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T4~ 6AMYEEIT-R6MDH 5, #5450
BRIZHRZEORRE MR TS0 3 E 475
SHEE! (G fERITH D, 55 Z IR
FUITHPREEZES T (pTia), AHEHIOH
MBI ML TR LB LR S,
MPA Rk & T ORI L A1, #IMERY i
MAHEL L ORE L LTHER LITUIRIEM AT
(MPA 5 F 7= 3R CHEINRERE) 41T -0
L9 TcH -7,

RIBREGNICIEE T 3 &, SN MPARE: %
T 14RO 5 % 26 (14%) HHRZEOR %M
Rohd, THEH (50%) MHTMBIZTHRL,
STEM (36%) MHEE THRAED TV AN,
MIZEMHE LD o 200, PR EARIZT
LA D TH D (pTIb), P2 A
U VEEFIIH LTI, #0EL X 2 1 25D
M MRUREE % 1TV, SARMBMOA IO
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S L TERENA I RIS L 2ERR, &
SETRD - MPAIRE 2 FBiAR e b
SIZAL R L, & 5122 O %Y MPA
(KA 528N TsL L1z, FRIZH3
PO TIc L TR R IT S R ENS B ¢ E A
EhaY. bk, YRTHNKEL T v BERLIE
IT U 7 AREHERID 5 5 2EHAMTIRL, 396 15
ITHRZED, 1 EFATIEHRSARIFCH 3,
FLHSPUORIGE TS, YGRS LT MPA H
(16BLLL) 2T -4 7RG SEFR (71%) 12
WIS LD BB LTS, 1EMITE
VEAS T T4300E I TRV N NRMATIE D, T L T35
TR GIAIT AR S hE N L 2
A, B E HTAICE S S S EREFFRANEDR
ENT D, SRAAREREES O MPA HHE%
LI follow up MBETH 5,
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o A kA RERESUNE O AL & oS BT
IA by RTFERRORIETRIZNLT, %
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7 & ORFEMFRIE GO BT A FC LR
F- T AR ENE S,
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Bi¥ & vh0r &3 5 FIGO @ annual report® 12 &
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BIRITHWTEH S, HRIED ki IET
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Vo Tt hoitirificknwT e, #igfis
& LTI aHRIGE L {2 kO T E N £ <
OFFTEIREN TS, Tabs, Ic, TbH
TITE E128943%, THIICHEWT & H59% DIE
FlHZ BB TIRFEEARIRE TS, 20k
ISECK E BA L OB TR T 2 i fE 0EIR &
AT 3R MIZ BT, randomized study i
Ko THIEREE ULTE B A KD OB
ERTO,, BiMEF -548 8 LIZRF+T50
ENHBHLM{BRLE 25840,
TEEEISHT 5 LR L UBREHREEED
HRREZEAL T, bAETRIGAFI AR
HEFREOFEELIAS 4 RUT2E - #lEEO
e, 2% b RN/ 28 LOSERFME %
ML LA SRk L il L8k (CAP
Heik) oEHERAN (0G0G2033) LMEEN
120 TOREFHFTHRROGMRETF+E T3
e & 3§ & Ui, itz hatiitk,
AL FEREE % BHZRIRT 3 open trial (JGOG
2034) AVHEHE X, 20004F12 7 iZ SERIIE R At E%
TL/& BERBAMEGTH D, 200011
IZhER AR AL EMA SR 2T B 5
RIS T, (LEARERT & BUHBRE & (e 7
SEETFHMAHUG X DA T, 2 EMIRON

FEEAIDBEH IS OOTIRYMT T & SR TR A0,

T, 20014 1 BEDUBEMEE & o @B AF
WAALFEHOAIRERIR 2 5 RIPA T, %4

THAES (REATLIIAAIIRICIRE) D5 5,

JGOG2039T i3 1182 ) 7 SMARE M & 3 3
12, JGOG2040°T I ARRT R /28 1 (¥4 »
PETERTSIERME) DR A M RIZ, ZThEhifik
HHHREEER L il b ik (CAPHRik) o fmfE
IMEHEGABRAT ORI T B 4, & 2ERIADH
THD E oL IEFDEMMET IS,

EITEESUICHERICNT S
b2k
TLFEREICE L, SAIGIMERRIE, BARST

HITD - 2 FEAITEREFO R L 5 & O 4 A
AhETRETHILICXD, BAKRS X by

BE

FEMROGIHE @

HRN R 2RO TiIThh 3, LaL, BI{EARIRIC
BOTFEEGIIE L THMEIGAED 6 h T
3HNL, cyclophosphamide, 5FU, mitomycin,
medroxyprogesterone acetate DA TH Y, FTh
HEOHASHY TIREGEBYFERINF e 0
¥, {RFEBIE & & X 2 cisplatin, doxorubicin
AL CAPHUENALSRAGhT WS, #WHT
L198SFEHI N 6 B OGN L S h, ZOER)
BIIERMEY (31~56%) . Ui LEkHb,
CAP BERICRI T 2 85 0L 43, WML
ZIE3~6 2 AT, LTFWMO R 7 ~
WrAETHEEGUBAB LTS LT
DL,

