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Purpose: Hepatocellular carcinoma (HCC) is the most common malignant tumor worldwide 
with high morbidity and mortality rates. We aimed to examine the expression of chromobox 
6 (CBX6) in HCC and analyze its correlation with clinicopathological features of HCC 
patients. Moreover, the role of CBX6 in the HCC cell proliferation, invasion and metastasis 
and the potential mechanism underlying HCC metastasis were also investigated.
Methods: We used quantitative polymerase chain reaction (qRT-PCR) and Western blot to 
evaluate the expression levels of CBX6 in HCC cell lines. Furthermore, the expression of 
CBX6 in HCC and the adjacent non-tumor tissues was assessed by immunohistochemistry 
(IHC). Cell proliferation was evaluated using MTT assay, cell migration and invasion were 
measured using wound healing and transwell assays. Finally, we detected the expression of 
target proteins in HCC cell lines transfected with CBX6 overexpression plasmid or CBX6 
shRNA plasmid by Western blot.
Results: We found that the expression of CBX6 was increased in 280 cases of HCC tissues 
compared that in adjacent non-tumor tissues. HCC patients with high CBX6 expression had 
a higher tendency to have high growth rate, strong invasion ability, high clinical stage and 
poor tumor differentiation. Functional study demonstrated that the upregulation of CBX6 
promotes proliferation, migration and invasion of HCC cells while silencing CBX6 in HCC 
cells significantly inhibited cell proliferation, migration and invasion. Furthermore, CBX6 
could accelerate the EMT process in HCC cells by upregulating the expression of snail and 
zeb1.
Conclusion: CBX6 played an important role in the process of tumorigenesis and progres-
sion in HCC and enhanced the invasion and metastasis ability of HCC cells through 
regulating transcription factors snail/zeb1-mediated EMT mechanism, which indicated that 
the protein could serve as a novel therapeutic target for the treatment of HCC.
Keywords: CBX6, HCC, metastasis, EMT

Introduction
Hepatocellular carcinoma (HCC) is a common malignant tumor of the digestive 
system, and its morbidity and mortality rank sixth and fourth, respectively, in the 
world.1 Although great advances have been made in clinical and experimental 
cancer treatment, the overall prognosis of HCC patients is poor due to a high rate 
of tumor recurrence and metastasis after surgery.2,3 Previous studies have shown 
that the progression of HCC might be a multistep process involving a multifactorial 
etiology and multiple genes alternation, but the specific molecular mechanism 
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underlying HCC metastasis is still unclear. Therefore, 
a better understanding of the underlying molecular 
mechanism of HCC metastasis is of great significance for 
prognosis and targeted therapy of HCC.

Polycomb group proteins (PcG) are important epige-
netic regulators that exist in the form of polymeric tran-
scriptional repressor complex PRCs, and it can maintain 
transcriptional repression.4 The chromobox (CBX) protein 
is the core component of PRC1 and plays an important 
role in the transcriptional regulation of polycomb 
proteins.5 CBX6, a novel identified CBX family member, 
is a remarkably conserved protein that can read the crucial 
epigenetic marker, H3K27me3, written by PRC2. CBX6 is 
an essential regulator of embryonic stem cell identity, its 
knockdown via shRNA induces spontaneous differentia-
tion of embryonic stem cells.6 Recent studies have 
reported that CBX6 expression is downregulated in glio-
blastoma multiforme (GBM) samples, and its overexpres-
sion in GBM cells leads to cell growth arrest.7 In addition, 
CBX6 is significantly downregulated in human breast 
cancer, it could inhibit cell proliferation and induced the 
cell cycle G0/G1 arrest in MCF-7 cells, and CXB6 over-
expression reduced the breast cancer cell migration and 
invasion rates.8 Zheng et al represent the first evidence that 
CBX6 expression is frequently increased in human HCC 
tissues, high expression of CBX6 promotes cell prolifera-
tion and predicts poor prognosis of HCC patients.9 

However, there have been no studies concerning the gene 
functions related to CBX6 in HCC metastasis.

