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Purpose: Previous studies have shown that non-SMC condensin I complex subunit 
G (NCAPG) overexpression is correlated to poor prognosis of multiple cancer types. 
Herein, we explored the underlying mechanism of NCAPG-mediated cardia adenocarcinoma 
(CA) proliferation and cell cycle regulation.
Methods: The protein profiling technology was used to analyze the gene expression in 20 
CA and adjacent tissue samples. Differential genes were identified by bioinformatic analysis. 
Western blot and qRT-PCR-based analysis assessed the NCAPG expression levels in multiple 
CA cell lines. CA cell lines, SGC-7901 and AGS, were transfected with Lip 2000, and stably 
transfected cell lines were screened for NCAPG overexpression and downregulation. MTT 
and clone formation assays were employed to detect cell proliferation, and cell cycle phases 
were analyzed using flow cytometry. Western blot was performed to determine the NCAPG 
gene expression levels. Finally, we studied the tumorigenic effects of NCAPG in the mouse 
model and validated the cell experiment results using immunohistochemistry.
Results: A significant overexpression of NCAPG was found in CA tissues and CA cell lines. 
The outcomes of MTT and clone formation assays showed that NCAPG upregulation 
promoted cell proliferation. The outcomes of these analyses were further validated using 
nude mice as an in vivo tumor model. As per the outcome of Western blot and flow 
cytometry analysis, NCAPG regulated the G1 phase through the cyclins (CDK4, CDK6, 
and cyclin D1) overexpression and cell cycle inhibitors (P21 and P27) downregulation. 
Overexpressed NCAPG and silenced NCAPG, both in vitro and in vivo, resulted in abnormal 
activation of the PI3K/AKT signaling pathway in CA cells. We observed that NCAPG 
overexpression increased the levels of phosphorylated PI3K, AKT, and GSK3β; however, 
their total protein levels remained unchanged in CA cells.
Conclusion: As a CA oncogene, NCAPG promoted cell proliferation and regulated cell 
cycle through PI3K/AKT signaling pathway activation.
Keywords: NCAPG, cardia adenocarcinoma, PI3K/AKT pathway, cell cycle, proliferation

Introduction
Gastric cancer is a highly prevalent malignancy and one of the most common causes of 
cancer-related death across the world.1,2 China accounts for around 24% of the gastric 
cancer cases.3 Cardia adenocarcinoma (CA) is a subtype of gastric cancer that occurs 
5 cm above and below the junction of the esophagus and the stomach.4 CA can be 
defined anatomically as the diaphragmatic space, and histologically as the transition of 
the esophageal squamous epithelium to gastric gland cells. Due to this histological 
transformation, the mucosa at the junction of the lower esophagus becomes particularly 
vulnerable to the destruction by gastric acid reflux, which increases the risk of tumors 
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and malignant transformation.5 A sharp rise in the incidence 
of CA has been observed during the last decade in western 
countries.6 Clinical symptoms of this malignancy include 
upper abdominal discomfort, fullness after light eating, indi-
gestion, and front stomach pain. Different therapeutic strate-
gies, i.e., surgery, radiotherapy, chemotherapy, and 
immunotherapy, have been used to manage CA; even then, 
the overall five-year survival rate of this malignancy is as low 
as 24%. Thus, unraveling the internal mechanism of CA can 
improve the treatment effect in CA patients.

Non-SMC condensin I complex subunit G (NCAPG), a 
mitotic associated chromosomal condensing protein, is 
a polypeptide, which contains 1015 amino acids with 
a relative molecular weight of 114.1 kDa. In recent years, 
multiple studies have reported abnormal expression of 
NCAPG in distinct cancer types, such as gastric cancer,7 

lung adenocarcinoma,8 prostate cancer,9 clear cell renal cell 
carcinoma,10 breast cancer,11 bladder cancer,12 colorectal 
cancer,13 and hepatocellular carcinoma.14–16 NCAPG partici-
pates in multiple biological functions in prostate cancer,17 

breast cancer,18 and liver cancer.19–22 Several research studies 
explored the role of NCAPG and demonstrated its promising 
treatment prospects. Even then, the functional role of NCAPG 
in CA remains unclear.

