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Overexpression of NCAPG in ovarian cancer 
is associated with ovarian cancer proliferation 
and apoptosis via p38 MAPK signaling pathway
Haiting Yu†, Dan Zou†, Na Ni, Suxian Zhang, Qin Zhang and Lihua Yang*    

Abstract 

Background:  Non-SMC condensin I complex subunit G (NCAPG), a member of the subunit of condensin complex, 
is significantly overexpressed in various cancers and involved in the pathogenesis of cancers. However, the roles of 
NCAPG in ovarian cancer remain unclear.

Methods:  The mRNA expression, overall survival, and disease-free survival of NCAPG in ovarian cancer were analyzed 
by GEPIA and KM plotter database, and the expression levels of NCAPG in OC tissues and cell lines were determined 
by qPCR and immunohistochemistry analysis. shRNA targeting NCAPG gene (sh-NCAPG) was utilized to knock down 
NCAPG expression in OVCAR3 and SKOV3 cells. Subsequently, CCK-8 assay, colony formation assay, transwell invasion 
assay and flow cytometric analysis were performed to detect the effect of NCAPG on OC cell proliferation, apoptosis, 
and invasion. Finally, western blot assays were performed to detect the mechanism of NCAPG in ovarian cancer.

Results:  Analysis using GEPIA and KM plotter database showed NCAPG was upregulated in ovarian cancer and nega-
tively associated with the survival of OC patients. qPCR and immunohistochemistry analysis confirmed it was highly 
expressed in both ovarian cancer tissues and cells. The silencing of NCAPG inhibited OC cell proliferation and invasion, 
and induced cell apoptosis. Additionally, flow cytometric analysis revealed that NCAPG knockdown arrested the cell 
cycle at G2 and S phases. Furthermore, we also found that downregulation of NCAPG could suppress OC cell prolifera-
tion and invasion via activating the p38 MAPK signaling pathway.

Conclusion:  Our results suggest that NCAPG exhibits an important role in the development and progression of ovar-
ian cancer and implicates NCAPG as a potential therapeutic target in ovarian cancer.
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Background
Ovarian cancer (OC) is the most lethal gynecologic dis-
ease that ranks second in incidence and first in mortality, 
with five-year survival rates below 45% [1, 2]. The high 
mortality of ovarian cancer is due to the lack of specific 

symptoms in the early stage and the absence of effective 
screening and  therapeutic strategies [3]. A broad scope 
of genetic and epigenetic modifications plays an essen-
tial role in the development and tumorigenesis of ovarian 
cancers. Thus, further exploration of the epigenetic mod-
ifications related genes of OC will offer valuable insights 
for developing therapy targets and effective predicting 
prognosis.

Non-SMC condensin I complex subunit G (NCAPG), a 
mitosis and meiosis associated chromosomal condensing 
protein [4], is involved in mitotic chromosome condensa-
tion and is related to DNA methylation [5, 6]. NCAPG is 
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a member of non-SMC subunits in condensing I, which is 
involved in tumor cell survival, proliferation, migration, 
and metastasis [7]. NCAPG may promote the occurrence 
and development of tumors by regulating the cell cycle, 
cell aging, and mismatch repair [8]. NCAPG deficiency 
increases apoptosis and inhibits tumor cell proliferation 
[9]. Previous studies have shown that NCAPG is highly 
expressed in many malignant tumors, such as gastric 
cancer, liver cancer, glioma, and prostate cancer, and its 
expression level is closely related to the poor prognosis of 
the tumors [10–12]. However, there is remain unknown 
the effects of NCAPG in ovarian cancer.

