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ABSTRACT

Expression of cancer stem cell-
related markers in ovarian
carcinoma and

Its clinical significance

Mi-Kyung Kim

Department of Obstetrics and Gynecology
The Graduate School

Seoul National University

Objectives: To evaluate the expression of cancer stem cell (CSC)-related
markers in human epithelial ovarian cancers of different subtypes and to

assess their predictive and prognostic significance.

Materials and Methods: Immunohistochemical analyses of 18 CSC-related
proteins which include CSC surface markers, stemness markers, Notch and
Hedgehog signaling molecules were performed in 103 cases of invasive
epithelial ovarian tumors. The differences in clinicopathologic variables
according to the immunoreactivity for CSC-related proteins were evaluated
using chi-square test or Student’s t-test as appropriate. Survivals were also
evaluated and compared using Kaplan-Meier method and log-rank test.
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Results: CSC-related proteins were differentially expressed according to the
histologic subtypes. The serous adenocarcinomas were characterized by high
expression of CD24, Nanog and Snail, whereas the expression of CD44, Shh
and Gli-1 was more common in mucinous adenocarcinomas. However, none
of the CSC-related proteins was associated with other clinicopathologic
variables, including stage and response to platinum-based chemotherapy, and

survival outcomes.

Conclusions: Although none of the CSC-related molecules served as
independent predictive and prognostic markers, the frequency of tumor cells
positive for these markers varies substantially according to the histologic

subtype.

Keywords: ovarian carcinoma, cancer stem cell, immunohistochemistry,

biomarker, prognosis

Student number: 2010-31136



CONTENTS

ADSTFACT ...t i
CONTENTS ...t bbbt i
List of tables and fiQUIES.........cccueiveiiie e iv
INEFOTUCTION e 1
Materials and MethodS .........ccoceieiiiiiii e 3
PATIBNTS ... b 3
TISSUE SAMPIES ... e 3
IMMUNONISTOCNEMISTIY ... 4
Staining evaluation ...........ccooveieiieiiecc e 4
Statistical @NalYSIS........ccvvvviiieriiieri e 5
RESUILS .o ne e 8
Patient CharaCteriStiCS.........oovviiiieiierece e 8
CD133, CD44, CD24, and CD117 expression in primary human
ovarian carcinOmMa SPECIMENS......ccuveveveerieeeeseeseeeeseeseeeeesreeseeaeesrens 8

Expression profiles of Notch signaling pathway proteins in
OVANTAN CAICINOMAS ...eovviiiiiiiieieeiesiee sttt sbe e sae e neesne e 18

Expression profiles of Hedgehog signaling pathway proteins in

OVAFTAN CATCINOIMAS ...eeeeeeeeee et e et e e et e e e e e e e e e e e e e e e e e e e ae e eeees 22
DHISCUSSION .ottt e s en e s s e s e eemnne e 25
R EIEINCES. ... ettt e e et e e e e e e e e e 28
ADSTFACE TN KOTCAN ..o e e e e nenees 31

iii



LIST OF TABLES

Table 1. Primary antibodies and cutoffs for high immunoreactivity..........
Table 2. Patient CharaCteristiCS.........oovivriirriiie e,
Table 3. Expression of cancer stem cell markers (CD133, CD44, and
CD24) according to the clinicopathologic variables.............cccccevvvvennenne.
Table 4. Expression of cancer stem cell markers (CD133, CD44, and
CD24) according to the clinicopathologic variables in serous
AAENOCAICINOMAS ...uvieeeiieiesteeiestee st etee et e ee b e sbe e e beesbe e e e sreeneeenes
Table 5. Correlations between cancer stem cell markers and stemness
and epithelial-mesenchymal transition  proteins in  serous
AAENOCAICINOMAS  ...veiueiitieitieiesiie st e e etee e et e st e sb e sbe et e beebeeseesre e e enes
Table 6. Expression of Notch signaling molecules (Notchl, Notch3,
Jagged-1) according to the clinicopathologic variables.............c..cccc........
Table 7. Correlations between cancer stem cell markers and Notch and
Hedgehog signaling molecules in serous adenocarcinomas ......................
Table 8. Expression of Hedgehog signaling molecules (PTCH, Shh,

Smo, Gli-1) according to the clinicopathologic variables..........................