Herein, we screened differential genes in clinical CA 
tissues. As per the outcome of the analysis, a novel tumor- 
promoting factor was identified. We found abnormal over-
expression of NCAPG in CA tissues and CA cell lines. For 
the first time, we showed that NCAPG, as an oncogene, 
plays a crucial role in CA by promoting cell proliferation 
and regulating cell cycle through PI3K/AKT signaling 
pathway activation. Thus, this study provides a novel ther-
apeutic strategy for CA.

Patients and Methods
Study Population (Tissue Specimens)
In this study, we analyzed tumor samples from 20 CA con-
firmed cases from the First Affiliated Hospital of Bengbu 
Medical College collected during the time period of 2018 to 
2019. CA was confirmed in each of these cases, both pre- and 
post-surgery. None of the patients underwent any type of 
treatment. Each sample was divided into three equal parts, 
and each sample was analyzed separately. The protein expres-
sion profiles of each sample were detected using mass spectro-
metry (QE plus), and the differentially expressed proteins were 
identified using MaxQuant analysis software. The Ethical 

Review Committee of the First Affiliated Hospital of 
Bengbu Medical College approved this study.

Cell Culture
The AGS, SGC-7901, and BGC-823 gastric adenocarcinoma 
cell lines and MKN-45 and MGC-803 GC cell lines were 
procured from Shanghai Cell Bank, Chinese Academy of 
Sciences. Normal gastric mucosal cells (GES) were procured 
from Wuhan Procell Life Science & Technology Co., Ltd 
(Wuhan, China). These cells were grown in DMEM media 
(HyClone, USA) with 10% FBS (Gibco, USA) and penicil-
lin/streptomycin at 37°C in a 5% CO2 incubator.

Immunohistochemistry (IHC)
Briefly, the paraffin-embedded CA tissue samples were cut 
into 4 µm thick sections and placed on glass slides. 
Subsequently, tissue sections were treated to remove paraffin, 
later hydrated, and endogenous peroxidase was inactivated 
using 0.3% H2O2 for 15 min. Antigen retrieval was carried 
out at 100°C by using 10 mmol/L sodium citrate buffer (pH 
6.0). These tissue sections were blocked using goat serum. 
Later, the tissue sections were washed with PBS thrice, 5–10 
min each time, and incubated with primary antibodies (Ki67 
polyclonal antibody, 1:200, Abcam, USA; CDK4 polyclonal 
antibody, 1:200, Abcam) at 4°C and subsequently incubated 
with biotinylated goat anti-mouse IgG secondary antibody for 
30 min at 37°C. The immunohistochemical scoring standard23 

coalesced staining intensity, staining grade (0=none, 1=weak, 
2=medium, 3=strong), and the percentage of positive tumor 
cells is (0=none, 1=1–25%, 2=26–50%, 3=51–75%, 4=76–-
100%). The total score of the immunohistochemical staining 
was obtained by multiplying the staining intensity and the 
positive cell score. The total score was divided into high 
expression group (≥ 4) and low expression group (< 4). Two 
senior pathologists evaluated the stained tissue sections.

