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NCAPG, mediated by miR-378a-3p, regulates cell proliferation, cell cycle 
progression, and apoptosis of oral squamous cell carcinoma through the 
GSK-3β/β-catenin signaling 
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Exploring the molecular mechanism of oral squamous cell carcinoma (OSCC) pathogenesis is of great significance for its 
improvement and therapy. Non-structural maintenance of chromatin condensin I complex subunit G (NCAPG) is respon-
sible for chromatin condensation and is associated with the progression of many malignant tumors. This study was aimed 
to investigate the role of NCAPG on OSCC pathogenesis. NCAPG mRNA expression data in OSCC tissues were obtained 
from the Gene Expression Omnibus (GEO) database and NCAPG protein expression in OSCC cell lines was determined 
by western blotting analysis. The results demonstrated that NCAPG expression in OSCC tissues and cells was higher than 
that of normal control. Following the short interfering RNA (siRNA) knockdown of NCAPG in two OSCC cell lines, we 
observed that NCAPG depletion notably inhibited OSCC proliferation and cell cycle progression, as well as promoted 
apoptosis in vitro. Besides, silencing of NCAPG specifically inhibited the GSK-3β/β-catenin signaling. Furthermore, we 
demonstrated that NCAPG was a downstream target of miR-378a-3p. NCAPG silencing counteracted the effect of the 
miR-378a-3p inhibitor on cell proliferation/cycle induction. Collectively, these findings suggest that NCAPG is crucial in 
OSCC progression and development, and may serve as a potential therapeutic target for OSCC. 

Key words: NCAPG, miR-378a-3p, oral squamous cell carcinoma, GSK-3β/β-catenin

Head and neck squamous cell carcinomas (HNSCCs) 
are among the most prevalent malignancies globally and 
have serious public health and economic burdens [1]. Oral 
squamous cell carcinoma (OSCC) is a type of heterogeneous 
cancer arising from the mucosal lining of the oral cavity 
and is the most common type of HNSCC [2]. With regard 
to epidemiologic trends, the incidence of OSCC is rising in 
numerous countries over the past decades [3, 4]. Despite 
great advances that have been made in its diagnosis and 
treatment, the 5‐year survival rate of patients with OSCC 
remains at an unsatisfactory level [5]. Hence, it is of great 
significance to gain insights on OSCC pathogenesis to verify 
novel candidate molecules and develop efficacious thera-
peutic approaches.

Non-structural maintenance of chromatin condensin I 
complex subunit G (NCAPG) is encoded by the NY-MEL-3 

gene that is located on human chromosome band 4p15.32 
[6]. It is a mitosis-related chromosome condensation protein 
existing in the condensin I complex [7], and is responsible for 
chromosome condensation and stabilization during meiosis 
and mitosis [8]. Recent evidence has revealed the carcino-
genic role of NCAPG in distinct cancer types, including 
hepatocellular carcinoma [9, 10], cardia adenocarcinoma [11, 
12], prostate cancer [13], and breast cancer [14]. However, 
the functional role of NCAPG in OSCC is still unrevealed.

Herein, we analyzed RNA expression data from the 
Gene Expression Omnibus (GEO) database to identify the 
aberrantly expressed genes in OSCC. It turned out that 
NCAPG was significantly upregulated in OSCC tissues 
compared to normal tissues according to the expression data 
of GSE37991, GSE23558, and GSE30784 profiles. Therefore, 
we predicted NCAPG as an oncogene in OSCC progres-
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sion. We verified this opinion with multiple bio-functional 
experiments and further explored the underlying molecular 
mechanism in this study.

Materials and methods

Acquisition of gene expression data. Gene expression 
data in GSE37991, GSE23558, and GSE30784 profiles were 
obtained from the GEO database (https://www.ncbi.nlm.
nih.gov/gds/) and analyzed using GEO2R tools (http://www.
ncbi.nlm.nih.gov/geo/geo2r/). The array data for GSE37991 
included 40 OSCC samples and 40 normal oral epithelial 
samples. The array data for GSE23558 included 27 OSCC 
samples and 4 normal oral epithelial samples. The array data 
for GSE30784 included 167 OSCC samples and 45 normal 
oral epithelial samples.

