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Abstract. Ovarian cancer is the main cause of cancer
mortality in gynecological tumors around the world. Drug
resistance to a variety of chemotherapeutics continue to be one
of the main causes of treatment failure. In a previous study,
it was demonstrated that STK17A, a proapoptotic gene, was
significantly downregulated in acquired resistance phenotypes
of colon cancer cells that are resistant to oxaliplatin and
5-fluorouracil. Therefore in the present study, the association
between STK17A expression and ovarian cancer with initial
drug resistance was investigated and the influence of STK17
on ovarian cancer cell proliferation and doubling time. In the
present study, ovarian cancer cell lines that express low levels
of STK17A were established by targeting STK17A with specific
siRNA. In addition, up-regulation of STK17A was established
in ovarian cells by pCDNA3flu/STK17A. The sensitivity of
the transfected cells and controls to paclitaxel, carboplatin
was examined by MTT assay, and the levels of proliferation
and apoptosis were analyzed by flow cytometry. In the cells
that were transfected with siRNA resulting in reduced expres-
sion of STKI17A, the 50% inhibitory concentration (ICs,)
of the chemotherapy drugs paclitaxel and carboplatin was
increased compared with control cells (P<0.05). By contrast,
in the cells that overexpressed STK17A following treatment
with pCDNA3flu/STK17A, the ICs, of the chemotherapy drugs
reduced in each case, and was significantly lower compared
with the control (P<0.05). There was a variable susceptibility
to carboplatin and paclitaxel resulting from altering the levels
of STK17A expression in ovarian cancer cell lines. The growth
of STK17A/siRNA transfected cells was promoted compared
with that of the control cells and accordingly their cell doubling
time was shortened.
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Introduction

At present, ovarian cancer is one of the main causes of
mortality in gynecologic tumors around the world (1). Further,
a variety of chemotherapeutic drug resistance continue to
be the primary cause of treatment failure (2). Reduced drug
accumulation, enhanced detoxification capability, aberrant
apoptosis pathway, and increased repair of drug-induced
DNA damage are the primary factors contributing to tumor
cells resistance phenotypes (3,4). However no biomarkers have
been identified that have achieved the necessary specificity to
predict the development of initial drug resistance in ovarian
cancer. This has prompted studies to investigate the cellular
and molecular mechanisms of drug resistance in ovarian
cancer cells.

In a previous study, Tang et al (5) demonstrated that
STK17A, one of the proapoptotic genes was significantly
downregulated in acquired resistance phenotypes of colon
cancer cells that are resistant to oxaliplatin and 5-fluorouracil.
Wittig et al (6) also confirmed reduced levels of STK17A
expression in the MeWoEtol cell line with acquired resistance
to the DNA-damaging agent etoposide and determined that
STKI17A was located on chromosome 7p and that this region
has undergone a loss in this sub-line. Whether down-regula-
tion the level of STK17A expression is associated with drug
resistance, or leading to cell aberrations that is uncertain.
Therefore, in order to study the association between STK17A
and initial drug resistance in ovarian cancer, ovarian cancer
cell lines were established that express low levels of STK17A
via targeted siRNA, and ovarian cancer cells were transfected
with a vector encoding STK17A cDNA to up-regulate STK17A
expression.

STKI17A is a serine/threonine kinase, also been termed
as death associated protein kinase (DAPK)-related apop-
tosis-inducing protein kinase (DRAK) 1, primarily functions
to mediate apoptosis by associating with DAPK (7,8). It is
exclusively localized to the nucleus, and is expressed at the
highest levels in the placenta (8). This molecule has recently
been identified to be downregulated in cancer cells with
acquired drug resistance. However, it is uncertain whether
STKI17A is a causative factor in ovarian cancer, or just a
involved in the changes in tumor cells. The present study aimed
to determine the effects of different levels of STK17A expres-
sion in the ovarian cancer cell line OVCAR3, and whether its
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expression affects cellular susceptibility to paclitaxel and the
DNA-damaging drug, carboplatin.

