Research Paper

CCT2 Gene Expression in Hepatocellular Carcinoma and its
Effect on the Biological Function of Hepatocellular

Carcinoma Cells

JIAWEN LU", Y. F. XIONG AND J. D. LI

Department of Hepatobiliary Surgery, Affiliated Hospital of North Sichuan Medical College, Hepatobiliary, Pancreatic and
Intestinal Diseases Research Institute of North Sichuan Medical College, Nanchong, Sichuan 637000, 'Department of General
Surgery, People’s Hospital of Jiajiang County, Jiajiang, Jiangxi 614100, China

Lu et al.: CCT2 Gene Expression and its Effect on Hepatocellular Carcinoma Cells

The main objective of the study is to investigate the expression level of chaperonin containing t-complex
polypeptide 1 subunit 2 in hepatocellular carcinoma tissues and cell lines, and its effect on the proliferation,
invasion and migration of hepatocellular carcinoma cells. Immunohistochemistry was used to detect the
protein expression levels of chaperonin containing t-complex polypeptide 1 subunit 2 in 89 hepatocellular
carcinoma tissues and tumor-adjacent tissues. Cell migration and invasion were detected by transwell assay. A
subcutaneous xenograft model was constructed in nude mice to investigate the effect of chaperonin containing
t-complex polypeptide 1 subunit 2 gene knockdown on tumor growth. Immunohistochemistry results indicated
that 79.78 % of hepatocellular carcinoma patients had highly expressed chaperonin containing t-complex
polypeptide 1 subunit 2 proteins and the expression in hepatocellular carcinoma tissues was significantly higher
than that in tumor-adjacent tissues. The proliferation, invasion and migration of hepatoblastoma cell line
HepG2 cells with chaperonin containing t-complex polypeptide 1 subunit 2 gene knockdown were inhibited,
while those of human hepatoma-derived Huh-7 cells with chaperonin containing t-complex polypeptide 1
subunit 2 gene overexpression were enhanced. In vivo experiments also confirmed that the tumor growth rate
in the chaperonin containing t-complex polypeptide 1 subunit 2 knockdown group was significantly slower
than that in the vector group. Chaperonin containing t-complex polypeptide 1 subunit 2 is an independent poor
prognostic factor of hepatocellular carcinoma and its expression is significantly upregulated in hepatocellular
carcinoma tissues and cell lines. Chaperonin containing t-complex polypeptide 1 subunit 2 can significantly
promote the proliferation, invasion and migration of hepatocellular carcinoma cells, suggesting that it can be
an important therapeutic target for hepatocellular carcinoma.
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Hepatocellular Carcinoma (HCC) is the fourth
most common malignant tumor and the second
cause of cancer-related death in China, the
main therapeutic methods of which include
surgery, chemoradiotherapy, targeted therapy and
immunotherapy, and recurrence and migration are
the main causes of treatment failure!'l. It is significant
to find more therapeutic targets for improving the
clinical prognosis of HCC patients. Chaperonin
Containing T-complex polypeptide 1 (CCT) is
widely expressed in eukaryotes and it is involved in
protein folding in an Adenosine Triphosphate (ATP)-
dependent manner. Studies have proved that the
dysfunction of CCT proteins is closely related to the
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occurrence and development of tumors®?. The CCT
protein family mainly consists of eight homologous
subunits: T-Complex Polypeptide 1 (TCPI),
Chaperonin Containing TCP1 Subunit 2 (CCT2),
CCT3, CCT4, CCTS5, CCT6A, CCT6B, CCT7 and
CCTS. The function of these eight subunits varies
due to highly different protein structure sequencest..
TCP1 and CCT2 are highly expressed in breast
cancer cells and are associated with the prognosis
of breast cancer patients., CCT5 accelerates the
invasion and migration of lung adenocarcinoma cells
by regulating the cyclin D1 expression®. CCT8 is
found as an oncogene in promoting colorectal cancer
progression and colorectal cancer patients with
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high CCT8 expression have a worse prognosis!®.
CCT2 is one of the subunits contained in the CCT
complex and bioinformatics analysis showed that
CCT2 is highly expressed in breast cancer cells
and correlated with prognosis!”, but its role in HCC
cells has not been reported. Therefore, in this study,
the CCT2 expression in HCC tissues and cell lines
was determined using bioinformatics and tissue cell
samples. Moreover, its effect on the proliferation,
invasion and migration of Hepatoblastoma cell line
(HepG2) and Human Hepatoma-derived cell line
(Huh-7) HCC cells was investigated in vivo and in
vitro.

