
D I S C U S S I O N — S E S S I O N IV 

HOWARD T . KARSNER, Chairman 

CHAIRMAN KARSNER: It is gratifying to be asked to serve as moderator at this ses
sion because I have been associated with the Navy for five years, have had close, 
cordial relations with Office of Naval Research, and am an alumnus of the University of 
Pennsylvania. I would like to say a reassuring word to the biochemists. Pathologists 
have, for time immemorial, been beset by scientists and clinicians. But they have devel
oped, perhaps by natural selection, a great degree of resistance to these attacks. As time 
goes on, it may be that biochemists will become equally resistant. Some of the com
ments that were made by Dr. Barrett are of great interest to me as a pathologist—not 
as a scientist, as a pathologist. And I am interested, of course, in the fact that in his 
work, he has death as an end point for a tumor involvement. That is not true in 
man. We have to say, after we have done an autopsy, whether that patient died of a 
tumor, or with a tumor, or both. I am particularly impressed by his semantic allusion 
to the word "adaptation/' and only a few days ago I had to dilate a little bit on the 
implication of the word "adaptation" to teleology. I know that Dr. Barrett has that 
very much in mind when he said he was hesitant about using the word "adaptation." 
These are only introductory things. Of course, Dr. Barrett quoted a good many 
authorities, many of whom I am familiar with, and yet he did not make one quotation 
about which he knows, I am sure—but this may not be familiar to the scientists in other 
fields. H. Gideon Wells, in referring to cancer in mice, spoke of the difference between 
mice and man in this way—by contrast, man is a polyhybrid heterozygous bastard of 
low fecundity. Each one of these papers could be the subject of a symposium itself, 
but with the time drawing to a close, we enter now into the discussion of the matters 
before you. Fortunately all the speakers are here in the front, and will be ready to 
reply as you raise your questions or present your discussion. Let me point out that one 
of the main reasons I was so much of a martinet in limiting the time for these papers 
was to allow ample time for discussion. 

M. G. SEVAG: I would like to ask Dr. Law the question whether he has any data 
regarding the metabolism of cells before and after the action of aminopterin; if he 
doesn't, can he give us an idea of the rate of multiplication of his leukemic cells, show
ing resistance to aminopterin. The reason I ask this question is that I am hesitant to 
accept that there is a spontaneous mutation as basis for resistance, because there is 
not a single experiment to convince us that the metabolism or biochemical properties 
of the cells has not undergone a change after being in contact with a toxic agent, as 
Drs. Miller have shown in the study of the action of carcinogenic substances that a 
drug combines firmly and stays with the protein for a long time. Such chemical com
binations must produce qualitative and quantitative changes. The data presented 
suggest strongly that the tissue proteins have undergone changes under these condi-
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tions. For this reason I would like to ask whether he has any data, comparative data, 
to show that the metabolism of the sensitive cells are identical with those of the 
resistant cells he has studied. 

J. H. BURCHENAL: I would like to comment on Dr. Law's work. I think this is of 
the greatest importance as far as clinical value in patients is concerned, particularly 
the data he has presented showing the 8-Azaguanine strains of leukemia are increas
ingly sensitive to A-methopterin. We have some data in mice showing an A-methop-
terin-resistant strain of mouse leukemia is more sensitive to 6-mercaptopurine. In pati
ents, however, this increased sensitivity has not been demonstrated as yet. Probably 
what has happened, once a patient has become resistant to, say, mercaptopurine, one 
is loathe to carry on to a high degree of resistance for fear the patient will die before 
the second agent is tried. There is no cross-resistance in children with acute leukemia 
between A-methopterin and mercaptopurine. Similarly a dependence has not been 
seen, to the best of my knowledge, to either A-methopterin or 6-mercaptopurine, in 
patients with acute leukemia. Again we are dealing with only a single generation of 
tumors. We are able to carry a patient's leukemia from one patient to another, and the 
chances are that the short time that the strain of leukemia is treated with mercapto
purine is not sufficient for it to develop resistance. One last thought is that 8-Azagua
nine has been tried in patients, but unfortunately only in patients with metastatic 
carcinoma. At relatively small doses this drug caused tremendous difficulties with skin 
eruptions and exposure to dermatitis. For that reason it never has sufficient use in 
acute leukemias. It might have considerable value there and it should be tried both 
alone and in combination with A-methopterin as Dr. Law has suggested. 

