these clones showed differ¬
ential sensitivity to blocking with monoclonal antibodies. The lysis of the Cw3+
cells BSM, LICR-LON and O-Mel target cells by G9 was blocked by anti-HLA-
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ABC (class I ) , but anti-HLA-DR (class I I ) had no effect (data not shown).
Although clones D11 and A3 showed no specificity for Cw3 or any other known
serologically defined HLA determinant, class I antibodies did inhibit the lysis
of BSM, LICR-LON and O-Mel cells by these clones and, as expected, by C9.
In contrast, the cytolytic activity of these clones against the NK sensitive
target cell K562 was not inhibited by anti-HLA.
CLONE D11

90
^

80-

o

70-

BSM

K562

0.
•

60-

s
50HSB

40

30

20

10
MOLT-4
0
1:9

1:3

1:1

3:1

9:1

27:1

81:1

243:1

E/T rorio (log scok)

Fig. 1:

Cytolytic activity of clone D11 against various target cells. Five
B-LCLs and Daudi cells were not lysed. These clones did not exert
antibody dependent cellular toxicity.

The MCA FK-18 (OKT8-like) was used to investigate the possible involve¬
ment of T8 antigens on the effector cells which all were OKT3+4~8+ in the lytic
process. The cytolytic activity of clones C9 and A3 towards various target
cells was almost completely inhibited by (already) low titers of FK-18, How¬
ever, FK-18 had no effect on the cytolytic activity of clone D11. MCA OKT8
had effects similar to those of FK-18. Clone D11 was also not inhibited by
OKT3; however, the cytolytic activity of clone C9 was significantly reduced
(data not shown). As expected, OKT4 had no effect on the O K T f clones.
The lysis of the NK sensitive K562 target cells by clones C9 and D11 was
further investigated by using the MCA 13.3 that inhibits the lysis of K562 by
NK cells (Newman et a l . , 1983). The lytic activity of clone D11 but not that of
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Table I
INHIBITION OF SOME CYTOLYTIC ACTIVITIES OF OKT8 POSITIVE CTL
CLONES BY ANTI-HLA OR ANTI-T8 MONOCLONAL ANTIBODIES

monoclonal antibodies
anti-class I* FK-18**
13.3 - 1
1:100
1:1000 1 yg.ml

clone

target

Cw3+/
Cw3~

E/T
ratio

D11

BSM
LICR
O-Mel
K562

Cw3

Cw3"

5:1
10:
20:
40:

9
3
4
38

32
42
42
41

45
n.t
n.t
25

BSM
LICR
O-Mel
K562

Cw3*
Cw3*
Cw3
Cw3"

2.5
10:
20:
40:

1

6
8
18

0
1
13
5

43
n.t
n.t
22

Cw3
Cw3'

5:
10:
40:

2
0
18

11
2
5

n.t
n.t
n.t

C9

A3

BSM
LICR
K562

Results expressed as percentage
*

control

Cr release (control ± SD).

MAS 032C W6/32

** OKT8-like
MCAs were added to effector cells at 30 minutes before addition of target cells.
clone C9 against K562 was inhibited by MCA 13.3. MCA 13.3, however, did not
inhibit the lysis of BSM (not shown). This finding suggests that clones D11
and A3 might be directed against a class I determinant which is not recognized
by Cw3 serotyping and which then is present on the three different target
cells tested: BSM, LICR-LON as well as the histogenetically different, shortterm cultured, melanoma cells (O-Mel). Cytolytic activities of these clones were
not inhibited by anti-HLA class I antibodies. These data indicate that MHC
determinants are involved in the lysis of B cells and melanoma target cells, but
not in that of K562 or PHA treated target cells and that a multiplicity of
receptors is present on cloned effector cells.
An interesting observation is that the cytolytic activity against B-LCLs
and melanoma cells of the OKT3+8+ clone D11 was not inhibited by OKT3 or
OKT8, in contrast to that of clones C9 and A3. These results confirm recent
studies (MacDonald et a l . , 1982) with mouse CTL clones, which showed that
some Lyt2/3 CTL clones were completely blocked by low concentrations of antiLyt3 antibodies, whereas other Lyt2/3 CTL clones were not inhibited by these
antibodies. Thus, in some T-cell clones, the OKT3 or OKT8 receptor itself
seems not to be involved in the recognition and lysis. These molecules might
possibly stabilize the interaction between the putative receptor and the
appropriate antigenic determinant. If one postulates that the requirement for
Lyt2/3 molecules to stabilize the binding is inversely correlated with the
number and/or affinity of the CTL receptors for the target antigens, this
could explain the different susceptibilities to monoclonal antibodies found for
different clones.
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The MCA 13.3 acting at the effector cell level (Newman et a l . . 1983) of
NK cells was found to reduce the cytolytic activity of clone D11 against K562.
Thus, evidence is provided at the clonal level that the binding structure for
MCA 13.3 as identified on NK cells can also be involved in th*; lytic process of
CTL (clone O i l ) . The finding that lysis of K562 cells by G9 was inhibited by
the anti-T8 MCA but not by MCA 13.3 indicates that distinct effector cell sur¬
face molecules or different regions of the same molecule are involved in the
lytic cycle of K562 target cells.
Several authors have classified clones that lyse K562 as "NK-like"
(Pawelec et a l . , 1982; Timonen et a l . . 1982; Sheeny et a L . 1983; Hercend et
a l . , 1983) on the basis of the presence of azurophilic granules, surface
markers and the cell separation method employed. All clones described here
also show azurophilic granules and "NK-like" activity; however, their morpho¬
logical appearance is quite different from that of large granular lymphocytes
from fresh PBL. We do not expect our clones to be derived from NK cells:
first, because of their difference in appearance; secondly because our proce¬
dure does not enrich for NK cells; and thirdly. NK cells are OKT3" and grow
more slowly than do OKT3+ cells W*n de Griend et a l . , 1984b). Therefore, in
our system, NK cells have a growth disadvantage.
We conclude that at least a proportion of cells in an established T-cell
clone with cytolytic activity against the stimulator B-LCL cells can also exert
AK activity against cells with unrelated MHC determinants. This supports our
earlier suggestion (Bolhuis et a l . , 1982) that one effector cell can have
multiple recognition specificities and can exert various cytolytic activities as
has been reported recently for murine cloned cell lines (Binz et a l . , 1983;
Brooks et a l . , 1983) showing the occurrence of "NK-like" activity in originally
altospecific murine T cells. Because cytotoxic T-cell clones can exert multiple
lytic activities, including antitumour cell reactivity, different effector cell
surface structures are involved in the lytic reaction cycle of these various
lytic activities. The susceptibility to blocking by various monoclonal antibodies
is effector cell and target cell dependent and indicates that the mechanisms of
lysis also differ, at least for some stages of the lytic cycle.

Binz, H. et a l . , J . Exp. Med. 157 (1983) 1252.
Bolhuis, R.L.H, and Schellekens, H . , Scand. J. Immunol. U (1981) 401.
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Brooks, C.G. et a l . , Immunol. Rev. 72 (1983) 43.
Hercend, T . et a l . . Nature 301 (1983) 158.
MacOonald, H.R. et a l . , J. Exp. Med. 156 (1982) 1711.
Newman, W. et a l . , J . Immunol. 131 (1983) 1742.
Pawelec, C.P. et a l . , J . Immunol. 128 (1982) 1892.
Seeley, J.K. et a l . , J. Immunol. 123 (1979) 1303.
Sheeny, M.J. et a l . , J. Immunol. 130 (1983) 524.
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DIFFERENT FUSION METHODS FOR THE GENERATION OF
HUMAN CYTOTOXIC T-CELL HYBRIDOMAS

C. Cravekamp, R. Vreugdenhil, S. Bol and R.L.H. Bolhuis

Cytotoxic T lymphocytes (CTL) are well known effector cells in transplan¬
tation immunity, viral infections and certain antitumour responses. The mecha¬
nism by which CTL recognise and kill target cells is unknown. To study the
mechanisms involved in tumour cell recognition and lysis, large numbers of
functionally stable CTL are required. The aim of the present study is to
generate continuously proliferating human cytotoxic T-cell hybridomas
expressing their lytic function against tumour cells. However, human T-T cell
hybridomas are not easy to prepare. Initial growth of the fused cells is
difficult to achieve and often occurs only after more than a month (Lé et a l . ,
1982; Creene et a l . . 1982). Cytotoxic T cells present an additional problem,
since these cells can lyse their fusion partner during the fusion procedure
(Kaufmann et a l . , 1981). Upto now, no human cytotoxic T-cell hybridomas
have been prepared. For the generation of human cytotoxic T-cell hybridomas,
we have applied two different strategies:
1)

Fusion in the presence of polyethylene glycol (PEG).
a) Before fusion, the lytic activity of the CTL was reduced by trypsin
treatment (1 mg.mr 1 ; 5 x 10° cells per ml; 30 min at 37°C) or by
heat shock (10 min at 46°C) (Table I ) . Twenty-four hours later, a!i
treated cells almost completely regain their lytic activity.
b) Cells from a specific cytotoxic T-cell clone which do not lyse the
fusion partner were used.
2)
Electric field induced cell fusion. Electrofusion consists of two stages
(Zimmermann et a l . , 1982):
a) the membranes of the cells to be fused are brought into close contact
by an alternating nonuniform electrical field of low intensity;
b) fusion is induced by electrical breakdown of the lipid bilayer of the
membrane contact zone between the two cells. This reversible break¬
down is induced by the application of a pulse of high field intensity
and short duration.
Before fusion, both fusion partners are pretreated with pronase to create
lipid domains. The fusion process can be followed microscopically (Fig.
1). No lysis of the fusion partner appears to occur during electro-fusion.
Therefore, reduction of the cytotoxic activity of the CTL is not necessary
in this case.
Four types of human CTL were used:
a)
peripheral blood lymphocytes (PBL);
b)
phytohaemagglutinin (PHA)-stimulated lymphocytes;
c)
lymphocytes from a mixed lymphocyte culture (MLC);
d)
cells from a specific cytotoxic T-cell clone.
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Table I

REDUCTION AND RESTORATION OF CYTOTOXIC ACTIVITY
OF T LYMPHOCYTES ON HSB-2 CELLS*

effector cell

treatment

% HSB-2 killed
before
treatment

peripheral blood
lymphocytes
PHA-stimulated
100
lymphocytes
MLC-activated
lymphocytes

heat shock

49

heat shock

trypsin

% reduction % restoration
3 hours after 24 hours aftei
treatment
treatment
78
48

45

4

71
46

77

*Cytotoxic activity of the lymphocytes was tested for in the 5 1 Cr release assay
(3 hours). Effector/target ratio, 20/1; 10,000 targets per well.

