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S100A10 silencing suppresses proliferation,
migration and invasion of ovarian cancer
cells and enhances sensitivity to
carboplatin
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Abstract

Background: Ovarian cancer is the leading cause of gynecological cancer-related mortality. The novel oncogene
S100A10 has been reported to be involved in cancer cell proliferation, invasion and metastasis. The role of S100A10
in ovarian cancer has not been well studied and the effect of S100A10 on chemotherapy remains unclear. The aims
of the present study were to investigate the functional role of S100A10 in the progression and carboplatin
sensitivity of ovarian cancer.

Methods: We examined the expression levels in tissues of S100A10 in 138 cases of ovarian cancer by IHC. To
determine the functional roles of downregulated S100A10 in ovarian cancer, cell proliferation, colony formation, cell
migration and invasion assays were performed. Chemoresistance was analyzed by apoptosis assay. A xenograft
tumor model was established to confirm the role of S100A10 in carboplatin resistance in vivo. Using Western blot
assays, we also explored the possible mechanisms of S100A10 in ovarian cancer.

Results: The results showed that increased expression of S100A10 was positively associated with carboplatin
resistance (P < 0.001), tumor grade (P = 0.048) and a poorer prognosis (P = 0.0053). Functional analyses
demonstrated that S100A10 suppression significantly suppressed ovarian cancer cell proliferation, colony formation,
cell migration and invasion, remarkably increased carboplatin-induced apoptosis in SKOV3 and A2780 cells and
inhibited tumor growth in vivo. Downregulation of S100A10 expression could inhibit cell proliferation and enhance
ovarian cancer cell sensitivity to carboplatin, possibly involving the regulation of cleaved-Caspase3 and cleaved-
PARP.

Conclusions: Together, the results of the present study reveal that S100A10 expression can be used as a predictive
marker for the prognosis of ovarian cancer and chemosensitivity to carboplatin.
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Background
Ovarian cancer is the leading cause of gynecological
cancer-related mortality that seriously endanger
women’s health [1, 2]. Although there are proven
benefits of surgical resection and aggressive treatment
with chemo- and radiotherapy, the prognosis of
ovarian cancer remains very poor. The high mortality
rate is mainly attributed to the late presentation of
the disease. Current management strategies include
debulking surgery and adjuvant chemotherapy. Among
chemotherapies, carboplatin is the most important
and basic first-line treatment drug for ovarian cancer.
Patients treated with carboplatin usually obtain better
results in the initial stage of carboplatin chemother-
apy. However, the majority of patients, especially
those at an advanced stage, will eventually have a re-
lapse and die of the disease [3, 4]. For the last two
decades, there has been no substantial improvement
in ovarian cancer survival [5]. Therefore, elucidating
the mechanisms involved in the progression and
chemotherapy resistance of ovarian cancer is crucial
for the discovery of novel molecular prognostic
indicators and new therapeutic targets.
S100A10 belongs to the S100 family of low mo-

lecular weight (10–12 KD) calcium binding proteins
and is usually found in many cell types bound to its
ligand annexin A2 as a heterotetrameric (S100A10)2-
(annexin A2)2 complex [6, 7]. A variety of proteins
have been reported to interact with S100A10, in-
cluding miR-590-5p, DLC1, B-FABP and others, indi-
cating that S100A10 is an active regulator that
participates in multiple biological functions [8]. In
addition, S100A10 has been found to be involved in
regulating multiple biological processes, such as cell
proliferation, differentiation, apoptosis, inflammation,
angiogenesis, motility, migration and invasion. Re-
cently, S100A10 was considered to be an oncogene.
For example, elevated levels of S100A10 have been
reported to be associated with several types of can-
cer, including colorectal cancer [9], basal-type breast
cancer [10], lung cancer [11], gastric cancer [12] and
pancreatic ductal cancer [13]. The role of S100A10
in oxaliplatin sensitivity in human colorectal cancer
has also been noted [9]. Noor A. Lokman’s [14] re-
search group demonstrated that the expression of
annexin A2 and S100A10 together is a powerful pre-
dictor of serous ovarian cancer outcome. However,
the functional role of S100A10 in the progression
and carboplatin sensitivity of ovarian cancer is cur-
rently unknown.
In this study, we initially analyzed the association

