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ABSTRACT

Although transforming growth factor (TGF) a and epidermal growth
factor (EGF) receptor (EGFR) autocrine mechanism is widely demon
strated in many kinds of cancers, its biological significances still remain
circumstantial. We critically assessed the significance of this mechanism
on the growth of an ovarian cancer cell line. Northern blot analysis in
polyadenylated RNA isolated from cells by using 32P-labeled pre-TGFa,
EGFR, and prepro-EGF complementary DNAs as probes revealed that
pre-TGFa and EGFR but not prepro-EGF gene transcripts were ex
pressed in the cell. 1(. I Â«and EGFR but not EGF proteins were observed
by immunocytochemical stainings, using monoclonal antibodies against
human TGFa, EGFR, and EGF, respectively. This cell line possessed a
class of high affinity EGF receptor by I2*I-EGF binding studies; Kt being
2.9 x IO'10 M and Ã„â€ž.to be 7.7 x IO4 sites/cell. As much as 1.12 Â±
0.14 ng (SD; n = 3)/107 cells/24 h of TGFa was secreted in the

conditioned media. These results suggested the expression of a TGFa/
EGFR autocrine mechanism in this cell line. We, therefore, assessed the
biological significance of this mechanism on the growth of this cell line
in serum-free monolayer cell cultures. Although 0.1, 1.0, and 10 IIM
concentrations of TGFa did not show significant growth promotion,
monoclonal antibodies against TGFa and EGFR but not EGF signifi
cantly inhibited cell growth. All these data suggested the biological
importance of a TGFa/EGFR autocrine mechanism on the growth of this
cell line in vitro.

INTRODUCTION

Autocrine mechanisms are believed to play a crucial role in
the growth in many kinds of cancers (1-4) and cancer cell lines
(5-7). Various autocrine mechanisms by TGFa2 (1-6), bom-
besin (7), and insulin-like growth factor (6) are known to be
expressed in cancer cells. Among these, an autocrine growth
mechanism by bombesin in human small cell lung cancer is
well established (8).

It is well known that TGFa shares a common receptor with
EGF (9). Although the TGFa/EGFR autocrine mechanism is
most commonly demonstrated in various cancers (1-4) and
cancer cell lines (5, 10), its biological significances on the
growth of cancer cells still remain to be clarified.

Growth mechanisms of ovarian cancers are not well known.
Elevated levels of TGFa are reported in the urine (11) and in
the ascites fluid (12) from patients with disseminated ovarian
cancers, and EGFR is rather commonly expressed in primary
ovarian cancers ( 13). These findings suggest the possible pres
ence of a TGFa/EGFR autocrine mechanism in human ovarian
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cancers. We, therefore, studied the expression of TGFa and
EGFR and the biological significance of the TGFa/EGFR
mechanism on cell growth in vitro in a human ovarian serous
cystadenocarcinoma derived cell line, designated SHIN-3 (14).

MATERIALS AND METHODS

Materials and Cell Lines. Materials were purchased as follows: Na'2SI
was from New England Nuclear (Boston, MA), [a-32P]dCTP and Mul-

tiprime DNA labeling system were from Amersham Laboratories
(Buckinghamshire, England), anti-human TGFa (antibody 1) and ant i
EGFR mAbs [antibody 1 which is known to inhibit EGF binding (15)
and antibody 2 which does not inhibit EGF bindings (15)] were from
Oncogene Science, Inc. (Manhasset, NY), anti-human EGF mAb was
from Wakunaga Pharmaceutical Co. (Hiroshima, Japan). All mAbs
containing preservations (0.1% sodium azide and others) were exten
sively dialyzed against 0.01 M PBS, pH 7.4, at 4'C for 48 h and were

used in cell cultures. Human prepro-EGF cDNA was a kind gift from
Dr. G. I. Bell (University of Chicago, Chicago, IL), human pre-TGFa
cDNA, and pE7, a cDNA clone of human EGFR, were generously
supplied by Dr. T. Yamamoto (Institute of Medical Science, University
of Tokyo, Tokyo, Japan). Anti-CA-125 mAb and ELISA kit for TGFa
assay (16) were kindly supplied by Dainabot Co., Ltd. (Tokyo, Japan)
and by Dr. Shigeaki Tanaka, Hoechst Japan Limited (Saitama, Japan),
respectively.