T. SMYTH: If it is not out of place, I would like Dr. Barrett to elucidate that 
X-rays would not abrogate tumor resistance already present. Does he refer to a natural 
resistance or an induced? 

L. P. MILLER: I am sure all of us enjoyed, as I did, the brilliant presentation of Dr. 
Schneider on the strategic situation. All of us would like to hear more about the 
specific tactics he has used, the system he alluded to in general terms. 

CHAIRMAN KARSNER: I will ask each speaker to take up what has particularly 
applied to his field and any other fields he feels disposed to attack. 

L. W. LAW: In regard to Dr. Sevag's question, the material we have relating to 
studies in metabolism or differences in metabolism on sensitive and transformed cells 
is very preliminary. Some of the differences certainly are only of quantitative, or 
differences of degree. I think that probably you are driving at the same point that 
Dr. Dean is, who asked our interpretations of the fluctuation tests. May I say that our 
conclusions on that are these: That we were able to recover, using the fluctuation 
test, resistant leukemic cells, which at no time were under the influence of drugs. 
This indicates that these transformations are stable, irreversible, and heritable. Since 
they are tissue cells, we have no way of determining whether this is genetic. I think 
probably, in time, with proper markers on the cell, that one will be able to do that, 
and we hope to some day. 

M. G. SEVAG: My purpose, of course, is not to detract from the excellent paper 
Dr. Law presented, but there is one question that still has to be discussed. It deals 
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with the direct action of acriflavin on trypanosomes and yeast cells. This action brings 
about the elimination of kinetonucleus from trypanosomes with and without associa
tion with resistance. One contact with acriflavin brings 100% conversion of the yeast 
cells to a vegetative form producing distinctive changes in the enzymatic constitution, 
loss of cytochrome and succinoxidase, etc. I wish also to call attention to the action of 
streptomycin on green Euglina. Due to the action of streptomycin the enzyme systems 
that synthesize the green material are eliminated lastingly without killing any of the 
cells whatsoever. There is 100% recovery of the colonies plated out. Instead of green 
colonies, however, there are now white colonies. These bleached colonies reproduce 
in the absence of streptomycin without reverting to the original form, thus indicating 
that chlorophyl-synthesizing ability of Euglina is lost inheritably. Also, Prof. Akiba 
reported during this symposium that under nonproliferating conditions, washed suspen
sions of E. coli exposed to 100 μg of streptomycin per milliliter for 13 days at 37 °C 
became 100% resistant to 1000 μg of streptomycin. Control cells were sensitive to a 
few micrograms of antibiotic. In view of these direct chemical actions not involving 
the selection of mutants assumed to emerge spontaneously, and also the fact that we 
were unable to demonstrate any resistant cells in a population of 200 million normal 
cell population under such conditions which would enable us to detect a single 
resistant cell if these were present, there is a strong doubt in my mind, therefore, 
whether you are actually not inducing resistance to your antileukemic agents. I think 
that the question should be left open for further study from various angles, for I am 
sure the information gathered from the study of this question will have numerous 
useful and theoretical applications. 

CHAIRMAN KARSNER: I would like to enlarge Dr. Sevag's comments to paraphrase 
a quotation familiar to all of you, which is especially impressive in Washington: 
"Nothing we can say or do here will detract in any measure what they did here." 

Μ. K. BARRETT: I do not know how to reply to Dr. Karsner's remark about using 
death as an end point. I feel that you are far more competent to answer this question 
than I am. I take death as an end point in these experiments with transplantation to 
avoid argument. I have data on tens of thousands of tumors, I suppose, which show 
that, if used properly, other criteria can be used to evaluate the results: for example, 
one can judge results on the basis of the percentage of "take." But if one does so one 
is apt to get into an argument, because some will say that such tumors weren't shown 
to be compatible with the host in the sense that they would grow progressively and 
kill the host. So I use lethal tumors as an end point to avoid this argument. 

