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Summary

Purpose: To clarify how ZCCHC14 affects the development 
of hepatocellular carcinoma (HCC).

Methods: Differential levels of ZCCHC14 in HCC tis-
sues and cells were examined. Proliferative and migratory 
changes in HCC cells with overexpression or knockdown of 
ZCCHC14 were detected using 5-Ethynyl-2’- deoxyuridine 
(EdU) and Transwell assay, respectively. Expression chang-
es of p-Akt/Akt, p-GSK3β/GSK3β and β-catenin in HCC cells 
mediated by ZCCHC14 were determined. Intervened by the 
p-Akt activator SC79 or overexpression of β-catenin, fur-
ther validated the involvement of the Akt/GSK3β/β-catenin 
signaling in HCC cell phenotypes mediated by ZCCHC14. 

Results: Upregulated ZCCHC14 in HCC accelerated in 
vitro proliferative potential of HCC cells. Knockdown of 
ZCCHC14 inactivated the Akt/GSK3β/β-catenin signaling 
and inhibited malignant phenotypes of HCC, which were 
partially reversed by SC79 induction or overexpression of 
β-catenin. 

Conclusions: By activating the Akt/GSK3β/β-catenin sign-
aling, ZCCHC14 accelerates HCC cells proliferation.

Key words: HCC, ZCCHC14, Akt/GSK3β/β-catenin signal-
ing. proliferation 

Introduction

Being as a very frequent malignant tumor in 
China, hepatocellular carcinoma (HCC) is also com-
monly diagnosed around the world. It is estimated 
that HCC is the fifth and seventh leading cancer in 
men and women, respectively, which is the number 
two killer cancer [1]. Because HCC is highly aggres-
sive and lowly detected in the early stage, its poor 
prognosis poses a huge medical burden and harms 
human health [2]. The pathogenesis of HCC has 
been extensively studied. Epidemiological studies 
demonstrated that HCC results from a synergistic 
effect of multiple factors, and among them, genetic 

factors play a major role [3]. At present, a combina-
tion therapy is able to prolong the survival of HCC, 
which is superior to a single treatment. Neverthe-
less, clinical treatment of HCC is a huge challenge 
since there is a large number of advanced HCC pa-
tients and effective treatment for them is lacking. 
The selection of therapeutic strategies for advanced 
HCC is remarkably limited owing to metastases and 
poor physical conditions, and their 5-year survival 
is only around 10% [4]. Great efforts should be made 
on preventing the aggravation of HCC and search-
ing biomarkers for detecting early-stage HCC.  
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ZCCHC encodes zinc finger proteins containing 
a CCHC domain, which are involved in the regula-
tion of cell differentiation, embryo development, 
germ cell formation and other important life ac-
tivities. ZCCHC14 locates on human chromosome 
16 with 86,779 bases in size. It is closely related 
to microcephalia [5], nicotine and alcohol addic-
tion [6] and food addiction [7]. However, the specific 
mechanism of ZCCHC14 in mediating pathological 
conditions is unclear. It is reported that ZCCHC14 
is upregulated in lung cancer samples, which 
stimulates proliferative and invasive potentials of 
cancer cells by activating the MAPK signaling [8]. 
This study intended to clarify the role of ZCCHC14 
in mediating HCC cell phenotypes. 

Methods 

Cancer samples 

Thirty-five HCC cases diagnosed at our hospital 
were recruited. Their cancer tissues and non-tumor ones 
(pathological examination confirmed the absence of re-
sidual cancer cells) were surgically resected, fixed in 4% 
formalin (pH=7) and embedded for section preparation. 
Postoperative diagnosis of primary HCC was completed 
by two experienced pathologists. Clinical data and their 
follow-up information were thoroughly recorded. Inclu-
sion criteria: (1) Primary HCC cases; (2) Follow-up period 
lasted at least 5 years; (3) No residues of cancer cells 
at the margin; (4) Clinical data could be traced. Exclu-
sion criteria: (1) Pathological diagnosis was unclear; (2) 
Combined with other critical illness or other tumors; (3) 
Therapeutic efficacy could not be assessed. This study 

was approved by the Ethics Committee of Tianjin First 
Central Hospital. Signed written informed consents were 
obtained from all participants before the study entry.

Cell culture and transfection

Human HCC cell lines (Bel-7404, HepG2 and SNU-
423) and hepatocyte epithelial cell line (THLE-3) provid-
ed by American Type Culture Collection (ATCC) (Manas-
sas, VA, USA) were cultured in Roswell Park Memorial 
Institute 1640 (RPMI 1640) (HyClone, South Logan, UT, 
USA) supplemented with 10% fetal bovine serum (FBS) 
(Gibco, Rockville, MD, USA), 1000 U/mL penicillin and 
100 mg/mL streptomycin in an incubator containing 5% 
CO2 at 37°C. Monolayer cells at 80% confluence were 
digested for cell passage. 

