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American Association for Cancer Research, Inc. 

34th Annual Meeting 
Hotel Stevens, Chicago, Illinois, April 14-10, 1941 

Proceedings of Scientific Sessions 

TUESDAY MORNING SESSION *--APRIL I5 

DR. BURTON T.  SIMPSON, PRESIDENT, PRESIDING 

STUDIES ON T H E  ROUS VIRUS IN F O R E I G N  SPE- 
CIES. F. DURAN-REYNALS.  (Yale University 
School of Medicine, New Haven,  Conn.)  

Newborn  ducklings were infected with the Rous virus 
of chicken sarcoma by intravenous injection of large 
amounts  of virus. The  infection produced either a fatal 
hemorrhagic disease, unaccompanied by tumor  forma- 
tion, similar to that seen in newborn chicks injected with 
the virus, or the  development  of late tumors.  The  late 
tumors consisted of one or a few slow-growing sarcomas 
in the skin, digestive tract, skull, ribs, and muscles. Oc- 
curring months  after tim injection when the bird is full- 
grown these tumors  may well give the impression of 
spontaneous neoplasms. The  virus which acquired the 
capacity to infect ducks lost its capacity to infect adul t  
chickens. (),fly young chicks were susceptible to the duck 
virus. Immedia te  and late tumors were produced by the 
cluck variant of  the virus after injection into chicks. The  
late tumors in chickens occurring 2 to ~o months  after 
injection of the virus consisted of one or a few sarcomas, 
usually in bones, often combined with secondary prolifera- 
tion of bone. These lesions were identical with the so- 
called osteoporosis often seen in association with leukosis 
in chickens. T h e  variant of the virus was produced sud- 
denly in the first passage in the duckling.  

A preliminary report was published in Science, 93:5o~- 
5o2. I94I. T he  complete paper will be published in 
Cancer Research. 

STUDIES ON T H E  TRANSMISSIBLE A G E N T  OF ROUS 
C H I C K E N  SARCOMA I. I S O L A T I O N  OF VIRUS 
FROM BASIC PROTEIN-VIRUS COMPLEX.  
DAVID S H E M I N  (by invitation),  E. E. SPROUL, 
and I. W. JOBLING. (College of Physicians and 
Surgeons, Columbia  University, New York, N. Y.) 

The  basic protein,  papain, was added to an extract of 
the Rous sarcoma which had been treated with hyaluroni- 
dase to lower the viscosity. The  precipitate which formed 
immediately contained all of the active material. F r o m  a 
f l t ra te  which was active to a concentration of 7 •  Io -a 
mgm.  N, the precipitate was active to a concentration of 
2 X ~o -5 mgm.  N,  while the supernatant fluid was inactive. 
This precipitate or papain-agent-complex was purified fur- 

"~Dr. George M. Smith, Vice-President, presided at the 
meeting of a separate section of this session. 

ther by solution in 3 per cent NaC1 and reprecipitation by 
addit ion of distilled water. After several repetitions of 
this process the final precipitate obtained was white  and 
highly active. This material was not homogeneous.  It 
contained papain and other components .  In the Tisselius 
electrophoresis apparatus, with a solution at p H  7.5, the 
papain migra ted  toward the cathode and several other 
components  toward the anode. A pellet obtained by dif- 
ferential high-speed ultracentrifugation of the solution in 
3 per cent NaCI was more  honaogeneous. This material 

cn-l./5 cc..  
had a migrat ion velocity of 4.9 • J o-:' - in the Tis- 

vol ts /cm,  
selius apparatus. 

The  yield calculated in terms of N was about o. 5 per 
cent. F rom an extract containing 1.o gin. of N which was 
active to a concentration of 2.8 • lO-:' mgln .  N, the final 
fraction containing 5.0 lngm. N was isolated. This was 
active to a concentration of 7 • to 7 m g m .  N. Analysis of 
final fraction yielded the following results: N, 7.2 pcr 
cent; P, r.6 per cent; ash, 2.6 per cent; lipid, 4t.o per cent; 
N (nonl ipid) ,  11.2 per cent; purine,  2.~ per cent of total N. 
If it is assumed that the purine found  is part  of a tetra- 
nucleotide, the following may be calculated: nucleic acid, 
t. 4 per cent; nucleic acid P, 1T.O per cent of total P. 

Al though it cannot be stated definitely that this active 
material, which is quite similar to that of Claude and 
Pollard, is the virus, isolation of it by another  me thod  gives 
some support  to the idea that the sarcoma virus is of a more  
complex nature than the plant viruses. 

Discussion 

J. F. F U R T H  (New York, N. Y.): Has Dr. Schcmin 
tried to isolate by a similar procedure a similar substance 
front the normal  tissues? 

D. SHEMIN:  This at tempt has not been made  with nor- 
mal tissues or other animal tumors.  

J. F U R T H :  Until  that is done no claim can be made  
that this represents a pure virus preparat ion because it is 
possible that similar material, but wi thout  virus activity, 
may be derived f rom normal  tissues. 

D. SHEMIN:  No claim is made that the material  is 
pure. Similarity of materials does not mean  that they are 
identical in activity. There  may be differences of activity 
in similar materials. The question of precursor substances 
also is to be considered. 

C. V O E G T L I N  (Washington,  D. C.):  Have the results 
with the Tisselius apparatus been supplemented wi th  obser- 
vations made  by use of the optical centrifuge? 
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D. SHEMIN:  On account of technical difficulties, this 
was not possible at the time when the only available sample 
of 70 mgm.  of purified material was being studied. 

T H E  E N D U R I N G  PARTNERSHIP  OF A NEOPLASTIC 
VIRUS W I T H  TUMOR CELLS: EXPERIMENTS 
W I T H  T H E  V2 RABBIT CARCINOMA. JOHN G. 
KIDD.  (Rockefeller Institute for Medical Research, 
New York, N. Y.) 

Experiments already reported have shown that the papil- 
loma virus or some variant of it persists enduringly in the 
transplanted V2 carcinoma of rabbits--a squamous cell 
carcinoma derived originally from a virus-induced papiI- 
loma (]. Exper. Med., 7I:813 . 194o ). The virus continues 
to increase in the V2 carcinoma even when this is trans- 
planted in series in animals previously rendered immune 
to the virus, and the tumor grows as well in virus-immune 
animals as in comparable normal controls. Manifestly the 
association of virus and cancer cells is such that neither 
is in the least affected by antiviral antibody in vivo. The 
findings contrast significantly with those obtained by 
workers studying the extraneous viruses which ride along 
as passengers in transplanted tumors. For the passenger 
viruses do not cause cellular proliferation, and they can 
be eliminated by passing the tumors through a succession 
of hosts previously rendered immune to them. 

To be published in the ]ournul o/Experimental Medicine. 

EARLY CANCER OF T H E  STOMACH. A STUDY OF 
1,299 Rt :SECTED ULCERS AND 2,4o8 CANCERS. 
WM. C. MAeCARTY, SR. (Mayo Clinic, Rochester, 
Minn.) 

Published in Cancer Research, 1:536-537. J941; abstract 
p. 59 o. 

Discussion 

S. W A R R E N  (Boston, Mass.): Has Dr. MacCarty ever 
seen an ulceration on the greater curvature of the stomach 
which has not been a malignant process? What  propor- 
tion of these x,299 resected ulcers represent ulcers treated 
in the Mayo Clinic? 

WM. C. MAcCARTY: I have seen ulcers on the greater 
curvature, chronic ulcers in fact, that were not cancer. 

In answer to the second question: All of the ulcers we 
see, whether  they are malignant or not, have been treated 
by someone, and some were treated medically in the Mayo 
Clinic. We do not operate upon all ulcers of the stomach. 
In this whole series there were 1,299 resected ulcers 
which we thought  might  be cancer, and during the same 
period there were 2,4o8 cancers. 

Dr. MacCarty cited the cases of a pioneer roentgenolo- 
gist and a distinguished surgeon in whom the ulcerative 
lesions of the stomach were not discovered to be cancer 
until the condition was inoperable. He concluded by 
emphasizing the importance of yearly x-ray examination 
and early diagnosis. 

T H E  T R E A T M E N T  OF LEUKEMIA W I T H  RADIO- 
ACTIVE PHOSPHORUS.  SHIELDS WARREN.  
(New England Deaconess Hospital, Boston, Mass.) 

The value of temporarily radioactive phosphorus in the 
therapy of leukemia has been clearly demonstrated by 

Lawrence and his co-workers. The series of cases here 
reported is presented to demonstrate the results of its 
use chiefly in subacute and acute cases of the disease. 

Fifteen cases are reported, of which 2 represent chronic 
myelogenous leukemia, 2 represent terminal chronic leu- 
kemia, 4 represent subacute leukemia, and 7 acute leukemia. 
Four of these cases were moribund when treated and died 
within a week subsequently. Of the 8 subacute and acute 
cases living over one week following the first treatment, 
5 are living and discharged from the hospital, 2 are dead 
of leukemia, and I dead of pneumonia 9 months after 
his first treatment. 

The usual dosage for adults has been 2 millicurie equiva- 
lents of radioactive phosphorus, administered intravenously 
with 5 per cent ghlcose and o.85 pcr cent saline solution 
in most cases. 

On the basis of these cases of leukemia treated with 
artificially radioactive phosphorus, it may be said: I. No 
harm has been done the patients with careful control of 
the amounts used. 2. No instance of radiation sickness 
has been noted. 3- The white blood cell count may bc 
reduced as efficaciously as with x-ray radiation. 4- The 
differential count can be brought in most cases toward 
normal. 5- Erythropoiesis is not interfered with to a 
grcater degree than in the course of the untreated lcukemia. 
I~ater the red cell count becomes more norrnal. 

Discussion 

L. F. BLEYER (Elmira, N. Y.): How long does tile 
improvement in the blood count last with this treatment? 

S. WARREN:  It is not possible to say how long it will 
last. In none of the patients who are now living and com- 
paratively well has there been an appreciable failure in 
the red count once it has become re-established. It usually 
takes about three or four months for a stabilization of the 
red count. These cases have not gone very long as yet; 
the longest period is a little over a year. 

CHEMICAL C O N F I G U R A T I O N  AND CARCINOGENE- 
SIS. CHARLES E. D U N L A P  and SHIELDS WAR- 
REN. (Collis P. Hunt ington Memorial Hospital and 
Harvard Medical School, Boston, Mass.) 

We have been testing the activity of 65 new derivatives 
of the four best known carcinogenic hydrocarbons con- 
taining in common the 1,2-benzanthracene nucleus. The 
chief test has been of the ability of the compounds to pro- 
duce tumors at the site of injection in mice. These deriva- 
tives were prepared by Dr. Louis Fieser and his associates. 
We have been able to confirm the previous observation 
that substitution products of i,z-benzanthracene in the 
9, IO, 5, and 6 positions are the most likely to be carcino- 
genic. Very slight changes in the structure or configura- 
tion of the compound are followed by great changes ill 
carcinogenic activity. 

In the benzpyrene group the 9-methyl derivative pro- 
duces tumors in 85 days, the 6-methyl in a6o days, while 
the 2',3'-methyl derivatives have, so far, produced no 
tumors. While the 6-methyl derivative is quite active, the 
6-hydroxy derivative has little if any activity. The great 
majority of changes in structure or configuration inacti- 
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rate the compounds colnpletely. The ability to produce 
tumors is confined to a relatively small number of specific 
chemical substances within this family and is not a general 
characteristic of the whole group. 

Carcinogenic activity is directly dependent on the chemi- 
cal structure of these compounds and presumably must 
involve a fairly specific set of physicochemical reactions 
between the carcinogenic agent and the tissues. In studies 
of the possible interactions tests have been made of a num- 
ber of compounds prepared principally by Dr. Erich. 
These are chemical combinations between a carcinogenic 
nucleus and amines, proteins, and other organic radicals 
containing oxygen and nitrogen. A few have proved active, 
but they are generally weaker than the parent compound. 
Only one, 1,2,5,6-dibenzanthryl-9-isocyanate has produced 
tumors somewhat more rapidly than its parent compound. 
It is improbable that this compound could be formed from 
dibenzanthracene in the body. 

Hydroxy derivatives of the types which may be excreted 
by an animal after injection of these carcinogenic com- 
pounds have been tested. These have included 6-hydroxy- 
3,4-benzpyrene, and 4',8'-dihydroxy-I,2,5,6-dibenzanthra- 
cene. In test periods extending over I�89 years and 7 months, 
respectively, these compounds have shown little, if any, 
activity. 

A new compound, 4,9-dimethyl-5,6-benzthiophanthrene 
may prove to be particularly useful for following directly 
the chemical changes undergone by a carcinogenic agent 
at the site of injection in the animal. This compound, 
synthesized by Sandin and Fieser, produced tumors in 
I I6 days. It has about the same potency as its nearest 
relative in the benzanthracene series, 9,io-dimethylq,2- 
benzanthracene. From the chemical point of view: i. A 
new carcinogenic nucleus has been demonstrated which 
contains only 3 benzene rings. 2. Sulfur has been incor- 
porated in the ring system. 3. The traditional benzanthra- 
cene nucleus has been shown to be nonessential for high 
potency compounds. From the experimental point of view: 
the presence of sulfur in the ring system would permit the 
substitution of radioactive sulfur, to serve as a tracer in 
following the metabolism of this substance during tumor 
induction. 

Discussion 

E. T. BELL (Minneapolis, Minn.):  Do the inactive 
compounds produce as severe local inflammatory reactions 
as the carcinogenic compounds? 

C. E. DUNLAP:  Ahnost all of these compounds pro- 
duce some degree of irritation at the site of injection. The 
irritation produced is not correlated with the carcinogenic 
activity. Some of the inactive compounds produce such 
irritation that ulceration results. Many of the extremely 
active compounds produce only slight irritation. 

EFFECT OF A CONCENTRATE FROM B. PRO- 
DIGIOSUS FILTRATE ON SUBCUTANEOUS PRI- 
MARY INDUCED MOUSE TUMORS. M. J. SHEAR. 
(National Cancer Institute, Bethesda, Md.) 

The earlier work of Gratia and Linz and of Shwartzman 
and Michailovsky, with crude bacterial filtrates, led us to 
attempt to separate the hemorrhage-producing agent from 

4 

inactive and toxic contaminants. In collaboration with 
1)r. Andervont,  broth cultures of the colon bacillus were 
employed; then, with Dr. Turner, broth cultures of 
B. prodigiosus were used. Fractions were obtained from 
filtrates of both organisms which produced hemorrhage in 
transplanted sarcomas in doses as low as 0. 4 microgram. 
These fractions gave a negative biuret test for protein and 
a strongly positive Molisch test for carbohydrate. 

It was reported by Shear and Turner  last year that the 
difficulty of removing the troublesome contaminants con- 
tributed by the constituents of the original broth medium 
itself could be avoided by employing a simple medium; 
that concentrates were obtained which regularly produced 
hemorrhage in a dilution of i:Io,ooo; that the agent was 
stable in solution for many months; that it was not 
dialyzable through cellophane between p H i  and io; and 
that the concentrates were about i,ooo times as potent as a 
commercial preparation of "Coley's mixed toxins." 

The results of micro-analyses by the Arlington Labora- 
tories show that, although the figures for the active frac- 
tion are similar to those of some other nitrogen-con- 
taining polysaccharides, it is not yet possible to say whether 
the active agent is a polysaccharide, or whether it is 
merely accompanied by polysaccharide contaminants. 

This concentrate was administered to some 3oo strain A 
mice bearing primary subcutaneous tumors induced by 
benzpyrene. As far as complete regression of the tumors 
is concerned, the results were largely negative. Neverthe- 
less, the peculiar selectivity of this material for sarcoma tis- 
sue justifies further attention. 

Histological observations were not carried out in these 
particular experiments since the tumors, with few excep- 
tions, grew progressively until the mice died. However, 
on the basis of Dr. Stewart's examination of sections of a 
great number of such induced tulnors in our previous 
experiments, they were probably spindle cell sarcomas for 
the most part. 

l)oses more than 500 times the minimuln for hemor- 
rhage-production were lethal for most of the strain A 
mice. Normal mice tolerated larger doses, provided the 
first dose was not too high, and provided the dosage was 
not increased at too rapid a rate. Doses of 5,ooo to 8,ooo 
units were tolerated. 

The same initial dose, of ioo units, was given to a 7 
mice with primary tumors; I8 were dead the next day. 
There were fatalities in other experiments wi th  even one- 
fourth that dose. However, most of the mice killed with 
such doses were those bearing large tumors. 

It was repeatedly observed that mice with large tumors 
succumbed to a given dose while those with smaller 
tumors survived. Thus, in addition to the toxicity of the 
material itself, as shown in mice without tumors, there 
was apparently an additional toxic effect when tumor was 
present. Moreover, this added toxicity was greater, in 
general, the larger the tumor. 

Severe hemorrhage was produced in a few hours in these 
primary tumors. Although necrosis of part of the tumor 
often followed the hemorrhage, the tumors usually resumed 
growing. Repeated injections were next tried. 

Mice with primary tumors tolerated doses considerably 
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above the dose lethal in a single injection, provided the 
first dose was small, and provided the dosage was not 
increased at too rapid a rate. The behavior of tumor- 
bearing mice was analogous to that of normal mice in that 
tolerance to large doses seemed to have been produced in 
many cases; however, the maximum tolerated doses, both 
in single and in repeated injections, were less in the case 
of those with tumors. 

In spite of the fact that this material has so far pro- 
duced regression of only a few of the primary tumors, it 
is felt that further work with it is warranted. Its selec- 
tive affinity for sarcoma tissue is striking. Moreover, 
hemorrhage is not produced in the normal tissues. We 
know little about the mechanism of its action and it is pos- 
sible that, in view of its peculiar selectivity, other measures 
may be found which might enhance its destructive effect 
on tumors. 

