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tatistical selection criteria (see Methods)

CNA are specific to histotypes, adding to the mounting
evidence of molecular differences between histotypes.
Despite larger sample size in serous histotype, comparison
of CNA found in the lower prevalent histotypes with ser-
ous is also of interest (Additional file 3: Figure $2). Clear
cell tumors had the highest number of common altered
genes with serous tumors (7.6%) while endometrioid
tumors had the lowest number of common altered genes;
3.0% common altered genes with serous tumors only.
There is also more overlap on amplifications than
deletions.

Consistency with other studies

Three studies have reported copy number changes in
EOC [16,17,24] (Additional file 4: Table $2). These stud-
ies focused on global changes in EOC rather than
histotype-specific alterations. Nevertheless, histotype-
specific alterations from our study should overlap to
some degree with these reported genes. We compiled a
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list of 551 significant genes reported in the 3 studies of
which 545 genes were reported by either Haverty et al.
or Gorringe et al. Eleven genes (2%) were commonly
identified in at least 2 of the studies. In comparison,
39.2% (216/551) of genes were found in our study, indi-
cating that our approach can identify copy number
altered genes. We also compared our findings in serous
tumors with TCGA high grade serous study (n=489) [23]
where they reported 63 regions of gains and 50 regions
of deletion. Based on overlapping of genes (if available)
or genomic regions, 29/63 (46%) amplified and 27/50
(54%) deleted regions were also found in our study
(n=101) (Additional file 5: Table 53).

Copy number alterations in known cancer genes

300 cancer genes were previously reported [25], of which
76 cancer genes were found within the altered regions
(Table 1). We found that copy number alterations of
these cancer genes were specific to histotypes as well;
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Figure 3 Venn diagram of copy number aitered genes between the lower prevalent histotypes. Left: amplified genes;
genes. Clear cell tumnors had more amplified genes than deleted genes while mucinous tumors had more deleted genes than amplified genes.
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e.g. TPM3 amplification in endometrioid tumors; JAK2
deletion in mucinous; RB1 deletion in both clear cell
and serous tumors; TP53 and MAP2K4 deletion in mu-
cinous and serous tumors. ERBB2, a gene implicated in
breast and EOC showed significant focal amplification in
mucinous tumors but deletions in serous tumors. Evalu-
ation of ERBB2 expression between mucinous and ser-
ous tumors in the 3 datasets showed the trend of over
expression of ERBB2 in mucinous compared to serous
(Additional file 6: Table S4). The focal amplification of
ERBB2 has been observed in various studies [26-28],
supporting our findings.

Identification of candidate driver genes in EQC histotypes
To identify candidate driver genes that might contribute
to carcinogenesis of EOC, we looked for genes that
showed association between copy number and gene ex-
pression (Methods, Additional file 1: Figure S1). Table 1
summarized the alterations and potential cancer driver
genes (highlighted in bold) based on cytoband. Pathway
analysis of potential driver genes in Table 1 showed top
molecular functions of these genes to be involved with cell
cycle, cellular development, growth and proliferation.

Candidate drivers in known cancer genes

Among 76 identified cancer genes listed in Table 1,
several genes were potential drivers (highlighted in bold)
in EOC in the association analysis. These include: FH,
GMPS, PIK3CA, EIF4A2, ZNF384, and SS18L1 (amplifi-
cations in serous tumors); TET2, FGFR10P, NF1, ERBB2,
and SH3GL1 (deletions in serous tumors) and ERBB2
(amplifications in mucinous tumors). Figure 4 shows the
association between copy number and gene expression
of ERBB2. The correlation was significant for all 3 data-
sets (Datasetl: R=0.80, p=3.47E-09, Dataset2: R=0.74,
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p=9.44E-6, Dataset3: R=0.79, p=1.14E-6, meta-p=3.90E-
17), suggesting a driver mechanism. Amplification was
observed in mucinous and deletion in serous tumors. An-
other interesting observation was MYC, TP53, KRAS, and
BRCAIL, genes reportedly to be commonly mutated in
cancers but did not show significant association between
copy number and gene expression. Similarly, two other
genes reported to be mutated in EOC (PIK3R1 and
STK11) also did not show potential driver mechanism.

Validation of ERBB2 expression

It is not within the scope of this study to validate the
candidate copy number driver genes. As ERBB2 has po-
tential for targeted therapy, we validated the expressions
of ERBB2 via qPCR of 7 samples in Datasetl that were
found to be amplified or deleted. It should be noted that
no more samples were available in Dataset2 for valid-
ation. Figure 5 shows the scatter plot between gene ex-
pression from microarray and qPCR (measured as fold-
change). Significant correlation was observed (p=0.007)
between microarray and qPCR. Four ERBB2 amplified
samples (1 serous, 1 mucinous, 1 mucinous borderline,
and 1 clear cell) were expressed correspondingly higher
than the 3 serous samples with deleted ERBB2 (p=0.06,
Wilcoxon). All these data support ERBB2 as a copy
number driver gene in EOC.

Discussion

The study reveals genomics diversity in EOC. It is con-
ceivable that some of these alterations are involved in
the tumorigenesis of EOC but the pathogenesis is likely
regulated by aberrations of histotype specific alterations.
By stratifying based on histotypes, we were able to iden-
tify alterations in the lower prevalent clear cell, endome-
trioid, and mucinous samples. An example is ERBB2.
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Table 1 Summary of copy number alterations and potential driver cancer genes

Region AMP DEL Cancer genes
C E M S C E M S
1p36.11 D MDS2
1021.2-1921.3 A ARNT, TPM3
1921.1-1g23.1 A A BCL9MUCT,PRCCNTRK1
1g42.13-1g44 A FH
3g21.1-3g26.1 A FOXL2,GMPSMLF1
3026.31-3929 A PIK3CA ETV5,EIF4A2,BCL6,LPPTFRC
4q21.22-4931.3 D RAP1GDS1,TET2 L2 FBXW7
5q11.2-5023.1 D IL6ST,PIK3R1,APC
6p22.1-6p25.3 A IRF4,DEK HIST1H4!
6G22.2-6G27 D ROS1,GOPCSTLMYB TNFAIP3, FGFR1OP MLLT4
7q32.1-7936.3 A SMO,CREB3L2,KIAAT549,BRAF EZH2
8p12-8p23.3 D PCM1,WRNWHSC1L1
8911.21-8024.3 A A HOOK3,TCEA1,CHCHD7 PLAG1 NCOA2,COX6CEXT1,MYC,RECQL4
9p21.3-9p24.1 D JAK2MLLT3
11p154 D CARS,NUP98LMO1
11q133-11g21 A NUMA1 PICALMMAML2
12p11.21-12p13.33 A KDMS5A,CCND2,ZNF384,ETV6,KRAS
13q122-13q14.3 D CDX2,FLT3,BRCA2,LHFP LCP1
13q14.2 D D RB1
15q14-15g15.1 D BUB1B
16g13-16g23.3 D HERPUD1,CBFB,CDH1,MAF
17p11.2-17p13.2 D D USP6,TP53,PERT,GAS7 MAP2K4
17g11.1-17g21.31 D NF1,SUZ12,TAF15MLLT6,LASP1,RARA BRCA1
17912 A D ERBB2
18921.32-18g22.2 D MALT1,BCL2
19p133 D FSTL3,STK11,TCF3,SH3GL1,MLLT1
20q11.21-20g13.33 A ASXL1,GNAS,SS18L1
22q1121-2291333 D CLTCL1,MN1,CHEK2,EWSR1,NF2,MYH9,PDGFB,MKL1T,MKL1,EP300
Xp11.3-Xp22.33 D P2RY8 KDM6A
Xq25 D ELF4

For simplicity, the aitered regions are summarized into cytobands in the first column. Second (AMP) and third (DEL) columns indicate the amplification and deletion
respectively for each histotype (C-clear cell, E-endometrioid, M-mucinous, S-serous). The amplification (A) and deletion (D) status for each histotype are indicated in each
cytoband. The last column shows known cancer genes (from Sanger COSMIC database) that are within the altered regions. In total, 76 genes are listed in this table.
Cancer genes which are potential drivers (i.e. significant correlation between gene expression and copy number alterations) are highlighted in bold.