Now, some people also inject into this argument the question of regression. This 
argument is also fruitless at the present moment. One can either include the tumors 
that regress, or leave them out, and if one handles the data properly, and there are 
sufficient data, and conditions are controlled properly, one can use either sort of 
data and arrive at the same fundamental conclusions. However, one cannot, at the 
present moment, settle the argument that exists with respect to the inclusion of 
regressing tumors. I hope before long to publish a paper on this question—I haven't 
started the paper but I have accumulated the data—which will show that regression in 
these tumors, that is, the small fraction of tumors that "take" but subsequently 
regress, and the "adaptive" changes shown are subject to the same kind of laws and 
the same kind of controls, that they can be modified in the same sort of way, and can 
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be shown to have a similar sort of specificity. At the present time I just don't know 
exactly how a tumor kills an animal but I do know a lot about the arguments I get 
into if I don't speak in terms of lethal tumors. The question of sterility involves a 
field in which I lack competence. I talk freely in the field of immunogenetics as it 
is now called, perhaps more so because I am neither an immunologist nor a geneticist, 
so this gives me free range. I understand, however, that immunologists have demon
strated the fact that in sperm and in the ovum, an immune type of interaction can be 
demonstrated, and that this may go quite beyond the simple immunizing of a female 
against one specific sperm. It can also be shown that this involves antigens and 
antigenic relationship that are complex and these can be separated into categories 
depending upon whether they are in the sperm or in the ovum, and if in the ovum 
whether in the capsule or in the cytoplasm and if in the sperm whether in the head or 
the tail. However, I could not discuss the implications of all that. But is that the 
sort of thing you were thinking about? 