MATERIALS AND METHODS

Materials:

HCC tissues, cells and animal origin: Human HCC
tissues and tumor-adjacent tissues were collected
from the Department of Pathology, Affiliated
Hospital of North Sichuan Medical College. Normal
hepatocytes like cancerous human liver cell line
(HL-7702) and HCC cells (Metastatic Hepatocellular
Carcinoma cell line (MHCC-97L), Huh-7 and
HepG2) were purchased from the American Type
Culture Collection (ATCC, United States of America
(USA)). Bagg and Albino (BALB)/c-nu female
nude mice aged 6-8 w were purchased from Beijing
Huafukang Biotechnology Co., Ltd., China. All
procedures used in this study were approved by the
Ethics Committee of the Affiliated Hospital of North
Sichuan Medical College.

Main reagents:

The cell culture medium, Fetal Bovine Serum (FBS)
and trypsin were purchased from HyClone, USA.
Penicillin and streptomycin were bought from
Thermo Fisher Scientific, USA. The Ribonucleic
Acid (RNA) extraction kit was provided by Omega,
USA. The reverse transcription kit and real-time
fluorescence quantitative kit was purchased from
Takara, Japan. Lipofectamine™ 2000 was bought
from Invitrogen Company, USA. Small interfering
RNA (siRNA)-CCT2, siRNA-Negative Control
(NC) and plasmid cloning Deoxyribonucleic Acid
(pcDNA) 3.1-CCT2 Overexpression plasmids
(CCT2-OE) were constructed by Shanghai
Genechem Co., Ltd., China. The Cell Counting Kit-8
(CCK-8), Radioimmunoprecipitation Assay (RIPA)
buffer and Bicinchoninic Acid (BCA) protein assay
kit were all purchased from Beyotime, China. The
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transwell chamber and Matrigel were provided by
Becton, Dickinson and Company, USA. CCT2,
Ki67, Proliferating Cell Nuclear Antigen (PCNA),
E-cadherin, N-cadherin, Vimentin, beta (f)-actin
primary antibody, goat anti-rabbit Immunoglobulin G
(IgG) and goat anti-mouse IgG secondary antibodies
were all bought from Proteintech, China. The general
type of streptavidin-biotin detection system for
Immunohistochemistry (IHC) was purchased from
Beijing Zhongshan Jingiao Biotechnology Co.,
Ltd., China. Primers were synthesized by Tsingke
Biotechnology Co., Ltd., China.

Methods:

Clinical correlation analysis: The CCT2 expression
in tumor and normal tissues and its correlation with
the Overall Survival (OS) of HCC patients in the
databases of The Cancer Genome Atlas (TCGA)
and Genotype-Tissue Expression (GTEx) were
analyzed using An Update to the Integrated Cancer
Data Analysis Platform (UALCAN) (http://ualcan.
path.uab.edu/analysis.html). Meanwhile, univariate
and multivariate Cox regression analyses were
performed based on the clinical sample data of HCC
patients obtained from TCGA (https://portal.gdc.
cancer.gov/).