Materials and methods

Celllineandcell culture. The ovarian cancercell line, OVCAR3,
was obtained from the TianJin Life Science Research Center
(TianJin, China). OVCAR3 cells were cultured in containing
10% fetal bovine serum (FBS; Sigma Chemical, St. Louis,
MO, USA), 100 u/ml penicillin, 100 mu g/ml of streptomycin
(GIBCO, ThermoFisher Scientific, Inc., Waltham, MA, USA)
MEMa medium (Promega Corporation, Madison, WI, USA)
and incubated in a humidified atmosphere containing 5% CO,
at 37°C. Digestion and passage were performed every 2-3 days
using 0.05% trypsin (GIBCO, ThermoFisher Scientific, Inc.)
and 0.01% EDTA (Sigma Chemical) (9).

Cytotoxic drugs. The chemotherapy drugs paclitaxel and
carboplatin were obtained from the hospital pharmacy of
the University Clinic Tianjin, and stored at 4°C. Drugs were
dissolved prior to use in RPMI-1640 medium (Invitrogen;
Thermo Fisher Scientific, Inc.) without FBS or antibiotics.

siRNA transfection. A total of 500 pl of OVCAR3 cell suspen-
sion at 1.4x10° cells/ml were seeded in each well of a 24-well
dish. The subsequent day, if the cells reached 50% confluence,
according to the manufacturer's directions, 60-100 pmol
STK17A/siRNA (pSilencer/STK17A group)or negative siRNA
(pSilencer group) were added with oligofectamine (Invitrogen,
ThermoFisher Scientific, Inc.). Cells were harvested 72 h or
5 days later for semi-quantitative reverse transcription-poly-
merase chain reaction (RT-PCR) and western blot analysis,
respectively (10). Negative siRNA transfected cells were used
as negative control, while untransfected cells served as blank
control. The sequences of STK17A siRNA were designed as
follows: Sense, 5'-GATCCCGCAGCAGGAGGAATATCT
ACCTGTTTCAAGAGAACAGGTAGATATTCCTCCTGC
TGTTTTTTGGAAA-3" and anti-sense, 5'-AGCTTTTCC
AAAAAACAGCAGGAGGAATATCTACCTGTTCTCTTG
AAACAGGTAGATATTCCTCCTGCTGCGG-3'. And the
negative control siRNA sequences were: Sense, 5'-UUCUCC
GAACGUGUCACGUTT-3' and anti-sense, 5'-ACGUGACAC
GUUCGGAGAATT-3". Both siRNA were synthesized by
GenePharma Co. (Shanghai, China).

Amplification of STK17A gene and vector construction.
The cDNA of human STK17A was generated using PCR,
with HEK293 cell cDNA as a template. HEK293 cells were
obtained from the TianJin Life Science Research Center
(TianJin, China). The sequences of the primers containing
EcoRI and Xhol restriction enzyme sites were as follows:
Sense, 5'-CCTGAATTCCATGATCCCTTTGGAGAAG-3'
and anti-sense, 5'-CTCCTCTCGAGTCTTGTAGCAAAG
GTTCCTC-3". PCR was performed using 12.5 pmol each
primer, 5 u Pfu DNA polymerase, 25 yM of each dNTP and 1X
Pfu polymerase buffer in a 50 ul volume (Stratagene, La Jolla,
CA, USA). The thermal profile for the PCR was: 5 min 95°C for
denaturation, 45 sec 95°C, 1 min 60°C, 1 min 72°C, for a total
of 30 cycles, and a final extension at 72°C for 10 min. The PCR
products were cloned into the plasmid pCDNA3flu, which has
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the C-terminal modified with three continuous hemaglutinin
(HA) coding region, and was constructed in our laboratory.
Sequence analysis was performed to verify the accuracy of the
plasmid, which was named pCDNA3flu/STK17A. STK17A
expression was subsequently assessed in pCDNA3flu/STK17A
transfected cells by semi-quantitative RT-PCR and western
blot analysis (10-13). Empty pCDNA3flu transfected cells
were used as negative control, while untransfected cells served
as blank control.

