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Abstract. Dipeptidyl peptidase IV (DPPIV; also known as
cluster of differentiation 26) and the surface-expressed protease,
seprase [also known as fibroblast activation protein alpha
(FAPa)], are able to degrade the extracellular matrix; therefore,
they are involved in malignant cell invasion and metastasis.
However, the prognostic implications of their overexpression in
carcinomas remain controversial. The aim of the present study
was to investigate the expression and potential prognostic effects
of DPPIV and seprase in cases of ovarian carcinoma. Immu-
nohistochemical analysis (IHC) was performed to assess the
protein expression of DPPIV and seprase/FAPa in 199 patients
(malignant epithelial ovarian cancer, 128; borderline ovarian
tumors, 41; and benign ovarian tumors, 30). In addition, in situ
hybridization was used to detect the mRNA expression levels
of DPPIV and seprase in 86 malignant epithelial ovarian cancer
samples. IHC revealed positive staining for seprase and DPPIV
proteins in 110/128 (85.94%) and 106/128 (82.81%) patients
with ovarian cancer, respectively. Seprase and DPPIV protein
expression was associated with lymph node metastasis and the
International Federation of Gynecology and Obstetrics stage.
By contrast, no significant correlation was detected between
the proteins and the patient age or histological grade and type
of tumor. Immunostaining was stronger in the cancerous tissues
compared with the borderline and benign tissues. Increased
levels of seprase, but not DPPIV, were significantly associated
with a shorter disease-free survival (P=0.033). Further analysis
revealed that 96.5 (83/86) and 97.67% (84/86) of the malignant
epithelial ovarian cancer samples stained positively for seprase
and DPPIV mRNA, respectively. Therefore, DPPIV and
seprase may be involved in the development of ovarian cancer,
and that they are potential predictive markers of epithelial
ovarian carcinoma.
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Introduction

Ovarian cancer is one of the most commonly diagnosed cancer
types of the female genital tract (1). Its incidence is highest in
developed countries, although the risk of ovarian cancer may
be increased by high parity and the use of oral contracep-
tives (2). Epithelial ovarian cancer (EOC) accounts for 85-90%
of all ovarian carcinomas (3). EOC is often asymptomatic and,
currently, no well-established strategies exist for its early detec-
tion. The disease spreads readily by direct exfoliation of cells
throughout the peritoneal cavity and often recurs at the surface
of the peritoneum. Furthermore, it may spread via the lymphatic
and hematogenous routes prior to causing any symptoms (4).
The majority of patients with ovarian carcinoma are diagnosed
with advanced-stage disease. Although optimal cytoreductive
surgery and improved chemotherapy have increased the five-year
survival rates, the overall survival gains have been limited due
to an inability to eradicate all the cancer cells. Therefore, out of
all the gynecological cancer types, ovarian carcinoma remains
the leading cause of mortality (5). The precise mechanisms
underlying invasion and metastasis remain poorly understood.
Therefore, it is important to clarify the mechanism of dissemi-
nation in order to increase survival and prevent the metastasis
and dissemination of ovarian carcinoma cells.

Degradation of the extracellular matrix is required for
tumor growth and metastasis (6,7). It is primarily regulated by
a variety of proteinases, which are known to influence cellular
activities, migration and invasion (8,9). Dipeptidyl peptidase IV
(DPPIV) and seprase/fibroblast activation protein a (FAPa) are
membranous serine-type membrane peptidase (SIMP), type 11
transmembrane proteins with multiple functions, including
dipeptidase activities (10). A number of studies have revealed
that DPPIV is expressed in cancer cells and is involved in tumor
progression and invasion (11,12). Although ovarian carcinoma is
a malignancy of the female genital tract with one of the highest
mortality rates, studies concerning seprase and DPPIV expres-
sion in ovarian carcinoma tissues are lacking. The practical
significance of these genes in patients with ovarian cancerremains
largely unknown and, therefore, requires further investigation.
The aim of the present study was to investigate the expression
of DPPIV [also known as cluster of differentiation (CD)26]
and seprase/FAPa in EOC cells at the protein and mRNA
levels. In addition, the association between the DPPIV and
seprase expression levels and known clinicopathological


https://www.spandidos-publications.com/10.3892/ol.2015.3151
https://www.spandidos-publications.com/10.3892/ol.2015.3151
https://www.spandidos-publications.com/10.3892/ol.2015.3151
https://www.spandidos-publications.com/10.3892/ol.2015.3151

ZHANG et al: SEPRASE AND DPPIV ROLE IN OVARIAN CANCER 35

prognosticators, including the tumor International Federation
of Gynecology and Obstetrics (FIGO) stage, tumor grade and
disease outcome, were assessed in order to determine their
clinical value.

