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Relationship of Leukemia to Lung and Stomach
Tumors in Mice Fed Benzo(a)Pyrene* (33508)
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Tumors occur in the stomach and in the
lungs of mice given carcinogenic hydrocar-
bons (1-18). Heredity is thought to be a
factor in their pathogenesis (3, 4, 13). Lynch
(13) observed that the yield of chemically
induced adenomas of the lung was propor-
tional to the incidence of lung adenomas oc-
curring spontaneously in different strains of
mice and concluded that the degree of sus-
ceptibility to induce lung tumors was inher-
ited and that three or more genes must be
involved. In a previous study we demonstrat-
ed the occurrence of gastric and pulmonary
neoplasms in our inbred colony of CFW
white Swiss mice fed benzo(a)pyrene (19).
The gastric tumors were squamous cell papil-
lomas and carcinomas occurring in the squa-
mous portion of the stomach and adenomas
occurring in the lungs. Leukemia likewise has
occurred frequently in these mice fed ben-
zo(a)pyrene (20, 21). Mice that developed
leukemia also had a marked increase in the
number of pulmonary adenomas. Qur obser-
vations are reported.

Method and Material. The mice were
white Swiss (CFW strain) and the basic ra-
tion was Purina laboratory pellets. Ben-
zo(a)pyrene was obtained from the Nutri-
tional Biochemical Laboratory, Cleveland,
Ohio. The technique for preparing the ben-
zo(a)pyrene-containing food has been de-
scribed (20). This ration contained 0.25 mg
of benzo(a)pyrene/g of food. Food and water
were available ad libitum. The mice usually
were 18-30 days old when placed on the
benzo(a)pyrene-containing ration. The ex-
periment continued for 80-140 days, at
which time the mice were autopsied. A few
mice were sick and were killed; occasionally
a mouse died during the time of the experi-
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ment. The stomach was removed, opened,
washed and examined macroscopically, after
which some of the specimens were fixed in a
4.0% solution of formaldehyde. The lungs,
heart, and thymus were removed and exam-
ined under a dissecting microscope. The
adenomas on the pleural surface of each lung
were counted. The spleen and sections from
the liver were placed in formaldehyde. Any
enlarged lymph nodes were removed and
placed in the fixative. The lungs, thymus,
heart, and mediastinal lymph nodes also were
fixed in formaldehyde. Paraffin sections were
prepared and stained routinely with hema-
toxylin and eosin.

Results. All the tumors were located in the
squamous portion of the stomach, however
the number varied. The majority were papil-
lomas with a thick layer of keratin covering
their surface. Some of these macroscopic pa-
pillomas were found microscopically to be
malignant. Some of the gastric tumors had an
ulcerated surface and histologically were
typical squamous cell carcinomas. These gas-
tric lesions have been described and illustrat-
ed in previous publications (19, 22). No neo-
plasms were observed in other portions of the
gastrointestinal tract other than the stom-
ach. The frequency of gastric tumors in 108
mice fed the benzo(e)pyrene ration is given
in Table I. In a previous study, in a group of
175 control mice fed Purina laboratory pel-
lets only 2 had a papilloma (19). Multiple
gastric tumors occurred in the mice fed the
benzo (a) pyrene-containing food.

The tumors in the lungs were adenomas.
The size varied and an occasional tumor was
consistent with a maliganant adenocarcino-
ma. No metastases were observed. In the
study of 175 mice fed laboratory pellets, 37
had pulmonary adenomas (19). The max-
imum number of pulmonary adenomas ob-
served in any mouse was 10; usually, the
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TABLE 1. Relationship of Leukemia to Lung and
Stomach Tumors in 108 Mice Fed Benzo(a)pyrene.

No. of mice with

Total 15 or more

no. of Lung lung Stomach
mice Leukemia tumors tumors tumors

9 9 0 0 0

23 23 23 12 0

5 5 5 4 5

3 3 0 0 3

7 0 7 3 0

17 0 17 1 17

44 0 0 0 44

108 40 52 20 69

study of 39 mice fed 0.25 mg of benzo(a)py-
rene/g of food, only 2 did not have a pulmo-
nary adenoma; 15 had 6 or less, 1 had 10,

The diagnosis of leukemia is made by a
number was less than 5/mouse (19). In a
and 1 had 11 adenomas. Ten of the mice had
13 or more adenomas; 3 of these mice had
more than 50 (19). The number of ben-
zo(a)pyrene-fed mice with pulmonary adeno-
mas in this experiment is shown in Table I.
histologic study of the liver and is based
upon the presence of leukemic cells. Usually
the thymus, spleen, and lymph nodes are
enlarged and infiltrated with similar cells. In
a previous study, 10.7% of 73 mice fed 0.25
mg of benzo(ae)pyrene/g of food for 70-165
days developed leukemia (20). No leukemia
occurred in the 175 mice of corresponding
age fed the control ration (19). Only rarely
have we observed leukemia in any of the
CFW mice. In this experiment we have 40
mice with leukemia, 28 of which had pulmon-
ary adenomas and 8 had stomach tumors
(Table I).

