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with cytoplasmic invaginations, and pleomorphic nucleoli
occur in squamous metaplasia induced by BP, but not in
vitamin A deficiency-induced metaplasia (12).

Saffiotti et aL (24) studied the interaction of BP tumorigen
esis of the respiratory tract with vitamin A. Hamsters were
given intratracheal instillations of BP adherent to hematite
( Fe2 03) once a week for 10 weeks. After the last treatment,

one-half of the group was given 5000 IU of RP intragastrically
twice a week. Respiratory tract tumors of all types were
suppressed by vitamin A; 32% of the hamsters given BP alone
developed respiratory tract tumors, while only 11% of the
animals given high doses of RP developed such tumors. The
incidence of gastric poiyps was also reduced in vitamin
A-treated hamsters.

A similar dose of vitamin A as RA (3480 pg/week) initiated
6 weeks prior to the intratracheal administration of 3-methyl
cholanthrene inhibited the subsequent formation of meta
plastic squamous changes and early squamous tumors in the
respiratory tracts of rats (4). In other studies, however,
vitamin A has had an opposite effect. It was shown to enhance
the carcinogenicity of 20-methyicholanthrene in pulmonary
epithelia of mice, while vitamin A deficiency completely
suppressed this carcinogen's tumorigenicity in the same
epjthelia (29). Polliack and Levij (21) found that repeated
applications of RP to hamster cheek pouches resulted in
epithelial degenerations and marked atypia. Vitamin A
administered in conjunction with or prior to local application
of dimethylbenzanthracene enhanced the production of
squamous cell carcinomas (16).

The mode of action of vitamin A in normal epithelial
differentiation and maintainance remains shrouded in mystery
despite voluminous literature on the subject. Elaboration of its
role in tumorigenesis and tumor growth is further complicated
by the multitude of differences in tumor types, tumor sites,
species, strain, and individual variation, etc. Even when the
precise modes of vitamin A function are established at a
molecular level and mechanisms of tumor induction are
completely understood, it is possible that vitamin A could
inhibit viral-induced (18) and chemically induced tumors (1,3,
4, 6, 24, 26) and, under slightly different circumstances,
enhance the formation of viral-induced (17) and chemically
induced tumors (29, 16).

We have used the Saffiotti (23) model to examine the effect
of 2 different doses of vitamin A on BP respiratory
carcinogenesis in relation to liver and serum levels of the
vitamin.

SUMMARY

Male Syrian hamsters fed a commercial diet were given a
series of 12 intratracheal instifiations of 3 mg benzo (a) pyrene
adherent to 3 mg Fe2 03 in 0.2 ml 0.15 M NaC1 at weekly
intervals. After the last instillation, the hamsters were
randomly assigned to receive either 100, 1600, or 3300 (later
reduced to 2400) @igretinyl acetate per week in divided
intragastnc doses. Hamsters in the 2400-pg retinyl acetate
group had a significantly higher incidence of respiratory tract
tumors than those in the group given 100 jig retinyl acetate
per week. Liver vitamin A stores increased dramatically in the
groups given 1600 and 2400 pg retinyl acetate and corre
sponded to the administration of retinyl acetate p.o. Serum
vitamin A values were not consistently related to retinyl
acetate administration or to hepatic stores of vitamin A.

INTRODUCTION

Almost 50 years ago, Burrows (2) speculated that cancer
was the result of a local vitamin imbalance produced by
factors that removed vitamin A. The interrelations between
cancer and vitamin A have proved to be far more complex
than envisioned by Burrows, but there is evidence that vitamin
A can influence the genesis and growth of certain epithelial
neoplasms.

Epithelia of the respiratory and urogenital tracts undergo
squamous keratinizing metaplastic changes in animals deprived
of vitamin A (3 1â€”33).This can also be demonstrated in vitro.
Cultures of rat (14) and mouse (15) mucous epithelium
became squamous and keratinized when grown in media
deficient in vitamin A, whereas cell histology and mucus
secretion remained normal in complete media. Vitamin A has
also been shown competitively to inhibit BP2-induced squa
mous metaplastic changes in hamster respiratory epithelia in
vitro (5).