between S100A10 expression and clinical outcomes
of ovarian cancer patients to evaluate the feasibility
of S100A10 as a prognostic biomarker. Furthermore,

we performed a series of functional assays to deter-
mine the role of S100A10 in tumor progression and
chemosensitivity of ovarian cancer cells in vitro. In
addition, the mechanism of S100A10 in regulating
carboplatin sensitivity in ovarian cancer was investi-
gated. We also explored the role of S100A10 in
tumor growth in vivo.

Materials and methods
Clinical specimens
In this study, clinical samples of 138 patients with
ovarian cancer who underwent initial surgical treat-
ment were included and were obtained from the De-
partment of Gynecologic Oncology in the Chinese
Academy of Medical Sciences Cancer Hospital
(Beijing, China) from May 2007 to January 2013.
Each patient gave written informed consent to par-
ticipate in this research. All experiments conducted
using human tissues were approved by the ethics
committee of the Chinese Academy of Medical
Sciences Cancer Hospital (Beijing, China).

Immunohistochemistry analysis
Mouse monoclonal antibodies (4E7E10, Novus Bio-
logicals) were used to assess the expression of
S100A10 at a dilution of 1: 75. All procedures were
performed according to a standard protocol [15] and
the manufacturer’s instructions. As a negative con-
trol, sections were treated with mouse immuno-
globulin G instead of primary antibodies. All slides
were scanned by Aperio scanning system (Aperio,
San Diego, USA) and the Aperio Image Scope soft-
ware was employed for quantitative analysis of
S100A10 protein expression. Approximately 4 to 6
different parts of the slide were randomly selected
for analysis. The intensity score was graded in range
from 0 to 3 according to the percentage of positively
stained tumor cells. When 0–10% of tumor cells
were stained, a score of 0 was given; when 10–25%
of tumor cells were stained, a score of 1 was given;
when 25–50% of tumor cells were stained, a score of
2 was given; and when 50–100% of tumor cells were
stained, a score of 3 was given. The final S100A10
staining score was defined as follows staining score
of 0–1 was considered to represent low expression,
and 2–3 was considered to represent a high expres-
sion. The staining results of S100A10 were evaluated
according to the scoring criterion reported in a
previous study [16].

Tumor xenograft assay
Mouse experiments (approval number: SYXK(京)2014–
0003) were carried out under the approval of the Chinese
Academy of Medical Sciences Cancer Hospital Animal
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Care and Use Committee, and female NOD/SCID mice at
5–6 weeks of age were purchased from Beijing HFK Bio-
science Co. Ltd. and allowed 1 day to adapt. Mice were
maintained under specific pathogen-free conditions
and provided with normal food and water ad libitum.
Tumors were established by subcutaneous injection of
1 × 106 A2780 cells in the right flank of mice. When
the maximum diameter of all tumors was close to 1.2
cm, animals were euthanized. The duration of the ex-
periment was 16 days. We used 15 mice per experi-
ment. In each experiment, all animals were
euthanized. There were no animals found to be dead.
The health and behavior of the animals were moni-
tored every 3 days. Tumor diameter was measured by
a caliper. Additionally, only one tumor was found in
each mouse.

Cell lines and cell culture
Ovarian carcinoma cell lines (SKOV3 and A2780) and
human embryonic kidney (HEK293T) cells were pur-
chased from the American Tissue Culture Collection
(ATCC). RPMI 1640 (Gibco, Thermo Fisher Scien-
tific) with 10% FBS (Gibco, Thermo Fisher Scientific),
100 U/ml penicillin (Life Technologies, Gibco) and
100 mg/ml streptomycin (Life Technologies, Gibco)
was used to culture SKOV3 and A2780 cells.
HEK293T cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10%
FBS, 100 U/ml penicillin and 100 mg/ml streptomycin.
These cells were maintained at 37 °C in a humidified
incubator with 5% CO2.