An ovarian cancer cell line derived from CA-125 producing human
serous cystadenocarcinoma (SHIN-3) was used in all the studies. Cells
were maintained in RPMI 1640 culture medium (GIBCO, Grand
Island, NY) supplemented with 10% FBS (Cell Culture Laboratories,
Cleveland, OH) at 37'C in a humidified 95% air, 5% CO2 atmosphere.

Northern Blot Analysis. Poly(A)+ RNA was selected by using oligo-

deoxythymidylate cellulose column (17) after isolating approximately
2 mg of total cellular RNA by the guanidine cesium chloride method
(18) from 10" SHIN-3 cells. Two Mgof poly(A)+ RNA was fractionated

in 1% agarose/0.66 M formaldehyde gel and transferred onto a nitro
cellulose filter according to the standard method (19). Filters were
baked at 80Â°Cfor 2 h, and were prehybridized and hybridized with "P-
Mnit Â¡primelabeled pre-TGFa (specific activity, 1 x 10' cpm/Mg), pre
pro-EGF (specific activity, 1 x 10' cpm/^g), and EGFR (specific
activity, 1.5 x 10' cpm/^g) cDNA probes at 42Â°Cfor 24 h in a
hybridizing buffer containing 50% formamide, 5x SSC, 5x Denhardt's
solution (Ix Dehardt's, 0.02% Ficoll, 0.02% polyvinylpyrrolidone,

0.02% BSA), 50 HIMsodium phosphate, pH 7.0, 0.1% sodium dodecyl
sulfate, and 250 iig/m\ salmon sperm DNA, as described by Wahl et
al. (20). Then the filters were washed 3 times with 2x SSC, 0.1%
sodium dodecyl sulfate at room temperature for 5 min and twice with
0.3x SSC, 0.1% sodium dodecyl sulfate at 55'C for 30 min, and
autoradiographed at -80Â°C for 2-5 days with an intensifying screen.

Probes were removed by immersing the filters in 10 mM sodium
phosphate buffer containing 50% formamide at 65"C for 1 h, and

rehybridized with /3-actin.
Immunocytochemistry. SHIN-3 cells were attached to 8-chamber

slides (Nunc, Inc., Naperville, IL). Cells were rinsed and fixed with 4%
paraformaldehyde, 0.5% glutaraldehyde, and 0.2% picric acid in 0.1 M
PBS, and immunocytochemical staining was performed by using the
Vectastain ABC kit (Vector Laboratories, Burlingame, CA) according
to the recommendations of the manufacturer. mAbs against TGFa
(1:100 dilution), EGF (1:100), EGFR (1:100), and CA-125 (1:500) were
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used as primary antibodies. Nonimmune mouse IgG, at the same
concentrations, were used as negative controls.

125I-EGF Binding Studies. Cells were grown to subconfluence in
RPMI 1640 medium with 10% FBS in 24-well plates (Falcon, Becton
Dickinson, Lincoln Park, NJ) and 125I-EGF binding studies were per
formed by adding 0.01-100 pmol of I25I-EGF (specific activity, 150-

200 Â¿iCi/Mg)with or without excess amounts of unlabeled EOF to the
medium. Cells were incubated at 20Â°Cfor 3 h, washed 3 times with
chilled Hanks' solution with 0.1% BSA, and the radioactivities on the

cell were counted by a gamma counter (Minaxi 7, Packard Instrument
Co., Meriden, CT). All assays were carried out in triplicate, and the
specific binding data were plotted according to the method of Scatchard.

