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Ahstract

Ohjective. A novel retinoid, TAC-101 (4-[3.5-bis (inmethylsilyl) benzamido] benzoic acid), induces apoptosis of ovarian clear cell
adenvcarcinoma. The amitumor effect of TAC-101 alone or combined with cisplatin was tested using human ovarian carcinoma.

Methods. Induction of genes related to apoptosis by TAC-101 or cisplatin was assessed by DNA microarmay analysis. TAC-101 (8 mg/kg/day
t}mll\.r for 21 days), r.'lsplutm (7 mg/kg intravenously on day 1). or a combimation of both drugs at the same dosages was admimstered to nude mice
d suh ly with RMG-I or RMG-11 clear cell adenocarcinoma cells. The antimmor effect was evaluated by calculanng the treated/
umlml tumor volume ratio at 21 days afler implantation. The histoculture drug response assay was also performed using fresh surgical specimens
of human ovanan cancer to determine the 50% inhibitory concentration (1Csq).

Rexults. Different apoptosis-related genes were induced by TAC-10] and cisplatin, Compared with control mice, the volume of both RMG-1
and RMG-1I tumors was significantly reduced ( p<0.05) by either drug. The ICy; values of cisplatin and TAC-101 showed a significant correlation
(p=0.01)

Conclusion. These in vitro findings suggest that a comhination of TAC-101 and cisplatin may be a pnl:niinl new treatment for ovanan clear
cell adenocarcinoma.

#2007 Elsevier Inc. All nghts reserved

Kevwonds: Ovanan carcinoma: Clear cell adenocarcinoma, TAC-101, Cisplatin, Histoculture drug response assay

Introduction 2.4]. Since clear cell adenocarcinoma seems to show resistance
to platinum-based chemotherapy, unlike the other types of
Clear cell adenocarcinoma accounts for more than 10% of  ovarian carcinoma [5], more effective chemotherapy is needed

ovarian cancer [1] and nts incidence has recently been increasing  for this umor.

n Japan [2]. Up to 60% of patients with this tumor have stage |
disease according to the International Federation of Gynecology
and Obstetrics (FIGO) classification [3]. However. patients with
clear cell adenocarcinoma have a poor prognosis even when it is
diagnused at an early stage and treated by complete resection

* Cormesponding suthor, Fax: <81 3 3226 1667
E-mail adedresi: aokia seite keio scp (D Aok

O090-R258/% - see front matter < 2007 Elsevier Inc. All rights reserved.
Yo 10101 yewmo. 2007, 10,019

Retinoids have great potential in the fields of cancer
therapy and chemoprevention [6,7]. While some umor cells
are sensitive to the growth inhibitory effects of natural
retinoids, such as all-rrams-retinoic acid (ATRA), many
ovarian tumor cells are not [8). We previously found that a
new synthetic retinoid, 4-[3,5-bis (inmethylsilyl) benzamido]
benzoic acid (TAC-101) was more effective at inducing
apoptosis of clear cell adenocarcinoma cell lines than it was
for other histological types of ovarian carcinoma [9]. TAC-
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101 also inhibits the growth of xenografts of a human ovarian
clear cell adenocarcinoma cells (RMG-II), similar to paclitax-
el, and has a stronger effect than cis-diammine dichloropla-
tinum (cisplatin) [9]. In the present study, we assessed the
antitumor cffect of cisplatin combined with TAC-101. as well
as that of each drug alone. We analyzed the induction of
genes related to apoptosis by each drug because TAC-101
might have different antitumor activity from cisplatin due 10
differences in their influence on gene expression, We also
used an in vivo assay to determine the effect of TAC-101 or
cisplatin on clear cell adenocarcinoma in mice, as well as the
response to both agents combined. Finally, the histoculture
drug response assay (HDRA) was performed to compare the
activity of TAC-101 and cisplatin against human ovanan
cancer specimens.

The results of these mvestigations were used 1o assess the
potential clinical value of combmed therapy with TAC-101 and
cisplatin for ovarian clear cell adenocarcinoma, which has a
poor prognosis due to resistance to standard platinum-based
chemotherapy [5].

Materials and methods
Chemicals

TAC-101 was provided by Twho Pharmaceutical Co., Lid. {Saitama, Japan),
cisplatin was purchased from Nippon Kayaku Co.. Lid. (Tokyo. Japan), and
ATRA was purchased from Sigma Chemical Co. (MO, USA). For i virm
experiments, TAC-101 and ATRA were dissolved in dimethyl sulfoxide m
concentrations of 20 mM and 10 mM 10 make stock solutions, which were stored
at =20 °C until use, For in vivo experiments, TAC-101 was suspended in 0.5%
hydronyl propylmethyleellulose (Shin-Etsu Chemical Co., Lid., Tokyo. Japan).

Cell culture

Two human clear cell adk i cell lines (RMG-1 and RMG-
U, which we previously established [10.11], were cultured tn » Ham's F 12

fium (Gibeo Lab NY, USA) supplemented with 10% fetal calf
serum (FCS) (Mitsubishi Chemical Co., Tokyo, Japan) and 80 pg'ml of
kanamycin sulfate (Meiji Seika Kamha Lid, Tokyo, Japan) at 37 °C under an
atmosphere of 5% CO,.

Microarray analyyix

RMG-1 and RMG-11 eells (1 = 107 cells) were seeded mto 10-cm flasks (RD
Bioscience, MA, USA }and mﬂlhl’lul for 3-5 days. after which the medium was
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tractmyg the background value and dividing by the level of GAPDH expression.
Expression of each gene was measured twice by the same method and data were
analyzed by the paired r-test with regand to the differences of population mean
values between two related groups. For genes that showed significant differences
nf expression, their mtio relative 1o control expression was calculated. A ratio

= 1.5 was defined as up-regulation and a rtio =23 was defined as down-
atguhlln(ln

Activity against RMG-1 and RMG-I tumors in nude mice

RMG-1 or RMG-11 cells were implanted subcutancously into the backs of
nude mice, and the tumors that developed were measured after 3 weeks, Mice that
had timors with an estimated volume ([langest diameter (mm) < smallest diameter
(mm)I/2) of approximately 100 mm' were selected and assigned to groups of
& animals cach by stratified random allocation based on the individual wumor
volumes, so that each group had a almoest equal mean tumor volume on day |
Changes in the body weight of the mice were measured to determine the nontoxic
duse of each drug. and inhibition of twmor growth was examined at that dose.

TAC-101 (¥ mgkg day) was admnistered daily for 21 days by onal gavage
using a 1-ml tuberculin syringe ($S-01T. Terumo Co., Tokyo. Japan) and needle,
while cisplatin was mjected into the tail vein at a dosc of 7 mg/kg on day 1.
Combination therapy was given with TAC-101 and cisplatin al these doses. The
dose of TAC-101 was set on the hasis of its antiproliferative activity and effect
on body welght in a previous dose-finding study [12], while the dose of cisplatin
was cquivalent 1o that used clinically [13]. An untreated control group was also
included. Body weight was measured twice a week in onder to monitor toxicity.
Animals were handled in sccordance with the protocol established by the
Animal Care Commaittee of Taho Pharmaceutical Co., Lid. (Tokyo. Japan).

The tumor volume (TV) was measured daily over time in cach animal and
the ratio of the volume on day 21 to that at the stan of ireatment was calculated.
Welch's r-u.—n (two-tailed) was performed to compare TV values and the effect
of comb was o d by the interscction umon fest [14].