F O, 199651213 paclitaxel % HI\ v 2= Rk
HIPROTREE A, Ball 5 BT E A
PIBAEQ & 2 5 & L 7:250mg/m® (24R5M1% 5.
B R OHERNIE200me/m?Y) DL ROB
BT, BBORYBRVBohLEREL, 21
Lissoni & {HiiAHEE LT CAP RS T bR
HITF B EREFEN R & L2175mg/m® (3
B E) DREROBNIZT, 31%DEHE
FHIELTWS, ZOLH»T, WifRe LTiTh
/- CAP F¥k T resistant T - MIEFlIZ BT
£22% (2/7) OEHMNHBF LI TVDE T LIIER
Eh3, 7z, Woo 67 i3S MHHEOHE
TR E NS E L T170~210mg/m?
OESHIZTRILELTZ S, 3%OHEHEL
AP ELT D, BERIBTR, #ETH
(I - VI & A T RIARERIZ 3 U T docetaxel
(T0mg/m2} , paclitaxel (210mg/m2) 5 [ {5
KRB ThhTH 0, B2 RANIM: 4R ¥5E
fflizxt¥ % second line regimen {2V 2 3EH| T
RAEDRBUEG AT 6 hTOBIEANLIEL A
EneniBikE#ELs ., Zhb taxan 3k
FIORMBKFEH B L ZATH B,

19974F PARE T3, 19964F 12 BLAITHAhPE A3 T
88 & h 7z paclitaxel % &1 regimen 21k L TH
{5 & &R ¥, Lissoni 5™ 13, CEP (cisplatin,
epirubicin, paclitaxel) $E5i2T73% (22/30) {2,
Price 6™ {2 TJ (paclitaxel, carboplatin) #3542
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T63% (5/8) IZBEFHLEWME L, 20004442
A 6™ AT HEIEIZ TT3% (8/11) iZ, Di-
mopoulos 53 A TPH#EE (paclitaxel, cisplatin) {2
T67% (16/24) IZBHL e BH LA &<IC
i o OHE™ TRIFREMIF &R T LR
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ACCELERATION OF INVASIVE ACTIVITY VIA MATRIX
METALLOPROTEINASES BY TRANSFECTION OF THE ESTROGEN
RECEPTOR-a GENE IN ENDOMETRIAL CARCINOMA CELLS

Hisanobu Mrzumoro, Tsuyoshi Samo*, Koji Asuniara, Makoto NisHMURA, Ryoichi Tanaka and Ryuichi Kupo
Department of Obstetrics and Gynecology, Sapporo Medical University School of Medicine, Sapporo, Japan

It is well known that the functions of reproductive organs
are regulated by sex steroids and their receptors and it is
hypothesized that the progression of neoplasms that origi-
nate from the reproductive organs is influenced by them.
However, the correlation between sex steroids and tumor
progression, especially tumor invasion, is not well known in
endometrial carcinoma. In our study, we focused on the
influence of estrogen and its receptor in invasion and matrix
metalloproteinases (MMPs), which are known to be impor-
tant in tumor invasion, as well as on endometrial carcinoma
cells. The growth of Ishikawa cells, to which an estrogen
receptor-a expressing vector was transfected, was acceler-
ated by |7p-estradiol as was the acceleration of the expres-
sion of cyclin DI, By invasion assay, in conditions with |7§-
estradiol, the invasiveness of Ishikawa cells was enhanced.
Furthermore, according to the accelerated invasiveness, the
expression of MMP-{, -7 and -9 and Ets-{ was enhanced.
These results suggest that activation of ER-a by estrogen
results in tumor progression by stimulating cell growth and
invasiveness via acceleration of the expression of MMPs.
© 2002 Wiley-Liss, Inc.

Key words: endomerrial cancer; estrogen receptor (ER); progester-
one receptor (PR); matrix metalloproteinase (MMP); carcinogenesis;
invasion