Materials and methods

Ovarian carcinoma cell lines. The commercial ovarian carci-
noma cell lines, OVCA-3 and SKOV-3, were provided by the
Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). Immunohistochemical analysis (IHC) and reverse
transcription-polymerase chain reaction (RT-PCR) were
used to determine the mRNA and protein expression levels
of DPPIV and seprase in the cell lines.

Patients and samples. The present study included
199 patients with epithelial ovarian tumors who underwent
surgery at the First Affiliated Hospital of Zhengzhou Univer-
sity (Zhengzhou, China) between 2005 and 2010. A total of
199 formalin-fixed and paraffin-embedded tumor specimens
were collected. The study was approved by the Institutional
Ethics Review Board of Zhengzhou University (Zheng-
zhou, China). In addition, 31 fresh ovarian cancer tissue
samples were frozen and stored at -80°C. The tissue sections
were stained with antibodies and hematoxylin and eosin
(Sigma-Aldrich, St. Louis, MO, USA) for morphological eval-
uation. Clinicopathological information was retrieved from
the medical records of the patients. Staging was performed
according to the FIGO guidelines (FIGO, 2000) (13). The
clinical features of the patients are summarized in Table I.
This study was approved by the Ethics Committee of The
First Affiliated Hospital of Zhengzhou University and was
performed according to the Declaration of Helsinki. Written
informed consent was obtained from each patient’s family.

Characteristics of antibodies used. The rat monoclonal
antibodies against DPPIV and seprase were obtained from
Abcam (cat. nos. ab119346 and ab53066, respectively;
Cambridge, MA, USA). Subsequent to optimizing the
antibody dilutions, IHC was performed using a LabVision
Autostainer 720 (Thermo Fisher Scientific, Waltham, MA,
USA). The deparaffinized sections were microwaved in
10 mM citrate buffer (pH 6.0) in order to expose the epitopes.
Following a 5-min incubation with 0.03% hydrogen peroxide
to block endogenous peroxidase activity, the slides were
washed with Tris-buffered saline (TBS) and incubated with
the primary anti-DPPIV and anti-seprase rat monoclonal
antibodies (dilution, 1:75) at 4°C overnight. Next, the slides
were incubated with the rabbit anti-rat immunoglobulin G
(IgG; dilution, 1:200; cat. no. ab6728) secondary antibody
(Abcam) for 30 min. The slides were then incubated with
a peroxidase-labeled polymer and conjugated to a goat
anti-rabbit antibody (dilution 1:200; cat. no. ab150081;
Abcam) for 30 min. Next, the slides were stained with
3,3'-diaminobenzidine tetrahydrochloride (Sigma-Aldrich)
for 10 min, counterstained with hematoxylin, dehydrated
and then mounted in Diatex mounting medium (Diatex S.A.,
Lyon, France).

The ovarian carcinoma DPPIV-positive and seprase-posi-
tive cell lines, OVCAR-3 and SKOV-3, were used as positive

controls in the present study. The negative controls consisted
of the replacement of the primary antibody with IgG at the
same concentration and from the same source. All the controls
provided satisfactory results.

The THC results were evaluated according to the pattern,
intensity and extent of staining as follows: i) Staining pattern,
demonstrating the presence of membranous, cytoplasmic
or nuclear staining; ii) extent of staining, represented with
the following scale: 0, no staining; 1, staining of <10% of
cancer cells; 2, staining of 11-50% of cancer cells; and 3,
staining of >50% of cancer cells. Overall, at least 300 cells
were analyzed; and iii) staining intensity, represented with
the following scale: 0, negative; 1, weak; 2, moderate; and 3,
strong. After setting the aforementioned scoring criteria of
the tumor cells, the THC results were scored according to the
intensity and extent of staining by two independent senior
pathologists who were blinded to the clinicopathological data.
The discordant scores were re-evaluated, and the consensus
score was used for further analysis. Based on the intensity and
extent of staining, the IHC results were scored between 0 and
3 as follows: 0, negative; 1, weak; 2, moderate; and 3, strong.