In this study, we elucidated the expression CBX6 in 
HCC cell lines and a large cohort of clinical samples and 
further analysed the clinical significance of CBX6 in HCC 
patients. Moreover, we investigated the potential role of 
CBX6 in the HCC cell proliferation, migration and inva-
sion, which may provide a novel therapeutic target for the 
treatment of HCC patients.

Materials and Methods
Cell Culture
The human HCC cell lines HepG2, Hep3B, SMMC-7721, 
Huh7, MHCC97-L, MHCC97-H, HCCLM3 and human 
immortalized hepatic cell L02 were purchased from Cell 
Bank of the Chinese Academy of Sciences (Shanghai, 
China). All cells were cultured in Dulbecco’s modified 
Eagle medium (DMEM, Hyclone, Logan, Utah, USA) 
with 10% fetal bovine serum (FBS, Gibco, Grand Island, 
NY, USA) at 37°C in a 5% CO2 air atmosphere. 

MHCC97-H and HCCLM3 cell lines had higher metasta-
sis potential than the rest HCC cell lines.

Plasmid Construction and Cell 
Transfection
CBX6 overexpression vector plasmid (CBX6-pEX), the 
empty vector plasmid (vector) and the lentiviral vector with 
CBX6 shRNA plasmid (LV-CBX6 shRNA) and empty vec-
tor (LV-control) were purchased from GeneChem (Shanghai, 
China). The transfection efficiency was monitored by fluor-
escence microscopy, overexpression of CBX6 in HCC cells 
was performed by transfecting 2µg cDNA, the empty vector 
was used as a negative control. Suppression of CBX6 expres-
sion was performed by LV-CBX6 shRNA, the LV-control 
was used as a negative control. All transfection experiments 
were performed using Lipofectamine2000 (Invitrogen, 
Camarillo, CA, USA) according to the manufacturer’s 
instructions. The stable transfected cells were selected by 
1 mg/mL of G418 for 2 weeks.

Tissue Samples
The patients whose tissues were used for this research 
provided informed consent, in accordance with the 
Declaration of Helsinki. Two hundred and eighty pairs of 
paraffin-embedded HCC tissue samples and adjacent non- 
tumor tissue samples (more than 5 cm from the edge of the 
tumor) were collected at the Liaocheng People’s Hospital, 
Shandong, China, between years 2012 and 2014. Among 
them, 96 cases with metastasis including 57 intra-hepatic 
metastasis and 39 extra-hepatic metastases. None of the 
patients had received radiotherapy, chemotherapy or tar-
geted therapy before surgery. Tumor differentiation was 
assessed according to the World Health Organisation 
(WHO) classification criteria. All patients were staged 
according to the 7th edition of Union for International 
Cancer Control (UICC) Tumor-Node-Metastasis (TNM) 
staging system. This study was reviewed and approved 
by the Institutional Medical Ethics Committee of the 
Liaocheng People’s Hospital.

Quantitative Polymerase Chain Reaction 
(qRT-PCR)
Total RNA was extracted using TRizol reagent (Invitrogen, 
Camarillo, CA, USA), and reverse-transcribed complemen-
tary DNA was synthesized by PrimeScriptTM kit (TaKaRa, 
Dalian, China). cDNA was amplified using SYBR green- 
based qRT-PCR performed on the Bio-Rad CFX96 real-time 
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PCR system. Conditions were set as follows: pre-denaturation 
at 95°Cfor 30 s, followed by 40 cycles of 95°C for 5 s, 55°C 
for 30 s and 72°C for 30 s. GAPDH was used as internal 
controls for mRNA quantification. The relative expression of 
CBX6 was calculated by the 2−ΔΔCt method.10 The sequences 
of CBX6 and GAPDH primers were as follows:

CBX6: 5ʹ-AGATGTCACCCTGCTCCAAT-3ʹ (sense);
5ʹ-AGCCACCTTCTCGAAATCCT-3ʹ (antisense);
GAPDH: 5ʹ-GCACCGTCAAGGCTGAGAAC-3ʹ (sen- 

se);
5ʹ-TGGTGAAGACGCCAGTGGA-3ʹ (antisense).