Semi-quantitative RT-PCR analysis. Cells were transfected
with siRNA or pCDNA3flu for 48 h and the level of STK17A
expression was measured by a two-step semi-quantitative
RT-PCR. TriZOL was used to extract total RNA, then 5 ug
RNA was combined with 2.5 nmol dNTPs, 50 pmol oligo-dT
and H,0, and preheated 2 min at 65°C for denaturation. The
reaction was cooled to 4°C, and then 4 u1 5X RT Buffer, 10 mM
DTT, 200 u MMLV Reverse Transcriptase and 40 u RNAsin
(Promega Corporation) were added resulting in a volume of
20 pl. The RT mix was incubated at 42°C for 60 min, then 70°C
for 10 min. The cDNA was stored at -20°C. The yield of cDNA
was measured according to the STK17A PCR signal generated
relative to the internal standard f-actin (10). Primer sequences
of B-actin gene were as follows: Sense, 5-CGTGACATTAAG
GAGAAGCTG-3' and anti-sense, 5-CTAGAAGCATTTGCG
GTGGAC-3". The STK17A gene primer sequence is as above.
The thermal profile for the PCR reaction included 26 cycles as
follows: 95°C for 45 sec, 60°C for 1 min, 72°Cfor 1 min, using
5 U Taq Polymerase (Fermantas, ThermoFisher Scientific,
Inc.) in a 50 ul volume. The samples of PCR were run on 1%
polyacrylamide gels, then analyzed using the labwork soft-
ware, version 4.0 (UVP, Upland, CA, USA). All the primers
were synthesized by the Sunbiotech Inc (Beijing, China).

Western blot analysis. Cells were transfected for 48 h, prior
to the addition of cell lysis buffer to extract proteins. The
homogenate was then centrifuged at 700 x g for 5 min to pellet
large cellular debris. The samples were heated at 100°C for
5 min then loaded onto 15% SDS-PAGE for electrophoresis.
For the western blot analysis, the separated proteins were
transferred to Protran nitrocellulose (Micron separations, Inc,
Westborough, MA, USA). The blots were blocked in blocking
buffer [1% phosphate-buffered saline (PBS), 0.1% Tween 20
and 3% bovine serum albumin) and then incubated with rabbit
anti-STK17A antibody (SRP00679; Saier Corporation, Tianjin,
China) at a 1:100 dilution, y-tubulin acted as an internal stan-
dard that detected by mouse anti y-tubulin (sc-51715; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) at 1:500 dilution.
The primary antibodies were detected with secondary goat
anti-rabbit IgG (diluted 1:2,000 in PBS containing Tween 20;
A0545; Sigma-Aldrich) conjugated with horseradish peroxidase
(Sigma-Aldrich). Labeled bands from the blots were detected by
enhanced chemiluminescence (Beyotime Institute of Biotech-
nology, Haimen, China ). The bands intensities were quantified
by LabWorks software 4.0 as previously described (10).

Cell proliferation and apoptosis assays. Flow cytometry was
used to analyze the cell cycle. After the cells were transfected
for 48 h, they were then digested with trypsin and resuspended
in complete medium. Cells were centrifuged at 15,000 x g for
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5 min and then resuspended in 1 ml of PBS, then centrifuged
again at 15,000 x g for 5 min to pellet the cells. The cells
were washed in 400 pl PBS and fixed in 4.5 ml 85% ice-cold
ethanol. Cells were pelleted by centrifuging at 15,000 x g for
5 min, then resuspended in 600 pl PBS containing 2 mg/ml
propidium iodide and 1 mg/ml RNase A (Sigma-Aldrich). A
flow cytometer (BD Biosciences, San Jose, CA, USA) was
used to determine the cell cycle profiles and the results were
analyzed with ModFIT software (Verity Software House, Inc.,
Topsham, ME, USA). Cells were incubated in a solution of
0.5 g/ml FITC-labeled annexin V (Roche Diagnostics, Nutley,
NJ, USA) after washing with PBS. The proportion of dead cells
were assessed by the PI exclusion method and flow cytometry,
as previously described (9,14).

