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bone marrow is probably caused principally 
by direct injury. Any indirect damage re- 
sulting from damage to the viscera, which 

produces the antianemia principle, must be 
a relatively minor source of injury. 
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Genetic Changes in Gastric Lesion and Fibrosarcoma Susceptibilities.* 

LEONELL C. STRONG. 
From the Department of Anatomy, Yale Ulziversity School of Medicine. 

Evidence has been published that the gene 
for brown hair has mutated to dominant 
black several times in the descendants of mice 
which had $been injected with methylcholan- 
threne for several generations. Concomitant 

*This experiment h,as been made possible by 
grants from The Anna Fuller Fund, The Jane 
Coilin Childs Memorial Fund for Medical Re- 
search, and The Committee on Growth of the 
National Research Council acting for The Ameri- 
can Cancer Society. 

with the production of these dominant hair 
color mutations there were also obtained (1) 
a considerable increase in susceptibility to 
induced fibrosarcomas, (2 )  an increased lit- 
ter size, and (3) increased vitality. All 3 
of these characteristics appear to be asso- 
ciated with the black mutant character, never 
with their brown litter mates. The evidence 
points toward the production of a widespread 
germinal change brought about by the effect 
of methylchdanthrene upon the germ plasm, 
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but a point mutation at a single locus has not 
as yet been completely excluded.' 

I t  has also been demonstrated that the gene 
for susceptibility to induced fibrosarcomas in 
mice shows linkage relationship with the gene 
for black hair pigmentation. The essential 
data of crossing over between these two genes 
on the brown tagged chromosome have al- 
ready been obtained.2 

-4 gene for susceptibility to a stomach lesion 
occurring primarily in the gastric mucosa of 
YHO mice also shows linkage relationship 
with the brown gene.3 

The present paper reports the data ob- 
tained on the incidence of gastric lesions fol- 
lowing the subcutaneous injection of methyl- 
cholanthrene in the black mutants and their 
litter mate brown segregates. Of the black 
mutants 6 descents have been continued for 
several generations, 3 of these descents 
were obtained from a brother-sister mating 
of two of the original black mutants. whereas 
the other 3 descents were descended from a 
backcross between one of the black mutants 
and its own mother of the original brown an- 
cestry. Each of these 3 descents were made 
up of (a )  pure breeding blacks, (b) derived 
pure breeding brown segregates, and ( c )  
black heterozygous for brown. All mice were 
weaned at  30 days of age, mated together and 
injected subcutaneously in the right groin 
with 1 mg of methylcholanthrene dissolved in 
0.1 cc of sesame oil at 60 days of age. They 
were examined periodically for the appearance 
of tumors and signs of sickness. All mice 
were killed when progressively growing tu- 
mors were evident or when they showed one 
or more signs of sickness, such as emaciation, 
wheezing or a ruffled appearance of the hair. 

It is impossible to demonstrate whether 
these 3 black mutants which appeared in one 
litter of mice were derived from one original 
mutation or from 3 separate ones. If the 
mutation occurred in one germinal epithelial 
cell and then the mutant cell gave rise to 3 

18, 359. 
1 Strong, L. C., raze 6. B i d .  rtnd Xed.,  1946, 

2 Strong, L. C., Science, 1946, 103, 354. 
3 Strong, L. C., J .  Xat. Cancer IN&, 1945, 5, 

339. 

eggs, it is possible that one mutation was 
responsible for all 3 mutants. This inter- 
pretation is consistent with the embryology 
of the mouse. There are further considera- 
tions that only one mutation was involved. 
(1) It is highly improbable that any inductive 
system no matter how specific in action would 
produce three mutations at  the same locus in 
3 separate animals without inducing other 
mutations at  other loci. This did not occur. 
( 2 )  The 3 mutants are the same as far as the 
somatic manifestation of the mutant gene is 
concerned. They are each characterized by 
a peculiar distribution of pigment granules in 
the hairs which simulates but differs somewhat 
from the pigment distribution in the well 
known black mutation, as found in mice of 
the Csi black stock.3 A11 3 black mutants 
gave comparable Mendelian ratios when 
crossed with each other or in the Fs and 
backcross generations to the recessive condi- 
tion, brown, following an outcross to mice of 
the Strong -4 strain. For these reasons it is 
considered that the three mutants are geneti- 
cally and biologically similar if not identical 
and the data obtained on the descendants of 
all these can be legitimately classified to- 
gether. 

Of these mice derived from the black mu- 
tants and injected with methylcholanthrene, 
362 developed lesions involving the stomach, 
3s follows: 198 black to 164 browns. These 
gastric lesions consisted of several histological 
types, comparable to the varieties already 
obtained with methylcholanthrene in the orig- 
inal brown ancestry. There were 3 distinct 
regions of the stomach of the mouse which 
gave rise to neoplasia, as follows: (1) a 
squamous type from the fore-stomach, ( 2 )  
mixed types from the region of the limiting 
ridge, and (3) the lesions just anterior to the 
pylorus involving the mucus secreting neck 
cells of the gastric mucosa. In. the black 
series the sex differential of gastric lesions 
was 1.95 males to 1.00 females, whereas in 
the brown series the sex differential was 2.40 
males to 1.00 females. The distributions of 
gastric lesions for the two color classes of 
mice are given in Chart 1:  brown mice on the 
short dash line, black mice on the solid line. 
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CHART 1. 

This chart presents the data on the frequency distribution of induccd gastric lesions in mice 
of the B1 subline; time in days is given on the base line, the number of mice on thc vertical 
line. Black mutants are given on the solid line, brown segregates on thc short dash line. 

