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ABSTRACT

We examined 35 primary human ovarian adenocarcinomas for the
presence of epidermal growth factor (EGF) receptor (EGFR) in plasma
membranes from cancer tissues by using I2*I-EGF as a ligand. Specific
'"I-EGF bindings were observed in 20 (57%) of these 35 cases. Scatchard
analysis showed a class of high affinity EGF receptor: A"j,5.0 Â±1.0 x
IO"10 M; Bâ€žâ€ž83.3 Â±12.1 fmol/mg protein (mean Â±SE, n = 20).

Northern analysis in polyadenylated RNA from 15 EGFR(-f) cancers
using pretransforming growth factor a (pre-TGFa), prepro-EGF comple
mentary DNA, and pE7, a complementary DNA clone of human EGFR,
as probes revealed that pre-TGFa and EGFR mRNAs but not prepro-
EGF mRNA were expressed in all cases examined. Immunocytochemical
studies using monoclonal antibodies (mAbs) against TGFa, EGF, and
EGFR showed that TGFa and EGFR but not EGF proteins were present
on ovarian cancer cells in all cases. These data suggested a possible
TGFa/EGFR autocrine mechanism in EGFR(+) ovarian cancers. We,
therefore, examined the biological significance of this autocrine mecha
nism by using primary monolayer cell cultures. In primary cultures from
EGFR (+) cancers, TGFa added to the culture medium stimulated the
| 'I I|th> midine incorporation dose dependently. Moreover, the addition of
mAbs against TGFa and EGFR but not EGF inhibited (3H]thymidine

incorporation dose dependently in EGFR(+) cancer cells. On the other
hand, in primary cultures from EGFR(â€”)cancers, TGFa and anti-TGFa,
-EGFR, and -EGF mAbs did not show any effects on [3H]thymidine

incorporation. All these results suggested the possible crucial role of a
TGFa/EGFR autocrine growth mechanism in primary human ovarian
cancers which express EGFR.

INTRODUCTION

Autocrine mechanisms are believed to play a crucial role in
tumor growth in many kinds of cancers (1-4) and cancer cell
lines (5-7). Various autocrine mechanisms by TGFa2 (1-6),
bombesin (7), and insulin-like growth factor (6) are known to
be expressed in cancer cells. Among these, autocrine growth
mechanism by bombesin in human small cell lung cancer is
well established: Antibombesin mAb inhibits the growth of the
human small cell lung cancer cell line in vitro and in vivo (8).
Although the autocrine mechanism by TGFa is most commonly
expressed in various human cancers including mammary can
cers (1, 5, 9), non-small cell lung cancers (10, 11), and liver
cancers (1, 12), its biological significance in tumor growth
remains to be clarified, especially in primary cancers.

TGFa, whose mature form consists of 50 AAs (M, approxi
mately 5600) is an extremely potent mitogen (13). TGFa is
originally synthesized as a 160-AA membrane-bound polypep-
tide and is cleaved and secreted in a mature form (14). TGFa
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is known to share the common receptor with EGF (15, 16) and
to have similar biological actions as EGF (16).

Human ovarian cancers are the most fatal gynecological
cancers with a 5-year survival rate of 20-30% (17-19). Growth
mechanisms of ovarian cancers are not well known. Elevated
levels of TGFÂ«are reported in the urine (20) and in ascites (21)
from patients with disseminated ovarian cancer, and EGFR is
rather commonly expressed in primary ovarian cancers (22).
These findings suggest the possible presence of a TGFa/EGFR
autocrine mechanism in primary human ovarian cancers. We,
therefore, studied the expression of TGFa and EGFR gene
transcripts and proteins and assessed the biological signifi
cances of the TGFa/EGFR autocrine mechanism on cell
growth in vitro using primary monolayer cell cultures from
human ovarian cancers.

