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HIEERERL (ZEX) Overexpression of S100A4 is associated with DNA hypomethylation and
enhanced invasiveness in ovarian carcinomas
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WFZER R OMEEL (353C)  : The S100A4 protein which belongs to calcium binding S100 protein
family has been suggested to be linked to metastatic phenotypes of cancer cell. In this
study, we investigated the association between the expression of S100A4 and
hypomethylation of the S100A4 first intron in ovarian carcinoma cells. We first used
immunohistochemistry to examine the expression and localization of S100A4 in 113
epithelial ovarian neoplasms and analyzed its prognostic significance in patients with
ovarian carcinoma. Ovarian carcinoma patients with strong nuclear S100A4 expression showed
a significantly shorter survival than those without (p=0.0045). Three ovarian cancer cell
lines (SKOV3, A2780, A2780/CDDP) expressed S100A4, however, OVCAR3 and OSEs did not
Matrigel invasion assay showed that the expression level of S100A4 was associated with
invasive ability in ovarian cancer cells. The specific siRNA for S100A4 suppressed S100A4
expression and the invasiveness of A2780/CDDP cells. We then studied the relationship
between DNA methylation status and S100A4 expression by bisulfite-modified DNA sequencing
in ovarian cancer cell lines and 51 cases of ovarian carcinoma tissues. We found that CpG
sites in the first intron of the S100A4 gene were hypomethylated in S100A4 positive ovarian
carcinoma cells. In contrast, these CpG sites were methylated in S100A4 negative ovarian
carcinoma cells and S100A4 expression was altered by 5—aza—2deoxycytidine treatment. In
ovarian cancer tissues, 24 cases of S100A4 strongly positive were hypomethylated in the

first intron of S100A4 gene and 14 of all S100A4 negative cases were methylated



(SFEHANL 0 )

[ERES S frBeR & A &k
2008 4 1, 400, 000 420, 000 1, 820, 000
2009 4 & 1, 200, 000 360, 000 1, 560, 000
2010 4EJiE 1, 000, 000 300, 000 1, 300, 000
R
R
o E 3, 600, 000 1, 080, 000 4, 680, 000
WFE B - pEsm AR
BB OF - MIB - SABSRERIRES: - PEfm AFY

XF—U— R OB, WA T 1{b, S100A4

1. BFFEBRAA MR DTS 5
TAITINETIT, JIEEETIE LT L
AEE O S100A4 FBLH BMEEEC b~ CHY
L TWHZEEZRHL TSI EnG, I
AFIARIZ K D S100A4 FEBUEEERERE 2 Mt
THZ b LT,

2. WHEOBEM
GBI 351 5D S100A4 FEELTTHERE T % iRt B

T 572012, S100M BT DOFE—A( > bav

D CpG HA kDA FNALOA A EHE S 5 7>

775 AT L. INEUEIZI T DA Tk
FBERATHZLEEHMNE LT,

3. WHEDIA
1) PRELpEAHAR I 3
Tt & OBMREfENT LT-, RIE(LIPEERE -
P (0SE2a) 35 K ORBUEMIAkKIZ 1T 5
S100A4 D58 % RT-PCR. Western blot. 7t
?szf—‘ et TRt L7, 2) JREUE /AL ORI
HE% . Matrigel invasion assay (24 o C§F
ﬁb S100A4 JBL & DAEBI ZMFf L7z, 3)
S100A4 7Bl % siRNA (2 THNHI L, Z 0i2iH6E
DA% Matrigel invasion assay |2 Ty
L72, 4) OSE # X1 S100A4 {EF SLHIARAR
OVCAR3 (ZJid A F /L ALAI Z AN L, S100A4 FEHL
OB E BRI LT, 5) Bisulfite- sequence
HZC S100A4 3RBLE S100A4 BT DHE 1

75 S100A4 HELZ ML .

exon @ CpG T A kD A F )Lk & OBEE % st
L7z,

4. WFFERLE
1) S100A4 AZFEBARGMEIL BMEERIC N TE
CTHEIZEHEETH -7, S100A4 2B E 5]

TEREMEBNZ b LA B RE A AT B R 23 i L
THY (p=0.0045) . ZEL L7 THREATTH-
770 GRBLEHIAERIZ BV T B OB

JAERIZ I T S100A4 AAFELL Tz, 2)
S100A4 K& BUAMAEERIZ L L, S100A4 J& BLAMAE
HRIZEB W TEDOREEEN L L Tz, 3)
S100A4-siRNA (2 X 0 Z DR IERES P S
7o 4) WA F ALANIRINZ X 0D S100A4 FEHL
23AfE L7z, 5) OSE #ifds L U S100A4 K5 5L
FEAIL TIE A F /AL SAUTUVZA3, S100A4 5 R 5
BT A F AL ENTEY . AFALDOFH
73 S100A4 AR AFRBLE M L T,

5. EARRMLE

(BFgE e, BFIE Sy HLA R OSSR e 41
(ER Y

(RS0 (3H20 1)