Cell growth curve and doubling time. A single-cell suspen-
sion was achieved by trypsinization. An equal number of cells
(1x10*) were seeded into each well of a 24-well plate in 10%
fetal bovine serum supplemented RPMI-1640 medium. The
cell lines were cultured in a humidified incubator atmosphere
containing 5% CO, at 37°C and the culture medium was
replaced every 2 days. The cells of three wells were counted
manually every 24 h for 7 days, as previously described (10,15).
Cell doubling time was calculated by the Patterson formula:

T,,280=Txlog2/(log N,-log N,) (15).

MTT assay. The level of resistance toward chemotherapeutic
drug was examined using the MTT assay. Cells transfected
with STK17A/siRNA or pCDNA3flu/STK17A were assessed,
using negative siRNA or empty pCDNA3flu transfected cells
as controls. Following transfection for 72 h, the cells were
re-seeded in triplicate at a density of ~6x10°-8x10° cells/well
in 96-well dishes in 100 pl complete medium for 24 h. Then
paclitaxel or carboplatin, at various concentrations were added
to the medium. After 48 h, 2 mg/ml MTT (Sigma-Aldrich)
was added to each well, then incubated for an additional 4 h at
37°C. The plates were centrifuged at 500 x g for 10 min. The
medium was removed from each well, and 100 ul of DMSO
(Sigma-Aldrich) was added, and the plates were shaken for
5 min. The absorbance was detected by a micro-plate reader
at a wavelength of 570 nm. Cell survival rate was calculated
using the following formula: 1-(mean absorbance of untreated
wells-mean absorbance of 3 test wells)/(mean absorbance
of untreated wells-mean absorbance of 3 medium control
wells) (15,16). The 50% inhibitory concentration (ICs,) was to
evaluate the value (14,17).

Statistical analysis. Statistical significance was calculated
using the independent samples #-test and one way analysis of
variance with the statistical software package SPSS (SPSS
Inc., Chicago, IL, USA). P<0.05 was considered to indicate a
statistically significant difference (18).

Results

OVCAR3/STKI7A plasmid construction and inhibition of
STK17A by siRNA. Western blot analysis demonstrates that
STK17A was expressed in OVCAR3 cells. The STKI17A
gene was cloned into the plasmid pCDNA3flu, which has the
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C-terminal modified with three continuous HA coding regions.
After transfection with pCDNA3flu/STK17A for 48 h, the level
of STK17A mRNA expression was increased ~3-fold. Actin
acted as a loading control to normalize the level of STK17A
expression (Fig 1A). Increased level of STK17A protein was also
significant in the OVCAR3/STK17A transfected cells (Fig. 1B).

Semi-quantitative RT-PCR and western blotting were used
to examine the efficiency of STK17A targeted siRNA-mediated
down-regulation of STK17A. After transfection for 48 h, the
levels of STK17A expression were distinct between transfected
and untransfected cells (Fig. 1C). Decreased levels of STK17A
protein were significant in the STK17A/siRNA transfected
cells. y-tubulin acted as a loading control to normalize the
levels of STK17A expression (Fig. 1D).

