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Table 3
Univariate and multivariate analyses of prognostic factors for OS.
Variables Univariate analysis Multivariate analysis
Number of patients S-year OS (%) P value Hazard ratio (95% CI) P value
Age
<22 91 934 0.001 Reference
=22 120 77.8 3.02 (1.18-9.27) 0.02
FIGO stage
LI 140 92 <0.0001 Reference
111, 1V 71 70 1.12 (0.34-3.88) 0.85
Period at initial treatment
1980-2000 109 833 0.61
2001-2007 102 86.0
Ascites
Absent 44 88.2 0.39
Present 163 83.2
Serum AFP level before treatment (ng/ml)
<33,000 118 93.1 0.004 Reference
>33,000 56 76.4 3.58 (1.48-9.16) 0.005
Histology
Pure YST 144 83.8 0.82
Mixed YST 67 86.3
Fertility-sparing surgery
All stages
Yes 157 90.2 0.41
No 39 84.5
Stage HI/1V
Yes 39 76.5 0.84
No 23 78
Residual tumor at primary surgery
All stages
Absent 150 92.5 <0.0001 Reference
Present 56 62.4 3.93 (1.25-13.2) 0.02
Stage 111/1V
Absent 23 95.7 0.002
Present 46 56.4
Postoperative chemotherapeutic regimen in initial treatment (versus BEP)
All stages (versus BEP)
BEP 112 93.6 Reference
Non-BEP 99 74.6 0.0004 4.35(1.71-13.3) 0.002
PVB 33 87.5 0.43
PEP 20 85.0 0.29
TC 8 62.5 0.003
VAB 7 85.7 0.61
Non-BEP with platinum 92 75.9 0.0009
Non-BEP without platinum 7 57.1 0.003
Stage ITI/IV
BEP 35 94.0
Non-BEP 36 472 <0.0001
PVB 9 66.7 0.02
PEP 6 50.0 0.0009
TC 4 25.0 <0.0001
VAB 4 75.0 0.17
Presence of residual tumor at initial surgery
BEP 25 91.8
Non-BEP 31 38.7 <0.0001
PVB 8 50.0 0.004
PEP 5 40.0 0.002

Abbreviations: PFS, progression-free survival; OS, overall survival; CI, confidence interval; FIGO, International Federation of Gynecology and
Obstetrics; AFP, alpha-fetoprotein; YST, yolk sac tumor; BEP, combination chemotherapy with bleomycin, etoposide and cisplatin; PVB,
combination chemotherapy with cisplatin, vinblastine and bleomycin; PEP, combination chemotherapy with peplomycin, etoposide and cisplatin;
TC, combination chemotherapy with paclitaxel and carboplatin; VAB, combination chemotherapy with vinblastine, actinomycin D, cisplatin,
bleomycin and cyclophosphamide.
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Fig. 2. (A) Overall survival curve for patients with stage III-IV disease who received BEP and non-BEP. The 5-year OS was 94.0% with BEP
(n = 35), 66.7% with PVB (n=9), 50.0% with PEP (n = 6) and 43.5% with other regimens (n = 21) (P < 0.0001). (B) Overall survival curve for
patients with residual tumor at initial surgery who received BEP or non-BEP. The 5-year OS of 56 patients with residual tumor at primary surgery
was 91.8% with BEP (n = 25), 50% with PVB (n = 8), 40.0% with PEP (n = 5) and 33.3% with other regimens (n = 18) (P < 0.0001). Abbreviations:
BEP, bleomycin + etoposide + cisplatin; OS, overall survival; PVB, cisplatin + vinblastine + bleomycin; PEP, peplomycin + etoposide + cisplatin.

correlation with prognosis [7.21.22]. The recent study
which reviewed 84 patients with YST revealed that
5-year OS was 93% in 32 patients with AFP <1000
ng/ml and 79% in 41 patients with AFP > 1000 ng/ml,
although the difference was not significant [21]. Our data
suggest that higher pretreatment AFP level may be a
poor prognostic factor in YST when 33,000 ng/ml is
used as the cut-off level (Table 3).

Most reports regarding prognostic factors in patients
with YST have concluded that residual tumour at pri-
mary surgery is a poor prognostic factor [7.21-23]
These data suggest that complete surgery without resid-
ual tumours is important in YST, although there is no

solid evidence that debulking surgery with maximum
effort is necessary in YST.

All patients who had a relapse after initial treatment
received salvage therapy, but their prognosis was poor
as a previous study | 74| reported.

In the present study, BEP was significantly superior
to non-BEP with respect to 5-year OS. The superiority
of BEP compared with non-BEP was clearly confirmed
in the following subset groups with poor prognosis:
patients with stage III/IV and patients with residual
tumour at primary surgery (Table 2). Some previous
reports have suggested that BEP should be selected for
patients with YST, because the OS was >90% in patients
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Table 4

Comparison of 5-year overall survival (OS) between standard BEP and non-standard

(reduced-dose) BEP.

Variables Number of patients S-year OS (%) P value

Standard BEP
Yes 37 100 0.049
No 70 91.0

Percentage of the standard dose administered at the first cycle
Bleomycin
100% 44 100.0 0.02
<100% 63 90.0
=75% 48 100.0 0.02
<75% 59 89.4
=50% 75 97.3 0.08
<50% 32 86.6

Administration on a day/week, 3 times (standard schedule)
Yes 71 97.2 0.02
No 36 88.0

Etoposide
100% 71 95.7 0.22
<100% 36 91.1
=75% 85 96.4 0.15
<75% 22 84.7
> 50% 98 96.9 0.0002
<50% 9 62.5

Administration on day 1-5 (standard schedule)
Yes 81 96.3 0.054
No 26 87.5

Cisplatin
100% 70 95.6 0.21
<100% 37 91.5
=75% 87 95.2 0.52
<75% 20 89.5
= 50% 105 94.1 0.73
<50% 2 100.0

Administration on day 1--5 (standard schedule)
Yes 73 95.8 0.22
No 34 91.0

Abbreviations: OS, overall survival; BEP, combination chemotherapy with bleomycin,

etoposide and cisplatin.

who were treated with BEP [v.10.231. Cicin showed that
the cumulative survival rate in 27 patients with BEP was
76%, whereas the rate in five patients treated with
options other than the BEP regimen was 20%
(P=0.016) [23]. A report stated that the S5-year OS
was 94% in 52 patients who received BEP, which was
significantly better than 67% in 32 patients who received
non-BEP (P = 0.001) [221. These data confirm that BEP
should be the standard chemotherapeutic regimen for
postoperative chemotherapy in treating patients with
YST, because BEP has the clear advantage for better
prognosis of patients with YST.

In the present study, standard BEP was significantly
superior to non-standard BEP with respect to S-year
OS (100% versus 91.0%, P =0.049). Reduced doses
(<75% dose of bleomycin and < 50% dose of etoposide)
at the first cycle of BEP were significant factors for poor
prognosis. A randomized clinical trial in male patients
with germ cell tumours showed that four cycles of
non-standard BEP (100 mg/m? of cisplatin on day 1,
120 mg/m? of etoposide on days 1-3 and 30 kU bleomy-

cin on day 1, repeated every 21 days) (Regimen B) could
be responsible for a poorer outcome compared with
three cycles of standard BEP (20 mg/m? of cisplatin on
days 1-5, 100 mg/m? of etoposide on days 1-5, and
30 kU bleomycin on days 1,8 and 15, repeated every
21 days) (Regimen A) [251. Compared with Regimen
A, Regimen B had a lower total dose and dose-intensity
of bleomycin and a lower dose-intensity of etoposide.
Furthermore, an updated analysis of this randomized
trial showed that the survival benefit of three cycles of
Regimen A over Regimen B was maintained during
long-term follow-up [2¢]. These data suggest that stan-
dard-dose BEP should be administered to patients with
ovarian YST.