Histoculture drug response assay (HDRA)

Among patients who underwent surgery for ovanan cancer st Keio
University Hospital, the HDRA was performed in those who consented to
enmollment in the present study, The study protocol was approved by our IRB
(institutional review board), and informed consent was obtained from all
participating patients, We performed the HDRA (TAC-101 32 cases, ATRA 27
cases. cisplatin 13 cases) according to a modification of the method of Ohic etal.
[15]. Bricfly. collagen gel sponge (Gel Foam, Pharmacia & Upjohn Co., Tokyo.
Jupan) was cut into cubes of about 1 mm’, and a cube was placed into each well
of a 24-well plate (Sumilon, S Bakelite Co.. Lid.. Tokyo, Japan), The
culture medium (1 mliwell) was F-12 medium (Gibeo Lab ies. NY, USA)
containing 20% fetal bovine serum (Mitsubishi Chemical. Co., Tokyo, lapan)
and B0 pgml of kanamycin (Meiji Seika Kaisha, Lid, Tokyo, Japan). The
concentration of cisplatin (Nippon Kayaku, Co. Lid, Tokyo, Japan) in the
culture medium was set a1 625, 125, 25, 50, or 100 pg/ml, and each
cone was tested in 4 wells. The same concentrations of TAC-101 (Taiho

replaced with fresh medi pl (75 pp/mhor TAC-100
(25 pM). and 2% FCS (control), Cultured cells were harvested after 24 h later.
Total RNA was catracted from these flasks using an RNcasy column
1Quagen, CA, USA). Then microarray gene analysis was performed using o
human apoplosis GEAmay Q senes kit (Super Armay Co.. MD, USA) consisting
of 96 apoptosis-related genes and 4 housekeeping genes printed on a membmne.
Total RNA (0.5 pg) was uscd as a template for the svathesis of botmdUTP-
labeled cDNA probes according to the manufacturer’'s protocol. Memb:

Pharmaceutical Co., Lud, Tokyo. Japan) and ATRA (Sigma Chemical Co., MO,
L'SA) were also tested in 4 wells each. During surgery, tumor specimens were
harvested ascptically and cut into cubes of approximately 1 mm' with scissors.
Then a tumor tissue cube was placed onto the collagen sponge in each well of the
24-well plate. After incubation at 37 "C under an atmosphere of 5% CO; for
7 days. viable cells were detected by the methyhhiazoletetrazolium (MTT)
nmy In bricf. MTT (Sigma Chemical Co.. MO, USA) was dissolved m

hate-buffered saline (5 mg/ml) contaming 100 mM succinic acid (Wako

um!\vhﬂmﬂunhthe labeled probes, washed. treated with 1.0 ml of CDP-Star
lution, and | w X-ray film (Fastman Kodak
Company, NY. USA). Image analysis software (Scananalyzc and GEAmay
Analyier, Super Amay Co., MD, USA) was employed 1o assess gene expression.
and the morease in expression of apoptosis-related genes relative o the control
(culture with FCS alonc) was analyzed by Student’s f-test. Expression of
GAPDH was also assessod as o housc-keoping gene. Anti-sense ¢IINAs for cach
pene were placed on the same GEAmay chip from two o four times and average
values were calculated, The expression of each gene was normalized by sub.

Pure (‘Iu:mm] Indlustries, L, Tokyo, Japan). Then 100 ul of MTT solution
was added 10 each well. and incubation was done for 4 h at 37 °C under an
stmosphere of $% (O, The stained tumor tissue cubes were subscquently
transforred mio pew 24-well plates, after which | ml of dimethyl sulfoxide
(Wako Pure Chemical Industries, Lud, Tokyo, Japan) was added to extract the
MTT-formazan product. Next. 100 pl of the extract from each well was
transforred into the wells of a 96-well microplate (Sumilon. S
Co. Lid., Tokyo, Japan), and the absorbance was measured st 540 nm using 8
microplate render (Model 450, Hio-Rad Laboratonies. CA. USA) Afler
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Tablc | Tahle 3
Up-regulated genes Activity against RMG-1 tumors m nude mice (n=8)
TAC-101 Crsplann TV on day21 RTV (%)
. 3
(rene name Rate  pvalue  CGiene name  Ratw  pevalue (Mesn=250Dnmm’)
o 6.2642.05 100
RMG-1 RIP 1451 <005 Bel-10 1.91 .06 T 4554160 7
Candiac RIP2 17 0,08 IAP-2 1 67 05 RO Lo
CHK2 6.08 0.06 P 3.55+1.76 73 3 7 i
A - P LG 2.9510.88 45
Caspase § 505 <00s
CIDE-A 403 <005 *p0.05, **p<0.01, by Welch's test.
LTBR 211 <005
LTB 209 <008 o
phd 200 008 related genes between TAC-101 and cisplatin treatment. RMG-I
NAIFBIRCL 194 010 and -1 cells were both tested twice under the same conditions to
TNFB L P select genes that showed significant changes of expression
RMG-11 ::;:": l,: E ?‘_; i ::::: B3 545 S0 compared with control culture (no agents).
Cospase 5 165 <005 In RMG-] cells, the apoptosis-related molecules up-regulat-

RIP: recepior-mieractng protein

Cardiac/RIP2: cardiac/receptor-mnteracting protemn-2
CHK2: checkpoint kinase 2

CIDE-a: gell death-inducing DFFA-like effector-A
LTBR: lymphotoxin-hets receptor

LTB: lymphotoxin-beta.

TNFRB: tumor necrosis lactor-beta

PYCARD: PYD and CARD domain-containing protein
IAP-2: inhibitor of apoptosis protein-2.

extraction of the formazan product, the wet weight of the timaor tissue was also
" { und the absorh per gram of tissue was caleulated. The percent
nhibition of tumor growth by each drug was caleulaed by comparison with the
growth in untreated control wells using the following formula: Percent inhibition
of wmor growth (“6)=[1—(absorbance per gram of umor tissue in treated
wells/absorbance per gmm of tumor tissue in control wells)] = 100
To d i hether TAC-101, cisplatin, and ATRA showed activity
agomst a tumor, the 50% inhibitory concentration (ICs) of cach drup was
calculated. Spearman’s correlabon coefficient analysis was used to exanune
comrelations berween the 1Cy, values for TAC-101 or ATRA and the values for
cisplatin

Results

Effect of TAC-101 and cisplatin on clear cell adenocarcinoma
cell lines

As shown in Tables | and 2, microarray analysis of RMG-I
and 11 cells revealed differences in the expression of apoptosis-

Table 2
Down-regulated genes
TAC-101 Cisplatin
Gene name  mtio  p-value  Genename o p-value
RMG-11 TRAIL-R4 059 007 PYCARD .66 0.05
IAP-2 0.58 <005 Caspasc 14 0.55 0na?
Hus1 0.35 0.07 Caspase 9 0.16 -0.08
CHK1 N3l MR
TNF-alpha 006 <005
TRAFG .04 09

TRAIL-R4: tumor necrosis factor receptor superfamily
Husl: hydrxyurea-sensitive (check point homalog)
CHK 1 checkpomt

INF-alpha: tumor necross factor-alpha

TRAF6. TNF receptor-associated factor f

ed by addition of TAC-101 were receptor-interacting proftein
(RIP), caspase 5, cell death-inducing DFFA-like effector A
(CIDE-A), lymphotoxin-beta receptor (LTBR). and lympho-
toxin receptor (LTB). In contrast, the only apoptosis-related
molecule up-regulated by addition of cisplatin was inhibitor of
apoptosis protein-2 (IAP-2). In RMG-I cells, no apoptosis-
related molecules were significantly down-regulated by either
of the two drugs.