Squamous metaplastic changes in respiratory epithelium
during tumor induction by polycyclic hydrocarbons are
histologically indistinguishable from those in vitamin A
deficiency. At the ultrastructural level, the 2 lesions are
dissimilar; defects in basement membranes, enlarged nuclei
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MATERIALS AND METHODS

Male weanling Syrian golden hamsters (A.R.S. Sprague
Dawley, Madison, Wisc. National Cancer Institute designated)
were individually housed in plastic cages with cellulose filter
tops and were fed a commercial diet (Wayne Lab Blox ; Allied
Mifis, Inc., Chicago, 111.).Water was provided at all times, and
bedding was one-eighth to one.quarter inch of ground corn
cobs (Bed-O-Cobs; Anderson Cob Mills Inc., Maumee, Ohio).
Animals were weighed once a week. When they reached an
average weight of 100 g, a series of 12 weekly intratracheal
instilations of BP-hematite (Fe2 03) (1.1.1. Research Institute,
Chicago, Ill.) (3 mg BP adherent to 3 mg Fe2 03 suspended in
0.2 ml of 0. 15 M sodium chloride) was started (23 , 28). The
animals were instilled under halothane (Fluothane; Ayerst
Laboratories, Inc., New York, N. Y.) anesthesia delivered in a
multichambered gas anesthesia apparatus (27). During the
instifiation periods, aliquots of the BP-Fe2 03 suspension were
placed in acetone and chemically assayed to monitor the
amount of carcinogen administered. The acetone was evapo
rated and the BP was resuspended in isooctane and read at 296
nm against BP standards. Because the BP-Fe2 03 dissociated
with time, new BP-Fe2 03 suspensions were prepared at 1-hr
intervals. To monitor the amount of carcinogen actually
delivered to the respiratory tract, hamsters with no previous
exposure to BP were instilled with 0.2 ml of the BP-Fe2 03
suspension, allowed to recover from anesthesia, and immedi
ately killed. The lungs and trachea were removed, homoge
nized in acetone for 60 sec in a Sorvall Omni-Mixer (Ivan
Sorvail, Inc., Norwalk, Conn.), and centrifuged at 2000 X g for
10 mm. The supernatant was decanted and assayed as
described above for BP.

One week after the 12th carcinogen treatment, the hamsters
were assigned randomly to 1 of 3 groups to receive either 100
(Group 1), 1600 (Group 2), or 3300 (Group 3) jig RA
(Hoffman.LaRoche, Inc., Nutley, N. J.) intragastrically in 0.2
ml carotene-free cottonseed oil, divided into 2 doses/week.
Vitamin A treatments were continued for the duration of the
experiment.

Animals were checked 2 to 3 times daily, moribund
hamsters were killed and autopsied, and dead hamsters were
immediately autopsied. Animals to be killed were anesthetized
and the trachea was exposed and ligated at full inspiration.
The larynx, trachea, and lungs were removed en bloc and fixed
in 10% neutral buffered formalin. The 5 pulmonary lobes were
separated, processed by standard methods, and stained with
hematoxylin and eosin. Sections of larynx and trachea were
stained also with periodic acid-Schiff. Liver, kidney, fore
stomach, duodenum, ileum, and testies were examined
microscopically in hematoxylin and eosin-stained sections.

Samples of liver and serum were frozen for vitamin A
determinations by fluorimetric techniques (1 1, 20). Probabil
ities of animals having respiratory tract tumors versus time
were calculated and plotted according to the method described
by Saffiotti et a!. (25).

RESULTS

BP Measurement. BP recovery from aliquots of the
BP-Fe2 03 suspension injected into test tubes or from hamsters

after instillation is given in Table 1. There was no significant
difference between these values at either 0, 30 or 60 mm after
sonic disruption of the BP-Fe2 03 suspension. Because of the
consistent decrease in activity with time, fresh samples were
mixed hourly and the order in which the hamsters were
treated was varied.

Survival. The dosage of RA did not affect survival. At 24
wks after the last BP-Fe2 03 instillation, signs of impaired
health were seen in group 3, which had been given the highest
dose of RA. They had acute weight loss, lethargy and rough
hair coats. When the RA dose was reduced to 2400 pg/week,
the animals regained weight and appeared healthy and
normally active and showed no further signs of vitamin A
toxicity.

Vitamin A. Vitamin A levels were measured in liver and
serum (Chart 1). Hepatic vitamin A stores increased dramatic
ally in hamsters given 1600 (Group 2) or 2400 (Group 3) pg
RA per week and were significantly higher at all times than the
values for the hamsters given 100 pg RA per week (Group 1).
Hepatic vitamin A in Group 3 hamsters continued to increase
for 20 weeks, at which time it reached a plateau at
approximately 425 pg vitamin A per g liver. In Group 2,
hepatic vitamin A increased for 30 weeks and then leveled off
at approximately 375 pg/g liver. Hepatic vitamin A was low in
Group 1 and remained constant at about 40 pg/g.

Serum vitamin A content (Chart 1) increased initially in all
3 groups and was not consistently related to administration or
to hepatic stores of vitamin A.

