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PREFACE 

This volume is the ninth of a continuing series published under the title: 
"Miami Winter Symposia." In January 1969, the Department of Biochemistry 
of the University of Miami and the University-affiliated Papanicolaou Cancer 
Research Institute joined in sponsoring and presenting two symposia on bio-
chemical topics as an annual event, now in its seventh year. The two symposia 
were published as a single volume in 1970, the volumes were expanded to 
include the discussions that followed each presentation in 1971 and, in 1972, 
we initiated the publication of the proceedings of the two symposia as separate 
volumes in the series to allow greater flexibility in the choice of future topics 
for the joint symposia. 

The major emphasis in the selection of the topics for our symposia has been 
to identify the frontier areas in which progress in biochemistry is leading toward 
an understanding of the molecular bases of biological phenomena. We follow a 
pattern in which a common theme is dealt with, in our symposium, on a funda-
mental basis, and then in the Papanicolaou Cancer Research Institute Sympo-
sium, as it relates to an understanding of malignant processes. This volume 
contains the proceedings of the Biochemistry Department's Symposium on 
"Molecular Approaches to Immunology" and will be published simultaneously 
with the proceedings of the Papanicolaou Cancer Research Institute's sym-
posium (Volume 10) on "Critical Factors in Cancer Immunology." The word 
"Enzym" was first introduced by W. Kühne to describe pancreatic trypsin at a 
scientific meeting held 4 February, 1876. The proceedings of the meeting were 
published the following year (W. Kühne, 1877, Verhandl Natur hist Medic. Ver. 
Heidelberg, 1, 194-198). It is, therefore, appropriate that, one hundred years 
later, the theme of the Miami Winter Symposia taking place during 12-16 
January, 1976, should be enzymology; the topic for the first symposium is the 
role of proteases in biological regulatory mechanisms and this will be followed 
by a symposium on cancer enzymology. 

Associated with the symposia is a featured lecture, the Feodor Lynen 
Lecture, named in honor of the Department of Biochemistry's distinguished 
Visiting Professor. Past speakers were George Wald, Arthur Kornberg, Harland 
G. Wood, Earl W. Sutherland, Jr., and Luis Leloir. This year the Lynen Lecture 
was delivered by Gerald M. Edelman. These lectures have provided insights of 
the history of discovery, and personal and scientific philosophies of our dis-
tinguished speakers. As such they appeal also to non-scientific members of the 
audience, and for ourselves and our colleagues in Miami, remain a source of 
inspiration. The Lynen Lecturer for 1976 will be Professor A. H. T. Theorell. 
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P R E F A C E 

This volume opens with the Sixth Lynen Lecture and is followed by an 
introduction, also by Dr. Edelman, in which he provides, for the benefit of 
those not directly in the field, some indication of the basic assumptions, ap-
proaches and directions of modern immunological research. If others find this 
overview as helpful as did the editors of this volume, then it will have served its 
purpose admirably. To bring forward as much of the recent work as possible a 
session of short communications is included in these meetings. This year, 
these were presented in a joint poster session for the two symposia. This session 
proved so successful that we propose to continue with this arrangement in future 
years. Abstracts of the short communications have been assigned, whenever 
possible, according to their relevance to each symposium, but in a number of 
cases an arbitrary decision has been made. Thus, sixteen abstracts appear in this 
volume and the remainder are published in Volume 10 of the series. 

Our arrangement with the publishers is to achieve rapid publication of these 
symposia and we thank the speakers for their prompt submission of manuscripts 
and the secretarial staff for their unstinting efforts which enabled us to bring 
this about. Our thanks also go to the participants whose interest and discussions 
provided the interactions that bring a symposium to life and to the many local 
helpers, faculty and administrative staff who have contributed to the success of 
the present symposium. Our special gratitude goes to the organizers and 
coordinators of the program: W. J. Whelan, K. Brew, Sandra Black and Olga F. 
Lopez, and to our two consultants Drs. Gerald M. Edelman and Matthew Scharff 
for their advice and help in organizing the scientific program. 

The financial assistance of the University of Miami Departments of Medicine, 
Pathology and Radiology, the Howard Hughes Medical Institute, Dermatology 
Foundation of Miami, Abbott Laboratories, Boehringer Mannheim Corporation, 
Eli Lilly and Company, Hoffman-La Roche Incorporated, MC/B Manufacturing 
Chemists and the Upjohn Company, is gratefully acknowledged. 
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THE SIXTH FEODOR LYNEN LECTURE 

THE SHOCK OF MOLECULAR RECOGNITION 

GERALD M. EDELMAN 

The Rockefeller University 

G: "If the world were not this way 
then it would be that way," 

E: "Yes, but what way is it?" 

"I see nobody on the roadt" 
said Alice, "I only wish I had 
such eyes," the King remarked 

in a fretful tone, "To be able to 
see Nobody! And at that distance 
too!" 

Through the Looking Glass 
L. Carroll 

"Musicology is to music as ornitho-
logy is to the birds," 

A Player 

It is particularly gratifying to be the Lynen Lecturer 
this year, not only because of the honor it represents, but 
because it was my good fortune to have been here with Fritz 
Lynen on the occasion of the first of these meetings. My 
being here now prompts warm recollections of that occasion 
and of this fine tradition, 

I hope you will forgive me if I do not indulge myself 
in recounting autobiographical details. Scientific reminis-
cence has always struck me as an almost impossible genre. It 
has none of the juicy quality of gossip and, in any case, the 
accidental elements of a scientist's life have no necessary 
relation to the order he hopes to bring out of his work. For 
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G . M. E D E L M A N 

these reasons, I do not intend to recollect here at any 
length my own course of scientific development. 

Instead, I hope to take this opportunity to comment in 
a personal mode upon some psychological aspects of discovery 
and the nature of scientific insight. The method I have 
chosen is to compare my present recollections of the state of 
immunological thinking at a given time with my own recorded 
scientific guesses at that time, and then to comment with 
hindsight on those guesses, correct and incorrect. This 
method has obvious limitations, but I hope it will at least 
stimulate some of your own recollections. I expect that the 
results of these efforts will be extremely limited and idio-
syncratic, and therefore, I do not hope to draw many general 
conclusions or give lasting general advice based on my re-
stricted experience. But I do hope to provoke some discus-
sion by reaching some admittedly very personal conclusions. 

The concern with creation and form has prompted compari-
son between art and science. I think it is worth comparing 
the creative procedures of scientists with those of artists, 
but it seems to me that although they are very much alike 
in the beginning, they are very different in the end. I hope 
that the examples I give will make this clear. But, in-
dependent of these acts of creation, there are, of course, 
great personal and aesthetic similarities between science 
and art in the act of perceiving or grasping an idea of 
order in either endeavor. 

What I wish particularly to convey here is that in the 
process of creation, a shock occurs that is very much out of 
the ordinary when, for example, one recognizes the shape of 
a molecule or the order of events in a metabolic pathway. 
The shock is a very complex one, consisting of surprise, 
wonder mixed with some shame at the simplicity of the picture 
as compared to one's prior thoughts, and a relief, which I 
suppose comes from the removal of confusion. Then the shock 
disappears, the discovery becomes commonplace, is accepted 
as part of the furniture of the world, and one then goes on 
hopefully to new subjects. This whole process happens to 
individuals but it is shared and altered by groups. It seems 
to me to be the central experience in science. 

THE PREVAILING PARADIGM: 1953 

In his book on scientific revolutions, T.S. Kuhn (1) has 
promoted the very useful idea that a period in a particular 
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M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

science is characterized by a paradigm, consisting of the 
communally shared view of that science, a view made up of 
both rational and unconscious elements. Following Kuhn, 
let me take you back to the time that I began to work in 
immunology and attempt to recollect the paradigm concerning 
antibody formation and the nature of antibodies. 

Although Jerne had published his natural selection 
theory in 1955 (2), I think it is fair to say that most 
imraunologists then believed in the instructive theory of 
antibody formation. Linus Pauling (3) was the most lucid 
and recent expositor of this theory and it was only in the 
late fifties that his views came under fire. As for anti-
body structure, what was known came mainly from hydrodynamic 
and electrophoretic analysis. In accord with the convention 
of the day, the antibody protein was assumed to be an ellip-
soid of revolution. The main point that deserves mention, 
I suppose, is that this prevailing picture of the antibody 
was a neutral one, i.e. it was not yet crucial for a choice 
of a particular theory of antibody formation. And, if I 
remember correctly, no one seemed to feel that it would be 
crucial. 

I did not share this view. Just after my first glimpse 
of the multichain structure of antibodies and the gel 
electrophoretic analysis of their chains, I had occasion to 
present my work at the Kaiser Foundation Symposium 
in San Francisco. It was my bad fortune to have to 
speak after Pauling, whose oratorical gifts matched his 
scientific brilliance. Because I felt that my data were at 
variance with his theory, I arranged through a mutual friend 
to have dinner with him. Although we spent a pleasant evening 
together, he didnft seem much interested in the chain struc-
ture of antibodies and the next day, he presented his original 
and classical theory with great flair and success. Then I 
followed with ray factual contradictions, which were I am sure, 
not understood by any of the audience except Pauling, who sent 
me a terse note with no further comments. It said "Edelraan -
send reprints." I have not spoken with him about this but 
I suspect he was the only one in the room who began to see 
that the jig was up. In any case, at the press conference, he 
did not talk about antibodies but rather about his new theory 
of anesthesia and he did not publish anything in immunology 
after that. 
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G. M. E D E L M A N 

LEEWAY - OR THE ADVANTAGES OF PUBLISHING IN THE WRONG JOURNAL 

Independent of theoretical matters, there was a dist-
inguished line of studies establishing the protein nature of 
antibodies (4), their divalence and binding properties (5) and 
the suggestion of classes (6)· But no one except Pauling 
insisted very strongly that if you knew what an antibody 
really looked like, you would know a good deal about the 
important issues of immunology. Most of the emphasis was 
upon antigen structure, largely because of the enormous in-
fluence of Landsteiner's work and because instructive theories 
made the antigen crucial in antibody formation. 

Not one word about shape, sequence or genetics - but this 
was hardly surprising. Insulin was just being analyzed by 
Sanger and ribonuclease by Hirs, Stein, and Moore. These 
molecules were 25 and 10 times smaller than immunoglobulin G. 
Nevertheless, we should note the early efforts of Pappen-
heimer, Petermann and Northrop on the cleavage of antibodies 
by proteases (7). This work had its natural fruition in the 
justly acclaimed work of Porter (8). 

My own conviction was very strong that antibodies were 
the key to immunology. I distinctly remember the experi-
ment that led eventually to the conclusion that antibodies 
consisted of multiple polypeptide chains. Perhaps prompted 
by Deutsch1s work on macroglobulins (9) and Sanger's concern 
with disulfide interchange, I wanted to correlate the number 
of disulfide bonds with the shape and activity of antibodies. 
I proceeded by reducing the immunoglobulin, amperometrically 
titrating the free SH groups, alkylating them, and examining 
the products in the ultracentrifuge. At low pH, after 
cleavage of 6 or 8 S-S bonds, I noticed a peak with a sedi-
mentation coefficient of about 2.3S. My colleagues put it 
off to conformational change, particularly in view of Porter's 
paper (10) concluding that rabbit Ig had one polypeptide 
chain. But it seemed too large a fall in the sedimentation 
coefficient to me and so I began a systematic study. 

These studies led me to publish a paper (against advice, 
for no one believed the results - who would do ultracentri-
fugation in weird solvents such as urea-water mixtures?) - in 
the JOURNAL OF THE AMERICAN CHEMICAL SOCIETY (11). This one 
page note or letter was terse, dense, and to the point. Its 
beginning occupied one sentence - "Sir: Reaction of human γ-
globulin with sulfhydryl compounds, sulfite, or performic 
acid resulted in marked diminution in the sedimentation co-
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M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

efficient and molecular weight·" Its conclusion was equally 
as brief :"These findings suggest that human γ-globulin con-
tains subunits linked at least in part by disulfide bonds. 
The possibility that linkages other than disulfide bonds are 
involved has not been excluded.11 No one believed it, it was 
received lackadaisically by an uninterested chemical audience, 
and in all I received seven reprint requests, 

I am convinced now that being ignored in this way was a 
stroke of great good fortune. I was working alone, and had 
any one of the larger protein chemistry establishments taken 
the problem up, they would have moved it ahead much more 
swiftly than I could have hoped to do. My estimate is that 
I had three years of leisurely work given to me by the atmo-
sphere and the paradigm. But I didn't feel this way at the 
time. I was working in the kind of oscillatory state of 
excitement and confused despair that comes from being against 
the paradigm. 

CONVICTION AND ACCIDENTS OF NATURE 

Although it seemed to me that the instructive theory 
was inadequate, I had not yet become fully convinced by the 
selective theory in I960. I was more obsessed with the 
notion of fractionating the chains of immunoglobulins. This 
brought about an impasse in my thinking, not because progress 
had not been made, but because of the heterogeneity of this 
class of proteins. I had been able to fractionate chain 
components with different amino acid compositions by chromo-
tography in 6M urea, but I know that they were likely to be 
microheterogeneous because electrophoresis in urea showed 
charge heterogeneity. 

At this time, it occurred to me that perhaps myeloma 
proteins would be valuable to study. A mild controversy 
was then going on as to whether these proteins were "patho-
logical" or were single normal immunoglobulins. Having 
various fractions in hand, I discussed this question with M.D. 
Poulik and suggested to him that we try the new procedure 
of starch gel electrophoresis in urea. We decided to com-
pare a number of samples of multiple myeloma proteins and 
WaldenstrBm macroglobulins. 

My guess was that each of these would show a different 
and unique band in the faster moving fractions (now known 
to be the light chains), and I predicted that these bands 
would cover the range of diffuse protein staining exhibited 
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G . M. E D E L M A N 

by the light chains of normal immunoglobulin. We had labor-
ed rather hard to accumulate our samples and with some hesi-
tation, loaded the precious small amounts on one last gel to 
run overnight. 

The next morning, I was confronted by a sad Poulik who 
told me he had dropped the gel upon staining it. I groaned, 
at which point he lifted out of a pan a gel that showed just 
the predicted features topped by his very wide grin. We also 
noticed a difference in the bands corresponding to heavy 
chains of myeloma proteins and macroglobulins (12). 

At this point, in early 1961, I began to glimpse a 
general unifying picture of the immunoglobulins. I think it 
is instructive to examine this picture as revealed in the 
paper (12) reporting our results, for it has the beginnings 
of the shock of molecular recognition. I say beginnings 
because of its obviously general nature and lack of preci-
sion: 

"A unifying hypothesis may be formulated for 
the structure of proteins in the γ-globulin 
family based on the findings presented above as 
well as on findings of other investigators. 7S 
γ-globulin molecules appear to consist of several 
polypeptide chains linked by disulfide bonds. Bi-
valent antibodies may contain two chains that are 
similar or identical in structure. The 19S γ-
globulins would be composed of 5 or 6 multichain 
units of the size of 7S γ-globulin. A provisional 
explanation for the wide molecular weight range 
of antigenically related globulins from Bence 
Jones proteins to macroglobulins is suggested by 
this model. Heterogeneity and differences in iso-
antigenicity may arise from various combinations 
of different chains as well as from differences 
in the sequence of amino acids within each type of 
chain. 
The finding that γ-globulin contains dissociable 
subunits has a possible bearing upon the patho-
genesis of diseases of γ-globulin production. A 
primary defect in macroglobulinemia and multiple 
myeloma may be a failure of specificity and con-
trol in production and linkage of the various sub-
units to form larger molecules. Bence Jones pro-
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M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

teins may be polypeptide chains that have not 
been incorporated into the myeloma globulins 
because of a failure in the linkage process. 
Myeloma globulins may consist of combinations of 
subunits differing from those of the normal γ-
globulins, although both types of protein 
appear to contain subunits that are alike. This 
may explain in part the antigenic and chemical 
differences and similarities that have been found 
between the γ-globulins of disease and normal 
γ-globulin. The hypothesis outlined above is 
capable of experimental test, since the products 
of various chemical treatments may now be separated 
and compared." 

There were still many iramunologists who didnft believe 
that it was of any use to study myeloma proteins "because 
they didn't have any activity." This belief clearly reveal-
ed a hidden faith in instructive theories. I make mention 
of this because future history was to reveal over and 
over again the powerful insights to be gained by compari-
sons of normal Ig and myeloma proteins. Indeed, until very 
recently, these proteins, provided to us as accidents of 
nature, have dominated the field. It should be pointed out, 
in all fairness, that independent of immunological concerns, 
there were also quite a few people studying these proteins 
but unfortunately without an hypothesis. 

CONVICTION AS A PRELUDE TO SURPRISE 

The comment about Bence Jones proteins quoted above 
grew into a deeper conviction that perhaps the problem of 
size and heterogeneity could be solved at the same time. 
This conviction led to one of the more clear-cut (i.e. 
dramatic) developments in this story of molecular recogni-
tion. I became convinced that Bence Jones proteins were 
polypeptide chains that were synthesized but not incorpor-
ated into myeloma proteins. It seemed likely that the 
chain fraction of lower molecular weight from normal immuno-
globulin might simply be a mixture of these proteins. 

One day, in a fit of bravado, I announced to Joe Gaily, 
who was then a graduate student, that I would "make" Bence 
Jones proteins out of my own immunoglobulin. I heated the 
light chain fraction and was as shocked as he to see the 
familiar reversible precipitation pattern. But the true 
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G. M. E D E L M A N 

shock of molecular recognition came when we then showed the 
identity of the light chains and Bence Jones proteins from 
single patients (13). 

The shock was great despite the fact that I had pre-
dicted the result. I believe to some extent this is true of 
all hypotheses but that once the corroboration is found, 
shock is replaced by wonder as all the pieces fall into 
place. Finally, the prevailing sensation becomes more one 
of routine expectation until either a new fact or a contra-
diction is found. But even at that point of the common-
place, there remains a nagging doubt if one does not have a 
complete picture of a molecule. And even with the Bence 
Jones story in place, that picture was still vague. 

THE PROJECTED VIEW: 1962 

By early 1962, a reasonably complete hypothesis on the 
relationships of immunoglobulin classes and chains was 
developed on the basis of comparisons between normal and 
pathological immunoglobulins. The bridge to antibodies 
was provided when Benacerraf and I decided to examine the 
chains of specifically purified anti-hapten antibodies of 
different specificities by gel electrophoresis in urea (14). 
It became clear that specifically purified antibodies con-
tained a much more restricted population of light chains 
than normal immunoglobulin. Indeed, these antibodies looked 
like mixtures of a limited number of myeloma proteins show-
ing 3-5 bands in contrast to the diffuse smear of normal 
immunoglobulin. This was the first example of truly re-
stricted heterogeneity in elicited antibodies and it per-
mitted a new kind of structural comparison of different 
antibodies. It soon appeared that each antibody population 
within a given class was different in its light chain 
bands; heterogeneity of heavy chains was not revealed as 
clearly because of their higher molecular weight. 

Because we were working on reduced proteins in 6M urea, 
we concluded that the differences were based on differences 
in amino acid compositions in the light chains just as in 
the case of different Bence Jones proteins. Conclusive 
proof of this was to come later in the work of M. Koshland 
(15). All of this boded ill for instructive theories even 
in 1962; the death knell was sounded by Haber's elegant 
demonstration in 1964 (16) that specific combining sites 
of antibody fragments can refold after complete dénatur-
ât ion in the absence of antigen. 
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M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

At this time, my projected view was 1) that all 
classes of immunoglobulins had light chains but each class 
had different and distinctive heavy chains,2) different 
antibodies had different amino acid compositions, 3) mye-
loma cells were making single variants of immunoglobulins, 
4) Bence Jones proteins were free light chains, 5) heavy 
chains and light chains both had something to do with 
specificity. This was one case where there was no chance 
for a shock because the detailed structure was missing. 
But we very firmly held to the idea that both chains must 
contribute on the grounds of conservation: ρ light chains 
and q heavy chains of different composition would give a 
maximum of pq antibodies. But it is now clear to me that 
only at this time was I becoming a dedicated selectionist 
and this pq hypothesis, although consistent with theories 
of selection, was formulated largely in the absence of a 
clear-cut selective theory. 

The findings on Bence Jones proteins and antibody 
light chains came as a shock that opened up a new chapter -
for the first time there was an antibody-related protein 
small enough, pure enough and available in enough quantity to 
do structure work. From amino acid compositions (13) and 
from Putnam1s analysis of peptide maps (17), it was clear 
that each was different in sequence. Exactly how came as 
another shock when Hilschman and Craig (18) compared two of 
them and found variable regions at the amino terminal half 
and constant regions at the carboxyl terminus. 

TOTAL STRUCTURE AND THE LEAP FROM ONE TO THREE DIMENSIONS 

It was still a guess as to how the immunoglobulin mole-
cule would really look. Valentine and Green's (19) elegant 
electron microscopic experiment certainly changed the view -
from a cigar to a floppy Y or bent T. At that time, I felt 
that the notion of a freely flapping antibody went too far 
and remember a pleasant but argumentative afternoon with 
the late Robin Valentine at the Nobel Symposium in 1964 in 
which I insisted on limited flexibility and he insisted that 
hydrodynamics was a pit of iniquity (19). It has turned out 
that the molecule is indeed not as floppy as he said but the 
picture of a broad Y that came out of his work did hold up 
and was important. 
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G. M. E D E L M A N 

None of this could really satisfy though - the critical 
questions were: 

1 ) What did heavy chains look like in detail? 
2) What was the relation of structure to function? 
3) Could we ever construct a model that would satisfy 

that relationship? 

The only hope for definitive answers lay in determining 
the primary structure of a whole immunoglobulin molecule. 
When Bruce Cunningham and I decided to do this, we concluded 
that it was going to take about a pound of myeloma protein, 
a very eclectic strategy of sequence determination, and 
a climate in which there was no room for any failure of 
nerve. We reasoned that one total structure would, at the 
very least, serve as a reference for work in other labs and 
might, at most, suggest exactly how the molecule was organ-
zed. 

In fact, in two areas, the maximum expectation was ful-
filled: validation of the evolutionary hypothesis based on 
Hill's work ( 2 0 ) , and construction of a detailed structure -
function hypothesis - the so-called domain hypothesis ( 2 1 ) . 
The first was a matter of extending other people's work but 
the second definitely involved the shock of recognition. The 
shock expressed itself in some rather unconventional be-
havior and I vividly remember the look on my colleague's 
faces when I disappeared into my office with thousands of 
poppit beads, a small drill, and some piano wire. 

The task I had set myself was to see if I could 
"recognize" what IgG "looked like" at the level of overall 
and local shape in terms of both structure and function. The 
facts I started with were: 

1 ) The total sequence, showing homology of V L and V H 

and of C L and C al, C H2, and C H3 ( 2 1 ) . 

2 ) The finding by Porter (8) that Fab and Fc were 
functionally distinct - one for antigen-binding and one for 
effector functions. 

3) Valentine's work ( 1 9 ) , evidence on relaxation times 
from fluorescence polarization studies, and some results on 
X-ray scattering done with Kratky's group ( 2 2 ) . 

10 
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The principles I felt would be guiding ones were: 

1) each homology region would fold separately, con-
strained by its single disulfide bond. 

2) each homology region would bear or contribute to one 
site carrying out a different function. I say contribute, 
because I was convinced of the ρ χ q hypothesis for V 
regions. I emerged with bleeding fingers and the poppit bead 
model, which was built taking advantage of knowledge of the 
hypervariable regions that came from a great number of labs. 

The domain hypothesis (Figure 1) has stood the test of 
time both for Bence Jones proteins and immunoglobulins. 
We now have X-ray crystaliographic analyses (23,24) confirm-
ing the main structural features, and of course, giving us 
in addition, detailed features of the immunoglobulin fold 
and the site - features that could hardly be predicted by 
the method I was using. Still the shock of recognition was 
there before the X-ray data, and it was strengthened by 
work on proteolytic cleavage of the molecule into domains 
(25). 

Work on mapping of functions has also tended to support 
this picture. But it should be pointed out that there re-
mains a good deal to be done to characterize the sites and 
their functions on each domain before the hypothesis can be 
considered completely proven. For example, CH3 has a uni-
que feature: a "bottom". Could this be the shared site 
for linkage to cell surface receptors that bear the immuno-
globulin molecule? The main point I wish to emphasize is 
that the domain hypothesis is not just a structural pre-
diction, but a guess as to the nature of structure-function 
relations. 

This hypothesis ties up and summarizes the relation 
between antibody binding and effector functions, evolution-
ary origins and genetics, and class differences of Ig's, all 
in terms of a succinct structural picture. It seems to me 
particularly to warrant using the name "molecular immuno-
logy" with its connections to selective theories, to 
genetics, to modem molecular biology and to cell biology. 
This contrasts with "immunochemistry", the paradigm of 
1958, which was largely concerned with antigen and instruc-
tive theories. Of course, both paradigms involved chemi-
stry, as all good biology should in the end. 

11 
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Figure 1. The domain hypothesis. Diagrammatic 
arrangement of domains in the free immunoglobulin 
G molecule is shown. The arrow refers to a dyad 
axis of symmetry. Homology regions that constitute 
each domain are indicated: and are domains 
made up of variable homology regions; Cj_,, C^l, 
C\{2 and CJJ3 are domains made up of constant homo-
logy regions. Within each of these groups, domains 
are assumed to have similar three-dimensional struc-
tures, and each is assumed to contribute to an active 
site. The V domain sites contribute to antigen 
recognition functions and the C domain sites to 
effector functions. 
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THE PREVAILING PARADIGM NOW 

With the domain hypothesis more or less corroborated, 
it seemed to me that the pursuit of more and more Ig 
structures of the conventional classes would be a bore -
necessary, useful, but not likely to lead to large shocks 
of recognition. At the risk of being surprised, I still 
believe that. 

The choice was therefore to turn to an analysis of the 
origin of antibody diversity or of cell triggering after 
antigen binding. We had toyed with the first problem both 
theoretically and in a few experiments that were fruitful 
but not relevant. Gaily and I were firm believers in 
somatic origins of diversity and in gene translocation to 
construct VC genes (26). We had, in fact, searched for 
enzymes in bone marrow and thymus to carry these functions 
out. These studies, carried out by Lindahl, Gaily and my-
self, resulted in the isolation of the first mammalian DNA 
ligase (27) and several new exonucleases (28,29), but left 
us no nearer to an answer to the mechanism of transloca-
tion or origin of diversity. 

I decided that this field should be left to the DNA 
chemists, but I must say I stuck to my conviction about 
translocation. Recently, Leder visited me to show me his 
beautiful experiments. He started off by saying that he 
thought it was much simpler to assume that there were many 
complete VC genes because this was a conservative evolution-
ary model. I almost exploded and said "If that is true, all 
of formal genetics is wrong." He then smilingly revealed his 
impressive data showing the presence of a few C genes, and 
almost guaranteeing the need for some kind of translocation 
event. Now it also appears that there are very few V genes 
and that some kind of somatic variation hypothesis is also 
likely to be correct. 

It is much easier to see past paradigms than those of 
the present but I will hazard a view. The prevailing para-
digm now seems to be as follows: 

1) Selective theories are correct, in particular 
clonal selection, although much remains to be understood 
about control and quantitation. 

2) Antibody diversity is likely to be somatic in origin 
but the mechanism that would tie diversification to trans-
location has not been worked out in fact. 

13 
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3) Triggering of lymphoid cells by antigen requires cell 
cooperation between the Τ and Β cell. But the nature of the 
Τ cell receptor and of the detailed interaction remain up 
in the air. The whole system seems to be connected to the IR 
genes, which in turn are connected to the complex major 
histocompatibility locus. 

4) The suspicion is bruited about that the immune 
system may just be a very special evolutionary development 
of a system of cell-cell recognition that is more general, 
more fundamental, and more primitive. 

The present work in my laboratory is concerned with 
these aspects of the paradigm and we have not yet run out of 
shocks or surprises. We have had some success in fraction-
ating immune cells on chemically derivatized surfaces and 
fibers (30) and have been able to elucidate specificity 
filtering in clonal selection (31) as well as the appearance 
of specific binding cells during ontogeny (32,33). But the 
structural approach has not been abandoned and I should like 
to mention two examples related to the paradigm. 

The first is the analysis of the mitogen, concanavalin 
A. We felt this to be a kind of "molecular monkey wrench", 
providing a way into the problems of cell surface recognition 
and modulation. After determining its structure (34) we have 
been able to modify it chemically (35) and use it to reveal 
an entirely new system of modulation of cell surface receptors 
via microtubules and microfilaments (36,37,38). Using Con A, 
we also have found that lymphocytes have a responsive state 
to stimulation that seems to be under autonomous control. 
Indeed, the cell cycle of lymphocytes as resting cells has a 
G Q period which differs from cell to cell (39). These pro-
blems certainly bear upon the paradigm and probably will 
have a general bearing on cell biology. 

But perhaps more in the direct immunological tradition 
has been our work on 02~microSl°bulin and histocompatibility 
antigens. Gaily and I have speculated that the gene clusters 
for immunoglobulins may have arisen by gene duplication of the 
precursors for the H-2 locus followed by chromosomal trans-
location (40). The basis for this speculation was the 
linkage relations of IR genes and the conviction that the 
immune system must have evolved from a more general cellular 
system. 

14 
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At about the time we x*ere toying with this notion, 
BerggSrd, (who had worked with me in 1963 and showed the 
presence of "normal" Bence Jones proteins (41) in our urine, 
suggested that it would be amusing to do the structure of 
human 02~ m* c r oSl°b uH nt another urinary protein he had iso-
lated. This was of particular interest because of the 
homology of its first 41 residues with those of immunoglobu-
lin as shown by Smithies and Poulik (42)· The complete 
sequence, determined mainly by Bruce Cunningham in my labora-
tory strongly confirmed this homology (43). We had found 
the protein on the surface of lymphocytes but even more 
amusing were the observations that it was present on and 
synthesized by tissues other than those of the immune 
system (44). Indeed, Pressman and his co-workers (45) and 
subsequently Peterson and co-workers (46) showed it to be 
associated with HL-A antigens. 

Thus, an immunoglobulin-like domain undoubtedly related 
to Ig in its evolutionary history, is found associated with 
histocompatibility antigens on the surface of various mam-
malian cells. Of course, the question is whether an homolo-
gous domain exists on the histocompatibility antigen. If 
so, our hypothesis on the evolutionary origin of the immune 
system rests more securely. Even if this is not the case, 
however, the pursuit of this subject cannot fail to enlarge 
our view of immunology and cell biology. The shock of 
recognition in immunology now extends itself to the whole of 
the differentiated organism. 

THE ANTI-GUNTHERDXMMERUNG: AN EPILOGUE ON TASTE, READINESS, 

AND EASE 

My friend, Gunther Stent and I disagree about nearly 
everything, yet it is a curious feature of our discussions 
that they are always enjoyable. I attribute this to his 
scholarship, grace, and tolerance as well as to a mutual 
lusty appetite for argument He has proposed that creation 
in science and creation in art are alike (47) and that we may 
enter into an age in which science shall be post-romantic, 
post-classical, and post-everything (48). This Guntherdäm-
merung, which he accepts cheerfully, I find highly unlikely. 
It seems to me that as one hierarchy of scientific investi-
gation closes, another opens up, whatever the field; indeed, 
if invention is included, a field is limitless. 
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In contrast to his views on creation, I believe that 
scientists, in accepting a single-valued world of order and 
recurrence, declare themselves, at least as a group, to be 
servants of the inevitable. If one scientist does not 
discover or analyze an event, another is likely to seize upon 
it. While their motives and styles differ, the final 
reduction by the community will read most of these individual 
differences out of the work. This is as it should be. It is 
the strength and the solace of science. 

But having said this much, it seems to me of some use 
to comment on the role of readiness and taste in pursuing a 
given question. Readiness is not just a question of training 
and alertness. It seems to me to rest in the willingness to 
adopt consciously an hypothesis even if the risks of being 
wrong are high. I believe that Einstein was right when he 
said "It is the theory that determines what we observe." 

Of course, in molecular biology, the type of theory and 
its general applicability is different than in physics. The 
great physicist, I. Rabi, once said to me after I gave a 
lecture, "Now I know what you guys are about - you are engi-
neers. You take things apart and figure out how the parts 
fit together." When I asked him what physicists did, he 
lifted his eyes skyward and said "Ah, we speak to God." 

In one respect, he was right - a good molecular biol-
ogist is a methodological reductionist and he is interest-
ed in structure as well as function. But in pursuing his 
work, he must exercise a kind of taste, mainly by tempo-
rarily neglecting facts that he cannot fit into his general 
hypotheses. And, of course, he risks mistakes if he does 
this. 

In looking back on this account of some of my studies, 
I see several areas in which I made such errors. One of 
them was as silly as attempting to isolate antibody chains 
on Sephadex in 6M urea alone and in acetic acid alone, to 
no avail, and then failing to mix the two solvents, a 
procedure which would have worked splendidly, as Porter's 
work showed two years later (49). Another error was in 
proposing a model for Ig which was in general too slavishly 
dependent on hydrodynamics (50). Valentine corrected that. 
Well before that though, I remember Al Nisonoff saying to 
me in adopting the model - "Don't you think the Fc region 
has to stick out more - after all, it must attach to things 

16 



M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

and have room to i n t e r a c t I should have listened, but 
my vision was prejudiced by too much physicochemical 
formalism. 

The main point is: that is what other scientists are 
for. The exercise of taste is essential and resembles the 
creative imagination of the artist, but in science it can 
never be always correct in one individual. The taste and 
guesses of others fix up the defects. Unfortunately, 
that rarely satisfies the creative egotism of the individual, 
even if it gives him strength whether he knows it or not. 
And there is very little wisdom that can be drawn out of one 
individual in any easily transferable or communicable 
fashion. The injunctions are too trite or too general or do 
not make themselves deeply felt through words. Neverthe-
less, if I had to write a "Young Molecular Biologist's Vade 
Mecum" it would contain the following list: 

1) In any field, always ask what the central molecule 
is and does. If it is not in evidence, look for it. 

2) Determine its structure. 
3) Believe in the results of image-forming methods 

over hydrodynamic methods. 
4) Make models and ask how they relate to the larger 

prevailing theory of the field. 
5) When stuck, look for genetic variants or accidents 

of nature. 
6) Generalize your conclusions by making evolutionary 

connections. 
7) After you have concluded you are right, move up one 

level higher in physiological organization and see how it 
all looks from there. 

A banal list to be sure. It cannot compare in strength 
to the implicit, unanalyzed sharing of a conviction about how 
to attack a scientific problem. But that is the unconscious 
part of the paradigm and there is nothing to be said or done 
about it but to enjoy it. 

One final word about use: not everything scientists do 
is useful except to other scientists. The work on antibody 
structure done in many laboratories throughout the world 
seems to me to be a good example. It is not easy to 
document a single great medical advance that has come out of 
it so far. Nonetheless, the work has eased and rationalized 
the subject in a fundamental way that is not only beautiful 
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but makes it possible to do many things and think many new 
thoughts. 

A chemist friend of mine, deploring the lack of depth 
of immunologists, defined an immunological paper as the 
result of an encounter between an idiot and a rabbit via a 
syringe. Certainly this is unfair - the so-called idiots, 
including myself, now have a rational basis at their dis-
posal which is the equivalent for immunologists of the 
periodic table. 

In the face of the marvelous challenges of biology, we 
are all idiots, even chemists. None of the truly fundamental 
work is easy, but that is not the issue. It is doing science 
that yields the pleasurable shock of recognition, not talk-
ing about it. Still, talking about it is probably the next 
best thing. It has been ray privilege to have done it in the 
company of remarkable colleagues, and it is an equally great 
privilege to have been given the opportunity in the Lynen 
Lecture to talk about it to this distinguished audience, so 
many of whom have made great contributions to the field. 
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THE SUBJECT AND STYLE OF MODERN IMMUNOLOGY: AN INTRODUCTION 

GERALD M. EDELMAN 
The Rockefeller University 

Immunology is often viewed by outsiders as both herme-
tic and baroque* I suppose it was in some anticipation of 
this view and in the hope that it might be dispelled that I 
was kindly asked by the organizers of this meeting to pro-
vide some introduction to the subject. It is true that 
modern immunology is eclectic and fast-moving. Its presenta-
tion is not simplified by the fact that it serves as both a 
tool and a model in cell biology and biochemistry, as well as 
a biological system of great interest in its own right. 

I shall attempt here to consider mainly the aims, in-
trinsic concepts, and terms of the subject and comment only 
briefly upon its applications. Perhaps the swiftest way to 
do this is to describe the theory of clonal selection and then 
pose some of the major questions that concern immunologists 
at three levels: molecules, cells, and systems of cells. In-
asmuch as my purpose here is somewhat didactic, I shall take 
some liberties and not bother with qualifying my remarks. 
I am sure that the distinguished group of speakers you are to 
hear will clarify, extend and correct my comments and I 
invite them to do so. In this way, I can speak both to 
the uninitiated and to the cognoscenti in two modes with 
some hope of positive results. 

CLONAL SELECTION AND ITS REQUIREMENTS 

Clonal selection is the main guiding theoretical 
framework of modern immunology. This theory, while vague 
and incomplete in several respects, has stood the test 
at various levels of inquiry. I shall try to describe 
its essential features. 

This theory was devised to explain the way in which 
antigens of a great variety of types could elicit specific 
cellular or humoral immune responses in a complex system 
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of immune cells and organs. The ontogenetic source of this 
system rests in certain stem cells of the bone marrow, which 
in early development seed to central organs known as the 
thymus and the bursa (or its equivalent in animals other than 
birds). From these organs, more mature cells are released as 
Τ cells (thymus-derived lymphocytes) or Β cells (bone marrow-
derived or bursa-derived lymphocytes). These cells can cir-
culate in the blood and lymph and can home to a number of 
secondary organs including lymph nodes, Peyers patches,and 
spleen. As we shall see, although there is some dispute as to 
the nature of the main receptor on Τ cells, Τ and Β cells both 
contain on their surface molecules capable of specifically 
binding to antigens. In the case of Β cells, these molecules 
are the various classes of immunoglobulins, and it is fair to 
say that they are the key molecules of immunity. 

The basic premise of the theory of clonal selection 
(Figure 1) is that an animal already has the information 
to synthesize all of the necessary Τ and Β cell anti-
body receptors without using the antigen as a template. 
The antigen serves only to select those cells containing 
antibodies having appropriate complementary binding 
sites for that antigen. The response of the cells then 
depends upon their prior differentiation; if they are Β 
cells, some of them may be induced to divide and expand 
into a clone with increased Ig production; if they are 
Τ cells, they may carry out helper functions necessary 
for Β cell stimulation in a way not yet completely under-
stood, or they may become "killer cells", releasing a 
variety of factors that stimulate or inhibit target 
cells. 

Within this system, another unrelated set of cells called 
macrophages, which do not produce Ig or antibody, may also 
help stimulation by binding either antigen or antibody. Their 
role is no clearer in detail than is that of Τ cells, however, 
and it may be even more obscure. Let us for the moment not 
worry about it. 

Instead, let us ask what the requirements of clonal 
selection are. The first requirement is a large repertoire of 
antibody molecules with different three-dimensional binding 
sites for different chemical groups or antigenic determinants. 
As I shall mention later, we now know that the basis for this 
diversity is variation in the amino acid sequence of amino 
terminal portions of the polypeptide chains of antibodies. 
The antibodies must be present on the surface of unstimulated 
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Immunocompetent 

small lymphocytes 

Zygote 

Antigen independent 

somatic proliferation and 

expression of Ig genes 

Different Ig 
genes (N) 

Different Ig's produced; 
one specificity per cell (K ) 

Clonal growth 
triggered by a 
particular antigen Λ \ Different Ig's detectable 

in plasma or on expanded 

clones ( J ) 
Ig secreting or 
memory cells 

Figure 1· A model of the somatic differenti-
ation of antibody-producing cells according to 
the clonal selection theory. The number of 
immunoglobulin genes may increase during so-
matic growth so that in the immunologically ma-
ture animal, différent lymphoid cells are form-
ed each committed to the synthesis of a struc-
turally distinct receptor antibody (indicated 
by an Arabic numeral). A small proportion of 
these cells proliferate upon antigenic stimu-
lation to form different clones of cells, each 
clone producing a different antibody. This model 
represents bone marrow-derived (B) cells but with 
minor modifications it is also applicable to 
thymus-derived (T) cells. 

25 



G. M. E D E L M A N 

cells, and in most cases, there is only one kind of antibody 
on each cell, present on each cell in about 10,000 copies. 

The second requirement for clonal selection is to pro-
vide a means of encounter between a specific antigen on a 
cell with the appropriate antibody. This requirement is com-
plex and depends on circulation and anatomy but, above all, 
it depends in most cases upon a subtle cooperative relation-
ship between Τ and Β cells of the proper specificity. 

The third requirement of clonal selection is that cer-
tain of the specific encounters between the antigen and cells 
with their appropriately complementary antibodies result in 
maturation, cell division, and, in some cases, antibody 
production and secretion. 

Each of these requirements (diversification, encounter, 
amplification) generates a major problem in modern immunology 
and you shall hear in this meeting of the attempts being 
made to solve these problems. Before considering these pro-
blems in more detail, it might be useful to emphasize certain 
key properties of the system of clonal sélection» 

I think it is useful to emphasize that the specificity 
of the system of clonal selection arises from the specificity 
of binding between antigens and antibodies and from the "trig-
gering" threshold of the cells. In general, only those cells 
of higher affinity are triggered (Figure 2). Those antibodies 
of higher affinity are usually also those of greater specifi-
city and therefore this "filtration effect" allows graded 
specificity to emerge out of an "uninformed" system. By un-
informed, I mean that the system does not know in advance 
which antigenic structure it will encounter. We might say 
that an immunoglobulin doesn't know it is an antibody until 
it binds an antigen tightly enough. Another property such a 
system must have is feedback control: some system of damping 
and negative feedback must regulate the degree, extent, and 
quality of response. This occurs via intrinsic molecular and 
cellular pathways. 

With this background, we may now introduce three main 
problems: 

1) What is the origin of antibody diversity? 
2) What is the nature of encounter between the antigen 

and cell, and cell and cell? 
3) What is the nature of the signal to stimulate or sup-

press a given cell? 
I shall take these up briefly in turn. 
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Figure 2A, Lymphoid cells from the 
mouse spleen bound by their antigen-
specific receptors to a nylon fiber to 
which dinitrophenyl bovine serum albumin 
has been coupled. Treatment of bound 
cells in (a) with anti-serum to the Τ 
cell surface antigen Θ and with serum 
complement destroys the Τ cells, leav-
ing Β cells in (b) still viable and at-
tached (X 175). 
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Figure 2B. Inhibition by free Dnp-BSA 
of spleen cell binding to Dnp-BSA fibers. 
Cell numbers represent fiber edge counts 
for a 2.5 cm fiber segment. Spleens 
from immunized mice were removed at the 
height of a secondary response to Dnp-
BSA and cells from several mice were 
pooled. 

MOLECULES 

To ask about the origin of diversity first requires a 
description of its nature. I cannot do this exhaustively 
here, but can summarize the key aspects of antibody struc-
ture that pose the problem (Figures 3,4). 
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Figure 3· Overall arrangement of chains 
and disulfide bonds of the human yGi im-
munoglobulin, Eu* Half-cystinyl residues 
are numbered I to XI; I to V designate cor-
responding half-cystinyl residues in light 
and heavy chains; PCA, pyrrolidonecarboxylic 
acid; CHO, carbohydrate. Fab(t) and Fc(t) 
refer to fragments produced by trypsin, 
which cleaves the heavy chain as indicated 
by dashed lines above half-cyetinyl resi-
dues VI. Variable regions, Vjj and V L are 
homologous. The constant region of the 
heavy chain (CH) is divided into three 
regions, CHI, CH2 and CH3, that are homo-
logous to each other and to the C region of 
the light chain. The variable regions carry 
out antigen-binding functions and the con-
stant regions the effector function of the 
molecule. 
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SEQUENCE HOMOLOGY IN EU CONSTANT REGIONS 

Figure 4A. Comparison of the amino acid 
sequences of CL, C^l, C H2 , and CJJ3 regions. 
Deletions, indicated by dashes, have been 
introduced to maximize homologies. Identi-
cal residues are darkly shaded; both light 
and dark shadings are used to indicate 
identities which occur in pairs in the 
same position. 
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Figure 4B. Comparison of the amino acid 
sequences of the VJJ and VL regions of 
protein Eu. Identical residues are shaded. 
Deletions indicated by dashes are intro-
duced to maximize the homology. 

Immunoglobulins are a family of molecules produced by lym-
phocytes. All of them are made up of units consisting of two 
identical light and two identical heavy polypeptide chains. 
Each chain carries a variable region with different amino acid 
sequences and a constant region which is the same in each 
class of molecule except for minor genetic polymorphisms.Cris-
tallographie analysis has confirmed that each variable region 
and each of the homologous constant regions is folded in a 
compact domain (Figure 5). Functional studies indicate that 
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Figure 5· The domain hypothesis. Diagram-
matic arrangement of domains in the free im-
munoglobulin G molecule is shown. The arrow 
refers to a dyad axis of symmetry. Homology 
regions that constitute each domain are in-
dicated: VL and are domains made up of 
variable homology regions; C L , C h1 , C h2 and 
Cj]3 are domains made up of constant homology 
regions. Within each of these groups, domains 
are assumed to have similar three-dimensional 
structures, and each is assumed to contribute 
to an active site. The V domain sites con-
tribute to antigen recognition functions and 
the C domain sites to effector functions. 

the variable region domains carry out antigen-binding functions 
and the constant region domains carry out effector functions. 

Contrary to prevailing dogma, genetic analysis suggests 
that Ig chains are specified by too genes, a V gene and a C 
gene. The evidence is consistent with the presence of at 
least three unlinked gene clusters specifying two kinds of 
light chains κ and λ , and the various different kinds of 
heavy chains whose constant regions are characteristic of a 
class: μ for IgM, γ for IgG, etc. (see Figure 6 ) . 
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This arrangement requires two unusual genetic mechanisms, 
one to make a complete VC structural gene and the other to 
provide the diversity of V genes. Various models have been 
suggested to fuse V and C genes somatically. In addition, 
two main routes for the origin of diversity have been sug-
gested: somatic alteration of a small number of V genes 
(either mutation or recombinational) and germ line via the in-
heritance and preservation of multiple genes. 

You will hear about attempts to resolve these pro-
blems by various approaches at this meeting. 

ANTIGENIC ENCOUNTER, CELL COOPERATION AND REGULATION 

As I have mentioned, many antigens require some sort 
of processing via Τ cells before the appropriate Β cells can 
be stimulated. The exact nature of this processing or inter-
action is not clear. This obscurity arises for a number of 
reasons: 1) the nature of the Τ cell receptor is in dispute, 
2) the response of Τ cells to antigens appears to be under 
control of a set of genes other than those for immuno-
globulins. These are known as immune response or IR genes 
and are linked to another immunologically interesting locus, 
the major histocompatibility locus, which in turn is linked 
to a gene complex regulating the response of Τ lymphocytes to 
each other and foreign cells. 3) The exact sequence of events 
in processing of antigen by macrophages, and the nature of 
the various encounters between cell-antigen complexes, anti-
gen-antibody complexes, and cell-antibody complexes are 
unknown. 

This is a most active field of immunology and you will 
hear about some of the recent attempts to understand these 
complexities. At this point, I would like to state only one 
somewhat dogmatic belief - the picture will become clear only 
if the appropriate molecules are identified, isolated and 
understood in terms of structure-function relationships. Of 
course, functional analysis of cellular interactions poses the 
problem but immunologists will solve it in terms of the mole-
cular interactions. A satisfactory solution will probably re-
quire an analysis at all three levels: molecules and their 
genes, cells and their surface structures, and cell-cell inter-
actions. 
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MOLECULAR BASIS OF TRIGGERING 

Throughout this didactic account, one feature runs as a 
constant: the cell surface is the nexus for molecular en-
counter, molecule-cell interaction and cell-cell interaction. 
Obviously, we must know this terrain better and more and more 
immunologists are attempting to understand the cell surface-
membrane complex in detail. What is required is a picture of 
the types, numbers, anchorage, specificity, and dynamics of 
cell surface receptors. Here immunology provides general 
tools of great power for work on lymphocytes as well as on 
other cells. 

The key problem from the intrinsic point of view has to 
do with the nature of the signals that stimulate the lympho-
cyte to mature and divide. Obviously, this problem inter-
acts strongly with that of cell cooperation, and the causal 
linkage of specific antigen-binding to triggering. A number 
of other means to analyze this problem exist, however, in-
cluding the use of mitogenic lectins and the analysis of the 
effects of lymphocyte factors. Among the key questions are: 

1) What is the adequate signal necessary for stimul-
ation - cross-linkage of receptors, conformational change of 
receptors, or membrane transport of ions? How are cell sur-
face receptors modulated and controlled? 

2) What turns the cell off specifically im immune tol-
erance? 

3) What chemical messengers induce maturation and divi-
sion, and what is their genetic control? 

4) What features do lymphocytes share with other dif-
ferentiated cells? Are the controls a function of population 
variables in addition to specific signals? 

You will hear attempts to dissect out these variables, 
particularly using lectins, but also by other means. 

THE GENERALIZATION OF IMMUNOLOGY 

As you can see, the elucidation of clonal selection re-
requires an attack on several fundamental problems of cell 
biology. These include the nature of cell surface motion, 
receptor modulation, and the control of cell division. It is 
not surprising, therefore, to see the lymphocyte being used 
as a model to study these questions, to some extent indepen-
dently of intrinsic immunological questions. But even more 
striking and fundamentally exciting are attempts to relate 
the evolution, genetics, and molecular functions of immunology 

34 



M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

to other cellular systems of recognition such as those en-
countered in developmental biology. 

One of the most striking of these efforts relates to the 
histocompatibility system (Figure 6) that I already mentioned 

1 1 

>, 

1 I I 1 

Λ » . , v yxw, ,
V
Xv. CX,. Cx , . Cx,. 

,
v
« , ,

Ν
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Figure 6A. A diagrammatic representation 
of the proposed arrangement in mammalian 
germ cells of antibody genes in three un-
linked clusters termed translocons. Light 
chains κ and λ are each specified by dif-
ferent translocons, and heavy chains are 
specified by a third translocon. The 
exact number and arrangement of V and C 
genes within a translocon is not known. 
Each variable region subgroup (designated 
by a subscript corresponding to chain group 
and subgroup) must be coded by at least one 
separate germ-line V gene. The number of V 
genes within each subgroup is unknown, how-
ever, as is the origin of intrasubgroup 
diversity of V regions. A special event is 
required to link the information from a 
particular V gene to that of a given C gene. 
The properties of the classes and subclasses 
are conferred on the constant regions by 
C genes. 
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GENETIC MAP OF THE IXth LINKAGE GROUP OF THE MOUSE ( CHROMOSOME 17 ) 
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Figure 6B. The major histocompatibility 
complex of the mouse, including the region 
defined by the H-2D and H-2K loci. Other 
loci such as the immune response (Ir) 
genes and genes coding for a serum protein 
(Ss) are contained within this region. 

in connection with the IR genes. Gaily and I have speculated 
that the Ig structural genes may have arisen by gene dupli-
cation from the precursors of histocompatibility genes. In-
terestingly enough, it is now known that an Ig-like domain, 
/^-microglobulin, is synthesized and found on a variety of 
mammalian cell surfaces, frequently in association with the 
histocompatibility antigens. We have proposed that the pre-
cursor gene for this molecule also gave rise to the Ig's. So 
there is now the possibility of a connection between at least 
two (Ig and H-2) and perhaps three gene systems (Ig, H-2, and 
02-microglobulin) depending upon the demonstration of the 
linkage relationships of the gene locus for ß2"'microelobulin. 

The immune system arose in true vertebrates and the 
evidence suggests that immunoglobulins and their classes 
emerged by gene duplication from a precursor of the size ne-
cessary to specify a single domain (100 amino acids). The 
intriguing question is whether that precursor had to do with 
more general systems of cell-cell recognition in raetazoans. 
Many of the efforts of immunologists will be devoted to these 
relationships in the next decade. 

36 



M O L E C U L A R A P P R O A C H E S TO I M M U N O L O G Y 

A POSTSCRIPT ON LEVELS OF ANALYSIS - THE ANTIGEN AS AN 
ABSTRACTION AND THE ANTIGEN AS A THING 

I cannot terminate this brief account of problems and 
definitions without saying something about how immunologists 
approach the universe of antigens. I fear that a misunder-
standing of this subject has done as much to frighten away 
the cell biologist and biochemist as.have the metaphysical 
theories and plethora of terms with which immunologists are 
casually familiar. 

Immunology is a reflexive science. It can study much 
of its own structure using immunological methods without 
recourse to standard approaches of other disciplines. This 
obviously stems from the fact that you can make an antibody 
to an enormous variety of things and at minute concentrations. 
Of course, this should be considered a blessing and as 
an invitation to use immunology as a key approach to unknown 
structures. But it also generates a bewildering array of 
abstract serological tabulations and names that are 
functionally but not structurally defined. It also gener-
ates cascaded arrays of assays involving "sandwiches", cyto-
toxicity, blocking, and indirect inhibitions, the number of 
which is only limited by the imagination and lexicographical 
patience of the researcher. Thus, there are antibodies to 
antibodies, cell surface antigens, differentiation antigens, 
tumor antigens, etc. Until we define the chemical structure 
of these entities we must make do, but it does not hurt to re-
member, for example, that a cell surface antigen is a protein, 
or a glycoprotein, or a glycolipid, whose structure-function 
relations remain to be defined. Immunology will not have 
discharged its task or recognized its proper alliances until 
those tasks are completed. 

And with that injunction, I turn you over to the 
practitioners and aficionados of an exciting science. 
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CURRENT CONCEPTS IN CELLULAR IMMUNOLOGY 
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Abstract: The current framework of cellular immun-
ology distinguishes two large universes of 
immune responses cell-mediated immunity 
(CMI) and humoral antibody (immunoglobulin) 
production. Each universe is complex and 
involves a variety of cells and cellular prod-
ucts, both specific and non-specific. In CMI, 
the specific cells are thymus-derived (T) 
lymphocytes, which, upon interaction with 
antigen attached to nonspecific macrophages, 
become activated to produce soluble non-
immunoglobulin products called lymphokines. 
These substances are responsible for a variety 
of biological processes including Mdelayed M 

inflammatory reactions, cell killing, etc. 
Τ lymphocytes appear to recognize largish 
antigenic determinants, but we are not sure 
of the chemical nature of their antigen-
recognizing surface receptors. 

Immunoglobulins are produced by bone 
marrow-derived (B) lymphocytes and their 
descendants, Β cells also have antigen-
specific surface receptors capable of rec-
ognizing small haptenic antigens, and these 
receptors appear to be samples of the anti-
bodies they are destined to manufacture in 
quantity. In some cases, Β cells need "help" 
from Τ lymphocytes and macrophages, but the 
nature of this "help" is not clearly under-
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stood. It is also not clear what the "signals" 
are which activate resting Β cells to become 
antibody producers. 

Equally important is the problem of turn-
ing immune responses "down" or "off." Under 
certain circumstances, antigen-specific re-
sponses can be specifically inhibited to in-
duce immunological unresponsiveness or "toler-
ance." It is now becoming clear that there 
are a variety of mechanisms by which tolerance 
can be induced. These include clone deletion, 
cell inhibition and active blocking factors 
produced by either Τ or Β cells. 

INTRODUCTION 

The current knowledge explosion has hit immun-
ology, and it is only fitting that the number of 
experiments being reported is growing close to the 
number of kinds of immunoglobulin molecules. 
Reviews are also proliferating. In taking an 
overview of the current situation, it is still 
useful to distinguish two large universes of the 
immune response -- that of cellular immunity 
(formerly called delayed hypersensitivity) and 
that of humoral immunity. These two universes 
have distinguishing characteristics and yet are 
linked to each other in both positive and negative 
pathways, 

The "action" is now at the cellular and sub-
cellular level where investigators are pursuing 
concepts of specificity and diversity which were 
learned during the investigation of immunoglobulin 
structure. In general, the two universes are 
strongly associated with two classes of lymphoid 
cells -- cell-mediated immunity with thymus - derived 
(T) cells and humoral immunity with Β cells derived 
from the Bursa of Fabricius in birds and from the 
bone marrow in man. Before discussing cellular 
aspects of these universes, there are a number of 
caveats to point out. 

Cell membranes are fluid they change. 
Cells are mobile in the body -- they 
move around. 
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Something that binds to a cell may -
or may not - turn it on. In fact, 
it may turn it off. 
Things that happen in vdtro may not 
happenxin vivo. 
Differences which are statistically 
significant may be biologically 
trivial. 

Β CELLS AND IMMUNOGLOBULIN PRODUCTION 

The clonal theory appears to be nicely illus-
trated at the Β cell level. Β lymphocytes are 
the precursors of immunoglobulin - (Ig) producing 
cells. In general, each Β cell carries immuno-
globulins on its surface of only one class and one 
allotype of light and heavy chain. This immuno-
globulin molecule is both the receptor for the 
appropriate antigen and a sample of the antibody 
which the cell may later produce for export. Re-
cently, antiidiotypic immunoglobulins specific for 
a given antibody have been shown to block the bind-
ing of the antigen corresponding to that antibody 
(4), Precursor Β cells have relatively abundant 
Ig on their surface, about 10$ molecules per cell. 
After cell triggering and differentiation towards 
Ig-producing plasma cells, the number of Ig mole-
cules on the Β cell surface drops off and indeed 
they may be difficult to find on mature plasma 
cells. Ig surface markers may be induced to move 
into patches" and "caps'1 on the cell surface, but 
the relation of this to cell activation is not 
clear (5). 

What can "trigger" the Β cell to proliferate 
and mature? In some cases, antigen alone appears 
sufficient - - no other lymphoid cells (e.g. Τ cells) 
or accessory cells (e.g. macrophages) need parti-
cipate. Antigens capable of doing this - - "T 
independent antigens" - - and the corresponding 
antibody responses show unusual characteristics. 
The antigens are primarily polymeric, such as dex-
tran, levan, PVP, and the antibody responses are 
generally IgM with little anamnestic responses and 
easy induction of unresponsiveness if too much 
antigen is given. Thus the "signal" for the Β 
cell in these cases seems to be only a matrix 
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arrangement of antigenic determinants. The re-
sponse of Β cells to nonpolymeric antigens will be 
discussed later. 

Τ CELLS AND CELLULAR RESPONSES 

Τ cells are activatable by antigen, but the 
nature and specificity of the Τ cell receptor for 
antigen is open to more controversy than is the 
case with Β cells. The ability to destroy func-
tionally a specific Τ cell population with radio-
actively "hot" antigen appears to indicate that Τ 
cells have specific antigen receptors (6). The 
most specific antigen receptors known are immuno-
globulins and the results of analyses of whether 
Τ cells have surface immunoglobulins has been an-
swered in various laboratories in various ways, 
from none detectable (7) to some (8) to easily de-
tectable (9), The whole area is further clouded 
by the recent finding that activated Τ cells may 
nonspecifically bind immunoglobulins to their sur-
faces (10). Therefore, if Ig Ts are found on a Τ 
cell, it becomes highly desirable to show that in-
deed, they are produced by that Τ cell if one 
wants to complete the analogy to Β cells of clon-
ally restricted antigen-specific cell receptors. 

The problem remains vexed but important, be-
cause if Τ cells recognize antigens by some re-
ceptor which is not immunoglobulin, then what is 
the molecule and in what does its specificity lie? 
One possibility is that the difference is merely 
one of quantity -- Τ cells have fewer receptors 
than Β cells and so they are harder to demonstrate. 
Or perhaps parts of the Τ cell receptor is "buried" 
in a thicker sialomucin membrane covering and is 
therefore less accessible to analytic reagents. 

There are reasons for believing that these 
simple reasons may not suffice. The antigenic de-
terminants recognized in delayed hypersensitivity 
(and hence recognized by Τ cells) seem to be larger 
determinants than those recognized by Β cells (11). 
Hapten specific Β cells may be stimulated by hap-
tenic determinants (together with a "second 
signal" -- see below) while the concept of a hap-
ten-specific Τ cell is still controversial (12). 
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It is likely that while there are DNP-specific Β 
cells, Τ cells recognize DNP-tyrosyl residues and 
^ot DNP alone (13). Because genetic control of 
immune responses is located primarily at the Τ 
cell level, and because of the intimate relation 
between IR gene products and B 2 microglobulin 
(highly analogous to constant regions of Ig mol-
ecules) it is becoming possible to conceive that 
the Τ cell receptor has similarities to immuno-
globulins and possibly to histocompatibility anti-
gens. This still leaves unsolved the problem of 
the molecular basis for the specificity of the 
receptor. 

Even if we do not know the precise nature of 
the Τ cell receptor for antigen, we can still in-
vestigate the mechanism of Τ cell triggering by 
antigen. A number of models of Τ cell activation 
are available. One involves the stimulation of 
in vitro DNA synthesis when primed lymphoid cells 
are exposed to the appropriate antigen. Previous 
in vivo experiments indicated that macrophage-
associated antigen is highly immunogenic -- far 
more efficient than equivalent amounts of soluble 
antigen. While previous work on macrophage "han-
dling" of antigen focussed on some "processing" 
which the macrophage might do, the work of Unanue 
and colleagues indicated that it is the small 
amount of native antigen on the surface of the 
macrophage which is highly immunogenic, not the 
majority of the antigenic molecules which are 
processed and degraded by the macrophage into non-
immunogenic pieces (14). Furthermore, Rosenthal 
and his colleagues indicated that not only were 
macrophages obligatory in Τ cell triggering (15) 
but also any macrophage would not do -- histoin-
compatible macrophages were very ineffective (16). 
These experiments are reminiscent of the fact that 
in the mixed leukocyte reaction (MLR) (another 
kind of Τ cell activation), the stimulator cell 
may be treated with mitomycin but must not be 
killed if it is to stimulate. These facts indicate 
that Τ cells can best be triggered if the antigen 
is presented "by the right diplomatic pathways" 
and that the pathway may be via attachment to a 
cell surface (e.g. a macrophage membrane). What 
the relation may be between the antigen 
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on the macrophage surface and the Τ cell is not 
yet clear, 

T-B CELL COOPERATION 

It has been known for ten years that for most 
complex antigens, including proteins and foreign 
erythrocytes, the production of antibody by Β cells 
requires MT cell help." What is not clear is the 
nature of the help. At one time, the function of 
Τ cells was felt to be that of an ant igen-focusser. 
That is, carrier-primed Τ cells might help Β cells 
produce anti-hapten antibodies by focussing the 
antigen on the Τ cell surface so that what the Β 
cell actually "saw" was a matrix of haptenic de-
terminants to which it could respond as it would 
to a polymeric antigen such as dextran or PVP. 
This model has the virtue of simplicity, but it 
seems to require that a Τ cell specific for one 
antigenic determinant (the right carrier) find 
itself touching a Β cell specific for a certain 
other antigenic determinant (the right hapten). 
Since the clonal selection theory indicates that 
the probability that two cells with the "right" 
specificities would be adjacent is the product of 
the frequency of each cell in the general lymphoid 
population (perhaps 1/10 00 χ 1/10 00 = 1 in 10 6) this 
would appear to be an unlikely event. Therefore, 
many investigators favored the idea that Τ cells 
and Β cells collaborated by means of a diffusable 
Τ cell factor which would obviate the necessity 
for the specific Τ cell and Β cell to be in oppos-
ition. Indeed, the ability to get Τ cells to 
cooperate with Β cells which were located across 
a cell-impermeable membrane (17) made such a 
factor a more likely possibility. 

For some time, a large number of experiments 
were done to show ways in which Τ cells could help 
Β cells make antibody. Then there was considerable 
interest in finding ways in which Β cells could 
make antibodies to Τ cell dependent antigens with-
out Τ cells. Such methods include the induction 
of a graft-versus-host reaction ("the allogeneic 
effect") (18), substitution of Τ cells by Β cell 
mitogens such as lipopolysaccharide (LPS)(19) or 
by adjuvants in general. In vitro, activated Τ 
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cells were shown to release soluble factors which 
could substitute for intact Τ cells. Some of 
these factors seem to be non-specific for the Β 
cell triggering antigen (20) while others appear 
to be specific (21). Feldmann and his colleagues 
believe that their specific molecule mediating 
T-B cell collaboration is monomeric TgM which is 
the antigen-specific Τ cell receptor. Upon stim-
ulation by the appropriate antigen, this receptor 
is released by Τ cells and passively attaches to 
a macrophage surface which becomes the site for 
Β cell triggering, 

SIGNALS FOR Β CELL TRIGGERING 

These experiments on the mechanism of T-B cell 
cooperation bring us back to the question -- how 
are Β cells triggered? Before the distinction 
between Τ and Β cells was made, Dresser proposed 
that to be immunogenic, molecules must possess 
both the specific antigenic determinants and a 
nonspecific and ill-defined quality which he 
called "adjuvanticityn (22). If the molecule con-
tained only the specific trigger, he proposed that 
cells would not be turned on - - in fact they would 
be turned off or tolerized. The materials he 
used were plain bovine gamma globulin (BGG) which 
was a good immunogen and the supernatant of ultra-
centrifuged BGG which was not immunogenic but was 
tolerogenic; i.e., it blocked the response to 
immunogenic BGG. He felt that plain BGG contain-
ing aggregates had both antigenicity and adjuvan-
ticity and thus was immunogenic while removing 
aggregates removed adjuvanticity leaving ultra-
centrifuged BGG as a tolerogen. Further work 
showed that bacterial endotoxin (LPS) administered 
separately could provide adjuvanticity to ultra-
centrifugea BGG, thus converting it from a tolero-
gen to an immunogen (23). This experiment showed 
that the Mtwo signals" for immunogenicity could be 
phys ically separated. 

These concepts have been discussed in detail 
by Bretscher and Cohn (24) and integrated into the 
current framework of Τ and Β cell physiology. 
Most antigens carry their own adjuvanticity, which, 
for Τ cell-dependent antigens, is probably what we 
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call Τ cell "help." T-independent antigens have 
little adjuvanticity and hence, in general, are 
weak immunogens and good tolerogens. There is not 
full agreement on the mechanism of Β cell trigger-
ing, and G. Möller and his colleagues have pro-
vided a somewhat different model (25). 

TURNING CELLS OFF -- TOLERANCE 

Over the last 35 years, a large number of ex-
periments have been done indicating that specific 
immunologic unresponsiveness can be induced in a 
variety of ways. That is, antigen can be presented 
in a form which is not only not immunogenic but 
which in fact makes the system unresponsive to the 
same antigen in a form which is ordinarily immuno-
genic (see Dresser experiments above). 

The "mechanism" of tolerance has been a puzzle 
to immunologists and in general, procrustean 
attempts to squeeze all experiments into a single 
model have been unsuccessful. Today it is recog-
nized that there are several mechanisms involved in 
producing unresponsiveness, and it is likely that 
more than one process may be going on in a single 
system (26). In retrospect it is hardly surprising 
to find that the phenomenon of specific immunologic 
unresponsiveness is multifactorial. In a system as 
complex as the immunological system, one might 
expect that multiple pathways of activation would 
be mirrored by multiple pathways of repression or 
negative control. 

Experiments in whole animals are relatively 
easy to do, but necessarily are often difficult to 
analyze a "black box" situation. On the other 
hand, ill vitro work is easier to analyze but must 
constantly be applied to in vivo situations. At 
the level of the whole animal, it has been possible 
to selectively induce tolerance in either CMI or 
antibody-producing systems by modifying the antigen 
(27), At a cellular level, tolerance to protein 
antigens can be induced in Τ cells , Β cells or 
both (28). When one tries to move to events at the 
cell membrane, where tolerance is certainly induced, 
there may be difficulties. 
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Τ CELL TOLERANCE 

Τ cell-dependent protein antigens can induce 
temporary tolerance, and this tolerance is pro-
longed if the thymus is removed (29). This strong-
ly implies that the waning of tolerance depends on 
the emergence of new responsive cells under the in-
fluence of (and presumably via migration from) the 
thymus. The results do not tell us what the toler-
ogen did to the clone of Τ cells. It might have 
destroyed them ("clone loss") or inactivated them. 
(In this case the inactivation is rather prolonged.) 
The molecular events have to be interpreted in 
terms of Τ cell triggering and by analogy to the 
situation in Β cells (see below), excessive epitope 
density at the cell membrane might well be involved. 
But since the fine mechanism of Τ cell triggering 
is not known, conclusions are only tentative at 
this point. 

Recently, work has been done showing that tol-
erance at the Τ cell level can be an active process 
(30,31,32,33). The mechanism of this phenomenon 
is also unclear, but may be related to the presence 
of antigen-antibody complexes or specific suppress-
or molecules. So far, active suppression has not 
been found in tolerance to protein antigens such as 
human gamma globulin (HGG), but as one prominent 
immunologist put it so well "absence of proof is 
not the same as proof of absence" (34). Active 
suppression has been found with other carriers (34a), 

Β CELL TOLERANCE 
In the case of Β cell tolerance, explanations 

are simpler. With T-independent antigens, one can 
get reversible tolerance (pneumococcal polysacchar-
ide) or irreversible tolerance (levan) (26). These 
phenomena are best interpreted by the model of 
Diener and Feldmann (35) where tolerance in vitro 
was induced either by polymerized flagellin (POL) 
or by monomer flagellin (MON) together with crit-
ical amounts of antibody. The"turning off" of the 
Β cell seems to be correlated with high levels of 
epitope density which can be produced either by POL 
alone or by MON plus antibody. In the latter case, 
the authors believe that the antibody produces a 
stable matrix of epitopes which prevents cell 
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activation. Presumably, in the "two-signal" model 
of Β cell triggering, an excess of the specific 
signal will prevent activation by both signals. 

In the case of Τ dependent antigens, it is 
known that haptens on nonimmunogenic carriers are 
not only nonimmunogenic but may be tolerogenic. 
This is best seen in models using haptens on auto-
logous carriers. At least one report indicates 
that the hapten-specific receptor is blocked by the 
hapten-carrier. Presumably one again has an excess 
of the specific signal (hapten) and since the 
carrier is nonimmunogenic, one has no Τ cell help 
as the carrier is not recognized as foreign. This 
interpretation is not agreed to by everyone (37). 

BLOCKING FACTORS 

Finally, there is extensive work on the pres-
ence of serum blocking or enhancing factors which 
may be responsible for the appearance of immunolog-
ic unresponsiveness. This problem is particularly 
acute in the areas of transplantation and tumor 
immunology. There is no question that blocking 
factors exist in some systems (26), but whether 
they are antibodies or antigen-antibody complexes 
is not clear, and will have to be determined in 
each system, 

MISCELLANEOUS 

This review has outlined some of the recent 
concepts and current problems in cellular immunol-
ogy. It has not even mentioned large areas which 
are nonetheless fascinating in spite of their 
omission at this point (they will be covered later 
on in the Symposium). I mean concepts of thymic 
hormones and stimuli to cell differentiation as 
well as transfer factor. Also it is being increas-
ingly recognized that the entire lymphoid system is 
mobile, and that antigens and mitogens not only 
move receptors around on cell surfaces but that 
alterations of cell surfaces may change the mi-
gration patterns of cells (38,39). 

There is much to be done. 
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DISCUSSION 

W. THILLY: I question the experiment in which spleenic 

lymphocytes were exposed to high specific activiity 3H-

thymidine. You concluded that, since clone forming ability 

was reduced by 50% in a one hour exposure, 50% of the cells 

must be in the division cycle. I suggest that such levels 

of 3H-thymidine may create a condition toxic to cells whether 

they are cycling or not. Secondly, were 50% of the spleenic 

lymphocytes actually in S-phase then their mass would be 

doubling in about sixteen hours, unless large numbers of 

apparently healthy, dividing lymphocytes are leaving the body. 

Margarita Krause examined this question of 3H-thymidine effects 

and found that high concentrations induced a tritium uptake not 

associated with replicative DNA synthesis. On another level, 

Pelc has interpreted the results of a series of in vivo auto-

radiographic studies to indicate a spontaneous degradation and 

resynthesis of DNA that is not related to division cycling 

Cmetabolîc DNA). 

H.N. CLAMAN: The experiment shows that cells exposed to 

thymidine suicide do not give strong PHA stimulation, but the 

same population gives increased GVH. This is odd and suggests 

that cells which suppress GVH reactions are cycling. 
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R.W. LONGTON: Have you noticed any association between 

molecular size and charge in the T- and B-cel1 mitogenesis? 

H. N. CLAMAN:That is a good question but I have not done 

any work in that area. I will be delighted if somebody else 

will comment. Are the T- or B-cells dependent on molecular 

size or charge for mitogenesis? 

R.W. LONGTON: At the Naval Medical Research Institute, Dr. 