Hemorrhage production in mouse tumors has also been 
reported, by Boyland and by others, with sublethal doses 
of colchicine, and by Lewisohn with beef spleen extracts. 
Andervont found that the combined action of colchicine 
and bacterial filtrate was no more effective than either 
agent alone. 

Various workers have shown that tumor tissue is rich 
in reducing substances such as glutathione, ascorbic acid, 
and cysteine; that, following the administration of bacterial 
filtrate, the ascorbic acid content of tumors is din'finished; 
and that administration of ascorbic acid or cysteine counter- 
acts the hemorrhage-producing action of bacterial filtrate. 
Recently, we have been trying to destroy or inhibit the 
reducing action of substances present in tumors. This 
work is still in its early stages, but it is of interest that 
maleic acid is also capable of producing hemorrhage in 
such primary tumors. 

Systematic examination of the effect of related substances 
is in progress. 

THE RELATIVE ARGINASE ACTIVITY OF CERTAIN 
TUMORS AND NORMAL CONTROL TISSUES. 
J. P. GREENSTEIN, W. V. JENRETTE (by invita- 
tion), G. B. MIDER, and J. WHITE.  (National Can- 
cer Institute, Bethesda, Md.) 

The results on the pairs of tumor and normal control 
tissues indicate that: i. the arginase activity of the trans- 
planted hepatic tumors and of the embryonic liver is very 
much less than that of normal liver; 2. there is no appar- 
ent effect of the transplant on the liver arginase of the 
same animal except in the case of a particularly rapidly 
growing hepatic tumor in rats; 3. regenerating and nor- 
real adult livers have the same activity; 4. the arginase 
activity of the spontaneous mammary tumors is very much 
greater, that of the lymphomas only slightly greater, than 
that of the respective normal control tissues; 5- the activ- 
ity of t he  same tissue from different strains is practically 
identical; 6. the activity of normal lactating and stilbestrol- 
induced hyperplastic mammary tissues is very nearly the 
same; 7- the pH opt imum of arginase is the same for the 
tumors and controls; 8. the relative activity of hepatic 
tumor and liver is not significantly affected by the pres- 
ence or absence of added manganese; 9. prolonged dialy- 

sis, however, of normal liver leads to a preparation which 
is strongly activated by manganese whereas prolonged 
dialysis of hepatic tumor extract results in apparently 
complete loss in enzyme activity; and io. racemic homo- 
arginine is hydrolyzed to a small extent by normal liver 
extract, not at all under the same conditions by extracts 
of hepatic or mammary tumor. 

Most of the miscellaneous normal and tumor tissues 
studied yield relatively low values for arginase activity as 
compared with that of normal liver and spontaneous mam- 
mary tumors, but are of the same order of magnitude as 
the hepatic tumors and lymphomas. The lowest values 
are found in bone marrow, brain, and spleen. 

The data presented have been published in ]. Biol. Chem., 
Ia7:795-796. I94i , and ]. Nat. Cancer Inst., x:687-7o6. 
~94 z. 

Discussion 

M. E. KRAHL (Indianapolis, Ind.):  Can the low argi- 
nase activity of some of these tumors be raised by the use 
of cobalt or any other heavy metals which are activators 
for arginase ? 

J. P. GREENSTEIN: We used tissue extracts which 
presumably contain all the natural activators. When we 
added an excess of manganese to tissues of low activity, 
such as the liver tumors, there was extremely little in- 
crease, certainly less than ~ per cent. 

J. C. AUB (Boston, Mass.): Does the arginase content 
of the liver vary in different nutritional states of the ani- 
mal; is the arginase curve different in starving animals 
from that in well-fed animals? 

J. P. GREENSTEIN: The only effect of nutrition which 
we studied was the effect of the high and low cystine diet 
on animals receiving a supplement containing butter yel- 
low. We have not investigated animals under any other 
conditions. 

METABOLISM OF CHICKEN TUMORS AND LEU- 
KOSES. DEAN BURK, HERBERT SPRINCE, EL- 
VIN A. KABAT, and JACOB FURTH. (Cornell 
University Medical College, New York, N. Y., and 
National Cancer Institute, Bethesda, Md.) 

Standard metabolic values were obtained with a wide 
number and variety of types of chicken tumors and with 
two leukosis strains. Both chemical and manometric meth- 
ods of analysis were employed, including the Summerson 
differential manometer for determining all aerobic values 
with a single sample of tissue. Correlations between 
metabolic results and histological observations were at- 
tempted. It was desired in the main to ascertain whether 
the chicken sarcomas and leukoses showed typical or pos- 
sibly quite unusual aspects of metabolism characteristic of 
cancers in man, rat, and mouse as deternained by numerous 
investigators heretofore; and to make a comparison between 
the wealth of material now available and that described 
by Warburg and by Murphy and Hawkins some I6 years 
ago on the basis of the technics then developed. 

The chicken sarcomas show a metabolism highly char- 
acteristic of that of cancers observed heretofore, in par- 
ticular a high anaerobic lactic acid production, a fairly 
high aerobic lactic acid production, a respiratory quotient 
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definitely below unity, and approximate equivalence of 
manometric and chemically measured lactic acid formation. 
The chicken tumors as a class represent an upper limit 
of metabolism characteristic of malignant tumor  metabo- 
lism generally, and they strengthen our previously devel- 
oped conception, first laid down by Warburg and Dickens, 
regarding the moderately specific nature of cancer 
metabolism. 

The chicken tumor i of Rous, cultured on egg embryo, 
possesses much of the same metabolism as that grown on 
chickens, except that the aerobic glycolysis is somewhat 
lower, and the respiration definitely higher. A transpar- 
ent, membranous type of embryo-cultured tumor is some- 
times formed that exhibits only one-half the aerobic and 
anaerobic glycolysis of the normal nodular type, and a 
respiration quotient well above unity, a noteworthy and 
unique characteristic. This membranous type contained 
but few tumor cells and was heavily infiltrated with 
polymorphonuclear leukocytes. 

Although the chicken leukoses studied were malignant 
from the pathological point of view, the metabolic values 
for leukotic liver, spleen, and bone marrow were not es- 
sentially different from their respective nonleukotic con- 
trol tissues, except in the case of liver. Spleen and hyper- 
plastic bone marrow (produced by acetylphenylhydrazine 
injections, erythroblastic elements predominating) show 
a moderate anaerobic glycolysis of themselves, of the same 
order as the leukosis cells, and hence it is only in the infil- 
trated liver that the metabolism of the leukosis cells is 
clearly recognized. The leukosis metabolism, in marked 
contrast to the chicken tumor metabolism, is probably as 
little characteristic of malignant tumor metabolism as any 
malignant material observed so far. 

The chemical lactic acid determinations checked practi- 
cally within experimental error the manometrically deter- 
mined values of glycolysis, further confirming and estab- 
lishing the view that the major quantitatively important 
acid product of malignant neoplasms metabolizing glucose 
is lactic acid. 

Discussion 

O. R O S E N T H A L  (Philadelphia, Penn.) :  Was there any 
correlation between the malignancy of the chicken sarcoma 
and the rate of growth,  or was there correlation only 
between the metabolism and the number  of cells? 

D. BURK: The metabolism of all the tumors when cor- 
rected for incidental miscellaneous materials in the speci- 
mens metabolized was very much alike. It seems generally 
recognized now that there is not such a close correlation 
between the rate of growth and the metabolism. 

METABOLISM OF BUTTER YELLOW RAT LIVER 
CANCERS. D E A N  BURK, OTTO K. BEHRENS, 
and K A N E M A T S U  SUGIURA. (Cornell University 
Medical College, New York, N. Y., National Cancer 
Institute, Bethesda, Md., and Memorial Hospital, 
N e w  York, N. Y.) 

The rapidly growing interest in hepatic tumors in- 
duced in rats by the feeding of dimethylaminoazobenzene 
(butter yellow) makes it desirable to study the question 

of whether such tumors do or do not possess a metabolism 
characteristic of other malignant neoplasms. If they do, 
their course of development from normal liver offers an 
excellent opportunity to determine the stage at which the 
characteristic metabolism begins in relation to the appear- 
ance of gross tumor. Table I presents representative data 
obtained in an extensive series of experiments to be re- 
ported in detail elsewhere. 

The  table shows that the three common character- 
istics of malignant tumor  metabolism; namely, a high 
anaerobic and a considerable aerobic lactic acid formation 

(Q~2anct Q ~ ,  as cu. m m . / m g m ,  initial dry weight /hr . )  
and a respiratory quotient (R.Q.) definitely less than unity, 

"]'ABI,E ]: T in :  METABOLISM OF "BUTTER YELLOW" RAT LIVERS, 

~['U~.IORS~ 1 AND REGENERATING LIVER 

~Iater ia l  Q~2 Qco-2 Qo2 R.Q. QN2 

Normal (no B. Y.) . . . . . . . . . . . . . . .  1.6 3.9 6.0 0.68 x.o 
"Normal"--ycast protected . . . . . . . .  1.6 4.8 4.9 o.98 2.1 
"Normal" lobe, adjacent to tumor 

lobe . . . . . . . . . . . . . . . . . . . . . . . . .  i. 3 6.2 7.7 0.82 2. 3 
Cirrhotic liver . . . . . . . . . . . . . . . . . .  1.5 5.4 6.5 0.82 3.T 
Necrotic tumor . . . . . . . . . . . . . . . . . .  3.9 3.3 4 .2 0-77 6.o 
Transplant 2 . . . . . . . . . . . . . . . . . . . .  2.1 3.1 4.7 0.66 7-7 
Metastasis . . . . . . . . . . . . . . . . . . . . . .  2.5 4-3 5.o 0.83 8.7 
Cholangioma-hcpatoma . . . . . . . . . . .  3.3 6.2 7.3 0.84 IO.O 
Hepatoma . . . . . . . . . . . . . . . . . . . . . .  6.0 5.2 6.4 0.87 i2.i 

Regenerating liver 3 (Average) . . . .  o-I.5 . . . .  0.70 0-2.0 

a Butter yellow fed x5o-2oo days. Q values based on initial dry 
weights. (Values would be 5o-xoo% greater if based on final dry 
weights at end of manometric run.) 

2 33rd generation, subcutaneously transplanted, liver carcinoma 1 
in dilute brown strain. Mouse obtained from Dr. H. B. Andervont 
through Dr. P. M. West, June 7, I94x; liver of same animal: 

Q~2=o.8; QA = l.o. 
a 2o to 600 day ra ts  (20 to 40o gin. body we igh t ) ;  regenera t ion  

i to io days,  af ter  original  65% hepatectomy (left  and median lobes 
ex t i rpa ted) .  

are possessed by the butter yellow hepatomas and cholan- 
giomas, and also by corresponding metastatic and necrotic 
material. There is a definite, but relatively small anaerobic 
lactic acid formation in precancerous (cirrhotic) liver as 
compared to normal liver. There is also a slight increase 
in "normal"  lobes adjacent to tumor-bearing lobes, and in 
livers of rats protected by yeast feeding. Aerobic gly- 

colysis ( Q ~ ) ,  however, increases abruptly over the normal 
liver value essentially at the onset of gross tumor  forma- 
tion. The respiration (Q0.,) does not change significantly. 
Results in good part similar to the foregoing have been 
reported by Japanese and English workers. 

In general, the anaerobic and aerobic lactic acid forma- 
tions in the tumors induced by butter yellow are interme- 
diate in extent between those of the rat, human,  and 
chicken tumors studied by Warburg,  on the one hand, 
and those of the mouse tumors studied later by Murphy 
and Hawkins  and by Crabtree and Cramer.  There  is a 
definite aerobic glycolytic mechanism, such as scarcely 
exists in some mouse tumors, but the anaerobic glycolysis 
is not as great as that reported for most rat, human,  and 
chicken malignant tumors. Compared to that of the origi- 
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nal liver tissue, however, where the anaerobic lactic acid 
formation is almost negligible, the increase in the hepatic 
tumor is relatively very marked. 

The question of w h e t h e r  the increased 'lactic acid for- 
mation in hepatic tumors--or  tumors generally--is neces- 
sarily an expression o f  increased growth involved, as com- 
monly believed, has been largely resolved in experiments 
to be detailed elsewhere and carried out in cooperation 
with Dr. J. Saxton, J. Blanchard, C. Povolny, and J. Norris. 
Rapidly growing embryonic rat liver showed marked gly- 
colysis as compared to adult liver, but this was closely 
correlated with, and was probably accounted for by, the 
enormous number of erythroid and polynuclear cells; the 
oxygen consumption was normal. Regenerating liver, with 
a growth rate equal to that of the hepatic or other tumors 
generally, or of even most growing tissues, showed no in- 
crease in metabolic values compared to normal liver, and 
in particular no increase in lactic acid formation. Growth, 
therefore, whether of normal or of malignant animal 
tissue, does not necessarily require glycolysis, and may be 
maintained at a high level on an essentially aerobic non- 
fermentative metabolism. 

Discussion 

O. ROSENTHAL (Philadelphia, Penn.):  The metabo- 
lism of rat liver differs from that of malignant tumors 
quantitatively and qualitatively. The rate of glycolysis 
depends on the state of nutrition of the animal. In most 
of the malignant tumors there is either no succinic- 
dehydrogenase or at least its activity is very low. Have 
you made observations on fructose and succinate metabo- 
lism in malignant tumors of the liver and in normal parts 
of the same livers? 

D. BURK: We have not made these comparisons, which 
would be most pertinent and interesting. 

J. S. GREENSTEIN (Bethesda, Md.):  In reference to 
Dr. Rosenthal's question we have some data on xanthine 
oxidation. We found this activity much lower in liver 
tumor than in normal liver tissue. 

K. STERN (New Haven, Conn.) :  What is the defini- 
tion of the term "malignant tumor metabolism"? 

D. BURK: Briefly, this type of metabolism is character- 
ized by high anaerobic glycolysis and an intermediate 
R.Q. (o.75 to o .9 , •  These properties are characteristic 
of at least 9 ~ per cent of all malignant tumors. A very 
few nontumor tissues may have this type of metabolisln. 
If need be, further differentiation may be made on the 
basis of magnitude of respiration and aerobic glycolysis, 
or of certain derived quotients (absolute and per cent 
Pasteur effect, fermentation excess, ratio of glycolysis to 
respiration, etc.) 

K. STERN: In accordance with the brief definition 
given, the metabolism of young embryonic tissue would be 
classified as malignant, except for the respiratory quotient, 
where the value is still questionable. I would emphasize 
that if there is a characteristic malignant metabolism the 
distinctive feature consists of the ratio of aerobic to an- 
aerobic glycolysis. The point of aerobic glycolysis seems 
to have been neglected in the speaker's discussion. 

D. BURK: The matter  o f  aerobic glycolysis does not 
appear to be as important today as it did originally some 

fifteen or so years ago. As I)r. Murphy found many 
years ago, aerobic glycolysis scarcely occurs in a number 
of highly malignant tumors of the mouse. From nay point 
of view, aerobic glycolysis is largely, even if not entirely, a 
consequence of how much anaerobic glycolysis goes on in 
relation to how much oxygen consumption occurs in the 
particular tissue under examination. 

E. S. G. BARRON (Chicago, Ill.): Apparently Dr. 
Burk has changed his opinion since he spoke at the Cold 
Spring Harbor symposium on the metabolism of tumors. 
I do not agree with the dismissal of the significance ot 
aerobic glycolysis, as it is still important to study carbo- 
hydrate breakdown in the presence as well as in the 
absence of oxygen. The slowly rising value of lactic acid 
formation in the presence of oxygen exhibited by butter 
yellow carcinoma shows that aerobic lactic acid formation 
has to be taken into consideration in studies of the metabo- 
lism of tumors. 

D. BURK: The latter statement is certainly correct, but 
the aerobic glycolysis should still be used as a subsidiary 
characteristic. In order of importance, anaerobic glycoly- 
sis is first, the R.Q. second, and aerobic glycolysis (together 
with magnitude of respiration) third, i believe this view 
is indeed equivalent to nay Cold Spring Harbor symposium 
analysis. 

PHOSPHATASE METABOLISM OF NORMAL AND 
TUMOR TISSUES IN CULTURE. A. M. BRUES 
and W. E. COHN. (Collis P. Huntington Memorial 
Hospital, Boston, Mass.) 

The phosphate uptake and metabolism of various grow- 
ing and surviving cells was studied, using the readioactive 
isotope of phosphorus Pa'-'). With the roller bottle technic, 
it is possible to estimate the cell p32 independently of that 
ill tile medium without disturbing the cultures. Increase 
in cell Pa'-' may represent: (a) exchange of phosphate 
across the cell surface; (b) turnover of phosphate between 
various compounds within the cell; (c) growth of cells. 
Growth of cells can also be estimated by uptake of total 
phosphorus from the medium. The rate and amount of 
p3._, uptake by cells correlates strikingly with growth, and 
no striking differences in this respect were seen between 
various normal and malignant cells. A critique of exist- 
ing methods of estimating growth in tissue cultures was 
presented. 

Discussion 

F. LIPMAN (New York, N. Y.) : Is there any difference 
between the metabolism of fat and the turnover of the 
phosphates when glucose is replaced by other substances? 

A. M. BRUES: Our cultures have been grown only in 
media containing glucose and peptone. We do not yet 
have data concerning fat metabolism. The cells growing 
in this medium contain very little fat. 

THE EFFECT OF AVAILABILITY OF DIETARY OR- 
GANIC SULFUR ON THE REACTION OF DILUTE 
BROWN MICE TO METHYLCHOLANTHRENE.  
G. B. MIDER and J. WHITE.  (National Cancer 
Institute, Bethesda, Md.) 

Young mice of the dilute brown strain were fed a syn- 
thetic diet containing adequate amounts of all known sub- 
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stances necessary for growth excepting the sulfur-contain- 
ing amino acids, cystine and methionine. The mice failed 
to gain weight. When the diet was supplemented with 
0.5 per cent 1-cystine, weight increment proceeded. 