In situ mRNA hybridization. Specific primers (listed in
Table II), including the T7 RNA polymerase promoter
sequence at the 5' end, were designed using Primer Premier
version 5.0 and synthesized. PA15His (full length seprase
cDNA) and pcD26His (DPPIV) were obtained from Dr
Wen-Tian Chen (State University of New York at Stony
Brook, Stony Brook, NY, USA) and used to prepare the
DNA templates. The PCR-produced DNA templates and the
primers, which included the T7 RNA polymerase promoter
site at their 5' end, were used for in vitro transcription
according to the In vitro Transcription T7 Kit (Ambion Life
Technologies; Austin, TX, USA) manufacturer's instruction.
Subsequently, anti-sense and sense fluorescein isothiocyanate
(FITC)-cRNA probes (Ambion Life Technologies) were
synthesized against DPPIV and seprase.

Sections measuring 5 ym were cut, mounted onto
poly-L-lysine coated slides and air-dried. Following dewaxing
and rehydration, the sections were treated with 0.3%
Triton X-100 (Sigma-Aldrich) for 15 min at room temperature,
followed by a 20-min treatment with 500 pg/ul proteinase K
(Takara, Dalian, China) at 37°C. Next, the samples were incu-
bated with 0.1 M glycine in phosphate-buffered saline (PBS)
for 5 min and then 4% paraformaldehyde in 0.1 M PBS for an
additional 5 min at room temperature for fixation.

Prehybridization was performed in 20 ul of the prehy-
bridization solution (Ambion Life Technologies) at 37°C
for 1 h, following a 10-min treatment with 0.25% acetic
anhydride in 0.1 M triethanolamine-HCI buffer (pH 8.0) at
room temperature. The tissues were incubated overnight in
10 pl hybridization solution along with FITC-cRNA-probes
coated with Sigmacote (Sigma-Aldrich) at 37°C. The
hybridization tissues were incubated with normal rabbit
serum (dilution, 1:25; cat. no. ab7487; Abcam), anti-FITC
antibodies (dilution, 1:300; cat. no. ab19224; Abcam), rabbit
anti-mouse IgG (dilution, 1:50; cat. no. ab6728; Abcam) and
alkaline phosphatase-anti-alkaline phosphatase (dilution,
1:50; cat. no. ab95462; Abcam) antibodies. The sections were
stained with a NBT/BCIP mixture (Sigma-Aldrich) and then
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Table I. Clinicopathological features and expression levels of seprase and DPPIV proteins in patients with epithelial ovarian

cancer.
DPPIV proteins Seprase proteins
Case number
Parameters (n=128),n Positive (%) y2-value P-value Positive (%) y>-value P-value
FIGO stage 9.311 0.01° 6.865 0.032¢
I 31 21 (67.7) 21(72.4)
1I 40 32 (80.0) 35(85.4)
I 57 53 (90.0) 54 (93.1)
Histology 2.326 0.313 3.188 0.203
Serous 78 67 (85.9) 69 (88.5)
Mucous 41 33 (80.5) 35(85.4)
Others 9 6 (66.7) 6 (66.7)
Grade 2.889 0.236 0.74 0.691
Gl 27 20 (74.1) 22 (81.5)
G2 41 33 (80.5) 35(85.4)
G3 60 53 (88.3) 53 (88.3)
Agelyear 0.003 0.959 0.08 0.778
>60 75 62 (82.7) 65 (86.7)
<60 53 44 (83.0) 45 (84.9)
LN 423 0.04* 6.223 0.013*
Positive 48 44 91.7) 46 (95.8)
Negative 80 62 (77.5) 64 (80.0)

“P<0.05 indicates a statistically significant difference. DDPIV, dipeptidyl peptidase 1V; FIGO, International Federation of Gynecology and

Obstetrics; LN, lymph node metastasis.

counterstained with fast red (Sigma-Aldrich). A positive
reaction in this assay was indicated by blue staining. The
aforementioned positive controls and sense probes were used
as positive and negative controls for each hybridization. The
scoring criteria were similar to those used for the IHC.

