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Introduction: Gastric cancer (GC), one of the most prevalent malignancies, is the third- 
leading cause of cancer-related deaths globally. The aim of this study is to investigate the 
involvement of non-structural maintenance of chromosomes condensin I complex subunit 
G (NCAPG) in the prognosis of GC.
Methods: Western blotting and immunostaining were employed to measure the NCAPG 
level in gastric tissues and cells. Kaplan–Meier analysis was applied to analyze the prog
nostic value of NCAPG in GC. RNA interference was applied to investigate the influence of 
the NCAPG silencing on GC cell growth and spread.
Results: NCAPG overexpression was associated with several clinicopathologic characteristics, 
including nodal status (P = 0.0378), distant metastasis (P = 0.0088), staging (P = 0.0230), vascular 
invasion (P = 0.0012), and disease-free survival (P = 0.004). Kaplan–Meier analysis revealed that 
NCAPG overexpression was positively correlated to poor GC patients disease-free and overall 
survival (P = 0.004 and P < 0.001, respectively). Univariate Cox regression analysis showed that 
the overexpression of NCAPG was a prognostic biomarker of GC (P = 0.005). In cultured GC cells, 
the knockdown of NCAPG suppressed cell proliferation, migration and invasion. Meanwhile, 
further studies revealed that the NCAPG silencing induces the G0/G1 cell cycle arrest and 
accordingly represses cell division. Finally, Western blotting showed that NCPAG knockdown 
dysregulated cell cycle- and epithelial–mesenchymal transition-related molecules.
Conclusion: Overall, the results reveal that NCAPG overexpression is a candidate prog
nostic biomarker and potential therapeutic target in GC.
Keywords: NCAPG, gastric cancer, prognosis, proliferation, invasion

Introduction
Gastric cancer (GC) ranks the third cause of mortality related to cancer.1 Although 
the survival rate of GC has improved, the prognosis of GC is still poor. A 2019 
government report showed that, in Taiwan, an estimated 3600 patients were diag
nosed with GC in 2016, resulting in more than 2000 deaths. Because the underlying 
pathogenic mechanisms of GC are still illusive, and then few targeted drugs are 
developed, the treatment of patients with GC remains an extremely challenging task 
in clinical practice.2,3 Improvements in molecular techniques make it possible to 
find the dysregulated expression of molecules, which are involved in GC progres
sion, as novel biomarkers, although the molecular carcinogenesis of GC is not fully 
understood.4 Several aberrantly expressed molecules could be used as prognostic 
biomarkers, such as CERS6, USP3, TMPO-α, Notch1 and ATAD2.5–9

During cell division, the chromatins are reorganized into mitotic chromosomes to 
make sure that the sister chromosomes segregate adequately. The condensin complexes 
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are considered to be critical factors involved in the condensa
tion of chromatins.10–13 Both condensin I and II complexes, 
two types of condensing complexes existed in eukaryotic cells, 
have non-structural maintenance of chromosomes (non-SMC) 
regulatory subunits. The non-SMC subunits are thought to 
control the DNA supercoiling and chromosome 
separation.13–16 Several non-SMC subunits are presented in 
condensing I complex, including non-SMC condensin 
I complex subunit G (NCAPG).17 Previous studies have 
reported the function of NCAPG in the stabilization and con
densation of chromosomes when cells divide.18–20 

Overexpression of NCAPG was found in different cancers, 
including renal cell carcinoma, prostate cancer, and hepatocel
lular carcinoma.21–23 Studies of NCAPG as a prognosticator 
are limited. NCAPG overexpression in renal cell carcinoma 
showed worse overall- and recurrence-free survival.21 

Furthermore, according to a study performed by Arai et al, 
overexpression of NCAPG in prostate cancer was negatively 
correlated with disease-free survival.22 Liu et al demonstrated 
that high expression of NCAPG in hepatocellular carcinoma 
significantly predicted poor prognosis.23 To our knowledge, 
the prognostic impact of NCAPG in GC is still unknown.

