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ABSTRACT

We have elucidated the importance of a transforming growth factor
(TGF) a and epidermal growth factor receptor autocrine mechanism on
the growth of a human ovarian serous cystadenocarcinoma-derived cell
line (SHIN-3) in vitro. In this study, we studied the biological significance
of this autocrine mechanism in vivo using female athymic nude (nu/nu)
mice. We measured the mouse plasma epidermal growth factor and
TGFa levels by radioimmunoassay and enzyme-linked immunosorbent
assay, respectively. Plasma epidermal growth factor concentrations were
remarkably decreased by sialoadenectomy (Sx): 410 Â±65 (SE) pg/ml (n
= 10) in intact animals; and undetectable in Sx mice (n = 5). Plasma
TGFa levels were 90 and 40 pg/ml in intact and in Sx animals, respec
tively. Ten million SHIN-3 cells inoculated into nu/nu mice formed
tumors in 100% of mice, and tumors grew progressively. Implantabilities
and tumor growth rates of inoculated cells were not affected by Sx and
even by Sx and anti-mouse epidermal growth factor antibody treatment.
However, anti-TGFa monoclonal antibody (mAb) administered to SI 11N-
3 cell-inoculated Sx animals drastically reduced the tumor growth. Al
though 1IT SHIN-3 cells formed tumors in this group, tumor growth was
significantly inhibited by 10 jig of anti-TGFa mAb given 3 times a week,
and growth inhibitions were more by 20 Mgof anti-TGFa mAb. Moreover,
as aggressive tumor growth as that in Sx animals was resumed by the
cessation of anti-TGFa mAb treatments. AH these data suggested the
biological importance of a TGFa/epidermal growth factor receptor au
tocrine mechanism on the growth of this cell line in vivo.

INTRODUCTION

It is known that EGF2 is mainly produced in the SMG, the

main source of circulating EGF in mice (1). Sx in mice results
in the elimination of plasma EGF (1). Sx causes various lesions
in mice including decreased milk production in lactating ani
mals (2), oligozoospermia (3), abortion in pregnant mice (4),
and abnormal skin (5). Anti-mouse EGF antiserum administra
tion to Sx animals causes more profound lesions than Sx alone
(4, 5), and EGF replacement restores these lesions (2-5).

It is known that EGF-dependent mouse mammary tumor (6)
inoculated into nu/nu mice is less efficiently transplanted and
grown in Sx mice than in intact animals, and anti-EGF anti-
serum administration to nu/nu mice abolishes the implantation
of the tumor (7). Moreover, EGF administration to Sx nu/nu
mice restores the implan (ahi lity and tumor growth of the mouse
mammary tumor at rates higher than those in controls (7). This
nu/nu mouse model would be available to human tumors in
which EGF plays a role in their tumorigenesis and/or tumor
growth because mouse EGF can affect human cells (8). This
model also is useful in examining the role of a TGFa/EGFR
growth mechanism in vivo because EGF and TGFa share a
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common receptor (9) and both of these growth factors have
similar biological activities (10).

Growth mechanisms of ovarian cancers have not been well
known. Elevated levels of TGFa are reported in the urine (11)
and in the ascites (12) from patients with disseminated ovarian
cancers and EGFR is commonly expressed in human ovarian
cancer tissues ( 13). These data suggest the possible presence of
a TGFa/EGFR autocrine mechanism in these tumors. Recently
we have elucidated the expression and the biological signifi
cance of the TGFa/EGFR autocrine growth mechanism in a
human ovarian serous cystadenocarcinoma-derived cell line
[SHIN-3 (14)] in vitro.3 In this study, we examined the role of
a TGFa/EGFR autocrine growth mechanism of SHIN-3 cells
in vivo using Sx nu/nu mice.

MATERIALS AND METHODS
Materials and Cells. Materials were purchased as follows: Na'-'M

from New England Nuclear (Boston, MA); mouse EGF and anti-mouse
EGF rabbit antiserum from Collaborative Research, Inc. (Bedford,
MA); anti-TGFa mAb from Oncogene Science, Inc. (Manhasset, NY).
Materials containing preservatives (sodium azide and others) were
dialyzed against 0.01 M PBS, pH 7.4, at 4"C for 48 h and used in vivo.