In RMG-I1 cells, the apoptosis-related molecule up-regulated
by addition of either TAC-101 or cisplatin was CAS5. In RMG-
I cells, the apoptosis-related molecules down-regulated by
addinon of TAC-101 were IAP-2 and TNF-alpha, while the
molecules down-regulated by addition of cisplatin were PYD
and CARD domain-containing protein (PYCARD) as well as
caspase 9.

Effect of TAC-101 and cisplatin on xenografis in mice

On day 21, that TAC-101 suppressed the tumor growth the
mos. after implantation of RMG-I cells, the treated/control ratio
of the relative tumor volume (RTV=mean TV in the treated
group/mean TV in the control group) = 100) was 73%, 73%, and
48% in the TAC-101 monotherapy group, cisplatin monotherapy
group, and combined therapy group. respectively (Table 3).
Compared with the control group and combination therapy, the
RTV was significantly smaller in the combined therapy group
(p<0.01, Welch's r-test). When the effect of each drug treated
group was assessed (the intersection union test), RTV was found
to be significantly decreased by TAC-101 monotherapy
tp<0.05) and also by cisplatin monotherapy (p<0.05) com-
pared with combination therapy. For RMG-I11 cells, the treated/
control RTV ratio on day 21 was 68%, 80%, and 60% in the

Tahle 4

Activity agaimst RMG-11 umors in nude mice (n=8)
TV on day21 RTV (%)
(Mean £ 25D)(mm")

C Js441 100

T 2414047 68 = "

P 2852059 80

P 2134057 w =

*p<0.05, **p<0.01, by Welch's test

_86_
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Toble 5
Results of Spearman’'s rank correlation coefficient analysis of HDRA data
TAC-101 vs TAC-100 vs Cisplamm vs
cwsplatn (n-31) ATRA (v -23) ATRA (m-25)
Results of the test Positive comelation  No comelstion  No comelation
Sum of square of 2626 2202 1732
rank difference
Correlation coefficient rs 0.47 004 0.3
Z value 258 020 1 64
p-value (two-sided p0l p=0K4 p=0l0
probability)

TAC-101 monotherapy group, the cisplatin monotherapy group,
and the combmnation therapy group, respectively (Table 4).
Compared with the control group, RTV was significantly
decreased in both the TAC-101 monotherapy group and the
combined therapy group (Welch's r-test: p<0.05 and p<0.01,
respectively). When compared between groups which the drug
used (the intersection union test) to assess the ceffect of those,
only the cisplatin monotherapy group showed a significant
decrease of RTV (p<0.05) compared with the combination
therapy group. Body weight was monitored by measuring the
average weight and the average change of weight in each group
of mice. Weight loss of 15% or more indicating severe drug
toxicity which is out of evaluation of antitumor activity was nol
detected in this study,

Effect of TAC-101 and cisplatin on surgical specimens of
ovarian cancer

The 1Csy values of TAC-101, cisplatin, and ATRA (control)
were determined, and correlations were investigated by
Spearman's correlation coefficient analysis.

As a resull, the ICs; of TAC-101 showed a signmificant
correlation with that of cisplatin (rs=0.47, p<0.01), but the
IC s of ATRA was not correlated with that of cisplatin (rs=0.33,
p=0.10) (Table 5).

Discussion

Clear cell adenocarcinoma accounts for slightly more than
10% of all epithelial ovanan carcinoma according to FIGO (1],
In recent years, however, an increase of this type of tumor has
occurred in Japan and it now accounts for about 20% of ovanian
carcinoma [2]. The combination of paclitaxel and carboplaun
which is a standard chemotherapy so far only achieves a low
response rate of 18% and most wmors show resistance to
currently available chemotherapy, resulting in a poor prognosis,
thus there is an urgent need for more effective treatment [2].

We previously found that TAC-101 induces the apoptosis of
various ovarian cancer cells [9], particularly RMG-I and RMG-
11 cells denved from clear cell adenocarcinoma. TAC-101 has
also demonstrated antitumor effect comparable to that of pac-
Iitaxel and cisplatin aganst clear cell adenocarcinoma xeno-
grafts in nude mice [9]. Furthermore, TAC-101 shows antitumor
activity against colon cancer cells [16]. but its mechanism of
action has not yet been elucidated for either type of cancer.

Ganecologle (mvology 10X (21NN B2 T7-63]

Because TAC-101 induces apoptosis, we focused on apoplosis-
related genes in the present study to investigate the potential
mechanism of its antitumor effect. When DNA microarray
analysis was performed. up-regulation of caspase 5 was found
as an cffect of TAC-101 and cisplatin. but was not scen with
ATRA. These results are in agreement with our previous in vitrre
findings that cisplatin and TAC induce apoptosis. but ATRA
does not [9]. suggesting that the anticancer effect of TAC-101
and cisplatin is based on induction of apoptosis.

Although Sako et al. [17] found that TAC-101 caused up-
regulation of FAS in colon cancer cells, there was no rela-
tionship between this change and induction of apoptosis by
TAC-101 n ovanan clear cell adenocarcinoma based on our
results obtamed using RMG-I and RMG-II cells.

Microarray analysis of RMG-I and RMG-I1 cells revealed
differences in the expression of apoptosis-related genes between
TAC-101 and cisplatin. TAC-101 induced the expression of
pro-apoptotic molecules such as RIP, caspase 5, CIDE-A, and
TNF-alpha, while it inhibited the expression of IAP-2, an anti-
apoptotic molecule, suggesting possible induction of apoplosis
n ovanan clear cell adenocarcmoma cells,

In contrast, cisplatin up-regulated some anti-apopiotic fac-
tars, such as IAP and Bel family genes, and it down-regulated
pro-apoptotic factors like caspase 9. Such changes of gene
expression may be related to the resistance of clear cell adeno-
carcinoma fo cisplatin and platinum-based chemotherapy,
unlike the other types of epithelial ovarian carcinoma [5]. The
possibility of enhanced efficacy by concomitant administration
of TAC-101 with cisplatin could also be suggested because
these two drugs have different mechanisms for the induction of
apoptosis. To make matters clearer and pursue the issue, further
discussion is needed on the apoptotic genes and their
significance on the findings as related to apoptosis; particularly,
how the findings of TAC-101 suggest induction of apoptosis.

The present study also demonstrated that TAC-101 was able
to inhibit the growth of clear cell adenocarcinoma tumors in
mice, with the RTV being reduced to 73% and 68% of the control
value for RMG-1 and RMG-11 tumors, respectively, while the
respective values were 73% and 80% in the case of cisplatin
monotherapy, Thus, TAC-101 demonstrated a similar effect to
cisplatn, which 1s recognized as a key chemotherapy agent for
ovanan carcinoma. When the combined effect of these drugs
was evaluated, there was a significant decrease of tumor volume,
suggesting that the combination of cisplatin and TAC-101 may
be a potential new treatment for clear cell adenocarcinoma.