Dilute brown mice that ingested the high and low 
cystine diets were painted on alternate days with a o.z 
per cent solution of methylcholanthrene in ethyl ether. 
Ninety per cent of the mice that ate the high cystine diet 
and x9 per cent of the mice that were fed the low cystine 
diet developed leukemia. Ninety per cent of the mice that 
ingested the low cystine diet had degenerative and sclerotic 
lesions of the aorta and other large arteries at necropsy. 
The vascular changes consisted principally in degeneration 
and calcification of the media, with plaque formation, and 
thickening of the adventitia. 

The reduction in the leukemia incidence by a deficiency 
in dietary cystine may be more apparent than real since 
most of the mice with vascular lesions died before the 
others developed leukemia. It is suggested that the vascu- 
lar damage was a manifestation of the toxicity of methyl- 
cholanthrene probably not related to its carcinogenic 
properties. 

Discussion 

W. C. HUEPER (New York, N. Y.): In this connec- 
tion the work of McCay is to be recalled. He observed 
that a severe type of calcifying sclerosis developed in 
young rats fed a diet barely adequate for the maintenance 
of life. The vascular lesions observed may therefore rep- 
resent the result of a nutritional inadequacy aggravated 
by the detoxication of methylcholanthrene. 

THE PREVENTION OF MALIGNANCY OF THE 
VULVA. FRED J. TAUSSIG. (Barnard Free Skin 
and Cancer Hospital, St. Louis, Mo.) 

This etiologic study of I6r cases disclosed a number of 
pre-existing lesions which tended toward the development 
of malignancy. The prompt removal of such lesions may 
reduce the incidence of cancer of the vulva. 

To be published in Cancer Research. 

THE EFFECT OF ANDROGENS AND ESTROGENS 
ON SPONTANEOUS BENIGN MAMMARY TU- 
MORS. JACOB HEIMAN. (Department of Cancer 
Research, Columbia University, New York, N. Y.) 

The effect of exogenous hormones on transplanted mam- 
mary fibroadenoma in the rat has been published (.-tin. ]. 
Cancer, 89:i7z-I77, x78-I84. I94o ). This report is an ac- 
count of a similar study on spontaneous benign mammary 
tumors occurring in white rats. Ninety-seven rats with 
spontaneous tumors were used in the experiments. All 
animals were observed until death, the period of observa- 
tion extending from one to two years. Auto- and homo- 
transplants of the tumors were made. Series of animals 
were treated with injections of estradiol benzoate, or 
testosterone propionate, or with combinations of these 
hormones. 

Conclusions drawn from the observations follow: i. with 
minor variations, autotransplants, for two to five tumor 
generations, retain the architectural identity of the origi- 
nal tumor; 2. homotransplants of adenofibroma in a rat 

freed from spontaneous fibroma became a cellular fibroma; 
3. homotransplants of fibroma in a rat freed from adeno- 
fibroma,remained a fibroma, unless the rat was estrinized; 
4. estrogens stimulate the epithelial components of early 
spontaneous auto- or homotransplanted adenofibroma, pro- 
ducing adenoma or cystadenoma; 5- androgens inhibit the 
epithelial components; 6. estrogens administered with an- 
drogens overcome the inhibitory action of the androgens 
and exert a stimulating effect on growing specific epi- 
thelium; 7. connective tissue elements of the tumor are not 
directly affected by estrogens and are moderately inhibited 
by androgens. 

Discussion 

W. U. GARDNER (New Haven, Conn.): As far as 
antagonistic effects are concerned the estrogens are much 
more potent than the androgens in the normal reactions 
elicited by these compounds. The same ratio of physiologic 
activity between the estrogens and androgens is �9 in 
the benign tumors. 

. . . .  

H. J. BAGG (New York, N. Y.) : W c r c  any spontaneous 
tumors fimnd in the male rats and, if so, were these in ani- 
mals of the Wistar stock? 

J. HEIMAN: Cystic degeneration of the testis occurred 
in one rat, with a mammary adenoma, and two rats had 
fibromas. One animal was of the Wistar stock. 

H. J. BAGG: By transplanting ovarian tissue into male 
rats we succeeded in stimulating the mammary gland to 
active growth. 

W. CRAMER (St. Louis, Mo.): From the results of 
experiments which could not be finished I received thc 
impression that when estrogens and androgens are adminis- 
tered in certain quantitative combinations, the effect of 
the estrogen is reinforced by the androgen. If the mam- 
mary glands of males of a high cancer strain are caused to 
proliferate by injection of estrogens mammary tumors are 
produced more easily in the males than in the females. 
This strengthens the idea that a combination of estrogen 
and androgen may actually be more powerful than estro- 
gen alone. 

J. HEIMAN: Examinations were made of the pituitary 
and adrenal glands of all animals. Adenomas of these 
glands occurred occasionally. 

RESULTS OF A STUDY OF LIVING BLOOD OF CAN- 
CER PATIENTS. GEORGE A. WYETH. (Hanover, 
N . H . )  

Two small structures were found in the fresh blood of 
patients with cancer when the blood prepared in a specified 
manner was examined by dark field illumination. The 
first body was designated WIG. This body, measuring 
o.5• i.o ~ in diameter, was seen in coccoid, diplococcoid, 
triplococcoid, and tetracoccoid forms. It was always highly 
refractile, of frosty appearance, and red or white. It had 
a wiggling jerky motion in addition to Brownian move- 
ment. This body is constantly present in blood of cancer 
patients and to some extent in so-called normal blood. 
The second body was filamentous. It differed from pseudo- 
spirochetes and filaments seen in normal blood. These 
filamentous bodies, which apparently have not been de- 
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scribed previously, are delicate, faint structures, which 
progress in the drop of blood by a motion resembling that 
of the earthworm, contracting and elongating. Trans- 
verse division is occasionally seen. 

RESULTS OF S U R G E R Y  IN CANCER OF THE 
STOMACH. H. WILLY MEYER. (New York, 
N. Y.) 

A patient with extensive linitis plastica of the stomach 
and lower esophagus was successfully treated by total gas- 
trectomy and partial esophagectomy. The operation, ap- 
parently the first of its kind, demonstrated the possibility 
of extensive resection by the combined abdominal and 
transthoracic routes and the re-establishment of continuity 
of the alimentary tube by intrathoracic esophago- 
jejunostomy. 

EFFECTS OF ESTROGEN ON THE G R O W T H  AND 
STRUCTURE OF A TRANSPLANTABLE CAR- 
CINOMA OF THE RAT BREAST. MILTON J. 
EISEN. (Department of Cancer Research, Columbia 
University, New York, N. Y.) 

Published in Cancer Research, r:457-464. I94I; abstract 
p. 506. 

THE INFLUENCE OF SEX ON IRON ASSIMILATION 
IN THE RAT. S. W. KLETZIEN. (New York State 
Institute for the Study of Malignant I)iseases, Buffalo, 
N .Y . )  

Various published reports on the influence of sex on 
iron assimilation convey the impression that the female 
organism more efficien0y assimilates iron than the male. 
Our data based on iron analyses of the total blood, liver, 
carcass, and spleen do not bear out this impression. We 
have found as have others that the female responds more 
quickly with a higher concentration of hemoglobin and 
exhibits evidence of greater liver stores of iron than the 
male but presumably these result from the lesser require- 
ments for growth in contrast to those of the male. The 
male puts out a larger volume of blood of a lower hemo- 
globin content and builds into its soft tissues more iron on 
the other hand, thereby offsetting any apparent gains in 
the female and actually exceeding them in total iron 
assimilated. 

Carrying our studies further we have found that ovariec- 
tomy increases iron assimilation as does castration. Such 
procedures nullify any differences in the pattern of iron 
distribution and bring about comparable response in 
the two sexes. Pregnant females as compared with virgin 
litter mate controls and males reveal an increased capacity 
to assimilate iron on similar iron, copper, and basal diet 
intakes. This in itself is, however, not sufficient to main- 
tain prepregnancy stores of iron. The iron assimilation 
of the pregnant felnale thus simulates that of the rapidly 
growing male. 

Discussion 

G. M. SMITH (New Haven, Conn.) :  What  was the 
distribution of iron in the lymph nodes? 

S. W. KLETZIEN:  Our studies did not include analyses 
of lymph nodes. 

MAMMARY GLAND TUMORS IN THE MALE RAT 
ASSOCIATED W I T H  CASTRATION AND OVA- 
RIAN TRANSPLANTATION.  H. J. BAGG. (Memo- 
rial Hospital, New York, N. Y.) 

Abstract not available. 

PATHOLOGICAL FEATURES OF TUMORS OF 
STRAIN A MICE INDUCED BY ULTRAVIOLET 
RADIATION. H. G. GRADY, H. F. BLUM, and 
]. S. KIRBY-SMITH. (National Cancer Institute, 
Bethesda, Md.) 

Male mice of strain A subjected to measured amounts 
of ultraviolet radiation developed tumors of the external 
ear in the great majority of cases and in a few instances 
tumors of the eye. With the dosages employed spindle 
cell sarcoma was by far the most frequent type of tumor 
encountered although carcinoma was also observed. The 
histologic character of these tumors and their sites of ori- 
gin were described and discussed. 

Discussion 

G. M. SMITH (New Haven, Conn.) : Were any changes 
found in the blood vessels of the skin? 

H. G. GRADY: The earliest reaction to ultraviolet 
radiation is a vascular response. This is quickly followed 
by a rather rapid epidermal hyperplasia. The rate of epi- 
dermal hyperplasia, however, seems definitely to slow 
down while the inflammatory reaction in the subepidermal 
tissue continues. 

In this series of animals sarcomas were not only consid- 
erably more frequent hut also arose at an earlier date than 
the carcinomas. 

W. CRAMER (St. Louis, Mo.): Was there any epilation 
of the mice as a result of the radiation? 

In some of my specimens and in some of the specimens 
shown by Dr. Grady there is the condition of squamous 
epithelium developing into spindle cells. This makes it 
difficult to be certain whether these so-called sarcomata, 
found under these conditions, may not be spindle cell 
carcinomata. Such spindle cell carcinomata have been 
previously described. It is sometimes impossible to decide 
whether they are sarcomata or carcinomata. 

H. G. GRADY: The degree of epilation is relatively 
small and is most marked about the snout. How much of 
this is due to the radiation and how much to the move- 
ment  of the mice in the metal holders is impossible to 
determine. With larger dosages of radiation epilation is 
definite. 

It is a fact that the so-called spindle cell carcinoma is 
hard to distinguish from the sarcoma. Nevertheless there 
are definite differences. With hematoxylin and eosin, 
there is relatively less cytoplasm and more nucleus. With 
reticulum stains there is shown an extremely close, fine 
network in the sarcomas which is not present in the car- 
cinomas. In sections stained with phosphotungstic acid 
hematoxylin it was usually easy to demonstrate fibrils in 
the sarcomatous growths. 

 American Association for Cancer Research Copyright © 1941 
 on September 18, 2012cancerres.aacrjournals.orgDownloaded from 

http://cancerres.aacrjournals.org/
http://www.aacr.org/


Proceedings of I94I Association Meeting 737 

T H E  P R O D U C T I O N  OF TUMORS BY TRANSPLAN- 
T A T I O N  OF NORMALLY APPEARING LIVER 
CELLS FROM ANIMALS PREVIOUSLY IN- 
JECTED W I T H  M E T H Y L C H O L A N T H R E N E .  
W. A. SELLE, P. BRINDLEY, and J. W. SPIES. 
(University of Texas School of Medicine, Galveston, 
Texas.) 

Published in Cancer Research, Jt:618-6I 9. I94I; abstract 
p. 669. 

Discussion 

H. L. STEWART (Bethesda, Md.):  The sarcomas in- 
duced in the subcutaneous tissues by methylcholanthrene 
rarely metastasize to the liver. The experiments just re- 
ported would be more convincing, however, if the liver 
tissue, before injection, were subjected to heat sufficient 
to kill any living cells. This should not alter the methyl- 
cholanthrene or any other carcinogenic agent of that nature 
which might  be present. 

M. B. SHIMKIN (Bethesda, Md.):  Evidence from our 
unpublished observations would indicate that probably 
methylcholanthrene was present in these livers and was 
perhaps responsible for the induction of tumors when the 
tissue was transplanted. 

The negative results with C57 mice are difficult to 
understand, unless the livers of C3H mice were trans- 
planted into C57 mice. 

W. A. SELLE: We have used cell-free filtrates of the 
liver, but have not heated the liver hash. We thought that 
in view of the fact that these tumors developed in 3 weeks 
the methylcholanthrene factor could be ruled out. How- 
ever, in some instances carcinogens have produced tumors 
in that short period. 

CYTOLOGICAL AND CULTURAL OBSERVATIONS 
ON TRANSPLANTABLE RAT SARCOMATA PRO- 
DUCED BY T H E  I N O C U L A T I O N  OF A L T E R E D  
NORMAL CELLS M A I N T A I N E D  IN CONTINU-  
OUS CULTURE.  GEORGE O. GEY. (Johns Hop- 
kins University School of Medicine, Baltimore, Md.) 

This paper, illustrated by motion pictures, was a chrono- 
logical report of observations made on continuous cultures 
of normal mesenchyme cells and of the occurrence of cy- 
tological changes which rendered these cells potentially 
malignant as demonstrated by the production of trans- 
plantable sarcomas of different cytological types. 

Discussion 

M. J. EISEN (New York, N. Y.): The circmnstances 
under which these normal cells in tissue culture became 
malignant was not made clear. 

G. O. GEY: We have no special knowledge of the 
circumstances which rendered these strains of rat mesen- 
chyme a tumor-producing strain. 

Certain factors should be considered as probable tumor  
cell-producing agents. One of these factors concerns the 
medium in which the cells were grown. The medium 
which we used on these cultures contained about 6o per 
cent human (placental) cord serum in addition to chicken 
plasma and bovine embryo extract. Since the cord serum 
has a rather high concentration of estrogenic substances 

one is justified in assuming a possible role of these sub- 
stances as tumor-inducing agents. However ,  we have not 
at any time before this observed the occurrence of a perma- 
nent alteration in any one of the many strains of cells 
that we have carried in a period of ahnost 2o years of 
experience with continuous cultures. 

The cultures which became permanently altered were 
given no specific treatment that was not also given to many 
other strains of normal and tumor  cells carried at the 
same time and in the same media. 

One other factor should be mentioned as of possible sig- 
nificance. The incubator in which all of our continuous 
cultures were placed was several meters from a heavily 
shielded lead radiation chamber. Careful measurement  
showed that for a period of several months all of our pure 
strain cultures, about 40 strains in all, were exposed to 
about 2oo times the natural earth radiation or the equiva- 
lent of about 0.25 r of gamma radiation. There is a very 
slight possibility that this stray gamma radiation produced 
the above alteration, but I doubt it very much. In order 
to get some idea of the effects of continuous gamma radia- 
tion on rat mesenchyme cells of several types we exposed 
a number  of strains to doses many times that to which the 
altered strains and other strains were accidentally exposed. 
Such radiation produced no permanent  alterations of cells 
in continuous cultures. Cultures injured by irradiation 
and inoculated produced no tumors. 

TUESDAY AFTERNOON SESSION--APRIL 15 

DR. BURTON T.  SIMPSON, PRESIDENT, PRESIDING 

SEX H O R M O N E  EXCRETION RATES IN H I G H  A N D  
L O W  TUMOR STRAINS OF MICE. J. C. AUB, 
D. KARNOFSKY,  and L. E. T O W N E .  (Collis P. 
Hunt ington Memorial Hospital, Boston, Mass.) 

The relation of the sex hormones to the incidence of 
breast tumors in susceptible mice is well known.  There- 
fore, the possibility that the high incidence of spontaneous 
mammary  tumors in the C3H and the low incidence of 
tumors in another strain (C57) was due to differences in 
normal sex hormone metabolism appears worth consid- 
ering. Al though indirect, one of the most valuable meth- 
ods of getting an index of hormone metabolism is the mea- 
surement of the urinary excretion of these substances. 

Three groups of :24 mice in each; i. virgin C3H, 2. once- 
pregnant C3H, and 3- virgin C57, 5 months of age and 
weighing 2o to 25 gm., were used. These were kept in 
metabolism cages over a period of 5 months, urines were 
collected daily, and pooled 2-week specimens f rom each 
group were assayed. Estrogens were determined biologi- 
cally and I7.ketosteroids colorimetrically. 

The  average estrogen excretion per mouse per day was 
0.05 to o.io I.U., and i7-ketosteroids o.o 4 to o.o8 mgm.  
per mouse per day. These showed suggestive variation 
between the strains, but no significant differences were 
noted and no marked changes occurred following preg- 
nancy, or with increase in age from 5 to IO months, or 
with the appearance of tumors. Thus, while differences 
may exist they are not of a magni tude that can be demon- 
strated by our technic. 
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THE EFFECT OF ESTROGEN ON THE INCIDENCE 
OF MAMMARY AND PITUITARY TUMORS IN 
HYBRID MICE. W. U. GARDNER. (Yale Univer- 
sity School of Medicine, New Haven, Conn.) 

Published in Cancer Research, x:345-358. I94I; ab- 
stract p. 424 . 

CANCER OF THE CERVIX OF THE UTERUS IN 
HYBRID MICE FOLLOWING LONG-CONTIN- 
UED ADMINISTRATION OF ESTROGEN. ED- 
GAR ALLEN (by invitation) and W. U. GARDNER. 
(Yale University School of Medicine, New Haven, 
Conn.) 

Published in Cancer Research, 1:359-366. I94I; ab- 
stract p. 423 . 

Discussion 

W. C. MAcCARTY, SR. (Rochester, Minn.): How does 
the carcinogenic dose compare with the human therapeutic 
dose? I ask this question because I am just beginning to 
see enormous cysts in the cervices of women, which I did 
not formerly see. In some cases by looking at the uterus 
containing these cysts I can almost tell whether or not the 
patients have been treated with these estrogenic substances. 