Cell sources, culture, and transfection. Human oral 
mucosal epithelial cells (hOMECs), human OSCC cell lines 
CAL-27 and FaDu were purchased from iCell Bioscience Inc. 
(Shanghai, China). Human OSCC cell line UPCI-SCC-090 
and human embryonic kidney 293T cells were purchased 
from Zhong Qiao Xin Zhou Biotechnology Co., Ltd. 
(Shanghai, China). Human OSCC cell line SCC-25 was 
purchased from Procell Life Science &Technology Co., Ltd. 
(Wuhan, China).

hOMECs were cultured in a primary epithelial cell 
culture medium (iCell). CAL-27, SCC-25, and 293T cells 
were cultured in DMEM (Servicebio Technology Co., Ltd., 
Wuhan, China) supplemented with 10% FBS (Tianhang 
Biotechnology Co., Ltd., Hangzhou, China). FaDu and 
UPCI-SCC-090 cells were cultured in MEM (Solarbio Science 
& Technology, Co., Ltd., Beijing, China) supplemented with 
10% FBS. All cells were maintained in a humidified chamber 
containing 5% CO2.

Cells were transfected with small interference RNAs 
(siRNAs) targeting NCAPG to knock down NCAPG expres-
sion using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, 
CA, USA). Three candidate NCAPG siRNA (siNCAPG) 
sequences and one negative control siRNA (siNC) were used. 
The sequences of the siRNA oligos targeting to NCAPG were 
as follows: siNCAPG#1: 5’-ACCGCACGATGGATGATAA-3’ 
(forward) and 5’-TTATCATCCATCGTGCGGT-3’ (reverse); 
siNCAPG#2: 5’-GCACCATCAGCAAAGACTT-3’ (forward) 
and 5’-AAGTCTTTGCTGATGGTGC-3’ (reverse); 
siNCAPG#3: 5’-TGCCCAGTGGTTAATGCAT-3’ (forward) 
and 5’-ATGCATTAACCACTGGGCA-3’ (reverse); The siNC 
sequence was 5’-UUCUCCGAACGUGUCACGUTT-3’ 
(forward) and 5’-ACGUGACACGUUCGGAGAATT-3’ 
(reverse). The two most efficient interference sequences were 
selected for further investigation. Additionally, cells were 
transfected with miR-378a-3p mimic, miR-378a-3p inhibitor, 
or their negative controls using Lipofectamine 3000 reagent 
to overexpress or knockdown miR-378a-3p expression. 
Their sequences were as follows: NC mimic: 5’-UUCUCC-
GAACGUGUCACGUTT-3’ (forward) and 5’-ACGUGA-

CACGUUCGGAGAATT-3’ (reverse); miR-378a-3p mimic: 
5’-ACUGGACUUGGAGUCAGAAGGC-3’ (forward) 
and 5’-CUUCUGACUCCAAGUCCAGUUU-3’ (reverse); 
NC inhibitor: 5’-UUGUACUACACAAAAGUACUG-3’; 
miR-378a-3p inhibitor: 5’-GCCUUCUGACUCCAAGUC-
CAGU-3’.