Several groups have investigated alterations of ERBB2 in 76 cancer genes listed in Table 1 were found to be
EOC with mixed results [29,30]. However, when strati-  copy number altered in EOC. They include ERBB2,
fied into histotypes, the high prevalence of ERBB2 amp- TPM3, BRCA1, BRAF, KRAS, and PIK3CA; some of
lification in mucinous is clearly evident in our results which are potential copy number drivers e.g. PIK3CA
and other studies [26-28]. In addition, our results sup- and BRAF in serous histotypes. Another interesting ob-
port ERBB2 as a potential copy number driver gene in  servation was KRAS, a gene reported to be mutated in
EQC. The differences of ERBB2 copy number alterations  mucinous tumors. In our study, KRAS was not found
amongst the histotypes could be due to the origin of his-  significantly altered in mucinous tumors where muta-
totypes in EOC. Our study demonstrates the importance  tions are common. However, KRAS was significantly
of histotype-specific analyses where the differing copy amplified in serous tumors where mutations are rare in
number landscape amongst the histotypes adds to the  high grade tumors. The reciprocal relationship between
mounting evidence that EOC should not be treated as KRAS mutation and copy number alterations is also
one disease. observed in gastric cancer [11]. The 8q24.21 region
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! (See figure on previous page.)
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harboring MYC, on the other hand, was altered in most
histotypes other than mucinous. TCGA study also indi-
cates MYC is highly amplified in high grade serous
tumors. This suggests that MYC inhibitors may be ap-
plicable for these histotypes. For cancer genes which
have been reported to have somatic or germline muta-
tions in EOC, 3 were found to harbor copy deletions in
serous histotype: PIK3R1, BRCA1, and STK1l. For
BRCAL, our finding was concordant with previous re-
port that BRCA1 locus could be lost via either deletion
or epigenetic silencing other than mutation in sporadic
EOC [31].

A number of the candidate drivers in Table 1 are also
implicated in translocation aberrations, eg. TPMS3,
BCL9, GMPS, ZNF384 and SS18L1. It’s interesting that
these genes were amplified in endometrioid and/or ser-
ous tumors. TPM3 and BCL9 reside in 1q21, a frequent
site for chromosomal rearrangements. TPM3 was specif-
ically amplified in endometrioid tumors and the gene has
been shown to constitute a fusion gene with NTRK1 which
belongs to the group of TRK oncogenes reported for papil-
lary thyroid carcinoma [32]. Interestingly, NTRK1 is also
significantly amplified only in endometrioid tumors and

further investigation is required to ascertain if this is due
to gene fusion. BCLY is a novel oncogene in Wnt signaling
pathway, playing a critical role in epithelial-mesenchymal
transition in colon epithelium and adenocarcinomas
[33,34]. Translocation of BCLY has been reported with
1432 [35] and the gene was amplified in both endome-
trioid and serous tumors. Translocations for GMPS,
ZNF384, and SS18L1 were also found in leukemia and syn-
ovial sarcomas [36-40] and all were amplified in serous
tumors.

There are several drugs targeting the genes, eg. for
ERBB2, inhibitors include Trastuzwmab, Lapatinib, and
Pertuzumab. Lately, a clinical trial on combination of Per-
tuzumab, Trastuzumb and Docetaxel improved outcome
of patients with HER2 positive metastatic breast cancer
[41]. BRAF mutations are more common in low grade ser-
ous while BRAF amplification is more common in high
grade serous. Our data showed that it is a potential copy
number driver and hence may be targetable by BRAF-
inhibitors in serous tumors. Most BRAF inhibitors target
various mutations and its efficacy on amplified BRAF is
not yet well understood. A study has shown that BRAF
amplified colorectal cancer cells acquired resistance to the
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Figure 5 Scatter plot of ERBB2 gene expression and qPCR of 7 samples identified to be copy number altered in Dataset1. 4 ERBB2
amplified samples {serous, mucinous, mucinous borderline, and clear cell) had higher expression than the 3 ERBB2 deleted serous samples.
Significant correlation was observed between gene expression and gPCR (p=0.007).
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MEK1/2 inhibitors selumetinib [42]. PIK3CA is signifi-
cantly amplified in serous histotypes and could be a poten-
tial target for PI3K inhibitors. In a study of PI3K inhibitor
on breast and gynecologic malignancies harboring PIK3CA
mutations, patients with the mutations treated with the in-
hibitor showed higher response rate than patients without
the mutations [43].

In combining the 3 datasets, there was concern with
regards to the genetic diversity amongst the Chinese
Japanese, and Caucasian samples. The Hapmap [44] and
Human Genome Diversity projects [45] have showed
that these ethnic groups are different, though Chinese
(CHB) and Japanese (JPT) tend to have high similarity in
population structure. As genetic differences can be eval-
uated via principal component analysis (PCA) [46], we
used PCA to assess the copy number data of the 3
cohorts. No distinct clustering between the groups
(Additional file 7: Figure S3) was observed, suggesting
that in this particular copy number landscape, the gen-
etic effect is not evident and therefore has minimal effect
in the analyses. We also used ANOVA test to assess
~200 housekeeping genes between the 3 datasets; none
of the genes showed significance (Additional file 8: Table
S5). Note that ERBB2 also did not show any significance.
Nevertheless, genetic differences were taken into consid-
eration in the preprocessing protocol. Individual dataset
was normalized with respect to the relevant ethnic group
from Hapmap data, i.e. Datasetl with JPT, and Dataset2
with CHB. Ethnic-specific common structural poly-
morphism was also filtered out (see Data analysis) to en-
sure the copy number alterations identified in this study
are de novo alterations in tumors.