How do you explain the present higher percentage of 
positive results as compared with lower percentages re- 
ported formerly? 

E. A L L E N :  I cannot even guess at the dose of estrogen 
that might produce cervical cancer in women. The time 
factor would probably be equally important. For instance, 
in 1931 , Dr. Oberholtzer and I began attempts to produce 
cervical cancer in monkeys by chronic estrogenic stimula- 
tion, and these experiments have been continued. In all 
this time no cancerous lesion has appeared, although some 
atypical growths, previously considered precancerous, have 
occurred. 

Several factors account for the high incidence of cervical 
cancer in these hybrid mice. These mice, selectively bred 
by Dr. Gardner, are resistant to mammary cancer and 
tolerate well prolonged treatment with estrogens. In com- 
parison with the earlier series of mice which were killed 
by mammary cancer and did not tolerate chronic estrogenic 
treatments well, the animals used in these experiments 
survived estrogenic treatment for a year or longer and 
hence gave oportunity for the development of cervical 
cancer. 

FURTHER STUDIES ON THE EFFECT OF THE 
MILK-INFLUENCE UPON THE PRODUCTION 
OF SPONTANEOUS AND INDUCED TUMORS 
OF THE BREAST. J. J. BITTNER. (Roscoe B. 
Jackson Memorial Laboratory, Bar Harbor, Me.) 

Read by title. 

THE EFFECT OF THE MILK FACTOR CONCEN- 
TRATION ON THE DEVELOPMENT OF SPON- 
TANEOUS TUMORS IN HYBRIDS DERIVED 
FROM RECIPROCAL CROSS OF TWO HIGH 

CANCER STRAINS OF MICE. STANLEY G. 
WARNER. (New York State Institute for the Study 
of Malignant Disease, Buffalo, N. Y.) 

Mice of this inbred stock arrange themselves on a gradu- 
ated scale of cancer incidence because of (a) the concen- 
tration of the milk stimulus which they transmit, and 
(b) the resistance to the stimulus. By the methods pre- 
sented it is possible to measure roughly the difference in 
the amount of cancer which these concentrations of the 
extrachromosomal stimulus will produce. It is found that 
the A stock factor will produce approximately three times 
as much cancer as the Marsh stock factor when both are 
acting upon the same physiological constitution. 

STUDIES ON THE EFFECT OF FOSTER NURSING 
AND ITS RELATION TO THE DEVELOPMENT 
OF MAMMARY CARCINOMA IN THE MOUSE. 
W. S. MURRAY. (New York State Institute for the 
Study of Malignant Diseases, Buffalo, N. Y.) 

It was the purpose of this paper to demonstrate, by 
reports of observations and analyses of data, that the oc- 
currence of mammary cancer in mice may be reasonably 
explained upon the basis of the strength of the extrachromo- 
somal stimulus which the mice receive and the physiologi- 
cal resistancc of the animals of the various stocks and 
crosses to this stimulus. 

Discussion 

C. C. LITTLE (Bar Harbor, Me.): The method Dr. 
Murray is using is a very interesting attempt to work out 
a quantitative determination of the concentration of the 
milk influence. W h i l e  it will be necessary to do some 
further experimentation to eliminate the effect of genes, 
the results he has obtained and the hitherto unexplained 
diminution of tumors in hybrid generations of backcrosses 
fit very well together in a preliminary way. 

J. G. KIDD (New York, N. Y.): I did not clearly 
understand what Dr. Murray meant by resistance to the 
extrachromosomal stimulus. 

W. S. MURRAY: It has been shown quite conclusively 
that of the inbred stocks, the C57 black strain is one of 
the most resistant to the development of mammary tumors 
and that the dilute browns are among the least resistant. 
Mice of these stocks are quite different physiologically 
If we think of their physiologies as being determined by 
their chromosomal constitutions, hybrids between tile C57 
blacks and dilute browns should be physiologically dif- 
ferent from either parent stock. If these three physiologies 
are all acted upon by the dilute brown extrachromosomal 
or milk stimulus, varying degrees of tumor development 
are found. The blacks are the most resistant, the dilute 
browns the least, and the hybrids are intermediate between 
these extremes. 

GENETIC ANALYSIS OF THE INDUCTION OF TU- 
MORS BY METHYLCHOLANTHRENE. II. THE 
INFLUENCE OF SPINDLE CELL SARCOMA AND 
OF CARCINOMA OF THE SKIN UPON EACH 
OTHER. L. C. STRONG. (Yale University School 
of Medicine, New Haven, Conn.) 

Published in Cancer Research, I:572-574; abstract p. 584 . 
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Discussion 

M. B. SHIMKIN (Bethesda, Md.):  In using inbred lines 
of mice do you get only one type of tumor with this 
technic? 

L. C. STRONG: No, you get variations. 
M. B. SHIMKIN: How is that explained? 
L. C. STRONG: The whole investigation of that prob- 

lem must be put on a larger basis. Data from more ex- 
periments with hybrids must be obtained before the final 
genetical analysis may be made. 

M. B. SHIMKIN: It is difficult to see how the fact of 
contact with this carcinogen can be eliminated, because 
contact of carcinogen with various tissues must be taken 
into consideration. 

L. C. STRONG: Contact between carcinogen and tis- 
sue is important for certain types of tumors, but the dis- 
tributional factor is controlled by the constitution of the 
host. By selection through hybridization I have been able 
to obtain sublines in which only specific types of tumors 
occur under controlled conditions. 

J. FURTH (New York, N. Y.): Could I)r. Strong tell 
us something more about the most important and original 
part of this contribution; namely, the production of intes- 
tinal polyps~their  incidence, and location, and whether 
any one of them showed a tendency to become malignant? 

L. C. STRONG: The analysis of specific types of tumors 
aside from spindle cell sarcoma and carcinoma of the skin 
must wait for some future time. Malignant intestinal polyps 
do occur after the subcutaneous injection of methylcholan- 
threne. They take a long time to develop. The first one 
I observed occurred in a mouse 471 days after the injection 
of the carcinogen. 

M. J. EISEN (New York, N. Y.): It is possible that the 
squamous cell cancers were not derived from the skin 
but from the mammary ducts. In a series of i,ooo methyl- 
cholanthrene-induced tumors reported from the Depart- 
ment  of Cancer Research at Columbia we found all grades 
of involvement of the adjacent mammary epithelium 
around nodules of the methylcholanthrene injected in 
liquid paraffin which solidified under the skin. The inci- 
dence of breast tumors was about 4 per cent. Most of 
these were mixed with spindle cell sarcoma. The breast 
cancers were either squamous cell cancer or adenocar- 
cinoma, but there was no indication that these squamous 
cell formations and subsequent squamous cell cancers 
developed from the skin. They developed, in our experi- 
ence, from the mammary ducts. 

In ten inbred rat strains there was a random distribution 
of various types of tumors, including mammary tumors. 
In agreement with Dr. Shimkin's opinion we regarded 
the results as indicating that the distribution of types of 
tumors depended upon the chance contact of a given cell 
with the specific carcinogenic agent. 

C. C. LITTLE (Bar Harbor, Me.): It is possible, as 
Dr. Strong believes, to have a genetic basis for character- 
istics of inbred strains, and still to have a variation in the 
appearance of the character which is fixed within a strain 
but is not necessarily dependent upon localizable genes. 
Evidence for this is provided by the results of investigations 

of Wright  upon morphological abnormalities of guinea 
pigs and of Johansen and others on beans. 

L. C. STRONG: In answer to Dr. Eisen's comments, 
there was no sex difference in the occurrence of these 
squamous cell cancers. Males as well as females give 
rise to these tumors. I feel sure, in addition, that methyl- 
cholanthrene does not stimulate mammary  tissue, and that 
these were not duct tumors. I have serial sections showing 
the origin of these tumors from the skin. 

M. J. EISEN: In our experiments methylcholanthrene 
stimulated the mammary duct. In both male and female 
animals mammary ducts surrounding nodules of methyl- 
cholanthrene have been frequently the site of hyperplastic 
changes. Squamous cell metaplasia commonly occurred in 
these hyperplastic zones, and at times squamous cell cancer 
developed as a result of the continued action of the 
carcinogen. 

L. C. STRONG: Some of these tumors arise from hair 
follicles in mice. 

THE INFLUENCE OF HYBRII)IZATION UPON THE 
SUSCEPTIBILITY OF MICE TO TRANSPLANT- 
ABLE AND SPONTANEOUS TUMORS. H. B. 
ANDERVONT.  (National Cancer Institute, Bethesda, 
Md.) 

When sarcoma 37 was implanted cutaneously into strain 
Y mice it grew progressively and killed the  animals but 
when implanted cutaneously into mice of strains I or L 
it receded spontaneously in practically every animal. The 
response of hybrid mice derived from strains I and Y indi- 
cated that susceptibility to progressive growth of the 
tumor was inherited in a dominant manner  and suggested 
that a single factor was involved. When  hybrids derived 
from strains I and L were inoculated the tumor grew pro- 
gressively in most of the F ,  hybrids which suggested a 
summation of genetic factors from two resistant strains 
resulting in highly susceptible hybrids. Backcross genera- 
tions obtained from strains L and I produced results indi- 
cating the presence of a number of genetic factors. 

When  female mice of low mammary cancer strains, C57 
black and I, were foster nursed by high mammary cancer 
strain C3H females only from 15 to 20 per cent developed 
mammary carcinoma. Hybrids derived from strains C57 
black and I were foster nursed by strain C3H females and 
were found to be highly susceptible to the development of 
mammary tumors. This finding also suggested a summa- 
tion of genetic factors resulting in susceptible hybrids. 

THE ROLE OF HEREDITY AND EXTRINSIC FAC- 
TORS IN THE CAUSATION OF LEUKEMIA. 
J. F U R T H  and R. K. COLE. (Cornell University 
College of Medicine, New York, N. Y.) 

Dat~ are presented on the incidence of leukemia in a 
high-leukemia stock (AK) and low-leukemia stock (Rf) 
and their hybrids. The data are interpreted by assuming 
that multiple genetic factors determine the occurrence of 
this disease. There is in addition a maternal influence, and 
the disease occurs more often among female than male 
mice. The mode of inheritance of leukemia varies with 
different stocks. 
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Leukemic cells f rom spontaneous and induced leukemia 
differ markedly.  The former resemble genetically the 
leukemic ancestor. The latter vary greatly among them- 
selves; they may resemble the hybrid cell or differ from 
both parents and hybrids. This suggests the possibility 
that cells f rom induced leukemias are mutants. 

ON T H E  M E T H O D  OF I N H E R I T A N C E  OF SUSCEP- 
TIBILITY TO LUNG TUMORS. CLARA J. LYNCH.  
(Rockefeller Institute for Medical Research, New York, 
N. V.) 

Comparisons are made of three inbred strains of mice 
(Swiss-8, Bagg, and ~I94) observed (a) under ordinary 
laboratory conditions, (b) after cutaneous tarring, and 
(c) after intraperitoneal injections of 0. 5 m i n i m u m  of a 0. 4 
per cent solution of b2,5,6-dibenzanthracene into mice 
2 to  4 days old. 

The number  of tumor nodules per mouse used as a 
criterion of susceptibility brings out greater differences 
than when only the percentage of tumors is noted. The 
groups, under  the  various classifications, fall into a graded 
series showing the effects of both hereditary and environ- 
mental differences. 

The results indicate that susceptibility is not a single 
genetic entity but that various degrees of susceptibility may 
be inherited. 

A R E L A T I O N S H I P  B E T W E E N  SUSCEPTIBILITY TO 
PULMONARY TUMORS A N D  K N O W N  GENES 
IN MICE. W. E. HESTON.  (National Cancer Insti- 
tute, Bethesda, Md.) 

Dur ing  the past three years experiments have been 
conducted in an attempt to determine whether  or not sus- 
ceptibility to pulmonary tumors, induced by methyl- 
cholanthrene, is associated with certain chromosomes of 
the mouse. This has been done by testing for linkage 
between susceptibility and known genes which are carried 
on the different chromosomes. Data which already have 
been reported failed to give evidence of linkage to any 
of the five coat color genes, brown, agouti, dilution, leaden, 
and piebald. 

The purpose of this paper is to present data which show 
that susceptibility to puhnonary tumors is associated with 
the chromosome marked by the shaker-2 and waved-2 genes 
and also strongly suggest an association with the one 
carrying the flexed tail gene. 

The two strains of mice used in testing for linkage to 
these three recessive genes were strain A which shows a 
high degree of susceptibility to pulmonary tumors and 
strain W which carries the three factors in the homozygous 
condition. The strain A mice were derived from animals 
obtained from Dr. Bittner's strain A colony at the Roscoe B. 
Jackson Memorial Laboratory in I938, while the strain W 
was developed by Dr. Snell at the same laboratory. 

In conclusion it can be stated that a relationship between 
susceptibility to induced pulmonary tmnors and certain 
known genes has been found. In the backcross generation 
here described mice displaying the shaker-2 and waved-2 
characters were less susceptible than the normal mice and 
also those with flexed tails tended to be less susceptible 
than those with normal tails. 

Discussion 

C. C. L ITTLE (Bar Harbor, Me.): It seems to me that 
Dr. Heston's paper presented an extremely important and 
significant piece of work. For the first time clear evidence 
has been given of the association between individual chro- 
mosomes and the genetic basis of tumor formation. He has 
conclusively shown a chromosomal influence of a definite 
genetic nature which can be used in the study of linkages. 

INCIDENCE OF L U N G  TUMORS IN FIVE RELATED 
STRAINS OF MICE A N D  T H E I R  HYBRID DE- 
RIVATIVES. MAUD SLYE. (University of Chicago, 
Chicago, Ill.) 

Among 1,666 mice of 5 related strains and their hybrids 
that lived into the age to be tested for lung carcinoma, 
there was 23.2 per cent of spontaneous lung carcinoma and 
3.5 per cent of benign tumor of the lung. Lungcarc inoma 
occurred in 2o.6 per cent of the females and 28. 9 per cent 
of the males. Thus lung carcinoma was slightly more fre- 
quent among the males. The benign tumors did not be- 
have genetically like malignant tumors. 

These were long-lived strains and the highest incidence 
of lung tumor was consistently in the 2o to 23 month age 
group. The oldest mice in every group were the mice 
without lung tumor. Thus lung tumor is not necessarily 
related to senescence but rather to an inherited time factor 
within which susceptible lungs lose their resistance to the 
irritation factor. The percentages of lung tumor were 
similar among the 5 lines and their hybrids. Thus when 
the lung carcinoma percentages are known in both sides 
of a hybrid cross, the approximate lung tumor percentage 
in the hybrids can be predicted in age-tested mice. 

In 423 mice selected in line 7 from a closely inbred 
genetic group derived from two litter sisters, both with 
lung carcinoma of high malignancy and each mated with 
a litter brother, there was a rapid decrease in the lung 
tumor incidence from 42.9 per cent in FI  to o per cent in 
F6 (the number  of age-tested mice in F6 was small). 

There were 34 crosses in this group. Fifteen crosses 
were between one parent with lung carcinoma and one 
parent without lung tumor (but derived from lung tumor) .  
Nineteen crosses were between parents without lung tumor 
(but derived from lung tumor) .  One parent in some of 
these crosses was not age-tested. 

In the crosses where one parent had lung tumor, the 
FI  gave two consistent results. Lung carcinoma occurred: 

i. In I out of 2. 4 among 85 age-tested mice from 
6 crosses. 

2. In I out of 4.6 among I II  age-tested mice from 
9 crosses. 

The FI  from parents without lung tumor gave three 
consistent results. Lung carcinoma occurred: 

I. In I out of 2.8 among 69 age-tested mice from 
4 crosses. 

2. In I out of 3.9 among 59 age-tested mice from 
5 crosses. 

3. In i o u t  Of 8.2 among 99 age-tested mice from 
I0  crosses .  

These results suggest a min imum of two recessive fac. 
tors, one for type and one for site, and also an age deter- 
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minant (a possible third factor) as expressing the degree 
of resistance to the irritation factor. 

HYPERAUXINY IN CROWN GALL. GEORGE K. K. 
LINK (by invitation) and VIRGINIA EGGERS (by 
invitation). (University of Chicago, Chicago, I11.) 

Abstract not available. 

Discussion 

M. J. SHEAR (Bethesda, Md.):  In connection with 
these experiments of Dr. Link, it may be of interest to 
mention that three of the hetero-auxins when administered 
subcutaneously to mice for a year and a half failed to 
induce tumors or proliferation of any sort. 

GROWTH OF YEASTS IN THE PRESENCE OF CAR- 
CINOGENS. W. A. CHILDS (by invitation), JOHN 
W. SPIES, and J. K. CLINE (by invitation). (Uni- 
versity of Texas School of Medicine, Galveston, 
Texas.) 

Abstract not available. 

PROPERTIES OF THE FRACTION OF 13. PROI)IGI- 
OSUS W H I C H  PRODUCES HEMORRHAGE IN 
MOUSE SARC()MAS. J. L. HARTWELL (by invita- 
tion), M. 1. SHEAR, H. KAHLER (by invitation), 
and F. C. TURNER. (National Cancer Institute, 
Betbesda, Md.) 

Last year Shear and Turner reported the preparation of 
a concentrate from B. prodigiosus filtrate which produced 
hemorrhage in mouse sarcoma in doses as low as o.2 cc. 
of a I:IO,OOO dilution. This dose contained 0.0o2 mgm. of 
total solids. Since then further observations have been 
made on various chemical and physical properties of the 
active fraction. 

Tests of the concentrate for protein gave negative re- 
suits with the biuret and ninhydrin reactions. The dried 
lyophilized residue, redissolved in water, gave negative 
tests with the xanthoproteic and Millon's reactions. If this 
fraction contains any protein it is present to the extent 
of less than i per cent. 

