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Effect of Local Administration of Epidermal
Growth Factor on 9,10-dimethyl-1,2-
benzanthracene-induced Tumour Formation
in Hamster Cheek Pouch

K. Harada, Y. Yura, H. Tsujimoto, J. Kusaka, H. Yoshida and M. Sato

The effect of local administration of epidermal growth factor (EGF) on 9,10-dimethyl-1,2-
benzanthracene (DMBA)-induced tumour formation was investigated in a hamster cheek pouch
carcinogenesis model. DMBA-treated hamsters underwent either sialoadenectomy (groups 1 and 2)
or a sham operation (groups 3 and 4). Thereafter, EGF (groups 1 and 3) or vehicle (groups 2 and 4) was
applied to the cheek pouches for 6 weeks. Fourteen weeks after the beginning of the experiment, the
number of cheek pouch tumours was significantly greater in EGF-treated hamsters than in vehicle-
treated hamsters, irrespective of whether the submandibular glands had been removed. The number
of forestomach tumours, induced by DMBA application to the cheek pouches, was also increased by
EGF. These results suggest that EGF applied from the luminal side of the mucosa stimulates tumour
formation in the hamster cheek pouch and forestomach.
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INTRODUCTION cancer [11-15]. Recently, we reported that sialoadenectomy,
EP1DERMAL GROWTH factor (EGF), first isolated from mouse removal of the submandibular glands, reduced tumour
submandibular glands, is a well-characterised peptide growth  induction in the 9,10-dimethyl-1,2-benzanthracene (DMBA)-
factor [1, 2]. It stimulates the growth of various types of cells, treated hamster cheek pouch and that parenteral administra-
including epithelial cells and fibroblasts. Parenteral and oral tion of urinary EGF reversed the effect of the sialoadenectomy
administration of EGF to animals inhibits gastric acid [16].
secretion and promotes the healing of wounds and gastroduo- The submandibular glands seem to be exocrine rather than
denal ulcers [1-7]}. However, this factor has also been shown to  endocrine organs for EGF [17-19]. Thus, the oral mucosa is
play a role of carcinogenesis: removal of the submandibular  generally coated with EGF-rich saliva. Although EGF admin-
gland, a rich source of EGF in mice, resulted in a reduction of  istered parenterally has been shown to act as a tumour-
the incidence of mammary tumours in these animals [8]. EGF  enhancing factor in various animal models [8-10, 18], whether
has been shown to enhance the carcinogenic potential of exocriated EGF plays a roie in carcinogenesis remains
methylcholanthrene in mouse skin and to stimulate the unknown. If salivary EGF stimulates the development of
induction of mouse mammary tumours and hamster pancre- tumours in the oral cavity, EGF applied from the luminal side
atic and bronchial cancers [8-10]. The hamster cheek pouch of the mucosa to the hamster cheek pouch will increase the
model is the most reliable system for the induction of oral number of the DMBA-induced tumours, whereas sialoaden-
ectomy will exert the opposite effect. To examine this
possibility, we conducted an experiment in which DMBA-
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cously [20], we examined the effect of EGF on tumour
formation in the forestomach as well as cheek pouch.

MATERIALS AND METHODS

Amimals and chemicals

Male Syrian hamsters, aged 5 weeks were purchased from
Japan SLC, Inc. (Shizuoka, Japan). The hamsters were
housed four to five per cage in an air-conditioned room at
24 +2°C with a 12-h light—dark cycle. They were given animal
chow (CI.-2; Clea Japan Inc., Tokyo, Japan) and tap water ad
libitum. DMBA, purchased from Wako Pure Chemical Indus-
tries (Osaka, Japan), was dissolved in a 1: 20 mixture of acetone
and heavy mineral oil (Sigma Chemical Co., St. Louis,
Missouri, U.S.A.). Human recombinant EGF (Wako) was
dissolved in a vehicle consisting of 50%, mineral oil, 10%,
ethanol and 40°, 0.99, NaCl solution.

