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Genetic Studies on the Mixed 

Leukocyte Reaction 

Abstract. When leukocytes from pairs 
of unrelated human subjects are mixed 
and cultured for several days, blast-like 
cells appear that are capable of DNA 
synthesis and mitosis. This reaction can 
be estimated quantitatively by measur- 
ing the uptake of tritiated thymidine in 
the cultures. In experiments with 15 
sibling pairs, the leukocytes of most in- 
dividuals reacted less strongly with 
those of their siblings than with those 
of an unrelated subject. 

When leukocytes from two unrelated 
individuals are cultured together in the 
absence of phytohemagglutinin, some 
of the cells become transformed to im- 
mature basophilic cells capable of 
mitosis (1, 2). Only these immature 
cells synthesize DNA, so the intensity 
of the reaction between the leukocytes 
from a particular pair of subjects can 
be estimated by measuring the uptake 
of tritiated thymidine at the end of the 
culture period. The blast-like mitotic 
cells in cultures containing phytohemag- 
glutinin are derived from small lympho- 
cytes (3), so the immalure cells in 
leukocyte mixtures, which are indistin- 
guishable from those seen in phyto- 
hemagglutinin cultures, probably are 
also of lymphocytic origin. A similar 
transformation has been noted when 
certain antigens are added to leuko- 
cytes from single individuals (4). 

These findings suggested that the 
mixed leukocyte reaction may be a re- 
sponse to foreign antigens, possibly the 
"individual-specific" antigens that are 
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certain antigens are added to leuko- 
cytes from single individuals (4). 

These findings suggested that the 
mixed leukocyte reaction may be a re- 
sponse to foreign antigens, possibly the 
"individual-specific" antigens that are 
present in most tissues, and which are 
responsible for homograft rejection (2). 
Subsequently, other workers (5) have 
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concluded from their data that the 
mixed leukocyte reaction may be help- 
ful in the selection of homograft 
donors. 

In our previous studies, there was no 
reaction in leukocyte mixtures when the 
two subjects were identical twins. The 
results with fraternal twins were vari- 
able: two pairs reacted and two pairs 
did not react. It was decided, therefore, 
to investigate mixtures of leukocytes 
from sibling pairs who were not twins. 
In this way, the effect of genetic rela- 
tionship on the mixed leukocyte reac- 
tion could be studied without the re- 
sults being influenced by the blood 
chimerism and resulting tolerance to 
skin grafts, which, although extremely 
rare, has been reported to occur be- 
tween human fraternal twins (6). 

Fifteen normal sibling pairs were 
studied. The culture method and quan- 
titative estimation of the reaction by 
means of tritiated thymidine autoradi- 
ographs have been described previously 
(1, 2). In addition, a technique was de- 
vised for measuring the uptake of triti- 
ated thymidine in whole cultures with 
a liquid scintillation counter, based on 
Chen's method for measuring H3 and C14 
in serum (7). In each experiment, 
leukocytes from the two members of 
the sibling pair were mixed together, 
and at the same time leukocytes from 
each member of the pair were mixed 
with those from a third, unrelated, in- 
dividual. Unmixed control cultures 
were also prepared. Their H-thymidine 
uptake was always very low compared 
with mixtures from unrelated individu- 
als. 

The results are shown in Fig. 1. The 
two methods gave very similar results 
and correlated well, particularly within 
individual experiments. The mixed 
leukocyte reaction was diminished when 
the two subjects were closely related. 

The experiments were performed over 
a period of several months, during 
which time minor technical changes 
were made to increase the sensitivity 
of the method. These changes contrib- 
uted to the variability of the results, the 
liquid scintillation counts probably be- 
ing affected more than the autoradio- 
graphs. Thus, it was important to com- 
pare the results within each experi- 
ment. When this was done, it was 
found that only five of the 30 indi- 
viduals composing the 15 sibling pairs 
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the t-test, and the mean difference be- 
tween sibling-unrelated subject mixtures 
and the corresponding sibling-sibling 
mixtures was significantly greater than 
zero (p < 0.01). Whether the subjects 
were of the same or different sexes did 
not appear to make any difference. 

Five of the sibling pairs, when com- 
pared with unmixed controls, showed 
no reaction that could be detected either 
by autoradiographs or by liquid scintil- 
lation counting. Some of these pairs 
were studied twice, and no reaction was 
seen on either occasion. Similarly, other 
sibling pairs consistently showed a posi- 
tive reaction. All of these individuals 
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Fig. 1. Tritiated thymidine uptake in leu- 
kocyte mixtures. (A) Autoradiographs. 
(B) Liquid scintillation counts. For each 
point, the ordinate is the reaction between 
an individual and his sibling, and the 
abscissa is the reaction between the same 
individual and an unrelated subject. Each 
sibling pair is thus represented by two 
points on the graph. Symbols: closed 
circles, experiments where sibling pair 
showed positive reaction; open circles, 
experiments where sibling pair showed no 
detectable reaction; open circle with cen- 
ter point, mean value of mixtures from all 
sibling pairs versus mean value of mixtures 
from each sibling and a third, unrelated 
individual. The diagonal line shows where 
the points would lie if sibling pairs and 
unrelated pairs reacted equally. 
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reacted with unrelated subjects, as have 
all 100 pairs of unrelated normal sub- 
jects studied so far. These results with 
siblings and our limited data on frater- 
nal twins suggest that siblings and 
fraternal twins do not differ in their 
behavior in the mixed leukocyte re- 
action. 