Preparation of Conditioned Medium and ELISA for TGFa. SHIN-3
cells were grown to subconfluence in RPMI 1640 medium with 10%
FBS in 75-cm2 tissue culture flasks (Corning Glass Works, Corning,

NY), washed 4 times with RPMI 1640, and incubated in 10 ml of
serum-free (0.3% BSA) RPMI 1640 medium for 24 in a CO2 incubator.
The resulting conditioned medium was harvested, centrifuged at 400 x
g for 10 min, acidified with acetate acid at a final concentration of 3%,
and centrifuged to remove insoluble materials. Five ml of acidified
supernatants were diluted with 0.1 % trifluoroacetic acid and applied to
Sep-Pak Cu cartridges (Millipore Co., Milford, MA). The cartridges
were washed and TGFÂ«was eluted with 40% acetonitrile containing
0.1% trifluoroacetic acid. The eluates were lyophilized and dissolved in
1 ml of 10 IHMPBS, pH 7.2. TGFa was measured by the sandwich-
type ELISA as described elsewhere (16). Cells were removed by tryp-
sinization and the cell numbers were counted on a hemocytometer.

Growth Promotion and Inhibition Studies. SHIN-3 cells were seeded
in 6-welI plates (Falcon) at a cell density of 105/well in RPMI 1640
with 10% FBS and were plated. Twenty-four h later cells were washed
4-5 times with RPMI 1640 medium and the following studies were
started. The effects of FBS contained in the culture medium on the cell
growth were examined by incubating cells in RPMI 1640 containing
10% FBS, 2% FBS, or 0.3% BSA. Growth promotion studies were
performed by incubating cells in the serum-free culture medium (RPMI
1640/0.3% BSA) containing 0.1, 1.0, or 10 nM TGFÂ«.Growth inhibi
tion studies were done by incubating SHIN-3 cells in the serum-free
culture medium containing various amounts of mAbs against TGFÂ«,
EGFR, and EGF. Proportional amounts of nonimmune mouse IgG
(Zymed, San Francisco, CA) were added in control cultures. Culture
media with or without test materials were changed every 2 days. Cells
were incubated at 37Â°Cfor the times indicated in the Figures in a

humidified 95% air and 5% CO2 atmosphere. Cells were isolated by
trypsinization and the number of cells was counted on a hemocytometer.

Statistical Analysis. Data were shown as the mean Â±SD. Homosce-
dasticity of data was analyzed by the Bartlett test. The significance of
differences was assessed by analysis of variance, followed by multiple
comparisons of Dunett and P < 0.05 was considered to be significant.

RESULTS

Northern Blot Analysis. Gene transcripts from SHIN-3 cells
were analyzed by Northern blotting. Poly( A)+ RN A was selected

after isolating total RNA from the cell and Northern analysis
was performed by using 32P-labeled pre-TGFa, prepro-EGF
cDNAs, and pE7 as probes. As shown in Fig. 1, pre-TGFa
mRNA was observed at 4.8 kilobases (Lane A). Although
prepro-EGF mRNA was not expressed in the cell (Lane A), 3
gene transcripts for EGFR were observed at 10, 5.6, and 2.9
kilobases (Lane C). ÃŸ-Actin mRNA was observed at 2.0

kilobases.
Immunocytochemistry. Immunocytochemical stainings using,

anti-TGFa, anti-EGF, and anti-EGFR mAbs revealed that
SHIN-3 cells expressed TGFa and EGFR proteins in the
cytoplasm and on the plasma membrane, respectively (Fig. 2,
A and B) but they did not express EGF protein (data not
shown). CA-125, which is a widely used ovarian tumor marker,
also was detected (Fig. 2C) in accordance with the data that

(A) (B) (C)

4.8 kb f
10 kb

5.6

2.9

t t ÃŸ-actin

Fig. 1. Expression of pre-TGFa, prepro-EGF, and EGFR gene transcripts in
SHIN-3 cells. Two ^g of poly(A)* RNA was fractionated in 1% agarose/0.66 M
formaldehyde gel, transferred to a nitrocellulose filter, and hybridized with 32P-
labeled pre-TGFÂ« (A), prepro-EGF (B), and EGFR (C) cDNA probes. Filters
were washed at a highly stringent condition, auloradiographed, and rehybridized
with ,; aÃ¯-lin.A/I.kilobase.

SHIN-3 cells were derived from a CA-125-producing ovarian
cancer (14).

'"I-EGF Binding Studies and ELISA for TGFa. We analyzed
the EGFR on the cells by binding studies using 125I-labeled

human EGF as a ligand. A class of high affinity receptor was
found by Scatchard analysis (data not shown). KAwas 2.9 x
IO'10 and AmaÂ»was 7.7 x IO4sites/cell.

