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Summary

Single-chain glycoprotein CD44 is a major cell surface receptor for hyaluronan and mediates
epithelial cell adhesion by its involvement in cell-cell and cell-matrix interactions. Recently,
CD44 has been identified as a biomarker of cancer stem cells in many malignancies, including
ovarian carcinoma. However, its clinical significance in human ovarian carcinoma has been
controversial until recently. The aim of our current study was to clarify the clinical role of CD44
expression in human ovarian carcinoma. Immunohistochemical staining of 483 primary ovarian
carcinoma, and 27 paired primary and recurrent ovarian carcinoma samples for CD44 standard
form (CDA44s) was performed using tissue microarray. The associations between CD44s
expression and clinical factors (histological types, tumor grade, International Federation of
Gynecology and Obstetrics stage, and response to chemotherapy), and overall or disease-free
survivals were analyzed. We observed CD44s expression in 38% of the ovarian carcinoma
samples. Results of Fisher’s exact test suggested that CD44s expression was associated with high-
grade carcinoma (~=.013); advanced International Federation of Gynecology and Obstetrics
stage (I11-1V, P<.001); age at diagnosis less than 60 years old (P=.011); and transitional cell
carcinoma (P=.039). However, CD44s expression was not associated with overall survival (P=.
529) or disease-free survival (P =.218) by the log-rank test. Moreover, there was no statistical
difference in CD44s expression between the primary and recurrent ovarian carcinomas. Our
results showed that CD44s expression is not a prognostic predictor in ovarian cancer.
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1. Introduction

The adhesion molecule CD44 is a major cell surface receptor for hyaluronan and mediates
epithelial cell adhesion by its involvement in cell-cell and cell-matrix interactions [1]. It is
encoded by a single gene on chromosome 11p13; this gene is composed of 19 exons, 10 of
which (exons 1-5 and 15-19) are included in the standard form of CD44, termed CD44s.
The remaining exons can be differentially inserted into the mature mRNA via alternative
splicing and may in theory give rise to hundreds of protein variants [2]. These CD44
isoforms have been implicated in cell migration and tumor progression [3], and their
expression levels reportedly have prognostic value in many solid malignant tumors, such as
bladder [4], breast [5], and colorectal cancers [6].

Over the past decade, attention has focused on CD44 because it has been proposed to be a
biomarker for cancer stem cells (CSCs) in many solid malignant tumors. These CSCs have
been suggested to be present as a unique subpopulation of cells that may contribute to tumor
development, progression, metastasis, and recurrence as well as exhibit chemo- or radio-
resistant properties [7]. Separate studies have reported that CD44(+)/CD24(-/low)
populations have the ability to form new tumors, undergo heterogeneous differentiation, and
resist chemotherapy and/or radiation therapy in breast [8-10] and ovarian carcinomas [11].
CD44 (hi) or CD44 (+) populations have been identified as CSC-like cells in human colon
carcinoma [12], squamous cell carcinoma of the head and neck, and prostate carcinoma [13].

Ovarian carcinoma is the deadliest gynecologic malignancy in women worldwide. Most
patients receive a diagnosis when the cancer is at an advanced stage due to a lack of
effective detection methods. Moreover, although most cancer patients initially respond to
standard chemotherapeutic regimens, the majority of them ultimately have relapse with
chemo-resistant disease.

Because CD44 expression is a common marker of CSCs in many malignant tumors,
including ovarian carcinoma, it may be associated with the clinical outcome of patients.
However, its clinical significance has been controversial until recently [14-16]. The purpose
of our current study was to evaluate the association between CD44s expression and clinical
factors including histopathological diagnosis, tumor grade, International Federation of
Gynecology and Obstetrics (FIGO) stage, ascites status, serum cancer antigen 125 (CA125)
level, and clinical response to chemotherapy, as well as overall survival (OS) and disease-
free survival (DFS). Our study used 510 specimens: 483 human primary ovarian carcinoma
specimens and 27 paired primary and recurrent ovarian carcinoma specimens. To our
knowledge, this is the largest sample linking CD44s expression to human ovarian
carcinoma.

