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Background: Chaperonin containing T'CP1 subunits (CCTs) are important components in the folding
of newly synthesized proteins and are involved in cell growth, proliferation, and apoptosis in eukaryotes.
Accumulating evidence indicates that dysregulation of CCTs is involved in tumorigenesis. However, the
roles of distinct CCT5 in the occurrence and development of hepatocellular carcinoma (HCC) are largely
unknown. To address this issue, the mRNA expression and the prognostic value of different CCTs in HCC
patients were analyzed.

Methods: The mRNA expression levels of CCTs in tumors and the relationship between clinical
parameters and CCTs in patients with HCC were analyzed by using ONCOMINE and Gene Expression
Profiling Interactive Analysis (GEPIA) databases. The prognostic values of CCTs in HCC patients were
determined by using the Kaplan-Meier plotter. The genetic alteration, coexpression, and interaction of
CCTs and their frequently altered neighboring genes in HCC patients were analyzed by c-BioPortal. Gene
functional enrichment and signaling pathways affected by CCTs in patients with HCC were investigated by
using R software.

Results: The mRNA expression levels of CCTs were significantly upregulated in HCC tissues. Upregulated
expression of CCTs was found to be significantly associated with alpha-fetoprotein (AFP), pathological grade,
and macro- and microvascular invasion, but there was no correlation with the Child-Pugh classification.
Moreover, survival analysis showed that the upregulated expression of CCTs correlated with shorter overall
survival (OS) and disease-free survival (DFS) in patients with HCC. The observed genetic alteration rate of
CCTs was as high as 51.39% in HCC and was associated with a poorer prognosis in HCC patients. Pathway
analysis confirmed that the expression levels of PI3K/AKT pathway genes were affected by CCT genetic
alterations.

Conclusions: Our results suggest that CCTs could be promising prognostic biomarkers and potential
therapeutic targets for HCC patients. However, further studies are required to validate our findings and
promote the clinical utility of CCTs in HCC patients.
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Introduction

Liver cancer, predominantly hepatocellular carcinoma
(HCC), mainly arises in the context of chronic liver disease
and is the sixth most common cancer and the fourth leading
cause of cancer-related death worldwide (1). Even after
hepatectomy, the 5-year recurrence rate of HCC patients
is as high as 70% (2). Epigenetic modifications and the
accumulation of somatic genomic alterations in passenger
and driver genes make HCC highly refractory to therapeutic
intervention (2). In addition, the lack of diagnostic and
prognostic risk biomarkers hinders the identification of
high-risk populations that could be used to design clinical
trials. The current treatment options for advanced-
stage HCC yield only marginal survival benefits and are
not cost-effective (3). Thus, the identification of reliable
early diagnostic and precise prognostic biomarkers and
the development of novel molecular targeted therapeutic
strategies for HCC patients are urgently needed.
Chaperonin containing TCP1 (CCT), also known as
the #-complex polypeptide 1 ring complex (TRiC), is a
group II chaperonin that assists in protein folding in the
eukaryotic cytosol (4). It forms a barrel-like structure in
which two back-to-back subunit rings surround the central
cavity. Each ring consists of eight distinct protein subunits,
named CCT1 (TCP1), CCT2, CCT3, CCT4, CCTS,
CCT6A, CCT7, and CCTS8 (5). CCT was first indicated as
a molecular chaperone complex that assists in the folding
of the tubulin and cytoskeletal proteins actin (6). It was
reported that chaperonin containing TCP1 subunits (CCTs)
were markedly upregulated from the G1/S phase transition
to the early S phase cell cycle (7). Knockdown of CCTs by
siRNA or microinjection of inhibitory monoclonal antibody
of CCTs could lead to growth arrest and changes in cell
morphology and motility (8). Emerging evidence implicates
CCTs in tumorigenesis. Interestingly, several proteins
associated with tumorigenesis have been identified as CCT
components, and include signal transducer and activator
transcription 3 (STAT3), P53, cyclin B and E, and von
Hippel-Lindau (VHL) tumor suppressor protein (9).
Previous studies have found that some members of
the CCT family are aberrantly expressed and associated
with HCC tumorigenesis (10). For instance, CCT3 was
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upregulated in HCC tissues, and high expression of CCT3
was correlated with poor prognosis in HCC patients. CCT3
depletion suppressed cell proliferation by inducing mitotic
arrest, apoptosis, and sensitized HCC cells to vincristine (11).
Similarly, upregulated expression of CCT8 was detected in
HCC samples compared with adjacent normal liver tissues.
The expression of CCT8 was correlated with histologic
grade and tumor size, and the high expression of CCT38
was associated with a poor prognosis in patients with HCC.
Knockdown of CCT8 inhibited the proliferation and blocked
the S-phase entry of HCC cells (12).