As for the safety of BEP for ovarian function, no
patients lost their menstrual cycles among 74 patients
in the present study who received BEP and provided
information on menstruation. Kang claimed that the
cumulative high-dose BEP regimen did not seem to
impair ovarian function [27]. We reported that six of
121 patients (5.0%) with epithelial ovarian cancer stage
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Fig. 3. (A) Overall survival curves in patients who received BEP. Standard BEP was significantly superior to non-standard BEP in 5-year OS
(100% versus 91.0%, P = 0.049). (B) Overall survival curve for patients with BEP who received = 75% and <75% of the standard dose of bleomycin.
A reduced dose (<75%) of the standard dose of bleomycin was significantly associated with poor 5-year OS (100% versus 89.4%, P = 0.02). (C)
Overall survival curve for patients with BEP who received > 50% and <50% of the standard dose of etoposide. A reduced dose of <50% of the dose
of etoposide was significantly associated with poor 5-year OS (96.9% versus 62.5%, P = 0.0002). Abbreviations: BEP, bleomycin + etopo-
side + cisplatin; OS, overall survival.
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I who received platinum-based adjuvant chemotherapy
after FSS showed continued secondary amenorrhea
[28]. BEP for YST may be safer for ovarian function
compared with the platinum-based regimen for epithe-
lial ovarian cancer. As for reproductive outcome, 16 of
23 patients (70.0%) who attempted conception gave
birth to 21 healthy children within several years after
treatment, keeping with de La Motte Rouge’s report
that pregnancy was achieved in 12 of 16 (75%) women
after they underwent FSS and BEP therapy [29]. Most
patients who receive BEP can preserve normal ovarian
function and childbearing ability.

The study has several limitations. This study is a ret-
rospective series where pathology was not centrally
reviewed, assays to measure tumour markers were differ-
ent, staging procedures may have differed between insti-
tutes so staging data may be variable in quality.
Nevertheless, we believe that the present study may give
some useful suggestions for clinical practice.

In conclusion, the data from the present study sug-
gest that standard BEP should be used as postoperative
chemotherapy for patients with ovarian YST. Theoreti-
cally, a randomized controlled trial may be needed to
establish that standard BEP is superior to both non-
BEP and non-standard BEP for treatment of patients
with YST. However, such trials may not be ethically fea-
sible. The ovarian toxicity of BEP was not serious, and
the probability of childbearing after treatment was
=70% in patients with YST who received BEP.

Role of funding source

The funding source had no role in the study concept
and design, data acquisition, statistical analysis, data
interpretation, manuscript preparation, editing or review.
Conflict of interest statement

None declared.
Acknowledgements

This study was supported in part by the National
Cancer Center Research and Development Fund (Nos.
23-A-17 and 26-A-4) and the Grants-in-Aid for Cancer
Research (Nos. 18-06 and 10103749) from the Ministry
of Health, Labor, and Welfare of Japan.

References

ratoma of
cases. Carn
[2] Kurm

clinieal  and

al sinus tumor of the ovar

analysis of 7]

cases,

19,
< Woodrull 1D On

odermal sinus tumor, Am J Obstet Gynecol 197

arian extraembryonal te

4l Endoder

'son Ox

UL Stlverberg 8G. et all Vin
s mal

gnant germ
rey Group Study

Fooot al Prognostie factors of

wsoof the ovary, Am J Obstet Gynecol

wison DN Morris M C AL et gl Treatment of

Wnors
JChn On
o Ligo SY. et al s 0t ther

Dleomyein.

rsowith cisply sposide. and bleomy-
ecologic Oncology Group. I Clin Oncol

[10] I Surgical managen
veurs” expericnee of 129
[11] al Outeome and risk

{uciors for ro

MITO-Y  ret

201210414 21

[12] National Comprehensive Cancer Network: NCCN Guidelines,
version 2.2013. Malignant Germ Cell Tumors; 2013.

[13] de Wit R Stoter G. Kaye SBo et al. Import
combi

nant ovarnan gurm cefl tumors: a

ot 0 Givpecol  Cuancer

wee of bleomycin in

lar non-

emotl

v for good-p

. ~ed 17 N - M FAR.
ARGt nization fog

TINOMN study of

wnd Treatm

1t of Ce
tive Group. JCH

Rusiin

Con
o ovary, Lurr
AL Gross-Goupil

r-cell tum

rapy doses ced at first eyel
~osvndrg i
Oncol 2010

[16] . Okamoto Y. Yamauchi M. Bleomyein-induced pulmon-
5 ¥ H . 1

s alter tumor lvsis evadron ced volk

nd cisplatin (BEP)
py. Int d Clin Onee
[17] Thomsen FB. Bandak

yoin patie

MEF. et al, Swvival and

v oaged 40

germ cell cun

ind older, Ce
Chan K

veu

. ¢t ab The mifluence of conser-

[18

e

vative su i
Surg Oncol 20083
[19] Mitchell PL. Al

or malignant ovarian germ cell tumors, J

Grarian and

[20] 5' :

Fooet ol
xiragonadal me i

lignant germe-cell tumors in females: 4 sing

mstituti 94:5

e with 43 patients. Ann Onco

> 1. Furuhashi Y. et al Pre

s of ovary. A chimcopatholo

Cancer 199167184 92,
[22] de La Moue Rouge T,

al. Prognostic
owonmen

i retrospective

analysis of 84

al. Yolk s

wmours of the ovary:

catures and prognostic factors.
! Reprod Biol 2009:14 4
ian

rkers and

— 462 —



12 T. Satoh et al. | European Journal of Cancer xxx (2014) xxx—xxx

[25] T

yirison of

function ailer cun

— 463 —

bleomvein. etoposide.

KA

JR A
ChHGL

Ik sac tumor. Ann

omvein. etoposid




Hindawi Publishing Corporation
BioMed Research International

Volume 2014, Article ID 232817, 6 pages
http://dx.doi.org/10.1155/2014/232817

Review Article

Application of MicroRNA in Diagnosis and Treatment of

Ovarian Cancer

Kouji Banno, Megumi Yanokura, Miho Iida, Masataka Adachi, Kanako Nakamura,
Yuya Nogami, Kiyoko Umene, Kenta Masuda, Iori Kisu, Hiroyuki Nomura, Fumio Kataoka,
Eiichiro Tominaga, and Daisuke Aoki

Department of Obstetrics and Gynecology, School of Medicine, Keio University, Shinanomachi 35, Shinjuku-ku, Tokyo 160-8582, Japan
Correspondence should be addressed to Kouji Banno; kbanno@z7.keio.jp

Received 10 December 2013; Revised 5 March 2014; Accepted 5 March 2014; Published 15 April 2014

Academic Editor: Yong-Sang Song

Copyright © 2014 Kouji Banno et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Ovarian cancer has a poor prognosis because early detection is difficult and recurrent ovarian cancer is usually drug-resistant. The
morbidity and mortality of ovarian cancer are high worldwide and new methods of diagnosis and therapy are needed. MicroRNAs
(miRNAs) are posttranscriptional regulators of gene expression that are involved in carcinogenesis, metastasis, and invasion. Thus,
miRNAs are likely to be useful as diagnostic and prognostic biomarkers and for cancer therapy. Many miRNAs have altered
expression in ovarian cancer compared to normal ovarian tissues and these changes may be useful for diagnosis and treatment. For
example, deficiencies of enzymes including Dicer and Drosha that are required for miRNA biogenesis may be adverse prognostic
factors; miRNAs such as miR-214 and miR-31, which are involved in drug resistance, and the miR-200 family, which is implicated
in metastasis, may serve as biomarkers; and transfection of downregulated miRNAs and inhibition of upregulated miRNAs may
be effective for treatment of ovarian cancer. Chemotherapy targeting epigenetic mechanisms associated with miRNAs may also be

effective to reverse gene silencing.