2. Materials and methods

2.1. Patients and clinicopathologic data

We analyzed a total of 510 samples of human ovarian carcinoma obtained from patients who
underwent surgery at The University of Texas MD Anderson Cancer Center between
January 1, 1990, and February 22, 2007. Relevant clinical data were obtained via
retrospective review of the patients' medical files. These data included demographic
information, histopathological diagnosis, tumor grade, disease stage, ascites status, CA125
level, chemotherapy regimen, and response to clinical treatment or chemotherapy. The
follow-up information of patients was updated through July 30, 2011, by reviewing their
medical records and the U.S. Social Security Death Index. Use of tissue blocks and chart
reviews was approved by the MD Anderson Institutional Review Board.
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The patients’ pathologic diagnoses were based on World Health Organization criteria [17].
Nonserous carcinomas were graded using the Gynecologic Oncology Group criteria [18—
201, and serous carcinomas were graded according to a two-tier system (low and high grade)
[21]. Tumors from patients with ovarian carcinoma were staged using the FIGO system [22].

To analyze responses to chemotherapy, we categorized the patients as responders or
nonresponders. Responders were patients who experienced complete clinical remission with
a normal serum CA125 level (normal range, 0-35 U/ml) after chemotherapy for
histologically diagnosed ovarian carcinoma and who had a treatment-free interval of at least
6 months [23]. Nonresponders were subdivided according to whether patients had
progressive or recurrent disease. Progressive disease was defined as carcinoma that
progressed without any observed remission after the initiation of treatment, whereas
recurrent disease was defined as carcinoma detected after a period of clinically documented
remission shorter than 6 months [24].

OS duration was defined as the time from the date of first biopsy to the date of death caused
by ovarian carcinoma or to the last follow-up date. DFS duration was defined as the time
from the date of first biopsy to the date of recurrence. Recurrence was indicated clinically by
the appearance of new lesions or an increase in the serum CA125 level to more than twice
the upper limit of the normal range [25].

2.2. Immunohistochemical analysis

Tissue microarray slides were stained according to the immunohistochemical protocol of the
manufacturer (Biocare Medical, Concord, CA, USA). After the tissue microarray sections
were deparaffinized and rehydrated, antigen retrieval was performed using a universal
decloaker (UD1000M; Biocare Medical) to unmask the epitopes in an autoclave at 121°C
for 5 minutes and blocked using Peroxidazed 1 endogenous peroxidase blocker (PX968;
Biocare Medical) at room temperature for 10 minutes. The sections were then incubated
with Avidin (AB972H-A, Biocare Medical) and Biotin solution (AB972H-B, Biocare
Medical) for 10 minutes separately. Nonspecific binding was blocked using Background
Sniper (BS966M; Biocare Medical) for 15 minutes at room temperature. The slides were
incubated with a primary mouse monoclonal antibody against CD44s (156-3C11, 1:50; Cell
Signaling Technology, Beverly, MA, USA) overnight at 4°C, with a biotin-labeled
secondary antibody for 20 minutes (Universal Goat Link, GU600H; Biocare Medical), and
finally with 4plus HRP 1000 Universal for 20 minutes (HP604; Biocare Medical). After
being stained with 3,3'-diaminobenzidine chromogen (DB801L; Biocare Medical) for 2
minutes, the sections were counterstained with hematoxylin, dehydrated, and mounted.
Negative controls were constructed by replacing the primary antibody with phosphate-
buffered saline. All of the controls yielded satisfactory results.

The slides showing CD44s immunohistochemical staining were independently analyzed by
two gynecologic pathologists (J.L. and J.Z.). A majority of ovarian carcinoma samples
showed similar intensity (moderate or high positive intensity) for CD44s expression. There
were no significant associations between the intensity scores (negative, weak, moderate, and
high) and OS or DFS duration. Rather, we considered that only cellular membrane staining
in tumor cells was regarded as an indicator of positivity for CD44s expression. The degree
of staining was semi-quantified using a five-score grading system: 0, samples without
CD44s-positive cells; 1, samples with less than 5% CD44s-positive cells; 2, samples with 5—
25% CD44s-positive cells; 3, samples with 26-50% CD44s-positive cells; 4, samples with
>51% CD44spositive cells. For statistical analysis, these cases were classified as negative
(0% CD44s-positive cells) or positive (>0% CD44s-positive cells) for CD44s expression.
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2.3. Statistical analysis