These CTL were fused with the human HAT-(hypoxanthine-aminopterin-thymidin) sensitive T-cell line HSB-2 in the presence of PEC or electrofusion. After
fusion, the cells were seeded into 96-well microtiter plates (range 4 x 10* - 1
x 10* cells per well) and cultured for two weeks in HAT medium to select for
hybridomas. Irradiated murine bone marrow cells (1 x 10s per well) were used
as feeder cells.
Of the various nontreated lymphocyte types, only the CTL clone yielded
proliferating cells after fusion with HSB-2 in the presence of PEG f Table I I ) .
Heat treatment of the lymphocytes prior to fusion resulted in proliferating cells
when using PBL but not when using PHA-stimulated lymphocytes. Trypsin
treatment of MLC activated lymphocytes also yielded proliferating cells after
PEC fusion, although only marginal reduction of lytic activity was achieved
(Table I ) . These results do not support the suggestion that reduction of the
cytotoxic activity of the CTL is required for a successful fusion.
Electrofusion appears to be more efficient than PEC fusion. The three
types of lymphocytes used in this procedure all yielded proliferating cells at
2-4 weeks after HAT selection. The percentage of wells with proliferating cells
was higher than after PEC induced fusion (Table I I ) .
All proliferating cells have been tested for cytotoxic activity. All cultures
were negative except for those derived from the electrofusion procedure with
the CTL clone. That procedure resulted in three of 200 cultures with low cyto¬
toxic activity against the original stimulator cell. This low frequency and low
activity could be explained in several ways:
1)
the fusion procedure might have a negative influence on the cytolytic
activity of the CTL;
20B

Fig. I*.

Electric field induced cell fusion.
a. "Pearl chain" forr ion of the fusion partners.
b. Fusion of a lymp, ~yte with a HSB-2 tumour cell.
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2)

3)

cytotoxic T-cell hybridoma cells may be overgrown by noncytotoxic T-cell
hybridoma cells because too many cells were cultured per well. Therefore,
the proliferating cells showing cytotoxic activity will be cloned by limiting
dilution;
the tumour cell line could be an inappropriate fusion partner; for
example, loss of chromosomes with genetic information for cytotoxic acti¬
vity may have occurred. Experiments with other T-cell lines are planned.
Because eiectrofusion offers the advantage that fused cells can be directly
isolated (under the microscope) by micromanipulation. single fusion
products can be cultured without the use of HAT medium. Thus, in prin¬
ciple, every available T-cell line can be used as fusion partner in this
procedure in the future.

Table II
YIELD OF PROLIFERATING CELLS AFTER PEC FUSION OR ELECTROFUSION

human lymphocytes

pretreatment

number of cells
seeded per well

% of wells with
proliferating cells

PEC fusion
4
4
4
4

PBL

none

PHA-stim. lymph.
cytotoxic T-cell
clone

none
none

3.2 x 10*
4
1.6 x 10
4
1.6 x 10

PBL
PHA-stim. lymph.
PHA-stim. lymph.
MLC act lymph.
cytotoxtc T-cell
clone

x
x
x
x

10 4
10"
10*
10*

none
heat shock
none
heat shock
trypsin
none

PBL

1.3 x 10
6 x 10*

5

0
11
0
0
17
29

Eiectrofusion

Creene, W.C. et a l . , J. Immunology U9 (1982) 5.
Kaufmann, Y. et a l . , Proc. Natl. Acad. Sci. USA 78 (1981) 2502.
Lé, J. et a l . , Proc. Natl. Acad. Sci. USA 79 (1982) 7857.
Zimmerman, U . , BBA 694 (1982) 227.
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A SOLUBLE FACTOR WITH NONSPECIFIC T-CELL SUPPRESSION A C T I V I T Y (SUF)
PRODUCED BY T-HYBRIDOMA CELL LINES

S. Knaan-Shanzer and D.W. van Bekkum

The nonspecific suppressor T cells present in the thymus and spleen of
neonatal rodents exert their activity through a soluble factor ( S U F ) . We have
previously demonstrated (Knaan-Shanzer and Van Bekkum, 1982) that cell-free
supernatants taken from short-term cultures of freshly prepared infant thymus
or spleen cells prevent both Craft-versus-Host ( C v H ) mortality in an in
vitro/in vivo experimental model and lymphocyte proliferation in the in vitro
mixed lymphocyte reaction (MLR).
Several limiting factors were encountered in the production of SUF from
short-term cultures: an irregular supply of newborn rodents, low quantities of
SUF that could be obtained from the animals due to the low cellularity of their
organs, and varying suppressive activity of the supernatants. To ensure a
large and regular supply of SUF, a different production method was required.
To this e n d , we hybridized spleen cells from neonatal CBA mice with an AKR
T-cell lymphoma line (BW 5147; HAT sensitive) (Hewitt and Liew, 1979). After

Table I
EFFECT OF SUF ON CRAFT-VERSUS-HOST MORTALITY,
CFU-S AND MIXED LYMPHOCYTE REACTION

supernatants tested
for suppressor factor
clone
number

1-35
1-36
1-36
1-5*»
1-51

CvH*
mortality

suppression (%) of
CFU-S**

MLR***

spleen cells
incubated
with SUF

bone marrow
cells incubated
with SUF

SUF added
to the
cultures

80
90
80
100
n.d.

- 5
16
8
11
- 6

90
90
90
100
72

*
1 x 10° CBA spleen cells were incubated with 0.25 ml supernatant for 1
hour at 37°C before injection along with 106 bone marrow cells into lethally
irradiated (C57BL x CBA)F1 hybrids.
** 1 x 106 CBA bone marrow cells were incubated with 0.25 ml supernatant for
1 hour at 37°C before injection into lethally irradiated CBA recipients.
***100 til supernatant was added to 100 yl mixed lymphoid cultures consisting
of 5 x 105 CBA spleen and 5 x 105 DBA/2 irradiated (34 Gy) spleen cells.
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four weeks, we obtained (0 clones of which 35 produced a soluble factor which
suppressed the rat lymph node MLR. Two of the SUF producing clones have
been continually cultured since.
The biological activity of the hybridoma derived SUF resembles that of
SUF obtained from short-term cultures. Similar to the latter, hybridoma
derived SUF inhibits the capacity of lymphoid (spleen) cells to elicit a CvH
reaction. Likewise, the hybridoma derived SUF does not affect CFU-S (Table
I ) . In addition, the suppressive activity of SUF was found in general to be
non-species-specific. SUF produced from a mouse hybridoma cell line inhibits
proliferation of lymphocytes from rats, monkeys and humans beside those of
the mouse in the MLR (Table I I ) .
The strong reduction in lymphocyte proliferation observed in the MLR in
the presence of SUF is not due to a cytotoxic reaction. When SUF was added
to the cultures at the initiation of the MLR (day 0 ) , we observed maximum
suppression (90-95%). A delayed addition of SUF to the culture medium after
one and two days resulted, respectively, in a limited suppression (60-70%) and
no suppression at all. Furthermore, after removal of SUF (added on day 0)
from the culture medium one and two days before termination of the cultures,
the suppression was completely abolished.
To determine whether SUF prevents T-lymphocyte proliferation by nonspecifically blocking DNA synthesis (a mechanism described in the literature
for various other suppressor factors, i.e. NIP; Nelken et a l . , 1979), we
exposed T-cell lines of murine (YAC-1), rat (W/FU G-1) and human (Molt and

Table II
SUPPRESSIVE ACTIVITY OF MOUSE HYBRIDOMA CULTURE SUPERNATANTS
ON RAT, MOUSE, HUMAN AND MONKEY MIXED LYMPHOCYTE REACTION

mean suppresion (%)
clones number

rat

1-6
1-25
1-31
1-35
1-36
1-28
1-46
1-55
1-21
1-37
1-50

83
91
80
88
86
85
77
79
48
84
73

mouse

(3)*
(2)
(3)
(2)
(2)
(2)
(2)
(2)
(2)
(2)
(3)

94
96
60
68
75
39
95
96
0
88
94

(2)
(1)

(D

(2)
(2)
(2)
(1)
(1)
(2)
(2)

(D

human

92
95
94
83
88
17
96
90
0
92
92

(12)
(12)
( 9)
(12)
( 9)
(12)
(11)
(12)
(12)
( 9)
(12)

monkey

34
79
77
49
68
36
78
48
72
46
83

(6)
(6)
(6)
(6)
(6)
(6)
(6}
(6)
(6)
(6)
(6)

* (n) = number experiments or combinations.
% supernatant used: rat 50%, mouse 20%, human and monkey 25% per culture
volume.
Standard deviation: 10-20%.
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HBS) origin, and freshly prepared thymocytes and spleen cells from 6-weekold mice to 14 CTdR for 6. 12 and 24 hours. The cells were either preincubated with SUF for 3 and 12 hours or SUF was added simultaneously with the
radioactive pulse. The uptake of 14 CTdR by the cells in the various groups
was compared with the 14 CTdR incorporation in control cells cultured in the
absence of SUF.
The results of these experiments indicate that SUF does not interfere with
the DNA synthesis of unstimulated lymphocytes whether these are rapidly pro¬
liferating cell lines or lymphocytes freshly prepared from thymus or spleens.
Our results thus far suggest that the inhibition of the MLR observed in
the present of SUF is due to SUF interfering at the stimulation phase, prior to
lymphocyte proliferation. For elucidating the mechanism of SUF mediated sup¬
pression as well as the biochemical properties of SUF, isolation and purification
of the factor are required. This work is now in progress.

