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Keyv.vordS: . Summary Although proteomic profiles for ovarian epithelial carcinoma (OECa) have been widely investigated,
Ovarian carcinoma; . . .. . . R .
I histochemical no single marker or set of predictors has been clinically implemented mainly because their reliability and validity
mmltl‘ﬁo. 1stochemica have not yet been well established. To establish immunohistochemical (IHC) panels for prognosis prediction of
Pp romes . OECa for use in daily pathology practice, the expression patterns of 12 IHC markers, pS3, HNF-13, ARID1A,
;(;gnosm, estrogen receptor-o, progesterone receptor, vimentin, PTEN, PIK3CA, WT1, left-right determination factor, 3-
Illel,: 16: catenin, and Ki-67 were investigated using 282 OECas. Hierarchical clustering analysis revealed 7 major immu-
ARI]S li’ noprofile groups (IPGs I-VII) that could be used to categorize OECa tumors independent of histotypes. Based on

the results of the cluster analysis and protein expression statuses, we further demonstrated the effective classifica-
tion of OECa tumors into simplified immunoprofile panels using only 4 IHC markers including HNF-1p, p53,
ARIDIA, and WT1. The tumors in IPG VII with HNF13+/p53+/ARID1A+ immunophenotype demonstrated
a significantly worse overall survival and progression-free survival as compared with the other IPGs. Multivariate
Cox regression analysis also revealed that the immunophenotype (HNF1p3+/p53+/ARID1A+) and clinical stage
were significant and independent prognostic factors for overall survival and progression-free survival in advanced
OECa. In conclusion, we identified immunoprofiles in OECa using a panel of 4 IHC markers, which could iden-
tify tumors by the immunophenotype that is associated with the most unfavorable prognosis and thus facilitate
prognosis prediction of advanced OECa.
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Opvarian epithelial carcinoma (OECa), which is divided into 5
major histologic subtypes including high-grade serous
(HGSeCa), low-grade serous (LGSeCa), endometrioid (EmCa),
clear cell (CCCa), and mucinous carcinomas (MuCa), is the
most deadly group of gynecologic malignancies in Japan [1].
The major reason for the poor prognosis is late diagnosis; more
than 75% of patients are diagnosed as having advanced-stage
disease characterized by metastasis to the peritoneal cavity
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[1-4]. Recently, OECa is considered a heterogeneous group of
carcinomas with remarkable differences in pathobiology and
tumor behavior, on the basis of several molecular biological
findings [5].

Although classic clinicopathological factors, such
as age, stage, residual tumor after first laparotomy,
differentiation grade, histotype, and response to chemother-
apy, are important prognostic markers for OECa, it is not
possible to determine optimal chemotherapy on an individ-
ual patient basis according to these factors [6,7]. However,
studies have shown that biomarker profiling using tumor
tissues, cell lines, ascites fluid, and blood samples from OECa
patients may help predict patient response to available treat-
ment or prognosis [8-11], but no single marker or set of genes
with predictive value has been clinically implemented mainly
because their reliability and validity have not yet been well
established [7].

OECas of different histotypes show different responses to
conventional chemotherapy; thus, there has been interest in
subtype-specific treatment of the tumors [12,13]. However, his-
totypic diagnosis by pathologists has been only modestly
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reproducible [14-16]; the concordance rates of interobserver re-
producibility have been reported to be from 56% to 68%, with
K statistics 0f 0.46 to 0.55. In contrast, ancillary examinations
such as immunohistochemistry (IHC) for specific markers can
increase reproducibility [17,18], suggesting that the detection of
several IHC markers, such as p53, HNF-1p, vimentin, WT1,
p16, and Ki-67, which have all been shown to be associated with
the different histotypes of OECas [13], may assist in identifying
the different subtypes of OECas. Alternatively, IHC examina-
tion may be useful for determination of subtype-specific treat-
ment of OECa. In this study, we investigated the expression
patterns of 12 protein markers, pS3, HNF-13, ARID1A, estro-
gen receptor-a (ERa), progesterone receptor (PR), vimentin,
PTEN, PIK3CA, WTI, Ileft-right determination factor
(LEFTY), p-catenin, and Ki-67, by IHC in 282 cases of OECa
and demonstrated that the tumors could be categorized into 7
immunoprofile groups (IPGs) using hierarchical clustering.
In addition, we developed a simplified categorization system
of OECa cases into the IPGs using the 4 most useful IHC
markers, which could facilitate the prediction of the behavior
of advanced OECa.
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THC findings in OECa. Staining by hematoxylin and eosin and THC for the 4 most correlative markers, p53, HNF-13, ARID1A, and