We recognize that the regions identified could still be
limited by the individual sample size of the histotypes.
The larger number of copy number altered genes in ser-
ous tumors could be attributed to the larger sample size
in this collection. We performed sub-sampling analyses
to ascertain the effects and in addition, to ensure robust-
ness of results, we used stringent criteria to filter the
regions as well as criteria to consider CNA genes if it
were supported by at least 2 dataset (Additional file 1:
Figure S1). The flip side of this filtering was that true
regions of alterations could be filtered out (as shown in
the green area in Figure 1), leading to probably more
false negatives. Nevertheless, we observed that despite
the filtering and limited sample size of some histotypes,
significant regions were still observed in the less preva-
lent histotypes; e.g. the 1p36.33, 2p1l1.1, 19q13.31, and
20q13.33 amplification and 9g32 deletion in clear cell
tumors (n=29); 1q21.2-3 amplification in endometrioid
tumors (n=20); 17q12 amplification and p24.1 deletion
in mucinous tumors (n=19). Note that endometrioid
tumors were not available in Dataset 2 although the total
number of tumors was comparable with clear cell and
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mucinous. The concordance criteria of agreement on 2
datasets in the analytical workflow would thus bias the
identification of regions for this histotype. Despite this,
significant alterations were still observed for endome-
troid (e.g. TPM3) and given the stringent criteria; these
are likely high confidence alterations. It should be noted
that the samples were stratified according to the 4 main
histotypes, including some borderline cases. Although
borderline cases are presented clinically as a different
subtype, they were included to simplify the stratification
of histotypes and analyses. The significance of this ap-
proach can be seen in ERBB2, where both mucinous and
mucinous borderline cases harbor amplification and corre-
sponding up regulation of expression as well. This was
similarly observed in other studies [26-28]. To assess if copy
number alterations differ between borderline and non-
borderline tumors and would thus cause bias in our ana-
lyses, we evaluated PCA of these samples (Additional file 9:
Figure S4). No distinct clustering was observed between the
borderline and non-borderline groups.

Conclusions

In swmmary, our study showed genomic diversity in
EOC and highlighted distinct copy number alterations in
histotypes that may have potential for drug targeted
therapy. ERBB2 is significantly amplified in mucinous
tumors and is a candidate copy number driver gene. By
merging multiple datasets of similar platform, we
demonstrated that CNA in the lower prevalent histo-
types could be elucidated, even with limited sample size.

Methods

Dataset1

56 archived frozen tumor samples from the Departinent
of Gynecology & Obstetrics, Kyoto University Graduate
School of Medicine, Japan were profiled on microarray. It
contained 12 clear cell carcinoma, 6 endometrioid adeno-
carcinoma, 2 mucinous adenocarcinoma, 5 mucinous-
borderline tumors, 26 serous adenocarcinoma, and 5
serous-borderline tumors.

Dataset2

46 archived frozen tumor samples collected from
Department of Obstetrics and Gynecology, Tri-Service
General Hospital, Taiwan, containing 9 clear cell, 6 mu-
cinous, and 31 serous.

Dataset3

GSE19539 consisting of 8 clear cell, 14 endometrioid, 6
mucinous, and 39 serous [15]. Blood normal available in
the dataset was used for normalization in concordance
with the paper.
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Human ovarian carcinoma samples

Two collections of archived flash frozen ovarian carcinoma
samples were obtained from the Department of Gynecology
& Obstetrics, Kyoto University Graduate School of Medi-

cine, Japan (Datasetl, N= 56) and Department of Obstetrics

and Gynecology, Tri-Service General Hospital, Taiwan
(Dataset2, N=46). All samples were collected with the
donor’s written informed consent. Ethical clearance hag
been approved by the Institutional Review Board for both
institutes. All samples were reviewed by at least one path-
ologist from the respective institutes on histopathological
typing and purity of samples. Tumor genomic DNAs were
extracted by using phenol-chloroform extraction method.
Tumor RNAs were extracted by using Qiazol followed by
column clean-up using miRNeasy kit (Qiagen).

Copy number profiling

Affymetrix Genome-Wide Human SNP Arrays 6.0
(Affymetrix, Santa Clara, California) were used for copy
number analysis according to the cytogenetics protocol
from the manufacturer. Data was pre-processed and nor-
malized with Hapmap JPT or CHB for Japan and Taiwan
samples respectively using the Affymetric Genotyping
Console. Copy number segments were obtained from the
circular binary segmentation (CBS) algorithm [47] imple-
mented in R package DNAcopy using default settings.

Gene expression profiling

Affymetrix GeneChip Human Gene 1.0ST Array was
used for gene expression analysis according to the proto-
cols from the manufacturer. Data was pre-processed and
RMA normalized [48] using Affymetrix Gene Expression
Console. Expressions for genes were mean-aggregated
for each gene based on Affymetrix probes annotation.
Note: 3 mucinous samples in Dataset2 and 2 serous
samples in Dataset3 do not have corresponding gene ex-
pression data.

Data repository

The gene expression and copy number datasets are
MIAME compliant and have been submitted to National
Centre for Biotechnology Information’s (NCBI) Gene
Expression Omnibus (GEQ) website, series accession num-
ber GSE30311.

Quantitative real time PCR

Total and miRNA was isolated from the ovarian carcin-
oma tissues using the miRNeasy kit (QIAGEN), of which
500ng were used to generate cDNA using the RT? first
strand kit (QIAGEN). For the qPCR run, 200ng of first
strand ¢cDNA was used per gene analysis. To determine
the expression profile, ERBB2 transcript expression
levels were normalized against the averaged expression
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levels of 5 housekeeping genes (ACTB, B2M, GADPH,
HPRT and RPL13A).

Delta-C, (AC,) and fold-change determination

C, was determined using the SDS software (version 2.3,
Applied Biosystems). Briefly, C, values were determined by
setting the baseline between cycle 2 of the run (total run:
40 cycles) and 2 cycles before the start of the first log-
phase amplification. The threshold was set by positioning
the limit to the lower third of the earliest amplification.
AC, was calculated by the formulae:

AC, = C(GOD)~C(HKG)

whereby: C, (GOI): C value of the respective gene of inter-
est (GO, C, (HKG): average C, values of the 5 house-
keeping genes (HKG) used in the assay, Fold-change of
the transcript is determined by the following formula:

Fold — change = 24!

Data analysis

To identify significant copy number altered regions, we
used a 2-pronged workflow employing the GISTIC algo-
rithm [18]. GISTIC identifies copy number alterations
based on the frequency as well as the log relative ratio
(LRR) signals to compute the q value (false discovery
rate). Default settings were used in the GISTIC analysis,
and amplification and deletion thresholds were set at 0.2
and -0.2 respectively. Additional file 1: Figure S1 shows
the 2-pronged workflow involving merged and individual
copy number datasets to identify copy number alterations.
Alterations were considered significant if it passed the
following filtering criteria: (i) q < 0.25 (individual dataset),
(i) q < 0.05 (merged dataset), and (iii) concordance in 2 or
more datasets. The significant regions were than mapped
to genes (hgl8 Refseq) by averaging the segments within
each gene. ANOVA test was used to identify histotype-
specific alterations. The analyses resulted in a list of sig-
nificant gain and loss genes for each histotype, summar-
ized in Figure 2 and Table 1 (known cancer genes).

To identify potential driver genes, non-parametric Spear-
man correlation was used to assess association between
gene expression and copy number alterations of individual
gene for each dataset (Additional file 1: Figure S1). Fisher’s
combined probability test (meta-p) [49] was then used to
combine the correlation statistics from each dataset to
identify potential driver genes. This hypothesis driven as-
sociation approach has been used to identify potential can-
cer driver genes [50,51]. Potential driver genes of known
cancer genes are listed in Table 1 (in bold).

PCA plots were generated using Partek Genomics
Suite (Partek, Missouri, USA). Pathway analyses were
performed using Ingenuity Pathway Analysis software
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(Ingenuity, California, USA). The frequency plot for rate; TCGA: The cancer genome atlas; PCA: Principal component analysis;

copy number altered regions in Figure 1 was generated

CHB: Hapmap Chinese; JPT: Hapmap Japanese; CBS: Circular binary
segmentation; NCBI: National Centre for Biotechnology Information;

usmg the threshold of LRR = ]02[ All statistical anah’ses GEO: Gene expression omnibus; GOI: Gene of interest; HKG: Housekeeping
and plots were done using the R programming package  genes; GISTIC: Genomic identification of significant targets in cancer;

(http://www.r-project.org).