Construction of plasmids, lentivirus packaging and
transfection
For stable knockdown of S100A10, two shRNA sequences
(shS100A10–1: CCATGATGTTTACATTTCACA, and
shS100A10–2: ACCTGAGAGTACTCATGGAAA) tar-
geting S100A10 were separately inserted into pSIH1-H1-
Puro (Invitrogen, Thermo Fisher Scientific, Inc.), and
shGFP (Invitrogen, Thermo Fisher Scientific, Inc.) was
used as a control. A total of 3 μg of S100A10 silencing or
control plasmids were carefully transfected into HEK293T
cells together with three packaging plasmids (3 μg PLP1,
3 μg VSVG and 3 μg PLP2) using Lipofectamine 2000
(Invitrogen, CA, USA) with Opti-MEM (Thermo Fisher
Scientific). Then, viral supernatant was collected. SKOV3
and A2780 cells (3 × 105) were plated 12 h prior to trans-
fection. Cells were transfected by 200 μl viral supernatant
(about 3 × 105 copies/ml lentiviral particles) using Lipofec-
tamine 2000 (Invitrogen, CA, USA) with OPTI-MEM
(Thermo Fisher Scientific) according to the manufac-
turer’s instructions. After 48 h, the supernatant was re-
placed with fresh medium. Then, stably transduced cells
were selected with 1 μg/ml puromycin for 2 weeks. The

efficiency of shRNA-mediated silencing of S100A10 was
validated by quantitative real-time PCR and Western blot
analysis.

Cell proliferation assay
Cell proliferation was detected by the CCK8 assay at
five time points after seeding cells at a density of 1 ×
103 cells/well (n = 6) in 96-well plates. At the end of
the different experimental periods, cells were cul-
tured in 100 μl/well fresh medium mixed with CCK-8
solution (10,1) (Dojindo, Shanghai, China) and incu-
bated for 1 h at 37 °C. Then, OD values were mea-
sured at 450 nm using a spectrophotometer (Bio-Rad,
Hercules, CA).

Apoptosis assay
The rate of apoptosis was determined using an
Annexin V/PI kit (MultiSciences) according to the
manufacturer’s protocol. Briefly, SKOV3 and A2780
cells were incubated with carboplatin or not for 24 h.
Subsequently, cells were harvested and resuspended in
500 μl 1X binding buffer. Finally, 5 μl Annexin V-
FITC and 10 μl PI were added to the cells for 5 min
at room temperature in the dark. Early and late apop-
totic cells were analyzed using FACSCalibur (BD
Bioscience).

Quantitative real-time PCR
SKOV3 and A2780 cells were treated as mentioned
above. Total RNA was isolated from cells using TRI-
zol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). Then, the RNA was reverse transcribed to
cDNA using a FastQuant RT Kit (TIANGEN Biotech
(Beijing) Co. Ltd.). Quantitative real-time PCR was
conducted using SYBR Green PCR Master Mix (Ap-
plied Biosystems) following standard techniques, as
described previously. Next, the 2-ΔΔCt method was
used to calculate the relative mRNA expression. The
gene-specific primers that were used are listed as
follows:

S100A10-F: AAAGACCCTCTGGCTGTGG
S100A10-R: AATCCTTCTATGGGGGAAGC
β-actin-F: CCGTTCCGAAAGTTGCCTTTT;
β-actin-R: GAGGCGTACAGGGATAGCAC.

Western blot analysis
For Western blot analysis, total proteins were directly
extracted by cell lysis buffer (1% Triton X-100; 10
mM Tris-HCl, pH 7.4; 150 mM NaCl; 0.25% sodium
deoxycholate; 5 mM EDTA, pH 7.4). Total proteins
(15 μg) were separated by 10–15% SDS-PAGE and
transferred onto polyvinylidene difluoride membranes
(Millipore, Bedford). After 1 h of incubation in
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blocking solution the membranes were exposed to
primary antibody anti-S100A10 (1:5000, 4E7E10,
Novus Biologicals) or anti-β-actin (1:4000, A5316,
Sigma) overnight at 4 °C. Following washing in TBS-T
3 times, the respective HRP-linked secondary anti-
bodies were applied at a 1:5000 dilution for 1 h at
room temperature. The proteins were finally detected
by an enhanced chemiluminescence detection system
(Pierce, Rockford, IL, USA).