MATERIALS AND METHODS

Materials. Materials were purchased as follows: Na'25I from New
England Nuclear (Boston, MA), [a-32P]dCTP from Amersham Labo
ratories (Buckinghamshire, England), Multiprime DNA-labeling sys
tem from Amersham Laboratories, anti-TGFa mAb (Ab-1) and anti-
EGFR mAbs [Ab-1 which is known to inhibit EGF binding (23) and
Ab-2 which does not inhibit EGF binding (23)] from Oncogene Science,
Inc. (Manhasset, NY), anti-human EGF mAb from Wakunaga Phar
maceutical Co. (Hiroshima, Japan), anti-cytokeratin mAb from Lab-
systems (Helsinki, Finland), and anti-CA-125 mAb from Dr. Vincent
R. Zurawski, Jr., Centocor, Inc. (Malvern, PA). All mAbs containing
preservatives (0.1 % sodium azide and others) were extensively dialyzed
against phosphate-buffered saline at 4"( ' for 48 h and used in cell

cultures. Human prepro-EGF (EGF precursor) cDNA was a kind gift
from Dr. G. I. Bell (University of Chicago, Chicago, IL); human pre-
TGFa cDNA and pE7 were generously supplied by Dr. T. Yamamoto
(Institute of Medical Science, University of Tokyo, Tokyo, Japan).

Ovarian Cancer Patients and Sample Collections. Cancer tissues were
obtained from 35 primary ovarian adenocarcinoma patients at the time
of initial therapeutic or diagnostic surgeries; informed consent was
obtained from patients and their families. The stages of the diseases
were decided at the time of operation according to the classification by
the Federation of International Gynecology and Obstetrics. There were
8 patients with stage I, 3 with stage II, 20 with stage III, and 4 with
stage IV. HistolÃ³gica! types were diagnosed conventionally by a
pathologist.

Specimens were taken from the cancer tissues immediately after the
surgical removal of the tumors under sterile conditions. Special care
was taken to ensure that specimens did not include necrotic tissues,
other noncancerous tissues, and blood, and a portion of them was
checked histologically afterward. One portion of the specimens was
immediately frozen in a solid ( 'O; cthanol bath under sterile conditions
and stored at â€”¿�80Â°C.This was performed carefully to minimize mRNA

degradations. Another portion was soon processed for primary mono-
layer cell cultures. Another portion was frozen and used in '"I-EGF-

binding studies. In some cases, mRNA analyses and primary cell
cultures were not done because of inadequate samplings.

Massive ascites often occurs (24) in recurrent ovarian cancer patients.
We could obtain ovarian cancer cells from ascites in 6 recurrent cases
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Table 1 Relationships between the EGFR status and histological types and
stagings of ovarian cancers

Thirty-five cases of ovarian cancers were examined for the presence of EGFR
by '"I-EGF binding. The stages of the diseases were classified according to the

Federation of International Gynecology and Obstetrics.

EGFR(+) EGFR(-)

Histology
Serous
Mucinous
Clear cell
Endometrioid

Total

14 (74%)
1 (17%)
2 (50%)
3 (50%)

20 (57%)

5
5
2
3

15

StageIIIIIIIVTotal4
(50%)1

(33%)12(60%)3

(75%)20

(57%)428115

with permission from the patients. These recurrent cells were studied
in comparison with the primary cancers obtained at the time of initial
surgeries.

Plasma Membrane Preparation and '"I-EGF Binding Study. Plasma

membranes were isolated from a part of 35 ovarian cancer tissues by
differential centrifugation according to the method by Cuatrecasas (25).
Protein concentrations were determined by the method of Lowry et al.
(26). Human EGF was iodinated by the chloramine-T method (specific
activity, 150-200 Â¿<Ci/Vg),and the EGF-binding assay was carried out
by incubating '"I-EGF and 4 Mgof plasma membrane fractions pre

pared from cancer tissues with or without excess amounts of unlabeled
EGF, as described previously (27). All assays were carried out in
duplicate.