Microselection. A microselection method (14,15) was used
to avoid normal elements and areas with prominent infiltra-
tion of lymphoid cells. In total, 5-ym frozen sections were
cut and stained with hematoxylin and eosin. Next, a region
of tumor cells in the sections was selected using the Nikon
Eclipse 50i microscope (Nikon Inc; Melville, NY, USA). The
corresponding area on the frozen blocks was then marked and
oriented. Next, the block was trimmed in order to calculate the
tumor cell area. The trimmed frozen block was re-embedded
with O.C.T.™ compound (Tissue-Tek, Torrance, CA, USA),
and a new 5-um frozen section was created from the
re-embedded block to ensure that the cancer cells occupied
>80% of the selected area. Next, 20-um frozen sections were
cut and transferred into cooled Eppendorf tubes. Subsequent
to section collection, an additional 5-ym frozen section was
cut and stained with hematoxylin and eosin for morphological
analysis. If normal elements were apparent, the sections were
not used, and a different region was selected for microselec-
tion.

RT-PCR. Total RNA was extracted from microselected carci-
noma tissues of patients with ovarian carcinoma using the

RNeasy Mini kit (Qiagen, Valencia, CA, USA), according to
the manufacturer's instructions.

The primer pairs for seprase and DPPIV mRNA (previ-
ously mentioned) were used in the present study without the
T7 RNA polymerase promoter sequence at the 5' end. The
PCR reactions were performed in a 25-ul reaction mixture
using the Qiagen OneStep RT-PCR kit (Qiagen), according to
the manufacturer's instructions (Table II). GAPDH primers
were used as an internal control to generate an amplified
105 bp PCR fragment. The program included steps for reverse
transcription and PCR, starting with reverse transcription of
RNA at 50°C for 30 min. PCR amplification consisted of an
initial heating step at 95°C for 15 min in order to activate
the HotStar Taq DNA polymerase, deactivate the reverse
transcriptases and denature the cDNA. The cDNA was then
subjected to 35 cycles of denaturation at 94°C for 40 sec, 56°C
for 40 sec and 72°C for 1 min for primer extension. The PCR
products were visualized by electrophoresis on a 7.5% poly-
acrylamide gel. The GAPDH primers were used as loading
controls for each sample. For the negative control, water
was used instead of the template RNA. The OVCAR-3 and
SKOV-3 samples were used as the positive controls as they
are known to be seprase- and DPPII'V-positive. The positive
and negative controls produced satisfactory results in all the
series. The images were then semi-quantitatively analyzed by
comparing the intensity of the amplified seprase and DPPIV
bands with the control GAPDH band. Subsequently, the ratio
of the intensities of the DPPIV, seprase and GAPDH bands
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Table II. Polymerase chain reaction primers containing T7 RNA polymerase promoter sequence at the 5' end.

Product Annealing
Primers Primer sequences length temperature
1-DPPIV
Antisense F: (T7) 5'-TAA TAC GAC TCA CTA TAGG-ACT-GAA-CTG-GGC
probes -CAC-TTA-CC-3'
R: 5'-GTT-ACG-TAC-CCT-CCA-TAT-GAC-C-3' 247bp 58°C
2-DPPIV
Sense probes F: 5-ACT-GAA-CTG-GGC-CAC-TTA-CC-3'
R: (T7) 5'- TAATAC GAC TCA CTA TAGG-GTT-ACG-TAC-CCT 247bp
-CCA-TAT-GAC-C 3
3-Seprase
Anti-sense F: (T7) 5'-TAA TAC GAC TCA CTA TAGG-GAT-TCT-TCC-TCC
probes -TCA-ATT-TG-3'
R: 5-GTC-ACC-TTG-GAA-AGC-TGT-TC-3' 190bp 58°C
4-Seprase
Sense probes F: 5’-GAT-TCT-TCC-TCC-TCA-ATT-TG-3'
R: (T7) 5'-TAA TAC GAC TCA CTA TAGG -GTC-ACC-TTG-GAA 190bp

-AGC-TGT-TC-3'

F, forward; R, reverse; bp, base pairs.

was recorded and divided into the following three grades: low,
+; moderate, ++; and high, +++.