1. Hayashi T, Horiuchi A, Sano K, Hiraoka
N, Kanai Y, Shiozawa T, Tonegawa S,
Konishi I. Molecular Approach to


http://www.ncbi.nlm.nih.gov/pubmed/21437229

Uterine Leiomyosarcoma:
LMP2-Deficient Mice as an Animal Model
of Spontaneous Uterine
Leiomyosarcoma. Sarcoma.
2011:2011:476498. (&FFHH V)

Takano M, Kikuchi Y, Kudoh K, Goto T,
Furuya K, Kikuchi R, Kita T, Fujiwara
K, Shiozawa T, Aoki D. Weekly
administration of temsirolimus for
heavily pretreated patients with clear
cell carcinoma of the ovary: a report
of six cases. Int JClin Oncol. 2011 Jan
18. (EHH V)

Hayashi A, Horiuchi A%, Kikuchi N,
Hayashi T, Fuseya C, Suzuki A, Konishi
I, Shiozawa T. Type-specific roles of
histone deacetylase (HDAC)
overexpression in ovarian carcinoma:
HDAC1 enhances cell proliferation and
HDAC3 stimulates cell migration with
down-regulation of E-cadherin. Int J
Cancer. 2010;127(6) :1332-46. (&Hid
D)

Abiko K, Mandai M, Hamanishi J,
Matsumura N, Baba T, Horiuchi A, Mikami
Y, Yoshioka S, Wakasa T, Shiozawa T,
Konishi I. Oct4 expression in immature
teratoma of the ovary: relevance to
histologic grade and degree of
differentiation. Am J Surg Pathol.
2010;34(12) :1842-8.  (&HHdH V)
Okamoto T, Matsumura N, Mandai M, Oura
T, Yamanishi Y, Horiuchi A, Hamanishi
J, Baba T, Koshiyama M, Shiozawa T,
Konishi I. Distinguishing primary from
secondary mucinous ovarian tumors: an
algorithm using the novel marker
DPEP1. Mod Pathol. 2010 Nov 12. (%t
HV)

Suzuki A, Horiuchi A, Ashida T,
Miyamoto T, Kashima H, Nikaido T,
Konishi I, Shiozawa T. Cyclin A2
confers cisplatin resistance to
endometrial carcinoma cells via
up—regulation of an Akt-binding
protein, periplakin. J Cell Mol Med
2010 Sep;14(9) :2305-17.  (FacdH )
Hayashi T, Horiuchi A, Sano K, Hiraoka
N, Kanai Y, Shiozawa T, Tonegawa S,
Konishi I. Mice—lacking LMP2,
immuno—proteasome subunit, as an
animal model of spontaneous uterine
leiomyosarcoma. Protein Cell. 2010
Aug;1(8):711-7. (EH#HHY)

Fakhry H, Miyamoto T, Kashima H, Suzuki
A, Ke H, Konishi I, Shiozawa

T. Immunohistochemical detection of

10.

11.

12.

13.

14.

15.

histone deacetylases in endometrial
carcinoma: involvement of histone
deacetylase 2 in the proliferation of
endometrial carcinoma cells. Hum
Pathol. 2010 Jun;41(6) :848-58. (&t
HV)

Suzuki A, Horiuchi A, Oka K, Miyamoto
T, Kashima H, Shiozawa

T. Immunohistochemical detection of
steroid receptor cofactors in ovarian
endometriosis: involvement of
down-regulated SRC-1 expression in
the limited growth activity of the
endometriotic epithelium. Virchows
Arch. 2010 Apr; 456(4):433-41. (##t
HY)

Hayashi T, Kobayashi Y, Horiuchi A,
Hiraoka N, Kanai Y, Aburatani H,
Tonegawa S, Konishi I, and Sano K. :
Tumor immunoediting: from
immunosurveillance to tumor escape—in
case of uterine leiomyosarcoma-—.
Current Res. Immunol. 2010; Inpress.
(EFEH )

Ohira S, Miyake M, Kobara H, Kikuchi
N, Osada R, Ashida T, Hirabayashi K,
Nishio S, Kanai M, Shiozawa T. Fetal
goitrous hypothyroidism due to
maternal thyroid stimulation—blocking
antibody: a case report. Fetal Diagn
Ther. 2010;28(4) :220-4. (&EFdH V)
Satoh T, Hatae M, Watanabe Y, Yaegashi
N, Ishiko 0, Kodama S, Yamaguchi S,
Ochiai K, Takano M, Yokota H, Kawakami
Y, Nishimura S, Ogishima D, Nakagawa S,
Kobayashi H, Shiozawa T, Nakanishi T,
Kamura T, Konishi I, Yoshikawa

H Outcomes of fertility-sparing
surgery for stage I epithelial ovarian
cancer: a proposal for patient
selection. J Clin Oncol. 2010 Apr
1;28(10) :1727-32, (EHHY)

UNER T, A TEE, AR, 9
E. WIUTH « SRELE IR LR O

DR, PER AFIOZERE vol. 59
No. 10, ppl501-1508. 2010. (&EFHi/e2 L)