Based on these previous studies, CCTs have attracted
increasing attention as potential prognostic biomarkers and
molecular therapeutic targets for HCC patients. However,
the role of distinct CCTs in HCC remains largely unknown.
To explore the potential value of distinct CCTs in HCC
patients, we conducted a comprehensive analysis to investigate
the expression levels, genetic alterations, prognostic value,
functional enrichments, and molecular mechanisms of CCTs
in HCC by using various large databases.

Methods
ONCOMINE analysis

The ONCOMINE database (www.oncomine.org) contains
gene expression data and clinical date of various cancer
types. Student’s #-test was used to assess the differential
expression levels of CCTs between HCC tissues and normal
liver tissues. The cutoff points for statistical significance
were a P value of 1E-4 and a fold change of at least 1.5.

The Cancer Genome Atlas (TCGA) database

TCGA (https://www.cancer.gov/) is a landmark cancer
genomics program that molecularly characterized over
20,000 primary cancer and matched normal samples
spanning 33 cancer types. In the present study, data
from 371 HCC patients with CCT mRNA expression
information were download. Clinical parameters, including
age, gender, AFP, Child-Pugh classification, fibrosis score,
pathological grade, and vascular invasion, are summarized

in Table S1.

Transl Cancer Res 2020;9(3):1867-1883 | http://dx.doi.org/10.21037/tcr.2020.02.20


http://www.oncomine.org
https://www.cancer.gov/)

Translational Cancer Research, Vol 9, No 3 March 2020

GEPIA dataset analysis

Gene Expression Profiling Interactive Analysis (GEPIA)
(http://gepia.cancer-pku.cn) is a new tool for analyzing
the RNA sequencing expression data from the TCGA
and GTEx databases. GEPIA can be used for differential
expression analysis, similar gene detection and correlation
analysis, and survival analysis (13). The transcript levels
of CCTs in 369 HCC tissues and 160 normal liver tissues
were visualized through GEPIA. CCTs with high [log2FCI
values and low q values (more than 1 or less than 0.01,
respectively) were considered differentially expressed genes.

The Kaplan-Meier plotter analysis
The Kaplan-Meier plotter (http://kmplot.com/analysis/) is

capable of assessing the effect of 54,000 genes on survival in
21 cancer types. The system includes gene chip and RNA
sequencing data sources for the databases including GEO,
EGA, and TCGA (14). In this study, the prognostic value of
mRNA expression of CCTs in HCC patients was assessed
by a Kaplan-Meier survival plot, with the hazard ratios (HRs)
with 95% confidence intervals (Cls); a log-rank p-value<0.05
was considered a statistically significant difference.

cBioPortal analysis

The cBioPortal (http://www.cbioportal.org/) is a convenient
tool that allows for visualization, analysis, and download
large-scale cancer genomics data sets. In our study, the
TCGA provisional dataset with mRNA data from 360 HCC
patients was selected for analysis. In addition, coexpression
and network analyses of CC'Ts were calculated and visualized.

Functional envichment and pathway analysis

The Gene Ontology (GO) enrichment and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways
were analyzed using R software (with “GO.db,” “DOSE,”
“AnnotationHub,” “cluster profiler,” “ReactomePA”
and “org.Hs.eg.db” packages). A P value <0.01 indicated
statistical significance. The top 10 pathways were visualized.