Hewitt. J. and Liew. F.Y., Eur. J. Immunol. 9 (1979) 572.
Knaan-Shanzer, S. and Van Bekkum, D.W., p. 169, In: Annual Report REPTNO (1982).
Nelken, D. et a l . , Eur. J. Immunol. 9 (1979) 176.
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PURIFICATION AND CHARACTERIZATION OF RECOMBINANT
AND NATURALLY DERIVED RAT INTERFERON

P. v . d . Meide, R. Dijkema. K. Vijverberg, J. Wubbe
and H. Schellekens

Interferons were originally described as antiviral agents, but it is now
apparent that this is but one aspect of a variety of effects that they can exert
on cells. In addition to viruses, a wide range of microbial products, nucleic
acids and other low molecular weight compounds can induce the synthesis of
interferons. They are glycoproteins of relatively low molecular weight which
are produced in exceptionally small amounts by vertebrate cells.
In several laboratories, complete purification of interferons, especially of
human and mouse origin, has been achieved after years of painstaking efforts.
Despite a rapidly expanding literature on interferon research, surprisingly few
reports are concerned with rat interferon.
In our laboratory we are working on the purification and characterization
of Sendai virus induced rat interferon, obtained from Ratec cells derived from
rat embryonic tissue. The purification procedure is outlined below. Cells are
grown to confluency in roller bottles, washed and then incubated with virus in
serum-free medium for 1 hour at 37°C. The medium is then discarded and the
cells are incubated in serum-free medium for 18 hours at 37°C. During this
time, the interferon is synthesized and released. The interferon containing
medium is harvested, adjusted to pH 2.0 by the addition of 4N HCI and stored
for 72 hours at 4°C for virus inactivation. Cell debris is subsequently removed
by low-speed centrifugation and the interferon containing supernatant is the
starting point for purification.
The purification procedure involves ultrafiltration, high-speed centri¬
fugation and ammonium sulphate precipitation. The precipitate is resolved in
1/50 of the original volume and extensively dialysed against an appropriate
buffer to yield a product with a specific antiviral activity of about 105
units per mg protein and an overall recovery of about 90%. A product with a
specific activity of >10 7 units per mg protein can be obtained by an additional
two-step procedure using ultragel ACA-44 column chromatography and the ap¬
plication of high performance anion-exchange chromatography. However, the
overall recovery in that case is less than 25%. When the material with a speci¬
fic activity of 105 units per mg protein was subjected to both SDS-polyacrylamide gel electrophoresis and isoelectric focusing, the interferon was found to
be size and charge heterogeneous (see Fig. 1). Interferons from different ani¬
mal cells are known to be heterogeneous in molecular weight and isoelectric
point. The activity profiles of naturally derived rat interferon suggest that
there are at least two distinct classes of molecules both consisting of a con¬
tinuous gradient of molecules varying in size and charge. It is difficult to
speculate on the nature of the 80k component from the SDS gel, but it is pos¬
sible that this product is derived from aggregation of interferon molecules of
lower molecular weight. We were not able to generate smaller molecular forms
from the 80k component by boiling the material in SDS. The heterogeneities of
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Fig. 1:

SDS-polyacrylamide gel electrophoresis of rat interferon derived from
Ratec cells. Gel slices were eluted with 0.1 % sodium dodecyl
sulphate containing 1% B-mercaptoethanol for 24 hours at 4°C. The
overall recovery from the gel was about 17%.

the two distinct classes of interferon are most likely attributable to differences
in sugar moieties attached to the two interferon species. Despite the fact that
direct evidence is lacking for this suggestion, the two major species of L cell
mouse interferon ( >38k and 20k) are also heterogeneous and it was shown that
this heterogeneity resides solely in the sugar moiety (Fujisawa et a l . , 1978;
Fujisawa and K a wade, 1981).
An interferon species which is obtained from a c-DNA clone constructed
from mRNA from Ratec cells induced to synthesize the substance is being
studied in great detail. The genetic information coding for rat interferon a has
been cloned in a pBR322 derivative plasmid (Dijkema, 1982). An important
reason for the cloning of this gene in E^ coli was to obtain an efficient
expression system in which large quantities of interferon can be produced
economically. However, the strain of E^ coli containing the rat interferon a
gene had a relatively low level of interferon activity, as shown with extracts
of these cells in a cytopathogenic effect assay. Therefore, more elaborate
constructions involving the leftward promotor P|_ of bacteriophage lambda were
made. This promotor is controlled by a temperature-sensitive repressor of
which the corresponding gene is present on the bacterial chromosome. PL is a
strong promotor which gives rise to efficient transcription at «2°C, while at
28°C there is a complete shut-off. Despite the fact that with this system
certain polypeptides were made in amounts corresponding to almost 40% of the
total newly made protein (Remaut et a l . , 1981; Van der Meide et a l . , 1983), a
construction with the rat interferon o gene proved not to be more effective
than the original construction.
To determine the specific activity of this recombinant rat interferon, an
attempt was made to purify the protein by fractionation of crude bacterial ex-
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tracts and submit certain fractions to SDS polyacrylamide gel eiectrophoresis to
localize the protein (activity). At first, the extracts were fractionated into a
cell wal I/membrane fraction, ribosome-free supernatant and ribosomes. The
following percentages of the original activity were found: 75%, 15% and 10%,
respectively. These data suggest that recombinant interferon a occurs mainly
in aggregated form or sticks to components of the cell wall/membrane fraction.
Preliminary results indicate that interferon a in E. coli is present in a mainly
inactive aggregated form, which leads to underestimation of the actual amount
of interferon produced. An extraction procedure using the detergent sarcosine
was worked out (Fig. 2). This resulted in an output of interferon activity of
about 2x105 units per liter of culture. However, this amount is substantially
less (a factor of 10) than the activity found in the medium of induced Ratec
cells.
Recently, we succeeded in eluting the recombinant interferon activity from
SDS polyacrylamide gel slices. These experiments showed that we are dealing
with a protein with a mobility corresponding to an M r of 16000 and a specific
activity of about 5x107 units per mg of protein.
2500
7.0
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x
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Fig. 2:

pH7.5

Isoelectric focusing gel eiectrophoresis of rat interferon derived from
Ratec cells. Gel slices were eluted with 0.5% sarcosine containing 1%
B-mercaptoethanol for 24 hours at 4°C. The overall recovery from
the gel was about 70%.

Dijkema, R. e t a l . , p. 189. In: Annual Report REP-TNO (1982).
Fujisawa, J. et a l . , J. Biol. Chem. 253 (1978) 8677.
Fujisawa, J. and Kawade, Y . , Virology ]Yl (1981) 480.
Remaut, E. et a l . . Gene ^5 (1981) 81.
Van der Meide, P.H. et a l . , Eur. J. Biochem. 130 (1983) 409.
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FUNCTIONAL CHARACTERISTICS OF PURIFIED PLURIPOTENT
HAEMOPOIETIC STEM CELLS
J.W.M. Visser, J.G.J. Bauman, A.M. Mulder,
A.R. Migliaccio and A.M. de Leeuw

Purification of pluripotent haemopoietic stem cells (PHSC) is of importance
in the direct study of the early regulation of blood cell formation as well as in
improving grafts for autologous (removal of leukaemic and metastatic tumour
cells) and al logen ic (T-cell depletion) bone marrow transplantation. PHSC can
be isolated from the bone marrow of BC3 mice by combining equilibrium density
centrifugation using discontinuous Metrizamide gradients and subsequent lightactivated cell sorting of labelled wheat-germ agglutinin (WCA) and anti-H-2K k
positive cells (Visser et a l . . 1984). The purity of the isolated PHSC can be
calculated from the number of spleen colonies produced after transplantation in
irradiated recipients if the spleen seeding efficiency (the so-called f-factor) is
known. The average content of spleen colony forming cells (CFU-S) in the
sorted suspensions is 2% if counted at 8 days after irradiation and transplan¬
tation and 6.6% if counted after 12 days (n=20). In five of the experiments, 10
± 1 % of the injected cells were observed to produce a spleen colony (at day
12). Therefore, the f-factor of the sorted PHSC to the spleen of irradiated
mice values at least 0.1. This is twice the value of 0.05, which is observed in
classical double transplantation experiments (Lahiri et a l . , 1970). This dis¬
crepancy can be explained as follows. The f-factor of 0.05 which is determined
by the double transplantation procedure is in fact the f-factor of the second
transplantation, namely, that of PHSC which are induced to proliferate shortly
after their first transplantation (Lahiri and Van Putten, 1969). The delayed
appearance (at day 12) of the spleen colonies in the present experiments sug¬
gests that the sorted PHSC are mostly quiescent ones (Baines and Visser,
1983). Monette and DeMello (1979) have shown that the f-factor for quiescent
PHSC is twice that of proliferating PHSC. We conclude, therefore, that the day
12 colonies a r i e from quiescent PHSC with an f-factor of 0 . 1 . This indicates
that the sorted cells in the five experiments with the highest enrichment with
spleen colony incidences of 10%, consisted of pure quiescent PHSC. The calcu¬
lated average content of quiescent PHSC in the enriched suspensions in all 20
experiments was then 66%.
The separation method apparently results in a depletion of day-8 CFU-S
relative to day-12 CFU-S. Baines and Visser (1983) observed that day-8
CFU-S could be separated from day-12 CFU-S by light-activated cell sorting
after H33342 staining. Both these separation results provide experimental
evidence for the hypothesis that day-8 CFU-S are a different cell (sub-)type
thv, u«v 12 CFU-S (Magli et a l . , 1982). This finding has significant conseou^ncc; for the enumeration of PHSC from CFU-S, because now the day-8 and
a\jy i2 CFU-S counts have to be added after application of the appropriate
f-factors in order to obtain the PHSC number. According to the reasoning
described above the f-factor of proliferating PHSC (day-8 CFU-S, Baines and
Visser, 1983) equals 0.05 and that of quiescent PHSC (day-12 CFU-S) equals
0 . 1 . It may be answered that part of the day-12 CFU-S are already macroscopically visible at day 8 because they happen to arise at the outer side of the
spleens. This may explain our observation that the day-8 CFU-S count in the
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five experiments with a day-12 CFU-S incidence of 10% was 2.2 colonies per
100 cells injected. This then would indicate that maximally about 22% of the
day-12 colonies are already visible and counted at day 8. Crafts of unfractionated bone marrow yielded 48 spleen colonies per 10 cells at day 12 in
these mice. Twenty-two percent of these, or ten colonies per 105 cells, were
then visible at day 8. The day-8 CFU-S count with unfractionated bone marrow
was 41 per 105 cells. Therefore, 31 day-8 CFU-S per 105 cells arise from
proliferating PHSC. With an f-factor of 0.05 the latter value indicates that the
incidence of proliferating PHSC in unfractionated bone marrow was 0.62%. The
incidence of 48 day-12 CFU-S per 10s cells with an f-factor of 0.1 indicate an
incidence of quiescent PHSC of 0.48% in unfractionated bone marrow in these
mice. The total amount of PHSC then equals 1.1% of all bone marrow cells,
which is about twice as much as is assumed until now, mainly because we now
added up day-8 and day-12 counts. The calculation also indicates that more
than half of the PHSC are normally proliferating ones, which is contradictory
with earlier findings mainly because we now took into regard the different
f-factors for proliferating and quiescent PHSC which Monette and DeMello
(1979) observed. The average enrichment factors of the isolation procedure for
proliferating, quiescent and total PHSC can be calculated similarly to be equal
to 32, 78 and 138-fold, respectively.
Fig. 1 shows the 30-day survival of lethally irradiated mice after trans¬
plantation of different numbers of untreated and sorted bone marrow cells. The
data indicate that 170 ± 30 sorted cells, as compared with (3.1 + 0.7) x 104
unfractionated cells, were required to protect 50% of the animals against lethal
gamma irradiation, an enrichment of 180 ± 70-fold, which is similar to the
average enrichment factor for day-12 CFU-S in these experiments (130 ± 30).