Western blotting. Proteins were extracted from cultured 
cells using RIPA lysis buffer (Solarbio). After centrifugation 
at 10,000×g for 5 min at 4 °C, proteins were collected and 
concentration was determined using a BCA protein assay kit 
(Solarbio). An equal amount of proteins of each sample was 
separated by SDS-PAGE (Solarbio) and the separated proteins 
were then transferred onto PVDF membranes (Millipore, 
Billerica, MA, USA). After blocking in 5% skimmed milk 
for 1 h, membranes were incubated with NCAPG antibody 
(A13123; 1:1000; ABclonal Biotechnology Co., Ltd., Wuhan, 
China), PCNA antibody (A12427; 1:1000; ABclonal), 
Cyclin D1 antibody (A19038; 1:500; ABclonal), CDK1 
antibody (A11420; 1:500; ABclonal), caspase-3 antibody 
(#14220; 1:1000; Cell Signaling Technology, Danvers, MA, 
USA), caspase-9 antibody (#9508; 1:1000; Cell Signaling 
Technology), phospho-GSK3β antibody (AP1088; 1:500; 
ABclonal), GSK3β antibody (A6164; 1:1000; ABclonal), 
phospho-β-catenin antibody (DF2989; 1:500; Affinity 
Biosciences, Cincinnati, OH, USA), β-catenin antibody 
(AF6266; 1:500; Affinity), and GAPDH antibody (60004-1-
Ig; 1:10000; Proteintech Group, Inc., Rosemont, IL, USA) at 
4 °C overnight. After washing three times, membranes were 
incubated with horseradish peroxidase (HRP)-conjugated 
secondary antibodies (Solarbio) at room temperature for 1 
h. The blots were visualized using enhanced chemilumines-
cence (ECL) reagent (Solarbio) in a gel imaging system (Liuyi 
Biotechnology Co., Ltd., Beijing, China). This experiment 
was repeated three times.

Cell counting kit-8 (CCK-8) assay. Cells (3,000/well) 
were placed in a 96-well plate in quintuplicate and trans-
fected as experiment design. After transfection for 0, 1, 2, 3, 
and 4 days; 10 μl of CCK-8 reagent (Beyotime Institute of 
Biotechnology Co., Ltd., Shanghai, China) was added to each 
well and further incubated for 2 h. The optical density (OD) 
at 450 nm wavelength was then detected using a microplate 
spectrophotometer to reflect the cell viability. This experi-
ment was repeated three times.

EdU assay. Cells were transfected according to the experi-
ment design. After transfection for 2 days, an EdU imaging 
kit (KeyGen Biotech. Co. Ltd., Nanjing, China) was applied 
for assessment of cell proliferation following the manufac-
turer’s instructions. The cellular nucleus was stained with 
Hoechst33342. Staining results were imaged using an 
inverted phase-contrast microscope. This experiment was 
repeated three times.

Flow cytometry. For assessment of the cell cycle progres-
sion, cells were transfected according to the experiment 
design. After transfection for 2 days, cells were collected via 
centrifugation at 1000×g for 5 min and then fixed with 70% 
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ethanol. Next, cells were stained with 1% propidium iodide 
(PI, Beyotime) and 10 μl of RNase enzyme (Beyotime) for 
30 min in the dark. A flow cytometer was used to detect cell 
cycle distribution immediately. This experiment was repeated 
three times.

For assessment of apoptosis, cells were transfected 
according to the experiment design. After transfection for 
2 days, cells were collected via centrifugation at 310×g for 
5 min and then resuspended with 500 μl of binding buffer. 
Cells were then stained with 5 μl of AnnexinV-fluorescein 
isothiocyanate (FITC, KeyGen) and 5 μl of PI (KeyGen) for 
15 min in the dark. A flow cytometer was used to detect cell 
apoptosis immediately. This experiment was repeated three 
times.

Dual-luciferase reporter assay. miRDB bioinformatics 
database (http://mirdb.org/) was used to predict the binding 
sites of hsa-miR-378a-3p and NCAPG. pmirGLO vectors 
encoding NCAPG-3’-UTR-Wt and NCAPG-3’-UTR-Mut 
were constructed. 293T cells were co-transfected with 
NCAPG-3’-UTR-Wt or NCAPG-3’-UTR-Mut plasmids and 
miR-378a-3p mimic or NC mimic using Lipofectamine 3000 
reagent. Following transfection for 48 h, a luciferase detection 

kit (KeyGen) was applied to determine the luciferase activi-
ties following the kit’s protocols. Renilla luciferase activity 
was normalized to firefly luciferase activity. This experiment 
was repeated three times.