1. Introduction

Ovarian cancer is the eighth most common female cancer
worldwide and ranks seventh in mortality. About 220,000
women are diagnosed with ovarian cancer each year and the
disease causes about 140,000 deaths annually [1]. In Japan, the
incidence and mortality of ovarian cancer have increased over
the past 10 years [2, 3]. The 5-year survival rate for patients
with advanced ovarian cancer is only 30%, despite the devel-
opment of chemotherapy with platinum-based drugs and
taxanes [4]. The high mortality is associated with difficulties
in early detection because ovarian cancer rarely causes sub-
jective symptoms and safe and minimally invasive procedures
for early detection have not been established. Consequently,
40% to 50% of cases are detected in advanced stages III
and IV. Another cause of the high mortality is resistance to
chemotherapy. Ovarian cancer is highly responsive to initial
anticancer treatment, but about half of the advanced cases
recur within two years and have a decreased response to

chemotherapy, resulting in a poor prognosis [5]. For these
reasons, there is an urgent need to develop new therapies,
find clinically useful biomarkers, and identify new targets for
treatment of ovarian cancer.

Many studies of ovarian cancer have focused on protein-
coding genes. However, RNA molecules transcribed from
noncoding genes also have biological functions. These non-
coding RNAs include microRNAs (miRNAs) that cleave a
target mRNA and repress translation of proteins, and some
miRNAs show site- and stage-specific differences in expres-
sion in ovarian cancers. Many recent studies have shown that
miRNAs are involved in suppression or progression of ovar-
ian cancer. Therefore, miRNAs may be useful as diagnostic
and prognostic biomarkers and also for therapy. Epigenetic
therapy related to miRNAs may be particularly effective for
resensitization of ovarian cancer cells to chemotherapy after
development of resistance and recurrence. In this paper,
we describe the possible use of miRNAs in diagnosis and
treatment of ovarian cancer.
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2. miRNAs Implicated in Ovarian Function

Ovarian function, particularly follicular development, is
controlled by hormones such as gonadotropins, including
follicle-stimulating hormone (FSH) and luteinizing hormone
(LH). The ovary itself also produces sex hormones such
as progesterone and estrogen, as well as cytokines of the
transforming growth factor beta (TGF-f3) superfamily [6]. A
recent study suggested cross talk between the signals of local
ovarian factors and endocrine system hormones including
gonadotropins [7]. Thus, ovarian function is controlled by
complex molecular signaling that maintains normal follicular
development and atresia, in which protein expression is reg-
ulated quantitatively and temporally. Failure of the regulatory
mechanisms is likely to lead to various diseases, including
infertility.

Follicular cells are roughly classified into theca cells,
granulosa cells, and oocytes. Granulosa cells proliferate in
a FSH-dependent manner during follicular maturation and
are involved in estrogen synthesis. Mase et al. found that
many miRNAs in the let-7 family are expressed in human
ovarian granulosa KGN cells, which maintain expression of
FSH receptors. Genes targeted by the let-7 family include
those involved in follicular maturation and atresia, suggesting
involvement of miRNAs in these phenomena [8]. Murchi-
son et al. produced Dicer 1 knockout mice with oocyte-
specific deletion of Dicer, an important enzyme for miRNA
biogenesis. In these mice, functional expression of miRNAs
was completely deleted. Dicer deletion had no effect on
early folliculogenesis but arrested the first meiotic division in
oocytes associated with spindle and chromosomal aggrega-
tion hypoplasia. More than 2,000 mRNAs had significantly
changed expression associated with these abnormalities. Dur-
ing oocyte maturation, including meijoses, gene transcription
was completely repressed and only mRNAs inherited before
maturation remained in cells. Expression of many mRNAs
was affected in Dicer-deleted oocytes, suggesting direct or
indirect posttranscriptional regulation by miRNAs [9].

3. Changes in miRNA Expression in
Ovarian Cancer

Recent studies have identified many oncogenic miRNAs
(oncomiRs) and tumor suppressor miRNAs (tumor sup-
pressor miRs) (Table1) [10-16]. Iorio et al. found several
miRNAs with altered expression in ovarian cancer tis-
sues compared with normal tissues, with miR-199a, miR-
200a, miR-200b, and miR-200c having significantly increased
expression and miR-140, miR-145, and miR125bl showing
markedly decreased expression in the cancer tissues. miR-140
is located at 6q22, a common defective chromosomal site in
ovarian tumors, and this miRNA is thought to target genes
associated with invasion, including matrix metalloproteinase
13, fibroblast growth factor 2, and angiogenic VEGFA [10].
Bracken et al. showed that miR-429, miR-200a, and miR-
200b are regulated by ZEBI and SIP1, which are inhibitors of
the epithelial-mesenchymal transition (EMT), and that miR-
200a and miR-200b negatively regulate expression of ZEB1
and SIP], providing a negative feedback loop [11].

BioMed Research International

TaBLE 1: Changes in miRNA expression in ovarian cancer.

Upregulated Downregulated
(oncomiRs) (tumor suppressor miRs)
miR-199a miR-140
miR-200a miR-145
miR-200b Let-7i
miR-200c miR-15
miR-429 miR-16
miR-373
miR-520c
miR-125b1

With regard to miRNA processing of mRNA, an interest-
ing study of the relationship of ovarian cancer with miRNAs
by Merritt et al. [12] showed that the mRNA levels of Dicer
and Ribonuclease 3 (Drosha) decreased in 60% and 51%
of tissue samples from 111 patients with invasive epithelial
ovarian cancer. Downregulation of Dicer was significantly
related to tumor stage progression and downregulation of
Drosha was significantly related to a suboptimal residual
tumor size >lcm after cytoreductive surgery. Conversely,
patients with high levels of Dicer and Drosha in cancer
tissues had significantly prolonged median survival times.
Cells with downregulation of Dicer and Drosha are likely
to have lower levels of mature miRNAs, which suggests that
certain miRNAs are involved in progression of ovarian cancer
[12].

4. miRNAs Associated with Drug Resistance

A total of 27 miRNAs have been associated with respon-
siveness to chemotherapy [13]. Yang et al. found that miR-
214, which targets PTEN, is frequently expressed in ovarian
cancer tissues and that let-7i, which enhances resensitization
to platinum resistance, is expressed less in the same tissues
[14]. Mitamura et al. showed that control of MET expression
by miR-31 is involved in drug-resistance mechanism in
paclitaxel-resistant ovarian cancer cells [15]. Ageilan et al.
found that miR-15 and miR-16 cause cellular resistance to
many drugs through targeting the BCL2 gene [16]. Leskeld et
al. showed that the miR-200 family (miR-141, miR-200a, miR-
200b, miR-200c, and miR-42) is implicated in the response
to paclitaxel treatment and progression-free survival via 8
tubulin III regulation. In particular, miR-200c is significantly
associated with recurrence of ovarian cancer and miR-429
is associated with progression-free and overall survival rates
(17].

Key drugs against ovarian cancer are taxanes and cis-
platin. Boyerinas et al. found that let-7g and let-7a are
involved in drug resistance [18]. Let-7g suppresses IMP-
1, which is involved in multidrug resistance and increased
sensitivity to taxanes. The expression level of let-7a is a poten-
tial marker for choosing chemotherapeutic agents, since
patients with extremely low let-7a expression are responsive
to platinum-based drugs and paclitaxel, whereas those with
high levels of let-7a had increased survival only in monother-
apy with a platinum-based drug [19]. Nagaraja et al. and
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TaBLE 2: Histological types and miRNA expression in ovarian cancer.

