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ABSTRACT

The cheek pouch of the Syrian hamster is an excellent tissue for the
experimental induction of oral cancer by carcinogenic chemicals. Lysate
prepared from a cell line (HCPC-1) derived from one of these hamster

oral tumors greatly increased the growth of these oral tumor cells in
vitro. We now show that the mitogenic substance, transforming growth
factor a (TGF-a), is present in all of the chemically transformed hamster

oral tumors examined (in vitro and in vivo). In no adult normal tissue of
the Syrian hamster can we detect expression of TGF-a. TGF-a could be

partly or wholly responsible for the mitogenic activity detected in the
lysate of the chemically transformed hamster oral keratinocytes. Both
normal and chemically transformed hamster oral keratinocytes express
the receptor to epidermal growth factor. The consistent detection of TGF-

Â«and epidermal growth factor receptor mRNAs hi these hamster oral
tumor cells suggests that an autocrine growth mechanism might be
operative. This hamster cheek pouch oral cancer model can be used for
the molecular analysis of how TGF-a and epidermal growth factor

receptor might be involved in the malignant transformation of epithelial
tissues.

INTRODUCTION

The molecular mechanism of oral cancer development is at
present poorly understood. The cheek pouch of the Syrian
hamster is an excellent target tissue for the experimental study
of oral carcinogenesis (1). Specific carcinogenic chemicals, such
as DMBA,3 can consistently induce epidermoid carcinomas in

14 wk by repeated topical applications (2). Characteristic le
sions, similar to those observed in human oral biopsies, develop
in the cheek pouch in a time-dependent manner. Since the
carcinogenic chemical can induce such consistent lesions in this
animal oral tumor model, it is reasonable to assume that the
same carcinogenic chemical can induce consistent and specific
genetic changes whose cumulative effects result in the altered
phenotypes which we observe at the gross and histopathological
level.

We have recently demonstrated that the cellular protoonco
gene c-erb Bl is overexpressed and amplified in these chemically
transformed hamster oral tumors (3, 4). Since c-erb Bl is the
cellular gene for the EGFR (5), we investigated the possible
production of EGF-like material by these chemically trans
formed oral tumor cells. HCPC-1 is an epidermoid carcinoma
cell line derived from a DMBA-induced hamster oral carcinoma
(6). These chemically transformed hamster oral keratinocytes
can be maintained in culture with medium containing only 1%
FBS. Under serum-free conditions, these cells can be main
tained for 36 h without obvious changes in cellular morphology.
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We now report that cellular lysate prepared from these chemi
cally transformed HCPC-1 cells stimulates their own growth.
TGF-a is expressed in all of the hamster oral tumors examined.
TGF-a might be partly or wholly responsible for the growth-
promoting activity detected in the lysate of these oral tumor
cells. Furthermore, both normal and transformed hamster oral
keratinocytes express the EGFR. The expression of both TGF-
a and EGFR by these hamster oral tumor cells suggests that
an autocrine growth mechanism might be operative.

MATERIALS AND METHODS

Cell Culture. HCPC-1 cells are DMBA-transformed Syrian hamster
oral epidermoid carcinoma cells isolated and established by Odukoya
et al. (6). They are maintained at 37Â°C,5% CO2, in F-10 medium

supplemented with 10% fetal bovine serum and antibiotics [penicillin
(100 units/ml), streptomycin (100 /ig/ml), and amphotericin B (0.25
Â»ig/ml)](Whittaker MA Byproducts, Walkersville, MD).

Cellular Lysate Preparation and Measurement of DNA Synthesis by
Tritiated Thymidine Incorporation. Serum-free lysate of HCPC-1 cells
was prepared according to the method of Deuel et al. (7). Briefly,
confluent cultures of HCPC-1 were harvested, their cell number was
determined, and they were washed twice in serum-free F-10. The cells
were then resuspended in F-10. This is followed by son Â¡cationand
centri fugai ion at 15,000 x g. The supernatant (lysate fraction) was
lyophilized and then reconstituted into F-10 to a final concentration
equivalent to 1 x Ifl7 cells/ml and used immediately.