Results
Transcriptional levels of CCTs in patients with HCC

Eight CCT subunits have been identified in mammalian
cells. We compared the transcriptional levels of CCTs in
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tumor tissues with those in normal liver tissues by using the
ONCOMINE database (Figure 1). The results showed that
the mRNA expression of CCT1-CCT8 was upregulated
in various types of cancers. We further found that CCT1-
CCT8 was upregulated in HCC patients in four datasets.
In the Roessler liver 2 dataset (15), CCT1 was upregulated
in HCC tissues compared with normal liver tissues
(P=6.59E-42; fold change =1.802) (Table 1). CCT?2 was
overexpressed in HCC samples compared with normal liver
tissues in the Roessler liver dataset (15) (P=4.23E-06; fold
change =1.831) and the Roessler liver 2 dataset (P=1.33E-53;
fold change =2.084) (1able 1). CCT3 was upregulated in
HCC tissues in three datasets, including the Roessler liver
2 dataset (P=4.88E-107; fold change =2.978), the Roessler
liver dataset (P=7.13E-15; fold change =2.968) and the
Wurmbach liver dataset (16) (P=4.60E-08; fold change
=2.944) (Table 1). In the Roessler liver 2 dataset, CCT4 was
also overexpressed in HCC tissues compared to normal
liver tissues (P=5.48E-61; fold change =1.95) (Tuble I).
CCTS5 was found to be more highly expressed in HCC
tissues than in normal liver tissues in the Roessler liver 2
dataset (P=2.57E-72; fold change =2.173), the Roessler
liver dataset (P=3.72E-09; fold change =2.034) and the
Chen liver dataset (17) (P=1.70E-09; fold change =1.548)
(Tuble 1). CCTG6A was also upregulated in HCC tissues
compared to normal liver tissues in the Roessler liver 2
dataset (P=2.32E-85; fold change =2.897), the Roessler
liver dataset (P=2.17E-11; fold change =2.696), and the
Wurmbach liver dataset (P=3.08E-05; fold change =2.122)
(Table 1). In the Roessler liver 2 dataset, CCT7 was found
to be upregulated in HCC tissues compared to normal
liver tissues (P=9.00E-41; fold change =1.63) (7able 1). In
addition, CCT8 was found to be more highly expressed in
HCC tissues than in the normal liver tissues in the Roessler
liver dataset (P=1.05E-08; fold change =1.686) and the
Roessler liver 2 dataset (P=2.25E-48; fold change =1.619)
(Table 1). These results showed that CCTs were upregulated
in HCC tissues compared with normal liver tissues.

Relationship between the mRNA expression levels of CCTs
and clinicopathological parameters in patients with HCC

We compared the mRNA expression levels of CCTs
between HCC and normal liver tissues by using the GEPIA
online analysis tool. The results indicated that the mRINA
expression levels of CCT3, CCT4, CCTS5, CCT6A, and
CCT7 were significantly upregulated, but no significant
differences were found in the mRNA expression of
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Figure 1 mRNA expression levels of chaperonin containing TCP1 subunits (CCT5) in different types of cancers (ONCOMINE). mRNA
expression levels of CCTs in tumor tissue compared to normal tissues were analyzed using the ONCOMINE database. The graph shows

the number of datasets with statistically significant upregulated mRNA expression (red) or downregulated mRNA expression (blue) of CCTs

in various types of cancer. The color was determined by the best gene rank percentile for analysis within the cells. The cutoff points for