RNA Extraction and Nothern Blot Analysis. Total cellular RNA was
extracted by the guanidinium isothiocyanate/cesium chloride method
(28). Poly(A)+ RNA was selected by two passages through oligo (dT)

cellulose [Oligotex (dT) 30, Daiichi Chemical, Ltd., Tokyo, Japan].
Two Mgof poly(A)+ RNA/sample was denatured and electrophoresed

in 1.0% agarose/0.66 M formaldehyde gel and Northern transferred
onto a nitrocellulose filter (Schleicher and Schuell, Ltd., Dassel, Ger
many) according to the standard method (29). Filters were baked for 2
h at 80Â°C.Following the 12-h prehybridization, hybridizations using
32PMultiprime-labeled probes (specific activities were approximately 5
x IO8/uCi/Mgin all cDNA probes labeled) were carried out at 42Â°Cfor

24 h in a hybridizing buffer containing 50% formamide, 5x standard
sodium citrate, (Ix SSC: 0.15 M NaCl and 0.015 M Na-citrate) 5x
Denhardt's ( I x Denhardt's: 0.02% Ficoll, 0.02% polyvinylpyrrolidone

and 0.02% bovine serum albumin) solution. 0.1% sodium dodecyl
sulfate, 50 mM sodium phosphate, and 250 Mg/ml of salmon sperm
DNA. Filters were washed under highly stringent conditions and were
autoradiographed with Kodak XAR-5 film with an intensifying screen
at -80Â°C for 2-7 days. Probes were removed from the filters in 50%
formamide and 10 mM sodium phosphate and rehybridized with a "P-
labeled f)-actin probe and autoradiographed.

Immunocytochemical Studies. Dispersed cells from cancer tissues
were attached to 8-well chamber slides (Nunc Inc., Naperville, IL).
Cultured cells were rinsed and treated with ice-cold fixative containing
4% paraformaldehyde, 0.5% glutaraldehyde, and 0.2% picric acid in
0.1 M phosphate-buffered saline. Immunocytochemical staining was
performed using the Vectastain ABC kit (Vector Laboratories, Burlin-
game, CA) according to the recommendations of the manufacturer.
mAbs against TGFÂ«(1:100 dilution), EGF (1:100), EGFR (1:100).
cytokeratin (1:1000), and the commonly used ovarian tumor marker
CA-125 (1:500) were used as primary antibodies. Nonimmune mouse
IgG at the same concentrations were used as negative controls.

Primary Monolayer Cell Cultures. Sterile, fresh ovarian cancer spec
imens histologically confirmed by a pathologist were obtained from
patients undergoing therapeutic or diagnostic surgical procedures. Can
cer tissues from which necrotic and connective tissues and blood were
carefully removed were mechanically dissected with a scalpel into sizes

<1 mm in diameter. The tissues were treated with 0.75% collagenase
(Wako Pure Chemical, Ltd., Osaka, Japan) and 0.005% DNase (Sigma
Chemical Co., St. Louis, MO) in RPMI 1640 culture medium (GIBCO,
Grand Island, NY) with 10% fetal bovine serum (FBS) (Cell Culture
Laboratories, Cleveland, OH) for l h at 37Â°Cand agitated continuously.

The resultant cell suspension was passed through a nylon mesh filter,
and the filtrate was centrifuged at 1000 rpm for 10 min. The cell pellet
was washed three times with RPMI 1640 with 10% FBS and then
suspended in the medium with antibiotics and antimycotics (GIBCO).
A portion of the dispersed cancer cells was used in immunocytochemical
studies, mentioned above, and others were subjected to primary mono-
layer cell cultures. Primary cell cultures were also carried out using
ascites from patients with recurrent cancers. Three to four liters of
ascites under sterile conditions were centrifuged at 1000 rpm for 15
min, and cells were washed three times and suspended in 3 ml of the
above described culture medium. This cell suspension, contaminated
with many hematopoietic and mesothelial cells was fractionated in 40%
Percoli (Pharmacia, Uppsala, Sweden). The ovarian cancer cell-en
riched layer was removed, and the cells were washed and used for
immunocytochemical staining and for the primary monolayer cell cul
tures. Cell suspensions from cancer tissues and from ascites were seeded
evenly onto a 24-well culture plate (1 x IO4cells/well; Falcon, Lincoln
Park, NJ). Cells were incubated at 37Â°Cin a humidified 95% air-5%