Recombinant Lentivirus Infection
The NCAPG overexpression lentivirus (GeneChem, 
Shanghai, China) was used for transfecting CA cell lines. 
For the downregulation of NCAPG, two human shRNA 
sequences (RNAi1:CCGGGCTATGCAGAAGCATCTTC 
TTCTCGAGAAGAAGATGCTTCTGCATAGCTTTTTT-
G; RNAi2:CCGGCGGGCAGTGTTATCATGTATTCTCG 
AGAATACATGATAACACTGCCCGTTTTTTG) were 
procured from Invitrogen (CA, USA) and cloned into the 
pSUPER-puro plasmid (GeneChem, Shanghai, China) to 
yield RNAi constructs. Lentiviral particle production and 
transduction were performed, as described previously. 
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Cells exhibiting stable NCAPG overexpression or NCAPG 
knockdown were selected using puromycin.

qRT-PCR
RNA was isolated from tissue samples using Trizol 
(Invitrogen, USA), as per the manufacturer’s instruction. 
To gauge RNA quality, the A260/A280 ratio was deter-
mined using the NanoVue™ Plus (Thermo Fisher 
Scientific, MA, USA) instrument. Furthermore, cDNA 
was synthesized from 1 μg of each RNA sample using 
the PrimeScript™ 1st Strand cDNA Synthesis kit (Thermo 
Fisher Scientific, USA), and cDNA was stored at −80°C. 
The qRT-PCR reactions were carried out by using SYBR 
Premix Ex Taq™ (TaKaRa) and ABI StepOne™ Real- 
Time PCR System (Applied Biosystems, CA, USA). 
GAPDH was used as the normalization control. The pri-
mer sequences for qRT-PCR (Shanghai GeneChem) were 
as follows: NCAPG forward: 5ʹ-AAGTTAGACGGGCA 
GTGTTATC-3ʹ, NCAPG reverse: 5ʹ- CAGCTTTCTG 
ACAGCCTCTT-3ʹ. GAPDH forward: 5ʹ-ACCACAGTC 
CATGCCATCAC-3ʹ; GAPDH reverse: 5ʹ-TCCACCAC 
CCTG TTGCTGTA-3ʹ.

MTT Assay
5 × 103 cells/well were seeded into 96-well plates (Corning, 
NY, USA). These cells were transfected with Lip 2000 to 
overexpress NCAPG or silence NCAPG and incubated for 1, 
2, 3, 4, and 5 days. Later, 20 μL MTT was added to each well 
and incubated for 4 h at 37ºC. Subsequently, this solution was 
replaced with 150 μL DMSO (Sigma, USA) for each well. 
Absorbance was recorded using a microplate reader at 490 nm.

Colony Formation Assay
Cells were transfected to either overexpress NCAPG or 
silence NCAPG, and later these transfected cells were 
seeded in 6-well plates at a density of 4 ×103 cells/ 
well. These cells were incubated at 37°C and humidified 
with 5% CO2 for 10 days. These cells were washed with 
phosphate-buffered saline (PBS), fixed with 4% parafor-
maldehyde for 20 min, and stained with 5% crystal violet 
for 20 min. Later, the number of colonies was calculated. 
Cell colonies > 50 per well were microscopically 
enumerated.

Western Blotting
Cells were lysed on ice for 30 min using RIPA cell lysate 
(Solarbio, Beijing, China). The cell lysate was centrifuged 
at 14,000 g for 15 min at 4°C, and the supernatant was 

separated. The protein concentration in the supernatant 
was evaluated by employing the BCA protein detection 
kit (Beyotime Institute of Biotechnology, China). Protein 
extracts were resolved on SDS-PAGE gel electrophoresis 
and later transferred to the PVDF membrane. 5% BSA 
blocking fluid was applied to PVDF membrane for 45 min, 
and later PVDF membrane was incubated with the primary 
antibodies: rabbit anti-NCAPG, -α-Tubulin, -p-GSK3β, - 
GSK3β, -CDK4, -p-PI3K, -PI3K, -p-AKT and -AKT 
(Abcam, Cambridge, UK), and rabbit anti-P21, -P27, - 
CDK6, -cyclinD1, and -Ki67 (Proteintech, Wuhan, 
China), at 4°C overnight followed by incubation with the 
rabbit secondary antibody (1:1000, 2 h, RT). The strips 
were developed using ECL.