For | 'HJthymidinc incorporation studies, HCPC-1 cells were grown

to half confluence in 60-mm dishes in either F-10 alone or F-10
supplemented with 1% FBS. Fresh F-10 or F-10 + 1% FBS was given
and equilibrated for 12 h before addition of cell lysate. HCPC-1 cell
lysate, 2 u\ (Lysate 1, equivalent to 1 x IO4 cells) or 20 n\ (Lysate 2,
equivalent to 1 x 10s cells), was then added to these HCPC-1 cultures.
Control HCPC-1 cultures received F-10 alone. Simultaneously, [3H]-

thymidine (Amersham; 16.0 Ci/mmol) was added to the cultures at 1.0
fiCi/ml. These cultures were then incubated at 37Â°Cfor 4 h. The amount
of incorporated [3H]thymidine was measured by counting the radioac
tivity recovered in the trichloroacetic acid-precipitated material (8).
Quadruplicate plates were done for each determination.

niRNA Isolation. Total cellular RNA from various Syrian hamster
tissues and in vitro cultures was isolated using the guanidine isothio-
cyanate method described by Davis et al. (9). Selection of poly(A)+RNA

was done on oligo[dT]cellulose columns (9).
RNA Blotting. Northern blotting of isolated total and messenger

RNA was fractionated by 1% agarose denaturing formaldehyde gel
electrophoresis and blotted onto AMF Zetabind nylon membrane as
previously described (10, 11).

Molecular Probes. The mouse EGF cDNA and human TGF-a cDNA
were kindly provided to us by G. I. Bell of Chiron Corp- (Emeryville,
CA). The human EGFR cDNA was provided by A. Ullrich (Genentech,
San Francisco, CA). The hamster H3 probe was provided to us by A.
S. Lee (University of Southern California). These probes were nick
translated to a specific activity of 1 x 10* cpni/^g of DNA, and 0.5 x
10e cpm/ml of hybridization solution were typically used.

DMBA-induced Hamster Cheek Pouch Tumors. Epidermoid carci
nomas were induced in the cheek pouch of male Syrian hamsters
according to the protocol of Shklar (2). Briefly, 0.5% DMBA in mineral
oil was applied 3 times weekly to the left cheek pouch of each experi
mental animal for 14 wk. Exophytic tumors greater than 10 mm in
diameter were excised, and a sample was saved for histopathological
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examination. The remaining tissue was immediately processed for RNA
isolation by the guanidine-isothiocyanate method (9). All tissues used
for this study were histologically malignant (squamous cell carcinomas).

RESULTS

Presence of Growth-promoting Substance in the Lysate of
DMBA-transformed Hamster Oral Keratinocytes. Fig. 1 dem
onstrates that the amount of [3H]thymidine incorporated into
the HCPC-1 increases with increasing amounts of cell lysate
added. Lysate prepared from a Swiss mouse fibroblast line 3T3
of Todaro and Green (12) showed no mitogenic activity when
tested on these HCPC-1 cells. Under each of these growth
conditions, the maximal stimulation we observed was about
1.5-fold with Lysate 1 (2 /xl/60 mm tissue culture dish, from
approximately 2 x IO4 cells) and about 3-fold with Lysate 2
(20 pi, from approximately 2 x IO5cells) when compared with

the basal growth rate (no lysate). These data suggest the pres
ence of potent growth-promoting substance(s) in these chemi
cally transformed oral carcinoma cells. These oral carcinoma
cells are themselves responsive to the growth-promoting activity
in the lysate, most likely through the presence of appropriate
cell surface receptors.

Detection of EGFR Binding Material in DMBA-transformed
Hamster Oral Keratinocytes. The results described above
strongly suggest the production of endogenous growth factor(s)
by these chemically transformed oral carcinoma cells, which
also bear the appropriate receptor(s). We have recently shown
that the cellular gene c-erb Bl is overexpressed and amplified
in the HCPC-1 cells (3, 4). Since c-erb Bl is the cellular gene
for the EGFR (5), we initiated experiments to verify if the
growth-promoting substance produced by these oral carcinoma
cells is related to the EGF.