Although a clinical study of TAC-101 is currently underway
[1R], its activity against human ovaran carcinoma is still
unknown. Therefore, we performed the HDRA to investigate
the antitumor activity of TAC-101 agmnst human ovarian
carcinoma specimens. We previously used the HDRA to assess
the response of cisplatin for ovanan carcinoma, and we found a
true positive rate, true negative rate. and accuracy of 88%., 86%,
und 87%, respectively [19]. We have also found that the clinical
efficacy of cisplatin therapy for ovarian carcinoma can be
predicted by the HDRA [19]. When patients were classified into
high-sensitivity and low-sensitivity groups based on the cut-off
1C5; value for cisplatin and the 5-year overall survival rate was
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compared by the Kaplan—Meier method, it was significantly
higher in the high-sensitivity group than in the low-sensitivity
group [19]. Because it is not currently possible to obtain such
chimical data of ovanan cancer panents for TAC-101, 1ts effect
on ovanan specimen was indirectly evaluated by comparing
ICs, values with those for cisplatin. We found that the 1Cq,
values for TAC-101 and cisplatin determined in the HDRA
showed a significant positive correlation (p<0.01). Accord-
mgly. the two drugs may demonstrate a synergistic effect on
tumors showing a high sensitivity to cisplatin in the HDRA,
because of the difference in their apoptosis-inducing cffect
(microarray analysis) and the stronger activity demonstrated
against implanted RMG-1 and RMG-11 rumors by a combination
of these two drugs. Further investigation is still necessary, but
clinical activity of TAC-101 against ovanan carcinoma is
possible based on the results of the HDRA.

In conclusion, our findings suggest that the combination of
TAC-101, an orally active synthetic retinoad, and cisplatin may
be a potential new treatment for clear cell adenocarcinoma.
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Establishment of an ovarian metastasis model and
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in the metastasis

Yoshiko Kuwabara,'? Taketo Yamada,' Ken Yamazaki,' Wen-Lin Du,’ Kouji Banno,’ Daisuke Aoki’ and

Michiie Sakamoto'!

Departments of 'Pathology and ‘Obstetrics and Gynecology, School of Medicing, Kewo University, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan

(Received February 28, 2008/Revised June 14, 2008/Accepted June 24, 2008/0nline publication October 3, 2008)

Clinical observations of cases of ovarian metastasis suggest that
there may be a unigue mechanism underlying ovarian-specific
metastasis. This study was undertaken to establish an in vivo model
of metastasis to the ovary, and to i igate the mechanism of
ovarian-specific metastasis. We examined the capacity for ovarian
mtasbhnightdﬂhwmhmnwrdmmauﬂlimbyimphm:ﬁan

in female NOD/SCID mice t y and int i lly. By
inocul only IIERF-LGAI. a pooﬂy differentiated
carcinoma cell line, fi tly d d ovarian metastasis. By

intraperitoneal inoculation, four of the eight cell lines (HGC27,
MKN-45, KATO-Il, and RERF-LC-AI) metastasized to the ovary. We
compared E-cadherin expression among ovarian metastatic cell lines
and others. All of these four ovarian metastatic cell lines and HSKTC,
a Krukenberg tumor cell line, showed E-cadherin down-regulation
and others did not. E-cadherin was then for:ibu‘y expressed in RERF-
LC-Al, and inhibited i letely. The capacity for
metastasizing to the other organs was not - affected by E-cadherin
expression. We also performed histol g of dlinical
ovarian-metastatic tumor cases. About half of all ovarian-metastatic
tumor cases showed loss or reduction of E-udhmn expression. These
data suggest that E-cadherin d may be involved in
ovarian-specific metastasis. (Cancer Sd 1008 99: 1933-1939)
M elastasis is the major cause of death from cancer, despite

significant progress in the diagnosis and clinical
management of the diseases. It is urgent and essential to elucidate
the mechanisms of cancer metastasis in order lo improve the
prognosis of cancer patients, Generally, metastasis consists of
multiple events initialing invasion to the basement membrane
and connective tissue, followed by migration into an adjacent
blood or lymphatic vessels and the reaching of distant organs
The last step in metastasis is the arrest of circulating cancer
cells and formation of tumor foci at the target organ. Two
mechanisms have been proposed underlying the multiple steps
of metastasis."* One theory, that floating cancer cells in the
blood or lymphatic stream are trapped in capillary vessels by
mechanical constraints and grow to form secondary foci. simply
correlates with the blood or lymphatic flow pattern, Metastasis
of colon cancer to the liver may follow this anatomical theory,
for instance; however, the other is a more complicated hypothesis
hased on molecular interactions between cancer cells (seeds)
and the microenvironment of the target organ (soil). This ‘seed
and soil' theory can explain organ-specific metastasis such as
the bone metastasis of prostate cancer,” bruin metastasis of
breast cancer,™ and so on.

The incidence of metastatic ovarian tumors has been reported
to comprise 7-10% of all ovarian cancer™" The common
sources of ovarian metastatic tumors are the stomach, colon and
reclum, appendix, breast, uterus, lung, and skin (melanoma).''*-"*
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Interestingly, bilateral lesions are found in 50-70% of patients,"*-*
and there are several reports of cases of intramucosal gastric
cancers with ovarian melastasis.'"™'® These clinical data, which
indicate the propensily of some tumor subsets for metastasis
to the ovary, suggest the existence of unknown mechanisms
underlying ovarian-specific metastasis.

Among metastatic tumors in the ovary, there is an interesting
and controversial subset of tumors named Krukenberg tumors.
The term ‘Krukenberg tumor® has sometimes been loosely applied
1o any adenocarcinoma metastasizing to the ovary:; however, most
investigators used the classical criteria for the diagnosis of Kru-
kenberg twmor as follows: (1) cancer in the ovary; (2) intracellular
mucin production by neoplastic signet-ring cells; and (3) diffuse
sarcomaltoid prolileration of ovarian stroma.!'™'™ The mechanisms
that develop these morphologic alterations are not clear, but the
significant stromal proliferation suggests that some tumor-stroma
interactions may be involved in ovarian-specific metastasis.

To eclucidate the mechanisms underlying ovarian-specific
metastasis, an in vivo model of ovarian metastasis is definitely
needed. To date, however, such a model has never been established.
In our expeniments, eight different human carcinoma cell linex
were implanted in immune-deficient mice by transvenously and
intraperitoneally. We examined the capacity for ovarian melastasis
of these cell lines, and succeeded in establishing an in vivo
ovarian-metastasis model with stromal reaction in the ovarian
tumor. We further investiguted whether E-cadherin down-regulation
might be involved in ovarian-specilic metastasis, because all cell
lines revealing some capacity for metastasis to the ovary showed
loss or reduction of E-cadherin expression.