LIST OF FIGURES

Figure 1. Immunohistochemical staining patterns for cancer stem cell
markers in OVarian CanCer tISSUES. ........ueuereereeiesiesieeie st 16
Figure 2. Survivals of patients with serous adenocarcinomas
according to the expression of cancer stem cell markers. ............cccccveee.ne. 17
Figure 3. Representative immunohistochemical stainings for Notch
Q1001 C=T 1§ LTSRS 21
Figure 4. Representative immunohistochemical stainings for

Hedgehog Proteins. .......eoeeieeiieecee e 24



INTRODUCTION

Ovarian cancer is the seventh leading cause of cancer deaths in women
worldwide, and is the most lethal gynecologic malignancy (1). Despite
advances in surgery and chemotherapy, overall cure rate has remained
approximately 30%. The poor clinical outcome mainly comes from the high
percentage of cases being diagnosed at an advanced stage and frequent
emergence of chemoresistance. Recent evidences have suggested that
subpopulations of tumor cells with stem-like phenotypes, cancer stem cells
(CSCs), may contribute to the emergence of chemoresistance and metastasis
(2, 3). In various cancers including breast, pancreatic cancers, and gliomas,
the increased frequency of tumor cells showing stem cell-like phenotypes was
reported to be related to the poor survival outcomes (4-6).

In ovarian cancers, the presence of CSC-like tumor cells has been also
suggested through identifying tumor-initiating cells (TI1Cs) isolated by several
CSC markers, including CD133, CD44, and CD24 (7-9). However, these
studies used cultured primary cells or multiply passaged xenografts, which
could not properly represent the actual frequency of TICs, partly from the
different tumor microenvironments which may affect the phenotypes and
frequency of TICs (10).

Therefore, the present study analyzed the differential expression of CSC-
related markers according to the histologic subtypes of epithelial ovarian
cancer and the correlations between the CSC markers by

immunohistochemistry in human epithelial ovarian cancer tissues. In addition,
1



the predictive and prognostic significance of CSC-related markers was

evaluated.



MATERIALS AND METHODS

Patients

Between 2003 and 2009, a total of 110 patients were diagnosed with primary
epithelial ovarian carcinomas and treated at Seoul National University
Bundang Hospital. Of these patients, 4 patients who received neoadjuvant
chemotherapy before surgery were excluded from the study analysis because
chemotherapy might be able to affect the proportions of chemoresistant tumor
cells or CSCs. Additionally, 3 patients diagnosed with rare histologic subtypes,
including squamous cell and small cell carcinomas, were excluded.
Consequently, 103 patients were eligible for the study analysis.
Clinicopathologic data, including age, the International Federation of
Gynecology and Obstetrics (FIGO) stage, surgical procedures, the extent of
residual disease, histologic subtype, grade, adjuvant chemotherapy, and
survival outcomes, were evaluated by reviewing medical charts and

pathologic records.

Tissue samples

Tissue microarrays (TMAS) were constructed from core biopsies (diameter 2
mm) of formalin-fixed paraffin-embedded primary ovarian cancer specimens
using a trephine apparatus (Superbiochips Laboratories, Seoul, Korea). Three

core biopsies were taken from each individual specimen.



Immunohistochemistry

The expression of CSC-related proteins, including CSC surface markers,
stemness proteins, Notch and hedgehog signaling molecules, and EMT-related
proteins, was evaluated through immunohistochemistry. CSC markers
consisted of CD133, CD44, CD24, and CD117. Notch signaling molecules
included Notchl, Notch3, and Jagged-1, and Hedgehog signaling molecules
included PTCH, Shh, Smo, and Gli-1. Snail and slug were also evaluated as
EMT proteins.

Immunohistochemistry was carried out on TMA blocks described above.
Sections (4 pum) from array blocks were dewaxed in xylene and rehydrated
through serial dilutions of ethanol and distilled water. Antigen retrieval was
performed in a standard pressure cooker method. After blocking endogenous
peroxidase activity and applying non-specific background blocking serum,
sections were incubated with the appropriate antibody to detect the specific
immunoreactivity for each CSC-related protein. Antibodies used for the
present study and their corresponding detection kits are summarized in Table

1.

Staining evaluation

For each immunostaining, both the percentage of positive cells and staining
intensity from 1 to 3 (1 weak, 2 moderate, and 3 strong) were examined. Since
three cores were taken from each tumor, the average value was used for the

study analysis. For analysis of clinicopathologic variables and survival



outcomes according to the CSC-related proteins, expression of each molecule
was categorized into two groups: low vs. high expression. In principle, the
cutoff for high expression of each marker was determined based on the
criteria used in previous studies. The cutoff value for each molecule is listed

in Table 1.

Statistical analysis

The differences in clinicopathologic variables according to the
immunoreactivity for CSC-related proteins were evaluated using chi-square
test or Student’s t-test as appropriate. Survivals were also evaluated and
compared using Kaplan-Meier method and log-rank test or Breslow test as
appropriate. Progression-free survival (PFS) was defined as the time interval
from surgery to the first evidence of recurrence or death from any cause,
whichever occurred first. Overall survival (OS) was defined as the time from
surgery to death from any cause. To identify independent prognostic factors,
Cox regression analysis was performed. A p-value of less than 0.05 was
considered to indicate statistical significance, and all tests were two-sided.
The statistical analysis was performed using SPSS for Windows (version 19.0;

SPSS Inc., Chicago, IL).