Tissue type Upregulation Downregulation
miR-7 miR-200a/c miR-148b
Serous adenocarcinoma miR-22 miR-302b miR-211
miR-373  miR-34c-5p miR-31
miR-449a  miR-146b-5p
miR-9  miR-183 miR-205 miR-22  miR-222 miR-324-3p
Endometrioid adenocarcinoma miR-96 miR-196a miR-212 miR-101  miR-299-5p. miR-325
miR-182  miR-196b miR-375 miR-194 miR-302b miR-373
miR-141  miR-200a/b/c
miR-29b miR-200a/c miR-20a
Clear cell adenocarcinoma miR-30a  miR-486-5p
miR-30e
Mucinous adenocarcinoma miR-141 miR-200b
Undifferentiated carcinoma 211111:?8

Peng et al. showed that miR-100, a tumor suppressor miRNA,
increased sensitivity to everolimus, an anticancer drug [20,
21]. miR100 is also an independent predictor of overall
survival in patients with ovarian cancer. Hong et al. showed
that miR-376¢ suppresses signaling of Nodal/activin receptor-
like kinase 7 (ALK7), which is involved in drug sensitivity,
and decreases the effects of cisplatin and carboplatin [13]. Fu
et al. found that miR-93 targets integrin and enhances tumor
growth, angiogenesis, and the resistance for cisplatin [22].

5. Utility of miRNAs in Diagnosis of
Ovarian Cancer

Many miRNAs have altered expression levels in ovarian
cancer compared to normal tissues. In addition, changes in
miRNA levels are dependent on and related to the ovarian
cancer tissue type, stage, histological type, prognosis, and
drugresistance (Table 2) [8, 10, 23-30]. These findings suggest
the possibility of early diagnosis of ovarian cancer using
miRNAs. In the miR-200 family, Boyerinas et al. showed that
miR-200a and miR-200c¢ are expressed in serous adenocarci-
noma, clear cell adenocarcinoma, and endometrioid adeno-
carcinoma, and miR-200b and miR-141 occur in endometri-
oid adenocarcinoma and mucinous adenocarcinoma [18].
Toloubeydokhti et al. found decreased expression of miR-
212 in serous cystadenoma [31]. Target genes of miR-212
include those with overexpression in this histological type
of ovarian cancer and mutated genes in hereditary ovarian
cancer. Therefore, miR-212 may be a marker for differentiat-
ing ovarian cancer. Downregulation of miR-31, a tumor sup-
pressor miRNA, has been shown in serous adenocarcinoma,
and miR-31 suppresses expression of cell cycle regulatory
factors via p53 [32]. Expression of miR-373 is variable in
undifferentiated carcinoma [33], but the target genes and
function of this miRNA are unknown. Overexpression of
miR-21 in clear cell carcinoma has been shown to cause
downregulation of PTEN [34].

6. Utility of miRNAs in Treatment of
Ovarian Cancer

Treatment options for ovarian cancer include supplemen-
tation of miRNAs that are downregulated in cancer tissue
for recovery of function and inhibition of the function of
upregulated miRNAs by administration of complementary
nucleic acids. Garzon et al. showed that the effects of upreg-
ulated oncomiRs could be suppressed using an antagomir, an
oligonucleotide complementary to the miRNA administered
as an antisense oligonucleotide or LNA [35]. Lu et al. devel-
oped an anti-miRNA antisense oligodeoxyribonucleotide
(MTG-AMO) for suppression of many miRNAs, including
miR-21, and showed that this was effective in cancer with
concurrent multiple mRNA abnormalities [36]. Dai et al.
established a therapy for ovarian cancer based on targeted
delivery of miR-29a to cancer tissues for the purpose of reex-
pressing PTEN, a tumor suppressor. The potential antitumor
effect of a miR-29a-transfected chimera was apparently based
on expression of downstream molecules and apoptosis of
ovarian cancer cells [37].

The association of miRNAs with peritoneal metastasis,
the major cause of death in patients with ovarian cancer,
has also been studied. Ohyagi-Hara et al. found that integrin
a5, a fibronectin receptor, increased the adhesion of cancer

~cells and induced metastasis and focused on the inverse

correlation of integrin «5 and miR-92a levels. Transfection
of ovarian cancer cells with miR-92a reduced expression
of integrin «5 and suppressed peritoneal metastasis [38].
Cittelly et al. found that recovery of the level of miR-200c,
which is known to increase sensitivity to platinum-based
anticancer drugs, by transfection suppressed carcinogenesis
and decreased the number of cancer cells. Recovery of miR-
200c in combination with paclitaxel also decreased the cancer
cells in established tumors. These results suggest that recovery
of miR-200c immediately before highly cytotoxic chemother-
apy improves the treatment response or reduces the effective
dose of the anticancer drugs [39]. These outcomes show
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that miRNA transfection has an antitumor effect. Transfected
miRNAs are synthetic nucleic acids that require specific
modes of administration [40-42]. These approaches include
intravenous administration of a complex with atelocollagen,
nanoparticles with cell-specific targeting, and conjugation
with RVG peptide for crossing the blood-brain barrier. Gene
therapy for introduction of miRNAs may also be useful if
safety can be confirmed.

Epigenetic therapy has attracted attention as an alter-
native to classical approaches such as miRNA transfection.
Acquisition of drug resistance reduces the survival rate in
cancer and many cases of ovarian cancer are resistant to
platinum-based anticancer drugs. This resistance is associ-
ated with miRNAs and various drug-resistance genes induced
by methylation and signaling gene silencing. However, epige-
netic changes are reversible, in contrast to gene mutations,
and there is a potential to reverse gene silencing using
DNA methyltransferase (DNMT) inhibitors, which are drugs
that prevent hypermethylation by irreversibly binding to
the active site of DNMT [43]. These drugs are effective as
monotherapy for hematologic malignancy [44, 45], but not
in solid cancer. However, effects on solid cancer are likely to
be found in combination with other drugs. In ovarian cancer
cells, DNMT inhibitors induce hypomethylation and reverse
resistance to platinum-based anticancer drugs. Phases I and
11 clinical trials of decitabine, a DNMT inhibitor, are ongoing
in ovarian cancer [46, 47]. Matei et al. found that decitabine
in combination with carboplatin restored the expression
of silenced tumor suppressor genes and may contribute to
resensitization of platinum-resistant endometrial cancer. A
phase I clinical trial of decitabine has shown that combined
administration with carboplatin is safe and decreases methy-
lation of multiple genes in vivo [48].

Malignant tumors, including ovarian cancer, include can-
cer initiation cells and cancer stem cells, which are referred
to as cancer progenitor cells and are involved in development
of drug resistance [49-51]. Chemotherapy targeting mitosis
cannot eliminate all cancer stem cells during cell cycle
arrest or low activity conditions, and residual cells promote
regrowth of the tumor. Epigenetic therapy stabilizes differ-
entiation and may target undifferentiated cancer stem cells.
Thus, targeting of epigenetic mechanisms is likely to improve
outcomes in ovarian cancer.