statistical significance were a P value of 1E-4 and fold change of 1.5

CCT1, CCT2, and CCT8 in HCC tissues compared with
normal liver tissues (Figure 2). We further analyzed the
relationship between the mRNA expression levels of CCTs
and alpha-fetoprotein (AFP), Child-Pugh classification,
pathological grade, and vascular invasion of patients with
HCC (Figures 3-6). The results showed that a higher
AFP serum level (the cutoff point was 400 ng/mL) tended
to correlate with a higher expression of CCT1-CCT8
(Figure 3). No relationship was found between the Child-
Pugh classification and the mRNA expression levels of
CCT1-CCTS8 (Figure 4). In terms of the pathological grade,
the results showed that a higher CCT1-CCTS8 expression
tended to correlate with a poorer pathological grade when
comparing the expression levels between grade I or grade 11
and grade III. No relationship was found between grades 11
and IV, possibly due to the small sample size of the grade IV
data (Figure 5). In addition, CCT2, CCT3, CCT4, CCTS5,
CCT6, and CCT7 were upregulated in HCC patients

with microvascular invasion compared to patients with
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nonvascular invasion. Only CCT1, CCTS5, and CCT6A were
found to be upregulated in HCC patients with macrovascular
invasion compared to patients with nonvascular invasion,
which might also be due to the small sample of HCC
patients with macrovascular invasion. No relationships were
found involving CCT expression levels between macro- and
microvascular invasion in patients with HCC (Figure 6).
These results indicated that the mRNA expression levels of
CCTs correlated with the prognosis of HCC.

The prognostic value of CCTs in patients with HCC

Kaplan-Meier analysis was performed to determine the
potential prognostic value of CCTs in HCC patients. As
shown in Figure 7, higher mRNA expression of CCT1
(HR =2.12, 95% CI: 1.46-3.07, and P=5.3E-05), CCT2
(HR =2.82, 95% CI: 1.96-4.06, and P=5.2E-09), CCT3
(HR =2.45, 95% CI: 1.7-3.53, and P=6.8E-07), CCT4
(HR =2.96, 95% CI: 2.06-4.26, and P=7.5E-10), CCT5
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Table 1 Differences in transcription levels of chaperonin containing T'CP1 subunits in hepatocellular carcinoma tissues and normal liver tissues

(ONCOMINE database)
Types of HCC vs. liver P value t-test Fold change Ref.
CCT1
HCC vs. normal 6.59E-42 15.114 1.802 Roessler Liver 2 (15)
CCT2
HCC vs. normal 1.33E-53 17.690 2.084 Roessler Liver 2 (15)
HCC vs. normal 4.23E-06 5.240 1.831 Roessler Liver (15)
CCT3
HCC vs. normal 4.88E-107 31.224 2.978 Roessler Liver 2 (15)
HCC vs. normal 7.13E-15 11.906 2.968 Roessler Liver (15)
HCC vs. normal 4.60E-08 7.831 2.944 Wurmbach Liver (16)
CCT4
HCC vs. normal 5.48E-61 19.313 1.950 Roessler Liver 2 (15)
HCC vs. normal 1.41E-10 6.726 1.516 Chen Liver (17)
CCT5
HCC vs. normal 2.57E-72 22.528 2173 Roessler Liver 2 (15)
HCC vs. normal 3.72E-09 7.353 2.034 Roessler Liver (15)
HCC vs. normal 1.70E-09 6.228 1.548 Chen Liver (17)
CCT6A
HCC vs. normal 2.32E-85 24.642 2.897 Roessler Liver 2 (15)
HCC vs. normal 2.17E-11 8.994 2.696 Roessler Liver (15)
HCC vs. normal 3.08E-05 5.203 2.122 Wurmbach Liver (16)
CCT7
HCC vs. normal 9.00E-41 14.791 1.630 Roessler Liver 2 (15)
CCT8
HCC vs. normal 1.05E-08 7.071 1.686 Roessler Liver (15)
HCC vs. normal 2.25E-48 16.512 1.619 Roessler Liver 2 (15)

Note: P<0.05 is considered statistical significant. HCC, hepatocellular carcinoma; CCT, chaperonin containing TCP1 subunit.

