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Abstract. Kallikrein-related peptidase 14 (KLK14) is a member
of the tissue kallikrein family of proteases, which are associated
with the pathogenesis of malignant tumors and are overexpressed
in ovarian carcinoma. However, the mechanism through which
KLK14 is implicated in ovarian cancer remains unclear. The
aim of the present study was to investigate the effects of
KLKI4 gene inhibition by small interfering RNA (siRNA)
on the growth, apoptosis and invasion of ovarian carcinoma
cells in vitro. KLK14 siRNA was transiently transfected into
SK-OV-3 and OVCAR-3 ovarian carcinoma cells for 48 h. The
expression of KLK14 was determined by reverse transcription-
polymerase chain reaction (RT-PCR) and Western blot analysis.
Cell proliferation, apoptosis and invasion were examined by
MTT, flow cytometry and Matrigel assay, respectively. The
expression of survivin, caspase 9, cleaved caspase 3 and MMP2
protein was measured by Western blot analysis. The expres-
sion of KLK14 was significantly downregulated by siRNA in
SK-OV-3 and OVCAR-3 cells at both the mRNA and protein
levels. Following transfection with KLK14 siRNA, cell growth
and invasion were significantly suppressed, and cell apoptosis
was markedly induced. The expression of survivin and MMP2
was decreased, while the espression of caspase 9 and cleaved
caspase 3 was increased. These results indicate that KLK14 is
implicated in the malignant behavior of ovarian carcinoma cells
in vitro, and that KLK14 may serve as a target for therapy of
ovarian carcinoma.

Introduction

Ovarian cancer is a malignant tumor which is associated with
the highest mortality among female genital system cancers
and is considered to be a hormone-associated malignancy. The
5-year survival rate of early-stage ovarian cancer patients is
approximately 90%, but less than 30% in late-stage patients.
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Moreover, more than 70% of ovarian cancer patients are found
to present with late-stage disease at the initial diagnosis (1).

KLK14, also known as kallikrein-like protein 6, was found
to be overexpressed in various malignant epithelial tissues
and biological fluids, particularly in steroid hormone-related
malignancies, including breast cancer, ovarian carcinoma
and prostate cancer (2-4). Abnormal expression of KLK14
was found to be related with poor prognosis and has been
demonstrated to be a potential biomarker for these malignan-
cies (4,5). However, the mechanism through which KLK14 is
implicated in ovarian carcinoma remains unclear.

In the present study, small interfering RNA (siRNA) was
used to inhibit endogenous KLK 74 gene expression in SK-OV-3
and OVCAR-3 cells. The effects of KLK14 inhibition on the
biological behavior of SK-OV-3 and OVCAR-3 cells were
observed, and the expression of survivin, caspase 9, cleaved
caspase 3 and MMP2 protein was measured.

Materials and methods

Cell culture and siRNA transfection. Human ovarian carcinoma
SK-OV-3 and OVCAR-3 cells (with high levels of KLK14 as
detected in our preliminary research) were obtained from the
Chinese Academy of Sciences Cell Bank (Shanghai, China),
cultured in DMEM/F12 and DMEM media supplemented with
10% fetal bovine serum (FBS) at 37°C in a humidified atmo-
sphere with 5% CO,. KLK14 siRNA and Transfection Reagent
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) were used
for siRNA transient transfection, following the manufacturer's
instructions. As a negative control, 10 M control siRNA
(Santa Cruz Biotechnology) was used. There were three inves-
tigation groups in this study: the blank control group (normal
cancer cells), negative control group (cancer cells transfected
with control siRNA) and KLK14 siRNA group (cancer cells
transfected with KLK14 siRNA). Following siRNA transfec-
tion for 48 h, cells of each group were harvested for analysis.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted using TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer's instruc-
tions. First-strand cDNA was synthesized from 1 pug total
RNA according to the protocol of the RevertAid First
Strand cDNA synthesis kit (Fermentas, EU) using an
oligo(dT) primer. Primers used for RT-PCR were as follows:
KLK14 sense 5'-ACGCACCCCAACTACAACTC-3,
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Figure 1. Inhibition of KLK14 expression, as mediated by siRNA in ovarian carcinoma cells. (A) RT-PCR analysis of KLK14 expression in ovarian carcinoma
cells. (B) Histograms showing the relative expression levels of KLK14 mRNA. Each bar represents the mean + SD. "P<0.05. (C) Western blot analysis of
KLK14 protein expression in ovarian carcinoma cells. (D) Histograms showing the relative expression levels of KLK14 protein. Each bar represents the mean