Tissue Microarray (TMA)
Two hundred and eighty HCC and adjacent normal tissues 
were paraffin-embedded, sectioned and stained with hema-
toxylin and eosin (HE) and representative areas of the 
paraffin blocks were marked by two experienced patholo-
gists. Each tissue core was punched from the marked areas 
with a 1.5mm pore diameter, and re-embedded into 
a recipient paraffin array block.

Immunohistochemistry (IHC)
Paraffin-embedded, formalin-fixed HCC and adjacent non- 
tumor tissue sections were deparaffinized and rehydrated. 
The endogenous peroxidase activity was blocked with 3% 
hydrogen peroxide (H2O2) for 30 mins. The sections were 
pre-treated using pressure cooker heat mediated antigen 
retrieval with sodium citrate buffer (pH=6) for 30mins, 
and incubated overnight at 4°C with the rabbit polyclonal 
anti-CBX6 antibody (1:100 dilution, Thermo Fisher 
Scientific, Waltham, MA, USA). After rinsing, the sections 
were incubated with a secondary antibody (1:4000 dilu-
tion, Abcam, Cambridge, UK) for 1hr and stained with 3, 
3-diaminobenzidine tetrahydrochloride (DAB). The sec-
tion was counterstained with haematoxylin, and observed 
under a microscope. Negative controls were prepared by 
replacing the primary antibody with PBS, and the immu-
nostaining-positive human tonsil carcinoma tissue was 
used as positive controls.

The staining result evaluation was made as described 
previously,11,12 the percent of positive cells was scored as: 
0, none; 1, <1/100; 2, 1/100 to 1/10; 3, 1/10 to 1/3; 4, 1/3 
to 2/3; and 5, >2/3, and staining intensity was scored as: 0, 
none; 1, weak; 2, intermediate; and 3, strong. Nucleus 
immunoreactivity for the CBX6 protein was scored by 
evaluating the sum of percentage and staining intensity 
scores, ranging from 0 to 8. Sections were scored by 

pathologists with no knowledge of the ligand-binding 
results or patient outcomes.

Western Blot
Total protein was harvested from HCC cells using RIPA 
lysis buffer, the BCA method was used to determine 
protein concentration. Forty micrograms of protein was 
loaded onto 8%-12% SDS-PAGE electrophoreses and 
transferred to polyvinylidene difluoride (PVDF) mem-
branes. After blocking nonspecific binding by 2% Bovine 
Serum Albumin, the membranes were incubated overnight 
at 4 °C with primary antibody against CBX6 (1:1000, 
E-cadherin, 1:1000, rabbit anti- E-cadherin, Abcam, 
Cambridge, UK), β-catenin (1:2000, rabbit anti-β-catenin, 
Abcam, Cambridge, UK), N-cadherin (1:2000, rabbit anti- 
N-cadherin, Abcam, Cambridge, UK), Vimentin (1:2000, 
rabbit anti-Vimentin, Abcam, Cambridge, UK), snail 
(1:1000, rabbit anti-snail, Abcam, Cambridge, UK), zeb1 
(1:1000, rabbit anti-zeb1, Abcam, Cambridge, UK), and 
GAPDH (1:4000, mouse anti-GAPDH, TransGene, 
Beijing, China). After washing with Tris-buffered saline 
with Tween20, the membranes were incubated with sec-
ondary antibody (1:4000, Abcam, Cambridge, UK) for 1 
h at room temperature. The membranes were visualized 
using enhanced chemiluminescence (ECL) kit.

3-(4,5-Dimethylthiazol-2-Yl)- 
2,5-Diphenyltetrazolium Bromide (MTT) 
Assay
After transfection, 2×103 cells per well were seeded into 96- 
well plates. After 24 hrs, 10ul MTT (Amresco, Solon, OH, 
USA) was added and the cells were incubated at 37°C for 4 
hrs. The supernatants were then removed, and 150μL DMSO 
was added in the dark. The numbers of cells per well were 
measured by the absorbance (490 nm) at the indicated time 
points. The absorbance at 490nm was measured for 1–5 days.