(HR =2.61, 95% CI: 1.8-3.79, and P=1.6E-07), CCT6A
(HR =2.73, 95% CI: 1.88-3.95, and P=3.6E-08), CCT7
(HR =2.32, 95% CI: 1.62-3.32, and P=2E-06), and CCT8
(HR =2.06, 95% CI: 1.43-2.96, and P=6.7E-05) were
significantly associated with shorter overall survival (OS)
of HCC patients. We further explored the relationship
between the combined mRNA expression of all eight CCT
subunits (CCTs) and the prognosis of HCC patients. The
results showed that the higher combined mRNA expression
of the eight CCT subunits (HR =2.85, 95% CI: 1.99-4.09,
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and P=2.2E-09) was also associated with a shorter OS in
patients with HCC. In addition, we further determined
the relationship between the mRINA expression of distinct
CCTs and the disease-free survival (DES) of patients with
HCC. As shown in Figure 8, a higher mRNA expression
of CCT1 (HR =1.76, 95% CI: 1.26-2.46, and P=0.00076),
CCT2 (HR =1.81, 95% CI: 1.26-2.59, and P=0.0011),
CCT3 (HR =1.56, 95% CI: 1.09-2.24, and P=0.015), CCT4
(HR =1.71, 95% CI: 1.18-2.47, and P=0.0038), CCT5 (HR
=1.9, 95% CI: 1.28-2.84, and P=0.0013), CCT6A (HR
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Figure 2 mRNA expression levels of chaperonin containing TCP1 subunits (CCT5) in hepatocellular carcinoma (HCC) tissues compared with
normal liver tissues. The transcript levels of CCTs in 369 HCC tissues and 160 normal liver tissues (derived from the TCGA and GTEx databases)
were visualized through GEPIA. *, P<0.05 was considered statistically significant. LIHC, liver hepatocellular carcinoma; T, tumor; N, normal.

=1.82,95% CI: 1.27-2.62, and P=0.001), CCT7 (HR =1.72,
95% CI: 1.23-2.39, and P=0.0012), CCT8 (HR =1.56, 95%
CI: 1.12-2.16, and P=0.0081) and combined CCTs (HR
=1.9, 95% CI: 1.33-2.73, and P=0.00038) were significantly
associated with DFS of HCC patients. These results
indicated that the mRNA expression of all eight CCTs
(CCT1-CCT8) was significantly correlated with the HCC
patient prognosis. They may serve as potential biomarkers
for the prognosis of HCC patients.

Genetic alteration of CCTs and their correlation with the
prognosis of HCC patients

"To further explore the prognostic value of CCTs, we analyzed
genetic alterations in CCTs and their association with OS and
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DFS in HCC patients. The results showed that the genes were
altered in 51.39% of 360 HCC patients (Figure 94), including
2.78% (10 patients), amplification 7.78% (28 patients),
deep deletion 0.83% (3 patients), mRNA high 25.56% (92
patients), mRNA low 4.17% (15 patients) and multiple
alterations 10.28% (37 patients) (Figure 9B). CCT3 (28%),
CCT5 (18%), and CCT'1 (12%) were ranked as the three
genes with the most genetic alterations. Furthermore, we
investigated the prognostic value of query CCTs in HCC
patients with or without alterations by Kaplan-Meier
analysis. The results showed that a genetic alteration in the
query CCTs was associated with shorter OS (P=5.873E-4,
Figure 9C) and DFS (P=0.0245, Figure 9D) of HCC patients.
These results indicated that CCT alteration frequency was
associated with poorer prognosis in patients with HCC.
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A P value <0.05 was considered statistically significant.
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Figure 6 Relationship between chaperonin containing T'CP1 expression and vascular invasion in hepatocellular carcinoma patients. A P

value <0.05 was considered statistically significant.