CO2 atmosphere in RPMI 1640 supplemented with 10% FBS and
maintained for a few days with several changes of culture media.

| 'I I| 1h>midiiH'Incorporation Studies. The medium was replaced with

a fresh medium supplemented with 3% FBS after a few days mainte
nance of cancer cells. After 24 h, cells were incubated with various
concentrations of TGFÂ«or various amounts of mAbs against TGFa,
EGFR, and EGF for an additional 24 h in 24-well plates. Then, I nC\
of ['H]thymidine was added to each well, and the cells were pulsed for

3 h. The number of cells in each well was counted, and trichloroacetic
acid-precipitable material was solubilized in 0.2 ml of 0.2 N NaOH.
Radioactivity was counted in a liquid scintillation counter (Tri-Carb

4530; Packard Instrument Co., Meriden, CT) and normalized by the
number of cells in each well.

RESULTS

I25I-EGF Binding Studies. l25I-EGF-specific bindings were

observed in 20 of 35 (57%) primary ovarian cancer cases ex
amined (Table 1). EGFR expression was the commonest in
serous cancers [14 of 19 (74%)] and was rare in mucinous types

0.04 _,

â€¢¿�o

som

0.03 _

0.02 -

0.01 -

0.00

10 20
125 I-EGF bound(pM)

Fig. 1. Scatchard plot of '"I-EGF binding to plasma membranes from ovarian
cancer tissues. Various amounts of '"1-EGF and 4 ng of plasma membranes from

ovarian cancer tissues were incubated with or without excess amounts of unlabeled
EGF at 24'C for 2 h. Data were plotted according (o (he method by Scatchard.

Point, mean of duplicate determinations.
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Fig. 1. Expression of EGFR, prepro-EGF, and pre-TGFÂ« gene transcripts in primary ovarian carcinomas by Northern blot analysis (lanes 1-4, case numbers).
Two >ig of poly(A)* RNA was selected from total cellular RNA isolated from ovarian cancer tissues by the guanidine/CsCI method. They were denatured and
electrophoresed in 1% agarose/0.66 M formaldehyde gel and Northern transferred to a nitrocellulose filter. The filter was hybridized with "P-labeled EGFR (A),
prepro-EGF (B), and pre-TGFÂ« (O cDNAs and autoradiographed. The filter was rehybridized with tf-actin probe. Poly(A)* RNA from 15 EGFR-positive cancers

was analyzed and similar results were obtained in all cases. Results of 4 representative cases are shown (cases 1 and 2, serous cystadenocarcinoma: case 3, mucinous
cystadenocarcinoma; case 4, endometrioid carcinoma).

[1 of 6 (17%)]; positive rates in endometrioid [2 of 4 (50%)]
and those in clear cell carcinomas [3 of 6 (50%)] were moderate
(Table 1). There were no clear relationships between clinical
stages and EGFR status: 4 of 8 (50%) stage I, 1 of 3 (33%)
stage II, 12 of 20 (60%) stage III, and 3 of 4 (75%) stage IV
cases were EGFR positive.

Scatchard analysis (Fig. 1) revealed a class of high-affinity
EGFR in the plasma membranes from ovarian cancer tissues:
KA, 5.0 Â±1.0 x IO'10 m; Bmax,83.3 Â±12.1 fmol/mg protein
(mean Â±SE, n = 20). 125I-EGF-binding studies were also

performed in cultured ovarian cancer cells from ascites obtained
from 6 recurrent cases and 125I-EGF-specific bindings were
observed in 4 cases. The KAwas 4.9 Â±0.9 x 10~'Â°M and the
numbers of binding sites were 7.62 Â±1.88 x IO4sites/cell (n =

4) by Scatchard analysis (data not shown). EGFR status in 5
recurrent cancer cells was compared with that in their primary
cancer tissues. EGFR status in recurrent cells was not changed
from that in primary cancers: 3 initially EGFR(+) cancers were
EGFR(+) in the recurrent cancer cells and 2 initially EGFR(â€”)
cases were EGFR(â€”) in the recurrent cells.