Cell Cycle Assay
Transfected cells were harvested after trypsinized, washed 
twice with ice-cold PBS. Then, cells were fixed with 75% 
cold ethanol overnight at 4°C. After washing twice with ice- 
cold PBS, fixed cells were centrifuged at 1000rpm for 5mins. 
The cells were resuspended in 500μL PBS containing 12.5μL 
propidium iodide (PI) (Sangon, Shanghai, China) and 10μL 
RNase (Beyotime, Shanghai, China), and incubated at 37°C 
in the dark for 30 mins. Finally, at least 10,000 cells per 
sample were subjected to flow cytometric analyses.
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Wound Healing Assay
Transfected cells were seeded in a 6-well plate at 1×106 

cells per well and cultured overnight. The cell layer was 
wounded using a sterile 200μL tip and washed twice with 
PBS, and then cultured again with serum-free medium for 
48 hrs. The spread of wound closure was observed and 
photographed at different time points (0 and 48 hrs) under 
a microscope to assess the migration distance.

Transwell Migration and Invasion Assays
Cell migration and invasion ability were studied using 24- 
well transwell chambers with an 8-μm pore polycarbonate 
membrane insert. After transfection, 1×105 cells suspended 
in 200ul serum-free medium were loaded onto the upper 
compartment and 600μL medium with 15% FBS was added 
to the lower compartment. Invasion assay was performed 
using chamber coated with matrigel (Becton Dickinson, 
Bedford, MA, USA). The migratory and invasive cells that 
migrated to the complete medium in the lower compartment 
were stained with Giemsa (Solarbio, Beijing, China) after 
incubated for 12hrs for the migration assay and 24hrs for the 
invasion assay. Five visual fields were randomly chosen 
from each chamber and counted under a light microscope.

Statistical Analysis
All results were analyzed using SPSS 23.0 software. The 
data from at least three separate experiments were presented 
as mean ± standard deviation (SD). Comparisons between 
groups were analyzed using Student’s t-test. All experiments 

were repeated at least three times. Value of P<0.05 was 
considered statistically significant.

Results
The Expression of CBX6 in HCC Cell Lines
The mRNA and protein expression levels of CBX6 in HCC 
cell lines (HepG2, Hep3B, SMMC-7721, Huh7, MHCC97-L, 
MHCC97-H and HCCLM3) and human immortalized hepatic 
cell L02 were examined by qRT-PCR and Western blot. The 
results showed that CBX6 mRNA expression was markedly 
upregulated in the HCC cell lines compared with that in the 
immortalized hepatic cell line L02. Furthermore, CBX6 
mRNA expression was higher in HCC cell lines with higher 
metastasis potential including MHCC97-H and HCCLM3 than 
that in the low metastasis potential cell lines (Figure 1A). 
Consistently, CBX6 showed the same elevated protein expres-
sion levels in all HCC cell lines, and it was decreased in the 
HCC cell lines with lower metastasis potential including 
HepG2, Hep3B, SMMC-7721, Huh7 and MHCC97-L com-
pared to MHCC97-H and HCCLM3 cell lines (Figure 1B).

CBX6 Was Highly Expressed in HCC 
Tissues and Correlated with HCC 
Metastasis
The expression of CBX6 in 280 pairs of HCC was 
detected by IHC. The results showed that 253 out of 280 
HCC cases (90.36%) were positively expressed, and 55 
cases (19.64%) of adjacent normal tissues were positively 
expressed. The expression level of CBX6 was higher in 

Figure 1 CBX6 expression was elevated in HCC cell lines. (A) The mRNA expression of CBX6 in HCC cell lines and immortalized hepatic cell line was examined by qRT- 
PCR. (B) The protein expression of CBX6 in HCC cell lines and immortalized hepatic cell line was detected by Western blot. The average expression levels of CBX6 in 
HCC cell lines were calculated by the fold change accordingly. The protein expression of CBX6 was normalized by calculating the ratio of CBX6/GAPDH of the gray values. 
Quantitative data were presented as mean ± SD. * P<0.05.
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239 of 280 (85.36%) cases with HCC than the adjacent 
non-tumor tissues (Figure 2A). Strong positive staining 
was mainly observed in the nucleus of tumor cells, and 
weak staining is observed in the adjacent non-tumor liver 
cells (mean: 3.42±1.889 vs 0.41±0.957, P<0.001) 
(Figure 2B). Furthermore, CBX6 was positively expressed 
in 93 of 96 (96.88%) HCC cases with metastasis and 160 
of 184 (86.96%) HCC cases without metastasis (Figure 
2C). The expression level of CBX6 was significantly 
higher (P=0.009) in HCC cases with metastasis (mean: 
3.85±1.926) than that in HCC cases without metastasis 
(mean: 3.22±1.843) (Figure 2D).