• ƒ sorted cells

number of cells transplanted per mouse

Fig. 1:
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Thirty-day survival of lethal ly irradiated BC3 mice versus the
number of nucleated BC3 bone marrow cells transplanted per mouse.
Open circles and solid line: graft of unfractionated cells; solid
circles and dashed line: sorted cells which were 130-fold enriched
for day-12 CFU-S. Lines represent the results of calculations by
probit analysis.

The morphology of the sorted cells was investigated by light microscopy
after May-Crünwald Ciemsa staining and by electron microscopy. All cells could
be classified as undifferentiated blasts by light microscopy. Electron micros¬
copy revealed two predominant cell types in the sorted fraction: between 43
and 59% of the cells resembled the "candidate stem cell" described by Van
Bekkum et al. (1971); 24 to 43% were similar to this candidate stem cell except
for having somewhat more cytoplasm and deeper nuclear indentations. The two
major cell types together comprised 85% of the cells. The remaining 15% of the
cells were clearly more differentiated. It could be speculated that only one of
the two predominant cell types was the PHSC, while the other was a more dif¬
ferentiated and committed haemopoietic progenitor cell which also would then
have the potential to give rise to spleen colonies. This hypothesis is in agree¬
ment with the observation that the day-12 spleen colony forming cells are coenriched with the PHSC which gives 30-day radioprotection, whereas the
enrichment factors for day-8 CFU-S and the calculated one for total PHSC are
significantly different from that. An alternative explanation, which is in line
with the above reasoning on the f-factor, is that the two morphologically dif¬
ferent cell types represent PHSC in the CQ and in the G 1 phase of the cell
cycle. DNA measurements using propidium iodide fluorescence indicated that all
of the sorted cells are diploid and, therefore, were in either CQ or C 1 . The
day-8 and day-12 counts of spleen colonies indicate that we primarily enriched
for quiescent PHSC. Therefore, the morphological entity with the highest inci¬
dence, the one resembling the CMOMC (Cell Meeting Our Morphological
Criteria) described by Van Bekkum et al. (1971), represents the PHSC in C o ,
the other one the PHSC in the C 1 state. The validity of this hypothesis is
presently under investigation.
Preliminary experiments were performed with sorted PHSC grown in vitro
with stem cell activating factor (SAF; Wagemaker et a l . , 1962). A threefold
increase in CFU-S was obtained after 4 days of culture. The appearances of
spleen colonies shifted frcm predominantly day-12 type shortly after sorting to
day-8 type after 4 days of culture. These data are also in agreement with a
day-12 CFU-S representing quiescent and day-8 CFU-S proliferating (due to
SAF) stem cells. Analysis of 4-hour and 1-day cultures suggested that about
half of the sorted PHSC responded to SAF. The regulation of the self-renewal
and differentiation of PHSC by SAF and other humoral factors is being further
investigated.

Baines, P. and Visser, J.W.M., Exp. Hematol. 1^ (1983) 701.
Lahiri, S.K. and Van Putten, L.M., Cell Tissue Kinet. 2 (1969) 21.
Lahiri, S.K. et a l . . Cell Tissue Kinet. 3 (1970) 355.
Magli, M.C. et a l . . Nature 295 (1982) 527.
Monette, F.C. and DeMello, J . B . , Cell Tissue Kinet. U (1979) 161.
Van Bekkum, D.W. et a l . . Blood 38 (1971) 547.
Visser, J.W.M, et a l . , J. Exp. Med., (1984) in press.
Wagemaker, C. et a l . , Exp. Hematol. Ij), suppl. 11 (1982) abstract 271
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CELL SURFACE DIFFERENTIATION ANTIGENS ON THE MURINE HAEMOPOIETIC
STEM CELL AND COMMITTED PROGENITORS

J.G.J. Bauman
The expression of cell surface antigens on pluripotent stem cells and
more mature, committed haemopoietic cells was studied with specific monoclonal
antibodies (MCAs). Cells from mouse bone marrow, spleen, mesenteric lymph
nodes, thymus and peritoneal macrophages were stained by indirect immunofluorescence and analysed quantitatively by flow cy tome try on the FACS I I .
Cells were sorted according to fluorescence intensity and differential counts
were performed on the fractions after May-Grünwald-Giemsa staining to confirm
the expression of specific antigens on morphologically recognisable cells. From
the data thus obtained, we constructed pictures of antigen distribution on the
mature haemopoietic cells (see Fig. 1).
To determine the presence of cell surface antigens on stem cells (CFU-S)
and committed progenitor cells (CFU-C), bone marrow cells were sorted on the
basis of three parameters. So-called blast cell windows were selected in for¬
ward light scatter and perpendicular light scatter to contain most CFU-S and
CFU-C (Visser et a l . , 1980). The cells from these windows were fractionated
according to fluorescence intensity and the CFU-S and CFU-C content of each
fraction was determined. From the results, we assessed the quantitative
expression of the specific antigen on stem cells and myeloid progenitor cells. A
summary of the results is given in Table I and each of the MCAs is briefly
described below.
The H-2K molecule is one of the histocompatibility antigens for which
monoclonal antibodies are available (Oi et a l . , 1978). It is an antigen which is
present on many cell types. Exceptions are mature erythroid cells and imma¬
ture thymocytes. It was shown to be present in high densities on CFU-S (Van
den Engh et a l . , 1978) as well as on CFU-C (Van den Engh et a l . , 1983). The
Pgp-1 antigen (Trowbridge et a l . , 1982) is expressed in high density on all
myeloid cells, in intermediate density on CFU-S and in lower density or not at
all on lymphocytes, thymocytes and erythroid cells.
The T200-antigen (Trowbridge, 1978) is also called the common leukocyte
antigen and is present on all haemopoietic cells in about equal density. We
determined it is also present on CFU-S and CFU-C. It is absent from mature
erythroid cells. The MAC-1 antigen (Springer et a l . , 1979) is a marker for
mature monocytes and macrophages and is present on a small percentage of
mature myeloid cells in the bone marrow. MAC-1 was not expressed on CFU-S
or CFU-C. The ThB antigen (Ledbetter and Herzenberg, 1979) is present on a
proportion of the lymphoid cells of both the B- and T-cell lineages. Forssman
antigen (Springer et a l . , 1979) is weakly expressed on the erythroid cell
lineage, but absent from mature erythroid cells. Both Th-B and Forssman
antigens are absent from CFU-S and CFU-C. The MCA 55-7.2 (Ledbetter and
Herzenberg, 1979) detects a glycolipid molecule highly expressed on myeloid
cells. It is present in different densities on CFU-S and CFU-C and also
present in different densities on B- and T-lymphocytic lineages. The GM-1.2
molecule is a marker for myeloid cells (New England Nuclear, clone NEI-031).
It is absent from the CFU-S and CFU-C. It is present on more myeloid cells in
mouse bone marrow than '., MAC-1.
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Schematic representation of the quantitative expression of the H-2K
molecule on haemopoietic cells in mouse bone marrow.

MCAs 3D7 and 6A2 (numbers 9 and 10, Table I) were both raised against
mouse thymic reticulum cells (E. van Vliet, W. van Ewijk, Erasmus University,
Rotterdam). The 3D7 antigen is a marker for myeloid cells and is expressed on
CFU-S and CFU-C. The 6A2 antigen is present on immature and mature lymphoid cells. The 120B3, 120C2 and 119D5 MCAs were raised against the CRSL
T-cell leukaemia (H. Haisma, J. Hilgers, Antoni van Leeuwenhoekhuis, Amster¬
dam). The 120B3 antibody recognises a myeloid specific marker, I20C2, is
present mainly on lymphoid cells, but also on immature myeloid cells in the
bone marrow, and 119D5 is present on all bone marrow cells in about the same
density. The 45D8 MCA (A. Sonnenberg, Antoni van Leeuwenhoekhuis,
Amsterdam) recognises a molecule present on most mature haemopoietic cells.
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but in greatly different densities. It is very dense on erythrocytes, normoblasts and erythroblasts, but also expressed in lower quantities on monocytes
and macrophages. Only the immature cells express very low quantities of this
antigen.
General conclusions about the expression of cell surface antigens on stem
cells and committed myeloid precursors that can be drawn from these results
are as follows: 1) when the antigen is present on both myeloid and lymphoid
cells it is generally also expressed on CFU-S and CFU-C (numbers 1 . 2 , 3, 7.
12. 13 in Table I ) ; 2) markers specific for mature cells of one lineage are
generally not expressed on CFU-S or CFU-C (numbers 4 , 5, 6, 8 , 10);
3) only few markers are present on CFU-S. CFU-C and mature myeloid cells
and absent from other lineages (numbers 9 and 11). The 45D8 is an exception,
being absent from immature cells and present on all mature haemopoietic cells;
4) a stem cell specific marker has not yet been found. We will use the results
obtained to select markers which are useful to purify stem cells and committed
progenitors, and to deposit these cells one cell at a time into Terasaki trays,
using our 8-parameter cell sorter RELACS-8. This will allow us to study early
differentiation in vitro.