Northern Blot Analysis. Poly(A)+ RNA from 15 EGFR(+)

cancers was analyzed for the presence of EGFR mRNA and
messages of growth factor(s) to bind EGFR. Three gene tran
scripts for EGFR were observed at 10.0, 5.6, and 2.9 kilobases
(Fig. 2A) in EGFR(+) ovarian cancers. Although prepro-EGF
mRNA was not observed in 15 cases examined (Fig. IB), pre-

TGFÂ« mRNA was expressed in all 15 primary cancers. Gene
transcripts hybridized with pre-TGFÂ« cDNA were at 4.8 and

1.8 kilobases (Fig. 2C).

Irnmunocytochemical Staining. Immunocytochemical stain-
ings using anti-EGFR, -TGFa, and -EGF mAbs were performed
in dispersed cells from 15 EGFR(+) cancer tissues and from
ascites cells from 4 EGFR(+) recurrent cases. EGFR protein
was detected on plasma membranes (Fig. 3.4) and TGFa protein
was expressed in the cytoplasm (Fig. 35), but EGF protein was
not observed in any cases examined (data not shown). Dispersed
cells were maintained in the culture medium with 10% FBS for
a few days with several changes of media, and cells were
examined for the expression of cytokeratin and CA-125 to test
the richness of ovarian cancer cells. When >95% of cells were
viable by the trypan blue exclusion test and >90% of cultured
cells expressed cytokeratin (Fig. 3C), we judged the primary
culture to be successful. In CA-125-producing cancers >80% of
cultured cells expressed CA-125 (Fig. 3D) when primary cul
tures were successful. Eight (6 serous, a mucinous, and an
endometrioid cancers) of 15 EGFR(+) and 2 (serous and mu
cinous) of 7 EGFR(â€”)cases from cancer tissues and 2 EGFR(-t-)

(both serous) cells from 6 cases of ascites were successful in
primary cell cultures, and the following [3H]thymidine incor

poration studies were performed.
|'l111 h>miiliiu' Incorporation Studies. Cells were cultured with

various concentrations of TGFa and with various amounts of
anti-TGFa, -EGF, and -EGFR mAbs. Addition of TGFa to the
culture medium enhanced [3H]thymidine incorporation dose
dependently in all EGFR(-l-) cancer cells: although 10~'Â°M
TGFa did not show significant growth promotion, 10~9 and
IO"8 M TGFa showed a significant increase in ['HJthymidine

incorporation (Figs. 4A and 5A). Moreover, addition of mAbs
which block the TGFa/EGFR mechanism resulted in the de-
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(A)

(C)

Fig. 3. Immunocytochemical stainings of ovarian carcinoma cells using mAbs against EGFR, TGFa, cytokeratin, and CA-125 (magnification, x 400). Cells from
EGFR-positive ovarian cancers were grown on 8-well chamber slides and fixed. Following permeabilization, cells were incubated with the primary mAbs against
EGFR (A) and TGFn (B), and immunocytochemical stainings were performed using the Vectastain ABC Kit. To confirm the richness of cancer cells, cells were fixed
and stained using primary mAbs against cytokeratin (C) and CA-125 (D). Similar stainings for TGFa and EGFR were observed in all EGFR(+) cells examined, and
similar results for cytokeratin and CA-125 stainings were also obtained in all successful primary cell cultures. A representative case was shown.

crease of [3H]thymidine incorporation into EGFR(+) cancer

cells in a dose-dependent manner. Although 0.5 Me/ml of mAbs
against TGFa and EGFR exhibited no significant effects, sig
nificant decreases in [3H]thymidine incorporation were ob

served when 5.0 ng/m\ of these mAbs were added (Figs. 4B and
5B). The anti-EGFR mAb used in this study (Ab-1) inhibits
ligand binding to EGFR (23). Addition of the anti-EGFR mAb
which does not inhibit ligand binding (Ab-2) (23) did not
decrease [3H]thymidine incorporation (data not shown). Addi

tion of EGF mAb to the culture medium did not show any
effects even at a concentration of 5.0 i/g/ml (Figs. 4B and 5B).
The results of two representative EGFR(+) cases, i.e., serous
cystadenocarcinoma cells from a primary cancer tissue and
serous cystadenocarcinoma cells from ascites in a recurrent
case, are shown in Figs. 4 and 5, respectively. These responses
to TGFa and dose-dependent growth inhibitions by mAbs
against TGFa and EGFR (Ab-1) were also observed in other

EGFR(+) cancers, regardless of their histolÃ³gica! types (data
not shown).