Using an EGF radioreceptor assay (BiomÃ©dicalTechnolo
gies, Inc., Stoughton, MA), we were able to detect the presence
of EGF receptor binding material in the HCPC-1 cell lysate
and in the HCPC-1 cell-conditioned serum-free medium (Table

1).
These results demonstrate to us that the growth-promoting

activity in the HCPC-1 cells is in part or wholly due to the

presence of EGF or TGF-a or both, since both of these mito
genic peptides can bind to the EGFR (17). This implies the
endogenous production of one or both of these mitogenic
peptides by these oral carcinoma cells.

Expression of EGF and TGF-a in Normal and Chemically
Transformed Hamster Tissues. Results from the EGF radiore
ceptor assay do not allow us to distinguish between EGF or
TGF-a present in the HCPC-1 cell lysate. To resolve this issue,
we utilized molecular clones of EGF (mouse) and TGF-a (hu
man) cDNAs (13). There are 40% homologies between these
cDNA clones. Thus if we perform molecular hybridization
experiments under conditions of high stringency (to avoid cross-
hybridization), we should be able to determine the presence or
absence of EGF mRNA and/or TGF-a mRNA in these oral
tumor cells. This would then allow us to conclude which of
these mitogenic peptides gave rise to the EGF receptor binding
activities observed in the radioreceptor assay.

Fig. 2, left, illustrates a Northern blot analysis using mRNA
from different normal and transformed hamster tissues probed
with the mouse EGF cDNA probe. Only SG and KD tissues
contain mRNA sequences that hybridized to the mouse EGF
probe. HCPC-1 and an in vivo 14-wk tumor (HCP-T14) to
gether with all the other normal hamster tissues examined
contained no detectable EGF mRNA sequences (note the two
faint bands in the HCPC-1 and HCP-N lanes at 28S and 18S
ribosomal locations are due to nonspecific binding of the probe
to residual RNAs). This is not surprising, since SG is the major
site for EGF synthesis (14), and Rail et al. (15) have demon
strated the presence of prepro-EGF mRNA in the kidney of the
mouse. However, it is interesting to note that thus far the
reported size of EGF mRNA in the mouse SG and kidney is
about 5 kilobases in size, which is the prepro-EGF sequence
(14-16). In the hamster, we observed a single 5.5-kilobase EGF-
hybridizable band in kidney tissues, while in the SG, we ob
served a weak 5.5-kilobase and a strong 1.5-kilobase EGF-
hybridizable band. This 1.5-kilobase EGF mRNA sequence has
not been reported before. These results allow us to conclude
that the growth-promoting substance detected in the oral tumor
cell lysate is not EGF.

Fig. 2, right, is an identical RNA blot using the human TGF-

Fig. 1. Presence of mitogenic substances in
the lysate of DM BA induced oral tumor cells.
HCPC-1 cells are carcinoma cells derived from
a DMBA-induced hamster cheek pouch tumor
(6). This cell line is maintained in F-10 supple
mented with 10% FBS. Serum-free lysate of
these HCPC-1 cells was prepared according to
the method of Deuel et al. (7) as described in
"Materials and Methods." Columns, mean;

bars, SD. 0, control; Q, Lysate 1; D, Lysate 2.
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Table 1 Detection ofEGFR binding material in the cellular lysate and
conditioned medium ofHCPC-1 cells by an EGFR radioassay

ng of EG F
receptor bind
ing material"

F-10 control 0.27 Â±0.25*
HCPC-1 cell lysate 1.51 Â±0.28
HCPC-1 conditioned medium (24 h) 2.00 Â±0.30

* These values are normalized to 1 x 10* cells. HCPC-1 cells were grown for
24 h in serum-free F-10 medium. Quadruplicate plates were determined. Since
the EGF receptor binds to both EGF and TGF-a, this assay does not discriminate
between these two related mitogenic peptides.

' Mean Â±SD.

1 23456

28S,

18S.