Western blot analysis. The 20-ym frozen sections obtained
from the microselected tissues were homogenized in the lysis
buffer (Beyotime, Shanghai, China) to preserve the integrity
and phosphorylation activity of the proteins. The lysis buffer
consisted of 1% NP40, 10% glycerol, 20 mM Tris-HCI
(pH 7.5), 137 mM NaCl, 100 mM NaF, 1 mM sodium vana-
date, I mM phenylmethylsulfonyl fluoride and 10 xg/ml each
of leupeptin, pepstatin and aprotinin. Next, the lysates were
sonicated at a power setting of 50 W for a duration of 5 s,
with intervals of 15 s, repeated six times, and clarified by
centrifugation (10,000 x g, 15min, 4°C), followed by protein
quantification using Bradford analysis.

The samples (20 pg proteins/each lane) were separated
by 7.5% SDS-PAGE and then blotted onto Millipore immob-
ilon-P membranes (EMD Millipore, Billerica, MA, USA).
Next, the membranes were blocked for 1 h at room tempera-
ture with 5% non-fat dry milk in TBS/Tween-20 (TBST).
The membranes were incubated overnight at 4°C with
mADb D8 (dilution, 1:800) and E26 (dilution, 1:800). A mouse
monoclonal anti-f-actin antibody (mouse IgGl isotype;
Sigma-Aldrich) was used as the loading control. The reac-
tions with the anti-rat and anti-mouse IgG (heavy + light
chains) horseradish peroxidase conjugates (Promega Corpo-
ration, Madison, WI, USA) diluted with TBST (dilution,
1:5000), in addition to the washing color reaction, were
assessed using the ECL Plus Western Blotting Detection
Reagent kit (GE Healthcare Life Sciences, Little Chalfont,
UK). Subsequently, the blots were exposed in an X-ray film
cassette (Dskar Health Care Co., Ltd.; Guangzhou, Guang-
dong, China) and immediately developed.

The negative controls consisted of antibodies in the
absence of lysate, whereas the positive controls consisted of
samples from the OVCAR-3 and SKOV-3 cell lines.

The images were semi-quantitatively analyzed by deter-
mining the ratio of DPPIV and seprase to actin. The intensity
ratio of the DPPIV or seprase bands and the 3-actin band was
recorded and divided into three grades, as follows: low, +;
moderate, ++; and high, +++.

Statistical analysis. Statistical analyses were performed using
the SPSS version 17.0 statistical software (SPSS Inc., Chicago,
IL, USA). The statistical significance of the intergroup differ-
ences was evaluated using the %2 test. Survival analyses were
performed using the Kaplan-Meier product-limit method, and
the differences were evaluated using the log-rank test. The
disease-free survival period accounted for the time between
surgery and first recurrence, metastasis or mortality. To further
investigate the relationship between overall survival and the
prognostic factors, a Cox proportional hazard model was applied.
All the statistical tests were two-sided. A value of P<0.05 was
considered to indicate a statistically significant difference.

Results

IHC of seprase and DPPIV. THC identified positive staining
for the DPPIV protein in 106 of the 128 patients (85.94%) with
ovarian cancer. This was significantly higher compared with the
results observed for the borderline ovarian tumor (56.09%) and
benign ovarian tumor (16.66%) patients. In total, 22 (17.19%),
28 (21.88%), 40 (31.25%) and 38 (29.69%) of the 128 tissue
samples from ovarian cancer patients demonstrated negative,
weak, moderate and strong DPPIV protein expression, respec-
tively. Furthermore, 116 of the 128 cases (85.94%) demonstrated
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Table III. DPPIV and seprase expression levels in different ovarian tissues.

DPPIV Seprase
Groups n - + ++ +++ % - + ++ +++ %
Benign tumor 30 25 3 2 0 16.66 24 4 2 20.00
Borderline tumor 41 18 14 7 2 56.09 16 12 12 1 60.97
Malignant tumor 128 22 28 40 38 82.81* 18 35 25 50 85.93¢

DPPIV, dipeptidyl peptidase IV. *P<0.05, vs. benign tumor.