An ELISA kit for TGFa assay was kindly supplied by Dr. Shigeaki
Tanaka, Hoechst Japan, Ltd. (Saitama, Japan).

SHIN-3 cells derived from human ovarian serous cystadenocarci-
noma (14) were grown to subconfluence in a 75-cm2 tissue culture flask

(Corning Glass Works, Corning, NY) in RPMI 1640 (GIBCO, Grand
Island, NY) supplemented with 10% fetal bovine serum (Cell Culture
Laboratories, Cleveland, OH) at 37Â°Cin a humidified 95% air-5% CO2

atmosphere. Cells were trypsinized and washed with the serum-free
RPMI 1640 by centrifugation. Ten million SHIN-3 cells in 0.2 ml of
RPMI 1640 were inoculated into nu/nu mice s.c. according to the
method of Satyaswaroop et al. (15).

Animals. Female BALB/c nu/nu mice, 6 weeks old, were purchased
from SLC (Shizuoka, Japan) and maintained in our animal facilities as
described previously (16). Some mice received Sx and others were
sham-operated at 8 weeks of age. Two weeks after the operation, they
were divided into 7 groups and IO7SHIN-3 cells were inoculated into
each animal: group 1, sham-operated and no further treatments (con
trols, n = 3); group 2, Sx and no further treatments (n = 2); group 3,
Sx and 100 n\ of nonimmune rabbit serum (Bethyl Laboratories, Inc.,
Montgomery, TX) injected daily (n = 2); group 4, Sx and 100 n\ of
anti-mouse EGF rabbit antiserum given daily (n = 3); group 5, Sx and
20 nv, of nonimmune mouse IgG (Zymed, San Francisco, CA) in 100
u\ of PBS injected 3 times a week (n = 2); group 6, Sx and 10 Â¿igof
anti-TGFa mAb in 100 /Â¿Iof PBS administered 3 times a week (n = 3);
group 7, Sx and 20 ng of anti-TGFa mAb in 100 ul of PBS administered
3 times a week (n = 3). All treatments were begun at the time of tumor
cell inoculation and were continued for 4 weeks. Tumors were measured
in length and width twice a week throughout the study period and
tumor sizes were expressed in (length) x (width)2/2.

RIA for EGF and ELISA for TGFa. EGF levels in mouse SMG and
plasma were measured by the liquid phase double antibody method
using '"I-EGF as described previously (1). Mouse plasma samples were
obtained from intact (n - 10) and Sx (n = 5) animals by bleeding into
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heparinized syringes from the trunk vein under ether anesthesia. Blood
samples were soon chilled on ice and centrifuged, and plasma fractions
were stored at -20Â°Cuntil assay. Submandibular gland tissues excised

from mice were weighed and homogenized using a Polytron after the
addition of 20 ml ice-cold PBS/g wet tissue. The homogenates were
centrifuged at 12,000 x g for 20 min at 4Â°Cand the supernatants were
removed and stored at -20Â°Cuntil assay.

Plasma TGFÂ«levels were measured using the ELISA kit as described
previously (17). Briefly, 3 ml of mouse plasma samples obtained from
intact and Sx animals (3-4 animals in each group) were acidified,
applied to Sep-Pak C18cartridges (Millipore Co., Milford, MA), and
TGFÂ«was eluated. The eluates were lyophilized and dissolved in 0.01
M PBS, pH 7.2, and TGFÂ«was measured by a sandwich-type ELISA.

Analysis of Data of Tumor Growth. Data are shown as the mean Â±
SE. Homoscedasticity of data was analyzed by the Bartlett test. The
significance of differences was assessed by analysis of variance, followed
by multiple comparisons of Dunett or Tukey, and P < 0.05 was
considered to be significant.

RESULTS AND DISCUSSION

Two million SHIN-3 cells inoculated into intact nu/nu mice
formed tumors in 50% and more than 5 million cells grew
tumors in 100% (data not shown). These transplantability rates
seemed reasonable in comparison with the previous report (18).
In this study, we inoculated IO7cells/mouse which developed a
rapidly growing tumor and killed the mouse in 6-7 weeks.