The average latent period for the appearance 
of the gastric lesions in black mice was 434.4 
days, whereas the average latent period for 
the brown mice was 335.8 days. This is a 
difference between the two color classes of 
98.6 days. The average latent period of 
gastric lesions in the original brown descent 
from which the black mutation had occurred 
was 318.5 days. Thus it is evident that the 
brown segregates from the black mutants re- 
tain the same latent period for gastric lesions 
as their brown ancestors (335.8 days-318.5 
days = 17.3 days difference) whereas the 
black mutants have acquired a delayed latent 
periad of 115.9 days beyond the original 
brown ancestry (434.4 days - 318.5 days = 
11 5.9 days). 

The present data on the incidence of tumors 
induced in black mutants by the subcutaneous 
injection of methylcholanthrene has therefore, 

TABLE I. 
B1 descent 

Black Brown Totai 

Gashie lesions 
Normal 

Total 

198 164 362 
2145 1452 3597 
2343 1616 3959 

This table prcscnts data on mice of the B1 de- 
scent in jected with mcthylcholanthrene at 60 days 
of age. The micc are classified according to 
whether they developed gastric lesions or did not 
develop such a lesion. The mice are further 
dividcd into the two color classes, as follows (a) 
the original color class brown and (b) the mutant 
black. 

led to the Conclusion that while one type of 
tumor susceptibility (fibrosarcomas at the 
site of injection) is being increased, another 
type, the gastric lesion, is being decreased. 
This is evidence that in this particular ex- 
perimental setup the two cancer susceptibili- 
ties are distinct entities even though they 
both show linkage relationships with the 
brown tagged chromosome. The exact spatial 
relationship of the 3 entities or genes on the 
brown chromosome cannot at present be de- 
termined. Another conclusion that seems 
justified is that in the origin of the original 
black mutant more than a single point muta- 
tion was involved. This finding is of in- 
creased significance, since, as far as can be 
determined now, the original mutation from 
brown to black itself was a clear cut point 
mutation, as no variations from t-ypical Men- 
delian ratios could be determined in the in- 
heritance of mutant black. Skewness to the 
right of the frequency distribution curve for 
gastric lesions in brown mice and to the left 
for the black mutants is suggestive that this 
may be brought about, in part, by the two 
cross-over types, a brown mouse with a de- 
layed latent period for a gastric lesion and a 
black mouse with an enhanced or original 
early appearance of the gastric lesion. Un- 
fortunately no progeny from these mice were 
obtained so that this genetic evidence of cross- 
ing over could not be obtained. 

The present evidence also indicates that 
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there are specific entities or genes underlying tibility, there is a general cancer “gene” that 
genetic susceptibilities to specific types of underlies all types of cancer. That is, that 
neoplasia induced by methylcholanthrene. there is a gene that determines the difference 
This interpretation seems to be favored over between the biological states of cancer and 
the alternative concept that in cancer suscep- not cancer. 
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Mucolytic Enzyme Systems. IV. Relationship of Hyaluronidase Inhibition 
by Blood Serum to Incidence of Mammary Cancer in Mice.” 

DAVID GLICK, THOMAS A. GOOD AND JOHN J. BITTNER. 
From the Departments of Phpsiological Chenzisiry a d  Cancer Biology, University o f  Min- 

nesota Xedical School, .If imeapo l i s ,  Ninit .  

From previous investigations in this series, 
it was concluded that the level of hyaluroni- 
dase inhibitor in blood serum is elevated in 
a wide variety of both virus and bacterial in- 
fections1-3 as well as in malignant processes? 
While these investigations were still in pro- 
gress Friou and 1Venner.j reported a similar 
elevation in rheumatic fever as determined by 
the mucin clot test, and Thompson and Moses6 
also found this effect in pneumonia #by the clot 
test. Fulton, Marcus and Robinson7 used a 
method based on decapsulation of a group -4 
hemolytic streptococcus to measure the inhi- 
bition by serum and reported no significant 

* Aided by gr:rnts from the Dirision of  Rcsenrcli 
Grants and Fellowships. Satioiial liistitute of 
Health, U. S. Public Hcaltli Service, Bethesda, 
Md., the hledical Research Fund of the Graduate 
School, University of Minnesota, and the American 
Cancer Society, upon recorninendation of the 
Committee on Growth of the Sational Research 
Council. 
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differences between normals, and patients with 
rheumatoid arthritis. 

The inhibiting factor which undergoes 
change is distinct from the specific antibody 
inhibitors which are elicited in response to 
hyaluronidase acting as an antigen. By elec- 
trophoresis at  pH 8.6 iat was found that the 
non-antibody inhibitor in the serum migrated 
chiefly with the albumin? The antibody in- 
hibitor would be expected to be found in the 
gamlma globulin fraction. The factor in q u s  
,tion appears to be a non-specific inhibitor 
since it is capable of inhibiting the enzyme 
from diverse sources, and furthermore its ele- 
vation seems to be a non-specific response to 
both infection and malignancy. While i t  is 
still premature to advance a theory, one might 
postulate that this response is a defense mech- 
anism designed to counteract the invasiveness 
potentiated by hyaluronidase. While many 
organisms do not in themselves possess hyal- 
uronidase, their invasiveness appears to #be en- 
hanced, nevertheless, by the presence of the 
enzyme,9 and, #accordingly, it is conceivable 
that a general response against hyaluronidase 
activity might be employed as a general de- 
fense mechanism. 

The possibility that hyaluronidase may be 
involved in, the invasive processes of can- 
cer,10-16 and the great elevation of the serum 

8 Glick, D., and Moore, D. IX., Arch. Biochem., 

9 Duran-Reynals, F., Bact. Rev., 1942 8, 197. 
1948, 19, 173. 