These results are compatible with the 
laws of inheritance: siblings have, on 
the average, 50 percent of their chro- 
mosomes in common, so that they are 
more similar to one another than they 
are to nonrelated members of their 
species. However, the number of chro- 
mosomes that they have in common can 
theoretically vary from 0 to 100 per- 
cent, and an appreciable number of 
sibling pairs will lie towards one or the 
other of the two extreme ends of this 
scale. On the other hand, a child al- 
ways inherits 50 percent of his chromo- 
somes from his mother and 50 percent 
from his father. 

Thus, in a situation such as the selec- 
tion of a donor for a kidney homograft, 
one of the recipient's brothers or sisters 
might be much more compatible than 
either parent, while another sibling 
would be relatively incompatible (8). 
If the mixed leukocyte reaction proves 
to be effective in predicting histocom- 
patibility, it may be particularly useful 
as an indicator of compatibility be- 
tween siblings. The pairs which react 
most strongly may be those whose 
genetic similarity lies towards the "com- 
pletely dissimilar" end of the scale, and 
those who show no reaction may be 
placed closer to the "completely identi- 
cal" extreme. 

BARBARA BAIN* 
Louis LOWENSTEIN 

Division of Hematology, 
Royal Victoria Hospital, 
Montreal, Canada 
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Antigenic Behavior of Moloney Lymphomas: 
Independence of Virus Release and Immunosensitivity 

Abstract. Mouse lymphomas induced by Moloney virus were compared with 
regard to their ability to elicit humoral antibodies against Moloney cells, to 
sensitize against Moloney isografts, and to respond to established isograft re- 
sistance. The first two properties were parallel, while the third was independ- 
ent. The former, but not the latter, is attributed to the release of infectious virus. 
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Lymphomas induced by the Moloney 
virus are capable of inducing specific 
resistance against the transplantation of 
other Moloney lymphomas to geneti- 
cally compatible, isologous hosts (1, 2). 
Humoral antibodies reacting with Mo- 
loney lymphoma cells can be detected 
in the serum of resistant animals by 
the cytotoxic or the indirect fluores- 
cent antibody test (2). The resistance 
can be induced by at least three 
methods: by inoculating homografts 
from Moloney lymphomas that fail to 
grow or regress after temporary 
growth, by isografting subthreshold 
numbers of Moloney lymphoma cells, 
or by inoculating homogenates contain- 
ing Moloney virus (2). All lymphomas 
tested released virus even after serial 
passage. A single dose of irradiated 
tumor cells, incapable of multiplication 
but competent to release virus, induces 
formation of antibody to the cells, the 
antibody lasting throughout most of the 
lifetime of the recipient animal (3). In 
contrast, treatment of the x-irradiated 
cells with hydroxylamine caused com- 
plete inactivation of its capacity to in- 
duce antibody formation. 

While all Moloney lymphomas tested 
induced a specific immunological re- 
sponse against themselves and other 
Moloney lymphomas as judged by for- 
mation of antibody and by resistance 
to transplantation, the degree of sus- 
ceptibility to the rejection response of 
sensitized hosts varied considerably. 
A number of lymphomas were not 
transplantable to isologous recipients at 
all, even if large numbers of cells were 
inoculated, unless the recipients were 
irradiated; with large cell numbers oth- 
ers were transplantable to irradiated 
and nonirradiated hosts alike, while 
small inoculums often failed to take. 
The threshold dose in untreated re- 
cipients could be diminished by several 
orders of magnitude by total body ir- 
radiation of 400 roentgens. Lymphomas 
of the latter transferable type were 
highly susceptible to the rejection re- 
sponse of sensitized hosts. They did not 
grow progressively even when large 
numbers of cells were grafted and the 
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hosts were irradiated prior to chal- 
lenge. On the other hand, certain 
lymphomas were characterized by a 
much lower threshold dose, by only 
small differences in the takes of small 
inoculums in irradiated (compared to 
unirradiated) hosts, and by only a 
minor increase of the threshold cell 
number or only a slight prolongation 
of the latency period upon inoculation 
into specifically presensitized hosts. 

Thus, while all tested tumors re- 
leased virus, they showed very great 
variations with regard to their sensitivi- 
ty to the virus-induced rejection re- 
sponse (VIR). From results with the 
mouse antibody-production (MAP) test 
for quantitative assay of the virus 
(3), it appeared that the same num- 
ber of irradiated tumor cells from dif- 
ferent lines released different, but for 
each line fairly constant, amounts of 
virus, as judged by the antibody titers 
35 days after inoculation. The ques- 
tion arose whether differences in the 
sensitivity to virus-induced rejection are 
related to the degree of virus release. 
An experimental study of this question 
may define the mechanism of the re- 
jection response. 

Since the Moloney agent is an RNA 
virus that matures by budding from 
the cell membrane, antiviral antibod- 
ies may combine with it on the sur- 
face of releasing cells, with comple- 
ment binding and cell lysis as a con- 
sequence. If this were the case, a cor- 
relation is expected between virus re- 
lease and sensitivity to virus-induced re- 
jection in different tumors. Alterna- 
tively, the two phenomena may be in- 
dependent, as in the polyoma system 
(4). Sensitivity to such rejection would 
then be determined by new cellular an- 
tigens, and would appear in virus-in- 
duced neoplastic cells and not be relat- 
ed to virus release as such. It is also 
possible to postulate a dualistic scheme 
where virus maturation and release oc- 
cur in cells not primarily responsible 
for tumor proliferation. Dividing neo- 
plastic cells would be characterized by 
a more "moderate" interaction of vi- 
rus and cell, where genetic informa- 
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