Materials and Methods

Cell cultures. We used eight human carcinoma cell lines, as
shown in Table 1. The characteristics and origins of MKN-28,
MEKN-45, MKN-74, TMK-1, and KATO-1ll1 are described
clsewhere."""*" HGC27, HSKTC,”" and RERF-LC-Al were
purchased from RIKEN BioResource Center, Japan. HGC27
and RERF-LC-AI were maintained in MEM (Gibco/lnvitrogen,
Carlsbad, CA, USA) with 10% fetal bovine serum (FBS; PAA
Laboratories, Ontario, Canada). HSKTC were maintained in F-12
HAM (Sigma-Aldrich, St. Louis, MO, USA) with 15% FBS and
2-mM L-glutamine. The other cell lines were maintained in
RPMI-1640 (Sigma-Aldrich) with 10% FBS. All media were
also supplemented with 100-pg/mL ampicillin and 100-pg/mL
streptomyein. All cells were incubated at 37°C under 5% CO,
and harvested from subconfluent cultures,
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Table 1. Human carcinoma cell lines inoculated into mice

Cell line Origin

HGC27 Poorly differentiated gastric carcinoma

TME-1 Poorly differentiated gastric carcinoma

MEKN-45 Poorly differentiated gastric carcinoma

MKN-28 Moderately differentiated gastric carcinoma

MKN-74 Maoderately differentiated gastric carcinoma

KATO- Gastric signet ring cell carcinoma

HSKTC Krukenberg tumaor

RERF-LC-Al Poorly differentiated lung carcinoma
Animals. NOD/SCID (NOD/LtSz-scid) mice were maintained

the secondary antibody at 1:50 dilution in 5% normal rabbit
serum, Texas Red-X phalloidin (Molecule Probes, Eugene, OR,
LUSA) and Hoechst (Molecule Probes) were used to visualize
filamentous actin and the nucleus, respectively. Slides were
examined using a Zeiss confocal laser scanning microscope
(Axiovert 200 M LSM510-Software: Carl Zeiss, Gottingen,
Germany).

Patients and tissue samples. To investigate clinical ovarian
metastatic tumor cases, 25 operated cases and five autopsies
were analyzed. In all cases, macroscopic enlargement of the
ovary was observed. Sections were prepared from formalin-fixed,
paraffin-embedded tissues of samples resected surgically between
1989 and 2005. This study was conducted under the approval of
the Ethics Committee of Keio University, School of Medicine.

in a specific pathogen-free environment. Six- to 8-week-old
mice were used in this experiment. Studies were conducted in
accordance with the National Institutes of Health Guide for the
Care and Use of Laboratory Animals,

Metastatic screening assays. Cells were suspended in the corres-
ponding medium and inoculated into mice by injection into the
tail vein (1 % 10° cells in 100 pL. per mouse) and peritoneal
cavity (1 x 107 cells in 100 pL per mouse). Mice were sacrificed
when they became moribund and were evaluated for the organ
distnbution of cstablished tumors. All experiments were
performed under appropriate anesthesia, The resected tissues
were fixed in 10% formalin. cut into 2- to 3-mm-thick slices.
and embedded in paraffin for subsequent histological examination.

Immunoblotting. Cells were lysed in a buller consisting of
25 mmol/L Tris-HC1 (pH 8.0), 5 mmoV/L ethylenediaminetetraacetic
acid (EDTA). 125 mmol/L NaCl, 0.5% Triton X-100. 0.5%
NP-40 (Sigmu-Aldrich), and protease inhibitor mixture (Roche
Diagnostics). After centrifugation at 20400g for 15 min, the
supernatant was obtuined. All 30-pg cell lysutes were subjected
o sodium dodecyl sullate—polyacrylamide gel electrophoresis
and then separated proteins were transferred to Hybond-P
(Amersham Biosciences, Buckinghamshire, UK). After blocking,
an anli-E-cadherin mouse monoclonal antibody (dilution 1:2500;
Becton Dickinson, NJ, USA) or anti-B-actin mouse monoclonal
antibody (dilution 1:1000; Sigma-Aldrich) was incubated for
1 h at room temperature. The membrane was incubated with
a horseradish peroxidase—conjugated secondary antibody (Dako,
Glostrup, Denmark) and visualized using an enhanced chemi-
luminescence kit (Amersham Biosciences).

Transfection. A PEF1/Myc-His vector plasmid containing the
murine E-cadherin gene or an empty vector plasmid (kindly
provided by Dr Shibata at the National Cancer Center Research
Institute, Tokyo, Japan) was transfected into RERF-LC-AI using
the Lipofectamine LTX Reagent (Invitrogen) according to the
manufacturer’s protocol. A neomycin resistance gene on the
vectors was used to create geneticin-resistant stable clones.

Immunofluorescence. RERF-LC-AI and its transfectant clones
were grown on collagen type l-coated culture slides (Becton
Dickinson) and fixed in 4% formalin for 10 min. They werc
permealized with 0.1% Triton-X-100, hlocked in 5% normal
rabbit serum, and incubated with an anti-E-cadherin mouse
moenoclonal antibody overnight at 4°C, followed by an fluorescein-
isothincyanate~labeled secondary antibody (Dako) for 30 min at
room temperature. The primary antibody was used at 1:100 and

hemistry. Each section was deparaffinized, rehy-
drated, and incubated with fresh 0.3% hydrogen peroxide in
methanol for 30 min at room temperature, For antigen retrieval,
sections were boiled in pH 6 (E-cadherin staining of mouse
samples) or pH 7 (smooth muscle actin [SMA] staining and
human-specific cytokeratin; CAM 5.2) citrate buffer for 10 min,
or autoclaved in pH 7 citrate buffer (E-~cadherin staining of
human samples), or incubated in 0.1% tripsin at 37°C for
20 min (pankeratin staining). The sections were then incubated
with primary antibodies for 1h at room temperature. The
primary antibodies and dilutions were as follows: anti-E-cadherin
monoclonal antibody (1:5000; BD Transduction Laboratory)
for mouse samples, anti-E-cadherin monoclonal antibody
(1:500, HECD1%) for human samples, anti-AE1/AE3 monoclonal
antibody (1:200; Dako), anti-SMA monoclonal antibody (1:200:
Dako), and anti-CAM 5.2 monoclonal antibody (1:20; BD
Transduction Laboratory). The sections were washed three times
in phosphate-buffered saline, and incubated with the secondary
antibody, Immpress Reagent (Vector Laboratories), for 30 min
at room temperature.

Statistical analysis. The ages of the patients with clinical ovarian
metastatic tumor were compared using the Mann—Whitney
U-test. Other correlations were analyzed by the x*-test. All
calculations were performed with ystat2000 (Iguku Tosho Shuppan,
Tokyo, Japan).

Results

Examination of the capacity for ovarian metastasis in the eight
cell lines and establishment of an ovarian-metastasis model. Using
transvenous inoculation to NOD/SCID mice, the tumorigenicity
of the eight human cancer cell lines was extremely low in our
examination. Almost all cell lines did not show any tumoni-
genicity, including in the lung or liver. Only RERF-LC-AI,
however, formed tumors in several organs (Table 2), RERF-LC-Al
metastasized to the lung at 100%, which was considered to be a
natural result because this cell line was originally derived from
a lung cancer, and also because the lung should generally be the
first organ that cells reach after injection into the tail vein.
RERF-LC-Al most frequently metastasized to the ovary (67%)
after the lung, and bilateral lesions were observed in one-third
of ovarian metastatic cases (Table 2, Fig. 1a). Therefore, it was
considered that RERF-LC-AI had a high propensity for ovarian
metastasis, and that the experimental system of transvenous
inoculation of this cell line to NOD/SCID mice could be used

Table 2. Organ distribution of experi 1 me is after inoculation of RERF-LC-AI
Organ
i Days after inoculation
Owvary (unilateral/bilateral) Peritoneal dissemination  Ascites Pancreas Liver Lung Bone/bone marrow

375 (60%) (2/1) /5 (20%) 075 (0%)

175 (20%) /5 (0%) 5/5 (100%)

173 (33%) 53-94
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(a)