Colony formation assay
To detect the effect of S100A10 on colony forma-
tion in A2780 cells, we performed colony forma-
tion assays. Lentivirus-infected A2780 cells were
seeded at a low density (1000 cells/well) in 6-well
plates and cultured for 10–14 days. Colonies were
stained with 0.1% crystal violet and quantified
using ImageJ software (National Institutes of
Health, Bethesda, MD).

Wound-healing, migration and invasion assays
In vitro cell migration ability was assessed by
wound-healing assays. When cells were grown to
90% confluency, a straight artificial scratch was cre-
ated by a 20 μl sterile tip. Then, cell spread across
the wound was detected using a phase-contrast
microscope at consecutive 48 h time points. For mi-
gration assays, SKOV3 and A2780 cells (2 × 104)
were plated on membranes with 8.0 μm pores (Corn-
ing Incorporated, Corning, NY). For invasion assays,
SKOV3 and A2780 cells (2 × 104) were seeded in
Matrigel-coated chambers. Cells were resuspended in
100 μl serum-free medium and allowed to invade to-
ward complete growth medium for 24 h. Cells that
adhered to the lower surface of the membrane were
fixed with cold methanol for 30 min and stained with
0.1% crystal violet for 1 min. After dehydration, mi-
grated or invaded cells were imaged and counted
under a light microscope (Leica Microsystems,
Mannheim, Germany).

Statistical analysis
Statistical analyses were performed with SPSS ver-
sion 13.0 software (NY, USA). Data from three inde-
pendent experiments are presented as the mean ±
standard deviation. To determine the significance of
differences among groups, one-way ANOVA followed
by Student-Newman-Keuls analysis was performed.
The association between S100A10 expression levels
and patient clinicopathological factors was analyzed
by the χ2 test. We utilized the Kaplan-Meier method
for evaluating progression-free survival (PFS) and
overall survival (OS) rates; the survival curves were

compared using the log-rank test. All tests were two
sided. The results were considered significant when
P values were < 0.05.

Results
Clinical significance of S100A10 in ovarian cancer tissues
To clarify the biological functions of S100A10 in
ovarian cancer, S100A10 expression was immuno-
histochemically studied in 138 cases of ovarian can-
cer, and its associations with clinicopathological
parameters were evaluated. Kaplan-Meier survival
analyses were used to estimate the effect of
S100A10 expression on survival. High S100A10 ex-
pression levels at age < 60 at diagnosis and tumor
grade G3 were significantly higher than those at
age ≥ 60 at diagnosis (Table 1). Furthermore, we
found that the level of S100A10 upregulation was
significantly higher in carboplatin-resistant ovarian
cancer (Table 1). However, our data did not show
that S100A10 expression was associated with re-
sidual tumor size, CA125 levels in primary tumors
or FIGO stage (Table 1).
S100A10 was mainly localized in the cytoplasmic

compartment of ovarian cancer cells (Fig. 1a). In
carboplatin-sensitive ovarian cancer tissues, weak cyto-
plasmic expression of S100A10 was observed (Fig. 1a).
In carboplatin-resistant ovarian cancer tissues, strong
cytoplasmic expression of S100A10 was observed. The
effects of S100A10 protein levels on patient survival
were examined with log-rank test. As shown in Fig. 1b,
patients with low S100A10 expression tended to have a

Table 1 Distribution of S100A10 status in ovarian cancer
according to clinicopathological characteristics

Clinical Variable Patients S100A10 expression
(No. of cases)

P Value

Low High

All cases 138 65 73

Age at Diagnosis ≥60 24 16 0.013

< 60 45 53

Residual tumor
size (cm)