Experimental design

The experimental design is shown in Fig. 1. Hamsters were
treated by painting both cheek pouches thrice weekly, for 6
weeks, with a 0.5%, solution of DMBA dissolved in the
acetone—heavy mineral oil mixture. One week later, hamsters
in groups 1 and 2 underwent sialoadenectomy. A sham
operation, vertical midline incision in the skin of the neck
region, was performed on those in groups 3 and 4. One week
after the operation, the hamsters were treated with test
material by painting both cheek pouches thrice weekly for 6
weeks. The test materials were EGF (10 pg/body weight) for
groups 1 and 3 and vehicle for groups 2 and 4.

Pathological examination

Fourteen weeks after the beginning of the experiment, the
hamsters were killed by cardiac puncture performed when
they were under general anaesthesia with pentobarbital. Their
cheek pouches and stomachs were removed, opened longitud-
inally, washed in phosphate buffered saline, and stretched on
pieces of cardboard. The mucosa was inspected and gross
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Fig. 1. Experimental design. All hamsters were treated by
painting both cheek pouches thrice weekly for 6 weeks with
0.5% DMBA solution. One week later, hamsters in groups 1
and 2 underwent sialoadenectomy ( V) and a sham operation
(V) was performed in groups 3 and 4. Beginning 1 week after
the operation, hamsters were treated by painting with test
material thrice weekly for 6 weeks until the termination of the
experiment. Test materials were groups 1 and 3, EGF (10 pg/kg
body weight); groups 2 and 4, vehicle.

visible tumours (more than 1 mm in diameter) were counted
and measured. Tumour volume was calculated by the formula
of Attia and Weiss [21]: volume = 0.4 (ab?), where a and b are
perpendicular tumour diameters and & is the smaller. Cheek
pouch tumours more than 2 mm in diameter were excised
together with the surrounding mucosa; the remaining portions
were cut into four pieces and subjected to histological
examination. The forestomach was separated from the glandu-
lar stomach and cut into three pieces in such a way that the
largest tumour could be represented in histological sections.
After paraffin embedding, 4-pm sections were stained with
hematoxylin and eosin for light microscopic examination. The
cheek pouch lesions were histologically classified as hyper-
plasia, papilloma and squamous cell carcinoma, as described
previously [11, 12, 16]. Cheek pouch tumours were examined
for eosinophilia, this being defined as > 10 eosinophils/ x 200
field [22].

Statistical analysis

Statistical comparisons were carried out using unpaired
Student’s z-test for the number and volume of the tumours and
y? test for the incidence of carcinoma and tissue eosinophilia. A
P value of 0.05 or less was considered significant.

RESULTS
Effects of local EGF administration

One hamster of group 4 was lost during the experiment. At
the end of the experiment, the final mean body weights in
groups 1-4 were 136 +13, 133+17, 1394+ 11 and 135+15 g,
respectively. There were no significant differences among the
experimental groups. Similarly, sialoadenectomy and EGF
did not affect the final weights of liver and kidney in the
hamsters (data not shown).

Gross cheek pouch tumours were demonstrated in all
hamsters. When the number of the induced tumours was
counted, the mean tumour number for each hamster was
significantly greater in the EGF-treated hamsters (groups 1
and 3) than in the vehicle-treated animals (groups 2 and 4)
(P <0.05), irrespective of whether the submandibular glands
had been removed (Table 1). The tumour volume in the EGF-
treated sialoadenectomised hamsters (group 1) was signific-
antly larger than that of the vehicle-treated sialoadenectom-
ised hamsters (group 2) (P <0.05). When the tumour number
and volume were compared between the vehicle-treated
sialoadenectomised  hamsters (group 2) and the
vehicle-treated normal hamsters (group 4), the latter animals
developed more and larger tumours, but the difference was not
significant.