7. Conclusion

miRNAs have attracted significant interest, but the history
of this field is relatively short and many issues remain to
be resolved. Clinical studies of miRNAs have just started,
but functional genomic analyses have produced results that
may lead to clinical applications in the near future. Early
diagnosis of ovarian cancer is important to improve treat-
ment outcomes, and profiling using miRNA arrays may con-
tribute to the detection of tissue type, stage, and prognosis.
Induction of apoptosis of cancer cells using miRNAs may
be a basic treatment strategy for reduction of metastasis,
including peritoneal metastasis, and decreasing resistance to
platinum-based anticancer drugs. Recovery of tumor sup-
pression effects may be possible by transfection of miRNAs

BioMed Research International

downregulated in cancer tissues or by suppression of upreg-
ulated miRNAs. miRNA expression may also be modified by
targeting epigenetic mechanisms such as through reversal of
hypermethylation. These potential treatment approaches will
require further basic studies to facilitate drug discovery.
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To address the role of cancer-stroma interactions, we performed gene expression profiling of both cancer and stroma,
using matching samples of endometrial cancer (EC), and analyzed the relationship between the gene expression pattern
and prognosis in EC. Sixty EC cases were included in this study (38 nonrecurrent and 22 recurrent). Cancer and stroma
were separated by performing laser capture microdissection, and microarray analysis was performed separately on cancer
and stromal cells. Genes related with progression-free survival (PFS) in cancer and stroma were analyzed using the Cox
regression model, and we established a formula, based on the gene expression pattern of cancer and stroma, to predict
recurrence using logistic regression. We estimated the accuracy of the formula using the 0.632 method. All cases were
classified based on the 79 selected genes of cancer and stroma related to PFS, based on unsupervised clustering. A total
of 143 genes in cancer, and 79 genes in stroma were significantly related with PFS. The estimated area under the curve of
receiver operating characteristics curve in cancer and stroma to predict recurrence were 0.800 and 0.758, respectively.
Based on the 79 genes of cancer, the 22 recurrent cases were divided into two groups, which generally correlated with
the histological grade. In contrast, based on the 79 genes of stroma, the 22 recurrent cases displayed homogeneous gene
expression, unrelated to the histological grade. We conclude that gene expression profiles of cancer and stroma can

predict the recurrence of EC and stromal that gene expression does not depend on the cancer grade. © 2014 Wiley
Periodicals, Inc.

INTRODUCTION compare gene expression profiles of tumor stroma
from 53 primary breast cancers, and established a
new stroma-derived prognostic predictor (SDPP)
that stratifies disease outcomes independently of
standard clinical prognostic factors and published
gene expression-based predictors. We previously

Endometrial cancer (EC) is the most common
cancer of the female genital tract; however, the
molecular mechanisms behind its progression are
not fully understood. Tumors are heterogeneous
and consist of founder cancer cells together with

stromal cells, including blood and lymph endothe-
lial cells, inflammatory cells, immunocytes, macro-
phages, and fibroblasts. Stroma is thought to play a
role in tumor behavior, including invasion and
metastasis, and response to therapy, and cancer-
stroma interactions are important for cancer pro-
gression (Hanahan and Weinberg, 2000; Bissell
and Radisky, 2001; Mueller and Fusenig, 2004;
Bhowmick et al., 2004; Kalluri and Zeisberg, 20006).
However, the role of stroma in the development
and progression of epithelial neoplasia has not
been thoroughly investigated. Finak et al. (2008)
used laser capture microdissection (LCM) to

© 2014 Wiley Periodicals, Inc.

performed gene expression profiling using micro-
dissected tissues to identify genes expressed in
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stroma, which could provide prognostic informa-
tion in epithelial ovarian cancer, and reported
that early growth response 1 (EGR1) expression,
not only in cancer but also in stroma, was related
to the prognosis of ovarian cancer. In agreement
with this, the EGRI1 protein was found in the
nuclei of cancer cells, as well as in fibroblasts
(Kataoka et al., 2012). Based on these findings,
we speculated that some genes are associated
with tumor-stroma interactions, and accordingly,
a number of studies have recently demonstrated
that stromal gene expression patterns are related
with prognosis in breast cancer, ovarian cancer,
non-small cell Tung cancer, and prostate cancer
(Finak et al., 2008; Farmer ct al., 2009; Gregg
et al., 2010; Navab et al., 2011; Kataoka et al.,
2012). To address the role of cancer-stroma inter-
actions, it is important to analyze the gene
expression pattern of both cancer and stroma,
using the same sample. However, to the best of
our knowledge, no previous studies have exam-
ined the gene expression profile of cancer and
stroma using this method. Hence, we here micro-
dissected cancer and stroma from EC using
LLCM, performed gene expression profiling, and
analyzed the relationship between the expression
profile pattern and prognosis, simultaneously in
cancer and stroma.

MATERIALS AND METHODS

Patients and Samples

Subjects eligible for this study were patients
with histologically confirmed EC. Additional
inclusion criteria included an Eastern Cooperative
Oncology Group performance status of 0 to 2.
Exclusion criteria included a history of prior chem-
otherapy or major surgery. All surgical staging and
debulking procedures were performed by experi-
enced gyvnecologists. Histologic diagnosis was con-
firmed through microscopic examination of the
hematoxvlin and eosin (H&E)-stained sections,
according to World Health Organization criteria.
Clinical stages were determined according to the
International Federation of Gynecology and
Obstetrics system. Progression-free survival (PFS)
was followed and analyzed after the patients had
received primary surgery. This  study  was
approved by the Institutional Review Board of the
Osaka City General Hospital, National Defence
Medical College, and School of Medicine, Keio
University, and written informed consent was

Genes, Chromosomes & Cancer DOT 10.1002/gcc

obtained from all patients. Specimens obtained at
operation were immediately stored at —80°C.

Microdissection, RNA Extraction, and
Amplification of RNA

Microdissection was performed as described
previously (Kataoka et al., 2012). In brief, frozen
sections (6 um) prepared from tumor tissue speci-
mens were affixed to glass slides and stained by
Histogene ™ LCM Frozen Section Staining Kit
(Arcturus  Engineering, Mountain  View, CA).
Stained sections were microdissected using a Pix-
Cell Ile LLCM svstem (Arcturus Engineering).
Tumor cells and adjacent nontumor stromal cells
were visualized under the microscope and selec-
tively detached by activation of the laser. Cancer
and stromal tissues within 200 cells from the margin
of tumors were dissected for each case. Total RNA
extraction was performed with the PicoPure™™
RNA Isolation Kit according to the manufacturer’s
instructions  (Arcturus  Engincering). RNA  was
amplified using a modified single round T7 RNA
amplification protocol. In brief, total RNA (600
ng) was first incubated with 1 pl of T'7 primer
(5'-GCATTAGCGGCCGCGAAATTAATACGA
CTCACTATAGGGAGATTTTTTTTTTTTT
TTTTTVN-3, 200 ng/ul) in a total volume of
50 pl for 3 min at 70°C. First strand ¢cDNA syn-
thesis was subsequently performed by incubating
5 pl of primer-annealed sample and 5 pl of first
strand master mix containing 2 pl of 5X first
strand buffer, 1 pl of 0.1 M dithiothreitol (DTT),
0.5 pl of diethylpvrocarbonate (DEPC)-treated
water, 0.5 pl 10 mM deoxyribonucleotide tri-
phosphate (AN'TP) mix, 0.5 ul RNase Inhibitor,
and 0.5 pl of M-MLV reverse transcriptase (200
U/ul) for 75 min at 37°C. Next, second strand
¢DNA synthesis was performed by incubating
the 10 pl first strand reaction with 65 pl of second
master mix, which contained 46 pl DEPC-
treated water, 15 pl 5X second strand buffer, 1.5
pl of 10 mM dANTP mix, 0.5 ul of Escherichia coli
DNA Ligase (10 U/ul), 1.5 pl £. co/i DNA Poly-
merase 1 (10 U/ul), and 0.5 pl E. co/i RNase H (2
U/ul), for 2 hr at 16°C, followed by 15 min at
70°C. The entire 75 pl ¢cDNA sample was loaded
onto a ChromaSpin TE-200 spin column (BD
Biosciences, San Diego, CA), and centrifuged for
5 min at 2,900 rpm in an Eppendorf centrifuge.
Purified ¢DNA was collected, Iyophilized, dis-
solved in 8 pl of RNase-free water, and incu-
bated at 70°C for 10 min. In vitro transcription
was subsequently performed bv incubating the
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8 ul post-lyophilization cDNA product with 12.2
pl of master mix containing 2 pl of 10X T'7 Reac-
ton Buffer, 6 pl of 25 mM fNTP Mix, 2 ml of
100 mM D'TT, 0.2 pl of RNase Inhibitor (40 U/
ml), and 2 pl of T7 RNA Polymerase for 3 hr at
37°C. The amplified RNA was purified on an
RNeasy mini column (Qiagen, Valencia, CA)
according to the manufacturer’s protocol. The
purificd amplificd RNA was quantified with
RiboGreen RNA Quantitation Reagent (Molecu-
lar Probes, Eugene, OR).