Table 1. Primary antibodies and cutoffs for high immunoreactivity

Antibody Clonality Dilution | Source (cat.No.) | Expressionin | Cutoffs | Refs
(Clone) cancer cells (%)
CD133 Rabbit 1:50 Cell signaling cytoplasmic >0 (6)
monoclonal (#3663)
CD24 Mouse 1:200 Neomarker cytoplasmic >10 (19)
(24C02) (MS-1279)
monoclonal
CD44 Mouse 1:200 Novocastra membranous >10 (12)
(DF1485) (NCL-CD44-2)
monoclonal
CD117 Rabbit 1:200 DAKO rare, >0
(c-kit) polyclonal (A4502) ?//_toplasmlc
membranous
Nestin Mouse 1:100 Millipore cytoplasmic >10 (20)
(MAB5326) +/-
monoclonal
membranous
Nanog Rabbit 1:100 Cell signaling cytoplasmic >5 (21)
(#4093)
monoclonal
Oct4 Rabbit 1:40 Cell signaling rare, nuclear >0
(#2890)
monoclonal
Sox-2 Rabbit 1:50 Cell signaling nuclear >0 (22)
(#3579)
monoclonal
Bmi-1 Rabbit 1:600 Epitomics nuclear >0
(S2983)
polyclonal
Notchl Rabbit 1:300 Cell signaling cytoplasmic + | >10 (23)
(#3608) membranous
monoclonal
Notch3 Rabbit 1:100 Santa-cruz nuclear >0 (17,
(sc-5593) 18)
polyclonal
Jagged-1 Rabbit 1:50 Santa-cruz cytoplasmic >10
(sc-8303)
polyclonal
PTCH Goat 1:50 Santa-cruz cytoplasmic >50 (24)
(sc-6149)
polyclonal
SHH Rabbit 1:500 Epitomics cytoplasmic >50 (24)
(1843-1)
monoclonal
Smo Rabbit 1:100 Novus cytoplasmic >50 (24)
(NLS2666) +/-
polyclonal
membranous
6




Glil Rabbit 1:100 Thermo nuclear >0 (25)
(PAI-22557)
polyclonal
Snail Rabbit 1:800 Abcam nuclear >50 (26)
(ab17732)
polyclonal
Slug Rabbit 1:100 Abcam cytoplasmic >50 (26)
(ab27568)
polyclonal
7




RESULTS

Patient characteristics

The characteristics of 103 patients with epithelial ovarian cancer who received
upfront staging operation are summarized in Table 2. The serous type was the
most frequently diagnosed histologic subtype (59.2%), followed by mucinous
(16.5%), clear cell (12.6%) and endometrioid type (9.7%). Most of the
patients were diagnosed with stage 1 (35.9%) and stage 111 (45.6%) diseases.
The majority of patients (85.5%) received paclitaxel/platinum chemotherapy
after the debulking surgery.

During the median follow-up period of 40.7 months (range, 1-97 months),
there occurred 48 recurrences and 29 deaths. The 2-year progression-free

survival and 5-year overall survival rates were 62% and 67.7%, respectively.

CD133, CD44, CD24, and CD117 expression in primary

human ovarian carcinoma specimens

The immunoreactivity of CD133 and CD24 were detected in the apical
membrane and the cytoplasm of tumor cells, whereas CD44 immunostaining
was mainly membranous (Figure 1). For the study analysis, only cytoplasmic
staining was considered positive for CD133 and CD24. CD117 was rarely
expressed in ovarian cancer samples (n=11; 10.7%).

CD133 and CD44 were more frequently expressed in non-serous types,
whereas CD24 staining was more consistently observed in serous

adenocarcinomas (72.1%; p=0.017; Table 3). CD133 was more frequently

8 .,
i

—



expressed in endometrioid (50%) and clear cell adenocarcinomas (69.2%),
and CD44 was commonly expressed in the mucinous subtype (82.4%). The
histologic subtype was the only independent determinant of the expression of
CSC markers (CD133, CD44, and CD24) on multivariate analysis, which
included histologic subtype, stage, peritoneal seeding, and residual disease
status, as covariates. Between the CSC markers, there were no statistically
significant correlations.

When the analysis of the expression profiles of CSC markers was limited to
the serous ovarian carcinomas, their immunopositivity were not associated
with any clinicopathologic variables in serous adenocarcinomas, except the
more frequent CD44 expression in high-grade tumors (Table 4). In addition,
response to chemotherapy and platinum sensitivity were not different
according to the expression of CSC markers. Moreover, CSC markers were
not associated with survival outcomes (Figure 2).

When analyzing the associations between stem cell markers (CD133, CD44,
and CD24) and stemness-related proteins in serous adenocarcinomas (Table
5), CD44 positivity was inversely correlated with the expression of stemness
proteins (CD44 vs. Sox-2, p=0.046; CD44 vs. Nestin, p=0.020). In addition,
negative relationship between CD133 and shail immunoreactivity was

observed.