We have elucidated that a TGFÂ«/EGFR autocrine mecha
nism played an important role on the growth of this cell-line in
vitro* Therefore, EGF and/or TGFÂ« in the mouse circulation
might have growth-promoting effects on the inoculated SHIN-
3 cells. We measured EGF concentrations in the SMG and the
plasma in intact and Sx nu/nu mice by RIA. EGF contents in
the SMG were 36.5 Â±3.5 ng/mg wet tissue (n = 10), at 8 weeks
of age. Plasma EGF levels were 410 Â±65 pg/ml (n = 10) in
controls and they were undetectable in Sx mice (n = 5, the
sensitivity of our RIA being 50 pg/ml). These results were in
good agreement with the previous report (7). We also measured
plasma TGFÂ«levels in intact and Sx nu/nu mice. Plasma TGFÂ«
concentrations were 90 and 40 pg/ml in intact and Sx animals,
respectively. Although the values of plasma EGF and TGFÂ«
concentrations were not comparable simply because of the
difference in the assay systems, the demonstration that plasma

TGFÂ«levels were lower than those of EGF seemed reasonable
because TGFÂ«production is limited in adult animals (19). The
reason why circulating TGFÂ«levels were lower in Sx animals
than those in intact mice was not well known. However, our
data showing that plasma EGF and TGFÂ«were very low in Sx
animals and the previous report that EGF-dependent mouse
mammary tumor was less efficiently implanted and grown in
Sx nu/nu mice and that it was not impiantatale to Sx and anti-
EGF-treated animals suggested that little and no biologically
significant amounts of growth factors to EGFR were available
in Sx and in Sx and anti-EGF-treated nu/nu mice, respectively.

In this study, we found that IO7 SHIN-3 cells were implant-
able and developed tumors in 100% of both Sx and Sx and anti-
EGF-treated mice (Fig. 1); moreover, tumor growth in these 2
groups was not reduced when compared with that in control
animals (Fig. 2). These data suggested that SHIN-3 cells might
demand little or no extracellular growth factors to EGFR from
host animals to grow. The facts that SHIN-3 cells secreted
much TGFÂ« and that TGFÂ« did not promote cell growth in
serum free cultures' might support these considerations.

Although IO7 SHIN-3 cells formed tumors in anti-TGFÂ«
mAb-treated Sx animals (Fig. 1), anti-TGFÂ« mAb administra
tion caused a drastic reduction in tumor growth (Fig. 3). Ten
Mg of anti-TGFÂ« mAb given to Sx animals 3 times a week
significantly (P < 0.05) inhibited the tumor growth and growth
inhibition was more by 20 pg of mAb (Fig. 3). This schedule of
mAb injections was determined under the consideration of the
clearance rate of antibodies in nu/nu mice (18). Moreover, as
aggressive a tumor growth as that in Sx animals was resumed
by the cessation of TGFÂ«mAb administration (Fig. 3). Tumors
grown in 7 groups of mice were excised after 6 weeks of SHIN-
3 cell inoculation, and histolÃ³gica! studies of these tumors were
performed. Similar serous cystadenocarcinomas were observed
in all 7 groups and representative histolÃ³gica! findings in con
trol, Sx, and Sx anti-TGFÂ« mAb-treated animals were shown
(Fig. 4). All these results suggested the important role of a
TGFÂ«/EGFR autocrine growth mechanism in this cell line in
vivo.