Knudsen, Dr. Sell and I have preliminary evidence that the 

T-cell mitogen is a large polyanîonîc mitogen whereas 

the small molecular weight and perhaps cationic molecule will 

stimulate the B-cells. 

E. A.KABAT: I don't think there is a real difference between 

the size of the determinants for cell mediated immunity and 

for antibody formation. The determinant of Leskowitz's arsen-

ilic acid azomonotyrosine is quite small and it produces only 

cell mediated immunity. Also, Joel Goodman's data on 

glucagon, in which the first half of the molecule gives 

immediate hypersensitivity and the second half gives cell 

mediated immunity, again shows a similar size range. I think 

that the problem is that when you are dealing with various 

determinants Γη proteins you really don't know what the 

determinants are, and there is a tendency to think that things 

are bigger than they actually are. 

H.N. CLAMAN: I can't disagree with you. You are giving us 

the two most common examples of very low molecular weight 

antigens which seem to be able to stimulate T-cells instead 

of B-cells. Whether they are exceptions or critical experi-

ments indicating the real size of the antigen determinants for 

T- and B-cells, cannot be definitely stated right now. 

E.W.LAMON: The scheme you just drew on the board ( that is, 

that B-cells could be the initial antigen receptor cell) could 

work if a T-cell subpopulation had receptors for IgM when it 

is complexed to antigen, since the initial IgM response by B-

cells is largely thymus independent. Recently in our laboratory 

we have found that unprimed thymocytes have IgM-complex receptors. 

There are 10-15% IgM-complex receptor bearing cells in normal 

thymi. Furthermore, tumor specific IgM coated on tumor cells 

will induce normal thymus cells to be cytotoxic. We haven't 

yet tested for helper-functions but I think these are things 

that have to be kept in mind in the interpretation of all 

these experiments. 
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H.N. CLAMAN: Yes, that could fit this scheme. The B-cell might 

be triggered a little without any T-cell function. The IgM 

then may activate the T-cell which activates other B-cells 

or perhaps switch B-cells from IgM to IgG production. This 

would fit a B-cell-> T-cell -* B-cell sequence. 

C. BELL: Are you assuming then that T-independent antigens 

activate B-cells directly to produce IgM which may adsorb onto 

T-cells whfch then, in turn, will activate more B-cells? In 

other words the products of B-cells may later immunoregulate 

their further bîosynthetîc products? If so, how in your model 

do T-cells play an immunosuppressive role on the response of 

B-cells to T-independent antigens? Do you envisage the exist-

ence of T-cel1s? 

H.N. CLAMAN: Suppression may depend upon the way in which the 
eel 1 s are activated. 
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RECOGNITION OF ANTIGEN BY Τ LYMPHOCYTES 

G.E. ROELANTS 
Basel Institute for Immunology 

It is generally accepted that lymphocytes are pre-
committed to interact with one antigenic determinant. The 
hypothesis put forward to explain how a predetermined clone 
of lymphocytes recognizes its corresponding epitope was that 
the cells bear at their surface, as receptor, a sample of 
the immunoglobulin they will produce after activation (1)· 
The demonstration of surface Ig of restricted specificity on 
precursors of antibody secreting cells (MB lymphocytes") 
supported this hypothesis (2-6). 

Surface Ig is not detected on another major type of 
lymphocyte ("T lymphocytes") involved not in antibody secre-
tion, but in various aspects of cellular immunity, by 
methods which easily detect Ig on Β lymphocytes (7). For 
this and other reasons discussed below, it was suggested 
that the mode of antigenic recognition of Τ cells was compl-
etely different from that of Β cells (8). In the present 
paper I would like to briefly discuss the heretofore avail-
able experimental evidence and conclude that this is not the 
case. Indeed: 

a) Τ lymphocytes also are precommitted and have specific 
receptors for antigen 

b) Τ lymphocytes also have a high power of discrimination 
i.e. specificity, comparable to that of Β lymphocytes 

c) The Τ receptor is also of immunoglobulin nature 
although it could represent a new Ig class. 

Moreover, it will be evident that binding of antigen 
to the surface receptor is not sufficient to activate the 
cell. Activation mechanisms are far more complex and not 
understood but some in vitro correlates of Τ cell functions 
appear to be blocked by perturbing the membrane distribution 
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of s u r f a c e a n t i g e n s c o n t r o l l e d by t h e main h i s t o c o m p a t i -
b i l i t y r e g i o n . 

The d a t a s e l e c t e d a r e by no means e x h a u s t i v e b u t t r y t o 
p r e s e n t a f a i r c r o s s s e c t i o n of v a r i o u s v i e w p o i n t s . 

A. ANTIGEN BINDING Τ LYMPHOCYTES 

A n t i g e n b i n d i n g lymphocy te s can r e a d i l y be v i s u a l i z e d 
by a v a r i e t y of t e c h n i q u e s ( r e v i e w e d i n 3 - 6 ) , t h e most 
commonly u sed b e i n g immunocytoadherence d e t e c t i n g " r o s e t t e 
fo rming c e l l s " (RFC) and a u t o r a d i o g r a p h y d e t e c t i n g r a d i o -
a c t i v e " a n t i g e n b i n d i n g c e l l s " (ABC). The mere e x i s t e n c e 
of a n t i g e n b i n d i n g Τ lymphocy te s was a t some p o i n t c o n t r o -
v e r s i a l m a i n l y f o r t e c h n i c a l r e a s o n s e . g . t h e g r e a t e r 
f r a g i l i t y of T-RFC (9) o r t h e g r e a t e r a n t i g e n c o n c e n t r a t i o n 
dependence of T-ABC ( 1 0 ) . The p r e s e n c e of RFC o r ABC i n 
lymphoid p o p u l a t i o n s g r e a t l y e n r i c h e d i n Τ l y m p h o c y t e s or 
t h e i r d e p l e t i o n i n p o p u l a t i o n s d e p r i v e d of Τ l ymphocy te s 
gave s t r o n g s u p p o r t f o r t h e e x i s t e n c e of Τ a n t i g e n b i n d i n g 
c e l l s ( r e v i e w e d i n 3 - 6 , 1 1 ) . More r e c e n t l y t h e fo rma l 
d e m o n s t r a t i o n of a n t i g e n b i n d i n g Τ l y m p h o c y t e s was p r o v i d e d 
by t h e i m m u n c f l u o r e s c e n t d e t e c t i o n of t h e Thy-1 (Θ) a n t i g e n 
— a s u r f a c e marke r of Τ l ymphocy te s a b s e n t on Β lymphocy tes 
(7) — on ABC (12) and RFC ( 1 3 ) . 

Among o t h e r s Τ a n t i g e n b i n d i n g c e l l s have been demon-
s t r a t e d f o r p a r t i c u l a t e a n t i g e n : e r y t h r o c y t e s ( 1 1 , 1 3 - 1 4 ) , 
p r o t e i n s : Maia Squ inado haemocyanin ( 1 2 ) , fowl y - g l o b u l i n 
( 1 5 ) , h o r s e y - g l o b u l i n , k e y h o l e l i m p e t h a e m o c y a n i n , b o v i n e 
serum a lbumin ( R o e l a n t s , u n p u b l i s h e d ) , s y n t h e t i c p o l y p e p -
t i d e s : n a t i v e and h e a v i l y i o d i n a t e d ( T y r , G l u ) - A l a — L y s 
( 1 0 , 1 2 , 1 6 , 1 7 ) , Tyr -Glu ( 1 8 ) , and s m a l l m o l e c u l a r w e i g h t 
h a p t e n s : NNP ( 1 9 , 2 0 ) , DNP, TNP, NIP , NAP, ABA (21 and 
R o e l a n t s , u n p u b l i s h e d ) . 

When s t u d i e d u n d e r s a t u r a t i n g a n t i g e n c o n c e n t r a t i o n 
T-ABC a r e shown t o have a s many r e c e p t o r s f o r a n t i g e n a s 
B-ABC (up t o abou t 5 0 , 0 0 0 / c e l l ) ( F i g . 1) ( 1 0 ) . The low 
f r e q u e n c y of a n t i g e n s p e c i f i c Τ b i n d i n g c e l l s ( i n t h e o r d e r 
of 200 χ 10~6) i n any g i v e n lymphocyte p o p u l a t i o n and t h e 
p r e s e n c e of l a r g e numbers of r e c e p t o r s w i t h i d e n t i c a l 
s p e c i f i c i t y on a s i n g l e c e l l d e m o n s t r a t e t h e a n t i g e n 
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commitment cf Τ l y m p h o c y t e s . 

The e f f e c t of a n t i g e n d i l u t i o n s be low s a t u r a t i o n l e v e l s 
on t h e l a b e l d e n s i t y ( F i g . 1) i s f a r more p ronounced f o r 
T - t h a n B-ABC i n d i c a t i n g t h a t t h e a p p a r e n t a v i d i t y of Τ 
l y m p h o c y t e s f o r a n t i g e n i s lower ( 1 0 ) . I t does n o t n e c e s s -
a r i l y f o l l o w t h a t Τ r e c e p t o r s a r e of lower a f f i n i t y , i t may 
r e f l e c t , a d i f f e r e n t d i s p o s i t i o n of t h e Τ r e c e p t o r i n t h e 
c e l l membrane. 

A n a l y s i s of r e g r e s s i o n of B- and T- ABC f r e q u e n c i e s a t 
a n t i g e n c o n c e n t r a t i o n s be low t h e s a t u r a t i o n l e v e l (10) a s 
w e l l a s h a p t e n i n h i b i t i o n of RFC t o NNP ( 1 9 , 2 0 ) show t h a t 
t h e a v i d i t y of Ε c e l l s , bu t n o t of Τ c e l l s , i n c r e a s e s a f t e r 
p r i m i n g ( F i g . 2 ) . T h i s i n c r e a s e a p p e a r s t o be due n o t 
o n l y t o s e l e c t i o n of Β c e l l s w i t h h i g h e r a f f i n i t y r e c e p t o r s 
bu t a l s o t o m a t u r a t i o n of c e l l s a c q u i r i n g a l a r g e r number of 
r e c e p t o r s ( 1 0 ) . 

By a n a l o g y w i t h t h e s p e c i f i c s u p p r e s s i o n of t h e Β c e l l 
a n t i b o d y r e s p o n s e by e x p o s u r e of l ymphocy te s s u s p e n s i o n s t o 
r a d i o a c t i v e a n t i g e n of h i g h s p e c i f i c a c t i v i t y ( 2 2 , 2 3 ) , t h e 
r e l e v a n c e of T-ABC t o t h e immune r e s p o n s e was d e m o n s t r a t e d 
by showing t h a t Τ lymphocy te f u n c t i o n s c o u l d a l s o be s p e c i f -
i c a l l y " s u i c i d e d

1
' by ^ ^ ^ I - a n t i g e n i n b o t h unpr imed and 

pr imed s i t u a t i o n s ( 2 4 - 2 6 ) . T h i s c o n f i r m s t h e a n t i g e n 
commitment of Τ l ymphocy te s and shows t h a t t h e s t u d y of t h e 
a n t i g e n b i n d i n g m o i e t y on t h e s p e c i f i c T-ABC d i s c u s s e d so 
f a r i s r e l e v a n t t o t h e p rob l em of f u n c t i o n a l Τ l ymphocy te s 
r e c e p t o r s . 

B. SPECIFICITY AND DICTIONARY OF Τ LYMPHOCYTES 

Having shown t h a t Τ l ymphocy te s a r e a n t i g e n s p e c i f i c , I 
now would l i k e t o e s t a b l i s h ( a ) t h a t t h e d i s c r i m i n a t o r y power 
i . e . t h e s p e c i f i c i t y of t h e Τ r e c e p t o r i s a s r e f i n e d a s t h a t 
of t h e Β r e c e p t o r s and (b) t h a t t h e d i c t i o n a r i e s of r e c o g n i -
t i o n of Τ and Β lymphocy te s a r e l a r g e l y s i m i l a r . However, 
some d e t e r m i n a n t s o r some forms of p r e s e n t a t i o n a c t i v a t e 
p r e f e r e n t i a l l y one o r t h e o t h e r c e l l c l a s s . 
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Fig. 1. Degree of labelling of TIGAL-primed (a) Β-ABC 
and (b) T-ABC at various antigen doses. With permission 
from Nature. 
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Fig. 2. Titration of (a) normal and 
(b) TIGAL primed ABC at antigen doses below 
the plateau level. · · Β, ο ο Τ lympho-
cytes . With permission from Nature. 
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(a ) S p e c i f i c i t y s t u d i e s w i t h c h e m i c a l l y d e f i n e d d e t e r m i n a n t s 

C h e m i c a l l y d e f i n e d d e t e r m i n a n t s have been used e x t e n s i -
v e l y t o c h a r a c t e r i z e t h e immunoglobu l in combin ing s i t e 
( r e v i e w e d i n 2 7 , 2 8 ) . The same a p p r o a c h h a s p r o v i d e d t h e 
most s a l i e n t r e s u l t s on Τ r e c e p t o r s p e c i f i c i t y . 

A l r e a d y i n 1969 Schlossman e_t a l . (29) s t u d i e d t h e p r o -
l i f e r a t i v e r e s p o n s e of p r imed g u i n e a - p i g s lymph node c e l l s 
t o a s e r i e s of D N P - n o n a l y s i n e s d i f f e r i n g i n t h e p o s i t i o n of 
t h e DNP group and of one D- l y s i n e r e s i d u e . They show 
t h a t t h e r e was maximal r e s p o n s e t o t h e homologous immunogen, 
t h u s Τ lymphocy te s c o u l d d i s c r i m i n a t e be tween t h o s e v e r y 
s u b t l e d i f f e r e n c e s . 

Goodman and c o - w o r k e r s i n an e x t e n s i v e s e r i e s of e x p e r -
imen t s ( 3 0 ) , showed t h a t compounds of t h e g e n e r a l s t r u c t u r e 
L - t y r o s i n e - p - a z o b e n z e n e - R induced c e l l u l a r immunity i n 
g u i n e a - p i g . There was l i t t l e or no c r o s s - r e a c t i v i t y 
be tween compounds c o n t a i n i n g t h e r a d i c a l s R: a r s o n a t e , 
c a r b o x y l a t e , s u l f o n a t e , a c e t a m i d e , s u l f o n a m i d e , n i t r o - or 
t r imethy lammonium c h l o r i d e . 

Us ing a somewhat s i m i l a r t y p e of immuncgen Becker e_t a l . 
( 3 1 ) , found t h a t g u i n e a - p i g s cou ld d i s c r i m i n a t e be tween p -
a z o b e n z e n e a r s o n a t e (ABA)-L-Tyr, ABA-T3T ( L - T y r ) 3 , ABA-L-Tyr 
( L - A l a ) 3 and ( L - T y r ) 3 ABA-L-Tyr. 

S t u d i e s on d e t a i l e d c h e m i c a l a n a l y s i s cf d e t e r m i n a n t s 
i n d u c i n g Τ c e l l f u n c t i o n s r ema in l e s s e x t e n s i v e t h a n t h o s e 
on t h e a n t i b o d y combin ing s i t e . I t i s , howeve r , a p p a r e n t 
from t h o s e a v a i l a b l e t h a t t h e d i s c r i m i n a t o r y power of Β and 
Τ l y m p h o c y t e s i s c o m p a r a b l e . Ano the r q u e s t i o n i s i f t h e y 
r e c o g n i z e t h e same d e t e r m i n a n t s . 

(b) Compared d i c t i o n a r y of Β and Τ l ymphocy te s 

Pajewsky and c o - w o r k e r s ( 3 2 , 3 3 ) s t u d i e d i n g r e a t d e t a i l 
t h e c r o s s - i n d u c t i o n and c r o s s - t o l e r a n c e of v a r i o u s a l b u m i n s 
a t t h e l e v e l of Β and Τ l y m p h o c y t e s , b o t h pr imed and u n -
p r i m e d . They conc luded t h a t Β and Τ c e l l s have t h e same 
h i g h l y r e f i n e d s p e c i f i c i t y , r e c o g n i z e t h e same d e t e r m i n a n t s 
and have t h e same sys tem of a n t i g e n b i n d i n g r e c e p t o r s . 
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On t h e o t h e r h a n d , when c r o s s - r e a c t i v i t y was examined 
a t t h e Β and Τ l e v e l i n o t h e r s y s t e m s e . g . lysozyme and 
c a r b o x y m e t h y l - l y s o z y m e ( 3 4 ) , f l a g e l l i n and a c e t o a c e t y l a t e d 
d e r i v a t i v e s (35) , f l a g e l l i n s of v a r i o u s s e r o l o g i c a l s p e c i -
f i c i t i e s ( 2 6 ) , n a t i v e and m e t h y l a t e d ESA (36) i t a p p e a r e d 
t h a t t h e Τ c e l l s p e c i f i c i t y i s n o t a s r e f i n e d and i s 
d i f f e r e n t from Β c e l l s . 

I n v e s t i g a t i o n s u s i n g b e t t e r d e f i n e d a n t i g e n s of c h a r a c -
t e r i z e d s t r u c t u r e l e a d t o s i m i l a r c o n c l u s i o n s . Bovine 
g l u c a g o n , a p o l y p e p t i d e of 29 amino a c i d s , i s immunogenic i n 
g u i n e a - p i g ( 3 7 ) . Us ing t r y p t i c and s y n t h e t i c p e p t i d e s , a 
f u n c t i o n a l d i s s e c t i o n of t h e immunogen was d e m o n s t r a t e d i n t o 
an a m i n o - t e r m i n a l p a r t a g a i n s t which most a n t i b o d y was 
e l i c i t e d and a c a r b o x y - t e r m i n a l p a r t m a i n l y r e s p o n s i b l e f o r 
c e l l u l a r immunity r e a c t i o n s . P o l y - y - D - g l u t a m i c a c i d (MW 
3 5 , 0 0 0 ) i s u n a b l e t o e l i c i t c e l l u l a r immunity r e a c t i o n s b u t 
w i l l e l i c i t a n t i b o d y p r o d u c t i o n when c o u p l e d t o an a p p r o p -
r i a t e c a r r i e r m o l e c u l e ( 3 8 , 3 9 ) . C o n v e r s e l y L- t y r o s i n e - p -
a z o b e n z e n e - a r s o n a t e (RAT) and a n a l o g u e s e l i c i t by t h e m s e l v e s 
o n l y d e l a y e d h y p e r s e n s i t i v i t y r e a c t i o n s ( 3 0 ) . C o n j u g a t e s 
of p o l y - y - D - g l u t a m i c a c i d and RAT w i l l a g a i n e l i c i t a n t i b o d y 
t o t h e former and c e l l u l a r immunity t o t h e l a t t e r ( 4 0 ) . 
The same t y p e of r e s u l t was o b t a i n e d u s i n g s m a l l b i f u n c t i o n a l 
m o l e c u l e s e . g . DNP-6 a m i n o - c a p r o i c a c i d - RAT ( 3 0 ) . C e l l -
u l a r immunity i s i nduced t o RAT, a n t i b o d y t o DNP. T h i s c^an 
be compared t o t h e w e l l e s t a b l i s h e d h a p t e n - c a r r i e r d i cho tomy 
( 4 1 , 4 2 ) . 

( c ) D i s c u s s i o n : Fundamen ta l d i s t i n c t i o n be tween b i n d i n g and 
a c t i v a t i o n 

The l a t e s t r e s u l t s c o u l d be i n t e r p r e t e d t o show a 
d i s t i n c t i o n be tween Β and Τ d e t e r m i n a n t s and a d i f f e r e n c e 
i n t h e Β and Τ r e c o g n i t i o n u n i t s . However, on c l o s e r 
a n a l y s i s , t h e y do n o t b e a r on t h e Β and Τ r e c e p t o r s combin-
ing s i t e s a t a l l b u t on t h e a c t i v a t i o n of Β and Τ lympho-
c y t e s , which i s o b v i o u s l y a f a r more e l a b o r a t e d p r o c e s s . 
A l r e a d y i n t h e c a s e of l e c t i n s i t was c l e a r l y d e m o n s t r a t e d 
t h a t b i n d i n g does n o t n e c e s s a r i l y l e a d t o a c t i v a t i o n ( 4 3 ) . 
C o n c a n a v a l i n A (Con A) and p h y t o h e m a g l u t i n i n (PHA) b i n d 
e q u a l l y w e l l t o Β and Τ l y m p h o c y t e s bu t a c t i v a t e o n l y t h e 
l a t t e r . However, Β l y m p h o c y t e s a r e s t i m u l a t e d by t h o s e 
l e c t i n s on a s o l i d s u r f a c e . 
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Thus what t h o s e e x p e r i m e n t s r e a l l y show i s t h a t a n t i -
g e n i c d e t e r m i n a n t s p r e s e n t e d t o t h e c e l l s i n a c e r t a i n way 
may t r i g g e r p r e f e r e n t i a l l y Β o r Τ l y m p h o c y t e s , p r e s e n t e d i n 
a n o t h e r way t h e y may a c t d i f f e r e n t l y . I n d e e d , t h e f u n c t i o n -
a l d i cho tomy of g l u c a g o n i s n o t a b s o l u t e : some a n t i b o d y i s 
d i r e c t e d a g a i n s t t h e c a r b o x y t e r m i n a l p a r t , t h e a m i n o t e r m i n a l 
p a r t i n d u c e s some c e l l u l a r r e a c t i o n s ( 3 7 ) . When g l u c a g o n 
i s c o n j u g a t e d t o a c a r r i e r , good a n t i b o d y i s p roduced a g a i n s t 
b o t h m o i e t i e s and d e l a y e d h y p e r s e n s i t i v i t y i s n o t e l i c i t e d 
( 4 4 ) . I n t h e RAT sys tem ant i -ABA a n t i b o d y i s o b t a i n e d by 
ABA c o n j u g a t e d t o t y r o s i n e r e s i d u e s of p r o t e i n s o r even by a 
s m a l l b i f u n c t i o n a l m o l e c u l e c o n t a i n i n g two RAT r e s i d u e s 
s e p a r a t e d by a r i g i d s p a c e r : R A T - ( p r o ) ^ Q - R A T ( 3 0 , 4 5 ) . 

Thus i n t h e s i t u a t i o n s d e s c r i b e d e a r l i e r Β o r Τ c e l l s a b l e 
t o r e c o g n i z e a g i v e n d e t e r m i n a n t were n o t m i s s i n g , t h e y were 
j u s t n o t a c t i v a t e d unde r t h e c o n d i t i o n s u s e d . T h i s i s c o n -
f i rmed i n t h e RAT sys tem by t h e d e m o n s t r a t i o n of b o t h B- and 
T-ABC (Goodman and R o e l a n t s , u n p u b l i s h e d ) . 

L i k e w i s e , we saw i n s e c t i o n A t h a t Τ c e l l s b i n d i n g 
c o n v e n t i o n a l h a p t e n s can be d e m o n s t r a t e d . H e l p e r a c t i v i t y 
by t h o s e h a p t e n s was r e p o r t e d ( 4 6 ) a s w e l l a s v a r i o u s o t h e r 
Τ f u n c t i o n s when t h e s e h a p t e n s a r e a d m i n i s t e r e d t o t h e 
an ima l c o n j u g a t e d t o m y c o b a c t e r i a ( 2 8 , 4 7 , 4 8 ) showing a g a i n 
t h a t b o t h Β and Τ c e l l s s p e c i f i c f o r a g i v e n d e t e r m i n a n t a r e 
p r e s e n t b u t t h a t t h e mode of a d m i n i s t r a t i o n of t h a t d e t e r -
m i n a n t a c t i v a t e s p r e f e r e n t i a l l y one o r t h e o t h e r . 

(d) C o n c l u s i o n 

In c o n c l u s i o n of t h i s s e c t i o n i t a p p e a r s t h a t Τ r e c e p -
t o r s have t h e same d i s c r i m i n a t o r y power and t h e same d i c t -
i o n a r y i . e . t h e same r a n g e of s p e c i f i c i t y t h a n Β r e c e p t o r s . 
T h i s a r g u e s s t r o n g l y "a p r i o r i " b u t does n o t p r o v e t h e i r 
i d e n t i c a l n a t u r e . We w i l l s ee t h a t t h i s p r o b l e m , t r e a t e d 
i n t h e n e x t s e c t i o n , h a s a l s o been confused by t h e l a c k of 
d i s t i n c t i o n be tween b i n d i n g (= i n i t i a l r e c o g n i t i o n ) and 
a c t i v a t i o n or i n a c ^ i v a t i o n (= i n d u c t i o n o r t o l e r a n c e ) . 

( e ) Remark abou t e v a l u a t i n g c r o s s - r e a c t i v i t y 

As seen i n s u b s e c t i o n (b) c r o s s - r e a c t i v i t y a t t h e Τ 
l e v e l i s o f t e n r e p o r t e d b r o a d e r t h a n a t t h e Β l e v e l . 
However, Β c r o s s - r e a c t i o n s a r e o f t e n a s s a y e d w i t h s o l u b l e 
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antibody, not Β cells, while assays on cellular Τ reactions 
involve the Τ cells themselves. The lattice of receptors 
on the Τ lymphocyte surface may stabilize low affinity 
binding due to weak cross-reactions; this is not the case 
for antibody in solution, hence the broader specificity of 
some Τ responses may be more apparent than real. 

C. NATURE OF THE Τ LYMPHOCYTE RECEPTOR 

The controversy about the nature of the Τ lymphocyte 
•receptor is even ampler than the debate about Β and Τ 
compared specificities. Two main concepts are opposed, 
either that the Τ receptor is immunoglobulin, may be of a 
new class, or that it is a molecule unrelated to immuno-
globulin, coded in the main histocompatibility complex, 
possibly the histocompatibility antigens themselves or else 
the Ir-gene product. I will briefly discuss the main 
approaches on both sides and show that the two positions can 
be largely reconciled provided that here again one carefully 
makes the distinction between antigen binding and cell 
activation. 

(a) The Τ lymphocyte receptor is immunoglobulin 

Initial results on inhibition of antigen binding to Τ 
lymphocytes by anti-Ig reagents has been reviewed in detail 
(5,6). Although these results were variable depending on 
the antisera and assays used, a general trend emerged: 
binding of antigen to Τ cells can be inhibited by anti-K 
sera and some anti-u sera in mice. "Enriched11 populations 
of Τ or Β lymphocytes were used in these studies and any 
given antigen binding cell could only indirectly be charac-
terized as a Τ cell. 

Antigen binding Τ cells can be directly visualized 
using combined fluorescence and autoradiography techniques 
with fluorochrome conjugated anti-Thy 1 (Θ) reagent (TRITC-
AKR-IgG-OT-eC3H) and 125

I-antigen (10,12). The influence of 
anti-Ig reagents on T-ABC characterized in this way was 
investigated using two parameters (a) the inhibition of 
antigen binding (b) the polar redistribution of receptors 
for antigen (12). It was found that binding of Maia 
squinado haemocyanin (MSH) and the heavily iodinated synth-
etic copolymer (Tyr, Glu)-Ala—Lys (TIGAL) was inhibited by 
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p r e t r e a t m e n t of t h e c e l l s w i t h t h e a n t i - T g , a n t i - κ and a n t i -
μ r e a g e n t s u s e d . B i n d i n g t o Τ c e l l s was more r e a d i l y 
i n h i b i t e d t h a n t o Β c e l l s . F u r t h e r m o r e , when lymphocy te s 
were p r e t r e a t e d w i t h s u b i n h i b i t i n g c o n c e n t r a t i o n s of a n t i -
Ig r e a g e n t s , unde r c o n d i t i o n s i n d u c i n g Β c e l l s t o d i s p l a y 
supe r imposed p o l a r r e d i s t r i b u t i o n of f l u o r e s c e n t I g and 
a n t i g e n g r a i n s , a c o m p a r a b l e p r o p o r t i o n of Τ c e l l s a l s o 
bound t h e a n t i g e n i n a c a p . T h i s e f f e c t was n o t o b t a i n e d 
when t h e a n t i ~ I g r e a g e n t was used a f t e r a b s o r p t i o n w i t h a 
p u r i f i e d p r e p a r a t i o n of mouse I g , d i f f e r e n t from t h e p r e -
p a r a t i o n t h a t had been employed t o r a i s e t h e a n t i s e r u m . 
The c o n c l u s i o n r e a c h e d a t t h a t p o i n t was t h a t t h e a n t i g e n 
b i n d i n g m o i e t y on t h e s u r f a c e of b o t h Β and Τ lymphocy te s i s 
I g . 

A s i m i l a r b u t m o d i f i e d a p p r o a c h was u sed t o i n v e s t i g a t e 
w h e t h e r t h e Τ Ig r e c e p t o r s were t h e s y n t h e t i c p r o d u c t of t h e 
Τ l ymphocy te s t h e m s e l v e s ( 4 9 ) . The e x p e r i m e n t a l p r o c e d u r e 
i s d e s c r i b e d i n F i g . 3 . Normal lymph node l y m p h o c y t e s a r e 
p u t i n c u l t u r e i n " c a p p i n g c o n d i t i o n s " w i t h s u b i n h i b i t o r y 
d o s e s of FITC-RIgG-a-MIg. Samples were t a k e n a f t e r v a r i a b l e 
l e n g t h of i n c u b a t i o n and t h e r e c e p t o r s p o s i t i o n on TIGAL 
s p e c i f i c c e l l s r e v e a l e d by i n c u b a t i o n w i t h ^ ^ I - T I G A L i n 
"non c a p p i n g c o n d i t i o n s " . Some samples were a l s o s t a i n e d 
w i t h TRITC-RIgG-a-MIg t o r e v e a l t h e Ig p o s i t i o n on Β c e l l s ; 
o t h e r s w i t h TRITC-AKR.IgG-a-6C3H t o v i s u a l i z e Τ c e l l s . The 
r e s u l t s a r e s c h e m a t i z e d in F i g . 4 : 10 min a f t e r s t a r t i n g 
t h e c u l t u r e t h e F I T C - a n t i - I g r e a g e n t h a s r e d i s t r i b u t e d 
r e c e p t o r s in c a p s on b o t h Β and Τ c e l l s . A f t e r 1 h . no 
r e c e p t o r s a r e l e f t on e i t h e r Β nor Τ c e l l s and no a n t i g e n i s 
bound. S t a r t i n g a t 3 h . and comple t ed be tween 6 and 18 h . 
t h e r e i s a r e s y n t h e s i s of r e c e p t o r s on b o t h c e l l t y p e s . 

I t i s c r u c i a l f o r t h e i n t e r p r e t a t i o n of t h e e x p e r i m e n t 
t o r e a l i z e t h a t o n l y lymph nodes of normal m i c e , n o t p r e v -
i o u s l y exposed t o TIGAL, a r e used and t h a t TIGAL i s n o t 
p r e s e n t d u r i n g t h e c u l t u r e p e r i o d . I t i s o n l y used a f t e r -
wards t o r e v e a l t h e p o s i t i o n of t h e r e c e p t o r s and cou ld n o t 
by i t s e l f i n d u c e any r e d i s t r i b u t i o n nor t r i g g e r TIGAL 
s p e c i f i c c e l l s . From a l l t h i s i t would seem f a r - f e t c h e d 
t h a t , i n t h i s normal lymph node c e l l p o p u l a t i o n , r a r e Τ c e l l s 
( f r e q u e n c y 23-43 χ 10"""

5
) would b e a r a t t h e i r s u r f a c e enough 

p a s s i v e l y a d s o r b e d s p e c i f i c a n t i b o d y t o b i n d up t o 5 0 , 0 0 0 
m o l e c u l e s of TIGAL and even l e s s l i k e l y t h a t d u r i n g t h e 
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F i g . 3 · B a s i c e x p e r i m e n t a l p r o c e d u r e ( w i t h p e r m i s s i o n 

from N a t u r e ) . 

(1) Normal lymph node c e l l s i n F.PMI 1640 medium 0 . 0 3 M 
HEPES, 10% f o e t a l c a l f serum (FCS), 2 mM g l u t a m i n , p e n i c i l l i n 
s t r e p t o m y c i n , pE 7 . 2 . 

+ FITC-RIgG-a-MIgG + FITORIgG-a-TMV ( c o n t r o l ) 
250 yg m l "

1
 250 yg m l "

1 

0°C, 10 min) 50 χ 1 0
6
 c e l l s m l "

1
, 

37°C, 50 min) medium w i t h o u t NaN3 

wash 3 χ 

(2) ( O p t i o n a l ) + S s e r - a - R L 
1/40 f i n a l d i l u t i o n 

37°C, 15 m i n , 50 χ 1 0
6
 c e l l s m l "

1
, 

medium w i t h o u t NaNß 

wash 3 χ 

(3) I n c u b a t e a t 37°C, f o r v a r i a b l e l e n g t h s of t i m e , 0 . 5 χ 
1 0

6
 c e l l s m l "

1
, medium w i t h o u t NaN^, 4 ml i n F a l c o n T i s s u e 

C u l t u r e F l a s k s 3 0 1 2 . 

wash 2 χ i n medium w i t h NaN'3 ( 1 . 5 mM 
0 ° C 

(4) +
 1 2 5

I - T I C A I (200-468 yCi y g "
1
) 2 . 5 yg 25 χ 1 0

6
 c e l l s 

m l "
1 

0°C, 30 m i n , medium w i t h NaN3 ( 1 . 5 
mM) 

wash t h r o u g h FCS g r a d i e n t s 

(5) + TFITC-RIgG-a-MIgG + T R I T C - a n t i - θ 
250 yg m l "

1
 250 yg m l "

1 

0°C 30 min 
50 χ 1 0

6
 c e l l s m l "

1 

medium w i t h NaN^ ( 1 . 5 mM) 

(6) Wash 3 x , smear on g e l a t i n e c o a t e d s l i d e s , f i x i n 
a b s o l u t e e t h a n o l (5 m i n ) , p r o c e s s f o r a u t o r a d i o g r a p h y 
( I l f o r d K5 e m u l s i o n ) . 
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i n v i t r o i n c u b a t i o n a f t e r c a p p i n g , TIGAL s p e c i f i c Β c e l l s 
( f r e q u e n c y 54 t o 108 χ 10 ^) would have been t r i g g e r e d , i n 
t h e a b s e n c e of a n t i g e n , t o s e c r e t e enough an t i -TIGAL a n t i -
body which would b i n d o n l y t o t h o s e r a r e T-ABC t o b r i n g t h e i r 
number back t o t h e i r i n i t i a l l e v e l . To a s c e r t a i n t h a t t h e 
r e s y n t h e s i z e d r e c e p t o r s were i n d e e d Ig t h e c e l l s were t r e a t e d 
a g a i n w i t h FITC-RIgG-a-MIg and a n o t h e r round of c a p p i n g , 
d i s a p p e a r a n c e and r e s y n t h e s i s a c h i e v e d . 

I n my o p i n i o n t h e s e e x p e r i m e n t s d e m o n s t r a t e t h e Ig 
n a t u r e of t h e r e c e p t o r f o r a n t i g e n on Τ l y m p h o c y t e s and a l s o 
t h a t t h o s e r e c e p t o r s a r e t h e a c t i v e p r o d u c t of t h e Τ c e l l s 
t h e m s e l v e s . 

One c a n ' t h e l p b u t wonder why Τ c e l l r e c e p t o r s a r e n o t 
r e a d i l y d e t e c t e d by i m m u n o f l u o r e s c e n c e . I t s h o u l d be n o t e d 
t h a t t h i s p rob l em r e m a i n s , w h e t h e r t h e r e c e p t o r i s Ig o r n o t 
and does n o t r e a l l y p e r t a i n t o i t . I ndeed i n t h e e x p e r i m e n t 
j u s t d e s c r i b e d , Τ c e l l s a r e n o t s t a i n e d by FITC-RIgG-a-MIg. 
I f one would h o l d t h e p o s i t i o n t h a t i t i s a c o n t a m i n a n t 
" a n t i Τ r e c e p t o r " a n t i b o d y and n o t a n t i - I g which was a c t i v e 
on Τ c e l l s i n t h i s p r e p a r a t i o n , t h e f a c t r e m a i n s t h a t t h i s 
c o n t a m i n a n t FITC c o n j u g a t e d a n t i b o d y does n o t s t a i n Τ c e l l s 
e i t h e r . S e v e r a l p o s s i b l e e x p l a n a t i o n s of t h i s p a r a d o x have 
been d i s c u s s e d i n d e t a i l ( 5 0 ) . I t becomes more and more 
a p p a r e n t t h a t t h e most l i k e l y one i s t h e d i f f e r e n t r e l a t i o n -
s h i p of Τ and Β r e c e p t o r s be tween t h e m s e l v e s and toward 
o t h e r membrane c o n s t i t u e n t s u n d e r p h y s i o l o g i c a l c o n d i t i o n s . 
T h i s a r e a r e q u i r e s f u r t h e r i n v e s t i g a t i o n . 

The f i n a l answer t o t h i s p rob l em depends of c o u r s e on 
t h e b i o c h e m i c a l i s o l a t i o n and c h a r a c t e r i z a t i o n of Τ 
r e c e p t o r s . R e p o r t s from s e v e r a l l a b o r a t o r i e s ( 51 -54 ) 
i n d i c a t e t h a t an immunoglobu l in m o l e c u l e , s l i g h t l y d i f f e r e n t 
from known I g s , can be i s o l a t e d from Τ lymphocy te s ; howeve r , 
o t h e r l a b o r a t o r i e s have r e p o r t e d t h e i r i n a b i l i t y t o do so 
( 5 5 , 5 6 , R.M.E. P a r k h o u s e , p e r s o n a l c o m m u n i c a t i o n ) . T h i s i s 
n o t so s u r p r i s i n g c o n s i d e r i n g t h a t t h e t e c h n i c a l c o n d i t i o n s 
r e q u i r e d a p p e a r t o be e x t r e m e l y r i g o r o u s and t h a t t h e 
d i f f e r e n t g r o u p s do n o t u s e e x a c t l y t h e same p r o c e d u r e s . 
B i o c h e m i c a l c h a r a c t e r i z a t i o n of IgT s t i l l r e q u i r e s t h e 
e l a b o r a t i o n of an e a s i l y r e p r o d u c i b l e i s o l a t i o n t e c h n i q u e . 
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(b) B lockade of T lymphocyte a c t i v a t i o n by a n t i - h i s t o c o m -
p a t i b i l i t y a n t i s e r a 

Based m a i n l y on t h e d i f f i c u l t y t o f i n d Ig on Τ lympho-
c y t e s and on t h e d i s c o v e r y and c h a r a c t e r i s t i c s of immune 
r e s p o n s e ( I r ) g e n e s (57) i t was s u g g e s t e d t h a t t h e Τ r e c e p -
t o r i s no t Ig b u t t h e I r gene p r o d u c t ( 8 , 5 8 ) . The i n i t i a l 
f i n d i n g t h a t some Τ c e l l f u n c t i o n s c o u l d be i n h i b i t e d by 
a n t i - h i s t o c o m p a t i b i l i t y a n t i s e r a gave some s u p p o r t t o t h i s 
v i e w ( a l l o - a n t i s e r a p r e p a r e d by i n j e c t i n g g round lymphoid 
c e l l s i n F r e u n d

1
s a d j u v a n t c o u l d c o n t a i n a n t i I r gene p r o d -

u c t s a s w e l l a s many o t h e r s p e c i f i c i t i e s ) . A l t e r n a t i v e l y 
t h e y c o u l d mean t h a t h i s t o c o m p a t i b i l i t y a n t i g e n s t h e m s e l v e s 
a r e i n v o l v e d i n a n t i g e n r e c o g n i t i o n . 

Thus Shevach et_ a l . ( 5 9 , 6 0 ) u s i n g I r c o n t r o l l e d r e s p o n -
s e s t o s y n t h e t i c copo lymers i n g u i n e a - p i g s , r e p o r t e d t h a t 
t h e a n t i g e n induced lymphocyte p r o l i f e r a t i o n and macrophage 
m i g r a t i o n i n h i b i t o r y f a c t o r p r o d u c t i o n by s e n s i t i z e d c e l l s 
from r e s p o n d e r g u i n e a - p i g s c o u l d be a b o l i s h e d by a l l o a n t i -
s e r a . Geczy and de Weck r e p o r t e d s i m i l a r o b s e r v a t i o n s ( 6 1 ) . 
The r e s u l t s o b t a i n e d i n F^ h y b r i d s f i r s t a p p e a r e d of p a r t i -
c u l a r i n t e r e s t : a l l o a n t i s e r a r a i s e d a g a i n s t one of t h e 
p a r e n t s i n h i b i t e d , i n t h e h y b r i d , m a i n l y t h e a n t i g e n 
r e s p o n s e c o n t r o l l e d by t h e I r gene of t h a t p a r e n t . However, 
t h e p r o l i f e r a t i v e r e s p o n s e t o an a n t i g e n c o n t r o l l e d by t h e 
I r gene of t h e o t h e r p a r e n t , o r even t o an u n r e l a t e d a n t i g e n 
o r t o PHA, a s w e l l a s background t h y m i d i n e i n c o r p o r a t i o n 
were a l s o r e d u c e d and i t was l a t e r shown (62) t h a t t h e 
a p p a r e n t s p e c i f i c i t y f o r s t r a i n a s s o c i a t e d immune r e s p o n s e s 
was d e p e n d e n t on t h e c o n c e n t r a t i o n cf a n t i s e r u m u s e d . 

F u r t h e r i n v e s t i g a t i o n s i n o u t b r e d and b a c k c r o s s e s of 
s t r a i n 2 and 13 g u i n e a - p i g s , where r e s p o n s i v e n e s s c o n t r o l l e d 
by I r and h i s t o c o m p a t i b i l i t y t y p e were d i s s o c i a t e d , showed 
t h a t t h e i n h i b i t o r y a c t i v i t y of a l l o a n t i s e r a was d i r e c t e d 
a g a i n s t t h e h i s t o c o m p a t i b i l i t y a n t i g e n s and n o t I r p r o d u c t s 
( 6 2 - 6 4 ) . For example t h e r e s p o n s e of s e n s i t i z e d r e s p o n d e r 
lymphoid c e l l s l a c k i n g s t r a i n 2 h i s t o c o m p a t i b i l i t y a n t i g e n s 
was n o t i n h i b i t e d by 1 3 - a n t i - 2 serum. 

Keeping i n mind t h e d i s c u s s i o n , i n t h e p r e c e e d i n g 
s e c t i o n , of t h e d i f f e r e n c e be tween b i n d i n g and a c t i v a t i o n , i t 
i s a p p a r e n t t h a t t h e s e s t u d i e s b e a r on t h e a c t i v a t i o n of 
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primed Τ cells by antigen and not directly on the primary 
recognition i.e. the binding of antigenic determinants by 
Τ lymphocytes. This is confirmed by a recent report of 
Bluestein (65) showing that inhibition by alloantisera in the 
system described above requires bivalent antibody, suggesting 
the necessity for redistribution of membrane components 
rather than simple steric hindrance, and quite significantly 
that the alloantiserum is still active when added to the 
cells several hours after the antigen. 

These results do not compel one to postulate a new 
type of specific receptors, with the difficult theoretical 
problems it introduces about a new generation of diversity; 
indeed they are not contradictory with the evidence presented 
in subsection (a) that the Τ receptor is Ig, but only show 
that anti-histocompatibility antisera inhibit some in vitro 
Τ lymphocyte activity. 

This conclusion is amply supported by autoradiography 
studies of T-ABC. In guinea-pigs Τ lymphocytes of strain 
2 (non-responder), strain 13 (responder) and Έι hybrids 
(responders) bind Glu-Tyr copolymer equally well (18). In 
mice there is no difference in B- and T-ABC for (Tyr, Glu)-
Ala—Lys in high and low responder strains at saturation (66) 
and even below saturating concentrations of antigen (17). 
Upon priming the frequency of ABC increase only in the high 
responder strain (17) indicating again a control at the 
level of activation not binding. 

(c) Molecular mechanisms of activation 

The mechanisms of lymphocyte activation are still 
obscure. No clear direct data on the molecular phenomenon 
accompanying the process of lymphocyte stimulation by 
antigen are available to date. Loor discussed in detail 
why conclusions based on analogies with stimulation by 
lectins have to be taken with great caution (43). In this 
respect it should be remembered that triggering of the un-
fecondated zygote by a variety of methods leads to division 
and aberrant differentiation which were studied in great 
detail but had finally nothing to do with the events follow-
ing true fécondation. 
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One f a c t i s , however , q u i t e a p p a r e n t : a n t i g e n b i n d i n g 
i s o n l y a f i r s t s t e p , c e r t a i n l y n o t s u f f i c i e n t f o r c e l l 
a c t i v a t i o n . In a d d i t i o n t o t h e examples g i v e n e a r l i e r i t 
i s i n t e r e s t i n g t h a t Τ l i n e a g e l ymphocy te s ( p r o b a b l y p r e -
thymic Τ p r e c u r s o r s ) i n nude and Τ d e p r i v e d mice b i n d a n t i g e n 
bu t a p p e a r t o l a c k t h e c a p a c i t y t o be a c t i v a t e d ( 5 0 , 6 7 - 7 0 ) . 

D GENERAL CONCLUSION 

The p r e s e n t p a p e r i s an a t t e m p t t o a n a l y s e and r e c o n c i l e 
t h e a v a i l a b l e c o n f l i c t i n g d a t a on Τ l ymphocy te s r e c e p t o r s . 
P r o v i d e d one c a r e f u l l y d i s t i n g u i s h t h e a n a l y s i s of a n t i g e n 
b i n d i n g t o r e c e p t o r s from t h a t of c e l l a c t i v a t i o n i t a p p e a r s 
c o n v i n c i n g l y , a t l e a s t t o me, t h a t Τ lymphocy te s r e c o g n i z e 
and b i n d a n t i g e n v i a an Ig r e c e p t o r and t h a t t h i s i n i t i a t e s 
bu t i s by no means s u f f i c i e n t f o r c e l l a c t i v a t i o n . The 
e x a c t n a t u r e of t h i s Ig and i t s r e l a t i o n s h i p t o known Ig 
c l a s s e s b o t h i n s t r u c t u r e and i n p h y l o g e n e t i c a p p a r i t i o n i s 
s t i l l a m a t t e r of c o n j e c t u r e . 
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DISCUSSION 

L. HERZENBERG: Dr. Roelants that was a very fine presentation 

of one particular point of view. Would you agree with the 

idea, that antigen binding T-cells are relèvent to the immune 

response as helpers, is based essentially on very indirect 

evidence derived from the deletion of biological activity 

by antigen binding suicide experiments. 

G. ROELANTS: Yes, that is right. 

L. HERZENBERG: This in my mind leaves things in a rather 

unsatisfactory state because one has rather a complex system 

in which on one side activity is removed by putting in a very 

hot antigen,and on the other side, there is your evidence that 

T-cells do bind antigen, even in large amounts. It would 

be very nice if someone could tie the two together as has 

been done with B-cells. B-cells which bind antigen can be 

shown to be the precursors of antibody forming cells. The 

reverse has not been shown for T-cells, as I understand it. 
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G. ROELANTS: Important in those suicide experiments is 
that they are, of course, specific for the antigen. The addi-
tion of radioactive antigen to a lymphocyte suspension does 
not kill helper activity to all antigens. This indicates a 
relationship between the antigen binding cells, which are the 
only ones exposed to highly radioactive antigen and the 
specific deletion of a clone. Would it be possible to isolate 
the first type of cell in a pure form using your machine and 
then to show that it can be turned into an active cell? 

L. HERZENBERG: Yes for B-cells but we are only now trying 
it for T-cells. Let me comment on what you said. I think 
that the key question at this point is whether the specific 
deletion of an activity is related to the production of some 
factor by the B-cells, that is where we know there is direct 
specificity. One deletes an activity when we refer to helpers 
T-cells. In the case of B-cells one deletes or enriches for 
clones, and that is indeed what we have done with our FACS 
machi ne. 

In the experiment where you cap the receptor on T-cells 
with anti-immunoglobulin, as evidenced by the capping with 
radioactivity, and hen cap off and allow resynthesis of recep-
tor, you emphasized that you find 50,000 molecules of antigen 
binding to some of those T-cells. Why is it not possible to 
show immunoglobulin directly by either fluorescent or anti-
immunoglobulin in those cells. 

G. ROELANTS: That is puzzling but one does not know if the 
receptor is immunoglobulin or something else, because when 
cells are first treated with antî-immunoglobulîη reagent 
labelled with fluorescein, you do not see anything on the 
surface of T-cells whereas you do see something on the surface 
of B-cells. Thus, you do not see the immunoglobulin with your 
anti-immunoglobulin reagent but you do something to the re-
ceptor. If the reagent possessed an anti-receptor activity 
even though it is not immunoglobulin, the receptor would 
also be labelled because the anti-receptor antibody in the 
reagent would be labelled with fluorescein. The fact that 
the cells are negative for fluorescence is puzzling and 
probably has something to do with the structure of the T-cell 
membrane. 

L. HERZENBERG: I think if that could be explained we might 
be closer to an answer. Since we have been bedazzled by 
overviews and more overviews, I would like to make one more 
point. I think the speaker has to remain puzzled and that 
it is good for the audience in this sort of a group also 
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to remain puzzled with respect to the nature, number and 

characteristics of receptors on the cooperator and other 

immunologically functional T-cells. I point to one finding 

in the literature which does not fit anyone's party line, 

except for those who are interested in keeping people open 

minded untîl some definite evidence comes along. I refer 

to the experiments of Webb and Cooper (J. Immunol. 197*0 

in which antigen binding T-cells are not found in agamma-

globulinemic chickens. In these birds, which do not make 

an antibody response, you do not find antigen binding T-

cells,but if you inject these chickens with antibody, you 

do find antigen binding T-cells. The frequencies are sim-

ilar to those in normal birds. 

G. ROELANTS: Yes, there is about 3% of antigen binding 

cells, which is far higher than any specific cells you 

would expect. However, Cooper agrees that those cells have 

never been identified positively as T-cells. 

R.K. GERSHON: You pointed out the importance of distinguish-

ing recognition from a response. Many people try to 

measure recognition by determining if a response takes place. 

You showed very clearly that this is not valid, and this 

is also relevant to what Len Herzenberg was talking about. 

The question is whether all the antigen binding we see has 

anything to do with the receptor, if we think of the receptor 

as the site at which the cell is triggered. The B-cell 

has a lot of immunoglobulin on its surface which naturally 

is called the receptor, but does it follow that any of this 

immunoglobulin has anything to do with the triggering site? 

In one of your slides the major portion of the immunoglobu-

lin was in a cap. On the side of the B-cell, where staining 

immunoglobulin could not be seen, there were a few grains 

demonstrating some antigen binding in the absence of immuno-

globulin. 

G. ROELANTS: Yes, but iodine goes on the side of the cells 

as well and the label is never only on top of the cell. 

R. K. GERSHON: What do you think of possibility that the 

real receptors on the T-cell and on the B-cell are identical 

and that the only reason that a difference is seen in all 

the assays is that B-cells, because they produce immunoglo-

bulin, have large amounts on their surface. This may have 

nothing to do with the triggering receptor. The same may 

be true of the passive immunoglobulin on T-cells. We should 

keep this possibility in mind. 
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G. ROELANTS: Yes, Francis Loor and myself have often dis-

cussed that possibility , but we have not dared to state it 

publicly. 



THE LOGIC OF CELL INTERACTIONS IN DETERMINING 
IMMUNE RESPONSIVENESS 

MELVIN COHN 
Salk Institute of Biological Studies 

I. PRINCIPLE OF THE ARGUMENT 

The immune system faces two problems of regulation: 

1. the self-nonself discrimination 
2. the determination of class. 

These two problems are hierarchical in that the model 
one proposes for the self-nonself discrimination limits the 
way in which the mechanism determining the class of the re-
sponse can be viewed*. 

The easiest way to deal with regulation is to present 
one possible model before considering details of mechanism 
and Watt Knott. 

The unit of interaction is the antigen-sensitive cell. 
This cell is postulated to have two properties. 

1. It expresses an antibody-receptor unique in its 
combining site. 

2. Upon interaction of the antibody-receptor with 
antigen, the cell has two pathways open to it, paralysis or 
induction. 

The various antigen-sensitive cells differ in the 
function of their induced end-cell which is neither paraly-
zable nor inducible. 

A. THE SELF-NONSELF DISCRIMINATION 

Antigen-sensitive cells of all classes directed against 
self and nonself components are generated continuously 
throughout life. This is an inevitable consequence of the 
generation of diversity (1). In an animal with a mature 
immune system the anti-self cells are irreversibly elimi-
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n a t e d a s t h e y a p p e a r ; a s t e a d y s t a t e known as m a i n t e n a n c e of 
p a r a l y s i s . The a n t i - n o n s e l f c e l l s a c c u m u l a t e t o a n o t h e r 
l e v e l and a r e i n d u c e d . I n o t h e r words t h e r e i s c o m p e t i t i o n 
be tween p a r a l y s i s and i n d u c t i o n a t t h e l e v e l of t h e a n t i g e n -
s e n s i t i v e c e l l upon i n t e r a c t i n g w i t h a n t i g e n ( F i g . 1 ) . 

F i g . 1 . The g e n e s i s of a n t i g e n - s e n s i t i v e c e l l s and 
t h e i r f a t e , p a r a l y s i s o r i n d u c t i o n . 

We have p r o p o s e d a minimum a s s o c i a t i v e r e c o g n i t i o n 
model f o r t h e s e l f - n o n s e l f d i s c r i m i n a t i o n . 

1 . P a r a l y s i s : The i n t e r a c t i o n be tween t h e a n t i b o d y 
r e c e p t o r s on an a n t i g e n - s e n s i t i v e c e l l and a n t i g e n l e a d s t o a 
S i g n a l (Γ) t o t h a t c e l l which r e s u l t s i n i t s b e i n g i r r e v e r s i b l y 
i n a c t i v a t e d ( r e n d e r e d i r r e v e r s i b l y n o n - i n d u c i b l e ) . 

2 . Normal i n d u c t i o n : I f i n a d d i t i o n t o S i g n a l (Τ) , t h e 
a n t i g e n i s r e c o g n i z e d by a n o t h e r s p e c i f i c r e c e p t o r ( t e rmed 
a s s o c i a t i v e a n t i b o d y ) which a c t s v i a an i n d e p e n d e n t c e l l 
s y s t e m , a second s i g n a l ( S i g n a l (5)) i s d e l i v e r e d t o t h e 
a n t i g e n - s e n s i t i v e c e l l . The two s i g n a l s d e l i v e r e d s e q u e n -
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tially or simultaneously results in differentiation of that 
cell to produce more antigen-sensitive cells as well as 
"effector" end cells. 

The justification of this model has been discussed in 
detail (1-4). We originally termed this the associative 
recognition model because normal induction is postulated to 
require the associative recognition of at least two determi-
nants physically linked on an antigen, one by the antibody 
receptor on the antigen-sensitive cell and the second by 
associative antibody which experiment has established to be 
expressed on a special class of cooperating thymus-derived 
cells. 

The minimum elements of the model are illustrated in 
Fig. 2 without any details of mechanism (see Section II). 

PARALYSIS N O R M A L 
( R E C E S S I V E U N R E S P O N S I V E N E S S ) INDUCTION 

A N T I G E N - S E N S I T I V E 
C E L L (ΑΝΤΙ -a ) B O T H 
INDUCIBLE AND 
PARALYZABLE 

O R I G N A L V IA fo \ S I G N A L VIA 

R E C E P T O R ANTIBODY ^ A S S O C I A T I V E ANTIBODY 

Fig. 2. A minimum associative recognition model of 
normal induction arid paralysis. 

For purposes of clarity the term unresponsive will be 
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used t o d e s c r i b e an an ima l whose p r i o r e x p e r i m e n t a l t r e a t -
ment w i t h a g i v e n a n t i g e n r e n d e r s i t s p e c i f i c a l l y # u n a b l e t o 
r e s p o n d t o t h a t a n t i g e n when d e l i v e r e d i n a form immunogenic 
f o r t h e u n t r e a t e d c o n t r o l a n i m a l . U n r e s p o n s i v e n e s s t a k e s two 
f o r m s , r e c e s s i v e o r d o m i n a n t . P a r a l y s i s o r r e c e s s i v e 
u n r e s p o n s i v e n e s s i s r e v e a l e d by m i x i n g " p a r a l y z e d

1 1
 c e l l p o p u -

l a t i o n s , e . g . from s p l e e n , w i t h u n t r e a t e d o r " r e s p o n s i v e " 
c e l l p o p u l a t i o n s and showing t h a t t h e i n t r o d u c t i o n of t h e 
s p e c i f i c immunogen l e a d s t o an immune r e s p o n s e . P a r a l y s i s i s 
r e c e s s i v e b e c a u s e i t i s t h e r e s u l t of t h e i r r e v e r s i b l e , 
s p e c i f i c i n a c t i v a t i o n of t h e a n t i g e n - s e n s i t i v e c e l l i t s e l f . 
" S u p p r e s s i o n " o r dominant u n r e s p o n s i v e n e s s i s r e v e a l e d 
s i m i l a r l y by d e m o n s t r a t i n g t h a t t h e " s u p p r e s s e d " p o p u l a t i o n 
i n h i b i t s t h e r e s p o n s e t o t h e s p e c i f i c immunogen by t h e u n -
t r e a t e d p o p u l a t i o n . " S u p p r e s s i o n " i s dominant b e c a u s e i t i s 
t h e r e s u l t of t h e r e v e r s i b l e , s p e c i f i c i n h i b i t i o n of i n -
d u c t i o n of t h e a n t i g e n - s e n s i t i v e c e l l by an i n d u c e d i n h i b i t o r 
c e l l . 

The t e rm " t o l e r a n c e " i s b e i n g used more and more t o 
mask an i n c o m p l e t e f o r m u l a t i o n of t h e p rob l em of t h e s e l f -
n o n s e l f d i s c r i m i n a t i o n . T h i s i s u n f o r t u n a t e b e c a u s e t h e t e rm 
" t o l e r a n c e " i s u s e f u l . C o n s e q u e n t l y , we s u g g e s t t h e c o n -
v e n t i o n t h a t t h e t e rm " t o l e r a n c e " be used o n l y i f i t i s im-
p l i e d t h a t t h e i n t e r p r e t a t i o n of any g i v e n e x p e r i m e n t a l 
s i t u a t i o n i s b e i n g e x t r a p o l a t e d t o e x p l a i n t h e normal s e l f -
n o n s e l f d i s c r i m i n a t i o n . T h i s s i m p l e ground r u l e s h o u l d make 
u n t e n a b l e t h e p o s i t i o n t h a t b e c a u s e t h e r e a r e many ways t o 
i n a c t i v a t e e x p e r i m e n t a l l y s p e c i f i c a n t i g e n - s e n s i t i v e c e l l s , 
i t i s v a l i d t o f o r m u l a t e models of i n d u c t i o n o r p a r a l y s i s 
w i t h o u t any c o n s i d e r a t i o n as t o how t h e d i s t i n c t i o n be tween 
i n d u c t i o n and t o l e r a n c e ( t h e s e l f - n o n s e l f d i s c r i m i n a t i o n ) i s 
made. Under t h e s p e c i f i c form of t h e two s i g n a l model d i s -
c u s s e d h e r e , p a r a l y s i s i s t h e mechanism f o r t o l e r a n c e whe rea s 
" s u p p r e s s i o n " i s t h e mechanism f o r r e g u l a t i n g t h e c l a s s of 
immune r e s p o n s e . 

The a s s o c i a t i v e r e c o g n i t i o n o r " t w o - s i g n a l " model i s 
ba sed on a minimum of f o u r c o n s i d e r a t i o n s which have been 
a n a l y s e d i n d e t a i l ( 1 - 4 ) f o r i t would be w e l l t o have a com-
p e t i n g model which a c c o u n t s f o r a l l of them. 

1 . The d e t e r m i n a n t s r e c o g n i z e d by t h e r e c e p t o r and 
a s s o c i a t i v e a n t i b o d i e s must be p h y s i c a l l y l i n k e d f o r normal 
i n d u c t i o n ( s e e S e c t i o n I D ) . 

82 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

2. The establishing of paralysis is antigen-concen-
tration dependent whereas the maintenance of paralysis is 
antigen-concentration independent. 

3. There is competition between paralysis and induc-
tion at the level of the antigen-sensitive cell. 

4. The self-nonself discrimination must be learned by 
exposure of the newly arising immune system to self compo-
nents during ontogeny. 

B. THE CELLS AND THEIR INDUCTION 

Responsiveness of all antigen-sensitive cells is de-
termined by the cooperating system. The self-nonself dis-
crimination is regulated by the "presence" or "absence" of 
cooperating activity. The level of cooperating activity as 
we will see later (Section I C) determines the class of the 
response. The pathway of induction is illustrated in Fig. 3. 

A L L O T H E R 

A N T I G E N - S E N S I T I V E 

C E L L S 

t , , t K , B * \ B' T ' ,e tc 

V V 9 

y I j K ρ IgM p " l g G " 

ν" 

V 
> T C < 

-A-
Fig. 3. The pathway of induction of all antigen-

sensitive cells. 
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Thymus-de r ived a n t i g e n - s e n s i t i v e c e l l s of t h e c o o p e r a t i n g 
sys tem ( t ^ ) a r e i nduced by an a s s o c i a t i v e i n t e r a c t i o n w i t h 
a n t i g e n b o t h t o become end c e l l s ( T

c
) and t o p r o d u c e more 

( t ^ ) c e l l s . T^ c e l l s may a c t d i r e c t l y a s t h e c o o p e r a t i n g 
c e l l o r s e c r e t e t h e i r a s s o c i a t i v e a n t i b o d y which i s bound 
c y t o p h i l i c a l l y t o a t h i r d p a r t y e f f e c t o r c o o p e r a t i n g c e l l . 

The i n d u c t i o n of " e f f e c t o r " a n t i g e n - s e n s i t i v e c e l l s , 
i . e . BV

1
, B^ , B

a
 e t c . o r t

K
 ( t h y m u s - d e r i v e d c e l l - m e d i a t e d 

" k i l l e r " a n t i g e n - s e n s i t i v e c e l l s ) , f o l l o w s t h e same i n d u c t i o n 
p a t t e r n r e q u i r i n g a s s o c i a t i v e r e c o g n i t i o n . The i n d u c t i o n of 
t h e a n t i g e n - s e n s i t i v e c e l l s t

c
, t

K
, ΒΡ>^»

α
> e t c i s more X-

r a y s e n s i t i v e b e c a u s e d i v i s i o n i s i n v o l v e d t h a n t h e f u n c -
t i o n i n g of t h e c o r r e s p o n d i n g " e f f e c t o r " end c e l l s , Τ

1
", Τ and 

plgM, IgG, IgA e t c y b e c a u s e d i v i s i o n i s n o t i n v o l v e d . 

There i s an asymmetry i n t h e r e l a t i o n s h i p of t h e c o -
o p e r a t i n g sys t em t o t h e r e m a i n d e r of t h e immune s y s t e m . 
T

c
- c e l l s a r e r e q u i r e d f o r t h e i n d u c t i o n of a l l a n t i g e n -

s e n s i t i v e c e l l s (B o r t ) w h e r e a s no o t h e r a n t i g e n - s e n s i t i v e 
c e l l o r i t s i nduced e n d - c e l l i s r e q u i r e d f o r t h e i n d u c t i o n of 
t ^ - c e l l s . I n g e n e r a l , t h e y i n h i b i t i n d u c t i o n by a v a r i e t y of 
mechan i sms . 

I t s h o u l d be s t r e s s e d i n d i s c u s s i o n s of r e g u l a t i o n a t 
t h i s l e v e l t h a t i t i s t h e f u n c t i o n of t h e c e l l which c o u n t s 
n o t w h e t h e r i t i s "T" o r " B " . Confus ion i s h i d d e n unde r t h e 
t e r m " T - c e l l " , i f i t i s n o t s t a t e d w h e t h e r c o o p e r a t i n g , 
k i l l i n g o r i n h i b i t o r y a c t i v i t i e s a r e b e i n g c o n s i d e r e d . 

C. REGULATION OF THE CLASS OF RESPONSE 

A w e a l t h of e x p e r i m e n t a l d a t a can be summarized (5,6) 
as f o l l o w s ( F i g . 4). 

Response t o a n t i g e n i s c o r r e l a t e d w i t h t h e e f f e c t i v e 
l e v e l of t h e a s s o c i a t i v e a n t i b o d y s y s t e m . F i g . 4 i l l u s t r a t e s 
t h i s r e l a t i o n s h i p . 

At a " z e r o " e f f e c t i v e l e v e l ( i . e . be low a g i v e n v a l u e ) 
of a s s o c i a t i v e a n t i b o d y , r e c e p t o r i n t e r a c t i o n w i t h a n t i g e n 
l e a d s t o p a r a l y s i s ( S i g n a l (Γ)) . 

At a l l e f f e c t i v e l e v e l s ( i . e . above a g i v e n v a l u e ) of 
a s s o c i a t i v e a n t i b o d y , from v e r y low t o h i g h , t h e a n t i g e n -
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sensitive cooperating thymus-derived cell (t^) is induced. 

0 e f f e c t i v e l e v e l o f c o o p e r a t i n g a c t i v i t y 

[ n u m b e r o f s i g n a l s ® / t o t a l n u m b e r o f r e c e p t o r s / c e l Q 

Fig. 4 . A qualitative summary of the relationship 
between the class of response and the level of cooperation. 

At low effective levels the antigen-sensitive cell-
mediated killer cell (tK) is induced. 

At intermediate effective levels induction of the 
antigen-sensitive "cell-mediated killer" cell (tK) is 
suppressed but the antigen-sensitive IgM bone marrow-derived 
cell (BP) is induced. 

At high levels the induction of B U (as well as tK) is 
suppressed but the antigen-sensitive Ig"G" bone marrow-
derived cell (B'V) is induced. 

The induction of more antigen-sensitive cells (Fig. 3) 
seems to be possible at a slightly lower level of Signal© 
per receptor than the induction of differentiated end cells 
e.g. plêM. Thus for "memory" cells one might draw a series 
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of identical curves as those shown in Fig. 4 displaced 
slightly to the left (6). 

Bretscher (5) has made the following proposal as to 
mechanism. 

The class of response is not just correlated with but 
is actually determined by the effective level of cooperating 
activity (number of Signals(2)per receptor per cell). At a 
given level, one cell type is induced whereas at a higher 
level the same cell type is suppressed i.e. excess Signal(^ 
S u p p r e s s e s (Section II). 

A ) TANTIGEN η<Ί 
ANTIGEN ANTIGEN 

NORMAL 

INHIBITION 

C 
ANTIGEN 

NORMAL 

INDUCTION 

ABNORMAL ABNORMAL 
INHIBITION INDUCTION 

Fig. 5. The interactions of normal and abnormal 
induction and inhibition. 
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The second part of the problem of regulation of class 
is the mutual exclusivity between CMI and humoral responsive-
ness. Stable states of either CMI or humoral responsiveness 
can be established. Here again Bretscher (5) has made a pro-
posal which I will extend as follows: 

The ΤΚ-cell itself or one induced in parallel with it 
(T-cell) inhibits the induction of the t*- and B-cell by 
associative delivery of Signal (S)to them (Fig. 5A). Thus the 
effective level of cooperating activity is maintained too low 
(Fig. 4) to induce humoral antibody. The inhibition of in-
duction of the B-cell has no role in maintaining the steady 
state of CMI. However, T^-inhibition at the level of the B-
cell does prevent any low levels of blocking humoral anti-
body from leaking through. Thus the effector level of CMI is 
maximized. If the effective level of cooperating activity is 
intermediate to high, the induction of the t^-cell is sup-
pressed and a stable state of humoral antibody synthesis is 
achieved. 

The important point is that there is a tug-of-war 
between the T 1- and Tc-system, the former pulling the response 
towards CMI and the latter pulling the response towards 
humoral immunity (Fig. 6 ) . 

D. NORMAL AND ABNORMAL CELL-CELL INTERACTIONS 
DETERMINING INDUCTION AND INHIBITION. 

The associative recognition model predicts the exis-
tence of a phenomenon called abnormal induction or inhibition 
(Fig. 5). Normally for induction or inhibition, two 
determinants on the antigen must be recognized, one by the 
receptor on the antigen-sensitive cell and the other by the 
receptor of the Tc-or TI-system (Fig. 5A). However, the 
antigen-sensitive cell itself cannot tell that two determi-
nants on an antigen are being associatively recognized. It 
only responds to the signals it receives. Therefore it is 
possible to uncouple the delivery of Signals φ , ® and®. 
This occurs when the T 1- and T^-systems recognize surface 
determinants on the antigen-sensitive cell, not on the 
antigen (Fig. 5B). These surface determinants could be 
histocompatibility antigens, lectins, viral antigens, BCG, 
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LPS, f o r e i g n mammalian membrane c o n s t i t u e n t s , i d i o t y p i c o r 
a l l o t y p i c d e t e r m i n a n t s e t c . . T h i s i s abnormal o n l y i n t h a t 

t h e u n c o u p l i n g of t h e a s s o c i a t i v e r e c o g n i t i o n of a n t i g e n s a b o -
t a g e s t h e s p e c i f i c i t y of b o t h t h e s e l f - n o n s e l f d i s c r i m i n a t i o n 
and t h e r e g u l a t i o n of c l a s s . The S i g n a l s 1 , 2 , and 3 d e -
l i v e r e d t o t h e a n t i g e n - s e n s i t i v e c e l l a r e n o r m a l . Of c o u r s e 
i f one knew what were t h e e x t r a - a n d i n t r a c e l l u l a r m e d i a t o r s 
of t h e s i g n a l s , a l l a n t i g e n - s p e c i f i c s t e p s c o u l d b e b y p a s s e d . 

INDUCTION VS PARALYSIS 

REGULATION OF CLASS 
F i g . 6 . The i n t e r a c t i o n be tween t h e c o o p e r a t i n g and 

i n h i b i t o r y sys t em i n d e t e r m i n i n g r e s p o n s i v e n e s s . 
E. THREE EXPERIMENTAL EXAMPLES OF ABNORMAL INDUCTION AND 

INHIBITION USED TO ANALYZE THE NORMAL RESPONSE. 

1 . The iji v i t r o r e g u l a t i o n of a r e s p o n s e t o SRBC by t h e 
T^- and T ^ - s y s t e m s r e c o g n i z i n g major h i s t o c o m p a t i b i l i t y 
a n t i g e n s ( 7 ) . 
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A BALB/c spleen induced in vitro to C57B1/6 antigens 
under conditions which optimize cell-mediated reactivity, 
will inhibit the response of normal C57B1/6 or Fl(C57Bl/6 χ 
BALB/c) spleen to SRBC (Fig. 7). This inhibitory response 
requires specific recognition by the induced BALB/c spleen 
of C57B1/6 histocompatibility determinants. 

100-

O 

Ο 
Ο 

ER 
Ο 
Ζ 
ÖS 

NORMAL 
SPLEEN 

CONTROL 
PFC/106 

Φ 4FI(C57BL/6 Χ BALB/C) 1400 
\ 

• C57BI/6 750 

0 

C Y ^ (BALB/( C ANTI-C57BL/6) 

Fig. 7. The inhibition of a response to SRBC by T 1 cells 
induced to histocompatibility antigens. 

η 

The inhibitor cell acts on both the t - and B-cell and 
its effect is reversed in each case by cooperating activity 
(Fig. 8). 

The inhibitor cell is thymus-derived in that its activity 
is destroyed by treatment with anti- θ serum and complement, is 
not retained on Sephadex and nylon wool columns, and cannot be 
induced in spleens from nude and mice. 
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>SRBC 

1,000 

Τ 
Fig. 3. Reversal of T A inhibition by cooperating 

activity ( T
QRBC-' · R

E S
P

O N SE with (—«—) and without (—·.--) 
T-inhibition. 

2 . The in vitro induction of inhibitory activity by 
treatment of spleens, with LPS ( 7 ) . . . . . . 

A spleen induced by LPS develops inhibitory activity 
analogous in behavious to that of one induced by allogeneic 
cells. The addition of LPS-treated to normal spleen in-
hibits the response to SRBC (Table 1). This inhibition is 
reversed by cooperating activity and is mediated by a Θ-
bearing cell, nonadherent to Sephadex or nylon wool i.e. a 
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TABLE 1 

Reversal of LPS induced inhibition by cooperating activity 

Preculture Normal spleen
 X

SRBC 

(2xl0
6
 cells) (lxlO

7
 cells) (IxlO

7
 cells) 

P F C / 1 0
6
 P F C / 1 0

6 

- LPS 1400 2300 

+ LPS 260 1200 

NONE 1100 1600 

Mouse strain: C57B1/6 

TSRBC = cooperating activity induced by adoptively 

transferring thymus plus SRBC into irradiated recipients. 