Statistical analysis. Data are presented as mean ± SD from 
three independent experiments. Differences were compared 
using GraphPad 8 software with unpaired Student’s t-test or 
one-way analysis of variance (ANOVA) followed with Tukey’s 
multiple comparisons test. A p-value <0.05 was indicative of 
statistical significance.

Results

NCAPG is upregulated in OSCC tissues and cell lines. In 
order to examine the status of NCAPG expression in OSCC 
tissues, GEO profiles GSE37991, GSE23558, and GSE30784 
downloaded from the GEO database were employed, and 
gene expression data in each profile were analyzed using 
GEO2R. The results showed that the NCAPG expression 
was significantly upregulated in tumor samples compared to 
normal samples (Figures 1A–1C). Furthermore, to examine 
the status of NCAPG expression in OSCC cells, four OSCC 

Figure 1. Upregulation of NCAPG in OSCC tissues and cell lines. A–C) Analysis of NCAPG mRNA expression in OSCC datasets from the Gene Ex-
pression Omnibus (GEO) database. D) Western blotting analysis of NCAPG expression in one human oral mucosal epithelial cell line (hOMEC) and 4 
human OSCC cell lines (CAL-27, FaDu, UPCI-SCC-090, and SCC-25). p-values are calculated by a two-tailed, unpaired t-test. ****p<0.0001; compared 
with the normal group.
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cyclin D1 and CDK1 were also found downregulated in 
NCAPG-knockdown OSCC cells (Figures 4C, 4D). These 
results indicated the regulatory role of NCAPG in OSCC cell 
cycle progression.

Knockdown of NCAPG accelerates OSCC cell apoptosis. 
Apoptotic OSCC cells were determined by flow cytometry. 
As shown in Figures 5A and 5B, siNCAPG knockdown 
significantly increased the number of apoptotic OSCC cells. 
Moreover, two apoptosis-related molecules caspase-3 and 
caspase-9 were examined by western blotting analysis. The 
results showed that siNCAPG knockdown notably increased 
the cleaved-caspase-3 and cleaved-caspase-9 levels compared 
to siNC transfection (Figures 5C, 5D). These results suggested 
the regulatory role of NCAPG in OSCC cell apoptosis.

Knockdown of NCAPG suppresses the GSK-3β/β-
catenin signaling in OSCC cells. To explore the possibly 
involved signaling pathway in the regulatory role of NCAPG, 
key molecules in the GSK-3β/β-catenin signaling were 
detected. The results of western blot analysis suggested that 
NCAPG knockdown effectively inhibited the phosphory-
lation of GSK-3β and promoted the phosphorylation of 
β-catenin (Figures 6A, 6B), indicating that NCAPG may 
affect the transduction of the GSK-3β/β-catenin pathway.

To investigate whether NCAPG silencing specifically 
affected the GSK-3β/β-catenin signaling, we further treated 
the transfected OSCC cells with human rWNT5A. Briefly, 
after cells were transfected with siNCAPG or siNC for 32 
h, rWNT5A (200 ng/ml) was added and then incubated 
for another 16 h. The results showed that the addition of 
rWNT5A counteracted the effects of NCAPG silencing on the 
GSK-3β/β-catenin pathway-related molecules (Figures  6C, 
6D), indicating that NCAPG specifically regulated the trans-
duction of the GSK-3β/β-catenin signaling.

miR-378a-3p was a potential upstream regulator 
of NCAPG. Our previous work has demonstrated that 
miR-378a-3p acts as a tumor suppressor in OSCC progres-
sion. By using the miRDB bioinformatics database, we 
predicted NCAPG as a target gene of miR-378a-3p. To 
investigate whether miR-378a-3p affected NCAPG expres-
sion in OSCC cells, we treated FaDu and CAL-27 cells with 
miR-378a-3p mimic or inhibitor. It turned out that NCAPG 

cell lines (CAL-27, FaDu, UPCI-SCC-090, and SCC-25) 
and one oral mucosal epithelial cell line (hOMEC) were 
employed. Results of western blotting showed that NCAPG 
protein levels in all four OSCC cell lines were higher than 
that of hOMEC (Figure 1D). Two cell lines with the highest 
NCAPG expression (FaDu and CAL-27) were chosen for 
functional examinations.