Fig. 1. Experimental metastasis by inoculation
of human carcinoma cell lines. (a) Macroscopic
findings of mouse ovarian tumors. Transevenous
inoculation of RERF-LC-Al and intraperitoneal
incculation (i.p.) of HGC27 caused bilateral and
unilateral enlargement of the ovaries, respectively.
In the ip, experiment of TMK-1, the ovaries
were entirely buried in the disseminated tumor.
(b} Histology and immunohistochemistry (smooth
muscle actin [SMA] and human specific cytokeratin)
of mouse ovarian tumors of RERF-LC-AL Bar = 100 pm
(left upper), 20 um (the others). RERF-LC-Al cells
diffusely infiltrated the ovary, and there remained
only little normal ovarian tissue. In metastatic
tissue, stromal reaction of ovarian fibroblasts
was observed, (c) Histology of ovarian tumors
established by i.p. of HGC27 and TMK-1, Insets
show larger magnification of the tumor (HGC27)
and the border region of tumor and normal
avarian tissue (TMK-1). HGC27 cells proliferated
in the ovary (M), and normal ovarian tissue (N)
remained in lower part of the figure, surrounding
the metastatic tumor. This finding indicates
metastasis to the ovaries, not invasion, With
TMK-1, we observed the invasion of cancer cells
from the surface of the ovary. Bar = 100 pm,
10 pm (insets).

(b)

RERF-LC-AI

HGC27

HGC27

TMK-1

Table 3. Organ distribution of experi | is after intrap | inocul of the ditferent cell lines
Organ
Cell line Ovary (unilateralbilateral) Days after inoculation
Peritoneal dissemination Ascites Liver Lung
Metastasis Invasion
TMK-1 010 (0%) 5/10 (50%) (5/0) 10410 (100%) 1010 (100%) 610 (60%) 010 (0%) 21-24
HGC-27 179 (11%) (1/0) 0/9 (0%) 99 (100%) /9 (0%) 3/9 (33%) 39 (33%) 49-72
MEKN-45 1/5 (20%) (0/1) 0/5 (0%) 55 (100%) 2/5 (40%) V5 (20%) 25 (40%) 45-86
MKN-28 /8 (0%) 28 (25%) (2/0) 8/8 (100%) 6/8 (75%) 5/8 (63%) 218 (25%) 30-45%
MEN-74 /5 (0%) /s (0%) 475 (BO%) o5 (0%) 2/5 (40%) 055 (0%) 33-104
KATO-II 1/4 (25%) (1/0) 0/4 (0%) 2/4 (50%) 0/4 (0%) 2/4 (50%) 0/4 (0%) 101-164
HSKTC 012 (0%) 0M2 (0%) 1112 (B%) 012 (0%) 0112 (0%) 012 (0%) 119-264
RERF-LC-AI 1/4 (25%) (1/0) /4 (0%) 44 (100%) 4/a (100%) 1/4 (25%) 174 (25%) 37

as an in vive model of ovarian metastasis. Histologically,
three-quarters of the ovariun Wmors in this model demonstrated
a stromal reaction. mimicking the sarcomatoid proliferation of
ovanan fibroblasts in Krukenberg tumor (Fig. 1b)

Because the formation of tumor foci after transvenous
inoculation of the examined cell lines was extremely rare, we
also inoculated each cell line intraperitoneally. In this experiment,
peritoneal dissemination was observed most often in six of the
eight cell lines (Table 3). Ovanian involvement was also observed
in these six cell lines, however, in the cases of TMK-1 and
MKN-28, the ovaries were buried in the disseminated tumors.
and the cancer cells were considered to invade the ovaries
directly from predominant adjacently disseminated tumors. On
the other hand, by inoculation with HGC27, MKN-45, KATO-111.
and RERF-LC-AL, significant enlargement of the ovary without
adjacent dissemination was observed (Fig. la,c). These lour cell
lines are considered to have some capacity for metastasizing to
the ovary, but even in RERF-LC-AI, ovarian metastasis occurred

Kuwabara et al.
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at only a low percentage by intraperitoncal inoculation (i.p.).
Aller i.p. of RERF-LC-Al, mice became moribund and were
sacrificed carlier than after transvenous inoculation (37 days vs
53-94 days) (Tables 2 and 3). It cun be speculated that in i.p
cases, peritoneal dissemination might debilitate mice so rapidly
that ovarian metastasis could hardly be observed when they
were sacrificed.

HSKTC. a rare cell line derived from Krukenberg tumor,”"
was also used in our examination. Unfortunately, its tumon-
genicity was extremely low, even by intraperitoneal inoculation,
and we could not evaluate its affinity for the ovary in in vive
experiments.

Down-regulation of E-cadherin in ovarian-metastatic carcinoma
cell lines. To characterize the four metastatic cell lines, we
searched the common features concemning gene expression.
Although we examined the expression of some chemokines and
their receptors, these molecules were not commonly expressed
in the four cell lines. Then we focused on another molecule,

CancerSci | Ottober2008 | vol.93 | no.10 | 7935
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Fig. 2. E-cadherin expression in different carcinoma cell lines. (a)
Immunoblot analysis of eight human carcinoma cell lines, Of the four
cell lines which clearly metastasized to the ovary, all but MKN-45
demanstrated loss of E-cadherin expression. A Krukenberg tumor cell
line, named HSKTC, was also negative for E-tadherin, although it
showed extremely poor tumarigenicity in NOD/SCID mice (§). All non-
‘ovarian-metastatic’ cell lines expressed E-cadherin strongly. (b)
Hematoxylin-eosin  staining and E-cadherin  immunochistochemical
staining of ovarian lesions of KATOI and MKN-45, and disseminated
tumor of TMK-1. KATO-IIl was negative for E-cadherin, and MKN-45
showed only weak staining of the cytoplasm. TMK-1 demonstrated
positive staining of the cell membranes. 8ar = 20 pm.

E-cadherin, whose down-regulation and inactivation in these
cells have been reported previously.”*** We examined E-cadherin
cxpression of the cight carcinoma cell lines by immunoblot
analysis and immunohistochemical staining of mouse tumors.
The three of four ‘ovarian-metastatic’ cell lines and HSKTC

- showed loss of E-cadherin expression in immunoblot analysis

and immunohistochemistry (Fig. 2a,b). Although MKN-45,
an ‘ovarian-metastatic’ cell line, was E-cadherin-positive in
immunoblot analysis, 1ts metastatic wmor demonstrated only
weak cytoplasmic staining by E-cadherin immunohistochemistry
(Fig. 2b). Dysfunctional E-cadherin by an in-frame deletion
mutation of the gene in MKN-45 cells™" seems to be involved
in the cytoplasmic localization, On the other hand, non-
‘ovarian-metastatic’ cell lines TMK-1, MKN-28, and MKN-74,
were positive on E-cadherin immunoblotting and also showed
strong membranous staining in immunohistochemistry.

Inhibition of ovarian metastasis by E-cadherin expression. To
investigate whether E-cadherin down-regulation has any effect
on ovarian metastasis, the munne E-cadherin gene was transfected
into RERF-LC-Al, which showed a high propensity for metastasis
to the ovary by transvenous inoculation. Transfectant clones
were confirmed to express E-cadherin by immunoblot analysis
(Fig. 3a), and immunocytochemistry proved the localization of
E-cadherin on cell membranes (Fig. 3b). Three high-expressing
clones (LC CDHI-1, -6, -8) and two emply vector-expressing
clones (LC vector-3, -4) were inoculated into immune-deficient
mice by intravenous injection. None of the E-cadherin transfectants
showed tumorigenicity in the ovaries, while mock cells metastasized
to the ovaries at high frequency (Table 4). The capacity for
melastasis lo other organs, such as the pancreas and lung, was
maintained in all of the transfectants examined. E-cadherin
expression of mouse metastatic tumors of LC CDHI-1, -6, and
-8 was confirmed by immunohistochemistry (Fig. 3c). These
data indicate that E-cadherin expression specifically inhibited
ovarian metastasis in our model.

