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ABSTRACT 

In the period covered by the present report the identification of 
primate leukocyte antigens has been continued and a number of new 
« candidate » leukocyte antigens has been added. In addition, the study 
of erythrocyte groups and their significance for transplantation immu
nology has been initiated. 

During 1966 a major advance in the control of secondary disease 
was achieved by the introduction of anti-lymphocyte serum to treat the 
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made by finding that anti-human lymphocyte serum is highly immuno
suppressive in chimpanzees, which enables a more rational evaluation 
of the agent for clinical purposes. 

The studies concerning the radiosensivity of the immune system 
have concentrated on the recovery process after irradiation and on the 
role of the macrophages in the initiation if the immune response. 
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INVESTIGATIONS ON BONE MARROW TRANSPLANTATION 

IN IRRADIATED ANIMALS 

P ina l Report 

INTRODUCTORY NOTE 

F o r the contract per iod 1966 - 1967 it was p r o p o s e d to concentrate 
on m e t h o d s a imed at the s e l e c t i o n of bone m a r r o w donors with 
m a x i m u m hi s tocompat ib i l i ty with r e g a r d to the i rrad ia ted r e c i p i e n t s . 
In the preced ing y e a r s the s u p p r e s s i o n of acute s e c o n d a r y d i s e a s e had 
b e e n e f fec t ive ly ach ieved by the e a r l y admin i s t ra t ion of cer ta in c h e m o -
therapeut ic agents , but th i s t r e a t m e n t was not suff ic ient to c a u s e l o n g -
l a s t i n g control of s e c o n d a r y d i s e a s e and s table c h i m e r i s m . It was 
e n v i s a g e d that a reduct ion of the d e g r e e of h ia to - incompat ib i l i ty be tween 
the donors and the r e c i p i e n t s would a l low further i m p r o v e m e n t s of the 
condit ion of the bone m a r r o w c h i m e r a s . T h e s e m e t h o d s of s e l e c t i o n 
a r e obv ious ly of s i m i l a r impor tance for the f ie ld of organ t ransp lanta 
t ion and s tudies in m o n k e y s would fac i l i ta te extrapolat ion of the 
r e s u l t s to man. 

In the per iod c o v e r e d by the p r e s e n t r e p o r t the ident i f icat ion of 
p r i m a t e leukocyte ant igens has been continued and a number of new 
"candidate" leukocyte ant igens has been added. In addition, the study of 
e ry throcy te groups and their s ign i f i cance for transplantat ion immuno logy 
h a s b e e n ini t iated. 

During 1966 a major advance in the contro l of s e c o n d a r y d i s e a s e was 
a c h i e v e d by the introduct ion of an t i - l ymphocyte s e r u m to t rea t the bone 
m a r r o w rec ip ient s after the transplantat ion . 

In 1967 m o s t of the ef forts have concentra ted on the procedure for 
the production and puri f icat ion of the agent . Major p r o g r e s s has been 
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made by the finding that anti-human lymphocyte serum is highly 
immunosuppressive in chimpanzees, which enables a more rational 
evaluation of the agent for clinical purposes. 

The studies concerning the radioseneitivity of the immune system 
have concentrated on the recovery process after irradiation and on 
the role of the macrophages in the initiation of the immune responses . 

TISSUE TYPING 

a) Leukocyte antigens; 
The methods to obtain "monospecific" serological reagents are 

based upon iso-immunization and absorptions that are guided by the 
results of computer analysis of serum xea'ctivitiea- In thi ε manner 
we obtained sera recognizing two probably allel ic leukocyte antigens 
or antigenic complexes (closely linked antigens). 

The importance of these two antigens (named la and lb) for his to
compatibility was demonstrated in skin grafting experiments. A 
powerful immune depressant was necessary to spread the range of 
skin graft rejection t imes in Rhesus monkeys sufficiently to be able 
to distinguish compatible from incompatible individuals. With the 
application of heterologous antilymphocytic sera (rabbit anti-Rhesus 
lymphocyte sera: RARS) we were recently able to prove that leuko
cyte antigens la and lb are important transplantation antigens, 
i . o . w. that incompatibility for either antigen significantly reduces 
the survival time of a skin graft and, by implication, any other trans 
planted tissue or organ. This refinement of t issue typing in Rhesus 
monkeys may obviously be of great importance for homologous bone 
marrow transplantation after irradiation. 

More or l e s s the same methods that led to the detection of the 
first two antigens (la and lb) have been used for identification of 
additional groups. Iso-antisera were made by "selected" immunizations 
(based on typing for antigens la and lb) and these sera were tested 
against a multitude of leukocyte samples; repeated computer analysis 
of serum reactivities led to the probable identification of several new 
antigens. However, much additional serological work will be neces sary 
before these specificit ies, tentatively called 3 - 7 , can-reliably be 
called "antigens" and before their relevance for histocompatibility 
will have been determined in bone marrow and skin grafting experiments. 
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Preliminary analysis has revealed that certain genetic associations 
exist concerning the distribution of these new "antigeno" with each 
other and with antigens la and lb. If confirmed, this would imply that 
one chromosomal area or "locus" controls the major leukocyte and 
histocompatibility antigens in Rhesus monkeys, as it does in mice 
(the H2 locus) and presumably in man (the HL system). Family studies 
of the inheritance of leukocyte antigens are of immense importance 
for this type of genetic analysis and the steady increase in the number 
and size of Rhesus families in our laboratory is a moet welcome and 
advantageous development. 

b) Erythrocyte antigena; 
It is now generally accepted that leukocyte antigens are the main 

histocompatibility factors that can be identified with the presently 
available techniques. In man, of the known red cell antigens or 
conventional "blood groups", only the ABO system is considered of 
importance for histocompatibility. Rhesus monkeys have no equivalent 
of the ABO system, that i s , their sera do not contain naturally occurring 
hemagglutinins. Previous transplantation experiments in this laboratory 
with pre-seneit ized monkeys (subsequent recipients of skin grafts) 
suggested that no major transplantation antigens could be identified 
on red ce l l s of Rhesus monkeys with that particular technique. Other 
investigators, however, have found compatibility for certain ery
throcyte antigens important for the immediate "take" of kidney grafts 
in Rhesus monkeys (Murphy et al. , Invest. Urology 3: 3, 1965). 