In vivo Tumor Formation Experiment in 
Nude Mice
4-weeks old male BALB/C nude mice were subcuta-
neously injected into the flanks with 5×106 cells (Cavens 
Laboratory Animal Center, Changzhou, China). Mice were 
euthanized after 4–5 weeks under anesthesia (3% pento-
barbital sodium), and later tumors were extracted. The 
volume and weight of the tumor samples were evaluated. 
These experiments met the requirements of the ethics 
committee of the institute and approved by the ethics 
committee of the First Affiliated Hospital of Bengbu 
Medical College (2020.069).

Flow Cytometry Analysis
Firstly, the harvested cells were thoroughly washed with 
ice-cold PBS, and each cell was fixed and soaked using 
70% ice-cold ethanol. Subsequently, cells were centrifuged 
at 1000 g for 5 min. The cell pellet was resuspended in 
ice-cold PBS supplemented with 0.1 mg/mL RNAase and 
5 mg/mL propidium iodide (Sigma, USA). Based on the 
DNA concentration, the cells were flow-cytometrically 
analyzed to examine the cell cycle phases (BD Accuri C6- 
plus, USA), and the flow cytometry data were analyzed 
using FLOWJO software (Tree Star, Inc, Ashland, OR).

Statistical Analysis
Groups were compared using SPSS version 22.0 (SPSS, IL, 
USA). Data were compared using t-tests and ANOVAs with 
Tukey’s HSD test as appropriate, with P < 0.05 as the sig-
nificance threshold. Significance was represented as follows: 
N.S., nonsignificant; *P < 0.05; **P < 0.01; ***P < 0.001.
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Result
NCAPG Overexpression in Cardia 
Adenocarcinoma
To determine protein profile, 20 CA tissue samples and 
adjacent tissue samples that were procured from the 
First Affiliated Hospital of Bengbu Medical College 
were analyzed, and differentially expressed genes 

(logFC > 1, P < 0.05) were screened using bioinfor-
matics analysis (Figure 1A and B). We detected NCAPG 
upregulation in CA tissues as compared to adjacent 
tissues (Figure 1C). Besides, Western blot and qRT- 
PCR-based analysis revealed NCAPG overexpression in 
CA cell lines as compared to normal gastric mucosal 
cell lines (Figure 1D–F).

Figure 1 NCAPG overexpression in cardia adenocarcinoma (CA) tumor cells. (A) Heat map of differential genes in CA tumor. (B) Volcano map of the differential genes in 
CA tumor. (C) All the CA tumor samples showed NCAPG overexpression. **Indicates P < 0.01. (D–F) NCAPG overexpression in CA tumor cells as per Western blot and 
qRT-PCR analysis. The mean ± SEM of three independent experiments was denoted using a bar. *Indicates P < 0.05.
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NCAPG Promoted Cardia 
Adenocarcinoma Proliferation in vitro
To unravel the role of NCAPG in the CA cell proliferation, 
based on the NCAPG expression, CA cell lines (SGC-7901 
and AGS) were transfected for overexpression or silencing of 
the NCAPG gene. The transfected CA cell lines were categor-
ized into overexpressed control group (vector), overexpressed 
experimental group (NCAPG), silenced control group (vector- 
RNAi), silenced interference sequence 1 (RNAi1), and 
silenced interference sequence 2 (RNAi2). NCAPG expres-
sion levels in the transfected CA cell lines were detected 
through Western blot and qRT-PCR analysis. NCAPG group 
showed increased expression levels of NCAPG as compared to 
the vector group, and the RNAi group showed decreased 
expression levels of NCAPG as compared to the vector 
RNAi group. (Figure 2). Ki67 expression level was detected 
through Western blot analysis to explore the relationship 
between NCAPG and cell proliferation. The outcome of 
these analyses showed NCAPG, Ki67 overexpression induced 
CA cell proliferation; on the contrary, NCAPG, Ki67 gene 
silencing mitigated CA cell proliferation (Figure 3A and B). 