Cell culture and transfection: Normal hepatocytes
HL-7702 and HCC cells (MHCC-97L, Huh-7
and HepG2) were cultured in Minimum Essential
Medium (MEM) and Dulbecco’s Modified Eagle
Medium (DMEM) containing 10 % FBS, 100 U/ml
penicillin and 100 pg/ml streptomycin. The incubator
was kept at 37° with 5 % Carbon dioxide (CO,) and
cell identification and mycoplasma testing were
performed regularly. During transfection, HepG2
cells at the logarithmic growth stage were digested
and inoculated into 6-well plates. When the cell
fusion reached approximately 50 %, 50 nmol siRNA-
CCT2 and siRNA-vector were transfected into
HepG2 cells with Lipofectamine™ 2000, recorded
as siCCT2 and vector. In the same way, vector and
CCT2-OE plasmids were transfected into Huh-7
cells, recorded as vector and CCT2-OE plasmids.
The cells were cultured in the serum-free medium
for 6 h and then cultured in the complete medium for
48 h. The transfection efficiency was observed under
a fluorescence microscope.

Detection of CCT2 expression using
immunohistochemical staining: Fresh HCC
and tumor-adjacent tissues were fixed in 40 %
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paraformaldehyde for 24 h. Then, they were
dehydrated, hyalinized and embedded. The
embedded tissues were sliced with a thickness of 4
um. Afterwards, they were dried in a drying oven
at 60° for 60 min. Dewaxing and hydration were
followed by xylene I for 20 min, xylene II for 20
min, 100 % ethanol for 10 min, 95 % ethanol for
5 min, 90 % ecthanol for 5 min, 85 % ethanol for 5
min and 70 % ethanol for 5 min. The sections were
then immersed in sodium citrate antigen repair
solution for high pressure antigen repair for 30
min. After that, they were rinsed with Phosphate
Buffered Saline (PBS) for three times, 5 min each
time. A hydrophobic barrier pen was used to draw
circles around the tissues. After adding endogenous
peroxidase blockers, they were incubated at room
temperature for 10 min and rinsed with PBS for three
times, 5 min each time. Later, they were incubated
at room temperature for 15 min after adding 100 pl
of goat serum blocking solution. Afterwards, 100
pl of CCT2 primary antibody (1:200) was added
and the incubation progressed at 4° overnight.
After the incubation, they were rinsed with PBS for
three times, 5 min each time. After adding 100 pl
of biotin-labeled goat anti-rabbit IgG polymer, the
sections were incubated at room temperature for 15
min and rinsed with PBS. After adding 100 pl of
Horseradish Peroxidase (HRP)-labeled streptomycin
working solution, the sections were incubated at
room temperature for 15 min and rinsed with PBS.
Then, 100 pl of Diaminobenzidine (DAB) solution
(1:50) was added to control the chromogenic time
and the sections were observed under an upright
fluorescence microscope. The sections were rinsed
with tap water and stained with hematoxylin staining
solution for 20 s and were then immersed in tap
water for 5 min. Following conventional dehydration
transparent treatment, moderate amount of neutral
gum was added for sealing. After the sections were
dried, they were observed under a microscope and
photographed. The staining results were analyzed
using the Immunoreactive Score (IRS).

Detection of CCT2 expression using real-time
Reverse Transcription-quantitative Polymerase
Chain Reaction (RT-qPCR): Total RNA was
extracted by the RNA extraction kit. RNA
concentration and purity were measured by NanoDrop,
according to the instructions. The RNA obtained
was reversely transcribed into the complementary
DNA (cDNA) using the reverse transcription Kit.
The reverse transcription conditions were: Reverse
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transcription at 37° for 15 min and inactivation at
85° for 5's. The CCT2 gene messenger RNA (mRNA)
expression after transfection was detected by RT-
gPCR using SYBR Premix Ex Taq II reagent. The
reaction conditions were as follows: Predenaturation
at 95° for 15 s, annealing at 60° for 1 min and a
total of 40 cycles were performed. Primers were
synthesized by Tsingke Biotechnology Co., Ltd.,
China. Glyceraldehyde-3-Phosphate Dehydrogenase
(GAPDH) was taken as a housekeeping gene and the
PCR amplification fragment length was 711 base pair
(bp). Each sample was in sextuplicate, which was
independently repeated for three times. CCT2 gene
knockdown and overexpression were analyzed by the
2-48¢t method. The primer sequence is tabulated in
Table 1.