At the end of the experiment, all of the hamsters, except for
one in group 4, had developed tumours in the forestomachs.
There were no differences among the experimental groups
with regard to tumour incidence, but again, more and larger
tumours were demonstrated in the forestomachs of the EGF-
treated hamsters than in the vehicle-treated animals (Table 2).
When the volumes of forestomach tumours were compared
between group 2 and group 4 hamsters, a significant decrease
of tumour volume was observed in the sialoadenectomised
group.

Histologic examination of cheek pouches and forestomachs

All of the cheek pouch tumours more than 2 mm in
diameter, a total of 285, were examined histologically and
squamous cell carcinomas were demonstrated in 92-93°,, of
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Table 1. Incidence, number and volume of cheek pouch tumours

No. of tumours/ Total tumour volume/

No. of No. of hamsters hamster hamster (mm?)
Group Treatment hamsters with tumours (mean + S8.D.) (mean+S.D.)
1 D+Sx+E 14 14 17.74+10.7* 100.4 +90.9*
2 D+Sx+V 14 14 9.8 +4.7 47.7+29.9
3 D+Sh+E 14 14 18.0+7.1% 103.4+78.9
4 D+Sh+V 13 13 11.9+4.4 70.5+51.4

D, DMBA; Sx, sialoadenectomy; E, EGF; V, vehicle; Sh, sham operation.

*P <0.05 group 1 versus group 2.
+P <0.05 group 3 versus group 4.

Table 2. Incidence, number and volume of forestomach tumours

No. of tumours/ Total tumour volume/

No. of No. of hamsters hamster hamster (mm?)
Group Treatment  hamsters with tumours (mean+ S.D.) (mean+S8.D.)
1 D+Sx+E 14 14 18.1+11.7* 22.6+18.5F
2 D+Sx+V 14 14 6.1+2.8 7.8+6.1%
3 D+ Sh+E 14 14 21.7+11.2§ 34.1+425.89
4 D+Sh+V 13 12 8.9+4.9 12.14+4.0

D, DMBA; Sx, sialoadenectomy; E, EGF; V, vehicle; Sh, sham operation.

*P<0.001 group 1 versus group 2.
+P<0.01 group 1 versus group 2.
1P <0.05 group 2 versus group 4.
§P < 0.001 group 3 versus group 4.
TP <0.01 group 3 versus group 4.

Table 3. Proportion of carcinomas in cheek pouch tumours and incidence of tissue eosinophilia

No. of papillomas/
no. of tumours*

No. of carcinomas/
no. of tumours*

Papilloma Carcinoma

No. with eosinophilia/ No. with eosinophilia/

Group Treatment (%) (%) no. examined (%)t no. examined (%)}
1 D+ Sx+E 32/82 (39) 50/82 (61) 8/24 (33) 17/34 (50)
2 D+Sx+V 20/52 (38) 32/52 (62) 5/19 (26) 11/26 (42)
3 D+Sh+E 36/83 (43) 47/83 (57) 6/26 (23)1 17/33 (52)
4 D+Sh+V 27/68 (40) 41/68 (60) 5/25 (20)% 16/30 (53)

D, DMBA; Sx, sialoadenectomy; E, EGF; V, vehicle; Sh, sham operation.
*Tumours more than 2 mm in diameter were examined histologically.
tTumour specimens with sufficient surrounding mucosa for the evaluation of eosinophila were examined.

1P <0.05 papilloma versus carcinoma.

the hamsters in each experimental group. Most of the cheek
pouch carcinomas were non-invasive and were classified as
well-differentiated or moderately differentiated squamous cell
carcinoma. The number of invasive squamous cell carcinomas
in groups 1-4 were 1, 0, 3 and 3, respectively. When all 285
cheek pouch tumours were classified as either papilloma or
squamous cell carcinoma, the percentage of carcinomas in each
group ranged from 57 to 629, (Table 3). If we included only
tumours 2-5 mm in diameter, the carcinoma percentages in
groups 1-4 were 519%, (36/70), 53°%, (25/47), 52%, (39/75) and
549, (32/59), respectively; the differences were not significant.
The incidence of squamous cell carcinoma in the forestomach
was low, being 209, (3/15), 139, (2/15), 27%, (4/15) and 219,
(3/14), respectively in groups 1—4, and most of the forestomach
tumours were classified as papilloma.