Few studies are conducted to investigate the function 
of NCAPG in cancer. It was found that the NCAPG 
protein levels were higher in hepatocellular carcinoma 
cells than in normal liver cells. The knockdown of 
NCAPG caused tumor cell S phase cell cycle arrest.23 

Similar results, presented by Gong et al, indicated a role 
for NCAPG in accelerating hepatocellular carcinoma cell 
growth and suppressing apoptosis through the PI3K/AKT 
pathway.24 Despite these studies, the underlying mechan
ism remains unclear.

Here, we examine the NCAPG level in GC and analyze 
the correlation of NCAPG with clinicopathologic charac
teristics and patient survival. We also study the effect of 
NCAPG knockdown on cell growth and spread.

Materials and Methods
Study Subjects
Gastric tissue specimens were collected from 135 GC 
patients who underwent surgical resection at Taipei 
Medical University Wan Fang Hospital between 1998 
and 2011 for this study. Cancerous and precancerous gas
tric tissues were measured for NCAPG level. This study 
was approved by the institutional review board of Taipei 
Medical University Wan Fang Hospital (Approval No. 

99049) and each patient provided written informed con
sent in advance.

Cell Culture
The human normal gastric cell line (Hs738.St/Int) was pur
chased from the American Type Culture Collection 
(Manassas, VA, USA). GC cell lines (AGS, NCI-N87, 
TMC-1, and TSGH 9201) were obtained from the 
Bioresource Collection and Research Center (Hsinchu, 
Taiwan). GC cell lines (SK-GT-2 and HGC-27) were pur
chased from the European Collection of Cell Cultures 
(Salisbury, UK). The GC cell line (23132/87) was obtained 
from Creative Bioarray (Shirley, NY, USA). Cells were cul
tured in DMEM (Hs738.St/Int), F-12K (AGS), RPMI-1640 
(NCI-N87, TMC-1, TSGH 9201, SK-GT-2, or 23132/87), 
MEM (HGC-27) media supplemented with 10% fetal bovine 
serum, 100 U/mL penicillin G, 100 μg/mL streptomycin 
sulfate, and 250 ng/mL amphotericin B.

Protein Preparation and Western 
Blotting5,6

Cells and tissues were lysed with RIPA Buffer (Thermo). 
Denatured proteins were separated on 10% SDS-PAGE 
and transferred onto nitrocellulose membranes. Blocked 
membranes were probed with anti-NCAPG antibody at 
4°C overnight (LifeSpan, Seattle, WA, USA). They were 
then reacted with peroxidase-conjugated secondary anti
bodies (Sigma) before being developed using enhanced 
chemiluminescence reagents (Thermo). Images were pro
cessed using GeneTools software (Syngene, Cambridge, 
UK). Protein intensities were normalized to β-actin 
expression.

Immunostaining5,6

Paraffin-embedded specimens were incubated with an anti- 
NCAPG antibody at room temperature for 45 min. 
A standard peroxidase-conjugated streptavidin-biotin 
method was used to detect immunoreactivity (Dako REAL 
EnVision Detection System, Dako, Carpinteria, CA, USA). 
Semiquantitative analysis was applied to assess NCAPG 
immunoreactivity. NCAPG immunoreactivity was defined 
as follows: sections without labeling were scored as 0; sec
tions with <25% of labeled tissue were scored as 1; sections 
with 25–50% of labeled tissue were scored as 2; and sections 
with >50% of labeled tissue were scored as 3. Score 0 or 1 
was considered low NCAPG expression, and score 2 or 3 
was considered NCAPG overexpression. Clinical data 
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collection and immunostaining were conducted by two inde
pendent investigators.

Short Hairpin RNA (shRNA) Treatment
Lentiviral vectors (two NCAPG shRNA constructs, clone 
IDs: TRCN0000292274, TRCN0000353026, and one con
trol, clone ID: pLKO_TRC025, obtained from the 
National RNAi Core Facility, Taipei, Taiwan) were trans
fected into AGS and HGC-27 cells, and puromycin 
(Thermo)-resistant clones were screened.

Colony Formation Assay
The cells were plated into 6-well plates at a density of 500 
cells per well. After incubation for 12 days, individual colo
nies were fixed, stained using a 1% crystal violet solution. 
The plates were then scanned using a Scanjet 2200c scanner 
(HP, Palo Alto, CA, USA). After scanning, methanol was 
used to solubilize the crystal violet. The optical density 
(OD540) was read to quantify the colony number.