TABLE 1: PRIMERS FOR RT-qPCR

Primer description

Sequence (5’ to 3’)

CCT2 F TGCGGGCACAACATTATCCT
CCT2R TGCGCAAGAACACAAAGAGC
GAPDH F TGGAAGGACTCATGACCACA
GAPDH R TTCAGCTCAGGGATGACCTT

Detection of expression of CCT2, proliferation-
associated and Epithelial-Mesenchymal Transition
(EMT)-related proteins using Western blot: 48
h after HepG2 cells were transfected with siRNAs
and Huh-7 cells were transfected with CCT2-OE
plasmids, the cells were lysed using RIPA buffer
with protease inhibitors to extract total protein. The
protein concentration was determined using the BCA
method. 1x protein loading buffer was added and
the mixture was denaturated at 100° water bath for
5 min. Sodium Dodecyl-Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE) gel was prepared and
30 pg of'total protein was added to per well, which was
then electrophoresed at 150 V for 60 min. Protein was
transferred from gel to the 0.45 pm Polyvinylidene
Fluoride (PVDF) membrane by the wet transfer
method. The transfer processes at 100 V lasted for 60
min. 5 % skim milk powder was added before sealing
at room temperature for 1 h. The primary antibodies
of CCT2 (1:1000), Ki67 (1:2000), PCNA (1:5000),
E-cadherin (1:5000), N-cadherin (1:2000), Vimentin
(1:2000) and p-actin (1:1000) were incubated at
4° overnight. The membrane was rinsed with Tris
Buffered Saline Tween (TBST) for three times, 10
min each time. HRP-labeled goat anti-rabbit IgG and
goat anti-mouse IgG secondary antibodies (1:2000)
were incubated at room temperature for 1 h. The
membrane was rinsed with TBST for three times, 10
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min each time. Development was performed using
Electrochemiluminescence (ECL) developer and
Image Lab software was used to obtain images and
analyze the changes of CCT2 protein expression in
each sample.

Detection of cell proliferation using CCKS8: 48
h after HepG2 cells were transfected with siRNAs
and Huh-7 cells were transfected with CCT2-OE
plasmids, they were digested by 0.25 % trypsin and
resuspended as a single cell suspension. 3000 cells
per well were inoculated into 96-well plates. Each
group was in sextuplicate and cultured in an incubator
for 24 h. 10 pl of CCKS solution was added to each
well and the culture plates were incubated in the
incubator for another 2 h. The absorbance at 450 nm
was measured with an enzyme marker. Cell growth
curves were plotted by measuring at the same time
point for six consecutive days.

Detection of cell migration and invasion using
transwell invasion assay: The upper transwell
chamber was placed in a sterile 24-well plate and
Matrigel was placed at 4° overnight beforehand.
Matrigel was diluted in the serum-free medium at
1:4, which was then added into the upper transwell
chamber, 100 pl each chamber. After incubation
in a 37° incubator for 2 h, the residual liquid was
removed from the culture plates. 50 ul of the medium
containing 1 % FBS was added to each well and the
incubation continued for 30 min at 37°. Transfected
HepG2 cells and Huh-7 cells were digested with
trypsin and counted. 1x105/100 upl cells were
inoculated in the upper chamber. Meanwhile, 400 ul
of the medium containing 10 % serum was added into
the lower chamber, which was then cultured in a 37°,
5 % CO, incubator for 24 h. The chamber was taken
out, fixed and stained with 0.2 % crystal violet/95 %
ethanol for 30 min. Afterwards, it was rinsed with
purified water for three times. Five fields were taken
under a 10x light microscope to count the number of
transmembrane cells. The experiment was repeated
three times and the mean value was calculated. In
the transwell migration assay, Matrigel coating of
the upper chamber basement membrane was not
required and the remaining process was the same as
the invasion assay.