ANOVA: Analysis of variance.
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A single-arm Phase |l study evaluating combination chemotherapy utilizing oral etoposide
and irinotecan for platinum-resistant and taxane-pretreated ovarian cancer has started. The
aim of this study is to evaluate the efficacy and safety of this regimen as a test arm regimen
in a subsequent Phase Il trial. Patients with platinum-resistant and taxane-pretreated ovarian
cancer are given etoposide at 50 mg/m? p.o. from days 1 to 21 and irinotecan 70 mg/m? i.v.
at days 1 and 15, repeated every 28 days, up to six cycles. A total of 60 patients will be en-
rolled at 36 institutions. The primary endpoint is response rate. The secondary endpoints
include adverse events and progression-free and overall survival.

Key words: Chemo-Gynecology — Gynecol-Med — clinical trials

INTRODUCTION

Ovwarian cancer 1s one of the most lethal gynecologic cancers
in Japan. The first-line standard chemotherapy regimen is
carboplatin plus paclitaxel (1,2). Although first-line chemo-
therapy is very effective, more than 60% of the patients with
an advanced stage will die of recurrent disease. After
relapse, the choice of second line chemotherapy depends on
‘platinum-free interval (PFI)’, which is prognostic and pre-
dictive for the effect of repeating platinum agents. Usually,
the cut-off point of PFI is regarded as 6 months. Patients re-
curred within 6 months after first-line chemotherapy are
regarded as ‘platinum-resistant’ and receive second-line
chemotherapy with single agent such as pegylated liposomal
doxorubicin (3), topotecan (3) and gemcitabine (4) as the
standard treatment. Many single cytotoxic agents have
shown activity against recurrent ovarian cancer; however, re-
sponse rates generally have been low, such as 6—12% (3,4),
and of short duration because of emerging resistance to the

monotherapy regimens. Combination chemotherapy may cir-
cumvent this resistance and halt progression of disease,
because lower dose of two drugs with different mechanism
may reduce the toxicity and enhance the efficacy (5).

Irinotecan, a semi-synthetic derivative of camptothecin, is
a prodrug with little inherent topoisomerase inhibitory activ-
ity and is converted by carboxylesterases to its more active
metabolite, SN-38 (7-ethyl-10-hydroxycamptothecin). /n
vitro, SN-38 is 250—1000 times more potent than irinotecan
as an inhibitor of topoisomerase. For platinum-resistant
patients, irinotecan has shown modest activity (6-8) as
monotherapy in weekly, every 2-week and every 3-week
schedules.

Etoposide is a semi-synthetic glycosidic derivative of
podophyllotoxin (9). Intravenous dosing of etoposide has
been tested in two Phase II studies and shown relatively low
response rates (10,11) (0 and 8.3%). On the contrary, oral
etoposide has shown better efficacy, whose response rate was
26.8% for patients with platinum-resistant relapse (12).
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Topoisomerase-I treatment induces an increase in the
S-phase cell population with an increase in topoisomerase-Il
mRNA expression. Thus, topoisomerase-I can modulate
topoisomerase-I1I levels to enhance the effect of
topoisomerase-I1 inhibitors (13,14).

Eder et al. (15) reported the result of the in vivo study.
They showed that a combination of irinotecan and etoposide
showed more than an additive effect by both the tumor exci-
sion assay and tumor growth delay assay.

A Phase I study of topotecan and oral etoposide revealed
severe myelosuppression but promising efficacy for ovarian
cancer (16).

The dose-limiting toxicity of irinotecan is diarrhea, differ-
ent from that of topotecan (myelosuppression). Then, utiliz-
ing etoposide with irinotecan may improve the risk--benefit
balance of dual inhibition of topoisomerase. The result of
the Phase I study was reported in ASCO 2002 (17).

The recommended dose for further study was oral etopo-
side: 50 mg/m?*/days 1—21 and intravenous irinotecan:
60 mg/m?/days 1 and 15, repeated every 4 weeks.

In this Phase I study, four objective responses [two com-
plete responses and two partial responses (PRs)] were
achieved among 24 patients, including one PR in clear cell.

Nishio et al. (18) reported the result of feasibility study
run by selected hospitals in Tohoku and Kyushu districts in
Japan. Response rate, time to progression and overall sur-
vival were 44%, 9 months and 17 months, respectively.

This very promising result lead us to conduct a nationwide
Phase II study run by Japan Clinical Oncology Group
(ICOG).

The protocol review committee of the JCOG approved this
protocol in January 2009 and the study was initiated in April
2009. This trial was registered at UMIN-CTR as
UMINO00001837 (http:/www.umin.ac.jp/ctr/index.htm).

PROTOCOL DIGEST OF THE JCOG0503
OBJECTIVES

The aim of this study is to evaluate the safety and efficacy of
oral etoposide and intravenous irinotecan for patients with
platinum-resistant and taxane-pretreated ovarian, tubal and
peritoneal cancer as the test arm regimen in a subsequent
Phase III trial.

STUDY SETTING

The study is a multi-institutional open-label two-stage
design Phase I trial.

RESOURCES

This study is supported by Grants-in-Aid for Cancer
Research (20S-1 and 20S-6) and Health and Labor Sciences
Research Grant for Clinical Cancer Research (18--6), from
The Ministry of Health, Labor and Welfare of Japan.
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EnpromNTs

The primary endpoint is response rate in all eligible patients.
For patients with measurable lesion, response is evaluated
according to the RECIST criteria (19). For patients with non-
measurable lesion, response is evaluated according to the
GCIG CA-125 criteria (20). The secondary endpoints are
progression-free survival, overall survival and adverse
events. Overall survival is defined as days from registration
to death from any cause, and it is censored at the last follow-
up day when the patient is alive. Progression-free survival is
defined as days from registration to disease progression
(either of radiological, CA-125, symptomatic) or death from
any cause, and it is censored at the latest day when the
patient is alive without any evidence of progression.

EvLiGmiLiry CRITERIA
Incrusioy CRITERIA

For inclusion in the study, patients are required to fulfill all
of the following criteria:

(1) cytologically or histologically proven ovarian, tubal or
peritoneal cancer
(1) platinum-resistant disease
(iii) taxane-pretreated disease
(iv) age: 20—75 years old
(v) PS (performance status): 0—2
(vi) one of the followings, or both of them:
(a) patients have measurable lesion
(b) patients have assessable lesion with elevated
CA-125 (more than 70 U/ml)
(vi)) no prior treatment with irinotecan, topotecan or
etoposide
(viii) no prior radiation to abdomen
(ix) oral intake without parenteral nutrition
(x) both of the followings:
(a) no drainage to effusion or ascites within 28 days
(b) no effusion or ascites to be drained at registration
(xi) both of the followings:
(a) no chemotherapy or surgery within 28 days
(b) no hormonal or biologic therapy within 14 days
(xi1) patients without severe organ dysfunction
(xiii) written informed consent

Excrusion CriTERIA

Patients are excluded if they meet any of the following
criteria:

(1) synchronous or metachronous (within 5 years) malig-
nance other than carcinoma in situ or intramucosal
cancer

(i1) mental disease or mental symptoms that would affect
the participant’s decision to participate

(iii) pregnant or lactating
(iv) continuous systemic steroid
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(v) active bacterial or fungal infection with fever of
38.5°C or higher
(vi) uncontrollable hypertension
(vit) uncontrollable diabetes requires continuous insulin
administration
(viii) history of myocardial infarction or heart failure within
6 months, or current unstable angina
(ix) bowel obstruction

TREATMENT METHODS

Etoposide is orally administered once a day at 50 mg/m?
from days 1 to 21, and irinotecan is infused at 70 mg/m” on
days 1 and 15, repeated every 28 days. Protocol treatment is
continued up to six cycles unless disease progression,
unacceptable toxicity or patient refusal.