+ SD. "P<0.05.

antisense 5'-GAACTCCTGC-ACAGACCATG-3'"; 3-actin
sense 5'-ACGCACCCCAACTACAACTC-3', antisense
5"TCTCCTTAATGTCACGCACGA-3'. PCR cycling param-
eters (19 cycles) were as follows: denaturation (94°C, 30 sec),
annealing (58.5°C, 30 sec) and extension (72°C, 30 sec). Equal
amounts of PCR products were electrophoresed on 1.2%
agarose gels and visualized by ethidium bromide staining.
[-actin was used as a control for normalization. The specific
bands were analyzed by the Image-Pro Plus 6.0 system.

Western blot analysis. The primary antibodies used in
the Western blot analysis, following the manufacturer's
instructions, were anti-KLK 14 and anti-MMP2 (Santa Cruz
Biotechnology), anti-B-actin, anti-survivin, anti-caspase 9 and
anti-cleaved caspase 3 (Beyotime Biotechnology, Haimen,
Jiangsu, China). Total cell protein was isolated using cell lysis
buffer for Western and IP (Beyotime Biotechnology). Protein
concentrations were determined using the bicinchoninic acid
(BCA) assay. Equal amounts of protein (30 ug) were separated
by 10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred onto polyvinylidene
fluoride (PVDF) membranes. The detection of hybridized
protein was performed by using an enhanced chemilumines-
cence kit; B-actin was used as a control for normalization.
The specific bands were analyzed by the Image-Pro Plus 6.0
system.

MTT assay. Cells were seeded 1x10* per well into 96-well
plates and cultured continuously for 5 days. MTT reagent
(10 pl) (5 g/1; Sigma, St. Louis, MO, USA) was added every
day at the same time. Cells were incubated for 4 h and then the
former medium was aspirated and 150 1 DMSO was added.
The absorbance of samples was measured by a microplate
spectrophotometer (Thermo Spectronic, Madison, WI, USA)
at 492 nm. All experiments were carried out in triplicate.

Assessment of apoptosis by flow cytometry. Approximately
1x10° cells were prepared into a single cell suspension using
phosphate-buffered saline (PBS) solution following the
manufacturer's instructions included in the Annexin V-FITC
Apoptosis Detection kit (Beyotime Biotechnology). The rate of
apoptosis was then analyzed with FACScan (BD Biosciences,
San Jose, CA, USA). All experiments were performed in trip-
licate.

Matrigel invasion assay. Transwell chambers (8 ym pore size;
Millipore, Bedford, MA, USA) covered with Matrigel (BD,
Franklin Lakes, NJ, USA) were used to measure cell invasive
ability. Approximately 1x10° cells were seeded into each upper
chamber with 200 ul fresh medium without FBS, and 500 ul
medium with 20% FBS was added into each lower chamber.
After 12 h, the cells were fixated with methanol for 5 min and
stained with hematoxylin for 30 min. The upper chamber was
cleaned and inverted, and cell numbers on the lower membrane
were counted under a high power lens (x400) in five random
visual fields.

Statistical analysis. All of the values are expressed as the mean
+ standard deviation (SD). Statistical analysis was performed
by one-way analysis of variance (ANOVA) and Bonferroni test
using SPSS 17.0. Differences were considered significant at a
P-value <0.05.

Results

Downregulation of KLK14 expression by siRNA. RT-PCR and
Western blot analysis were used to measure the expression
of KLK14 in each group. Compared to the control groups,
the expression of KLK14 mRNA and protein was markedly
decreased in the KLK14 siRNA group, both in the SK-OV-3
and OVCAR-3 cells (Fig. 1).
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Figure 2. Inhibition of KLK14 expression, as mediated by siRNA, suppresses the growth of ovarian carcinoma cells. (A) Results of the MTT assay showing
inhibition of SK-OV-3 cell growth by KLK14 siRNA. Each bar represents the mean + SD. (B) Results of the MTT assay showing inhibition of OVCAR-3 cell

growth by KLK14 siRNA. Each bar represents the mean + SD. "P<0.05.
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Figure 3. Inhibition of KLK14 expression, as mediated by siRNA, induces the apoptosis of ovarian carcinoma cells as detected using flow cytometry.

Suppression of cell growth by KLK14 siRNA. The absorbance
of each group as detected by MTT assay is shown in Fig. 2.
Significant effects of cell growth inhibition were observed in
the KLK14 siRNA group, both in the SK-OV-3 and OVCAR-3
cells from the second day, whereas no differences were
detected between control groups.