≥2 19 16 0.557

< 2 50 53

Level of CA125
in primary tumors
(U/ml)

≥500 50 55 0.318

< 500 19 14

Recurrent type Carboplatin-sensitive 49 26 < 0.001

Carboplatin-resistant 20 43

FIGO stage III 57 52 0.296

IV 12 17

Tumor grade G1/G2 29 18 0.048

G3 40 51

NOTE: P value highlighted in bold indicate P < 0.05
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longer progression-free survival compared with those
with high protein expression of S100A10. However, the
expression level of S100A10 did not affect overall sur-
vival (Fig. 1b). These results demonstrate that S100A10
might function as an oncogene in ovarian cancer
progression.

S100A10 knockdown inhibited cell proliferation and
colony formation
To further investigate the effect of S100A10 on ovar-
ian cancer cell proliferation and colony formation,
shRNA-mediated S100A10 knockdown was achieved
in SKOV3 and A2780 cells by transfection with
shGFP, shS100A10–1 or shS100A10–2. qRT-PCR
and Western blot were performed to confirm the

transfection efficiency. As shown in Fig. 2a&b,
shS100A10–1 and shS100A10–2 both dramatically
reduced S100A10 expression in SKOV3 and A2780
cells relative to shGFP-transfected cells. The effect of
S100A10 knockdown on the proliferation of SKOV3
and A2780 cells was analyzed. The CCK-8 assay
showed that the OD450 of SKOV3 and A2780 cells
in the shS100A10–1 and shS100A10–2 groups was
significantly lower than that in the shGFP group at
96 h (Fig. 2c), suggesting that S100A10 knockdown
inhibited the proliferation of SKOV3 and A2780
cells. Knockdown of S100A10 also resulted in the
formation of fewer colonies in A2780 cells (Fig. 2d).
These results suggested that S100A10 knockdown
exhibited a negative effect on ovarian cancer cell
proliferation.

Fig. 1 S100A10 was upregulated in ovarian cancer tissues with carboplatin resistance, and high S100A10 expression predicted poor prognosis. (a)
The expression of S100A10 protein in tumor tissues from patients with carboplatin-sensitive or carboplatin-resistant ovarian cancer by
immunohistochemistry analysis and representative staining images are shown. Representative images are shown at × 100 (upper panels) or × 400
(lower panels) magnification. (b) Estimation of progression-free survival and overall survival curves by Kaplan-Meier analysis with log-rank test in
138 ovarian cancer patients according to S100A10 expression
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S100A10 knockdown inhibited cell migration and
invasion
To determine the effect of S100A10 on SKOV3 and
A2780 migration and invasion, wound scratch and
transwell assays were performed. It was found that
SKOV3 and A2780 cells with S100A10 knockdown
showed a slower closing of the scratch compared
with the control group (Fig. 3a). Similar results were
shown for cell migration and invasion. S100A10
knockdown remarkably inhibited cell migration and
invasion abilities relative to the control group (Fig.
3b). These results demonstrate that S100A10 knock-
down can significantly inhibit the metastatic proper-
ties of ovarian cancer cells.

S100A10 suppression reduces chemoresistance
To investigate the impact of S100A10 on chemoresis-
tance, Annexin V/PI staining and FACS were used to

check the rate of apoptosis after carboplatin treat-
ment. As shown in Fig. 4, S100A10 knockdown sig-
nificantly increased the apoptosis rate in SKOV3 and
A2780 cells after 24 h of carboplatin treatment, dem-
onstrating that S100A10 promotes carboplatin resist-
ance in ovarian cancer cells. Consistent with the
effect of S100A10 on the apoptosis rate0, higher
levels of the apoptotic markers cleaved PARP and
cleaved Caspase3 were observed in S100A10-
suppressed SKOV3 cells than in control cells (Fig. 5).
These data indicated that S100A10 plays an important
role in mediating sensitivity to carboplatin in ovarian
cancer cells.