Table 2. Patient characteristics (N=103)

Variables

N (%)

Age, median +/- SD (range)

Stage
I
I
"
v
Histology
Serous
Mucinous
Endometrioid
Clear cell
Others*
Grade
1
2
3

Unknown

Residual disease

none
<lcm
1-2cm
>2cm

unknown

Adjuvant chemotherapy

None

Paclitaxel/Carboplatin

Paclitaxel/Cisplatin

Others

Chemo cycles, mean+/-SD

52.0 +/- 13.8 (23-91)

37 (35.9)

13 (12.6)

47 (45.6)
6 (5.8)

61 (59.2)
17 (16.5)
10 (9.7)
13 (12.6)
2 (1.9)

20 (19.4)

37 (35.9)

45 (43.7)
1 (1.0)

49 (47.6)
13 (12.6)
9(8.7)
26 (25.2)
6 (5.8)

14 (13.6)

85 (82.6)
3(2.9)
1(1.0)

6.05 +/- 2.66

10



2-year PFS 62.0%
5-year OS 67.7%

PFS, progression-free survival; OS, overall survival
*Qther histologic types include undifferentiated (n=1) and transitional cell carcinoma
(n=1).
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Table 3. Expression of cancer stem cell markers (CD133, CD44, and CD24) according to the clinicopathologic variables (N=103)

CD133 CD44 CD24
Variables Low, n(%) | High, n(%) | p-value Low, n(%) | High, n(%) | p-value Low, n(%) | High, n(%) | p-value
Histology 0.007 0.007 0.017
Serous 43 (72.9) | 16(27.1) 39 (63.9) | 22(36.1) 17(27.9) | 44 (72.0)
Mucinous 14 (87.5) | 2(12.5) 3(17.6) | 14(82.9) 11(64.7) | 6(35.3)
Endometrioid 5 (50) 5 (50) 3 (30) 7 (70) 7 (70) 3 (30)
Clear cell 4(30.8) | 9(69.2) 5(385) | 8(615) 6(462) | 7(53.8)
Others 2 (100) 0 (0) 1 (50) 1 (50) 1 (50) 1 (50)
Stage 0.538 0.172 0.047
| 22 (59.5) | 15 (40.5) 13(35.1) | 24 (64.9) 22 (59.5) | 15(40.5)
I 9(69.2) | 4(30.8) 8(615) | 5(385) 1(7.7) | 12(92.3)
i 33(73.3) | 12(26.7) 27 (57.4) | 20 (42.6) 17(36.2) | 30(63.8)
IV 4 (80) 1(20) 3 (50) 3 (50) 2(333) | 4(66.7)
Grade 0.701 0.060 0.050
1 15 (75) 5 (25) 7 (35) 13 (65) 13 (65) 7 (35)
2 25 (67.6) | 12 (32.4) 24 (64.9) | 13(35.1) 14 (37.8) | 23(62.2)
3 27 (64.3) | 15(35.7) 20 (44.4) | 25 (55.6) 15(33.3) | 30(66.7)
Residual disease 0.596 0.683 0.247
None 30(61.2) | 19(38.8) 20 (40.8) | 29 (59.2) 25 (51) 24 (49)
<lcm 8(66.7) | 4(33.3) 6(46.2) | 7(53.8) 5(385) | 8(615)

12




1-2cm 6 (75) 2 (25) 5 (55.6) 4(44.4) 4 (44.4) 5 (55.6)

>2cm 19 (76) 6 (24) 14 (53.8) 12 (46.2) 7 (26.9) 19 (73.1)
LN metastasis 0.215 0.428 0.087

No 49 (64.5) 27 (35.5) 39 (51.3) 37 (48.7) 35 (46.1) 41 (53.9)

Yes 18 (78.3) 5(21.7) 11 (42.3) 15 (57.7) 7 (26.9) 19 (73.1)
Peritoneal seeding 0.392 0.630 0.208

No 38 (63.3) 22 (36.7) 28 (45.9) 33 (54.1) 28 (45.9) 33 (54.1)

<2cm 6 (66.7) 3(33.3) 6 (60) 4 (40) 5 (50) 5 (50)

>2cm 24 (77.4) 7 (22.6) 17 (53.1) 15 (46.9) 9(28.1) 23 (71.9)
Preoperative CA-125, | 940.7 +/- 589.5 +/- | 0.268 1094.5 +/- | 544.7 +/- | 0.058 484.2 +/- | 1053.0 +/- | 0.053
mean+/-SD 1645.1 978.4 1869.7 820.0 965.6 1690.2
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Table 4. Expression of cancer stem cell markers (CD133, CD44, and CD24) according to the clinicopathologic variables in serous

adenocarcinomas (n=61)