The spleens were used 7 days later 

3. The in vivo induction of inhibitory activity by 
treatment of the animal with BCG and cyclophosphamide (Cy) 
(7). 

The spleen of an animal from a BCG-Cy treated animal 
(8) will inhibit the response of a normal spleen to SRBC 
(Table 2 ) . The inhibitory activity is not induced in BCG-Cy 
pretreated spleen from nude mice and is not retained by 
Sephadex or nylon wool. This argues for its being a thymus-
derived cell (T 1). However, this far it has resisted an 
anti-θ and complement treatment which inactivates the in-
hibition by the allogeneic and LPS treated cells. 

Of these three examples, the first is the best worked 
out. In any case, they all can be understood by assuming 
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TABLE 2 

Reversal of BCG-CY induced inhibition by cooperating activity 

ι ι BCG-CY treated _C _. 
Normal spleen , Τ„ΛΤ,Λ Direct v spleen SRBC 
10 cells 3xl06 cells 3xl06 cells PFC/Ιθ' 

+ - - 550 

+ - + 1100 

+ + - <10 

+ + + 7 5 0 

Mouse strain: Fl(C57Bl/6 χ BALB/c) 
C 
Τ = cooperating activity induced by adoptively transferring 
SRBC 

thymus plus SRBC into irradiated recipients. The spleens were 

removed from BCG-CY treated mice as per (8) 

that ttye preinduction induces T1-cells specific for histo-
compatibility determinants or LPS or BCG. The reason is that 
the cooperating activity directed to these antigens under the 
conditions of the preinduction is low. These T*-cells 
interact abnormally via the surface determinants (histocom-
patibility, LPS or BCG) on both t c- and B-cells as 
illustrated in Fig. 5B to inhibit induction of humoral anti-
body to any antigen. In example 1 the cell-mediated re-
sponse of the preculture as measured by 51Cr release from a 
sensitive target is very high (7). In example 2 the cell-
mediated response of the BCG-Cy treated mouse to SRBC as 
measured by delayed hypersensitivity is very high (8). In 
these, as in all studied cases, inhibitory and cell-
mediated activity are induced together. 

II. DETAILS OF MECHANISM. 

Signal (T)could comprise the following steps (4): 
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1. A conformational change in the receptor on binding 
ligand. 

2. A polymerization (aggregation) of the bound re-
ceptor via F^B interactions. 

3. Activation of adenylcyclase followed by a series of 
cAMP initiated reactions leading to paralysis. 

Since monomeric antigens e.g. BSA, lysozyme, flagellin 
MON, fragment A can paralyze, a conformational change in the 
receptor on binding ligand is suggested as a first step. 
Since all known antibody activities are mediated by aggre-
gation e.g. complement activation or histamine release from 
basophils, the second step is postulated by analogy only. 
The third and fourth steps are based on the inhibitory 
effects of cAMP on induction of antigen-sensitive cells and 
their reversal by cGMP (see S i g n a l ) . Step 1 can in 
principle be bypassed by aggregating the receptor via non 
combining site interactions and Step 2 by raising the intra-
cellular level of cAMP. 

Signal (2} could comprise the following steps (1-5, 9-12): 

1. The induced T^-cell secretes its associative anti-
body . 

2. The associative antibody is cytophilic for a third 
party cooperating cell. 

3. The antigen-associative antibody complex triggers 
the cooperating cell to synapse with the antigen-sensitive 
cell receiving Signal (l). 

4. A short-lived transmitter acting at high concen-
tration is released across the synapse to initiate the intra-
cellular events comprising Signal (2). 

5. One of the early steps is activation of guanyl 
cyclase and raising of cGMP levels. 

6. The combined reading of the levels of intracellular 
mediators of Signals φ (cAMP) and(5)(cGMP) determines in-
duction. 

In principle, the Tc-cell itself (neither inducible or 
paralyzable) could act as the cooperating cell. The original 
prediction (10-12) that a third party cell was involved came 
from a consideration of how the immune system gets started in 
ontogeny i.e. where does the first T^-cell come from?, a 
question outside of our present discussion. The evidence for 
this at the worst has remained controversial and at the best 
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" n o - e a s y - t o - w o r k - w i t h " s y s t e m h a s emerged . The p r o p o s a l i s 
s imp ly r e a s o n a b l e . 

I t i s n o t n e c e s s a r y t o p o s t u l a t e a c o n f o r m a t i o n a l 
change i n a s s o c i a t i v e a n t i b o d y a c t i n g as t h e c y t o p h i l i c r e -
c e p t o r of t h e c o o p e r a t i n g c e l l b e c a u s e i n any c a s e an a n t i -
g e n - a n t i b o d y complex i s r e q u i r e d t o t r i g g e r i t a s i n t h e 
c a s e of a l l i m m u n e - r e l a t e d c e l l s , m a c r o p h a g e s , b a s o p h i l s , K-
c e l l s e t c . , which d e r i v e t h e i r r e c e p t o r s p a s s i v e l y . T h i s i s 
a c o n s e q u e n c e of t h e c o m p e t i t i o n f o r Fc r e c e p t o r s be tween a 
g i v e n s p e c i f i c a n t i b o d y p o p u l a t i o n unde r a n a l y s i s and t h e 
o t h e r immunoglobu l in of t h e same c l a s s . The d i s s o c i a t i o n 
c o n s t a n t of t h e F c - I g i n t e r a c t i o n must b e g r e a t e r t h a n o r 
e q u a l t o t h e a v e r a g e c o n c e n t r a t i o n of t h e g i v e n I g c l a s s so 
t h a t an a n t i g e n - a n t i b o d y complex h a s no d i f f i c u l t y i n t e r -
a c t i n g w i t h t h e e f f e c t o r c e l l . 

The c e l l - c e l l i n t e r a c t i o n l e a d i n g t o i n d u c t i o n must be 
a r r a n g e d so t h a t t h e r e s u l t i s a s p e c i f i c r e s p o n s e . The 
o r i g i n a l model d e s c r i b i n g t h i s (10) was drawn by a n a l o g y w i t h 
t h e n e r v o u s s y s t e m . I f t h e c o o p e r a t i n g c e l l p o u r e d o u t i t s 
t r a n s m i t t e r i n t o t h e s u r r o u n d i n g medium, n o n - s p e c i f i c i n -
d u c t i o n would o c c u r , t h e w o r s t b e i n g i n d u c t i o n of a n t i - s e l f 
c e l l s . T h i s n o n - s p e c i f i c e f f e c t i s m in imized i f t h e c o -
o p e r a t i n g c e l l r e q u i r e s two e v e n t s t o t r i g g e r it t o r e l e a s e 
t r a n s m i t t e r ; f i r s t an a g g r e g a t i o n s i g n a l from t h e a n t i g e n -
a n t i b o d y complex and second a " s y n a p s e " s i g n a l from t h e 
a n t i g e n - s e n s i t i v e c e l l r e c e i v i n g Signalai). I f now as i n t h e 
n e r v o u s s y s t e m t h e t r a n s m i t t e r i s s h o r t - l i v e d and a c t s a t 
h i g h c o n c e n t r a t i o n s p e c i f i c i t y of t h e c o n n e c t i o n i s maximized. 
Given t h e s e c o n s i d e r a t i o n s , t h e r e i s r e a s o n t o doub t t h e r e -
l e v a n c e of most of t h e n o n - a n t i g e n s p e c i f i c s u p e r n a t a n t 
f a c t o r s which have been i s o l a t e d from v a r i o u s " c e l l m i x t u r e s " , 
a s t h e a c t u a l m e d i a t o r s of t h e c o o p e r a t i v e i n t e r a c t i o n . 

I t i s e v i d e n t unde r t h i s model t h a t i n a d d i t i o n t o 
a n t i b o d y - r e c e p t o r s which r e c o g n i z e a n t i g e n , v a r i o u s o t h e r 
s u r f a c e r e c e p t o r s must be p o s t u l a t e d t o be on a n t i g e n -
s e n s i t i v e c e l l s f o r t h e i n t e r a c t i o n s i n v o l v i n g t r a n s m i t t e r s 
and s y n a p s e s ( 1 0 ) . 

What i s n o t so e v i d e n t i s t h a t t h e s e n o n - a n t i g e n r e -
c o g n i z i n g r e c e p t o r s s h o u l d be h i g h l y p o l y m o r p h i c and a l l 
coded be tween t h e Κ and S r e g i o n of t h e major h i s t o c o m p a t i -
b i l i t y complex . The e x p e r i m e n t s of Katz e t a l (13) c l a i m i n g 
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to show this are based on the failure of allogeneic cells to 
cooperate to give an IgG response in an adoptive transfer 
system. Since these studies do not distinguish between 
population and cell level events they will not be convincing 
until they are repeated using allogeneic cell populations 
mutually tolerant (paralyzed) of each other as in allophenic 
(14) or tetraparental chimeras(15). This question as to 
which genes code non-antigen specific cell-cell interactions 
is open. The existence of abnormal induction and inhibition 
(Sections I D and E) across histocompatibility barriers 
makes it likely that mutually tolerant populations will co-
operate allogeneically or even xenogeneically. 

The possible role of intracellular mediators cAKP and 
cGMP as part of the Signal(l)and(T)systems has been reviewed 
recently (9). What should be stressed is that under the two-
signal model Signal (l)plus Signal (T)are required for induc-
tion. This implies that no cell can be induced which in 
principle could not have been paralyzed. Since there is a 
strong somatic selection pressure for a cell to escape 
paralysis (death?) by mutation, if the mutant non-paralyzable 
cells were inducible, a lethal autoimmunity would result. 
This implies that the totality of the paralytic pathway is 
included in the inductive one. 

This model for delivering Signal (5)is one of the two 
originally proposed mechanisms (ref. 10 pg 270). The other 
one was a membrane-membrane interaction signal following 
associative recognition. The two models are still viable. 

Signal(5)could comprise the following steps: 

1. The T^-cell itself interacts across an antigen-
bridge with the antigen-sensitive cell, t^ or B. 

2. The inhibitor antibody-antigen-receptor antibody 
complex triggers the T^-cell to render the antigen-sensitive 
cell unresponsive to Signals (l)and (5)either by 1) a 
membrane-membrane interaction or 2) secreting an inhibitory 
transmitter or 3) injecting an inhibitor across a cytoplasmic 
bridge. 

It is a reasonable guess that the T^-cell is the T K-
cell responsible for effecting cell-mediated immunity. This 
cell acts as far as is known as such without secreting its 
receptors. The antigen-sensitive cell must be resistant to 
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k i l l i n g a c t i v i t y and r e s p o n d o n l y by b e i n g i n h i b i t e d . The 
f a c t t h a t t h e i n h i b i t i o n i s r e v e r s i b l e by i n c r e a s i n g t h e c o -
o p e r a t i v e a c t i v i t y can be u n d e r s t o o d e i t h e r a s an i n t r a c e l l u -
l a r o r e x t r a c e l l u l a r e v e n t . As an example of t h e f o r m e r , 
S i g n a l (T)need o n l y b l o c k a c t i v a t i o n of t h e a d e n y l and g u a n y l 
c y c l a s e s o r i n h i b i t a s t e p common t o t h e S i g n a l ( l) + (2 ) i n -
d u c t i o n . As an example of t h e l a t t e r , t h e i n h i b i t o r y e v e n t 
a t t h e c e l l l e v e l must be of a d u r a t i o n which f r e e s t h e c e l l 
o c c a s s i o n a l l y t o r e s p o n d t o an i n d u c t i v e e n c o u n t e r . As t h e 
l e v e l of c o o p e r a t i n g a c t i v i t y i n c r e a s e s , i n d u c t i o n becomes 
more p r o b a b l e t h a n i n h i b i t i o n and t h e p o p u l a t i o n e s c a p e s 
i n h i b i t i o n . 

The e f f e c t i v e l e v e l of c o o p e r a t i n g a c t i v i t y d r i v e s t h e 
c l a s s of r e s p o n s e . The s e n s i t i v i t y t o l e v e l of c o o p e r a t i n g 
a c t i v i t y shows t h e f o l l o w i n g o r d e r : t

c
 > t

K
 > > b ' V e t c . 

( F i g . 4 ) . I t i s n o t n e c e s s a r y t o p o s t u l a t e an i n t r a c e l l u l a r 
mechanism w i t h d i f f e r e n t i a l s e n s i t i v i t y f o r t h e i n t r a c e l l u l a r 
m e d i a t o r s o r f o r t h e i r p r o d u c t i o n . A l l c l a s s e s of c e l l c o u l d 
have i d e n t i c a l i n t r a c e l l u l a r mechanisms and d i f f e r o n l y i n 
t h e number of f u n c t i o n a l r e c e p t o r s p e r c e l l ( a s suming of 
c o u r s e t h a t t h e d i s t r i b u t i o n of b i n d i n g c o n s t a n t s of t h e 
v a r i o u s c l a s s e s i s s i m i l a r ) . T h i s number t h e n s h o u l d r e f l e c t 
t h e s e n s i t i v i t y t o i n d u c t i o n , t

c
 > t

K
 > B^

1
 > b ' V

1
. I m p l i e d 

a l s o i s t h a t i n t h e a b s e n c e of c o o p e r a t i n g a c t i v i t y [T^] t h e 
s e n s i t i v i t y t o p a r a l y s i s by S i g n a l(T ) w o u l d f o l l o w t h e same 
o r d e r . On t h e o t h e r h a n d , t h e s e n s i t i v i t y t o i n h i b i t i o n by 
T

1
 would a p p e a r t o f o l l o w t h e r e v e r s e o r d e r B T > B^

1
 > t

L 

b e c a u s e a h i g h e r e f f e c t i v e l e v e l of c o o p e r a t i o n i s r e q u i r e d 
t o i n d u c e Β Y t h a n t ^ . 

I n g e n e r a l i t i s b e l i e v e d t h a t p a r a l y s i s of t h e t ^ - c e l l 
i s a c h e i v e d a t a f a s t e r r a t e and a t lower c o n c e n t r a t i o n s of 
a n t i g e n t h a n t h a t r e q u i r e d f o r t h e B - c e l l . While t h i s may be 
t r u e , i t i s n o t d e r i v a b l e from t h e q u a l i t a t i v e e x p e r i m e n t s 
which a r e done b e c a u s e of t h e asymmetry i n t h e r e l a t i o n s h i p 
be tween t ^ and a l l o t h e r a n t i g e n - s e n s i t i v e c e l l s ( s e e 
d i s c u s s i o n r e f . 2 , 4 , 1 6 ) . F u r t h e r , d i f f e r e n c e s i n t h e 
" s e n s i t i v i t y " of a n t i g e n - s e n s i t i v e c e l l s t o p a r a l y s i s d u r i n g 
t h e i r on togeny i s c l a i m e d ( 1 7 ) . Here t o o , t h i s d i f f e r e n c e 
c o u l d r e f l e c t a d i f f e r e n c e i n t h e l e v e l of c o o p e r a t i n g 
a c t i v i t y i n t h e v a r i o u s c e l l p o p u l a t i o n s , f e t a l l i v e r , bone 
marrow, s p l e e n e t c . , n o t a d i f f e r e n c e i n t h e i n h e r e n t s e n -
s i t i v i t y of t h e a n t i g e n - s e n s i t i v e c e l l t o p a r a l y s i s . 
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In summary, studies on rates of paralysis of given cell 
types must take into account the effective level of co-
operating activity and be carried out quantitatively. Never-
theless, there are ji priori reasons for accepting a hierarchy 
of sensitivity to paralysis t c > t K > B u > BY. 

It is generally believed that T^-cell inhibition is 
more easily acheived for Β Y than for B u. 

Since this is a competitive system involving the op-
posing activities of T* and it is not possible at the 
moment to be certain whether the greater sensitivity to 
inhibition of the Β Y cell is a property of the cell or of 
the level of cooperating activity necessary to reveal or re-
verse the inhibition. In any case, at the level of the 
population (which is the experimental finding), sensitivity 
to T^-inhibition follows a hierarchy Β Y" > Β υ > t^ cer-
tainly in part because a higher level of T^-activity is re-
quired to induce B ï" than B u or t c. 

Two models for the suppression of each class in the 
hierarchical order t K > B u > B Y as the level of cooperating 
activity rises, could be proposed. 

1) The cell might become unresponsive to excess 
Signal (2)for which an intracellular mechanism could be en-
visaged based upon the cell reading the correct ratio of 
(ί)/@which diffères from the t K to the Β'Ύ" cell. 

2) The product of the induction of one cell type might 
feed back and turn off the induction of the cell type higher 
in the hierarchy. 

Thus far I have discussed the problem of regulation of 
class assuming essentially the first model. The second model 
at the moment has not yet been formulated in a way which 
accounts for the determination of class 

III. WATT KNOTT 

A. ENGLISH PRAGMATISM 

Howard and Mitchison (18) have proposed that antigen-
sensitive cells need not distinguish two signals, one for 
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paralysis and the other for induction. They argue that the 
antigen-sensitive cell is programmed for induction only. An 
appropriate interaction of antigen with the receptor leads to 
induction. Paralysis i s essentially the "gumming-up" of the 
receptors on the cell so that no inductive signal can be 
delivered. The "permanently-gummed-up" cell is gradually 
eliminated either by normal turnover or by antibody-mediated 
destruction i.e. autoimmune reaction. 

Their argument is based on the in vitro experiments of 
Diener and Feldmann in which large polymeric antigens e.g. 
POL or antigen-antibody complexes can render cells specifi-
cally unresponsive. 

There is no doubt that imprisoning cells in an antigen-
antibody cage so that immunogenic encounters are not possible 
will make them unresponsive. With time, such cells will be 
eliminated ("paralyzed") at a rate dependent on the culture 
conditions in vitro compared to in vivo. It would be 
tempting to argue that this proposal is a detail of mechanism 
involving the precise meaning of the word "signal" but the 
issue is not here. It resides in how this in vitro Diener-
Feldmann finding is extrapolated to explain the self-nonself 
discrimination or even in vivo experimental paralysis. It 
should be recalled that in the Diener-Feldmann system, the 
in vitro and in vivo findings are at variance. In vivo the 
order of establishing unresponsiveness is fragment A > MON > 
POL whereas in vitro the order is POL > MON > fragment A and 
in the latter two cases, the addition of antibody is re-
quired to establish unresponsiveness in B-cells. 

The problem is clear. Which set of phenomena mirror the 
central mechanism of paralysis and induction, the _in vitro or 
the in vivo findings? 

We have argued (2,4) that the in vivo findings reflect 
the fundamental paralytic mechanism i.e. Signal®, and that 
the in vitro result reflects a superimposed secondary process. 
This is obvious under the two-signal model because the fewer 
the number of foreign determinants per antigen particle, the 
lower the effective level of cooperating activity and the 
more the response tends towards paralysis. The Diener-
Feldmann in vitro result can be explained by assuming that 
the half-life of a cell receiving a maximum level of Signal φ 
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in vivo is of the order of 5-10 hours, while in vitro, due 
to poorer culture conditions, it is of the order of 20-30 

hours. Monomers would be bound to the cell "reversibly" whereas 
polymers or antigen-antibody complexes would be bound 
"irreversibly". Thus several hours of contact with a putat-
ive paralytogen, subsequent washing and incubation with 
immunogen, could not possibly reveal paralysis by "reversible 
bound monomers whereas the "irreversible" blocked cell would 
remain unresponsive. This "gummed-up" state might be re-
vealed by presenting the blocked B-cells with an abnormal 
inductive stimulus (Section I D) in which case they might 
respond. If they did, then it would be clear that a para-
lytic signal (Signalai)) is being delivered to them but the 
time constant of inactivation in vitro is long. More im-
portant would be to show that in vitro the non-immunogenic 
fragment A could be rendered immunogenic by abnormal in-
duction, thus proving a monomer-receptor interaction signal. 

The point being made is that the Diener-Feldmann ex-
periments are telling us what we know already. The inter-
action between a polymeric antigen and the receptors on a 
cell can be essentially "irreversible" because of multiple 
binding. However, these experiments do not permit the 
extrapolation that no signal passes via the receptor when it 
interacts with a monomer. 

Howard and Mitchison disagree and argue that the in 
vitro result is the fundamental one and the in vivo data re-
flect a secondary process because "it is entirely possible 
that some alternative mechanism exists in vivo for the pre-
sentation of monomeric antigens in a repeating form (18)". 

At first glance this argument looks like a "piège à 
con" but on reflection it is sufficiently challenging to be 
worth trying to get the cheese without springing the trap. 
In order to do this, I must try to complete their model as 
they would see it because no mechanism of induction is 
actually proposed by them. 

If the assumption were incorrect that monomers can 
paralyze, the two-signal model would be unaffected. What 
would have to be changed is a detail of mechanism namely that 
it would become unnecessary to assume a conformational change 
in the receptor as the initiating step of the paralytic 
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Signal (y (Section II). As Howard and Mitchison point out, 
in vivo, monomers could aggregate by some process and the ag-
gregate would initiate the paralytic Signal(l)by lattice 
formation as previously discussed (ref. 4 pg 548). Signal^?) 
would remain unchanged. 

The Howard-Mitchison formulation does not fare as well. 
Since they are challenging the two-signal model, I would 
imagine that we can put aside as unacceptable to them either 
as associative recognition inductive signal via the coopera-
ting ("helper") system or a simple monomer-receptor inductive 
signal. This leaves only the conclusion that induction re-
quires some kind of lattice signal (aggregation) not suf-
ficiently extensive to completely encage the cell (freeze the 
membrane) and lead to paralysis. In other words, if it is 
assumed that monomers are inert in that they can neither 
induce nor paralyze (freeze the membrane) then the inductive 
signal delivered by an aggregate under the Howard-Mitchison 
formulation would be a paralytic signal under our formulation. 
The paralytic event under the Howard-Mitchison formulation is 
a blocking of induction most often by a "gumming-up" inter-
action and the inductive signal under our formulation is a 
consequence of associative recognition of antigen by the co-
operating system, [it is possible to argue under the Howard-
Mitchison formulation that monomers at saturating concen-
trations would block all receptors and create a state defi-
nable as "paralysis" but this would apply to a small number 
of self-monomers e.g. serum albumin, and to very few cases of 
experimental paralysis by monomers]. 

The Howard-Mitchison formulation of paralysis and in-
duction applies to B-cells, not to t^-cells, because, as 
they stress, B-cell paralysis is dependent on a "gumming-up" 
interaction while tc-cell paralysis can result from a mono-
mer-receptor interaction (Signal^)). This is very untidy 
because under the Howard-Mitchison formulation, 1) the same 
inductive events cannot operate in t^- and B-cells as the 
former may be paralyzed by monomers when the latter are in-
duced by aggregate; 2) the in vivo findings reflect the 
basic mechanism of tc-paralysis while the in vitro findings 
reflect that of B-paralysis; and 3) tc-paralysis is the con-
sequence of an intracellular signal initiated by a confor-
mational change in the bound receptor whereas B-paralysis is 
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a ridding of cells which have no internal clue as to why they 
are "effete". 

However, it is possible to accept untidiness and to 
insist that the in vitro result reveals the fundamental 
paralytic process in B-cells. This requires that one explain 
the in vivo findings by proposing mechanisms for properly 
aggregating monomers in vivo to make them immunogenic at one 
concentration and paralytic at another i.e. establishing 
paralysis. 

There are two classes of mechanism; those which are 
antibody-dependent and those which are non-antibody dependent. 

As a general mechanism non-antibody-dependent aggregation 
processes are ruled out under the Howard-Mitchison formula-
tion because they would have to distinguish between inducing 
and paralyzing aggregates as well as between self and non-
self monomers. In addition there is the general experience 
that in vivo, fragmentation, monomerization or deaggregation 
of antigens favors a paralytic response whereas polymeri-
zation of antigens favors an inductive response (19). Such 
a rule would not be expected if a random in vivo aggregation 
process were obligatory to establish paralysis because some-
times it would be more or less efficient than the experi-
mental aggregation process. 

Antibody-dependent aggregation mechanisms are ruled out 
also because this assumption requires that B-cell induction 
precede paralysis and monomers under the Howard-Mitchison 
hypothesis cannot induce B-cells. Further, maintenance of 
paralysis conditions are precisely those where anti-self 
B-cells arise and are paralyzed in the absence of humoral 
antibody as well as cooperating activity. Put with 
Dizzynessland clarity by Britton (ref. 19 pg 298) the Howard-
Mitchison formulation implies that, "the T-cell independence 
of the induction of B-cell tolerance is reflecting the T-cell 
dependence of synthesis of the antibody which will combine 
with the antigen in such a form that it becomes tolerogenic". 

B. TRY IT YOURSELF. 

If one tries to develop a model in which a low level of 
Signal(l)is inductive whereas an excess is paralytic, then it 
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is not possible to account for the competition between the 
paralytogen and the cross-reacting immunogen in the breaking 
of paralysis. This is in essence the Diener-Feldmann-Nossal-
Cohen and "under predictable protest" the Howard-Mitchison 
formulation. 

If one tries to develop a model in which a low level of 
Signal (?) is inductive whereas an excess is paralytic, then it 
is not possible to account for the difference between estab-
lishing and maintenance of paralysis. 

If one tries to develop a model in which Signal(J) only 
is used by tc-cells and Signal (?)only is used by B-cells then 
it is not possible to account for B-cell paralysis by non-
immunogenic antigens i.e. maintenance of B-cell paralysis 
(ref. 3 for discussion). This is the Coutinho-Möller formu-
lation. 

In general any models in which the paralytic and induc-
tive events follow independent pathways (18) require that t c-
and B-cells be induced and paralyzed by different mechanisms 
(3) and lead to situtations in which non-paralyzable cells 
are inducible. This latter would lead inevitably to auto-
immunity. Key to the Two-Signal model described here is 
that the paralytic Signal (l)is included in the inductive 
Signal Φ + φ so that no cell can be induced which could not 
have been paralyzed. 

C. T c vs T 1. 

The present formulation of regulation of class is based 
on there being two populations of cells, t 1 and t C. This has 
been sharply under dispute (ref. 19 pg 137) because markers 
other than function are not available. However, an argument 
can be made on function alone. First, when T^-activity is 
high, IgG synthesis is induced and cell-mediated immunity and 
IgM synthesis are suppressed. When the Tc-activity is low, 
cell-mediated immunity is induced and humoral antibody 
synthesis is inhibited. This inhibition is due to the T--
cell. Since the two activities are antithetical and induced 
under different conditions, the simplest assumption is that 
they are derived from the induction of two different t-cell 
populations, t* and t^. In fact at the moment it is possible 
to assume that inhibition and cell-mediated reactivity are 
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properties of one cell population, t (t ), and suppression 
and cooperative activity are properties of the other cell 
population, tS(tC). 

It is well to stress at this point that only too often 
one type of immune response is measured e.g. IgM synthesis, 
and this response can be inhibited by the T^-system which 
drives the response towards cell-mediated reactivity or 
suppressed by the T^-system which drives the response towards 
IgMG" synthesis. In order to analyze this feedback system 
CMI, IgM and IgG responsiveness must be studied. 

D. A CAUTION. 

The terms self and nonself are ambiguous and are used 
tautologously. There is no harm in this as long as we under-
stand it. A major constituent of membranes is lecithin which 
has glycerophosphorylcholine as a component. Mice respond to 
various antigens to produce anti—phosphorylcholine which re-
acts to agglutinate lecithin in suspension. They are there-
fore not "tolerant" to this self-component because the 
phosphorylcholine determinant is internal in the cell and 
only exposed on breakdwon of cells. In fact much of what is 
described as autoimmunity with no clinical symptoms could be 
an immune response to dying cells which in fact might be the 
mechanism of elimination of breakdown products from cell 
turnover. This could involve cell mediated lysis and via the 
present model of regulation introduce an "inhibition" of 
humoral responsiveness to cryptic "self-components". 

E. MORE HEAT THAN LIGHT. 

A leading Ivy League pathologist, performing a 
Newtonian transplant, (ref. 20 pg 471) refers to Τ cell re-
gulation as the immune system's "Second Law of thymo-
dynamics"; "that is to say for every Τ cell dependent 
augmentation there is an equal and opposite Τ cell suppres-
sion". 

If the biological role of this regulatory system is to 
determine the class of response, then it could not be true 
that increased T^-activity automatically engenders increased 
T^-activity. These activities must be antithetical to 
permit mutually exclusive stable states of CMI, IgM or Ig"G" 
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to be established i.e. high T^-activity means low In-
activity and vice versa. 

F. END GAME. 

To my mind the real strength of the present formulation 
is that paralysis-induction decisions are the main pathways 
of the self-nonself discrimination while "suppression"-
induction decisions are the main pathway of the regulation 
of the class of response. Thus biological sense is put into 
the phenomenology. 

The Two-Signal hypothesis as discussed here has the 
same relationship to immunology as the ideal law "PV = nRT" 
has to physical chemistry. Deviations from it enable one to 
understand the secondary or superimposed phenomena which are 
constantly encountered. The hypothesis itself is obeyed only 
under limiting conditions. 
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DISCUSSION 

R. CITRONBAUM: I have one suggestion and one question. 

I suggest that in this last experiment you add BCG X-ray 

treated cells; this would help to show that the T-cooperating 

system was involved Because T
c
-cells are X-ray resistant. 

My question Involves a chicken and egg-type situation which 

t believe I have asked you before, but perhaps in the year 

since then you have come up with an answer. Where does the 

first T
c
^cell come from? 

Ά. COHN: At the first Brook Lodge symposium on "Tolerance" 

the same question was asked by Gerry Edelman and I answered 

"Well t really don't know". He commented "Then you are in 

an infinite regress" which was published as "infinite mess" and 

I will never forget that phrase. This is obviously a key 

question, by the way, for any theory you may have. How 

does the immune system get started? In this model the best 

guess is that during ontogeny as anti-nonself t
c
 cells accum-

ulate there is a small leakage of associative antibody from 

them which reaches a level sufficiently high to permit 

induction by polymeric antigens (high affinity interactions). 

This induction of T
c
 cells primes the system. 

C. BELL: You mentioned that the increase in the level of 

the cooperating activity leads to a decline in IgM and to 

a switch from IgM to IgG. Can the IgM also be regarded as 

the associative antibody leading to an increase in the 

IgG production? How does your model reconcile with the 

possibility that the IgM synthesized by the few B-cells that 

can be activated directly by antigen may cytophi1ically bind 

to receptors on T-cells which then have an immunoregulatory 

effect on the remaining cells. According to Dr. Claman's 

model some T-independent antigens may directly act on B-cells 

and induce them to produce a small amount of surface IgM or 

secrete some IgG molecules. 

M. COHN: Essentially, you are asking two questions "why 

do so-called T-independent antigens give you only an IgM 

response?" and "what is the signal driving the switch from 

IgM to IgG?" 

C. BELL: I would like to know the answer to both questions. 

M. COHN: You switch classes when you increase the level 

of cooperating activity. For example, lets take a Benacerraf 
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experiment. He immunizes mice with S III which is a so-

called "thymus-ιndependent" antigen. He gets an IgM response 

only. He couples the S I I I to bovine gammaglobulin, and 

shows that immunization results in an IgG response. Effec-

tively he has increased the level of the cooperating activity 

by use of an îmmunogeneic carrier. Now to the first question: 

Why do so-called thymus independent antigens induce an IgM 

response only? The generalization is not correct. So-called 

thymus-independent antigens for the mouse:1) may induce an 

IgM response in the mouse and an IgG response in man (for ex-

ample, S tit) or be immunogenic (that is thymus-independent) 

for mouse and non immunogenic ( that is thymus-dependent) in 

the rabbit ( for example S i l l ) and 2 ) may induce in mice 

a tgM response only (for example dextran) or an IgG response 

(for example ficoll). The reason that certain antigens 

induce an IgM response only (S III or dextran) in mice must 

be related to their inducing and maintaining an intermediate 

effective level of cooperating activity. This would be an 

expected property of repeating non-metabolizable antigens 

which treadmill antibody. Essentially what I am saying is 

that the concentration of free antigen (immunogen) is kept 

so low during treadmilling that the effective activity of 

the cooperating system ts maintained at a level below that 

required to induce an IgG response. 
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THE USE OF MUTANT MYELOMA CELLS TO EXPLORE THE PRODUCTION OF 
IMMUNOGLOBULINS 
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Department of Cell Biology 
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Abstract: A method has been developed for identifying and 
quantifying mouse myeloma cells which have undergone 
mutations in immunoglobulin production. Such variants 
arise at a very high rate both spontaneously and with 
mutagenesis. Mutagenesis results in primary sequence 
variants which are blocked in a variety of steps in the 
synthesis, assembly, glycosylation, and secretion of H 
chains. These mutants can be used to investigate the 
production and genetic control of immunoglobulins. 

INTRODUCTION 

Studies carried out in a number of laboratories have pro-
vided a good general description of the synthesis, assembly, 
and secretion of mouse immunoglobulin (1,2,3). These studies 
have been done both with mouse myeloma and normal lymphoid 
cells. The molecular events involved in the production of 
IgG immunoglobulins are presented schematically in Figure 1. 
The immunoglobulin messenger is transcribed and processed in 
the nucleus, and transported into the cytoplasm where it 
becomes associated with membrane bound ribosomes to form the 
rough endoplasmic reticulum. There it is translated into 
heavy (H) and light (L) chains (1,2), which in mouse myeloma 
cells together represent 20 to 40% of the newly synthesized 
protein (4). These H and L chains are released into the 
cisternae of the endoplasmic reticulum and assembled through 
a variety of covalently linked intermediates into the fully 
assembled H2L2 IgG molecule. The H chains, and in some cases 
the L chains, are glycosylated in both the rough and smooth 
endoplasmic reticulum (5,6,7). Most of the immunoglobulin 
molecules are secreted relatively rapidly, but a small per-
centage is inserted into the plasma membrane and remains 
there for many hours (5,8). 
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The events depicted in Figure 1 raise a number of inter-
esting questions. Since the genes coding for H and L chains 
are unlinked (9), are approximately equimolar amounts of the 
two polypeptide chains synthesized? If so, what is the 
mechanism of coordinated control? We would also like to 
know what determines the kinetics, pathways, and complete-
ness of assembly, whether the carbohydrate plays any role in 
assembly or secretion, and why some molecules remain associ-
ated with plasma membrane while others are secreted? Most 
importantly, is there some way that we can use the highly 
differentiated and malignant myeloma cells which synthesize 
large quantities of a homogeneous immunoglobulin to learn 
something about the unique aspects of the genetic control of 
immunoglobulin production. For example, can we learn how two 
genes code for one polypeptide chain, why only one of the two 
alleles is expressed, or if there is any somatic contribution 
to the generation of antibody diversity? 

Attempts to answer these and other questions and to under-
stand the detailed mechanism responsible for each of the 
steps in production of immunoglobulin would be greatly facil-
itated if a series of mutants blocked at each step in the 
process could be isolated and characterized. Additionally, 
myeloma cells with mutations in the H or L chain genes would 
be very useful in studying the somatic cell genetics of 
animal cells since large amounts of the mutant gene products 
could be purified and characterized chemically. 

THE ISOLATION OF VARIANTS 

Mouse myeloma cells growing in continuous culture are 
cloned in soft agar. In order to obtain high cloning effi-
ciency, nearly confluent monolayers of primary, secondary, or 
tertiary rat embryo cells are used as feeders. These are 
overlayed with agarose in growth medium after which a single 
cell suspension of myeloma cells in very soft agar is layered 
on top of the base layer (Figure 2). With most cell lines 

ANTISERUM—* 
COLONIES—* 

BASE LAYER—* 
FEEDER CELLS—4 

Figure 2 
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50-100% of the myeloma cells form clones. When the growing 
clones contain 4-16 cells, a third layer of agarose contain-
ing high titre rabbit antiserum against mouse heavy chains 
is placed over the clones (Figure 2)· Two to three days 
later the plates are screened under medium power with an in-
verted microscope. Cells producing normal heavy chain con-
taining molecules secrete them into the surrounding agar. 
The antibody diffuses down into the agar to form a visible 
antigen-antibody precipitate which surrounds and obscures the 
clone (10). All colonies which are not surrounded by pre-
cipitate are presumptive variants and can be recovered from 
the agar, grown up to mass culture, and characterized bio-
chemically and serologically. 

Such presumptive H chain variants could have three dif-
ferent sets of defects: 1) loss of ability to synthesize H 
chains; 2) defects in assembly or secretion; and 3) the syn-
thesis and secretion of defective heavy chains which no 
longer react with the antiserum used. If antiserum against 
L chains is used, then cells with similar defects in L chain 
production can be identified. 

TYPES OF SPONTANEOUS VARIANTS AND THE FREQUENCY WITH WHICH 
THEY OCCUR 

When freshly isolated clones from the MPC-11 (IgG2b)> F3 
(IgG-L), MOPC-31 (IgGi) or CI (IgG2a) cell lines were examined 
for variants with antibody against H chains, 0.5 - 1% of the 
clones were unstained. Because of the unexpectedly high 
frequency of variants, fluctuation analysis (11) was carried 
out to determine if the variants arose spontaneously and the 
exact rate at which they were being generated. All three 
lines lost the ability to produce H chains at the rates of 
1-2 χ 10~3/cell/generation, o r o n e i n every thousand cell 
divisions resulted in a "mutation" (10). This enormous in-
stability of immunoglobulin production is also found in IgA 
and IgM producing mouse myeloma cell lines and seems to be 
peculiar to immunoglobulin production. The same cells be-
came resistant to four different drugs at a frequency of 
10~"6 - 10~7/cell/generation, which is many orders of magni-
tude lower than the spontaneous instability of immunoglobulin 
production (12). 

Over a hundred MPC 11 and P3 variants which had spon-
taneously lost the ability to secrete H chains have been 
examined by incubating with radioactive amino acids for intra-
cellular H chains. Short labelling times were used to rule 
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out synthesis and subsequent degradation. Antiserum raised 
against denatured H chains was used to increase the chance of 
precipitating fragments or molecules which had lost many of 
the normal antigenic determinants. No detectable H chains 
were found. We concluded that such spontaneously occurring 
variants were synthesizing less than 1/50 - l/100th of the 
amount of complete H chains produced by the parental H plus 
L chain producing cells (10,13). Eleven P3 variants synthe-
sizing only H chains and over thirty P3 and MPC 11 variants 
which no longer secreted either H or L chains were also 
studied and the missing chains were not detected intracellu-
lar ly. 

One of the non-producing variants has been examined in 
detail for L chain messenger RNA translatable in hetero-
logous cell free systems or hybridizable to cDNA (14). No 
messenger for complete L chains was detected. Revertants 
have also been sought and not found. Without revertants or 
mutant gene products it has not been possible to determine 
the mechanism responsible for these spontaneously occurring 
variants. 

VARIANTS ARISING THROUGH MUTAGENESIS 

In an attempt to find variants making defective gene 
products which could be characterized chemically, we have 
examined the effect of a number of mutagenizing agents on the 
types and frequency of variants. Ethylmethane sulfonate did 
not increase the frequency of variants. Nitrosoguanidine 
caused a 2-3 fold increase in variants. However, ICR 191, 
which is an acridine half mustard that causes frame shift 
mutations in microorganisms, caused a very significant 
increase in variants (12) (Table 1)· Melphalan, a phenyl-
alanine mustard used in the treatment of human multiple 
myeloma, is also an effective mutagen (15) (Table 1). Most 
of the mutagen induced variants resembled those that occur 
spontaneously in that they have lost the ability to synthe-
size one or both of the immunoglobulin polypeptide chains. 
However, 30-40% of the unstained clones continued to synthe-
size H chains which were chemically and serologically dif-
ferent from those produced by the parental cells. Twenty 
such mutants with changes in the primary sequence of their 
heavy chains have been studied in more detail (16,17). The 
general serological and chemical characteristics of three 
representative primary sequence mutants are summarized in 
Table 2. 
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TABLE I 

Effect of mutagens on the incidence of variants 

Mutagen 
(yg/ml) 

% Cell 
survival 

Incidence of 
variants % Variant Ρ 

ICR 191 0 
1 
2 
4 

100 
60 
25 
<1 

18/2104 
56/3635 
110/3404 
15/229 

0.86 
1.54 
3.24 
6.55 

0.016 
<0.001 
<0.001 

Melphalan 0 
.2 
.4 
.6 
.8 

100 
32 
28 
16 
9 

17/3777 
31/2336 
100/5926 
55/2961 
31/1298 

0.45 
1.33 
1.65 
1.86 
2.39 

<0.001 
<0.001 
<0.001 
<0.001 

Briefly summarized, the variants fall into two groups. 
The first set synthesize short Η chains ranging in different 
variants from 39,000 to 50,000 daltons compared to 55,000 
daltons for the parent. Those presented in Table 2 all have 
the same variable region antigenic determinants (idiotype) as 
the parent but others not shown are either less reactive or 
not reactive with idiotypic antibody (18). When examined 
with antibody against denatured Η chains, all of the short 
chain variants lack some of the antigenic determinants found 
on the parent and this is confirmed by their lack of re-
activity both with antibody against the Fc region of the 
parent and with antibody against the lgG2h subclass specific 
determinants of the parent (Table 2)(16). Comparison of 
tryptic-chymotryptic digests of the variant and parental Η 
chains reveals that most of the 35 peptide peaks visualized 
are identical but that 4-6 of the peaks present in the parent 
are missing from the variant and a few new peaks are detected 
in the variant (16). When a 39,000 dalton Η chain is com-
pared to a 50,000 one, they both lack some of the same 
peaks but fewer are missing from the larger chain. Further-
more, we have observed the conversion of a variant synthe-
sizing a 50,000 dalton Η chain to one synthesizing a 39,000 
dalton Η chain. Dr. Birshtein is currently carrying out 
detailed structural studies on these variants and one possible 
interpretation is that these short chain variants are miss-
ing the C-terminal portion of their Η chains. A similar type 
of variant has been reported to have arisen spontaneously in 
the P3 cell line (20). 
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The second set of variants synthesize normal size or 
large (75,000 dalton) heavy chains. Again the ones described 
in Table 2 have the same idiotypic determinants as the parent 
but others are less reactive (18). Like the short chain 
mutants, these lack antigenic determinants thought to be 
located in the C-terminal portion of the H chain. However, 
the distinguishing characteristics of these mutants is that 
they have not only lost the IgG2b subclass specific deter-
minant found in the parent but have also acquired antigenic 
determinants distinctive for the IgG2a constant region gene 
which was not expressed in the parent. Instead of lacking 
only a few of the tryptic-chymotryptic peptides of the parent, 
less than half of the parental peptides are found in these 
112a positive" H chains. Amongst the many new peptides seen, 
at least five are present in another Tg^a ^ u t n o t * n o t n er 

IgG 2b heavy chains (Table 2)(17). Different 2a positive 
mutant H chains all differ from each other by peptide analy-
sis. The L chains of all of the variants so far studied are 
identical with parent by peptide maps. 

The phenotypes of all of these primary sequence variants 
as well as of all of the other MPC 11 and P3 variants 
characterized so far are presented in Table 3. These variants 
can be used to begin to answer some of the general questions 
raised earlier. 

COORDINATION OF H AND L CHAIN SYNTHESIS 

As already noted, H and L chains are synthesized in large 
amounts by the mouse myeloma cells. For example, the MPC 11 
IgG2b producing cell line devotes 20-25% of its protein 
synthetic activity to the production of H and L chains. In 
absolute terms, these cells are synthesizing 3.6 pg of immuno-
globulin/cell/hr or approximately a million H and L chain 
molecules/cell/min. (21). Since there are a limited number 
of constant region genes in each cell (see elsewhere in this 
volume) and probably only one constant region gene is being 
expressed, this amplification of H and L chain synthesis is 
not due to gene reiteration. Although the H and L chain 
genes are not linked (9), relatively equal numbers of the two 
chains are synthesized. For example, when 18 mouse myelomas 
were examined, 13 synthesized a significant excess of L 
chains while 5 produced exactly equimolar amounts of H and L 
chains (4,22).A heterogeneous population of normal lymph node 
cells synthesized 1.6 times as many L chains as heavy chains. 
Since cloned populations of myeloma cells produce the same 
excess of L chains as the whole population it is unlikely 
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that the excess L chains are produced by cells that are not 
synthesizing H chains. In fact we have ruled out this pos-
sibility by directly measuring the number of cells producing 
only L chains in the culture (21). 

TABLE III 

Types of variants of IgG producing mouse myeloma cells 

1. Synthesis variants 

a. loss of heavy chain 
(L chain producer) 

b. loss of light chain 
(H chain producer) 

(non producer) 

Primary sequence variants 

a. short chain 

inducing 
agent 

spont. 
NTG 
ICR 191J 

spont. *\ 
NTG 
ICR 191J 

number 
P3 MPC-11 

hundreds 

11 

c. loss of heavy & light chain spont. 
NTG I 
ICR 191J 

selective decrease of heavy spont, 
or light chains 

ICR 191 
Melphalan 

spont. 

b. change in subclass 

Assembly and secretion variants 

a. secondary to 1 and 2 

1. decreased rates of assembly 
2. blocks in assembly 
3. blocks in secretion 
4. changes in carbohydrate 

ICR 191 
Melphalan 

30+ 

12 

1 

5 
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These findings raise the question of whether the synthe-
sis of either chain depends upon the synthesis of the other 
chain. In the P3 cell line this is certainly not true since 
we have been able to isolate many variants which have lost 
the ability to synthesize either H or L chains (Table 3) (12, 
23). Those P3 clones that have lost the ability to synthe-
size H chains continued to produce approximately the same 
amount of L chains as the parent. When initially isolated, 
the H chain producing variants also continued to synthesize 
the same amount of H chain as the parental cells. However, 
within weeks synthesis decreased from approximately 5% of the 
cell protein to 0.5% and then was maintained at that level 
(23). The H chains synthesized in the absence of L chains 
were assembled into H chain dimers but were neither degraded 
nor secreted (23). We have been unable to obtain H chain pro-
ducing variants from the MPC 11 cell line but the L chain 
producing variants also continue to synthesize the same amount 
of L chains as the parental cell lines (Table 3) (21). In 
fact, variants which synthesize complete H chains but no L 
chains have not been observed in human myelomas and have so 
far been reported only in the P3 (21) and MOPC-460 mouse 
myelomas (24). It is possible that such variants occur fre-
quently but that in most cells the synthesis and intracellular 
accumulation of large amounts of relatively insoluble H 
chains is lethal. In the P3 cells, the intracellular ac-
cumulation of free H chains appears to result in decreased 
H chain synthesis, perhaps through a translational mechanism 
such as that suggested by Stevens and Williamson (25) or more 
likely through selection. Those human cells which synthe-
size only H chains always produce fragments (26) which are 
presumably more soluble than the intact H chain. 

It is of interest that the CI cell line, which synthe-
sizes exactly equimolar amounts of H and L chains, does not 
appear to convert to either H or L chain producers but 
rather simultaneously loses the ability to produce both chains 
(12). It is possible that in this cell line there is either 
a linkage of the genes or a very tight coordination of H and 
L chain synthesis (27). 

Those variants that have lost the ability to produce one 
or both chains provide an additional insight. In the H plus 
L chain producing parent the percentage of membrane associ-
ated ribosomes corresponds to the percentage of immuno-
globulin produced. In those few variants studied so far, the 
loss of immunoglobulin production is not associated with a 
corresponding loss of membrane associated ribosomes. This 
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suggests that the continued synthesis of secreted protein is 
not necessary for the maintenance of an extensive rough 
endoplasmic reticulum (28). 

Our preliminary conclusion from these studies is that the 
synthesis of either immunoglobulin chain is not dependent on 
the continued synthesis of the other chain. In the case of 
H chains, L chain synthesis may be required if H chain synthe-
sis is not reduced by some translational or transcriptional 
control, but L chain synthesis is probably a secondary re-
quirement to maintain cell viability. The regulation of the 
amount of membrane associate ribosomes may be separable from 
the synthesis of secreted proteins. 

ASSEMBLY, GLYCOSYLATION AND SECRETION 

By comparing a number of mouse myeloma tumors synthe-
sizing the different subclasses of IgG, we were able to show 
that different subclasses had different predominant covalent 
and non-covalent pathways of assembly (29,30). Since the L 
chains of all of these tumors were of the kappa subclass but 
the H chains differed in their constant regions, it was con-
cluded that the amino acid sequence of the H chains deter-
mined the pathway of assembly (29,30). Within each subclass, 
different tumors showed different kinetics of assembly. 
These variations could have been due to different variable 
regions producing differences in the complementarity of the 
H and L chains or to some property of the cell. Through 
careful examination of the primary sequence variants we have 
isolated, it should ultimately be possible to obtain a 
clearer understanding of the structural features that deter-
mine the pathway and kinetics of assembly. The potential of 
this approach is illustrated in part by Figure 3. 

Here we have incubated cells from the parent (P), a short 
H chain mutant (M3.11) and a 2a positive mutant (M2.24) 
with radioactive amino acids for 10 min. and then examined 
the labelled intracellular immunoglobulins by specifically 
precipitating them from the cytoplasmic lysate of the cell 
and analyzing them on SDS containing acrylamide gels. Since 
the SDS does not disrupt the disulfide bonds and the mole-
cules separate based on their size, we can examine the inter-
mediates in the assembly process and estimate the kinetics 
of their polymerization (31). Following the 10 min. label-
ling period, the incorporation of radioactive precursors was 
stopped by "chasing11 with a large excess of unlabelled amino 
acids and the medium was examined for secreted material 3 hrs 
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later. Since its H chains are smaller than those of the 
parent (middle panel Figure 3), all of the molecules of 
M3.11 are also smaller. 

Figure 3 

The other major differences are: 1) M3.11 does not form 
i.e. inter-H chain disulfide bonds are not formed prior to the 
inter H-L chain disulfide bonds; 2) large amounts of HL are 
secreted providing additional evidence for a block in the 
formation of the inter-H chain disulfide bonds; and 3) there 
is a double band for both HL and H chains. This double band 
is due to the non-glycosylation of a significant percentage 
of the M3.11 H chains (32). Since H2L2 and HL both contain 
non-glycosylated H chains, the carbohydrate moiety on the H 
chains does not seem necessary for the assembly of this 
mutant H chain. Furthermore, since the non-glycosylated HL 
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molecules are secreted with the same kinetics as the glyco-
sylated ones, carbohydrate is not necessary for secretion of 
H chain containing molecules (32). 

M2.24, the 2a positive variant, has a normal sized H 
chain but differs greatly in sequence from the parental H 
chain (Table 2). HL, which is the distinguishing precursor 
in the assembly of the parental IgG2 D protein (29,30), is not 
a precursor of the M2.24 molecule. This is true of normal 
!êG2a Proteins (29,30)confirming that the sequence of the H 
chain is crucial in specifying the pathway of assembly. In 
addition, after 10 minutes of labelling, less H0L2 has been 
formed in the M2.24 variant than in the parent (17). Since 
we now have a number of short chain and 2a variants (Table 4) 
each of which differs from the others in its pattern and 
kinetics of assembly, glycosylation, and secretion, it should 
be possible to study the subtleties of these processes in 
great detail. 

GENETIC CONTROL OF IMMUNOGLOBULIN PRODUCTION 

As already noted, the most provocative finding in all of 
these studies is the unusually high rate at which variants 
occur and the increase in this frequency produced by certain 
mutagenizing agents. Those variants which have lost the 
ability to synthesize one or the other polypeptide chains 
could have arisen through chromosome loss, through some 
epigenetic change similar to those responsible for differ-
entiation, or through true mutation resulting in the changes 
in the DNA sequence of structural or regulatory genes. These 
possibilities are being investigated by analysis of somatic 
cell hybrids in an attempt to complement these defects. In 
contrast the H chain primary sequence variants have the 
characteristics of true mutants: they arise through muta-
genesis, are stable, and produce a gene product with a change 
in its amino acid sequence. 

A detailed consideration of these primary sequence mutants 
should provide some insight into the structure and control of 
the immunoglobulin genes. Since the short chain mutations 
may be C-terminal and are produced with frame-shift agents 
(33), the most likely explanation is that a frame shift 
mutation has occurred in the Fc region with the production of 
a nonsense mutation and the resulting premature termination 
of the polypeptide chain. Needless to say, other possibil-
ities such as a deletion in the C-terminal portion of mole-
cule will have to be ruled out by detailed structural analysis 
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The mutants that have switched to producing a 2a positive 
H chain are most easily explained by considering a shematic 
presentation of the part of the genome containing the H 
chain constant region genes (Figure 4). 

MPC-11 

V i V 2 V x „ I g M Ig A I g G | V I g ^ b I g ^ I g G 3 

This drawing is based on Gaily and Edelman1s conception of 
the genome (34). Of course the order of the constant region 
genes is not known nor is it clear whether other genes or 
spacer sequences are interposed. Gally and Edelman (34) have 
suggested that one of the many available variable region 
genes is translocated from a neighboring region of the 
genome onto a constant region gene which in the case of 
MPC 11 codes for the IgG2b subclass. Assuming the correct-
ness of this thesis and using precedents from microbial 
genetics, there are three mechanisms which could explain the 
2a positive mutants. First, the MPC 11 variable region gene 
could be "translocated" from the 2b to the 2a constant region 
gene. This would predict that all of the 2a positive mutants 
would have identical sequences since they would all reflect 
the same MPC 11 variable and IgG2a constant region. Since no 
two of these variants are the same by peptide analysis, this 
mechanism is unlikely. 

The second possibility is that a deletion has occurred 
between the 2b and 2a constant region genes with the loss of 
termination and a read-through into the adjoining 2a gene 
(35). The size of the deletion might vary yielding differ-
ent size mutant gene products (i.e. the 75,000 dalton protein, 
Table 2). This mechanism predicts polarity. For example, 
if the scheme presented above were correct, a 2b myeloma 
could acquire part of a 2a gene, or less frequently part of a 
lgGQ gene but should never acquire parts of any of the genes 

Figure 4 

VARIABLE 

REGIONS 

CONSTANT 

REGIONS 

122 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

to its left in Figure 4. If one starts with a Tg*^ myeloma 
such as LPC-1, where the LPC-1 variable region is associated 
with the 2a constant region gene, it should never convert to 
the 2b subclass but only to the IgGß subclass etc The 
polarity of such subclass switches can be tested and if 
deletions and read-throughs are occurring they would allow 
us to map the constant region genome. 

The third and probably the most likely mechanism would 
require mismatching of DNA and crossing over between homolo-
gous tandem genes. This crossing over could be equal or 
unequal resulting in different size recombinant genes and 
gene products. This sort of mechanism is thought to give 
rise to Lepore type hemoglobins (36). Expression of such 
recombinant gene products would not show polarity but would 
reflect either the distance between genes or the degree of 
base homology between the different constant regions. In 
fact Kunkel and Natvig (37,38,39) and their colleagues have 
reported a series of "hybrid" human immunoglobulin molecules 
and suggested that they arose through crossing over. This 
recombinational mechanism raises other interesting possibil-
ities. Since only one of two possible alleles is expressed 
(40), crossing over between allelic chromosomes could lead to 
non-exprèssion and explain the high incidence of variants 
which have lost the ability to synthesize H chains. Crossing 
over between sister chromatids could lead to the 2a type 
variants described. 

There are of course other possible mechanisms to explain 
the 2b to 2a switch including the turning on of normally 
unexpressed constant region genes (41). These and other 
possibilities can only be resolved by the isolation and 
detailed characterization of a large number of mutants. 

CONCLUSION 

A method for isolating mouse myeloma cells which have 
undergone mutations in immunoglobulin production has been 
developed. A variety of mutants have been isolated, their 
frequency determined, and some of their biochemical proper-
ties described. The detailed characterization of such 
mutants should provide a deeper understanding of the synthe-
sis, assembly, and secretion of immunoglobulin. Examples of 
the preliminary steps toward such insights are presented here 
and will also be described by Milstein in the following 
chapter. Further studies should also allow us to determine 
whether the high mutation rates observed are due to one of 
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the unusual aspects of the genetic control of immunoglobulin 
and provide information on the organization of the immuno-
globulin genes. 
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DISCUSSION 

G. KOCH: You mentioned transcriptional control and processing 

as a means of synthesizing îmmunoglobîns up to a level of 

20% of the total protein synthesis. I want to propose an 

additional way involving control at the translation level. 

Dr. Nuss in our laboratory, has shown that modification of 

the growth medium increases the amount of immune protein 

synthesized up to 30% of the total protein and significantly 

changes the ratio of L-chains and H-chains produced. This 

indicates that the mRNA for îmmunoglobîns is translated under 

conditions which block translation of host mRNA. 

M.D. SCHARFF: That is what I was alluding to when I referred 

to the papers by Stevens and Williamson. They never reported 

30% of the protein was îmmunoglobîn, but they showed you 

could change the ratio of heavy and light chains being made, 

that you could selectively decrease heavy chains synthesis 

and that you could get changes in îmmunoglobîn synthesis 

and they ascribed this to a translational control. However, 

to say that there is a translational control is not to specify 

the mechanism by which the îmmunoglobîn synthesis is amp-

lified. My reading of the amount of messenger present is 
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that in a myeloma tumor or cell line there is enough 

messenger to code for the amount of immunoglobin that is be-

ing made. I think that what you say is very interesting, 

that one can exert translational modulation superimposed on 

other controls, but the initial amplification still must 

result in the synthesis of enough messenger to make the 

immunoglobin and I guess that has to be either transcription 

or some sort of processing. 

G. KOCH: Of course, I agree with that. I don't want to say 

that you don't have transcriptional control. I would suggest, 

however, that the mRNAs for immunoglobin have a higher 

affinity for ribosomes than do other mRNAs and that this 

also provides amplification for the synthesis of immunoglobins. 

S. RAAM: You mentioned that you have worked with IgM se-

creting murine tumor cells. Did you come across any mu-

tants with regard to J-chain biosynthesis and assembly? 

M.D. SCHARFF: The answer is that we have not looked, because 

we have not been able to make antiserum against J-chain. 

However, it has been reported by Kaji and Parkhouse that IgG 

producing cells, as well as IgM and IgA producing myelomas, 

synthesise the J-chain found in the polymers of IgA and 

IgM. 

R. SCHULMAN: Have you looked for reversion of short chain 

mutants by base analogs? 

M.D. SCHARFF: I should have said something about that. Vie 

have not found a revertant anywhere. We tried to revert the 

original mutants with the mutagenizing agent that we used to 

produce them, and also with other agents, but in no case 

did we obtain reversion. There is a problem as to what one 

calls a revertant. We have found phenotypic changes. For 

instance, a variant that does not secrete and makes heavy 

chain of 50 χ 1θ3 can begin to secrete spontaneously. After 

it starts secreting, however, it makes heavy chains of 39 x 

1θ3, which for some reason or other, the cell is able to se-

crete. We have not found a legitimate structural revertant 

that has achieved a normal size chain. 

C. BELL: Do you know whether the different synthesising 

capacities of the parental type myeloma cell synthesising 

H 2 L 2 and the subsequent variants synthesising or secreting 

HL or H2 are due to different mRNA's or to some other con-

trol mechanism preventing translation of mRNA in these 

variants? 
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M. D. SCHARFF: The only thing that we know is that in the 

cells that have lost the ability to make heavy and light 

chains Kuehl and Leder have failed to detect light chain 

messenger that has the same size as the parent. It could 

not be detected by either hybridization or translation. 

We know nothing about heavy chain messages. 

E.A. KABAT.Have you found any evidence of V-region mutants? 

M.D. SCHARFF: When we saw the high mutation rates we hoped 

that we were going to prove the somatic generation of anti-

body diversity. However, all the variants that I have de-

scribed to you are in the constant region. By using antigens 

in the overlay to look at antigen binding myelomas, we 

have found some myelomas which secrete immunoglobins normally 

but no longer bind the antigen. One would guess that these 

haye defects in the variable region. If we are finding 

variable region mutants they are not arising at much higher 

rates than constant region ones. I have one qualification. 

I have told you mainly about deletion mutations. We have 

not found any stngle amino acids substitutions so far. Al-

though we have looked with the correct mutagenizing agents, 

our assay for finding them might well miss them. I think that 

is an important qualification because it could be that there 

are variable region changes occurring which we are not picking 

up either by isoelectric focusing or by defects in the assembly 

or secretion. 
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IMMUNOGLOBULIN GENES IN A MOUSE 
MYELOMA AND IN MUTANT CLONES 

C. Milstein, K. Adetugbo, G.G. Brownlee, N.J. Cowan, 
N.J. Proudfoot, T.H. Rabbitts and D.S. Secher 

MRC Laboratory of Molecular Biology, 
Hills Road, Cambridge, England 

The requirements of multiple V-genes for the generation 
of antibody diversity was an inescapable corollary of the 
description of the three basic sequences of human kappa 
chains (1,2), Since the C-regions of the same chains were 
coded by single Mendelian genes (3,4) an integration 
involving V. and C-genes had to be postulated by both germ 
line and somatic mutation theories. A two genes-one polypep-
tide hypothesis had been previously proposed as an ad hoc 
solution to the paradox posed by the germ line theory of 
antibody diversity (5)· 

It soon became obvious that the pattern of diversity was 
different in different species. An expansion-contraction 
evolutionary model was proposed to explain the emergence of 
such differences (6). But an expansion-contract!on evolu-
tionary process could also be applied to explain the presence 
of well defined sub-groups in a germ line model of antibody 
diversity (7). Increasingly elaborate arguments almost 
exclusively based on protein sequence data become somewhat 
repetitive. Like Gally (8), we also became "weary of 
theoretical arguments, which are beginning to become a bit 
stale by now" and in recent years we attempted new approaches 
which could give a further insight into the genetic control 
of antibody diversity. The first line of attack was the iso-
lation and chemical characterisation of mRNA suitable for 
studies of gene dosage by molecular hybridisation procedures. 
The second was a study of the clonal diversification of a 
myeloma cell line in tissue culture. This paper describes 
the progress made so far in our studies on a permanent tissue 
culture line (9) of the mouse myeloma MOPC 21. 

Immunoglobulin mRNA 

We consider that our structural studies on the light 
chain mRNA are sufficiently advanced to permit the unambig-
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uous statement that there is one continuous mRNA molecule 
which codes for both the V- and Cregions of the light chain 
(10). The possibility of the V- and C-regions being trans-
lated from two separate mRNA molecules had been a matter of 
considerable speculation and we would like to summarise the 
structural evidence for the presence of a single mRNA. 

The light chain mRNA can be chemically identified by the 
presence of nucleotide sequences (11) which correspond to 
sequences predicted by the genetic code and the known amino 
acid sequence (12) of the protein. Our original analysis has 
been extended to 25 Tl oligonucleotides ranging from 8 to 
about 45 bases (10). These account for about 345 nucleotide 
residues which represent one third of the length of the 
molecule (excluding the 200 residues of A at the 3* end). Of 
these, 194 bases have been assigned to the coding region 
accounting for 65 amino acids out of a total of 214 of the 
light chain. Sequences from both V- and C-regions are 
included, as shown in Fig. 1. The other 150 nucleotides were 
present in nine oligonucleotides larger than eight residues 
which could not be fitted in the amino acid sequence. If the 
preparation is pure, these oligonucleotides should be part of 
the non-coding region of the light chain mRNA, presumably 
located at the 5' or the 3' end. Those which are located at 
the 3' end should be nearer to the poly(A) sequence than any 
of the oligonucleotides which have been assigned to the 
coding region. This linear arrangement was investigated by 
introducing random breaks in the 32p-mR]sjA by means of alkali 
digestion. The population of fragments was fractionated by 
sucrose gradient centrifugation and oligo(dT) chromatography. 
The fraction of about 6S which contained poly(A) was then 
studied by fingerprint analysis (Fig. 2). This showed the 
presence of almost all the oligonucleotides assigned to the 
untranslated region, in variable yields. Since all the frag-
ments in the population start at poly(A) but differ in total 
length, the yields of oligonucleotides will be inversely 
proportional to their distance from the poly(A). Most of the 
nucleotides assigned to the coding region were totally 
absent. Trace amounts of oligonucleotides tl8, tl9 and t4 
were, however, detectable. As expected, these are the coding 
oligonucleotides nearest to the poly(A) region (see Fig. 1). 

A different approach to define the 3' end of the mRNA 
involved the sequence analysis of complementary 32p«labelled 
DNA (32p-cDNA). This was prepared by reverse transcription 
of mRNA by DNA polymerase I from Escherichia coli (13) primed 
by oligo(dT)i2* By this procedure, a unique sequence of 52 
bases adjacent to poly(A) could be established and is shown 
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•
s
i
s
A
T
O
j
p
X
q
 
a
u
T
i
B

>
iiB

 
T

B
irjJ

B
d 
A
q
 p
a
J
B
d
a
j
d
 
u
o
i
r
p
B
J
j
 

S9 
S

u
iU

T
B

4
U

o
o

-(v
)
^
l
o
d
 
a
q
^
 j
o
 r^saSip 

a
s
B
^
 
ιχ
 

aqi
 
j
o
 uoirjoBjj

 T
B
u
o
t
s
u
a
u
n
p
-
O
A
x
 
·
£

 
#§

T
J
 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

cDNA (HO)G-A-T-T-A-T-A-A-A-C.T-A-C-A-G-C-G-T-C-T-T-T-T-A-T-A-

mRNA C-U-A-A-U-A-U-U-U-G-A-U-G-U-C-G-C-A^G-A-A-A-A-U-A-U-l 
8 6 -

A-G-T-T-A-T-T-T-C-A-C-T-C-A-G-A-A-A-C-G-T-G-A-A.C-G Τ Τ, 0 

η 12 
U-C.A.A-U-A-A.A-G-U-G-A-G-U-C-U-U-U-.G-C-A-C.Ü.,U-G,C A (OH) 

6 • « » ' - 52 — 51 n 

25 U · Α
κ 

f c - u 
G ' * 

u u 

ο υ 18 
A G 

G » C 

U · Α 

G # C 

A · U 
I J 

; + Α - Α - υ - Α - A · U - G - C - p o l y A 

C 
U 

25 
\ f 
C « G 
I I 
C » G - C 
I I 
C * G - U 
I I 

C * G 
I I 

A . U 19 

A - G « C - U - } - A - A - U - A " - A « U - G - C - p o l y A | 

Fig. 3. Sequence of cDNA transcript of MOPC 21 light 
chain mRNA. The complementary mRNA sequence is shown to 
contain Tl oligonucleotides which correspond to previously 
identified products of the 32p-mRNA fingerprint. A possible 
secondary structure of this section of the mRNA is shown 
below (a) and is compared with the homologous section from 
ß-globin mRNA isolated from rabbits (b). 

135 



G . M I L S T E I N et al. 

in Fig. 3. The sequence derived contains the complement of 
four Tl oligonucleotides which had been previously assigned 
to the 3' end of the mRNA. These oligonucleotides occurred 
in good yields (Fig. 2). The linear arrangement indicated by 
the fingerprint analysis of the mRNA fragments obtained by 
partial alkali degradation and the sequence analysis of the 
32p_cDNA were in complete agreement. 

It could still be argued that there are two molecules 
with identical sequences at the 3' end. If so, the oligonu-
cleotides assigned to the 3' untranslated region should occur 
in twice the molar yield to those oligonucleotides derived 
from either the V- or the C-region. Molar yields have been 
measured and gave no such indication (14)· This, together 
with the fact that a unique sequence at the 3' end of the 
mRNA was deduced shows that there is only one major molecular 
component. Since both V- and C-region oligonucleotides are 
present in the same preparation, it follows that they occur 
in a single, integrated, mRNA. 

The results obtained by these experiments permitted a 
linear diagram of the mRNA to be drawn, as shown in Fig. 4. 
The length of the 3· end between the light chain coding 
sequence and the poly(A) was estimated by two procedures 
(Fig. 2) to be between 150 and 250 bases, while the 5' un-
translated region was derived by difference (10). The 
diagram shows 642 bases coding for the light chain and about 
400 extra bases (the amino acid sequence of Ρ is not known). 

-1,250 (±100)-

ί Ä 321 H- 321 +—200—+—200—Η i i i ! t i t I I I · I I I 
h H î î ; î Ϊ3'ΟΗ 
5'UT Ρ V C 3'UT POLY A 

- - C 
• - Β cDNA 

Fig. 4. Diagrammatic representation of the mRNA for the 
L-chain of M0PC 21. The figure also shows the size classes 
of cDNA used for hybridisation studies. The heterogeneity of 
the poly(T) tract was experimentally shown to span from 14 to 
70 bases. 
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If, on the other hand, the V- and C-regions occurred on two 
different mRNA molecules, each containing 1,250 bases and 200 
residues in a poly(A) sequence at the 3' end, the number of 
bases coding for V- and C-regions in each would be 321 and 
the rest (730 bases in each) would occur as extra bases. In 
the mixture the total number of bases coding for light chain 
would be 642 while the extra bases would be about 1460. One 
would therefore expect on average to find more bases in 
oligonucleotides which do not fit the amino acid sequence 
than oligonucleotides which do. Clearly this is not so, 
since in Tl oligonucleotides larger than eight residues we 
account for 195 bases in the translated region (Fig. 1) and 
so far only 150 which are not translated as light chain. 

Number of Genes 

One of the main reasons for the studies above was to 
provide a firm basis for RNA(or cDNA)-DNA hybridisation 
studies to determine the reiteration frequency of immuno-
globulin genes. We (15), and others (16,17), have shown that 
the hybridisation of L-chain mRNA from several sources to 
cellular DNA is biphasic. Such biphasic profiles could 
result from single species of mRNA containing segments which 
hybridise with repetitive and non-repetitive genes respec-
tively. The unique genes could represent the C-region while 
the repetitive could represent parts of the V-region or 
untranslated sections. Such profiles could also result from 
mixtures of molecules, some of which hybridise to repetitive, 
and others to non-repetitive genes. That the first interpre-
tation was correct was suggested by the fact that cDNA copies 
prepared with reverse transcriptase fail to show the repeti-
tive component (18,19,20,21). The implication that the 
repetitive component was a segment located beyond the trans-
cribed 3' end of the mRNA was indicative of the existence of 
very few or unique genes for the C-region. The cDNA trans-
cripts were, however, too short to permit speculations about 
the participation of the V-region in the profiles. 

In the previous section it was shown that transcription 
of mRNA primed by oligo(dT)12 starts in the poly(A) region. 
The longer transcripts will therefore include increasing 
sections of the mRNA towards the V-region and the 5' untrans-
lated end. By suitable fractionation procedures (described 
in detail in ref. 21) three size classes were prepared as 
shown schematically in Fig, 4. A number of detailed studies 
were made to describe the cDNA populations accurately. These 
included size determination on denaturing gels, using 
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restriction fragments from 0X 174 as markers and determina-
tion of the length of oligo(dT) tracts (by depurination and 
gel electrophoresis) to estimate the extent of poly(A) trans-
cription. 

The cDNA populations were used to measure the rate of 
hybridisation with nuclear DNA. Figs. 5 and 6 show the 
results when hybrid formation was measured by hydroxyapatite 
fractionation and by SI nuclease digestion respectively. 
What emerges clearly from these profiles is that the biphasic 
kinetics characteristic of the intact mRNA can only be 
obtained when the largest of the cDNA populations is tested 
by hydroxyapatite. To interpret the results, it is important 

Log Cot 

Fig. 5. Hybridisation of the three size classes of 
cDNA to excess myeloma nuclear DNA measured by hydroxyapatite 
fractionation. cDNA fractions Α-Ο- , B-#- and C -ώ- as 
shown in Fig. 4. Zero points shown at bottom right hand 
corner. For experimental details see (19)· 
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Log Cot 

Fig. 6. Hybridisation of cDNA to excess myeloma DNA 
as measured by SI nuclease digestion. Other details as 
Fig. 5. 

to remember that SI nuclease digests single stranded regions 
while hydroxyapatite retains partly hybridised molecules. 
The single stranded tails are therefore computed as hybrids 
by hydroxapatite analysis but not by SI nuclease resistance. 

Fraction Β does not show the repetitive component and 
contains a considerable proportion of the V-region. About 
70% of the molecules of fraction Β are of sufficient length 
to include enough V-region to form stable hybrids. As we 
estimate that the purity of the cDNA is 50% or better, the 
percentage of cDNA retained by hydroxyapatite through hybrid-
isation to V-genes will be at least 35% (70% χ 50%). Even 
assuming that our preparation is only 30% pure (instead of 
50%) and only 50% (rather than the 70% value given above) 
contains hybridisable V-region, the putative repetitive 
component should have been 15% of the hydroxyapatite pattern 
and hence easily detectable. The conclusion that the V-
region gene for MOPC 21 light chain is not repetitive seems 
inescapable. The fact that the rapidly hybridising component 
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was detected in fraction A and then, only when analysed by 
hydroxyapatite, was reassuring. It indicates that the 
repetitive component is present in only about 25% of the 
longest copies and is only a small fragment (and for that 
reason not detected by SI resistance) located at or near the 
5f end of the mRNA template. We conclude that the repetitive 
component is not due to hybridisation to repetitive V-genes 
which are similar or identical to the one coding for MOPC 21. 