Furthermore, the MTT assay revealed the effect of NCAPG on 
the CA cell proliferation. It showed that the NCAPG over-
expression significantly increased the proliferation of CA cells 
in contrast to the vector group. Also, cell growth in the RNAi 
group was substantially mitigated than the vector-RNAi group 
(Figure 3C and D). The outcome of clone formation experi-
ments revealed that NCAPG overexpression promoted CA cell 
proliferation while the NCAPG knockdown significantly 
inhibited CA cell proliferation (Figure 3E and F). Concisely, 
these findings demonstrated NCAPG induced proliferation of 
cells in CA cell lines.

NCAPG Regulates the Tumorigenesis of 
Cardia Adenocarcinoma
The cell lines with stable NCAPG expression were screened 
to evaluate the biological role of NCAPG in CA develop-
ment. To validate the findings of in vitro experiments, SGC- 
7901 cells were grafted in BALB/C nude mice to establish 
a xenograft tumor model to assess the NCAPG effect in vivo. 
Four nude mice were present in each group. As per the 
tumor weight, volume, and growth curve, cells that were 

Figure 2 Effect of NCAPG gene silencing and overexpression in cardia adenocarcinoma (CA). (A, B) NCAPG expression was analyzed using qRT-PCR of CA cells transfected 
with vector, NCAPG, RNAi-Vector, NCAPG-RNAi1, and NCAPG-RNAi2. The bar represents the mean ± SEM of three independent experiments. *P < 0.05. (C, D) NCAPG 
expression was analyzed using Western blotting of CA cells transfected with vector, NCAPG, RNAi-Vector, NCAPG-RNAi1, and NCAPG-RNAi2. The mean ± SEM of three 
independent experiments was denoted using a bar. *Indicates P < 0.05.
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Figure 3 NCAPG overexpression promotes the proliferation of cardia adenocarcinoma (CA). (A, B) NCAPG overexpression induced the Ki67 upregulation. The mean ± 
SEM of three independent experiments was denoted using a bar. *Indicates P < 0.05. (C) NCAPG overexpression markedly increased proliferation as per MTT assay. 
*Indicates P < 0.05. (D) NCAPG knockdown markedly impaired proliferation as per MTT assay. *Indicates P < 0.05. (E) NCAPG overexpression augmented average colony 
counts in a colony formation assay. The mean ± SEM of three independent experiments was denoted using a bar. *Indicates P < 0.05. (F) NCAPG knockdown reduced average 
colony counts in a colony formation assay. The mean ± SEM of three independent experiments was denoted using a bar. *Indicates P < 0.05.
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transfected with NCAPG RNAi, when grafted in nude mice, 
showed significantly reduced tumor formation ability as 
compared to cells transfected with plain vector (Figure 
4A–C). Tumors formed by cells transfected with NCAPG 
RNAi showed reduced expression levels of Ki67 and CDK4 
proteins (Figure 4D and E). Thus, the outcomes of this 
in vivo experiments indicated that NCAPG gene silencing 
inhibited the tumorigenicity of CA cells.

NCAPG Regulates the Cell Cycle by 
Arresting Cell Cycle at G1 Phase
Flow cytometry-based analysis was employed to investigate 
the underlying mechanism of NCAPG-mediated CA cell pro-
liferation. A higher cell count in the G1 phase and a lower cell 
count in the S and G2/M phase were observed in the NCAPG 
gene silenced SGC-7901 and AGS cells than the vector-RNAi 
group of cells as per the flow cytometry-based analysis. 
However, cells overexpressing NCAPG showed opposite 

outcomes (Figure 5A). It indicated that inhibition of NCAPG 
expression in CA cells arrested the G1 phase and thus inhibited 
cell proliferation. To validate these outcomes, expression 
levels of cell-cycle related proteins were detected by employ-
ing Western blot analysis. The outcomes revealed that the cell 
cycle inhibitors (p21 and p27) levels were reduced in CA cells 
overexpressing NCAPG, but their levels were increased in 
NCAPG knockdown CA cells. The cell cycle molecules, i.e., 
cyclinD1, CDK4, and CDK6, were up-regulated in the CA 
cells overexpressing NCAPG and down-regulated in the 
NCAPG gene silenced group of CA cells (Figure 5B and C). 
In summary, these data indicated that NCAPG might regulate 
the cell cycle in CA cell lines.