Figure 1. IHC and ISH revealing the expression and location of DPPIV and seprase protein and mRNA levels in ovarian carcinoma cells. Results of DPPIV
(A) IHC (magnification, x100) and (B) ISH, (magnification, x100). Results of seprase (C) IHC (magnification, x200) and (D) ISH (magnification, x200) in the
cytoplasm. IHC, immunohistochemical analysis; ISH, in situ hybridization; DPPIV, dipeptidyl peptidase I'V.

positive staining for seprase, while 18 (14.06%), 35 (27.34%), 25
(19.53%) and 50 (39.06%) of the 128 patients were negative, weak,
moderate or strong for seprase protein expression, respectively.

Although both the cancer and reactive mesothelial cells
expressed seprase and DPPIV, the levels were consistently
higher in the carcinoma cells. Protein expression was cyto-
plasmic and/or membranous in the tumor cells, whereas it was
exclusively cytoplasmic in the mesothelial cells. Furthermore,
DPPIV and seprase were found to often co-localized in the same
tumor regions (Fig. 1), and a positive correlation was identified
between DPPIV and seprase protein expression (r,=0.504,
P=0.001). Higher expression levels of the proteins were identi-
fied in the cancer tissues when compared with the levels in
borderline ovarian tumors (56.09%) or benign ovarian tumors
(16.66%; Table I1I).

Association between seprase and DPPIV immunoreactivity
and clinical pathological features. In order to examine

the clinicopathological significance of seprase and DPPIV
expression, their association with a number of clinicopatho-
logical factors was investigated. The expression levels of the
seprase and DPPIV proteins increased with increasing FIGO
stage (P=0.013 and P=0.023). Furthermore, the expression
levels of seprase and DPPIV were significantly higher in the
EOC patients with lymph node metastasis compared with
those without lymph node metastasis. However, this observa-
tion did not correlate with the histological grade (P>0.05).
In addition, no significant difference was detected among
various age groups and histological types for seprase or
DPPIV (Table I).

Seprase and DPPIV mRNA expression levels by in situ hybrid-
ization (ISH). ISH using FITC-labeled cRNA probes was
used to detect signals in the cancer and stromal cells. In the
control experiments, which used sense probes, signals were
not detectable in any tissue region. Of the 86 EOC samples,
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178 bp Seprase
105 bp GAPDH
228 bp DPPIV
105 bp GAPDH

Figure 2. DPPIV and seprase reverse transcription-polymerase chain reaction products in ovarian tumors and carcinoma cell lines. Seprase (top panel): Lane 1,
ovarian carcinoma OVCA-3 cell line (+++); lanes 2 and 7, two representative samples for the borderline tumor tissue (+); lanes 3, 5 and 6, three representative
samples for the ovarian carcinoma tissue (++ and +++); lane 4, benign ovarian tumor tissue (+); lane 8, ovarian carcinoma SKOV-3 cell line (++). DPPIV
(bottom panel): Lane 1, ovarian carcinoma OVCA-3 cell line (+++); lanes 2 and 4, two representative samples for the borderline tumor tissue (++, +); lanes 3,
5 and 7, three representative samples for the ovarian carcinoma tissue (+++); and lanes 6 and 8, two representative samples for the benign ovarian tumors ().
DDPIV, dipeptidyl peptidase I'V.

1 2 3 4 5 6 7
DPPIV L" - ' . ' S 220 kDa

170 kDa
Seprase

97 kDa
[B-actin 42 kDa

Figure 3. Western blotting results for the ovarian carcinoma samples and cell lines. DPPIV (top panel): Lane 1, ovarian carcinoma OVCAR3 cell line (++);
lane 2, ovarian carcinoma SKOV3 cell line (++); lane 3, borderline ovarian tumor tissue (+); lane 4, benign ovarian tumor tissue (+); lanes 5 and 7, two repre-
sentative samples for the ovarian carcinoma tissue (++); lane 6, ovarian carcinoma tissue (+++). Seprase (middle panel): Lane 1, ovarian carcinoma OVCAR3
cell line (++); lane 2, ovarian carcinoma SKOV3 cell line (+4); lane 3, borderline ovarian tumor tissue (++); lane 4, benign ovarian tumor tissue (+); lanes 5-7,

three representative samples for the ovarian carcinoma tissues (+++). 3-actin (bottom panel). DDPIV, dipeptidyl peptidase IV.