Contrary to these results in EGFR(+) cases, addition of
TGFa and mAbs against TGFa and EGFR did not exhibit any
significant effects on [3H]thymidine incorporation in cell cul
tures from EGFR(-) cancers (Fig. 6). These findings suggested

the specificities of growth promotion by TGFa and growth

inhibition by mAbs against TGFa and EGFR observed in
EGFR(+) cancers.

DISCUSSION

We observed a rather high incidence of EGFR-positive hu
man ovarian cancers in comparison with other cancers (4, 30,
31). This is consistent with the previous report (30). Our data
suggested the deviation of EGFR status by histological types:
As many as 74% of serous cystadenocarcinomas possessed
EGFR, but only 17% of the mucinous type expressed EGFR
(statistically significant, P < 0.05 by Student's / test). We did

not observe changes in EGFR status by metastasis or by recur
rences when compared with that in primary cancers. Some
metastatic lesions (omentum and peritoneal metastasis) were
checked for the presence of EGFR, and EGFR status in them
was the same as in primary ovarian lesions (data not shown).
In recurrent cancer cells, the EGFR status was the same as in
primary cancer tissues. Ovarian cancers serve as an excellent
model to study recurrent cancer cells because massive ascites
containing may cancer cells from peritoneal disseminations
often occur (24) and these ascites are aspirated repeatedly as a
treatment.

All EGFR-positive tumors expressed pre-TGFo mRNA but
not prepro-EGF mRNA by Northern blot analysis. Gene tran-

5325

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/19/5322/2445140/cr0510195322.pdf by guest on 19 M

ay 2023



TGFa/EGFR AUTOCRINE MECHANISM IN OVARIAN CANCERS

(A)

200-

til
g-o

So

1OO-1_LJ._L1C

IO"10 10~9 10~8
1 1

nism in neoplastic transformation. But its significance regard
ing tumor growth remains to be clarified, especially in primary
cancers. Here, we showed growth control by an agonist and
antagonists to a TGFa/EGFR autocrine mechanism in EGFR-
positive primary human ovarian cancers. For the critical as
sessment of the biological significance of an autocrine mecha
nism, it is necessary to show that extracellular antagonists of a
presumed autocrine mechanism can control the growth of can
cer cells (34). As antagonists to a TGFa/EGFR autocrine
mechanism, we used mAbs against TGFa and EGFR (Ab-1).
These antibodies inhibited ['Hjthymidine incorporation in a

dose-dependent manner. This growth inhibitory effect by these
antagonists seemed specific because the anti-EGFR mAb (Ab-
2), which does not inhibit the ligand binding to EGFR, did not
inhibit cell proliferation, and the anti-EGF mAb, which is not
an antagonist to the TGFa/EGFR mechanism, did not alter
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4. Alterations of [3H|thymidine incorporation by the addition ofTGFÂ«(A)
or by mAbs against TGFa, EGFR. and EGF (fi) in cultured cells froman11r-._LEEGFR-positive

primary serous cystadenocarcinoma. Carcinoma cells were cui- 0 ... irr'0 in-9 in~8
tured for 24 h in the presenceof various concentrations of TGFa or 0.5 and 5 1 1
/jg/ml of anti-TGFa, -EGFR (Ab-1). -EGF mAbs and 5 ng/ml of nonimmune
IgG as a negative control. Data are shown as percentages of the experimental
group to the controls in [3H]thymidine incorporation. The radioactivity in the
controls was approximately 1.2 x 10" dpm/104 cells and no significant effects

were observed by the addition of nonimmune mouse IgG. Columns, means (bars,
Â±SD)of three determinations (* P < 0.05. ** P < 0.005, when compared with
the control by Student's t test). Similar results were obtained in the other 7
EGFR-positive cancers, regardless of their histological types. A representative
case is shown.