The P38MAPK signaling is a critical pathway for 
OC development and participates in various biologi-
cal  characteristics, including tumor development, drug 
resistance, and metastasis regulation [13, 14]. Studies 
published in the last decade showed a dual role for the 
p38 MAPK signaling pathway in cancer development 
as it displays both tumorigenic and tumor-suppressive 
effects [15]. P38MAPK signaling pathway acts as a tumor 
suppressor linked with the stimulation of p53-depend-
ent cell cycle arrest [16]. Furthermore, activation of the 
p38MAPK/p53 pathway plays a key role in arresting cell 
cycle and promoting apoptosis [17]. Feng et  al. showed 
that silencing Wip1 promoted SKOV3 cell apoptosis by 
activating the p38MAPK/p53 signaling pathway [18]. 
Chen et  al. found that Fe2 + can inhibit granulosa cell 
proliferation and arrest the cell cycle by activating the 
ROS-mediated p38MAPK/p53 signaling pathway [19]. 
However, whether p38MAPK/p53 signaling is involved in 
the role of NCAPG in OC remains to be further investi-
gated. Therefore, we carry out experiments to figure out 
the effects of NCAPG on OC cell progression via the p38 
MAPK/P53 signaling pathway.

Methods
Expression and survival analysis
The GEPIA database is an online tumor database inte-
grated with RNA sequencing expressions of 9,736 tumor 
samples and 8,587 normal samples from the Cancer 
Genome Atlas (TCGA) and the Genotype-Tissue Expres-
sion (GTEx) databases [20]. The expression of NCAPG in 
OC and normal tissues were analyzed in and visually dis-
played in boxplot format in the GEPIA database (http://​
gepia.​cancer-​pku.​cn/), and log2 (TPM + 1) was used for 
log-scale.

Kaplan Meier-plotter (KM plotter) is another cancer 
database, but different from the GEPIA database, which 
is based on TCGA, EGA, and GEO (Affymetrix micro-
arrays only) database [21]. The overall survival (OS) and 
progression-free survival (PFS) of the NCAPG-low and 
NCAPG-high expression subgroups were compared 
in the KM plotter (http://​kmplot.​com/​analy​sis/). The 

hazard ratio (HR) with the 95% confidence interval and 
the log-rank P-value were calculated and displayed on 
the plot, and the number-at-risk is displayed below the 
curves. Log-rank P-value < 0.05 was considered statisti-
cally significant.

Tissue microarray
A tissue microarray  harboring seventy ovarian cancer 
tissues and ten para-carcinoma  tissues was purchased 
from  bioaitech(Xian, China). Seventy cases of ovar-
ian cancer and ten cases of para-carcinoma tissues were 
randomly obtained from the national tertiary hospital 
(China) between 2010 and 2018. According to WHO his-
tology grading: there were 8 cases in grade I, 2 cases in 
grade I ~ II, 2 cases in grade II, 2 cases in grade II ~ III, 
54 cases in grade III, and 2 cases of no grading. Patients 
with preoperative radiotherapy or chemotherapy were 
excluded. OC and para-carcinoma tissues were collected 
and stored at –80 °C until analysis. Informed consent was 
obtained from patients before specimen collection. The 
study protocol was approved by the Ethics Committee 
of Tongxu People’s Hospital of Henan Province and all 
investigations were conducted according to the Declara-
tion of Helsinki.

Immunohistochemistry
Immunohistochemistry was utilized to explore the 
expression patterns of NCAPG in 70 OC tissues and 10 
para-carcinoma tissues. The tissue microarray was dried 
with drying apparatus AKT-7 (Atobo, Hubei, China), 
and then dewaxed with xylene (MXB biotechnologies, 
Fuzhou, China) and hydrating in gradient alcohol (MXB 
biotechnologies, Fuzhou, China), 3% hydrogen perox-
ide (MXB biotechnologies, Fuzhou, China) was used to 
inhibit endogenous peroxidase. The sections were incu-
bated with primary antibody solution against NCAPG 
(1:20, abclonal, Tokyo, Japan) for 2 h. After washing three 
times, they were covered with HRP anti-rabbit immuno-
globulin G (IgG; MXB biotechnologies, Fuzhou, China) 
for 30  min. After DAB(MXB biotechnologies, Fuzhou, 
China) staining and hematoxylin(MXB biotechnologies, 
Fuzhou, China)counterstaining, the sections were evalu-
ated by two independent pathologists according to stain-
ing area and intensity. The scoring criteria for staining 
intensity were regarded as 0, no staining; 1, light yellow 
staining; 2, light brown staining; and 3, dark brown stain-
ing. The percentage of stained cells: 1, 0–25%; 2, 26–50%; 
3, 51–75% and 4, 76–100%. The product of the two values 
was defined as the NCAPG staining scores.