It is well known that the functions of reproductive organs are
regulated by the sex steroids and their receptors, estrogen receptor
(ER) and progesterone receptor (PR), and it is hypothesized that
the progression of carcinoma cells originating from the repreduc-
tive organs is influenced by them. Stimulation of the endometrium
by estrogens without the differentiating effect of progestins is the
primary etiologic factor associated with the development of endo-
metrial hyperplasia and adenocarcinoma. Several molecular alter-
ations that accompany malignant transformation in the endome-
trium have been identified. Overexpression of the HER-2/neu
oncogene! and mutation of the K-ras oncogene? accur in 10-20%
of endometrial adenocarcinomas. Mutation and overexpression of
the p53 tumor suppressor gene! and microsatellite instability?-3
have been deltected in 20-30% of cases. Mutation of the PTEN
tumor suppressor gene occurs in 30-50%.5-2% Mutation of exon 3
of the B-catenin gene was detected in 10-46% of cases, with
resultant in puclear localization of B-catenin.®-!! Though it is
widely accepted that endogenous and exogenous sources of unop-
posed estrogen increase the risk of endometrial adenocarcinoma,
and several molecular alterations have been identified, the molec-
ular pathogenesis of endometrial carcinoma remains poorly under-
stood.'? However, how serum estrogen and ER affect the tumor
progression is not known well. Actually, it is difficult for clinicians
to decide whether to give estrogen to patients after treatment for
endometrial carcinoma.

Matrix metalloproteinases (MMPs) are an important group of
zinc enzymes that are responsible for degradation of extracellular
matrix components such as collagen and proteoglycans in normal
embryogenesis and remodeling and in many disease processes
such as arthritis'? and invasion by carcinoma.'4-17 Recent studies
have revealed that Ets-1, which is an ets family member, activates
promoters of different subclasses of the MMP genes, including
MMP-1, -3 and -9.15-2! In the endometrium, it has been reported
that some MMPs play important roles in endometrial physiologic
characteristics. For example, at menstruation, the extracellular

matrix is degraded, accompanied by hemorrhage and tissue
sloughing, and it is known that, for the degradation, the MMPs
play an important role.22 23 They are regulated by ovarian steroid
hormones.?425 From the evidence, it is hypothesized that MMPs
and Ets-1 play important roles in the destruction of the surrounding
connective tissue and the invasion in the extracellular matrix by
endometrial cancer cells.

However, we could not find any clear difference in the cell
growth and the invasion with changes in the sex steroid conditions
in endometrial carcinoma cells, probably because most endome-
trial carcinoma cell lines have lost the sex steroid receptors due to
culture for a long period. Furlhermore, several teports recently
showed that cyclin DI is preferentially overexpressed in ER-
positive breast carcinomas, suggesting that cyclin I derives its
oncogenic activity in breast carcinoma by acting on ER,26-28 We
therefore established stable clones overexpressing ER to transfect
the expression vector and analyzed the invasive activity and ex-
pression of various MMPs, MMP-1, -7 and -9, cyclin D1 and Ets-1
by Western blotting in various hormonal conditions.

MATERIAL AND METHODS
Cell line

Human endometrial cancer cell line Ishikawa, which expresses
ER and PR,* was used in our study. Cells were grown in mini-
mum essential medium (MEM) without pheno! red {Gibco BRL,
Rockville, MD) supplemented with 10% dextran-coated, charcoal-
stripped fetal bovine serum (C-FCS).

Transfection of ER-a CDNA .

Half-confluent cultures of Ishikawa cells were cotransfected
with 2 pg of HEGO containing human ER-c cDNA and 0.2 pug
of PSV2-neo containing a G418-resistant gene*! using Lipofectin
(Gibco BRL) according to the manufacturer’s protocol. After 48
hr, medium was replaced and G418 (Sigma Chemical, St. Louis,
MO) was added to select resistant clones.

Genomic DNA was isolated by the phenol-chloroform method
from each G418-resistant cell. Each genomic DNA was applicd to
25 pl of PCR mixture, containing 2.5 U of AmpliTaq DNA
polymerase (Takara, Tokyo, Japan), 1.5 mmol/L. MgCl,, 1x Tag
buffer and 0.2 mmol/L each of 4 deoxynucleotide triphosphates
(dNTPs). The specific primers of ER-u used for PCR were forward
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(exon 2), 5'-gtgcagtgtacaatgactatge-3‘ and reverse (exon 4), 5'-
cctettcggictittegtatec-3‘. Thirty-five cycles of PCR were carried
out with a program of 30 sec at 94°C, 1 min at 55°C and 1 min at
72°C. Aliquots of the PCR products were electrophoresed on 2.5%
agarose gel, By this, a clone to which HEGO was successfully
transfected, named IK-ER-1, was selected. Another clone, which
was only transfected with the G418-resistant gene, was named
IK-neo and used as a control. These clones were kept frozen until
following experiments. Original Ishikawa cells were also used as
control ¢ells and named IK-wild in our study.