The expression and the biological significance of a TGFÂ«/
EGFR autocrine mechanism were not limited to this cell line.
We observed that 20 of 35 primary human ovarian cancers
(57%) expressed TGFÂ«/EGFR gene transcripts and proteins
and that this autocrine mechanism played an important role in

Fig. 1. SHIN-3 cell-inoculated nu/nu mice after 5 weeks of cancer cell inoculation. Ten million SHIN-3 cells were inoculated in sham-operated (control (C),
sialoadenectomized (Sx), and Sx and anti-TGFa mAb-treated (Sx+Anti-TGFa) nu/nu mice. The smaller tumor in the Sx+Anti-TGFa mouse is noteworthy.
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Weeks after .noculation

Fig. 2. Tumor growth curves in control, Sx, and Sx and anti-mouse Idi
treated nu/nu mice. Ten million SHIN-3 cells were inoculated into sham-operated
(control) (O) (n - 3), Sx (A) (n = 6), and Sx and anti-mouse EGF-treated (A) (n
= 3) animals, and tumor sizes were measured twice a week. Tumor sizes were
expressed in (length)x(width)2/2. The tumor growth curve of the Sx group

represents the data in 6 animals of the following 3 groups: Sx and no further
treatments were done (n = 2); Sx and nonimmune rabbit serum (100 Â¿Â¿I/mouse)
was injected daily (n = 2); and Sx and nonimmune mouse IgG (20 up mouse )
was given 3 times a week (n = 2). No differences in tumor growth were observed
among these 3 groups. All the treatments were started at the time of tumor cell
inoculation and continued for 4 weeks. Data are the mean Â±SE (bars).

Weeks After inoculation

Fig. 3. Tumor growth curves in Sx and Sx and anti-TGFÂ» mAb-treated nu/nu
mice. Ten million SHIN-3 cells were inoculated into Sx (O) (n = 6 from 3 groups
as in legend to Fig. 2), Sx and 10 Mgof anti-TGFa mAb (â€¢)(n = 3), and Sx and
20 >IKof anti-TGFa mAb (â€¢)(n = 3)-treated nu/nu mice. Anti-TGFÂ« mAb
injections (3 times a week) were started at the time of tumor cell inoculation and
continued for 4 weeks. Data are the mean Â±SE (bars). Tumor sizes in K.I-,
mAb-treated groups were smaller than in the Sx group at all points in the figure
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Fig. 4. Microphotographs of tumors excised from SHIN-3 cells inoculated nuj
nu mice. Tumors were grown in control (A), Sx (B), and Sx and anti-TGFa mAb-
treated (C) nu/nu mice. Tumors were excised after 6 weeks of SHIN-3 cell
inoculation, fixed with 10% formaldehyde, sectioned, and stained. H & E, x 100.

cell growth in vitro (20) and in vivo.4 We were much interested
in the facts that SHIN-3 cells were transplantable and grown
in Sx nu/nu mice as efficiently as in control animals but
primarily ovarian cancers which expressed the TGFa/EGFR
mechanism were not implantable to Sx nu/nu mice.4 Although

this cell line might not depend on extracellular growth factor(s)
supplied from host animals as shown Â¡nthis study, primary
ovarian cancers were obviously dependent on it. It might be
interpreted by these phenomena that established cell lines ac-

' Unpublished data.
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quired the autocrine mechanism(s) better than primary cancer
cells.

REFERENCES

1. Kurachi, II. and Oka, T. Changes in epidermal growth factor concentrations
of submandibular gland, plasma and urine of normal and sialoadenectomized
female mice during various reproductive stages. J. Endocrino!.. 106: 197-
202, 1985.

2. Okamoto, V. and Oka, T. Evidence for physiological function of epidermal
growth factor: pregestational sialoadenectomy of mice decreases milk pro
duction and increases offspring mortality during lactation period. Proc. Nati.
Acad. Sci. USA, 81: 6059-6063, 1984.

3. Tsutsumi, ().. Kurachi, II, and Oka, T. A physiological role of epidermal
growth factor in male reproductive function. Science (Washington DC), 233:
975-977, 1986.

4. Tsutsumi, <)., and Oka, T. Epidermal grwoth factor deficiency during preg
nancy causes abortion in mice. Am. J. Obstet. Gynecol., 756:241-244,1987.

5. Tsutsumi, O., Kubota, Y., Oka, T. Effect of sialoadenectomy, treatment with
epidermal growth factor (EGF) antiserum and replacement of EGF on the
epidermis in mice. J. Endocrinol., 113: 193-197, 1987.

6. Kurachi, II.. Okamoto, S., and Oka, T. Evidence for the involvement of the
submandibular gland epidermal growth factor in mouse mammary tumori-
genesis. Proc. Nati. Acad. Sci. USA, 82: 5940-5943, 1985.