Forrow-up

Enhanced abdominal computed tomography (CT)/magnetic
resonance imaging, chest CT/X-rays and tumor marker
(CA-125) are evaluated at least every 8 weeks during the
protocol treatment. Adverse events are evaluated at least
every 2 weeks during the protocol treatment using CTCAE
ver. 3.0.

STUDY DESIGN AND STATISTICAL ANALYSIS

This study is a Phase II trial with two-stage design by
Southwest Oncology Group (21) to evaluate this regimen as
the test arm for a subsequent Phase III trial.

The sample size was determined as follows by the SWOG
design. We assumed that the expected value for the primary
endpoint of 35% and the threshold value of 20%. In this
situation, the sample size ensuring at least 80% power with
one-sided a of 5% is 55. Considering the likelihood of some
ineligible patients being enrolled, the total number of
patients was set at 60.

INTERIM ANALYSIS AND MONITORING

We plan interim analysis for futility after 30 patients
enrolled. In house monitoring will be performed every 6
months by the JCOG Data Center to evaluate the study pro-
gress and to 1mprove the study quality.

PARTICIPATING INSTITUTIONS

The participating institutions (from north to south) are as
follows: Hokkaido University Hospital, Sapporo Medical
University, Iwate Medical University, Tohoku University
Hospital, Institute of Clinical Medicine, Tsukuba University,
National Defense Medical College, Saitama Cancer Center,
Saitama Medical Center, Saitama Medical School, National
Cancer Center Hospital, Jikei Kashiwa Hospital, Tokyo
Metropolitan and Infectious diseases Center Komagome

Hospital, The University of Tokyo Hospital, Jikei University
Hospital, Cancer Institute Hospital, Juntendo University
School of Medicine, Kitasato University School of
Medicine, Niigata Cancer Center Hospital, Shinshu
University School of Medicine, Aichi Cancer Center
Hospital, Kyoto University Hospital, Osaka city University
Hospital, Kinki University School of Medicine, Osaka
Medical Center for Cancer and Cardiovascular Disease,
Osaka City General Hospital, Sakai Hospital, Kinki
University School of Medicine, Hyogo Cancer Center,
Tottori University, Kure Medical Center Chugoku Cancer
Center, Shikoku Cancer Center, Kyushu Cancer Center,
Kurume University School of Medicine, Kyushu University
Hospital, Faculty of Medicine Saga University, Kumamoto
University Medical School, Kagoshima City Hospital and
University of the Ryukyu.
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Hypoxia upregulates ovarian cancer invasiveness via the
binding of HIF-1a to a hypoxia-induced, methylation-free
hypoxia response element of S100A4 gene

Akiko Horiuchi®, Takuma Hayashi?, Norihiko Kikuchi®, Akiko Hayashi®, Chiho Fuseya®, Tanri Shiozawa® and lkuo Konishi®

*Department of Obstetrics and Gynecology, Shinshu University Graduate School of Medicine, Matsumoto, Japan
*Department of Immunology and infectious Disease, Shinshu University Graduate School of Medicine, Matsumoto, Japan
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Hypoxia is known to play important roles in the development and progression kofk tumors. We previously demonstfated, that
$100A4, a critical molecule for metastasis, was upregulated in ovarian cancer cells. Therefore, we examined the mechanisms
of the upregulation of S100A4 expression in ovarian carcinoma cells, with particular attention paid to the effects of hypoxia.
The expression levels of $100A4 were found to be correlated with the invasiveness of ovarian carcinoma cells in vitro and in
vivo, and the upregulation of SIOOM expression was associated with hypomethylation of CpG sites in the first intmn of
S100A4 in ovarian carcinoma cell lines and tissues. The expression of S100A4 was increased under hypoxia and was k
associated with elevated invasiveness, which was inhibited by S100A4 small interfering RNA (siRNA). In addition, exposure to
hypoxia reduced the methylation of hypoxia-response elements (HRE) of the S100A4 gene in a time-dependent fashion, in
association with the increased binding of HIF-1a to a methylation-free HRE in ovarian carcinoma cells. These results indicate
that hypoxia-induced hypozﬁethyiation plays an essential role in S100A4 overexpression and the epigenetic transformation of

ovarian carcinoma cells into the “metastatic phenotype.”

The metastatic potential of tumor cells has been reported to
be regulated by their interactions with their microenviron-
ment. These interactions can be modified by the accumula-
tion of genetic and epigenetic changes, which are transient
alterations induced by the local tumor microenvironment. In
particular, the role of microenvironmental hypoxia has been
focused on with regard to tumorigenesis, tumor progression
and tumor biology."™ Hypoxia is known to induce the
expression of the transcription factor hypoxia-inducible factor
(HIF), which has been reported to be upregulated in human
malignancy.” HIF binds to hypoxia-response elements
(HRE)® and activates the transcription of various target
genes, not only angiogenetic factors but also metastasis-
associated genes.® We previously reported that hypoxia was
associated with invasive phenotypes in ovarian carcinomas.”®

Kay words: S100A4, hypoxia, hypomethylation, ovarian carcinoma
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version of this article.
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In addition, HIF-1a overexpression is associated with a poor
prognosis in patients with ovarian cancer,” suggesting that
hypoxia is important for the acquisition of aggressive behav-
for in ovarian cancer cells.

$100A4, which is also known as mts-l/metastasin/pEL98/
pok,'*!" belongs to the calcium binding $100 protein family.
Altered expression levels of $100 proteins have been reported
in several human diseases, such as cancer, inflammatory dis-
orders and neurodegenerative conditions and are associated
with cell motility and invasion.'! Interestingly, a recent report
suggested that cancer cells induce S100 expression to produce
an appropriate metastatic site via an autocrine/paracrine
pathway'>"? and that S100A4 might be a cancer stem cell
(CSC) marker.'* We also reported that S100A4 expression
was upregulated in ovarian cancer and that the expression of
S100A4 was an independent prognostic factor in patients
with ovarian cancer.'”” However, little is known about the
mechanism of the altered expression of S100A4 in ovarian
carcinomas.

One of the mechanisms of S100A4 upregulation was
reported to be the hypomethylation of CpG sites in the first
intron of the S100A4 gene in human carcinoma cell lines."*
Epigenetic changes were found to occur in various target genes
during cancer development and progression.”" Although the
hypermethylation of tumor-suppressor genes has been studied
in detail, genome-wide hypomethylation has also been
reported in various human cancers?*** Functionally, hypome-
thylation affects the expression of sclected genes such as
MAGE, v-synuclein, S100A4 and others.?**® In addition, the
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expression of SI00A4 was suggested to be induced by hypoxia
in mouse pulmonary arteries.” However, the mechanisms of
hypoxia-induced S100A4 upregulation are not fully under-
stood. Therefore, we hypothesized that the increased S100A4
expression observed during hypoxia might be associated with
local epigenetic alterations. To address this issue, we examined
the expression of SI00A and epigenetic changes in ovarian
cancer cells under hypoxia.