RNA isolation and RT-PCR analysis

We also analyzed the mRNA expression of PR, which had been
known as one of the parameters of ER activity.32 To verify the
presence of specific mRNA of PR, we amplified them by RT-PCR,
and the GA3PDH gene was amplified as a contrel. Total RNA of
the tissues were extracted by a single-step technique as the TRIzol
Reagent (Gibco BRL) according to the manufacturer’s protocol.
An amount of 1 pg of total RNA was denatured at 65°C for 10 min
and incubated at 36°C for 60 min in RT buffer containing random
primers, dNTPs, RNAase inhibitors and avian myeloblastosis virus
RT (Takara} in a final volume of 20 ul, followed by boiling for 5
min. One microliter out of each RT reaction mixture was applied
to 25 pl of PCR mixture, containing 2.5U AmpliTaq DNA poly-
merase (Takara), 1.5 mmol/l. MgCl, 1X Taq buifer and 0.2
mmol/L. 4 deoxynucleotide triphosphates (ANTPs). The specific
primer of PR was 5'-geagatcceacaggagtt-3" (forword)y/5’-tgagete-
gacacaactce-3' (reverse) and GAPDH was 5'-gtgcagtgtgcaatgac-
tacge-3" (forward)/S'-cctettcggteititcgtatec-3" (reverse)., Thirty-
eight cycles of PCR were carried out with the programme of 30 sec
at 94°C, 1 min at 58°C and 1 min at 72°C. Part of the PCR
products was electrophoresed on 2.5% agarose gel.

Cell proliferation study

First, we assessed the effects of various concentrations of E2 on
the growth of IK-ER-1, IK-neo and IK-wild. For cell growth
experiments, cells were plated at 1 X 10* cells/60 mm dish in
MEM containing 10% C-FCS. The next day, the medium was
replaced with fresh medium containing 0, 107, 108, 107, 10" or
1073 mol/L of E2. Forty-eight hours after changing the medium, the
cells were counted.

Subsequently, we analyzed the cell growth until 120 hr after
exposure to E2. On the second day, the medium was replaced with
fresh medinm containing 107 mol/L E2 or without E2. For cell
growth experiments, cells were plated at 1 X 10* cells/60 mm dish
in MEM containing 10% C-FCS. Fresh medium was added every
day and cells were counted 0, 24, 48, 72, 96 and 120 hr after
changing the medium. Each experiment was done in triplicate.

In vitro invasion assay

Transwell invasion chemotaxis chambers were used for the
assay. Polycarbonate filters (10 wm, A chemomicroinvasion assay
was performed according to the method described by Albini
Costar, Cambridge, MA) were coated on the upper surface with
Matriget (10 pg/200 pl; Becton-Dickinson, San Jose, CA). Then,
1 % 10° cells were suspended in serum-free MEM without phenol
red and added to the upper chamber. The lower chamber contained
MEM without pheno! red and human cellular fibronectin (25
prg/ml, as a chemoattractant). Cells were incubated for 24 hr at
37°C in a CO, incubator. At the end of incubation, the cells were
fixed in 10% formalin and stained with a hematoxylin solution.
Cells on the upper surface of the filter were completely removed
by wiping with a cotton swab. Cells that had invaded through the
Matrigel and reached the lower surface of the filter were counted
under a light microscope at a magnification of 200X, The invasion
assay was performed using medium containing 10”7 mol/L E2 or
without E2. The assay was done in triplicate.

Western blotting of MMPs, cyclin DI and Ets-1

IK-ER-1, IK-neo and IK-wild were cultured with 1077, 10'® and
10 mol/L. E2 and 1077 E2 plus 10°® ICI182.780 (AstraZeneca
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Pharmaceuticals, Wilmington, DE) or without E2 for 48 hr. Then
cells were collected using a cell scraper. The sample was mixed
with SDS electrophoresis sample buffer (10 mmol/L. Tris-HCI, pH
7.8, 1 mmol/L. EDTA, 3% sodium dodecyl sulfate, 5% glycerol,
10% mercaptoethanol), heated for 5 min at 95°C, run on 9%
polyacrylamide electrophoresis gels (Mini-Protein - II, Bio-Rad,
CA) and then blotted onto a polyvinylidene diftuoride membrane
(Bio-Rad, Hercules, CA). The filters were blocked in 5% (w/v) dry
milk in PBS containing 0.05% Tween 20 (T-PBS) and incubated
for 2 hr at room temperature in anti-MMP-1, -MMP-7 or -MMP-9
(Fuji Chemical Industries, )} diluted 1:500, anti-cyclin D1 (Santa
Cruz Biotechnology, Santa Cruz, CA) diluted 1:1,000, anti-Etsi
(Santa Cruz Biotechnology} diluted 1:1,000 and anti-ER-cx (Santa
Cruz Biotechnology) diluted 1:500 in T-PBS. After 4 washes with
0.05% T-PES, the blots were incubated for 1 hr at room temper-
ature with a horseradish-peroxidase anti-mouse antibody (Dako-
patts Glostrop, Glostrop, Denmark) diluted 1:1,000 in 5% (w/v)
dry milk in T-PBS. They were then washed and treated with
enhanced chemiluminescence Western blotting detection reagents
(Amersham, Little Chalfont, Bucks) and exposed to blue-light-
sensitive autoradiographic film (Hyperfilm-ECL, Amershamy). In
negative controls, normal mouse serum was used as the first
antibody. The densities of the positive bands were measured using
NIH-image.