A. POTTER: IS there any analogy between that and the tumor transplant? 

Μ. K. BARRETT: This would be pure speculation. As a matter of speculation, I 
think yes, because in the present crude state of our knowledge we might think of each 
case as involving two cells, which, when brought together, will react to each other 
in a specific way, possibly a little different than that involved in the usual sero
logic concepts. Now in that very crude sense, they seen similar to me. That is what 
happens to my tumor cells and host cells. With regard to the embryo, you have 
touched upon an extremely interesting question because—again, Dr. Karsner would be 
more competent to discuss this than I—the trophoblastic reaction, the formation of 
decidua, the rapid growth and invasion, the acquisition of blood anastomses, and so 
on, and the final stopping of this reaction, have attracted the attention of cancer in
vestigators for a great many years. I think if one wishes—again on a purely philosophic 
and speculative basis—one can see a great deal of analogy in what happens there and 
what happens in cancer. I believe that investigations in this field might prove en
lightening. However, according to my viewpoint, an essential difference should be 
noted. The decidua grow rapidly and invade the uterus until a certain stage is 
reached, then the growth and invasion cease, except rarely. On the other hand, a 
cancer grows and invades but it does not stop, except rarely. This appears to be an 
important difference and it might involve some of the obscure phenomena of immuno
genetics. With regard to the question on abrogation of resistance by X-ray, as 
indicated in my paper, the so-called natural resistance between species can be 
abrogated, or prevented from developing, by exposing the animal to a suitable dose 
of X-rays before the foreign tissue is implanted; this also applies to the resistance 
against transplantation between different strains of the same species. However, in 
either case, if the tumor is implanted first immunity is aroused, and after immunity 
has developed it cannot be abrogated by X-rays. In the case of transplantation between 
strains within a species the same statements can be made with regard to the immunity 
that follows the inoculation of normal tissues. Cortisone seems to act in a similar 
fashion to X-rays and the two are synergistic, but cortisone appears to have a less 
powerful effect. Both agents appear to act by delaying the development of an im
pending immune reaction. They seem ineffectual against an immunity that is already 
established—unless it be the natural immunity between species, which, as pointed out, 
may not be a reality before the test inoculum is implanted. 
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Η. A. SCHNEIDER: Well, Dr. Miller has arisen and asked a question; and in 
consonance with this symposium, he has reversed the whole field of questioning. 
Ordinarily, when one goes to a meeting, one has been worried for months about one's 
experiments. One asks oneself: "Have I checked everything? Has everything been done 
correctly?" Then one gets up to report about the experiments with some hesitation 
and diffidence. But when it comes to the interpretation—one is rock firm. On the other 
hand, one's critics get up and say, with a wave of a hand, "This is all fine. But what 
about the interpretation?" Today, Dr. Miller is apparently satisfied with my interpreta
tion, but he wants to know about the experiments. But now since he has asked 
the question, I'll give you a brief outline—no details—on what it means to do this 
kind of experimentation. At the outset, it took about 900 animals to pin down the 
fact that there was a small nutritional effect on natural resistance to infection. In 
the 14 years in which we have been engaged on this problem, we have dissected 
out a list of variables, of which eight were controlled at the outset. We have now 
detected 21, which are under control in our infection model. The one variable we 
manipulate is nutrition. Now granted we control the other 20, and we are man
ipulating nutrition, what shall wo do? What shall we manipulate? We took what we 
thought is the lesson of the historical development of nutrition, namely, that what was 
important wasn't the quantitative arrangement of the things about which we know, 
which was responsible for the effects we observed, but rather those qualitative aspects 
of the situation about which we knew nothing. And so we elected to compare, not the 
manipulation of the materials in the synthetic list of materials which we put into the 
diet, but rather, to take a synthetic diet, put in every vitamin you ever heard about, 
and compare that with a diet of natural foodstuffs. And it was in such a diet of 
natural foodstuffs—which is a very simple one, by the way, two-thirds whole wheat, 
one-third dried whole milk, and one per cent salt—that we became aware of a new 
qualitative nutritional factor affecting resistance. It is from that basis, by analyzing 
the borderline, the zone extending from what we know to what we do not know in 
nutrition, that we were led into the realization, the demonstration, of this nutritional 
factor; and, as I said, we have concentrated it a millionfold from wheat. This factor 
is an organic cation of unknown composition. Every day we hope that we will see it 
crystallized. It appears that it will be necessary to work up several tons of wheat in 
order to achieve final isolation of this interesting compound. These are the tactics of 
what we are doing. But while I am up here, I cannot resist saying one thing, which 
has been on the tip of my tongue several times. This concerns the arguments that have 
arisen from time to time to plague us, and that, in conversations with some of you, 
I learn are perplexing. "What are these fellows talking about?" you ask, "What is this 
fluctuation test that so disturbs some of this little crowd?" My first advice is to 
relax. My second advice is to insist on an operational definition of what the debaters 
are doing, and then the disagreements will begin to fall away. My third advice is 
to suggest that the microbiologists get together and examine one model in both 
laboratories—on both sides of the ocean. And then talk about it. One group talks 
about streptomycin and penicillin, and the other talks about proflavine. It could 
be that there are important differences in the special biology of each model, and the 
argument based on generalities is a wasted argument. Dr. Sevag has doubts about the 
fluctuation test, because when he does some of his experiments he doesn't see any 
fluctuation. He gets 100% response. But he has heard about this fluctuation test, 
and he feels that it somehow will turn up. Now I would suggest that, in the material 
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with which Dr. Sevag is involved, he is dealing with a special biological problem. 
As in Ephrussi's yeast model, it may be the change in the cytoplasmic particles which 
is responsible for this character change. But the arguments that have occupied us, 
it seems to me, are quite by the by. I think the moral is that attention paid to an 
operational definition of what is being done, would see the disagreements and the 
troubles begin to fall away. We have seen a demonstration of this principle here in 
this meeting in the one instance in which there was an operational agreement, on 
replicate plating.* There was ready agreement on meaning. Replicate plating happens 
to be a very simple operation—which I wont bore you by describing—but it is so un
ambiguous, that the experimenters who use it can agree about what they are doing. 
So, operationally defined. I think that many of these problems will fall away. Good
bye and good luck. 