The concentrate gave a strongly positive Molisch test 
for carbohydrate. The Benedict test for reducing sugars 
was negative as well as the iodine-iodide test for starch, 
glycogen, and dextrins. Since this material was not dia- 
lyzable through cellophane over the pH range I to IO 
it obviously consisted of high molecular weight components. 

On slow drying of the concentrate over CaC12 at 
room temperature, a glassy, anmrphous residue was ob- 
tained which did not redissolve in water; this dried mate- 
rial still contained I I per cent water. Freezing of active 
solutions destroyed most of the potency. 

Study under the microscope of residues obtained by pre- 
cipitation and evaporation under the various conditions 
indicated that the active fraction was not homogeneous, 
but consisted of a number of constituents. 

The material was fractionated by high-speed centrifuga- 
tion and by electrophoresis and numerous fractions were 
assayed for hemorrhage-producing potency in mice bearing 
transplanted sarcoma 37. The ABe  mice used were a cross 

between the A and C57 black strains , and were of three 
colors. All mice responded similarly to these materials. 
To determine the potency of a preparation about 2o0 to 
25o mice were used in each experimental assay. The 
methods of assay were described in detail. 

Centrifuging of the concentrates at 4,o0o times gravity 
gave a small amount  of sediment, which had negligible 
activity. The turbid supernatant solution was then cen- 
trifuged at 23,ooo times gravity for periods up to IO hours. 
A jelly-like sediment was obtained which possessed high 
activity, but considerable protency was still left in the 
supernatant solution. When this solution was then ultra- 
centrifuged for 3 hours at 16o,ooo times gravity, some 
additional active sediment was obtained, but a significant 
proportion of the activity remained unsedimented. When  
another aliquot of the concentrate was ultracentrifuged 
in the same way, but without prior centrifuging at lower 
speeds, practically all of the activity was removed from 
the solution, and was present in the sediment. This raised 
the question as to whether the active agent might  not be 
a substance of lower molecular weight than the bulk of 
the sedimented material on which it might  be adsorbed 
or bound in some way, and from which it could be 
dissociated. 

The electrophoresis experiments at pH 6.8 gave evidence 
which also appears to point in the direction of some 
separation. The turbid material migrated toward the 
anode, leaving a clear zone in the opposite arm of the 
0-tube. The migrated, turbid fraction, although highly 
potent, was usually less active than the original material. 
The clear zone, although less active, still had significant 
potency. Thus two active fractions have been obtained 
with different electrical and other properties. So far no 
indication of an iso-electric point has been obtained. 

These results show that the concentrate contains a num- 
ber of constituents with different properties. These dif- 
ferences are being studied from the point of view of devel- 
oping a method for further purification, and identification, 
of the active agent. 

FURTHER STUDIES ON THE EFFECT OF X-RAYS 
ON A TUMOR OF K N O W N  GENETIC CONSTITU- 
TION. S. G. WARNER, M. C. REINHARD, and 
H. L. GOLTZ. (New York State Institute for the 
Study of Malignant Diseases, Buffalo, N. Y.) 

Published in Cancer Research, I:653-654. i94i;  abstract 
p. 672. 

TUESDAY EVENING SESSION--APRIL i5, 1941 

DR. CARL VOECTra~, PRESIOENT-ELEcT, PRESIOINC 

SYMPOSIUM ON THE MECHANICS OF CANCER 1 

A CONSIDERATION OF FACTORS W H I C H  PRO- 
MOTE AND HINDER THE G R O W T H  OF CAN- 
CER. ALBERT CLAUDE. (Rockefeller Institute for 
Medical Research, New York, N. Y.) 

1 The papers prescnted and the discussion of the topics have 
not been abstracted.--Editor. 
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SOME FACTORS W H I C H  I N F L U E N C E  T H E  GE- 
NETIC MECHANISM OF CANCER F O R M A T I O N  
IN MICE. C. C. LITTLE.  (Roscoe B. Jackson Me- 
morial Laboratory, Bar Harbor,  Me.) 

D E T O X I F I C A T I O N  OF CHEMICAL CARCINOGENS.  
C. P. RHOADS.  (Memorial Hospital, New York, 
N . Y . )  

WEDNESDAY AFTERNOON SESSION--APRIL i6 

DR. CARL VOEGTLIN, PRESIDENT, PRESIDING 

C U T A N E O U S  NEOPLASTIC RESPONSES ELICITED 
BY U L T R A V I O L E T  RAYS IN HAIRLESS RATS 
A N D  T H E I R  H A I R E D  L I T T E R  MATES. W. C. 
HUEPER.  (Warner  Institute for Therapeutic Re- 
search, New York, N. Y.) 

Published in Cancer Research, I:402-406. I94I; ab- 
stract p. 428. 

Discussion 

H. F. BLUM (Bethesda, Md.) :  One of the main prob- 
lems in the attempt to compare the tumors produced in 
rodents with those in man seems to center around the 
question of penetration of radiation. Although it is gen- 
erally believed that the pigmentation which follows sun- 
burn in man serves as a protection against ultraviolet 
radiation, it has been shown t h a t  at least one of the 
most important factors in this protection is the thickening 
of the corneum of the skin. This decreases the penetration 
of the radiation. The most plausible explanation of the 
difference in reaction of these mice is the filtering action 
of the thickened corneum which is laid down in the hair- 
less mice. 

STUDIES OF TUMORS OF T H E  SKIN OF MICE PRO- 
D U C E D  BY U L T R A V I O L E T  RADIATION.  H . F .  
BLUM (by invitation), J. S. KIRBY-SMITH (by in- 
vitation), and H. G. GRADY. (National Cancer 
Institute, Bethesda, Md.) 

A method for irradiation of mice with uhraviolet radia- 
tion is described which permits continuous control of dos- 
age and intensity, making possible quantitative measure- 
ments in absolute units. The  method utilizes an intermedi- 
ate pressure mercury arc in which the relative intensity 
of the various lines is constant under  the conditions of 
operation. Continuous measurement  of radiation is made 
with a t i tanium photocell of the integrating type. The 
photocell is sensitive only to wave lengths shorter than 
315 o A. which includes those effective in producing tumors. 
Data on the incidence of tumors of all types occurring 
on the ears of strain A albino mice as a result of such 
irradiation were presented. The conditions of irradiation 
include independent variation of intensity and time of 
dosage. The value of the method as a standard technic 
for the study of tumor production by ultraviolet radia- 
tion was discussed. 

Discussion 

E. V. COWDRY (St. Louis, Mo.):  Does the hyperplasia 
of the epidermis of mice exposed to ultraviolet light in- 

crease the thickness of the epidermis to that of the human 
epidermis? What  do we really know about the penetra- 
bility of the epidermis to ultraviolet light? 

H. F. BLUM: I would like to be able to answer ,the 
second question more accurately. We have several mea- 
surements of the transmission of ultraviolet radiation by 
human skin but they are all subject to criticism. There is, 
however, a general agreement between them. 

It is difficult to make physical measurements of the pene- 
tration of the skin by ultraviolet light because of the scat- 
tering of the light by multiple reflection. The wave lengths 
with which we are dealing do not penetrate more than 
o.i mm.  of human skin--probably less than that. It is 
possible that up to 3 ~ per cent of the longer wave lengths 
which are effective in producing sunburn will pass through 
the epidermis of the untanned skin. 

As the skin is irradiated, the corneum thickens two or 
three times. That  cuts down the penetration considerably. 
In the mice used in our experiments the germinativum of 
the epidermis thickened until it looked like human epi- 
dermis. Penetration by ultraviolet light to the dermis was 
thereby reduced to some extent after the first irradiation. 
Up to the present we have no measurements of the pene- 
tration of the skin of the mouse by ultraviolet radiation, 
but are planning to make such measurements. 

E. V. COWDRY: Are you not suggesting that perhaps 
some other ray than the ultraviolet is effective? 

H. F. BLUM: I believe that is ruled out completely. 
Experiments of Rusch, Kline, and Baumann, and of Roffo 
eliminate the possibility that any radiation of wave length 
longer than 3,2oo A. is a primary factor. There might be 
mine adjuvant effect of radiations of longer wave length 
though there is no good evidence for this, but I think we 
can be sure that these longer wave lengths are not involved 
in the primary effect. 

W. CRAMER (St. Louis, Mo.):  In Dr. Grady's experi- 
ments did all the tumors appear on the ears? 

H. G. GRADY: The large majority of tumors, over 
95 per cent, appeared on the external ears. A few tumors 
appeared on the cornea, a few on the tail, and one on the 
forepaws. It is to be emphasized that in this study ani- 
mals were sacrificed as soon as we believed tumors were 
present. The tumors were not allowed to grow to an 
appreciable size. This may be one reason for the prepon- 
derance of sarcoma. Carcinomatous growths usually ap- 
peared later or in combination with sarcoma. Killing the 
animals when the first tumor was detected may also be 
the reason why we have not observed more tumors in other 
locations. 

Did Dr. Hueper observe any differences in the time of 
appearance of the sarcomas as compared with the 
carcinomas ? 

W. C. H U E P E R  (New York, N. Y.):  Epidermal re- 
sponses were usually the first ones we observed. The sar- 
comatous responses came later, in general. Perhaps there 
was a difference of a month.  Sarcomas involved mainly 
the orbit, the top of the nose, and the forepaw. 

EFFECT OF CLIMATIC E N V I R O N M E N T  UPON T H E  
GENESIS OF SKIN CANCERS I N D U C E D  W I T H  
M E T H Y L C H O L A N T H R E N E  A N D  UPON T H E  
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G R O W T H  OF A TRANSLPANTABLE SARCOMA 
1N C3H MICE. E. W. WALLACE and C. A. MILLS. 
(University of Cincinnati School of Medicine, Cin- 
cinnati, Ohio.) 

Skin cancers have been shown to be of more frequent 
occurrence in the South than in the North. Their  devel- 
opment in experimental animals has also been shown to 
be stimulated by exposure to various types of light irra- 
diation, leading to the somewhat general belief that it is 
irritation from certain portions of the more intense sun- 
light in southern regions that is responsible for the higher 
skin cancer rate there prevailing. We decided, therefore, 
to study skin sensitivity to methylcholanthrene under arti- 
ficial conditions that mimic tropical and temperate cli- 
mates in respect to temperature and humidity but with 
all effects of light or other forms of irradiation excluded 
from the picture. The findings we present show clearly 
that animals kept in depressing moist warmth (920 F., 
7 ~ per cent R. H.) are decidedly more prone to earlier 
development of methylcholanthrene cancers of the skin 
than are animals kept at 65 ~ F. Subcutaneous inoculation 
of a highly malignant sarcoma likewise grew rapidly in 
the skin of animals kept in tropical heat, while those in 
the cold environment grew more slowly and in over 5 ~ 
to 80 per cent of cases actually disappeared. Intramuscular 
injections of the sarcoma, on the other hand, result in 
tumor rates of development and growth which are ap- 
proximately equal under the two artificial climatic con- 
ditions. It would thus seem that the greater tendency to 
skin cancers in tropical climates is not based upon skin 
irritation by the more intense sunrays, but more likely 
depends upon the richer skin blood supply (and conse- 
quent more active skin metabolism) necessit,-ited by the 
greater difficulty of the body to dissipate heat in the hot 
climate. 

Discussion 

E. T. BELL (Minneapolis, Minn.) :  1 would like to call 
attention to a somewhat similar phenomenon which is 
observed when mice are injected intraperitoneally with 
bacteria, such as pneumococci. They live a much shorter 
time in a hot than in a cold room. 

H. L. STEWART (Bethesda, Md.):  It has occurred 
to me that Dr. Wallace's results would have been more 
striking if a smaller amount  of the carcinogenic hydro- 
carbon had been used. A dosage of 2 mgm.  is rather large. 

E. W. WALLACE:  We are aware of the fact that the 
dose used was high. We tried using a smaller dose, o.r 
mgm., but the tumors produced were not as numerous. 
We plan to use smaller doses in future experiments. How- 
ever, the fact that differences occurred with the large dose 
used is in itself interesting. 

C. A. MILLS: What  temperature was used in demon- 
strating that mice inoculated with pneumococci lived a 
shorter time in a hot room than in a cold room? Were 
the animals put directly into the hot room? 

E .  T .  BELL: About 97 ~  The animals were put 
directly into the hot room. 

C. A .  MILLS: Of course, at 97~  the animal will 
develop a severe fever. We used temperatures low enough 

to avoid the production of fever in the mice. Under  such 
conditions, if we put mice newly into these rooms, there 
is no difference in their death-times after injections of 
virulent pneumococci. If we adapt them, as we did these 
animals, during a period of three weeks before injecting 
the pneumococci intraperitoneally, then they show a mark- 
edly greater ability to resist infection at 65 ~ F. than at 9i ~ F. 

A D E N O C A R C I N O M A  OF T H E  SMALL I N T E S T I N E  
A N D  O T H E R  LESIONS IN MICE OF D I F F E R E N T  
STRAINS RECEIVING ORAL A D M I N I S T R A T I O N  
OF a o - M E T H Y L C H O L A N T H R E N E  A N D  I,e,5,6- 
D I B E N Z A N T H R A C E N E .  E G O N  LORENZ and 
H A R O L D  L. STEWART.  (National Cancer Institute, 
Bethesda, Md.) 

In experiments, reported before this Association last year, 
adenocarcinoma of the small intestine was induced in 
strain A backcross and strain A mice by oral administra- 
tion of aqueous olive oil emulsions containing 2o-methyl- 
cholanthrene and 1,2,5,6-dibenzanthracene respectively. 
Continuation of these experiments revealed that adeno- 
carcinoma of the small intestine can be induced in other 
strains of mice, namely, C57 brown, C57 black, C3H , and 
Dba, by administering a stabilized olive oil emulsion orally. 
Data were presented showing the daily consumption of 
emulsion and the minimal amount  necessary for tumor  
induction. Other lesions observed in these experiments 
including sarcoma of the mesentery were described. 

Discussion 

W. C. MAcCARTY, SR. (Rochester, Minn. ) :  Were there 
any tumors of the large intestine in this series of animals? 

E. LORENZ:  There were a few animals with tumors 
in the large intestine. We  have observed tumors in the 
upper part of the colon in a few cases and in the cecum 
in one case. At present we do not wish to make a state- 
ment as to whether these were induced or were spontaneous 
tumors. 

J. G. K I D D  (New York, N. Y.): Did the tumors arise 
as discrete nodules or on the basis of a general tissue 
disturbance? 

H. L. STEWART:  We observed two types of tumors 
of the small intestine as a result of this treatment. One 
was a localized lesion, a sharply circumscribed, round area 
with a depressed center. This progressed to form an annu- 
lar or semi-annular tumor extending into the mesentery 
and occasionally metastasizing to the base of the mesentery 
or to the mesenteric lymph nodes. The  other type was 
more diffuse. In some mice we observed a segment of 
intestine measuring from 5 to 8 cm. in length in which 
the intestine had the appearance of a garden hose, re- 
sembling that seen in lymphosarcoma in human  beings. 
In this diffuse type there were multiple glandular  tumors, 
and multiple early lesions in which a neoplastic change was 
evolving. 

L. C. STRONG: If the tumor of the cecum occurred in 
a strain A mouse it might  have been spontaneous, because 
cecal tumors occur spontaneously in mice of this strain. 
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T H E  PRODUCTION OF TUMORS BY TOBACC() 
TARS. CURTIS M. FLORY. (University of Chicago, 
Chicago, I11.) 

Published in Cancer Research, I:262-276. 1941; ab- 
stract, p. 3 2 9  . 

Discussion 

H. A. D A V E N P O R T  (Chicago, Ill.): Was the experi- 
ment  controlled by means of distillates of other plants, 
such as alfalfa? 

C. M. FLORY: Although experiments with distillates 
of alfalfa were not completed it may be that tumors 
similar to those produced by distillates of tobacco might  
be obtained with alfalfa tars. It is possible that substances 
capable of producing papillomas may be obtained by frac- 
tional distillation of practically any organic material of 
this nature. 

E. LORENZ (Bethesda, Md.) :  At the National Cancer 
Institute we have made a number  of measurements of the 
burning temperatures of tobacco in pipes, cigars, and ciga- 
rettes. Wire thermocouples were used and corrections were 
made for conduction of heat by the wires. Dur ing smok- 
ing the temperature in a briar pipe may rise to 8oo ~ C. 
The temperature of a burning cigar goes above 9oo ~ C, 
and in cigarettes rises above i,ooo ~ C. 

I)R. W. C. MaeCARTY (Rochester, Minn.) :  Have you 
made any attempt to compare the dosage of tobacco tar 
necessary to produce papilloma of the ears of the rabbit 
with the amount  of similar material taken in by the ordi- 
nary moderate smoker ? 

C. M. FLORY: We made no attempt to do that. 
S. R O T H M A N  (Chicago, Ill.): It would seem advisable 

to conduct experiments of this sort upon animals having 
certain infectious diseases or other disorders. Every clinician 
is familiar with the fact that the habit of heavy smoking 
in the presence of a syphilitic infection predisposes to 
leukoplakia and consecutive cancer of the mouth and 
tongue. Would similar experiments with tobacco tar car- 
ried out upon syphilitic rabbits give a larger number  of 
malignant tumors ? 

C. M. FLORY: Such experiments would be interesting, 
but we did no work along such lines. 

E. LORENZ:  Dr. Winterstein in Basel obtained results 
similar to those of Dr. Flory. However,  when he painted 
the ears of rabbits with coal tar first, in an amount insuf- 
ficient to produce papilloma, and followed this with the 
application of tobacco tar, carcinomas or sarcomas were 
produced. He  claims that al though tobacco tar may be 
noncarcinogenic in itself, it may become active in combi- 
nation with other carcinogenic agents. 