It has been suggested that transforming growth factor

(TGF)-o mRNA-containing tissue eosinophils are associated
with transformed cheek pouch epithelium {22]. When we
examined the DMBA-induced tumours, we found that the
infiltration of inflammatory cells, including eosinophils, was
more prominent in large carcinomas. In the 217 tumours
available for histological evaluation, tissue eosinophilia was
demonstrated in 20-33%, of the papillomas and in 42-53%; of
the carcinomas (Table 3), i.e. tissue eosinophilia was more
frequent in carcinoma than in papilloma. However, there were
no apparent differences among the experimental groups with
regard to the incidence of tissue eosinophilia in papilloma and
carcinoma.

DISCUSSION
The present study was conducted to demonstrate the
tumour-enhancing effect of locally administered EGF, but we
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also wanted to determine whether sialoadenectomy, removal
of the submandibular glands, may retard the tumour develop-
ment and whether EGF may affect the histological features of
the tumours. To investigate these subjects, the hamsters were
treated first with a 0.5%, solution of DMBA for 6 weeks, based
on the assumption that this treatment was sufficient to induce
cheek pouch tumours after a latent period of several months
[16], and then performed sialoadenectomy on 509%, of the
hamsters to reduce the amount of endogenous EGF, and the
remaining hamsters underwent a sham operation. Thereafter,
the bilateral cheek pouches of the hamsters were painted with
EGF or vehicle. Fourteen weeks after the beginning of the
experiment, as expected, all hamsters had developed cheek
pouch tumours. When the numbers of the tumours were
counted, it was found that more tumours were induced in the
EGF-treated animals than in those treated with vehicle. EGF
also increased the total tumour volume per hamster (group 1
versus 2). Thus, we concluded that EGF administered from
the luminal side of the mucosa enhanced tumour induction in
the cheek pouch and stimulated tumour growth. This cannot
be ascribed to a general effect of EGF and/or to sialoaden-
ectomy, since this procedure did not affect the body weight or
the weights of liver and kidney.

We also found that the formation of forestomach tumours,
which was induced by DMBA application to the cheek pouch,
was also enhanced by locally administered EGF. At this site,
the effect of EGF on tumour induction was more prominent
than in the oral cavity. The mean tumour number and total
tumour volume in the vehicle-treated sialoadenectomised
hamsters (group 2) were lowest, whereas these in EGF-treated
normal hamsters (group 3) were highest, indicating that both
endogenous and exogenous EGF may contribute to tumour
formation in the forestomach. Why the effect of EGF is more
prominent in the forestomach than the cheek pouch is not
known, but it could be explained in the following terms: EGF
applied to both sides of the cheek pouches may be swallowed
and retained in the forestomach at a higher concentration and
for a longer period than in the oral cavity.

The mean number and mean volume of tumours in the
sham-operated hamsters were usually higher than these values
in the sialoadenectomised animals, indicating that sialoaden-
ectomy retarded the development of both cheek pouch and
forestomach tumours (Tables 2 and 3). However, the differ-
ence in tumour number between normal and sialoaden-
ectomised hamsters was modest; there was a significant
difference only in the volume of forestomach tumours (Table
2, group 2 versus 4). It appears that the effect of sialoadenec-
tomy in the hamsters is not as dramatic as that seen in mouse
mammary carcinogenesis [8], since the amounts of
submandibular gland EGF seem to be lower in hamsters than
in mice.