It was felt that, parallel with the search for leukocyte antigens, 
the blood groups of Rhesus monkeys and their relevance for histo
compatibility, particularly with regard to bone marrow transplantation, 
should be more closely investigated· A broad cooperation in this field 
with Dr. A . S . Wiener and Dr. J. Moor-Jankoweki of New York has been 
started. 



ANTI-LYMPHOCYTE SERUM (ALS) 

Rabbit an t i -mouse lymphocyte s e r u m (RAMS) wao found to be ef
fective when employed in each of t h r ee different ways in reducing 
acute secondary d i sease in the mouse model : 
1) by t rea t ing the donor mice with RAMS; 
2) by exposing the donor spleen cello in v i t ro to RAMS; 
3) by t rea t ing the rec ip ients after the homologous spleen ce l l s had 

been t ransplanted. 

It should be recol lec ted that posit ive r e s u l t s in the mouse model 
of acute secondary d i sease a r e only obtained when the agent under 
investigation causes a selective elimination of immunological ly act ive 
cel ls over hemopoietic s tem cel ls . 

Rabbit an t i -Rhesus lymphocyte s e r u m (RARS) has been extensively 
studied; 
a) for i ts activity in influencing the blood p ic ture of the n o r m a l m o n 

key» 
b) for toxic effects in normal monkeys; 
c) for i ts ability to suppress the homograft reac t iv i ty aga ins t akin 

t ransplants in no rma l monkeys. 

A t r ea tmen t schedule has been worked out which allows indefinite 
survival of the homografto without causing cl inical s igns of toxici ty 
in the r ec ip i en t s . 

Using this information the RARS has been employed to study 
suppress ion of both acute and late secondary d i sease in monkeys 
receiving homologous bone m a r r o w following whole body i r r a d i a t i o n . 
So far p r e l im ina ry r e su l t s have been obtained when RARS wao used 
to t r e a t the monkeys after bone m a r r o w t ransplan ta t ion . The effect of 
RARS on acute secondary d isease is at leant as good ao that of cyc lo 
phosphamide. Responses obtained with RARS in the t r e a t m e n t of acute 
secondary d i sease appear to be bet ter than have been found with any 
other agent investigated thus far. 

After these f i r s t very encouraging r e s u l t s with r e s p e c t to suppres s ion 
of homograft react iv i ty and graft ve r sus host reac t iv i ty both in roden t s 
and p r ima te s during 1966, emphasis was placed on purif icat ion of 
globulin fract ions and a t tempts to el iminate some of the undes i r ab le 
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early side-effects of ALS in rodents and monkeys. 
Effective suppresoion of acute secondary disease in monkeys with 

ALS has been confirmed. The lethal virus infections which have been 
found to complicate this treatment have been identified aa adenovirus 
and cytomegalic inclusion body disease . The origin of these infections 
i s being investigated. Extension of the experiments in which the bone 
marrow donor was pretreatcd with large doses of ALS has confirmed 
our previous preliminary'observation that this is not an effective 
method to prevent secondary disease in monkeys. 

RADIOSENSIÏIVITY OF THE'IMMUNE SYSTEM 

Techniques; 
The investigations on antibody production by single spleen cello in 

vitro were continued. The number of "cluster" and "plaque" forming 
ce l l s present in the spleen at different times after immunization of mice 
with sheep red blood cel ls was determined. It was found that after im
munization the increase in the number of cluster and plaque forming 
cello followed a parallel course; however, the number of cluster 
forming ce l l s was roughly 30 timco higher than the number of plaque 
forming ce l l s . 

By using rabbit antibodies specific for either 19 o or 7 o mouse 
globulins the type of antibodiec produced by cluster and plaque forming 
ce l l s could be determined. The results obtained indicated that cluster 
formation by both 19 s and 7 c antibody forming cel ls could occur. 

It was found that a certain percentage of cluster forming ce l l s did 
not produce antibodies in vitro. Cluster formation by thece cello could 
be ascribed to the prcrcncc of antibodies sticking to the cell surface. 

Radio sensitivity of plaque forming cel ls : 
The radiosensitivity of immune competent cel ls was measured in vivo 

by irradiating mice followed by challenge with SRBC and estimation of the 
number of plaque forming cel ls in the spleen. The values obtained agree 
well with those obtained by measuring other immune capacities. 

The recovery of antigen sensitive cel ls by repopulation was studied 
in more detail. It could be confirmed that this recovery is a very slow 
process . The time interval between irradiation and antigenic challenge 
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is found to be of great influence on the radiosensitivity of the antibody 
forming system. The relation between these two parameters i s being 
investigated at present· 

The contribution of macrophages to the reaction of the immune system 
following radiation: 

A technique was developed to study quantitatively the antibody r e s 
ponse of ce l ls in diffusion chambers. Only the 19 s antibodies appeared 
to be formed. Presently, the role of macrophages in the induction of 
antibody synthesis is being investigated; the preparation of macrophage 
fractions requires non-contaminated macrophage suspensions. When 
harvested from the peritoneal cavity, such suspensions nearly always 
contain varying numbers of lymphatic ce l l s ; the presence of which 
prevents a reliable interpretation c£ the réduits. Methods for the 
preparation of highly purified macrophages are being developed. 
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