PN, HEIRSHE - DREE A O B AR
& BRI, f5INERE, 48 1 143~151,
2010 (&EHH D)

Miyamoto T, Horiuchi A, Kashima H,
Suzuki A, Yamada T, Kurai M, Konishi
I, Shiozawa T. Inverse correlation
between Skp2 and p27 (Kipl) in normal
endometrium and endometrial

carcinoma. Gynecol Endocrinol. 2009
Aug 31:1-10. (EHH V)



http://www.ncbi.nlm.nih.gov/pubmed/21437229
http://www.ncbi.nlm.nih.gov/pubmed/21437229
http://www.ncbi.nlm.nih.gov/pubmed/21437229
http://www.ncbi.nlm.nih.gov/pubmed/21437229
http://www.ncbi.nlm.nih.gov/pubmed/21243393
http://www.ncbi.nlm.nih.gov/pubmed/21243393
http://www.ncbi.nlm.nih.gov/pubmed/21243393
http://www.ncbi.nlm.nih.gov/pubmed/21243393
http://www.ncbi.nlm.nih.gov/pubmed/21243393
http://www.ncbi.nlm.nih.gov/pubmed/20049841?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20049841?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20049841?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20049841?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20049841?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20049841?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/21107090
http://www.ncbi.nlm.nih.gov/pubmed/21107090
http://www.ncbi.nlm.nih.gov/pubmed/21107090
http://www.ncbi.nlm.nih.gov/pubmed/21107090
http://www.ncbi.nlm.nih.gov/pubmed/21076463
http://www.ncbi.nlm.nih.gov/pubmed/21076463
http://www.ncbi.nlm.nih.gov/pubmed/21076463
http://www.ncbi.nlm.nih.gov/pubmed/19583808?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19583808?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19583808?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19583808?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19583808?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/21203912
http://www.ncbi.nlm.nih.gov/pubmed/21203912
http://www.ncbi.nlm.nih.gov/pubmed/21203912
http://www.ncbi.nlm.nih.gov/pubmed/21203912
http://www.ncbi.nlm.nih.gov/pubmed/21203912
http://www.ncbi.nlm.nih.gov/pubmed/20178884
http://www.ncbi.nlm.nih.gov/pubmed/20178884
http://www.ncbi.nlm.nih.gov/pubmed/20178884
http://www.ncbi.nlm.nih.gov/pubmed/20178884
http://www.ncbi.nlm.nih.gov/pubmed/20178884
http://www.ncbi.nlm.nih.gov/pubmed/20155281?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20155281?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20155281?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20155281?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20155281?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20155281?itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVDocSum&ordinalpos=1
http://www.ncbi.nlm.nih.gov/pubmed/20881365
http://www.ncbi.nlm.nih.gov/pubmed/20881365
http://www.ncbi.nlm.nih.gov/pubmed/20881365
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/20194858
http://www.ncbi.nlm.nih.gov/pubmed/19724954?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19724954?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/19724954?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

16.

17.

18.

19.

20.

Yoshida J, Horiuchi A, Kikuchi N,
Hayashi A, Osada R, Ohira S, Shiozawa
T, Konishi I. Changes in the expression
of E-cadherin repressors, Snail, Slug,
SIP1, and Twist, in the development and
progression of ovarian carcinoma: the
important role of Snail in ovarian
tumorigenesis and progression. Med Mol
Morphol. 2009 Jun;42(2):82-91. (&Fi
HV)

Kashima H, Shiozawa T, Miyamoto T,
Suzuki A, Uchikawa J, Kurai M, Konishi
I. Autocrine stimulation of IGF1 in
estrogen—induced growth of
endometrial carcinoma cells:
involvement of the mitogen—activated
protein kinase pathway followed by
up—regulation of cyclin D1 and cyclin
E. Endocr Relat Cancer. 2009
Mar;16(1) :113-22. (EHH V)

Kashima H, Horiuchi A, Uchikawa ],
Miyamoto T, Suzuki A, Ashida T, Konishi
I, Shiozawa T. Up-regulation of
nuclear receptor corepressor (NCoR) in
progestin—induced growth suppression
of endometrial hyperplasia and
carcinoma. Anticancer Res. 2009
Apr;29(4) 11023-9. (F#HH V)

Horiuchi A%, Kikuchi N, Osada R, Wang
C, Hayashi A, Nikaido T, Konishi

I. Overexpression of RhoA enhances
peritoneal dissemination: RhoA
suppression with Lovastatin may be
useful for ovarian cancer. Cancer Sci.

2008 Dec;99(12) :12532-9. (&HHH 1)
N T 0 BB AER LUOERED
TV = RT 4 7 AEHT-BRCAL A F L1k
B L US100A4 i A F /AL DERIR MY E 2%
A APERHm NFH P MERS. 600 1844-1854,
2008 (FHi 7 L)

(Fa¥R) Gt 51F)

1.

Horiuchi A : Possible role of hypoxia

in ovarian cancer progression
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