Material and Methods

Cell culture

The ovarian cancer cell lines SKOV3 and OVCAR3 were
purchased from the ATCC (Rockville, MD). The ovarian can-
cer cell lines A2780 and A2780/CDDP (a cisplatin-resistant
cell line derived from A2780) were kind gifts from Dr. Taka-
shi Tsuruo (Cancer Chemotherapy Center, Tokyo, Japan)
with the permission of Dr. Thomas C. Hamilton (Fox Chase
Cancer Institute, Philadelphia, PA).23

Normal ovarian surface epithelial (OSE) cells. The immortal-
ized ovarian surface cell line OSE2a was provided by Dr.
Hidetaka Katabuchi (Kumamono University, Kumamoto,
Iapan).29 Incubation was carried out at 37°C under 20% O,
for normoxia or at 37°C under 1% O, for hypoxia.

Cell treatments

The cells were cultured in medium containing I pM 5-aza-
deoxycytidine (5Aza-dC; Sigma-Aldrich, St. Louis, MO) for
96 hr or 1 pM trichostatin A (Sigma-Aldrich) for 24 hr. On
the third day of treatment, the media were replaced with
fresh media containing 5-azadC.

Plasmid construction

Human genomic DNA was extracted from A2780 cells and
used to amplify the S100A4 promoter and intronl from posi-
tion 4 to --997 relative to the transcription start site by po-
lymerase chain reaction (PCR). Sequence data were analyzed
using the Basic Local Alignment Search Tool (BLAST) on the
National Center for Biotechnology Information website
(http://www.ncbinlm.nih.gov). F  —4: 5'-ggoetaccceccattc
ttecectcetetacaaccctetetectcageg-3’, F o +248: 5'-ggggtaccaacag
aaaagtgagcaagtgactgaatttgagetetecaggte-3', F 4383 5-gggg
taccttgegeactcgggageaggaageaaaggaaaggeagaagg-3', F +718: 5/-
ggggtaccgetgttgttgaggaaggectgg gaggecctgggagtttg-3’ and Ri 5/-
aacacatctetgaggggtggaagettcg-3'. These products were digested
with Kpn I and Hind [If and ligated into -pGL3.10-Luc
(pLuc3) (Promega, Madison, WI) and renamed pLuc3(-4),
pLuc3(248), pLuc3(383) and pLuc3(718), respectively. All con-
structs were sequenced in a capillary automatic sequencer
(ABI PRISM 3100 Genetic Analyzer, Applied Biosystems) and
matched to the published human S100A4 sequence.

Reporter constructs including point mutations at potential
HIF1 binding sites, HRE1 and HRE2 in S100A4 intron 1
were constructed using the site-directed mutagenesis system
according to the manufacturer’s protocol (Promega). The
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DNA sequence of mutagenic oligonucleotides for mutant
HRE1 and HRE2 were as follows: mutant HRE1 5'-CTCTGG
GTGGATTGTGTgaaagGGTGTGCATGGCACACAC-3'  and
mutant HRE2 5'-CGCTGTTGCTATAGTaaaagTTGGTATGT
ATGTGCCTGTGGG-3'.

Luciferase reporter analysis

Transfection was performed on the day the cell layer reached
50-60% confluence using the Effectene Transfection Reagent
(Qiagen, Valencia, CA, according to the manufacturer’s pro-
tocol. Two days after transfection, luciferase activity was
assayed using the Steady Glo or Bright Glo luciferase assay
reagent and dual luciferase reporter assay reagents (Promega).
All experiments were repeated at least three times. To induce
methylation, pLuc3(-4) was treated with s-adenosyl-[methyl-
3H] methionine (SAM; Amersham LIFE SCIENCE, Amer-
sham Place, Little Chalfont, Buckinghamshire HP7 9NA,
England), which is the principle biological methyl donor, and
was then transiently transfected into A2780/CDDP.

Small interfering RNA (siRNA) transfection

siRNA oligonucleotides targeting HIF-1a (target sequence: 5'-
AAAGGACAAGUCACCACAGGA-3') were obtained from
Qiagen (Valencia, CA). The siRNA for S100A4 (5'-AGCUU-
GAACUUGUCACCCTC-3") and the silencer-negative siRNA
for the control were purchased from Ambion (Austin, TX).
The sequences for the S100A4 siRNAs used are available on
request. The cultured cells were then transfected with the
corresponding siRNA  using Oligofectamine (Invitrogen,
Carlsbad, CA) according to the manufacturer’s protocol.

Chromatin immunoprecipitation assay

The ChIP-IT kit was purchased from ActiveMotif (Carlsbad,
CA), and the ChIP assay was carried out according to the
manufacturer’s protocol. One microgram of rabbit polyclonal
antibody to HIF-la or Spl (Santa Cruz Biotechnology, Santa
Cruz, CA) was utilized for immunoprecipitation. After protein-
ase K digestion and DNA precipitation, 3 pl of diluted DNA
were used for PCR. The primer sequences were as follows:
HRE1 forward 5'-agttgtgttggectgactgg-3’, HREL reverse 5'-aag
cacctggagagagcetcaaat-3'; HRE2 forward 5'-tgeatggeacacacacacat
-3/, HRE2 reverse 5'-ttagctctcageatgggga-3'; Sp1BS forward 5'-
ctgeagcttctcttccaace-3', Sp1BS reverse 5'-tttttccaccecteactcactcag-
3. Following 28 cycles of amplification, the PCR products were
run on a 3.0% agarose gel and analyzed by ethidium bromide
staining. The band intensity was measured and normalized to
the results for the input control samples.

Immunofluorescence staining of S100A4

Ovarian cancer cells were grown on a four-well Lab-Tek
Chamber Slide for 24 hr before the hypoxia treatment. Cells
were then transferred to hypoxia (1% O,) or let in normoxia.
For hypoxia experiments, 150 pm of pimonidazole (Hypo-
xyprobe, Burlington, MA) was added to the medium for 2
hr. After washing with phosphate buffered saline (PBS), cells
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were fixed with paraformaldehyde (3%) for 10 min at room
temperature and subsequently washed again with PBS. After
blocking with bovine serum albumin, slides were incubated
for 12 hr with anti-S100A4 rabbit antibody (Santa Cruz Bio-
technology, Santa Cruz, CA) and anti-Hypoxyprobe(tm)-1
mouse monaclonal antibody 1 (mAb1, 1:100 dilution) from
the Hypoxyprobe(tm)-1 Plus kit (Hypoxyprobe). Then, the
slides were washed with PBS and incubated with the Alexa
fluor 546-labeled anti-rabbit IgG and Alexa fluor 488-labeled
anti-mouse IgGl as secondary antibodies at room tempera-
ture for 3 hr. Nuclei were counterstained with VECTA-
SHIELD mounting medium with 4’,6-diamidine-2'-phenylin-
dole dihydrochloride (DAPIL, 1.5 pg/ml) (Vector Laboratories,
Burlingame, CA) according to the manufacturer’s instruc-
tions. All specimens were examined using confocal laser
scanning microscopy (Leica TCS SP2; Leica Microsystems,
Wetzlar, Germany).