Cell proliferation and apoptosis assays

Flow cytometric analysis. After stimulating for 8 h using
annexin-V and propidium iodide (PI) staining, the cells trans-
fected with STK17A/siRNA and negative siRNA were analyzed
by flow cytometry and demonstrated an approximately equal
apoptotic pattern, similar to that of untransfected cells,
evidenced as annexin-V-positive and PI-negative (Fig. 2A). The
apoptotic percentage (annexin-V-positive, PI-negative, lower
right quadrant) was 0.91% for STK17A/siRNA, 0.65% for nega-
tive SiRNA and 0.85% for untransfected cells, which confirmed
that STK17A could not induce apoptosis in OVCAR3 cells.
When the cell cycle was analysed by PI staining, the G2 popu-
lation of cells was 28.91% for the STK17A/siRNA transfection
group, 18.86% for the negative siRNA transfection group
and 19.66% for untransfected cells (Fig. 2B). Thus, the cells
from the STK17A/siRNA transfection group demonstrated an
increased percentage of G2 phase cells. To better characterize
the effect of STK17A on reducing cell proliferation, growth
curves were produced using STK17A/siRNA transfected cells
and negative siRNA transfected cells maintained in the pres-
ence of 10% FBS. As shown by the cell doubling time results,
there was a marked improvement in the proliferative response
of STK17A/siRNA transfected cells. This enhanced effect
became evident at day 6, as the cells reached confluence. The
mean of results from three independent experiments indicated
that there was a 45.0+3.4% increase in cell number at day 7
after seeding in STK17A/siRNA cells compared with nega-
tive siRNA transfected cells. In addition, the antiproliferative
effect of STK17A was observed in the pCDNA3flu/STK17A
transfected cells, where there was a 39.0+5.4% reduction in
cell number at day 7 compared with the empty pCDNA3flu
transfected control cells (Fig. 3). The results yielded a similar
tendency to the data from the flow cytometric analysis.

Drugresistance assays. After treatment with carboplatin or pacli-
taxel for 72 h, dose-response curves were calculated using MTT
survival assays of cells transfected with pCDNA3flu/STK17A
or empty pCDNA3flu. pPCDNA3flu/STK17A transfected cells
showed enhanced drug-sensitivity to carboplatin and paclitaxel.
The differences were significant at carboplatin concentrations
of 3,5, 10 and 20 pg/ml, and at the paclitaxel concentrations of
0.6, 3,6 and 12 pg/ml (Wilcoxon signed-rank test, P<0.05). The
IC,, of the two drugs in cells were calculated from the curves,
and it was determined that the ICy, value of carboplatin and
paclitaxel decreased 1.45-fold and 1.56-fold, respectively, in
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Figure 1. STK17A RT-PCR and western analysis. Both the RNA and protein level demonstrated that the designed STK17A/siRNA or pCDNA3flu/STK17A
effectively induced the target gene degradation and up-regulation. (A) The STK17A mRNA up-regulation was 3-fold increased compared with the control in
the pPCDNA3flu/STK17A transfected cells. (B) High STK17A expression in the pPCDNA3flu/STK17A transfected cells was also observed by western blotting.
(C) The STK17A mRNA degradation degree is ~2-3 fold compared with the control in the STK17A/siRNA transfected cells. The distinction was significant
at 48 h after initial transfection by semi-quantitative RT-PCR and (D) protein was similarly reduced as assessed by western blot analysis. RT-PCR, reverse
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Figure 3. Cell growth. The cell doubling times of STK17A/siRNA transfected cells and controls were 45.19 and 58.89 h, respectively, while those of
pCDNA3flu/STK17A transfected cells and controls were 54.64 and 71.34 h, respectively. siRNA, small interfering RNA.
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Figure 4. MTT analysis. (A) Overexpression of STK17A enhances cell sensitivity to carboplatin and paclitaxel. Being incubated for 24 h in complete media
supplemented with 10% FBS, cells were incubated with carboplatin or paclitaxel for 48 h. Then MTT was added to assay the survival rate (P<0.05, Wilcoxon
test). (B) Inhibition of STK17A enhanced drug resistance in OVCAR3 cells. Cells were seeded 96-well plates 48 h after transient transfection with siRNA.
Being incubated for 24 h in complete media supplemented with 10% FBS, cells were challenged with fresh media containing different dilutions of each drug.
After incubation with carboplatin or paclitaxel for 48 h MTT was added to assay the survival rate. Inhibition of STK17A messenger RNA and protein expres-
sion increased resistance of OVCAR3 cells to paclitaxel (curve labeled ‘siRNA/STK17A’ in B) (P<0.05, Wilcoxon test) and carboplatin (P<0.05, Wilcoxon test).
Error bars represent the standard deviation for 3 independent experiments. siRNA, small interfering RNA.