C. M. FLORY: That  point should be further investi- 
gated. 

H. G. GRADY (Bethesda, Md.):  Do the lesions referred 
to as "carcinomatoid" regress after the painting with 
tobacco tar is stopped? 

C. M. FLORY: I am not able to answer that question 
because in these experiments no attempt was made to 
observe the final condition of these lesions. Most of these 
tumors were found when the animals died. Rous and 
Kidd have reported that carcinomatoid tumors regress. 

The absence of metastases was one of the chief reasons 
for our calling these tumors "carcinomatoid." 

E. V. COWDRY (St. Louis, Mo.): Does tobacco tar 
have a greater carcinogenic action when applied to the 
mucous membranes than when it is applied to the skin? 

C. M. FLORY: I have no information on that point. 
I. G. KIDD (New York, N. Y.): What  were the early 

changes produced in the skin of rabbits painted with to- 
bacco tar? 

C. M. FLORY: Marked hyperkeratosis, peeling of the 
skin, and loss of hair were produced as early as 2 weeks 
after the start of painting. We peeled off this hyperkera- 
totic skin to obtain a fresh surface for painting. 

T H E  PRODUCTION OF TUMORS IN EXPERI- 
M E N T A L  ANIMALS W I T H  SULFANILAMIDE.  
ALF T. HAEREM. (University of Chicago, Chicago, 
Ill.) 

Spindle cell sarcomas developed at the site of injection 
in 2 out of 2o Swiss Albino mice (Bar Harbor) injected 
with 15 mgm.  of sulfanilamide in o. 5 cc. of lard. The 
animals with tumor were killed at 222 and -,62 days. Of 
To stock albino rats given injections of 15 mgm. of sul- 
fanilamide in lard on 2 occasions, z developed sarcomas. 
These tumors occurred at 8 months and 13 months. Con- 
trois included IO rats similarly injected with aspirin in lard, 
io receiving no injections, and 3o injected with lard alone. 
No tumors occurred in these groups. 

Tumors were not produced by feeding rats a stock diet 
containing 2.5 per cent sulfanilamide, during a test period 
of 16 months. These animals, however, failed to gain 
weight, because of a smaller dietary intake, and they failed 
to produce litters. 

A preliminary report has been published in I'roc. Soc. 
Exper. Biol. & Med., 4S:536-539 . 194o, and a more ex- 
tensive report will be made later. 

In the absence of Dr. Haerem, this paper was presented 
by Dr. Paul E. Steiner. 

Discussion 

C. VOEGTLIN (Bethesda, Md.):  I think it is important 
for this Association to see to it that these findings are 
not misinterpreted by the press and by the laity. Naturally, 
it would be wrong to say that sulfanilamide and other 
compounds of this series actually produce cancer in human 
beings. It might create an unfortunate situation. 

It is obvious that these findings will have to be followed 
up further. In fact there is even more extensive work to 
be done because there are numerous chemicals being dis- 
covered all the time, some of which, in animals at least, 
might produce cancer. 

G. O. GEY (Baltimore, Md.):  Since June, 1938 , we 
have been using sulfanilamide and other sulfonamide drugs 
in tissue cultures as a protection against and for the treat- 
ment  of infection. We have used concentrations of sul- 
fanilamide from 5 mgm. to 8oo mgm.  per cent; i.e., up 
to the point of full saturation. In only a few cultures after 
long-continued exposure of cells to sulfanilamide have we 
produced any changes. One of the things that we observed 
is a disappearance of granules with the production of very 

 American Association for Cancer Research Copyright © 1941 
 on September 18, 2012cancerres.aacrjournals.orgDownloaded from 

http://cancerres.aacrjournals.org/
http://www.aacr.org/
Me
Highlight



Proceedings o/ 1941 Association Meeting 745 

clear cells. Sometimes therc is hypertrophy of cells. Such 
altered cultures, when inoculated into animals, have not 
produced tumors. 

P. E. STEINER (Chicago, Ill.): When  Dr. Haerem 
showed me these results a little over a year ago, I thought 
that they were so important it would be advisable im- 
mediately to begin to make a check on them by using a 
different strain of mice, a different brand of sulfanil- 
amide, different diet, and other different conditions. The 
experiments begun 9 months ago are now reaching a criti- 
cal stage. So far there have been no tmnors. 

O. M. GRUZHIT  (Detroit, Mich.): Usually the injected 
sulfanilamide is absorbed within "4 hours. How is the 
carcinogenic mechanism accounted for in view of the 
fact that the material is not retained at the site of injection ? 

P. E. STEINER: It was incorporated in lard deliberately 
to hold it at the Site of injection. 

M. E. K R A H L  (Indianapolis, Ind.):  Have you tried 
any of the more insoluble derivatives of sulfanilamide, 
such as sulfapyridine and sulfathiazole? 

P. E. STEINER: Dr. Haerem had a great many of these 
experiments going on. They were partly interrupted by 
his having been called to military service. I have no 
definite information on their present status. 

I. E. E D W A R D S  (Bethesda, Md.):  Were there any 
hepatic changes in the animals administered sulfanilamide? 

P. E. STEINER: We have seen hepatic changes but do 
know how to interpret them. As hepatic changes in these 
animals are fairly common, we doubt if the changes noted 
are significant. Dr. Haerem has also noted interesting 
renal changes. 

M. I. SHEAR (Bethesda, Md.):  With reference to Dr. 
Edwards'  question, since 1934 we have been testing a 
large number of compounds of this type; i.e., nitrogen- 
containing benzene derivatives. Dr. Stewart has examined 
the histological sections. There have been lesions of the 
liver, and in some cases tumors have been produced by 
compounds of this type. 

The interesting findings just presented bring to the 
fore a question that has been under discussion for a num- 
ber of years. When the Scottish workers obtained sarcomas 
on the injection of a trypanocidal drug (styryl 43o), and 
when the butter yellow, dyes, which are still used in some 
places to color foods, were found to be carcinogenic, and 
when some of these simpler benzene derivatives related 
more or less closely to the great variety of dyes, drugs, 
and food preservatives in common use were found to pro- 
duce changes of this type in long-term experiments, the 
question came up as to whether a systematic survey of 
such substances should be undertaken. The matter was 
discussed with Dr. Calvary of the Food and Drug Admin- 
istration. It had been hoped at that time that it might be 
possible to arrange for such a survey. This was not pos- 
sible because of the magnitude of the task. This would 
not be a new research approach but a routine, long-term 
testing of many substances for carcinogenic potency. 

Since this work would be too large an undertaking for 
a single laboratory the question came up as to whether 
some central committee might perhaps be set up by this 
Association to serve as a central clearing agency for in- 

formation and to assist in securing cooperation among 
laboratories interested in testing thcse compounds. The 
Committee could help to avoid multiplication of tests of 
the same compound in different laboratories and aid in 
making the survey so broad that eventually we might  have 
information on the substances in common use. 

This same matter was brought up by Dr. Steiner a few 
months ago. I wonder  what the President would suggest 
in regard to the appointment of such a committee. 

C. VOEGTLIN:  Are you in favor of a motion that 
this question be referred to the Board of Directors? 

M. J. SHEAR: I so move. 
W. C. MAcCARTY, SR. (Rochester, Minn.) : I second it. 
The motion was put to a vote and carried. 

EXPERIMENTAL LIVER CANCER A N D  ITS INHIBI-  
T I O N  BY VARIOUS FOOD SUBSTANCES. K. SU- 
GIURA and C. J. KENSLER. (Memorial  Hospital, 
New York, N. Y.) 

In the present study animals were fed 2o cc. of a 3 per 
cent solution of butter yellow (dimethylaminoazobenzene)  
in olive oil mixed with I kg. of unpolished rice, supple- 
mented with carrot. 

As a preliminary study, the susceptibility of rats of dif- 
ferent strains to the carcinogenic action of butter yellow 
was determined. The susceptibility of rats of different 
strains to the carcinogenic action of butter yellow is not 
the same. In the case of the Sherman strain, Io per cent 
of the rats showed liver cancer at the end of i2o days on 
butter yellow rice diet. In the case of the Wistar strain, 
Ioo per cent of the rats showed liver cancer at the end of 
r5o days, and in the case of the Evans strain, IOO per cent 
of the rats showed liver cancer at the end of 220 days. 

The liver cancers were found to be various histological 
types of hepatomas, namely, glandular or cholangioma type, 
trabecular or solid type, and mixed type. Cirrhosis with 
adenomatous hyperplasia of bile diets preceded these 
malignant tumors. 

At the end of I month of butter yellow feeding, the 
livers appeared normal. At the end of 2 months of butter 
yellow feeding, the livers showed a marked uneven sur- 
face with more or less well-defined nodules. At the end 
of 3 months of butter yellow feeding, the livers showed 
many large well-defined nodules. At the end of 5 months 
of butter yellow feeding, the livers showed large tumor  
nodules. 

After one month of butter yellow feeding, section of a 
liver shows swelling of cells, much narrowing of sinusoids, 
and smooth surface of the capsule. After two months '  
feeding, section shows annular cirrhosis or adenomatous 
hyperplasia of bile ducts, beginning cholangioma. After 
three months'  feeding, section shows cholangioma or 
hepatoma or both. 

The effect of various food substances on the production 
of liver cancer by butter yellow was investigated. 

Dietary supplements of casein, corn oil, cod liver oil, 
wheat germ oil, lecithin, and choline had no inhibiting 
effect upon the production of liver cancer. 

Butter yellow did not produce liver cancer in rats fed 
on a rice diet containing 15 per cent of brewer's yeast. 
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The inhibiting effect of yeast feeding upon the produc- 
tion of liver cancer is distinctly diminished when the 
basal diet of butter yellow rice contained less than 15 per 
cent yeast. Thus with the addition of 6 per cent yeast to 
the butter yellow rice diet, 3 ~ per cent showed liver cancer. 
With  the addition of 3 per cent yeast to the butter yellow 
rice diet, 7 ~ per cent showed liver cancer. 

It is interesting to note that 3 per cent of yeast in a syn- 
thetic diet deficient only in vitamin B complex was suffi- 
cient to promote normal growth in rats. But that amount  
of yeast is not sufficient to prevent the production of liver 
cancer by butter yellow. Similarly, it was found that the 
addition of 5 per cent liver extract to the butter yellow 
rice diet had a complete inhibiting effect, while the addi- 
tion of I per cent liver extract inhibited only 35 per cent. 

Livers of rats fed with 15 per cent yeast show normal 
appearance at the end of 3oo days, while livers of rats on 
butter yellow rice diet without the supplementary yeast 
show many cancer nodules in all animals at the end of 
i5o days. 

As both yeast and liver are rich in vitamins of the 
B group and as it was found that our basal unpolished 
rice diet contained only minimal quantities of riboflavin, 
several experiments were undertaken in which riboflavin 
was fed. The  administration of large amounts of riboflavin 
alone is without  significant protective effect. However,  
when a relatively small amount  of riboflavin (2oo vgm.) 
was fed with casein, alnaost complete protection was af- 
forded the animals at ~5o days. 

M O R P H O L O G Y  OF HEPATIC TUMORS 1N RATS 
FED P-DIMETHYLAMINOAZOBENZENE (BUT- 
T E R  Y E L L O W ) .  JESSE E. E D W A R D S  and JULIUS 
W H I T E .  (National Cancer Institute, Bethesda, Md.) 

Over two hundred  Osborne-Mendel male and female 
rats were fed p-dimethylaminoazobenzene for various 
periods of time with the production of tumors in the 
majority of animals. 

The  tumors arising in the liver are usually multiple, 
white, pearly gray, pink, or purple, with solid and cystic 
areas. Frequent ly one of the tumors is appreciably larger 
than the others. Peritoneal implants occur with extension 
of these secondary loci into other organs such as the spleen, 
pancreas, and diaphragm. Metastases to lungs, retroperi- 
toneal and mediastinal lymph nodes are found. 

The  tumors may be successfully transplanted subcutane- 
ously and intraperitoneally into rats of the Osborne-Mendel 
strain. 

The  tumor  tissue may be divided into three histologic 
types but frequently mixtures of these are present in the 
same tumor.  

Type/.--The tumor cells are morphologically not unlike 
regenerating hepatic cells and occur in cords along en- 
dothelial-lined sinusoids. Mitotic figures are uncommon 
and evidence of nuclear abnormality is frequently lack- 
ing. The  regularity of this picture makes it difficult to 
distinguish this type of tumor from hepatic regeneration. 
A distinguishing feature of this type of growth is inva- 
sion of blood vessels. Metastases and peritoneal implants 

from this type of tumor have not been encountered, nor 
have we successfully transplanted this type. 

Type//.--This is the most common type. The cells vary 
somewhat in appearance from those having no distinguish- 
ing features to those with sharp cell margins somewhat 
suggestive of hepatic cells. The cytoplasm is faintly baso- 
philic and the nuclei are relatively small, each showing a 
prominent nucleolus. The relation of the tumor cell col- 
lections to blood vessels is characteristic. Each aggrega- 
tion of tumor cells is surrounded by a delicate basement 
membrane which separates it from the endothelium of 
adjacent blood sinusoids. 

The relation of the tumor cells to each other varies so 
that sheets of cells, cords, or acini are found. 

Type lll.--This type grows as an adenocarcinoma which 
is not specific either in the appearance of the cells or in 
their relation to the connective tissue and blood vessels. 
Some of the cells contain droplets of mucin and some 
acini may be distended with this substance to present the 
picture of a colloid carcinoma. Papillary types of adeno- 
carcinoma are also encountered. Type III tumor is prac- 
tically always mixed with tumor of the second type. 

By some investigators this adenocarcinoma type has 
been called cholangioma, implying or indicating that it is 
derived from the epithelium of bile ducts. That induced 
adenocarcinoma of the rat's liver may in reality be ot~ 
hepatic cell origin has several points of support, as follows: 

i. Among the Japanese workers, Kinosita, studying 
early lesions, feels that regardless of whether a tumor 
develops into a typical hepatic cell carcinoma or a so-called 
cholangioma, it is derived from hepatic parenchyma and 
not from bile ducts. 

2. The ahnost constant association of adenocarcinoma 
with tumor generally conceded to be of hepatic cell origin 
and the presence of transition forms between these two 
types of tumor would suggest that adenocarcinoma may 
merely be a variant of tumor derived from hepatic cells. 

3. The study of one case in several generations of trans- 
plantation has convinced us that this may be so. In the 
primary form the neoplastic tissue was growing as types 
I, II, and III. In the first two generations of transplanta- 
tion it was growing as adenocarcinoma. In the third 
generation it was growing partly as adenocarcinoma and 
partly as a solid tumor consistent with one of hepatic cell 
origin. There were transitional forms. In the fourth and 
fifth generations the tumors were completely solid and 
entirely consistent with a tumor of hepatic cell origin. 

4- The hepatic parenchyma is developed from an out- 
pocketing of the gut which would make it conceivable 
for hepatic parenchymal cells to form glands when grow- 
ing as neoplastic tissue. 

Discussion 

H. L. STEWART (Bethesda, Md.):  I know of no field 
in experimental cancer research in which the opinion of 
the well trained, experienced pathologist is of more im- 
portance than in evaluating the presence or absence of a 
tumor of the liver in an animal fed one of the azo dyes. 
My own experience has indicated that there is a large 
group of cases in which it is questionable whether or not 
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a tumor existed. On the other hand, nearly all investigators 
in reporting their results show tables of figures on the 
presence or absence of tumor but in which there is usually 
no mention of a doubt whether a given lesion is neoplastic 
or nonneoplastic. 

Regarding the possible origin of these tumors from bile 
ducts another reason against such a supposition is that if 
the azo dyes are carcinogenic for the epithelium of the 
intrahepatic bile ducts they should also produce tumors of 
the larger extrahepatic bile ducts, or even of the gall 
bladder in the mouse. This has not been observed. 

W. C. MAcCARTY, SR. (Rochester, Minn.):  There are 
many artifacts in the histological sections which have been 
shown in the slides illustrating these papers. These could 
be avoided by better technic, following methods I described 
some 37 years ago and have been using successfully ever 
since. I have rarely seen these methods used outside my 
own institution. One important part of the technic is to 
use perfectly fresh tissues. 

Following these remarks there was a general discussion 
of histological technic. 

E. V. COWDRY (St. Louis, Mo.): It seems to me that 
in the differentiation of tumors possibly arising from bile 
ducts as contrasted with tumors possibly arising from 
parenchymatous hepatic.cells, it would be useful to make 
preparations to demonstrate bile capillaries. Bile capil- 
laries are, of course, formed between the hepatic cells. 
They would not, I think, be formed by bile duct cells. It 
seems to me that even an abortive formation of bile capil- 
laries might be significant. 

W. H. WOGLOM (New York, N. Y.): When I began 
looking at these tumors I thought I could distinguish the 
bile duct type from the parenchymal type, but with more 
experience, I became doubtful about the possibility of 
making this distinction. I have seen a tubule with one 
half resembling bile duct epithelium and the other half 
resembling parenchyma. 

J. WHITE:  In connection with the work of Drs. 
Sugiura and Kensler, I believe that most investigators 
have not taken into account sufficiently the nutritional 
requirements of the tumor and the relationship of the 
nutritional state of the animal as a whole to the occur- 
rence and growth of tumors. Some years ago Dr. Voegt- 
lin and his collaborators showed that by removing some 
of the essential amino acids from the diet the growth of 
certain tumors was retarded. At the same time the growth 
of the animal itself was retarded. 

In regard to the statement in this paper that supplement- 
ing the diet with riboflavin and casein will prevent the 
formation of liver cancer, I wonder what would have 
happened if the animals had been allowed to ingest this 
diet over a period longer than 15o days. Is the result 
reported merely a retardation of the latent period of tumor 
formation? 

Using a somewhat different diet in similar experiments 
we have found that if we allowed the animals to ingest 
butter yellow, tumors would arise in about 4�89 to 6 
months. On the other hand, if we removed one of the 
dietary essentials (cystine), under the conditions of our 
experiment, no tumors were formed before 7~ months. 