Coexpression and interaction analyses of CCTs and their
frequently altered neighboring genes in HCC patients

We analyzed the correlations of CCTs with each other
by using the cBioPortal online tool. The results showed
that CCT1 was significantly and negatively correlated
with CCT3 and CCT7. CCT?2 was significantly and
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positively correlated with CCT4, CCT5, CCT6, CCT7,
and CCT8 but negatively correlated with CCT3. CCT3

was significantly and negatively correlated with CCT1,

CCT2, and CCT8. CCT4 was significantly and positively
correlated with CCT2 and CCT8. CCT5 was significantly
and positively correlated with CCT2 and CCT6A. CCT6A
was significantly and positively correlated with CCT2
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with poor disease-free survival of HCC patients. A P value <0.05 was considered a statistically significant difference.

and CCT5. CCTY7 significantly and positively correlated
with CCT#4 but negatively correlated with CCT1. CCT8
was significantly and positively correlated with CCT?2 but
negatively correlated with CCT3 (Figure 104). Moreover,
we further constructed an interaction network for CCTs
and their 69 most related neighboring genes (Figure 10B).
The results showed that the PI3K/AKT signaling pathway-
related genes, including CCNE2, CCNE1, GNB2, GNBI,
TP53, GNBS, GNB4, and GNB3, were significantly related
to CCT alterations, suggesting that CCTs might serve as
therapeutic targets for patients with HCC.

Functional envichment and signaling patbways affected by
CCTs in patients with HCC

GO analysis predicts three functions, including biological
processes (BPs), cellular components (CPs), and molecular
functions (MFs) of CCTs and their 69 neighboring genes.
The top 10 of those three main functions are shown

© Translational Cancer Research. All rights reserved.

in Figure 114,B,C. CCTs and their neighboring genes
were enriched in CPs of the cytoplasm, cytosol, nucleus,
microtubule, and extracellular exosomes, assisting in
protein folding, microtubule-based processes, cytoskeleton
organization, positive regulation of telomere maintenance
via telomerase, and protein stabilization. The molecular
functions for these genes were mainly protein binding,
GTPase activity, ATP binding, structural constituent of
the cytoskeleton, GTP binding, and signal transducer
activity. Moreover, the top 10 KEGG pathways for CCTs
and their neighboring 69 genes are shown in Figure 11D.
Among these pathways, the pathways in cancer, PI3K/
AKT signaling pathway, chemokine signaling pathway, gap
junction, phagosome, and alcoholism terms were involved
in the development, progression, and metastasis of HCC.

Discussion

CCT5 are key molecular complexes that assist in the folding
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Figure 10 Gene interaction network between chaperonin containing TCP1 subunits (CCTs) and their 69 most frequently altered

neighboring genes in hepatocellular carcinoma patients. (A) Pearson correlation of distinct CCTs; (B) gene-gene interaction network among

CCTs and their frequently altered neighboring genes.

of proteins to produce energy stability and functionally
competent protein conformations, which play an essential
role in cell growth and survival. Many of the key regulators
of cell growth and differentiation have been identified
as clients of CCTs, suggesting that CCTs are potential
mediators of oncogenesis (18). P53 regulates cell cycle arrest
and apoptosis and hence functions as a tumor suppressor. A
previous report showed that the folding of wild-type P53 is
promoted by the interaction with CCTs. Genetic alterations
of CCTs result in the accumulation of misfolded P53,
leading to a reduction in P53-dependent gene expression and
acquiring an ability to promote invasion and metastasis (19).
The functions of CCTs in the tumorigenesis and prognosis
of various tumors have been partially explored. However,
the patterns of expression and precise roles of different
CCTs in HCC are largely unknown. In this study, we
attempted to systematically investigate the expression
patterns, genetic alterations, prognostic values, functional
enrichment, and molecular mechanisms of CCTs in HCC.
CCT1 was upregulated in breast cancer tissues and
correlated with the survival of patients with breast cancer.
An in vitro study further identified that CCT1 was regulated
by driver oncogene activation of phosphatidylinositide

© Translational Cancer Research. All rights reserved.

3-kinase (PI3K) signaling and necessary for the growth
and survival of breast cancer cells (20). In our study, the
ONCOMINE and GEPIA datasets revealed that the
expression of CCT1 was upregulated in HCC tissues
compared with normal liver tissues. Moreover, CCT1
mRNA expression was correlated with AFP, pathological
grade, and macro- and microvascular invasion but was not
related to the Child-Pugh classification. Kaplan-Meier
analysis indicated that higher mRNA expression of CCT1
was significantly associated with shorter OS and DFS of
patients with HCC. These results suggest that CCT1 acts
as an oncogene.