Wound-Healing Assay
After the cell monolayer was grown to nearly confluent, a 200- 
μL pipette tip was used to scratch the monolayer. The non
adherent cells were removed by rinsing with 1× phosphate 

buffer saline (PBS, Corning, Manassas, VA, USA), and the 
cells were photographed with a Leica DMIRB microscope 
(100× magnification; Leica, Wetzlar, Germany). The cells 
were also photographed after 18 h of incubation. The number 
of migrated cells was measured with Image J software. For 
calculating the percentage of cell migration, the number of 
migrated wild type cells was defined as 100%.

In vitro Invasion Assay
Cell invasion assay was performed using a Cell Invasion 
Assay Kit (Merck Millipore, Darmstadt, Germany). The 
cells resuspended in serum-free medium were seeded into 
cell culture inserts (with 8-μm pores) precoated with 
ECMatrix. Complete media were loaded to 24-well plates 
and the cells were cultured for 24 h. After 24 h, the 
uninvading cells were removed and the invaded cells on 
the lower surface of the membranes were stained with the 
Staining Solution, and counted. For calculating the percen
tage of cell invasion, the number of invaded wild type 
cells was defined as 100%.

Statistical Analysis
Statistical analysis was performed using SPSS version 24.0 
(IBM, Armonk, NY, USA). All of the statistic tests were 

Figure 1 NCAPG expression in gastric tissues and cell lines. (A) GC analyzed by immunostaining with an antibody against NCAPG. Left panel shows a nontumor sample 
without NCAPG expression; middle panel shows a tumor sample with low NCAPG expression; right panel shows a tumor sample with high NCAPG expression. 
Magnification: 200×. (B) Endogenous NCAPG protein expression was remarkably increased in GC cell lines and tissues. (C) The representative NCAPG staining for 
different clinicopathologic characteristics. Magnification: 200×.
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2-sided, and a P value of <0.05 was considered to indicate 
statistical significance. The clinicopathologic characteristics 
of GC examined in this study include age, gender, depth of 
invasion, nodal status, distant metastasis, stage, degree of 
differentiation, and vascular invasion. The χ2 test was 
applied to assessed the correlation between NCAPG expres
sion and the clinicopathologic characteristics. Survival 
curves were drawn with the Kaplan-Meier method and 
compared with the long-rank test. The differences between 
two groups were evaluated using the Student’s t-tests.

Results
NCAPG is Increased in GC
The NCAPG level in gastric tissues collected from a GC 
patient cohort, comprising 135 patients, was measured to 
understand the potential significance of NCAPG in the patho
logical process of GC. Immunostaining revealed that NCAPG 
level in tumor tissues was up-regulated compared with non
tumor tissues (representative photos are shown in Figure 1A). 
The gastric tissues were scored as 0 for 12 patients (9%), 1 for 
53 patients (39%), 2 for 69 patients (51%) and 3 for 2 patients 
(1%). Eight gastric cell lines were used to validate the results 
from immunostaining. Western blotting revealed that NCAPG 
protein expression was markedly higher in seven GC cell lines 
(AGS, NCI-N87, TMC-1, TSGH 9201, SK-GT-2, HGC-27, 
and 23132/87) than in Hs738.St/Int cells (Figure 1B). 
Consistent with immunostaining, NCAPG level in tumor 
tissues, examined by Western blotting, was also increased 
compared with nontumor tissues (Figure 1B). As GC pro
gresses, the level of NCAPG also increases: NCAPG level in 
tumor tissues of stage III patients was higher than in tumor 
tissues of stage I patients. The results clearly indicated that 
NCAPG level is remarkedly increased in GC, especially in 
advanced-stage GC.

NCAPG Upregulation Correlates with 
Clinicopathologic Features and the GC 
Patients Survival
Next, the immunostaining and Western blot data brought us 
to analyze the clinical impact of NCAPG in GC. Table 1 
showed that the NCAPG level was significantly associated 
with nodal status, distant metastasis, staging, and vascular 
invasion. The data that NCAPG overexpression positively 
correlated with staging were consistent with the Western 
blotting data shown in Figure 1B. Representative photos for 
these clinicopathologic characteristics are shown in 
Figure 1C.