Cell culture
Human ovarian cancer cell lines SKOV3 and OVCAR3 
were obtained from Kunming Institute of Zoology, 

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://kmplot.com/analysis/


Page 3 of 11Yu et al. Journal of Ovarian Research           (2022) 15:98 	

Chinese Academy of Sciences (Kunming, China), and 
iCell Bioscience (Shanghai, China), respectively. The 
human ovarian epithelial cell line IOSE-80 was bought 
from iCell Bioscience (Shanghai, China). All cell lines 
were cultured in RPMI-1640 medium (Hyclon, Logan, 
Utah, USA) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA), 1% antibi-
otic/antimycotic solution (Hyclon, Logan, Utah, USA) 
and placed in a 5% CO2 incubator at 37 °C.

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR)
Total RNA was extracted from cultured cells with Tri-
zol reagent (Vazyme, Nanjing, China) and then reverse-
transcribed to complementary DNA (cDNA) using 
a PrimeScriptTM RT Reagent kit (Vazyme, Nanjing, 
China). qRT-PCR was performed with a ABI7300 real-
time quantitative PCR instrument (Applied biosystems, 
Foster City, CA, USA) using SYBR Green Master Mix 
as described by the manufacturer’s protocol (TaKaRa, 
Dalian, China). The primers were synthesized by General 
(Shanghai, China) and the primer sequences used were as 
follows: NCAPG, forward, 5′- CGC​TTT​CAC​GAC​TTC​
AGG​AT-3’ and reverse, 5′-ATA​ACA​CTG​CCC​GTC​TAA​
CTTCT-3′; β-actin-forward,5ʹ-CGT​GCG​TGA​CAT​CAA​
AGA​GAAG -3ʹ and reverse, 5ʹ- CCA​AGA​AGG​AAG​
GCT​GGA​AAA -3ʹ. β-actin was used as an internal con-
trol. The results were analyzed using the 2-ΔΔCt method. 
All RT reactions were performed in triplicate.

Transfection of SKOV3 and OVCAR3 cells 
with NCAPG‑shRNA plasmid
SKOV3 and OVCAR3 cells were cultured in 24-well 
plates to a confluence of 60–70% and then transfected 
with shRNAs targeting human NCAPG using Lipo-
fectamine 3000 (Invitrogen, Carlsbad, CA, USA) follow-
ing the manufacturer’s protocol. Three different shRNAs 
were used to silence NCAPG: shNCAPG-1, shNCAPG-2, 
and shNCAPG-3. The NCAPG or negative control (NC) 
plasmid, were both purchased from GeneChem (Shang-
hai, China). After 48  h of transfection, the knockdown 
efficiency of the shRNAs was confirmed by qRT-PCR.

Cell viability assay
The Cell Counting Kit-8 (CCK-8) assay was performed 
to investigate the influence of NCAPG knockdown on 
SKOV3 and OVCAR3 viability. In brief, after culturing 
and transfecting SKOV3 and OVCAR3 cells as men-
tioned ahead, 5 × 103  cells were seeded per well in a 
96-well plate. CCK8 reagent was added at 0, 24, 48, 72, 
96, and 120  h, and cell viability was read with a plate 

reader (ELX800, BiTek, USA) at 490 nm. Three replicates 
of the experiments were performed.

Colony formation assay
Colony formation assays were performed to evaluate 
the effect of NCAPG knockdown on OC cell anchorage-
independent growth. Briefly, the transfected cells were 
seeded into 6-well plates at a density of 500 cells/well and 
cultured for 2 weeks. The culture medium was replaced 
every 3 days. The colonies were fixed with 4% paraform-
aldehyde (Solarbio, Beijing, China) and stained with 1% 
crystal violet (Solarbio, Beijing, China). The number of 
colonies was counted under a microscope (Olympus 
CX-23; Olympus Corporation, Tokyo, Japan).