AKT/PI3K Signaling Pathway is Regulated 
by NCAPG
AKT/PI3K pathway plays a crucial role in tumor progression 
of distinct tumor types. To evaluate the influence of NCAPG 

Figure 4 NCAPG regulates the tumorigenesis in cardia adenocarcinoma (CA). (A) To detect the proliferative ability of CA cells, mice were subcutaneously injected with 
shRNA cells into the flanks. (B) The tumor size progression maps of the two groups of mice were analyzed after 4 weeks. *Indicates P < 0.05. (C) Weight of tumors in each 
group. *Indicates P < 0.05. (D, E) The Ki67 and CDK4 expression in mouse tumors were examined using immunohistochemistry. The mean ± SEM of three independent 
experiments was denoted using a bar. *Indicates P < 0.05.
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expression on the AKT/PI3K signaling pathway, key mole-
cular proteins of the AKT/PI3K signaling pathway were 
analyzed using Western blot. The outcomes demonstrated 
escalated levels of phosphorylated AKT and PI3K in CA 
cells with NCAPG overexpression. Conversely, NCAPG 
gene silenced CA cells showed reduced levels of phosphory-
lated AKT and PI3K. Concomitantly, the activation of the 
AKT’s downstream target GSK3β corresponded with AKT 
and PI3K phosphorylation levels. It indicates that NCAPG 
regulated the AKT and PI3K activity in CA cells (Figure 6A 
and B). To delineate the crucial role of AKT and PI3K in 
NCAPG-regulated proliferation with tumorigenesis, CA cells 
overexpressing NCAPG were treated with AKT inhibitor 
(Perofosine). The clone formation and the MTT assay out-
comes showed that AKT inhibition reduced cell proliferation 
(Figure 6C and D). In summary, as per the outcome of this 
study, NCAPG regulated CA through the AKT/PI3K path-
way (Figure 7).

Discussion
The clinical manifestation of early-stage CA mimics with 
peptic ulcers. Early-stage CA is responsive to 

symptomatic treatment. Thus, most of the patients 
afflicted with early-stage CA fail to undergo further clin-
ical examination until the disease is highly advanced. In 
addition, it is difficult to detect a small cavity in the 
abdomen due to the complex anatomy of the cardia 
region with an irregular cavity shape.24,25 It delays the 
diagnosis of CA, making the targeted treatment of CA 
difficult. Thus, the targeted treatment of CA demands 
urgent investigation.

NCAPG is a subunit of the condensin complex that 
encodes a cohesive complex and is responsible for chro-
mosomal cohesion and stability during the process of 
mitosis and meiosis. As per previous research investiga-
tions, NCAPG is also involved in distinct tumor types. In 
the current study, NCAPG overexpression was found in 20 
age-sex matched CA tissues and corresponding adjacent 
normal tissues using protein profiling technology. 
Concurrently, we also found that as compared to normal 
gastric mucosal cells, the NCAPG expression levels in CA 
cell lines were abnormally increased. As per the outcome 
of this analysis, we speculated that NCAPG might promote 
tumor formation in CA. Through the MTT assay and clone 