pCDNA3flu/STK17A transfected cells. The above data indicate
that overexpression of STK17A may enhance the sensitivity of
cells to carboplatin and paclitaxel. After the cells were treated
with paclitaxel or carboplatin for 3 days, the survival rate
of OVCARS3 cells was increased compared with the control
(Wilcoxon signed-rank test, P<0.05). Dose-response curves
from MTT survival assays demonstrated a difference in survival
rates (Fig. 4). Consistent with the above findings, inhibition of
STKI17A mRNA and protein expression increased resistance of
OVCARS3 cells to paclitaxel (P<0.05) and carboplatin (P<0.05).
Taken together, these data provided evidence that inhibition of
STKI17A may increase resistance to paclitaxel and carboplatin
in ovarian cancer OVCAR3 cells.

Discussion

The present study demonstrated that up-regulation of STK17A
may enhance the sensitivity of OVCAR3 cells to carboplatin
and paclitaxel. This conclusion was further confirmed by the
transfection of ovarian cancer cells with STK17A-targeted
siRNA. Based upon these data, we propose that STK17A may

act as a key factor in the drug-resistance phenotype of ovarian
cancer cells.

It has previously been established that postoperative treat-
ment of ovarian cancer is mostly chemotherapy with carboplatin
combined with paclitaxel. However, the drug-resistance of
cells often leads to treatment failure. Mechanisms have been
proposed for the resistance to paclitaxel in ovarian cancers,
such as single nucleotide polymorphisms (SNPs) in the gene
ABCBI, which encodes the transport protein, P-glycopro-
tein (19) and mutations in the target protein b-tubulin (20).
Certain mechanisms of drug resistance are known, including
cytoplasmic detoxification in response to platinate and
increased DNA repair in response to carboplatin (1,19). A
number of studies have identified that p53 and mdr-1 have
higher levels of expression in ovarian cancer cells that recov-
ered from platinate agent and paclitaxel treatments (19,20).

STK17A is thought to act primarily causing apoptosis in
response to various apoptotic stimuli as TNF-a, FasL, UV
light, and certain drugs. Overexpression of STK17A induces
the morphological changes of apoptosis in NIH 3T3 mouse
embryonic fibroblast cells. However, overexpression of
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STKI17A did not induce apoptosis in COS7 African green
monkey kidney cells (7) similarly in OVCAR3 cells. Recently
it was demonstrated that STK17A was down regulated in
SK-NEP-1 cells (Wilms' tumor cell line) treated with YM155
(an inhibitor of survivin) compared with DMSO control group
by Ingenuity pathway analysis (21). One hypothesis is that
the genetic changes that protect cells from STK17A-induced
apoptosis may have occurred in the immortalization process
of COS7 and OVCAR3 cells or that the sensitivity to
STK17A-induced apoptosis is different depending on the cell
type. STK17A has also been associated with cross-resistance
against DNA-damaging drugs in human malignant melanoma
cell line MeWo cells, with oxaliplatin and 5-fluorouracil resis-
tance in colon cancer cells (5). The expression of STK17A in
various types of tumor cells and its roles in tumorigenesis and
metastasis is not fully known.

In the present study, it was found that the overexpression of
STK17A increases the cell proliferation, the doubling time of
the cells was two-thirds of the controls. The number of cells
in G2/M stage were increased and decreased in G1 stage, as
demonstrated by flow cytometric assay. However, in the complex
process of intrinsic and acquired drug resistance of cancer cells,
STKI17A maybe play some additional important roles.

In the future, studies may continue to identify the novel
mechanisms of drug resistance, that would enable the develop-
ment of a novel generation of anti-cancer drugs, enhancing the
drug-sensitivity of cancer cells.

The present study demonstrates that STK17A acts as a key
role in the drug-resistance phenotype of ovarian cancer cells.
Variable susceptibility to carboplatin, paclitaxel results from
different expression levels of STK17A in OVCAR3 cells. The
growth of STK17A/siRNA transfected cells was promoted
compared with the controls, accordingly the cell doubling time
was shortened.
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