WT]I, in OECas tissues including HGSeCa, EmCa, CCCa, MuCa, and HGCa. Original magnification x200.
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Fig.3  Unsupervised hierarchical clustering of OECas. The expression level of each protein is colored; red, orange, and green indicate relatively
high (IHC scores or LIs > means + SDs), neutral (means = SDs), and low (< means — SDs) expression, respectively. Major clusters are shown as
IPGs I to VIL

Table 1  Relationship between IPGs and histotypes in OECa
IPG n Histotype
HGSeCa, n (%) LGSeCa, n (%) EmCa, n (%) CCCa, n (%) MuCa, n (%) HGCa, n (%)
I 38 18 (47.4) 11 (28.9) 2 (5.3) 1(2.3) 1(2.6) 5(13.2)
I 18 6 (33.3) 1(5.6) 4 (22.2) 1(6.7) 5(33.3) 1(6.7)
I 42 32 (76.2) 1(24) 3 (8.6) 1(2.9) 0 (0) 5(11.9)
v 54 2 (3.7) 0 31 (57.4) 6 (11.1) 9 (16.7) 6 (11.1)
Vv 57 2 (3.5) 0 2 (3.5) 44 (77.2) 2 (3.5) 7 (12.3)
VI 47 3(5.7) 0 5(10.6) 27 (57.4) 9 (19.1) 6 (6.4)
VII 26 6(23.1) 0 0 (0) 5(19.2) 15 (57.7) 0(0)
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Fig.5 Flowchart to categorize OECa cases into the 7 IPGs using the 4 most correlative IHC markers including HNF-1p, p53, ARIDI1A,
and WT1. The high and low categories represent the expression level of each marker on the basis of the mean cutoff values.

2. Materials and methods

2.1. Clinical cases

A total of 282 cases of OECas, surgically resected at
Kitasato University Hospital in the period from 2006 to
2015, were selected from our patient records according to
the criteria of the 2014 World Health Organization classi-
fication [19]. All patients underwent oophorectomy with or
without hysterectomy. None of the patients had received che-
motherapy or any other treatment preoperatively. The histo-
pathologic diagnosis for ovarian carcinomas with a typical
histology was usually conducted using only hematoxylin and
eosin—based examination, whereas the diagnosis for tumors
with an atypical feature was determined by the IHC approach
using a few antibodies, such as HNF-1p3, WT-1, and hormone
receptors. The tumor cases investigated comprised 69 HGSe-
Cas, 13 LGSeCas, 47 EmCas, 85 CCCas, and 41 MuCas, as
well as 27 high-grade carcinomas (HGCas) that showed a lack
of histotype-specific differentiation features. Detailed clinical
and pathological information was investigated by A. Y. and
T. M. using our patient record. Briefly, the mean age of the pa-
tients was 57 years (range, 25-89 years). The average tumor
size was 11 cm (range, 1-30 cm). According to the criteria of
the International Federation of Gynecology and Obstetrics
(FIGO) [20], 108 cases were subcategorized as stage [ and 153
as stage II to IV. Forty-three cases were positive for nodal metas-
tasis, whereas 178 were negative. In addition, 21 cases showed
distant metastasis in contrast to 261 that were negative. All tissues
were routinely fixed in 10% formalin and processed for embed-
ding in paraffin wax. Approval for this study was given by the
Ethics Committee of the Kitasato University School of Medicine

(B16-10).