96.5% (83/86) stained positive for seprase mRNA by ISH.
Based on the results of the semi-quantitative RT-PCR, 3
(3.49%), 21 (24.42%), 36 (41.86%) and 26 (30.23%) of the
tumors exhibited negative, weak, moderate or strong seprase
mRNA expression, respectively. Seprase mRNA expression
was correlated with the corresponding protein as demon-
strated by the IHC results (r,=0.48, P=0.001). As for DPPIV,
2 (2.33%), 18 (20.93%), 40 (46.51%) and 26 (30.23%) of the
cases demonstrated negative, weak, moderate or strong mRNA
expression, respectively. A significant association was observed
between the protein and mRNA expression of DPPIV and
seprase (r,=0.66, P=0.001). In addition, the mRNA expression
profiles were similar to the protein levels.

RT-PCR. Variable levels of seprase mRNA were observed
among the 31 tumors that were analyzed. Of those, 29 cases
demonstrated a degree of DPPIV expression following
microselection-assisted RT-PCR (Fig. 2).

Immunoblotting. In total, 25 out of the 31 tumor samples were
detected to present the dimeric (170-kDa) and monomeric
(97-kDa) forms of seprase. However, following western blot
analysis, only one case exhibited the 170-kDa dimeric form

alone. A 200-220 kDa DPPIV form was identified in 29 out of
the 31 samples (Fig. 3). The DPPIV and seprase protein were
detected in the human EOC cell lines, SKOV3 and OVCAR3.

Survival. Univariate analysis of the 128 patients included in this
cohort revealed that increased levels of seprase, but not DPPIV,
were significantly associated with a decreased probability
of disease-free survival (P=0.03 and P=0.52, respectively;
Fig. 4). The survival rates of the patients within each histo-
logical subgroup did not differ between the seprase-positive
and -negative tumors (data not shown). Therefore, several
variables were investigated in order to evaluate whether they
had an impact on survival. In the Cox multivariate analysis
of the FIGO stage, age groups and histological grade were
included, with seprase being an independent risk factor for
poor outcome.

Discussion

DPPIV, seprase/FAPa and other associated prolyl serine
peptidases are serine-type integral membrane peptidases
(SIMPs) (10). SIMPs exhibit high structural homology, with
a cytoplasmic tail that contains six amino acids (a.a.), a
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Figure 4. Kaplan-Meier survival curves revealing the negative correlation between increased seprase protein expression and poor disease outcome.

20-a.a. (seprase) or 22-a.a. (DPPIV) transmembrane domain
at the N terminus, an N-glycosylated and cysteine-rich
substrate-binding domain and a 200-a.a. region at the
C-terminus, which contains the catalytic region consisting of
a catalytic serine in a non-classical orientation (16). DPPIV
and seprase/FAPa share 68% of their identity at the catalytic
region and the conserved serine protease motif, Gly-Trp-Ser-
Tyr-Gly (15). A previous study has revealed that DPPIV and
seprase/FAPa cleave prolyl peptide bonds (17). Although it
is unclear how they are activated, dimerization is required
for prolyl peptidase and gelatinase activities (18). The
N-glycosylated and cysteine-rich substrate-binding domains
may be important in the recognition of and binding to of
substrates. The substrates are proline-containing peptides,
including certain growth factors, such as vasoactive peptides,
neuropeptides and chemokines (19). Following digestion of the
bioactive peptides, DPPIV and seprase/FAPa are able to regu-
late a number of cellular functions at the cell surface. They
function as adhesion molecules and, due to their enzymatic
activities, are involved in cell-extracellular matrix interactions
and bioactive peptide/cytokine/growth factor metabolism by
reducing the activity of chemokines and other peptide media-
tors (10). DPPIV and seprase exhibit a range of cellular roles,
since they are able to form complexes alone or with each other
and then interact with other membrane-associated molecules.
The localization of protease complexes at cell surface invado-
podia is important in the processing of soluble factors, such
as neuropeptide Y and certain chemokines (20). Furthermore,
this process degrades local extracellular matrix components
that are required for cell migration and matrix invasion during
tumor invasion, angiogenesis and metastasis (21).