Cell invasion assays
The invasive abilities were evaluated using 8-μm 
transwell inserts with Matrigel precoating (BD Bio-
sciences, San Jose, CA, USA), Briefly, the transfected 
cells (1 × 104  cells/well) were suspended in a serum-
free medium and placed in the upper chamber, culture 
medium containing 10% FBS was added to the bottom 
chamber. Following 24  h incubation, the cells that had 
invaded through the membrane to the lower surface were 
fixed and stained. Penetrated cells in three randomly 
selected fields were counted under an inverted micro-
scope (Olympus CX-23; Olympus Corporation, Tokyo, 
Japan).

Apoptosis and cell cycle analysis
When transfected SKOV3 and OVCAR3 cells grew to 
80% confluence, the cells in suspension were collected, 
and the cells on the dish were digested into single-cell 
suspension by trypsin (Hyclon, Logan, Utah, USA). 
All cells were collected and mixed with 5 μL Annexin 
V-FITC and 5 μL propidium iodide (PI) solution (Key-
GEN, Nanjing, China) for 15  min at room temperature 
in the dark. Apoptosis rates were determined by  a BD 
flow cytometer (Franklin Lakes, NJ, USA). B3 quadrant 
represented viable cells and B2 and B4 quadrants repre-
sented apoptotic cells. For detection of cell cycle distri-
bution, the transfected cells were digested, washed, and 
incubated with 1 μl RedNucleus I (Sysmex Corporation, 
Kobe, Japan) at 37 °C for 10 min and then measured the 
cell cycle distribution with a BD flow cytometer (Franklin 
Lakes, NJ, USA).

Western blot analysis
The transfected cells were collected and lysed in RIPA 
buffer (Solarbio, Beijing, China) mixed with 1% protease 
inhibitor PMSF (Solarbio, Beijing, China) and incu-
bated on ice for 30  min. The lysates were centrifuged 
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at 14,000 g for 10 min at 4  °C, and the supernatant was 
collected. The extracted proteins were separated by 10% 
SDS-PAGE (Solarbio, Beijing, China) and transferred 
onto PVDF membranes (Solarbio, Beijing, China). After 
blocking in 5% BSA, the membranes were incubated with 
primary antibodies against NCAPG(1:2000, abclonal, 
Tokyo, Japan), P38MAPK(1:2000, proteintech, Chi-
cago, USA), P53 (1:2000, Wanleibio, Shenyang, China), 
cyclinD1(1:2000, Cell Signaling Technology, Massachu-
setts, the United States) and β-actin (1:4000, proteintech, 
Chicago, USA) at 4  °C overnight. After washing with 
PBST the following day, the membranes were incubated 
with secondary antibodies (1:5000, proteintech, Chicago, 
USA) at room temperature for 1 h. Finally, the blots were 
detected by enhanced chemiluminescence (Millipore, 
Massachusetts, USA). Quantification of the bands was 
measured with ImageJ (V 1.80).

Statistical analysis
Data were presented as mean ± standard deviation (SD) 
of at least three independent experiments and analyzed 
with GraphPad Prism 7 software (GraphPad, San Diego, 
CA, USA). Kaplan–Meier survival curves and the log-
rank tests were used to assess significant differences. 
Differences between groups were analyzed by Student’s 
t-test for two groups and one-way ANOVA for more than 
two groups. P values < 0.05 were considered statistically 
significant.

Results
NCAPG expression and survival analysis of ovarian cancer
To evaluate the relationship between NCAPG and OC, we 
first examined the expression of NCAPG throughout the 
GEPIA web tool. NCAPG mRNA expression increased 
significantly in ovarian cancer (Fig.  1a). Furthermore, 
Kaplan–Meier curves showed that the rate of 5-year 
OS and PFS was lower in the patients with NCAPG-
high expression group than in those in the NCAPG-low 
expression group (Fig.  1b). Based on the bioinformatics 
results, we believe that NCAPG may be an essential onco-
gene in OC, thus exploring its role in OC is necessary.