2.2. Antibodies

Anti—p-catenin and anti-HNF-1p antibodies were bought
from BD Biosciences (San Jose, CA). Anti-WT1, antivimen-
tin, anti-p53, and anti—Ki-67 antibodies were purchased from
Dako (Copenhagen, Denmark). Anti-ERa and anti-PR anti-
bodies were from Novocastra (Newcastle, United Kingdom).
Anti-PIK3CA, anti-LEFTY, anti-ARID1A, and anti-PTEN
antibodies were from Cell Signaling Technology (Danvers,
MA), Abcam (Cambridge, MA), Sigma-Aldrich Chemicals
(St Louis, MO), and Millipore (Temecula, CA), respectively.

2.3. Immunohistochemistry

IHC was performed using a combination of the microwave-
oven heating and polymer immunocomplex (Envision, Dako)
methods using whole sections. Briefly, after ordinary deparaffini-
zation of 4-um-thick sections, endogenous peroxidase was
blocked by treatment of 0.3% hydrogen peroxide in methanol
for 30 minutes. The microwave-oven heating was carried out
with three 5-minute cycles in either 10 mM citrate buffer (pH
6.0) or Tris buffer (pH 9.0). Routine THC staining was then con-
ducted using the polymer immunocomplex method. To assess the
immunospecificity of each antibody, either normal mouse or rab-
bit sera was used as negative control instead of primary antibod-
ies. Assessments of each sample (the scoring of IHC features)
were made by 3 observers (A. Y., T. M., and M. S) and then
compared.

For evaluation of IHC findings, scoring of nuclear or cytoplas-
mic immunoreactivity for p53, HNF-1p, ARIDIA, ERa, PR,
vimentin, PTEN, PIK3CA, WT1, and LEFTY was performed,
as described previously [21,22]. Briefly, the proportion of immu-
nopositive cells among the total number of counted cells was
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subdivided into 5 categories as follows: 0, all negative; 1, <10%;
2, 10%-30%; 3, 30%-50%; and 4, >50% positive cells. The
immunointensity was also subclassified into 4 groups: 0, neg-
ative; 1, weak; 2, moderate; and 3, strong immunointensity.
IHC scores were generated by multiplication of the values of
the 2 parameters. Nuclear immunopositivity for (-catenin
and Ki-67 was also counted in at least 1000 cells in 5 randomly
selected fields. Labeling indices (LIs) were then calculated as
number per 100 cells, as described previously [21,22]. Cluster
analyses for IHC data were also conducted by Ward method
using R version 3.3.1 software (R Foundation for Statistical Com-
puting, Vienna, Austria), on the basis of the colored expression
level of each protein shown as red, orange, and green, which in-
dicate relatively high (IHC scores or LIs > means + SDs), neutral
(means + SDs), and low (< mean — SDs) expression, respec-
tively. To evaluate the prognostic significance of expression
of the IHC markers, the scores or LIs were divided into 2 cat-
egories (high and low) with the mean values as the cutoff in
each category.

2.4, Mutation analysis

A 10-pm paraffin wax section was reviewed, and carci-
noma cell-rich areas were manually dissected under micro-
scopic guidance while avoiding contamination by stromal
components. Genomic DNA was extracted from 16 HGSeCas,
10 EmCas, 14 CCCas, 7 MuCas, and 8§ HGCas using a
QIAamp DNA FFPE Tissue kit (Qiagen, Hilden, Germany).
Exons 5 to 9 of the p53 gene, exon 3 of the CTNNB gene, exon
1 of the k-ras, and exons 9 and 20 of the PIK3CA gene were
amplified by polymerase chain reaction, and the products were
subsequently subjected to direct sequencing polymerase chain
reaction as described previously [21-24].

2.5. Statistics

Comparative data were analyzed using the Mann-Whitney
U test and 2 test, whichever was appropriate.

Overall survival (OS) was calculated as the time between on-
set and death or the date of the last follow-up evaluation.
Progression-free survival (PFS) was also examined from the on-
set of treatment until relapse, disease progression, or last follow-
up evaluation. OS and PFS were estimated using the Kaplan-
Meier methods, and the statistical comparisons were made using
the log-rank test. Univariate and multivariate analyses were per-
formed using the Cox proportional hazards regression model.
The cutoff for statistical significance was set as P < .05.