CD133 CD44 CD24
Variables Low, n(%) High, p-value Low, n(%) High, p-value Low, n(%) High, p-value
n(%) n(%) n(%)

Stage 0.647 0.698 0.406
I/11 16 (69.6) 7 (30.4) 14 (60.9) 9(39.1) 5(21.7) 18 (78.3)

/v 27 (75) 9 (25) 25 (65.8) | 13(34.2) 12 (31.6) | 26 (68.4)

Grade 0.807 0.003 0.237
1 3(75) 1(25) 4 (100) 0 (0) 2 (50) 2 (50)

2 17 (68) 8 (32) 21 (84) 4 (16) 9 (36) 16 (64)
3 22 (75.9) 7(24.1) 14 (45.2) | 17 (54.8) 6 (19.4) 25 (80.6)

LN metastasis 0.445 0.294 0.604
No 30(69.8) | 13(30.2) 29 (67.4) | 14(32.6) 13(30.2) | 30(69.8)

Yes 12 (80) 3(20) 9 (52.9) 8 (47.1) 4 (23.5) 13 (76.5)

Responses 0.265 0.264 0.256
CR/PR 33(70.2) | 14(29.8) 32(65.3) | 17 (34.7) 15(30.6) | 34 (69.4)

SD/PD 3(100) 0 (0) 1(33.3) 2 (66.7) 0 (0) 3 (100)

Platinum sensitivity 0.692 0.062 0.526
Sensitive 21 (67.7) | 10(32.3) 19 (59.4) | 13 (40.6) 11 (34.4) | 21 (65.6)
Intermediate 11 (78.6) 3(21.4) 12 (85.7) 2 (14.3) 3(21.4) 11 (78.6)
Resistant 4 (80) 1 (20) 2 (33.3) 4 (66.7) 1(16.7) 5(83.3)

14




Table 5. Correlations between cancer stem cell markers and stemness and epithelial-mesenchymal transition proteins in serous
adenocarcinomas (n=61)
CD133 CD44 CD24
Variables Low, (%) | High 0@ | "3 Tow n@e) [ Highne) | P4 [Tow n@e) | High, nee) | P Vave
Bmi-1 0.647 0.366 0.856
- 27 (62.8) 9 (56.3) 22 (56.4) 15 (68.2) 10 (58.8) 27 (61.4)
+ 16 (37.2) 7 (43.8) 17 (43.6) 7(31.8) 7(41.2) 17 (38.6)
Sox-2 0.770 0.046 0.856
- 26 (60.5) 9 (56.3) 20 (51.3) 17 (77.3) 10 (58.8) 27 (61.4)
+ 17 (39.5) 7 (43.8) 19 (48.7) 5(22.7) 7(41.2) 17 (38.6)
Nanog 0.080 0.501 0.867
Low 9 (20.9) 7(43.8) 12 (30.8) 5(22.7) 5(29.4) 12 (27.3)
High 34 (79.1) 9 (56.3) 27 (69.2) 17 (77.3) 12 (70.6) 32 (72.7)
Nestin 0.477 0.020 0.195
Low 12 (27.9) 6 (37.5) 8(21.1) 11 (50.0) 3(18.8) 16 (36.4)
High 31(72.1) 10 (62.5) 30 (78.9) 11 (50.0) 13 (81.3) 28 (63.6)
Snail 0.005 0.435 0.528
Low 1(2.3) 4 (25) 4 (10.3) 1(4.5) 2 (11.8) 3(6.8)
High 42 (97.7) 12 (75) 35 (89.7) 21 (95.5) 15 (88.2) 41 (93.2)
Slug 0.091 0.501 0.867
Low 28 (65.1) 14 (87.5) 12 (30.8) 5(22.7) 5(29.4) 12 (27.3)
High 15 (34.9) 2 (12.5) 27 (69.2) 17 (77.3) 12 (70.6) 32 (72.7)

15




(A)

CD133- CD133+

(B)
CD44- CD44+

(©
CD24- CD24+

Figure 1. Immunohistochemical staining patterns for cancer stem cell

markers in ovarian cancer tissues.
(A) CD133, (B) CD44, and (C) CD24. All figures are 200x magnification.
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Figure 2. Survivals of patients with serous adenocarcinomas according to

the expression of cancer stem cell markers.