Oligonucleotide Microarray Study

The microarray procedure was performed accord-
ing to the protocol, described by the manufacturer
(IMumina Inc., San Dicgo, CA). In brief, total RNA
was checked for quality using an Agilent 2100 Bioa-
nalyzer (Agilent Technologies, Waldbronn, Ger-
many) and c¢DNA was synthesized using the
Hlumina WG-DASL assay kit for IV and DASL-
based labeling. Hybridization was performed using
the Human-Ret8 v3.0 Beadchips (Illumina Inc.,)
for 16 hr at 58°C. Signal intensities were measured
with an Illumina BeadArrayTM Reader and con-
verted to numerical data using the Genome Studio
Expression Module v1.6.0 (Illumina Inc.).

Statistical Analysis of Microarray Expression Data

All the microarray data were normalized using
asinh (hvperbolic arc sine) transformation, which is
a modified version of Huber’s normalization with
variance stabilization (Huber et al., 2002; Kurahashi
et al, 2007). First, any differentially expressed
genes related to PI'S were identified in cancer and
stroma, using the Cox regression model. Genes
with a P-value less than 0.05 were considered statis-
tically significant. Next, we established a formula
for predicting the recurrence of EC based on the
gene expression in the associated cancer and stro-
mal cells: we used logistic regression to score and
rank each identified gene based on its statistical sig-
nificance in predicting recurrence, in a model that
included the gene expression level. The estab-
lished formula was cross-validated using the Efron’s
0.632 bootstrap method (Efron, 1983). Receiver
operating characteristic (ROC) curves were plotted
according to the error rate adjusted using the 0.632
bootstrap method.
~ We classified all cases based on the gene expres-
sion of cancer and stroma using unsupervised clas-
sification, and developed a method for classifving
the 60 EC cases based on the gene expression

profile of the top 79 selected genes in cancer and
stroma. [Finally, we performed ontology analysis.

RESULTS

Clinicopathological Features of EC Patients

The 60 specimens analyzed in this study were
obtained from patients who were newly diag-
nosed with EC from 2000 to 2006 at Osaka City
General Hospital, National Defence Medical
College, and School of Medicine, Keio Univer-
sity, Japan. The median age of the patients was
55 vyears (range, 25-81). Thirty-nine patients
were classified as having stage I EC (Ia, 12; Ib,
27), three as stage 11, 13 as stage 111 (I11a, 3; I11b,
2; Hlel, 5; 11le2, 3), and five as stage IVb. Three
tumors were adenoachantoma and 57 were endo-
metrioid type EC. Nincteen samples were classi-
fied as histological grade 1 (G1), 31 as G2, and 10
as G3. Thirty-cight cases were nonrecurrent, and
22 were recurrent.

Thirty-six patients received abdominal simple
hysterectomy + bilateral — salpingo-oophorectomy +
peritoneal washing, pelvic lymphadenectomy, and
paraaortic lymphadenectomy; 11 patients received
abdominal radical hysterectomy + bilateral salpingo-
oophorectomy + peritoneal washing, pelvic lymph-
adenectomy, and paraaortic lymphadencctomy; six
patients received abdominal semiradical hysterecto-
my + bilateral  salpingo-oophorectomy -+ peritoneal
washing, pelvic lymphadenectomy, and paraaortic
lymphadenectomy; four patients received abdominal
simple hysterectomy + bilateral salpingo- oopho-
rectomy + peritoneal washing and pelvic lymphade-
nectomy; two patients received abdominal extended
hysterectomy + bilateral  salpingo-oophorectomy +
peritoneal washing, pelvic lymphadenectomy, and
paraaortic  lymphadenectomy; and one  patient
received abdominal extended hysterectomy + bilat-
eral salpingo-oophorectomy.

In 54 of 60 patients, complete resections were
achieved. Out of the 60 patients, 50 patients received
adjuvant chemotherapy (cisplatin + doxorubicin +
cyclophosphamide, 37; carboplatin + paclitaxel, 13)
after the inital surgery. The median follow-up period
of all cases was 1,830 days (range, 120-3,375 days),
and 38 patients were alive without relapse at follow-
up (median, 2,023 davs; range, 1,830-3,375 davs).

Identification of Candidate Disease Progression-
Related Genes by Performing Microarray Analysis

To identify candidate PFS-related genes,
microarray analysis was performed on 60 samples.
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TABLE 1. Seventeen Genes Included in Genes Lists of Both Cancer and Stroma Gene Ontology Terms for Genes

No. Gene Location Biological process

1 ACRVI 11q24.2 Cell communication/signal transduction
2 ARHGAP4 Xq28 Cell communication/signal transduction
3 CLDNé l16pl3.3 Cell communication/signal transduction
4 GPC5 13q32 Cell communication/signal transduction
5 HUNK 21q22.1 Cell communication/signal transduction
6 MPP6 7pl5 Cell communication/signal transduction
7 PRCC Iq21.1 Cell communication/signal transduction
8 PTPRT 20qi2-ql3 Cell communication/signal transduction
9 RASAL2 Cell communication/signal transduction
10 SI00AI Iq21.1 Cell communication/signal transduction
I Cléorf73 16pl13.3 Biological process unknown

12 PCDHGAI 5q31 Biological process unknown

13 KIAAD514 10gl1.22 Biological process unknown

14 FBXW4 10q24 Protein metabolism

15 NAT 12 14q22.3 Metabolism:Energy Pathway

16 SPC25 2q31.1 Apoptosis

17 SUSD4 Immuno response

A total of 18,401 genes passed the filtering criteria
and were further analyzed. A total of 2,336 genes
in the cancer cells and 1,593 genes in the stromal
cells were significantly related with PFS, with a
P-value of <0.01 (Supplementary Information
Table 1). Out of the 2,336 genes identified in can-
cer, 1,901 genes were upregulated and 435 genes
were downregulated in recurrent cases, whereas in
the stroma, 1,305 genes were upregulated and 288
genes were downregulated in recurrent cases.

Furthermore, 143 genes in cancer and 79 genes
in stroma significantly correlated wich PFS, with a
P-value of <0.001. Of all genes, 17 genes (ACRVI,
ARHGAP4, Cl601f73, CLDN6, FBXW4, GPC5,
HUNK, KIAA0514, MPP6, NATIZ2, PCDHGAI,
PRCC, PTPRT, RASALZ, SI100A1, SPC25, and
SUSD4) were included in gene lists of both cancer
and stroma. Of these 17 genes, 10 genes (ACRV/,
ARHGAP4, CLDNo6, GPC5 — HUNK, GPC5,
MPP6, PRCC, PTPRT, RASALZ, and ST00AT) were
related to cell communication/signal transduction
(Table 1).

We analyzed the characteristics of the top 79
genes in cancer and stromal cells, according to
the following Gene-Ontology categories (Ash-
burner et al., 2000; biological process, cellular
role, and molecular function), and these are sum-
marized in Tables 2 and 3 and Supplementary
Information Table 2. Apoptosis-related genes
tended to be common in cancer, whereas
immunoresponse-related and regulation of nucle-
obase, nucleoside, nucleotide, and nucleic acid
metabolism-related  genes  were  commonly
observed in stroma.