Table I
EXPRESSION OF CELL SURFACE ANTICENS ON CFU-S AND CM-CFU-C

antigen

1
2
3
4
5
6
7
8
9
10
11
12
13
14

H2-K
Pgp-1
T200
MAC-1
ThB
Forssman
glycolipid(?)
CM-1.2
90+95 kD
15 kD dimer
± 55 kD
erythrocytes

MCA
code

raised
in

11-41
42-5.1
13.2
Ml/70
53-9.2
Ml/22
55-7.2
NEI-031
3D7
6A2
120B3
12OC2
119D5
45D8

mouse
rat
rat
rat
rat
rat
rat
mouse
rat
rat
rat
rat
rat
rat

expression on
CFU-S
CFU-C

+
+
+

n.d.
n.d.
n.d.

++ present in higher density than on majority of positive cells
+ present in about the same density as on the positive mature cells
- absent
n . d . = not determined
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CHARACTERIZATION OF CFU-S AND PROTHYMOCYTES BY USE OF
SOYBEAN AGGLUTININ AND WHEAT GERM AGGLUTININ

A.H. Mulder and J.W.M. Visser

The prothymocyte has many properties in common with its immediate pre¬
cursor, the pluripotent haemopoietic stem cell, which is identified in the spleen
colony assay (CFU-S). Therefore, it is difficult to separate these two cell
types and to study the differentiation of each cell type. That the CFU-S and
the prothymocyte are not the same cells has been shown by their differences
in radiation sensitivity (Boersma, 1981) and in sensitivity to neuraminidase
treatment (Boersma, 1981), by the scarcity of prothymocytes in regenerating
bone marrow (Boersma et a l . , 1981) and by the difference in density of class I
H-2 antigens on the cell membrane (Mulder et a l . , 1981). All the methods used
have the disadvantage that both cell types are lost to varying extents during
the procedures. There is not yet a good separation possible by which prothy¬
mocytes are preserved to a reasonable extent. We designed a new set of sepa¬
ration experiments by using the affinity of the lectins soybean agglutinin
(SBA) and wheat germ agglutinin (WGA) for certain carbohydrate moieties on
the cell surface. Differential binding was detected by using fluoresceinated
lectins as probes.
Nucleated bone marrow cells were labelled with lectin (soybean agglutinin,
SBA or wheat germ agglutinin, WGA) and separated in a light activated cell
sorter (FACS II) into fractions differing in fluorescence intensity. The
fractions were subsequently tested for CFU-S content and for thymus regene¬
rating capacity. Fig. 1A shows the results obtained with SBA. Treatment of
bone marrow cells with SBA did not affect the number of CFU-S or regenera¬
tion of the thymus (Fig. 1A). The majority of CFU-S were recovered from the
15% brightest fluorescent nucleated bone marrow cells. When also forward and
perpendicular light scatter windows were used (Van den Engh et a l . , 1979) the
CFU-S were recovered from the 5% brightest fluorescent cells. The fraction
staining brightly with SBA contains prothymocytes, as determined by thymus
regeneration. We conclude from this that both the CFU-S and the prothymocyte
have the same density of SBA receptor (N-acetyl-galactosamine).
Similar experiments were performed with WGA. It had already been ob¬
served that CFU-S stain brightly with WCA (Visser et a l . , 1981). Prothy¬
mocytes, however, were found in both the WGA negative and positive frac¬
tions. In ten experiments in which WGA negative cells were separated from
WGA positive cells, we also observed thymus regeneration by WGA negative
cells. The kinetics of repopulation by WGA negative and WGA positive cells was
comparable, but there was no longer a correlation between numbers of CFU-S
present and thymus regeneration (Fig. I B ) . Thymus regeneration by WGA
negative and positive cells was delayed when compared with unseparated cells
(Fig. 1C), but was restored to normal after mixing and transplantation of both
fractions (data not shown). Thymus regeneration by WGA negative cells was
shown to be dose dependent; however, normal regeneration could not be ob¬
tained with relatively high doses of WGA negative cells alone (Fig. 1C). These
results with WGA suggest that prothymocytes are heterogeneous for WGA
receptor density.
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Thymus regeneration after transplantation of bone marrow cells
sorted with fiuoresceinated lectins as probes in relation to CFU-S
content.
Results obtained with fiuoresceinated soybean agglutinin (SBA).
Results obtained with fiuoresceinated wheat germ agglutinin (WCA).
Results obtained with unsorted WCA-FITC labelled cells as compared
to sorted WCA negative bone marrow cells.

The WCA positive prothymocytes and CFU-S are in the same cell suspen¬
sion and cannot yet be separated. In studies with SAF treated bone marrow, it
was shown that there is an in vitro production of CFU-S. but a profound
depletion of prothymocytes to about 1% of the prothymocytes in normal bone
marrow. This shows that not all CFU-S behave as prothymocytes.
With regard to the early T-cell differentiation, it can be concluded that:
1) there are prothymocytes which can be separated from the CFU-S (WCA
negative bone marrow cells); 2) there remains a cell population which contains
both CFU-S and prothymocytes (WCA positive bone marrow cells); and 3) there
are CFU-S which are not prothymocytes (SAF). The WGA negative prothymo¬
cytes represent an ideal population for further study, since they can be sepa¬
rated from the CFU-S by WCA and thereafter purified by the same methods as
used for the CFU-S.
Boersma, W.J.A., Thesis (1981).
Boersma, W.J.A. et a l . . Cell Tissue Kinet. Ijl (1981) 179.
Mulder, A.H. et a l . , p. 49. In: Annual Report REP-TNO (1981).
Van den Engh, G.J. et al. p. 9, In: Experimental Hematology Today (eds.:
S.J. Baum and C D . Ledney). Springer Verlag, New York-HeidelbergBerlin (1979).
Visser, J.W.M, et al. Exp. Hematol. 9 (1981) 644.
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THE USE OF METRIZAMIDE TO GENERATE DENSITY CRAOIENTS
FOR THE SEPARATION OF HAEMOPOIETIC STEM CELLS

M.C.C. Platenburg and J.W.M. Visser

Bovine serum albumin (BSA) has been used to prepare density gradients
for analysing and separating haemopoietic stem cells for about 15 years
(Shortman, 1968; Dicke et a l . . 1970). The material gives reliable gradients
only if it is properly prepared, which is laborious and time consuming. In the
course of these years, several new density materials became known. One of
these, Metrizamide (Nyegaard), seemed particularly promising because its
chemical composition on purchase is more constant than that of BSA. In addi¬
tion, it dissolves easily. The material was recently tested for its possible
usefulness in the separation of haemopoietic stem cells.
A light (1.05 to 1.06 g.cm~3) and a heavy (1.10 to 1.11 g.cm"3} solution
of Metrizamide was prepared as described by Loos and Roos (1976), except
that Hanks' balanced salt solution (HBSS) was used instead of Tris as the
buffer medium. The pH of the solutions was generally 6.7. The osmolarity was
adjusted to 300 ± 3 mOsm. Subsequently, the densities of the two solutions at
4°C were determined by use of a DMA 40 densitometer (Paar K.C.. Craz). The
refractive index of each solution was also determined and was found to depend
on the density exactly as described by Loos and Roos (1976). Since the refractometer is easier to handle than the densitometer, the former was routinely
used to check the densities. After these determinations, the solutions were
filtered (0.22 urn millipore) and stored frozen (-20°C) in the dark in aliquots
of 3 to 7 ml. Shortly before use, light and heavy solutions were thawed and
partly mixed to obtain a third Metrizamide solution of intermediate density. For
the isolation of the mouse pluripotent haemopoietic stem cell (PHSC), the den¬
sity of the third solution was adjusted to 1.08 ± 0.005 g.cm' 3 . In principle,
however, the mixing of the light and heavy solutions provides a way to obtain
a wide range of intermediate densities. In this series of experiments, mouse
bone marrow cells were generally suspended in the light density solution
before making a discontinuous gradient. A cushion of the heavy Metrizamide
solution (1 ml) was pipetted on the bottom of a plastic centrifuge tube (Falcon
2057); on top of this, 3 ml of the intermediate density solution was pipetted
and, lastly, 1 mi of the light solution containing the cells was layered on top.
The loading of the tube had to be done very carefully, since the viscosity of
the Metrizamide solutions is relatively low (compared with, e . g . , BSA solutions
for this purpose), and the gradient is easily disturbed by the addition of new
layers.
The low viscosity gives the advantage that an ordinary table top centri¬
fuge can be used for the equilibrium density centrifugation. Equilibrium was
reached within 10 min if the discontinuous gradients were spun in swing-out
rotors at 1000 g at 4°C. This could be clearly demonstrated by the experiment
illustrated in Fig. 1. Bone marrow cells were either suspended in the heavy,
intermediate or low density solution. Three discontinuous gradients were
prepared (left hand tubes of the pairs shown in Fig, 1) and centrifuged as
described above. The distribution of the cells over the gradient was found to
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Fig. 1:

Three pairs of Metrizamide gradients of mouse bone marrow cells.
Left hand tubes of each pair, before centrifugation; right hand
tubes, after centrifugation. 5 x 107 bone marrow cells were loaded in
the light density top layer (left), the intermediate density layer
(middle pair of tubes) or in the high density bottom layer (right).