Tumors. Five moribund animals, killed during the course of
the last 3 BP-Fe2O3 instillations, had tumors of the

Table 1

BP recovery from aliquots of the BP-Fe2 03 suspension injected
directly into test tubes or instilled into hamsters

00.2Â°2.99 Â±0.03â€•2.95Â±3002b2.87
Â±O.O4@2.81 Â±O.O4C6002b2.46
Â±0.04â€•2.42 Â±0.04â€•

a Elapsed after sonic disruption.

b This mixture contained 3 mg BP and 3 mg Fe2 0, in 0.9% NaCl
solution and was treated sonically at Time 0.

C Mean Â± SE.
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Chart I . Vitamin A levelsin serumand liver.
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Histological type of tumorNo.

oftumorsGroup

l@'Group 2bGroup3(Papilloma210Adenoma91111Squamous

cellcarcinoma8713Adenocarcinoma7616Mixed

squamous430adenocarcinomaLarge-cell,

undifferentiated332carcinomaCarcinosarcoma011Fibrosarcoma269Total353852

GroupRA
treatment

(@g/wk)No.
of

hamstersNo.
with

tumors%No.
of

tumorsI10083485872216007452707032400735981â€•84Total23015969226

Histological type of tumorNo.

oftumorsGroup

1aGroup 2l@Group3CPapilloma1037Polyp441Squamous

cell carcinoma201813Adenocarcinoma214Mixed

squamous001adenocarcinomaLarge-cell,

undifferentiated101carcinomaCarcinosarcoma013Fibrosarcoma062Total373232

RA and Respfratory Carcinogenesis

respiratory tract. Two had benign epithelial tumors of the
trachea; 2 had benign epithelial tumors of the bronchi; 1 had a
fibrosarcoma of the lung.

The total incidence of respiratory tract tumors is given in
Table 2. Group 3 animals had a significantly greater tumor
incidence than those in Group 1 (p < 0.01). Animals in Group
2 had a higher incidence of respiratory tract tumors than
animals in Group I , but this increase was not significant.
Twenty-four % of the animals in Group 1, 21% of the animals
in Group 2, and 30% of the animals in Group 3 had multiple
tumors of the respiratory tract; RA dosage had no effect on
the number of tumors per animal.

The tumor incidence by histological type and anatomic
location for each is given in Tables 3 and 4. Squamous cell
carcinomas (Figs. 3 to 5) were the tumors most frequently
seen in all group: 39% of all respiratory tract tumors in Group
1 hamsters, 36% in group 2 hamsters and 3 1% in Group 3
hamsters. The values for adenocarcinomas were 13, 10, and
24%, respectively (Figs. 3 and 6).

The cumulative probability of animals in each RA group
dying with a respiratory tract tumor versus time is given in
Chart 2. During the 1st 15 weeks after the last BP-Fe2O3
instillation, the probability of an animal having a respiratory
tract tumor was slightly higher in Group 1 hamsters; therafter,
the probability was highest in hamsters in Group 3, as would
be expected from the total respiratory tract tumor incidence
(Table 2).

Table 2

Table 4

Respiratory tract tumors in bronchi, bronchioles,
and lung by histological type

a Eighty-three hamsters received 100 @gRA per week.

b Seventy-four hamsters received I 600 @.igRA per week.
C Seventy-three hamsters received 2400 @gRA per week.
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Chart 2. Cumulative probability of an animal dying with a
respiratory tract tumor versus time.

The frequency of hyperplasia (Fig. 1) and squamous
metaplasia (Fig. 2) of the respiratory tract epithelium in
animals without tumors is given in Table 5. Hamsters in Group
1 had a significantly greater incidence than hamsters in Group
3 of hyperplasia and squamous metaplasia, lesions that are
probably preneoplastic.

There were no significant differences in the incidence of
bronchiolar adenomatoid lesions, nonneoplastic proliferations
of bronchiolar epithelium commonly found around foci of
Fe2 03 in peripheral aspects of the lung.

Two hamsters developed tumors outside of the respiratory
tract. One animal in Group 3 had a reticulum cell sarcoma
involving the liver and visceral lymph nodes, and 1 animal in
Group 1 had a keratoacanthoma of the skin. Both animals
were free of respiratory tract tumors.

DISCUSSION

Under these experimental conditions, increased vitamin A
did not inhibit the development of BP-Fe2 03 -induced
respiratory tract tumors, but instead, enhanced it. The tumors
developed rapidly after treatment in all 3 groups. Group 1

a Difference from hamsters given 100 @zgRA per week is significant,

p < 0.01 ; x2@ 2 x 2 contingency table.