Statistical analysis

Analysis of variance and Student’s r-test were used to determine
the statistical significance of differences between control and treat- °
ment groups,

RESULTS
Effect of overexpression of ER-ct on cell growth

All of the subsequent experiments used the ER-overexpressing
clones Ishikawa (IK-ER-1) and a control-transfected clone (IK-
neo). To develop a cell line overexpressing ER-a, we cotrans-
fected cells with a G-418 resistance-conferring plasmid and an
ER-a-expressing vector. The ER-overexpressing clones were se-
lected for G-418 resistance and then screened for the existence of
the ER-a-expressing vector by PCR. The efficiency of the ER-«-
expressing vector, HEGO, was confirmed in previous works, and
the expression of ER-a was confirmed by Western blotting. As
shown Figure 1a, the expression of ER-a in IK-ER-1 was 10.3
times greater than that of IK-neo. We also analyzed the mRNA
expression of PR, which is known as one of the parameters of ER
activity,* and PR expression was markedly accelerated in IK-
ER-1 compared to IK-neo (Fig. 15).
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Fiure 1 — Expression of ER-a and PR in IK-neo and IK-ER-1, The

expression of ER-a was analyzed by Western blotting (a) and PR
mRNA expression was analyzed by RT-PCR (&}
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Ficure 2 - Effects on growth of IK-ER-1, IK-neo and IK-wild of
various E2 concentrations. Cells were plated at 1 X 10* cells/60 mm
dish in MEM containing 10% C-FCS. On the next day, the medium
was replaced with fresh medium containing 0, 10°%, 10%, 107, 10" or
107 mol/L. of E2. Forty-eight hours after changing the medium, the
cell number was counted. The growth of IK-neo and 1K-wild increased
with the E2 concentration and peaked at 10" mol/L of E2, whereas
that of IK-ER-1 peaked at 107" mol/L and decreased at higher con-
centrations.
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Ficure 3 — Cell growth aftet exposure to E2. The growth of IK-neo
and TK-wild was not different between medium with 107 mol/l, E2
and the control until 96 hr. On the other hand, though growth of
IK-ER-1 did not show a significant difference between medium with
107 mol/LL E2 and the control medium at 24 hr, it was clearly higher
in 107 moV/L. E2 than in the control medium at 48 he and later,

Then we assessed the effects of various concentrations of E2 on
the growth of IK-ER-1, IK-neo and IK-wild. For cell growth
experiments, cells were plated at 1 X 10* cells/60 mm dish in
MEM containing 10% C-FCS. The next day, the medium was
replaced with fresh medium containing 0, 107, 108, 1077, 10" or
10°® mol/L of E2. Forty-eight hours after changing the medium, the
cells were counted. As shown in Figure 2, the growth of IK-neo
and IK-wild increased as the E2 concentration became higher and
peaked at 10* moVL of E2, whereas that of IK-ER-1 peaked at
10”7 mol/L and decreased at higher concentrations.

Subsequently, we analyzed the cell growth at 24, 48, 72, 96 and
120 hr after exposure to E2. On the second day, the medium was
replaced with fresh medium containing 107 mol/L E2 or without
E2 (control). As shown in Figure 3, the growth of IK-neo and
TK-wild was not different between cells with 107 mol/L E2 and the
control until 96 hr and was significantly higher with 10”7 mol/L. E2
than in the control medium at 120 hr, On the other hand, though
growth of TK-ER-1 did not show any significant difference be-
tween 107 mol/L E2 and the control medium at 24 hr, it was
clearly higher in the medium with 107 mol/L E2 than in the
control medium at 48 hr and later.
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Ficure 4 — Invasion assay with and without estradiol. [K-neo and
IK-ER-1 were examined in conditions with and without 10”7 mol/L E2.
The number of IK-neo cells that migrated was not significantly dif-
ferent between the conditions with and without E2 (with E2: without
E2, 118 = 199 [S.E.): 100 * 19.0), whereas the number of the
IK-ER-1 cells that migrated was clearly accelerated with E2 compared
to without E2 {with E2: without E2, 148 * 18.9 [S.E.]: 100 = 15.6).
*p < 0,05,

Invasion assay with or without estradiol condition

Matrigel was used as a model of the basement membrane in a
Boyden chamber invasion assay. The cells were cultured for 24 hr
and then the cells that migrated were counted. For the assay,
IK-neo and TK-ER-1 were examined under conditions with and
without 10”7 mol/LL E2. As shown in Figure 4, the number of the
IK-neo cells that migrated was not significantly different in the
conditions with and without E2 (with E2; without E2, 118 + 19.9
[S.E.]: 100 % 15.0), whereas the number of the IK-ER-1 cells that
migrated was significantly accelerated with E2 compared to with-
out E2 (with E2: without E2, 148 * 18.9 [S.E.]: 100 * 15.6).