be similar at equilibrium for all three different starting situations (Fig. 1,
right hand tubes). This indicates that the procedure is an equilibrium density
separation. Two fractions of cells could be collected from these gradients: one
(the top fraction) from the interface between the light and the intermediate
density solution and the other (the bottom fraction) from the lower interface.
Almost no living cells were centrifuged to the bottom of the tubes. The frac¬
tions were washed once and counted. The recovery of nucleated cells was 70 i
10%. The percentage of cells in the top fraction was 5 + 3%, if the density of
the intermediate solutions was 1.0793 ± 0.0003 g.cm"3, and 20 t 3%, if the
density was 1.0810 i 0.0003 g.cnT 3 . BSA gradients give a higher percentage
of cells in the top fraction under these conditions, which is most likely due to
the lower pH of BSA gradients compared to Metrizamide ones. The pH of BSA
solutions is normally close to 5.1. When density gradients of Metrizamide solu¬
tions at pH 5.5 were used, the density of the intermediate solution had to be
lowered to 1.073 + 0.001 g.cnT3 in order to obtain 5% of the bone marrow cells
in the top fraction. This indicates that the densities of bone marrow cells are
dependent on the pH, as has been shown previously by Williams and Shortman
(1972) using BSA gradients.
The cells from the top fraction were also tested for the presence of PHSC
by the spleen colony assay (CFU-S, Till and McCulloch, 1961). The enrichment
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for CPU-S in a top fraction containing 10% of the nucleated cells was 4- to
7-fold, which is similar to the enrichment obtained with BSA gradients (Visser
and Bol, 1981). No cytotoxicity for CFU-S was observed. Equilibrium density
centrifugation is used as a pre-enrichment step in a procedure for isolating
PHSC by light-activated cell sorting of wheat-germ agglutinin (WGA) labelled
bone marrow cells (Visser and Bol, 1981). Both PHSC and granulocytes are
WCA-positive. Of importance, therefore, was the finding that almost no granu¬
locytes were recovered from the top fraction of the Metrizamide gradients.
The maximum capacity of the gradients was found to be about 5 x 10
nucleated bone marrow cells (plus 1 to 2 x 107 erythrocytes) if top loading
was applied. More cells (up to 2 x 108) could be separated per gradient if
they were suspended in the heavy solution, and if less than 20% of them had
to be centrifuged to the upper interface (density of the intermediate solution
below 1.081 g.cirT 3 ). The capacity of the gradients is thus somewhat lower
than that of BSA gradients, probably due to the lower viscosity and the
higher pH.
In conclusion, Metrizamide was found to be a useful material for
separation of mouse haemopoietic stem cells by equilibrium density
centrifugation.

Dicke, K.A. et a l . . Rev. Europ. Etud. Clin. Biol. ^5 (1970) 305.
Loos, J.A. and Roos, D., p. 97. In: Biological separations in iodinated
density gradient media (ed.: D. Rickwood), IRL, London (1976).
Shortman, K., Aust. J . Exp. Biol. Med. Sci. 46 (1968) 375.
Till, J.E. and McCulloch, E.A.. Radiat. Res. U (1961) 213.
Visser, J.W.M, and Bol, S.J.L., Stem Cells 1_ (1981) 240.
Williams, N. and Shortman, K., Aust. J. Exp. Biol. Med. Sci. 50 (1972) 133.
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ASSESSMENT OF HAEMOPOIETIC STEM CELL TOXICITY OF MONOCLONAL
OR POLYCLONAL ANTIBODIES AGAINST HUMAN T-LYMPHOCYTES
IN RHESUS MONKEYS*

W.R. Gerritsen, G. van Meurs, M. Jonker and G. Wagemaker

One of the major limitations to a more general application of allogeneic
bone marrow transplantations is graft-versus-host disease (GvHD). Even with
HLA-identical sibling donors, the incidence is 70%, with a mortality rate of
30%. From experiments in animals, it is apparent that acute GvHD can be
prevented if mature T cells are eliminated from the graft (Van Bekkum and
Dicke, 1972). In our rhesus monkey model, only mild GvHD was observed in
fully mismatched combinations after T-cell depletion by E-rosette sedimentation
(Wagemaker et a l . , 1982). T lymphocytes can also be efficiently eliminated by
preincubation of the graft with a specific cytotoxic antiserum. Prerequisite to
such a treatment is lack of toxicity for the repopulating haemopoietic stem
cells. Before applying mono- or polyclonat antibodies to clinical transplantation,
it is desirable to test those that cross-react with rhesus monkey T cells for
toxicity for repopulating haemopoietic stem cells and efficacy in- preventing
GvHD. Several potentially useful antibodies were prescreened for crossreactivity with rhesus monkey cells and characterized by a fluorescence
analysis of blood and bone marrow. The results are shown in Table I. The
monoclonal antibody CAMPATH 1 (Hale et a l . , 1983) stained all human and
rhesus monkey lymphocytes. These cells efficiently killed after addition of
autologous serum as the complement source. B9 is a pool of monoclonal anti¬
bodies against suppressor/cytotoxic T cells. It stained approximately 30% of

Table I
REACTIVITY OF MONOCLONAL OR POLYCLONAL ANTIBODIES
WITH HUMAN AND RHESUS MONKEY CELLS

CAMPATH 1

human peripheral lymphocytes
rhesus monkey peripheral
lymphocytes
human bone marrow (aspirate)
rhesus monkey bone marrow
(aspirate)

B9

SAL 1,2,3,4

90-95
98-99

30
30-40

n.d.
95-98

40-45
35

n.d.
8

66-67
60-67

% = percent of cells stained.
Using an indirect immunofluorescent technique, the cells were labelled with
CAMPATH 1 + rabbit-anti-rat Ig/FITC, B9 + goat-anti-mouse Ig/FITC and
SAL-1,2,3,4 + goat-anti-rabbit/FITC and analysed with a fluorescence activated
cell sorter (FACS I I , Becton Dickinson).
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both human and rhesus monkey peripheral blood lymphocytes. Several selec¬
tively absorbed anti lymphocyte sera, termed SAL 1,2,3.4 (Anderson et a l . ,
1981), reacted with lymphocytes as well as granulocytes and progenitor cells.
No striking differences in reactivity were found between these SAL antisera.
In mice, toxicity to repopulating haemopoietic stem cells is best assessed
by determining the cell dose required for protection against irradiation death
due to bone marrow failure. This would require unacceptably large numbers of
animals if applied to rhesus monkeys. It was therefore investigated whether
the rate of recovery of peripheral blood cells in individual monkeys following
autologous transplantation is correlated with the cell dose grafted. For that
purpose, a total of 7 monkeys received total body irradiation at a dose of 8.5
Cy X rays and graded doses of cells were given within 24 hours rfter irradia¬
tion. They were kept in isolation rooms and prophylactic antibiotics, thrombocyte and whole blood transfusions and supplementing fluids were given if indi¬
cated.
Fig. 1 shows a good log/linear correlation of reticulocyte (r = 0.997;
p < 0.003) as well as all leukocyte (r = 0.996; p < 0.004) reappearance to a
30-fold range in cell dose given. Differentiation of the leukocytes did not yield
better results, probably due to the inaccuracy of differential counts when the
leukocyte values are low; thrombocyte counts could not be used due to posttransplant transfusions given. Comparison with the regeneration patterns of
monkeys which received no bone marrow yielded an estimate for the residual
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Regeneration time of leukocytes and reticulocytes related to cell dose
given following autoiogous bone marrow transplantation in rhesus
monkeys.

repopulation capacity following 8.5 Cy X rays which appeared to be equivalent
to an autoiogous graft size of 0.5-1 x 10 6 cells per kg body weight.
The relationship of the reticulocyte and leukocyte regeneration rate to cell
dose given provides a basis for an estimate of stem cell toxicity due to preincubation with mono- or polyclonal antibodies. It is envisaged that such an
estimate can be obtained using as few as two monkeys, one receiving a high
cell dose (anticipating toxicity) and one receiving a low cell dose (anticipating
no toxicity). Results of rhesus monkeys receiving autoiogous bone marrow
incubated with the monoclonal antibodies CAM PATH 1 and B9 pool are shown in
Fig. 1. The initial cell dose before incubation with antibody and complement
was 108 cells.kg' 1 body weight. Since the regeneration rate of leukocytes and
reticulocytes following transplantation of these incubated cells in these monkeys
corresponds closely to the extrapolated expected value at the cell dose given,
evidence of toxicity to the bone marrow stem cells is also not expected to be
observed at the lower celt dose of l o ' . k g " 1 body weight.
From these data, we conclude that toxicity to repopulating haenoopoietic
stem cells can be fairly accurately quantitated on the basis of the regeneration
rate of leukocytes and reticulocytes following autoiogous bone marrow trans¬
plantation. Using this assay, two cytotoxic monoclonal antibodies have been
identified which effectively kill T lymphocytes, without evidence for toxicity to
the stem cells. Several other potentially useful antibodies will be tested in this
way. Those that do not influence the repopulating capacity of an autoiogous
graft, determined as described here, will be tested in allogeneic donor/reci¬
pient combinations for their efficacy in mitigating graft-versus-host reactions.

Anderson, M.J.D. et a l . . J . Cancer Res. Clin. Oncol. 1JH (1981) 101.
Hale, C. et a l . . Blood 62 (1983) 873.
Van Bekkum, D.W. and Dicke, K . A . , p. 223. I n : Ontogeny of Acquired
Immunity, Amsterdam, Elsevier (1972).
Wagemaker, G. et a l . , p. 111. In: Experimental Hematology Today (eds. S.J.
Baum et a l . ) , S. Karger, Basel (1982).

*This is a cooperative multicenter study. Contributing centres are Division of
Immunology, New Addenbrooke's Hospital in Cambridge ( U . K . ) , providing
CAMPATH 1 ( D r . G. Hale), Centre d'Immunologie, INSERM-CNRS de MarseilleLuminy in Marseille (France), providing the B9 pool {Dr. C. Mawas), Depart¬
ment of Immunology, University of Kiel (Germany) providing the SAL-antisera
(Dr. W. Müller-Ruchholts), Blond Mc Indoe Centre for Transplantation Biology,
East Grinstead ( U . K . ) providing monoclonal antibodies F10-20-5-11 and
F15-42-1 (Dr. J . Fabre).
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EXPRESSION OF STEM CELL ACTIVATING FACTOR mRNA
IN XENOPUS LAEVIS OOCYTES

L. Dorssers and C. Wagemaker

Pluripotent haemopoietic stem cells proliferate and increase in number in
serum-free cultures if stimulated by a specific factor. This factor has been
termed stem cell activating factor (SAF). It has been identified as a single
glycoprotein with a molecular weight of approximately 20,000 dalton. In the
absence of SAF, stem cells rapidly disappear from in vitro cultures (Wagemaker
et a l . , 1982). Studies on the role of SAF in stem cell differentiation and on its
potential clinical applications are hampered by its limited availability in a pure
form. Therefore, experiments have been started to achieve the molecular
cloning and expression of SAF in bacteria. As a prelude, a procedure was
established for the expression of SAF mRNA in Xenopus laevis oocytes.
Total RNA was prepared from WEHI3B cells producing SAF constitutively
by use of a procedure involving guanidine thiocyanate extraction and centrifugation through a CsCI cushion (Maniatis et a l . , 1982). Poly(A)-containing
mRNA was selected by oligo(dT)-cellulose affinity chromatography- and size frac¬
tionated by centrifugation in a sucrose gradient. Fifty to one hundred ng of
RNA preparations at various stages of purification was injected into Xenopus
laevis oocytes. In general, 10 oocytes were injected with a specific RNA prepa¬
ration and incubated in 200 ul culture medium for two days at 20°C (Maniatis
et a l . , 1982). One hundred ul of the culture medium was then assayed for SAF
(see legend to Table I ) .