(A) Progression-free survivals (PFS) and (B) Overall survivals (OS)
according to CD133 expression (p=0.363 and p=0.930). (C, D) PFS and OS
according to CD44 expression (p=0.545 and p=0.257). (E, F) PFS and OS
according to CD24 expression (p=0.211 and p=0.091).
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Expression profiles of Notch signaling pathway proteins

in ovarian carcinomas

Notch1 was mainly localized to the cytoplasm and cell membrane of tumor
cells, whereas Notch3 was frequently observed in the cytoplasm and focally in
the nucleus. Jagged-1 was stained diffusely in the cytoplasm (Figure 3).
Notchl was highly expressed in serous, endometrioid, and clear cell
adenocarcinomas (p<0.001; Table 6). However, Notchl expression was not
associated with other clinicopathologic variables, including stage, grade,
lymph node metastasis, and peritoneal seeding in serous adenocarcinomas. In
mucinous adenocarcinomas, by contrast, Notchl was more frequently
expressed in the advanced stage and high-grade tumors (p=0.051 and p=0.032,
respectively). Notch3 and Jagged-1 were not differentially expressed
according to the histologic subtypes (p=0.265 and p=0.531, respectively;
Table 6). Moreover, their immunopositivity was not associated with any other
clinicopathologic variables (Table 6). In addition, Notch signaling proteins
were not correlated with the CSC markers, including CD133, CD44 and
CD24 (Table 7).

In serous adenocarcinomas, Notch signaling molecules were not associated
with survival outcomes (PFS, p=0.383; OS, p=0.622). However, in mucinous
adenocarcinomas, patients with Jagged-1+ mucinous ovarian cancer showed a
trend of better PFS and OS (p=0.025 and p=0.031, respectively), although its
expression did not serve as an independent prognostic factor when corrected

by stage (p=0.973 and p=0.996, respectively).

18



Table 6. Expression of Notch signaling molecules (Notchl, Notch3, Jagged-1) according to the clinicopathologic variables (N=103)

Notchl Notch3 Jagged-1
. _ p-value _ p-value - p-value
Variables Low, n(%) | High, n(%) Low, n(%) | High, n(%) Low, n(%) | High, n(%)
Histology <0.001 0.265 0.531
Serous 18 (29.5) 43 (70.5) 52 (85.2) 9 (14.8) 24 (39.3) 37 (60.7)
Mucinous 14 (82.4) 3(17.6) 11 (64.7) 6 (35.3) 3(17.6) 14 (82.4)
Endometrioid 3(30) 7 (70) 7 (70) 3 (30) 3 (30) 7 (70)
Clear cell 2 (15.4) 11 (84.6) 9 (69.2) 4 (30.8) 4 (30.8) 9 (69.2)
Others 0 (0) 2 (100) 2 (100) 0(0) 1(50) 1 (50)
Stage 0.771 0.057 0.631
| 14 (37.8) 23 (62.2) 26 (70.3) 11 (29.7) 10 (27) 27 (73)
I 3(23.1) 10 (76.9) 8 (61.5) 5(38.5) 4 (30.8) 9(69.2)
il 18 (38.3) 29 (61.7) 41 (87.2) 6 (12.8) 19 (40.4) 28 (59.6)
v 2(33.3) 4 (66.7) 6 (100) 0(0) 2(33.3) 4 (66.7)
Grade 0.022 0.589 0.319
1 12 (60) 8 (40) 14 (70) 6 (30) 5(25) 15 (75)
2 14 (37.8) 23 (62.2) 30 (81.1) 7(18.9) 16 (43.2) 21 (56.8)
3 11 (24.4) 34 (75.6) 36 (80) 9 (20) 14 (31.1) 31 (68.9)
LN metastasis 0.838 0.046 0.606
No 28 (36.8) 48 (63.2) 56 (73.7) 20 (26.3) 25 (32.9) 51 (67.1)
Yes 9(34.6) 17 (65.4) 24 (92.3) 2(7.7) 10 (38.5) 16 (61.5)
Peritoneal seeding 0.206 0.149 0.506
No 19 (31.1) 42 (68.9) 44 (72.1) 17 (27.9) 19 (31.1) 42 (68.9)
<2cm 6 (60) 4 (40) 9 (90) 1(10) 5 (50) 5 (50)
>2cm 12 (37.5) 20 (62.5) 28 (87.5) 4 (12.5) 11 (34.4) 21 (65.6)
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Table 7. Correlations between cancer stem cell markers and Notch and Hedgehog signaling molecules in serous adenocarcinomas (n=61)