Western blotting of MMPs, Ets-1 and cyclin DI

IK-ER-1, IK-neo and IK-wild were cultured with 107, 10°® and
10°° moV/L E2 and 1077 E2 plus 10 ICI182.780 or without E2 for
48 hr and the expression of the various MMPs (MMP-1, -7 and -9),
Ets-1 and cyeclin D1 was analyzed by Western blotting (Fig. 5a).
Their expression was quantified using image analyzing software
and represented as the ratio to the expression of each cell type
under conditions without E2 (Fig. 5b).

As shown in Figure 5b, these MMPs were most strongly de-
tected with 1077 mol/LL E2 in IK-ER-1, IK-neo and IK-wild cells.
Furthermore, when the expression in conditions without E2 was
used as a control, the expression of MMP-1, -7 and -9 was
markedly accelerated in IK-ER-1 cells compared to IK-wild and
1K-neo. It was 6.6-fold in IK-wild, 7.6-fold in IK-neoc and 12.6-
fold in IK-ER-1; MMP-7 expression was 4.3-fold in IK-wild
5.2-fold TK-neo and 8.6-fold in IK-ER-1; that of MMP-9 was
4.9-fold in IK-wild, 7.7-fold in IK-neo and 12.1-fold in IK-ER-1
with 1077 mol/L E2. The acceleration of MMP expression by E2
was inhibited by the anti-estrogen substrate, ICI182,780.

The expression of cyclin D1 and Ets-1 showed a similar ten-
dency to that of MMP-1, -7 and -9. The expression of cyclin D1
was detected most with 107 mol/L. E2 in 1K-ER-1, IK-neo and
IK-wild cells and was accelerated most in IK-ER-1, 2.7-fold in
IK-wild. Expression was 3.2-fold in IK-neo and 9.0-fold in IK-
ER-1 compared to the control. The expression of Ets-1 was also
detected most with 107 mol/L E2 condition in IK-ER-1, IK-neo
and [K-wild cells and was accelerated most in IK-ER-1. Expres-
sion was 1.7-fold in IK-wild, 1.8-fold in IK-neo and 7.2-fold in
IK-ER-1 compared to the control. The acceleration of cyclin D1
and Fts-1 expression by E2 was inhibited by the anti-estrogen
substrate, 1C1182,780.

DISCUSSION

Stimulation of the endometrium by estrogens without the dif-
ferentiating effect of progestins is the primary etiologic factor
associated with the development of endometrial hyperplasia and
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adenocarcinoma.!2 In our previous studies, 86.7% of the endome-
trial carcinoma samples showed ER-positive staining by immuno-
histochemistry’®>* and the proliferation was stimulated by E2 and
its receptors through changes of various molecules that account for
cell proliferation.'0.323¢ However, how serum estrogen and ER
affect the tumor progression, especially invasion, is not well
known. Actually, it is difficult for clinicians to decide whether to
give estrogen to patients after treatment for endometrial carci-
noma. In our study, we focused on the influence of estrogen and its
receptor on invasion and MMPs, which are important for tumor
invasion,14-17 in endometrial carcinoma cells.