In vivo experiment: HepG2 cells transfected with
siRNA-vector and siRNA-CCT2 for 48 h were
digested with pancreatic enzyme and resuspended.
The cell concentration was adjusted to 5x10°
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cells/ml. 200 pl of cell suspension was inoculated
subcutaneously into the right lower limb of nude
mice. The tumor size was measured with Vernier
calipers every 4 d. When the maximum tumor
volume reached 1500 mm?, the mice were sacrificed
by dislocating cervical vertebrae and photographed.

Data statistics and analysis:

Statistical Package for the Social Sciences (SPSS)
21.0 software was used for data analysis. All
biological experiments were repeated three times.
Measurement data were expressed as meantstandard
deviation (X£s). Student’s t-test was used for
comparison between two groups and one-way
Analysis of Variance (ANOVA) was used for
comparison between multiple groups, p<0.05 was
considered statistically significant.

RESULTS AND DISCUSSION

CCT2 is a gene associated with HCC progression
and prognosis was explained below. The CCT2 gene
expression in 421 cases (371 cases of HCC tissues
and 50 cases of tumor-adjacent tissues) was obtained
by inputting CCT2 into the UALCAN database
and selecting HCC. CCT2 was highly expressed in
HCC tissues (p<0.0001, fig. 1A) and HCC patients
with high CCT2 expression had a worse prognosis
than those with low CCT2 expression (p=0.00073,
fig. 1B). Subsequently, IHC was used to detect the
CCT2 expression in 89 HCC tissue samples from
our center. It was found that the CCT2 expression
was upregulated in 79.78 % (71/89) of HCC tissues
(fig. 1C) and the expression level in HCC tissues
was significantly higher than that in tumor-adjacent
tissues (p<0.0001, fig. 1D). To further explore
CCT2’s prognostic value in HCC, univariate and
multivariate Cox regression analyses were performed
based on the clinical sample data of HCC patients
obtained from TCGA using the log-Rank method. As
shown in Table 2, the univariate Cox analysis results
suggested that T staging, M staging, Tumor, Nodes
and Metastases (TNM) staging, and CCT2 expression
were correlated with the prognosis of HCC patients.
The multivariate Cox analysis results showed that
T staging, M staging and CCT2 expression were
independent risk factors for HCC prognosis.

Increased CCT2 gene expression in HCC cell
lines were shown in fig. 2. Compared with normal
hepatocytes HL-7702, the CCT2 gene mRNA
expression was increased in HCC cell lines (MHCC-
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Fig. 1: The CCT2 gene expression and survival analysis in HCC tissues and tumor-adjacent tissues
Note: (A) The CCT2 expression in HCC tissues and tumor-adjacent tissues in the UALCAN database; (B) The survival curve of HCC patients based
on the CCT2 expression, (— ) Low CCT2 group; (— ) High CCT2 group; (C) Representative IHC images of CCT2 in HCC tissues and tumor-ad-
jacent tissues, and the upper left corner is a locally enlarged view and (D) Scatter plot of CCT2 protein levels in HCC tissues and tumor-adjacent