Genes. Chromosomes & Cancer 101 10.1002/gee

Prognostic Accuracy of the Established Formula
Based on the Gene Expression Profile of Cancer
Cells and Cancer-Stromal cells

We established a formula based on the gene
expression profile of cancer and stroma to predict
the recurrence using a logistic regression model.
We estimated the accuracy of the formula using
the 0.632 method. The ROGCs of cancer and
stroma to predict the recurrence are estimated in
Figure 1. The estimated areas under the curve
(AUC) of ROC in cancer and stroma, which were
used to predict recurrence, were 0.800 and 0.758,
respectively. The moderate accuracies to predict
recurrence were achieved by the formula based
on the gene expression profile of cancer and
stroma.

Unsupervised Clustering of 60 EC Cases, Based on
the 79 Genes Related to PFS

We classified all EC cases based on 79 selected
genes related to PFS of cancer and stroma, by
unsupervised clustering. Based on the gene
expression patterns of cancer, the 38 nonrecurrent
cases, excluding two cases, showed almost homog-
enous expression, whereas the 22 recurrent cases
were divided into two groups, excluding three
cases (Fig. 2A): one group included 12 cases
(G1,1; G2, 9; G3, 2) and the other group included
seven cases (G2, 4; and G3, 3). Based on the 79
genes expression pattern of stroma, both the 38
nonrecurrent cases and the 22 recurrent cases dis-
plaved homogenecous gene expression, excluding
three cases (Fig. 2B).
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No, Gene Location P-value Hazard ratio Cl of HR Biological process

| TCHHLI 1q21.3 0.000002 I.3IE+ 05 972-1.77E + 07 Cell communication/
signal transduction

2 ABCA4 1p22 0.000002 4.8 2.5-9.22 Metabolosm/Energy
pathways

3 SPC25 2q31.1 0.000004 12.9 4.34-38.48 Apoptosis

4 SAMD 12 8q24.12 0.000006 8.29E + 73 6.30E+41-1.09E + 106 Cell communication/
signal transduction

5 ZFP42 4q35.2 0.000007 1.40E + 47 4.00E+26-4.90E + 67 Biological process
unknown

6 C70rf52 7q22.1 0.000007 9.76 3.6-264 Biological process
unknown

7 NT5M 17ptl1.2 0.000008 54.6 9.48-315 Metabolosm/Energy
pathways

8 SLC35D3 6q23.3 0.000008 1980 70.3-5.55E + 04 Biological process
unknown

9 FRMPD 9pl3.2 0.000009 7.87 3.17-19.5 Biological process
unknown

10 CDCAI 1g23.3 0.000009 21100 263-1.70E + 06 Cell communication/
signal transduction

I TTC22 1p32.3 0.000013 1.7 3.86-35.3 Biological process
unknown

12 IFRGI5 1q25.2 0.000029 143 13.9-1.46E + 05 Biological process
unknown

13 KIAAQ5 14 10ql1.22 0.000032 5.58 2.48-12.6 Biological process
unknown

14 GIMAP5 7q36.1 0.000044 2.61E-71 3.57E-105-1.90E-37 Apoptosis

I5 ALS2CRI 2g33.1 0.000044 8.12 2.98-222 Biological process
unknown

16 SCUBE3 6p21.3 0.000048 16.2 4.23-62.3 Biological process
unknown

17 KRTAP4-1 17q12-q21 0.000051 3.04E + 07 7320-1.27E + 11 Cell growth and/or
maintenance

18 NR2EI 6q21 0.000051 2.38E+ 05 596-9.54E + 07 Cell communication/
signal transduction

19 CLDN6 16p13.3 0.000053 37 1.95-6.89 Cell growth and/or
maintenance

20 DLEU2L Ip3i-p22 0.000053 57700 282-1.18E + 07

21 SYTL2 I1ql4 0.000054 9.15 3.12-26.8 Regulation of
exocytosis

22 Cléorf75 16p13.13 0.000056 9.84 3.23-29.9 Biological process
unknown

23 USHIG 17q25.1 0.000056 230 16.3-3.24E + 03 Biological process
unknown

24 RDHE2 8ql2.1 0.000063 |.08E + 05 370-3.13E+ 07 Metabolism;Energy
pathways

25 PPPIRII 6p21.3 0.000063 3.00E-03 |.74E-04-5.16E-02 Biological process
unknown

26 ZNF382 19q13.12 0.000083 4.23E + 06 2130-8.42E + 09 Apoptosis

27 SPé 17q21.32 0.000085 8.77 2.97-259 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

28 BMP7 20ql13 0.000085 319 18-5.65E + 03 Cell communication/
signal transduction

29 HSF2BP 21q223 0.00009 12.1 3.47-42 Regulation of nucleo-

base, nucleoside,
nucleotide and
nucleic acid
metabolism

— 474 —

Genes, Chromosomes & Cancer 101 10.1002/gcc



730

TABLE 2. (Continued)

IGUCHI ET AL.

No, Gene Location P-value Hazard ratio Cl of HR Biological process

30 POLE2 14q21-q22 0.000098 206 14.1-3.01E + 03 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

31 RASAL2 1q24 0.000101 354 18.4-6.82E + 03 Cell communication/
signal transduction

32 SPRR3 tq21-q22 0.000110 53 7.09-396 Cell growth and/or
maintenance

33 MAGEAI0 Xq28 0.0001 11 27.6 5.13-149 Immune response

34 C8orfl5 0.000111 1.30E + 06 1030-1.63E + 09

35 OVOLI 0.000125 108 9.86—1.18E + 03

36 GAL3ST3 Iql3.1 0.000130 5.42 2.28-12.9 Metaboism:Energy
pathway

37 MPP6 7pl5 0.000135 491 2.17-11.1 Cell communication/
signal transduction

38 GDPD2 Xpl3.1 0.000138 1.93E + 09 3.24E + 04-1.I5E+ 14 Cell communication/
signal transduction

39- PTPRT 20ql2-q13 0.000139 15.7 3.81-64.6 Cell communication/
signal transduction

40 KRT39 17q21.2 0.000143 1.22E + 46 2.16E + 22-6.93E + 69 Cell growth and/or
maintenance

41 CST5 20pt1.21 0.000153 182 12.3-2.69E + 03 Protein metabolism

42 PJCG6 0.000155 8.8 2.85-27.2

43 CCBL2 1p22.2 0.000173 546 20.4-1.46E + 04 Metaboism:Energy
pathway

44 ORA4F3 5¢35.3 0.000187 60.1 7.01-516 Cell communication/
signal transduction

45 ADAM23 2933 0.000193 2.65 1.59—4.42 Protein metabolism

46 FLj41046 0.000198 2350 39.4-1.40E + 05

47 ZNF829 19q13.12 0.000202 3.63E+ 10 9.77E + 06—1.34E + 16

48 CPN2 3q29 0.000210 2820 42.3-1.89E + 05 Protein metabolism

49 NOSI 12q24.2-q24.31 0.000212 182 3.92-84.3 Metaboism:Energy
pathway

50 ORI iHI 22ql 1.2 0.000215 5.96E + I3 3.02E + 06—1.18E + 21 Cell communication/
signal transduction

51 KCNMB3 3q26.3-q27 0.000227 99.7 8.63—1.15E + 03 Toransport

52 N4BP3 5g35.3 0.000230 1780 33.2-9.54E + 04

53 TSPAN16 19p13.2 0.000241 200 11.8-3.38E + 03 Cell communication/
signal transduction

54 ACRVI 11q24.2 0.000256 18.1 3.84-85.8 Cell communication/
signal transduction

55 HUNK 21q22.1 0.000258 298 14-6.34E + 03 Cell communication/
signal transduction

56 TMEMA4I1A 3q27.2 0.000265 371 15.4-8.90E + 03 Biological process
unknown

57 MBNL3 Xq26.2 0.000267 2060 34-1.24E + 05 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

58 WNK3 Xpll1.22 0.000272 2.74E + 05 324-2.32E + 08 Biological process
unknown

59 KRT3 12q13.13 0.000286 416 |6—-1.08E + 06 Cell growth and/or
maintenance

60 Cl0orfl32 10g24.2 0.000293 3.68 1.82-7.46 Biological process
unknown

6l CHRNAS 15q24 0.000298 8150 61.9-1.07E + 06 Cell communication/

signal transduction

2
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No, Gene Location P-value Hazard ratio Cl of HR Biological process