CCT?2 functions as part of the multimeric CCT complex
to produce proteins required for cell growth and division.
CCT?2 was shown to have upregulated expression in invasive
ductal carcinomas compared to cancer adjacent tissues,
and this trend increased with breast cancer stage. Higher
expression or genetic alternation of CCT?2 was correlated
with a poorer prognosis in breast cancer (21). Moreover,
similar results showed that CCT2 was overexpressed in
colorectal cancer (22) and gallbladder carcinoma (23),
and high levels of CCT?2 were related to a poorer clinical
outcome in those patients. Another study was performed to

Transl Cancer Res 2020;9(3):1867-1883 | http://dx.doi.org/10.21037/tcr.2020.02.20



Translational Cancer Research, Vol 9, No 3 March 2020

A GO_BP
Protein fold @
Microtubule-based pro @
Cytoskeleton organiza o _IOQ:‘;‘)O(P valu~
Positive regulation of telomere s 25
maintenance via telomerase 20
15
Protein stabilization o 10
Positive regulation of protein .
localization to cajal body Gene counts
Positive regulation of establishment . ® 10
of protein localization to telomere o 15
Positive regulation of telomerase 3 ® 20
RNA localization to Cajal body ® 25
Toxin transport .
SCF-dependent proteasomal u biquitin J
-dependent protein catabolic process
0 10 20 30 40
C GO_MF Gene ratio
Protein binding &
GTPase activity ®
ATP binding L] -log,, (P value)
Structural constituent ° 0
of cytoskeleton 15
GTP binding ° 10
5
unfolding protein binding )
Gene cotints
Signal transducer activity L] ® 20
@ 40
Protein complex bindings . ® 60
Ubiquitin-protein 2
transferase activity
Protein binding involved ,
in protein folding

0 25 50 75
Gene ratio

1879
B GO_CC
Cytoplasm @
Cytosol ®
~logy, (P value)
Nucleus @® Gro )
Microtubule @ 20
10
Extracellular exosome ®
Myelin sheath L] Gene counts
e 10
Cell body ° ® 20
Chaperonin-containing @® 30
T-complex ° ® 40
Centrosome .
Zona pellucida receptor i
complex
0 20 40 60
D KEGG Gene ratio
Pathogenic escherichia o
coli infection
Phagosome &
Gap junction @ ~log;, (P value)
Pathways in cancer [ ] 20
15
PI3K-Akt pathway ° 10
5
Alcoholism 3 Gene counts
Chemokine signaling & * 50
pathway ®75
® 10.
GABAergic synapse . ® 12 g
@® 150
Morphine addiction ®
Circadian entrainment .
0 10 20
Gene ratio

Figure 11 Predicted functions and pathways of chaperonin containing T'CP1 subunits (CCTs) and their 69 most frequently altered

neighboring genes in hepatocellular carcinoma patients. GO enrichment analysis predicted the function of CCTs based on three aspects,

including biological processes (A), cellular components (B), and molecular functions (C). KEGG pathway analysis of CCTs and their

frequently altered neighboring genes (D). GO, Gene Ontology; BP, biological processes; CC, cellular component; ME, molecular function;

KEGG, Kyoto Encyclo pedia of Genes and Genomes.

indicate that the disruption of the CCT2/B-tubulin complex
could selectively kill the CCT2-overexpressing cancer cells
through MAPK activation (9). In this study, CCT2 was
found to be more highly expressed in HCC tissues than in
normal liver tissues. In addition, CCT2 mRNA expression
was correlated with AFP, pathological grade, and macro-
and microvascular invasion but was not related to the Child-
Pugh classification. Kaplan-Meier analysis showed that
high CCT2 expression was significantly associated with the
shorter OS and DFS of patients with HCC. These results
suggest that CCT2 is a potential target for therapeutic
intervention and serves as a prognostic biomarker.