28S-

18S-

-

EGF TGF-ot
Fig. 2. Expression of EGF and TGF-a in normal and chemically transformed

Syrian hamster tissues. Poly(A)*RNA isolation and RNA blot analysis were

performed according to standard procedures (8). The probe used (left) was a
mouse EGF cDNA (pmegflO) (13). The probe used (right) was a human TGF-a
cDNA (G. I. Bell, Chiron Corp., Emeryville, Ã‡A).HCPC-1, a hamster cheek
pouch carcinoma cell line (6); lit I' I, a 14th wk DMBA-induced hamster cheek
pouch tumor; //( V'-.V,normal hamster cheek pouch; SG, salivary gland; KD,
kidney; 111'. IHMri; LG, lung; / V,liver, SI', spleen; MS, skeletal muscle. All tissues

except HCPC-1 and HCP-T are from normal animals.

a cDNA as a probe. In this case, we detected TGF-a hybridiz-
able mRNA sequences only in the HCPC-1 and HCP-T14 (5.5
kilobases). No normal hamster tissue expresses the TGF-a
gene. This is in good agreement with the studies of Derynck et
al. (17). These investigators cannot detect TGF-a mRNA in
any adult normal tissue. To determine if the aberrant expression
of the TGF-a gene is a consistent feature of these DMBA-
induced hamster oral carcinomas, we screened a number of
14th wk DMBA-induced tumors. Fig. 3 illustrates the results
of screening for the presence of TGF-a mRNA in six randomly
chosen 14th wk DMBA-induced hamster cheek pouch tumors.
It is clear from this blot that, in all of these tumors examined,
TGF-a was expressed. In normal cheek pouch tissues (HCP-
N), however, no TGF-a mRNA sequences can be detected (Fig.
2, right).

These results allow us to conclude the following, (a) The
EGF receptor binding material detected in the HCPC-1 cell
lysate was TGF-a and not EGF. (b) All DMBA-induced ham
ster cheek pouch tumors examined contained detectable levels
of TGF-a mRNA. These observations permit us to further
conclude that the expression of TGF-a is tumor specific in the
hamster cheek pouch.

Expression of EGFR in Normal and Chemically Transformed
Hamster Tissues. A molecular probe encoding the cDNA se
quence of hEGFR (18) was used to probe an RNA blot contain
ing mRNA isolated from normal and transformed tissues of
the Syrian hamster. Fig. 4 shows that mRNA sequences ho
mologous to the EGFR can be detected in all tissues examined.
HCPC-1 cells contain the highest abundance ofEGFR mRNA,
while HCP-T 14 and HCP-N contain moderate levels. All other
normal tissues contain faint but detectable 6.5-kilobase EGFR
mRNA.

These results, together with those described in Fig. 2 and 3,

Fig. 3. Detection of TGF-a mRNA in DMBA-induced hamster cheek pouch
tumors. Six 14th wk DMBA-induced hamster cheek pouch carcinomas were
excised, and RNA was prepared immediately by the guanidinium isothiocyanate
method (9). Two /Â¿gof poly(A)*RNA were used from each sample. The probe
used was the human TGF-a cDNA.

above, demonstrate that, in DMBA-transformed hamster oral
carcinomas (in vitro and in vivo), an autocrine growth mecha
nism theoretically can be operative. All these tumors examined
express TGF-a and EGFR mRNAs.

DISCUSSION

Using the hamster cheek pouch as an experimental model
for oral carcinogenesis, we have demonstrated the consistent
aberrant expression of TGF-a in chemically transformed ham
ster oral tumors (Figs. 2 and 3). The cancer-specific expression
of TGF-a can serve as a marker of malignant transformation
in this experimental oral cancer model. The consistent detection
of TGF-a in these chemically transformed hamster oral tumors
leads us to believe that the onset of TGF-a's aberrant expression

may be correlated to a specific stage of the malignant transfor
mation process. Experiments are in progress to verify this.