Table I
SAF PRODUCED BY XENOPUS LAEVIS OOCYTES*

RNA preparation injected
total RNA from WEHI3B cells
Poly(A)"-RNA
Poly(A) + -RNA (mRNA)
Poly(A) + -RNA, oocyte homogenate
buffer alone

number of CFU-S per culture
7
2
32
1
0

*100 pi aliquots of the culture medium (or a homogenate of the oocytes in 200
yl fresh medium) were mixed with 3 x 105 nucleated mouse bone marrow cells
in 1 ml serum-free cultures and incubated for four days. Cells were subse¬
quently injected into 10 lethally irradiated recipient mice, which were killed 10
days later for enumeration of CFU-S. Control cultures stimulated with an opti¬
mal concentration of a partially purified SAF preparation yielded 82 CFU-S.
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Results of a representative experiment are given in Table I. Total RNA
preparations induce the oocytes to produce small amounts of SAF. Selection of
poly(A)-containing mRNA increases the number of spleen colonies, indicating a
strong enrichment of the SAF mRNA in this fraction. In contrast, almost no
SAF is recovered from the culture medium of oocytes injected with non-mRNA
(poly(A)'-RNA fraction containing 95% of the total RNA). SAF activity was not
detected in a homogenate of oocytes injected with mRNA. indicating that SAF is
efficiently excreted into the culture medium.
Further enrichment of the SAF mRNA can be achieved by size fractionation on a sucrose gradient. A pilot experiment (Fig. f) indicates that SAF
mRNA has a sedimentation value of 12-16 S, corresponding to a length of
900-1500 nucieotides. Such a mRNA may encode a protein of 30,000-50.000
dalton molecular mass.
These experiments show that SAF is produced in Xenopus laevis oocytes
injected with SAF mRNA and is excreted into the culture medium. These
results will allow the preparation of highly enriched SAF mRNA suitable for the
construction of a cDNA library. In addition, SAF-specific recombinants can be
identified through selection of mRNA by hybridisation to immobilized cloned
DNA and subsequent expression in oocytes. Experiments are in progress to
develop a rapid in vitro screening assay for SAF, thus avoiding the costly and
time-consuming spleen colony test.
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Size fractionation of SAF mRNA. Poly(A)+-RNA was fractionated on a
5-20% sucrose gradient, recovered by ethanol precipitation and
injected into oocytes. The culture medium was then assayed for SAF.

Maniatis, T. et a l . . Molecular Cloning, A laboratory manual. Cold Spring
Harbor Laboratory, New York (1982).
Wagemaker, C. e t a l . , Exp. Hemat. 10. suppl. U (1982) 162.
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RELACS-8: THE 8-PARAMETER RIJSWIJK EXPERIMENTAL
LIGHT-ACTIVATED CELL SORTER

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

Characterization and isolation of microorganisms, cells, chromosomes and
other cellular constituents may be rapidly and accurately performed using flow
cytometry and light-activated cell sorting. Up to 104 particles per second can
be individually inspected by these techniques. In addition, interesting mutants
or otherwise wanted particles can be sorted and automatically cloned in culture
dishes. However, commercially available flow cytometers generally lack the
flexibility to be adequately adjusted to the demands of experimental applica¬
tions. Therefore, we have constructed a new flow cytometer which is of
modular design with a variety of options: the RELACS-8 (See Fig. 1 for the
detector part of the system). The apparatus is equipped with two high power
argon ion lasers (Spectra Physics 171 and Coherent CR6) with an additional
dye laser (R6C) and frequency doubler ( L i l O 3 ) . These lasers provide a wide
range of possibilities for two-wavelength excitation (300-600 ran). The two
lasers can be focused at the same spot or at positions up to 100 ]un below each
other at the fluid jet containing the cells. Several types of flow nozzles for
handling the fluid jet can be used with the machine, special nozzles for micro¬
organisms, yeast, mammalian cells including hybridoma cells, algae and rapidly
aggregating particles are available.
The RELACS processes up to 8 alternating current (AC) signals per cell
linearly or logarithmically. A unique feature of the RELACS is the possibility
to process up to 8 direct current (DC) signals. The DC data, e . g . , back¬
ground fluorescence, can be accumulated ten times a second. The AC signals
are presently forward light scatter one, forward light scatter two (+ absorp¬
tion), perpendicular light scatter, fluorescence one, fluorescence two, time of
flight of one of these signals and time of measurement. In the so-called list
mode these data are stored in real time on a Winchester disc (12.5 Mb) by a
NOVA-U (Data General) computer. After measurement, the data could be ana¬
lysed. In the so-called histogram mode, it is possible to choose four para¬
meters (or less) of which the histograms will be displayed on a graphic ter¬
minal. With simple key commands, one [or more) histograni(s) can be cleared
and filled again with actual data. The histograms can be stored on disk for
later analysis. To adjust the machine, there is a timer mode which refreshes
the histograms at predetermined time intervals. To observe the relation
between two parameters, an analog dot plot storage monitor is available. In the
future, this monitor will be replaced by a self-designed digital storage monitor
which can be easily connected to a HP desk top computer. Significant loss of
information owing to electronic dead time, computer storage time or coincident
arrival of cells at the exitation points occurs only when the process rate is in
the order of magnitude of several thousands of cells per second. Although in
list mode at a rate of 2000 cells per second there is a loss of 20% of the
incoming data of four parameters, this loss is mainly due to the disk storage
time. However, in histogram mode the computer accumulated four-parameter
data with only a few percent loss up to 6,000 cells per second. After acquisi¬
tion, the data can be rapidly transferred from the NOVA-U to the laboratory
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computer system (ECLIPSE), which can then be used for interactive processing
and analysis.
T.he RELACS-8 is to be employed by a variety of research groups to ana¬
lyse and isolate mammalian cell types and chromosomes for clinical and biologi¬
cal manipulations, fused cells, monoclonal antibody producing hybridoma cells
and their mutants, algae as probes for water quality, yeast cells and mutants,
enzyme producing microorganisms, etc. In addition, our existing cell sorting
facilities will be maintained as a backup system for more routine analysis and
sorting.
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ASSESSMENT OF THE BEHAVIOUR OF DEPRIVED HUMAN INFANTS
BY MEANS OF ETHOLOCICAL MEASUREMENTS

H. Dienske, J.A.R. Sanders-Woudstra* and C. de Jonge

It is well-known that infants develop their full social and intellectual
skills only if there is continuous interaction of a good quality with parents or
other caretakers. Deprivation of appropriate care may lead to a delay in mental
development and other behavioural deviations. For decisions about the choice
of a therapy, it is necessary to know the degree to which an infant has
problems in relation to its deprivation history.
The third Diagnostic and Statistical Manual of Mental Disorders (1980)
specifies a number of criteria for Reactive Attachment Disorder of Infancy.
These seem to be useful for determination of the severity of the deprivation
effects. However, the DSM-III criteria have limitations, in that most of them
are apparently applicable only to babies younger than about 12 months and
that they are not quantitative. In this report, a number of behaviour measure¬
ments is given that are applicable to infants older than 20 months for a
quantification of deviations in characteristics associated with deprivation.
Data are based on the behaviour of infants during about 50 min of clinical
investigation by the second author, which involved a number of tasks, free
play and conversation.
All deprived children lacked a primary caregiver or had a problematic
relationship with parents before the age of 8 months. In most cases, this was
followed by placement in a number of homes or an institution. The problematic
situation of the infants had not importantly improved at the time of
investigation. Autism and mental retardation were excluded. The ages of the
deprived children (n=16) ranged from 21 months to 4 years. To minimize the
effects of behaviour changes with age, they were subdivided into two classes
of 21-36 months and 37-42 months. Girls were slightly overrepresented (10 out
of 16). An equal number of controls of similar ages was investigated. Fifty per
cent of these were girls.
Behaviour was recorded by two ethologists who observed the child and
the psychiatrist through a one-way screen. Use was made of a keyboard set
with 64 keys that corresponded with behaviour categories. Times of beginning
and termination of acts were recorded in units of 0.1 seconds and subsequent¬
ly analysed by means of a computer.
The values for the parameters measured are given in Table I. In accord
with the DSM-III, the parameters are classified into Social Responsivity and
Inactivity. To facilitate comparison with our parameters, all of the numbered
DSM-III criteria are briefly summarized in the table. Five DSM-III criteria are
not represented by parameters we used because they concern babyhood or
were not shown during the psychiatric investigation.
The lack of social responsivity forms one category of DSM-III criteria for
Reactive Attachment Disorder. Our parameters concern the infants' responses
* Sophia Childrens' Hospital, Erasmus University, Rotterdam.
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as well as initiatives. These social interactions were less on the average in
deprived children (see the parameters under 2-4). Control children older than
3 years usually showed more of these acts. Hence, low values in deprived
children suggest retarded development. Young deprived children often clung to
the caretaker or cried when they entered, indicating insecurity; this differ¬
ence from controls had disappeared after 3 years of age. Imaginative play
while ascribing roles to persons or dolls developed slower in deprived
children.
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questions
talk
-silence
mention
persons

stond up
time with toys
wolk
functional ploy
other object
finish
other toy
comply
refuse

Parameters for indications of characteristics of two deprived
children. The parameter names per characteristic correspond from
top to bottom with the bars from left to right. The direction of
weeping and silence duration is reversed to make them comparable
with other parameters.