The data in Table I were tested by the x>
test of independence and showed the follow-
ing to be highly significant. Mice that had
more than 15 pulmonary adenomas had a
higher rate of leukemia than those that had
less than 15 adenomas. Of the mice with
leukemia there is a much higher proportion
of lung adenomas. Of the mice with leukemia
there is no relationship between stomach tu-
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mors and lung adenomas. In the nonleukmic
group of mice there is a negative relation-
ship between stomach tumors and lung
adenomas.

Discussion. This group of CFW Swiss
mice, when fed 0.25 mg of benzo(a)pyrene
for 100 days or longer, developed leukemia,
pulmonary adenomas, and gastric tumors.
The frequency of leukemia during the
lifespan of this strain of mice, when fed con-
trol ration, has not been determined; howev-
er, our experience shows that it is very infre-
quent. In a previous experiment, no mouse
developed leukemia in a group of 175 fed
Purina laboratory pellets and examined be-
tween the ages of 70 and 300 days (20).
Only 2 mice in a group of 175 examined
between the ages of 38 and 210+ days had a
gastric papilloma (19). Thirty-three mice in
a group of 151 between the ages of 62 and
2104 days had pulmonary adenomas. The
maximum number of adenomas present in the
lungs of any one mouse was 12 and the
majority had 3 or less. Mice fed benzo(a)py-
rene developed pulmonary adenomas fre-
quently. In a group of 78 mice fed 0.25 mg
of benzo(a)pyrene/g of food for 31-153 days
10 did not have a pulmonary adenoma, 29
had 6 or less, 1 had 9, and 4 had either 10,
11, 12 or 13. Eight mice had 15 or more
pulmonary adenomas, 3 of these having more
than 50 tumors (19).

In mice with leukemia there is a negative
statistical relationship between the occur-
rence of pulmonary adenomas and stomach
tumors, but there is a much higher propor-
tion of lung tumors. Mice with more than 15
pulmonary adenomas had a higher rate of
leukemia than those with less.

The age of mice fed benzo(a)pyrene is
significant referable to the occurrence of
stomach and lung tumors and leukemia. A
group of 32 CFW mice, 313 days old, were
fed 0.25 mg of benzo(a)pyrene/g of food for
108 days. At autopsy none of the mice had
leukemia, 1 mouse had 504 pulmonary
adenomas, 15 had from 1-9 adenomas, and
16 had no pulmonary tumors. Only 15 of
these 32 mice had gastric tumors; the num-
ber per mouse was less and usually the tu-
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mors were much smaller than the tumors
occurring in young mice fed the same ben-
zo(a)pyrene-containing ration.

Pulmonary adenomas in mice are consid-
ered by some to be genetically influenced
(13). It would appear from this study that
benzo(a)pyrene or a metabolite may stimu-
late the production of pulmonary adenomas
and leukemia in this strain of mice that nor-
mally has few pulmonary adenomas and rare-
ly leukemia. No leukemia or lung adenomas
were observed in a group of 22 BALB/C
mice fed the same hydrocarbon for 100 days;
14 had gastric tumors.

Sugiyama et al. (23), in 1967, reported a
chromosome abnormaltiy in the cells of rats
with leukemia induced by 7, 12-dimethylbenz-
(a)anthracene (7, 12-DMBA). This abnor-
mality consisted in the trisomy of the longest
telocentric chromosome. It is reasonable to
suggest that a chromosomal abnormality oc-
curs in mice fed benzo(a)pyrene to account
for both the leukemia and the increased fre-
quency of pulmonary adenomas. It would ap-
pear, however, from this study that it is
necessary for the benzo(a)pyrene to come
into direct contact with the squamous epithe-
lium in the stomach for gastric tumors to
develop. No tumors were observed in the
esophagus which is lined by squamous epithe-
lium similar to that in the stomach. No tu-
mors occurred in the glandular portion of the
stomach or in the intestines of these mice.

Summary. CFW mice fed 0.25 mg of ben-
zo(a)pyrene/g of food develop gastric papil-
lomas and squamous cell carcinomas, pulmo-
nary adenomas, and leukemia. Mice that de-
velop leukemia have a significant increase in
the number of pulmonary adenomas. There is
no relationship, however, between the occur-
rence of pulmonary adenomas and gastric tu-
mors in this nonleukemic group of mice.
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statistical data in this study.
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