Figure 5 NCAPG regulates cell proliferation and cell cycle G1 arrest. (A) The cell cycle analysis detects the representative image (left) and a summary bar graph (right). The 
values represent the mean ± SD of three independent experiments as per one-way ANOVA *P < 0.05. (B, C) Western blot analysis of CDK4, CDK6, cyclinD1, p21, and p27 
expression in indicated cells. *Indicates P < 0.05.
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formation experiments, we confirmed that NCAPG 
mediated the CA cell proliferation. In addition, our experi-
mental data demonstrated that NCAPG affected cell-cycle 
in CA cells in vitro. Flow cytometry and Western blot 
were employed to analyze the cell cycle in CA cells. The 
analysis results showed that NCAPG promoted cell prolif-
eration by regulating cell cycle molecules, i.e., CDK4 and 
CDK6. NCAPG gene silencing altered the xenograft tumor 
size in nude mice, which validated the oncogenic role of 
NCAPG in CA. Through the immunohistochemical analy-
sis of the tumor cells, we further validated the outcomes of 
the cell experiments, which showed that NCAPG promoted 
CA cell proliferation and regulated the G1 phase of the 
cell cycle by regulating CDK4. The findings of our study 
were in line with the previous research reports, which 
stated abnormal overexpression of NCAPG in gastric 
cancer.7 However, until now, the underlying mechanism 
(direct or indirect) of NCAPG in cellular proliferation and 
cell cycle regulation in CA remains ambiguous.

PI3Ks are encoded by multiple heterodimeric lipid 
kinase genes. AKT is a downstream effector of PI3K, 

which regulates a myriad of biological processes, such as 
proliferation,26 apoptosis,27 and growth,28 and acts as 
a crucial mediator of the cell cycle.29 Thr308 and Ser473 
phosphorylation activate AKT. The PI3K/AKT signaling 
pathway is regulated abnormally in multiple tumor types, 
such as breast cancer,30 colon cancer,31 liver cancer,32 

ovarian cancer,33 and pancreatic cancer.34 Previous studies 
have also stated an abnormal activation of the PI3K/AKT 
signaling pathway in gastric cancer.35,36 Interestingly, our 
results also demonstrated that NCAPG overexpression 
activated the PI3K/AKT signaling pathway in the CA 
cells. Western blot analysis showed that NCAPG up- 
regulated the expression levels of phosphorylated AKT, 
PI3K, and GSK3β, and activated the PI3K/AKT signaling 
pathway. Correlation between NCAPG and PI3K/AKT 
pathways in the pathogenesis of CA has not been estab-
lished so far. Thus, in this study, we revealed that NCAPG 
promoted cell proliferation through PI3K/AKT signaling 
pathway in CA cells. By adding perifosine, an AKT inhi-
bitor, to CA cells overexpressing NCAPG, we found that 
cell proliferation was inhibited in these cells, which 

Figure 6 NCAPG controls the AKT/PI3K signaling pathways in cardia adenocarcinoma (CA) cells. (A, B) The expression of AKT/PI3K signaling proteins in CA cells was 
assessed using Western blotting. The mean ± SEM of three independent experiments was denoted using a bar. *Indicates P < 0.05. (C) Clone formation revealed the AKT/ 
PI3K signaling pathway-mediated role of NCAPG in the regulation of CA proliferation. The mean ± SEM of three independent experiments was denoted using a bar. *Indicates 
P < 0.05. (D) MTT assay revealed that NCAPG regulated CA proliferation through AKT/PI3K signaling pathway. *Indicates P < 0.05.
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indicated that the oncogenic function of NCAPG in CA 
depends on PI3K/AKT signaling.

Conclusion
In the current research, we found that NCAPG is 
expressed in CA tissues and CA cell lines. Functional 
studies validated the carcinogenic effects of NCAPG in 
CA. NCAPAG promoted the CA cell proliferation and 
regulated the G1 phase of the cell cycle by regulating 
CDK4 and CDK6 molecules. It is worth noting that, for 
the first time, we clarified that NCAPG has a tumor- 
promoting role in the pathogenesis of CA through the 
PI3K/AKT signaling pathway (Figure 7). This indicates 
that NCAPG may serve as a prognostic treatment target 
for CA.
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