tissues, ****p<0.0001

TABLE 2: UNIVARIATE AND MULTIVARIATE COX REGRESSION ANALYSES OF CCT2 IN TCGA

Univariate regression analysis

Multivariate regression analysis

Parameters Hazard ratio (95 % Hazard ratio (95 %
confidence interval) P confidence interval) P
Age (<60/>60y) 1.34 (0.87-2.05) 0.184
Gender 1.39 (0.91-2.15) 0.134
Pathological grading 1.12 (0.89-1.42) 0.33
TNM staging 1.74 (1.37-2.19) <0.001
T staging 1.71 (1.38-2.13) <0.001 1.64 (1.32-2.06) <0.001
N staging 2.041 (0.49-8.18) 0.334
M staging 4.03 (1.27-12.83) 0.018 4.04 (1.26-12.9) 0.019
CCT2 expression 1.91 (1.23-2.95) 0.004 1.76 (1.09-2.82) 0.018
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Fig. 2: The CCT2 expression in four cell lines
Note: (A) The CCT2 gene mRNA expression in HL-7702, MHCC-97L, Huh-7 and HepG2 cells and (B) The CCT2 protein expression in four cell
lines, ***p<0.001 and ****p<0.0001
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97L, Huh-7 and HepG2) (p<0.001, fig. 2A). The
CCT?2 protein expression in cell lines was further
detected and the results were consistent with the
variation in the mRNA level. Among the results,
CCT2 were higher expressed in HepG2 cells and
lower expressed in Huh-7 cells, which was used for
subsequent functional analysis (fig. 2B).

CCT2 gene knockdown and overexpression in
HepG2 and Huh-7 cells were shown in fig. 3. To
further explore CCT2’s biological function, we
constructed cell models of CCT2 gene knockdown
and overexpression. The specific process was as
follows. 48 h after siRNA-vector and siRNA-CCT2
were transfected into HepG2 cells and vector, then
CCT2-OE plasmids were transfected into Huh-7
cells, RNA and total protein were extracted to detect
the CCT2 expression. RT-qPCR results suggested
that siCCT2#1 and siCCT2#2 could significantly
reduce the CCT2 gene expression in HepG2 cells
compared with the vector group (p<0.0001, fig.
3A) and siCCT2#1 showed a larger decreasing
amplitude. Western blot results further confirmed
that siCCT2 could significantly reduce the CCT2
protein expression in HepG2 cells (fig. 3B). The
CCT?2 expression in the Huh-7 CCT2-OE group was
significantly increased (p<0.001, fig. 3C) and the
establishment of the Huh-7 CCT2-OE group was
successful (fig. 3D).
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Fig. 3: The CCT2 expression in HepG2 and Huh-7 cells after transfection

CCT2 promotes the proliferation of HCC cells as
shown in fig. 4. We intended to clarify the effect of
CCT2 on the proliferation of HCC cells using the
constructed cell models of CCT2 gene knockdown and
overexpression. The CCK8 proliferation experiment
results showed that compared with the vector
group, the cell proliferation in the siCCT2 group
was significantly inhibited from the 2™ d (p<0.05,
fig. 4A). This inhibitory effect was more obvious
with culture time (p<0.0001). The proliferation of
Huh-7 cells with CCT2 gene overexpression was
significantly enhanced (p<0.0001, fig. 4B).

CCT2 promotes the migration and invasion of HCC
cells as shown in fig. 5. Next, we further explored
the effect of CCT2 on the invasion and migration of
HCC cells. The migration assay results showed that
the number of migrating cells in the siCCT2 group
was significantly reduced compared with the vector
group (t=11.26, p<0.001, fig. 5A) and CCT2 gene
knockdown inhibited cell migration. The invasion
assay results also indicated that compared with the
vector group, the number of invading cells in the
siCCT2 group was significantly reduced and the
invasion of cells was inhibited (t=7.856, p<0.01, fig.
5A). Huh-7 cells with CCT2 gene overexpression
had enhanced abilities to migrate (t=4.909, p<0.01,
fig. 5B) and invade (t=3.3, p<0.05, fig. 5B) than
those in the vector group.