In this study, we also examined the effect of locally
administered EGF on the histological features of the tumours.
Previous studies have shown that the application of DMBA to
the cheek pouch resulted in epithelial hyperplasia, papilloma
and eventually squamous cell carcinoma [11, 12, 16], suggest-
ing that most carcinomas occur in papillomas. If this were
indeed the case, an agent could promote the malignant
conversion of papilloma, then the relative number of carcin-
omas would be increased by that agent. In other words, the
agent would increase the proportion of carcinomas in tumours
of a defined size. When we examined all tumours 2-5 mm in
diameter histologically, we found the percentage of squamous

cell carcinoma in the tumours to be 51-549 ; there were no
significant differences among the groups. Thus, it appears that
EGF applied to the cheek pouch does not accelerate the
malignant conversion of papilloma.

Ghiabi ez al. [22] demonstrated that the number of TGF-a
mRNA-containing eosinophils associated with malignant
epithelium was significantly higher than that associated with
non-malignant cheek pouch epithelium. Since TGF-a, a
single chain peptide related to EGF, is able to stimulate cell
growth by binding to and activating the EGF-R [23], it is
possible that TGF-« released from eosinophils is involved in
the development of oral cancer. When we examined the
incidence of tissue eosinophilia in the cheek pouch tumours,
we found that eosinophilia occurred in 20-33°%, of the
papillomas and in 42-53%, of the squamous cell carcinomas
(Table 3). Tissue eosinophilia thus does not seem to be
associated with papilloma, but rather, with tumours at a more
advanced stage. It is unlikely that eosinophils play an
important role in papilloma formation, i.e. at the stage of
tumour promotion.

Whether EGF can act from the luminal side of the mucosa
has not been determined. Olsen et al. (19] indicated that EGF
in physiological amounts was not absorbed in the rat
gastrointestinal tract, although substantial amounts of intact
protein were absorbed in newborn animals. Noguchi ez al. [7]
demonstrated that treatment of sialoadenectomised male mice
with EGF in drinking water restored the rate of wound healing
of the tongue to normal levels. Momose er al. [24] reported that
instillation of urinary EGF instead of 0.99;, NaCl solution into
the transplanted bladder which had been treated with a single
dose of N-methyl-N-nitrosourea increased the incidence of
bladder carcinomas, suggesting an important association of the
instilled EGF with the transplanted bladder mucosa. Here, we
indicated that locally administered EGF enhanced tumour
formation in the hamster cheek pouch and forestomach.
Together, it is likely that EGF could act from the luminal side
if the normal architecture of the mucosa were impaired by
wounding or neoplastic changes.

The results of this study suggest that salivary EGF acts as a
stimulator of oral and gastric tumour formation. Alternatively,
these results may indicate the action of exogenous EGF
applied to the mucosa. Since the effect of EGF on wound
healing has been established [3-6], local or oral EGF
administration could be of clinical value for the treatment of
lesions such as recurrent oral aphthae and chronic gastroduo-
denal ulcers. However, the potential effect of EGF on oral and
gastric tumour formation should be taken into consideration
when clinical trials of this agent are conducted.

1. Cohen S. Isolation of a mouse submaxillary gland protein
accelerating incisor eruption and eyelid opening in the new-born
animals. ¥ Biol/ Chem 1962, 237, 1555-1562.

2. Carpenter G, Cohen S. Epidermal growth factor. Annu Rev
Biochem 1979, 48, 193-216.

3. Niall M, Ryan GB, O’Brien BM. The effeci of epidermal growth
factor on wound healing in mice. ¥ Surg Res 1982, 33, 164-169.

4. Kirkegaard P, Olsen PS, Poulsen SS, Nexo E. Epidermal growth
factor inhibits cysteamine-induced duodenal ulcers. Gastroenter-
ology 1983, 85, 1277-1283.

5. Singh G, Foster CS. Epidermal growth factor in alkali-burned
corneal epithelial wound healing. Am J Ophthalmol 1987, 103,
802-807.

6. Konturek SJ, Dembinski A, Warzecha Z, Brzozowski T, Gregory
H. Role of epidermal growth factor in healing of chronic



10.

11.

12.

13.

15.

16.

17.

EGF and Oral Carcinogenesis 31

gastroduodenal ulcers in rats.

1300-1307.