Table I
BEHAVIOUR OF DEPRIVED INFANTS AND CONTROLS DURING
CLINICAL INVESTIGATION
age
1.6 to 3.0 years
contr.
depr.
mean
mean
P
LACK OF SOCIAL RESPONSIVENESS
1.
Visual tracking
2.
Smiling
smile (n/h)
33
3.
Visual reciprocity
gaze (n/h)
86
37
give, point at, show (n/h)
3-4. Verbal reciprocity, alertness
80
wait for answer (% questions)
42
questions (n/h)
136
start talking (n/h)
4
mean silence duration (s)
2
mention persons (n/h)
5-6. Sol lie it for body contact
13
cling to caretaker (% children)
0
cry when entering (% children)
7.
Playful games
play with person or doll
1

3.0 to 4.5 years
contr.
depr.
mean
mean
P

30

49

19

.002

61

98

33

35

?8
17

.03
.04
.01

63
8
87
9
0

.04
.02
.04
.01
.01

84
61
157
4
7

72
56
120
6
4

75
50

.01
.04

0
0

0
0

0

.01

7

2

.03

34
68

30
52

.06

49
81

35
68

.02
.08

27

39

72

28

.01

32
5

24
5

29

24
4

.06
.06

.12

(% time)

INACTIVITY
Weak cry
Excessive sleep
2.
Lack interest environment
3.
time with toys (% time)
functional play
(% time with toys)
finish task (% tasks)
Hypomotility
4.
stand up (n/h)
walk (n/h)
Poor muscle tone
5.
Weak response to feeding
6.
1.

3

Numbered items are the DSM- i 11 criteria for Reactive Attachment Disorder. The
parameters in parentheses approximate the meaning of these criteria.
Each of the two categories of deprived and controls comprises 8 infants.
The P values are based on a one-tailed Mann-Whitney U test, except for the
last 4 criteria for responsiveness of the younger infants, which are based on
the Fisher test applied to the number of children WHO showed the behaviour,
n/h : number of events per hour
s
: duration in seconds
249

Inactivity is another category of DSM-1iI criteria for Reactive Attachment
Disorder. Lack of interest in the environment can be described by parameter
values of play with toys. Differences are not marked in infants younger than 3
years of age. Older controls had made notable progress; the deprived infants
clearly lagged behind. Motility in the mean was the same for deprived and
control children. However, the individual variation in walking time by deprived
children was much larger (standard deviations of values are 2 and 1 in
controls younger and older than 3 years, but 4 and 3 in deprived children).
This suggests that deprivation may lead to either under- or overactivity.
To illustrate the use of the parameters, the behaviour profiles of two
infants are given in Fig. 1. The figure gives parameters additional to Table I;
the categorization is different. The data indicate that infant A was sad and
poorly reciprocal in communication. She was very inactive verbally and had a
low degree of motility. Play quality was poor. S*- was quite compliant and
rarely refused requests; she apparently had not '/' reached the well-known
obstinate stage of development. Of course, not all cnaracteristics are equally
important. The infrequent gazes are not compensated for by a normal amount
of nonverbal gestures (give, point at, show). Likewise, the very low
proportion of functional play is not counterbalanced by the normal rate of
picking up other objects. Apparently, the severe deprivation that this girl had
undergone was the cause of deviations in all classes of parameters.
Infant B never smiled or laughed. Gazes were very infrequent; this
deviation overrules the absence of additional large deviations in reciprocity.
Verbal activity was only slightly below that of controls. Motility, however, was
excessively high. Functional play did not deviate in the proportion of time that
he handled toys, but he spent extremely little time with the material;
moreover, he never finished anything. He rather often refused to follow
instructions. The profile (as well as additional information) indicates a
combination of the two DSM-III diagnoses: 1) Reactive Attachment Disorder and
2) Attention Deficit Disorder with Hyperactivity.
It is clear from the examples given that a mechanical summation of
parameters (e.g., by computing an average per characteristic) may give a
false impression, especially if the profile is uneven. Some parameters indicate
important problems, even if there is no significant difference between deprived
and control children in Table I; this is because divergent values sometimes
were uncommon. To test hypotheses concerning deviations in clinical practice,
it is better to inspect the whole pattern.
It is concluded that infants who had a recent history of deprivation might
have symptoms of poor attachment, sadness, poor reciprocity in interactions,
verbal and motor inactivity and a low quality of task performance. Many of
these symptoms can be expressed as objective, quantitative criteria. These
parameters are useful for detection of presumed neglect, to quantify the
severity of the effects of deprivation and to evaluate the progress of therapy.

American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders, Illrd Edition. American Psychiatric Association, Washington DC
(1980).
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EFFECTS OF NEUROLEPTIC TREATMENT ON ABNORMAL BEHAVIOUR
OF RHESUS MONKEYS

C. Goosen, L.C. Ribbens and K.J. van den Berg

Rhesus monkeys which early in their life experience prolonged periods of
tactile isolation from other individuals are likely to show abnormal behaviour,
i.e., behaviour pattens which are not seen in feral monkeys and which are
often individual specific. Analysis of the morphology of those activities was
aimed at determining the possible origin of the often "strange-looking" activi¬
ties. It appeared that the activities fell into two main categories, v i z . ,
stereotyped locomotion and self-directed activities. Activities of the second
category seemed to be derived from social behaviour which was either mis¬
directed, v i z . , to the subject itself, or performed in the absence of a partner.
This interpretation of the abnormal behaviour as distorted, self-directed
communication is similar to the interpretation of symptoms of human psychiatric
disorders such as depression and schizophrenia. This similarity sugg sts that
the abnormal behaviour in rhesus monkeys can be regarded at least to some
extent as a model of major psychiatric disorders in humans. To determine
whether such a model would also be valid pharmacologically, we studied the
behavioural effects of ha loper idol, a clinically widely used neuroleptic drug.
The reasoning behind this effort is that if it is valid to compare the abnormal
behaviour of rhesus monkeys to human psychotic behaviour, then one must
expect that a clinically active neuroleptic drug will also decrease the amount of
abnormal behaviour shown by rhesus monkeys.
To test this hypothesis, two experiments were performed. In the first, we
used one dose of haloperidoi: 0.05 mg.kg" per os, twice daily, on a biscuit,
administered during 4 weeks; this dose is within the range of those which are
effective in human patients. The subjects were 16 solitarily housed, laboratory
reared adult females, all of which had abnormal activities in their repertoire.
The compared experimental periods consisted of one period of haloperidoi treat¬
ment (h) and two placebo periods (p) and (pp); during the latter period,
three other subjects in the same observation room also were placebo treated.
The sequence of the different situations was varied but balanced. The experi¬
mental design was double-blind. Series of observations of each subject started
at 10-12 days after institution of each experimental period. Each series
consisted of 10 daily observations of 40 minutes each. Shortly before observa¬
tion, each subject was transferred daily from its home cage to an observation
cage in a separate room which contained four such cages. Behaviour was
recorded by use of an observer operated event recorder from behind a one¬
way vision screen.
Results showed that there were few changes in abnormal behaviour and
that there was little consistency among the subjects in the type of response.
Three subjects did show decreases in the abnormal activities, but four others
showed increases, while the nine remaining ones showed no changes in
abnormal behaviour. Moreover, interpretation of the results was complicated by
the Tact that there were also significant differences between the two placebo
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periods. Therefore, these results could simply indicate that the behaviour of
the monkeys varied over time and that haloperidol was only marginally effective
because rhesus monkeys require per kg body weight a larger dose. But the
same results could also indicate that subjects differed in their response to
haloperidol and/or that an effect of the drug was also present for some time
after termination of the treatment.
To investigate some of these points, we performed a second experiment in
six subjects. In this experiment, we compared placebo treatment with three
successive haloperidol treatment periods ( h i , h2 and h 3 ) . each with an
increasing dose (namely 0.05, 0.20 and 0.80 mg.kg" 1 , twice daily). During
each treatment period we made 40 min observations during 5 consecutive days,
except during treatment period hi when 10 observations were made. Observa¬
tions during placebo treatment were made prior to ( p i ) and at one (p2) and
three (p3) weeks after the drug treatment period. This scheme enabled us to
determine to what extent the effects of haloperidol are dose-dependent, indi¬
vidual specific as well as whether the subjects behaviour remains affected after
treatment is ended.
As an illustration of the effects of haloperidol on abnormal behaviour.
Fig. 1 gives the amounts of time spent on stereotyped locomotion for two
subjects, 2V and HO. The figure shows that in 2V stereotyped locomotion

2V
57
46
u

34

a.

23

:

>
•
•

•

11 -I

•
•

•

I

HO
85
68
51
34
17

pi

hi

h2 h3

p2

p3

treatment period

Fig. 1:
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Amounts of time spent in stereotyped locomotion in two subjects (»V
and HO).

tended to increase during treatment with the lowest dose ( h i ) ; it decreased
during the application of intermediate (h2) and high (i<3) doses. After termi¬
nation of treatment, the stereotyped locomotion slowly returned to pretreatment
level. In subject HO, stereotyped locomotion was not affected by the lowest
dose ( h i ) except during the very first day of treatment. Thereafter it
decreased during treatment with the intermediate (h2) and highest (h3) doses.
After termination of treatment (p2 and p 3 ) , the amounts of time spent on
stereotyped locomotion were greater than during pretreatment placebo ( p i ) . At
the highest dose all six subjects clearly showed motoric side effects such as
slowness of movement and temporary freezing of postures during walking or
sitting. This corresponds to the motoric side effects known from human
patients treated with high doses. Since the lowest dose was presumably only
marginally effective and the side effects are found at the highest dosage, the
intermediate doses should be in the effective range for rhesus monkeys. If we
compare the pretreatment placebo with h2 for the entire group of subjects,
then all statistically significant (Mann-Whitney U test, p < 0 . 0 5 ) differences in
abnormal behaviour involved decreases. These results indicate that the
responses of rhesus monkeys show a complex pattern. But, if the drug is
given at an appropriate dose, it is likely to decrease the abnormal behaviour
in rhesus mot.Kc/s. The above response pattern is quite similar to that
observed in ïuman patient . Also >n hu..ian patients the dose must be adjusted
to the needs of the patter t . Some patients show adverse reactions to low drug
dose levels jnd to abrupt tern '-'ion of treatment at high dose levels. The
present result 'ndic~' . that, because of the heterogeneous response to the
drug, monkcs <do not provide an easy method for large scale testing of new
drugs. But, since the heterogeneous response of the monkeys is similar to that
of human patients, it is likely that the study of abnormal behaviour in rhesus
monkeys could contribute to a basic understanding of mental disorder in
humane.
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