Cell apoptosis induced by KLK14 siRNA. The apoptosis rates
were 3.32+0.12, 7.26+0.09 and 17.02+0.15% for the SK-OV-3
cells, and 3.69+0.07, 7.82+0.09 and 14.67+0.07% for the
OVCAR-3 cells in the blank control group, negative control
group and the KLK14 siRNA group, respectively (Fig. 3).
Following KLLK14 siRNA transfection, the rates of apoptosis
were markedly increased, both in the SK-OV-3 and OVCAR-3
cells.

Cell invasion inhibited by KLK14 siRNA. The number of cells
which infiltrated through the Matrigel was indicative of the
invasive potential of the ovarian carcinoma cells. The number
of cells on the lower membrane of the Transwell chamber in the
KLK14 siRNA group was decreased dramatically by KLK14
siRNA, both in the SK-OV-3 and OVCAR-3 cells (Fig. 4).
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Figure 4. Inhibition of KLK14 expression, as mediated by siRNA, suppresses the
invasive ability of ovarian carcinoma cells. Histograms showing the number of
cells on the lower membrane which infiltrated the Matrigel. Each bar represents
the mean = SD. "P<0.05.



ZHANG et al: KLK14 siRNA AND OVARIAN CARCINOMA CELLS

> [
@ ca mﬁ'&s\

%\‘b&‘ \;z,‘é“\ .{w\:{"

- e - SRS
VST -

.\‘le,

‘b\""‘* \.\a%%\ Q_,\g‘\

- -Cleavedcaspasﬁ
= — S -
I .

SK-OV-3 OVCAR-3

Figure 5. Expression of survivin, caspase 9, cleaved caspase 3 and MMP?2 protein
as detected by Western blot analysis in the ovarian carcinoma cells. Following
inhibition of KLK 14 expression, as mediated by siRNA, various alterations in the
expression of these proteins were observed.

Expression of survivin, caspase 9, cleaved caspase 3 and
MMP?2 protein. The results of the Western blot analysis
revealed that the expression of survivin and MMP2 was
decreased, while the expression of caspase 9 and cleaved
caspase 3 was increased by KLLK14 siRNA transfection, both
in the SK-OV-3 and OVCAR-3 cells (Fig. 5).

Discussion

The KLKI4 gene maps to chromosome 19q13.3-q13.4 and
contains seven exons (two untranslated and five coding exons)
and six intervening introns (6). The KLK family is impli-
cated in the regulation of numerous cancer-related processes
including invasion, metastasis, angiogenesis and tumor
growth (7). The targeting of the extracellular matrix (ECM)
proteins by the KLKs is considered to be associated with the
increased aggressiveness of tumor cells (8).

KLK14 has trypsin- and chymotrypsin-like activity, and is
capable of hydrolyzing laminin a-5 and collagen IV, which are
the major components of the ECM, and may be closely associ-
ated with the aggressive nature of malignancies (9). KLK14
was reported to be associated with a number of malignancies,
particularly endocrine-related cancers, including breast and
testicular cancer (10,11). Recently, KLK 14 was also discovered
to be upregulated in lung cancer, colorectal cancer and sali-
vary gland tumors (12-14).

In the present study, RT-PCR and Western blot analysis
results revealed that the expression of KLK14 was downregu-
lated effectively by KLK14 siRNA in SK-OV-3 and OVCAR-3
cells. Cell growth and invasion were markedly suppressed,
and the cell apoptosis rate was increased following KLK14
inhibition. Therefore, this study demonstrated that inhibition
of KLK14 by siRNA is capable of suppressing the malignant
behavior of ovarian carcinoma cells in vitro.

Survivin, caspase 9, caspase 3 and MMP2 are the most
important response proteins associated with cell division,
apoptosis and tumor aggressiveness which receive upstream
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signals to induce cell division, apoptosis and ECM degrada-
tion (15-17). According to the results of the Western blot
analysis in the present study, expression of survivin and MMP2
was markedly decreased, while expression of caspase 9 and
cleaved caspase 3 was markedly increased as a consequence
of KLK14 inhibition. These results indicate that the inhibi-
tion of cell growth, activation of the apoptosis cascade and
suppression of the invasive potential of ovarian carcinoma
cells as induced by KLK 14 siRNA may be closely related with
survivin, caspase 9, caspsae 3 and MMP2.

In conclusion, this study indicates that KLK14 may be
implicated in the malignant behavior of ovarian carcinoma
cells in vitro and KLK14 may serve as a therapy target for
ovarian carcinoma.
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