Upregulation of NCAPG was validated in OC tissues 
and cell lines
We determined the expression of NCAPG in OC cells 
and tissues. IHC analysis of 70 OC tissues and 10 

para-carcinoma tissues showed NCAPG predominantly 
resides in the cytoplasm, positive staining is brown, and 
the intensity of NCAPG is higher in cancerous tissues 
than that in para-carcinoma tissues (Fig. 1c, Table 1). In 
addition, we observed that the expressions of NCAPG 
in ovarian cancer patients showed a significantly rela-
tive relationship with the histological type, FIGO  stage, 
lymph node metastasis, and tumor grade (Table 2). More-
over, qRT-PCR analysis of two ovarian cancer cell lines 
(SKOV3 and OVCAR3) and human ovarian epithelial cell 
line IOSE80 showed that NCAPG mRNA increased in 
the OC cells (Fig. 1d). Our results indicated that levels of 
NCAPG were upregulated in OC tissues and cells, con-
sistent with the results from the bioinformatics analysis.

NCAPG knockdown inhibits OC cell growth, proliferation, 
and invasion
To perform the function of NCAPG in ovarian can-
cer, we used shRNA plasmid to knock down NCAPG in 
two ovarian cancer cell lines, SKOV3 and OVCAR3. As 
shown in  Fig.  2a, The shNCAPG-3 groups successfully 
inhibited NCAPG expression in these cell lines and were 
employed for further experimentation. We measured cell 
viabilities for 5 consecutive days using the CCK-8 assay. 
The results showed that the viable cell numbers in the 
sh-NCAPG group were lower than those in the sh-NC 
group on days 2, 3, 4, and 5(Fig.  2b). Colony formation 
assay showed that colony formation abilities of the cells 
that were transfected with sh-NCAPG were reduced 
compared with that of sh-NC transfected cells (Fig. 2c). 
Consistently, the knockdown of NCAPG led to reduced 
invasiveness in transwell assays compared with the 
sh-NC groups (Fig. 2d). Collectively, these data indicated 
that NCAPG functions as an oncogene in human OC 
cell lines because the knockdown of NCAPG inhibits cell 
growth, proliferation and invasion abilities.

NCAPG knockdown induces OC cells apoptosis and cell 
cycle arrest
To explore the role of NCAPG in OC cell apoptosis, the 
apoptosis rate was analyzed by flow cytometry. A sig-
nificant increase in the apoptosis rate was observed in 
the NCAPG shRNA group in both cell lines (Fig.  3a). 
NCAPG is a mitotic-associated chromosomal con-
densing protein responsible for the mitotic cell cycle. 
Hence, we detected cell cycle distribution in NCAPG 

(See figure on next page.)
Fig. 1  NCAPG expression in OC tissues and cell lines. a NCAPG mRNA expression level is determined by the GEPIA web tool. The boxplot analysis 
showed the expression level by log2 (TPM + 1) on a log scale. b KM plotter dataset was searched for the overall survival (OS, HR = 1.23, 95% CI 
1.06–1.41, P = 0.0047) and progression-free survival (PFS, HR = 1.25, 95% CI 1.09–1.43, P = 0.0012). c Immunohistochemical staining of NCAPG 
protein expression in ovarian cancer tissue and para-carcinoma tissues (magnification, × 100 and × 400). d Quantitative real-time polymerase chain 
reaction of NCAPG mRNA level in two OC cell lines (SKOV3 and OVCAR3) and human ovarian epithelial cell line (IOSE80). *: P < 0.05, **: P < 0.01 and 
***: < 0.001 vs control
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Fig. 1  (See legend on previous page.)
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knockdown cells and observed a markedly increased in 
the cell percentages of S and G2 phases while the cell per-
centages of G1 phases decreased (Fig. 3b). These results 
indicated that downregulation of NCAPG contributes 
to cell apoptosis and the cell cycle by G2 and S arrest in 
ovarian cancer cells.

NCAPG knockdown promotes p38 MAPK signaling 
pathway activation.
We then sought to explore the molecular mechanisms 
through which NCAPG knockdown constrains the malig-
nancy of ovarian cancer. we measured the p38MAPK, 
p53, and cyclinD1 protein expression in response to 

NCAPG knockdown in OC cells, and the results showed 
that shRNA-mediated knockdown of NCAPG increased 
the levels of p38MAPK and p53 and reduced the levels 
of cyclin D1 in both SKOV3 and OVCAR3 cells (Fig. 4a-
b). Thus, these data showed that knockdown of NCAPG 
by shRNA interference promoted the activation of the 
p38MAPK /p53 signaling pathway in OC cells.