CD133 CD44 CD24
. . p-value _ p-value - p-value
Variables Low, n(%) | High, n(%) Low, n(%) | High, n(%) Low, n(%) | High, n(%)
Notchl 0.122 0.383 0.214
Low 10(233) | 7(438) 13(333) | 5(22.7) 7(41.2) 11 (25)
High 33(76.7) | 9(56.3) 26(66.7) | 17 (77.3) 10(588) | 33(75)
Notch3 0.317 0.349 0.682
; 36(83.7) | 15(93.8) 32(82.1) | 20(90.9) 15(88.2) | 37(84.1)
+ 7 (16.3) 1(6.3) 7(17.9) 2(9.1) 2(118) | 7(15.9)
Jagged-1 0.137 0.720 0.856
Low 15(34.9) | 9(56.3) 16 (41) 8 (36.4) 7(412) | 17(38.6)
High 28(65.1) | 7(43.8) 23(59) | 14 (63.6) 10 (58.8) | 27 (61.4)
PTCH 0.004 0.383 0.718
Low 3(7) 6 (37.5) 7(17.9) 2 (9.5) 3 (17.6) 6 (14)
High 49(93) | 10(62.5) 32(82.1) | 19(90.5) 14 (82.4) | 37(86)
Shh 0.052 0.348 0.809
Low 20 (465) | 3(18.8) 13(333) | 10(455) 6(353) | 17(38.6)
High 23(535) | 13(8L.3) 26 (66.7) | 12 (54.5) 11(64.7) | 27 (61.4)
Smo 0.473 0.605 0.007
Low 31(721) | 13(8L.3) 29 (74.4) | 15(68.2) 8(47.1) | 36(8L8)
High 12(27.9) | 3(188) 10(256) | 7(3L8) 9(529) | 8(182)
Gli-1 0.498 0.053 0.753
; 40(93) | 14(875) 33(84.6) | 22(100) 15(88.2) | 40(90.9)
+ 3(7) 2 (12.5) 6 (15.4) 0(0) 2 (11.8) 4(9.1)
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(A) Notchl

(B) Notch3

(C) Jagged-1

Figure 3. Representative immunohistochemical stainings for Notch

proteins. All figures are 200x magnification.
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Expression profiles of Hedgehog signaling pathway

proteins in ovarian carcinomas

Most of the hedgehog signaling molecules, including PTCH, Shh, and Smo,
demonstrated cytoplasmic staining (Figure 4). Gli-1 showed cytoplasmic
immunoreactivity with occasional nuclear staining.

Between the hedgehog molecules, there were statistically significant
correlations among Shh, Smo, and Gli-1 expression (Shh and Gli-1, p=0.003;
Smo and Gli-1, p<0.001). However, PTCH was not correlated with any of the
three other hedgehog molecules.

Among hedgehog proteins, Shh and Gli-1 were highly expressed in mucinous
adenocarcinomas (100% and 47.1%, respectively; Table 8). PTCH and Smo,
however, were not differentially expressed according to the histologic
subtypes (p=0.283 and 0.162, respectively).

When evaluating the relationships between CSC markers and hedgehog
molecules in serous adenocarcinomas, CD133 expression was inversely
correlated with PTCH immunopositivity (p=0.004; Table 7). CD24 also
showed inverse correlation with Smo (p=0.007)

In serous adenocarcinomas, the expression profiles of hedgehog molecules
were not associated with any clinicopathologic variables, except the PTCH
expression which showed a significant correlation with platinum sensitivity
(p=0.013). Survival outcomes also failed to show statistically significant
difference according to the expression of PTCH, Shh, Smo, and Gli-1

(ps>0.05).
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Table 8. Expression of Hedgehog signaling molecules (PTCH, Shh, Smo, Gli-1) according to the clinicopathologic variables (N=103)

PTCH | Shh | Smo | Gli-1 |
Variables Cown(%) | FighnCe) | oo [Town@e) | Highn@) | oo [Town@e) | Highn@) | " o oC Town@) | Highn@e) | & e
Histology 0.283 0.023 0.162 0.001
Serous 9(15 | 51(85) 23@37.7) | 38(623) 44(72.1) | 17 (27.9) 55 (90.2) 6 (9.8)
Mucinous 6(353) | 11(64.7) 0(0) 17 (100) 7(412) | 10(58.8) 9 (52.9) 8 (47.1)
Endometrioid 3(30) 7 (70) 5 (50) 5 (50) 5 (50) 5 (50) 10 (100) 0(0)
Clear cell 4(308) | 9(69.2) 6(462) | 7(538) 8(6L5) | 5(385) 12 (92.3) 1(7.7)
Others 0(0) 2 (100) 1(50) 1(50) 1(50) 1(50) 2 (100) 0(0)
Stage 0.544 0.071 0.008 0.753
| 9(243) | 28(75.7) 9(243) | 28(75.7) 16 (432) | 21(56.8) 30 (81.1) 7(18.9)
I 107 | 12(923) 6(462) | 7(538) 9(69.2) | 4(308) 12 (92.3) 1(7.7)
I 10(21.7) | 36(78.3) 20 (42.6) | 27(57.4) 37(787) | 10(213) 41(87.2) 6 (12.8)
v 2(333) | 4(66.7) 0(0) 6 (100) 3 (50) 3(50) 5 (83.3) 1(16.7)
Grade 0.003 0.046 0.203 0.002
1 5 (25) 15 (75) 2 (10) 18 (90) 10 (50) 10 (50) 12 (60) 8 (40)
2 14(37.8) | 23(62.2) 15(405) | 22 (59.5) 27 (73) 10 (27) 34 (91.9) 3(8.1)
3 3(6.8) | 41(93.2) 17(37.8) | 28(62.2) 27 (60) 18 (40) 41 (91.1) 4(8.9)
LN metastasis 0.757 0.108 0.207 0.450
No 16 21.1) | 60 (78.9) 22(289) | 54(71.1) 45(59.2) | 31(40.8) 66 (86.8) | 10(13.2)
Yes 6 (24) 19 (76) 12 (462) | 14(538) 19(731) | 7(26.9) 21 (80.8) 5 (19.2)
Peritoneal seeding 0.774 0.962 0.168 0.840
No 13(21.3) | 48(78.7) 21(34.4) | 40 (65.6) 34(557) | 27 (44.3) 52 (85.2) 9(14.8)
<2cm 3(30) 7 (70) 3(30) 7 (70) 7 (70) 3(30) 8 (80) 2 (20)
>2cm 6(19.4) | 25(80.6) 11(344) | 21(65.6) 24 (75) 8 (25) 28 (87.5) 4(12.5)
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(A) PTCH (B) Shh