Knockdown of S100A10 inhibited tumor growth in vivo
To further examine whether S100A10 was respon-
sible for tumor growth in vivo, we subcutaneously

Fig. 2 S100A10 knockdown inhibited cell proliferation and colony formation. (a) Quantitative real-time PCR showing the expression level of
S100A10 mRNA in shGFP, shS100A10–1 or shS100A10–2 SKOV3 and A2780 cell lines. (b) Western blots showing the expression of S100A10
protein in shGFP, shS100A10–1 or shS100A10–2 SKOV3 and A2780 cell lines. For quantification, the expression of S100A10 was normalized to that
of β-actin. (c) CCK-8 assay showing that the knockdown of S100A10 markedly suppressed the proliferation of SKOV3 and A2780 cells. (d) Colony
formation assay demonstrated that S100A10 knockdown decreased colony numbers. Statistical significance was analyzed by ANOVA. Data are
expressed as the mean ± standard deviation (n = 3 in each group). * P < 0.05, ** P < 0.01, *** P < 0.001, and **** P < 0.0001 vs. the shGFP group
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injected A2780 cells transfected with shGFP,
shS100A10–1 or shS100A10–2 into the flanks of
NOD/SCID mice. Compared with the control,
knockdown of S100A10 significantly inhibited tumor
growth and showed a marked decrease in tumor
weight (Fig. 6). In addition, it was found that tumor
growth was slower in the shS100A10 group than in
the shGFP group. Our results suggest that downreg-
ulation of S100A10 suppresses tumor growth
in vivo.

Discussion
Ovarian cancer is one of the most common gyneco-
logic malignancies and often presents at an advanced
stage. The absence of early symptoms and lack of re-
liable and specific early clinical diagnostic indicators
have resulted in 75% of patients diagnosed at an

advanced stage, a rate that has remained unchanged
for several decades [17]. These poor clinical outcomes
are largely due to the unsolved problems of metasta-
sis, recurrence and the development of intrinsic or
acquired drug resistance [17, 18]. Thus, a better un-
derstanding of the pathways underlying tumor pro-
gression and chemoresistance might aid in the design
of more effective treatment strategies in ovarian
cancer.
The S100 proteins are a group of small dimeric

calcium-binding proteins with high structural hom-
ology and pleiotropic functions [19]. Abnormal ex-
pression of S100 proteins has been implicated in
cancer [20, 21], autoimmune diseases [22], and
chronic inflammatory disorders [23]. In particular, in-
creased expression of S100A1 [24], S100A4 [25],
S100A7 [26], and S100A14 [17] has been

Fig. 3 S100A10 knockdown inhibited cell migration and invasion. a, b Wound-healing analysis of cell migration in SKOV3 and A2780 cells
transfected with shGFP, shS100A10–1 or shS100A10–2. c, d Transwell migration and invasion assay analyses in SKOV3 and A2780 cells transfected
with shGFP, shS100A10–1 or shS100A10–2. Statistical significance was analyzed by ANOVA. Data are expressed as the mean ± standard deviation
(n = 3 in each group)
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documented in multiple cancers including ovarian
cancer. S100A1, A3, A6, A11, A13, A14, A16 and
S100Z have been reported to be downregulated in
oral squamous cell carcinoma (OSCC) patients com-
pared with healthy controls. In contrast, S100A4, A8,
A9, A10 and S100P have been reported to be overex-
pressed in OSCC patients compared with healthy
controls [27]. S100A10, which contains two EF-
binding motifs, is one of the members of the S100
protein family [28, 29]. Nevertheless, the association
of S100A10 with clinicopathological characteristics in
ovarian cancer and its biological functions have not
yet been clarified. Our study is one of the most com-
prehensive studies of the expression of S100A10 in
ovarian cancer. The present results clearly show that
the upregulated expression of S100A10 in ovarian
cancer is associated with carboplatin resistance, age
at diagnosis and tumor grade. No significant associ-
ation was observed between S100A10 expression and