Note: (A) The CCT2 gene mRNA level in HepG2 cells of different intervention groups; (B) The CCT2 protein expression in HepG2 cells of different
intervention groups; (C) The CCT2 gene mRNA level in Huh-7 cells of vector and CCT2-OE and (D) The CCT2 protein expression in Huh-7 cells of

vector and CCT2-OE, ***p<0.001, ****p<0.0001
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Fig. 4: The effect of CCT2 on the proliferation of HCC cells

Note: (A) The effect of CCT2 gene knockdown on the proliferation of HepG2 cells, (
) Vector and ( == ) CCT2-OE, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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Fig. 5: The effect of CCT2 on the migration and invasion of HCC cells (Amplification 200x)
Note: The effect of CCT2 on the migration and invasion of (A) HepG2 cells, **p<0.01, ***p<0.001 and (B) Huh-7 cells, *p<0.05, **p<0.01

CCT2 promotes the expression of HCC cell
proliferation-associated and EMT-related proteins as
shown in fig. 6. To further verify the effect of CCT2
on the proliferation and migration of HCC cells, the
expression of proliferation-associated proteins (Ki67
and PCNA), and EMT-related proteins (E-cadherin,
N-cadherin and Vimentin) in HCC cells with CCT2
gene knockdown and overexpression were detected.
Western blot results showed that compared with
the vector group, the expressions of proliferation-
associated proteins (Ki67 and PCNA) in the siCCT2
group were significantly decreased (fig. 6A). The
expression of EMT-related protein E-cadherin
increased in the siCCT2 group, while the expressions
of Vimentin and N-cadherin decreased (fig. 6B).
The expressions of proliferation-associated proteins
(Ki67 and PCNA) increased in Huh-7 cells with CCT2
gene overexpression (fig. 6C). The expression of
epithelial phenotypic protein E-cadherin decreased,
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while the expressions of interstitial phenotypic
proteins (N-cadherin and Vimentin) increased (fig.
6D).

CCT?2 gene knockdown inhibits the growth of HepG2
cells in vivo as shown in fig. 7. The effect of CCT2
on the growth of HepG2 cells in vivo was detected by
xenograft models in nude mice. Compared with the
vector group, CCT2 gene knockdown significantly
reduced the growth rate of tumor tissues (p<0.01).

HCC is one of the most common primary liver cancer
and is still the fourth leading cause of cancer-related
death worldwide!®. Although targeted therapy and
immunotherapy have improved the OS in advanced
patients, the prognosis for HCC patients remains
poor, with an overall 5 y survival rate of less than
12 %-15 %. Finding more specific targets is of great
significance for improving the survival prognosis of
HCC patients®.
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Fig. 6: The effect of CCT2 on the expression of proliferation-associated and EMT-related proteins
Note: (A) The expressions of Ki67 and PCNA proteins in HepG2 cells; (B) The expressions of EMT-related proteins in HepG2 cells; (C) The expres-
sions of Ki67 and PCNA proteins in Huh-7 cells and (D) The expressions of EMT-related proteins in Huh-7 cells detected by Western blot
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Fig. 7: The effect of CCT2 gene knockdown on the growth of tumor tissues in vivo
Note: (A) The volume of tumor tissues from subcutaneous tumors is shown and (B) Tumor growth curves in different groups are summarized in the

line chart, ( ) Vector and ( === ) siCCT2; **p<0.01

CCT is an ATP-dependent chaperonin with two back-
to-back symmetric ring structures. Each ring contains
eight homologous subunits (TCP-1, CCT2-CCTS).
Each subunit consists of an equatorial domain and
an apical domain coded by different genes, which
can bind ATP to substrates!'”. CCT complexes are
responsible for the proper folding of approximately
10 % of proteins in cells, including cytoskeletal
proteins and cell cycle regulators. In tumors, CCT
can affect the occurrence and development of tumors
by folding multiple oncogenes, proteins encoded by
oncosuppressor genes and various cellular regulatory