62 ONECUT! 15q21.3 0.000302 775 21-2.86E + 04 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism

63 FKBPL 6q21.3 0.0003 14 48.8 5.89-404 Cell communication/
signal transduction

64 CYB5R3 22q13.2 0.000317 2.06E-02 2.49E-02-0.17 Metaboism:Energy
pathway

65 PRCC Iq21.1 0.000327 52.8 6.07-460 Cell communication/
signal transduction

66 FLJ 12949 0.000327 141 9.48-2.10E + 03

67 PCDHGAI 5g¢31 0.000328 3.02E + 06 879-1.04E + 10 Biological process
unknown

68 SH2Dé 2pll2 0.000335 1.97E + 07 2037-1.91E+ ] Cell communication/
signal transduction

69 CBY| 22ql2 0.000337 8.61E-02 6.40E-04-0.116 Regulation of signal
transduction

70 CNDP2 18g22.3 0.000354 4.43E-02 8.00E-03-0.245 Protein metabolism

71 Clorf65 lq41 0.000356 4.88E + 17 9.53E+07-2.50E + 27 Biological process
unknown

72 SLC25A37 8q21.2 0.000367 773 19.9-3.00E + 04 Transport

73 MTMR7 8q22 0.000370 3.53 1.766-7.07 Cell communication/
signal transduction

74 DRAM 12q23.2 0.000388 2.68E-01 6.25E-02-0.45 Apoptosis

75 LBXCORI 15q23 0.000401 3.6IE+23 3.26E + 10-3.99E + 36

76 LOC653216 0.000430 8.85E + 07 3.33E + 04-2.35E+ 12

77 IL31RA 5qll1.2 0.000437 8770 55.7-1.38E+ 06 Cell communication/
signal transduction

78 SH3BP2 4pl6.3 0.000439 2.70E + 09 1. 49E + 04—4.89E + 14 Cell communication/
signal transduction

79 CACNA2D2 3q21.3 0.000458 8.11 2.51-26.1 Transport

DISCUSSION in breast cancer. However, there were no overlap-

In this study, we analyzed the relationship
between the expression profile pattern and progno-
sis of EC, simultaneously in both cancer cells and
associated stroma, and established a formula based
on the gene expression in both cancer and stroma
that can, with moderate accuracy, predict the recur-
rence of EC. Similar to our results, there are previ-
ous studies that have demonstrated that stromal
gene expression patterns are related to prognosis in
breast cancer, ovarian cancer, and prostate cancer
(Finak et al.,, 2008; Farmer et al., 2009; Gregg et al.,
2010; Kataoka ct al., 2012). Farmer et al. (2009)
extracted 50 stromal metagenes by performing
microarray analysis, and reported that while these
stromal metagenes were unrelated to survival in
untreated subjects, they could predict the relapse-
free survival of subjects who received anthracyline-
based chemotherapy. Finak et al.(2008) established
a new SDPP consisting of 26 genes, and demon-
strated that SDPP could predict clinical outcomes

ping stromal genes between these two reports and
our study. In our study, extraction of stromal genes
significantly correlated with PFS  (Pvalue < 0.05)
resulted in 1,593 candidate genes. However, there
were only seven genes (C/QTNEF3, WNT, TGF-,
G/ZMA, HRASLS, VGLILI, and ADM) that over-
lapped with the previous two reports. This may
indicate that the stromal reaction is related with the
origin of cancer, or the affected organ. Interestingly,
Finak et al. (2008) morecover reported that the
SDPP predicts outcomes in several published whole
tumor-derived  expression  datasets (Netherlands
Cancer Institute, Jphn Radcliffe Hospital, Uppsala,
and Rotterdam) and that SDPP has a higher accu-
racy than all other signatures and predictors in the
Netherlands Cancer Institute dataset, including the
FDA-approved 70-gene predictor (whole tumor-
derived expression data; Finak et al., 2008). How-
ever, in this study, the accuracy tended to be higher
in cancer cells compared with in stroma.
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TABLE 3. The Top 79 Genes Related with Recurrence (Stromal)

No. Gene Location P-value Hazard ratio CL of HR Biological process
| SPC25 2q31.1 0.000006 155 4.74-50.5 Apoptosis
2 KIAAO05 14 10g11.22 0.000006 6.4 4.88-55.4 Biological process
unknown
3 LIN28 Ip36.11 0.000010 201 19.2-2110 Regulation of nucleo-
base, nucleoside,
nucleotide and
nucleic acid
metabolism
4 SPON2 4plé.3 0.00001 | 0.137 5.63E-02-0.332 Cell growth and/or
maintenance
5 GPC5 13¢32 0.000013 2600 75.6-89500 Cell communication/sig-
nal transduction
6 FLJ35880 0.000014 3.86E+ I5 3.65E + 08—
4.10E + 22
7 KIAA1324 Ipl3.3 0.000015 0.349 2.16E-01-0.562 Biological process
unknown
8 CT45-4 Xq26.3 0.000018 36.8 7.09-191 Biological process
unknown
9 PTGERI 19p13.1 0.000021 8.19 311216 Cell communication/sig-
nal transduction
10 LOC441294 0.000036 6.3 2.63-15.1
I CYPIA2 15q24.1 0.000049 275 5.55-136 Metabolism:Energy
Pathway
12 PCDHGAI 5q31 0.000060 1.02E + 07 3850-2.70E+ 10 Biological process
unknown
13 SPATCI 8q24.3 0.000075 6.01E + 47 1.35E + 24— Biological process
2.68E+ 71 unknown
14 WDR70 5ql3.2 0.000080 108 10.6—1110 Biological process
unknown
I5 Cl70rf55 17q25.3 0.000082 14.6 3.85-55.4 Biological process
unknown
16 FBXWI2 3p21.31 0.000104 1.59E + 04 120-2.1lE + 06 Protein metabolism
17 WDR40B Xq25 0.000110 745 26.1-2.13E+ 04 Cell communication/sig-
nal transduction
18 ZNF620 3p22.1 0.000134 5.97E + 27 331E+ 13— Regulation of nucleo-
1.08E + 42 base, nucleoside,
nucleotide and
nucleic acid
metabolism
19 SUSD4 lg41 0.000145 4.17E+ 06 1600-1.09E + 10 Immuno response
20 PRCC Iq21.1 0.000148 860 26.2-2.82E + 04 Cell communication/sig-
nal transduction
21 ACRVI 11q24.2 0.000163 214 4.36-105 Cell communication/sig-
nal transduction
22 INTS9 8p21.1 0.000165 0.116 3.80E-02-0.356 Biological process
unknown
23 SLC6AI0P lépll.2 0.000168 5.05 2.17-11.8
24 ADORA3 Ipl3.2 0.000180 1.32E+ 08 7450-2.35E + 12 Cell communication/sig-
nal transduction
25 CXCLé 4ql3.3 0.000183 981 26.6-36200 Immuno response
26 PSG2 19q13.1-q13.2 0.000184 [.OIE+35 4.60E + 16— Immuno response
2.24E + 53
27 RASAL2 1q24 0.000185 2.48E + 04 123—>5.00E + 06 Cell communication/sig-
nal transduction
28 TRIO 5qi5.2 0.000185 15.2 3.65-63.2 Cell communication/sig-
nal transduction
29 ZBTBI2 6p21.33 0.000190 331 15.7-6960 Regulation of nucleo-

base, nucleoside,
nucleotide and
nucleic acid
metabolism
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