Lysate prepared from the DMBA-transformed HCPC-1 cells
was strongly mitogenic on these cells when cultured in serum-
free or reduced serum conditions (Fig. 1). It is interesting to
note that the HCPC-1 cells grew better (as indicated by higher
[3H]thymidine incorporation) in serum-free F-10 supplemented
with lysate from 1 x 10s cells (Lysate 2) than in F-10 supple

mented with 1% FBS (Fig. 1). Furthermore, HCPC-1 cells grew
better in F-10 plus 1% FBS plus Lysate 2 than in F-10 plus
10% FBS (data not shown). These results strongly suggest the
presence of growth-promoting substance(s) in the HCPC-1
lysate. The presence of both serum and lysate stimulated the
growth of these HCPC-1 cells more than either serum or lysate
alone.
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techniques to determine if normal hamster and human oral
epithelium expresses TGF-a in vivo.

We hypothesize that the tumor-specific expression of TGF-
a in these chemically transformed hamster oral keratinocytes
is involved in the autocrine growth of these tumors. The secre
tion of TGF-a by these oral tumor cells offers them a growth
advantage even in a serum-free environment (Fig. 1). In fact, a
small amount of FBS (1%) potentiated the growth-stimulatory
effect of the HCPC-1 lysate (Fig. 1).

This seems to be true for human oral tumors as well, because
in all of the human oral carcinoma cell lines we have examined,
we found very high levels of TGF-a and EGFR mRNAs.4 The
"activation" of the TGF-a gene in the DMBA-transformed

hamster oral keratinocytes does not involve amplification or
rearrangement (data not shown). This suggests the presence of
specific transcriptional activators or lack of specific transcrip-
tional repressors to the TGF-cv gene in the oral tumor cells.
The identification of these specific transcriptional factors is
under intense investigation (24-26). This animal oral cancer
model should allow us to perform these genetic regulatory
studies. Recently, Schreiber et al. have shown TGF-a to be
angiogenic in the hamster cheek pouch (27). In this paper, we
demonstrated the presence of TGF-a in these chemically trans
formed hamster cheek pouch tumors. Biological activities of
TGF-a (autocrine growth and tumor angiogenesis) may play
important roles in the development of malignancies in vivo.
Thus the hamster cheek pouch represents an in vivo experimen
tal tumor model where we can study the molecular genetics and
the interaction of these growth factors/receptors in the malig
nant transformation of epithelial tissues.

Fig. 4. Expression of EGF receptor gene in normal and chemically trans
formed hamster tissues. Total RNA isolation and poly(A)*RNA selection were
done as described in "Materials and Methods." The probe used was a human
EGF receptor cDNA (18). HCPC-1. a DMBA-induced hamster cheek pouch
carcinoma cell line (6); HCP-N, normal cheek pouch; SG. salivary gland: AT),
kidney; HT. heart; LG, lung; SP, spleen.

The EGFR binding material in the EGFR radioassay is most
likely due to TGF-a, not EGF. EGF expression has only been
demonstrated in one single salivary gland adenoma cell line
(19). TGF-a, on the other hand, has been frequently detected
in many tumor systems, particularly epidermoid carcinomas
(17). TGF-a might be partly or wholly responsible for the
mitogenic activity detected in the lysate of the HCPC-1 cells.
We have shown that the EGFR is expressed in both normal
and chemically transformed hamster oral keratinocytes (Fig.
4). The expression of both TGF-a and EGFR by the same cell
type suggests that the autocrine growth mechanism may be
operative in these DMBA-transformed hamster oral keratino
cytes. The biological effects of TGF-a are thought to be me
diated through binding to the EGFR (20, 21). Binding of either
EGF or TGF-a with the EGFR leads to an activation of
receptor-associated tyrosine kinase and to a mitogenic response
(22). We are presently raising an antibody to TGF-a to deter
mine if it can block the lysate's mitogenic activity to test if an

autocrine growth mechanism is operative in these chemically
transformed hamster oral tumor cells.

Recently Coffey et al. demonstrated the expression of TGF-
11by normal human foreskin keratinocytes both in vitro and in
vivo (23). Using the "pooled" Northern blot analysis, we cannot

detect the expression of TGF-a in normal hamster epithelium
(Fig. 2). However, immortalized cultures of normal hamster
oral keratinocytes express high levels of TGF-a (data not
shown). Experiments are in progress using in situ hybridization
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