Furthermore, survival analysis suggested a significant 
correlation between NCAPG overexpression and poor dis
ease-free survival (Figure 2A). The five-year disease-free 
survival rate for GC patients with low NCAPG level was 
0.537 (14 patients were at risk, 95% confidence interval 
[CI] 0.404–0.670). The five-year disease-free survival rate 
for GC patients with high NCAPG level was 0.259 (0 
patients were at risk, 95% CI 0.098–0.420).

Survival analysis also revealed a significant correlation 
between NCAPG overexpression and poor overall survival 
(Figure 2B). The five-year overall survival rate for GC 
patients with low NCAPG level was 0.454 (14 patients 
were at risk, 95% CI 0.325–0.583). The five-year overall 

Table 1 NCAPG Expression in GC and Its Correlation with 
Clinicopathologic Characteristics

Variables n NCAPG Expression P*

Score = 0 or 1 
(n = 64)

Score = 2 or 3 
(n = 71)

Age 0.3334

≥66 92 41 51

<66 43 23 20

Gender 0.6259

Male 90 44 46

Female 45 20 25

Lauren 

classification

0.2479

Intestinal 97 49 48

Diffuse 38 15 23

Depth of invasion 0.4583

T1 + T2 32 17 15

T3 + T4 103 47 56

Nodal status 0.0378

N0 43 26 17

N1 + N2 + N3 92 38 54

Distant metastasis 0.0088

Absent 121 62 59

Present 14 2 12

Stage 0.0230

I + II 60 35 25

III + IV 75 29 46

Degree of 

differentiation

0.2145

Poor 56 23 33

Well to moderate 79 41 38

Vascular invasion 0.0012

Absent 39 27 12

Present 96 37 59

Notes: *All statistical tests were 2-sided. Significance level: P < 0.05.
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survival rate for GC patients with high NCAPG level was 
0.082 (1 patient was at risk, 95% CI 0–0.207).

Table 2 summarizes the univariate analysis of the prog
nostic biomarkers and patient survival. NCAPG overex
pression (hazard ratio [HR] 2.033, 95% CI 1.232 to 3.352, 
P = 0.005), depth of invasion (HR 3.248, 95% CI 1.482 to 
7.121, P = 0.003), nodal status (HR 4.143, 95% CI 2.103 
to 8.161, P < 0.001), distant metastasis (HR 12.429, 95% 
CI 5.080 to 30.405, P < 0.001), stage (HR 4.351, 95% CI 
2.433 to 7.781, P < 0.001), and vascular invasion (HR 
2.706, 95% CI 1.443 to 5.075, P = 0.002) were signifi
cantly correlated with disease-free survival.

In the multivariate analysis, only distant metastasis 
(HR 7.652, 95% CI 3.045 to 19.230, P < 0.001) was 
prognostically independent (Table 2).

Taken together, NCAPG may be involved in the patho
logical process of GC, and high NCAPG level may be 
a biomarker for the prognosis of GC.

Silencing NCAPG Suppresses Cell 
Proliferation in GC Cells
Owing to their high NCAPG levels, AGS and HGC-27 
cell lines were used to help us understand the involve
ment of NCAPG in cell proliferation. NCAPG knock
down AGS and HGC-27 cells were established by 

infecting AGS and HGC-27 cells with NCAPG 
shRNA lentiviral vectors (Figure 3A). The colony 
forming ability of NCAPG knockdown AGS and 
HGC-27 cells was lower than that of scrambled control 
cells (Figure 3B). The data indicate that the proliferat
ing ability of AGS and HGC-27 cells was impaired by 
NCAPG knockdown.

To understand the biological events that go with 
NCAPG-caused suppression of cell proliferation, we used 
flow cytometry to examine the cell cycle distribution. 
NCAPG knockdown AGS and HGC-27 cells inhibited 
the G0/G1-S transition, demonstrated by significantly 
increased G0/G1 proportion (Figure 3C). Therefore, these 
results suggested that NCAPG knockdown abrogated AGS 
and HGC-27 cell proliferation by interfering the G0/G1-S 
transition.