Relationship Between CBX6 Expression 
and Clinicopathological Features of HCC 
Patients
Clinicopathological analysis of 280 HCC patients showed 
that CBX6 expression was significantly associated with 
tumor diameter (P<0.001), vascular invasion (P=0.003), 
tumor differentiation (P<0.001), TNM stage (P=0.005), 
and metastasis (P=0.009). There were no statistical corre-
lation between CBX6 expression and the rest of clinico-
pathological features including age, gender, serum AFP 
levels, HBsAg, liver cirrhosis, capsule invasion and 
tumor multiplicity (P>0.05). We also found that CBX6 

Figure 2 The expression of CBX6 in HCC by IHC. (A) CBX6 expression in HCC and adjacent non-tumor tissues was detected by IHC (magnification ×200, HE: 
hematoxylin-eosin staining). (B) The expression of CBX6 in HCC tissue was significantly higher than that in adjacent non-tumor tissue. ***, P<0.001. (C) CBX6 expression 
in HCC with or without metastasis was detected by IHC (magnification ×200, HE: hematoxylin-eosin staining). (D) Compared with HCC without metastasis, CBX6 
expression was significantly higher in HCC with metastasis. **, P<0.01.
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expression in moderately and poorly differentiated groups 
was both higher than that in the well-differentiated group, 
but there was no significant difference in CBX6 expression 
between moderately differentiated group and poorly differ-
entiated group (Table 1).

CBX6 Promotes the Proliferation and 
G1/S Phase Transition of HCC Cells
Our results showed that higher CBX6 expression was 
observed in HCCLM3 cells and lower CBX6 expression 
was exhibited in SMMC7721 cells. To investigate the invol-
vement of CBX6 in the proliferation of HCC cells, we over-
expressed CBX6 in SMMC-7721 cells using CBX6-pEX and 
knocked down CBX6 in HCCLM3 cells using specific 
shRNA. CBX6-pEX transfection significantly upregulated 
the expression of CBX6 in SMMC-7721 cells and LV- 
CBX6 shRNA markedly decreased the expression of CBX6 
in HCCLM3 cells (Figure 3A and B). By MTT assay, we 
found that overexpressing of CBX6 significantly increased 
the proliferation ability of SMMC-7721 cells, whereas the 
cell proliferation ability was significantly decreased when 
knocking down CBX6 in HCCLM3 cells (P<0.05) (Figure 
3C and D). To determine the pathway underlying growth 
promotion by CBX6, we detected the cell cycle distribution 
of HCCLM3 and SMMC-7721 cells by flow cytometry. 
Compared with the control cells, overexpression of CBX6 
in SMMC-7721 cells resulted in a significant increase in the 
percentages of cells in the S phase, but a decrease in the 
percentages of cells in the G0/G1 phase, whereas silencing 
CBX6 in HCCLM3 cells showed the opposite effects 
(P<0.05) (Figure 3E and F). These results indicated that 
CBX6 promoted cell cycle progression of HCC cells, con-
firming that CBX6 promoted HCC cell proliferation.

CBX6 Accelerated Cell Migration and 
Invasion in HCC Cells
Since CBX6 expression was correlated with HCC clinical 
invasiveness, we further evaluated the invasion and migra-
tion ability of HCC cells by wound healing assay and 
transwell migration and invasion assays. The wound- 
healing assay showed that overexpression of CBX6 
remarkably promoted cell migration at the edge of exposed 
regions in SMMC-7721 cells compared to control cells, 
whereas migration distance of HCCLM3 cells transfected 
with LV-CBX6 shRNA was significantly shorter than con-
trol cells at 48hrs after wound time (P<0.05) (Figure 4). 
Consistently, transwell migration assay also revealed that 