Another line of evidence which points to the same 
conclusions was obtained by preparing large fragments (about 
12S) of 32p-mR]siA after partial alkaline digestion which were 
retained by oligo(dT) columns. Such fragments lack, there-
fore, the 5f end region. In agreement with the previous 
results they lose the repetitive component (Fig. 7). 

The hybrid formation measured by SI nuclease gave a Cotf 
of about 1,000. This is the expected value for single copy ̂  

Log Cot 

Fig. 7. DNA excess hybridisation of P-L-chain mRNA 
fragments. Partial alkaline digested 32P-mRNA was fractiona-
ted by size and by oligo(dT) chromatography. — ώ — 12S and 
— O — 6S poly(A)-containing fragments; — · — 6S non-poly(A)-
containing fragment. 
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genes under our experimental conditions. The reasons for the 
higher values obtained with hydroxyapatite have been investi-
gated and fully discussed elsewhere (21). We have concluded, 
therefore, that within experimental error there is a single 
gene which codes for both V- and C-regions of M0PC 21 light 
chain* A similar conclusion, based on competition experi-
ments, has been indicated for the light chain of the M0PC 70E 
myeloma (22). If we generalise, we could conclude that each 
basic sequence will be coded by few genes. We are, however, 
fully aware that this is a generalisation and that the possi-
bility that some basic sequences may be coded by a larger 
number of genes is still possible. On the other hand, the 
possibility that different basic sequences are coded by a 
single gene has not been disproved either. The nature and 
selection of somatic mutants and their possible role in the 
generation and maintenance of antibody diversity remain as 
exciting puzzles. 

Somatic Mutants 

A better understanding of spontaneous somatic mutation 
at the molecular level is of general importance in biology 
and may be critical in understanding the generation of anti-
body diversity. In the past few years we have been isolating 
and characterising spontaneously arising clonal variants of 
the MOPC 21 cells kept in tissue culture. The choice of 
myeloma cells has a number of advantages but unfortunately 
certain limitations. In particular we are well aware of the 
possibility that, by studying the end cell of the differen-
tiation pathway, we may diminish or totally eliminate our 
probability of finding specific mutational mechanisms. Our 
primary interest (23) was to obtain information on frequency 
and nature of spontaneous mutations unaffected by antigen 
selection and for that reason we have avoided selective 
pressures and the use of mutagens as a means of concentrating 
variants. 

Two classes of variants have been isolated - variants 
which do not secrete immunoglobulin and variants which 
secrete an altered immunoglobulin. We will call them mutants 
when the variation has been reasonably established to be the 
result of a change in the sequence of the DNA, 

The non-secreting variants have been classified (24) 
into three types (Table 1). NS I type variants are by far 
the most common and only one example of type NS II has been 
observed. The latter is particularly interesting in that it 
reveals the presence of a heavy chain (H*) of reduced 

141 



C . M I L S T E I N et al. 

Three types of non-secreting (NS) variants 
of MOPC 21 myeloma cells 

Type 
Intracellular chains present 

Type 
H H* L 

NS I - + 
+++ 

NS II - ++ -
NS III - + -
P3K (wild 
type) 

+++ - +++ 

molecular weight (24)· The nature of the heavy chain abnor-
mality is not yet known. A major difficulty in its chemical 
analysis is the low amounts of available material due to its 
intracellular destruction. A puzzling observation is the 
presence of trace amounts of H* in other non-secreting 
variants. It must be emphasised, however, that so far we 
have not been able to obtain positive evidence on the 
chemical identity between the H* component of different 
variants. Whether the emergence of this component is the 
result of a mutation or another change in the expression of 
the cell remains uncertain. The fact that H* could be syn-
thesised in a reticulocyte cell-free system directed by poly-
somes from the variant cells (24) suggests that the altera-
tion is the result of a mutation. 

Two of the variant clones (IF1 and IF2) secrete Ig of 
altered electrophoretic properties which have been shown to 
be the result of a deletion in the heavy chain (25,26), We 
would like now to report the characterisation of a third 
mutant, IF3. This mutant was detected by the screening 
procedure which detects alterations in the isoelectric 
point of the secreted immunoglobulin, as described previously 
(23). The alteration was the result of a shorter heavy chain 
as revealed by SDS-acrylamide gel electrophoresis. Gross 
differences were also detected by amino acid composition. 
Analysis of the cyanogen bromide fragmentation pattern 
revealed the absence of the two fragments which constitute 
the last (CH3) domain. 
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A more detailed study of the other fragments did not 
reveal any other abnormality except for the fragment that 
extends from residue 304 to 352 (Fig. 8). This latter frag-
ment gave an abnormal amino acid analysis, and preliminary 

10 20 [ 30 So" 

D V Q L V E S G G G L V Q P G G S R K L S C A A S G F T F S S F G M H W V R Q A 

50 60 70 80 
P E K G L E W V A Y I S S G S S T L D Y A H T V K G R F T I S R N D P K N T L F 

90 I ÏÔÔ ÛQ 120 
L Q M T S L R S E D T A M Y Y C A R H G N Y P W Y A M D Y W G Q G T S V T V S S 

130 140 I 150 160] 
^ K ^ ^ P ^ P ^ M ^ Y ^ ^ ^ ^ ^ ^ ^ A ^ ^ ^ O ^ ^ ^ ^ L ^ G ^ ^ V l ^ ^ Y ^ ^ ^ E ^ ^ ^ ^ ^ 

IF2 
170 180 190 Î2ÔO 

W N S G S L S S G V H T F P A V L Q S D L Y T L S S S V S V P T S P E T V T C N 

W W 210 |220| I I 230 240 
^ ^ A ^ ^ ^ P ^ S ^ ^ ^ V ^ ^ J ^ V P R D C G C K P C I C T V P E V S S V F I F P P K 

IF2 
250 I 260 270 280| 

P K D T L L I T V T P K V T C V V V D I S K D D P E V Q F S W F V D N V E V H T 

290 300 310 I 320 
A Q T Q P R E E Q F B S T F R V V S A L P I M H Q D W L N G K E F K C R V N S A 

IF1 
330 340 350 <Ξ2336θ 

A F Ρ Α Ρ I Ε Κ Τ I S Κ Π G Κ Ρ R A Ρ Q ^ ^ ^ ^ Ζ ^ 7 ^ 7 ^ 7 ^ 7 ^ 7 7 7 ^ 7 ^ 7 ^ 7 ^ 7 7 \ 

?<Ψ3~ffffffffffffn 
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S
. .

K L
.
N
. .Y .9.

 K SN W E
 A G N T F T C S V L H E G L H N H H T E K S L S H S Ρ G 

IF3 

Fig. 8. Tentative sequence of the Η-chain of MOPC 21 
and of three deletion mutants. The horizontal arrows indi-
cate the extent of the deletion in each mutant. IF1 and IF2 
are taken from ref. 26. The mutant IF3 is discussed in the 
text (Adetugbo and Milstein, unpublished). The question 
mark indicates that the results are only based on the amino 
acid composition of the cyanogen bromide fragments. A dis-
crepancy between mobility in SDS gels (Fig. 9) and the molec-
ular weight as calculated from the sequence of IF1 is being 
invest igated. 
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results show that the abnormality is the result of a deletion 
starting with the tyrosine-343 (Fig. 8). This deletion of 
the C-terminal domain does not seem to be the result of a 
post-translational modification. The isolated heavy chain 
mRNA from the IF3 cells has been used in a rabbit reticulo-
cyte cell-free system and the synthesised Η-chain was found 
to be smaller than the Η-chain obtained when wild type mRNA 
was used. 

The results reported for the mutant IF3 are therefore 
very similar to those reported previously for IF1 (Fig. 8). 
The most important difference is that in IF1 the deletion 
started in serine 358, while in IF3 the deletion is 15 resi-
dues longer and starts with tyrosine-343. The simple 
explanation for both mutants is a point mutation giving rise 
to a chain termination triplet. A single base change (trans-
versions in both cases) is required to produce a termination 
triplet from either serine or tyrosine. 

If this hypothesis is correct, the total length of the 
mRNA should remain unchanged. On the other hand, the mutant 
IF2 involves a deletion of a similar number of residues but 
in the middle of the chain (Fig. 8). In this case the mRNA 
should be smaller. We are now trying to test these predic-
tions. The experiments involve a comparison of the sedimen-
tation coefficients of each mRNA preparation. The results, 
although preliminary at this stage, show that a difference 
with the wild type heavy chain mRNA can be detected with the 
IF2 mutants but not with either IF1 (Fig. 9) or IF3. 

Final Remarks 

Out of the 64 triplets of the genetic code, only three 
are chain termination triplets. Random point mutations are 
therefore likely to give rise to amino acid substitutions 
rather than to chain termination. Yet, of the three sponta-
neous mutants fully characterised so far, the two explained 
by point mutations involve a chain termination. 

This may partly reflect our inability to detect neutral 
amino acid exchanges. In any case, the number of character-
ised mutants is still too low to allow confident conclusions 
about the non-random nature of spontaneous mutations. But it 
is possible that we are detecting certain preferred mutation-
al patterns resulting from mutational events which are not 
randomly distributed along the DNA. In addition, the propor-
tion of amino acid substitutions, which may be quite 
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Fig. 9. The translation of a mixture of wild type P3K 
(w-t), IF1 and IF2 Η-chain mRNAs in a rabbit reticulocyte 
cell-free system. The figure shows that the IF2 Η-chain is 
translated from the fractions containing mRNA of about 14S 
and 15S, whereas both IF1 and wild type H-chains are trans-
lated from fractions containing higher molecular weight mRNA. 

Polysomes were prepared separately from each of the 
three cell cultures and then mixed. The RNA dissociated from 
the mixed polysomes was fractionated on a sucrose density 
gradient and RNA from fractions in the region 14-22S were 
assayed in the cell-free system. Ig chains were precipitated 
with sheep antiserum to mouse Ig (24). The figure shows the 
analysis of the 35S -Met labelled products by SDS gel electro-
phoresis and autoradiography, w-t, IF1 and IF2 indicate the 
positions of the primary translation products of the corres-
ponding H-chain mRNAs. The number above each channel refers 
to the approximate S-value of the RNA assayed in that incub-
ation. 

145 



C . M I L S T E I N et al. 

considerable, introduce distortions in the protein structure. 
Such distortions could affect properties such as solubility 
which, in turn, could affect the proliferation of the mutant 
clones. In this context it is interesting to note that all 
the deletions involve complete domains. The four residues 
which define the deletions in the three mutants are located 
between the S-S loops and yet in MOPC 21 heavy chain there 
are fewer residues between the loops (192 residues) than 
within loops (247 residues). 

These mutations (and a few others uncharacterised) have 
been observed in a survey of about 7,000 clones. Of course, 
this frequency of almost 10-3 includes also an accumulation 
factor due to the proliferation of mutant clones. If the 
growth characteristics of the mutant clones are the same as 
in the wild type, the frequency of mutants is about η χ f 
where η is the number of generations in a culture and f the 
mutation frequency/ce11/generation. Taking into considera-
tion the age of our cultures, the point mutations described 
occur at a frequency of about 2 χ 10-6/cell/generation. 
This must represent an underestimate of the overall mutation 
frequency because due to our screening procedure we only 
detect electrophoretic changes. In addition we have argued 
above that many of the mutants may be deleterious and for 
those the η χ f argument would not apply. 

A model for the immune system in which germ line genes 
serve the dual purpose of providing for protection against 
common pathogens as well as the raw material for the develop-
ment of suitable somatic variants (27,28) seems in harmony 
with the results discussed in this paper. 

References 

(1) C. Milstein. Nature (London), 216 (1967) 330. 

(2) C. Milstein, FEBS Lett. 2 (1969) 301. 

(3) H. Ritter, C. Ropartz, P.Y. Rousseau, L. Rivat and 
H. Walter. Blut, 13 (1966) 373. 

(4) H. Hunger and P. Herzog. Vox. Sang. 10 (1965) 635. 

(5) W.J. Dreyer and J.C. Bennett. Proc Natl, Acad. Sei. 
U.S.A. 54 (1965) 864. 

146 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

147 

(6) C. Milstein and J.R.L. Pink, in: Progress in Biophysics 
and Molecular Biology, Vol. 21, ed. J.A.V.Butler and 
D. Noble (Pergamon Press, Oxford and New York, 1970) 
p. 209. 

(7) L. Hood and J. Prahl. Adv. Immunol. 14 (1971) 291. 

(8) J.A. Gaily, in: The Antigens, Vol. 1, ed. M. Sela 
(Academic Press, New York and London, 1973) p. 283. 

(9) K. Horibata and A.W. Harris. Exp. Cell Res. 60 (1970) 
61. 

(10) C. Milstein, G.G. Brownlee, E.M. Cartwright, J.M. Jarvis 
and N.J. Proudfoot. Nature (London), 252 (1974) 354. 

(11) G.G. Brownlee, E.M. Cartwright, N.J. Cowan, J.M. Jarvis 
and C. Milstein. Nature (London), New Biol. 244 (1973) 
236. 

(12) J. Svasti and C. Milstein. Biochem. J. 128 (1972) 427. 

(13) N.J. Proudfoot and G.G. Brownlee. FEBS Lett. 38 (1974) 
179. 

(14) T.M. Harrison, G.G. Brownlee and C. Milstein. Eur. J. 
Biochem. 47 (1974) 621. 

(15) T.H. Rabbitts, J.O. Bishop, C. Milstein and G.G. Brown-
lee. FEBS Lett. 40 (1974) 157. 

(16) T. Delovitch and C. Baglioni. Cold Spring Harbor Symp. 
Quant. Biol. 38 (1973) 739. 

(17) S. Tonegawa, A. Bernardini, B.J. Weimann and C, Stein-
berg. FEBS Lett. 40 (1974) 92. 

(18) T.H. Rabbitts. FEBS Lett. 42 (1974) 323. 

(19) C.H. Faust, H. Diggelman and B. Mach. Proc. Natl. Acad. 
Sei. U.S.A. 71 (1974) 2491. 

(20) J. Stavnezer, R.-C.C. Huang, E. Stavnezer and J.M. 
Bishop. J. Mol. Biol. 88 (1974) 43. 

(21) T.H. Rabbitts and C. Milstein. Eur. J. Biochem. (1975) 
in press. 



C . M I L S T E I N et al. 

148 

(22) S. Tonegawa, C. Steinberg, S. Dube and A. Bernardini. 
Proc. Natl. Acad. Sei. U.S.A. 71 (1974) 4027. 

(23) R.G.H. Cotton, D.S. Secher and C. Milstein. Eyr. J. 
Immunol. 3 (1973) 135. 

(24) N.J. Cowan, D.S. Secher and C. Milstein. J. Mol. Biol. 
(1974) in press. 

(25) D.S. Secher, R.G.H. Cotton and C. Milstein. FEBS Lett. 
37 (1973) 311. 

(26) C. Milstein, K. Adetugbo, N.J. Cowan and D.S. Secher, in: 
Progress in Immunology, Vol. 2 (1974) in press. 

(27) C. Milstein and J. Svasti, in: Progress in Immunology, 
Vol. 1 (1971) 33. 

(28) M. Cohn, B. Blomberg, W. Geckeier, W. Raschke, R. Riblet 
and M. Weigert, in: The Immune System, ed. E.E. Sercarz, 
A.R. Williamson and F.C. Fox (Academic Press, New York 
and London, 1974) p. 89. 

DISCUSSION 

M.D. SCHARFF: About the last point you made concerning 
the frequency of mutations and the possibility of selection, 
I think it is worthwhile to reemphasize the difference 
between the way we find our variants and to report our ex-
perience with variants that do not secrete and may be missing 
part of a domain. These variants are very unstable and we 
first select them, carry out a rapid serological screening and 
then find ones that are making defective heavy chains. Then 
we redone a number of times. Each time the majority of 
the sub-clones of the unstable variants lose the ability to 
make heavy chains, as if there was a selective disadvantage 
in growth rate or in viability. Ultimately the non-secre-
ting variants stabilize so I think we have confirmatory 
evidence that some variants have a hard time surviving. Only 
by immediate characterization, recovery and recloning are 
we able to identify them. 

C. BILSTEIN: How do you know that it is not the whole 
of a domain (domains) that is missing? 

W.D.SCHARFF: I'm guessing from the molecular weight. 
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C. BILSTEIN: I do not think that the molecular weight is 

sufficiently accurate to tell that you are not splitting 

or missing in between domains. 

H.H. FUDENBERG: Why are there no mutations, neither substi-

tutions nor deletions, in the variable region? Some would 

be expected if mutation were purely random. 

C. MILSTEIN: The chain termination mutants, as far as I can 

see, are point mutations leading to chain termination rather 

than to substitution. Statistically, this is something that 

beats me. We are not getting what we expected. However, you 

must remember that the mutation rates that we are finding 

are still high and that mutants of the V-region may occur at 

lower frequency. 

G. KOCH: It becomes more and more important to look for the 

structure of the 5* end of the mRNA. Have you, or anyone else, 

looked to see if the 5
1
 end of the myeloma mRNA is methylated 

or blocked? 

C. MILSTEIN: We are looking into this but I am not yet able 
to answer that question. 

L.A. HERTZENBERG: This is addressed to both Dr. Scharff and 

Dr. Milstein if they care to comment. I was struck by Mattie 

Scharff pointing out the 5 variants he now has which have gamma 

2a and gamma 2b chains. As he knows, such variants also occur 

in mice. Noel Warner and I found one of these in a myeloma some 

years ago and recently Noel Warner has found several more. They 

might, therefore, occur not only in myel omas but also in the 

germ line, or at least be present in normal immunoglobulins. A 

number of the kinds of variants of which both of you have spoken 

are found in patients, and do not seem to be a random assortment 

of the possible mutations which one might expect. Milstein did 

not really answer Dr. Fudenberg's question as to why one does 

not find any mutants or variants in the variable region. The 

answer may be that the kinds of variants which are seen are a 

non-random set of the possibilities one might expect a priori 

because, in fact, none of them is truly a variant but rather 

an expression of something which is there in a latent form and 

not being translated. It is a far out possibility, but would 

either of you care to comment in a positive or negative way? 

fl.D. SCHARFF: t think that is a real possibility in that there 
are an increasing number of rumors and published papers concern-
ing unexpressed genes in immunoglobulin. These occur either 
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spontaneously or under pressure, for example idiotypic sup-

pression. In addition to your comments which are correct on the 

mouse, Kunkel and Natuig have reported a number of what they 

call "hybrid" immunoglobulin molecules, but in the context of 

this discussion what we would call "recombinant immunoglobulin 

molecules" between two constant regions. Interestingly, as 

you suggested, one of them was in an abnormal protein, and 

was also found elsewhere as a representative of a germ line gene, 

fly answer to the question is that it is possible that a "2a 

variant" is an unexpressed gene but that there would have to be 

a lot of such unexpressed genes because each "2a variant" is 

different from the other. As one reads the bacterial genetic 

literature, which I try to do more and more these days, one 

realizes that there are hot spots in all bacterial systems. 

There is a beautiful review by Roth on frame shifts, both spon-

taneous and mutagenized, in the Annual Review of Genetics in 

which he discussed these hot spots in various systems. Re-

emphasizing what Milstein said, I don't think we should be 

surprised to see these, rather we should be surprised to see 

anything else. I don't believe that we've looked properly 

for the variable region mutants, but I think that they 

are there and that their frequency may be a function of hit 

size; the size of the variable region as opposed to the size 

of the constant region. 

C. MILSTEIN: I would like to emphasize the point you are 

making by raising another point. I think it is also your 

experience, that most of the mutations so far found are on 

the heavy chain, few on the light chain. Now the size of 

the light chain is half of the heavy chain, and therefore one 

would expect an average of one light chain mutant for every 

two heavy chain mutants. There is obviously a lack of 

balance, and either the light chain is much more stable or 

the mutant more unstable. 

M. COHN: There have been reports of B-cells in humans that 

carry both IgD and IgM on the surface and secrete IgG. Pernis 

told me recently that there is some evidence that they carry 

the same îdîotype. Now this would imply a single V region that 

is associated with several heavy chains and from this you would 

say that when you translocated a V region you would have to gene 

duplicate it in order to have simultaneous transcription of the 

VC cistrons. As you might imagine such a situation is em-

barrassing for a somatic mutation theory for when you switch 

classes you would switch to a different specificity if you 

had independent mutations in each one of these genes. So 
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the question I want to ask is, do we have a very strong argu-

ment that V and C are not joined at the mRNA level? 

C. MILSTEIN: You have indeed raised a critical point. What 

I presented is a very strong argument that the final product 

is a single messenger RNA from which you translate. I think 

that's clear enough. Now how do you make a single integrated 

mRNA? I do not think you make it out of two different RNA 

pieces. I say this based on an experiment which we did about 

two years ago. (Nature, 2kk, kl (1973). We fused a rat myeloma 

cell which secretes kappa chain with a mouse cell which also se-

cretes a kappa chain. The hybrid cell made the two light 

chains, that is, you destroy allelic exclusion. We did not 

detect molecules of the types, V mouse-C rat or V rat-C mouse. 

This indicates that there are no "half messenger" molecules 

formed, which are then linked together. 

E. BRILES: About the V region not showing any mutations where-

as the constant region does; I just want to suggest the possibil-

ity that this might be a reflection of the polarity of trans-

lation. If you have a frame shift mutation early on in the 

variable region, the protein molecule that is generated may 

look so unlike an antibody that it would not be picked up and 

would therefore be scored as an absent antibody rather than as a 

mutant. However, if a frame shift mutation, a deletion or a 

terminating nonsence codon occurred in the constant region, 

there may be enough protein sequence synthesised for the molecule 

to be recognized as an antibody molecule. 

C. MILSTEIN: We have not found any frameshift mutant yet. 

Are you suggesting that all mutants are going to be chain 

terminations? 

Ε BRILES: Not necessarily but some, or even many, of them 

may be. 

C. MILSTEIN: Well some of them may be and as you suggest, 

we may miss them, but they should be in the minority on a 

statistical basis. 

P. LEDER: Actually, my comment was similar to the one made 

by Dr. Briles. To just reiterate what you've said, the 

testing techniques have intrinsic limitations which would not 

be expected to pick up point mutations which result in neutral 

amino acid substitutions, but they will pick up changes of 

charge. Perhaps that was what you were referring to when you 

said you have no such amino acid substitutions that you are 
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ready to talk about. Perhaps there are such known. The possibility 

that a termination occurring in the variable region results in 

a strong polarity effect îs a very real one and this would have 

several consequences. First, it might result in a short 

peptide that is simply not recognized by your assay or is de-

graded very quickly. Second, it might result in a mRNA which 

would be subject to immediate degradation and would not survive 

in the cell. Combination of these possibilities would account 

for the fact that you see only constant region deletion or 

termination mutants. 

C. MILSTEIN: What surprises me is that we get so much chain 

termination. I have described three randomly picked mutants. 

IF1, IF2, and IF3, and two of them are chain terminations 

which are presumably single base changes. Not one is an amino 

acid substitution involving a change in charge which we 

would be able to pick up. Until we have characterized more 

mutants all these arguments are weak because they may not be 

representative of the average events. 

A. R. WILLIAMSON: May I switch the discussion to your elegant 

cDNA experiment? Your cDNA experiment appears to say that 

the reiterated sequences code for the untranslated portion, 

although I don't know how precise you would need to be in 

your numerology to say that it did not include the Ν terminal 

end of the V region, which after all might show more cross 

hybridisation between different kappa genes. Let me ask 

you whether the untranslated part, which you can partially 

define from the sequence of the precursor molecule, is identical 

from one kappa chain to another? If that is the reiterated por-

tion, you might expect to find sequence identity. 

C. MILSTEIN: First of all let me say that the numerology 

is not sufficiently accurate for me to say whether the Ν 

terminal is included or not. It is possible that one could put 

10 residues of the amino acid into fragment A, but I am dubious 

about ît being much bigger. Concerning the second point, I have 

no sequence data on the precursor part of this myeloma. 

F.W. PUTNAM: If there are no further questions let me just 

summarize our dilemma for a moment before we close the session. 

In immunoglobulins there are as many light chains as there are 

heavy chains and the V region of the light chain is as variable 

if not more so that the V region of the heavy chain. However, 

so far only one or two mutants of light chains have been picked 

up in contrast to all the mutations described today that 

appeared in the C region of the heavy chains. 
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Abstract: The nature and extent of antibody diversity are 

discussed. The genotypic basis of this diversity 

appears to be multiple V genes and single C genes. A 

system is described showing coinheritance of the 

antibody combining site and the V region containing that 
site. Somatic processes leading to V gene amplifica-

tion and VC joining are proposed. 

INTRODUCTION 

Two fascinating questions are posed by the problem of 

antibody diversity: 1. What is the germ line basis of 

antibody diversity? 2. What somatic processes are needed 

for the expression of the phenotype? 

This article discusses the nature and extent of 

diversity in the antibody phenotype and the possible genetic 

basis for this diversity. Data are presented showing the 

inheritance of a complete V gene (or family of V genes). A 

separate marker shows stable co-inheritance of the fine 

specificity of the antibody combining site. At least one 

somatic process required for antibody synthesis is the 

formation of a VC gene pair. A model is discussed in which 

multiple copies of a VJJ gene are involved in the joining 

process. 

PHENOTYPE 

Antibody diversity can be considered as being made up 

of three elements. 1. The different functional classes of 

antibody, IgG, IgM, IgA, IgD, IgE, etc. The number of 

antibody classes is already well defined with the largest 

number being known in the best studied species - man. It is 

unlikely that there are many more classes of antibody to be 

discovered. 2. Combining site diversity. This occurs 
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within and between classes of antibody and it would appear 

that any combining site can be expressed in any class of 

antibody. 3 . Non-combining site diversity. Diversity of 

this type extends the number of antibody molecules of a 

given specificity and class. 

The separate basis for the three types of diversity has 

been revealed by amino acid sequence studies of individual 

antibody molecules, largely obtained as myeloma immuno-

globulins. Each immunoglobulin polypeptide chain, L or H, 

consists of a C-terminal constant region which is common to 

all chains of the same isotype and an N-terminal variable 

region which has a different sequence in every chain. This 

paradox was pointed out ten years ago ( 1 ) . As more sequences 

became available a pattern of variability emerged. This was 

pointed out by Wu and Kabat ( 2 ) , who showed that when many 
V k region sequences are compared there are a limited number 

of positions at which many different amino acids are found 

and these were termed hyper-variable regions. 

The naming of constant, variable and hyper-variable 

regions has been emotively misleading since the names are 

often taken to imply active processes maintaining constancy 

or creating variability. Current knowledge of the evolution 

of variable regions tends to deny this. Comparison of the 

amino acid sequences of constant regions of comparable 

chains from a variety of species shows that these constant 

regions are evolving in a similar manner to most other 

proteins. The variable regions of immunoglobulin chains 

also fit within this pattern and are at least as conserved 

between species as the constant regions. 

It was initially tempting to implicate the hyper-

variable regions as being the most important parts of the 

V region in determining antibody specificity and therefore 

to invoke special mechanisms for deriving hyper-variability 

( 2 ) . The combining sites of two hapten binding myeloma 

proteins have now been described in three dimensions by 

X-ray crystallographic analysis ( 3 , 4 ) . These studies 

finally confirmed that both Vh and V l contribute to the 

antibody combining site and showed that five of the seven 

hyper-variable regions are proximal to the hapten binding 

site; the other two hyper-variable regions are however 

remote. One of the more striking features of the three 

dimensional structure is the highly conserved folding of 

each variable region in order to form an antibody combining 

site. The detailed specificity of that site could be 
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controlled by changing only a few amino acids, presumably 

in the hyper-variable regions, but there must be a strong 

conservation of V region sequence outwith the hyper-variable 

regions in order to obtain a viable combining site. The 

presence of the hyper-variable regions within the conserved 

combining site appears to contribute diversity to combining 

sites. The problem now is how does the diversity arise such 

that in combination with the overall constancy of V region 

structure it results in a specific binding site. The 

original problem of diversity and constancy appeared to 

have been solved by the evidence for the separation of V 

and C genes in the germ line. However the new problem 

arises from the mosaic nature of V regions themselves. This 

problem can be tackled by studying separate markers for the 

combining site and for the rest of the V gene. Such studies 

will be discussed in a later section but first a brief 

discussion of the problem of the extent of antibody diversity. 

EXTENT OF ANTIBODY DIVERSITY 

One of the most striking things about the repertoire 

of antibodies which all vertebrates are able to make is our 

apparent failure to find any gaps in the armoury. The extent 

of antibody diversity can not be mapped by plotting a range 

of chemical determinants to which antibodies can not bind. 

Moreover, for every antibody there is another antibody (or 

set of antibodies) which will specifically recognise the 

binding site of the first antibody. Each antibody therefore 

leads to a progression of anti-combining-site antibodies and 

I have referred elsewhere to this as being an uncertainty 

principle governing the number of antibody combining sites 

(5). The limit must be set by the level of discrimination 

which an antibody can show in recognition of different 

determinants. Each antibody combining site will bind many 

antigenic determinants, though there will be quantitative 

discrimination in the binding; a much larger number of 

antigenic determinants will fail to be bound in a measurable 

way to a given combining site. Unpredictable cross-

reactions at enzyme combining sites have been reported by 

Glazer (6) and recently Varga e_t aT (7) have shown that 

each individual combining site can bind a range haptenic 

determinants. That multiple shared specificities of 

individual antibody molecules are consistent with the 

specificity of antisera was pointed out by Talmage in 

1959 (8). In essence his argument was that an antiserum 

consisted of a population of antibody molecules having the 

common property of binding the eliciting antigen. This 

would make the antiserum more specific for the eliciting 

155 



A. R. WILLIAMSON A N D A. J. M c M I C H A E L 

antigen than any of the individual antibody molecules 

present in the antiserum. The converse of this argument is 

that the fewer the number of antibody molecules contributing 

to an antiserum the greater the number of shared 

specificities the antiserum will show. Each antibody combin-

ing site can be defined by its set of shared specificities. 

Direct attempts to measure the number of antibodies 

capable of binding particular haptens have yielded large 

numbers. Kreth and Williamson (9) found that CBA/H mice 

could produce about 5 , 0 0 0 VlVh pairs which are capable of 

binding NIP. This is a most probable value calculated from 

the number of repeat spectrotypes found in an analysis of 

CBA/H anti NIP antibodies by isoelectric focusing. It is 

important to note that the spectrotype reflects hetero-

geneity of the entire V regions and not just the combining 

site. The same combining sites might be repeated any number 

of times in different V region settings. In a similar study 

using CBA/H and C3H/HE mice. Pink and Askonas (10) compared 

only the subset of spectrotypes of DNP binding antibody 

which was able to strongly bind TNP. They found that about 

5 0 0 different V L V H combinations showed this particular 

cross-reaction. Again we can not decide whether the 

diversity lies in the antibody combining site or outwith 

that site. I now wish to turn to the description, in a 

little more detail, of a system in which the combining site 

and the V region in which it is contained can both be 

followed. 

INHERITANCE OF V GENES AND COMBINING SITES 

Mäkelä has elegantly developed the use of cross 

reactions to map the fine specificity of an antibody and 

has shown that this can be used as a genetic marker. 

Imanishi and Mà'kelà' (11) showed that when C57BL/6 mice are 

immunized with the hapten NP conjugated to a protein the 

antibody produced in either a primary or a secondary 

response shows a higher affinity for the related haptens 

NIP, NBrP and NNP than for NP. An antibody showing a 

higher affinity for a hapten other than the eliciting hapten 

has been termed heteroclitic. The reasoning outlined in the 

previous section leads one to the conclusion that an anti-

serum exhibiting very defined fine specificity properties 

such as a heteroclitic property must contain relatively few 

different combining sites. The heterogeneity of C57BL/6 

anti NP antibodies was analysed by analytical isoelectric 

focusing to see whether the number of antibody molecules 

present in each antiserum was also limited. This study (12) 
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has allowed us to follow simultaneously, with separate 

markers, a combining site and the complete V gene(s) in 

which it is contained. 

Isoelectric focusing of C57BL/6 serum collected 14 to 
28 days after priming with NP protein revealed that each 
antiserum contained a restricted NI^-Lp-cap binding antibody 
spectrum. The spectra showed no additional heterogeneity 
when development was carried out with NP-SRC. Most strik-
ingly, one spectrotype, designated Nl, was present in 38 out 
of 42 spectra. Nl antibody comprised the major part of each 
response and when this antibody was isolated by preparative 
isoelectric focusing it was shown to contain the hetero-
clitic combining site. Where non Nl antibody was present in 
a primary response this too was isolated and also proved to 
have a heteroclitic combining site. Both Nl and non Nl 
spectrotypes were shown to be due to IgG^K antibodies by 
by developing them with NP-SRC and specific anti-IgG^ or 
anti-κ and complement. This finding implies that very 
similar binding sites can be formed by the use of different 
VLVJJ combinations. The secondary response of C57BL/6 
mice to NP further supports this notion, for the antibody 
obtained is much more heterogeneous than in the primary 
response and Nl antibody is only a minor constituent but 
the serum retains its heteroclitic property. 

Imanishi and Mäkelä (13) studied the inheritance of the 
heteroclitic combining site in crosses of C57BL/6 mice 
against CBA mice which produced conventional (i.e. non 
heteroclitic) antibodies against NP. They found that 
(CBA χ C57BL/6)Fi mice made heteroclitic anti NP antibodies 
as frequently and as well as the C57BL/6 parents. In back-
crosses against the recessive CBA parent the heteroclitic 
combining site was inherited as a single Mendelian marker 
closely linked to the Ig-lb allotype marker of the H-chain 
constant region. This allotype linked inheritance is only 
clearly seen in their studies of primary sera, now known to 
be of restricted heterogeneity. The same studies conducted 
using antibody from secondary responses (now known to be 
more heterogeneous) led Imanishi and Mäkelä (14) to propose 
multiple gene inheritance of the heteroclitic property with 
the involvement of a gene or genes unlinked to the H-chain 
allotype. 

The inheritance of the Nl spectrotype was investigated 
by isoelectric focusing analysis of the and backcross 
anti NP antisera. The anti NP spectrum of primary response 
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sera from Fl mice resembled a mixture of the two parental 

type primary responses. The dominant Nl spectrotype of the 

C57BL/6 parent was present in about the same percentage of 

Fl sera as of parental sera but in addition the Fl primary 

responses were more heterogeneous than those of either 

parent. In the Fl χ CBA backcross generation 70% of the 

progeny heterozygous at the Η-chain allotype locus showed 

the Nl spectrotype in their primary anti NP response. The 

Nl spectrotype thus behaves as though it is controlled by a 

single gene, which we will call V h N I , linked to the H-chain 

constant region gene. This poses a problem, for the spectro-

type must depend on both the light and the heavy chains 

contributing to the antibody. The genes coding for L-chains 

have not previously been shown to be linked to the H-chain 

loci so the high rate of appearance of the Nl spectrotype in 

backcross mice suggests that both the CBA and the C57BL/6 

L-chain repertoires contain an L-chain capable of constitut-

ing the Nl spectrotype when the appropriate H-chain is 

supplied. CBA mice can by the same token also supply a V"l 

region capable of making, in combination with the V h N I region, 

a heteroclitic combining site. One interpretation of the 

secondary response data of Imanishi and Mäkelä would be that 

other C57BL/6 Vh regions are capable of making heteroclitic 

combining sites only in combination with L-regions present 

in the C57BL/6 repertoire and not present in the CBA 

repertoire. 

The linkage between V HN 1 and Ig-lb was further tested by 

studying two congenic strains of mice. The first strain was 

Potter's CB20 congenic, homozygous for the Ig-lb allotype of 

C57BL/KA on a BALB/c background. Imanishi and Mäkelä found 

that both the b-allotype parent and the CB20 congenic mice 

made heteroclitic anti-NP antibody. By isoelectric focusing 

we found the Nl spectrotype present in primary CB20 anti-NP 

sera. Linkage between the V HN 1 gene and the C H locus has 

thus been preserved through 20 backcrosses. Moreover we can 

add that the BALB/c repertoire of V L genes contains a gene 

capable of complementing the VjjNl gene for the production of 

heteroclitic combining site and the Nl spectrotype. The 

second congenic strain of mice used in this study was 

Dresser's CBA b/b line which is homozygous for the Ig-lb 

allotype on a CBA background. Only four mice at the twelfth 

backcross generation were available for study. None of 

these mice produced the Nl spectrotype upon primary immuni-

zation with NP-chicken gammaglobulin. The potential of 

these cogenic mice to produce the Nl spectrotype was further 

tested by taking the spleens three months after priming and 
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using each one to reconstitute ten irradiated (660r) 

conventional CBA mice. An adoptive secondary response to 

NP was elicited and examined for the Nl spectrotype butthis 

could not be found in any of the 40 recipients. This result 

suggests that the linkage between VgNl and the CH locus has 

been broken by a crossover event at some point during the 

twelve backcrosses used to make the cogenic strain. 

Table 1 summarises the linked inheritance of fine specific-

ity and V HN 1 . 

Negative 

a b 

BALB/C SJL/J 

C3H 

CBA 

CBA SJL/J 

BALB/C LP/J* 

CBAbbl2 

*In LP/J mice a repeat spectrotype differing from Nl 

has been seen. 

It should be added to this story that when C57BL/6 mice 

are immunized with NIP protein the Nl spectrotype can be 

detected in both the primary response (all of 6 mice) and in 

the secondary response (9 of 14 mice). Thus the Nl antibody 

which binds the two related haptens is not only elicited by 

both haptens but also forms a dominant part of the response 

to either hapten. This property of dominance remains to be 

explained. 

Two striking examples of the conservation of combining 

sites have recently been reported. The first example 

provides direct evidence for the relationship between 

combining site, hypervariable regions and idiotype. 

Capra e_t a_l (15) have sequenced the complete variable 

regions of the heavy chains of two human IgM cold agglutin-

ins. The two proteins (LAY and POM) have similar combining 

TABLE 1 

Positive 

C R allotype b 

NP/NIP C57BL/6 

LP/J 

CB20 

NI C57BL/6 

CB20 
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specificities and similar idiotypic determinants. The two 

V H regions were found to differ at only eight positions, 

three of these being in hypervariable regions and five 

elsewhere in the V region. Two complete hypervariable 

regions had an identical sequence in each of the two H 

chains. These striking findings for two Vpj regions obtained 

from outbred members of the same species are hard to 

reconcile with any rapid or special accumulation of mutations 

in the hypervariable regions. Each entire V region appears 

to have evolved from the same precursor V region with the 

combining site (hypervariable region or idiotypic determin-

ant) evolving at the same rate as the rest of the V region. 

Further strong evidence for the evolutionary stability 

of the antibody combining site comes from the studies of 

Claflin and Davie (16) on anti-phosphorylcholine antibodies 

in the mouse. These workers produced, in a rabbit, a site 

directed anti-idiotypic antibody. This anti-idiotypic 

antibody could not distinguish between anti-phosphorylcholine 

antibodies raised in any of a large number of different 

mouse strains. Even where the anti-phosphorylcholine anti-

body of two strains had previously been distinguished using 

other anti-idiotype sera (17) the site directed reagent 

revealed no differences. The idiotypic determinants which 

distinguish anti-phosphorylcholine antibodies from different 

strains are thus behaving as very restricted V region allo-

type markers. The combining site for anti-phosphorylcholine 

antibodies appears to have been conserved in all mice 

although other mutations in the variable region have 

accumulated. Another example of inter-strain idiotypic cross 

reactions has been reported for the group A streptococcal 

antibody responses in mice (18). 

GENOTYPE 

The antibody phenotype points to an unusual pattern of 

genes. All of the evidence points to only a single gene 

carried in the germ line for each constant region. On the 

other hand there appear to be three multiple V gene sets 

also carried in the germ line, one linked to all of the C H 

loci, one linked to the C K locus and one to the C\ locus. 

This pattern can be tested by using mRNA or complementary 

DNA in hybridisation assays with nuclear DNA. The rate of 

hybridisation of the probe mRNA or cDNA measures the number 

of copies of that sequence in the nuclear DNA. The result 

using H chain mRNA (mRNA - H) as a probe is that a substan-

tial part of the mRNA hybridises to unique DNA sequences (19, 
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20). This is consistent with the predicted single C H gene 

coding for the C region of H chain. A minor part of the 

mRNA-H hybridises to reiterated DNA sequences. It was 

initially plausible to assume that the reiterated sequences 

might represent multiple VH genes. While this remains 

neither proven nor disproven the more thorough study that 

has been made of the rapidly hybridising portion of mRNA-L 

has shown that the reiterated sequences mainly code for the 

untranslated part of the mRNA located at the 5* end of the 

V region sequence (21,22). The presence in DNA of reiter-

ated sequences coding for an untranslated V region proximal 

sequence may provide a measure of the number of V genes in 

the DNA without the complication of cross hybridisation 

between different V gene sequences. The accuracy of the 

estimate will depend on the amount and nature of impurity in 

the mRNA probe used for the hybridisation: this is all too 

clearly seen in the two disparate estimates of 300 and 5,000 

genes coding for the reiterated portion of mRNA-H (19,20). 

The data for the light chain, which are described in the 

following paper by Leder, provide a clearer picture. 

All of the studies whether of the antibody phenotype 

or of the genotype by molecular hybridisation agree on the 

fact that only a single gene for each constant region is 

carried in the germ line but that the basis of V gene 

diversity is a multiple gene set. It has been suggested 

that this multiple gene set might code for only the hyper-

variable regions or combining sites of antibody molecules 

(2,23). The evidence described in the previous section and 

an analysis of available V region sequence point to the 

inheritance and evolution of V region sequences as entire 

units. The total number of V genes in each multiple gene 

set will no doubt be more clearly defined by further 

molecular hybridisation studies and eventually by isolation 

of the genes coding for the V regions. Whatever the final 

number it is necessary to consider how much of the pheno-

typic diversity arises at the somatic level. If a limited 

number of V genes are available then somatic processes will 

be necessary to amplify diversity. On the other hand the 

larger the pool of V genes which is available the greater 

the rate of accumulation of mutations in V regions. The 

joining of V and C region information is one somatic process 

which appears to be mandatory for the synthesis of an antibody. 

This process is discussed in the next section. 
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GENOME REARRANGEMENT 

Joining of V and C gene information to give a complete 

heavy or light chain could occur at either the DNA, the RNA 

or the protein level. No evidence favouring joining at the 

RNA or protein levels has stood the test of time. The 

mRNA-H or mRNA-L molecules that have been isolated code for 

both V and C regions. Milstein and co-workers (24) have 

sequenced an overlap region between V and C in mRNA-L. 

Stevens and Williamson (25 ) have isolated a nuclear pre 

mRNA-H 2h times the length of the cytoplasmic mRNA-H. This 

nuclear pre mRNA-H contains poly A and codes for the entire 

H chain. The evidence thus points to the transcription of 

a VC gene pair so it would appear that we are looking for a 

VC joining process at the DNA level. 

For the synthesis of any complete immunoglobulin mole-

cule by a given cell two VC gene pairs must be formed in 

that cell, one coding for heavy chain and one for a light 

chain. If a single V H gene is joined, by a translocation 

of the appropriate piece of DNA, to one of the possible 

CJJ genes on the same chromosome then this would lead to a 

restriction for this cell and its progeny to the synthesis 

of a single class of antibody of the specificity coded for 

by the chosen V H gene. The sequential synthesis of differ-

ent classes of antibody of the same specificity during 

clonal expansion requires either that the chosen VH gene be 
re-translocated or that multiple copies of that V H gene are 

made and joined to other C H loci ( 2 6 ). A test of these two 

models might be provided by a study of single cells 

simultaneously producing two different classes of antibody. 

The continuous human lymphocyte cell lines provide a well 

documented source of cells simultaneously producing more 

than one class of antibody. Recently Steel et al_ (27 ) have 

described a fascinating human lymphocyte cell line, which 

is producing two different classes of antibody, IgM and IgA, 

each having the ability to agglutinate glutaraldehyde-fixed 

sheep red cells. Clearly a detailed study of the V regions 

of these antibodies is called for but to a first approxima-

tion it seems reasonable to assume that similar antibody 

specificity of two products of the same cell reflects V 

regions derived from the same original V gene. Pernis et al^ 

(28) have recently described a case of Waldenstrom's macro-

globulinemia in which were found lymphocytes producing both 

IgD and IgM with a similar specificity, the antigen in this 

case being human IgG. It is unlikely that in each of these 

cases two different V genes chosen at random code for 
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similar specificities or different specificities present on 

the same antigen. The evidence therefore favours a copy-

choice-multiple-entry programming system for the C H loci (26). 

In this system the selected V H gene will be copied several 

times to give an episomal set of replica V H genes, each of 

of which can then be joined to a different C H gene without 

any translocation of the original germ line copy of the 

chosen VJJ gene. It is possible that the duplication of a 

given gene occurs within the multiple V gene set long 

before the joining of V and C takes place. In this case 

the V regions of different classes in the same cell might 

not be identical. If the V H gene duplication is a somatic 

process then differences in the sequence of V H regions of 

different classes in the same cell will give a measure of 

the rate and pattern of accumulation of somatic mutations. 

SOMATIC MUTATION AND SELECTION 

Much has been written about the possible roles of these 

processes in antibody diversity. A few comments are added 

here on the occurrence of these processes in a multiple 

V-gene system. The rate of accumulation of V region 

mutations will be proportional to the number of V genes. 

For a mutant to be acted upon by selective forces it needs 

to be expressed as a receptor antibody on a lymphocyte. 

This implies a programming event, as described in the 

previous section, that will allow selection to act only on 

one V gene product. The finding that in double-producing 

cells one class of antibody behaves like a surface receptor 

molecule while the other is secreted (29) limits the useful-

ness of any mutations which might occur in somatically 

duplicated V H genes. Reprogramming events in which the 

integrated V genes are exchanged for new V genes from the 

multiple set are a less plausible way of allowing variants 

to occur within a selected clone. Subtle changes of 

specificity in the antibody produced by a single clone (30, 

31) should be due to changes in a single V gene. The 

variants of mouse λ chain (32) should be a model for this 

process but the mechanism remains unknown. Any variation 

mechanism has to account for the remarkable stability of 

clonal products whether the clone is expanded by a neo-

plastic event as in a myeloma tumour or by antigen (33,34). 

GENES CONTROLLING IMMUNE RESPONSIVENESS (Ir) 

Since it has been suggested that Ir genes code for a 

set of antibodies expressed on Τ cells (35,36) the role of 
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I r g e n e s s h o u l d be b r i e f l y m e n t i o n e d h e r e a l t h o u g h t h e y w i l l 

be more e x t e n s i v e l y d i s c u s s e d by K a t z i n a l a t e r c h a p t e r . 

C o n t r o l o f immune r e s p o n s i v e n e s s by I r g e n e p r o d u c t s c a n b e 

e x p l a i n e d w i t h o u t p o s t u l a t i n g t h a t I r g e n e s c o d e f o r Τ c e l l 

r e c e p t o r a n t i b o d i e s . The f a c t t h a t I r p r o d u c t s a r e p r e s e n t 

on Β c e l l s (See K a t z ) a r g u e s a g a i n s t t h e T - c e l l r e c e p t o r 

h y p o t h e s i s . K a t z d a t a s t r o n g l y s u p p o r t t h e i d e a t h a t I r 

p r o d u c t s a r e i n v o l v e d i n c e l l i n t e r a c t i o n s . The I r g e n e 

s y s t e m may h a v e e v o l v e d f r o m a p r i m a t i v e s e l f r e c o g n i t i o n 

s y s t e m , s u c h a s t h a t o p e r a t i n g i n t h e c o l o n i a l a s c i d i o n s ( 3 7 ) . 

C o l o n y f o r m a t i o n i n t h e a s c i d i o n s i s c o n t r o l l e d by a 

s i n g l e g e n e t i c l o c u s w i t h m u l t i p l e a l l e l e s . F u s i o n o c c u r s 

o n l y b e t w e e n c o l o n i e s whose c e l l s h a v e one a l l e l e i n common. 

R e j e c t i o n o c c u r s when c e l l s h a v e two d i f f e r e n t p a i r s o f 

a l l e l e s . T h e s e r u l e s a r e r e m a r k a b l y s i m i l a r t o t h o s e 

g o v e r n i n g c o o p e r a t i o n b e t w e e n Τ and Β c e l l s i n t h e immune 

r e s p o n s e . A mode l f o r t h e c o n t r o l o f r e s p o n s i v e n e s s t o n o n -

s e l f a n t i g e n s by a s e l f r e c o g n i t i o n s y s t e m on Β and Τ 

l y m p h o c y t e s h a s b e e n d e s c r i b e d e l s e w h e r e ( 3 8 ) . 
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DISCUSSION 

H. FUDENBERG: Two comments and a question: first, although 

not the case for cell lines, fresh cells from human chronic 

lymphocytic leukemia obtained from peripheral blood almost 

invariably have two immunoglobulins on their surface with 

monoclonal light chains usually with IgM heavy chains, but 

sometimes IgG, and almost always IgD in association. I think 

any theory of antibody formation and evolution must account 

for this. Secondly, in terms of the use of continuous cell 

lines, I wonder if it is releveant to extrapolate the data 

obtained therein to what goes on in vivo. It is conceivable, 

since all genes are present in all cells but perhaps not 

expressed because of in νivo repression mechanisms, that once 

the cells are outside the body the regulatory mechanisms are 

lost. It then would not be surprising to find multiple V 

and C regions made by the same cell. Lastly, as I remember, 

you had data that the messenger for heavy chains was consid-

erably longer than was needed for continuous synthesis of 

a VC joined heavy chain. I forget the controls you used 

to ensure that, when you added the messenger to the 

appropriate system, only IgG was being made and not something 

else. Was the size of the messenger, considering the size 

of the heavy chain, not longer then need be? I just want to 

make sure that the protein produced is IgG and solely IgG. 

Those are the three points that I would like you to comment 

on. 

A. R. WILLIAMSON: Well, let me comment on the last one 

first. The messenger is only about 450 nucleotides longer 

than is needed to code for a heavy chain and the evidence 
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on the translation of that message was based on fingerprint 

analysis of the product, not complete sequence. Finger-

print analysis showed that the peptides were as one would 

expect for the particular myeloma protein for which the 

message should code. We have looked in the oocyte products 

to see whether other classes of immunoglobulin are made because 

of the possibility that the messages are there in abnormal cells 

even though they are not normally being translated in those 

cells. We haven't found such products; that does not mean 

that they are not there. They could be there at a level 

below our discrimination. On the second point, which is 

related to the last one concerning the products of the 

continuous cell lines. I think you are making a very good 

point. I think that it is very likely that the instances 

of double production in these abnormal cell lines is high 

because there is a loss of some normal control. However, 

I think that this is an accident of nature that might be very 

useful because it is probably a way of finding out what the 

total programming is in that cell; that is whether all of 

the C regions have V regions attached to them. The fact that 

we get expression of more than one C region (and cell lines 

have now been described making several classes) leads us 

to ask whether the V regions can be shown to be very similar 

or identical in those cases. Such a finding would say that 

there is a multtple programming of different C genes occurring 

in the cell. The cell somehow regulates, even after multiple 

programming, which gene is expressed, thus leading to an onto-

genic switching mechanism. To summarize, yes I think multiple 

antibody class expression may well be an accident of the 

transformation with EB virus. 

R. K. GERSHON: In your analysis of the spectrotypes in clones 

did you look at any different carriers, or was your carrier 

always the same? 

A. R. WILLIAMSON: The carrier in the first experiment was 

usually CGG, because it is a very good carrier. We have also 

used BGG and we have not seen a spectrotype difference. 

We also put a spacer molecule between hapten and protein; 

using ΝIP-amino-caproate BGG we also saw exactly the N-l 

spectrotype in the primary responses, in fact they were some 

of the least heterogeneous responses we saw. 

R. K. GERSHON: Differences between mouse strains in the 

fine specificity of antibodies have been shown to be thymus-

dependent in a number of cases. Suppose you take your Fl 

cells and put the Fl T-cells into either of the parents. 
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Is it possible that this would show whether the genetic mater-

ial or the genetic information for the antibody specificities 

is operationally carried in the T-cell rather than in the 

B-cell? 

A. R. WILLIAMSON: It is a possibility. Would you accept an 

allogeneic T-cell stimulation which revealed the same clone? 

R. K. GERSHON: Not really, because these are primed animals 

and the Fl T-cells would have already acted if they do 

determine any of the fine specificity. The allogeneic effect 

would just be boosting those cells which had already been 

T-cell influenced. 

A. R. WILLIAMSON: Yes it is a secondary response in that 
situation. 

P. LEDER: I think that you would agree that it is important 

to realize that no direct evidence rules out a joining me-

chanism taking place at the level of the message. It is quite 

clear frojm a variety of studies, in particularly those pre-

sented yesterday by C. Milstein, that the message occurs as 

a single polynucleotide chain coding for both the constant 

and variable regions. I certainly favor the joining mechanism 

having occurred at the level of DNA, but we can not rule out 

the possibility that ît also occurs at the level of RNA frag-

ments. 

A. R. WILLIAMSON: No, thank you for adding that. I tried to 

say that, although there is no absolute proof, the data favors 

joining at the DNA level, but maybe I didn't place the right 

emphasis on the lack of absolute proof. I do think the evi-

dence as you say points towards a DNA integration step. 

P.LEDER: My point is that there isn't any evidence favoring 

either model, its only a teleological argument. We know 

that the message ends up as a single continuous polynucleotide 

chain. I don't feel that there is any experimental or ob-

servational evidence to favor either hypothesis, one just 

seems a lot more reasonable teleologica11 y. 

A.R. WILLIAMSON: But I think one would have to say that 

there is absolutely no evidence favoring joining at the 

mRNA or protein level. The finding of an intact precursor 

molecule in the nucleus, even though it is probably not the 

original transcript, and our failure to find anything small-

er, does suggest that the VC gene pair is transcribed as a 
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single entity. I agree it is not proof but taken together 
with the H chain deletion mutants spanning V and C regions 
the evidence is highly suggestive. 

C. BELL: I have a question concerning the intrinsic capabili-
ties of a cell to express more than one specificity. Was this 
done with cells kept in culture or with cells drawn continuous 
ly from peripheral blood? In a similar situation Pat Jones ha 
shown in heterozygous rabbits a high incidence of PNBC express 
ing two IgM on their surface. The incidence of double produc-
ers within the same cell was from 20 to 63%, which would clear 
show that there is no allelic exclusion. However, when she 
did a fluorescence study and differentiated the cells and 
stripped them with pronase, then the amount of the double 
producer went down to 3%, which clearly showed that there was 
some kind of adherence on the surface. Were the same studies 
done in cells drawn from the peripheral blood or were they 
kept in culture so that the IgD or IgM might have adhered to 
them? 

A.R. WILLIAMSON: Well, the answer to your question is that 
the studies on the human lymphocytes by Steel et_ aj_ (Ref. 27) 
were performed using continuous lines in culture. But I think 
Len Herzenberg ought to answer the point about Pat Jones 
studies since he knows that data. 

L. HERZENBERG: This is to straighten the record, as an 
author on the paper. The interpretation that we made was 
clearly that there was cytophilic antibody found on the B-
cells when they were taken out of the rabbit. It wasn't a 
matter of it being synthesized by those cells at all and there 
is extensive evidence for that; it is published in the 
Journal of Experimental Medicine in August 197̂ * by Jones 
et al. 

A. R. WILLIAMSON: Whereas the two cases of double producing 
cells that I quoted have been shown to be due to synthesis. 

L. HERZENBERG: Yes 

C. MILSTEIN: You said that the binding of the heavy chain 
by the messenger is at the 5' end. What is the evidence? 

A. R. WILLIAMSON: The evidence is published in the European 
Journal of Biochemistry (42 (197^) 553) by Ron Stevens, 
and, as I said, is not conclusive evidence. The evidence is 
based on the translationaI control effect, in which there 
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appears to be an inhibition of initiation of translation 

and so we interpret that as being due to binding of immuno-

globulin at a site near the initiation site. 

E.A.KABAT: If I may assume the prerogative of the Chairman, 

I just want to ask you if there is evidence that your un-

translated portion at the 5' end really might be involved 

in synthesis of many other proteins which are not immuno-

globulin and that it really does not give you an estimate 

of the number of immunoglobulin V genes. 

A. R. WILLIAMSON: There is no firm evidence, one way or 
the other. 
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A b s t r a c t : Our s t u d i e s h a v e f o c u s e d on s e v e r a l h y p o t h e s e s 
p u t f o r w a r d t o a c c o u n t f o r t h e d i v e r s i t y of immuno-
g l o b u l i n g e n e s . These s t u d i e s h a v e shown t h a t t h e 
c o n s t a n t r e g i o n s of t h e mouse κ and λ c h a i n s a r e r e p r e -
s e n t e d a s r e l a t i v e l y u n i q u e s e q u e n c e s i n t h e genome of 
t h e mouse . E x p e r i m e n t s which h a v e a t t e m p t e d t o f o c u s 
on t h e g e n e t i c r e p r e s e n t a t i o n of t h e v a r i a b l e r e g i o n of 
t h e κ c h a i n a r e n o t a s r e a d i l y i n t e r p r e t e d . They d o , 
h o w e v e r , r u l e o u t t h o u s a n d s of c l o s e l y r e l a t e d germ 
l i n e s e q u e n c e s . As a r e s u l t o f a m b i g u i t i e s i n t h e κ 
s y s t e m , we h a v e t u r n e d ou r a t t e n t i o n t o a s i m p l e r 
m o d e l , t h e mouse λ l i g h t c h a i n . S i n c e d e t a i l e d a n a l y -
s e s h a v e shown t h a t t h e r e a r e a t l e a s t s e v e n v e r y 
c l o s e l y r e l a t e d λ l i g h t c h a i n s , t h i s c l a s s p r o v i d e s a 
v e r y u s e f u l model f o r s t u d i e s i n v o l v i n g m o l e c u l a r 
h y b r i d i z a t i o n . U t i l i z i n g mouse λ c h a i n %-cDNA, h y b r i d -
i z a t i o n k i n e t i c a n a l y s e s i n d i c a t e t h a t t h e s e s e q u e n c e s 
a r e r e p r e s e n t e d among t h e r e l a t i v e l y u n i q u e g e n e t i c 
s e q u e n c e s i n t h e mouse genome. T h i s r e s u l t t e n d s t o 
r u l e o u t a germ l i n e model f o r a n t i b o d y d i v e r s i t y . The 
r e s e r v a t i o n s w i t h r e s p e c t t o r e a c h i n g such a c o n c l u s i o n 
a r e a l s o d i s c u s s e d . 
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INTRODUCTION 

The unique features of immunoglobulin light and heavy 

chains obviously require a unique genetic explanation, which 

involves accounting for the constant and variable portions 

of these molecules in genetic terms. A variety of structural 

and serologic studies carried out over the past decade have 

provided a remarkable insight into the nature of the genetic 

problem. These provide the basis for several contending 

hypotheses which, until recently, could not be subject to 

direct experimental test (see Ref. 1 for detailed references). 

Recent advances in the isolation of a variety of immuno-

globulin mRNAs and our ability to use them in molecular 

hybridization experiments have altered this situation dramat-

ically (1-15). Such studies are the subject of this report. 

THE HYPOTHESES 

Three major types of hypotheses have been advanced to 

account for the organization and diversity of the immuno-

globulin genes (Fig. l ) . The simplest of these, the strin-

gent germ line hypothesis, requires a single continuous 

genetic sequence encompassing variable and constant region 

for each light and heavy chain in the organism's immunologic 

repertoire. Thus, 1,000 light chains would require 1,000 

variable region genetic sequences immediately adjacent 1,000 

constant region genetic sequences (assuming an antibody-

repertoire of approximately 10
6
 different molecules) (l6). 

In contrast to this straightforward model, the recombina-

tional germ line hypothesis incorporates a critical feature 

originally suggested by Dreyer and Bennet (l7) 9 namely, that 

variable and constant regions are encoded by two separate 

genes which are (or whose products are) ultimately joined to 

form an intact immunoglobulin sequence. This model requires 

one or very few copies of the constant region sequence which 

combine with one of the thousand or so variable region gene 

sequences encoded in the germ line genome. Obviously the 

major difference between this hypothesis and the stringent 

germ line hypothesis is the former's requirement for very 

few constant region genes. 

The above two models hold that the diversity of the 

variable region sequences have arisen during evolution of 
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t h e s p e c i e s . A r a t h e r d i f f e r e n t v i e w , i n i t s most modern 
fo rm, h o l d s t h a t w h i l e much d i v e r s i t y be tween v a r i a b l e 
r e g i o n s e q u e n c e s h a s a r i s e n t h r o u g h e v o l u t i o n , c r i t i c a l 
d i v e r s i t y c o n t i n u e s t o b e g e n e r a t e d i n t h e genome d u r i n g t h e 
s o m a t i c d i f f e r e n t i a t i o n of t h e immunocyte . A c c o r d i n g t o 
t h i s h y p o t h e s i s , t h e s o m a t i c m u t a t i o n h y p o t h e s i s , t h e number 
of germ l i n e g e n e s c o r r e s p o n d i n g t o v a r i a b l e r e g i o n s i s v e r y 
few, p o s s i b l y c o r r e s p o n d i n g t o t h e v a r i a b l e r e g i o n s u b g r o u p s , 
and t h e s e u n d e r g o c h a n g e s d u r i n g s o m a t i c d i f f e r e n t i a t i o n 
wh ich r e s u l t i n t h e f i n a l p r o d u c t i o n o f t h e immunologic 
r e p e r t o i r e . 

The t h r e e mode l s c l e a r l y d i f f e r from one a n o t h e r i n t h e 
number of c o n s t a n t and v a r i a b l e gene s e q u e n c e s t h e y r e q u i r e . 
As shown i n f i g u r e 1 , t h e s t r i n g e n t germ l i n e h y p o t h e s i s 
r e q u i r e s many c o p i e s o f t h e c o n s t a n t r e g i o n s e q u e n c e , t h e 
r e m a i n i n g h y p o t h e s e s r e q u i r e v e r y few. The r e c o m b i n a t i o n a l 
germ l i n e h y p o t h e s i s r e q u i r e s many v a r i a b l e r e g i o n gene 
s e q u e n c e s , t h e s o m a t i c m u t a t i o n h y p o t h e s i s r e q u i r e s few. I n 
a d d i t i o n , t h e l a s t h y p o t h e s i s h o l d s t h a t t h e g e n e t i c make up 
of one immunocyte c l o n e w i l l d i f f e r from t h a t of a n o t h e r , 
inasmuch a s b o t h have u n d e r g o n e s o m a t i c m u t a t i o n . I n v i ew 
of t h e s e d i f f e r e n c e s e a c h model h a s p r e d i c t i v e v a l u e i n 
t e r m s of t h e number o f v a r i a b l e and c o n s t a n t r e g i o n s e q u e n c e s 
i t r e q u i r e s . 

THE EXPERIMENTAL APPROACH 

The a p p r o a c h we have t a k e n h a s r e l i e d v e r y h e a v i l y on 
a d v a n c e s wh ich we h a v e b e e n a b l e t o make i n t h e s t u d y of t h e 
o r g a n i z a t i o n and r e g u l a t e d e x p r e s s i o n of t h e g l o b i n g e n e s 
(l8, 19). These s t u d i e s l e d t o t e c h n i q u e s f o r t h e a s s a y , 
p u r i f i c a t i o n a n d , most i m p o r t a n t l y , t h e a b i l i t y t o r e v e r s e 
t r a n s c r i b e p u r i f i e d mRNA i n t o s t a b l e , h i g h l y r a d i o a c t i v e DNA 
s e q u e n c e s c o r r e s p o n d i n g t o s p e c i f i c mammalian g e n e s . These 
t e c h n i q u e s have b e e n a p p l i e d by o u r s e l v e s and o t h e r s t o t h e 
p u r i f i c a t i o n and r e v e r s e t r a n s c r i p t i o n of s e v e r a l immuno-
g l o b u l i n l i g h t c h a i n mRNAs. 

S y n t h e s i s of DNA complementa ry t o p u r i f i e d l i g h t c h a i n 
mRNA. Q u a n t i t a t i o n of t h e immunog lobu l in genes h a s depended 
upon o u r h a v i n g s u i t a b l y r a d i o a c t i v e p r o b e s f o r m o l e c u l a r 
h y b r i d i z a t i o n s t u d i e s . E a r l y s t u d i e s showed t h a t t h e 
p u r i f i e d immunog lobu l in mRNA would s e r v e a s an e f f i c i e n t 
t e m p l a t e f o r t h e s y n t h e s i s of complementa ry M0PC-^1 cDNA (7, 
2 0 , 2 1 ) . As we have p o i n t e d o u t p r e v i o u s l y ( l ) , by a n n e a l i n g 
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an o l i g o ( d T ) p r i m e r t o t h e 3
1
 p o l y (A) end of t h e message we 

were a b l e t o p h a s e RNA-dependent DNA p o l y m e r a s e and a s s u r e 
t h a t t h e l i g h t c h a i n mRNA i s c o p i e d from t h e 3

1
 t o t h e 5

f 

e n d . C a r e f u l c h a i n l e n g t h d e t e r m i n a t i o n s showed t h a t t h e 
MOPC-^1 cDNA had a c h a i n l e n g t h o f a p p r o x i m a t e l y 630 n u c l e o -
t i d e s ( l ) . S i n c e r e v e r s e t r a n s c r i p t i o n o c c u r s from t h e 3

f 

end of t h e mRNA, t h e cDNA p r o b e c o r r e s p o n d s t o t h e C t e r m i n a l 
( o r c o n s t a n t r e g i o n ) p o r t i o n of t h e immunog lobu l in l i g h t 
c h a i n mRNA. A number o f c o n t r o l s t u d i e s i n d i c a t e d t h a t t h e 
MOPC-i+l cDNA i n d e e d c o n t a i n e d such a s e q u e n c e ( l ) . 

E a r l y s t u d i e s a l s o a d d r e s s e d t h e v e r y i m p o r t a n t q u e s t i o n 
of t h e p u r i t y o f t h e mRNA p r e p a r a t i o n u s e d and t h e p u r i t y of 
t h e p r o b e i t s e l f ( l ) . I n a d d i t i o n t o d i r e c t i n g t h e s y n t h e s i s 
o f t h e immunog lobu l in l i g h t c h a i n and t o m i g r a t i n g a s a 
s i n g l e , homogeneous band on formamide P o l y a c r y l a m i d e g e l 
e l e c t r o p h o r e s i s , t h e t e c h n i q u e of h y b r i d i z a t i o n k i n e t i c 
a n a l y s i s was u s e d t o a s s e s s t h e p u r i t y o f message and p r o b e . 
A c c o r d i n g t o t h e s e s t u d i e s , t h e r a t e of h y b r i d i z a t i o n of t h e 
MOPC-^1 message and p r o b e was such t h a t i t s p u r i t y was 
comparab l e t o t h a t o f r a b b i t and mouse g l o b i n mRNAs. 

GENETIC REPRESENTATION OF THE κ CONSTANT REGION GENE SEQUENCE 

As n o t e d a b o v e , t h e s t r i n g e n t germ l i n e h y p o t h e s i s r e -
q u i r e s h u n d r e d s i f n o t t h o u s a n d s o f c o p i e s o f t h e c o n s t a n t 
r e g i o n s e q u e n c e . A number of g e n e t i c a n a l y s e s (22-29) wh ich 
have examined t h e l i n k a g e , a l l o t y p e and c r o s s - o v e r of h e a v y 
and l i g h t c h a i n C r e g i o n s h a v e b u t t r e s s e d t h e a r g u m e n t s of 
D r e y e r and Benne t (17) s u g g e s t i n g t h a t o n l y few c o p i e s of 
t h e C r e g i o n gene a r e r e q u i r e d . I m p l i c i t i n t h e i r a rgument 
was t h e n o t i o n t h a t a t l e a s t two g e n e s encode one p o l y p e p t i d e 
c h a i n . 

T h i s h y p o t h e s i s can b e t e s t e d d i r e c t l y u s i n g t h e MOPC-
kl cDNA a s a h y b r i d i z a t i o n p r o b e t o a s s e s s t h e r e i t e r a t i o n 
f r e q u e n c y o f t h e c o n s t a n t r e g i o n gene s e q u e n c e . The r e l e v a n t 
e x p e r i m e n t i s shown i n f i g u r e 2 w h e r e i n

 3
H-cDNA MOPC-^1 was 

h y b r i d i z e d t o a v a s t e x c e s s o f u n l a b e l e d t o t a l DNA d e r i v e d 
from MOPC-Ul t u m o r . A s i m i l a r a n a l y s i s u s i n g g l o b i n cDNA i s 
shown f o r c o m p a r i s o n . A Cot- jy 2 v a l u e f o r MOPC-iil cDNA of 
1130 was o b t a i n e d a s compared t o a Cot-j_/2 v a l u e of 3000 f o r 
" u n i q u e " mouse DNA. T h i s c o r r e s p o n d s t o a r e i t e r a t i o n 
f r e q u e n c y of 2.7 c o p i e s p e r h a p l o i d genome. The s h a r p 
t h e r m a l e l u t i o n p r o f i l e ( F i g . 2 i n s e t ) i n d i c a t e s t h e c l o s e l y 
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F i g . 2. K i n e t i c s of a n n e a l i n g of MOPC-Ul cDNA t o a 
v a s t e x c e s s t o t a l c e l l u l a r MOPC-i+1 DNA. H y b r i d i z a t i o n 
k i n e t i c s o f MOPC-^1

 3
H-cDNA were c a r r i e d o u t i n t h e p r e s -

ence of up t o a 1.2 χ 10
7
- f o l d e x c e s s of u n l a b e l e d , s h e a r e d 

MOPC-^1 c e l l u l a r DNA. [For c o m p a r i s o n , t h e k i n e t i c s of 
h y b r i d i z a t i o n , u n d e r s i m i l a r c o n d i t i o n s , of mouse g l o b i n 
3
H-cDNA w i t h MOPC-i+1 c e l l u l a r DNA a r e shown. ] The cDNA 

and c e l l u l a r DNA were p r e p a r e d a s d e s c r i b e d ( l ) , w i t h t h e 
fo rmer h a v i n g a s p e c i f i c a c t i v i t y of U.6 χ 10

7 dpm/yg , and 
a b a s e l e n g t h of 630 by a l k a l i n e s u c r o s e g r a d i e n t c e n t r i f u g a -
t i o n . The h y b r i d i z a t i o n p r o c e d u r e and S j n u c l e a s e a s s a y s 
were a s d e s c r i b e d ( l ) , and were p e r f o r m e d a t DNA c o n c e n t r a -
t i o n s and s a l t c o n c e n t r a t i o n s a p p r o p r i a t e f o r e a c h p o r t i o n 
of t h e k i n e t i c c u r v e ( s e e b e l o w ) . The Cot v a l u e s + o n t h e 
a b s c i s s a a r e t h o s e t h a t would o b t a i n a t 0.l8 M Na (3^). 
C o t 1 / 2 f o r MOPC-Ul DNA χ MOPC-1+1 DNA e q u a l s 1 1 3 0 . Cot , 
f o r g l o b i n cDNA χ MOPC-Ul DNA e q u a l s 2100. The f i l l e d

 1 

symbols r e p r e s e n t MOPC-Hl cDNA χ MOPC-Ul DNA: (W) +0.99 
mg/ml DNA, 0.l8 M N a + ; ( · ) 9-9 mg/ml DNA, 0.51

* M Na ; (à) 9-9 
mg/ml DNA, I.06 M Na . The open symbols ( θ ) r e p r e s e n t 
g l o b i n cDNA χ MOPC-Ul DNA. Thermal e l u t i o n p r o f i l e ^ ( i n s e t ) 
were d e t e r m i n e d by d i l u t i n g t h e h y b r i d t o 0.2*1 M Na , 
h e a t i n g a t e a c h t e m p e r a t u r e f o r 8-10 m i n u t e s and d e t e r m i n i n g 
r e s i s t a n c e t o S j n u c l e a s e ( l ) . I n t h e i n s e t , t h e c l o s e d 
symbols ( · ) r e p r e s e n t MOPC-Ul cDNA v s . MOPC-ύΐ DNA; t h e open 
symbols ( θ ) r e p r e s e n t MOPC-Ul cDNA v s . MOPC-265 DNA. 