Classification of dlinical ovarian-metastatic tumors by E-cadherin
expression, In order to identify whether E-cadherin down-
regulation is also observed in clinical cases, we classified 30
cases of ovarian-metastatic tumor by E-cadherin expression
examined by immunohistochemistry (Table 5 and Fig. 4). Loss
or reduction of E-cadherin expression was observed in 14 cases,
und this subsel of lumors showed significant associations with a
younger population, stomach origin, bilateral involvement of the
ovaries, poor differentiation, and stromal proliferation. The
other 16 cases demonstrated u strong expression of E-cadherin,
Most of these tumors were of colonic origin and well differentiated.
Stromal proliferation was rarely observed in E-cadherin-positive
Cdses.

Discussion

Organ-specific metastasis has been investigated intensively and
the underlying mechanism has been partly elucidated in several
types of carcinoma.'” The findings of diverse molecules, such as
chemokines. growth factors and so on. signal pathways, and new
genes have enabled new developments in this field;"*" however,
there has been no basic research on ovarian-specilic metastasi

In the present study, we examined the capacily for metastasis to
the ovary in different human carcinoma cell lines. Implantations
of the cell lines into NOD/SCID mice were performed

Table 4. Organ di: of experi is after inoculation of RERF-LC-AI transfectants
Organ

Transfectant i i

Ovary (unilateral/bilateral) Pe"m.neal Ascites Pancreas Liver Lung Boneone inoculation

dissemination marrow

LC/CDHI-1 075 (0%) 175 (20%) 075 (0%) 175 (20%) 05 (0%) 5/5 (100%) 075 (0%) 68-163
LOICDHI-6 075 (0%) 5 (60%) 075 (0%) 0/5 (D%) 0/5 (0%) /5 (60%) o/5 (0%) 70-91
LOCDHI-8 0/5 (0%) 215 (40%) 0/5 (0%) 5/5 (100%) 075 {0%) 5/5 (100%) 115 (20%) 53-712
LCivector-3 4/5 (80%) (212) 5 (20%) 1/5 (20%)  3/5 (60%) V5 (20%)  A/5 (BO%) 175 (20%) 31-66
LCvector-4 374 (75%) (1/2) /4 (100%) 214 (50%) 34 (75%) 144 (25%) 4/4 (100%) 0/4 (0%) b6-B6
1936 dai: 10.1111/.1349-7006.2008.00946.x
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Fig. 3. Expression of E-cadherin in RERF-LC-Al
transfectants (a,b) and representative findings of
mouse tumors of the transfectants ([c] LC CDH-1
[d] LC vector-3). (a) Immunoblot analysis, E-
cadherin transfectants were positive for E- (C)
cadherin, while mock clones and the parent cell
line were negative. (b) Immunocytochemistry of
LC CDH1-1, LC vector-3. Staining of E-cadherin
(fluorescein-isothiocyanate-green), filamentous
actin {phalloidin-red). LC CDH1-1 cells expressed
E-cadherin, and merged staining of E-cadherin,
actin, and nucleus (Hoechst-blue) showed
membranous colocalization at the cell junction.
(c,d) Hematoxylin-eosin staining and E-cadherin
immunohistochemistry of the tumors. All clones
tested showed tumorigenicity in the lung,
and the lung tumors of E-cadherin transfectants
showed E-cadherin expression in  immuno-
histochemical staining. None of the E-cadherin
transfectants metastasized to the owvary, while
the mock clones showed high capacity for
ovarian metastasis. Bar = 20 pm.

-
2

Table 5. Classification of clinical ovarian metastatic tumors by E-cadherin expression

E-cadherin expression

Variables Pvalues
Negative or weakly positive Positive
Number of cases 14 16
Median age 48.6 (29-77) 59.2 (46-T8) 0.014*
Primary organ 0.028**
Stomach 10
Colon 2 13
Breast 1 1]
Unclear 1 1]
Ovarian involvement 0.043*
Bilateral 1" B
Unilateral 1 7
Unclear 2 1
Peritoneal dessemination 0.14
Positive 1" 8
Negative 3 8
Histological findings of ovarian metastatic tumor
Differentiation 0.00002*~
Well or Moderate 0 12
Poor 14 a
Stromal proliferation 0.0002**
Positive mn 2
Negative 3 14

*P <0.05; “*P<0.01.

transvenously and intraperitoneally. By clinical descriptions,'** " ovarian-specific metastasis by both transvenous and intruperitoneal
systemic circulation, peritoneal dissemination, and the lymphatic  inoculation. Transvenous inoculation of RERF-LC-AI and its
pathway are thought to be potential anatomical routes lfor  transfectants of empty vector caused ovarian metastasis with
melastasizing lo the ovary. In our present model, hematogenous  remarkably high frequency, although the cells also metastasized
spread as well as the lymphatic pathway may be involved in the (o the other several organs. It could be considered that there

Kuwabara et al, Cancer %1 | October 2008 | vol. 99 | no, 10 | 1937
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pankeratin SMA

Fig. 4. Representative findings of ovarian metastatic tumors in clinical cases, hematoxylin-eosin (HE) and immunohistochemical staining.
E-cadherin-negative or weakly positive case (a) and E-cadherin-positive case (b). HE staining and immunohistochemistry of E-cadherin, pankeratin
(AEV/AE3), and smooth muscle actin (SMA). In (8), loss of E-cadherin expression and stromal proliferation were observed. In (b), metastatic tumor
of well-differentiated adenocarcinoma showed E-cadherin positivity and relatively poor proliferation of stroma. Bar = 20 pm,

estahlished an in vive model of “preferential’ metastasis to the
ovary, and then we utilized this model for investigation of
molecular mechanisms of ovarian-specific metastasis.

Because all of the cell lines which metastasized to the
ovary by intraperitoneal inoculation showed loss or reduction of
E-cadherin expression on immunoblotting and/or immunohisto-
chemistry, we hypothesized that E-cadherin down-regulation
might be involved in the mechanism of ovarian-specific metastasis.
To examine this hypothesis, RERF-LC-AI was transfected with
the murine E-cadherin gene and inoculated into NOD/SCID
mice transvenously. Forced expression of E-cadherin in RERF-
LC-Al inhibited ovarian metastasis entirely and specifically, as
it hardly affected metastasis 1o the other organs. E-cadherin is a
transmembrane glycoprotein localized in the adherens junctions
of cpithelial cells and acts as a calcium-dependent adhesion
molecule.?” The reduction of E-cadherin expression increases
mitotic activity of cancer cells, and promotes invasion and
metastasis in general:®** however, the resulls of our experiments
indicate that loss or reduction of E-cadherin expression may
promote, in particular, ovarian-specific metastasis. It has been
shown that the germ line inactivating mutations in the E-cadherin
gene causes hereditary diffuse gastric cancer syndrome, which is
characterized by a high risk for diffuse gastric cancer and lobular
breast cancer,”™"" tumors that arc associated with increased
incidence of ovarian metastasis.""*" These data also support the
hypothesis that E-cadherin down-regulation might be involved
in ovarian-specific metastasis. Because it is hard 1o explain such
involvement by only the function of E-cadherin as an adhesion
molecule, there may be other unknown regulatory functions of
E-cadherin, which can inhibit metastasis 1o the ovary.