Discussion
NCAPG, a mitotic associated chromosomal condens-
ing protein located on human chromosome 4p15.32, is 
encoded by the gene NY-MEL-3 [22], which is also involved 
in global DNA methylation and gene-specific DNA meth-
ylation [23]. Current studies have demonstrated that 
NCAPG was involved in the pathogenesis of a variety of 
malignant tumors, such as hepatocellular carcinoma, renal 
cell carcinoma, breast cancer, and prostate cancer [24–27]. 
However, no study has clarified the role of NCAPG in ovar-
ian cancer. According to the GEPIA dataset (http://​gepia.​
cancer-​pku.​cn/), an intensive expression of NCAPG was 
found in OC. In addition, the Kaplan–Meier Plotter data-
base (http://​kmplot.​com/​analy​sis/) was applied to analyze 
the relationship between the NCAPG expression levels and 
the prognosis of patients with ovarian cancer. The results 

Table 1  Protein levels of NCAPG between epithelial ovarian 
cancer and para-carcinoma tissues

Type of tissue n NCAPG χ2 P value

Positive (%) Negative (%)

Epithelial ovarian 
cancer

70 44 (62.86) 26 (37.14) 4.940 0.026

Para-carcinoma 
tissues

10 2 (20.00) 8 (80.00)

Table 2  Correlation between NCAPG expression and clinicopathological features in OC

Variable n NCAPG expression χ2 P value

Positive(%) Negative (%) 

Age 70 0.53 0.467

  < 50 35 13 (37.14) 22 (62.86)

  > 50 35 16 (45.71) 19 (54.29

Histological type 70 8.754 0.003

  Serous adenocarcinoma 58 32 (55.17) 26 (44.83)

  Other adenocarcinomas 12 1 (8.33) 11 (91.67)

FIGO 70 25.426 < 0.001

  I + II 57 14 (24.56) 43 (75.43)

  III + IV 13 13 (100.00) 0 (0.00)

Lymph node metastasis 70 20.042 < 0.001

  N0 58 15 (25.86) 43 (74.14)

  N1 + N2 + N3 12 12 (100.00) 0 (0.00)

Grade 70 4.759 0.029

  G1 + G2 14 2 (14.29) 12 (85.71)

  G3 54 25 (46.30) 29 (53.70)

Fig. 2  NCAPG knockdown reduced cell growth, proliferation, and invasion abilities of SKOV3 and OVCAR3 cells. a qRT-PCR was used to verify the 
effect of NCAPG knockdown with shRNAs and the shNCAPG-3 groups were employed for further experimentation. b Cell viability was examined 
by CCK8 assay on days 1, 2, 3, 4, and 5. c Colony formation capacity was detected by colony formation assay. d Cell invasion ability was assessed by 
transwell assay. Data are expressed as the mean ± SD for three independent experiments. *: P < 0.05, **: P < 0.01 and ***: < 0.001 vs sh-NC group

(See figure on next page.)

http://gepia.cancer-pku.cn/
http://gepia.cancer-pku.cn/
http://kmplot.com/analysis/
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Fig. 2  (See legend on previous page.)
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Fig. 3  NCAPG knockdown promoted apoptosis and arrested the cell cycle of SKOV3 and OVCAR3 cells. a Cell apoptosis rate of transfected cells 
was determined by Annexin V/PI staining assay. b The transfected cells were subjected to flow cytometric analysis for assessment of cell cycle 
progression. Data are expressed as the mean ± SD for three independent experiments. *: P < 0.05, **: P < 0.01 and ***: < 0.001 vs sh-NC group
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showed that higher expression predicted a worse progno-
sis for patients with ovarian cancer. In the present study, 
we assessed tumor specimens derived from ovarian can-
cer patients for NCAPG protein expression using immu-
nohistochemistry. Subsequently, the experiment results 
indicated the upregulation of NCAPG in OC tissues. It 
was identical to those reported in the dataset. Moreover, 
we also confirmed the upregulation of NCAPG mRNA 
expression in two OC cell lines compared with ovarian epi-
thelial cell line IOSE-80 determined by qPCR. To confirm 
the function of NCAPG in OC, we knocked down NCAPG 
expression in ovarian cancer OVCAR3 and SKOV3 cells 
with shRNA plasmid vectors. We found that downregula-
tion of NCAPG in OC cells inhibited cell viability and col-
ony efficiency as well as cell invasion ability. Furthermore, 
flow cytometric analysis showed that NCAPG knockdown 
arrested the cell cycle in G2 and S phases, and promoted 
cell apoptosis. Together, the above-mentioned observations 
indicated that NCAPG functions as an oncogene in the 
development of OC. Therefore, the related mechanisms of 
NCAPG deserve further investigation.