clinicopathological characteristics, including residual
tumor size, level of CA125 in primary tumors and
FIGO stage. The results reported here are partly con-
sistent with the findings in lung adenocarcinomas,
whereby Ken Katono et al. reported that high expres-
sion of S100A10 is significantly associated with
poorer differentiation, a higher pathological TNM
stage, more frequent and severe intratumoral vascular
invasion and a poorer prognosis [11]. Additionally, in
the present study, high expression levels of S100A10
predicted reduced PFS but not OS of ovarian cancer
patients. Interestingly, this was not quantitatively
consistent with the previous findings by Noor A.
Lokman et al., in which S100A10 cytoplasmic expres-
sion was dramatically increased in ovarian cancer
with reduced OS but not PFS [13]. This may be due
to the limited sample size. We also found that the
expression of S100A10 was detected in the cytoplas-
mic compartment of carboplatin-resistant ovarian

Fig. 4 S100A10 mediates chemoresistance of A2780 and SKOV3 cells. a The apoptosis rate of A2780 and SKOV3 cells with or without carboplatin
treatment as indicated was determined by flow cytometry. Cells were labeled with Annexin V -FITC & PI. b Bar chart of apoptosis ratios. Data are
expressed as the mean ± standard deviation (n = 3 in each group)
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cancer tissues. We understand that confirming the
localization and expression of the S100A10 protein in
normal tissues may better reveal the potential role of
S100A10 in cancer cells. However, normal ovarian
epithelium tissues were difficult to obtain. Therefore,
we could not assess the role of the translocation of
S100A10 on its biological function.
S100A10 has been suggested to be overexpressed

in ocular surface squamous cell carcinoma and its
expression level is associated with limbal epithelial
cell proliferation and differentiation [30]. In a previ-
ous study, overexpression of miR-590-5p effectively
decreased the expression of S100A10, which con-
tributed to the suppression of HepG2 cell growth
[31]. The results of the present study clearly dem-
onstrate that S100A10 knockdown resulted in
decreased proliferation and colony formation ability,
increased apoptosis rate in vitro and inhibited
tumor growth in vivo, advancing the current under-
standing of the involvement of S100A10 in
tumorigenesis.
Previous studies have reported that the upregula-

tion of S100A10 is associated with cancer metastasis.
S100A10 accumulation, which is regulated by the
succinyltransferase CPT1A and SIRT5-mediated
desuccinylation, promotes gastric cancer cell invasion

and migration [32]. Additionally, experimental stud-
ies have shown that S100A10, a recently identified
binding partner of DLC1, regulates invasion of hu-
man lung cancer cells [33]. A recent study reported
that S100A10 is required for tumor-promoting
macrophage migration to tumor sites [34]. In the
present study, the knockdown of S100A10 was found
to inhibit the migration and invasion in human ovar-
ian cancer cells. Furthermore, the wound-healing
assay reconfirmed the impact of S100A10 on cell
migration.
Regarding the significance of S100A10 expression

in human colorectal cancer cells, Sayo Suzuki et al.
reported that the upregulation of S100A10 showed
significantly increased IC50 of L-OHP in COLO-320
CRC cells and downregulation of S100A10 in HT29
cells showed no apparent effect on sensitivity to L-
OHP [7, 9]. The results of the present study demon-
strated that the knockdown of S100A10 decreased
resistance to carboplatin-based chemotherapy.
In conclusion, the present study provides evidence

of a definitive role for S100A10 in the progression
of ovarian cancer, and its expression levels may
affect cell sensitivity to carboplatin. A xenograft
study can better reveal the association between the
expression level of S100A10 and carboplatin

Fig. 5 S100A10 mediates the sensitivity to carboplatin treatment. Western blot analysis of apoptosis-associated markers in SKOV3 cells treated
with carboplatin. Data are expressed as the mean ± standard deviation (n = 3 in each group)
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sensitivity. A xenograft study to investigate the
sensitivity of SKOV3 cells to carboplatin will be
considered in our further study. Additionally, the
mechanisms of S100A10 involvement in carboplatin
resistance are still unknown. Thus, further studies
are required to fully elucidate the molecular mecha-
nisms through which S100A10 acts as a potential
biomarker of the response to carboplatin in ovarian
cancer.
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