3. Results

3.1. Unsupervised cluster analysis of OECa by IHC
findings

We performed THC on 282 resected cases of OECa for 12
proteins, including p53, HNF-1p, ARIDI1A, ERa, PR,

Univariate and multivariate analyses for OS and PFS in advanced ovarian carcinoma

Table 2

Multivariate analysis

Variable
(0N

Univariate analysis

P

95% CI

Hazard ratio

Cutoff

Unfavorable factor

2

Log-rank c2

Cutoff

Variables

oS

.0002
.001
.84

4.17 1.97-8.85
0.71-0.51

+++/others
T/ IV
—+

A/J’,

HNF-13/p53/ARID1A

FIGO stage

o+

<.0001

17.6

+++/others
57/58

HNF-13/p53/ARID1A

Age (y)

0.19

18
<.0001

1.76
25.66

0.48-1.84

0.93
0.50

Lymph node metastasis
Distant metastasis

[I-1V

/11 v

FIGO stage

.0276

0.27-0.93

.19

1.69
14.06
12.34

10.9/11.0
—/+

Tumor size (cm)

4
4

.0002
.0004

Lymph node metastasis
Distant metastasis

PFS

PFS

.0015
<.0001

1.50-5.52

0.07-0.29
0.81-2.24

0.27-0.78

2.875

+++/others
1IA118Y%

— /Jr
—/*

HNF-1p/p53/ARID1A

FIGO stage

o+

.0012
.36
<.0001

10.5

+++/others
57/58

HNF-1pR/p53/ARID1A

Age (y)

0.137
1.345
0.462

0.81
4291

Lymph node metastasis
Distant metastasis

HI-1v

i v

FIGO stage

.0037

21
<.0001
<.0001

55

L.
17.13

10.9/11.0
—/+

Tumor size

4
+

Lymph node metastasis
Distant metastasis

20.54

NOTE. +++, HNF-13+/p53+/ARID1A+.
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vimentin, PTEN, PIK3CA, WT1, LEFTY, B-catenin, and Ki-
67, which are considered to have significant power in the iden-
tification and classification of the tumors [21,25-27]. Repre-
sentative IHC findings for these IHC markers in OECa are
illustrated in Figs. 1 and 2. We observed significantly higher
IHC scores or LIs for p53 or WT1 in HGSeCa and LGSeCa,
HNF-1p and LEFTY in CCCa, and nuclear B-catenin, ERa,
PR, and vimentin in EmCa, in contrast to significantly lower
ARIDI1A, ERa, and PR scores in CCCa as compared with
those in other histotypes. Relatively higher p53 and HNF-1p
scores and lower PTEN score were also observed in MuCa.
In contrast, changes in PIK3CA score and Ki-67 LI were rela-
tively minor among the different histotypes of OECa (Supple-
mentary Fig. S1).

Hierarchical clustering was then applied to the IHC data for
each marker to determine whether the immunophenotypic fea-
tures of OECa could be readily categorized (Fig. 3). Seven
IPGs were revealed from this analysis, and the distribution of
the HGSeCa, LGSeCa, EmCa, CCCa, MuCa, and HGCa cases
present in each group is shown in Table 1. IPGs I and III con-
tained a high proportion of HGSeCas, whereas IPGs V and VI
included mostly CCCas. IPGs IV and VII were consisted pre-
dominantly of EmCas and MuCas. In addition, IPG II was rel-
atively heterogeneous and contained a similar distribution of
HGSeCas, EmCas, and MuCas.

It has been demonstrated that an HGSeCa-like profile
shows p53 mutations in the absence of EmCa-like mutations,
the latter of which are defined as one or more mutations in
the CTNNB, PIK3CA, or k-ras gene with or without a concur-
rent p53 mutation [28,29]. To further examine associations
among the protein expression, gene mutation status, and IPGs,
a total of 55 OECa cases were selected from each of the IPG,
and the mutation statuses of the CTNNB, PIK3CA, and k-ras
genes were investigated (Supplementary Table S1). Alter-
ations in the CTNNB and p53, but not PIK3CA, genes were
significantly associated with their protein expression statuses
(Supplementary Fig. S2). Mutations in the CTNNB gene were
predominantly detected in EmCas and IPG IV relative to other
histotypes and immunoprofiles, respectively, whereas alter-
ations in the p53 gene were frequently observed in HGSeCas,
as well as IPGs 11, III, and VII. PIK3CA gene abnormalities
were predominant in HGSeCas and CCCas, as well as IPGs
I, V, and VII, whereas k-ras gene mutations were not associ-
ated with either histotype or IPG (Supplementary Table S2).