Especially in organ-specilic metastasis, the final step in metastatic
events, where circulating cancer cells arrest and form tumor
foci at distant sites, is considered 1o be an essential actor in
specificity.*® Those factors depend on the assuciation of the
characters of cancer cells and the microenvironment of the
distant organ. For instance, osteoblastic bone metwstasis of prostate
carcinoma is closely associated with a series of biological
interactions between tumor cells and bone cells where metastatic
tumor cells release growth fuctors that in tum activate osteoblasts, ™

1938

In classical Krukenberg tumor, ovarian stroma proliferates
sarcomatously.”*** It can be hypothesized that there may be
significant interaction between some types of cancer cells and
ovarian stromal cells. Such tumor—stroma interaction may cause
unique stromal proliferation and, perhaps as a result, help ovarian-
specific metastasis, In our histological examination of clinical ovarian
metastatic tumors, loss or reduction of E-cadherin expression
was observed in about half of the cases. Interestingly, significant
stromal proliferation and E-cadherin down-regulation emerged
almost synchronously, Our in vive model also demonstrated both
E-cadherin down-regulation in RERF-LC-AI cells and stromal
reaction in the ovary. Reduction of E-cadherin may be necessary
for possible tumor-stroma interaction in ovarian-metastatic [Wmors.

In our clinical examination, mos! primary organs of E-cadhenn
down-regulated tumors were the stomach or breast, which are
anatomically distant from the ovary. On the other hand, the
majority of E-cadherin-positive tumors metastasized from the
colon, which is relatively close 1o the ovary. This type of ovarian
metastasis is considered 1o simply depend on anatomical proximiry.
Therefore, it is speculated that there are multiple types of
metastasis 1o the ovary. The metastasis from relatively distant
organs, which could be due 1o some propensity of cancer cells
for ovarian metastasis and be regarded as ovarian-specific
metastasis, may require E-cadherin down-regulation. In such
type of metastasis, the interaction of carcinoma cells and ovarian
stromal cells may help the metastasis.

In conclusion, we established an in vive model of transvenous
metastasis (o the ovary. Our experiments using this model and
investigation of clinical cases suggest the involvement of E-
cadherin down-regulation in ovarian-specific metastasis.
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F1 HEEEMEAFEIEER
fEDI ENE (%) PFS$={l (8) MR

Doxorublcu_ﬂ . 43 37 5 1)
(B0 mg m® - every 3 weeks)
Epirubicin . o7 26 95 5
(B0 mg m® - every 3 weeks)

Qsp]atm . 49 20 29 3
(50 mg m® - every 3 weeks)

(.I‘.arboplahn 64 17 - 8
{400 mg./m* - every 4 weeks)

i 4

Paclitaxel (24h) o8 36 7 5)
(250 mg/m*/ 24h - every 3 weeks)
Paclilaxei (3h) 23 30 43 6)
(210 mg/m*/3h - every 3 weeks)
DOGEW_EI 32 31 3.9 7)
(70 mg/m’ - every 3 weeks)

PFS : progressive frea survival

£7-DOCI, MUK AR THIT SRS THR (FT2L5-10 E1).
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PFSRfl () SHFHRFRE (B) ik

GOG 48 A 132 22 3.2 8.9 1)
AC 144 30 3.9 7.3
(NS) (NS) (p=0.048)
GOG 107 A 150 25 3.8 9.2 8)
AP 131 42 57 9.0
(p=0.004) (p=0.014) (NS)
EORTC 55872 A 87 17 7 7.0 9)
AP 90 43 8 9.0
(p<0.001) (NS) (NS)
GOG 163 AP 157 40 7.2 12.6 10)
AT 160 43 6 13.6
(NS) (NS) (NS)
GOG 177 AP 129 34 5.3 12.3 11)
TAP 134 57 8.3 15.3
(p<0.01) (p<0.01) (p=10.037)
GOG 209 TAP -
TC on going
JGOG 2043 AP
TC on going
DP

A : adriamycin, AC : adriamycin + cyclophosphamide, AP : adriamycin + cisplatin, AT : adriamycin + paclitaxel, TAP :
paclitaxel + adriamycin + cisplatin, TC : paclitaxel + carboplatin, DP : docetaxel + cisplatin

PFS : progressive free survival, NS : no significance
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GOG 209 on going
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E1 BRTFESSIIHTSRCTOE:E

A : adriamycin, AC : adriamycin -+ cyclophosphamide, AP : adriamycin + cisplatin,
AT : adriamycin + paclitaxel, TAP : paclitaxel + adriamycin + cisplatin, TC :
paclitaxel + carboplatin, DP : docetaxel + cisplatin
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SBRIEODWTIZAPHETEWEImERL
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APMETHHEEZLNT VWA

L2*L, GOGBLU'EORTC COKRABD
ARG, BUNSIRES G IRE O ROV
TIREFA VSO0, {LEBREIIDOLTITAE
WMEOLVHE - BT FEREBL LTWwE D,
{fLEREHTROBREFERBICHTHIL AL
OBRICHMLTITHEICES LZHTHBA,
PTX BHALFHR G EHH 2V EBEROTERE
HI9BIZH LTH 36.8% DEHFAME 2T
WAHIENLY HiEHRELTPTXAAHVWSH
Twiithidtaxane Wil 2l & L 722 BFH#RE
LEAazIiTALELZONS.
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VhH I kA5, progesteronelZiE TE R# 2T
ThiEHEIED SRS, TOERBREL
Tid. estrogen receptor @ down regulation * #
£+ 4, progesterone receptor # 4 L THi#H
a7 apoptosis # 5+ 5. estradiol A 5 estrone
AT XL DS F TestrogeniFiEd FiFs, %
VrEZ SR TWA. ProgesteroneM#lL LT
iImedroxyprogesterone acetate (MPA) %
megestrol acetate (MA), hydroxyprogesterone
caproate iV 641, progesterone AL L TD
B ETTFEARICHTAEHEIII~16% L
HEXhTWAY, Fi #ilfestrogene TF
{EEh3E (SERM) Td 5 tamoxifen b FEEM
R 2SS RAMAF S, GOGTIEMA
¢ tamoxifen & OZCHE L MPA L L < IEMA
& tamoxifen & OHF B EAfTHILTW A A,
HE B W Tiiprogesterone Bl & B L T
HEZEZZO o0, tamoxifen BINES O H
HEEEShTVEWIELD ZoOMOSERM &
L T arzoxifene %° toremifene, raloxifene %3 4 7%,
FTOMFILRAYUTH 5.

PITi R LR TR R FEEBIZE LTS
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B 2 8T TAP Bt v.s. tamoxifen + MA ##
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WTREMOHELEFTY RiTHhWDH, 45
QOL# WM A A THTRIEILER 215
METHN, SEBOTETY2AOEMIMFEIL
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BT ALY A DERBLEFORMEELEB L 7.
BRFEAS G T LEEREL LTI, plat-
num B % .0 & L T anthracycline & £ 7213
taxane REF 2 HAGbEL L I 2 L EY
ThrLtBEbhs L L, FEEBOLERE
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