Fisher’s exact test and logistic regression analysis were used to evaluate the association of
CD44s expression with clinical factors. One-way analysis of variance for multiple
comparisons was performed to evaluate the association of CD44s expression with response
to chemotherapy and the grade of serous or endometrioid adenocarcinoma. The Kaplan-
Meier method and log-rank test were used to estimate the association of CD44s expression
with OS and DFS rates. Unconditional logistic regression analysis using multiple covariates
were used to evaluate the association of clinical factors (age at diagnosis, tumor grade,
response to clinical treatment, pathologic diagnosis, and FIGO stage) with OS and DFS
duration. P-values less than .05 were considered statistically significant. For statistical
analyses, we used the SPSS (version 17.0; SPSS, Chicago, IL, USA) and Stata (version 8.0;
StataCorp, College Station, TX, USA) software programs.

3. Results

3.1. Patient characteristics

The mean age of the patients was 59 years (range, 22—-89 years). At the initiation of the
current study, 76 patients were alive without ovarian cancer, 37 were alive with ovarian
cancer, 264 had died of ovarian cancer, and 94 had died of causes other than ovarian cancer;
12 were lost to follow-up and were excluded from the OS analysis. Median OS duration was
4.4 years (95% confidence interval [Cl], 3.8-5.1 years), and the OS rates were 63% (95%
Cl, 61-65%) at 3 years, 45% (95% ClI, 43—-47%) at 5 years, and 35% (95% CI, 32—-38%) at
10 years. Among 483 patients, 63 did not have relapse, 203 did have relapse, and 180 had
disease progression; 37 patients were lost to follow-up or had unknown serum CA125
levels. Only the patients with and without disease relapse were included in the DFS analysis.
Median DFS duration was 1.4 years (95% Cl, 1.2- 1.7 years), and the DFS rates were 35%
(95% ClI, 32-38%) at 3 years, 26% (95% CI, 23-29%) at 5 years, and 23% (95% CI, 20—
26%) at 10 years.

3.2. CD44s expression and localization

Representative samples of CD44s staining are shown in Figure 1. The positive staining of
CD44s showed cellular membrane localization, and 184 (38%) of 483 ovarian carcinoma
samples were positive for CD44s expression. Among these 184 cases, the
immunohistochemical scores were 1 in 97 patients (53%), 2 in 34 patients (18%), 3 in 22
patients (12%), and 4 in 31 patients (17%). A majority of samples with an
immunohistochemical score of 1 showed scattered positive cells. CD44s immunoreactivity
was also found in some stromal fibroblasts and lymphocytes.

3.3. Association of CD44s expression with clinicopathologic variables

The results of CD44s immunostaining in the ovarian carcinoma microarrays, organized
according to clinicopathologic characteristics of the patients, are shown in Table 1. In
summary, CD44s-positive expression was associated with transitional cell carcinoma (P=.
039), high-grade carcinoma (P = .013), advanced-stage tumors (FIGO IlI-1V, P<.001), and
age at diagnosis of less than 60 years (P=.011). Considering different tumor grading
systems, we analyzed the associations of CD44s expression with ovarian serous or
endometrioid adenocarcinoma grades separately. CD44s expression was identified in only
12% (2/17) of low-grade serous carcinomas, compared with 39% (145/276) of high-grade
serous carcinomas. There was a significant association between CD44s-positive expression
and high-grade serous carcinoma (P=.037), but no significant associations between CD44s
expression status and different tumor grades in endometrioid adenocarcinoma (P = .487)
(data not shown).
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The correlation of CD44s expression with response to chemotherapy is shown in Table 2. In
total, 462 (96%) patients received chemotherapy. Among these patients, 346 patients (75%)
received postsurgical cisplatin-based treatment either alone or with other drugs; 66 patients
(14%) received presurgical cisplatin-based treatment; and eight patients (2%) received other
forms of chemotherapy (tamoxifen, yttrium, paclitaxel [Taxol], melphalan, and paclitaxel
plus cyclophosphamide [Cytoxan]). However, there was no significant association between
chemotherapy response and CD44s expression.