As shown in Fig. 4, the p53 score was significantly higher in
IPGs II, 111, and VII, whereas HNF-13 and LEFTY scores were
predominantly higher in IPGs V, VI, and VII as compared with
those in other IPGs. On the other hand, both ER« and PR scores
were significantly lower in IPGs V, VI, and VII. In addition, the
ARIDIA score was significantly lower in IPG V, whereas the
WT1 score was higher in IPGs I and III. The IHC scores or
LIs for other markers including vimentin, PTEN, PIK3CA,
and Ki-67 were varied among the IPGs. Collectively, high
HNF-1p scores were observed in IPGs V to VII categories, in
contrast to the low scores in IPG I-IV categories. In the former
categories, ARIDIA score was low in IPG V, whereas a

combination of high ARID1A and either low p53 or high p53
scores was observed in IPG VI and IPG VII, respectively. In
the IPG I-IV categories, high and low p53 scores were found
in IPGs II/III and IPGs I/IV, respectively. Moreover, WT1
scores were high in IPGs I and III, whereas its scores were
low in IPGs II and IV. Based on these findings, we developed
a simplified [HC-based panel to categorize OECa cases into
IPGs I-VII using the 4 most correlative IHC markers including
HNF-1p, p53, WT1, and ARID1A (Fig. 5).

3.2. Association between IPGs and prognosis in OECa

We next wanted to determine if the full-range IPGs that we
had developed had any predictive values; thus, we analyzed
the OS and PFS of 153 OECa cases of clinical stage [I-IV with
respect to the IPG. The Kaplan-Meier curves showed that the
patients in IPG VII, which was composed of MuCa (57.7%),
HGSeCa (23.1%), and CCCa (19.2%) cases, had more unfa-
vorable OS and PSF as compared with those of other IPGs
(Fig. 6A). Similar findings for both OS and PFS analyses were
also observed in advanced OECa cases excluding HGCas
(Supplementary Fig. S3). Because the patients with MuCa
had the most unfavorable OS and PFS as compared with the
other OECa histotypes (Supplementary Fig. S4) and the IPG
VII included the most cases of MuCa, IPG VII was further
subdivided into non-MuCa and MuCa cases. As shown in
Fig. 5B, non-MuCa cases, including 6 HGSeCas and 4 CCCas
(Supplementary Table S3), in IPG VII had equally unfavor-
able OS and PFS as the MuCa cases (Fig. 5C) relative to those
in the other IPGs, demonstrating that the cases with the HNF-
1B3+/p53+/ARID1A+ immunophenotype had the most unfa-
vorable prognosis regardless of histotype (Supplementary
Fig. S5 and Supplementary Table S3).

As shown in Table 2, univariate Cox proportional hazards
regression revealed that the HNF-1p+/p53+/ARID1A+
immunophenotype and clinical stage, lymph node status, and
distant metastasis were significant prognostic factors for OS
and PFS in OECa of clinical stages II-IV. Multivariate Cox re-
gression analysis also showed that the HNF-1p+/p53+/
ARID1A+ immunophenotype, clinical stage, and distant me-
tastasis were significant and independent prognostic factors
for OS and PFS in advanced OECa.

4. Discussion

The present study clearly provided evidence that histotype-
independent classification of OECas by 12 IHC markers in-
cluding p53, HNF-1p, ARID1A, ERa, PR, vimentin, PTEN,
PIK3CA, WT1, LEFTY, p-catenin, and Ki-67, which are con-
sistently expressed in the tumors [21,25-27], was useful for
prognosis prediction. The immunophenotype of each IPG
seemed to be also linked with several gene mutations including
those in p53, CTNNB, and PIK3CA. However, IHC for 12 pro-
tein markers is not always feasible because some of the antibodies
are not widely available, which precludes their implementation in
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daily pathology practice. Based on the results of both hierarchical
clustering analysis and the protein expression levels, we estab-
lished a simplified categorization system of OECa tumors into
7 1PGs using the 4 most correlative IHC markers including
p53, HNF-1R3, ARIDI1A, and WTTI.