7. Tsutsumi, O., Tsutsumi, A., and Oka, T. Importance of epidermal growth
factor in implantation and growth of mouse mammary tumor in female nude
mice. Cancer Res., 47:4651-4653, 1987.

8. Kamata, V. Chida, K., Rikimaru, K., Horikoshi, M., Enomoto, S., and
Km ok i. T. Growth-inhibitory effects of epidermal growth factor and over-
expression of its receptor on human squamous cell carcinomas in culture.
Cancer Res., 46: 1648-1653, 1986.

9. Massague, J. Epidermal growth factor-like transforming growth factor II.
Interaction with epidermal growth factor receptors in the human placenta
membranes and A431 cells. J. Biol. Chem., 25Â«:13614-13620, 1983.

10. Massague, J. Transforming growth factor-a. J. Biol. Chem., 265: 21393-
21396, 1990.

11. Sherwin, S. A., Twardzik, D. R., Bohn, W. H., Cockley, K. D., and Todaro,
G. J. High-molecular-weight transforming growth factor activity in the urine
of patients with disseminated cancer. Cancer Res., 43:403-407, 1983.

12. Arteaga, C. L., Hanauske, A. R., Clark, G. M., Osborne, C. K., Hazarika,
P., l'ardui', R. L., Tio, F., and Von Hoff, D. D. Immunoreactive a transform

ing growth factor activity in effusions from cancer patients as a marker of
tumor burden and patient prognosis. Cancer Res., 48: 5025-5028, 1988.

13. Bauknecht, T., Kiechle, M., Bauer, G., and Siebers, J. W. Characterization
of growth factors in human ovarian carcinomas. Cancer Res., 46: 2614-
2618, 1986.

14. Kiyozuka, Y., Imai, S., Noda, T., Morimoto, J., Moriyama, I., Ichijo, M.,
and Tsubura, Y. Establishment and characterization of human ovarian serous
cystadenocarcinoma cell line (SHIN-3) which produces CA 125 and TPA in
vitro. J. Jpn. Soc. Clin. Cytol., 27: 926-935, 1988.

15. Satyaswaroop, P. G., Zaino, R. J., and Mortel, R. Human endometrial
adenocarcinoma transplanted into nude mice: growth regulation by estradiol.
Science (Washington DC), 219: 58-60, 1983.

16. Reid, L. M., Colburn, P., Sato, G., and Kaplan, N. O. Approaches to
chemotherapy using the athymic nude mice. In- D. P. Hauchens and A. A.

Ovejara (eds.), Proceedings of the Symposium on the Use of Athymic (nude)
Mice in Cancer Research, pp. 123-131. New York: Gustav Fisher, 1978.

17. Katoh, M., Inagaki, H., Kurosawa-Ohsawa, K., Katsuura, M., and Tanaka,
S. Detection of transforming growth factor a in human urine and plasma.
Biochem. Biophys. Res. Commun., 167: 1065-1072, 1990.

18. Masui, H., Kawamoto, T., Sato, J. D., Wolf, B., Sato, G., and Mendelsohn,
J. Growth inhibition of human tumor cells in athymic mice by anti-epidermal
growth factor receptor monoclonal antibodies. Cancer Res., 44: 1002-1007,
1984.

19. Coffey, Jr., R. J... Derynck, R., Wilcox, J. N., Bringman, T. S., Goustin, A.
S., Moses, H. L., and Pitlelkow, M. R. Production and auto-induction of
transforming growth factor-a in human keratinocytes. Nature (I orni.). 328:
817-820, 1987.

20. Morishige, K., Kurachi, H., Amemiya, K., Fujita, Y., Yamamoto, T., MiyakÃ©,
A., and Tanizawa, O. Evidence for the involvement of transforming growth
factor a and epidermal growth factor receptor autocrine growth mechanism
in primary human ovarian cancers in vitro. Cancer Res., 51: 5322-5328,
1991.

5959

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/21/5956/2445046/cr0510215956.pdf by guest on 19 M

ay 2023