L . A. TERZIAN: I feel compelled to point out to Dr. Schneider that the problem 
can be simplified. We have been able to show that the innate susceptibility or resist
ance of a host animal to a particular parasite can be very significantly affected by the 
addition, in a diet consisting of sugar alone, of such comparatively simple compounds 
as amino acids, in a manner similar to the effects we produced by the administration 
of certain antibiotics, vitamins, and hormones. These compounds have produced real 
and marked changes in host susceptibility or resistance to infection, as I understand 
these terms. And apropos of Dr. Barrett's suggestion that excessive X-irradiation may 
have made his animals more susceptible to the tumors he mentioned, I think it might 
be of some interest to point out that we administered high doses of X-irradiation to 
our host animals, and contrary to expectation, we found that although irradiation 
does produce certain deleterious effects on the animal, nevertheless it does at the same 
time produce a marked increase in resistance to infection with the parasite we were 
studying. 

H. A. SCHNEIDER: I said, "Good-bye and good luck," but here I am again. I am 
not going to ask Dr. Terzian for an operational definition of what he is doing in his 
experiments. 

L. A. TERZIAN: I have already disclosed operational procedures and definitions in 
our papers. 

H. A. SCHNEIDER: If we were to inquire each time that we were asked a question, 
or each time we ventured to speak, for an operational definition, we would be silent 
most of the time. That doesn't mean, however, that we can't make extensional agree
ments, and if we can thus continue to talk, we may generate ideas. Now, about the 
manipulation of resistance, which I gather is brought up from the standpoint that there 
are other entities that can affect these issues. On other occasions I have pointed out 
this is so. But, the magnitude of the effects observed makes it necessary to distinguish 
the important from the trivial. Thus, if I take this pointer, and drop it, as you know 
from your school days and according to what Isaac Newton taught us, the earth also 
moves up to the pointer. But you intuitively recognize that in terms of practical ways 
in which we deal with a falling object, in our common sense perception of what is 
going on, we neglect the fact that the earth comes up to meet the pointer. And so 

* The reader is referred to the last part of the Discussion of Session I on replica plating in 
regard to Dr. Schneider's argument. Editors. 
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I say, in biology, in our animals, anything we do to them affects the issue. Anything. 
But the point is, what is the magnitude? Is it enough of a magnitude to interest us? 
Take alcoholism as we have heard about here. The speaker this morning got down to 
the point where he was arguing that if there was a 1% effect, he felt that he had proved 
his case of multivitamin therapy. If it isn't 1%, maybe he will come back and say, "But 
if it will be a hundredth of a per cent it will still prove my case." We are interested 
in those hypotheses which, with the minimum amount of assumption, can give us 
the broadest grasp of the phenomena that confront us. For example, take the plant 
investigators. When the plant people are confronted with a disease in their plants, do 
you suppose they look around for chemotherapeutic agents? No. They look for 
resistant varieties, and it is in the attempt to regain resistant varieties that they solve 
the problem of plant diseases. So that, operationally, the genetic manipulations of the 
plant breeder is a practical demonstration that there is one way—I don't say that it 
is the only way—in which this problem can be solved. But our human society is not 
organized on a eugenic basic. Medicine is euthenic in its outlook, not eugenic. 
Eugenics are left to marriage—which is made in heaven—although there is good 
evidence that it is pretty much of a lottery. Genetically, of course, it is. So that when 
we are faced with problems in frustration, I, in my analysis, attempted to examine 
wherein those frustrations lay, and whether we can deal with them by shifting ground, 
conjuring up new tactics, or whether there is something strategically wrong. Thank 
you. 

L . A. TERZIAN: I just want to point out that it was my regard for Occam's prin
ciple which led me to make my point in the first place, namely, that there could be 
simplification instead of complication. 

CHAHIMAN KARSNER: YOU will recall that at the end of the mimeographed material 
the committee ends up in this way: "Is it not possible that numerous chemicals have 
been found valueless because of the induction of resistance against them before a 
favorable effect could be observed? Are we heading in the right direction? Where are 
we heading for?" According to my interpretation of tomorrow's program, the answers 
will all be forthcoming. 