The amounts of immunoreactive TGFa in the conditioned
media of SHIN-3 cells were measured by ELISA. As much as
1.12 Â±0.14 ng (SD; n = 3)/107 cells/24 h of TGFa immuno-

reactivities were present in the conditioned media.
All the above data suggested the presence of a TGFa/EGFR

autocrine mechanism in this cell line. Next, we examined the
biological significance of this mechanism on the growth of
SHIN-3 cells, using monolayer cell cultures.

Growth Promotion and Inhibition Studies. Although SHIN-3
cells grew significantly (P < 0.005) less efficiently in a serum-
free (0.3% BSA) condition than in media with 2% and 10%
FBS, cells showed an aggressive growth even in serum-free
medium as shown in Fig. 3. We, therefore, performed the
following studies using serum-free monolayer cell cultures.
Various concentrations of TGFa were added to the culture
medium and no significant growth stimulations were observed
by 0.1, 1.0, and 10 nM concentrations of TGFa (data not
shown).

More important experiments for the critical assessment of
the autocrine mechanism are the growth control studies by
extracellular antagonists to a TGFa/EGFR autocrine mecha
nism (21 ). We, therefore, studied the effects of mAbs against
TGFa and EGFR on the growth of SHIN-3 cells. As low as 1
Mg/ml of anti-TGFa mAb significantly (P< 0.005) reduced cell
growth and this growth inhibitory effect by anti-TGFa mAb
was dose dependent. As much as 60% of cell growth was
suppressed by 5 ng/m\ of anti-TGFa mAb (Fig. 4/4) and no
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more inhibition was observed by 10 Mg/ml of Ab (data not
shown). Growth inhibitions by TGFa mAb seemed specific:
although 1 nM TGFa failed to restore the growth inhibitory
effect by 1 ng/m\ of anti-TGFÂ« mAb, 10 nM TGFa completely
restored it (Fig. 4B). Anti-EGFR mAb also exhibited the growth
inhibitory effects in a dose-dependent manner at 1 and 5 Mg/ml
(Fig. 5). Growth inhibitory effect by EGFR mAb seemed spe
cific because it was observed only by the anti-EGFR mAb
(antibody 1) which inhibits the ligand binding (IS) and not by
anti-EGFR mAb (antibody 2) which does not inhibit the ligand
binding (15) (data not shown). Anti-EGF mAb, which would
not be an antagonist to this autocrine mechanism, did not show

(A)

4 6

Incubation Time (days)

1O

(B)

Fig. 3. Effects of the elimination of FBS in the culture medium on the growth
of cells. SHIN-3 cells maintained in RPMI 1640/10% FBS were extensively
washed with RPMI 1640 and 10s cells were seeded in the 6-well plates. Then,
cells were cultured in RPMI 1640 culture medium supplemented with 10% FBS
(O), 2% FBS (D), or with 0.3% BSA (serum-free) (â€¢)for the times indicated, and
the number of cells was counted. â€¢¿�Â«,/"<0.005 versus cultures with 2% and 10%
FBS.

(O

Fig. 2. Expression of TGFa, EGFR and CA-125 tumor marker proteins on
the cell. Cells were attached to 8-chamber slides and immunocytochemical stain-
ings were performed by using mAbs against TGFa (A), EGFR (B), and CA-125
(C).

any growth inhibitory effect even at the concentration of 5 /ig/
ml (Fig. 6). These studies were performed in 3 wells in each
group and the data were shown as mean Â±SD. Each experiment
was repeated 3-5 times, and a representative result was shown.

DISCUSSION

For the critical assessment of an autocrine growth mecha
nism, it is most important to show the growth control effects
of the antagonists of a presumed autocrine mechanism, as
described by Sporn and Roberts (21). In this sense, although
the TGFa/EGFR autocrine mechanism is most commonly
expressed in various cancers (1-4, 9, 10), its biological signifi
cances on the growth of cancers have still been circumstantial.
In this study, we critically assessed the biological significance
of a TGFa/EGFR autocrine mechanism on the growth of a
human ovarian serous cystadenocarcinoma derived cell line in
vitro: mAbs against TGFa and EGFR (antibody 1) which were
the antagonists to the TGFa/EGFR autocrine mechanism
showed dose-dependent and specific growth inhibitory effects.
Cell growth was reduced as large as 60% by 5 Mg/ml of anti-
TGFa mAb (Fig. 4A). This growth inhibitory effect was almost
as potent as that by 4.0 Mg/ml of ds-diamminedichloroplatinum
in v/fro3 which is a potent carcinostatic agent, especially in

urogenital cancers (22).
We investigated the biological significance of this TGFa/