To identify the molecular mechanisms that govern the 
NCAPG knockdown-induced G0/G1 arrest, we assessed 
the expressions of cyclin E and CDK2, both are involved 
in the regulation of G1 phase, in the NCAPG knockdown 
GC cells. Reduced expressions of cyclin E and CDK2 was 
observed in the NCAPG knockdown AGS and HGC-27 
cells (Figure 3D). Overall, our shRNA experiments sug
gest that NCAPG knockdown interferes with the G0/G1-S 
transition of cell-cycle progression and consequently abro
gates the proliferation of GC cells.

Figure 2 Survival analysis of GC patients stratified by NCAPG immunoreactivity. Panel (A) Shows the disease-free survival. Panel (B) Shows the overall survival. All 
statistical tests were 2-sided. Significance level: P < 0.05.
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Inhibiting NCAPG Decreased the GC 
Cell Invasion
Finally, we explored the effect of NCAPG silencing on the 
migratory and invasive abilities of GC cells. Wound-healing 
assay was performed and, as shown in Figure 4A, 
a significant delay in wound-healing was observed in 
NCAPG knockdown AGS and HGC-27 cells compared 
with the scrambled control cells. Figure 4B also showed 
that, compared with the scrambled control, NCAPG inter
ference significantly abrogated AGS and HGC-27 cell inva
sion (Figure 4B). The role of NCAPG in cell mobility led us 
to examine whether NCAPG had any effect on epithelial- 
mesenchymal transition (EMT) in the GC cells. 
Immunoblotting results showed that NCAPG knockdown 
induced the expression of the epithelial cell marker (E-cad
herin) and reduced the expression of the mesenchymal cell 
marker (N-cadherin), in AGS and HGC-27 cells (Figure 4C). 
These data suggest that NCAPG regulates the EMT process, 
resulting in enhanced migratory ability of GC cells in vitro.

Discussion
GC remains a prevalent cancer with high incidence and 
mortality, and a leading cause of mortality related to cancer 
across the world. The different factors caused low survival 
rate of GC include a lack of understanding in GC progression 
and unsuitable prognostic biomarkers. Finding underlying 
molecular mechanisms has been beneficial to diagnosis and 
therapy of GC, and it is urgent to identify molecular biomar
kers associated with diagnostic and therapeutic targets of GC.

NCAPG is cell cycle-related and is responsible for the 
condensation and stabilization of chromosomes during mito
sis and meiosis.18–20 According to previous studies, NCAPG 
is overexpressed in several tumor types. However, the 
expression and function of NCAPG in the GC still need to 
be explored. Herein, we initially observed that the expres
sion of NCAPG is higher in GC cells and tissues than in 
normal cells and tissues. NCAPG expression is positively 
correlated with nodal status, distant metastasis, staging, and 
vascular invasion, which is in accordance with a study 

Table 2 Univariate and Multivariate Cox Regression Analyses of Prognostic Biomarkers and Survival in 135 GC Patients

Variables Univariate Multivariate

HR (95% CI) Pa HR (95% CI) P

NCAPG

Low expression vs High expression 2.033 (1.232–3.352) 0.005 1.418 (0.832–2.416) 0.199

Age
≥66 vs <66 1.304 (0.764–2.224) 0.331

Gender
Male vs Female 0.731 (0.428–2.245) 0.249

Lauren classification
Intestinal vs Diffuse 1.187 (0.696–2.024) 0.528

Depth of invasion
T1 + T2 vs T3 + T4 3.248 (1.482–7.121) 0.003 1.427 (0.572–3.563) 0.446

Nodal status
N0 vs N1 + N2 + N3 4.143 (2.103–8.161) < 0.001 1.704 (0.633–4.590) 0.292

Distant metastasis
Negative vs Positive 12.429 (5.080–30.405) < 0.001 7.652 (3.045–19.230) < 0.001

Stage
I + II vs III + IV 4.351 (2.433–7.781) < 0.001 2.004(0.794–5.060) 0.141

Degree of differentiation
Well to moderate vs Poor 0.674 (0.415–1.096) 0.112

Vascular invasion
Negative vs Positive 2.706 (1.443–5.075) 0.002 1.165 (0.573–2.369) 0.672

Notes: aAll of the statistical tests were 2-sided. Significance level: P < 0.05. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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conducted in hepatocellular carcinoma.25 Also, overexpres
sion of NCAPG is associated with poor prognosis in GC. 
This evidence supports that NCAPG may play an oncogenic 
role in the pathological progression of GC.