Transfection plasmids were diluted in serum-free 
OptiMEM and gently mixed with diluted Lipofectamine 
2000 (Invitrogen, Carlsbad, CA, USA) for 20 min. After 48 
h of cell transfection using the mixture, fresh medium 
was replaced and transfection efficacy was tested.

Transwell assay

300 µL of serum-free cell suspension was seeded in 
an insert (1×108 cells/L) placed in each well of 24-well 
plates, where 500 µL medium with 10% FBS per well 
was contained. After 24-h cell culture, penetrating cells 
were fixed in 4% paraformaldehyde. Twenty min later, 
cells were dyed in 0.4% trypan blue for 20 min and ob-
served under a microscope (40×). 

5-Ethynyl-2’- deoxyuridine (EdU)

Cells were seeded in 96-well plates with 1×103 cells 
per well, and stained with EdU as recommended by the 
commercial kit (Beyotime, Shanghai, China). EdU-pos-
itive cells were captured for calculating using Image J. 

Figure 1. Differential level of ZCCHC14 in HCC. A: Differential level of ZCCHC14 in HCC (n=35) and non-tumor tissues 
(n=35) detected by qRT-PCR. B: Differential level of ZCCHC14 in HCC (n=35) and non-tumor tissues (n=35) detected by 
Western blot. C: Differential level of ZCCHC14 in HCC cell lines and hepatic epithelial cell line detected by qRT-PCR.
D: Differential level of ZCCHC14 in HCC cell lines and hepatic epithelial cell line detected by Western blot. *p<0.05.



ZCCHC14 accelerates HCC proliferation1960

JBUON 2021; 26(5): 1960

Quantitative real-time polymerase chain reaction (qRT-PCR) 

Total RNAs were extracted using TRIzol (Invitrogen, 
Carlsbad, CA, USA), and the concentrations were meas-
ured using NanoDrop 2000 (Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Using the PrimeScript™RT 
Master Mix, reversely transcribed complementary DNAs 
(cDNAs) were further subjected to qPCR. Relative level 
was calculated using ABI Step One (Applied Biosystems, 
Foster City, CA, USA). Sequences of primers were ZC-
CHC14: Forward, 5’- CGGGAGTCACGCCACTATC-3’ and 
reverse, 5’-CCTGCTACGAGACCTCTCTCT-3’; glycerald-
heyde 3-phosphate dehydrogenase (GAPDH): Forward, 

5’-GATACAGTTCCCGTGTTGTTGAC-3’ and reverse, 
5’-CATAAAGACACATAACACCACACTC-3’.

Western blot

Cells or tissues were lysed on ice for 30 min and 
the mixture was centrifuged at 4°C, 12,000 rpm for 15 
min. Protein samples were separated by sodium dode-
cyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred on polyvinylidene fluoride (PVDF) 
membranes (Roche, Basel, Switzerland). After blocking 
non-specific antigens on membranes, they were induced 
with primary and secondary antibodies under indicated 

Figure 2. Silence of ZCCHC14 suppressed proliferative potential of HCC. A: Transfection efficacy of ZCCHC14 shRNA 
in SNU-423 and HepG2 cells detected by qRT-PCR. B: Transfection efficacy of ZCCHC14 shRNA in SNU-423 and HepG2 
cells detected by Western blot. C: EdU-positive cell rate in SNU-423 and HepG2 cells transfected with ZCCHC14 shRNA or 
shRNA-NC. D: Migratory cell rate in SNU-423 and HepG2 cells transfected with ZCCHC14 shRNA or shRNA-NC. *p<0.05.

Figure 3. Overexpression of ZCCHC14 accelerated proliferative potential of HCC. A: Transfection efficacy of pcDNA3.0-
ZCCHC14 in SNU-423 and HepG2 cells detected by qRT-PCR. B: Transfection efficacy of pcDNA3.0-ZCCHC14 in SNU-
423 and HepG2 cells detected by Western blot. C: EdU-positive cell rate in SNU-423 and HepG2 cells transfected with 
pcDNA3.0-ZCCHC14 or pcDNA3.0. D: Migratory cell rate in SNU-423 and HepG2 cells transfected with pcDNA3.0-
ZCCHC14 or pcDNA3.0. *p<0.05.
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conditions. Protein signals were detected using Luminol 
substrate solution. 

Statistics

SPSS 23.0 (IBM, Armonk, NY, USA) was used for sta-
tistical processing. Measurement data were expressed 
as mean±SD, and differences between groups were com-
pared using the independent t-test. All experiments were 
performed in triplicate. Significant difference was set at 
p<0.05.

Results

Differential level of ZCCHC14 in HCC

Compared with non-tumor tissues, ZCCHC14 
was upregulated in HCC (Figure 1A). Its protein 
level was identically upregulated in HCC tissues 

(Figure 1B). Meanwhile, ZCCHC14 was highly 
expressed in HCC cell lines than that of hepatic 
epithelial cell line (Figure 1C, 1D). HepG2 and 
SNU-423 cells were abundant with ZCCHC14, and 
they were used in in vitro ZCCHC14 knockdown 
models. 