Immunofluorescence staining of 5-methyl-cytosine

Cultured Cells were fixed in cold acetone for 15 min. Then, the
cells were incubated with RNase A (50 pg/ml) for 1 hr at 37°C
and washed with PBS. To denature DNA, the samples were
incubated in 0.3M HCI for 30 min at 37°C. After denaturation,
the samples were blocked with 0.4% BSA overnight at 4°C and
then incubated with mouse anti-5-methyl-cytosine (5-mC) pri-
mary antibody (Calbiochem, 1:1,000) for 3 hr at 37°C. This was
followed by anti-mouse fluorescein-5-isothiocyanate (FITC) sec-
ondary antibody incubation (1:200) (Sigma-Aldrich) for 1 hr at
RT. Nuclei were counterstained with VECTASHIELD mounting
medium with DAPI (Vector Laboratories). The control slides
received PBS in place of the primary antibody. The immuno-
stained cells were counted in a blinded fashion.

Western blot analysis

Extracts equivalent to 50 pg of total protein were separated
by sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis and transferred onto nitrocellulose membranes, as
described previously>®" Primary antibodies against S100A4
(Santa Cruz Biotechnology) or B-actin (Sigma-Aldrich) were
used. The densities of the bands on the filters were quantified
by densitometric analysis using the Quantity One Scan Sys-
tem (ATTO, Tokyo, Japan).

Reverse transcription polymerase chain reaction (RT-PCR)

RT-PCR was performed using an RNA PCR Kit (Takara
Shuzo, Otsu, Japan), as described previously.'>*"** Primers
encompassing specific segments of the cDNA sequence of the
S100A4 (sense, 5'-agcttcttggggaaaaggac-3’' and antisense, 5-
ccecaaccacatcagagg-3') and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) (sense, 5 -acgaccactttgtcaagctc-3' and
antisense, 5'-ggtctacatggcaactgtga-3') genes were synthesized.
After 35 cycles of amplification, the PCR products were ana-
lyzed, and the bands were visualized using ethidium bromide.
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Real-time RT-PCR

To confirm the results of RT-PCR, mRNA expression was
also analyzed using real-time PCR (LightCycler, Roche,
Mannheim, Germany) as described previously.™

In vitro invasion assay

Cell invasion through a reconstituted basement membrane,
Matrigel (Becton Dickinson Labware, Bedford, MA), was
assayed according to a previously reported method.”* After
16 hr of incubation, the cells on the upper surface of the filter
were removed carefully with a cotton swab, the membranes
were stained with Diff-Quik solution (Kokusai-Shiyaku, Kobe,
Japan), and cells that had migrated through the membrane to
the lower surface were counted in ten different fields under a
light microscope at x 100 magnification. Each experiment was
performed in triplicate wells and repeated three times.

Nude mice tumorigenicity assay

Three ovarian cancer cell lines were trypsinized and then
resuspended in Dulbecco’s modified eagle medium (DMEM)
and 5% fetal calf serum (FCS) at a concentration of 1 x 107/
ml. Six-week-old nude mice (BALB/c Slc-nu; Japan SLC,
Hamamatsu, Japan) were injected with 5 x 10° cells in the
abdominal cavity. The care and use of these experimental
animals was in accordance with institutional guidelines. The
mice were observed weekly and sacrificed after 1 month,
Individual disseminated tumors were counted and evaluated
by the percentage of tumor development among injected
mice, described as the dissemination rate.

Case selection and DNA preparation

A total of 61 primary epithelial ovarian cancers were sub-
jected to immunohistochemical analysis. Sixty-one consecu-
tive patients with ovarian carcinoma visited Shinshu Univer-
sity Hospital between 1994 and 2003 and underwent surgery
followed by cisplatin-based chemotherapy. The follow-up pe-
riod ranged from 3 to 160 months (median: 76 months).
According to the International Federation of Gynecology and
Obstetrics (FIGO) classification, 33 carcinomas were classified
as Stage 1, 10 were classified as Stage II, 21 were classified as
Stage III and five were classified as Stage IV. Histologically,
25 were serous, five were mucinous, 22 were clear cell and 17
were endometrioid adenocarcinomas. Each tissue sample was
used with the approval of the Ethics Committee of Shinshu
University School of Medicine.

For DNA preparation, 52 epithelial ovarian tumors were
available. Sections were deparaffinized, rehydrated and dried.
To extract DNA, the flelds of interest were selected and
microdissected, as described previously.>*

DNA methylation analysis using sodium bisulfite

sequencing

Five hundred nanograms to 1 pg of genomic DNA were
modified with sodium bisulfite. The DNA was then treated
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with the CpGenome DNA Modification Kit according to the
manufacturer’s recommendations (Intergene, NY), and the
modified DNA was used for PCR together with primers based
on the GenBank sequence NM_000264. Primer sequences were
MSP-1F: GTTTGGTGGTGTGTTTTATGAGTTTTTG, MSP-
IR:  CCCCTCAAAAATATATTCAAAATACCAAACTCCAC,
MSP-2F:  GAAGGTAATTGTGGGTTTITGT and MSP-2R:
ACCTTACCTCAACAACAACATTT. The methylation statuses
of 11 CpG siteswithin a 585-bp amplicon spanning the S100A4
first intron were evaluated. PCR was performed for 45 cycles
using HotStar™ Tag DNA polymerase (Qiagen, Hilden, Ger-
many), and the amplified products were purified using a
QIAquick PCR purification kit (Qiagen) and then cyde
sequenced in both directions with the DYEnamic ET Termina-
tor Kit (Amersham). The resultant sequence was analyzed in a
capillary automatic sequencer (ABI PRISM 3100 Genetic Ana-
lyzer). At least three PCR products for each sample were
sequenced by standard methods. The results of sodium bisulfite
sequencing were scored according to the method of a previous
report.”™ The ratio of cytosine (methylated) to thymidine
(unmethylated) at each CpG site was graded as follows: white,
hypomethylation (the peak height of the methylated signal was
lower than 0.5 relative to the unmethylated signal); gray, hemi-
methylation (the peak height of the methylated signal was
between 0.5 and 1.5 relative to the unmethylated signal); black,
methylation (the peak height of the methylated signal was
higher than 1.5 relative to the unmethylated signal). The hypo-
methylation rate was evaluated as the percentage of hypome-
thylated CpG sites.

Immunchistochemical analysis

Immunohistochemical staining was performed on serial
paraffin-embedded sections. For S100A immunostaining,
the strept-avidin-biotin-peroxidase complex method (Histo-
fine MAX-PO kit, Nichirei, Tokyo, Japan) was used, as
described previously.”® Immunoreactive tumor cells were
semiquantitatively estimated by comparing them with a
positive internal control; ie., lymphocytes and vascular
smooth muscle cells that demonstrated positivity for
S100A4 in their cytoplasm. Cytoplasmic staining was classi-
fied as: (—) negative, 0-10% positive cells; (+) weakly posi-
tive, 10-50% positive cells; (+4) strongly positive, more
than 50% positive cells."” Nuclear staining was defined as
follows: (—) negative, 0-20% positive cells; (+) positive,
more than 20% positive cells.