3.4. Expression of CD44s in 27 paired primary and recurrent ovarian carcinomas

To identify the association between CD44s expression and tumor recurrence, we used the
paraffin-embedded blocks from 27 patients’ primary and recurrent ovarian carcinoma
tissues. Two representative cores were taken from every primary and recurrent tumor block
to make a tissue microarray containing a total of 108 cores. Of the 27 cases, 15 cases
showed CD44s-negative expression and three cases showed CD44s-positive expression in
both primary and recurrent tumor tissues. Three cases (11%) had CD44s-positive expression
in the primary tumor tissues and negative expression in recurrent tumor tissues. Six cases
had CD44s-positive expression in recurrent tumor tissues and negative expression in the
primary tumor tissues (Table 3). Statistically, there was no association between CD44s
expression in primary and recurrent tumors samples (P = .367).

3.5. Association of CD44s expression with OS or DFS

The association of CD44s expression with OS or DFS durations and their rates at 3, 5, and
10 years was shown in Table 4. There were no associations between CD44s expression and
OS (P=.529) or DFS (P=.218). Furthermore, we observed no significant associations
among the different immunohistochemical scores for CD44s expression (0, 1, 2, 3, or 4) and
OS (P=.254) or DFS (P=.939). Multivariate Cox proportional hazards regression analysis
indicated that FIGO stage was significantly associated with OS and DFS (data not shown).

4. Discussion

Recently CD44 has been proposed to be a common biomarker of CSCs in many
malignancies. Theoretically, its expression should be correlated with tumor progression,
recurrence, and resistance to chemotherapy or radiotherapy [7]. Because of extensive
alternative splicing and post-translational modification, CD44 is a polymorphic group of
transmembrane glycoproteins [2]. In ovarian tumor tissues, there are different expression
levels of CD44s and CD44-v3~10 expression [16, 26-28]. Of these proteins, CD44s is the
major species and has been most extensively studied [29].

Although a few studies also have evaluated the prognostic significance of CD44s expression
in patients with ovarian carcinoma, whether CD44s is a prognostic predictor remained a
matter of controversy until recently. Some investigators have demonstrated an association
between CD44s expression and poor prognosis or survival [30, 31], whereas others could
not demonstrate such results [15, 28], or even reached the opposite conclusion [16, 26]. Our
data showed that no statistical correlation was found between CD44s expression and
response to chemotherapy in our study. Moreover, in the 27 paired primary and recurrent
ovarian carcinoma samples, there was no association between CD44s expression and tumor
recurrence. Considering the heterogeneous nature of ovarian carcinoma, we believe that the
reliability of using a single CSC marker, CD44s, as the way to isolate ovarian CSCs will
have low specificity.

Epithelial ovarian carcinoma spreads by implantation of tumor cells through the mesothelial
lining of the peritoneal cavity. /n vitro studies have suggested that CD44 on the surface of
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ovarian cancer cells binds to hyaluronan on mesothelial cells and may contribute to
peritoneal metastasis [29, 32]. Monoclonal antibodies against CD44 significantly inhibit
ovarian cancer cell adhesion to mesothelial cells and peritoneal implantation in mice [33,
34]. Our study, which found that CD44s expression was associated with high-grade, and
advanced stage ovarian carcinoma, also revealed a possible association between CD44s
expression and tumor progression.

In conclusion, our study found that CD44s expression is not a prognostic predictor but
associated with high-grade and advanced stage ovarian carcinoma. The combined use of
CD44s with the other markers to isolate CSCs in ovarian carcinoma may be more reliable
than the use of CD44s alone.
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CD44s expression in ovarian carcinoma

Figure 1.

Immunohistochemical staining for CD44s in human primary ovarian carcinoma samples. A,
Tumor cells in a low-grade serous carcinoma sample exhibiting negative expression for
CD44s. B and C, High-grade serous carcinoma samples with less than 10% (B) and more
than 50% (C) of the tumor cells exhibiting CD44s expression. D, CD44s-positive expression
in an endometrioid adenocarcinoma sample. E, A clear cell carcinoma sample showing
positive CD44s expression. F, Transitional cell carcinoma cells with less than 10% of the
tumor cells showing expression of CD44s. G, Mucinous adenocarcinoma exhibiting
membrane staining for CD44s. H, Malignant mixed mullerian tumor cells with CD44s
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expression. (A, C-H) Original magnification X200; (B) Original magnification X400; see
text for immunostaining procedure.
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Table 1