In our study, we transfected an ER-a-expressing vector in an
endometrial carcinoma cell line, Ishikawa,?® which expresses ER
and PR, and established an ER-overexpressing clone to clarify the
effect of estrogen. We also transfected the ER-a-expressing vector
in other cell lines, HEC-1BE and SNG-M, which do not express
ER, but we could not find any growth acceleration by estradiol,
possibly because these cells had lost not only ER but also co-
factors.5 In medium containing 17B-estradiol, the growth of these
cells was accelerated compared to the control cell line, 1K-neo.
These results were in accord with previous studies that used
wild-type Ishikawa, 3637 On the other hand, Ali e al. recently
demonstrated ER-a-mediated in vivo growth inhibition of tumors
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Ficure 5 - Expression of MMPs, Ets-1
and cyclin DI with and without estradiol.
IK-ER-1, IK-neo and IK-wild were cultured
with 1077, 10 and 10 mol/L E2 and 10" E2
plus 105 ICT182.780 or without E2 for 48 hr
and the expression of MMPs (MMP-1, -7 and
-9), cyclin D1 and ets-1 was detected by
Western blotting, They were most strongly
detected with 1077 mol/L. E2 in IK-ER-1, IK-
neo and IK-wild cells. Furthermote, when the
expression in conditions without E2 was used
as a control, the expression of MMP-1, -7 and
-9 was markedly accelerated in IK-ER-1 cells
compared to IK-wild and IK-neo. It was 6.6-
fold i IK-wild, 7.6-fold in IK-neo and 12.6-
fold in IK-ER-1; MMP-7 expression was 4.3-
fold in IK-wild, 5.2-fold in IK-neo and 8.6-
fold in IK-ER-1; that of MMP-9 was 4.9-fold
in IK-wild, 7.7-fold in 1K-neo and 12.1-fold
in IK-ER-1 with 107 mol/L E2, The acceler-
ation of MMP expression by E2 was inhibited
by the anti-estrogen substrate, ICI{82,780.
The expression of Ets-1 and cyclin DI
showed a tendency similar to those of
MMP-1, -7 and -9. That of IK-neo with E2,
IK-ER-1 without E2 and IK-ER-1 with E2
was 3.4-, 8.0- and 32.5-fold greater than in
the control. The expression of cyclin D1 was
detected most with 107 molL E2 in IK-
ER-1, IK-neo and IK-wild cells and was ac-
celerated most in IK-ER-1. Expression was
2.7-fold in IK-wild, 3.2-fold in IK-neo and
9.0-fold in IK-ER-1 compared to the control.
The expression of Ets-1 was also detected
most with 107 mol/L E2 in IK-ER-1, IK-neo
and IK-wild cells and was accelerated most in
1K-ER-1, 1.7-fold in IK-wild, 1.8-fold in IK-
neo and 7.2-fold in IK-ER-1 greater than in
the control. The acceleration of cyclin D1 and
Ets-1 expression by E2 was inhibited the by
anti-estrogen substrate, ICI182,780.

MMP-2
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xencgrafted from ER-transfected Ishikawa cells and inhibition of
VEGF and other angiogenic parameters in the cells.® These results
were completely different from those of other studies using
Ishikawa cells®®*"**%® and from ours. This may have been be-
cause their experiments and ours used different methods to eval-
uate the ER-a-expressing vectors; they evaluated in vivo and we in
vitro, and a high level of ER may be cytotoxic.

In our study, the growth of IK-ER-1 cells was greater than for
the control even in the absence of E2. Tora et al. previcusly
demonstrated that HEGO (wild-type hER) is able to activate
transcription from the reperter gene via vit-tk-CAT when the
transfected Hela cells are maintained in a steroid hormone-
stripped culture medium,*® concluding that this is due to the
residual estrogens present in the medium. Therefore, in IK-ER,
which had also been transfected with HEGO, the growth stimula-
tion by ER may be maintained even in the steroid hormone-
stripped culture medium.

In our present study, the expression of Ets-1 was accelerated by
EZ2 and exhibited a tendency similar to MMP-1, -7 and -9. The Ets
family of transcription factors, a target of the Ras-mitogen-acti-
vated protein kinase signaling pathway, plays an important role in
cell growth and development. The Bts family is defined by a
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conserved DNA binding domain, also known as the ETS domain.
Ets factor binds DNA as monomers and recognizes a consensus
sequence that contains a core 5'-GGA(A/T)-3' motif.4! Ets-1,
which is an Ets family member, activates promoters of different
subclasses of the MMP genes'® and recently it was reported that
the expression of Ets-1 was correlated with tumor progression in
many organs.*>-46 This suggests that the expression of MMPs is
stimulated by ER- binding to E2 via activation of Ets-1 expres-
sion.

We analyzed the expression of cyclin D1 in conditions with and
without E2. The expression levels in JK-neo with E2, IK-ER-1
without E2 and IK-ER-1 with E2 were 6.2-, 7.8- and 10.8-fold
greater than in the control. Cyclin D1 is induced in response to
mitogenic stimulation of quiescent cells and acts as an activator of
CDK4 and CDK6.47 Furthermore, cyclin D1 is overexpressed
preferentially in ER-positive breast carcinomas, suggesting that the
oncogenic activity of cyclin D1 in breast carcinoma occurs by
acting on ER.26-2% In fact, the growth of Ishikawa cells was
accelerated by the transfection of ER-a in the presence of E2,
Thus, the result of Western blotting of cyclin D1 indicated that the
growth stimulation by E2 in IK-ER-1 was correlated with the
acceleration of cyclin D1 expression, as observed in ER-positive
breast carcinoma cells,

In our study, we investigated the biologic effects of E2 on the
invasion of the ER-a-transfected endometrial carcinoma cell line,
Ishikawa, by invasion assay. The wmer cell invasion of IK-ER-1
was enhanced in the medium containing E2. Previously, Ueda ez
al. analyzed effects of sex steroids and growth factors on invasion
of endometrial adenocarcinoma cell line, SNG-M ir vitro.%® The
invasive activity of SNG-M, which lacks ER, into the reconstituted
basement membrane was not affected by E2 but was promoted by
EGF and TGF-« in a concentration-dependent manner, This agrees
with our result in that growth promotion enhanced invasiveness.