178 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

matched n a t u r e o f t h e h y b r i d fo rmed . S i m i l a r a n a l y s e s h a v e 
"been c a r r i e d o u t u s i n g t h i s h y b r i d i z a t i o n p r o b e and t o t a l 
DNA from λ c h a i n p r o d u c i n g t u m o r s and from no rma l mouse 
l i v e r and s p l e e n ( l ) . These r e s u l t s gave a r e i t e r a t i o n 
f r e q u e n c y of a p p r o x i m a t e l y 3 c o p i e s p e r h a p l o i d genome and 
t a k e n t o g e t h e r i n d i c a t e t h a t o n l y two o r t h r e e c o p i e s o f t h e 
c o n s t a n t r e g i o n gene a r e p r e s e n t p e r h a p l o i d genome. These 
a r e r e p r e s e n t e d t o t h e same e x t e n t r e g a r d l e s s o f w h e t h e r t h e 
c e l l i s a c t i v e l y p r o d u c i n g κ c h a i n s . The r e s u l t o b v i o u s l y 
r u l e s ou t t h e s t r i n g e n t germ l i n e h y p o t h e s i s and conforms t o 
t h e p r e d i c t i o n o f t h e r e m a i n i n g h y p o t h e s e s t h a t c o n s t a n t 
r e g i o n gene s e q u e n c e s a r e r e p r e s e n t e d b u t few t i m e s i n t h e 
genome. 

SOMATIC MUTATION OR EVOLUTION AS A SOURCE OF κ CHAIN DIVERSITY? 

The r e c o m b i n a t i o n a l germ l i n e h y p o t h e s i s and t h e s o m a t i c 
m u t a t i o n h y p o t h e s i s a d d r e s s t h e q u e s t i o n of how t h e d i v e r s i t y 
of t h e v a r i a b l e r e g i o n a r i s e s . The fo rmer h y p o t h e s i s r e -
q u i r e s many, p o s s i b l y t h o u s a n d s , o f v a r i a b l e r e g i o n gene 
s e q u e n c e s w h e r e a s t h e l a t t e r r e q u i r e s few. Whi le t h e s e 
r e q u i r e m e n t s a r e q u i t e c l e a r , t h e r e a r e c o n s e q u e n c e s i n 
t e r m s of t h e h y b r i d i z a t i o n e x p e r i m e n t wh ich r e q u i r e q u a l i f i -
c a t i o n . 

R e f e r r i n g t o F i g . 1 we may a s k what r e s u l t s m igh t be 
e x p e c t e d from h y b r i d i z a t i o n a n a l y s e s were e i t h e r model 
c o r r e c t ? I t i s c l e a r t h a t t h e d i f f e r e n c e s i n amino a c i d 
s e q u e n c e s be tween v a r i a b l e r e g i o n s from d i f f e r e n t κ s u b g r o u p s 
a r e so g r e a t t h a t s t a b l e h y b r i d s would n o t form "between 
s e q u e n c e s d e r i v e d from d i f f e r e n t s u b g r o u p s ( l l , 21). At 
b e s t , v a r i a b l e s e q u e n c e s d e r i v e d from t h e same subg roup 
which a g r e e i n o v e r 80% of t h e i r amino a c i d s e q u e n c e s would 
b e e x p e c t e d t o form s t a b l e c r o s s - h y b r i d s . T h e r e f o r e , i f 
e a c h s ubg roup c o n t a i n e d a p p r o x i m a t e l y 50 d i f f e r e n t v a r i a b l e 
s e q u e n c e s , and were t h e germ l i n e h y p o t h e s i s c o r r e c t , we 
would o n l y o b s e r v e a r e i t e r a t i o n f r e q u e n c y of a b o u t 50, 
c o r r e s p o n d i n g t o a b o u t 50 o r fewer c l o s e l y r e l a t e d c o p i e s 
f o r t h e v a r i a b l e r e g i o n . Were t h e s o m a t i c m u t a t i o n h y p o t h e s i s 
c o r r e c t and e a c h s u b g r o u p r e p r e s e n t e d by a s i n g l e germ l i n e 
g e n e , t h e e x p e c t e d C o t - ^ ^ v a l u e would b e c o n s i s t e n t w i t h a 
u n i q u e r e p r e s e n t a t i o n of t h i s g e n e . 

I n c o n t r a s t t o t h e p r e v i o u s l y d e s c r i b e d e x p e r i m e n t s 
which f o c u s e d on t h e r e i t e r a t i o n f r e q u e n c y of t h e c o n s t a n t 
r e g i o n s e q u e n c e , t h e i n t a c t immunog lobu l in l i g h t c h a i n mRNA 
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was i o d i n a t e d w i t h
 1 2 b

l i n o r d e r t o a s s e s s t h e r e i t e r a t i o n 
f r e q u e n c y of c o n s t a n t and v a r i a b l e p o r t i o n s of t h e κ l i g h t 
c h a i n m e s s a g e . A v e r y d e t a i l e d h y b r i d i z a t i o n k i n e t i c a n a l y s i s 
i s shown i n f i g u r e 3 . T h e r e i s no v e r y h i g h l y r e i t e r a t e d 
m a t e r i a l . I n a d d i t i o n , t h e Cr t c u r v e i s n o t o b v i o u s l y 
b i p h a s i c . At b e s t , a s m a l l p r o p o r t i o n , a p p r o x i m a t e l y 25$, 
of t h e

 1 2 5
l mRNA does h y b r i d i z e o v e r a C r t r a n g e b e t w e e n 5 

and 8 0 0 . T h i s m a t e r i a l can b e a s s i g n e d a r e i t e r a t i o n 
f r e q u e n c y of 30 t o 50 c o p i e s p e r h a p l o i d genome, t h o u g h i t 
i s d i f f i c u l t t o f e e l s e c u r e a b o u t t h i s number . The r e m a i n i n g 
and ma jo r p o r t i o n of t h e h y b r i d i z a t i o n r e a c t i o n o c c u r s o v e r 
a r a n g e of C r t t h a t i s c l e a r l y u n i q u e . S i m i l a r e x p e r i m e n t s 
have b e e n c a r r i e d o u t u s i n g t h i s i o d i n a t e d MOPC-Hl mRNA 
p r e p a r a t i o n and DNA d e r i v e d from o t h e r myeloma t u m o r s a s 
w e l l a s n o r m a l s p l e e n and l i v e r t i s s u e ( 1 2 ) . 

The r e s u l t s of t h i s e x p e r i m e n t a r e , u n f o r t u n a t e l y , s u b -
j e c t t o s e v e r a l i n t e r p r e t a t i o n s . I t i s p o s s i b l e t h a t t h e 
v a r i a b l e a s w e l l a s c o n s t a n t r e g i o n s e q u e n c e s a r e r e p r e s e n t e d 
i n t h e RNA t h a t h y b r i d i z e s a s a u n i q u e s e q u e n c e . The mod-
e r a t e l y r e i t e r a t e d m a t e r i a l may b e a c o n t a m i n a n t o r a p o r t i o n 
of RNA beyond t h e v a r i a b l e r e g i o n s e q u e n c e . We have c a r r i e d 
o u t a number o f h y b r i d i z a t i o n e x p e r i m e n t s of t h e t y p e o r i g -
i n a l l y d e s c r i b e d by Tonegawa and h i s c o w o r k e r s ( 3 0 , 31) and 
have n o t b e e n a b l e t o r e s o l v e t h i s p r o b l e m t o o u r s a t i s f a c -
t i o n . C l e a r l y o u r e x p e r i m e n t s f a i l t o r e v e a l a ma jo r p r o p o r -
t i o n o f h i g h l y r e i t e r a t e d m a t e r i a l . I t i s p o s s i b l e t h a t t h e 
30 t o 50 t i m e s r e i t e r a t e d m a t e r i a l does c o r r e s p o n d t o t h e 
v a r i a b l e r e g i o n , a r e s u l t wh ich would be e n t i r e l y c o n s i s t e n t 
w i t h t h e r e c o m b i n a t i o n a l germ l i n e h y p o t h e s i s and t h e number 
of germ l i n e v a r i a b l e g e n e s e x p e c t e d i n t h e M0PC-i+l s u b g r o u p . 
However , s i n c e we c a n n o t e s t i m a t e t h e s i z e of such a s u b g r o u p , 
such an i n t e r p r e t a t i o n l e a v e s a g r e a t d e a l t o be d e s i r e d . 
R e a l i z i n g t h a t t h e s e d i f f i c u l t i e s c o u l d o n l y be s e t t l e d by a 
more f o c u s e d u s e of h y b r i d i z a t i o n p r o b e , we t u r n e d ou r 
a t t e n t i o n t o t h e λ c l a s s of mouse immunog lobu l in l i g h t 
c h a i n s . 

THE ORIGIN OF DIVERSITY OF λ VARIABLE SEQUENCES : A SIMPLER 
CLASS 

Whi le λ l i g h t c h a i n s r e p r e s e n t a minor p r o p o r t i o n of 
l i g h t c h a i n s i n c i r c u l a t i n g mouse a n t i b o d y , Cohn and h i s 
a s s o c i a t e s (32) have p o i n t e d o u t t h a t λ l i g h t c h a i n s d e r i v e d 
from myeloma t u m o r s f a l l i n t o what seems t o b e a s i n g l e 
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F i g . 3. K i n e t i c s o f a n n e a l i n g of MDPC-Ul
 1 2 5

I - m R N A t o 
a v a s t e x c e s s of t o t a l , c e l l u l a r MOPC-Ul DNA. H y b r i d i z a t i o n 
k i n e t i c s o f MOPC-Ul

 1 2 5
I - m R N A i n t h e p r e s e n c e of up t o a 

2.9k χ 1 0
6
- f o l d e x c e s s o f u n l a b e l e d , s h e a r e d M0PC-Ï+1 c e l l u l a r 

DNA. C e l l u l a r DNA was p r e p a r e d a s d e s c r i b e d ( l ) . MOPC-i+1 
mRNA was p r e p a r e d a s d e s c r i b e d ( l ) . I o d i n a t i o n was p e r f o r m e d 
a c c o r d i n g t o t h e p r o c e d u r e o f P r e n s k y ejt a l . (35); s p e c i f i c 
a c t i v i t y of t h e MOPC-i+1

 1 2 5
I - m R N A i s 3.2 χ 1 0 6 cpm/y^ . 

H y b r i d i z a t i o n was p e r f o r m e d a t 65°-67°£ i n 1.0k M Na -
0.02 M T r i s - C l , pH 7-0, w i t h 0.18 M Na u s e d a t t h e l o w e r 
Cr t v a l u e s . DNA c o n c e n t r a t i o n was 10 mg/ml , w i t h 0.9^ mg/ml 
u s e d a t t h e l o w e r Cr t v a l u e s . Cr t v a l u e s on t h e a b c i s s a a r e 
t h o s e t h a t would b e o b t a i n e d a t 0.18 M Na (3k) i n a DNA-DNA 
r e a n n e a l i n g r e a c t i o n . At e a c h t i m e p o i n t , a l i q u o t s were 
d i l u t e d 100 - f o l d i n t o 0.3 M NaCl - 30 mM N a - c i t r a t e , and 
a s s a y e d (37° x ^0 m i n . ) f o r r e s i s t a n c e t o 60 yg /ml RNase A, 
a c c o r d i n g t o t h e p r o c e d u r e of M e l l i et_ a l . (36). R e a c t i o n 
m i x t u r e s were a c i d - p r e c i p i t a t e d and c o l l e c t e d on GFC g l a s s 
f i b e r f i l t e r s . F i l t e r s were e l u t e d w i t h NCS, and c o u n t e d i n 
s o l u t i o n i n a s t a n d a r d t o l u e n e - f l u o r m i x t u r e i n a Beckman 
LS-250 ß - s c i n t i l l a t i o n s p e c t r o m e t e r . The symbols r e p r e s e n t : 
( · ) MOPC-Ul

 1 2 5
I - m R N A χ MOPC-Hl DNA, C r t . , / o e q u a l s 3200. 
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subgroup. Of the eighteen mouse λ light chains thus far 
analyzed, seven sequences have been determined which differ 
from one another at the most in one, two or four amino acids 
located in the hypervariable portion of the variable region. 
Such small differences in amino acid sequences which could 
be accounted for by not more than four or five base changes 
suggest genetic sequences so closely related that they would 
certainly form stable cross-hybrids with one another. Thus 
the λ myeloma proteins form a very well-defined subgroup 
which contain a minimum of seven members. If the recombina-
tional germ line hypothesis were correct, we would expect, 
as a minimum, seven germ line λ variable gene sequences to 
be present in the mouse genome. These sequences would be 
virtually identical to one another so that the hybridization 
should correspond to this reiteration frequency. We have 
emphasized that seven separate λ chains represent the mini-
mum value. It is possible, even likely, that this subgroup 
has many more closely related members. The major difference, 
then, between the λ and κ subgroups are that in λ, we have a 
defined amino acid sequence which assures us the formation 
of a stable hybrid. Thus, hybridization kinetic analysis 
for the variable region sequence should be unique for the 
constant region and reiterated at least 7-fold for the 
variable region if the recombinational germ line hypothesis 
is correct. If it is not correct, hybridization kinetics 
should reveal a unique sequence. 

Experiments using RPC-20 cDNA: Α λ constant and variable 
region probe. Somewhat in contrast to results obtained 
using the κ chain mRNA template, RPC-20 mRNA directs the 
synthesis of a relatively long cDNA reverse transcript (33). 
Relatively detailed studies of sized cDNA yielded a family 
of probes with an average chain length of 830 nucleotides. 
Taking into account the fact that the RPC-20 mRNA was approxi-
mately II50 bases long and assuming that the poly(A) sequence 
was approximately 200 bases long, this probe should clearly 
cover a 150-200 base long untranslated sequence, the 325 
base long constant region sequence and a major portion, if 
not all, of the variable region sequence as well. The 
probe, therefore, in contrast to the κ light chain probe, 
should represent both constant and variable regions. The 
behavior of this λ cDNA in hybridization kinetic analyses 
using total DNA derived from RPC-20 tumor and mouse spleen 
is shown in figure k. The Crt , values of 1200 are consis-
tent with about two copies of this sequence per haploid 
genome. 
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F i g . k. K i n e t i c s o f a n n e a l i n g of RPC-20
 3

H-cDNA t o 
t o t a l RPC-20, mouse s p l e e n and sa lmon sperm DNA. The h y b r i d i -
z a t i o n r e a c t i o n was c a r r i e d o u t u n d e r c o n d i t i o n s d e s c r i b e d 
i n t h e l e g e n d t o f i g u r e 2 . The c u r v e s a r e a p p r o p r i a t e l y 
l a b e l e d i n t h e f i g u r e . The C o t - j / 2 v a l u e s o b t a i n e d a r e 1200 
and 1300 f o r mouse s p l e e n and RPC-20 DNA r e s p e c t i v e l y . 

CONCLUSIONS AND CAVEATS 

Whi le t h e m a t t e r o f g e n e t i c r e p r e s e n t a t i o n o f t h e κ 
c o n s t a n t r e g i o n s e q u e n c e seems s e t t l e d and i s r e l a t i v e l y 
u n i q u e , t h e g e n e t i c r e p r e s e n t a t i o n of t h e v a r i a b l e r e g i o n 
s e q u e n c e r e m a i n s a p r o b l e m . Our r e s u l t s v i e w i n g t h e h y b r i d i -
z a t i o n of t h e κ l i g h t c h a i n mRNA h a v e p r o d u c e d somewhat 
ambiguous r e s u l t s , b u t n e v e r t h e l e s s , r u l e o u t a v a r i a b l e 
s e q u e n c e c o r r e s p o n d i n g t o t h o u s a n d s of c l o s e l y r e l a t e d 
g e n e t i c s e q u e n c e s . To overcome t h e d i f f i c u l t i e s i n t r i n s i c 
i n i n t e r p r e t i n g t h e r e s u l t s from s t u d i e s of t h e κ s e q u e n c e , 
we h a v e t u r n e d t o t h e s i m p l e r λ s y s t e m i n t h e mouse . Here 
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we a r e a s s u r e d of a t l e a s t s e v e n s e q u e n c e s of a s i n g l e 
subg roup which a r e so c l o s e l y r e l a t e d t h a t t h e y would 
p r o d u c e s t a b l e h y b r i d s i n o u r k i n e t i c e x p e r i m e n t s . S t u d i e s 
u s i n g

 3
H-cDNA g i v e r e s u l t s r e l e v a n t t o b o t h c o n s t a n t and 

v a r i a b l e r e g i o n s . C o n s t a n t and v a r i a b l e λ s e q u e n c e s seem t o 
b e r e p r e s e n t e d one o r two t i m e s p e r d i p l o i d genome, c e r -
t a i n l y no more f r e q u e n t l y t h a n t h e mouse g l o b i n g e n e s . Such 
a r e s u l t i s n o t c o n s i s t e n t w i t h t h e germ l i n e h y p o t h e s i s . 
The r e s u l t s s u p p o r t t h e p r o p o s a l s of Cohn e t a l . ( 3 2 ) , b a s e d 
on t h e mouse λ s y s t e m , which s u g g e s t e d t h e need f o r a 
s o m a t i c m u t a t i o n mechanism t o g e n e r a t e t h e l i m i t e d λ v a r i -
a b l e r e g i o n d i v e r s i t y . 

What a b o u t t h e c a v e a t s ? I t i s p o s s i b l e t h a t t h e 
h y b r i d i z a t i o n t e c h n i q u e would n o t p e r m i t u s t o d i s t i n g u i s h 
b e t w e e n one o r two and s e v e n t o t e n gene c o p i e s . I n v i e w of 
t h e r e s o l v i n g power o f t h e t e c h n i q u e and t h e c l o s e ag reemen t 
w i t h g l o b i n s e q u e n c e r e s u l t s , t h i s seems u n l i k e l y . F u r t h e r 
r e s e r v a t i o n i n v o l v e s t h e r a t h e r s p e c i a l s i t u a t i o n of mouse λ 
c h a i n s . C e r t a i n l y t h e λ c l a s s i s a m i n o r i t y c l a s s i n t h e 
mouse , r e p r e s e n t i n g o n l y a b o u t 5% of l i g h t c h a i n s o c c u r r i n g 
i n c i r c u l a t i n g mouse a n t i b o d y . P e r h a p s t h e λ s e q u e n c e s have 
u n d e r g o n e a m a s s i v e d e l e t i o n i n t h i s s p e c i e s and t h e i r 
u n i q u e o r r e l a t i v e l y u n i q u e r e p r e s e n t a t i o n i s a c o n s e q u e n c e 
of t h i s and i s , t h e r e f o r e , n o t r e p r e s e n t a t i v e of t h e mouse 
v a r i a b l e r e g i o n genome. T h i s p o i n t , of c o u r s e , w i l l be 
c l a r i f i e d when we a r e a b l e t o f o c u s i n g r e a t e r d e t a i l upon 
t h e h y b r i d i z a t i o n k i n e t i c s o f s e v e r a l d i f f e r e n t κ c h a i n 
s u b g r o u p s . 
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DISCUSSION 

T WU: In the mRNA-DNA hybridizing experiment should the 

poly A give a diphasic curve? 

P. LEDER: I'd like to emphasize that the last experiment that 

I showed you was done with DNA not mRNA. There is no problem 

because the hybridizations are carried out under such condi-

tions and the assays are done in such a way, that the poly 

dT interactions play no role. In the iodinated RNA exper-

iments, the chemistry is such that the iodine is on the 

cytîdîne. 

F. W. PUTNAM: If you can't be sure that you don't have at 

least 7 to 10 V region genes for the lambda chain then in the 

kappa chain, where there are many more variable sequences 

the number of V kappa genes could be 20 to 50 times greater. 

You could easily have several hundred V kappa genes, couldn't 

you? 

P. LEDER: I don't think that our results can be interpreted 

to determine the reiteration frequency of the kappa variable 

region. I made no interpretation of the results I showed 

in terms of the reiteration frequency of the variable region. 

187 



P. L E D E R et ai 

S. B. GREER: My question refers to the problem of joining. 

I know that you are using the RNA dependent DNA polymerase 

as a probe, but it might be interesting, concerning the 

mechanism of joining that I have in mind, if you took two 

different populations of messenger RNA molecules, and utilized 

the reverse transcriptase to see if you obtained a DNA pro-

duct that is a combination of the two templates. 

P. LEDER: As a pencil and paper experiment that might be 

alright. 

S.B. GREER: On the subject of pencil and paper joining 

mechanisms, one might consider the findings of So, Downey, 

and Byrnes at the University of Miami on the existence of 

an RNA replicase in mammalian cells. Instead of being joined 

by a ligase one could imagine two templates being copied to 

result in a combination of parts of two molecules. 

P. LEDER: Right, I'm familiar with the enzymatic activity 

and I. have given it some thought. About joining constant 

and variable regions, in the case of lambda where you have 

only one sequence, you don't have to postulate any joining 

mechanism yet. So keep this in mind, it doesn't speak to the 

Dryer and Bennet model. Lambda gets around that problem 

completely. 
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CELL SURFACE ANTIGENS AND CELL SURFACE PROTEINS 

Problems and Approaches for Protein Chemistry 

BRUCE A. CUNNINGHAM 
The Rockefeller University 

Abstract: Cell-cell interactions and cell-ligand interac-
tions depend upon the physico-chemical interactions of 
receptors, the specificity of these receptors, and their 
linkage to metabolic events within the cell. Analyses 
of these phenomena at the molecular level are providing 
challenges for the protein chemist that require a 
greatly expanded view and closer interaction with the 
cell biologist than in previous structural studies in 
immunology and enzymology. This paper reviews studies 
in our laboratory that provide the biological framework 
for our characterization of cell surface receptors at 
the molecular level. These studies include: 1) experi-
ments on the mobility and redistribution of cell surface 
receptors and the modulation of receptor and cell move-
ments by lectins such as concanavalin A and various 
drugs which suggest that these receptors may have a 
common anchorage system under the plasma membrane; 
2) analysis of the initial events in the mitogenic 
stimulation of lymphocytes by Con A which suggests that 
the same colchicine-binding protein system may be in-
volved in mediating the modulation of receptor mobility 
and mitogenic activation; and 3) direct analysis of the 
chemical structure of surface molecules such as 32-
microglobulin which suggests that it may be possible to 
classify receptors into groups of molecules with common 
evolutionary origins. 
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Introduction 

Interactions and events taking place at the cell sur-
face are of major importance in cell development, for cell 
function, and in the control of cell growth. Analysis of 
these events at the molecular level is defining a new role 
for the protein chemist in cell biology. Because of the 
large scope encompassed by the biological questions, the 
complex assemblies of proteins, the interactions between 
these components, and the complex assays of activity, a lar-
ger view is required for structural studies in these systems 
than for previous studies in immunology and enzymology. 

Consideration of the composition of cell membranes and 
their associated molecules shows that a variety of different 
interactions must occur in the membrane complex. The sum of 
these interactions should eventually be reflected in the be-
havior of particular receptor molecules. A variety of anti-
genically distinct moieties have been identified on the sur-
faces of lymphocytes, but little is known about the chemical 
structure or function of these molecules (1,2). Further-
more, the total number of different receptors present on a 
single cell and the number of different kinds of molecules 
they represent have not been established. A single receptor 
may be exposed to a number of different environments simul-
taneously as shown in Figure 1 (3). Molecules on the cell 
surface function in the predominantly hydrophilic region 
outside the cell and can interact with ligands and metabo-
lites in the media, be associated with proteins, glycopro-
teins, carbohydrates, and glycolipids on the cell surface, 
and may be anchored to components at or just under the mem-
brane. Receptors that penetrate through the membrane may be 
involved in hydrophobic interactions with the lipid bilayer 
or be imbedded in a matrix of other molecules in intramem-
branous particles. In addition these receptors may extend 
through the membrane and be involved in functions associated 
with the hydrophilic interior of the cell where contacts 
with intracellular enzymes and molecular assemblies are pos-
sible. Any one receptor might serve a variety of cellular 
functions and could interact with a number of molecules 
both on the surface and beneath it. These numerous arrange-
ments and potential interactions raise key questions about 
the polarity and detailed structural features of the pro-
teins, the relationships between the various receptors and 
the phases they encounter, and the coupling between the var-
ious phases. It is equally important to define the anchor-
age systems and the molecules that regulate receptor dynam-
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Fig, 1. Environments in which cell surface re-
ceptors can interact with external ligands, each 
other, membrane components and cytoplasmic con-
stituents. Proteins or glycoproteins on the cell 
surface can function in two distinct hydrophilic 
regions, the cell periphery and the cytoplasm, as 
well as in the hydrophobic lipid bilayer (adapted 
from references 3 and 10)· 

ics. In such complex systems, the approach for the struc-
tural chemist is intimately directed by the biological 
framework in which hypotheses can be formulated and tested. 

In addition to the complexity of the biological activi-
ties and the molecular interactions mediating such activi-
ties, another challenge is provided by the fact that most of 
the proteins on the cell surface can be obtained in only 
minute amounts. To solve this problem microchemical methods 
must be developed and purification procedures adapted for 
the isolation of small amounts of proteins from large 
amounts of tissues or large volumes of cultured cells. In 
addition, many cell surface proteins are deeply embedded in 
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the cell membrane, interact strongly with each other or 
with carbohydrates or lipids, and are insoluble in simple 
aqueous solvents. New detergents and other dissociating 
solvents are therefore required. Many of these solvents 
will result in a loss of biological activity or will prevent 
the use of certain classical methods for protein character-
ization. One hope for decreasing such technical demands 
lies in the identification of the appropriate "accidents of 
nature" such as cells that display an enlightening genetic 
defect or a tumor that produces unusually large amounts of 
a particular surface component. 

To illustrate these points, I wish to review here the 
work, not necessarily my own, carried out by my colleagues 
on some dynamic processes associated with receptors on lym-
phocytes. These studies form the functional environment 
for our analyses of the structure and,function of proteins 
and glycoproteins on the cell surface. The main goal in 
presenting this work is to show how the structural approach 
must be reoriented to meet the challenges of the biological 
questions. Three types of systems will be considered: 
1) the modulation of receptor mobility in which the biologi-
cal phenomena are well described, but the molecules and mo-
lecular assemblies involved are unknown; 2) the stimulation 
of mitosis in lymphocytes in which the initial interactions 
at the cell surface are known but the receptors involved 
and the events that lead to the transmission of a stimula-
tory signal into the interior of the cell are not defined; 
and 3) the analysis of specific cell surface components for 
which detailed structural information is being obtained, but 
the biological functions of these molecules are unknown. 

Modulation of Lymphocyte Receptor Mobility by Con A 

An experimental system for testing the factors that may 
regulate receptor anchorage, distribution, and mobility was 
provided by examining the effects of the lectin concanavalin 
A (Con A) on the mobility of lymphocyte receptors (4). Lym-
phocyte receptors appear to be distributed randomly on the 
cell surface (Figure 2). In the presence of multivalent li-
gands such as antibodies to immunoglobulins, however, the 
receptors to which these ligands bind can undergo patch for-
mation and subsequent cap formation (5). Patch formation 
depends upon the local diffusion of the receptors in the 
plane of the membrane. Cap formation results from the move-
ment of these cross-linked receptor complexes toward one 
pole of the cell and depends upon cellular metabolism. 
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Fig. 2. A schematic diagram (10) of the redis-
tribution of surface immunoglobulin molecules on 
lymphocytes after binding with anti-immunoglobulin 
antibodies. The initial random distribution of 
receptors results in a diffuse labelling pattern. 
Cross-linking of receptors by the bound ligand 
leads to cluster or patch formation and coalescence 
of patches at one pole of the cell results in cap 
formation (4,5). 

Global cell movement or translocation is not required for 
cap formation (6) but microfilaments may be involved (7). 

It was shown by Yahara and Edelman (4) that Con A in-
hibits the ability of cell receptors to form patches and 
caps. If Con A is added at concentrations of 100 yg/ml to 
lymphocytes at 21° C before treatment with anti-Ig both 
patch formation and cap formation are inhibited (Table 1). 
This effect depends on the dose of Con A and is reversed by 
addition of a competitive inhibitor of Con A such as a-
methyl-mannoside (otMM). In addition to inhibiting the move-
ment of Ig molecules on Β lymphocytes, Con A inhibits cap 
formation by a variety of other receptors including the Θ 
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antigen of thymocytes, the Con A glycoprotein receptors, and 
H-2 molecules on lymphocytes and fibroblasts. 

The ability of the lectin to influence receptor mobili-
ty appears to depend upon its ability to cross-link recep-
tors because of its multivalence. Succinyl-Con A (8), a di-
meric derivative of the tetravalent native lectin, competes 
with Con A for the cell surface receptors. Unlike native 
Con A, however, the modified lectin does not modulate the 
mobility of other receptors. Treatment of cell-bound dimer-
ic succinyl-Con A with divalent antibodies directed against 
Con A, however, results in the inhibition of patch formation 
(Table 1). Monovalent Fafc

f fragments of the antibodies to 
Con A show little or no effect. Thus, the effective valence 
and possibly the charge of the lectin may be critical in in-
ducing the inhibition of cell receptor mobility. While we 
know the structure of the lectin in considerable detail (9) 
and can define to some extent the properties that might in-
fluence its effects on cell surface receptor mobility, we 
know very little about the receptors and other molecules of 
the cell involved in these processes. 

Model for Modulation of Receptor Mobility 

Analysis of the effect of temperature and various drugs 
on the ability of Con A to inhibit receptor mobility has 
provided clues to the possible nature of the cellular struc-
tures involved in the modulation of cell surface receptors 
(10). When fluorescein-labelled Con A is added to cells at 
37°, the cells are diffusely stained and remain so. If, 
however, cells are treated with fluorescein-Con A applied at 
4°, washed, and returned to 37°, the Con A receptors them-
selves patch and cap (11). In addition, Con A, under these 
conditions, does not inhibit the movement of any of the 
other receptors of the cell. These results suggested that 
proteins capable of dissociation at low temperature such as 
cytoplasmic microtubules may be involved in controlling re-
ceptor distribution. Further evidence was provided by show-
ing that colchicine, vinblastine, vincristine, and podophyl-
lotoxin, reagents known to affect microtubules, partially 
reverse the inhibition of receptor mobility by Con A at 37° 
and allow formation of both Con A and anti-Ig caps (Table 1) 
(10,12). Neither lumicolchicine, a photo-inactivated deriva-
tive of colchicine (13) nor strychnine, which affects eryth-
rocyte membranes (14), showed any effect in the system. The 
effects of colchicine and related drugs on receptor mobility 
do not appear to be due to non-specific interactions of 
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Table 1 

Modulation of receptor mobility by Con A and 

anti-mitotic drugs 

Treatment % Cap-forming cells 

Control 87 

Con A 4 

Succinyl-Con A^ 86 

Succinyl-Con A + anti-Con A C 53 

Succinyl-Con A + F a b' anti-Con A 80 

Con A + colchicine^ 30 

Con A + vinblastine 51 

Con A + vincristine 15 

Con A + podophyllotoxin 10 

"To test for the inhibition by Con A of immunoglob-
ulin receptor cap formation, the percent of cap-
forming cells obtained with fl-anti-Ig (100 yg/ml) 
was measured in the presence of Con A (100 yg/ml)· 

DSuccinyl-Con A, 50 yg/ ml. 

CSuccinyl-Con A, 50 yg/ml; antibody reagents, 
100 yg/ml. 

d -4 
Colchicine, vinblastine and vincristine, 10 M; 
podophyllotoxin, 10~^M. 

these drugs with the lymphocyte membrane and are not due to 
the interactions of the drugs with Con A. Colchicine does 
not bind to Con A nor does it cause changes in the aggre-
gation of its subunits. In addition, colchicine does not 
inhibit the binding of Con A to saccharides or to the cell 
surface. 
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Based on these results and a variety of additional data 
(4-8,15,16) Edelman et al. have formulated a model (10,15) 
for the modulation of the mobility of cell surface proteins. 
The model (Figure 3) assumes that some receptors penetrate 
the lipid bilayer and interact with submembranous proteins. 
These receptors can exist in either a free or anchored 
state. The effects of cytochalasin Β and colchicine on cap 
formation and its inhibition (15,16) suggest that the central 
elements in this system of anchorage are the microfilaments 
and microtubule-like proteins. Cross-linkage of lectin re-
ceptors is assumed to influence the association-dissociation 
equilibrium of these macromolecular assemblies, shifting 
their interaction with other receptors or the inner lamella 
of the bilayer. This provides a system for communicating 
receptor states through the membrane as well as for altering 
receptor states via intracellular events. This model sug-
gests that at least four sets of equilibria may be involved: 
1) cross-linkage of glycoproteins or other receptors with 
various ligands; 2) interaction of receptors with microfila-
ments; 3) interaction of microfilaments with formed micro-
tubules; and 4) interaction of tubulin subunits to form the 
microtubules. 

In the analysis of such an intricate system at the level 
of protein structure an essential first step is to establish 
that a colchicine-binding protein exists near the cell 
surface and show that it can interact directly or indirectly 
with surface receptors. The biological studies suggest that 
the next most valuable step would be to establish the number 
of components in the assembly, their distribution, and the 
order of their interactions. This could proceed by the iso-
lation of microtubular-like and microfilament-like proteins 
using approaches and assays described for other systems such 
as the isolation of the actin-like protein from red cells 
(17) and the isolation and characterization of brain tubulin 
(18). Such an approach, however, could be lengthy and may 
result in the loss of biological functions because of com-
ponents lost during the isolation or because the molecules 
may function only as complexes. A more fruitful approach 
may be to devise chemical means for cross-linking the assem-
bly so that it can be isolated as a unit. Gel electrophor-
esis and immunological methods could then be used to catalog 
the contents of the assembly and each component could then 
be isolated by other methods from various cell extracts or 
from the cross-linked assembly. 
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Fig. 3. A hypothetical model (10,15) for modu-
lation of cell surface receptors by submembranous 
structures. The model assumes that microfilaments 
(MF) interact with receptors, possibly via a myo-
sin- or spectrin-like structure and that the micro-
filaments interact in turn with microtubules (MT). 
The interactions among the various components are 
assumed to involve reversible association-dissocia-
tion reactions. Intramembranous particles (IMP) 
are not involved in these equilibria. 

An alternative approach would be to search for other 
cellular functions mediated by this hypothesized receptor 
anchorage system. These new activities may provide other 
clues for the identification and characterization of the 
structural components of the anchorage system. The hypothe-
sis that such a cytoplasmic assembly is linked to the exter-
ior of the cell suggests that the same system might be in-
volved in the transmission of signals from the cell surface 
to the interior of the cell, as in mitogenic stimulation. 
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Mitogenic Stimulation of Lymphocytes by Con A 

One of the key problems in immunology is to understand 
how an antigen acting at the cell surface can stimulate mat-
uration and mitosis in lymphocytes. Although the small num-
ber of lymphocytes that respond to any one antigen makes a 
direct analysis of this problem difficult, considerable pro-
gress has been made by the use of other mitogenic agents 
such as lectins. We have been examining the stimulation of 
lymphocytes by Con A in an effort to establish the initial 
events by which lectin-binding is converted into a signal 
for DNA synthesis and cell division. A key question is 
whether this signal is mediated by a protein, by a small 
molecule, or by the same assembly that regulates receptor 
mobility. Current studies suggest that at least a colchi-
cine- sensitive protein may be involved in the early events 
of cell stimulation. 

It had been shown previously that colchicine inhibits 
the incorporation of ^H-thymidine in mouse splenic lympho-
cytes stimulated by Con A (10) and human peripheral blood 
lymphocytes activated by PHA (19). Recent studies (20) in 
our laboratory have shown that at concentrations of 10""̂  M 
or above, colchicine reduced the response of human lympho-
cytes to Con A by 70 to 90% as measured by the incorporation 
of %-thymidine between 48-50 hours after the start of the 
culture. The number of blast cells was also significantly 
lower in cultures containing Con A and colchicine. The ef-
fects of the drug could be due to killing of the cells, the 
selective killing of blast cells, interference with DNA 
synthesis, or the blocking of first generation cells at meta-
phase. 

Analysis of the activation of human lymphocytes by Con 
A suggests that the inhibitory activity of colchicine could 
not be accounted for by diminution in cell viability. In 
addition, studies were performed on Con A stimulated cells 
collected at the G^/S boundary by blocking with hydroxyurea. 
Addition of colchicine to these cultures containing pre-
formed blast cells did not result in the selective killing 
of blast cells. Furthermore, these studies also showed 
that the inhibition of %-thymidine incorporation was not 
due to blockage of thymidine transport or DNA synthesis 
inasmuch as colchicine had no effect on cells in the S 
phase of the cell cycle. At the times when appreciable in-
hibition is observed (36-40 hours after stimulation), only 
a small percentage of the lymphocytes present are daughter 
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cells (21,22), so the inhibition by colchicine of the mito-
genic response is not due to a simple blockage of the first 
generation cells at their metaphases. These results suggest 
that the depressed level of %-thymidine incorporation seen 
in cultures containing colchicine represents an inhibitory 
effect of the drug on lymphocytes prior to their transforma-
tion into blast cells. 

Kinetic data have now been obtained to indicate that 
colchicine blocks stimulation early in the sequence of 
events following addition of the mitogen and that the time 
of inhibition may be correlated with the kinetics of cellu-
lar commitment to lectin activation. The kinetics of col-
chicine inhibition were analyzed by introducing the drug in-
to cultures at various times after Con A stimulation (Fig-
ure 4b). When colchicine is added at the start of the cul-
ture, the incorporation of 3H-thymidine as measured at 48 
hours is inhibited by about 90% compared to controls. The 
extent of inhibition decreases the later colchicine is 
added, and no inhibition is observed if the drug is added 
30 hours after the addition of Con A. 

This is strikingly similar to the curve obtained using 
the inhibitor OMM which removes Con A from the cell surface 
(Figure 4a). The later the saccharide inhibitor is added, 
the less inhibition is observed. No inhibition was found if 
OMM was added 30 hours after the start of the culture. Other 
experiments have shown that the rising level of ^H-thymidine 
incorporation with later additions of both OMM and colchicine 
is proportional to the number of cells committed to lectin 
stimulation. The fact that the kinetics of inhibition of 
stimulation by otMM and by colchicine are similar suggests 
that the inhibitory effect of the drug might be temporally 
correlated with cellular commitment. 

The effects of colchicine on the modulation of receptor 
mobility and on the stimulation of lymphoid cells suggests 
that a colchicine-binding protein system such as the cellu-
lar microtubules may be involved in both processes. Inas-
much as microtubules have only been identified in the cyto-
plasm, this system may represent an example of receptor-
cytoplasmic interaction and could be a key component in the 
control of cell growth. 

The series of cellular events following lectin binding 
that lead to mitogenic stimulation remains obscure. One 
possibility is that the lectin cross-links receptors which 
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l5xK)
4
h α. 

Time of addition (h) 

Fig. 4. Effect of aMM (a) and colchicine (b) 
added at different times after the start of the 
cultures, on the incorporation of %-thymidine in 
human lymphocytes stimulated by Con A (20). In-
hibitors were added to cultures containing Con A 
at the indicated time points, and the cultures 
were continued until 48 hours at which time they 
were pulsed with %-thymidine and harvested for 
analysis. 

in turn alters the hypothesized microtubular assembly. The 
alteration in the assembly could then result in the stimula-
tion of a specific enzymatic activity, the release of a 
small molecule, alterations in the levels of cyclic nucleo-
tides, or the generation of additional changes in the struc-
ture of the cell membrane so as to alter the transport of a 
critical metabolite. All of these possibilities present 
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major challenges for the protein chemist in identifying the 
assemblies and macromolecules involved. 

Furthermore, recent analysis (21) of the kinetics of 
cellular commitment in the stimulation of lymphocytes by 
Con A suggests that resting lymphocytes are dispersed in 
different states with regard to their ability to respond to 
the lectin. These cells may be distributed in a loop within 

and such temporal heterogeneity may be reflected by dif-
ferences in the number, the distribution, or the types of 
specific receptors on the cell surface presenting a major 
challenge for the chemist to devise methods for looking in 
detail at specific receptors on single cells. 

Structure of Cell Surface Proteins 

Important generalizations may also come from direct 
analysis of cell surface proteins. Although the structure 
and function of most cell surface receptors remains unknown, 
we do know a considerable amount about one cell surface 
protein, namely immunoglobulin (23). The mode of attachment 
of this protein to the cell surface is unknown, however, and 
no detailed mechanism has been provided for how the inter-
action of immunoglobulins with specific antigens triggers a 
specific immune response. Our knowledge of immunoglobulin 
structure, however, may provide an important basis for com-
parison with other receptors. 

ß2-microglobulin (24) is a low molecular weight human 
protein found on the surfaces of a variety of cell types 
(25). We have determined the amino acid sequence of this 
protein (26,27) and shown that it is homologous to the C L, 
Cfll, C 2, and CH3 homology regions of IgG (Figure 5). 
(^-microglobulins also exist in other species and the protein 
appears to be highly conserved in evolution (28,29). Recent 
studies have indicated that ß2~microglobulin is closely 
associated with the HL-A antigens and may represent the 
smaller polypeptide chain of these antigens (30,31). If 
ß2"microglobulin is an integral chain of the histocompati-
bility antigens, these antigens may show a common evolu-
tionary origin with immunoglobulins (32). The histocompati-
bility antigens and 32-microglobulin are general cell 
surface proteins found on nearly all cells. The striking 
homology between 32-microglobulin and immunoglobulin, which 
is restricted to lymphocytes, suggests that while there may 
be a large number of different cell surface proteins, they 
may have only a few evolutionary origins and, therefore, can 
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ß2-MICROGLOBULIN 

EU C. (RESIDUES 109-214) 

1 10 
ILE GLN|aRG[THR PRO L Y S i l e | g l n VAL TYR SER 

THR VAL ALA ALA PRO - - SER VAL PHE ILE 

SER THR LYS GLY PRO - - SER VAL PHE PRO 

LEU LEU GLY GLY PRO - - SER VAL PHE LEU 

GLN PRO|aRG|GLU PRO - - [GLN VAL T Y R " THR 

ARG HIS PRO ALA - GLU - - - - a s n | g l y | l y s s e r ASN p h e | l e u | a s n CYS TYR |VAL 

PHE PRO PRO SER ASP GLU GLN - - LEU LYS SER GLY THR ALA SER VAL VAL CYS LEU LEU 

LEU ALA PRO SER SER LYS SER - - THR SER|GLy1gLY THR ALA A L A | l E U [ G L Y CYS LEU VAL 

PHE PRO PRO L Y S PRO LYS ASP THR LEU MET ILE SER ARG THR PRO GLU VAL THR CYS VAL VAL 

LEU PRO PRO SER ARG GLU GLU - - MET THR LYS ASN GLN VAL SER LEU THR CYS LEU VAL 

30 

GLU 

40 
SER1GLY PHE HIS PRO SER[ASP . L E GLU VAL - ASP LEU LEU L Y S ASP GLY1GLU ARG ILE 

ASN ASN PHE TYR PRO ARG GLU ALA LYS VAL - GLN TRP LYS VAL ASP ASN - ALA LEU 

LYS ASP TYR PHE PRO GLU PRO VAL THR VAL - SER TRP ASN SER - GLY - ALA LEU 

VAL ASP VAL SER HIS GLU ASP PRO GLN VAL LYS PHE ASN TRP TYR VAL [ÄSP GLY - - VAL 

l y sIg l y PHE TYR PRO SER ASP . L E ALA VAL - GLU TRP GLU SER ASN ASP - - GLY 

[GLÜ] LYS VAL - GLU [HIS] SER ASP LEU SER PHE SER LYS ASN - TRP SER PHE TYR LEU LEU 

GLN SER GLY ASN SER GLN GLU SER VAL THR GLU GLN ASP SER LYS ASP SER THR TYR SER LEU 

THR SER GLY - VAL EL THR PHE PRO ALA VAL LEU GLN SER - SER GLY LEU TYR SER LEU 

GLN VAL H IS ASN ALA LYS THR LYS PRO ARG GLU GLN GLN TYR - ASP |SER 1 THR TYR ARG VAL 

[KU] PRO GLU ASN TYR LYS THR THR PRO PRO VAL LEU ASP SER - ASP GLY SER PHE PHE LEU 

70 80 
| t y r SER TYR - THR GLU PHE THR PRO THR - GLU L Y S - ASPlGLU TYR ALA CYS ARG VAL 

SER SER THR LEU THR LEU SER LYS ALA ASP TYR GLU LYS H IS L Y S VAL T Y R ALA CYS GLU V A L 

SER SER VAL VAL THR VAL PRO SER SER SER LEU GLY THR GLN - THR T Y R I LE CYS ASN VAL 

VAL SER VAL LEU THR VAL LEU HIS GLN ASN TRP LEU ASP GLY L Y S | G L U T Y R LYS CYS L Y S VAL 

( t y r SER L Y S LEU THR VAL ASP LYS SER ARG TRP GLN GLN GLY ASN VAL PHE SER CYS SER VAL 

90 
VAU] - [LYS 

100 
Iasn HIS VAL THR LEU SER GLN PRO - - LYS ILE VAU] - [LYS TRP ASP ARG ASP MET 

THR H IS GLN GLY LEU SER SER PRO VAL THR - L Y S SER PHE - ASN ARG GLY GLU CYS 

|ASN HIS LYS PRO SER ASN THR LYS VAL - ASP LYS ARG VAL] - - GLU PRO L Y S SER CYS 

SER ASN LYS ALA LEU PRO ALA PRO I L E - GLU L Y S THR I L E S E R J L Y S l A L A LYS GLY 

MET HI S1 GLU ALA LEU HI S ASN HIS TYR THR GLN LYS SER LEU SER LEU SER PRO GLY 

Fig. 5. Comparison of the amino acid sequence 
of ß2~microglobulin with the various homology 
regions of the immunoglobulin Eu (26,27). 
Positions where residues identical to those in 
32-microglobulin appear are in boxes. 
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be classified into groups of proteins with similar structures 
and functions. Many of these may also have homologues among 
the soluble proteins, which would greatly simplify such 
analyses. More importantly, such similarities between a 
surface molecule and a soluble protein may provide some clues 
to the biological functions of membrane proteins, which for 
the most part remain unknown. The task of deducing function 
from structure is enormously difficult and probably requires 
even closer interaction with biological studies for the 
design of assays and functional tests. Even if it can be 
demonstrated in every way that the histocompatibility anti-
gens are homologous to immunoglobulins in chain structure and 
in the organization of the heavy chain into immunoglobulin-
like domains, the designing of a meaningful assay for the 
biological function of these antigens remains as the most 
important step. 
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DISCUSSION 

Η. HEINGER: I have two questions: Rittenhouse and Fox 

have demonstrated a temperature-transition-dependent in-

crease in Con A binding between ]k° and 1 8 ° . This transition 

is quickly reversible and is not related to the microtubule 

system. Could you find this difference in Con A binding 

in your experiments? We recently found that, if lymphocytes 

are stimulated by phytohemagglutinin, a peak of cholesterol 

synthesis precedes the DNA synthesis phase in these cells. 

If the synthesis of cholesterol is specifically inhibited by 

blocking the HMG-CoA reductase activity with 25-hydroxy-
cholesterol the later occurring DNA synthesis is also inhi-

bited. What is the role of cholesterol in the process of 

Con A binding and the subsequent activation of lymphocytes? 

B.A. CUNNINGHAM: With regard to the effects of temperature, 

our patching and capping experiments have been carried out 

primarily at k° and 37°. We do not believe that the Con A 

effect is due to a phase transition in the lipid. A large 

number of early events are known to be associated with the 

stimulation of mitosis in lymphocytes and anyone of these 

may be critical for the subsequent activation. The problem 

Î S to establish which of these are on the direct pathway of 

the signal. 

M.D. POULIK: I have isolated rabbit ß2~îmmunoglobulîη in 

collaboration with Dr. Smithies, University of Wisconsin, 

and sequenced kl amino acids. Our sequence differs from 

that of Drs. Cunningham and Berg§ard only at residue 20, 

but this difference may be because our $2"îmmunoglobuliη was 

obtained from a single rabbit whereas theirs was obtained 

from a pool of perhaps two rabbits. We recently isolated 

the 32"microglobulin of rat and determined its partial amino 

acid sequence. Antibodies to this protein may help us to 

detect and isolate the enigmatic mouse 32~microglobuliη. 

With respect to the presence of 32~microglobuliη on the cell 

surface, Dr. Cunningham mentioned the absence of this pro-

tein in the membrane of the mature red cell. We have 

studied erythroblasts of patients in hemolytic crises and, 

using an immunofluorescence technique, we have demonstrated 

the presence of 32~microglobuliη on these cells. The ^"micro-

globulin disappears when the nucleus is excluded. A similar 

observation was made with human platelets. 
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B. A. CUNNINGHAM: Would you comment on position 2 5 in your 

ß2~microglobu1in sequences? 

M.D. POULIK: We are sure that it is cysteine as in your 

sequence. 

B. A. CUNNINGHAM: I should emphasize that the sequence of 

rabbit ß 2 "
m
'croglobuliη was primarily determined in the auto-

matic sequencer. Because half-cystine is usually difficult 

to identify, we used a radioactively labeled half-cystine 

derivative and measured the release of the radioactive label 

at position 2 5 . 

R.K. GERSHON: A cell-cell type interaction may explain the 

increased recruitment of cells by Con A rather than there 

being different stages in the cell cycle in which the cell 

can be stimulated. It may be that certain cells are depen-

dent on factors released by other cells in order to respond 

to Con A in a number of immunological systems. Is there 

anything in your data that would rule out such an interpre-

tation? 

B. A. CUNNINGHAM: We cannot rule out cell-cell interaction. 

One of the important challenges in these studies is to de-

sign a method which will allow one to look at the entire 

process at the single-cell level. If stimulation is depen-

dent upon the production of a factor from another cell, the 

problem is simply shifted to analysis of the kinetics of 

factor production. Data suggest that these cells may be 

heterogeneous with regard to their ability to make such a 

factor. 

G. ROELANTS: If I am not mistaken, Con A binds and redistri-

butes in patches and caps equally well on T-and B-lymphocytes, 

but triggers only the T-lymphocytes. Would you agree that 

there is no clear relationship between these surface phen-

omena and triggering of the cells? 

B. A. CUNNINGHAM: We have a more convincing experiment 

that shows that capping is not directly involved in stimula-

tion. Succinyl-Con A neither inhibits cap formation nor 

forms caps itself. However, it is as mitogenic as native 

Con A , giving an optimal response at the same concentra-

tion. This does not mean that the submembraneous system is 

not involved in stimulation , but I would agree that 

capping and patching are not involved. 
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A. WHITE: How homogeneous is the population of your lymphoid 

cells with respect to cell size and what is the time 

interval required to recover the Con A effect after washing 

the cells free of colchicine? 

B. A. CUNNINGHAM: The cells we used are mostly small lym-

phocytes, either mouse spleenic lymphocytes or human peri-

pheral lymphocytes. It takes 24 to 48 hours to wash out 

sufficient colchicine in order to see a response to con A. 

M.M. SIGEL: In the experiment on Con A interference with the 

cap formation by anti-immunoglobulin, you are obviously 

dealing with B-cells. Have you used anything, for example 

anti-theta, to clarify this point regarding T-cells? 

B. A. CUNNINGHAM: I probably went over this point too fast. 

Yes, we used anti-theta, and showed that Con A inhibits cap 

formation by anti-theta on T-cells. 

E. KONDRACKI: In order to clarify the point on lymphocyte 

responses at the single cell level, I would like to mention 

some results obtained in our laboratory, using a lymphocyte 

culture in agarose gel in which most cells remain separated 

from each other. The response to PHA-P is at most 10% of that 

in liquid cultures, while the responses to Con A, pokeweed 

mitogen, Z n C ^ , NalO/j, 1 ipopolysacharide, fetal calf serum 

and PPD are totally abolished, as measured by liquid scin-

tillation spectrometry. In the case of PHA-P, autoradio-

graphy of agarose gel cultures shows that only 1.5% of the 

total lymphocyte population is incorporating 3H-thymidine 

at 48 hours. Therefore, I would caution against any inter-

pretation of membrane phenomena occurring in single cells 

as necessarily being related to lymphocyte proliferation, 

and also caution against explanations of experimental 

results that are based on the assumption that most single 

cells can proliferate in response to all mitogenic stimuli 

under any conditions. 

B. A. CUNNINGHAM: Can you show any kind of proliferation 
in your system? 

E. KONDRACKI: Yes, because the incorporation of optimal 

amounts of l) autologous erythrocytes 2) untreated stromata 

3) sonicated stromata 4) supernatant fluid of sonicated 

stromata 5) carrageenan iota into the agarose gel results, 

in each case, in a marked increase of the proliferative 

response to PHA-P stimulation. The first three also potentiat-
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ed proliferation with Con A stimulation but the supernatant 

fluid and carrageenan iota have not yet been tested in the 

system. We have also studied the kinetics of the proliferative 

response of two-fold decreasing numbers of lymphocytes to an 

optimal dose of several mitogens. When cell numbers versus 

3H-thymidine incorporation were plotted on a full logarithmic 

scale, the slope value varied from 1.7 to 3 . 3 , depending on 

the mitogen used. The addition of autologous erythrocytes 

brought the slope value close to 1.0, thus showing by a 

different technical approach the existence of cell cooperation 

in the lymphocyte proliferative response. 
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AND BARUJ BENACERRAF 

Department of Pathology 
Harvard Medical School 

Abstract: The data of our most recent investigations have 
mapped the relevant gene or genes coding for CI mole-
cules to the I region of the H-2 complex of the mouse. 
Thus, Τ and Β lymphocytes from donor mice which differ 
at genes in either the K9 S or D regions of H-2 (or com-
binations of the latter), but which are identical for 
genes in the I region, are capable of developing co-
operative immune responses. Conversely, gene differ-
ences in the I region, more precisely in the Ir-IA and 
Ir-IB subregions, prevent the development of T-B cell 
interactions irrespective of the existence of gene 
identities elsewhere in the H-2 complex (including the 
I-C subregion). 

Those data demonstrating the existence of CI genes 
in the I region of H-2 are supported by recent experi-
mental evidence demonstrating that active products 
obtained in culture supernatants of appropriately stim-
ulated Τ lymphocytes are themselves most likely I region 
gene products. Thus, purified fractions of a factor 
from alloantigen-stimulated Τ cells, termed allogeneic 
effect factor (AEF), which are known to stimulate Β cell 
differentiation in the presence of antigen, manifest 
several biochemical and immunological properties which 
indicate that the active moiety is derived from or re-
lated to gene products of the H-2 complex. The AEF de-
rived from Τ cells of the H- 2d haplotype is specifically 
removed by immunoadsorbents prepared from antibodies re-
active with H- 2 d . Moreover, immunoadsorbents prepared 
with anti-la sera reactive with J region specificities 
of the H-2^ haplotype are effective in removing the 
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b i o l o g i c a l a c t i v i t y of AEF. F i n a l l y , t h e a c t i v e m o i e t y 
i n AEF a p p e a r s t o be a b i m o l e c u l a r complex compr i s ed of 
a heavy m o l e c u l e ( a round 3 5 , 0 0 0 d a l t o n s ) and a l i g h t e r 
m o l e c u l e ( a round 1 2 , 0 0 0 d a l t o n s ) s u g g e s t i n g t h e p a r t i -
c i p a t i o n of a 3 2 "

m i c r o
ê l o b u l i n - l i k e component i n t h e 

a c t i v e complex . 

INTRODUCTION 

Over t h e p a s t two y e a r s , o b s e r v a t i o n s from our own 
l a b o r a t o r i e s , a s w e l l a s t h o s e of o t h e r s , have d e m o n s t r a t e d 
t h e i n v o l v e m e n t of h i s t o c o m p a t i b i l i t y gene p r o d u c t s i n 
g o v e r n i n g t h e c e l l - c e l l i n t e r a c t i o n s c o n c e r n e d w i t h d e v e l o p -
ment and r e g u l a t i o n of immune r e s p o n s e s i n s e v e r a l s p e c i e s 
( 1 - 5 ) . These d i s c o v e r i e s have p l a c e d h i s t o c o m p a t i b i l i t y 
gene p r o d u c t s on a more complex l e v e l of b i o l o g i c f u n c t i o n 
t h a n was h e r e t o f o r e g e n e r a l l y c o n s i d e r e d ( 6 ) . Thus , t h e 
h y p o t h e s i s was made from t h e s e o b s e r v a t i o n s t h a t g e n e s i n 
t h e H-2 complex coded f o r p r o d u c t s i n v o l v e d i n t h e d e v e l o p -
ment of e f f e c t i v e c e l l - c e l l i n t e r a c t i o n s i n t h e immune 
r e s p o n s e ( 2 , 3 , 6 ) . 

In t h i s p a p e r , we s h a l l r e v i e w t h e d a t a t h a t have demon-
s t r a t e d g e n e t i c r e s t r i c t i o n s of T-B lymphocy te i n t e r a c t i o n s 
and d e s c r i b e ou r r e c e n t s t u d i e s on t h e i s o l a t i o n and 
c h a r a c t e r i z a t i o n of an a c t i v e Τ c e l l m e d i a t o r which a p p e a r s 
t o be i n v o l v e d i n such i n t e r a c t i o n s and which b e a r s d e t e r -
m i n a n t s known t o be a s s o c i a t e d w i t h c e r t a i n h i s t o c o m p a t i b i l -
i t y gene p r o d u c t s . The c o n c l u s i o n we draw from t h e s e f i n d -
i n g s i s t h a t t h e r e g u l a t o r y r o l e of Τ l y m p h o c y t e s i n immune 
r e s p o n s e s , wh ich a p p e a r s t o be r e l a t e d t o c o n t r o l of d i f -
f e r e n t i a t i o n p r o c e s s e s of o t h e r l y m p h o c y t e s of b o t h Τ and Β 
c l a s s e s , i s m e d i a t e d v i a m o l e c u l e s t h a t a r e c o m p r i s e d , a t 
l e a s t i n p a r t , of gene p r o d u c t s of t h e major h i s t o c o m p a t i b i l -
i t y gene complex which a r e p h e n o t y p i c a l l y i n t e r r e l a t e d on 
t h e s u r f a c e membranes of such c e l l s . 

EVIDENCE FOR GENETIC RESTRICTIONS IN COOPERATIVE CELL 
INTERACTIONS 

The d a t a t h a t w i l l be r e v i e w e d i n t h i s s e c t i o n demon-
s t r a t e , we b e l i e v e , t h a t t h e p a r t i c i p a t i o n of h i s t o c o m p a t i -
b i l i t y gene p r o d u c t s i n c e l l - c e l l i n t e r a c t i o n s r e f l e c t s a 
p h y s i o l o g i c a l c o n t r o l mechanism u t i l i z i n g r e a d i l y a c c e s s i b l e 
s t r u c t u r e s t h a t a r e dynamic c o n s t i t u e n t s of t h e s u r f a c e mem-
b r a n e s of lymphoid c e l l s . We w i s h t o e m p h a s i z e a t t h e o u t -
s e t , however , t h a t l i k e o t h e r p h y s i o l o g i c c o n t r o l mechan isms , 
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it is not an absolute system in the sense of precluding 
alternate, albeit less efficient routes to the same end. 

The evidence for the existence of genetic restrictions 
in T-B cell interactions can be succinctly summarized as 
follows: Under conditions in which isogeneic or syngeneic 
lymphoid cells interact together to develop humoral immune 
responses, cells lacking certain critical identities in his-
tocompatibility genes fail to successfully interact (1-3, 
5-11). The succinctness of the preceding statement must be 
elaborated upon to include the very important qualifications 
that: 1) demonstration of a "failure11 to obtain a response 
in the system employed in our studies has been shown not to 
reflect a suppression phenomenon (8), and 2) the positive 
responses obtained are those which are elicited by inter-
actions between antigen-specific Τ and Β cells and not by 
allogeneic cell interactions. Initially, the central 
problem was to design an experimental scheme that specifical-
ly circumvented the possible contribution to the results of 
a complicating allogeneic effect. This was accomplished for 
in vivo cell transfer studies by using an hybrid as the 
recipient of Τ and Β cells from the respective parental 
strains against which the semiallogeneic host would be 
genetically incapable of reacting. The intricacies of the 
experimental protocol employed have been described in detail 
elsewhere (2,3). 

The protocol and data from a representative experiment 
using congenic-resistant mouse strains demonstrating the in-
volvement of the H-2 gene complex in physiologic lymphocyte 
interactions is shown in Fig. 1. The DNP-primed Β cells 
were derived from congenic-resistant BIO.A (H-2a) donor mice 
and the relevant genetic similarities and/or differences are 
listed for each combination (3). Groups I and II demonstrate 
the intact cooperative functional capacities of the 
irradiated (in situ) bovine gamma globulin (BGG)-primed Τ 
cells and the anti-Θ-treated DNP-primed Β cells of syngeneic 
BIO.A origin within the environs of (A χ B10)Fi irradiated 
recipients (Group I). Similarly, BGG-primed Τ cells derived 
from A/J donors, which are identical with BIO.A at the major 
H-2a

 locus but dissimilar with respect to background geno-
types are capable of exerting a clear helper effect in co-
operating with Β cells of BIO.A origin. In sharp contrast, 
Τ cells from A.By or BIO donors, which are both Η-2Ϊ>9 fail 
to cooperatively interact with Β lymphocytes from BIO.A mice. 
This is true irrespective of whether or not the genetic back-
ground other than R-2 is identical such as in the case of 
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F i g u r e 1 . F a i l u r e of p h y s i o l o g i c c o o p e r a t i v e 
i n t e r a c t i o n s t o o c c u r be tween Τ and Β l y m p h o c y t e s 
d i f f e r i n g a t t h e major h i s t o c o m p a t i b i l i t y l o c u s . 
The scheme f o l l o w e d i s d e s c r i b e d i n t h e t e x t . Re -
c i p i e n t s f o r a l l c e l l c o m b i n a t i o n s were (A χ B10)F i 
h y b r i d s . Combina t ions and s t r a i n o r i g i n s of Τ and Β 
c e l l s and t h e r e l e v a n t g e n e t i c d i f f e r e n c e s a r e i n -
d i c a t e d . R e c i p i e n t s i n g r o u p s I - V I I I were s e c o n d -
a r i l y c h a l l e n g e d w i t h 50 yg of DNP-BGG. Mean serum 
an t i -DNP a n t i b o d y l e v e l s of g r o u p s of f i v e mice on 
day 7 a f t e r s e c o n d a r y c h a l l e n g e a r e i l l u s t r a t e d . 
H o r i z o n t a l b a r s r e p r e s e n t r a n g e s of t h e s t a n d a r d 
e r r o r s (Ref. 3 ) . 

BIO donor c e l l s . 

Among t h e v a r i o u s p o s s i b l e e x p l a n a t i o n s f o r t h e f a i l u r e 
of p h y s i o l o g i c T-B c e l l c o o p e r a t i o n t o o c c u r a c r o s s t h e 
major h i s t o c o m p a t i b i l i t y b a r r i e r c e r t a i n p o s s i b i l i t i e s which 
a r e t r i v i a l i n t e r m s of b i o l o g i c a l s i g n i f i c a n c e have been 
r u l e d ou t e i t h e r by e x p e r i m e n t a l d e s i g n or by d i r e c t e x p e r i -
m e n t a t i o n ( 2 , 3 , 8 ) . These p o s s i b i l i t i e s have been d e s c r i b e d 
and d i s c u s s e d i n d e t a i l e l s e w h e r e ( 2 , 3 , 6 , 8 ) and w i l l n o t be 
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reiterated here. These findings led us to conclude, there-
fore, that a relevant gene or genes in the major histocompat-
ibility complex control physiologic cooperative interactions 
between Τ and Β cells in the immune response. Subsequent 
studies were designed to determine more precisely the intra-
H-2 localization of the postulated cell-interaction or CI 
genes, 

In our initial studies (2), no cooperation occurred with 
mixtures of Τ and Β cells from BALB/c (H-2

d
) and A/J (H-2

a
) 

donors, respectively. Since these particular strains are 
identical at S and the entire D end of the H-2 complex, 
these results indicated that gene identities only at S and D 
are insufficient to permit optimal cooperative interactions. 
In subsequent experiments we asked the reciprocal question— 
i.e. whether identities at only Κ and I are sufficient to 
allow effective cooperation. One such experiment was carried 
out in vitro using lymphocytes from A/J and BIO.BR mice which 
differ from one another at genes in the S and Ό regions of 
the H-2 complex but are identical at Κ and I regions (9). 
As shown in Fig. 2, DNP-primed Β cells from A/J donors 
developed effective cooperative responses with keyhole limpet 
hemocyanin (KLH)-primed Τ cells from both isogeneic A/J 
donors and from BIO.BR donors. In the reciprocal mixed cell 
cultures, DNP-primed Β cells from BIO.BR mice interacted 
with KLH-primed Τ cells from A/J as well as isogeneic Τ cells 
in response to DNP-KLH. These data do not reflect non-
specific allogeneic effects as an explanation for successful 
cooperation between A and BIO.BR lymphocytes since, as shown 
here, reciprocal controls using irradiated normal rather 
than KLH-primed cells failed to develop secondary responses 
to DNP-KLH. The development of cooperative responses be-
tween A/J and BIO.BR which differ for genes in S and D but 
are identical for Κ and I region genes indicate that the 
critical CI genes involved in T-B cell cooperation exist in 
the latter regions. 

This observation has quite recently been corroborated 
in a totally in vivo double adoptive transfer scheme as well. 
The protocol and data from such a complementation experiment 
are illustrated in Fig. 3 (11). Before discussing the data 
shown in Fig. 3, it is pertinent to cite the following data 
from independent control experiments that are not shown in 
the figure: 1) All of the DNP-primed spleen cell populations 
were capable of developing secondary anti-DNP responses to 
the immunizing antigen, DNP-Ascaris extract (ASC), in paral-
lel transfers utilizing spleen cells not treated with anti-Θ 
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F i g u r e 2 . DNP-ASC-primed s p l e e n c e l l s from 
A/J and BIO.BR d o n o r s were d e p l e t e d of Τ c e l l s 
by in vitro t r e a t m e n t w i t h a n t i - 0 serum p l u s com-
p lemen t and t h e n c u l t u r e d w i t h e i t h e r i r r a d i a t e d 
no rma l o r KLH-primed s p l e e n c e l l s i n t h e combina -
t i o n s i n d i c a t e d . Primed d o n o r s were immunized 
w i t h e i t h e r DNP-ASC i n alum or KLH i n CFA s i x 
months e a r l i e r and t h e n b o o s t e d w i t h 25 yg of t h e 
r e s p e c t i v e a n t i g e n i n s a l i n e one month p r i o r t o 
c u l t u r e . C e l l s were c u l t u r e d w i t h e i t h e r no a n t i g e n 
( n o t shown) or DNP-KLH. The background r e s p o n s e s 
of n o n - s t i m u l a t e d c u l t u r e s have been s u b t r a c t e d 
from t h e numbers of D N P - s p e c i f i c PFC d e v e l o p e d i n 
c u l t u r e s c o n t a i n i n g DNP-KLH — h e n c e , t h e n e g a t i v e 
v a l u e s d e p i c t e d h e r e . IgG ( i n d i r e c t ) D N P - s p e c i f i c 
PFC r e s p o n s e s a r e shown. Responses i n t h e IgM 
c l a s s ( n o t shown) were p a r a l l e l (Ref . 9 ) . 
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Figure 3. Cooperative interactions be- . 
tween T and B lymphocytes sharing Κ end genes of 
the H-2 complex. Recipients for all cell com-
binations were (C3H χ DBA/2)Fi hybrids. Combina-
tions and strain origins of Τ and Β cells and 
the relevant genetic differences are indicated. 
The H-2 regions of K9 J, S and D of the strains 
used are indicated in brackets. Mean serum levels 
of anti-DNP antibody of groups of four mice on 
day 7 after secondary challenge with 20 yg DNP-
KLH are illustrated. Horizontal bars represent 
ranges of standard errors. Statistical compari-
sons between the various groups gave the follow-
ing results: Groups I and II, Groups III and IV, 
Groups V and VI, Groups VII and VIII had Ρ values 
less than 0.001 in all cases; Groups IX and X, 
Groups XI and XII had Ρ values greater than 0.1 
in all cases. (Ref. 11). 
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serum; 2) A n t i - Θ serum t r e a t m e n t i n t h e c o n d i t i o n s employed 
e f f e c t i v e l y a b r o g a t e d t h e c a p a c i t y of such c e l l s t o mount an 
in vivo r e s p o n s e i n t h e a b s e n c e of a d d i t i o n a l c a r r i e r - p r i m e d 
c e l l s ; 3) The s u b s t i t u t i o n of no rma l c e l l s f o r KLH-primed 
c e l l s f a i l e d t o p e r m i t deve lopmen t of r e s p o n s e s t o DNP-KLH. 

The r e l e v a n t d a t a a r e d e p i c t e d on t h e r i g h t s i d e of 
F i g . 3 . Groups I and VI d e m o n s t r a t e t h e c a p a c i t y of 
s y n g e n e i c m i x t u r e s of KLH-primed Τ and DNP-primed Β c e l l s 
from DBA/2 (H-2

d
) and C3H (H-2k

) mice t o c o o p e r a t e i n r e -
s p o n s e t o DNP-KLH w i t h i n t h e e n v i r o n s of (C3H χ DBA/2)Fl 
i r r a d i a t e d r e c i p i e n t s . S i m i l a r l y , KLH-primed Τ c e l l s d e r i v e d 
from DBA/2 d o n o r s a r e c a p a b l e of e x e r t i n g a c l e a r h e l p e r 
e f f e c t i n c o o p e r a t i n g w i t h BALB/c Β c e l l s (Group I I I ) . I t 
i s i m p o r t a n t t o n o t e t h a t DBA/2 and BALB/c s t r a i n s a r e 
i d e n t i c a l a t t h e H-2 l o c u s (H-2

d
) b u t d i s s i m i l a r w i t h r e -

s p e c t t o numerous o t h e r g e n e s . In s h a r p c o n t r a s t , Β c e l l s 
rrom C3H (H-2k) d o n o r s f a i l t o c o o p e r a t i v e l y i n t e r a c t w i t h 
# - 2 - i n c o m p a t i b l e DBA/2 (fl-2^) Τ l y m p h o c y t e s (Group V ) . L i k e -
w i s e , p h y s i o l o g i c c o o p e r a t i v e i n t e r a c t i o n s f a i l t o o c c u r b e -
tween Τ and Β l y m p h o c y t e s i n two r e c i p r o c a l c o m b i n a t i o n s i n 
which DBA/2 or BALB/c Β c e l l s were mixed w i t h # - 2 - i n c o m p a t i -
b l e C3H Τ c e l l s (Groups I I and I V ) . 

Groups VI I t h r o u g h X I I t e s t t h e a b i l i t y of DBA/2 (H-2
d
) 

or C3H (H-2^-) h e l p e r c e l l s t o c o o p e r a t e w i t h Β c e l l s from a 
s e r i e s of F i h y b r i d s made be tween C3H and s e l e c t e d C3H c o n -
g e n i c m i c e . The C3H c o n g e n i c s t r a i n s c a r r y r e c o m b i n a n t H-2 
h a p l o t y p e s d e r i v e d from c r o s s o v e r s be tween t h e H-2d and H-2^-
p a r e n t a l h a p l o t y p e s . Very good c o o p e r a t i v e r e s p o n s e s 
o c c u r r e d be tween C3H c a r r i e r pr imed Τ c e l l s and h a p t e n -
pr imed Β c e l l s d e r i v e d from a l l of t h e C3H Fχ h y b r i d s , i n 
s p i t e of t h e p r e s e n c e of f o r e i g n h i s t o c o m p a t i b i l i t y d e t e r -
m i n a n t s on t h e s e F]_ h y b r i d c e l l s (Groups V I I I , X and X I I ) . 

As n o t e d a b o v e , DBA/2 KLH-primed Τ c e l l s f a i l e d t o 
e f f e c t i v e l y c o o p e r a t e w i t h ^ - ^ - i n c o m p a t i b l e DNP-primed C3H 
Β c e l l s (Group V ) . S i m i l a r l y , DBA/2 (H-2

d
) Τ c e l l s f a i l e d 

t o e f f e c t i v e l y i n t e r a c t w i t h (C3H χ C3H.A)F 1 Β c e l l s , a l -
t hough t h e s e Β c e l l s c a r r y t h e I-Cy S and Ό r e g i o n s d e r i v e d 
from t h e H-2d h a p l o t y p e (Group V I I ) . In c o n t r a s t , t h e same 
p o o l of h e l p e r Τ c e l l s from DBA/2 d o n o r s were p e r f e c t l y good 
h e l p e r s i n deve lopmen t of s e c o n d a r y an t i -DNP r e s p o n s e s w i t h 
h a p t e n - p r i m e d Β c e l l s from (C3H χ C3H.0H)Fi and (C3H χ 
C3H.0L)Fi h y b r i d s (Groups IX and X I ) . 
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In this complementation experiment, we have demonstrated 
that one or more CI genes that control T-B cell interactions 
are localized in the Κ end of the H-2 gene complex. Thus, 
DBA/2 KLH-primed Τ cells cooperated with (C3H χ C3H.0H)Fi 
and (C3H χ C3H.0L)F1 DNP-primed Β cells to make a secondary 
response to DNP-KLH, but not with C3H or (C3H χ C3H.A)Fi 
DNP-primed cells. It must be emphasized that the carrier-
primed DBA/2 Τ cells are histoincompatible with each of 
these Β cell populations for both non-H-2 and H-2 deter-
minants. The presence of foreign histocompatibility deter-
minants provided by the C3H parent does not therefore pre-
vent successful physiological T-B cell cooperation in Fi 
hybrids which have at least one complement of Kd and 1°-
genes derived from the C3H.0H or C3H.0L parents. However, 
complementation with Dd, Sd and I-Cd genes derived from the 
C3H.A parent fail to complement for successful cell inter-
actions . 