CBX6 overexpression significantly increased the number 
of migrated cells, and silencing of CBX6 inhibited the 
motility behaviours of HCC cells (P<0.05). In addition, 

Table 1 Correlation Between CBX6 Expression and 
Clinicopathological Features of HCC Patients

Clinicopathological 
Features

N CBX6 Protein 
(Mean ± SD)

P-value

Age(years)a

≤57 126 3.29±1.707 0.361
>57 154 3.27±1.820

Gender
Male 222 3.34±1.759 0.940

Female 58 3.07±1.795

AFP(ng/mL)b

≤20 136 3.49±1.958 0.541
>20 144 3.35±1.826

HBsAgc

+ 211 3.37±1.956 0.514

− 69 3.55±1.676

Tumor diameter(cm)

≤5 175 3.03±1.747 <0.001

>5 105 4.08±1.945

Liver cirrhosis

Yes 176 3.36±1.875 0.549
No 104 3.51±1.921

Capsule invasion
Yes 155 3.52±1.968 0.289

No 125 3.28±1.786

Vascular invasion

Yes 111 3.84±1.914 0.003

No 169 3.14±1.828

Tumor multiplicity

Single 216 3.31±1.495 0.124
Multiple 64 3.54±1.978

Tumor differentiation <0.001d

Well 52 2.12±1.977 <0.001e

Moderate 164 3.62±1.576 0.206f

Poor 64 3.98±2.097 <0.001g

TNM stage

I~II 213 3.24±1.885 0.005
III~IV 67 3.99±1.804

Metastasis
Yes 96 3.85±1.926 0.009

No 184 3.22±1.843

Notes: a Median age; b AFP, alpha-fetoprotein; c HBsAg, Hepatitis B surface antigen; 
dthree groups; ewell-differentiated group and moderately differentiated group; 
fmoderately differentiated group and poorly differentiated group; gwell- 
differentiated group and poorly differentiated group.
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proliferation inhibitors could inhibit the motility beha-
viours of HCC cells (Figure 5A and B). Transwell inva-
sion assay revealed that the invasive cells were 
significantly increased in SMMC-7721 cells transfected 
with CBX6-pEX, however proliferation inhibitors could 
reverse this phenomenon (P<0.05) (Figure 5C). In con-
trast, the number of invasive cells was decreased when 
CBX6 expression was knocked down in HCCLM3 cells, 
and proliferation inhibitors could enhance this effect 
(P<0.05) (Figure 5D). These data demonstrated that 
CBX6 could enhance HCC cell migration and invasive 
ability, but proliferation inhibitors could reverse this result.

CBX6 Induced EMT by Regulating 
Transcription Factors Snail/Zeb1
As EMT is one of the important mechanisms for cell migra-
tion and invasion, we next explore the effect of CBX6 on the 
progression of EMT. Epithelial markers (E-cadherin and β- 

catenin), mesenchymal markers (N-cadherin, and Vimentin) 
and EMT transcription factors (snail and zeb1) were esti-
mated by Western blot in SMMC-7721 and HCCLM3 cells. 
The results showed that overexpression of CBX6 in SMMC- 
7721 cells increased the expression of N-cadherin, Vimentin, 
snail and zeb1, a reduction was noted in E-cadherin and β- 
catenin levels (Figure 6A and B). Additionally, knockdown 
of CBX6 in HCCLM3 cells upregulated the expression of 
E-cadherin and β-catenin, and the increase in the expression 
of N-cadherin, Vimentin, snail and zeb1 was abrogated upon 
CBX6 depletion (Figure 6C and D). These results indicated 
that CBX6 could regulate the expression of transcription 
factors snail and zeb1-mediated EMT mechanism to induce 
HCC invasion and metastasis.