5 

Usually the tumors which appear at that time are very 
small. I feel that this result is due to the fact that the 
animal's resistance is lowered by a very poor diet at the 
start. 

The animals will usually have the same weight at 
the end as at the start of the experiment. As a result two 
conflicting processes are taking place. One is the tendency 
to detoxify the toxic agent (butter yellow in this case) and 
the other is the tendency to form tumors. Under condi- 
tions of poor nutrition it is impossible for the first and 
natural process of detoxification of the agent to take place 
completely. As a result, enough of the carcinogenic agent 
is still present to produce these tumors. The addition of 
a material such as casein probably supplies the sulfur- 
containing amino acid needed to detoxify the butter yel- 
low present in the liver. I venture to say that tumors would 
be formed if these animals were continued on the experi- 
mental diet for periods longer than 15o days. 

K. SUGIURA: In a previous communication, it was 
shown that the development of liver cancer in rats follow- 
ing oral administration of p-dimethylaminoazobenzene is 
completely inhibited by daily ingestion of about 1.2 gm. 
of brewer's yeast. All of the 54 rats examined between i5o 
and 3oo days after the beginning of the experiment showed 
smooth and practically normal livers. In contrast, the 
animals fed the butter yellow rice diet without yeast 
developed typical liver cancer in all cases in a comparatively 
shorter period of time (Ioo to i7o days). Some of the 
experiments with butter yellow rice diet containing ~5 
per cent of yeast were continued for 450 days. In that 
time there was complete inhibition of tumor formation in 
75 per cent of the animals, while 25 per cent showed tu- 
mors. In the experiments with riboflavin and casein, 95 
per cent of the animals were protected for I5o days. 
Perhaps if we had kept the animals longer more would 
have developed tumors, but probably not xoo per cent. 
We are making experiments to test the inhibiting action 
of combinations of riboflavin with cystine or methionine. 

I. LOCKWOOD (Philadelphia, Penn.) :  It would be 
of considerable importance to know something about the 
chemical composition of these livers during the weeks 
preceding the development of the tumors. Ravdin and 
his associates in Philadelphia, and Whipple in Rochester, 
have shown that in rats with livers having a high con- 
tent of fat the administration of a hepatotoxic agent such 
as chloroform or arsphenamine in acute experiments will 
produce extensive necrosis, and that this type of liver 
injury can be prevented by adjusting the diet in such a 
way as to maintain a high protein content in the liver. 
Furthermore, Ravdin has shown also that the production 
of sterile subcutaneous abscesses in animals will protect 
the liver against injury by hepatotoxic agents. It is pos- 
sible that these phenomena may have a bearing upon the 
production of tumors of the liver by butter yellow, where 
the injury is chronic rather than acute. 

M. J. EISEN (New York, N. Y.): Did liver cancer 
occur in the absence of cirrhosis? 

K. SUGIURA: o-Aminoazotoluene and dimethylamino- 
azobenzene are equally effective when given orally in 
producing liver cancer in rats. This change occurs after 
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300 days when o-aminoazotoluene is used and after only 
I5o days with dimethylaminoazobenzene. The sequence 
of events is not the same with both dyes. In the case of 
dimethylaminoazobenzene, cirrhosis almost always pre- 
cedes cancer of the liver. With o-aminoazotoluene the 
stage of cirrhosis is less prominent. When yeast is fed 
cancers are often not preceded by cirrhosis. 

M. J. EISEN: May it not be that the yeast, the vitamin 
complex, prevents the cirrhosis of the liver, which is 
apparently a determinant of tumor production in a large 
majority of the rats? Possibly the bile ducts rarely if ever 
become cancerous because butter yellow is not in itself 
directly carcinogenic. It does not produce cancer at the 
site of injection. Butter yellow may produce liver damage, 
which is followed by cirrhosis, before the cancer occurs. 
In human beings primary cancer of the liver is more 
common in cirrhotic livers than in normal livers. The 
vitamin B complex prevents the cirrhosis of the liver, 
but does not function directly as an inhibitor of 
carcinogenesis. 

M. J. SHEAR: As Dr. Eisen has stated, tumors have 
rarely been reported at the site of injection of these azo 
dyes. They are absorbed into the circulation and produce 
tumors of the liver. On the other hand, methylcholanthrene 
and benzpyrene which are actively carcinogenic when 
applied to the skin or subcutaneous tissues are ahnost com- 
pletely inactive when applied within the liver of the rat. 
So far in experiments extending over 1�89 years no tumors 
have been produced by these hydrocarbons injected or 
implanted into the liver. 

M. J. EISEN: The main reason for the nonproduction 
of organ tumors is the encapsulation of the hydrocarbon. 
In some experiments the connective tissue encapsulating 
the hydrocarbon in organs was changed to spindle cell 
sarcoma. 

M. J. SHEAR: Have you gotten spindle cell sarcoma 
in the rat? 

M. J. EISEN: Not as yet, but with the proper technic 
the carcinogens should be capable of eliciting various forms 
of organ tumors. 

M. J. SHEAR: The peculiar feature we have noted is 
that the connective tissue around the hydrocarbon in the 
liver does not go into malignancy whereas it does at other 
sites. 

held for Io transfers away from methylcholanthrene, sug- 
gesting some degree of permanency. Neither of these 
functional changes appeared in the first few transfers of 
the adaptation process and the ability to survive appeared 
earlier than did the high population levels. This delayed 
response is considered significant. No claim is made that 
the methylcholanthrene-adapted Paramecia are analogues 
of mammalian cancer cells induced by the same agent; 
but it is believed that a study of small organisms exposed 
for long periods through many cell cycles to carcinogenic 
agents may throw light on the mechanism of carcinogenesis 
in mammalian tissues. 

Discussion 

E. V. COWDRY (St. Louis, Mo.): I understood from 
the graphs shown that there is no evidence of inhibition 
of growth or other toxic action by methylcholanthrene on 
the Paramecia. Do Paramecia divide more frequently and 
rapidly under the influence of methylcholanthrene? 

R. R. SPENCER: We have no evidence whatever that 
methylcholanthrene in the amounts used (;:I,ooo,ooo) has 
an inhibitory action upon the growth of Paramecium. Pre- 
viously we and others, using Paramecium and bacteria, 
have found that the initial effect of methylcholanthrene 
was a stimulation of cell division. In these curves, how- 
ever, you will note that this response (high population 
levels, not to be confused with the rate of cell division) 
was delayed, came after many transfers, and did not 
reach its peak until about the xath day. 

We have not made observations on individual organ- 
isms to determine whether cell division was faster than in 
the normal rate. 

M. E. KRAHL (Indianapolis, Ind.):  Were the cultures 
of Paramecium in solutions of the hydrocarbon kept in the 
dark or were they exposed to daylight? 

R. R. SPENCER: In the laboratory where these cultures 
are studied, electric lights are covered with five layers ot 
yellow cellophane which excludes the ultraviolet radiations. 
All the windows are blacked out. The experiments, how- 
ever, were started in daylight. The cellophane covers were 
put on the lights and the windows darkened at about the 
time of the 25th transfer as an extra precaution. We had 
not noticed any evidence of photodynamic sensitization in 
the diffuse daylight of the laboratory. 

BEHAVIOR OF PARAMECIUM MULTIMICRONU- 
CLEATUM AFTER LONG A D A P T A T I O N  TO 
M E T H Y L C H O L A N T H R E N E .  R. R. SPENCER and 
M. B. MELROY. (National Cancer Institute, Be- 
thesda, Md.) 

For more than i8 months a strain of Paramecium has 
been exposed continuously to methylcholanthrene ( io 
mgm.  per i c c .  of medium) .  During this period, more 
than 50 transfers of the cultures have been made at ap- 
proximately Io-day intervals covering at least 300 succes- 
sive cell divisions. When  removed from the methylcholan- 
threne, washed, and placed under conditions of partial 
starvation, the adapted organisms have shown an increased 
ability to survive and have multiplied to a far higher popu- 
lation level than untreated organisms. These changes have 

CANCER OF TI lE  MOUTH. I. SOME CHEMICAL 
ASPECTS OF BUYO-CHEEK CANCER. W. C. 
WOELFEL (by invitation), JOHN W. SPIES, and 
J. K. CLINE. (University of Texas School of Medi- 
cine, Galveston, Texas.) 

In the Far East the habit of betel chewing is a factor ot 
major importance as a cause of cancer of the mouth. The 
present report is an attempt to develop a theory of the 
origin of betel chewer's cancer, based on a consideration ot 
the chemical constituents of the chew. 

The chew consists primarily of a piece of areca nut. 
wrapped in the leaf of the betel vine, together with some 
lime. In certain localities other ingredients are added, such 
as gambir, catechu, tobacco, or cloves. By comparison ot 
descriptions of ingredients it is possible to eliminate from 

 American Association for Cancer Research Copyright © 1941 
 on September 18, 2012cancerres.aacrjournals.orgDownloaded from 

http://cancerres.aacrjournals.org/
http://www.aacr.org/


Proceedings o] I94I Association Meeting 749 

consideration all except those common to the quid chewed 
in all localities. The remaining common ingredients are 
the areca nut, the betel leaf, and lime. Attention is to be 
focussed on compounds of the nut and leaf, rather than 
on the lime. 

The fat obtained from the nut by extraction with ether 
did not produce tumors in mice in I5 months. Injection 
of the unsaponifiable fraction also gave negative results 
after Io months. Alcoholic extracts of the nut produced 
severe ulcerations, probably because of the tannin present. 
Similar extracts from which the tannin had been removed 
gave negative results. 

There are at least four allyl phenols in the essential 
oil from the betel leaf. These are: chavibetol, chavicol, 
allyl pyrocatechol, and methylengenol (allyl veratrole). 
Allyl compounds of this type are readily isomerized to 
propenyl compounds, the double bond shifting toward the 
benzene ring. Such propenyl compounds undoubtedly 
occur in the leaf. The propenyl compounds are very re- 
active and tend to dimerize spontaneously. This conver- 
sion probably takes place within the leaf under the influ- 
ence of sunlight and enzymes. An example is the "photo- 
anethole" of DaVarda, formed by the action of sunlight 
on anethole, obtained from anise oil. This was shown 
later to be dimethoxystilbene. Other stilbenols have been 
isolated from the sulfite liquors of wood, and it is thought 
that similar compounds occur in betel leaf, areca nut, and 
tobacco. Compounds having high estrogenic activity are 
formed when anethole is demethylated by alcoholic potas- 
sium hydroxide. Dianol, prepared by demethylation of 
"isoanethole" produced estrus in castrated female rats in 
doses of o.I mgm. 

Dimeric compounds similar to these may be present in 
the betel leaf. The possible compounds and their probable 
estrogenic properties were discussed. 

We have tested a dimer of anethole known as "methan- 
ole" for estrogenic activity and found it to be negative in 
6o mgm. doses. Its dimethylation product is being investi- 
gated. We have found also that diisoeugenol has no estro- 
genic activity in I5 mgm. doses. 

We are engaged in the synthesis of possible dimers of 
betel leaf phenols, and plan to test them for estrogenic 
and carcinogenic activity. 

Discussion 

F. C. TURNER (Bethesda, Md.): I n-fight state that I 
tested 6 of these allyl compounds for a different purpose; 
namely, to determine whether they would retard the devel- 
opment of tumors induced by an injection of methylcholan- 
threne. Mice, which had received a minimal dose of 
methylcholanthrene in tricaprylin, were injected periodi- 
cally with these allyl compounds. The results were 
negative. 

CELL DIVISION. WARREN H. LEWIS and MARGA- 
RET REED LEWIS. (Wistar Institute of Anatomy 
and Biology, Philadelphia, Penn.) 

Read by title; abstract not available. 

THE INHIBITION OF PHOSPHOL1PID OXIDATION 
BY CARCINOGENIC AND RELATED COM- 
POUNDS. H. P. RUSCH and B. E. KLINE. (Univer- 
sity of Wisconsin, Madison, Wis.) 

Published in Cancer Research, 1:465-472. I94I; abstract 
p. 509. 

Discussion 

M. E. KRAHL (Indianapolis, Ind.)" We are very much 
interested, as is the Wisconsin group, in the reactions of 
carcinogenic agents with lipoid materials. At the same 
time we have been studying the solubility of the hydro- 
carbons in water. While they are commonly considered 
insoluble this is not really so. They have substantial 
solubilities. 

The important point for enzyme studies is that the 
hydrocarbons can be carried into solution quite readily 
in the presence of proteins. This makes it possible for 
these substances to take part in enzyme reactions in 
cells, in aqueous solutions, where activity coefficients are 
greatly increased by proteins. Therefore, we should not 
give up hope of study of the aqueous systems. 

C. VOEGTLIN (Bethesda, Md.): The speaker referred 
to arsenic as a carcinogenic agent. I believe there is no 
clear-cut experimental evidence to the effect that arsenic 
produces tumors. We have some work under way to 
see whether certain arsenicals can produce tumors. So 
far the results have been negative. 

E. ALLEN (New Haven, Conn.) : I was n-inch interested 
in seeing Drs. Rusch and Kline tie up estrogens and car- 
cinogens in these oxidation reactions. The estrogens are 
known to affect color in feathers and skin. There is prob- 
ably some tie-up also with melanotic tumors. This prom- 
ises to be a very interesting and productive field of 
investigation. 

WEDNESDAY AFTERNOON SESSION--APRIL x6 

DR. CARL VOEGTLIN, PRESIDENT, PRESIDING 

THE RELATION OF DIET TO BENIGN NEOPLASIA 
(ULCERO-PAPILLOMAS) OF THE RAT'S STOM- 
ACH. A. BRUNSCHWIG and R. A. RASMUSSEN. 
(University of Chicago School of Medicine, Chicago, 
Ill.) 

Published in Cancer Research, x:371-378, i94i ; abstract, 
p. 429 �9 

Discussion 

W. CRAMER (St. Louis, Mo.): The lesions described 
by Dr. Brunschwig are very similar, as far as the fore- 
stomach is concerned, to lesions that I have seen in rats 
when kept on certain diets. But I came to the conclusion 
that no specific diet is responsible for their occurrence. 

I never observed the lesions in the glandular portion 
of the stomach. While diet may be a factor responsible 
for such lesions, the age of the rats may have some influ- 
ence and a genetic factor also may be involved. When I 
repeated my own experiments some years later using young 
rats and keeping them for several months, I did not ob- 
serve these lesions in the stomach, although the animals 
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were kept on exactly the same diets on which 3 years 
earlier the lesions had appeared. 

A. BRUNSCHWIG:  We have used about 200 rats in 
these experiments. Differences in ages of the animals n'my 
account for some of the discrepancies in experimental re- 
sults. In mature rats, ~�89 to 2 years old, we found it took 
several weeks before the lesions would appear. After pre- 
liminary observation we used young rats weighing 60 to 
i3o gin. They developed lesions regularly, and as early 
as i2 days in some cases, when fed the diet of boiled rice 
only. With rats weighing 2oo to 25o gm., 4 to 5 weeks 
were required for the development of the lesions. 

THE PRODUCTION OF TUMORS W I T H  AN EX- 
TRACT FROM H U M A N  LIVER. PAUL E. 
STEINER. (University of Chicago, Chicago, Ill.) 

The nonsaponifiable lipid fraction obtained from the 
livers of persons having cancer, the livers themselves con- 
taining no cancer, produced sarcomas at the site of sub- 
cutaneous injection in mice. The extract was obtained by 
saponification and extraction with ethylene dichloride. It 
was administered in one dose of 0.5 gm., dissolved or 
suspended in sesame oil. The first sarcoma killed its 
bearer in the 7th month  and i i more tumors developed in 
37 mice (effective total), a yield of about 3 ~ per cent. The 
tumors were transplantable in series in 2 out of 3 attempts. 
One original induced tumor metastasized to the lung. 

A similar extract from the livers of noncancerous persons 
produced one sarcoma during the r2th month (35 mice 
living), and another in the r3th month.  

Experiments are now under way to study the origin, 
nature, distribution, and etiologic significance of this 
carcinogen. 

A preliminary report was published in Science, 92:431- 
432. I94o. 

Discussion 

A member  asked the speaker if he has any idea as to 
the nature of the carcinogen. 

P. E. STEINER: I do not. I can say that about two- 
thirds of the material is cholesterol. 

E. W. WALLACE (Cincinnati, Ohio):  Would methyl- 
cholanthrene added to the livers appear in the extract pre- 
pared by Dr. Steiner? 

P. E. STEINER: We have not tried that. 
M. J. SHEAR (Bethesda, Md.):  I should like to ask 

Dr. Steiner what he thinks of the possible role of sesame 
oil as a carcinogen. Some investigators have found that 
sesame oil alone, without additional carcinogens, pro- 
duced sarcomas in a few mice. However, I understood 
that none of the mice in Dr. Steiner's control group, not 
reported in detail here today ,  developed sarcoma from 
injection of sesame oil a lone . . In  the repetition of these 
experiments it will also be ,necessary to consider the role 
of the solvent from the point of view of the presence or 
absence of promoting or retarding factors in it. 

This question came up in Boston several years ago and 
Dr. Shimkin, at the suggestion of Dr. Fieser, tested a num- 
ber of synthetic solvents, chiefly triglycerides. If one com- 
pares the reproducibility of results, as Dr. Shimkin and we 
have done, one finds that with very low doses of car- 

cinogens dissolved in vehicles of biological origin, which 
vary widely in composition, one solvent often gave results 
different from those obtained with the same amount of 
the carcinogen in another vehicle. It would be of interest, 
therefore, to know whether the fractions injected by 
Dr. Steiner in solution in sesame oil would produce tumors 
when injected in another vehicle of known composition. 