The two preceding experiments permit us to draw the 
conclusion that the histocompatibility genes involved in 
controlling optimal T-B cell interactions are located to the 
left of the S region of H-2 — i.e. somewhere in the Κ and/or 
J region(s). The existence of appropriate inbred and recom-
binant strains of mice differing at known loci of the H-2 
complex makes it possible to define more precisely which 
region(s) and/or subregion(s) of the complex contains the 
relevant gene or genes. The following experiment was de-
signed to answer this question using mixtures of Τ and Β 
cells from congenic mice A.TL (H-2$), A.TH (H-2t2), A.AL 
(H-2a

2
) A.SW (H-2

S
)9 inbred A/J <ß-2<*) and (Ax A.TH)Fi 

")in in vitro cooperative secondary anti-DNP antibody 
responses (10). 

The left side of Fig. 4 depicts the protocol and 
various combinations of cell mixtures analyzed for coopera-
tive responses to DNP-KLH. The gene regions of the H-2 com-
plexes are symbolized and the gene region differences among 
the various combinations are summarized for convenience. 
The relevant data is depicted on the right side of Fig. 4. 
Cultures I-IV demonstrate the capacity of syngeneic mixtures 
of Τ and Β cells from A.TL and A mice to cooperate in vitro, 
and reciprocal mixtures of such cells to interact together 
despite the existence of gene differences in both the Κ and 
S regions of H-2 in this combination. Likewise, when gene 
differences are restricted to only one of these respective 
regions (K or S ), the capacity for effective T-B cell co-
operation remains intact as evidenced by the ability of Τ 
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F i g u r e 4. DNP-ASC-primed s p l e e n c e l l s from 
A.TL, A, A.AL, A.TH and A.SW mice were d e p l e t e d 
of Τ c e l l s by in vitro t r e a t m e n t w i t h a n t i-0 
serum p l u s complement and t h e n c u l t u r e d w i t h 
i r r a d i a t e d KLH-primed s p l e e n c e l l s from A.TL, A 
o r (A χ A.TH)F^ d o n o r s i n t h e c o m b i n a t i o n s i n -
d i c a t e d . C e l l s were c u l t u r e d w i t h e i t h e r no a n t i -
gen ( n o t shown) o r DNP-KLH. The background r e -
s p o n s e s of n o n - s t i m u l a t e d c u l t u r e s h a v e been s u b -
t r a c t e d from t h e numbers of D N P - s p e c i f i c PFC 
d e v e l o p e d i n c u l t u r e s c o n t a i n i n g DNP-KLH ( h e n c e , 
t h e n e g a t i v e v a l u e d e p i c t e d i n c u l t u r e X I ) . IgG 
( i n d i r e c t ) D N P - s p e c i f i c PFC r e s p o n s e s a r e shown. 
R e s p o n s e s i n t h e IgM c l a s s (no t shown) were p a r a l -
l e l (Ref. 10). 

c e l l s from b o t h A.TL and A d o n o r s t o i n t e r a c t w i t h Β c e l l s 
from A.AL d o n o r s ( c u l t u r e s V and V I ) . In marked c o n t r a s t , 
however , i s t h e i n a b i l i t y of e i t h e r of t h e s e p r imed and 
f u n c t i o n a l l y i n t a c t Τ c e l l p o p u l a t i o n s from A.TL o r A d o n o r s 
t o c o o p e r a t e w i t h Β c e l l s from e i t h e r A.TH or A.SW mice 
( c u l t u r e s V I I , V I I I , X and X I ) ; i n t h e l a t t e r c o m b i n a t i o n s 
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gene differences exist in the I region as indicated. The 
failure of either A.TH or A.SW DNP-primed Β cells to respond 
in these cultures is not a reflection of an incapacity of 
these Β cells to function since irradiated KLH-primed cells 
from (A χ A.THJF^ donors were able to provide helper 
function for A.TH parental cells (culture IX) and for A.SW 
cells which differ only at genes in the D region (culture 
XII). Moreover, the capacity of A.TH primed cells to develop 
effective syngeneic cooperative interactions was not in-
hibited or diminished by the addition of irradiated KLH-
primed spleen cells from A.TL donors thereby ruling out a 
possible suppression mechanism, due to e.g. an allogeneic 
effect, as an explanation for these findings. Thus, in a 
syngeneic cooperative control culture response, A.TH cells 
developed 1253 IgG anti-DNP PFC in the absence of A.TL cells 
and 1486 anti-DNP PFC in the presence of 1.0 χ 10 6 irradi-
ated KLH-primed A.TL cells (10). 

The results of this experiment provide compelling 
evidence for the existence of the CI gene or genes control-
ling optimal T-B cell cooperative interactions in the desig-
nated I region of the H-2 gene complex. This point is par-
ticularly emphasized by the inability of A.TL to provide 
helper Τ cell function for A.TH or A.SW Β cells in which 
combinations there are gene identities in the Κ region but 
differences in I region genes. 

The precise genetic mapping of these genes will require 
experiments using mixtures of Τ and Β cells from strain com-
binations with differences and identities at one or more 
subregions, Ir-IAΛ Ir-IB and J-C, on the basis of documented 
cross-overs between definable Ir genes and also la serological 
specificities (12). The data presented here indicate that 
the genes responsible for control of T-B cell interactions 
in this system are located in the Ir-IA and/or Ir-IB sub-
regions. This follows from the fact that the A^>B10.BR, 
A+-+A.TL and A-^A.AL combinations, all of which are identical 
for all genes in Ir-IA and Ir-IB, were capable of effect-
ively interacting despite the existence of gene differences 
in the I-C subregion. However, despite the fact that the 
I-C subregions of these strains are derived from different 
paternal haplotypes, they may nevertheless conceivably share 
genes coded for in the I-C subregion which permit effective 
T-B cell cooperation. Further definition of these possi-
bilities should be forthcoming in the near future. 
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BIOLOGICAL, BIOCHEMICAL AND IMMUNOLOGICAL PROPERTIES 
OF A Τ CELL PRODUCT ACTIVE IN TRIGGERING Β LYMPHOCYTES 

A major e f f o r t i n s t u d i e s on t h e mechanism of T-B c e l l 
i n t e r a c t i o n s h a s b e e n f o c u s e d on t h e i d e n t i f i c a t i o n of v a r -
i o u s b i o l o g i c a l l y a c t i v e s u b s t a n c e s c a p a b l e of i n f l u e n c i n g 
lymphocy te f u n c t i o n i n a n t i b o d y r e s p o n s e s t o d i f f e r e n t a n t i -
gens e l i c i t e d i n in vitro s y s t e m s . The d e m o n s t r a t i o n by 
D u t t o n e t a l (13) t h a t s u p e r n a t a n t s o b t a i n e d from s h o r t - t e r m 
c u l t u r e s of h i s t o i n c o m p a t i b l e mouse s p l e e n c e l l s c o n t a i n e d 
a n o n - a n t i g e n - s p e c i f i c b i o l o g i c a l l y a c t i v e m e d i a t o r c a p a b l e 
of m a r k e d l y a f f e c t i n g in vitro a n t i b o d y r e s p o n s e s t o t h y m u s -
d e p e n d e n t a n t i g e n s p r o v i d e d e v i d e n c e f o r t h e e x i s t e n c e of 
such a p o s s i b l e m e d i a t o r . I n t h i s s e c t i o n we w i l l b r i e f l y 
r e v i e w our p u b l i s h e d o b s e r v a t i o n s (14) and t h e n p r e s e n t our 
most r e c e n t d a t a on t h e b i o l o g i c a l , b i o c h e m i c a l and immuno-
l o g i c a l p r o p e r t i e s of an a c t i v e m o i e t y p roduced i n s u p e r -
n a t a n t s of s h o r t - t e r m (24 h o u r s ) in vitro r e a c t i o n s be tween 
Τ c e l l s s p e c i f i c a l l y a c t i v a t e d t o f o r e i g n a l l o a n t i g e n s and 
t h e c o r r e s p o n d i n g t a r g e t c e l l p o p u l a t i o n . We have t e rmed 
t h e f a c t o r t h a t we have been s t u d y i n g " a l l o g e n e i c e f f e c t 
f a c t o r

1 1
 (AEF) s i n c e i t s b i o l o g i c a l a c t i o n on in vitro a n t i -

body r e s p o n s e s a p p e a r t o be i d e n t i c a l t o t h e in vivo phenom-
enon known a s t h e a l l o g e n e i c e f f e c t ( 1 5 ) . 

A. B i o l o g i c a l P r o p e r t i e s of AEF 

The AEF p r e p a r a t i o n s t h a t a r e t h e f o c u s o f ^ t h i s d i s c u s -
s i o n have been p r e p a r e d by c u l t u r i n g DBA/2 '(H-2 ) Τ c e l l s 
(which^had been a c t i v a t e d f o r 6 d a y s a g a i n s t (C3H χ DBA/2)F^ 
(H-2 ' ) t a r g e t l y m p h o c y t e s i n i r r a d i a t e d DBA/2 h o s t s ) f o r 
24 h o u r s w i t h i r r a d i a t e d (C3H χ DBA/2)F 1 t a r g e t s p l e e n c e l l s 
( 1 4 ) . The c u l t u r e s u p e r n a t a n t s from such a l l o g e n e i c c e l l 
m i x t u r e s a r e b i o l o g i c a l l y a c t i v e i n e n h a n c i n g in vitro im-
mune r e s p o n s e s when such s u p e r n a t a n t s a r e o b t a i n e d a s e a r l y 
a s 12 h o u r s a f t e r c u l t u r e i n i t i a t i o n of a l l o g e n e i c c e l l c u l -
t u r e s , d i s p l a y peak a c t i v i t y a t 24 h o u r s and t h e r e a f t e r b e -
come p r o g r e s s i v e l y more s u p p r e s s i v e . We have p r e p a r e d n u -
merous AEF from v a r i o u s g e n e t i c m i x t u r e s of e f f e c t o r and 
t a r g e t c e l l p o p u l a t i o n s and a l l a p p e a r t o b e h a v e i n a n a l o -
gous f a s h i o n b i o l o g i c a l l y . The AEF a r e a c t i v e a s u n f r a c -
t i o n a t e d ( c r u d e ) s u p e r n a t a n t s o r , a s w i l l be d i s c u s s e d b e -
low, a s h i g h l y p u r i f i e d f r a c t i o n s o b t a i n e d by g e l a n d / o r 
i o n exchange c h r o m a t o g r a p h y . 

The p r i n c i p a l b i o l o g i c a l a c t i v i t y of AEF t h a t h a s been 
s t u d i e d i n d e p t h i s t h e c a p a c i t y of t h i s m a t e r i a l t o 
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functionally replace the requirement for helper Τ cells in 
in vitro antibody responses. The earlier work of Dutton et 
al (13) and Schimpl and Wecker (16,17) made it clear that 
such factors were active in this regard insofar as in vitro 
responses to particulate erythrocyte antigens or haptenated 
erythrocytes were concerned. Our own studies extended these 
observations to soluble DNP-protein conjugates in which case 
AEF can reconstitute helper cell function in responses of Τ 
cell-depleted primed spleen cells (14). The strongest evi-
dence that our active AEF acts directly on Β cells stems 
from the capacity of AEF to stimulate Β cells exposed to 
DNP conjugated to the D-glutamic acid, D-lysine (D-GL) co-
polymer (14). This compound has been demonstrated to be 
highly tolerogenic for DNP-specific Β cells both in vivo and 
in vitro under normal circumstances (reviewed in 18,19). 
However, when administered to appropriately-primed animals 
during a critical time period after induction of an in vivo 
allogeneic effect, DNP-D-GL can provide a definite induc-
tive stimulus for primary or secondary anti-DNP antibody re-
sponses (15,20,21). Since no demonstrable Τ cell function 
specific for the D-GL carrier has been demonstrated, these 
observations provided the strongest indirect proof that the 
in vivo allogeneic effect is mediated by a direct inter-
action on the responding Β cells. The capacity of AEF to 
permit in vitro responses to DNP-D-GL constitutes conclusive 
evidence, therefore, that the active moiety involved is act-
ing directly on Β lymphocytes (14). 

B. Biochemical Properties of AEF 

The experiments performed thus far on the physicochemi-
cal features of AEF indicate that the active component(s) 
consists of protein and/or glycoprotein which is heat-labile 
(56 C, 1 hour), thereby indicating the importance of ter-
tiary structure to activity and is in the molecular weight 
range of 30,000 - 45,000 (14,22). Moreover, the active 
moiety appears to consist of two components associated non-
covalently (22). 

Initially, crude allogeneic supernatants were fraction-
ated first on Sephadex G-200 yielding multiple peaks of 
which only one contained active enhancing AEF (14). As 
shown in Fig. 5, this peak from G-200 was then subjected to 
chromatography on Sephadex G-100 yielding two fractions of 
which only one eluting in the range of an insulin marker 
(m.w. 36,000) was biologically active in triggering Β 
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F i g u r e 5 . Compar ison of a c t i v i t i e s of 
u n s e p a r a t e d and Sephadex G - 1 0 0 - f r a c t i o n a t e d AEF 
on p r i m a r y an t i -SRBC r e s p o n s e s of u n t r e a t e d and 
a n t i - θ s e r u m - t r e a t e d DBA/2 s p l e e n c e l l s . F r a c -
t i o n s IV and V from G-200 were p o o l e d and s u b -
j e c t e d t o f u r t h e r c h r o m a t o g r a p h y on G-100. The 
e l u t i o n p a t t e r n s of t h i s s u p e r n a t a n t and t h e 
c o r r e s p o n d i n g m a r k e r s BGG (m.w. 1 5 0 , 0 0 0 ) , BSA 
(m.w. 6 5 , 0 0 0 ) and i n s u l i n (m.w. 3 6 , 0 0 0 i n h e x a -
m e r i c form) a r e shown on t h e f a r l e f t . The 
p r i m a r y IgM ant i -SRBC r e s p o n s e s of u n t r e a t e d 
and a n t i - θ s e r u m - t r e a t e d DBA/2 c e l l s i n t h e 
p r e s e n c e of t h e v a r i o u s f r a c t i o n s i n d i c a t e d 
(50% c o n c e n t r a t i o n i n r e f e r e n c e t o t h e o r i g i n a l 
u n s e p a r a t e d s u p e r n a t a n t ) a r e shown (Ref. 1 4 ) . 

l ymphocy te r e s p o n s e s t o SRBC ( 1 4 ) . On t h i s b a s i s we have 
e s t i m a t e d t h e m.w. of AEF t o be i n t h e r a n g e of 3 0 , 0 0 0 -
4 5 , 0 0 0 . 

The a c t i v e f r a c t i o n Β ( F i g . 5) from Sephadex G-100 was 
f u r t h e r c h r o m a t o g r a p h e d on DEAE c e l l u l o s e u s i n g an e x p o n e n -
t i a l g r a d i e n t from 0 . 0 1 - 0 . 1 5 M sodium p h o s p h a t e b u f f e r , 
pH 8 . 1 . Under t h e s e c o n d i t i o n s , a l l of t h e b i o l o g i c a l l y 
a c t i v e m a t e r i a l e l u t e d a t low s a l t c o n c e n t r a t i o n i n a s e c -
ond peak from t h e column i n d i c a t i n g t h a t AEF i s homogeneous 
w i t h r e g a r d t o c h a r g e and t h a t i t c o u l d b e e i t h e r p o s i t i v e 
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or nearly neutral (22). The active fraction of AEF ob-
taine^jjy DEAE-cellulose chromatography was radio-labelled 
with I by the chloramine-T method and then subjected to 
electrophoresis on 10% SDS-polyacrylamide gel. The elec-
trophoretic patterns of both unreduced AEF and AEF follow-
ing reduction with 2-mercaptoethanol are shown in Fig. 6 
(22). The patterns were identical and consisted of a large 
molecular peak which coincided with molecular weight of 
47,000 and a smaller peak in the molecular weight range of 
11,500 (extrapolated). The molecular weight determinations 
were made by comparison with parallel gels containing marker 
proteins with known molecular weights. It should be pointed 
out, however, that this by no means accurately establishes 
the molecular weights since the presence of carbohydrate in 
varying quantities will affect the migration of such a sub-
stance in SDS gel. Indeed, the large molecular weight band 
stains positively with periodic acid Schiff's reagent in-
dicating that it is probably a glycoprotein (22). 

The electrophoretic pattern illustrated in Fig.6 is re-
markably similar to that observed when solubilized U-2 anti-
gens are subjected to SDS-acrylamide electrophoresis (23). 
We were interested, therefore, in determining the biolog-
ical activity of the two definable molecular species ob-
served. Since the likelihood of recovering biologically 
active material by elution from SDS-acrylamide gel is ex-
tremely low, we attempted to obtain comparable dissociation 
of AEF into subfractions by chromatography on Sepharose-6B 
in 6M guanidine HCl. The elution pattern obtained by such 
chromatography is depicted on the far left panel of Fig. 7 
(22). The corresponding biological activities of the tested 
fractions (after removal of guanidine HCl by dialysis) are 
shown on the middle and right panels of Fig. 7. Six peaks 
(II-VII) of UV-absorbing material were demarcated as in-
dicated by the dotted lines. Two heavier molecular weight 
fractions eluting after the void volume (fractions II and V) 
and two lighter molecular weight fractions (VI and VII) were 
tested for activity on in vitro primary anti-SRBC antibody 
responses of untreated (middle panel) and anti-θ serum-
treated (far right panel) spleen cells from DBA/2 mice. 

As shown in Fig. 7, the addition of unfractionated AEF 
enhanced the response of untreated spleen cells and fully 
reconstituted the response of spleen cells depleted of Τ 
cells by anti-θ serum treatment. Fraction II from the col-
umn substantially enhanced the response of untreated spleen 
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F i g u r e 6 . E l e c t r o p h o r e t i c p a t t e r n of AEF on SDS-
p o l y a c r y l a m i d e g e l . The b i o l o g i c a l l y a c t i v e f r a c t i o n 
of AEF p u r i f i e d on Sephadex G-100 f o l l o w e d by chroma-
t o g r a p h y on D E A E - c e l l u l o s e was r a d i o - l a b e l l e d w i t h 

I by t h e c h l o r a m i n e - T method and t h e n s u b j e c t e d t o 
e l e c t r o p h o r e s i s on 10% S D S - p o l y a c r y l a m i d e g e l e i t h e r 
u n r e d u c e d or f o l l o w i n g r e d u c t i o n by 2 - m e r c a p t o e t h a n o l . 
Ge l s were c u t i n t o 3 mm t h i c k s l i c e s and c o u n t e d i n a 
gamma c o u n t e r . M o l e c u l a r w e i g h t s of t h e major p e a k s 
a r e i n d i c a t e d (Ref. 2 2 ) . 
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F i g u r e 7 . A c t i v i t i e s of AEF f r a c t i o n s 
o b t a i n e d by c h r o m a t o g r a p h y on S e p h a r o s e 6B i n 
g u a n i d i n e - H C l . B i o l o g i c a l l y a c t i v e AEF p u r i -
f i e d by g e l c h r o m a t o g r a p h y on Sephadex G-100 
was c h r o m a t o g r a p h e d on S e p h a r o s e - 6 B i n g u a n i -
d i n e HCl. The e l u t i o n p a t t e r n s of t h i s s u p e r -
n a t a n t a r e shown on t h e f a r l e f t p a n e l . The 
c o r r e s p o n d i n g b i o l o g i c a l a c t i v i t i e s of u n s e p -
a r a t e d AEF, t h e t e s t e d f r a c t i o n s ( a f t e r r e -
moval of g u a n i d i n e - H C l by d i a l y s i s ) and com-
b i n a t i o n s of f r a c t i o n s I I and VI I on p r i m a r y 
IgM an t i -SRBC r e s p o n s e s of u n t r e a t e d ( m i d d l e 
p a n e l ) and a n t i - θ s e r u m - t r e a t e d DBA/2 s p l e e n 
c e l l s ( r i g h t p a n e l ) a r e shown (Ref. 2 2 ) . 
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cells at the 1:5 concentration (around 3-fold) but exerted 
only a partial effect on anti-0-treated cells. The 1:10 
concentration of fraction II and 1:5 of fraction V had no 
significant effect on responses of either the intact or de-
pleted cell population. The lighter molecular weight mate-
rials in fractions VI and VII exerted no detectable effect 
on the response of untreated spleen cells but did manifest 
some activity in reconstituting the responses of the anti-
θ-treated cells which was approximately 50% of the activity 
exhibited by the unfractionated AEF. The striking observa-
tion, however, is the effect obtained when fraction II and 
fraction VII were mixed together prior to addition to the 
cultures. This mixture exerted a marked enhancing effect on 
the response of untreated spleen cells (around 5-fold over 
the normal response) and displayed the highest reconstitut-
ing activity on the response of anti-G-treated cells, which 
was almost 50% greater than that obtained with unfraction-
ated AEF. It should be noted that: 1) the final concentra-
tion of the fraction II and VII components of the mixture 
was 1:10 (cf. the low activity of the 1:10 concentration of 
fraction II), and 2) the observed activity of the mixture is 
substantially greater than the additive effects expected 
from the biological activity of the individual components 
themselves (22). 

This finding strongly indicates, therefore, that the 
active moiety of AEF may consist of a bicomponent complex— 
one heavy and one light—which are associated non-covalently. 
The variable effects of the individual heavy (fraction II) 
and light (fraction VI and VII) components on the in vitro 
responses in Fig. 7 deserve some comment. The activity of 
fraction II predominantly on the intact spleen cell popula-
tion suggests that this heavier molecule may exert enhancing 
effects on Τ lymphocyte function either directly or via ef-
fects on macrophages. The capacity of the lighter material 
in fraction VII to partially reconstitute responses of anti-
θ-treated spleen cells while exerting little or no effects 
on intact spleen cell responses suggests that this molecule 
by itself exerts little or no effect on Τ lymphocyte func-
tion but some limited influence on Β cells. The optimal in-
fluence on Β cells, however, clearly requires the concomi-
tant presence of the heavy and light components. It is not 
possible to know from these data whether the heavy and light 
molecules must become associated in order to function in the 
manner observed. Studies currently are underway to deter-
mine this point. 
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C. Immunological Properties of AEF 

Thus far, we have analyzed the immunological proper-
ties of AEF by various immunochemical and functional tech-
niques. Immunochemical analysis has shown that AEF puri-
fied on Sephadex G-100 does not react or cross-react with 
any heterologous antisera directed against immunoglobulin 
determinants (22). In our initial studies on the activity 
of AEF, we found that although it did not manifest any spe-
cificity for antigens against which the in vitro antibody 
responses were directed, AEF did exhibit some strain-spe-
cific properties suggesting a relationship to antigens or 
gene products coded in the major histocompatibility gene 
complex (14). Thus, purified AEF from supernatants of 
DBA/2 (B-2d) activated Τ cells, although fully reconstitut-
ing Β cell responses of DBA/2 and BALB/c mice, only slightly 
reconstituted responses to SRBC of Β cells from C57BL/6 

mice. Moreover, preliminary absorption studies with 
spleen cell populations have demonstrated that spleen cells 
from normal DBA/2 mice are considerably effective in absorb-
ing the biological enhancing activity from AEF derived from 
DBA/2 Τ cells, whereas cells from strains of other H-2 hap-
lotypes are not very effective (22). 

The aforementioned observations prompted us to explore 
the relationship of AEF to histocompatibility antigens by 
functional analysis. Thus, experiments were designed to de-
termine whether immunoadsorbents prepared with antisera re-
active with H-2 determinants would specifically remove the 
biologically active moiety of AEF, In the first experiments 
we found that antisera directed against either the entire 
H-2d

 haplotype or the K-end of H-2d
 would indeed remove the 

activity of AEF derived from DBA/2 Τ cells; in contrast, 
antisera directed against specificities coded by genes in 
the D-end of H-2d failed to absorb AEF activity (24). Re-
cently, investigations in several laboratories using anti-
lymphoid cell antisera prepared between recombinant mice 
differing at genes present in the I region of the H-2 com-
plex identified a new antigen system, which has been termed 
la, coded for by genes in the I region; the la antigens 
have been found to exist predominantly on Β cells and macro-
phages and to varying extents on Τ cells (12,25-29). Ac-
cordingly, we considered the possibility that gene products 
in this region may be involved in regulatory cell interac-
tions in immune responses. The experiment presented in 
Fig. 8 demonstrates that the active enhancing factor(s) in 
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AEF can be removed by an immunoadsorbent prepared with an 
anti-la antiserum indicating that, indeed, the biologically 
active moieties responsible for T-B cell interactions are 
probably products of genes in the I region of the H-2 gene 
complex (30). The following antisera were used: 1) BIO.A 
anti-B10—this antiserum contains antibodies reactive with 
antigens coded by genes in the I region of H-2d

(la,8) but 
not with antigens coded by genes in either Κ or D regions 
of H-2^; 2) (B6A)F"L anti-BlO.D2—this antiserum contains 
predominantly antibodies reactive with specificity H-2.31 
present on cells from animals with the H- 2d allele; recent 
analyses have demonstrated the presence in this antiserum 
also of antibodies reactive with a new la specificity 
(la.11) present in H-2d

 (31). 

In the experiment shown in Fig. 8, three different 
concentrations of AEF were directly absorbed independently 
by immunoadsorbents prepared from (B6A)F^ anti-BlO.D2 and 
BIO.A anti-B10 alloantisera and by an adsorbent prepared 
from normal BIO.A serum. These AEF were then compared to 
unabsorbed AEF for biological activity on the in vitro re-
sponse to SRBC of DBA/2 Β lymphocytes. As shown in Fig. 8, 
cultures of untreated control whole spleen cells developed 
primary IgG anti-SRBC responses of around 1200 PFC; anti-θ 
treatment diminished this response to around 150 PFC. The 
addition of unabsorbed AEF to such anti-θ serum-treated Β 
cells reconstituted and enriched the response markedly and 
in a dose-related manner at all three concentrations of AEF 
employed. The AEF subjected to the adsorbent prepared from 
normal BIO.A serum exhibited virtually identical biological 
activity. The AEF obtained from the immunoadsorbent pre-
pared from (B6A)F^ anti-BlO.D2 serum retained essentially 
normal biological activity at the highest concentration 
(1:5), but the lowest concentration subjected to absorption 
(1:20) was around 45% lower in activity than the normal 
serum control. The AEF subjected to the BIO.A anti-B10 
(anti-la) immunoadsorbent, on the other hand, exhibited 
markedly diminished (80% or more) activity at all three con-
centrations indicating substantial reactivity of this anti-
serum with the biologically active component(s) of AEF (30). 

The identification of a small molecular weight compo-
nent which is present in AEF and apparently required for 
full expression of biological activity (Fig. 7), prompted 
us to determine the relationship of this component to 3<> 
microglobulin. The discovery of the association of 
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ΔΝΤΙ-Θ-SERUM TREATED 
DBA/2 SPLEEN CELLS 

ο Anti-9-Serum-Treated Control , 

ι ι I 
1 : 5 1:10 1:20 

CONCENTRATION OF AEF 
SUBJECTED TO ABSORPTION 

Figure 8. Removal of biological activity of AEF de-
rived from DBA/2 (H-2d) Τ cells by an anti-Iad immunoad-
sorbent. Three different concentrations of AEF were sub-
jected to immunoadsorbents prepared from either normal 
BIO.A serum or from (B6A)Fi anti-B10.D2 or BIO.A anti-B10 
(anti-la ) ascites. These AEF were then tested and com-
pared to unabsorbed AEF for activity on the in vitro re-
sponse to SRBC of anti-θ serum-treated DBA/2 spleen cells. 
Control responses of whole spleen cells and anti-0-treated 
cells in the absence of AEF are shown to the left (Ref.30). 
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g g - m i c r o g l o b u l i n w i t h h i s t o c o m p a t i b i l i t y m o l e c u l e s i n s e v e r a l 
s p e c i e s and t h e d e m o n s t r a t i o n of r e m a r k a b l e homology of i t s 
amino a c i d s e q u e n c e w i t h t h e c o n s t a n t homology r e g i o n s of 
immunog lobu l i n s have r a i s e d i n t r i g u i n g q u e s t i o n s c o n c e r n i n g 
t h e s i g n i f i c a n c e and f u n c t i o n of t h i s s m a l l p r o t e i n ( f o r r e -
v i e w , s e e 3 2 , 3 3 ) . In p r e l i m i n a r y e x p e r i m e n t s pe r fo rmed i n 
c o l l a b o r a t i o n w i t h Dr . Howard Grey , we have t e s t e d t h e c a p a -
c i t y of a n t i s e r a d i r e c t e d a g a i n s t a m u r i n e ß 2 - m i c r o g l o b u l i n -
l i k e component t o s p e c i f i c a l l y a d s o r b t h e b i o l o g i c a l l y a c t i v e 
component of AEF. The r e s u l t s of t h e s e e x p e r i m e n t s i n d i c a t e , 
i n d e e d , t h a t t h e a c t i v i t y of AEF can be removed on such 
immunoadsorben t s ( 3 4 ) . We a r e r e s e r v i n g c o n c l u s i o n s on t h e s e 
d a t a , however , u n t i l e v i d e n c e i s o b t a i n e d t h a t w i l l e s t a b l i s h 
t h a t t h e m u r i n e c e l l s u r f a c e p r o d u c t w i t h which t h e s e a n t i -
s e r a have been p r e p a r e d i s i n f a c t t h e homologue of - m i c r o -
g l o b u l i n . I f such i s t h e c a s e , t h e n o u r r e s u l t s would i n d i -
c a t e t h a t a component i n AEF i s ( o r i s h i g h l y c r o s s - r e a c t i v e 
w i t h ) ß<>-microg lobu l in . Whether t h e s p e c i f i c i t i e s removed by 
t h e s e l a t t e r a n t i s e r a a r e p r e s e n t on t h e heavy o r l i g h t 
m o l e c u l a r w e i g h t components of AEF (o r b o t h ) i s p r e s e n t l y 
b e i n g d e t e r m i n e d . 

We c o n c l u d e , t h e r e f o r e , t h a t t h e b i o l o g i c a l l y a c t i v e 
e n h a n c i n g m o i e t i e s of AEF b e a r l a d e t e r m i n a n t s and t h e r e f o r e 
a r e most l i k e l y composed, a t l e a s t i n p a r t , of gene p r o d u c t s 
of t h e I r e g i o n of t h e H-2 gene complex . The p r e s e n c e of a 
s m a l l p r o t e i n m o i e t y in t h e a c t i v e AEF complex h a s been de^ 
m o n s t r a t e d , and t h e c u r r e n t d a t a s u g g e s t t h a t t h i s may be r e -
l a t e d t o $2 - m i c r o g l o b u l i n a l t h o u g h d i r e c t e v i d e n c e on t h i s 
p o i n t h a s y e t t o be o b t a i n e d . Recen t d a t a from o t h e r i n v e s -
t i g a t o r s have shown t h a t an a n t i g e n - s p e c i f i c Τ c e l l p r o d u c t 
can be a d s o r b e d by immunoadsorben ts p r e p a r e d from a n t i s e r a 
d i r e c t e d a g a i n s t t h e K-end of H-2 ( 3 5 ) . S ince such a n t i s e r a 
c o n t a i n a n t i b o d i e s r e a c t i v e w i t h s p e c i f i c i t i e s of b o t h Κ and 
I r e g i o n s , i t i s l i k e l y t h a t t h e u s e of s e l e c t i v e a n t i - l a 
s e r a w i l l y i e l d r e s u l t s c o n s i s t e n t w i t h t h o s e p r e s e n t e d h e r e . 
Taken c o l l e c t i v e l y , t h e s e o b s e r v a t i o n s i n d i c a t e t h a t I r e g i o n 
gene p r o d u c t s may be i n t i m a t e l y i n v o l v e d i n t h e mechanism of 
c e l l - c e l l i n t e r a c t i o n s and r e s p o n s i b l e f o r t h e r e g u l a t i o n of 
immune r e s p o n s e s . 

CONCLUSIONS 

The d a t a and o b s e r v a t i o n s p r e s e n t e d i n t h i s p a p e r have 
shown t h a t t h e r e g u l a t o r y i n t e r a c t i o n s be tween Τ and Β lym-
p h o c y t e s i n immune r e s p o n s e s a r e g o v e r n e d by p r o d u c t s of 
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genes that appear to be located in the I region of the H-2 
gene complex. We originally hypothesized, based on data ob-
tained in this system, that there must exist on the surfaces 
of lymphocytes (and macrophages) certain molecules coded for 
by genes in the H-2 complex responsible for permitting ef-
fective cell-cell interactions (2,3,6). These molecules, 
which have recently been termed by us as cell-interaction or 
CI molecules (36), probably are present in varying quanti-
ties on Τ and Β lymphocytes and macrophages and are envis-
aged by us as interacting by homology during the cooperative 
interactions between such cells. The possible mechanisms by 
which such molecular interactions may occur have been elab-
orated upon at length elsewhere (36). The genetic mapping 
data presented here together with the observations that dem-
onstrate the capacity of anti-la antiserum to absorb the 
biologically active molecule(s) from AEF demonstrate that CI 
molecules are products of genes located in the I region of 
H-2. 

In closing, it should be noted that the Ir-IA and Ir-IB 
subregions where the CI genes appear to be mapped by our 
studies (Fig. 4) are precisely the subregions where all 
known immune response or Ir genes have been mapped (37). 
However, as discussed at length elsewhere (36), while this 
suggests an association between Ir and CI gene products in 
lymphocyte function, it does not imply that these are nec-
essarily products of the same gene(s). 
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t h a t a non-p r imed T - c e l l p o p u l a t i o n f a i l s t o g i v e a non-
s p e c i f i c p o s i t i v e o r n e g a t i v e a l l o g e n e i c e f f e c t . 

J . QUINTANS: I s n ' t i t s u r p r i s i n g , w o u l d n ' t you e x p e c t an 
a l l o g e n e i c e f f e c t ? 

D, H, KATZ: No, b e c a u s e t h e c e l l s a r e i r r a d i a t e d and a r e used 
in a p p r o p r i a t e numbers t o c i r c u m v e n t t h i s p r o b l e m . To o b t a i n 
an a l l o g e n e i c e f f e c t one would have t o u se a much l a r g e r number 
of î r r a d i a t e d ee l 1 s . 
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M. COHN: I woujd like to sharpen the differences between 

Dave Katz and myself on the interpretation of his experiments 

on the cooperative interactions between histoincompatible T-

and B-cells. Now, Ft is of no use sharpening our differences 

if we cannot end up with experiments which we both believe 

will decide which interpretation is correct. Consequently 

I would like to present a competing interpretation and then 

suggest two experiments. 

The interpretation of the findings, as Dave looks at it, 

is that they reflect eel 1-level not populat ion-1evel events. 

This is to say that a single T
c
-cell anti-carrier (BCG or 

GLT) and a single B^-cell anti-hapten (DNP) would cooperate in 

the presence of antigen to give a specific antihapten (DNP) 

response if they were syngeneic to each other and not if they 

were allogeneic to each other. He makes the argument that his 

results cannot be explained by superimposed factors derived 

from unrelated interactions in the allogeneic situation which 

create such an insufficiency of cooperating activity that the 

present B^-cells cannot be induced. I disagree because this 

is exactly the explanation I place on the findings. 

First I would like to stress that an IgG-anti-DNP re-

sponse is being measured. An IgG response, as I discussed 

yesterday, is sharply dependent on the level of cooperating 

activity. Small differences in the effective level of co-

operating activity have large effects on the rate of·IgG 

induction. 

Second, the experiments are all performed under condi-

tions where cooperating activity is limiting the BY-cel1 

response. (See for example Fig. k in Hamaoka, Osborne, Katz 

J.E.M. 137, (1973). 

D.H. KATZ: That is not true, as a matter of fact when you 

go up higher with specific syngeneic cells you get into levels 

of suppression. In the \n vivo system if you increase the cells 

from a carrier primed animal to a much higher number of cells, 

for example from 50 mi11 ion to 80 mi 11 ion eel 1 s, you do not 

linearly increase the level of cooperative activity. 

M. COHN: Yes but that is because when you attempt to increase 

the cooperating activity by adding more cells you introduce 

another phenomenon. Now let us consider the experiment in 

which you analysed an l-difference but did not describe in 

your presentation. Assume that the irradiated cooperating 

Fl (A/JXBALB/C) T^LJ-population cannot provide a sufficient 

level of cooperating activity to permit induction of an 

IgG anti-DNP response. This for me is particularly profitable 

because GLT must have a low level of cooperating activity 
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specific for ît or an 1 1— 1 mutational difference would never 

have been detected. I am implying that a further induction of 

antigen sensitive t Q L T ~
c e l ls

 '
s r e

q
u
"

r
e d to induce the B ^ N p-

cells and this activity cannot be provided by the irradiated 

Fl (CA) recipient mouse. However, the anti-theta treated spleen 

of a responder has a sufficient number of tç^y-cells to permit 

further induction of cooperating anti-GLT activity when 

present with the Fl Τ^γ-popu 1 at ion. Consequently the BALB/C 

responder responds according to the following sequence: 

FI Tc 

GLT 

GLT 'GLT 

c c 
'GLT 

CnY j >
l gg 

DNP DNP 

(note: see my contributed paper for meaning of symbols) 

However, the non-responder A/J mouse lacking t ^ ^ 

cells, because of the 1 1— 1 block, does not respond because 

there is no source of antigen-sensitive t
c
 cells (anti-GLT) 

to permit further induction of cooperating activity required 

to induce the B^p-cell. 

The experiment I propose is to mix the B-cell popula-

tions from BACB/C and A/J,
 C
B p Np +

 A
B[) Np, and determine by 

analyses of allotype whether, when the BALB/C Bp^p-cell 

responds, the A/J ^B^p-cell also responds. If Dave is correct 

the A/J B-cell will not respond; if I am correct it will 

respond. I will bet two bottles of champagne to one, on the 

outcome of this experiment. 

The second part of this study involved the role of 

l-gene products and is more tricky. Dave insists that 

suppression cannot be operating to limit the cooperating 

activity but as you know, a bare assertion is not necessarily 

the naked truth. His arguments are two fold: 

(a) If Fl Τ -cells are used in cooperation with parental 

B-cells, no induced suppression is possible. However, if 

parental T
c
-cells are used with Fl B-cells, suppression could 

be induced but is not found because the latter cooperate 

normal 1y. 

(b) If one mixes the two parental T-cell populations, 

were suppression to operate they should mutually turn each 

other off so that no cooperation with either parental B-cell 

would be possible. 
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D. H. KATZ: Oh no, you owe me one on that. As a matter of 

fact, [ was going to ask you if that bottle was counted into 

the bet. Very briefly let me restate the problem as Mel 

sees it. What he is saying is that if you have mixtures of 

T- and B-cells (it doesn't matter what the strains are) and 

you effectively wipe out most, but as he claims not all, of 

the T-cells by anti-theta serum and complement, you may be 

left with a few T-cells or precursor T-cells in this popula-

tion which, in a reaction with an histoincompatible or allo-

geneic cell population may be stimulated to become effective 
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These arguments are insufficient for the following 

reasons: 

1) No quantitative titrations of Τ vs Β have been pub-

lished and I personally insist on their critical importance 

throughout these studies. I would like to see quantitatively 

superimposed induction of FI T-cells vs parental B-cells and 

parental T-cells vs Fl B-cells. 

2) Even if these superimposed titrations were not distin-

guishable because of the obvious large error expressed in those 

transfer systems, I showed yesterday (see Fig. 7, my 

paper) that the parental T-cell inhibition of an Fl semi-

allogeneic response was 5~10 times less than that of an 

allogeneic response. The reason is obvious. The Fl B-cell 

has less target antigen on its surface than the parental 

B-cell. Consequently this is not a sufficient contest for 

the allogeneic situation. 

3 ) t showed (see Fig. 8 , my paper) that cooperating activity 

proyîdes inhibitory activity. Consequently mixing two 

parental cooperating populations would mask the inhibitory 

activity, unless quantitative titrations of one against the 

other were carried out. 

The only way to eliminate my arguments is to study 

cooperative interactions on populations of T- and B-cells 

which are mutually tolerant (paralyzed-recessive unresponsive) 

of each other. 

Here too I am willing to bet two bottles of champagne 

to one that mutually tolerant T- and B-cells will cooperate 

normally across histoincompatibi1ity boundaries. 

With the bottles of champagne you will owe me Dave, 

we can celebrate that immunology has once again become 

rational. 

D. H. KATZ: How many experiments were there? 

fl. COHN: Two and whats more, you already owe me one bottle 
from Brighton. 
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helper cells. Therefore the response that one sees may re-

flect the generation of helper cells isogeneic with the B-cell 

population: He is throwing my own observation back on me 

because Osborne and I have shown that an allogeneic effect 

will indeed markedly increase the kinetics and expand the 

development of helper cells. However, what he is ignoring 

îs that the cell population at issue is an Fl hybrid, and 

the B-cell population being assayed is the parent. He would 

have to demand that by some genetic trick this Fl hybrid cell 

population is going to react against the parental strain 

haplotype in order to make them develop into effective 

helper cells. This follows from the fact that we know i η 

vivo from our own experiments, and repeated by many others, 

that while you can make the allogeneic effect work in that 

direction jji νitro, you can never make it work in vivo where 

the responding population must be reacted upon in order 

for the allogeneic effect to be seen. I think that possibility 

ts very unlikely for the following reasons: first, when you 

effectively treat a cell population with anti-theta serum, 

you don't even need to lyse them with complement to have 

virtually all of them removed in vivo by the reticulo-endo-

thelial system of the host into which they are transferred. 

These studies have been done by labelling cells with 

chromium. Secondly, with an antigen such as the one that 

Mel has been talking about, which happens to be a DNP deri-

vative of the terpolymer of glutamic acid-lysine tyrosine 

(GLT), we have never been able to induce in a responder 

animal, even with an allogeneic effect, helper T-cells for 

GLT in an adoptive primary response within 7 days, which 

is the time course of these experiments. In fact, it is 

exceedingly difficult to get adoptive primary responses to 

this type of relatively weak antigen unless you use sufficient 

numbers of spleen cells that have not been depleted of T-cells 

in the adoptive recipient. I think this argues very strongly 

against the possibility Mel has raised. The mixed B-cell 

experiment is now to take a mixture of the parent which is a 

respondent and a B-cell population from a non-responder which 

is histoincompatible with it (and which would differ by immuno-

globulin allotypes) and measure which allotype antibody is being 

produced. I agree, that would be a very nice control to do 

and we hayen
1
t done it. I would be willing therefore, to 

take you up on a bet of the champagne on that one. So we 

have one bottle of champagne on this experiment and you owe 

me one already from Brighton, so you'll owe me two at the 

next meet i ng. 

B. A. CUNNINGHAM: In most cases in which a molecule is 

associated with &2~
r a
î

c r o
9l°bul '

n
 > the peak for 32~ffnc:rog lobul i η 

240 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

241 

tends to be much higher than the one you showed. Do you 

believe that the relatively small amount that you see is a 

technical problem? 

D. H. KATZ: I think so, yes. 

B. A. CUNNINGHAM: If this is an la or Ir gene product should 

not it also be expressed in B-cells? Have you cultured B-

cells to look for the same factor? 

D.H. KATZ: Yes, as a matter of fact we're doing experiments 

of that type right now to find out whether there is homology 

Between the rrjolecules we are talking about; but we first 

want to determine if we can get biologically active ones 

from the B-cell surface- that is not known at present, 

ft is known that la is present in very large quantities on 

the B-cell surface. But I should point out also that the 

la on the B-cell surface that has been extracted by deter-

gent procedures does not conform to the molecular character-

istics of the heavy component of AEF that I described. It 

may be that AEF is a form of la from T-cells that is molecu-

larly different or is in association with some factor, per-

haps a receptor, and that la extracted from B-cells with 

detergent may no longer be associated with the factor. I 

do not have the answer. 

B. A. CUNNINGHAM: You seem to be getting activity from 

guanidfne extracted materials which is generally difficult 

to do. The procedure could make a difference in comparing 

other systems. Also, ft might be interesting to try a 

totally different type of cell, even non lymphoid cells, to 

see if the same cell surface components are expressed on 

these eel Is. 

D. H. KATZ: You /rjean activating them by non-clonal mitogens 

or simply incubating them to see if you can extract off the 

factors froro such cells because many of these antigens are 

expressed on other cells. That is a good point. In fact, 

we recently obtained a tumor from Bruce Chesebro from Montana 

that is producing large quantities of this particular la 

specificity, (la.8) and we are in the process of trying to 

extract these molecules to find whether they have any biolo-

gical activity. 

H. WHITTEN: Dr. Katz, what is your opinion of Noel Warner's 

suggestion that the Ir product may be comprised, in part, of 

some type of Fc receptor and do you know if Fc receptors 

co-cap with anti H-Z antisera? 
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D.H. KATZ: That point is controversial. There may be some 

relationship between the la antigens, which may or may not 

reflect gene products of the immune response type, and Fc 

receptors. The current knowledge about this is that an anti-

la reaction with B-cells inhibits the capacity of the Fc 

receptor to bind aggregated gamma globulin (the Dickler an<i 

Sachs experiment). That experiment is open to several inter-

pretations. An interesting suggestion is that perhaps the 

Fc receptor could be the site on the B-cell which, if in fact 

these products do have a g2""
m
'

c r o
9^°'

3 U
^ ' ' ke component 

associated with them for B-cell differentiation, may be the 

receptor for the ß 2 ~
C Q m

P
o n e n t:

 °f
 t n

'
s
 tYP

e
 °f product. 

This suggestion is intriguing and should be experimentally 

testable. 

H. WHITTEN: It is conceivable that the immunoglobulin 

binding product released from activated T-cells is some type 

of Fc receptor which comprises part of your AEF and that 

your receptor B-cell acceptor site is B2"
m
'croglobuliη. 

D.H. KATZ: Perhaps. 
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T H E O N T O G E N E S I S A N D F U N C T I O N O F T - C E L L S * 

A.L. G O L D S T E I N , G. B. T H U R M A N , G. H. C O H E N , 

andJ.A. H O O P E R 

Division of Biochemistry 

University of Texas Medical Branch, Galveston, Texas 

I N T R O D U C T I O N 

Recent studies in immunobiology point to an important regula-

tory role for the endocrine thymus in the ontogenesis and function 

of the mammalian lymphoid system (1). The thymus influences 

host immunity through its secreted hormone thymosin (and perhaps 

other hormones) which m a y act üi situ and/or peripherally to in-

duce the maturation and differentiation of thymic-dependent (T) 

lymphocytes (2). The subnormal levels of thymosin detected in the 

blood of humans with certain diseases and with aging (3) m a y lead 

to immunological deficiencies similar to those observed after ex-

perimental thymectomy in animals. Studies in progress suggest 

that thymosin insufficiencies m a y indeed contribute towards the 

development of various primary and secondary immunodeficiency 

diseases in man. Using a newly developed m vitro Ε-rosette assay 

(4, 5) a number of disease states have already been identified that 

are characterized in part by thymosin insufficiencies. These 

studies implicate a role for thymosin in the etiology of cell-mediat-

ed immunodeficiencies. Thymosin abnormalities have been noted 

in patients with various cancers, with certain autoimmune 

diseases, with disease states commonly associated with aging, 

with severe viral infections, and with severe burns (4-7). 

In this paper w e review s o m e of the most recent developments 

in the biology of thymosin as they relate to the ontogenesis, func-

tion and senescence of T-cells in a number of animal models in 

vitro and in vivo. In addition, w e discuss the effects of thymosin 

*These studies were supported, in part, by grants from The 

John A. Hartford Foundation, Inc., and the National Cancer 

Institute (CA 14108 and C A 15419). 
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in vitro on lymphocytes purified from the blood of patients with a 

variety of primary and secondary immunodeficiency diseases as 

well as describe our initial clinical experiences with thymosin ad-

ministered m vivo. 

C H E M I C A L P R O P E R T I E S O F T H Y M O S I N U S E D IN 

P H Y S I O L O G I C A L STUDIES 

The method of Goldstein et al. (8, 9) as modified recently by 

Hooper et al. (10) was used to prepare the partially purified calf 

thymosin fraction 5 and the m o r e purified thymosin fraction 8 

employed in the studies to be described. Thymosin fraction 5, 

the hormone preparation used for most of the biological studies to 

date, contains at least 11 heat-stable acidic peptides and proteins 

with molecular weights that range from 1, 200 to 14, 000. It is not 

yet known whether all of the biological activity ascribed to thymo-

sin resides within a single molecular species or whether there 

exists a family of thymus-specific molecules which act in concert 

to endow the host with its normal complement of immunity (10, 11). 

The first thymosin molecule to be purified to homogeneity was 

thymosin fraction 7 (10). Recently w e have improved the isolation 

procedure to increase the yields and quality of the purified protein 

which is now termed thymosin fraction 8 (11). Fraction 8 is a 

heat-stable acidic polypeptide. Amino acid analysis indicates the 

presence of approximately 108 amino acid residues per molecule. 

Thymosin contains one residue of histidine, one cysteine and no 

tryptophan. Carbohydrate, lipid and nucleotide are absent. 

The suggestion that several biologically active factors are 

present in fraction 5 comes from recent observations that not all 

preparations of thymosin fraction 8 are as active as less pure 

fractions when tested in s o m e of the m vitro systems presently 

under investigation (10). This decreased specific activity m a y 

reflect chemical modification of the molecule, the existance of 

several biologically active thymic factors or the removal of an 

active component or cofactor during the purification procedure. 

R O L E O F T H Y M O S I N IN T H E O N T O G E N E S I S A N D 

F U N C T I O N O F T - C E L L S 

A. Developmental Studies 

Studies primarily in mice have demonstrated that a functional 

thymus gland is required at birth to induce the maturation of im-

munologically competent lymphocytes (T-cells) (c. f. 12). As dia-

g r a m m e d in Figure 1, removal of the thymus within the first 24 

hours of birth prevents the development of cell-mediated immunity 
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NEONATAL THYMECTOMY 

KX) 

IMMUNE 
RESPONSE 

Sk\am Thymectomy 

Thymectomy & Thymic graft 
\or Thymosin or competent 
lymphocytes 

Thymectomy (Thymic Independent Immunity) 
IgG, IgA, IgM, IgD,IgE 

Thymectomy (Thymic Dependent Immunity) 
Allograft, Tumor, D.H., GVH, Ab. 

/ 

BIRTH I 
THYMECTOMY 

30 60 

DAYS 

Fig, 1. Effect of thymosin, thymic grafts and competent 

lymphocytes on immunity in neonatally thymectomized mice. 

in mice. Following neonatal thymectomy, mice as well as several 

other m a m m a l i a n species usually succumb to overwhelming infec-

tion and a wasting disease (c f. 12). Studies with partially puri-

fied bovine thymosin reveal that this hormone can act in lieu of 

the thymus gland and reduce the incidence of wasting disease and 

death due to neonatal thymectomy (9, 13) and can partially reconsti-

tute cell-mediated i m m u n e responses (9,14). Illustrated in Fig. 1 

is the finding that deficient cell-mediated immunity m a y also be 

reconstituted by transplantation of a thymic graft or competent 

lymphocytes. 

In other developmental studies, thymosin administration was 

shown to accelerate the normal ontogenesis of T-cells in the spleen 

with regard to their ability to elicit a graft-versus-host (GVH) re-

action. Three day old C B A / W h mice were injected intraperi-

toneal^ with thymosin (fraction 3) or with calf spleen fraction 3 

and 24 hours later the spleens were removed and cell suspensions 

were prepared. These cells were then injected intravenously into 

lethally irradiated (800R) B6AF1/J mice and the capacities of the 
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spleen seeking cells to elicit a G V H were compared to control cells 

from mice treated with calf spleen fraction 3 using a previously 

described assay (15). Fig. 2 shows that thymosin treatment 

5X10
6
 CBA/Wh spleen cells per mouse I.P. 

Age (days) of CBA/Wh Spleen Cell Donors 

Fig. 2. Thymosin enhanced development _in vivo of cell-

mediated immunity as measured by a G V H response in lethally 

irradiated (800R) B6AF1/J mice. 

significantly increased the capacity of spleen cells to elicit a G V H . 

As indicated by the solid line, mouse spleen cells normally do not 

develop the capacity to elicit a good G V H reaction (spleen index 

> 1 . 3) until the second week post birth. 

Similarly, as seen in Fig. 3, thymosin fraction 3 could be 

I V/////A Thymosin fraction 6 

3 Spleen fraction 

Birth 

Days Post Birth — 

Fig. 3. Effect of thymosin on ontogenesis of P H A responsiv-

ity in C B A / W h spleen cells. 
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shown in n e w b o r n m i c e to a c c e l e r a t e the d e v e l o p m e n t of r e s p o n -
s i v e n e s s of s p l e e n c e l l s to PHA (a T - c e l l m i togen ) when t e s t e d 
üi v i t r o . T w e n t y - f o u r h o u r s a f t e r t h y m o s i n a d m i n i s t r a t i o n , s p l e e n 
ce l l s u s p e n s i o n s w e r e p r e p a r e d and incuba ted wi th PHA for 48 
h o u r s . T h e s p l e e n c e l l s w e r e p u l s e d with t r i t i a t e d t hymid ine 
d u r i n g the l a s t 24 h o u r s of incuba t ion and the a m o u n t of r a d i o -
a c t i v e t h y m i d i n e i n c o r p o r a t e d into c e l l s w a s u s e d a s a m e a s u r e 
of PHA- induced b l a s t o g e n e s i s . As ind ica t ed by the so l id l i ne in 
F i g . 3 , the c a p a c i t y of s p l e e n c e l l s f r o m n e w b o r n a n i m a l s to r e -
spond wel l to PHA n o r m a l l y d o e s no t deve lop un t i l the s e c o n d week 
of l i fe . 

T h y m o s i n t r e a t m e n t a c c e l e r a t e s the d e v e l o p m e n t of r e s i s t a n c e 
to v i r u s - i n d u c e d t u m o r s in m i c e . The a d m i n i s t r a t i o n of t h y m o s i n 
f r ac t ion 3 to n e o n a t a l CBA/Wh m i c e innocu la ted with Moloney s a r -
c o m a v i r u s (MSV) p r o l o n g s h o s t s u r v i v a l (F ig . 4) and a c c e l e r a t e s 
the r e g r e s s i o n of the r e s u l t i n g v i r u s - i n d u c e d r h a b d o m y o s a r c o m a 
(16). N e w b o r n m i c e , in c o n t r a s t to adu l t m i c e , do not h a v e the 
capac i ty to r e j e c t a t u m o r induced by MSV in jec t ion . In CBA/Wh 
m i c e the r e s i s t a n c e to p r o g r e s s i v e MSV induced t u m o r g rowth 
deve lops be tween the 2nd and 3 r d week of l i fe . An a m o u n t of MSV 
tha t would k i l l 80-90% of the m i c e if i n t r o d u c e d a t day 14 wi l l k i l l 
only 40 -50% of the a n i m a l s if i n t r o d u c e d a t day 21 p o s t - p a r t u r i -
t ion. The a d m i n i s t r a t i o n of t h y m o s i n f r o m b i r t h s ign i f i can t ly 
r e d u c e s the i nc idence of MSV induced t u m o r d e a t h in CBA/Wh m i c e 
(F ig . 4 ) . In c o n t r a s t , s i m i l a r l y p r e p a r e d calf l i v e r and s p l e e n 
afford no p r o t e c t i o n . 

B. T - C e l l Func t ion in N o r m a l and Immunode f i c i en t M i c e 

F o r m a n y y e a r s i t w a s thought tha t the t h y m u s g land , wha t -
e v e r i t s r o l e , added no th ing s ign i f ican t to the qua l i ty of h e a l t h in 
the adu l t ( c f, 17). T h i s e r r o n e o u s c o n c l u s i o n w a s b a s e d on two 
o b s e r v a t i o n s : f i r s t , tha t adu l t t h y m e c t o m y had no i m m e d i a t e l y 
obvious effect on t he phys io logy of the t h y m u s - d e p r i v e d a n i m a l and 
second , tha t a t p u b e r t y , the t h y m u s g land a t r o p h i e s , l e a v i n g only a 
t r a c e of i t s f o r m e r e x i s t a n c e a s a s t r o m a l e p i t h e l i a l s t r u c t u r e . 

The f i r s t o b s e r v a t i o n m a d e by e a r l y w o r k e r s in th i s f ield was 
i n c o r r e c t . As i l l u s t r a t e d in F i g . 5, v e r y d r a m a t i c c e l l u l a r 
c h a n g e s and r e s p o n s e s do o c c u r a f t e r adu l t t h y m e c t o m y in the 
m o u s e , a s we l l a s in o t h e r s p e c i e s . We now know that the f a i l u r e 
to d e t e c t p h y s i o l o g i c a l c h a n g e s soon a f t e r t h y m e c t o m y of the adul t 
w a s due to the p r e s e n c e of l o n g - l i v e d t h y m u s - d e r i v e d (T) c e l l s in 
the c i r c u l a t i o n tha t , d e s p i t e the a b s e n c e of the t h y m u s , could c o n -
t inue to c a r r y the " i m m u n o l o g i c a l bu rden" un t i l they w o r e out a t 
a m u c h l a t e r t i m e . T h e l ife s p a n s of t h e s e T - c e l l s have b e e n 
e s t i m a t e d to b e o v e r 100 d a y s in r o d e n t s (17) and p e r h a p s s e v e r a l 
y e a r s in h u m a n s (18). T h i s t i m e f r a m e did no t m e e t with the 
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patience of the early thymologists and hence the gradual depletion 

of T-cells and slow progressive loss of i m m u n e function went un-

noticed. This delayed loss of in vivo responsivity of cell-mediated 

and humoral immunity following adult thymectomy is depicted in 

Fig. 5. Using m o r e sensitive in vitro assays developed in recent 

years, however, it has been possible to demonstrate dramatic 

changes in immunological competence of lymphoid cell populations 

following adult thymectomy. These changes include decreased 

A D U L T T H Y M E C T O M Y 

NORMAL 

In Vivo Immune 
Responses (cell 

iated & 
humoral ) 

0 
t 

ADULT 
THYMECTOMY 

WEEKS-

Fig. 5. Decay of T-cell and metabolic functions after adult 

thymectomy in the mouse. 

capacity of lymphoid populations from adult thymectomized mice 

to respond in vitro to P H A (19), decreased capacity of lympho-

cytes to undergo a mixed lymphocyte reaction ( M L R ) (20), and 

significantly decreased numbers of peripheral lymphocytes con-

taining T-cell marker antigens such as the Thy-1 (Θ) (21). 

Within 2 to 4 weeks post-adult thymectomy there is also a 

decrease in the number of suppressor-like T-cells (22) that is 

preceeded by a decreased capacity of thoracic (23) and peripheral 

lymph node cells (24) to incorporate radioactive uridine into R N A . 

Within 1 week after thymectomy, Bach et^ aL were able to observe 

a decrease in the number of spontaneous rosette-forming cells in 

the spleen (25). This decrease in spontaneous rosette-forming 

cells is the earliest known cellular change that occurs after adult 

thymectomy in the mouse. Still earlier, within hours after adult 

thymectomy, there is a detectable decrease in serum thymos in-like 

activity (26). W e have found that short-term incubation with 

thymosin in vitro or treatment in vivo can reconstitute the popula-

tions of spontaneous rosette-forming cells and serum thymosin-
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like activity lost after adult thymectomy (9). 

It is apparent from recent studies in cellular immunology that 

T-cells are heterogenous and belong to any one (or more) of sev-

eral distinct classes presumably reflecting various stages of 

maturation. Recent findings suggest that thymosin m a y act on at 

least three distinct classes of lymphoid cells as illustrated in Fig. 

6: pre-thymic cells, post-thymic cells, and m o r e mature thymo-

sin-sensitive cells (cortisone-sensitive thymocytes). One of the 

most interesting new findings is the observation that thymosin 

causes thymocytes to be converted m vitro into m o r e mature T-

cells with the capacity to elicit m vTFro a M L R (27) or to act as 

"killer" cells against P-815Y(H-2d) mastocytoma cells (S. Waksal, 

personal communication). 

In addition to the reconstitution of neonatally thymectomized 

mice, it has been found that thymosin treatment enhances cell-

mediated immunity in normal or immunosuppressed mice. T h y m -

osin administration promotes tumor rejection in several types of 

immunodeficient animals, including tumor bearing mice (16, 28) 

and rats (29), genetically athymic "nude" mice (30) and corrects 

T-cell abnormalities in the N Z B mouse, an animal which devel-

ops an autoimmune-like disease similar to lupus erythmatosus in 

humans (31,32). 

Thymosin has been shown to have similarly marked effects on 

T-cell populations m vitro including the rapid conversion of im-

mature mouse lymphoid cells into m o r e mature T-cells which 

acquire distinctive T-cell marker antigens at their surface (6, 7, 

33, 34) and specialized functions. In vitro studies with the genet-

ically thymusless "nude" mice have"shown that incubation with 

thymosin restores the capacity of spleen cells to produce a graft -

versus-host response (36), and to elicit a mixed-lymphocyte 

reaction m vitro (S. Waksal, personal communication). 

T H Y M U S D E P E N D E N T S E N E S C E N C E O F I M M U N I T Y IN M A N 

It is generally recognized that the two most critical periods of 

life, with regard to health, occur shortly after birth and after the 

sixth decade of life. Our cell-mediated i m m u n e function does not 

achieve m a x i m u m competence until about the time of puberty and 

then it undergoes a sharp decline with age. There is increasing 

support for the concept that the waning of thymic dependent cell-

mediated immunity is importantly related to the etiology of 

diseases such as cancer, autoimmune disorders and infectious 

diseases, the incidences of which increase with age as illustrated 

in Fig. 7. Recent studies by Bach et al. (38) using a rosette bio-

assay and by Schulof (39) and Goldstein et al. (3) using a rosette 

and crude radioimmunoassay have shown that thymosin or thymosin-

like activity in the blood of humans decreases precipitously with 
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Birth 5 ΙΟ 15 20 25 30 35 40 45 50 75 80 

AGE IN YEARS 

Fig. 7. Thymus dependent senescence of immunity in man. 
[From Goldstein et al. (11).] 

age and is altered in patients with primary and secondary immuno-
deficiency diseases. Studies are presently in progress to develop 
a quantitative radioimmunoassay to measure thymosin in the blood 
and to detect the precise changes that occur during the aging pro-
cess and thymic-dependent disease states. 

FIRST CLINICAL TRIALS WITH THYMOSIN 

A. In vitro Studies 

Wara and Ammann have recently observed that the number of 
total Ε-rosettes formed by peripheral blood lymphocytes obtained 
from patients with immunodeficiency diseases but not from normal 
individuals can be increased in vitro after incubation with thymosin 
(4). This observation has led to the development of a new üi vitro 
test for identification of patients with possible thymosin-dependent 
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immunodeficiency diseases. The method for this assay is outlined 
in Fig. 8. 

Other similar studies have shown that incubation of peripheral 
blood lymphocytes with thymosin increases the number of E-
rosette forming cells (T- cells) from patients with a variety of ser-
ious clinical disorders including thymic hypoplasia (4, 5, R. Hong, 
personal communication), ataxia telangiectasia (4, 5), Wiscott-
Aldrich (4, 5), lupus erythmatosus (4, 5), cancer (6, 7, E. Hersh 
and P. Chretien, personal communication), virus infection (5) and 
severe burns (6). Some of the relevant data are shown in Table 1. 

Thymosin does not appear to influence the number of E-
rosette forming cells from patients with combined-immunodefi-
ciency disease, where the defect is apparently at the level of a 
stem cell deficiency. Thymosin has a marked effect on the lymph-
ocytes from certain cancer patients as well as those from most 
patients with thymic hypoplasias. 

The Wara-Ammann Ε-rosette assay has been particularly 
useful in identifying immunodeficient patients who may be candi-
dates for thymosin therapy in vivo. Patients whose Ε-rosettes are 
elevated by incubation with thymosin in vitro appear to have greater 
than normal numbers of "thymosin-sensitive" precursor T-cells 
in the blood. The failure to increase the number of Ε-rosettes 
with thymosin in vitro in other patients may indicate that the pa-
tients have adequate endogenous levels of thymosin or that they 
have a thymosin-independent disorder (e. g., stem-cell deficiency). 
As can be seen in Table 1, not all cancer patients have lympho-
cytes that respond to thymosin in vitro. In other studies not 
reported here (6) we have observed that in severely burned child-
ren,, T-cell function is aberrent and that thymosin added m vitro to 
peripheral blood lymphocytes can significantly increase the number 
of total Ε-rosettes. Most recently Harris et al. (personal com-
munication) have found that lymphocytes from the majority of 
patients with chronic uremia studied respond to thymosin treat-
ment in vitro, which suggests the possibility of a defect at the 
endocrine level of the thymus. 

In summary, the effect of thymosin on Ε-rosettes suggests 
that a defect in thymosin secretion and/or release may exist in 
individuals having a wide variety of disorders and that populations 
of thymosin responsive lymphoid cells circulate in the blood. 
Although the origin of these thymosin-sensitive cells in humans is 
not known, studies by Touraine and coworkers indicate that they 
may originate in the bone-marrow compartment (37). Previous 
studies in our laboratory have identified a population of thymos in-
responsive bone marrow cells in mice that can be induced to dif-
ferentiate into more mature T-cells (15, 33). 



254 

c 
Ο) 
Ό 
C 

φ 
—I g" ω 
< - g JO 

2
 ο 

Ε 

t 
CO ο g 
LU Ζ -c C 
h- B ° * 

Τ! ω S N> a) f ' Jp^ C S Î S f -1 <ϋ 

Q g S g V # Ι, IM ^ 

ξ 11 5 - s 
or * > S ̂  

52/ s te 6 731 

$ 4 t r i * g f 

ε / .2 
-J . 5 / oo ο 

0 j _ cr.îi too C 

1 Ο Π Π Α Ι Ι 1 El 

* / 
CO / 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

TABLE 1 

Effect of Thymosin (Fraction 5) on Human T-Cell 
Rosettes of Immunodeficient Patients 

Investigators, Disease and 
Number of Patients 

Base- Thymosin
 S l

S
m f l

~ 
line Treatment T

 c 

Increase 

D« Wara (4, 5) and A. Ammann* 

Normals (20) 50-65% 45-65% -
Thymic hypoplasia 20% 45% + 
DiGeorge syndrome 25% 49% 
Thymic hypoplasia and suc-
cessful thymus transplant 32% 38% -

Ataxia telangiectasia 27% 43% + 
Wiskott-Aldrich syndrome 28% 45% + 
Combined immunodeficiency 17% 20% -

R. Hong* 

Normals (4) 
DiGeorge syndrome 
Lupus erythmatosus 
Cartilage hair 

43-76% 
30% 
59% 
10% 

46-60% 
54% 
75% 
20% 

+ 
+ 

E, Hersh and L. Schäfer* 

Normals 50-70% Ν. T. 
Lung carcinoma (3) 21-35% 45-51% 

P. Chretien and T. Fehniger* 

Normals (20) 55-80% 50-80% 
Lung carcinoma (29) 25-70% 40-90% 
Pelvic cancer (7) 35-65% 50-75% 

+ 

+ 
+ 

H. Sakai et al. (7) 

Normals (8) 
Lung carcinoma (undiffer-
entiated adenocarcinoma) 

Hodgkin*s disease, IV-Β 

34-71% 43-72% 

24% 
34% 

42% 
47% + 
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TABLE 1 (cont inued) 

I n v e s t i g a t o r s , D i s e a s e and 
N u m b e r of P a t i e n t s 

Acu te l y m p h o c y t i c 
l e u k e m i a 

Acu te m y e l o m o n o c y t i c 
l e u k e m i a 

D i s s e m i n a t e d m e l a n o m a 
S tem c e l l l e u k e m i a ( c o m -

p l e t e r e m i s s i o n ) 
E n d o m e t r i a l c a r c i n o m a (no 

m e t a s t a s i s found) 
Acute m y e l o g e n o u s 

l e u k e m i a 

M. S c h e i n b e r g e t a l . (40) 

N o r m a l s (8) 
Ac t ive s y s t e m i c lupus 

e r y t h m a t o s i s (6) 
Inac t ive s y s t e m i c lupus 

e r y t h m a t o s i s (5) 
R h e u m a t o i d a r t h r i t i s (5) 

J. M o n t g o m e r y * 

N o r m a l 
Combined immunodef i c i ency 

Base - T h y m o s i n
 S i

S
n i f i

" 
l ine T r e a t m e n t T

 c 

I n c r e a s e 

35% 52% + 

23% 54% + 
23% 37% + 

7 1 % 74% -

6 1 . 5% 70% -

2% 17% + 

' -67% 58-69% -

- 4 7 % 35-72% + 

:-70% 5 9 - 7 1 % -
' -69% 58-67% 

66% 68% 
10% 8% -

* p e r s o n a l c o m m u n i c a t i o n s 

256 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

257 

B. In vivo Studies in Humans 

On the basis of the well-documented physiological effects of 
thymosin in a variety of animal models and the completion of ex-
tensive toxicity studies with thymosin fraction 5 in mice and dogs, 
clinical trials have been initiated at a number of medical centers 
in the United States. The first clinical trial of thymosin was 
initiated by Drs. Arthur Ammann and Diane Wara at the University 
of California Medical Center in April 1974 (5). The patient was a 
5 year old female with thymic hypoplasia and hyper-immunoglobu-
linemia A. Following therapy with 1 m g of thymosin per kg body 
weight per day, T-cell rosettes rose significantly and delayed-type 
skin responsivity to a number of antigens became positive. There 
was also marked clinical improvement which included increased 
appetite, decreased stools and weight gain. On cessation of 
thymosin administration, T-cell rosettes fell to pre-treatment 
levels. Maintenance of near normal numbers of T-cell rosettes 
in the blood and partial reconstitution of immunological compe-
tence was achieved with the administration of 1 m g per kg body 
weight of thymosin on a weekly basis. The incidence of infection 
was significantly reduced. A small number of other patients with 
primary immunodeficiency diseases being treated with thymosin 
are presently under study., 

Phase I trials in terminal cancer patients have been recently 
initiated. The major objectives of the Phase I study is to deter-
mine (1) the maximum tolerable dose of thymosin, (2) the quanti-
tative and qualitative toxicity of thymosin, (3) if thymosin effects 
the reconstitution of immunodeficiency diseases associated with 
malignancy, and to determine if thymosin produces a response 
rate in disseminated malignancy. Fifteen patients have now re-
ceived thymosin in doses ranging from 1 m g per m ^ to 350 m g per 
m

2
 for 7 days. To date the patients have tolerated thymosin ad-

ministration well and there is no indication of toxicity. In addi-
tion the majority of patients have responded to thymosin therapy 
with a significant increase in the number of T-cells (E-rosettes 
in the blood) and have demonstrated a general tendency for con-
version of skin tests from negative to positive. 

C. Proposed Sites of Action of Thymosin 

Our working hypothesis concerning the basic sites of thymosin 
action is diagrammed in Fig. 9. Our studies indicate that thymo-
sin can act on bone marrow-derived or -dwelling primitive stem 
cell populations (Pre-T) as well as on more mature T-cells (Tj) 
which may transiently reside within the thymus gland. The short 
time period required for thymosin to convert a primitive lymphoid 
cell into a more mature T-cell suggests that thymosin probably 
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Fig. 9. Hypothetical sites of thymosin action in murine 
thymic (T) cell maturation [From Cohen et al. (27)] 

derepresses or activates a cell that is already genetically pro-
g r a m m e d for T-cell differentiation. A s depicted in Fig. 9, pre-
cursor T-cells can be induced by thymosin, cyclic A M P , or other 
factors both specific and non-specific to express T-cell surface 
(6, 7, 33, 34) and functional characteristics (15, 27, 33, 35). 

Most recently w e have shown that thymosin can act in vitro in 
the presence of antigen to facilitate the differentiation of immature 
thymocytes toward full immunological function as mature T2 cells 
in the M L R . These studies by Cohen and her associates (27) sug-
gest that thymosin can drive a T± cell to a T 2 state m vitro. 