Silence of ZCCHC14 suppressed the proliferative po-
tential of HCC

In vitro ZCCHC14 knockdown models were es-
tablished by transfection of ZCCHC14 shRNA in 
SNU-423 and HepG2 cells (Figure 2A,2B). As EdU 
data showed, silence of ZCCHC14 declined the rate 
of EdU-positive cells, indicating attenuated prolif-
erative potential (Figure 2C). Nevertheless, silence 
of ZCCHC14 did not influence the rate of migratory 
cells (Figure 2D). 

Figure 4. Silence of ZCCHC14 inactivated the Akt/GSK3β/β-catenin signaling. A: Protein levels of p-Akt, Akt, p-GSK3β, GSK3β 
and active β-catenin in HepG2 cells transfected with ZCCHC14 shRNA or shRNA-NC. B: EdU-positive cell rate in HepG2 
cells regulated by ZCCHC14 or SC79. C: EdU-positive cell rate in HepG2 cells regulated by ZCCHC14 or β-catenin. *p<0.05.
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Overexpression of ZCCHC14 accelerated the prolifera-
tive potential of HCC

Moreover, proliferative and migratory abili-
ties of HCC cells overexpressing ZCCHC14 were 
examined. By transfection of pcDNA3.0-ZCCHC14, 
both mRNA and protein levels of ZCCHC14 mark-
edly increased in SNU-423 and HepG2 cells (Fig-
ure 3A,3B). The rate of EdU-positive cell was much 
higher in HCC cells overexpressing ZCCHC14 in 
comparison to those transfected with negative con-
trol (Figure 3C). The migratory potential of HCC, 
however, was not affected by overexpression of ZC-
CHC14 (Figure 3D). 

Silence of ZCCHC14 inactivated the Akt/GSK3β/β-
catenin signaling 

Previous evidence has proven the major role of 
the Akt/GSK3β/β-catenin signaling in HCC develop-
ment. Western blot analyses uncovered that pro-
tein levels of p-Akt, p-GSK3β and active β-catenin 
were downregulated by transfection of ZCCHC14 
shRNA (Figure 4A). To validate the involvement of 
such a critical signaling in HCC development, an 
intervention of SC79 or overexpression of β-catenin 
was carried out. Interestingly, the decreased rate of 
EdU-positive cells was partially reversed by either 
SC79 induction (Figure 4B) or overexpression of 
β-catenin (Figure 4C).  

Discussion

HCC has become one of the main reasons of 
cancer-related death globally [9,10]. Cirrhosis and 
portal hypertension during the deterioration of 
HCC increase the difficulties in its management 
[11]. Our findings demonstrated that ZCCHC14 ac-
celerates HCC cells to proliferate by activating the 
Akt/GSK3β/β-catenin signaling. We believe that 
suppression of ZCCHC14 may be a promising ap-
proach in HCC treatment. 

The Akt signaling is useful in preventing can-
cer cell apoptosis [12,13]. Dysregulated Akt is fre-
quently detected in multiple types of cancers [14-
16]. Akt is the main downstream effector of PI3K, 

and the phosphorylation of Akt requires Thr-308 
and Ser-473. Phosphorylated Akt (p-Akt) inhibits 
apoptosis of cancer cells by regulating GSK3β and 
other apoptotic factors, and it is also involved in 
the development of drug resistance [17,18]. The ac-
tivity of GSK3β differs from phosphorylation sites 
[19]. Specific inhibitors of GSK3β contribute to alter 
the polarization of HCC cells, therefore attenuating 
their migratory potential [20]. Our results clarified 
that the Akt/GSK3β signaling was positively regu-
lated by ZCCHC14 and participated in the regula-
tion of HCC cell functions. 

Protein complexes containing GSK3 are media-
tors of cancer cell fate. The classic Wnt signaling 
is well-known for its cancer cell regulation. GSK3 
binding protein in this signaling controls the bind-
ing to the substrate β-catenin, thereafter leading 
to high specificity in the regulation of GSK3 activ-
ity [21,22]. In the absence of stimuli, the skelemin 
axin binds to GSK3, alongside casein kinase I and 
β-catenin. As a result, casein kinase phosphoryl-
ates Ser-45 of β-catenin to produce sites for pre-
treatment of GSK3 phosphorylation and Thr-41. 
Subsequently, phosphorylated modifications of 
Ser-37 and Ser-33 induce degradation of β-catenin 
[23]. The activated Wnt signaling reduces the 
phosphorylation of β-catenin, and then the accu-
mulated β-catenin activates cyclin D1, Myc and c-
jun [24]. Here, ZCCHC14 was able to downregulate 
β-catenin, thus suppressing the proliferative ability 
of HCC cells. How β-catenin mediates the prolif-
erative potential requires further explorations. In 
addition, our findings should be validated in an in 
vivo HCC model, and the reason why ZCCHC14 is 
upregulated needs to be discussed. 

Conclusions

Through activating the Akt/GSK3β/β-catenin 
signaling, ZCCHC14 makes HCC cells to proliferate.  
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