scripts of pre-TGFa were 4.8 and 1.8 kilobases, and this result
was consistent with the previous report (10). Moreover, TGFa
and EGFR but not EGF proteins were detected in all EGFR-
positive tumors by immunocytochemical staining. These results
suggested that there was no EGF/EGFR autocrine mechanism
but there was a TGFa/EGFR mechanism in the EGFR-positive
ovarian cancers. This also was supported by the fact that anti-
EGF mAb did not inhibit [3H]thymidine incorporation in
EGFR-positive ovarian cancer cells.

Expression of TGFÂ«has been reported to be associated with
the pathological process of neoplastic transformation (1,2, 12).
Recently, TGFa overexpression in transgenic mice was found
to induce liver (32) and mammary (33) neoplasia. These studies
indicate a potential role of a TGFa/EGFR autocrine mecha

TGFa (M)

(B)

b'5Â°-1-Thym

idineI"5g

50-CUuiJ_J_1C
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Anti-TGFa Anti-EGFRAnti-EGFIgG
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Fig. 5. Alterations of [3H]thymidine incorporation by TGFa (A) or mAbs
against TGFa, EGFR, and EGF (fi) in EGFR-positive cancer cells from a patient
with recurrent ascites. Experimental conditions were the same as those in Fig. 4.
The radioactivity in controls was 1.3 x 10' dpm/104 cells. Columns, means (bars,
Â±SD)of three determinations (* P < 0.05, compared with the control by Student's

t test). The result in another case of EGFR(+) recurrent cells was similar.
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Fig. 6. Alterations of [3H|thymidine incorporation by TGFÂ« or by mAbs
against TGFÂ«and EGFR in carcinoma cells from an EGFR-negative primary
tumor. Experimental conditions were the same as those in Fig. 4. The radioactivity
in controls was 1.1 x IO4 dpm/104 cells. Columns, means (bars. Â±SD)of three
determinations. The results in another case of EGFR-negative cancer was similar.

cell growth. Moreover, the agonist and antagonists to the
TGFÂ«/EGFR autocrine mechanism did not show any effects
on the growth in EGFR-negative ovarian cancer cells. All these
results suggested the pivotal role of a TGFÂ«/EGFR autocrine
growth mechanism in primary human ovarian cancers which
possess EGFR in vitro. Moreover, in vivo studies using tumor
xenografts to nu/nu mice suggested the crucial role of the
growth mechanism through EGFR in EGFR-expressing pri
mary human ovarian cancers.'

One of the common problems in a primary culture is whether
the purification of cancer cells is successful. We, therefore,
confirmed the richness of cancer cells by staining cytokeratin
on the cells and, moreover, by staining CA-125 in CA-125-

producing tumors. In the case of cultures using ascites, cancer
cells were contaminated with many blood and mesothelial cells.
We had to fractionate cancer cells by Percoli to enrich cancer
cells in these cases. In this study using primary cancers, we had
to adopt the ['H]thymidine incorporation assay to estimate the

cell growth because of the limitations in primary cell cultures.
In a human ovarian cancer cell line, we could estimate the
importance of a TGFÂ«/EGFR autocrine growth mechanism by
counting cell numbers.'

Clinically, serous adenocarcinoma is one of the most variant
types of ovarian carcinomas and the patient prognosis is poor
(35). As shown here, there was a TGFÂ«/EGFR autocrine
growth mechanism in most of ovarian serous cystadenocarci-
nomas. Therefore, the TGFa/EGFR mechanism might be the
cause of their aggressive growth as reported in lung cancers (4).
There might be antagonists to the TGFÂ«/EGFR autocrine
mechanism that could be used as a treatment in EGFR-positive
human ovarian cancer cases.

3 K. Morishige. H. Kurachi. K. Amemiya. Y. Fujita. T. Yamamoto. A. Miyake.

and O. Tanizawa. unpublished data.
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