NCAPG expression was suppressed by siRNA transfec-
tion in OSCC cells. To assess the role of NCAPG in OSCC 
progression, we used siRNAs to silence the NCAPG expres-
sion to perform the loss-of-function experiments. Three 
siRNAs were constructed and transfected into FaDu and 
CAL-27 cells. Western blotting analysis showed that the 
NCAPG expression was obviously decreased in OSCC cells 
after siNCAPG transfection (Figure 2). Among the three 
siRNAs, siNCAPG#1 and siNCAPG#2 showed better knock-
down efficiencies. Therefore, siNCAPG#1 and siNCAPG#2 
were chosen for further studies.

Knockdown of NCAPG inhibits OSCC cell prolifera-
tion. CCK-8 assay and EdU assay were applied to assess the 
effect of NCAPG knockdown on OSCC cell proliferation. 
As shown in Figure 3A, the proliferative abilities of cells in 
two siNCAPG transfection groups were significantly inhib-
ited compared to that of the siNC transfection group at time 
points of 2, 3, and 4 days in both FaDu and CAL-27 cells. 
Similarly, the proliferative cells in two siNCAPG groups were 
markedly reduced compared to the siNC group (Figures 3B, 
3C). Moreover, we also detected the expression of a prolifera-
tion marker, PCNA, after siRNA transfection. Consistently, 
we found that its expression was obviously decreased in two 
siNCAPG groups compared to the siNC group (Figures 3D, 
3E) in both FaDu and CAL-27 cells. These results demon-
strated the regulatory role of NCAPG in OSCC cell prolifera-
tion.

Knockdown of NCAPG induces OSCC cell cycle arrest. 
Cell cycle distribution in FaDu and CAL-27 cells after trans-
fection with siNC or siNCAPGs were determined by flow 
cytometry. As shown in Figures 4A and 4B, siNCAPG knock-
down significantly increased the proportion of cells in the G1 
phase and decreased the proportion of cells in the S phase. 
Besides, the expression of cell cycle checkpoint markers 

Figure 2. NCAPG expression was suppressed by siRNA transfection in OSCC cells. Effects of siNCAPG transfection on NCAPG expression in two 
OSCC cell lines FaDu and CAL-27, as detected by western blotting analysis.
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Figure 3. Knockdown of NCAPG inhibited the proliferation of OSCC cells. Effects of NCAPG knockdown on cell proliferation of two OSCC cell lines 
FaDu and CAL-27 using CCK-8 assays (A) and Edu assays (B, C). Scale bar = 20 μm. Effects of NCAPG knockdown on the expression of a proliferation 
marker (PCNA) using the western blotting analysis on FaDu (D) and CAL-27 cells (E). P values are calculated by one-way ANOVA. *p<0.05; **p<0.01; 
compared with the siNC group.
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protein level was reduced after transfection with miR-378a-3p 
mimic, whereas elevated after transfection with miR-378a-3p 
inhibitor (Figures 7A, 7B).

Besides, to verify the direct binding between NCAPG 
and miR-378a-3p, 293T cells were co-transfected with 
NCAPG-3’-UTR-Wt or NCAPG-3’-UTR-Mut plasmid and 
miR-378a-3p mimic or NC mimic, and a dual-luciferase 
assay was performed subsequently. The results showed that 
the luciferase activity of NCAPG-3’-UTR-Wt co-transfected 
with the miR-378a-3p mimic was significantly downregu-
lated compared to that with the NC mimic. Additionally, 
there was no significant difference between the NCAPG-

3’-UTR-Mut co-transfected with miR-378a-3p mimic 
and NCAPG-3’-UTR-Mut co-transfected with NC mimic 
(Figure 7C), indicating that miR-378a-3p directly binds to 
the NCAPG-3’-UTR.