(C) Smo (D) Gli-1

Figure 4. Representative immunohistochemical stainings for Hedgehog

proteins. All figures are 200x magnification.
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DISCUSSION

In the present study, the expression profiles of CSC-related proteins were
evaluated comprehensively in ovarian cancer tissues, and it was found that
CSC markers were differentially expressed according to the histologic
subtypes. The serous adenocarcinomas were characterized by high expression
of CD24, Nanog and Snail. In contrast, the expression of CD44, Shh and Gli-
1 was more common in mucinous adenocarcinomas. Although the expression
profiles of CSC-related molecules were found to be subtype-specific, none of
these molecules served as independent predictive or prognostic markers.
These findings suggest that CSC-related molecules or pathways might have
different roles in tumor progression depending on the subtypes of ovarian
cancer.

Most of the previous studies on the expression profiles of CSC markers
reported that the increased frequency of tumor cells with stem cell-like
phenotypes was related to the poor prognosis in various cancers, including
breast, pancreatic cancers, and gliomas (4-6). In ovarian cancers, the presence
of CSCs has been also suggested by several researchers through identification
of subpopulations of tumor-initiating cancer cells using different CSC
markers, such as CD133, CD44, and CD24 (7-9). However, the prognostic
significance of these CSC markers in ovarian cancer has been debated. CD24
expression was reported to be related to shortened survival, whereas CD133
and CD44 expression was not shown to be associated with survival outcomes

(11-13). Most of these studies had limitations of not evaluating the differential
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expression of CSC markers according to the different histologic subtypes. In a
study by Kobel et al., ovarian cancer subtypes demonstrated substantially
different biomarker expression profiles and their expression did not differ
across stage within each subtype, supporting the hypothesis that ovarian
cancer subtypes are different disease entities (14). The present study included
various histologic subtypes of ovarian cancer, which enabled the comparison
of the distribution of histologic subtypes and survival outcomes according to
the CSC markers more relevantly. Consequently, it was demonstrated that the
expression of CSC-related proteins was substantially different between
subtypes, but was not independently related to survival outcomes as well as
response to chemotherapy.

The activation of developmental signaling pathways, including Notch and
Hedgehog pathways, has been implicated in the development of human
malignancies (15, 16). In addition, the roles of these pathways have been
recently suggested in the maintenance of CSC phenotypes (3). In ovarian
cancer, these signaling pathways have been frequently observed to be
overexpressed. Notch3 and Jagged-1 have been reported to be associated with
intraperitoneal dissemination and chemoresistance (17, 18). In addition,
Hedgehog signaling was reported to be activated in ovarian cancers and Gli-1
expression was shown to be an independent prognostic marker (16). However,
there have been few studies evaluating the relationships between CSC
markers and developmental signaling pathways. In the current study,
associations between CSC markers and Notch or Hedgehog signaling proteins

were evaluated. As a result, CD133 and CD24 were shown to be inversely
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correlated with PTCH and Smo, respectively, whereas other signaling
molecules were not associated with CSC markers.

In the present study, the evaluation of the underlying mechanisms was limited
due to the immunohistochemical analysis. In addition, the retrospective study
design might cause selection biases. However, the current finding of the
differential distribution of tumor cells expressing CSC-related markers may
provide useful information regarding the patient selection for targeted therapy
against stem-like tumor cells. Moreover, some clues on connections between
CSC markers and specific developmental signaling pathways were suggested
in this study.

In summary, CSC markers were differentially expressed according to the
histologic subtypes, with CD24 highly expressed in serous type and CD44
more frequently expressed in non-serous type. Although the expression
profiles of CSC-related molecules were found to be subtype-specific, none of
these molecules served as independent predictive or prognostic markers.
Alterations in the frequency and distribution of cells with stem cell-like
features according to the histologic subtypes have clinical implications for
designing clinical trials of selective targeting of these distinct tumor cell

populations.
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