12
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factors!!!l, Currently, increasingly more studies
have shown that multiple components of CCT
are abnormally expressed in multiple tumors and
regulate proteins encoded by many cancer-related
genes. Klimczak et al. used the breast cancer cohort
analysis in the TCGA database and found that CCT1
and CCT2 were highly expressed in breast cancer
tumor tissues, which were associated with poor
prognosis of breast cancer patients!”). Liu et al. found
that CCT3 could act as the upstream trigger factor
of Yes-Associated Protein (YAP) and Transcription
Factor CP2 (TFCP2) to regulate their expression,
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thus affecting the malignant phenotype of HCCI'2!,
Additionally, Li et al. established that the CCT4
expression was related to the clinical prognosis of
HCC patients and the higher the CCT4 expression,
the shorter the OS of HCC patients!'3l. Recent studies
have proved that CCT2 can be used as a novel
polymeric autophagy receptor to selectively degrade
solid aggregates without wubiquitin dependence
and it is expected to be an important target for
neurodegenerative diseases!'*'*!. However, until now,
there have been few studies on the role of CCT2
in tumors and most of them stay in bioinformatics
analysis based on big data and lack experimental
confirmation. Its mechanism in the occurrence and
development of HCC has also not been reported in
the literature.

Therefore, we analyzed the CCT2 gene expression
in 371 HCC samples and 50 tumor-adjacent tissue
samples using the UALCAN database. The CCT2
expression in HCC tissues was significantly higher
than that in tumor-adjacent normal tissues and the
prognosis of HCC patients with high CCT2 expression
was worse and their survival time was significantly
shortened compared with those with low CCT2
expression. To further verify this result, 89 HCC and
tumor-adjacent tissues were collected and the CCT2
protein expression was detected by IHC assay. The
results showed that CCT2 was highly expressed
in more than 75 % of HCC patients and the CCT2
expression in HCC tissues was significantly higher
than that in tumor-adjacent tissues. Univariate and
multivariate Cox regression analyses suggested that
CCT2 was an independent poor prognostic factor for
HCC patients. Subsequently, we detected the CCT2
expressions in normal hepatocytes HL-7702 and
three common HCC cell lines (MHCC-97L, Huh-7
and HepG2). The CCT2 expression in HCC cells was
higher than that in normal hepatocytes. These results
suggest that the CCT2 expression is upregulated in
both HCC tissues and cells.

To further explore CCT2’s biological function, we
successfully constructed HepG2 cell models with
CCT2 gene knockdown and Huh-7 cell models with
CCT2 gene overexpression using siRNA technology.
RT-gPCR and Western blot were used to verify
that the knockdown efficiency was 81.2 % and
the overexpression efficiency was 80.9 %, which
met the requirements of subsequent experiments.
Afterwards, we used CCK-8 cell proliferation assay,
transwell migration and invasion assay to explore
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the effect of CCT2 on the proliferation, migration
and invasion of HCC cells. The experimental
results showed that the proliferation of HepG2
cells with CCT2 gene knockdown was significantly
slowed down and the migration and invasion were
significantly reduced, while the proliferation,
migration and invasion of Huh-7 cells with CCT2
gene overexpression were significantly enhanced.
To further verify our experimental results, we then
detected the expressions of proliferation-associated
proteins (Ki67 and PCNA) and EMT-related proteins
(E-cadherin, N-cadherin and Vimentin) in HepG2
cells and Huh-7 cells, verifying the effect of CCT2
gene on the proliferation and migration of HCC cells
atthe molecular level. Next, we further confirmed that
CCT2 gene knockdown could significantly inhibit
the growth rate of tumor tissues by constructing a
subcutaneous xenograft model in nude mice. These
results suggest that CCT2, as an oncogenic gene, can
promote the growth, migration and invasion of HCC
cells. At present, we have preliminarily observed
that CCT2 can significantly affect the progression of
HCC cells. In the follow-up study, we will combine
transcriptome sequencing, protein spectroscopy
and other omics techniques to clarify the molecular
regulatory mechanism of CCT2 affecting the
proliferation and migration of HCC.

In summary, this study preliminarily confirmed that
the CCT2 expression is significantly elevated in HCC
tissues and is a prognostic-related gene, and targeting
CCT2 can significantly reduce the proliferation,
migration and invasion of HCC cells. In the follow-
up study, we will clarify the molecular mechanism of
CCT2 expression regulation and the role of CCT2 in
the tumor microenvironment.
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