Gastroenterology 1988, 94,

. Noguchi S, Ohba Y, Oka T. Effect of salivary epidermal growth

factor on wound healing to tongue in mice. Am § Physiol 1991,
260, E620-E625.

. Kurachi H, Okamoto S, Oka T. Evidence for the involvement of

the submandibular gland epidermal growth factor in mouse
mammary tumorigenesis. Proc Natl Acad Sci USA 1985, 82,
5940-5943.

. Rose SP, Stahn R, Passovoy DS, Herschman H. Epidermal

growth factor enhancement of skin tumor induction in mice.
Experientia 1976, 32, 913-915.

Malt RA, Chester JF, Gaissert HA, Ross JS. Augmentation of
chemically induced pancreatic and bronchial cancers by epi-
dermal growth factor. Gur 1987, 28(S1), 249-251.

Salley JJ. Experimental carcinogenesis in the cheek pouch of the
Syrian hamster. ¥ Dent Res 1954, 33, 253-262.

Shklar G. Experimental oral pathology in the Syrian hamster.
Prog Exp Tumor Res 1972, 16, 518-538.

Elzay RP. Local effect of alcohol in combination with DMBA on
hamster cheek pouch. ¥ Dent Res 1966, 45, 1788-1795.

. Odukoya O, Shklar G. Initiation and promotion in experimental

oral carcinogenesis. Oral Surg 1984, 58, 315-320.

Chen Y-P, Squier CA. Effect of nicotine on 7,12-dimethylbenz[a]
anthracene carcinogenesis in hamster cheek pouch. ¥ Nat! Cancer
Inst 1990, 82, 861-864.

Yura Y, Harada K, Tsujimoto H, Yoshida H, Sato M. Effect of
sialoadenectomy and epidermal growth factor administration on
9,10-dimethyl-1,2-benzanthracene-induced tumor formation in
hamster cheek pouch. Oral Surg 1993, 76, 723-728.

Byyny RL, Orth DN, Cohen S, Doyne ES. Epidermal growth

EJC 31:1-B

18.

19.

20.

21.

22.

23.

24.

factor: effects of androgens and adrenergic agents. Endocrinology
1974, 95, 776-782.

Wallace LJ, Partlow LM. Alfa-adrenergic regulation of secretion
of mouse saliva rich in nerve growth factor. Proc Natl Acad Sci
USA 1976, 73, 4210-4214.

Olsen PS, Kirkegaard P, Poulsen SS, Nexo E. Adrenergic effects
on exocrine secretion of rat submandibular epidermal growth
factor. Gur 1984, 25, 1234-1240.

Solt DB, Polverini PJ, Ray S, Fei Y, Biswas DK. Early neoplastic
commitment of hamster buccal pouch epithelium exposed bi-
weekly to 7,12-dimethylbenz[a]anthracene. Carcinogenesis 1988,
9, 2173-21717.

Attia MA, Weiss DW. Immunology of spontaneous mammary
carcinoma in mice. V. Acquired tumor resistance and enhance-
ment in strain A mice infected with mammary tumor virus. Cancer
Res 1966, 26, 1787-1800.

Ghiabi M, Gallagher GT, Wong DTW. Eosinophils, tissue
eosinophilia, and eosinophil-derived transforming growth factor
o in hamster oral carcinogenesis. Cancer Res 1992, 52, 389-393.
Todaro GJ, Fryling C, DeLarco JE. Transforming growth factors
produced by certain human tumour cells: polypeptides that
interact with epidermal growth factor receptors. Proc Nat! Acad
Sci USA 1980, 77, 5258-5262.

Momose H, Kakinuma H, Shariff SY, Mitchell GB, Rademaker
A, Oyasu R. Tumor-promoting effect of urinary epidermal
growth factor in rat urinary bladder carcinogenesis. Cancer Res
1991, 51, 5487-5490.

Acknowledgement—This work was supported by a Grant-in-Aid
for Scientific Research from the Ministry of Education, Science and
Culture of Japan (04807146).