Associations of CD44s expression with clinicopathologic factors

CD44s expression
Characteristic Total no.of Negative Positive pa
patients (%) (%)
Histologic type .039
High-grade serous carcinoma 376 231 (61) 145(39)
Low-grade serous carcinoma 17 15 (88) 2(12)
Endometrioid adenocarcinoma 35 24 (69) 11 (31)
Clear cell carcinoma 16 10 (63) 6 (37)
Transitional cell carcinoma 11 3(27) 8(73)
Other 28 16 (57) 12 (43)
FIGO stage <.001
-1 51  45(88) 6 (12)
H-1v 432 254 (59) 178 (41)
Grade .013
Low 26 22(85) 4(15)
High 457 277 (61) 180 (39)
Ascites status .097
No 54  39(72) 15(28)
Yes 338 201 (60) 137 (40)
Unknown 91 59 (65) 32 (35)
Response to clinical treatment .059
No 59 30(51) 29 (49)
Yes 386 249 (65) 137 (35)
Unknown 38 20 (53) 18 (47)
Age at diagnosis .011
<60 years 242 136 (56) 106 (44)
>60 years 241 163(68)  78(32)
Serum CA125 level .378
<500 U/ml 138 86(62) 52(38)
=500 U/ml 222 127 (57) 95 (43)
Unknown 123 86(70)  37(30)

a_.
Fisher’s exact test.

mucinous adenocarcinoma (five cases), malignant mixed mllerian tumor (ten cases), undifferentiated carcinoma (ten cases), and mixed type
carcinoma (three cases).
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Correlation of expression of CD44s with response to chemotherapy

Table 2

CD44s expression
Total no.of Negative Positive

Response to chemother apy patients (%) (%)
Responders 4

Postsurgery cisplatin-based regimenb 185 116(63) 69(37)

Presurgery cisplatin-based regimen® 20 13 (65) 7(35)

Other regimen 3 1(33) 2(67)

Unknown regimen 2 0 (0) 2 (100)
Nonresponders, progressive disease?

Postsurgery cisplatin-based regimenb 118 68 (58) 50 (42)

Presurgery cisplatin-based regimen® 45 30 (67) 15(33)

Other regimen 3 2 (67) 1(33)

Unknown regimen 1 1 (100) 0 (0)
Nonresponders, recurrent disease?

Postsurgery cisplatin-based regimenb 43 30 (70) 13 (30)

Presurgery cisplatin-based regimen® 1 1 (100) 0(0)

Other regimen 2 1 (50) 1(50)
No chemotherapy 21 16 (76) 5(24)
Unknown response 39 20 (51) 19 (49)
Total 483 299 (62) 184 (38)

a . .
Responders versus nonresponders progressive and recurrent disease (P=.528).

bResponders versus nonresponders (postsurgery cisplatin-based regimen subgroup) progressive and recurrent disease (P =.205).

cResponders versus nonresponders (presurgery cisplatin-based regimen subgroup) progressive and recurrent disease (P =.769).

P-values were calculated using one-way analysis of variance.
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Table 3

CD44s expression in 27 paired primary and recurrent ovarian carcinoma

CD44s expression status No. of patients
Primary & recurrent tumor both 0% 15
Primary & recurrent tumor both >0% 3

Primary tumor >0%, recurrent tumor 0% 3

Primary tumor 0%, recurrent tumor >0% 6

P =.367 (Fisher’s exact test); r=.189 (Two-tailed Person correlation)
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Table 4

Association of CD44s expression with overall or disease-free survival

OS (n=471) DFS (n = 266)
CD44s- CD44s- CD44s- CD44s-
Variable negative positive negative positive
No. of patients 295 176 172 94
Median survival duration, years (95% CI) 4.1(3.4-4.9) 4.4 (3.1-5.8) 1.5(1.0-2.0) 1.3(0.8-1.7)

Survival rate (95% CI)
3 years
5 years

10 years
==

0.64 (0.61-0.67) 0.59 (0.55-0.63) 0.37 (0.33-0.41)  0.31 (0.26-0.36)

0.44 (0.41-0.47)  0.46 (0.42-0.50)  0.29 (0.25-0.33) 0.21 (0.17-0.25)

0.36(0.33-0.39)  0.21(0.15-0.27) 0.27 (0.23-0.31)  N/A (<<0.17)
529 218

a
Log-rank test.
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