Furthermore, to investigate whether miR-378a-3p exerts 
its anti-tumor effect by regulating NCAPG, a rescue experi-
ment was designed and performed. As expected, siNCAPG 
partially abolished the enhancement of miR-378a-3p 
inhibitor on OSCC cell proliferation and cell cycle progres-
sion (Figure 8). These results implicated that miR-378a-3p 
is a potential upstream regulator of NCAPG in OSCC 
progression.

Figure 4. Knockdown of NCAPG induced the cell cycle arrest of OSCC cells. Effects of NCAPG knockdown on the cell cycle distribution of two OSCC 
cell lines FaDu (A) and CAL-27 (B) using flow cytometry. Effects of NCAPG knockdown on the expression of cell cycle markers (Cyclin D1 and CDK1) 
using the western blotting analysis on FaDu (C) and CAL-27 cells (D). p-values are calculated by one-way ANOVA. *p<0.05; **p<0.01; ***p<0.001; 
compared with the siNC group.
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Discussion

OSCC is the main subset of HNSCC and has high 
incidence and mortality [15]. Patients diagnosed with OSCC 
usually experience a poor quality of life [16]. Although 
surgery, chemotherapy, biological therapy, and radiotherapy 
have made continuous progress in OSCC treatment clini-
cally, the survival rate of advanced OSCC patients is still 
very low because of its poor prognosis and recurrence [17]. 
Understanding the pathogenesis of OSCC is valuable for the 
identification of novel biomarkers and the establishment of 
new treatment modalities [18].

In our effort to identify crucial molecular targets in 
OSCC progression, we preliminarily found that NCAPG was 
markedly upregulated in OSCC tissue samples compared to 
normal oral mucosal or epithelial tissue samples by searching 
bioinformatics resources. We further validated the NCAPG 
overexpression in OSCC cell lines. NCAPG is a polypeptide 
composed of 1,015 amino acids with a relative molecular 
weight of 114.1 kDa [19]. It has been reported that NCAPG 
correlates with ATPase activity, tubulin binding and catalytic 
activity, chromosome segregation, and condensation process, 
and is closely involved in DNA replication, mismatch repair, 
cell cycle progression, and cancer-related signaling pathways 

Figure 5. Knockdown of NCAPG accelerated the apoptosis of OSCC cells. A, B) Effects of NCAPG knockdown on the apoptosis of two OSCC cell lines 
FaDu (A) and CAL-27 (B) using flow cytometry. C) Effects of NCAPG knockdown on the expression of apoptosis markers (caspase-3 and caspase-9) 
using the western blotting analysis on FaDu (C) and CAL-27 cells (D). p-values are calculated by one-way ANOVA. **p<0.01; ***p<0.001; ****p<0.0001; 
compared with the siNC group.
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Figure 6. Knockdown of NCAPG suppressed the GSK-3β/β-catenin signaling in OSCC cells. Effects of NCAPG knockdown on the expression of the 
GSK-3β/β-Catenin signaling-related molecules in two OSCC cell lines FaDu (A) and CAL-27 (B), as detected by western blotting analysis. Recom-
binant WNT5A (rWNT5A) partially counteracted the effects of NCAPG knockdown on the expression of the GSK-3β/β-Catenin signaling-related 
molecules in FaDu (C) and CAL-27 (D) cells.