P. E. STEINER (Chicago, Ill.): The sesame oil used in 
these experiments has been tested by itself. The unheated 
oil. has not produced tumors. Sesame oil heated to 35 ~ C., 
at which point it changed color and fumed, produced one 
tumor in one mouse among a large number of animals 
injected with the heated oil. 

Following Dr. Shear's recommendation we have been 
using tricaprylin as a vehicle. Thus far we have not been 
favorably impressed because our tricaprylin is caustic and 
causes greater reaction at the site of injection than does 
sesame oil. 

J. B. MURPHY (New York, N. Y.): Did I understand 
correctly that the technic used in inoculating controls was 
different from that used in inoculating test animals? 

P. E. STEINER: They received two injections. 
J .  B. MURPHY: Did you have any controls where you 

used exactly the same technic in the preparation of the 
normal liver fraction and when this product was admin- 
istered in the same doses at the same intervals as in your 
reported tests? 

P. E. STEINER: I am not ready to report on that. 
H. G. GRADY (Bethesda, Md.): Were the extracted 

livers from the cancer patients free from metastases? 
P. E. STEINER: Yes, they were both grossly and micro- 

scopically free from metastases. We have extracted large 
quantities of tumor tissue by similar methods and have 
injected the extracts into mice. During periods up to two 
years such extracts have not produced tumors. 

G. PINCUS (Worcester, Mass.): Was there any fatty 
degeneration in the livers from the cancer patients? 

P. E. STEINER: Yes, but the amount of fatty change 
in the livers which is visible with fat stains under the 
microscope is not related at all to the yield of nonsaponi- 
fiable lipid from those livers. There is no correlation there. 

EXTRACTION OF A CARCINOGENIC FRACTION 
FROM H U M A N  URINE. PRELIMINARY REPORT. 
R. STEELE (by invitation), F. C. KOCH (by invita- 
tion), and P. E. STEINER. (University of Chicago, 
Chicago, Ill.) 

Published in Cancer Research, I:614-6x 7. x94I; abstract 
p. 670. 

Discussion 

F. C. KOCH (Chicago, Illinois): I should like to com- 
ment on the unexpected finding that the benzene extract 
of the nonhydrolyzed urine thus far has not produced 
cancer in these animals. The amount of this fraction in- 
jected at each time was the equivalent of about 2 liters 
of urine. 

The same is true of the benzene extract obtained after 
butyl alcohol extraction and acid hydrolysis of the urine. 
It is admitted that this procedure may not appear logical 
from the standpoint of hoping to extract typical steroids, 
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androgens, or estrogens by the last benzene extraction. 
Presumably the free steroids were removed in the first 
benzene extraction and conjugated steroids in the butyl alco- 
hol extraction. 

The butyl alcohol extracts injected per mouse were the 
equivalents of 82 cc. of urine in the cancer series and ioo cc. 
in the noncancer series. It is barely possible that andro- 
gens or estrogens may be more cancerogenic when in the 
conjugated form. It is also possible that nonsteroid can- 
cerogens may be present in this fraction. 

We did not make any attempt to isolate pure substances 
from the various fractions because we were making a rough 
survey for cancerogenic material. 

T H E  d-PEPTIDASE ACTIVITY OF SERUM AS A 
DIAGNOSTIC TEST FOR CANCER. MARY E. 
MAVER, J. M. JOHNSON, and J. W. THOMPSON.  
(National Cancer Institute, Bethesda, Md.) 

In i939, Waldschmidt-Leitz and Mayer published a 
clinical test for cancer based on experiments which showed 
that the serum of patients with carcinoma always hy- 
drolyzed over 5o per cent of the racemic peptides dl-leu- 
cylglycine, dl-glutamylglycine, and dl-glutamylglycine 
ethyl ester, indicating the ability to hydrolyze the optically 
unnatural isomer of the racemic peptides. Our experiments 
with human serums show that d-peptidase activity can- 
not be used as a test for carcinoma since the serum of only 
i of 19 patients with carcinoma reacted positively. 

With rat serums it was shown that concentration and 
activation factors can influence the d-leucylpeptidase activ- 
ity of the serums of normal rats and of rats bearing 
Jensen. 

The d-leucylpeptidase activity of the serums of rats was 
not related to possible d-amino acids in the neoplastic tis- 
sues since these tissues did not possess d-peptidase activity. 

Published in the Journal o[ the National Cancer Institute, 
1:835-843. I94~. 

OBSERVATIONS ON T H E  OXIDATIVE BEHAVIOR 
OF TUMORS, ARTIFICIALLY BENIGN TUMORS, 
AND T H E  HOMOLOGOUS NORMAL TISSUES. 
W. T. SALTER, F. N. CRAIG, and A. M. BASSETT, 
M.D. (Thorndike Memorial Laboratory, Boston City 
Hospital, and Harvard Medical School, Boston, Mass.) 

By the use of succinate and paraphenylenediamine, it was 
possible to test the activity of the cytochrome system in 
homologous normal and malignant tissues from the same 
host. Connective tissue, liver, and muscle were studied, 
and in all three the malignant form showed low cyto- 
chrome-system response. On the contrary, "artificially be- 
nign" sarcoma 18o in immunized hosts behaved as if 
malignant. A few instances were described in which the 
procedure has been applied to mammary  tissue (human 
and murine) ;  to human leukocytes in health and in 
leukemia; to human lymph nodes; to tumorous nodules 
of the human skin; and to Shope virus papilloma. The 
results suggest that under favorable circumstances this 
biochemical method of studying animal and human tis- 
sue might be a useful adjunct to routine morphological 
study. 

To be published in Cancer Research. 

Discussion 

D E A N  BURK (New York, N. Y.): Would you be in- 
clined to regard these results as indicating that malignant  
tumors are low in cytochrome oxidase and that this is an 
added characteristic of metabolism of malignant tissue? 

W. T. SALTER: Yes, I think this answers the ques- 
tion asked by Dr. Rosenthal yesterday concerning studies 
of succinate oxidase. 

There is said to be a New Haven tumor No. I which is 
high in cytochrome. I hope to study this tumor. 

D. BURK: I have been informed by Dr. Potter that 
quantitative analysis has shown that the New Haven tumor 
No. i is in fact low in cytochrome, and that earlier reports 
to the contrary had not been based on a quantitative 
analysis. 

E. V. COWDRY (St. Louis, Mo.): Is there any con- 
siderable difference in the water content of these types of 
tissues ? 

W. T. SALTER: There may be a difference, but this 
variation is not over 2o per cent. 

O. R O S E N T H A L  (Philadelphia, Penn.) :  I think that 
Dr. Salter's work gives further evidence that normal t issue 
and tumor tissue may have the same type of metabolism. 
In my investigations I found that the metabolism of normal 
cartilage closely resembled that of malignant tumors in 
respect to respiration and succinate oxidase. What  was the 
concentration of succinic acid used in these experiments? 

W. T. SALTER: I should have said of course that a 
good deal of this work is based on the work of Dr. Rosen- 
thal on homogenized tissue. As regards the concentration 
of substances used, we compromised on 0.2 per cent of suc- 
cinic acid and 0.2 per cent paraphenylenediamine. 

F U R T H E R  OBSERVATIONS ON T H E  I N D U C T I O N  
OF SARCOMA F O L L O W I N G  T H E  INJECTION 
OF W H E A T  GERM OIL. PAUL N. HARRIS. 
(Indianapolis, Ind.) 

Attempts to confirm the observations of Rowntree and 
associates on the development of sarcoma in rats following 
oral administration of ether extracted wheat germ oil have 
been unsuccessful, al though administration of large doses 
daily was carried out over periods of 5 months or more. 
As a result of intraperitoneal and subcutaneous injection 
of the oil, sarcomas have been obtained in 2 mice and 
I5 rats. Because of a very high mortality rate in the early 
part of the experiment, mice have not proven satisfactory 
for this type of study, but io per cent of rats which re- 
ceived an adequate amount  of treatment and survived 9 
months or more developed tumors. Sediment-free oil and 
sediment-containing oil were both found to produce tumors, 
and I of 30 rats which received expressed oil intraperi- 
toneally also developed sarcoma. 

CARCINOGENESIS IN GUINEA PIG. MICHAEL B. 
SHIMKIN and G. BURROUGHS MII)ER. (National 
Cancer Institute, Bethesda, Md.) 

We are reporting the easy induction of tumors in guinea 
pigs following subcutaneous injection of methylcholan. 
threne, with special reference to the use of inbred guinea 
pigs. The homozygous guinea pigs used in this experi- 
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ment were inbred at the Beltsville Experiment Station 
of the Department of Agriculture since I9o6. We are 
indebted to Doctor Orson N. Eaton for the generous sup- 
ply of the animals. 

Forty guinea pigs, of inbred families 2, I3, and 35, 
and stock guinea pigs, were injected subcutaneously with 
2o to 40 mgm. Of methylcholanthrene dissolved in sesame 
oil. The highest dose was divided into four equal fort- 
nightly injections; the others were given as single 
injections. 

Most of the animals of family :z died within 15 weeks of 
ascites, atrophy of the spleen, and hemorrhage in the liver; 
this syndrome was limited to guinea pigs of this strain. 
Thirty-four animals survived over i8 weeks, and 29 devel- 

oped tumors at the site of injection. The tumors became 
palpable in i8 to 4 ~ weeks, or in an average of 25 weeks 
after injection. Seven guinea pigs developed 2 separate 
subcutaneous tumors (fibrosarcoma), and in :z the tumors 
were of a mixed type. Of the 38 tumors in 29 guinea 
pigs, 29 were fibrosarcomas. Nine of the tumors were 
liposarcomas. Five of the tumors contained bone or car- 
tilage. One of these tumors was contiguous with an eroded 
area in the humerus, but the remainder were extraskeletal. 
Four tumors, 3 fibrosarcomas and I liposarcoma, nmtasta- 
sized to the lungs. None of the metastases contained areas 
of bone. 

Six of 7 tumors that arose in inbred guinea pigs were 
transplanted successfully into guinea pigs of the same 
family as that in which the tumor arose. No growth was 
obtained in animals of other families. 

There were no strain differences in susceptibility, under 
the conditions of the experiment, and the stock guinea pigs 
were as susceptible as the inbred animals. Family 2 guinea 
pigs developed ascites and hepatic and splenic lesions, and 
in families 13 and 35 there was significant loss of weight 
with the higher dose of the hydrocarbon. 

The availability of guinea pigs for cancer research is 
demonstrated, since homozygous animals are available 
and since there is a ready method of inducing subcutaneous 
tumors. 

Published in the lournal o] the National Cancer Insti- 
tute, �9 :7o7-725 . I94I. 

D#cusdon 

SHIELDS WARREN (Boston, Mass.): This contri- 
bution by Drs. Shimkin and Mider is very valuable. The 
demonstration of the importance of using homozygous 
guinea pigs is striking. 

The frequency of liposarcoma among the connective 
tissue tumors induced in the guinea pig is particularly 
noteworthy. Liposarcomas are rare in mice. 

EDGAR ALLEN (New Haven, Conn.): One of the 
outstanding points, to nay mind, in this paper by Drs. 
Shimkin and Mider is that the tissues which have reacted 
in the guinea pig to estrogens have been principally 
mesenchymatous. In Nelson's experiments with estrogens, 
the guinea pig uterus was "studded with fibromyomas." 
Lipsch/itz also reported fibromyomas. Other common lab- 
oratory animals do not react in this way to prolonged 
estrogeni c treatment. 

Negro women have a higher incidence of spontaneous 
uterine fibroids than whites. Is this weak point a genetic 
susceptibility? 

CELLULAR INJURY IN RELATION TO PROLIFERA- 
TIVE AND NEOPLASTIC RESPONSE. VALY 
MENKIN. (Harvard University Medical School, Bos- 
ton, Mass.) 

Published i n  Cancer Research, 1:548-556. i94i; abstract 
p. 58o. 

THE OCCURRENCE AND PATHOLOGY OF SPON- 
TANEOUS CARCINOMA OF THE LUNG IN 
MICE. H. GIDEON WELLS, MAUD SLYE, and 
HARRIET F. HOLMES. (University of Chicago, Chi- 
cago, Ill.) 

Published in Cancer Research, x:z59-26t, i94i; abstract 
P- 357. 

HORMONAL CONTENT OF OVARIAN CYSTS. 
RUTH M. WATTS (by invitation) and FRED L. 
ADAIR (by invitation). (University of Chicago, Chi- 
cago, Ill.) 

Published in Cancer Research, I:638-648. i94i ; abstract 
p. 682. 

Discussion 

E. ALLEN (New Haven, Conn.): This paper is a good 
illustration of the fact that it is possible to obtain fresh 
tissue directly from the operating table and test it for 
hormone content immediately without waiting for bio- 
chemical extraction. 

There is now considerable experimental evidence con- 
cerning endocrine causes of ovarian cysts. It is possible 
to produce thena experimentally by an imbalance of pitui- 
tary gonadotropic fractions. The cystic condition of the 
ovary produced by increased pituitary stimulation in the 
experimental animal is a temporary condition. For in- 
stance, van Wagenen has induced extreme cystic trans- 
formation of the ovaries by administration of pituitary 
gonadotropic hormone to monkeys. This condition sub- 
sides when the pituitary stimulus is withdrawn. Such 
animals after mating have normal periods of gestation 
and lactation. It seems probable that unbalanced pituitary 
stimulation, rather than something inherent in the ovaries, 
is largely responsible for the formation of cysts. The 
occurrence of reddening and swelling of the sexual skin 
in these experimental monkeys is an indication that the 
follicular cysts are secreting ovarian hormone. However, 
tests of unconcentrated fluid from such cysts in monkeys 
have been negative. 

R. M. WATTS: I have analyzed the cystic fluid front 
a number of animals (rats, monkeys, and dogs) and have 
not yet found estrogenic hormone in any of them. 

FURTHER OBSERVATIONS ON THE EFFECT OF 
YEAST EXTRACT ON SPONTANEOUS BREAST 
ADENOCARCINOMAS OF MICE. R. LEWISOHN, 
C. LEUCHTENBERGER (by invitation), R. LEUCH- 
TENBERGER (by invitation), and K. BLOCH (by 
invitation). (Mount Sinai Hospital, New York, N. Y.) 

Read by title; abstract not available. 
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Proceedings o/ ~94 z Associatiot~ Meeting 
. . . . . .  

I-FFECT OF PANTOTHENIC ACID ()N GROWTH OF 
SPONTANEOUS MAMMARY CARCINOMA IN 
C3H MICE. H. P. MORRIS and S. W. LIPPINCOTT 
(by invitation). (National Cancer Institute, Bethesda, 
Md.) 

Read by title; abstract not available. 

PRODUCTION OF LUNG TUMORS IN STRAIN A 
MICE. C. F. LOOSI (by invitation) and P. F. 
STEINER. (University of Chicago, Chicago, I11.) 

Read by title; abstract not available. 
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A CRITICAL HISTOLOGIC REVIEW OF CASES SEEN 
AT THE NEW YORK STATE INSTITUTE FOR 
THE STUDY OF MALIGNANT DISEASES. E. M. 
BURKE and A. A. THIBAUI)EAU. (New York State 
Institute for the Study of Malignant Diseases, Buffalo, 
N. Y.) 

Read by title; abstract not available. 

THE ACTION OF X-RAYS ON SPERM MOTILITY 
AND SUBSF.QUENT EMBRYONIC DEVELOP- 
MENT. P. S. HENSHAW. (National Cancer Insti- 
tute, Bethesda, Md.) 

Read by title; abstract not available. 
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T h e  imp l i ca t i ons  of  these  f i nd ings  a re  d iscussed.  

We should like to acknowledge the assistance of Mr. A. 
Rondeau, Mr. M. Levin, Mr. J. Carlo, and Miss M. R. Jones. 
We are very much indebted to the staff of the Worcester City 
Hospital for cooperation in diagnosis and care of patients and 
especially to Dr. Samuel Gwynne and Dr. Joseph Warren for 
the immediate supervision of the urine collections. 
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Corrections 
To the Proceedings of Scientific Sessions of the 34th 

A n n u a l  Meet ing  of the Amer ican  Association for Cancer  

Research, Inc., Vol. r, No. 9, PP. 729-753, add: 

G L Y C O G E N  A N D  W A L K E R  T U M O R  256. H O W A R D  
A. BALL.  (San Diego, Cal.) 

Abstract  not  available. 
To be published in Cancer Research. 

T H E  E C T O P I C  TESTIS  A N D  T U M O R I G E N E S I S .  J. B. 
H A M I L T O N .  (Yale Universi ty School of Medicine,  
N e w  Haven ,  Conn.)  

T h e  relationship between ectopy of the testis and 
tumors  of the testis was analyzed.  Supplementary  data 
r egard ing  ectopy of the testis f rom experimental  work  
with  rodents  was presented.  

To the discussion of histological technic, p. 747, add:  

DR. J. E. E D W A R D S  (Bethesda, Md. ) :  In reference to 
Dr.  MacCarty 's  criticisms and  remarks  about artifacts I wish 

to point  out that all of these tissues were  f rom animals 
autopsied within 5 to ~o minutes  after death.  The  same 
sections were shown to Dr.  Kenne th  Mallory and Dr.  
Freder ic  Parker  of the Mallory Institute, and  they thought  
they were  very good. Fur the rmore ,  knowing  the excellent 
work  that  the Mallory Institute is famous for I was very 
m u c h  pleased to have them ask me if I would  supply them 
with  the technic we used. 

At the request of the authors,  the fol lowing correction 
of an error  in the manuscr ipt  is published: 

Page 8o4.--Insert  Y~As-r EXTRACT for SPLEEN EXTRACT 
in the heading of Table IV in the article: Lewisohn, R., 
C. Leuchtenberger ,  R. Leuchtenberger ,  D. Laszlo, and 
K. Bloch. Action of Yeast Extract  on Transplanted  and  
Spontaneous Malignant  T u m o r s  in Mice. Cancer  Research, 

1:799-8o6. i941. 
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