Previous studies have revealed that seprase overexpression
was evident in stromal fibroblasts and tumor cells in invasive
breast, gastric, colonic and cervical carcinomas; however, it
was absent or undetectable in all normal tissue cells, with

the exception of cells involved in the early stages of wound
healing (22-25). In addition, an in vivo study using a mouse
model of human breast cancer, demonstrated that seprase
increased microvessel density and promoted rapid tumor
growth (26). Another study revealed that the stromal expres-
sion of seprase was associated with prolonged survival in
patients with invasive ductal carcinoma of the breast (27).

A number of previous studies have reported that DPPIV
mRNA and protein are abnormally expressed in a variety
of human carcinomas, including prostate, thyroid and colon
cancer, as well as endometrial adenocarcinoma; in addi-
tion, they were found to be involved in the processes of
tumor progression and metastasis (28-32). However, Kaji-
yama et al (33) identified that nude mice inoculated with
DPPIV-transfected SKOV3 cells exhibited significantly
less peritoneal dissemination and increased survival times
compared with those without transfection (33). This conflicting
finding may be the result of short follow-up periods or a lack
of samples. Therefore, further studies are required in order to
clarify this result.

To the best of our knowledge, the study of DPPIV and
seprase in ovarian carcinomas has so far been confined to
cell lines (34-36). Furthermore, no large-scale comparative
studies concerning seprase expression in specimens of ovarian
carcinoma have been conducted. Based on a large series of
patients with EOC, to the best of our knowledge, the present
study provided the first immunohistochemical evidence that
an overexpression of seprase and DPPIV is more often and
strongly observed in malignant tissues compared with border-
line and benign counterparts (data not shown). In cancerous
tissues, positive staining was not only observed in cancer
cells, but also in certain stromal spindle cells (fibroblasts)
and microvessel endothelial cells adjacent to the cancer cells.
However, the immunoreactivity of the cancer cells was consis-
tently stronger compared with that of the stromal spindle and
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microvessel endothelial cells. Immunoreactivity for seprase or
DPPIV protein was not evident in the fibroblasts from normal
tissues remote from the cancer cells. The pattern of protein
expression in the tumor cells was mainly cytoplasmic, although
membranous and nuclear expression was occasionally observed.
By contrast, the expression was exclusively cytoplasmic in the
stromal spindle and microvessel endothelial cells. In certain
cases, stronger staining of DPPIV and seprase was present in
the malignant cells located at the infiltration front, rather than
the central region of the cancer tissue.

In addition, the tumor nests demonstrated diffuse and hetero-
geneous immunostaining. The DPPIV and seprase proteins often
colocalized in the same tumor regions (Fig. 1). Furthermore, a
positive correlation was detected between DPPIV and seprase
proteins (r,=0.504, P=0.001). These observations suggest that
ovarian carcinoma cells produce DPPIV and seprase. This
supports the hypothesis that DPPIV and seprase are the primary
cell-surface enzymes responsible for cellular invasion and are
important in ovarian cancer.

Generally, patients with advanced ovarian carcinoma exhibit
apoorer survival rate compared with patients at earlier stages. In
the present study, the protein expression of seprase and DPPIV
was correlated with the FIGO stage and the presence or absence
of lymph node metastasis. By contrast, no significant correlation
was observed between the two proteins and the patient age, or
the histological grade or type of the tumor. In addition, it was
revealed that increased seprase protein expression was nega-
tively associated with disease-free survival (P=0.033) (Fig. 4).
However, no association was detected between DPPIV protein
expression and disease-free survival (P=0.521).

In the present study, seprase and DPPIV mRNA transcripts
were detected in ovarian carcinomas. IHC established that
seprase mRNA expression was correlated with its corresponding
protein (r,=0.48, P=0.001). With respect to DPPIV, a signifi-
cant correlation was observed between DPPIV mRNA and
protein (,=0.66, P=0.001). Although seprase and DPPIV mRNA
transcripts were detected, protein immunoreactivity was nega-
tive in certain tumors. This discrepancy in the protein expression
of seprase and DDPIV in certain tumors may be the result of
post-transcriptional regulation by factors such as estrogen.

In conclusion, the results of the present study indicated that
seprase and DPPIV are involved in the progression of ovarian
cancer. The results assisted the identification of a cohort of
patients with EOC that exhibit poorer prognoses. Therefore,
DDPIV and seprase may serve as potential prognostic markers
for this type of tumor.
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