Our results also demonstrated that although both IPGs I and
1II contained a high proportion of HGSeCas, the p53 scores were
significantly different between the 2 groups despite the similar
histopathologic phenotypes. Similar findings were also observed
for the ARID1A scores of the CCCas categorized into IPGs V
and VL Given the findings showing that EmCa and MuCa were
mainly categorized into IPGs IV and VII, respectively, it is sug-
gested that both HGSeCa and CCCa may have more heteroge-
neous phenotypic characteristics as compared with them.

An important finding in this study was that the patients in
IPG VII, which included HGSeCas, CCCas, and MuCas,
had significantly worse OS and PFS than did those in other
IPGs in advanced OECa cases. Moreover, the patients with
non-MuCa (HGSeCa and CCCa), as well as MuCa, in IPG
VII also had worse prognosis as compared with patients in
IPGs III (HGSeCa), and IPGs V and VI (CCCa). Taken to-
gether, our findings suggested that the biological behavior of
both HGSeCa and CCCa in IPG VII, but not those in IPG I,
III, or V, may be more similar to that of MuCa, which was
mainly categorized into IPG VII and showed the worst prog-
nosis among the OECa subtypes. In addition, multivariate
Cox regression analysis also showed that the HNF-1p+/p53
+/ARID1 A+ immunophenotype and clinical stage were signif-
icant and independent prognostic factors for OS and PFS in ad-
vanced OECa. These findings suggest that the
immunophenotype of the tumor cells may be more useful as
prognostic and predictive parameters for OECa rather than
histopathology-based classification.

It has been reported that combining 2 THC labeling patterns
associated with TP53 mutations (0% and 60%-100% positive
cells) correctly identified a mutation in 94% of cases [30]. In
our results, however, the Kaplan-Meier curves showed no sig-
nificant differences in OS but were observed in PFS among the
patients with negative p53 (score 0), low expression (score 1-
5), and high expression (score >5), whereas the patients with
high p53 scores (Z5) had worse OS and PFS as compared with
those with low p53 scores (<5; Supplementary Fig. S6). At the
present time, although we are unable to provide an appropriate
explanation for the observation, it seems that our IPG system
including p53 scoring may be useful to predict the prognosis
in advanced OECas.

In general, functional p53 plays a central role in susceptibil-
ity to apoptosis, and its activation is critical for sensitivity to
genotoxic agents like cis-diaminedichloro-platinum(II), cis-
[PtCl,(NH3),] (CDDP), whereas its loss can enhance resis-
tance to chemotherapy [31,32]. HNF-1£ has a drug resis-
tance—related function through 4 pathways including ErbB
signaling, focal adhesion, apoptosis, and p53 signaling [33].
Our previous study also demonstrated that an association be-
tween HNF-1P and NF-«B signaling may participate in cell
survival by alteration of apoptotic events, particularly in

mitochondria-mediated pathways, through upregulation of
bcl2 expression in CCCa [34]. Given that ARID1A functions
as a tumor suppressor gene [35], it seems that the combined in-
crease in expression of HNF-1p and p53 may act as unfavor-
able prognostic factors of OECa in IPG VII. Further
investigations into these points are clearly warranted.

In conclusion, we developed a categorization system that can
readily classify OECa tumors into IPGs based on their immuno-
phenotype and not their histotype and can facilitate prognostic
prediction. Furthermore, our classification system can identify
immunoprofiles using only 4 of the most correlative THC
markers, which can demonstrate the most unfavorable immuno-
phenotype in the tumors, and thus facilitate prognostic predic-
tion of OECa. Further large studies with the inclusion of
additional clinicopathological variables and the control of case
selection bias are clearly warranted to validate our findings.

Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2018.10.036.
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