Recent in vivo studies by Dauphinee and coworkers (31) on 
N Z B mice have demonstrated that a subpopulation of thymosin-
activated cells, the so-called "suppressor" or "regulator" cells, 
is dependent upon the endocrine thymus for their maturation. W e 
have suggested that the thymosin-dependent suppressor cells exert 
fine control over other subpopulations of T- and B-cells and m a y 
be directly implicated in the etiology of the autoimmune disease in 
N Z B mice and by analogy, perhaps in humans. 

Interestingly, w e have observed that addition of thymosin to 
more mature populations of T-cells (lymph node cells and spleen 
cells) under the appropriate conditions actually suppresses the 
M L R response (27). This observation has led us to hypothesize 
that enhancement or suppression of an immunological response 
m a y depend upon the ratio of less mature T\ cells to m o r e mature 
T 2 cells that are in intimate contact at the time of antigenic chal-
lenge (11). Thus, the so-called suppressor cells m a y be quali-
tatively similar to other specialized T-cells, and m a y represent 
the end result of excessive generation of T-cells (T2?) whose 
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development and life span are dependent upon thymosin. It is 

possible that immunosuppression due to stress or pathogen inva-

sion m a y result in thymosin-stimulated overproduction of T-cells, 

which, in turn, could proceed to suppress other T- and B-cell 

functions. Waldmann and his associates have reported evidence 

for the possibility that in c o m m o n variable hypogammaglobuli-

nemia there is excessive production of suppressor T-cells which 

presumably prevents maturation of B-cells (41). 

During the aging process, hypothymic function m a y result in 

secretion of less thymosin which in turn could lead to a decrease 

in the optimal number of suppressor T-cells and consequent loss 

of regulatory control over other vital T- and B-cell populations. 

This loss of control perhaps is a causal factor in the appearance 

of
 M
maverick" auto-aggressive lymphoid cells with the onset of 

autoimmune disease. Studies by Dauphinee et al. (31) and Bach 

et al. (42) on N Z B mice indeed demonstrate that the disappearance 

of thymosin is correlated with the appearance of the autoimmune 

disease syndrome in mice. Loss of suppressor T-cell function 

might also permit increased proliferation of other T- and B-cells 

and m a y thus be a factor in the production of blocking antibodies 

and development of certain lymphoid cell malignancies. 

Although the exact mechanism by which thymosin activates 

lymphoid T-cells has not been defined, ongoing studies suggest 

that an adenyl cyclase mediated mechanism m a y be involved 

(P. Naylor, C. C a m p and A. L. Goldstein, in preparation; P. 

Chretien, personal communication). Our increased understanding 

of the molecular biology of these basic control mechanisms of the 

T-cell system should contribute significantly to the development 

of n e w approaches for enhancing the immunological function of 

patients having disorders associated with aberrant thymic-

dependent function. 
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DISCUSSION 

I. SCHEINKEIM: Not being a cellular immunolog î s t, I am sur-

prised at the bewildering array of activities this group of 

molecules has. Do you obtain an increase in specific activity 

for all or only some of these functions when you purify? Do 

they copurify, or do you lose some? 

A. L. GOLDSTEIN; As I indicated in my opening remarks we have 

found an increase in specific activity as we purify. How-

ever in some of the bioassays we have found that fraction 8 

is not as active as fraction 5· From studies in progress 

it looks as if the biological activity ascribed to thymosin 

may reside in several chemically distinct peptides which 

may act in concert to endow the host with its normal comple-

ment of Immunity. 
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S. TAYLOR: I was very interested in your observations 

about the patient with Hodgkins disease being treated with 

thymosin. Can you give us any information about his in vivo 

or in̂  vitro responses following this treatment? 

A.L. GOLDSTEIN: We have treated approximately 15 cancer 

patients so far with thymosin daily for 7 days, including 

some Hodgkins patients. In the majority of these patients 

there has been an increase in Ε-rosettes as well as a 

tendency of skin tests that were previously negative to a battery 

of skin sensitizing antigens to become positive. PHA and MLR 

responses have remained low. We do not know if longer thymo-

sin treatment will increase these responses. I might add 

that Heather, the first patient to receive thymosin, has been 

treated for ten months and her PHA and MLC responses still 

remain low în spîte of the increase in her Ε-rosettes and her 

positive skin responsivity. 

L. HERTZENBERG: Would you clarify the relationship between 

thymosin in the various assays that you and others have used 

and the thymic humoral factor that Dr. Trainin has been 

studying with respect to the developmental sequence of T-

cells? Also, how does the amount of thymosin fraction 5 

injected Γη the nude mouse experiments compare with the amount 

of thymosin which you would expect to be produced in mice 

with intact thymuses during the same time period? 

A.L. GOLDSTEIN: With regard to the first question, Trainin's 

THF is a relatively heat stable acidic peptide with a lower 

molecular weight (about 3,000) than thymosin, fraction 8. 

The biological activities seen with thymosin and THF are 

similar in some systems and different in others. 

For example, in a system equivalent to our MLR, I believe 

that THF must be removed from the cell cultures in order 

to see the conversion of thymocytes into cells that will 

respond in the MLR. In contrast, thymosin can remain 

in the culture medium throughout the course of the 5 day 

incubation. With regard to the amount of thymosin --the 

answer to this must await the development of a good radio-

immune assay so that we can determine the levels in blood. 

L. HERZENBERG:: My understanding of Trainin's factor is 

that it may very well work on the pre T-cell going to a 

thymocyte, whereas yours works on a thymocyte going to a 

more mature eel 1. 
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A.L. GOLDSTEIN: Thymosin fraction 5 appears to work on a 

pre T-cell as well as a more mature T-cell. Critical anal-

ysis of the cell populations must wait until the day that 

the cellular immunologists get together and purify and 

characterize the heterogenous T-cell populations. 

N. GRANT:: I am curious about the mixture that you are 

using for the clinical studies. In fraction 5> you say 

you have at least 1 1 acidic proteins. Why haven't you 

fractionated them and given a single species or are they 

all required to obtain the clinical effect? 

A.L. GOLDSTEIN: We hope to characterize each of these 

molecules. The partially purified thymosin fraction 5 was 
the first fraction that we felt (on the basis of our ani-

mal studies) contained all of the biological potency of 

the intact thymus gland. So it was the first one to be 

tested clinically. I think it is only a matter of time 

before we have enough of the purified thymosin to complete 

toxicity studies and initiate clinical trials with the 

purified hormone or hormones. 

E.A. KABAT: Can you get thymosin out of any tissues other 
than thymus? 

A. L. GOLDSTEIN: Yes, we have seen some activity in other 

tissues, like spleen and liver. The important point is that, 

pound for pound, there is more in the thymus than in any 

other tissue we have studied. 

C. H. CHANG: : I have two questions. The first follows 

from Dr. Kabat's question. Can antibody against thymosin 

stand up to extensive adsorption by extracts of normal 

tissues other than thymus? Also, have you attempted to ad-

ministrate anti-thymosin antibody to developing animals at 

various early stages to see if it causes any defect in the 

development of the immune response system? 

A. L. GOLDSTEIN: The answer to your second question is no. 
With regard to your first question, we have recently raised 
an antibody to thymosin fraction 6 that is thymus specific 
and does not cross-react with other tissue extracts that 
we have studied. 

B.B. LEVINE: In view of the amino acid composition have you 

tried the effect of polyglutamic acid or any other synthetic 

peptide in this system? Does it have a thymosin-1ike effect? 
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A. L. GOLDSTEIN: Perhaps Dr. Cohen can answer that question. 

G. COHEN: We did try polyglutamate and polyaspartate in the 
MLR with negative results. 



IMMUNOREGULATION BY Τ CELLS 

RICHARD K. GERSHON 
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INTRODUCTION 

As do most stories, the Τ cell story has two sides to 
it; these cells act to turn on immune responses and they also 
act to turn them off (1). This observation has led to the 
formulation of what has been called (only somewhat facetious-
ly) "the second law of thymodynamics11 which states that "for 
every helper Τ cell effect, there is an equal and opposite 
suppressor effect" (2)· The law was formulated with "help-
er" preceding "suppressor" because, in most cases the discov-
ery of helper effects preceded the discovery of suppression. 
Recently, some reports have appeared of Τ dependent suppres-
sion of immunological functions which were not previously 
thought to depend on Τ helper cells (3,4)· The reciprocal 
of the "second law of thymodynamics" would predict that 
such helper functions exist, I would like to discuss the 
available evidence in support of this notion. In addition, 
I would like to discuss a corollary of the "second law" 
stated above: that those immune responses which do not 
require or utilize helper Τ cells do not require or utilize 
suppressor Τ cells for their regulation. 

To begin, it would seem to be useful to briefly summar-
ize those immunological situations in which suppressor Τ 
cells have been shown to play a regulatory role. 

I, IMMUNOLOGICAL TOLERANCE 

a. DIRECT: SUPPRESSION BY Τ CELLS 

Certain states of acquired immunologic tolerance have 
been shown to be "infectious" in that cells from putatively 
tolerant animals can cause normal cells to become specific-
ally unresponsive (6-17). This specific suppressor pheno-
menon is totally thymic dependent in both its inductive and 
effector phases. (Specific suppressor Τ cell effects have 
been demonstrated with cells from non-tolerant animals as 
well (18-27)). They are operative in high and low zone 
tolerance, affect antibody and cell-mediated responses, 
can be activated by soluble or particulate antigens, and 
can exhibit hapten or carrier specificities. Some 
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investigators have been unable to show "infectious11 suppres-
sion by mixing tolerant and normal cells which may suggest 
that suppressor Τ cells are not active in all types of tol-
erance (28,29). However, in one case where cells from 
tolerant animals failed to produce "infectious suppression" 
in mixture type experiments, it was also impossible to 
break tolerance by adoptive transfer of normal cells into 
the tolerant animals (28). Although the reasons for this 
failure were not determined, it is possible that suppressor 
cells were involved. For reasons not entirely clear it is 
always much easier to demonstrate suppression by transfer-
ring cells into a suppressive environment than by trans-
ferring the suppressor cells into a new or neutral environ-
ment (1,30,31). 

b. INDIRECT: Τ CELL DEPENDENCE OF SPECIFIC Β CELL 
UNRESPONSIVENESS 

Presentation of antigen to Β cells which are incapable 
of responding by antibody production, due to the removal of 
Τ cells, fails to induce a state of tolerance (27,32-36). 
In several instances the same antigen presentation produced 
a state of specific Β cell unresponsiveness if Τ cells were 
present during the induction period (27,32,35,36). Although 
these results are compatible with the notion that Β cell 
tolerance depends on suppressor Τ cell activity, there are 
a number of discordant results and complicating factors 
which may make such an interpretation hazardous. I will 
discuss this point in greater detail below (see 1-Thymus 
dependence of Β cell differentiation). 

II. ANTIGENIC COMPETITION 

Antigenic competition, the phenomenon by which inocula-
tion of one antigen non-specifically interferes with the 
subsequently induced immune response to a second antigen, 
has been shown to be thymus dependent (37-38). Thus, a 
modest reduction of an animal's Τ cell complement, which 
does not greatly affect its antibody response, can abrogate 
antigenic competition. This phenomenon, like immunological 
tolerance, was shown to be an active immunosuppressive 
event. Normal cells added to an animal in which antigenic 
competition is occurring become inactivated, and subjected 
to the milieu effect (31,37-39). Antibody production is 
not required for this effect, since passively administered 
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antibody to the first (competing) antigen may inhibit 
antibody production against this antigen, while allowing the 
competitive event to occur undampened (AO). It is important 
to emphasize that this non-specific thymus-dependent form of 
suppression has not been shown to be directly mediated by a 
Τ cell produced factor; the indirect participation of thymus 
dependent macrophages has been implicated in some cases (41). 
Further, it has not been conclusively demonstrated that the 
Τ cell (or the Τ dependent macrophage) makes a factor which 
is directly suppressive. Feldmann has suggested the possi-
bility of an indirect suppression produced by the occupancy 
(saturation) of essential cooperating sites on macrophages 
by Τ cell helper factors, induced by and specific for the 
first antigen (42). 

More recently, several new types of non-specific Τ cell 
dependent suppression have been described which are probably 
related to antigenic competition and which suggest that 
activated Τ cells do release factors which directly suppress 
other immunologically competent cells. 

1. MITOGEN ACTIVATED Τ CELLS 

Subpopulations of Con Λ activated Τ cells release a 
highly immunosuppressive factor (43-46). Studies of its 
mode of action make it seem highly unlikely that it works by 
blocking macrophages; there is a considerable latent period 
after it is added to culture before its suppressive effect 
is seen (46). Similar latencies have been noted in other 
studies on suppressor Τ cells (6,47-48). This delay in 
action of suppressor Τ cell factors could explain why 
transient immune responses are often seen during tolerance 
induction. 

2. CULTURED Τ CELLS 

Educated thymic Τ cells cultured for a 6-8 hour period 
with the specific antigen used for education acquire the 
ability to suppress the specific response of normal cells, 
as well as non-specific responses, if specific antigen is 
present (49) . The ''specificn effect of a non-specific 
suppressor cannot be explained by a macrophage saturation 
mechanism. Interestingly, during the 6-8 hour cultivation 
period the educated Τ cells release a specific cooperating 
factor into the supernatant. The relationship of the loss 
of this factor from the cultured cells to the appearance of 
the suppressors is unclear but appears to be a fruitful 
area for investigation. It has previously been suggested 
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t h a t s u p p r e s s o r a c t i v i t y can b e masked by " c o n t r a s u p p r e s s o r " 
a c t i v i t y ( 5 0 ) . T h i s may b e a c a s e where s u p p r e s s o r a c t i v i t y 
i s unmasked by l o s s of c o n t r a s u p p r e s s i o n . 

3 . SPLEEN SEEKING Τ CELLS 

S p l e n i c and t hymic Τ c e l l s which l o c a l i z e i n t h e s p l e e n 
can e x e r t a p ronounced s u p p r e s s i v e e f f e c t on ongo ing immune 
r e s p o n s e s i n t h e lymph nodes ( 2 , 4 7 , 5 1 ) . Τ c e l l s h a r v e s t e d 
from lymph nodes do n o t a p p e a r t o h a v e s i m i l a r s u p p r e s s i v e 
e f f e c t s when t h e y l o c a l i z e i n t h e s p l e e n , s u g g e s t i n g t h a t 
t h i s e f f e c t may be m e d i a t e d by a d i s t i n c t Τ c e l l s u b p o p u l a -
t i o n r a t h e r t h a n b e i n g a m i c r o e n v i r o n m e n t a l l y i n d u c e d p h e n o -
menon ( 2 , 5 1 ) . A n o t h e r argument a g a i n s t m i c r o e n v i r o n m e n t a l 
i n d u c t i o n i s t h e a b i l i t y of a n t i g e n a c t i v a t e d s p l e n i c Τ 
c e l l s t o s u p p r e s s i n v i t r o r e s p o n s e s , w h i l e lymph node Τ 
c e l l s from t h e same a n i m a l h e l p t h e r e s p o n s e ( 5 2 - 5 4 ) , T h i s 
i n v i t r o e f f e c t of s p l e n i c Τ c e l l s a p p e a r s t o have t h e same 
s p e c i f i c i t y and i n d u c t i o n r e q u i r e m e n t s as t h e e d u c a t e d 
c u l t u r e d Τ c e l l s d e s c r i b e d a b o v e . 

The o b s e r v a t i o n t h a t s p l e e n s e e k i n g Τ c e l l s e x e r t im-
m u n o s u p p r e s s i v e e f f e c t s may be p a r t i c u l a r l y r é v è l e n t t o 
t urn ο r imm un ο l o g y . The i m m u n o s u p p r e s s i v e r o l e of t h e s p l e e n 
i n t h e r e s p o n s e t o tumors h a s been w e l l e s t a b l i s h e d , 
a l t h o u g h t h e mechanism by which i t e x e r t s i t s immunosuppres -
s i v e i n f l u e n c e i s unknown ( r e v i e w e d i n 5 5 ) . S u p p r e s s o r Τ 
c e l l s iiave been shown t o m o d u l a t e t h e immune r e s p o n s e t o 
tumors ( 5 6 - 5 9 ) . Tha t t h e y may be t h e i m p o r t a n t r e g u l a t o r y 
c e l l s i n t h e s p l e e n s of tumor b e a r i n g mice i s s u g g e s t e d by 
t h e b i d i r e c t i o n a l n a t u r e of t h e s p l e n i c r e g u l a t i o n ; t h a t i s 
t h e e f f e c t of s p l e n e c t o m y on t h e immune r e s p o n s e t o a tumor 
g r a f t depends t o some e x t e n t on t h e s i z e of t h e g r a f t ( 6 0 ) , 
(Gee s e c t i o n VII be low on feedback r e g u l a t i o n ) . T h u s , t h e 
s p l e e n h a s been shown t o s u p p r e s s t h e r e s p o n s e t o l a r g e 
tumor g r a f t s and i n c r e a s e t h e r e s p o n s e t o s m a l l e r g r a f t s . 

Ill AIJTOI!UTILITY 

4 . Monier and A l l i s o n have r ev i ewed e v i d e n c e s u g g e s t -
i n g t h a t Τ c e l l s may h a v e a p r o p h y l a c t i c r o l e i n p r e v e n t i o n 
of autoimmune d i s e a s e ( 6 1 - 6 3 ) . In p a r t i c u l a r , Τ c e l l d e p l e -
t i o n may h a s t e n and i n c r e a s e t h e a p p e a r a n c e of a u t o a n t i -
b o d i e s and autoimmune d i s e a s e s i n some s t r a i n s of m i c e , r a t s 
and c h i c k e n s . I n o c u l a t i o n s of n o r m a l Τ c e l l s may d e l a y o r 
p r e v e n t t h e i r o c c u r r e n c e . In a d d i t i o n , s p l e e n c e l l s from 
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young but not older NZB mice may exert a suppressive effect 
on GVH responses (64). Older NZB mice are highly prone to 
develop autoimmune disease. Their thymic Τ cells have also 
been noted to be deficient in immuno regulatory functions 
(65). Lastly, it has recently been recognized that thymus-
less nude mice are particularly prone to develop autoanti-
bodies (66-68). 

IV CLASS SPECIFIC Τ CELL SUPPRESSION 

Tada and his associates have reported that the homocy-
totrophic dinitrophenyl (DNP) antibody response of rats 
immunized with DNP-Ascaris could be increased by a number of 
maneuvers which deplete Τ cells (69-72). This enhanced 
response could be rapidly abrogated by the inoculation of 
thymocytes from syngeneic rats hyperimmunized to either 
Ascaris or DNP-Ascaris, whereas cells from rats hyperimmu-
nized to DNP-bovine serum albumin (BSA) were without effect. 
These experiments virtually rule out antibody as a causative 
agent as the carrier (ascaris) immune cells were suppressive 
while anticarrier antibody was not. In addition, the same 
carrier specificity for Τ cell suppression was shown as had 
previously been shown for Τ cell help. Kishimoto and 
Ishizaka have shown similar class specific antibody suppres-
sion in vitro (73). 

V AUGMENTATION OF THYMUS INDEPENDENT IlftiUNE RESPONSES 

There are some antigens which fail to activate any 
demonstrable helper Τ cell activity in normal animals (1,74). 
The immune response to these antigens can be augmented by a 
variety of means which reduce the Τ cell complement (75-76'). 
The augmented response may be diminshed by restoration of 
thymocytes (76). These observations appear to be at odds 
with the ''second law'' I have discussed above, in that it 
would seem at first glance that there is a suppressor effect 
without a helper effect. I will discuss why I think this is 
not the case below, (See 4-Thymus dependence of immuno-
augmentation produced by thymus deprivation). 
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VI CONTROL OF GENETICALLY DETERMINED IMMUNOLOGICAL UNRESPON-
SIVENESS 

A gene or genes closely linked to those which détermine 
histocompatibility has (have) been shown in a number of 
species to determine the capacity to make an immune response 
to certain well-defined antigens (77). In at least one such 
case, the basis for this form of specific immunological 
unresponsiveness has been shown to be that the Τ cells of 
non-responder animals have an inordinate propensity to 
become tolerant to the antigen in question (78). This form 
of tolerance in addition to the others detailed above has 
been shown to be governed by suppressor Τ cells (79). 

VII FEEDBACK REGULATION 

a)From Τ cells 
Τ cells respond to antigen with a circumscribed period 

of DNA synthesis (80,81). The amount of DNA synthesized, 
as well as the duration of the period of DNA synthesis, is 
determined in part by regulatory interactions between the 
responding cells (47,81-84). Non-antigen responsive Τ cells 
may also regulate the response in a fashion which suggests 
that they recognize signals from the responding cells; that 
is the same population of non-antigen responsive regulatory 
cells can act to augment low responses and suppress higher 
responses (2,47,82-84). 

b)From Β cells 
Β cell products, in particular antibody, can both 

inhibit or augment immune responses (85). At least some of 
these regulatory functions are mediated indirectly by Τ 
cells (86), which seem to be able to sense the level of Β 
cell activity and regulate the subsequent antibody response 
in a fashion quite similar to the way they regulate the 
response of other Τ cells (87). 
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VIII REGULATION OF NON-ANTIGEN INDUCED EVENTS 

1. ALLOTYPE SUPPRESSION 

Allotype suppression, in which exposure of the neonate 
to antibody against allotypic determinants on its own immu-
noglobulins suppresses production of those immunoglobulins, 
has been found to exhibit Τ cell dependence in some circum-
stances (3). 

2. IMMUNOGLOBULIN PRODUCTION 

Peripheral blood Β cells from humans with common vari-
able hypogammaglobulinemia fail to make significant amounts 
of any immunoglobulin when cultured with pokeweed mitogen, 
while cells from normal controls do (4). Mixtures of cells 
from different normal controls respond to pokeweed quite 
normally, while mixtures of normal and hypogammaglobulinemic 
cells fail to respond. The suppressing cell in the peri-
pheral blood of the hypogammaglobulinemic patients was shown 
to have Τ cell characteristics. 

It has also been shown that bone marrow cells from 
chickens rendered agammaglobulinemic by bursectomy and 
irradiation contain similar suppressor cells although their 
Τ cell origin is less well established in this case (88). 
It is of note however, that the richest source of allotype 
suppressor Τ cells is the mouse bone marrow (89). This 
may be related to the fact that the bone marrow is where 
the action is or, more interestingly, it may that there 
is a subpopulation of bone marrow seeking Τ cells with a 
special function of regulating Β cell differentiation. 

DISCUSSION 
In the brief review I have presented above I raised 3 

main points I would like to discuss in greater detail. 
1. The apparent Τ cell dependence of Β cell tolerance 
2. Augmentation of the response to seemingly thymus 

independent antigens by Τ cell deprivation. 
3. Τ cell regulation of non-antigen induced events 
To relate these observations to the "second law of 

thymodynamics11 and its corollary (see introduction) I offer 
the following set of hypotheses: (l)that non-antigen induced 
Β cell differentiation is in part under Τ cell control; (2) 
that those Β cells whose differentiation is not influenced 
by the thymus are less thymus dependent in both responsive-
ness and tolerance induction; (3) that there is no such 
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thing as a thymus independent antigen and (4) that augmen-
tation of responses to those antigens classically classed as 
thymus independent, by thymus deprivation, is thymus depen-
dent . 

1. THYMUS DEPENDENCE OF Β CELL DIFFERENTIATION 

There is as far as I know only one direct piece of 
published evidence in support of this contention. Cells and 
extracts from the thymus have been shown to significantly 
enhance non-specific immunoglobulin production of in vitro 
cultured bone marrow cells (90). 

Indirect evidence comes from comparisons of bone marrow 
functions of nude thymusless mice with those of normal mice. 
When newborn mice are given large doses of anti-gamma M 
antibody they remain agammaglobulinemic as long as they 
continue to receive treatment (91). Almost immediately 
after the cessation of treatment normal mice start making 
immunoglobulin. It takes a considerably longer time for 
immunoglobulin to be produced after cessation of such treat-
ment of nude mice (92). 

Another indirect bit of evidence comes from studies 
attempting to induce tolerance in Τ deprived Β cell popula-
tions. As I mentioned above (section I-b) several workers 
have failed to be able to do this . On the other hand it 
seems to be an easily accomplished phenomenon with standard 
antigens in nude mice. (It should be noted that some 
special antigens, like DNP conjugated to a polymer of dex- • 
trorotary amino acids (DNP^DGL) (93) or conjugated to 
mouse immunoglobulin (94) or red blood cells (95) and in-
jected into mice, seem to be able to induce direct Β cell 
tolerance quite easily; these antigens are extremely weak 
immunogens). There are several possible explanations' for 
this discrepancy. One which has been championed by Mitchell 
is that thymus-deprived mice contain some residual Τ cells 
(which they surely do) which act to prevent tolerance 
induction (96) . This explanation is unlikely for the fol-
lowing reason. ̂ We gave thymus deprived mice up to 13 injec-
tions of 2 χ 10 sheep red cells (SRBC) before reconstitu-
ting them with Τ cells without producing Β cell tolerance 
(32,50). Mitchell produced Β cell tolerance with one injec-
tion in nudes. Surely the first 12 injections of SRBC would 
have made the residual Τ cells of our thymus deprived mice 
tolerant and thus the basis for the difference in results 
would appear to reside in the Β cell population. 
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2. THYMUS INDEPENDENT Β CELLS 

The argument that the difference in susceptibility to 
tolerance induction between nude and conventional thymus 
deprived mice is due to a Β cell difference secondary to a 
thymic influence on bone marrow differentiation, implies the 
existence of sub-populations of Β cells. There is evidence 
for the existence of a Β cell line in conventional mice 
which both makes antibody, and becomes tolerant without Τ 
cell help (32,50). Tolerance induction in this Β cell line 
does not diminish the thymus dependent response to the an-
tigen in question, suggesting a functional difference in the 
two (thymus dependent and independent) Β cell lines. Other 
evidence that these two Β cell lines are different has been 
deduced by Playfair in limiting dilution type experiments 
(97). More recently Jennings and Rittenberg (personal 
communication) have shown that the antibody response to DNP 
of cultured mouse cells peaks at a certain antigen dose. 
When the optimal amount of DNP on a thymus dependent carrier 
is present, the addition of DNP on another thymus dependent 
carrier does not augment the response. However, when the 
DNP is added on a thymus independent carrier the anti-DNP 
response increases. In fact the thymus dependent and in-
dependent responses often are additive. 

Thus, there is ample evidence to alert us to the 
possibility that there are sub-populations of Β cells with 
different requirements for Τ cell help in both triggering 
and tolerance induction. The thymus independent Β cell has 
been called B^ and the dependent one (97). Other dif-
ferences between B- and B^ and evidence that Bj, precedes 
both phylo- and ontogenetically has been recently summarized 
(1). The new suggestion I am putting forth here is that the 
B^ to B^ maturation path is in part thymus dependent, both 
in normal differentiation and also when driven by exogenous 
antigen. 

3. THYMUS INDEPENDENT ANTIGENS 

The concept of a thymus independent Β cell makes the 
term "thymus independent antigen" ambiguous. To some people 
the term implies that the immune response of normal animals 
to that antigen is devoid of a thymus dependent component. 
As has already been pointed out, some so-called thymus in-
dependent antigens (such as polymerized flagellin (POL)) are 
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excellent stimulators of T cells and elicit a significant 
type response in normal but not in thymus-deprived ani-

mals. Thus this type of antigen is a good activator of both 
cells and Τ cells. Another type of "thymus independent 

antigen" such as the purified polysaccharide antigen of type 
III pneumococcus (SIII) elicits only a B^ type of response 
in both normal and thymus deprived recipients. The majority 
of antigens lie in between these extremes, being less good 
stimulators of B^ cells than POL and less poor stimulators 
of Τ cells (and/or cells) than SIII. Thus, thymus depend-
ency applies directly to the type of Β cells activated and 
only indirectly to the stimulating antigen. 

There is an excellent reason why antigens like SIII 
should activate suppressor Τ cells and be good stimulators 
of B^ cells (98). Polysaccharide antigens are heterophilic 
in nature and thus many strange cross reactions are seen 
with antibodies raised against them. Red blood cells are 
rich in these antigens and thus often react with so-called 
natural antibodies. Thus, if cells participated in the 
response to antigens like SIII mothers would tend to have 
IgG antibodies, which cross the placenta and react with the 
fetal red cells. One can easily see the survival value to 
the species in selecting a mechanism which prevents this 
from occurring. It apparently was easier to select for 
suppression of the B^ response than against the presence of 
polysaccharide antigens on red cells. However, apparently 
there also is survival value to having antibodies directed 
against these antigens, which are also commonly found on 
pathogenic bacteria. This is probably one of the important 
reasons why the primitive B^ response has remained with us; 
to help make 19 S antibodies which will not cross the 
placenta. 

4. THYMUS DEPENDENCE OF IMMUNO-AUGMENTATION PRODUCED BY 
THYMUS DEPRIVATION 

The reason that ALS treatment augments the response to 
SIII is almost certainly because reduction of the Τ cell 
complement decreases the action of suppressor Τ cells, al-
lowing helper Τ cells whose activity is suppressed in normal 
animals, to boost the response (48). Thus, total thymus 
deprivation should prevent augmentation. It appears that 
this is what occurs since homozygous nude mice (Nu/Nu) and 
their heterozygous littermates which have a thymus (Nu/+) 
make the same magnitude response to SIII (99). After ALS 
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treatment, which eliminates recirculating Τ cells (T^)(100), 
the SIII response of the Nu/+ mice is markedly enhanced while 
the response of the Nu/Nu mice is unchanged (99). Should 
anyone care to interpret this observation as indicating that 

cells act as suppressors of a more sessile (T ) helper, I 
remind them that reconstitution of ALS treated mice with 
lymph node cells (which is a source rich in cells) 
furthur augments the response while reconstitution with thymus 
(T^) cells is suppressive (76). It is most likely that a 
complex series of interactions between several Τ cell sub-
populations determines whether the net outcome will be sup-
pression or help (see section VII above). More direct evi-
dence for the existence of SIII specific helper cells has 
recently been presented (101). In any case this appears to 
be an instance where the discovery of a suppressor effect 
preceded the discovery of a helper effect and not a contra-
diction of the "second law of thymodynamics". 

Relation to genetic control 

A situation which seems to be similar to tjie response 
to SIII in all mice occurs in mice with the H-2 haplotype 
in their response to a synthetic amino acid polymer, (T,G)-
A—L. These mice have no thymus-dependent component in 
their response to this antigen (102). In addition, an 
ongoing graft versus host response (GVIIR) greatly augments 
the primary response (103). This GVHR augmentation of a 
primary response, "allogeneic effect" (104), also works on 
the SIII response (105) but not on the primary response to 
antigens which activate helper Τ cells (106). The lack of a 
thymic dependent response in another system (GAT as antigen 
in mice with the H-2^ haplotype) regulated by so-called Ir 
genes has been shown to be due to suppressor Τ cell activity, 
as mentioned above, although it has not yet shown for the 
(T,G)-A—L system. Also, very recent evidence indicates 
that GAT specific helper cells can be raised in non-responder 
mice, by the same techniques which raise SIII helper cells 
(107,108). If the (T,G)-A—L and GAT systems prove to be 
analogous the response to SIII in any mouse and the response 
to (T,G)-A—L in mice with the H-2 haplotype will also be 
analogous. Thus, the genetic requirements for stimulation of 
B^ and B^ cells will probably turn out to be another distin-
guishing difference between these types of Β cells. 

Since the B^ response to SIII of mice with a normal 
complement of Τ cells is no different than that of their thy-
musless counterparts, it seems probable that suppressor Τ 
cells do not play a major role in Βη regulation. There is 
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e v i d e n c e f o r thymus i n d e p e n d e n t r e g u l a t i o n of t h e thymus 
i n d e p e n d e n t r e s p o n s e t o (T,G)-A—L ( 1 0 9 ) . Thus i f C3K mice 
a r e immunized w i t h (T,G)-A—L on day 0 , and l e t h a l l y i r r a -
d i a t e d and r e c o n s t i t u t e d w i t h no rma l s p l e e n c e l l s on day 7 , 
t h e newly i n o c u l a t e d s p l e e n c e l l s c a n n o t r e s p o n d t o f u r t h u r 
i m m u n i z a t i o n w i t h (T ,G) -A—L. The same s p l e e n c e l l s r e s p o n d 
q u i t e w e l l i f t h e (T,G)-A—L i m m u n i z a t i o n i s o m i t t e d on day 
0 . Thymus d e p r i v a t i o n of t h e h o s t s does n o t i n anyway d i m i n -
i s h t h e s p e c i f i c r a d i a t i o n r e s i s t a n t s u p p r e s s i v e e n v i r o n m e n t 
i nduced by t h e (T,G)-A—L i m m u n i z a t i o n , n o r does r emova l of 
t h e Τ c e l l s from t h e added s p l e e n c e l l s r e d u c e t h e i r a b i l i t y 
t o be s u p p r e s s e d . Vie a r e a t p r e s e n t t e s t i n g w h e t h e r t h i s 
thymus i n d e p e n d e n t r e g u l a t i o n a l t e r s t h e r e s p o n s e of t h e 
thymus d e p e n d e n t r e s p o n s e t o (T,G)-A—L c o n j u g a t e d t o me thy-
l a t e d BSA. 

In summary, I am s u g g e s t i n g t h a t t h o s e i m m u n o l o g i c a l 
f u n c t i o n s which a r e i n i t i a t e d o r h e l p e d by Τ c e l l s a r e n o t 
abandoned by t h e Τ c e l l once t h e y g e t g o i n g . They r ema in 
u n d e r Τ c e l l c o n t r o l and t h e i r s h u t o f f i s a s thymus d e p e n d -
e n t as i s t h e o t h e r a s p e c t s of t h e i r r e s p o n s e . I n a d d i t i o n 
t h e r e a r e components of t h e immune r e s p o n s e which t u r n on 
and s h u t o f f w i t h o u t Τ c e l l h e l p . 

I hope t h e e v i d e n c e I h a v e m a r s h a l l e d i n d e f e n s e of t h e 
' ' second law of t h y m o d y n a m i c s — t h a t f o r e v e r y h e l p e r Τ c e l l 
e f f e c t t h e r e i s an o p p o s i n g s u p p r e s s o r e f f e c t " w i l l s e r v e 
as a u s e f u l framework from which a b e t t e r u n d e r s t a n d i n g of 
Τ c e l l r e g u l a t i o n may be f o r t h c o m i n g . I c e r t a i n l y hope t h a t 
I have n o t g e n e r a t e d s u f f i c i e n t h e a t t o d r i v e t h e s t o r y of 
Τ c e l l r e g u l a t i o n t o one of maximum chaos and t h u s l a y t h e 
f o u n d a t i o n s f o r a " t h i r d law of t h y m o d y n a m i c s

, :
. 
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DISCUSSION 

A.L. GOLDSTEIN: I have two questions with regard to the model 

in which you looked at the effects of spleenectomy on survival 

of mice given a tumor challenge with large and small tumor 

loads. If you get rid of your short-lived T-cells by adult 

thymectomy what do you see? Secondly, have you given back to 

your spleenectomized animals spleen cells, spleen grafts or 

irradiated spleen,or spleen stroma? In other words is the 

regulation you see due to a humoral factor being elicited by 

the spleen or is it due to a cellular event? 
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R. K. GERSHON: Adult thymectomy has produced some interest-

ing effects. We don't have enough data to tell you precisely 

what it does but I can tell you that it does not act as 

spleenectomy does. Second, putting back cells taken from the 

spleen is a difficult type of experiment to do. If you 

fractionate the cells by putting them into an irradiated 

animal and retrieve the cells that migrate to the spleen, 

the spleen seeking T-cells go to the liver and gut rather 

than to another immunological organ when put into a spleen-

ectomized animal. I think a good idea, as you suggest, is 

putting in spleen grafts. Bob Taub has done some very inter-

esting work with spleen grafts but he has not reported the 

bi-directional effects we find; he finds that spleen grafting 

is a very immunosuppressive event. 

R. W. LONGTON: The evidence you have presented suggests 

that there may be two regulating sites on the membrane, one 

which activates and the other which suppresses T-cell activi-

ty. 

R. K. GERSHON: Yes, that is a possibility and I have thought 

about it. However, I know of no definitive evidence for or 

against it. It is rather difficult evidence to get' until 

one has the appropriate molecules in hand. An alternative 

possibility is that a single receptor may have a different 

allosteric response to simple amino acid changes in the 

molecule that is coming to the cell. One could have an 

Fc fragment, let us say of IgT, in which a simple amino acid 

change results in a change of signal from go to stop. 

C. BELL: I was interested in your speculation that there 

might be cell help in T-independent antigens, for instance 

in the S M I polysaccharide response. I believe that an 

immunoregulation must exist and operate to control the level 

of response to the T-îndependent antigens but that the regula-

tory event, and perhaps the immunoregulators, are different 

from these involved in the response of T-dependent antigens. 

What activators besides T-cell help, which is apparently not 

required in B-cell activation by strict T-independent antigens, 

will be required to give an IgG response. My second question 

pertains to suppression effects noted in responses of B-cell to 

T-independent antigen or high concentration of mitogen. Since 

you can not have T-cell dependent suppressor effects, what 

is the mechanism operative in this kind of suppression? 
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R. K. GERSHON: I'll answer your second question first. I made 

the point that T-independent responses are T-Independently 

regulated. We havn't worked on the response to S III but 

we have worked on the thymus Independent response to TGAL 

and shown non-T suppressor cells which shut off the response 

to TGAL very nicely. No one has shown that the presence of 

T-cells diminishes In any way the T-Independent response. 

Since the thymus seems to be a late comer In the Immune 

response and those systems that evolved prior to the thymus 

were already very well regulated, It may be only those sys-

tems which developed in the post-thymlc period that require 

the thymus to be Initiated and are T-cell regulated. The 

answer to the first question Is that If you Immunize appro-

priately so that you get helper cells to S III, then you 

will get a very nice IgG response. I also should mention 

that the elegant experiments of Kapp, Pierce and Benacerraf, 

and also some experiments that we did with Merryman and 

Maurer, show that if ηοη-responder mice (to the antigen GAT) 

are immunized with the GAT on methylated bovine serum albumin 

a sufficient number of times then GAT specific helper cells 

appear in these non-responder animals. 

H.H. SIGEL: ( was under the impression that ALS in Phil 

Baker's work did in fact increase the response to S III. 

Didn't you Just say that there was no T-cell regulation with 

this antigen? 

R. K. GERSHON: Well Baker's interpretation and mine, and this 

is another point I was trying to make, Is that ALS augments 

the response because tt allows the helper T-cell to work. 

If you give too much ALS you don't augment the response. 

If you give ALS to a T-deprived animal you don't augment the 

response. A totally T-deprived animal and a normal animal 

make the same response, It Is only a partially T-deprived 

animal that makes an increased response. There has been a 

tremendous controversy for at least three years between 

Baker and James Howard in England. Howard doesn't get 

any increase in the S III response by thymus deprivation. 

That's probably because he takes away all the T-cells. If 

he would Just partially thymus deprive his animal he might 

get the augmented response. 

E. W. LAHON: You indicated briefly that T-cells could become 

suppressor cells in the presence of antigen-antIbody complexes 

in antibody excess. I wonder if there Is a situation where 

you can rigorously rule out the participation of antibody 

binding by an FC receptor to the T-cell. For example, if you 
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took a T-suppressor population and depleted it of B-cells 

and then protease treated the cells, do they maintain their 

suppressor functions? 

R. K. GERSHON: I haven't tried that. In our studies 

all the mixtures were done together. If antibody is added to 

a population of memory T-cells, the memory makes the T-cells 

refractory to antibody mediated- as well as T-cell mediated-

suppression. That is, memory T-cells will respond to antigen 

at a level of antibody that normal T-cells will not. If now 

normal T-cells are added they wipe out the response of the 

memory T-cells. If you take away the antibody and then add 

normal T-cells, they help the response. Do you follow? 

E. W. LAMON: Yes, but I don't think you answered the ques-

t ion. 

M.M. SIG EL : To answer your point, experiments in our labor-

atory indicate that complexes of IgM antibody, but not IgG, 

and antigen will turn off Τ-1ymphyocytes in cell mediated 

reactions as determined by stimulation with PHA. 

E. W. LAMON: They will turn off the lymphocytes? 

M.M. SIGEL: Yes, inhibit lymphocyte responses. 

E. W. LAMON: That's interesting because we have evidence in 

our lab that IgM coated tumor cells will induce thymus cells 

to be cytotoxic. 

R. K. GERSHON: I tried to show this bi-directional regula-

tion and to point out that if you want to skew the system 

to help or to suppress you have to do the particular 

maneuver which will help one or the other. One of the impor-

tant things is to determine what the maneuvers are and this 

is why I suggest that there really isn't a suppressor T-cell; 

there is a cell which responds to a number of things including 

the molecular nature of the antigen; when all these things 

come together the T-cell decides whether to suppress or help. 

A. GHAFFAR: Am I right in thinking that there was a con-

tradiction in your two answers to the suppression of poly-

saccharide response. On the one hand you said that thymus 

independent antigens are not regulated by T-cells 

286 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

R. K. GERSHON: There îs a B-l type of cell which will re-

spond to any antigen without T-cell help and this cell is re-

gulated without T-cell participation. There is another type 

of B-cell (B-2) which makes high affinity antibody of the 

gamma G type; this cell will not respond to any antigen with-

out T-cell help and it is the response that is T-cell regula-

ted. Ordinarily S I I I stimulates only B-l cells because 

it also stimulates suppressor T-cells which suppress helper 

T-cells. When you eliminate a few T-cells then you get T-cell 

help, and you get a B-2 response to S III. 

A. GHAFFAR: As far as I remember, Baker demonstrated an 

enhancement of IgM response rather than enhancement of any 

other class. James Howard has tried his best to get an IgA 

or IgG subclass response to pneumococcal polysaccharide, but 

he has not succeeded in demonstrating any response other 

than IgM. We have tried to repeat Baker's work but we have 

not been able to show any enhancement with ant I-lymphocytic 

globulin. However, one does get some enhancement with the 

whole anti-serum, which is rather peculiar. 

R. K. GERSHON: Your reporting of Baker's work is not 

precisely correct. He does get IgG responses. Secondly 

he has found that if you take away too many T-cells you 

do not get any augmentation. In your work in James' lab, 

in which you use ALS to get rid of T-cells, you probably have 

too few T-cells. If you were to use less ALS, and use it 

the way Phil Baker does, you would probably get augmentation. 

People have now obtained augmentation of the SIII response 

by means that produced partial T-cell depletion other than 

by using ALS. Furthermore, Baker has shown that when he 

takes animals that have been partially T-cell deprived and 

adds back to them more T-cells of a certain type he increases 

the response. The effect depends on which T-cell he adds. 

A. GHAFFAR: This is what is surprising. Thymus is the 

main organ from which Baker gets his suppressor T-cells and 

yet the removal of the thymus does not cause an increase in 

the immune response to polysaccharide. With regard to 

your comment about getting rid of all the T-cells - we have 

tried several ALG preparations down to a dilution of 1:100 

but were unable to increase the immune response to the poly-

saccharide using the globulin preparation. When we do obtain 

an enhancement with ALS it can not be suppressed by the 

administration of thymocytes. 
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R. K. GERSHON: I have one comment. You are not unique în 

being amongst those people who have looked for suppressor 

effects and have been unable to find them. I think only 

time will tell whether or not they are really there or 

whether you Just can't find them. 
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Abstract: Factors that control the initiation of D N A 

synthesis in m o u s e e m b r y o 3 T 3 cells and in small 

lymphocytes are reviewed. It is concluded that a 

wide variety of different substances can be active. 

M a n y of these substances p r e s u m a b l y act on the 

cell m e m b r a n e . T h e possible roles of cyclic nucleo-

tides and m e m b r a n e properties are discussed. 

M o u s e E m b r y o 3 T 3 Cells 

T h e growth of 3 T 3 cells in culture is dependent on 

s e r u m (1). T h e cell density attained is proportional to the 

s e r u m concentration in the culture m e d i u m , even u p to con-

centrations in excess of 3 0 % s e r u m (1). T h e high s e r u m 

requirement of these cells is responsible for their l o w 

saturation density, and it is this property that has d r a w n 

attention to 3 T 3 cells as having a controlled, " n o r m a l " 

growth behavior. A high s e r u m requirement is probably 

representative of only certain aspects of n o r m a l growth, but 

it does provide an opportunity to study s e r u m factors that 

can control growth. 

Studies of the growth regulatory functions of s e r u m 

with 3 T 3 cells have indicated that the functions are c o m p l e x 

(2, 3). S e r u m factors are required for "survival", for 

initiation of D N A synthesis and for continued growth. 
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T h e s e r u m factors that are required for the initiation of 

D N A synthesis are of particular interest because of the key-

role that initiation of D N A synthesis plays in growth. T h e 

s e r u m requirement of the cells is highest during that part 

of the cell cycle prior to the initiation of D N A synthesis. 

Lowering the s e r u m concentration in the m e d i u m , to 0 o 2 % 

for example, arrests the growth of even sparse 3 T 3 cells in 

the G i (or G Q ) phase of the cell cycle 0 Raising the s e r u m 

concentration reinitiates D N A synthesis and growth 0 

Fractionation of s e r u m has s h o w n that a combination of 

at least four different s e r u m factors is required to replace 

s e r u m in stimulating the initiation of D N A synthesis in 

quiescent 3 T 3 cells (3)c T h r e e of the four s e r u m fractions 

can be replaced by pure materials (3). T h e pure factors 

are: (a) the fibroblast growth factor ( F G F ) of G o s p o d a r o -

wicz, a n e w h o r m o n e isolated f r o m pituitary glands and 

brain (4, 5), (b) insulin, and (c) a glucocorticoid such as 

hydrocortisone or dexamethasone. Interactions between the 

pure factors are shown in Fig. 1. T h e presence of a low 

concentration of one factor, for e x a m p l e F G F , greatly 

increases the activity of a second factor, insulin, and vice 

versa. 

T h e s a m e combination of four factors p r o m o t e s the 

initiation of D N A synthesis both in sparse quiescent 3 T 3 

cells and in confluent quiescent cells, the f o r m e r in fresh 

low s e r u m m e d i u m and the latter in high s e r u m that has 

been depleted by growth of the cells (3) 0 This indicates that 

quiescent 3 T 3 cells are subject to the s a m e growth controls 

whether the cells are sparse or confluent. 

Requirements for the different factors appear to vary 

with the cell culture conditions and with the particular 3 T 3 

cell clone. In our experience, a variety of 3 T 3 cell clones 

respond to the four factors„ B y varying the culture con-

ditions and the cell clone, one can observe initiation of D N A 

synthesis by one or a combination of these factors. T h e 

quantitative differences observed between the different 3 T 3 

cell clones m a y be due to differences in the expression or 
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F G F + D x 
+ l n s + A S 

F G F + D x 
+ lns 

n g / m l 

Fig. 1. Initiation of D N A synthesis by k n o w n 

factors. T h e figure gives the percentage replace-

m e n t of 4 % calf s e r u m achieved by: (solid circles) 

insulin, either alone or with added dexamethasone 

and/or heated a m m o n i u m sulfate fraction of m o u s e 

s e r u m ; (solid squares) varying concentrations of 

F G F alone; (open circles) varying concentrations 

of F G F plus 0„ 4 fig / m l dexamethasone; 

(open triangles) F G F plus 50 n g / m l insulin plus 

0.4 jjg/ml dexamethasone; (squares) F G F plus 

50 n g / m l insulin plus 0.4 jug/ml dexamethasone 

plus 0. 2 m g / m l protein f r o m the heated (10 m i n 

at 100°) 5 0 - 7 0 % a m m o n i u m sulfate fraction of 

m o u s e s e r u m . ( F r o m ref. 3. ) 
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affinities of hormone binding sites, to differences in the 

retention or destruction of hormones, or to still other 

causes. 

The stimulation of 3T3 cells by a combination of factors 

(FGF, insulin and a glucocorticoid) is similar to the stimu-

lation of growth and differentiation of m a m m a r y gland cells 

by prolactin, insulin and glucocorticoid (6, 7, 8). There are 

also similarities to the factors that stimulate D N A synthesis 

in chick embryo fibroblasts (9) and rat embryo fibroblasts 

(10), as well as other cells. 

The growth of 3T3 cells is also subject to control by 

the concentrations of certain of the c o m m o n nutrients in the 

culture medium. In medium with a high concentration of 

serum, the growth of the cells can be arrested in the G χ 

(or G 0) phase of the cell cycle if the concentrations of amino 

acids or glucose or phosphate are reduced to low levels in 

the medium (11). A subsequent increase in the concentra-

tion of the nutrient that is limiting leads to the re-initiation 

of D N A synthesis and growth. Results in the literature 

(cf. 12, 13) suggest that m a n y different low molecular 

weight nutrients have the potential of controlling the growth 

of mammalian cells. 

Preliminary information is available on the actions of 

the various factors that control the growth of 3T3 cells. 

Both F G F and insulin stimulate movement of 3T3 cells on 

the surface to which the cells are attached (Holley and 

Klinger, unpublished). Combination of F G F and insulin, 

especially with the further addition of the other two factors 

required for m a x i m u m D N A synthesis, gives the greatest 

stimulation of movement. 

F G F and insulin also stimulate the uptake of low 

molecular weight nutrients by the cells (11). Again a com-

bination of factors is most active (Hilborn, unpublished). 

F G F has been found to increase the activity of guanylate 

cyclase in isolated vesicles prepared from 3T3 cell plasma 

membranes and insulin lowers the activity of adenylate 
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cyclase (14). These effects are consistent with the observed 

rise in the intracellular concentration of cyclic G M P and 

fall in cyclic A M P in quiescent 3T3 cells immediately after 

the intact cells are stimulated by serum (15). 

It is also of interest that immediately after Gi-arrested 

cells are stimulated to grow by the addition of a nutrient the 

intracellular concentration of cyclic G M P rises and that of 

cyclic A M P fall in these cells. This has been observed 

with quiescent 3T3 cells that have been arrested in G\ 
(or G 0 ) by limitation of phosphate or amino acids in the 

m e d i u m (16). Apparently growth control by limitation of 

low molecular weight nutrients also involves changes in 

intracellular cyclic nucleotide levels. 

Lymphocytes 

The small lymphocytes of the peripheral lymphoid 

tissues are non-dividing cells arrested in the Gl (or G Q ) 

phase of the cell cycle. The molecular details of the 

initiation of growth of these cells can be studied in vitro 

since primary lymphocyte cultures can be induced to syn-

thesize D N A , divide and differentiate by exposure to a 

variety of nonspecific mitogens (17). This provides a 

simple system for study, since the mitogens act in the 

absence of serum (18). Calcium ions appear to be essential 

for mitogenesis (19). 

The biochemical events that occur when lymphocytes 

respond to mitogen stimulation are strikingly similar to 

those that take place following the initiation of growth in 

3T3 cells. Within an hour after stimulation, increases in 

the transport of glucose (20, 21), amino acids (21-23), 

phosphate (24), calcium (19, 21, 25), and potassium ions 

(26, 27) can be detected. 

One of the earliest metabolic changes after lymphocytes 

are stimulated by mitogens is a rapid, transient increase in 

the intracellular concentration of cyclic G M P (28). Within 

twenty minutes after exposure to mitogen the intracellular 

level of cyclic G M P increases to a value at least ten-fold 
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higher than that found in resting cells. Within another 

thirty minutes the intracellular cyclic G M P level in stimu-

lated lymphocytes falls to less than three-fold higher than 

in unstimulated cells but does not decline further during the 

next twenty-four hours (29)o Most recent studies show that, 
in contrast to cyclic G M P , the intracellular level of cyclic 

A M P remains relatively unchanged after mitogen stimulation, 

The prolonged modest increase in intracellular cyclic 

G M P levels, observed after stimulation cf lymphocytes as 

well as mouse embryo 3T3 cells, m a y resolve the paradox 

that although the m a x i m u m increase in cyclic G M P levels is 

transient, removal of mitogen four hours after initial stimu-

lation results in a complete inhibition of mitogene sis and 

even after ten to eighteen hours partial inhibition of the 

mitogenic response (30-34)o It m a y be that continued 

exposure to mitogen is required to maintain the small long-

term increase in intracellular cyclic G M P concentration, 

and that this m a y be essential for the mitogenic response. 

Although presently no evidence is available, it is 

tempting to speculate, by analogy with the effects of serum 

and F G F on fibroblasts, that mitogens increase intracellu-

lar cyclic G M P levels in stimulated lymphocytes by 

activation of a guanylate cyclase located in the lymphocyte 

plasma membrane,, 

F r o m a comparison of the metabolic changes that occur 

in lymphocytes and fibroblasts after stimulation, it seems 

that all cells m a y share a c o m m o n pathway leading to the 

initiation of D N A synthesis and that the differences between 

differentiated cells in their response to various growth 

stimuli lies in the way in which they recognize and respond 

to external signals received at their cell membranes» 

Because lymphocytes respond to purified plant lectins with 

well-characterized molecular structures and known sugar-

binding specificities, lectin-induced lymphocyte mitogenesis 

is a particularly favorable system in which to study the 

translation of an external stimulus into the intracellular 

metabolic changes that culminate in the initiation of growth. 

Even with these inherent advantages it is clear from the 
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present rate of progress that m o r e information is needed 

about the structure and properties of the lymphocyte plasma 

membrane. Some pertinent observations have been made, 

however, which will contribute to the final solution to the 

problem. For example, since lectins that have been insolu-

bilized on agarose beads (35) or plastic dishes (36) are 

mitogenic, and their activity can be inhibited by the appro-

priate sugar inhibitor, it is probable that the interaction of 

a mitogenic lectin with glycoproteins on the lymphocyte cell 

surface is sufficient to trigger growth. Plant lectins with 

defined sugar specificities that are presently known to 

stimulate peripheral thymus dependent (T) lymphocytes bind 

either a-D-glucosyl and a-D-mannosyl residues or carbo-

hydrate residues related to N-acetyl-D-galactosamine (see 

refs. 37 and 38). One possible interpretation of this is that 

these lectins bind to a specific glycoprotein on the Τ 

lymphocyte surface with a carbohydrate moiety to which 

both classes of lectins can bind. The mitogenic activity of 

lectins at a concentration at which only a small proportion 

of the m a x i m u m number of lectin molecules are bound is 

consistent with this hypothesis if the lectin-glycoprotein 

interaction that triggers mitogenesis is of a higher affinity 

than the interaction of the lectins with the majority of the 

cell-surface glycoproteins. The failure of soluble Τ cell 

mitogens to stimulate peripheral thymus independent (B) 

lymphocytes that possess the necessary intracellular 

machinery for growth as evidenced by their response to 

lipopolysaccharide, and that bind the mitogenic plant lectins 

to the same extent as Τ cells, can be explained if the 

specific glycoprotein is either modified or found at a m u c h 

lower concentration on Β cells. This explanation is not 

necessarily inconsistent with the observation that insolu-

bilized concanavalin A stimulates Β cells (36). In this light 

a search for a glycoprotein, which interacts with both 

groups of plant lectins, and which is found on peripheral Τ 

cells and possibly on thymocytes but not on peripheral Β 

cells m a y prove fruitful. The technology for such a search 

is now available (39-41), and recent results have led to the 

identification of two Τ cell-specific glycoproteins which 

bind concanavalin A and which m a y be of interest in rela-

tionship to mitogenesis (41; Bevan, Weissman & Trowbridge, 

unpublished results). 
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DISCUSSION 

It is clear from even this brief summary that the growth 

of mammalian cells can be controlled by m a n y different sub-

stances. Mouse embryo 3T3 cells and a number of other 

cultured cells grow in response to polypeptide hormones, as 

well as in response to the addition of low molecular weight 

materials under certain conditions. Small lymphocytes 

which in vivo proliferate in response to antigens, can also 

be stimulated in vitro by various plant lectins and by cal-

cium ions, as well as by other materials,, The variety is 

striking. 

One possible explanation is that quiescent cells can be 

in various metastable states from which they can be dis-

placed in multiple ways. The actions of the different 

mitogens could then be totally unrelated to each other. If 

so, a search for a c o m m o n mechanism of mitogenesis will 

go unrewarded. 

Alternatively, the variety of mitogens m a y correspond 

to multiple facets of a complicated but uniform mechanism. 

All of the high molecular weight mitogens m a y act on the 

cell membrane, perhaps activating the internal mechanism 

that is activated by hormones in those cells that have hor-

mone receptor sites. 

F r o m this viewpoint, it is of interest that the intra-

cellular cyclic nucleotide levels correlate with the growth 

rate of the cell (15, 28, 29) and cyclic nucleotides are known 

to be intimately involved in hormone action (42). Also 

intriguing are changes in the transport and permeability 

properties of the membrane that are associated both with 

mitogenesis (12) and hormone action (43). 

Whether the changes in membrane properties and intra-

cellular cyclic nucleotide levels are direct or indirect 

effects of mitogenic stimulation is not clear. It m a y be 

impossible to distinguish between these alternatives in work 

with intact cells. However, it is now possible to study the 
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actions of mitogens on the isolated plasma membranes of the 

target cells. Investigations with these simplified systems 

m a y help to elucidate the sequence of early events that 

follow stimulation by mitogens. 

In addition to the m a n y mitogens that act at the cell 

surface, a wide variety of low molecular weight materials 

can also initiate D N A synthesis and growth under certain 

laboratory conditions. Amino acids are a c o m m o n example. 

Although the tendency among biologists is to discount the 

importance of this type of observation, it is worth noting 

that serum concentrations of m a n y of these substances as 

well as of the hormones can be close to the concentrations 

that are observed to control growth in the laboratory. The 

fact that uptake of low molecular weight materials is influ-

enced by mitogens suggests that natural growth control of 

mammalian cells m a y involve low molecular weight 

materials also. Thus, it is possible that the complicated 

interaction of m a n y different growth-controlling factors, 

observed in the laboratory, m a y actually represent the 

natural state (44)· 
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DISCUSSION 

A. WHITE: Have you had the opportunity to examine the 

possible activity of any of the somatomedins In your system? 

Secondly, are the requirements that you have demonstrated for 

growth of 3T3 cells required for growth of other cell lines? 

Finally, I don't think you mentioned whether the acrylamide 

gels you showed were for the total solubjjized proteins of 

the cells or just the plasma membrane proteins? 

R.W. HOLLEY; The gels were for the total solubllized proteins 

from the cells. The somatomedins which were tested possibly 

correspond to the tnsulîn part of our requirement. They are 

more active by themselves than insulin is, but the FGF effect 

is clearly synergistic with them. Gospodarowlcz has been 

studying the FGF on many cell lines and finds it active on 

a great variety of things. 

H. HEINIGER: What happens to your 3T3 cells If you add 

serum from which the lipid fraction has been removed? 

R.W. HOLLEY: If one extracts the serum with chloroform-

methanol one finds the activity either in the particulate 

fraction or the aqueous layer. The lipid fraction is actually 

toxic so that one really cannot say whether there are impor-

tant lipids there or not. There are suggestions that 3T3 

cells can respond to lipids. Some cells certainly do re-

spond to lipids. We have a curious cell which arrests in 

Gj or Go when it runs out of essential fatty acids and all 

you have to do In order to initiate DNA synthesis and growth 

Is to add linolelc acid. 

M.M. SIGEL: Your 3T3 cells, of course, respond to nutri-

tional factors and they are possibly also regulated by some 

factor which may bear on the 02-microglobulin. In 

contrast,lymphocytes usually are considered to be mainly 

responsive to antigens and mitogens and people Ignore the 

nutritional mil lieu of the lymphocyte. When different 

laboratories compare their data they do not address them-

selves to the important point of the differences in sera 

used as supplements which can inhibit or amplify lymphocyte 

proliferation and thereby alter quantitatively the degree 

or net amount of response to mitogenic stimulation. For 

example, rabbit serum has a different effect from human serum 

or fetal calf serum. 



RESTRICTED CLONAL RESPONSES: A TOOL IN 
UNDERSTANDING ANTIBODY SPECIFICITY 

E. HABER, M.N. MARGOLIES, L.E. CANNON, AND M.S. ROSEMBLATT 
Departments of Medicine and Surgery 

Massachusetts General Hospital and Harvard Medical School 

INTRODUCTION 

There remains little reason now to doubt the hypothesis 
that myeloma proteins are representative of the population 
of elicited antibodies. Not only are antigens bound at a 
clearly defined site in the Fab portion of the molecule as 
lucidly and convincingly demonstrated in x-ray crystallo-
graphic studies of myeloma protein-hapten complexes (1,2), 
but there is accumulating evidence of structural identity 
between certain antigen-binding myeloma proteins and anti-
bodies elicited by conventional immunization (3,4). The 
most convincing studies bearing on the latter point include 
the demonstration of cross-reactivity of idiotypic antibodies 
between phosphorylcholine-binding myeloma proteins and 
elicited antibodies to phosphorylcholine containing anti-
gens in mice (5). The important question to be answered, 
however, is whether or not the diversity in variable region 
sequences seen among myeloma proteins both with respect to 
sequences participating in the binding of antigen (hypervari-
able regions) or the distribution of other variable region 
sequences ("framework residues") is truly representative of 
what is to be found in elicited antibodies. It has long 
been apparent that the set of myeloma proteins induced in 
mice by hydrocarbon carcinogens (6) reflect a very different 
distribution of isotypes (features common to all members of 
the species) from those found in the normal mouse serum. 
While the marked dominance of IgA myelomas has been attri-
buted to the site of installation of the carcinogen, the 
peritoneum, there is no a priori reason for denying that 
other selective factors may not also operate during the 
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process of neoplastic induction. 
Largely on the basis of an examination of myeloma 

proteins, both with respect to their amino acid sequence 
and the nature of antigen binding, a hypothesis of limited 
diversity in variable region primary structure has become 
current. The amino terminal sequences of both light and 
heavy chains of human rnyeloma proteins may be arranged 
conveniently into "subgroups" or sets on the basis of 
apparent linked substitutions (7). Such sets are less 
apparent among mouse kappa chains although the principal of 
subgroups has become accepted as an important cornerstone 
on which to build hypotheses of antibody diversity. The 
number of subgroups have been used to estimate the minimal 
number of germ line genes responsible for variable regions. 
An important question that must be asked continually is 
whether these apparent subgroups are representative of the 
population of elicited antibodies or in some way are an 
artefact of the very process that selects myeloma proteins. 
The ambiguities of amino acid sequence studies of heteroge-
neous populations of serum antibodies do not permit this 
question to be addressed rigorously. 

Studies of both the amino acid sequence and the binding 
properties of myeloma proteins lead to an impression of 
limited diversity. The interesting discoveries of Richards 
and colleagues ( 8 ) , which indicate that the capacious 
antibody combining site may bind several different haptens 
of differing specificities has led to a revival of Talmage's 
hypothesis (9 ) which allows for a very small number of 
antibodies to account for the recognized wide spectrum of 
specificity of the immune response. If, indeed, the appar-
ent specificity of the immune response is generated by 
selection of multifunctional antibodies capable of binding 
a given antigen from a relatively small population of total 
antibodies, the number of combining site structures which 
must be postulated to exist is sharply limited. Contri-
buting in a very major way to the perception of a relative-
ly simple immunological potential (i.e., a relatively small 
number of possible antibodies), were the observations 
showing idiotypic cross-reactivity among independently 
induced or discovered myeloma proteins ( 5 ) which demonstra-
ted similar antigen binding specificities. Even more 
persuasive was the demonstration not only of idiotypic 
cross-reactivity among a set of mouse rnyeloma proteins 
binding phosphorylcholine, but also marked similarity or 
identity in amino acid sequence of proteins secreted by 
independently induced tumors which have an identical 
spectrum of hapten binding as well as identical or similar 
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amino acid sequences (10). The demonstration that the 
response to phosphorylcholine immunization in the BALB/c 
mouse may be monoclonal and that the elicited antibody 
largely cross-reacts with idiotypic antibodies to this set 
of myeloma proteins serves neatly to cap the concept of a 
quite simple immune response. Such data have been employed 
by theorists to estimate the number of germ line variable 
genes and from such estimates to build hypotheses which 
support the concept of as few as 100 heavy chain and 100 
light chain germ line genes with perhaps a 10-fold increase 
in each, allowable by somatic mutation (11). Cohn and 
colleagues admit, however, (11) that the hypothesis will 
stand or fall on the number of germ line V genes expressed 
in a way that can be selected upon somatically and that the 
only likely way to obtain such information is through amino 
acid sequence analysis. 

In this report, amino acid sequence data from elicited 
antibodies will be examined in order to determine whether 
or not the impression of the relative simplicity of the 
immune response gained from study of myeloma proteins with 
antigen binding characteristics can be supported. Antibodies 
of course, are also subject to selection, but the nature of 
selection may well be different from that bearing on myeloma 
tumors. While the data are as yet sparse, they suggest an 
order of complexity of the immune response, particularly a 
diversity in hypervariable regions among antibodies specific 
for relatively simple antigens that challenges models 
dependent upon a small number of variable region genes. 

The intrinsic heterogeneity of the immune response has 
impeded detailed structural analysis of elicited antibodies 
and led to the extensive interest in products of myeloma 
tumors. More recently, however, i t has been shown that 
immunization with bacterial vaccines may result in a re-
stricted antibody response in which the several species of 
antibody may be readily separated by conventional means 
(12,13). Less frequently, the immune response to other 
antigens or even hapten-protein conjugates (14,15) results 
in a sufficiently homogeneous antibody so that extensive 
sequence analysis may be performed. Improved methods for 
separating more complex mixtures such as isoelectric focus-
sing (16) have also been successfully employed to allow 
limited structural analysis of a heterogeneous antibody 
population. Monoclonal and biclonal responses in rabbits 
immunized with pneumococcal polysaccharides are sufficiently 
frequent so that sophisticated methods of fractionation 
appear no longer to be needed. 
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The kinds of information that may be uniquely addressed 
with elicited antibodies include: 

1) How large is the set of variable region sequences 
from which a single antigen may select a complementary 
antibody? The diversity of the set of "framework" residues 
utilized in response to any given antigen bears importantly 
on the number of variable region genes, whether inherited 
or somatically generated. 

2) An examination of the evolution of the immune 
response in a single animal by assessing the structural 
relationship of antibodies appearing at the same time or 
sequentially (18,19). One might thereby obtain insight as 
to whether or not structural changes in hypervariable 
regions occur by somatic mutation (11). 

3) Whether or not there is evidence for inheritance of 
the sets of hypervariable region sequences which an animal 
requires to respond to a given antigen (20). 

4) A unique opportunity in the rabbit to sort out the 
problem of inheritance of a limited number of variable 
region heavy chain allotypes in relation to a large number 
of hypervariable regions (21). 

5) To assess the complexity of the immune response to 
a set of relatively simple antigens in order to approach 
the question of how many binding sites can be synthesized 
to accomodate a simple antigen. One cannot readily obtain 
a library of myelomas binding a given antigen while this 
can be predictably accomplished by immunization. 

6) To determine the structural basis of cross-reactivity 
to related antigens, such as pneumococcal type III and VIII 
polysaccharides which have eellobiuronic acid as a common 
determinant. 

METH0D0L0GIC APPROACH 

The production of pneumococcal polysaccharide antibodies 
has been discussed previously (19). Fractionation of 
antibodies by affinity chromatography or isoelectric focus-
sing was thought necessary (22), but it now appears that in 
most instances antibodies may be purified from a single 
antiserum using ion exchange chromatography on DEAE cellu-
lose. 

The general approach to amino acid sequence analysis 
has emphasized the isolation of large peptides, either 
tryptic peptides obtained from light or heavy chains after 
blocking lysines with citraconic anhydride (23), or cyano-
gen bromide peptides from heavy chains. A marked increase 
in sensitivity of automatic sequenator methodology regularly 
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permits sequence analyses extending between 40 and 58 steps 
utilizing between 50 and 150 nanomoles of a light chain or 
large peptide. Both large and small peptides are analyzed 
using an aqueous 0.1 M Quadro! program (24). The analysis 
of smaller tryptic peptides is additionally facilitated by 
modification with Braunitzer's reagent (25). Complete 
sequences of light chain variable regions including infor-
mation on ordering of peptides have been obtained through 
the use of tryptic fragments obtained from blocked and 
unblocked chains, as well as the products of acid cleavage 
at the switch region (26), without the necessity of applying 
other enzymes in many instances. 

RESULTS 

Amino Terminal Sequences 

We have now been able to cull 60 sequences from the 
amino terminal region of the light chain derived from 
various rabbit antibodies of different specificities. 
There are 20 antibodies specific for pneumococcal polysac-
charides obtained in our own laboratories and those of 
others, as well as antibodies specific for streptococcal 
polysaccharides and hapten-protein conjugates (14,15,17,18, 
21,22,27-41). 

Fig. 1 shows a variability plot for the first 22 
residues. As will be seen later, the chains are of dif-
ferent lengths, but in order to construct this plot, they 
were aligned by the invariant sequence Thr-Gln-Thr-Pro from 
positions 5 to 8. As reported previously (22), there is 
evidence of marked hypervariability at the ami no-terminus 
of these chains in comparison to human and mouse chains. 
The degree of hypervariability in this region approaches 
that seen in two other hypervariable regions of the light 
chain to be discussed subsequently. In addition to the 
marked hypervariabi1ity at the amino terminus, it is remark-
able that there is far more uniformity in the ami no-terminal 
segment of the chain than previously observed in human or 
murine light chains (42). 

The degree of uniformity of these sequences is evi-
denced by the observation that of the N-terminal 23 posi-
tions, 10 positions appear absolutely invariant, positions 
5-8, 15, 18-21, and Cys 23. Furthermore, those sequences 
associated with the bk allotype demonstrate an invariant 
glycine at position 16 and ca. 90% of these sequences 
display invariance at positions 10,11, and 17 (serine, 
valine, and glycine, respectively). The glycine reported 
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^ 15 

3 IOH 

0 5 10 15 20 25 

POSITION 

Fig. 1. Hypervariability plot of amino terminal 20 
residues of rabbit antibody light chain based on the method 
of Wu and Kabat (42). Data are taken from 50 sequences 
(44). 
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at position 17 in 49 of 53 rabbit sequences is not found in 
human and mouse sequences (42,43) although the alternative, 
Asp or Asx, is found. In two positions, 11 and 16, sequences 
associated with the b9 allotype have amino acid alternatives 
which are not detected in the b̂  sequences. Three of the 
five b 9 sequences (40) have glutamic acid at position 16, 
the other two reporting glycine and four of the five b 9 

sequences have threonine at position 11, the other sequence 
having valine. There is one b? sequence which reports 
serine at position 11 and glycine at position 16, however. 

The homology among rabbit pneumococcal Type VI I I and 
Type I I I amino terminal sequences is approximately 78%. 
When all published rabbit ami no-terminal sequences are 
compared, homology is approximately 75%. This represents a 
far greater homology than seen among the set of human or 
mouse kappa chains reported to date and makes the assign-
ment of subgroups within this set difficult. Mathematical 
analysis of grouping within ami no-terminal rabbit sequences 
will be reported subsequently (44). It is of interest, 
however, that all rabbit sequences have a significantly 
greater homology with human Ag (VKI, approximately 54%) 
than with either CUM (VKII 39%) or TI (VKIII 35%) (43). 

In Fig. 2, groups of two or more light chains having 
identical sequences are examined with respect to specifi-
city. I t is apparent that the very same amino acid sequence 
for the first 20 residues may be found in antibodies of 
very different specificities. For example, 2 antibodies to 
pneumococcal polysaccharide Type V I I I , one to a streptococcal 
polysaccharide and an antibody to the hapten-protein complex 
Ap-BGG, share identical sequences. 

As noted previously, if the amino terminal segments of 
the chain are aligned by invariant residues, the length of 
the polypeptide chains may differ by two residues at their 
ami no-terminal ends. Table 1 analyzes the relationship 
between chain length and specificity of the antibody. It 
can be seen that the distribution of chain lengths among 
light chains derived from specific antibodies and light 
chains from nonimmune immunoglobulins do not differ signifi-
cantly except for a bias toward shorter chain lengths among 
light chains derived from antibodies to streptococcal 
vaccines. It should be noted that in the latter instance, 
rabbits were obtained from a relatively highly inbred group 
(21,35), in contrast to the animals immunized with pneumo-
coccal and other antigens. These observations suggest that 
the chain length at the ami no-terminal end is not correlated 
with antibody specificity. Fig. 3 lists the sequences of 
ami no-terminal segments of the light chain derived from six 
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antisera, each containing two or three homogeneous antibodies 
elicited by the same antigen. In each instance the anti-
bodies were obtained at the same time during the course of 
immunization. These data indicate that a single animal may 
produce as many as three antibodies differing in ami no-
terminal sequence and chain length in response to immuniza-
tion with the same antigen and confirm earlier observations 
from our own laboratory (22,29) as well as those of others 
(21). 