EGFR autocrine mechanism also in vivo by implanting SHIN-
3 cells to nu/nu mice. Anti-TGFa mAb given to nu/nu mice
drastically suppressed the tumor growth and, therefore, it was
clear that this autocrine mechanism was biologically significant

3 Unpublished data.
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(A)
Fig. 4. A, growth inhibitory effects of anti-

TGFa mAb on the growth of SHIN-3 cells.
Cells were seeded in 6-well plates at a cell
density of lO'/well in RPMI 1640 medium
with 10% FBS and were allowed to plate. After
a 24-h incubation, cells were extensively
washed with RPMI 1640 and media were
changed to serum-free RPMI 1640 containing
1 fig/ml (A), 5 Mg/ml (â€¢)of anti-TGFa mAb
or 5 /Jg/ml of nonimmune mouse IgG (control)
(O). Cells were incubated for the times indi
cated and the number of cells was counted.
Nonimmune IgG showed no effects on cell
growth. Â«Â«,P < 0.005 versus control cultures.
B, restorative effects of TGFa on the growth
inhibition by l Â»ig/mlof anti-TGFa mAb. Cells
were incubated in serum-free RPMI 1640 me
dium containing 1 Mg/ml of anti-TGFa mAb
with 1 nM (â€¢),10 nM (â€¢)TGFa, or without
TGFa (A). One Â»nnil of nonimmune mouse
IgG was added to control cultures (O). Cell
numbers were counted at the times indicated.
Â»Â»,P < 0.005 versus the culture with 1
of anti-TGFa mAb only (A).

(B)
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Fig. 5. Growth inhibition by anti-EGFR mAb. Cells were incubated in serum-
free RPMI 1640 medium containing 1 Mg/ml (A), 5 Mg/ml (â€¢)of anti-EGFR
mAb, or 5 Â¿ig/mlof nonimmune mouse IgG (control) (O) for the times indicated,
and the cell numbers were counted. Â«.P < 0.05; Â«Â«,P < 0.005 versus control
cultures.

on the growth of SHIN-3 cells also in vivo (23). However, the
fact that this cell line grew less efficiently in lower FBS concen
trations (Fig. 3) suggested that SHIN-3 cells possessed other

growth mechanism(s) than the TGFa/EGFR autocrine
mechanism.

The fact that anti-EGF mAb did not show growth inhibitory

effects suggested that this cell line did not express biologically
significant amounts of EGF, and would support the results in
the Northern blot analysis and immunocytochemical staining

10

0 2 4 6

Incubation Time (days)

Fig. 6. Effects of anti-EGF mAb on the growth of cells. Cells were incubated
in serum-free RPMI 1640 medium containing 5 jig/ml of anti-EGF mAb (â€¢)or
5 fig/ml of nonimmune mouse IgG (O) for the times indicated, and the cell
numbers were counted.

that SHIN-3 cells did not express prepro-EGF mRNA nor EGF
protein.

We also studied the autocrine mechanism in some primary
human ovarian cancer tissues obtained at the time of operation
and found the presence not of an EGF/EGFR autocrine mech
anism but of a TGFa/EGFR mechanism, as far as we examined
(24). Moreover, we have found that the TGFa/EGFR autocrine
mechanism played an important role on the growth also in
primary human ovarian cancers in vitro (24). This TGFa/EGFR
autocrine growth mechanism was present rather generally in
primary human ovarian cancers (24). These results in primary
cancers suggested that the expression and biological importance
of the TGFa/EGFR autocrine mechanism were not limited to
this cell line. We, therefore, might suggest a possibility that
antagonists to TGFa/EGFR autocrine mechanism could be
effective in treating human ovarian cancers which express a
TGFa/EGFR autocrine mechanism.
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