Discussion
HCC is one of the most lethal malignant digestive system 
cancers worldwide with high morbidity and mortality 

Figure 3 CBX6 promoted HCC cell proliferation and G1/S phase transition. (A) SMMC-7721 cell line was used to overexpress CBX6 by CBX6 expression plasmid. (B) 
HCCLM3 cell line was chosen to knock down CBX6 using CBX6 shRNA. (C) Cell growth rate between the SMMC-7721 cells transfected with CBX6-pEX or vector was 
compared by MTT assay. *, P<0.05. (D) Cell growth rate between the HCCLM3 cells transfected with LV-CBX6 shRNA or LV-control was compared by MTT assay. *, P<0.05. 
(E) Cell cycle profiles were analysed by flow cytometer after SMMC-7721 cells were transfected with CBX6-pEX or vector. **, P<0.01. (F) Cell cycle profiles were analysed 
by flow cytometer after HCCLM3 cells were transfected with LV-CBX6 shRNA or LV-control. **, P<0.01.
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rates.1 HCC has a poor prognosis, with nearly 600,000 
deaths occurring each year worldwide.13,14 The high mor-
tality of HCC patients mainly results from high recurrence 
and metastasis after surgery.15 However, the high metas-
tasis rate of HCC has led to the performance of intense 
research intended to elucidate the detailed mechanisms 
underlying HCC development.

The PcG gene was firstly found in Drosophila with 
a high degree of conservation.16 PcG proteins, a family 
of master epigenetic regulators, regulate a variety of cel-
lular physiological and pathological processes, such as 
maintenance of stemness, cell differentiation, regulation 
of cell cycle, cell senescence, X chromosome inactivation, 
genomic imprinting, etc.17,18 The deregulation and dys-
function of PcG proteins can mediate multiple biological 
functions of malignant tumors and lead to blocking or 
inappropriate activation of developmental pathways, 
enhancing cellular proliferation, inhibiting apoptosis, and 

increasing the cancer stem cell population.19–21 CBX pro-
tein, as the important member of the PcG proteins, has five 
family members including CBX2, CBX4, CBX6, CBX7 
and CBX8. CBX6 displays significant differences from 
those of other proteins with respect to their histone peptide 
binding preferences.22–24 Abnormal expression of CBX6 
in HCC has been reported,9 however, its possible roles in 
the metastasis of HCC have not been studied to date.

CBX6 has been reported to be overexpressed in human 
HCC tissues and involved in the process of 
tumorigenesis.9 In accordance with these findings, we 
demonstrated that CBX6 expression was increased in 
HCC tissues by IHC. In addition, our results also showed 
that the expression level of CBX6 was higher in HCC with 
metastasis than that in HCC without metastasis. 
Specifically, correlation of CBX6 expression with clinico-
pathological parameters showed that high CBX6 expres-
sion correlated significantly with tumor diameter, vascular 

Figure 4 CBX6 promoted HCC cell migration. (A) SMMC-7721 cells transfected with CBX6-pEX showed higher motility in a wound healing assay, compared with control 
cells. ***, P<0.001. (B) HCCLM3 cells transfected with LV-CBX6 shRNA showed lower motility in a wound healing assay, compared with control cells. ***, P<0.001.
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invasion, tumor differentiation, TNM stage and metastasis. 
These results suggested that that CBX6 played an impor-
tant role in the process of tumorigenesis, and progression 
of HCC.

To explore the possible biological function of CBX6 in 
HCC progression, we examined the effect of CBX6 on cell 
proliferation in SMMC-7721 and HCCLM3 cells using 
MTT assay. Consistent with the previous study, we found 

that overexpression of CBX6 effectively promoted tumor 
growth, whereas silencing of CBX6 led to a significant 
decrease in cell growth rate. To further determine the 
pathway underlying growth promotion by CBX6, cell 
cycle detection was conducted using a flow cytometry. 
Our results showed that overexpression of CBX6 
decreased the proportion of cells in G0/G1 phase and 
induced S cell cycle arrest in SMMC-7721 cells, and 

Figure 5 The effect of CBX6 and proliferation inhibitors on HCC cell migration and invasion. (A) Cell migration ability in SMMC-7721 cells treated as indicated were 
analyzed by Transwell migration assay. **, P<0.01. (B) Cell migration ability in HCCLM3 cells treated as indicated were analyzed by Transwell migration assay. *, P<0.05. (C) 
Cell invasion ability in SMMC-7721 cells treated as indicated were analyzed by Transwell invasion assay. **, P<0.01. (D) Cell invasion ability in HCCLM3 cells treated as 
indicated were analyzed by Transwell invasion assay. **, P<0.01.