Figure 7. miR-378a-3p was a potential upstream regulator of NCAPG. Western blotting analysis of NCAPG expression in two OSCC cell lines FaDu 
(A) and CAL-27 (B) after transfection with miR-378a-3p mimic or inhibitor. C) Effect of miR-378a-3p on the luciferase activity of reporters containing 
wild type (wt) or mut (mutant type) NCAPG 3’-UTR sequences.
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Figure 8. Knockdown of NCAPG counteracted the effects of miR-378a-3p on OSCC cell proliferation and cell cycle arrest. A) NCAPG silencing coun-
teracted the effects of miR-378a-3p inhibitors on proliferation of FaDu and CAL-27 cells. NCAPG silencing counteracted the effects of miR-378a-3p 
inhibitors on cell cycle of FaDu (B) and CAL-27 (C) cells. P values are calculated by a two-tailed, unpaired t-test. *p<0.05; **p<0.01; compared with the 
NC inhibitor group; #p<0.05; ##p<0.01; compared with the miR-378a-3p inhibitor+siNC group.

across diverse types of cancer [9–11, 14]. However, its role in 
OSCC is still elusive. Herein, we silenced the NCAPG expres-
sion in two OSCC cell lines using siRNAs to perform loss-
of-function studies and further explored its effect on OSCC 

cell proliferation, cell cycle progression, and apoptosis. We 
observed that the knockdown of NCAPG significantly inhib-
ited OSCC cell proliferative ability, induced cell cycle arrest 
at the G1 phase, and inhibited apoptosis by performing 
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functional investigations. Simultaneously, we observed that 
there were obvious changes in the expression of related 
molecules including PCNA, Cyclin D1, CDK1, caspase-3, 
and caspase-9, further demonstrating the regulatory role of 
NCAPG in OSCC progression.

The pathogenesis of OSCC involves multiple signaling 
pathways, among which the Wnt/β-catenin pathway is 
intensely implicated [20–22]. The canonical Wnt/β-catenin 
pathway participates in multiple cellular processes, enabling 
tumor cells to proliferate, prolong survival, and gain 
invasiveness [23]. Glycogen synthase kinase 3β (GSK3β) is 
an evolutionarily conserved serine/threonine protein kinase 
that functions in cell proliferation, signaling, and metabolic 
pathways during cancer progression [24]. Notably, GSK3β is 
a key participant in the transduction of the canonical Wnt 
pathway [25]. It is generally accepted that reduction of the 
GSK3β ser9-phosphorylation leads to the increase of GSK-3β 
activity, followed by the promotion of β-catenin phosphory-
lation [26]. Phosphorylation of β-catenin at N-terminal Ser 
and Thr residues by GSK-3β results in its ubiquitylation 
and proteasomes-mediated degradation in the cytosol [27], 
thereby leading to an inhibition of carcinogenesis and tumor 
progression [28]. Consistently in this study, we discovered 
that inhibition of NCAPG reduced the ser9-phosphorylation 
of GSK3β, and increased the phosphorylation of β-catenin 
in OSCC cells. Moreover, we observed that the addition 
of rWNT5A abolished the inhibitory effect of NCAPG 
silencing on the GSK-3β/β-catenin signaling. These findings 
indicated that NCAPG knockdown suppressed the Wnt/β-
catenin signaling pathway by promoting the degradation of 
β-catenin, thereby affecting OSCC progression.

Intriguingly, our lab previously reported that miR-378-
3p/5p represses the proliferation and metastasis of oral 
squamous carcinoma cells by inhibiting KLK4 [29, 30]. By 
using online prediction software, we found that NCAPG may 
also be a target gene of miR-378a-3p (previously miR-378). 
So, we performed a dual-luciferase reporter assay to verify 
this hypothesis. We observed that not only NCAPG 3’UTR 
bound with hsa-miR-378a-3p, but also the NCAPG deple-
tion counteracted the effect of the miR-378a-3p inhibitor 
on OSCC cell proliferation and cell cycle progression, 
suggesting that NCAPG serves as a downstream mechanism 
on miR-378a-3p regulating OSCC progression.

Taken together, we gather evidence that NCAPG, 
mediated by miR-378a-3p, functions as a tumor promoter 
in OSCC via regulation of the GSK-3β/β-catenin signaling 
in this work. Our findings demonstrated that NCAPG may 
serve as a promising new target in OSCC therapy.
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