The p38MAPK, a subfamily member of MAPKs (Mitogen-
activated protein kinases), is a typical stress-activated kinase 
that mediates apoptosis signaling [28]. Dysregulation of the 
p38MAPK signaling has been considered a key regulator 

of cell growth, proliferation, and cell cycle progression in 
many cancers [29–31]. In addition, these aforementioned 
responses participated in both apoptosis and cell growth 
depending on the cell type or the applied stimulus. In vitro 
and in vivo research demonstrated that LicA induced mito-
chondria-mediated intrinsic apoptosis through the activation 
of the p38MAPK pathway in human osteosarcoma cells [32]. 
Other evidence reveals that the activation of phosphorylated 
p38MAPK expression mediates TNF‑α‑induced apoptosis in 
glioma cells [33]. While the role of p38MAPK is controver-
sial in several tumor cells, activation of the p38MAPK path-
way in response to transcription factor p53 occurs in ovarian 
cancer. P53, identified as a tumor suppressor gene that inte-
grates numerous signals controlling cell cycle arrest as well as 
cell apoptosis, is a critical propagator of P38 MAPK signaling 
[34, 35]. For example, Lee et  al.confirmed that Orostachys 
japonicus induces p53- dependent cell cycle arrest and acti-
vates the p38 MAPK pathway, thus leading to apoptosis 
in ovarian cancer [36]. Feng et  al.have demonstrated that 
silencing proto-oncogene Wip1 (Wild-type p53-induced 
phosphatase 1) promotes SKOV3 cell apoptosis through the 
activation of the p38 MAPK signaling pathway [18]. The pre-
sent results echo prior findings that silencing NCAPG signif-
icantly activation of the p38 MAPK/p53 signaling pathway. 
In SKOV3 and OVCAR3 cells, downregulation of NCAPG 

Fig. 4  NCAPG knockdown activates the p38 MAPK signaling pathway in OC cells. Protein levels of NCAPG, p38MAPK, p53, and cyclinD1 were 
quantified by Western blotting. Data are expressed as the mean ± SD for three independent experiments. *: P < 0.05, **: P < 0.01 and ***: < 0.001 vs 
sh-NC group
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and examined the activity of p38 MAPK and its target genes, 
including p53 and cyclin D1. Western blot analysis indicated 
that p38 MAPK and p53 expression were increased and cyc-
lin D1 expression was decreased after cells were transfected 
with shRNA interference vectors targeting the NCAPG 
gene. Taken together, it was revealed that p38 MAPK/p53/
cyclinD1 may be a critical mechanism of NCAPG-mediated 
tumorigenesis in ovarian cancer. However, future investiga-
tions are warranted to understand the roles of p38 MAPK 
in the effects of NCAPG knockdown on cell cycle arrest and 
apoptosis induction in OC cells.

Conclusions
In summary, our results demonstrated for the first 
time the overexpression of NCAPG in ovarian cancer. 
NCAPG knockdown significantly inhibited cell prolifera-
tion, caused cell-cycle arrest, induced cell apoptosis, and 
suppressed the abilities of cell invasion. Notably, we illu-
minated that NCAPG knockdown may inhibit the devel-
opment of ovarian cancer via the p38 MAPK signaling 
pathway, which suggests that NCAPG may be a prognos-
tic therapeutic target in ovarian cancer.
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