Light Chain Hypervariable Regions 

Essentially complete amino acid sequences of variable 
regions are now available on seven rabbit antibody light 
chains (15,33,34,36), including three from our laboratory 
(31), as well as partial sequences on several others (28,31). 
Fig. 4 shows a hypervariability plot generated from these 
data. In addition to the hypervariability of the ami no-
terminal three residues discussed previously, there appear 
two additional nodes of hypervariability in the region of 
residues 30 to 32 and 91 to 97. It should be noted that 
substantial variations in sequence length also occur in 
these regions. In comparison to the data obtained by Wu 
and Kabat from an analysis of human κ chains (42), there 
does not appear to be a hypervariable region between residues 
50 and 56 in the rabbit light chain. Indeed, there is 
considerable uniformity of amino acid sequence in this 
area. 

In Fig. 5 we have tabulated the structures of the 
first hypervariable region in detail. Five antibodies 
specific for Type III pneumococcal polysaccharide, three 
for Type VIII polysaccharide, one for streptococcus C and 
one for azobenzoate-BGG are compared. Cysteine 23 is used 
for alignment; glutamine 24 is invariant in all the se-
quences examined. Position 25 may be either alanine, 
serine, or threonine. Position 26 is serine except in one 
chain, the antiazobenzoate antibody. Position 27 is either 
glutamic acid, glutamine or lysine. Position 28 is serine 
in all chains but one, 3374, in which asparagine is found. 
Three alternatives are found at position 29, all function-
ally homologous side chains: isoleucine, valine or leucine. 
Significant hypervariability as determined both by the plot 
(Fig. 4) and by scanning of Fig. 5 begins at position 30, 
which has five alternatives, position 31 which has four, 
and position 32 which has seven among 10 sequences. The 
hypervariable region appears to end before an invariant 
leucine at position 33, a residue also seen in all human κ 
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chains (43). Seven of the chains examined in this region 
have a hypervariable region segment length of three residues 
as defined by the invariant leucine at position 33. However, 
3322B has an additional amino acid and 3315, 3322A and 2717 
have two additional amino acids prior to the invariant 
leucine. Thus the hypervariable region length is 3 to 5 
residues in the chains examined thus far. Position 34 is 
either alanine or serine and position 35 is an invariant 
tryptophan also found in all human κ chains. The sequence 
subsequent to residue 35 shows very little variability. 

It is of interest to note that the hypervariable 
region sequences in the five Type III specific antibodies 
are identical with respect to chain length in this region 
but differ in sequence. The three Type VIII specific 
antibodies differ in both sequence and length in this 
hypervariable region. With the data presently available it 
is difficult to draw a correlation between hypervariable 
sequence and/or length with antibody specificity in this 
region. 

Fig. 6 depicts the sequence information available for 
rabbit antibody light chains from positions 47 to 62. This 
includes the second hypervariable region as defined by Wu 
and Kabat in human and murine light chains. It is apparent 
immediately not only from Fig. 4 but from a careful examina-
tion of the actual sequence data that there is very little 
variability in this portion of these sequences. Residue 49 
is invariant. Residue 50 has three alternatives but one of 
these occurs five times. Residue 52 is invariant. Residue 
53 has three alternatives but one is dominant. Residue 54 
is invariant. Residue 55 is alanine in all but one chain. 
Residues 56, 57, and 58 are invariant. Residue 59 has two 
alternatives, and residues 60 through 62 are invariant. 
Apparently then, rabbit antibody light chains do not display 
a second hypervariable region. 

The third hypervariable region, identified in Fig. 4, 
is examined in detail in Fig. 7. Cysteine 88 is a constant 
feature of all rabbit antibody light chains as it is in 
human and murine light chains. Position 89 has three or 
four alternatives, 90 three alternatives. Ninety-one is a 
position of greater hypervariability with six alternatives; 
92 has four or five alternatives; 93 six alternatives; 94 
six alternatives; 95 four alternatives; 96 begins a region 
of the sequence of extreme hypervariability and differences 
in chain length. Phenylalanine 98 begins an invariant 
sequence for the rest of the light chain. If position 91 
is said to begin the hypervariable region and phenylalanine 
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98 to end i t , then its total length varies from five residues 
in 4135 to 11 residues in 3315. It is of considerable 
interest that cysteine is one of the residues which appears 
within the hypervariable region of 3315 (31). 

Many of the same observations can be made with respect 
to the third hypervariable region as have been made previous-
ly with respect to the hypervariable region from 30 to 32. 
There appears to be no relationship between the length of 
the hypervariable region in this segment of the molecule 
and specificity. Of the four pneumococcal Type I I I specific 
antibodies in which an assessment of length can be made, 
hypervariable regions may be either seven or 10 residues in 
length. The azobenzoate-specific antibody sequence 2717 is 
seven residues in length, although the single pneumococcal 
Type VII I specific antibody and the single streptococcus C-
specific antibody sequence appear to be either longer or 
shorter. The four Type I I I antibodies all exhibit a very 
different amino acid sequence and show no greater homology 
within the group than between the different antibody specifi-
cities examined. Only two sequences, BS-1 and BS-5, both 
with pneumococcus Type I I I specificity, appear to be some-
what similar (34). 

Conserved Segments of the Variable Region and the Constant 
Region 

In all rabbit KB chains sequenced thus far, cysteine 
has been found at position 80. We also previously demon-
strated an extra cysteine in the constant region at position 
171 (32) not found in human or mouse κ chains. The three 
constant region sequences available for comparison, 3315 
(45), antiazobenzoate 2717 (15) and antistreptococcal type 
C 4135 (36), also show a half-cystine at position 171. We 
had previously postulated the existence of an interdomain 
disulfide bridge because rabbit KB light chains subjected 
to selective acid cleavage at aspartic acid 109 did not 
decrease in molecular weight until cystines were cleaved 
(46). On pepsin digestion of antibody 3315, a disulfide 
bond-containing peptide was isolated (47), the sequence of 
which proves that position 80 is joined to position 171. 
This unequivocally locates the position of the interdomain 
bond. 

There is complete identity between the amino acid 
sequence of 3315 and 4135 in the constant region except for 
an amide. It should be noted, however, that position 174 
appears to be variable in other incomplete light chain 
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sequences (32). 3315 and 4135 have asparagine in this 
position; 2377 and 2388, valine; and nonimmune immunoglobu-
lin light chains, leucine (32). All these sequences were 
obtained from rabbits light chains of b^ allotype. All 
other positions examined were identical within the constant 
region. 

Wu and Kabat pointed out that there were 11 invariant 
residues in human and mouse light chain variable regions. 
These include glutamine 6, cysteine 23 and 88, tryptophan 
35, proline 59, arginine 61, aspartic acid 82, tyrosine 86, 
phenylalanine 98, and glycines 99 and 101. All of these 
residues are also invariant in rabbit antibody light chains 
sequenced thus far except proline 59. In seven chains on 
which data is available, proline occurs four times and 
serine three times. 

Heavy Chain 

Considerably less data is available as yet on hypervari-
able regions of rabbit antibody heavy chains. Fig. 8 shows 
available rabbit heavy chain sequence information in the 
region identified by Capra as the first hypervariable 
region in human heavy chains (48). There seems to be 
relatively little variability. Position 30 is a constant 
serine. Position 31 has two alternatives. Position 32 is 
tyrosine in all the sequences; 33 has three alternatives; 
34 two; and 35 three. Positions 36 through 42 are invari-
ant. The data is insufficient to identify a hypervariable 
region with certainty. It should be noted, however, that 
all the sequences are of the same length in this region, 
and there is no evidence of either insertion or deletion. 

Fig. 9 shows the second hypervariable region. In this 
region of the sequence a cluster of five positions is iden-
tified in which three alternatives are seen among four 
sequences (positions 50, 52, 53, 54, and 57). Positions 
47, 56, 61, and 62 have two alternatives. The remainder 
of the residues are invariant. The two pneumococcal Type 
III antibodies differ from each other in six positions in 
this region. 

Fig. 10 shows a sequence segment homologous to the 
fourth hypervariable region defined by Kehoe and Capra 
(55). In the three sequences available in this region, 
residues 92 to 94 are invariant. Variability begins at 
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residue 95. In each of the positions subsequent to residue 
108 no homology is seen, each chain having a unique sequence 
except at position 98 where two chains share a glycine (BS-
5 and 3322A). At position 109 and 110, BS-5 and K17 share 
the Asp-Val sequence, whereas there is a deletion in 3322A. 
Positions 111 and 112 appear identical in all three se-
quences with very little additional variation through 
position 121. All three antibodies have different hyper-
variable region lengths. The longest sequence is antibody 
K17, which appears to have a hypervariable region of 14 
residues. BS-5 has a deletion of three residues while 
3322A has a deletion of five residues. As in the first and 
second hypervariable regions of the heavy chain, there 
appears to be no sequence homology between the two antipneu-
mococcal Type III antibodies. 

DISCUSSION 

The observation that immunization of rabbits with 
bacterial vaccines frequently results in the production of 
antibodies in very high concentration which may be either 
homogeneous or readily fractionated into homogeneous com-
ponents has facilitated the application of sequence analysis 
to elicited antibodies. Improvements in sequencing tech-
niques (24,31) allowing complete sequence analysis of a 
variable region to be performed on as little as 2 micro-
moles of polypeptide chain will yield a great deal of 
information concerning antibodies which arise through 
conventional immunization. This allows a critical compari-
son between such antibodies and myeloma proteins with 
specific antigen binding properties. As indicated in the 
introduction, certain questions concerning the evolution of 
the immune response and the generation of diversity are 
more readily answered utilizing elicited antibodies than 
myeloma proteins. 

The Significance of a Hypervariable ftegion 

Wu and Kabat on the basis of a critical examination of 
available human and murine light chain sequences concluded 
that there were three areas of hypervariability which could 
be distinguished from relatively constant sections within 
the variable region of these chains (42). They also demon-
strated that deletions were to be found in relation to two 
of these hypervariable segments. Capra and Kehoe analyzed 
variability within the heavy chain and postulated four 
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areas of hypervariabi1ity (48,53,55). Early studies with 
affinity labeling reagents indicated that at least some of 
these hypervariable regions were especially close to the 
antigen binding site (56). Most recently, elegant crystallo-
graphic analyses of two Fab fragments (1,2) clearly indicate 
that two of the three light chain hypervariable regions and 
three of the four heavy chain hypervariable regions actually 
form the antigen combining site. It appears then that 
hypervariability alone is not a sufficient criterion for 
identifying an antigen binding region. Examination of the 
rabbit antibody light chain shows three regions of hypervari-
ability, one comprising the three amino terminal residues, 
the second corresponding to positions 30 to 32 analogous to 
the first hypervariable region described by Wu and Kabat, 
and the third comprising positions 91 to 97 corresponding 
to the third hypervariable region identified by these 
investigators. Examination of the two crystallographic 
analyses of Fab indicate that the amino-terminal three 
residues of the light chain do not play a major structural 
role in the integration of the molecule and are quite 
distant from the antibody combining site. On the other 
hand, positions homologous with the first and third hyper-
variable regions of the light chain participate in antigen 
binding. Corresponding regions in rabbit light chains also 
show hypervariability. The segment homologous to the 
second hypervariable region identified in human and murine 
light chains does not participate in formation of the 
antigen combining cavity; the corresponding segment of the 
rabbit antibody light chains shows very little variability. 
Comparison of the two crystallographic analyses indicate 
that variations in the length of the hypervariable region 
are the principal determinants of the size and shape of the 
combining site cavity (2). It is of interest that in 
rabbit light chains, variation in hypervariable segment 
length is found only in areas homologous to the first and 
third hypervariable regions. 

Heavy chain data is more sparse. A first hypervariable 
region cannot be identified with certainty. However, the 
two other regions which appear clearly hypervariable cor-
respond to two of the four hypervariable segments identified 
by Capra and Kehoe. In one of these regions variations 
in chain length also occurs; they are homologous to 
two of the three variable region segments which have been 
shown to participate in forming the antigen combining 
cavity. The third hypervariable region of Capra and Kehoe 
(55) does not appear to be significantly hypervariable in 
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the limited rabbit heavy chain data available nor does it 
participate in forming the antigen combining cavity. In 
both the heavy and the light chains of rabbit antibodies, 
the carboxyl-terminal hypervariable segments (91 to 97 in 
the light chain and 95 to 109 in the heavy chain) are of 
greatest length and also of greatest variability in length. 

Kindt et al (21) have suggested that the ami no-terminal 
sequences of light chains of rabbit antibodies might be 
useful genetic markers for the variable region of the light 
chain. Indeed, a number of investigators have attempted to 
classify rabbit light chain sequences into subgroups on the 
basis of homology with prototypes of human sequences (35, 
38). The high degree of homology seen in all the rabbit 
chains reported here (~ 75% identity) tends to make division 
into subgroups difficult. In any event, Fig. 2 demonstrates 
that identical amino terminal sequences may be associated 
with different specificities and the same specificity may 
be associated with substantial differences in ami no-terminal 
sequence. If ami no-terminal sequence differences are 
indeed to be markers for germ line genes, these findings 
suggest that the same antibody specificity may be associated 
with very different sets of germ line genes. Conversely, 
if ami no-terminal sequence identity defines a single germ 
line gene, then one germ line gene may code for disparate 
specificities. Moreover, chain length does not appear to 
be correlated with antigen specificity. The distribution 
of chain length among pneumococcal antibodies does not 
differ significantly from that in the nonimmune pool. 
AntiStreptococcus polysaccharide antibodies show a bias 
toward shorter light chain length. This may be related to 
inbreeding of the immunized population. Perhaps the pheno-
type of chain length is hereditable. 

When two or three antibodies of the same specificity 
appear at one time during immunization, they often have 
different ami no-terminal sequences, indicating that at 
least among the set of antibodies studied here, there does 
not seem to be a close relationship between "framework" 
sequence and specificity. Selective evolution of hypervari-
able regions with maintenance of a constant framework is 
not noted in these examples. A comparison of the ami no-
terminal sequences of antibodies 3322A and Β allows a more 
critical examination of this question. Both of these 
pneumococcus Type VIII specific antibodies were isolated 
from the same antiserum which also contained several other 
Type VIII specific antibodies; both can be specifically 
eluted from Type VIII polysaccharide immunoadsorbant with 
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cell obi ose, indicating that this disaccharide segment of 
Type VIII polysaccharide is the immunodominant group (28). 
Nevertheless, they exhibit markedly different amino-terminal 
sequences. 

The general lack of correlation between hypervariable 
region sequences of both light and heavy chains and antibody 
specificity indicates the very high degree of variability 
among antibodies specific for the same simple antigen. The 
greatest amount of data is available for antibodies specific 
for pneumococcal Type III polysaccharide, an unbranched 
repeating disaccharide polymer. While it is possible to 
conceive of several different ways of binding this antigen, 
it is already apparent that the number of unique hypervari-
able sequences in Type III specific antibodies is large. 
In contrast to these observations, studies of the first and 
second hypervariable region sequences of heavy chains of 
elicited antihapten antibodies from inbred guinea pigs show 
considerably more uniformity (57). Since other hypervari-
able regions which may participate in antigen binding have 
not yet been reported from these antibodies, an assessment 
of the uniformity of their combining sites cannot be made. 

We previously reported unique changes in circular 
dichroism pattern in each of three pneumococcal Type III 
specific antibodies isolated from the same antiserum (58). 
On close analysis, the difference spectra indicated changes 
in the microenvironments of either tyrosine or tryptophan. 
An examination of the hypervariable regions of five pneumo-
coccal Type III specific antibodies shows that 3374 has a 
tryptophan at position 32, and tyrosines at positions 91 
and 92; 3368 tryptophan at 92; 3381 tryptophan at 32; BS-5 
tyrosines at 30 and 93; and BS-1 tyrosines at 30, 93, and 
97. Each of these antibodies thus have either tyrosine or 
tryptophan in one or both light chain hypervariable regions 
which appear to be associated with the antigen combining 
site. The varying interactions between these aromatic 
residues and the antigen may account for the changes in 
circular dichroism spectral observed. These aromatic 
residues are frequently found in antibody combining sites. 

Protein 3315 appears to have a unique half-cystine 
within the third hypervariable region of the light chain 
(31). While no prior antibodies or myeloma proteins with 
antibody binding activity have been shown to have a cysteine 
within a hypervariable region, the human lambda chains X 
(59) and Bau (60) were demonstrated to have a half-cystine 
within the first hypervariable region. 
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The Interdomain Bridge 

The presence of additional cysteines within the variable 
region at position 80 and within the constant region at 
position 171 is now well confirmed in a number of sequences, 
as is the location of the interdomain bridge by direct 
sequence analysis of a peptic peptide containing the disul-
fide bond. In examining the crystallographic models of the 
light chain dimer Meg (61) and Fab' λ New (62), it is 
apparent that the homologous positions to 80 and 171 approach 
one another sufficiently closely within the three-dimensional 
structure to permit the presence of a disulfide bridge. 
This indicates that the domain structure of the rabbit 
light chain need not differ from that of other species 
(43). Since rabbit antibody light chains either contain 
five or seven half-cystines and never six, there presumably 
exist two constant region kappa isotypes as well as two 
sets of variable regions uniquely associated with each. 

Invariant Regions 

Invariant amino acids within the set of rabbit antibody 
light chains correspond very closely to invariant residues 
found in human and murine light chains with but one excep-
tion. Examination of crystallographic structure indicates 
that many of these residues are necessary for maintaining 
the overall conformation of the polypeptide chains. For 
example, the invariant glycines are all associated with 
either hairpin turns in the chain or with positions in 
which the presence of a side chain would not fit with a 
necessary structural feature (62). These observations 
indicate an evolutionary conservation of structural features 
necessary for the conformation and consequently the function 
of these molecules. 

CONCLUSION 

The study of the structure of elicited antibodies is 
still in its early stages. While only a few variable 
region sequences are available, it is already apparent that 
the simplicity and relative uniformity of the immune response 
suggested by studies of myeloma proteins with antigen 
binding properties may not reflect the complexity, diversity, 
and degeneracy of the normal elicited immune response. If 
the total number of germ line variable genes is to be 

328 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

estimated from the number of different immunoglobulin 
sequences outside of the hypervariable region and somatic 
mutation assessed from an examination of changes within 
hypervariable regions, it may well be necessary to wait 
until a great deal more sequence information on elicited 
antibodies becomes available. 

Supported in part by a grant from the National Institutes 
of Health AI04967 and a Grant-In-Aid from the American 
Heart Association. 

Michael N. Margolies is an established investigator of the 
American Heart Association. 

329 



Ε . H A B E R et al. 

REFERENCES 

(1) L.M. Amzel, B.L. Chen, R.P. Phizackerley, R.J. Poljak, 
F. Saul, in Progress in Immunology II, vol. 1, Immuno-
chemical Aspects, eds., L. Brent, J. Holborow (North-
Holland Publishing Co. Amsterdam, 1974) pp. 85-92. 

(2) D.M. Segal, E.A. Padlan, G.Η. Cohen, E.W. Silverton, 
D.R. Davies, S. Rudikoff, M. Potter, in Progress in 
Immunology II, vol. 1, Immunochemical Aspects, eds., 
L. Brent, J. Holborow (North-Holland Publishing Co., 
Amsterdam, 1974) pp. 93-102. 

(3) H.G. Kunkel, V. Agnello, F.G. Joslin, R.J. Winchester, 
J.D. Capra. J. Exp. Med. 137 (1973) 331. 

(4) J.D. Capra, J.M. Kehoe. Advan. Immunol, (in press). 

(5) M. Potter, R. Lieberman. J. Exp. Med. 132 (1970) 737. 

(6) M. Potter. Physiol. Reviews 52 (1972) 631. 

(7) L. Hood, J. Prahl. Advan. Immunol. 14 (1971) 291. 

(8) F.F. Richards, L.M. Amzel, W.H. Königsberg, B.N. 
Manjula, R.J. Poljak, R.W. Rosenstein, F. Saul, J.M. 
Varga, in The Immune System--Genes, Receptors, Signals, 
eds., E.E. Sercarz, A.R. Williamson, CF. Fox (Academic 
Press, New York, 1974) pp. 53-67. 

(9) D.W. Talmage. Science 129 (1959) 1643. 

(10) P. Barstad, V. Farnsworth, M. Weigert, M. Cohn, L. 
Hood. Proc. Nat. Acad. Sei. 71 (1974) 4096. 

(11) M. Cohn, B. Blomberg, W. Geckeier, W. Raschke, R. 
Ri blet, M. Weigert, in The Immune System--Genes, 
Receptors, Signals, eds., E.E. Sercarz, A.R. William-
son, CF. Fox (Academic Press, New York, 1974) pp. 89-
117. 

(12) R.M. Krause. Advan. Immunol. 12 (1970) 1. 

(13) E. Haber. Fed. Proc. 29 (1970) 66. 

(14) B.K. Seon, O.A. Roholt, D. Pressman. J. Immunol. 108 
(1972) 86. 

330 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

(15) E. Appelle, O.A. Roholt, A. Chersi, G. Radzimski, D. 
Pressman. Biochem. Biophys. Res. Com 53 (1973) 1122. 

(16) R.H. Painter, M.H. Freedman. J. Biol. Chem. 246 
(1971) 6692. 

(17) M.H. Freedman, R.B. Guyer, W.D. Terry. J. Biol. Chem. 
247 (1972) 7051. 

(18) J.-C. Jaton, M.D. Waterfield, M.N. Margolies, K. J. 
Bloch, Ε. Haber. Biochemistry 10 (1971) 1583. 

(19) F.W. Chen, A.D. Strosberg, Ε. Haber. J. Immunol. 110 
(1973) 98. 

(20) T.J. Kindt, R.K. Seide, V.A. Bokisch, R.M. Krause. J. 
Exp. Med. 138 (1973) 522. 

(21) T.J. Kindt, A.L. Thunberg, M. Mudgett, D.G. Klapper, 
in The Immune System--Genes, Receptors, Signals, eds., 
E.€. Sercarz, A.R. Williamson, CF. Fox (Academic 
Press, New York, 1974) pp.69-88. 

(22) E. Haber, A.D. Strosberg, in Specific Receptors of 
Antibodies, Antigens and Cells, eds., D. Pressman, 
T.B. Tomasi, A.L. Grossberg, N.R. Rose (S. Karger, 
Buffalo, 1972) pp. 236-258. 

(23) I. Gibbons, R.N. Perham. Biochem. J. 116 (1970) 843. 

(24) A.W. Brauer, M.N. Margolies, E. Haber. Manuscript in 
preparation. 

(25) G. Braunitzer, B. Schrank, A. Ruhfus. Hoppe-Seyler's 
Ζ. Physiol. Chem. 351 (1970) 1589. 

(26) K.J. Fraser, Κ. Poulsen, Ε. Haber. Biochemistry 11 
(1972) 4974. 

(27) M.N. Margolies, A.D. Strosberg, K.J. Fraser, D.J. 
Perry, A. Brauer, Ε. Haber. Fed. Proc. 33 (1974) 809. 

(28) F.W. Chen, E. Haber. Unpublished results. 

(29) W.C. Cheng, K.J. Fraser, Ε. Haber. J. Immunol. Ill 
(1973) 1677. 

331 



Ε. H A B E R et al. 

J.-C. Jaton, M.D. Waterfield, M.N. Margolies, E. 
Haber. Proc. Nat. Acad. Sei. 66 (1970) 959. 

M.N. Margolies, L.E. Cannon, A.D. Strosberg, E. Haber. 
Manuscript in preparation, 1975. 

A.D. Strosberg, K.J. Fraser, M.N. Margolies, E. Haber. 
Biochemistry 11 (1972) 4978. 

J.-C. Jaton. Biochem. J. 141 (1974) 1. 

J.-C. Jaton. Biochem. J. 141 (1974) 15. 

D.G. Braun, J.-C. Jaton. Immunochemistry 10 (1973) 
387. 

K.C.S. Chen, T.J. Kindt, R.M. Krause. Proc. Nat. 
Acad. Sei. (1974) 1995. 

L. Hood, M.D. Waterfield, J. Morris, C.W. Todd. Ann. 
N.Y. Acad. Sei. 190 (1971) 26. 

L. Hood, Κ. Eichmann, Η. Lackland, R.M. Krause, J.J. 
Ohms. Nature (London) 228 (1970) 1040. 

T.J. Kindt, R.K. Seide, Η. Lackland, A.L. Thunberg. 
J. Immunol. 109 (1972) 735. 

A.L. Thunberg, Η. Lackland, T.J. Kindt. J. Immunol. 
Ill (1973) 1755. 

M.D. Waterfield, J.W. Prahl, L.E. Hood, T.J. Kindt, 
R.M. Krause. Nature, New Biol. 240 (1972) 215. 

T.T. Wu, E.A. Kabat. J. Exp. Med. 132 (1972) 211. 

J.A. Gaily, G.M. Edelman. Annual Review of Genetics 6 
(1972) 1. 

L.E. Cannon, M.N. Margolies, A.D. Strosberg, E. Haber. 
Manuscript in preparation. 

M.N. Margolies, A.D. Strosberg, K.J. Fraser, Ε. Haber. 
Manuscript in preparation. 

332 



M O L E C U L A R A P P R O A C H E S T O I M M U N O L O G Y 

(46) Poulsen, Κ., K.J. Fraser, Ε. Haber. Proc. Nat. Acad. 
Sei. 69 (1972) 2495. 

(47) A.D. Strosberg, M.N. Margolies, E. Haber. Fed. Proc. 
33 (1974) 726. 

(48) J.D. Capra. Nature New Biol. 230 (1971) 61. 

(49) J.-C. Jaton. Biochem. J. 143 (1974) 723. 

(50) M.S. Rosemblatt, D.W. Andrews, L.E. Cannon, E. Haber. 
Fed. Proc. (in press) 1975. 

(51) J.-C. Jaton, J. Haimovich, Biochem. J. 139 (1974) 281. 

(52) J.B. Fleischman. Immunochemistry 10 (1973) 401. 

(53) J.D. Capra, J.M. Kehoe. Proc. Nat. Acad. Sei. 71 
(1974) 845. 

(54) A.D. Strosberg, J.-C. Jaton, J.D. Capra, E. Haber. 
Fed. Proc. 31 (1972) 771. 

(55) M. Kehoe, J.D. Capra. Proc. Nat. Acad. Sei. 68 (1971) 
2019. 

(56) D. Givol, in Contemporary Topics in Molecular Immunol-
ogy, vol. 2, eds. R.A. Reisfeld, W.J. Mandy (Plenum 
Press, New York, 1973) pp. 27-50. 

(57) J.J. Cebra, P.H. Koo, A. Ray. Science 186 (1974) 263. 

(58) D.A. Holowka, A.D. Strosberg, J.W. Kimball, E. Haber, 
R.E. Cathou. Proc. Nat. Acad. Sei. 69 (1972) 3399. 

(59) C. Milstein, J.B. Clegg, J.M. Jarvis. Biochem. J. 110 
(1968) 631. 

(60) K. Baczko, D.G. Braun, M. Hess, N. Hilschmann. Hoppe-
Seyler's Ζ. Physiol. Chem. 351 (1970) 763. 

(61) M. Schiffer, R.L. Girling, K.R. Ely, A.B. Edmundson. 
Biochemistry 12 (1973) 4620. 

(62) R.J. Poljak, L.M. Amzel, B.L. Chen, R.P. Phizackerley, 
F. Saul. Proc. Nat. Acad. Sei. 71 (1974) 3440. 

333 



E . H A B E R et al. 

DISCUSSION 

M. TEODORESCU: A short comment on your speculation that the 

antibody producing cell was transformed in continuous line. 

First of all, the kind of cultures that you described 

could be easily obtained from any normal spleen without 

any virus. It is probable that what you obtained is 

evidence for a communication between tumor cells in vi tro 

by breach or by passenger cell fusion and that the immuno-

globulin gene was transferred to a fibroblast, so that you 

actually did not transform an antibody producing cell into a 

continous cell line. We have failed to obtain established 

cell lines from rabbit so far, probably because rabbits do 

not have tumors of the lymphoid system. 

E. HABER: The first part of your comment is rather easy 

to answer. This îs a transformed cell line, as evidenced by 

the presence of the viral antigen (Τ-antîgen) on its surface 

and by the fact that the virus can be rescued as infectious 

virus from the culture itself by fusion with indicator cells. 

The second part I cannot really address. There has been no 

rigorous test of the identity of this cell line as a lymphoid 

cell line. It is clear, however, that this is a population of 

cells capable of producing antibodies. 

M. TEODORESCU: Is it an antibody producing or containing cell? 

E. HABER: Well, it is an antibody containing cell, which has 

the capacity to synthesize the antibody which it contains. 

G. KRAMER: Using your technique did you obtain from the 

same spleen, different clones making different antibodies? 

E. HABER: No, this investigation is presently underway. The 

information I presented was on the only clone which we have 

successfully cultured from that spleen. 

E.A. KABAT:The hypervariabi1îty shown in positions 1, 2 and 

3 might just be a consequence of pieces of precursor molecule 

that are not split uniformly and the chain length differences 

found from the hybridisation data might not be really relevant 

to the main structure of the antibody. 

E. HABER: I certainly do not wish to pretend that either 

hypervariabi1 ιty or variation in chain length have important 

structural connotations with respect to the structural inte-

gration of the molecule or the combining site. This is not, 
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however, the result of variable deletion of the amino-terminal 

segment of the precursor molecule. When we subject the se-

quence data to objective computer analysis in order to line 

them up according to maximal homology the deletions do not 

fall at the end. They fall at either positions 1, 2 or 3· 

This suggests that the amino-terminal deletions do not simply 

represent ragged ends. 

R.C. LEIF: Since you have a limited number of specific immuno-

globulins, have you tested if they are inherited? This would 

be a test of the somatic mutation theory, even with the use 

of outbred animals, because even if only one of the hypervar-

iable regions were inherited it would be strong evidence 

against somatic mutation. 

E. HABER: We have not studied inheritance of structure 

phenotypes in the rabbit. The data available from Krause's 

lab on streptococcal antibodies suggests inheritance of par-

tial idiotypic cross-reactivities. Until these are defined 

in structural terms we cannot be sure that they represent 

combining site information or even what the structural 

meaning of such cross reactivities are. 

C MILSTEIN: I was struck by the difference in the pattern 

of variability of the kappa chain in the rabbit compared to 

that of the human kappa chain. This brings in rather dra-

matically, especially because of the deletions and additions, 

the gap region after the second cysteine. In human kappa 

chain, there is only one example of deletions in that region. 

In contrast the rabbit seems to have found it very convenient 

to introduce deletions and additions quite often there. It 

strikes me that this may well illustrate how each species 

may find their own solution to the problem. 

E. HABER: We started to work in the rabbit not simply to 

gather more data in another species, but because of the con-

viction that antibody molecules might be subjected to different 

kinds of selection pressures than those to which human and 

mouse myelomas are subject. If you looked at elicited anti-

bodies in the mouse or the human you might find the same 

kinds of differences. Are you not jumping too far when you 

say this is the rabbit's solution to this problem, whereas 

the human or mouse solution might be different? Might we not 

be comparing apples and oranges? 
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C. MILSTEIN: I think the myeloma is representative of the 

population and that in the human the solution is as we see it 

from the myeloma protein. 

E. HABER: If what you say is really true, that is if the 

three species are comparable, then the rabbits must find it 

advantageous to change the shape and the size of the combining 

site cavity by adding to or deleting from the third light 

chain hypervariable region. 

C. MILSTEIN: Right, but there must be some underlying me-

chanism, a genetic mechanism that is either in the germ line 

or in the somatic mutation process. 

F. HAUROWITZ: Does the amino acid composition of the anti-

bodies change after injection of the virus and does it re-

main constant after infection? I am asking the second ques-

tion because the cell might differentiate. 

E. HABER: The evidence to answer the first question is 

limited only to Information on the isoelectric point of the 

antibody protein. if there are substitutions balanced 

according to charge or neutral substitutions we would not 

detect them. To answer the second part of your question we 

haye subcultured this line for many many generations and it 

appears to be constant in respect to all the properties we 

have examined. 

M.M. SIGEL: I would like to ask a couple of related questions. 

In your fusion experiments on monkey kidney cells, were you 

able to demonstrate antibody synthesis in the fused cell? 

E. HABER: It wasn't looked for. 

M.M. SIGEL: And, secondly, have you tried fusion with lym-

phocytes? 

E. HABER: Not yet. 

M.M. SIGEL: It is known that many of these viruses cause 

fragmentation of chromosomes, deletions and translocations. 

Might not their use be an approach to some of Dr. Williamson's 

questions this morning? The origin of diversity or relation 

to translocation of the V and C regions. 
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E. HABER: Karotypîng of this cell line indicates that it is 

heteroploid-the number of chromosomes are not quite twice 

the normal diploid number. 

E. BRILES: You have shown us that rabbits are able to 

make many different antibodies to the pneumococcal carbo-

drates; the same is true for inbred mice immunized with strep-

tococcal group A carbohydrate. Why are only one or a few 

antibodies made In each individual animal? 

E. HABER: I wish I knew the answer to that - Mel Cohn told 

me that I was going to be asked that question and I have been 

thinking about it for considerably longer than the last hour. 

In general a pattern of evolution is seen - in each rabbit the 

first antibodies are of relatively low affinity; there is a 

recruitment of affinity with time as in many other systems. 

The
v
appearance of the products of a new clone always seems to 

occur at a time when antibody concentration has first fallen 

and then is rising very rapidly. Because of the very high 

concentration of plasma antibody in these animals it may 

well be that there is intense competition for antigen be-

tween circulating antibody and cell receptors. As the con-

centration of antibody rises there is not enough antigen 

present to continue stimulation of the clone. A new clone 

then arises, which has receptors of higher affinity for the 

antigen. This explanation tells you something about why 

new clones are continually appearing. However, the reason 

why only a small number of clones arise at any one time is 

unclear. I doubt very much that we are dealing with a Τ-

ι ndependent antigen here because the rabbit does not at all 

respond to soluble polysaccharide. The immunizing antigen 

must be a vaccine; presumably the organism itself or some 

cellular proteins act as carrier. This must be a relatively 

complex antigenic stimulus. The reasons for the magnitude 

and simplicity of the response are not at all clear. 

C. BELL: I would like to ask a question and to make a comment. 

Do you detect host rabbit immunoglobulin at the secreted level, 

that is in the culture supernatant or on the membrane, or at 

the total cellular level? 

E. HABER: The antibody can be found in both the supernatant 

and within the cell sap, the concentration of antibody is low 

in both places. 
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Ε. H A B E R etat. 

C. BELL: I have experienced a similar low incidence of se-

cretion of immunoglobulin by rabbit spleen and lymph node 

cells following treatment with exogenous RNA. These lympho-

cytes secreted little immunoglobulin and retained almost 

equal amounts of immunoglobulin at the cellular and membranal 

level. Although when the exogenous RNA was obtained from 

cells expressing an allelic allotype for the kappa light 

chain and for the variable VLJ (a locus) chain, allelic 

immunoglobulin markers were selected at the membranal and 

cellular level essentially in a similar fashion to the ex-

pression of SV/JQ antigens by your rabbit transformed cells, 

would not call the RNA treated lymphocytes transformed cells. 

I do know, however, that they are lymphocytes, perhaps nuclea-

ted cells or precursor B-cells which have translated the exo-

genous RNA but either have not yet fully differentiated to 

plasma secreting cells, or have remained arrested at some 

level leading to the retention of the cellular immunoglobulin. 

Did you determine the total amount of secreted immunoglobulin 

antibody with reference to the allotypic specificity and did 

you look for surface immunoglobulin expression in the trans-

formed cells? 

E. HABER: We looked for immunoglobulin on the surface with 

fluorescent staining and there must not have been enough to 

see. More sensitive methods need to be applied. Immuno-

globulin concentration was measured in two ways, by affinity 

chromatography with antigen or by precipitation with anti-

IgG; both methods gave approximately the same result. 

C. BELL: Were your reagents directed to the V regions of 

the immunoglobulin? 

E. HABER: Antibodies were not specifically directed to the 

variable part of the synthesized immunoglobulin. 
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REPETITIVE H I N G E R E G I O N S E Q U E N C E S IN A γ3 H E A V Y C H A I N 

DISEASE P R O T E I N - I S O L A T I O N O F A N 11,000 D A L T O N F R A G -
M E N T 

B.F. Frangione, J.B. Adlersberg and E . C . Franklin, Dept. 

of Medicine, Irvington H o u s e Institute, N e w York University 

Medical Center, N e w York, N . Y . 

The heavy chain of IgG3 subclass of h u m a n immunoglo-

bulins (>/3) has a molecular weight of 60,000 daltons, 

instead of the 50,000 dalton value reported for γΐ, γ 2 , and 

γ4 heavy chains. Using protein O M M , a y3 H e a v y Chain 

Disease protein, it w a s possible to isolate and analyze 

the extra fragment. Protein O M M had a molecular weight of 

39,000 daltons, Gly as its NH2-terminal, and contained 

only the hinge region, Q 3 2 and Cfj3 domains. C N B r cleav-

age at M e t 252 (\1 numbering, protein Eu ) yielded the 

hinge fraction (Fh fragment) . O n the basis of molecular 

weight of Fh fragment (10,800 daltons) , its amino acid c o m -

position, its partial sequence, and its unexpectedly low 

number of tryptic peptides, it is postulated that i) the extra 

fragment in γ3 H e a v y Chain Disease protein O M M repre-

sents a series of similar or identical duplication of sections 

of the previously reported y3 hinge region^ ϋ) this un-

usual structure is not a product of gene aberration but is a 

normal feature of intact γ 3 heavy chains. Although the 

biological significance of these findings is not k n o w n , 

the relationship of the primary structure of the hinge region 

a m o n g different immunoglobulins supports the concept that 

this region is coded by a unique piece of D N A which has 

evolved by partial duplications and/or crossing over. 
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STRUCTURAL CHARACTERIZATION OF A MUTANT HUMAN LAMBDA TYPE 
L-CHAIN IMMUNOGLOBULIN 

Fred A. Garver, Lebe Chang, Takashi Isobe and Elliott F. 
Osserman, Medical College of Georgia, Augusta, Georgia and 
College of Physicians and Surgeons, Columbia University, 
New York, Ν. Y. 

Recently, Isobe and Osserman described the first case (Sm) 
of a plasma cell dyscrasia associated with the production of 
a defective IgG molecule containing lambda (λ) type L-chains 
(1). In addition, the λ chains possessed a substantial quan-
tity of carbohydrate. The molecular weights of both the γ 
and λ chains were considerably smaller than those of normal 
subunits. In order to define the molecular nature of the de-
letion, we have determined the partial amino acid sequence of 
the urinary Sm λ chain. The protein had a blocked N-terminus 
presumably pyrrolidone carboxylic acid (PCA). After chymo-
tryptic digestion, the amino-terminal peptide was selectively 
isolated from a column of Dowex 50x2 equilibrated with water. 
A ninhydrin negative peptide was detected with the chlorine-
starch iodide reagent after paper chromatography; it had an 
amino acid composition of (GLU,SER,ALA,LEU) . Treatment of the 
peptide with carboxypeptidase A released leucine (96%) and 
alanine (24%), and hydrazinolysis removed serine establishing 
the N-terminal sequence as PCA-SER-ALA-LEU. After hydrolysis 
of the protein with trypsin, the peptides were separated on a 
Dowex 50x2 column, followed by chromatography on Dowex 1x2 
columns. All of the expected eleven tryptic peptides of the 
constant (C) region were recovered. The C-region of protein 
Sm contains an arginyl residue at position 191, which is cor-
related with the Oz" factor, and a glycyl residue at position 
154, associated with the Kern+ isotype. In addition, a large 
glycopeptide consisting of 32 residues was isolated, which 
corresponded to the N-terminal region. This peptide was fur-
ther split with thermolysin, and eight peptides, covering the 
entire region, were purified and sequenced with the Edman-
dansyl technique. The C-terminal portion of this peptide ter-
minates with GLN-PRO-LYS, which is the initiation of the C-
region corresponding to positions 110-112. The Sm V-region of 
29 residues is very homologous to protein NE1 (2). Thus, pro-
tein Sm has an internal deletion of 82 amino acid residues, 
which is entirely restricted to the variable (V) region. 
REFERENCES 
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HETEROGENEITY OF THE C-REGION OF AN IgGl IMMUNOGLOBULIN: THE 
STRUCTURE OF γ-HEAVY CHAIN DISEASE PROTEIN BAZ 

Fred A. Garver, Lebe Chang and Byron McGuire, Medical College 
of Georgia, Augusta, Georgia. 

Heterogeneity of the constant (C) region of immunoglobu-
lins results from two types of sequence variability, isotypic 
and allotypic variants. Allotypic variants are allelic mark-
ers which segregate in the population and are inherited in 
simple Mendelian fashion,such as the Gm factors of IgG 
proteins. The Gm markers were first detected serologically 
and subsequent sequence studies showed that they were usually 
associated with single amino acid exchanges. In the process 
of delineating the structural defect of a γ-heavy chain 
disease protein (BAZ) , we have found an amino acid substi-
tution in the C-region which has not been described before. 
Protein BAZ contains two methionyl residues, and cyanogen 
bromide cleavage yields three fragments which were separated 
on Sephadex G-100 in 30% formic acid. The last peak (CB III) 
represents the C-terminal octadecapeptide of the polypeptide 
chain. The amino acid composition of this peptide revealed 
an absence of alanine and an additional mole of glycine. 
Using the Edman-dansyl technique, the sequence of the C-
terminal region of protein BAZ was shown to be: 431 

440 HIS-GLU-GLY-
Lm-HIS-ASN-HIS-TYR-m-GLN-LYS-SER-LEU-SER-LEU-SER-PRO-GLY. 
Therefore, protein BAZ has an exchange of ALA+GLY at position 
433, using the numbering system of protein NIE (1). Fragment 
CB I contained 176 amino acid residues and had an N-terminal 
isoleucyl residue and a C-terminal homoseryl residue. There-
fore, CB I represents the interior of the polypeptide chain 
from position 255 to 430. The second Sephadex peak, CB II, 
was a glycopeptide with a blocked α-amino group and a C-
terminal homoseryl residue. This peptide corresponded to the 
N-terminal portion of the chain. According to the amino acid 
composition, CB II contained 38 residues. This fragment also 
lacked cysteine, further supporting the dissociating studies 
in 6 M guanidine HCl which indicated an absence of disulfide 
bonds joining the γ chain dimer (2). Therefore, protein BAZ 
has a deletion of 212 amino acid residues and the deletion 
encompasses the hinge region of the molecule. 
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GROWTH FACTOR FOR A VIRAL TRANSFORMED CELL FROM RAT LIVER 
AND HEMICORPUS PERFUSIONS 

A. Lipton, C.J. Roehm, J.W. Robertson, J.M. Pietz and L.S. 
Jefferson, The Milton S. Hershey Medical Center, Hershey, 
Pennsylvania, 17033. 

Serum has been shown to contain several macromolecules 
necessary for the growth and survival of cultured 3T3 mouse 
fibroblasts (3T3) and SV40 virus-transformed 3T3 cells 
(SV-3T3). The 3T3 growth factor specifically promotes the 
growth of 3T3 cells, while the SV-3T3 growth factor promotes 
that of SV-3T3 cells.I,2 

Perfusion of either rat liver or rat hemicorpus results 
in the production of a factor that promotes the growth of 
SV-3T3 cells. This material does not promote the growth of 
sparse 3T3 cells or the initiation of DNA synthesis in con-
fluent 3T3 cells. 

Gel infiltration of the liver perfusate thru Sephadex 
G-100, pH 7.4, 0.01 M NaCl, Tris buffer reveals the SV-3T3 
growth-promoting activity to be a large molecule (35,000 
daltons). This activity is not dialyzable. The activity 
is completely destroyed by treatment with pepsin and 50 
per cent of the activity is removed by trypsin treatment. 
It is not destroyed by treatment with bovine pancreatic 
DNAse I or RNAse-A. It has the same heat and pH stability 
as does the serum SV-3T3 growth factor. 
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LYMPHOCYTE RESPONSES TO MITOGENS AND ANTIGENS IN AGAROSE-GEL 
CULTURES· 

E. Kondracki and F. Milgrom, Department of Microbiology, 
State University of New York at Buffalo, Buffalo, New York. 

It has been suggested that cell-to-cell contact is a 
necessary early step for lymphocyte proliferation in response 
to antigens or mitogens (1). 

In order to study further this possibility, we have de-
veloped a technique to examine the lymphocyte response to 
stimulating agents in agarose-gel cultures. The lymphocytes 
were separated by Ficoll-Hypaque density gradient centrifu-
gation from peripheral blood of healthy human donors, and 
4x105 cells were mixed at 40°C with 100 μΐ of melted 0.5% 
agarose in RPMI 1640 medium. After solidification of the 
agarose, the vast majority of cells remained separated from 
each other. The gel was overlaid with 400 μΐ of RPMI 1640 
containing 10% autologous serum and a suitable dose of mito-
gen or antigen. After incubation at 37°C in 5% CO2 atmos-
phere for 2-4 days, 0.2 yCi of ̂ H-thymidine were added to 
each tube and 3 hours later, the cultures were terminated by 
freezing at -20°C. Afterward, the tubes were heated at 100°C 
and centrifuged at 56°C. The pellet was washed twice with 5% 
TCA, solubilized with NCS solubilizer, and mixed in scintil-
lation vials with a toluene-based "scintillation cocktail". 
The samples were counted in a liquid scintillation spectrom-
eter. 

The response to PHA-P in agarose gel cultures was at 
most 10% of that in liquid cultures. This response could be 
increased 3-5 fold by incorporating into agarose (a) autolo-
gous erythrocytes, (b) untreated erythrocyte stromata, (c) 
sonicated stromata or the (d) supernatant fluid from soni-
cated and centrifuged stromata. The efficiency of these 
preparations in increasing the lymphocyte response was a>b>c 
>d. It was also shown that lymphocytes in agarose gel re-
sponded hardly, if at all, to Con-Α, PWM, Zn-H- and NaI04. 
For studies on antigen stimulation, the effect of PPD on lym-
phocytes from tuberculin-sensitive subjects was examined. No 
response in agarose cultures was noted and incorporation of 
erythrocytes had no effect. 

Our results are consistent with the suggestions that 
cell-to-cell contact is very important for lymphocyte stimu-
lation. Furthermore, we have shown that erythrocytes or even 
their membrane fragments are capable of providing necessary 
conditions for proliferation of separated lymphocytes. 
(1) J.H. Peters, Exptl. Cell Res. 74 (1972) 179. 
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STEROL SYNTHESIS IN NORMAL, PHYTOHEMAGGLUTININ-STIMULATED, 
AND LEUKEMIC MOUSE LYMPHOCYTES 

H.W. Chen, H.J. Heiniger, and A.A. Kandutsch, The Jackson 
Laboratory, Bar Harbor, Maine 

Normal peripheral blood lymphocytes synthesize choles-
terol at a very low rate. Incubation of these mouse lympho-
cytes with phytohemagglutinin stimulated the incorporation 
of thymidine into DNA of lymphocytes as they transformed 
into large lymphoblasts. DNA synthesis began after about 24 
hours of incubation and reached a peak at 48 hours. The 
de-novo synthesis of sterols from acetate was stimulated 
much earlier beginning at 4 hours of incubation and reaching 
a maximum at 24 hours, approximately at the time DNA syn-
thesis began. The rates of 14c incorporation from ̂ C -
-acetate into fatty acids and into C02 by phytohemagglutinin 
treated blood cells were not significantly different from 
control values. Phytohemagglutinin stimulation of sterol 
synthesis could be abolished by the addition of certain 
oxygenated derivatives of cholesterol (e.g., 25-hydroxy-
cholesterol and 20 -hydroxycholesterol) which specifically 
depress the activity of the regulatory enzyme in the sterol 
synthesis pathway, 3-hydroxy-3-methylglutaryl CoA reduc-
tase^. This treatment also abolished DNA synthesis and 
blastogenesis which otherwise followed the peak of sterol 
synthesis. Furthermore, DNA synthesis was repressed only 
if the inhibitor was added early enough to prevent sterol 
synthesis from reaching its usual maximum. 

Peripheral lymphocytes from leukemic AKR/J mice synthe-
size sterols from acetate at a vastly greater rate, 20- to 
100-fold, than the respective cells from normal AKR/J mice-*-. 
This great rate of sterol synthesis in leukemic lymphoblasts 
is only partly reduced upon addition of the oxygenated der-
ivatives of cholesterol in concentrations which abolish the 
synthesis in PHA-stimulated lymphocytes. 
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CAN PROTEIN SYNTHESIS IN CULTURED CELLS BE REGULATED BY 
MEMBRANE-MEDIATED EVENTS ? 

G. Koch, P . B i l e l l o , R. M i t t e l s t a e d t , A. Hoffman and 
L. F i s h e r , Roche I n s t i t u t e of M o l e c u l a r B i o l o g y , N u t l e y , 
New J e r s e y 

Membranes a r e t h o u g h t t o p l a y a key r o l e i n t h e 
r e g u l a t i o n of b a s i c f u n c t i o n s of t h e c e l l such as DNA r e -
p l i c a t i o n , gene e x p r e s s i o n and t r a n s p o r t of n u t r i e n t s . 
They c a r r y s p e c i f i c r e c e p t o r s f o r hormones and f o r c e l l -
c e l l i n t e r a c t i o n s ^ - . I n f e c t i o n by v i r u s e s , e s p e c i a l l y by 
o n c o g e n i c v i r u s e s , c a u s e s a l t e r a t i o n s i n membrane s t r u c -
t u r e s

2
. C e l l s a r e r e l e a s e d from c o n t a c t i n h i b i t i o n by e x -

p o s u r e t o t r y p s i n o r p r o n a s e ^ . A d d i t i o n of p r o n a s e - r e -
l e a s e d membrane g l y c o p r o t e i n s t o s u s p e n d e d c e l l s r e s u l t s 
i n a r a p i d i n h i b i t i o n of p r o t e i n s y n t h e s i s ^ . Exposure of 
s e v e r a l t i s s u e c u l t u r e c e l l l i n e s t o medium h y p e r t o n i c i t y ^ 
( e x e r t e d by a d d i t i o n of e i t h e r s u c r o s e o r s a l t s ) , t o 
DMSO

6
 and t o L - l - T o s y l a m i d o - 2 - P h e n y l e t h y l C h l o r o m e t h y l 

Ketone (TPCK)7 t r i g g e r s an immed ia t e b l o c k a g e i n t h e 
i n i t i a t i o n of p r o t e i n s y n t h e s i s . However, p r o t e i n s y n t h e -
s i s i n c e l l - f r e e e x t r a c t s p r e p a r e d from t h e s e c e l l s con -
t i n u e s i n t h e p r e s e n c e of e i t h e r s u c r o s e , g l y c e r o l , DMSO 
o r TPCK. These o b s e r v a t i o n s s u g g e s t t h a t membrane-media-
t e d e v e n t s a r e i n v o l v e d i n t h e r e g u l a t i o n of p r o t e i n s y n -
t h e s i s i n c u l t u r e d c e l l s . 
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ALTERATION OF MEMBRANE ANTIGENS BY TRYPSIN 

J . A . M o l i n a r i , S. S inka and D. P i a t t , Un iv . of P i t t s b u r g h , 
P i t t s b u r g h , P e n n s y l v a n i a 

Transformed c e l l s a r e c a p a b l e of b e i n g a g g l u t i n a t e d by 
p l a n t l e c t i n s , such a s whea t germ a g g l u t i n i n ^ and c o n c a n a -
v a l i n A,2 w h i l e no rma l c e l l s r ema in u n a f f e c t e d . When no rma l 
f i b r o b l a s t s a r e t r e a t e d w i t h t r y p s i n t h e y l i k e w i s e a r e a g -
g l u t i n a t e d i n t h e p r e s e n c e of t h e s e l e c t i n s . 3 S i n c e t h e 
immunologic i m p l i c a t i o n s of t h e s e phenomena r e m a i n t o be 
c l a r i f i e d , t h e p r e s e n t s t u d y examined a l t e r a t i o n s i n a n t i -
g e n i c i t y of n o r m a l (3T3) and polyoma v i r u s - t r a n s f o r m e d (PY-
3T3) mouse f i b r o b l a s t s f o l l o w i n g m i l d t r e a t m e n t w i t h t r y p s i n . 

The c e l l l i n e s were grown i n D u l b e c c o T s m o d i f i e d 
E a g l e 1 s medium and h a r v e s t e d 5 days a f t e r s u b c u l t u r i n g . C e l l 
l a y e r s were o b t a i n e d f o r i m m u n i z a t i o n employ ing e i t h e r 
m e c h a n i c a l s c r a p i n g o r t r e a t m e n t w i t h 10 yg /ml t w i c e c r y s -
t a l l i z e d t r y p s i n f o r 3 min . Washed c e l l p r e p a r a t i o n s were 
r e s u s p e n d e d i n p h y s i o l o g i c a l s a l i n e t o a c o n c e n t r a t i o n of 
3 χ 1θ5 c e l l s / m l and d i l u t e d 1:2 w i t h c o m p l e t e F r e u n d T s a d -
j u v a n t t o form s t a b l e e m u l s i o n s . ICR/CD-I mice were im-
munized w i t h 0 . 2 ml s u b c u t a n e o u s l y and f o o t pad t e s t e d 7 
days l a t e r t o d e t e c t d e l a y e d h y p e r s e n s i t i v e r e a c t i o n s . The 
e x t e n t of pad s w e l l i n g f o l l o w i n g c h a l l e n g e w i t h 0 . 0 5 ml of 
an a p p r o p r i a t e t e s t s u s p e n s i o n was compared t o t h a t measu red 
f o r a c o n t r o l h i n d pad i n j e c t e d w i t h 0 . 0 5 ml s t e r i l e p h y s i o -
l o g i c a l s a l i n e . Measurements were t a k e n 4 and 24 h r a f t e r 
c h a l l e n g e . 

Mice immunized w i t h u n t r e a t e d PY-3T3 c e l l s gave p o s i -
t i v e d e l a y e d h y p e r s e n s i t i v e r e s p o n s e s (24 h r ) when c h a l -
l e n g e d w i t h homologous a n t i g e n , b u t m i l d t r e a t m e n t w i t h t r y -
p s i n p r i o r to s e n s i t i z a t i o n a b r o g a t e d t h e a b i l i t y of t h e 
v i r a l - t r a n s f o r m e d c e l l s t o i n d u c e a 24 h r r e a c t i o n . None of 
t h e a n i m a l s g i v e n u n t r e a t e d 3T3 f i b r o b l a s t s r e s p o n d e d t o 
f o o t pad c h a l l e n g e w i t h a s i m i l a r c e l l p r e p a r a t i o n . How-
e v e r , mice immunized w i t h t r y p s i n - t r e a t e d 3T3 c e l l s showed 
p o s i t i v e 24 h r r e a c t i o n s a f t e r c h a l l e n g e w i t h e i t h e r homo-
l o g o u s a n t i g e n o r u n t r e a t e d PY-3T3 c e l l s . 
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IgM Complex Receptors on Τ and Β Lymphocytes 

H. Whitten^, E.W. Lamon^ and B. Anderson^ 

1-Department of Surgery and Microbiology, University of 

Alabama in Birmingham School of Medicine, Birmingham, Alabama 

and , 2-Department of Tumor Biology, Karolinska Institute, 

Stockholm, Sweden 

CBA mouse antiserum was harvested five days following 

a primary injection of sheep red blood cells (SRBC). Using 

this antiserum (heat inactivated) coated on SRBC the extent 

of rosette formation with non-immune spleen, lymph node and 

thymus lymphocytes was determined. The macroglobulin 

nature of the antiserum was evidenced by a hemolytic titer 

of 1:1024 and an extreme 2-mercaptoethanol sensitivity of 

hemagglutination activity. A zenith of rosettes was observed 

with a 1:32 dilution of antiserum with all three types of 

lymphocytes. 25% of spleen cells, 10% of lymph node cells 

and 7% of thymus cells exhibited SRBC rosettes at this dilu-

tion of antiserum. No rosettes were observed when the lympho-

cytes were incubated with SRBC alone. Subsequent fractiona-

tion experiments employing rabbit anti-lg serum, rabbit 

anti-T serum and macrophage removal by iron powder and 

magnetism showed that sub-populations of both normal Τ 

and Β CBA splenic lymphocytes possessed receptors for the IgM-

SRBC complexes. The receptor was insensitive to trypsin. 

The functional significance of a receptor for IgM complexes 

on a thymocyte subpopulation may be correlated with the 

recently demonstrated destruction of Murine Sarcoma Virus 

(MSV) induced tumor cells in vitro by normal thymocytes in 

conjunction with MSV tumor specific IgM (Lamon, Whitten, 

Skurzak, Andersson and Klein, unpublished data). 
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Β AND Τ LYMPHOCYTES IN DY S GAMMAGLO BULINEMIA 

B. Q. L a n i e r , A. S. Goldman, and N. S . H a r r i s , S h r i n e r s Burns 
I n s t i t u t e , and The U n i v e r s i t y of Texas M e d i c a l B r a n c h , 
G a l v e s t o n , Texas 

The immuno log ica l s u r f a c e c h a r a c t e r i s t i c s of Τ and Β 
l y m p h o c y t e s was i n v e s t i g a t e d i n p a t i e n t s w i t h p r i m a r y immuno-
d e f i c i e n c i e s . Τ l y m p h o c y t e s were enumera t ed by t h e E - r o s e t t e 
a s s a y . I n a d d i t i o n , t h e Ε - r o s e t t e s were a l s o examined a f t e r 
i n v i t r o t r e a t m e n t of l y m p h o c y t e s w i t h t h y m o s i n ^ . Β lympho-
c y t e s were d e t e r m i n e d by f l u o r e s c e n t s t a i n i n g u s i n g heavy 
c h a i n s p e c i f i c a n t i b o d i e s t o IgA, IgG, and IgM, a s w e l l a s a 
s p e c i f i c a n t i s e r a t o p lasma c e l l s which was p r e p a r e d by u s i n g 
an jLn v i t r o c u l t u r e of human p lasmacytoma c e l l s a s t h e a n t i -
gen . T h i s a n t i s e r a r e c o g n i z e s a p o p u l a t i o n (11.5%) of human 
b l o o d l y m p h o c y t e s w i t h a s u r f a c e p lasma c e l l a n t i g e n i c 
m a r k e r ^ . 

Twenty p a t i e n t s were s t u d i e d . They r anged i n age from 
s i x months t o 45 y e a r s and had one of t h e f o l l o w i n g immuno-
d e f i c i e n c i e s : s e v e r e combined i m m u n o d e f i c i e n c y , B r u t o n f s x -
l i n k e d agammaglobu l inemia , x - l i n k e d dysgammag lobu l inemia , 
v a r i a b l e hypogammaglobu l inemia , o r i s o l a t e d IgA d e f i c i e n c y . 
The most s i g n i f i c a n t a s p e c t of t h i s s t u d y was t h e r e l a t i o n -
s h i p of t h e number of l y m p h o c y t e s w i t h t h e p l a sma c e l l a n t i -
gen (PC) and t h e t y p e of i m m u n o d e f i c i e n c y . Blood l y m p h o c y t e s 
b e a r i n g PC were d e f i c i e n t i n x - l i n k e d agammaglobu l inemias and 
c e r t a i n o t h e r d i s e a s e s . The l e v e l s of PC b e a r i n g l y m p h o c y t e s 
c o r r e l a t e d w i t h t h e number of Ig b e a r i n g c e l l s i n some of 
t h e s e d i s o r d e r s , b u t n o t i n o t h e r s . These s t u d i e s s u g g e s t 
t h a t t h e measurement of t h e p lasma c e l l a n t i g e n on l y m p h o c y t e s 
i s an a d d i t i o n a l t o o l f o r t h e i n v e s t i g a t i o n s of p r i m a r y immu-
n o d e f i c i e n c y d i s e a s e s , and may a i d i n f u r t h e r u n d e r s t a n d i n g 
and c a t e g o r i z i n g them. ( T h i s s t u d y was s u p p o r t e d i n p a r t by 
NCI. ROI CA 15278 0 1 . ) 
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THE ROLE OF THYMIC EXTRACT IN TRANSFER OF DELAYED HYPERSENSI-
TIVITY (D.H.S.) AND IMMUNOSTIMULATION 

Elias G. Elias, M.D., M.S., F.Α.CS. and Robert M. Cohen, B.S. 
Roswell Park Memorial Institute, Buffalo, New York 

The first objective was to transfer cell-mediated immu-
nity to guinea pigs (CP.) and man, utilizing a non-cellular 
thymus extract (TE) from previously sensitized CP. Twenty-
two CP. less than 3 months of age were the donors of TE. 
Three of them were not sensitized and these donated TE°. 
Another 9 animals were sensitized with dinitrochlorobenzene 
(DNCB) and donated T E D N C B. The remaining 10 CP. were sensi-
tized with BCG and were the donors of TE P P D. Forty-four 
adult CP. received different thymic extracts: 12 received 
TE° by different routes and none of these developed D.H.S. to 
DNCB or PPD. Sixteen adult animals received T E ™ C B and were 
divided into 2 groups that were tested 12 hours and 6 days 
later and both groups developed D.H.S. to DNCB. The last 16 
adult CP. received T E P P D at different dose levels (.1, .3, 
.5 of thymus) and were tested for PPD skin reactions at 24 h, 
1 and 2 weeks, and at 3 months. D.H.S. to PPD reached maxi-
mum at 2 w period post-transfer as 13/16 turned positive to 
PPD. 

Eight patients - with metastatic carcinoma that showed 
no DNCB response on 2 or more occasions for over 2 months -
received T E ™ C B intradermally (I.D.) and 6 of them developed 
D.H.S. to DNCB. Another 9 patients that were PPD negative 
received T E P P D I.D. and 7 of them developed D.H.S. to PPD be-
tween the 4th and 6th day. 

The second objective was non-specific immunostimulâtion 
in man. Eight patients received TE°,which resulted in a rise 
in peripheral lymphocyte count, PHA stimulation or Τ cell ro-
sette formation. 

It seems that D.H.S. to DNCB and PPD could be transferred 
cross-species with small doses of acellular thymic extract, 
even in the immunosuppressed subjects. An intact bone marrow 
may be essential to establish such transfer. Furthermore, 
non-specific thymic extract can re-institute immunocompetence 
in cancer patients. 

349 



GROWTH PROPERTIES AND ALLOANTIGEN IC EXPRESSION OF MURINE 

LYMPHOBLASTIC CELL LINES GROWN IN SUSPENSION CULTURE 

R.K. Zwerner and R.T. Acton, University of Alabama in 

Birmingham, Bimingham, Alabama 3529^ 

In an endeavor to culture cells expressing Thy-1 and 

TL cell surface "differentiation alloantigens" in mass volume, 

preliminary investigations on growth properties and allo-

antigenic expression have been carried out on murine lympho-

blastic cell lines. Growth curves initiated with various 

cell concentrations, per cent of new medium, and cells from 

various phases of a growth curve, have permitted a better 

understanding of the growth properties of lymphoblasts when 

cultured in 8-L spinner flask, 3~L vibrofermentor or 14-L 

fermentor. Cells cultured in these three types of suspension 

culture vessels attained a density of 2- 6 χ 1 0 6 viable cell/ml. 

In addition to the growth studies, the expression of TL and 

Thy-1 has been quantified. While all but one cell line 

investigated was demonstrated to have Thy-1, the precise amount 

expressed varied by as much as 50-fold. Cells examined at 

different phases of the growth curve showed a variation in 

the amount of Thy-1 expressed while TL expression was more 

constant. These studies indicate that murine lymphoblastic 

cell lines can be grown to a high density providing certain 

culture conditions are achieved which continue to express 

Thy-1 and TL cell surface antigens. 
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REGUIATION OF Ab ACTIVITY OF KABBIT (Rab) Ig LYMPHOCYTES 

(LC) BY PRODUCTS OF Rab Ig~LC. 

Clara Bell f U. of Illinois, Chicago, Illinois. 

Synthesis by mouse (Mu) B-LC of Ab against sane Ag depends 

on a helper function by T-LC or T-LC products^. Rab show 

LC with Ig receptors and expressing PFC (Ig+LC) , like Mu or 

human (Hu) B-LC, and LC undergoing blast transformation 

with anti-Ig (Ig"LC) , like Mu or Hu T-LC2. This indicates 

that Rab may have analogous, functionally distinct LC types 

tho it is unclear if they possess T-LC. 

LC of Rab homozygous for the K-L-chain (b4 or b5) and for 

the Vjj-chain (al, a2 or a3) allotypes, have been separated 

into Ig+LC and Ig"LC^ by rosetting with complementary Ig-

SRBC target indicator cells
4
. The Ig+LC shewed Ig-recep-

tors, bound
 1 2 5

1 labeled or f luoresce in-con j ugated anti-K-

L-or Vfj-Ig, formed RFC or PFC of K-L- or νΉ-specificity 

and responded to SO, PLS or dextran polyclonal stimulation. 

The Ig~LC lacked Ig-receptors, bound labeled or fluoresced 

anti-brain Ig and responded to PHA stimulation^. 

In this study, Ig~LC from unirrmunized (NI) or iimiunized (I) 

Rab were cultured with SRBC or with mitogens and the cell-

free supernatants (S) analyzed for effect on the response 

of Ig+LC to SRBC, BSA-SRBC or mitogens. S from NI or 

primary I Ig"LC had a facilitating effect on Ig+LC. S from 

secondary I had a suppressive effect. Pre-treatment of the 

Ig~LC with anti-brain Ab and complement abrogated abt 70% 

of responsiveness to PHA and rendered the S ineffective. 

Pre-treatment of Ig+LC with anti-brain Ab did not abrogate 

their responsiveness to mitogens or to S of Ig~LC. 
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EVIDENCE FOR THE GENETIC CONTROL OF ANTIGENIC MODULATION 

W. Liang and E.P. Cohen, La Rabida-University of Chicago 

Institute, Chicago, Illinois 60649 

Thymus cells of several strains of mice and murine leu-

kemias form thymus-1eukemia (TL) antigens; in the presence 

of TL antisera, the TL antigens reversibly disappear from 

the cells (antigenic modulation). Studies of the metabolism 

of TL antigens of leukemic cells reveals that modulation 

results because in the presence of TL antiserum the rate 

of antigen degradation exceeds its rate of synthesis (1,2). 

Further growth in the absence of specific antiserum leads 

to re-expression of TL antigens. The capacity for modu-

lation exceeds the host's immune capacity and permits 

neoplastic TL(+) cells to grow without inhibition in speci-

fically preimmunized recipients. 

A somatic hybrid of TL(+) and TL(-) cells was formed 

which continued to express TL antigens; however, it lost 

the capacity to undergo antigenic modulation. ASL-1 leu-

kemia cells (H-2 a, theta-C3H, TL 1,2,3, modulation (+)) were 

fused, with the aid of inactivated Sendai virus, with LM(TK) 

cells (H-2 k, TL(-), theta (-)). The hybrid cells were 

selected in vitro in HAT medium. They formed both H - 2 a and 

H - 2 k antigens and possessed a hybrid karyotype. They were 

theta (-). The hybrid cells as their ASL-1 parents formed 

TL 1,2,3 antigens. The concentration of TL antigens in the 

hybrid paralleled that of F] hybrids of TL(+) and TL(-) 

strains and was less than that of ASL-1 cells. Hybrid 

cells failed to undergo antigenic modulation in the presence 

of high titers of TL 1,3, TL 2, or TL 1,2,3 antisera. Ex-

posure to TL antisera for up to five times as long as that 

required to modulate parental ASL-1 cells was used in the 

attempt. Both direct and indirect immunologic means were 

applied. Persistance of TL antigens after prolonged ex-

posure to TL antisera was found by immune cytotoxicity, 

immunofluorescence, mixed hemagglutination and TL antibody 

absorption by hybrids as well as by the direct isolation 

of TL antigens from the cells. 
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THE RESPONSE OF CONGENITALLY ATHYMIC (NUDE) MICE TO 
INFECTION WITH MYCOBACTERIUM BOVIS (STRAIN BCG) 

N.A. Sher, S.D. Chaparas, L.E. Greenberg, E.B. Merchant, 
J. Vickers Bureau of Biologies, FDA, USPHS, Bldg 29, Rm 406, 
NIH, Bethesda, Maryland 20014 

The host response to M.bovisr strain BCG, in immuno-
suppressed subjects is of importance with the widespread use 
of BCG in cancer patients. Mice homozygous for the mutation 
nude (nu/nu) are athymic and lack T-dependent lymphocytes. 
They are hairless, have retarded growth and die of a "wasting11 

syndrome. Nude mice and heterozygote (+/nu) controls which 
are phenotypically and immunologically normal were infected 
with 1.0x10" colony forming units of Phipps strain BCG, i.v. 
There was a significant decrease in morbidity (wt. loss) and 
mortality of the nude mice infected with BCG versus the saline 
treated nudes. In the +/nu spleens, there was progressive 
growth of BCG up to the second week followed by a gradual 
decline. In the nude mice, BCG growth was progressive after 
the second week until death at 5-6 weeks. In the lung, 
significant differences were not noted until after the second 
week, at which time there was a rapid growth in the nude mice, 
with an increase of more than two log^g. No significant 
growth occurred in the livers of either group. 

Changes in the normal histology of the lung were 
striking and included a massive influx of monocytes during 
the first two weeks, which peaked at day 21. In the +/nu, 
there was considerable granuloma formation by day 28, 
consisting of monocytes and small lymphocytes. In the nu/nu 
lung, the granulomas were made up primarily of monocytes with 
a lack of small lymphocytes. Acid fast stains confirmed the 
presence of large numbers of organisms in the nu/nu macrophages 
which gradually destroyed the cells. It is hypothesized that 
in the nude mouse, the lack of Τ cells resulted in a decreased 
ability to produce lymphokines to the mycobacterial antigens. 
Subsequently the nude macrophages, although present in 
adequate numbers, are not sufficiently activated and are 
unable to suppress the proliferation of organisms. 
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N O N S P E C I F I C S T I M U L A T O R S OF ΤΗΞ IMMUNE S Y S T E M 

B e n j a m i n B e c k e r a n d J u l i a n R . K a u f m a n t P u r d u e 
U n i v e r s i t y , F o r t W a y n e , I n d i a n a 

BCG ( B a c i l l e C a l m e t t e G u é r i n ) i s t h o u g h t t o 
b e a s t r o n g n o n s p e c i f i c s t i m u l a t o r o f t h e i m m u n e 
s y s t e m a n d h a s f o u n d u s e i n c a n c e r t h e r a p y . BCG 
i s a n a t t e n u a t e d s t r a i n o f M y c o b a c t e r i u m b o v i s , a 
c a u s e o f t u b e r c u l o s i s i n a n i m a l s . H o w e v e r , t h e 
s i d e e f f e c t s o f BCG t h e r a p y c a n b e u n p l e a s a n t a n d 
d a n g e r o u s . T h u s a s e a r c h i s b e i n g m a d e f o r o t h e r 
m i c r o o r g a n i s m s o r m a c r o m o l e c u l e s w h i c h a r e 
n o n s p e c i f i c i m m u n o s t l m u l a t o r s w i t h l e s s t o x i c 
s i d e e f f e c t s . 1 

M y c o b a c t e r l u m i s a g e n u s o f t h e b a c t e r i a l 
o r d e r A c t l n o m y c e t a l e s . A l l m y c o b a c t e r i a h a v e 
p o l y s a c c h a r i d e s c o n s i s t i n g o f m a j o r a m o u n t s o f 
a r a b i n o s e a n d g a l a c t o s e . C h e m i c a l a n a l y s e s o f 
t h e h y d r o l y s a t e s o f t h e c e l l w a l l s o f m e m b e r s o f 
t h e o r d e r A c t l n o m y c e t a l e s r e v e a l t h e p r e s e n c e o f 
a r a b i n o s e a n d g a l a c t o s e i n t h e f o l l o w i n g g e n e r a : 
N o c a r d l a , T h e r m o m o n o s p o r a a n d M l c r o p o l y s p o r a . 2 
T h e s u g a r c o m b i n a t i o n "was n o t f o u n d I n 
S t r e p t o m y c e s , M i c r o m o n o s p o r a . A c t l n o m a d u r a . 
T h e r m o a c t l n o m y c e s , A c t l n o p l a n e s , S t r e p t o s p o r a n -
g l u m , a n d P e r m a t o p h l l u s . T h u s m e m b e r s o f t h e 
g e n e r a M y c o b a c t e r l u m , N o c a r d l a , T h e r m o m o n o s p o r a 
a n d M l c r o p o l y s p o r a h a v e a c e l l w a l l p o l y s a c c h a r i d e 
c o n t e n t s i m i l a r t o t h a t o f BCG a n d a r e v a l u a b l e 
c a n d i d a t e s f o r t h e r o l e o f n o n s p e c i f i c 
i m m u n o s t i m u l a t o r s . 
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