The Catalyzed Signal Amplification System (DAKO, Car-
pinteria, CA) was used for HIF-lo immunostaining, as
described previously.”” The primary antibody, mouse anti-
HIF-1a monoclonal antibody (Novus Biologicals, Littleton,
CO), was used at a dilution of 1:1,000. The cases were classi-
fied as positive (>5% of tumor cells with nuclear staining) or
negative (<5% of tumor cells with nuclear staining).” The
evaluation of immunostaining was performed by two inde-
pendent observers (N.K. and A.H.) who were unaware of the
fate of the patient or the tissue site.
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Enzyme assay for DNA methyltransferase

Total protein was extracted using the EpiQuik Nuclear
Extraction Kit (Epigentek, NY). The Bradford protein assay
was used to determine protein concentrations, and the same
amount of protein was measured in each sample using the
EpiQuik DNA Methyltransferase Activity/Inhibition Assay
(Epigentek), which was performed according to the manufac-
turer’s instructions. The values were normalized to the back-
ground absorbance of the culture medium alone.

Statistical analyses

Values represent the mean * SD. Fischer’s exact test, Stu-
dent’s t-test, the Kruskal-Wallis test and Mann-Whitney's U-
test were used to assess the significance of differences. Spear-
man’s rank correlation was used to determine whether there
was a positive or negative correlation among HIF-lo and
S100A4 expression. The log-rank test was used to evaluate
significant predictors of survival. Cumulative survival was
also analyzed using the Kaplan-Meier method. Differences
were considered significant when p < 0.05. These analyses
were performed using SPSS Version 14 (SPSS, Chicago,
1llinois).

Resulis

S$100A4 is expressed in ovarian carcinoma cells and is
localized in the cytoplasm or nucleus

We examined S100A4 expression and its functional relevance
to intracellular localization and invasiveness in ovarian carci-
noma cell lines. Immunofluorescent staining of S100A4
showed diffuse staining in both the cytoplasm and nucleus in
A2780/CDDP cells. In SKOV3 cells, diffuse staining of
S100A4 was observed in the cytoplasm. In OVCAR3 and
OSE2a cells, the expression of S100A4 was faint (Fig. la).
Western blot analysis of the cytoplasmic and nuclear frac-
tions confirmed the subcellular expression pattern of S100A4
in 4 ovarian carcinoma cell lines (Fig. 1b). The Matrigel inva-
sion assay showed that the invasive activity of A2780/CDDP
cells, which express S100A4 in their nuclei, was significantly
higher than those of the SKOV3 and OVCARS3 cells (Fig. 1c).
To confirm the role of S100A4 in invasiveness, we transfected
S100A4 specific siRNA into A2780/CDDP cells and found
that the silencing of S100A4 expression resulted in decreased
invasiveness (Fig. 1d). We then examined the tumor forma-
tion rate after the intraperitoneal injection of these cells into
nude mice. The dissemination rate was 10/12 (83%) for
A2780/CDDP cells, 3/11 (27%) for SKOV3 cells and 1/11
(9%) for OVCARS3 cells (Fig. 1le). Accordingly, the in vivo
disseminated metastatic activity was correlated with S100A4
expression in the three cell lines.

5100A4 expression is related to the methylation status of
$100A4 in ovarian cancer cells

It has been reported that the first intron of the S100A4 gene
is important for S100A4 expression.'®™™ A luciferase assay
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Figure 1. (@ Immunofluorescent analysis of S100A4 in ovarian carcinoma cell lines. Immunofluorescent staining of S100A4
showed diffuse staining in both the cytoplasm and nucleus in A2780/CDDP cells. In SKOV3 cells, diffuse staining of S100A4
was observed in the cytoplasm. In OVCAR3 and OSE2a cells, the expression of S100A4 was faint. Upper panel: S100A4
staining (red), Lower panel: Nuclei were counterstained with DAPL (blue). (b) Western blot analysis of the cytoplasmic and
nuclear fractions. This analysis confirmed the subcellular expression pattern of S100A4 in 4 ovarian carcinoma cell lines. N:
nuclear fraction and C: cytoplasmic fraction. (¢) Matrigel invasion assay. The number of cells that passed through Matrigel-
coated membranes was used to represent invasive activity. The Matrigel invasion assay showed that the invasive activity of
A2780/CDDP cells, which express S100A4 in their nuclei, was significantly higher than those of SKOV3 and OVCAR3 cells. *p <
0.05. Student’s t-test. (d) Matrigel invasion assay after the transfection of $100A4 siRNA. To confirm the role of S100A4 in
invasiveness, we transfected S100A4 specific siRNA into A2780/CDDP cells. The reduction in S100A4 expression caused
decreased invasiveness. *p < 0.05. Student’s t-test. (¢) Nude mouse tumorigenicity assay. We examined the tumor formation
rate at 1 month after the intraperitoneal injection of the cells into nude mice. The frequency of nude mouse dissemination was
correlated with the expression level of S100A4 in ovarian cancer cell lines tested. Individual disseminated tumors were
evaluated by the percentage of tumor development among injected mice, described as the dissemination rate. The frequency of
nude mouse dissemination was correlated with the expression level of $100A4 in all ovarian cancer cell lines tested.*p <
0.05. Fischer's exact test.

showed that the transcriptional activity of the S100A4 first
intron was similar to that of endogenous S100A4 expression
(Supporting Information Fig. 1). This sequence has 11 CpG
sites (Supporting Information Fig. 1). Therefore, we investi-
gated the association between the methylation statuses of
these 11 CpG sites and the expression of S100A4 in ovarian
carcinoma cells. The examination of sodiurn bisulfite-modi-
fied DNA showed that the hypomethylation of the CpG sites
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in the first intron is correlated with increased S100A4 expres-
sion (Fig. 2a).

To confirm the effect of CpG methylation on S100A4
expression in vitro, OVCARS3 cells were continuously exposed
to 5Aza-dC. The expression of S100A4 was increased at both
the mRNA and protein levels after 5-Aza-dC treatment in a
time-dependent manner (Fig. 2b). Real-time RT-PCR showed
that the S100A4 expression of OSE2a, OVCAR3 and SKOV3
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Figure 2, (a) DNA methylation analysis of S100A4 using sodium bisulfite sequencing. All 11 CpG sites of the first intron were methylated in
0OSE2a cells, which do not express S100A4. OVCAR3 cells showed very low endogenous expression of S100A4 mRNA and demonstrated that
10/11 sites were methylated or hemimethylated. A2780/CDDP cells, which have high endogenous levels of S100A4 mRNA, demonstrated that
8/11 sites were hypomethylated. The hypomethylation frequency was intermediate in SKOV3 cells. White: hypomethylated, gray:
hemimethylated and black: methylated. (b) RT-PCR and Western blot analyses of the expression of S100A4 in OVCAR3 cells after 5-Aza-dC
treatment. The expression of S100A4 was increased at both the mRNA and protein levels after 5-aza-dC treatment in a time-dependent
manner. 5-aza-dC: 1 uM 5-aza-dC. (¢) Changes in S100A4 mRNA expression after 5-Aza-dC treatment. The relative expression levels of
S100A4 were estimated by real-time RT-PCR. The mRNA expression of S100A4 was increased after 5-aza-dC treatment in OSE2a, OVCAR3 and
SKOV3. 5-aza-dC: 1 uM 5-aza-dC 96 hr, Values are the mean *+ SD. *p < 0.05. Student’s t-test. {d) Immunofluorescent analysis of S100A4
expression by treatment with 5-aza-dC. The changes of S100A4 localization after treatment with 5aza-dC were examined by
immunoflucrescence staining. 5-aza-dC treatment increased the nuclear expression of S100A4 in SKOV3, OVCAR3 and OSE2a. Upper panel:
S$100A4 staining (red), Lower panel: Nuclei were counterstained with DAP! (blue). 5-aza-dC: 1 pM 5-aza-dC for 96 hr.
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