Previous studies revealed that NCAPG could affect 
the proliferation of different cancer cells, such as PC3 
and Huh7 cells.22,26 In this study, the influence of 
NCAPG silencing on GC cell proliferation was exam
ined by using RNA interference. Using HGC-27 cells, it 
was observed that cell proliferation was significantly 
inhibited by silencing NCAPG. Flow cytometry analysis 
further indicated that NCAPG abrogation restrained G0/ 
G1-S transition. Most of the GC patients are diagnosed 
at an advanced stage. It is well known that cell invasion 
plays an important role in cancer metastasis. Arai et al 
showed that cell migration and invasion were signifi
cantly inhibited by knockdown of NCAPG in prostate 
cancer cells.22 Herein, we observe that the silencing of 
NCAPG effectively suppressed the invasion of HGC-27 
cells. The data further demonstrate the significance of 
NCAPG in GC progression.

The association between NCAPG overexpression and 
prognosis was reported in renal cell carcinoma, prostate 
cancer, and hepatocellular carcinoma. By performing survi
val analysis, it was observed that a high NCAPG level is 
positively correlated with poor patient disease-free and over
all survival. Univariate Cox regression analysis also showed 
that the overexpression of NCAPG was a prognostic bio
marker of GC. To our knowledge, this is the first study 
shows that the overexpression of NCAPG may serve as 
a predictive biomarker of GC patient prognosis.

To the best of our knowledge, this study is the first to 
examine the NCAPG level in GC, to analyze the correla
tion between NCAPG overexpression and clinicopatholo
gic characteristics and prognosis of GC, and to explore the 
effect of NCAPG knockdown in GC cells. Our results 
suggest that NCAPG overexpression can be used as 
a prognostic biomarker of GC. As a limitation, the under
lying mechanisms of NCAPG-caused suppression of GC 
cell growth and spread were not explored in this study. 
Further studies should be performed to address these 
issues. Another limitation of this study was the small 

Figure 3 Verification of NCAPG knockdown in AGS and HGC-27 cells, and the effect of stable NCAPG knockdown on cell growth and cell cycle distribution. The Western 
blotting results (A) Indicate NCAPG was efficiently knockdown by shRNA treatment. (B) Stable NCAPG knockdown resulted in remarkedly decreased colony formation. 
(C) Stable NCAPG knockdown resulted in a sustained accumulation of cells in the G0/G1 phase. Cellular distribution (as percentages) in different phases of the cell cycle 
(G0/G1, S, and G2/M) is presented. (D) Stable NCAPG knockdown resulted in dysregulated expressions of G0/G1-related molecules. A typical result from three 
independent experiments is shown. 
Abbreviations: WT, non-transduced AGS and HGC-27 cells; Scrambled con, scrambled control AGS and HGC-27 cells; NCAPG shRNA, NCAPG knockdown AGS and 
HGC-27 cells.
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Figure 4 Effect of NCAPG knockdown in HGC-27 cells on cell migration and invasion. (A) Stable NCAPG knockdown markedly decreased cell migration. (B) Stable 
NCAPG knockdown markedly decreased cell invasion. (C) Stable NCAPG knockdown resulted in dysregulated expressions of EMT-related molecules. A typical result from 
three independent experiments is shown. 
Abbreviations: WT, non-transduced AGS and HGC-27 cells; Scrambled con, scrambled control AGS and HGC-27 cells; NCAPG shRNA, NCAPG knockdown AGS and 
HGC-27 cells.
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sample size of the GC cohort. Accordingly, additional 
cohort studies would be helpful to confirm our findings.

Conclusion
In summary, we studied the clinical impact of NCAPG in 
GC, and the effect of NCAPG knockdown on the prolif
erative, migratory and invasive abilities of GC cells. Our 
findings reveal that overexpression of NCAPG can be used 
as a prognostic biomarker of GC, and it is a promising 
therapeutic target for GC.
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