OncoTargets and Therapy 2020:13                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                      
12497

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


silencing of CBX6 induced G1 cell cycle arrest in 
HCCLM3 cells. The data revealed that the pro- 
proliferative effect of CBX6 in HCC cells is associated 
with G1/S phase transition.

The correlation analysis showed that the expression of 
CBX6 was closely related to the vascular invasion and 
metastasis of HCC. Consistent with this, CBX6 expression 
was significantly higher in HCC cell lines with high 
metastasis potential than that in low metastatic cell lines. 
Invasion and metastasis, two of the most important 

hallmarks of cancer, are the major cause of mortality, 
particularly for HCC.25 Our studies showed that overex-
pression of CBX6 markedly increased cell migration and 
invasion ability in SMMC-7721 cells. We further found 
the migration and invasion abilities were suppressed in 
HCCLM3 cells transfected with LV-CBX6 shRNA. 
Wound healing assay also confirmed that CBX6 could 
enhance cell migratory ability. In addition, proliferation 
inhibitors could inhibit the migration and invasion ability 
of HCC cells. In our study, CBX6, a new metastatic 

Figure 6 CBX6 altered the expression of EMT-related proteins. (A, B) The expressions of E-cadherin, β-catenin, N-cadherin, Vimentin, snail and zeb1 were detected by 
Western blot in SMMC-7721 cells transfected with CBX6-pEX or vector. **, P<0.01. (C, D) The expressions of E-cadherin, β-catenin, N-cadherin, Vimentin, snail and zeb1 
were detected by Western blot in HCCLM3 cells transfected with LV-CBX6 shRNA or LV-control. **, P<0.01.
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regulator for HCC, was, for the first time, shown to sig-
nificantly promote HCC invasion and metastasis, and the 
relationship between cell proliferation and metastasis 
needs to be further explored.

Invasion and metastasis is a multistep and complex 
process regulated by a series of genes, involving the adhe-
sion of tumor cells, matrix degradation, tumor cell migra-
tion, tumor angiogenesis and so on.26,27 Although 
numerous genes involved in tumorigenesis and tumor 
metastasis were identified, the molecular mechanisms 
underlying these processes are not well understood.28 

EMT is one of the most important events during cancer 
progression, leading to a more invasive, metastatic pheno-
type in human cancers.29–31 At the molecular level, EMT 
is related to a variety of factors including epithelia markers 
and mesenchymal makers. E-cadherin, as a key component 
of cell-cell adhesion junctions, is an important hallmark of 
EMT. Snail is the member of the snail family and capable 
of repressing E-cadherin.32 ZEB1, a key conversion mole-
cule of EMT, is the most relevant repressor for 
E-cadherin.33–35 Thus, CBX6 overexpression may lead to 
the upregulation of snail/zeb1, repressing expression of 
E-cadherin, and thereby triggering EMT. Therefore, we 
next detected the expression levels of EMT markers in 
HCC cells by Western blot. Results found that increased 
expressions of mesenchymal markers (N-cadherin and 
Vimentin) and decreased epithelial markers (E-cadherin 
and β-catenin) were observed in SMMC-7721 cells trans-
fected with CBX6-pEX. Consistent results were also 
observed when CBX6 was silenced in HCCLM3 cells. In 
addition, the expression of snail and zeb1 was increased in 
CBX6-overexpressing cells, the reverse results were also 
observed when CBX6 was silenced by shRNA. These 
results indicated that the migration and invasion abilities 
of HCC may be regulated by CBX6 through the EMT 
mechanism, which was induced by transcription factors 
snail and zeb1.

Conclusions
CBX6 expression was upregulated in HCC tissues and 
HCC cell lines, and it was significantly correlated with 
tumor diameter, vascular invasion, tumor differentiation, 
TNM stage and metastasis of HCC patients. CBX6 could 
promote the proliferation and G1/S phase transition in 
HCC cells. Moreover, CBX6 enhanced the cell migration 
and invasion and EMT progression induced by snail and 
zeb1. Our study indicated that CBX6 may function as an 

oncogene in HCC, and it could serve as a novel therapeu-
tic target for the treatment of HCC patients.
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