405

However, it is hypothesized that estrogen and its receptor stimulate
various factors that contribute to tumor invasion without growth
promotion.

During the crucial stages of tumor cell invasion and metastasis,
neoplastic cells must traverse extracellular matrices for their mi-
gration to distant sites because basement membranes serve as a
critical barrier to such passage.!4-1749-5! Iy the endometrium, it
has been reported that some MMPs play an important role in
endometrial physiologic characteristics. Recent studies showed
that endometrial cells secrete MMP-1, -2, -3, -7 and -9 in the
physiologic condition.?25? They are regulated by ovarian steroid
hormones.?425 Furthermore, several reports recently showed that
the regulation of MMPs is mediated b {v the cytokines interleukin-
1,22.83.54 transforming growth factor-B°° and tumor necrosis factor-
a22 In our study, the expression of MMP-1, -7 and -9 was
enhanced in IK-ER-1 in the E2-containing condition according to
the acceleration of their invasiveness. As mentioned above, in our
previous studies, 86.7% of the endometrial carcinoma samples
exhibited ER-positive staining by immunchistochemistry,!0.33
These results imply that stimulation by estrogen causes the tumor
progression of endometrial carcinoma, especially tumor growth
and invasion.
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Abstract Endometrial hyperplasia is a recognized effect of
excessive or unopposed estrogen stimulation and is consid-
ered to be a precancerous condition of endometrial adeno-
carcinoma. We have previously shown that the subcellular
localization of f-catenin in the human endometrium is
changed according to cell proliferation, suggesting a role of
intercellular transduction in cell-growth control in human
endometrium, not only in the physiological condition but
also in the carcinogenic endometrium. In the present study,
to clarify at which stage of endometrial carcinogenesis
molecular alteration of the B-catenin gene occurs, we ana-
lyzed the subcellular localization of f-catenin by immuno-
histochemistry, and we analyzed exon 3 of the B-catenin
gene, in 25 patients — with endometrial hyperplasia and 20
patients with endometrial cancers associated with endome-
trial hyperplasia, digesting DNA from the cancer and hy-
perplasia parts, separately. Fourteen of the 25 (56.0%)
endometrial hyperplasia samples, 12 (60.0%) endometrial
cancers, and 11 (55.0%) associated hyperplasias of the 20
endometrial cancers associated with hyperplasia showed
nuclear localization of f-catenin. Mutation in exon 3 of the
B-catenin gene was found in 2 of the 20 endometrial cancer
samples; however, it was not found in the 25 endometrial
hyperplasias or the 20 associated hyperplasias. The results
suggest that molecular alteration of the f-catenin gene
occurs in atypical hyperplasia or cancer, rather than in
simple or complex hyperplasia without atypia, during en-
dometrial carcinogenesis.
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Introduction

Endometroid adenocarcinoma, which accounts for the
majority of endometrial cancers, is classified into two
groups, reflecting differences in clinical behavior and patho-
genesis. One occurs in a uterus with a benign hyperplastic
endometrium, and the other occurs in a uterus with an
atrophic endometrial lining.' In contrast, serous carcinomas
are representative of endometrial tumors that occur in older
women who have endometrial atrophy and lack the typical
endometrial cancer risk factors, reflecting unopposed estro-
gen exposure.? Although little is known about the molecular
events involved, a close relationship has been observed
between estrogenic stimulation of the endometrium and
the appearance of endometrial hyperplasia”’ Endometrial
hyperplasias constitute a spectrum from simple to complex
to atypical regions. It is estimated that the incidences of
progression to malignancy from simple, complex, and atypi-
cal regions are from 1% to 5%, 5% to 10%, and 20% to
30%, respectively.*® Thus, although it is widely accepted
that endogenous and exogenous sources of unopposed es-
trogen increase the risk of endometrial adenocarcinoma,
and although several molecular alterations have been iden-
tified, the molecular pathogenesis of endometrial cancer
remains poorly understood.

Many cells in tissues are linked to one another at special-
ized contact sites by cell adhesion. The junctional type of
cell adhesion system is defined as adhesions that we can
morphologically recognize by electron microscopy. Cell
junctions consist of tight junctions, adherens junctions,
desmosomes, and gap junctions.*® In adherens junctions,
p-catenin binds directly to the cytoplasmic domain of E-
cadherin and links to the microfilament network of the
cytoskeleton via e-catenin.' This binding is essential for the
establishment of tight physical cell-cell adhesion. B-Catenin
is the vertebrate homologue of the Drosophila segment
polarity gene, Armadillo, which plays an important role in
Wnt-1 signal transduction.' Recently, it was revealed that,
downstream from the B-catenin/WNT-1 signaling pathway,
B-catenin interacts directly with transduction factors, such
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