Table 3

Respiratory tract tumors in larynx and trachea by histological type

a Eighty-three hamsters received 100 @gRA per week.

b Seventy-four hamsters received 1600 j@gRA per week.
C Seventy-three hamsters received 2400 @gRA per week.
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Table 5

Preneoplasticrespfratory tract lesionsin non-tumor-bearinghamsters
vitamin A's elusive role in tumorigenesis. Seemingly minor
changes in experimental protocol were the apparent cause of
markedly altered results, compared with previous studies.
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hamsters, which received 100 pg RA per week, had a total
respiratory tract incidence (58%) approximately twice that
reported by Saffiotti et al. (24) in their low vitamin A group
(32%). The increased incidence of preneoplastic lesions in
Group 1 hamsters probably reflects a retardation of carcino
genesis compared to the Group 2 and Group 3 hamsters. A
possible explanation for the difference in the results of vitamin
A treatment between this study and that of Saffiotti et a!. is
that our hamsters, given 12 rather than 10 doses of BP-Fe2O3
with refined administration techniques, received a more
effective exposure to the carcinogen which completely
overwhelmed any potential protection by vitamin A. The
increased availability of vitamin A appeared to stimulate the
already preneoplastic or neoplastic epithelium. Vitamin A
influences cellular differentiation ( 14, 15 , 3 1â€”33), protein
secretion in normal lung tissue (9), and BP-induced tumors of
lung (7), and tRNA metabolism (8) and messenger RNA
synthesis (30) in liver, but it can also stimulate cell division in
some tissues and therefore may facilitate the growth of
preneoplastic or neoplastic epithelium.

Vitamin A may play a role in the in vivo metabolism of
carcinogens. Several vitamin A compounds and analogs were
found to inhibit in vitro the microsomal mixed-function
oxidases that metabolize carcinogenic polycyclic hydrocarbons
(13). This may be one of the mechanisms involved in vitamin
A's inhibition of 3-methylcholanthrene-induced squamous
metaplasia and early tumors of the respiratory tract of rats
(10), as the vitamin A treatments were initiated 6 weeks prior
to carcinogen administration.

In this study, serum vitamin A levels in all groups were at
least twice as high as the normal values reported for rats (22),
cattle (10), and man (19). Hamsters in Group 1 received
adequate vitamin A from the diet plus 100 pg RA per week
intragastrically, as evidenced by their growth rates, appear
ance, liver, and serum vitamin A values. When hamsters were
given large amounts of vitamin A (Groups 2 and 3), the liver
vitamin A stores increased dramatically. However, after an
initial increase in all groups, the serum vitamin A reached a
plateau and was not consistently related to administration or
hepatic stores of vitamin A. Thus, it is not possible to
delineate the relative amount of vitamin A that reached the
respiratory epithelium in each group of hamsters. It was not
surprising early in the RA treatment that serum and liver
vitamin A values did not correspond, as the liver buffers
serum vitamin A until its capacity for storage is saturated in
man (19) and cattle (10); then the serum level rises. However,
the lack of elevated serum vitamin A in Group 3 hamsters
when hepatic stores plateaued at 425 pg/g was unexpected.

The data given here further demonstrate the complexity of
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Fig. 1. Focal hyperplasia in secondarybronchus. H & E, X 200. Treatment: 3 mg BP-3mg Fe203 X 12; 1600 @sgRA per week.
Fig. 2. Squamous metaplasia in trachea. H & E, X 100. Treatment: 3 mg BP-3 mg Fe3 03 X 12; 100 @igRA per week.
Fig. 3. Dorsal aspectof larynx, trachea, and lungs, en bloc, with well-circumscribed squamouscell carcinomaof lung (solid arrow) and poorly

circumscribed, invasive adenocarcinoma of lung (open arrow). Treatment: 3 mg BP-3 mg Fe2 03 X 12; 2400 M5 RA per week.
Fig. 4. Ventral aspect of larynx, trachea, lungs and heart, en bloc, with squamous cell carcinoma of bronchial origin in lung (arrow). Treatment:

3 mg BP-3 mg Fe2 03 X 12; 1600 sg RA per week.
Fig. 5. Squamouscell carcinomaof bronchial origin in lung. H & E, X 128. Treatment: 3 mg BP-3mg Fe203 X 12; 100 pg RA per week.
Fig. 6. Adenocarcinomaof lung. H & E, X 375. Treatment: 3 mg BP-3mg Fe303 X 12; 1600pg RA per week.
Fig. 7. Carcinosa.rcomaof trachea.H & E, X 100. Treatment: 3 mg BP-3mg Fe3O, X 12; 2400 @gRA per week.
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