© Translational Cancer Research. All rights reserved.

CCT3 is one of the subunits of the CCT complex, which
plays a critical role in maintaining cellular proteostasis. A
previous study indicated that the expression levels of CCT3
mRNA and protein were upregulated in HCC cells and that
high levels of CCT3 were correlated with a poor prognosis
in HCC patients. Knockdown of CCT3 suppressed
proliferation, invasion, and induced apoptosis in HCC
cell lines (24). Another report demonstrated that CCT3
is was required for cell proliferation and spindle integrity
during mitosis. CCT3 depletion sensitized HCC cells
to the microtubule destabilizing drug vincristine (11). In
agreement with previous studies, our observations indicated
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that CCT3 was overexpressed in HCC tissues compared
with normal liver tissues. Moreover, CCT3 expression was
associated with AFP, pathological grade, and macro- and
microvascular invasion. Survival analysis showed that higher
CCT3 expression was significantly associated with a poorer
prognosis in patients with HCC. Combined with these
previous results, CCT3 may serve as a prognostic biomarker
and potential therapeutic target.

Wound healing assays indicated that the CCT4 monomer
expression level influences directional cell migration and
is associated with the assembled cytoskeleton (25). In our
study, the expression of CCT4 was upregulated in HCC
samples compared to normal liver tissues and correlated
with AFP, pathological grade, and macro- and microvascular
invasion. Survival analysis showed that increased CCT4
expression was significantly correlated with shorter OS
and DFS in patients with HCC. These results suggest that
CCT#4 is a potential prognostic biomarker.

CCTS5 was significantly overexpressed in primary
colorectal cancer and correlated with Dukes’ stage and
colorectal cancer progression (22). Furthermore, CCT5
was significantly upregulated in p53-mutated breast tumor
samples compared to p53-wild-type breast tumor samples.
Upregulated expression of CCTS was associated with a
low response rate to docetaxel, and CCT5 knockdown
resulted in a significant enhancement of docetaxel-induced
apoptosis in MCF-7 breast cancer cells (26). In this study,
the expression of CCTS5 was upregulated in HCC tissues
compared with normal liver tissues and correlated with AFP,
pathological grade, and macro- and microvascular invasion.
Survival analysis showed that increased CCT5 expression
was significantly correlated with a poorer prognosis in
patients with HCC. These results suggest that CCT5 may
act as a prognostic biomarker and potential therapeutic
target.

CCT6A encodes a molecular chaperone of the CCT
complex that mediates protein folding in the eukaryotic
cytosol. Differential expression analysis showed that
CCTO6A was significantly upregulated in almost all lung
tumor tissues. Analyses based on genes and pathways
revealed that CCT6A might contribute to the survival of
patients with non-small-cell lung carcinoma (NSCLC) (27).
Another study identified that CCT6A was a specific blocker
of SMAD?2, and in vive studies showed that silencing CCT6A
resulted in the efficient suppression of TGF-B-mediated
metastasis in NSCLC cells and prolonged the survival

© Translational Cancer Research. All rights reserved.

Fu et al. The role of CCTs in HCC

of tumor-bearing mice (28). In this study, the expression
of CCTG6A was upregulated in HCC tissues compared
to normal liver tissues and was correlated with AFP,
pathological grade, and macro- and microvascular invasion
but was not related to Child-Pugh classification. Survival
analysis indicated that increased expression of CCT6A was
significantly correlated with shorter OS and DFS of patients
with HCC. These results suggest a new potential strategy
for specifically targeting tumor-promoting signaling in
cancer.

siRNA-mediated depletion of CCT7 inhibited the
accumulation of a-SMA protein in Dupuytren’s contracture
(DC) cells and significantly decreased the contractility
of treated DC cells (29). In this study, the expression of
CCT7 was upregulated in HCC tissues compared with the
expression in normal liver tissues and correlated with AFP,
pathological grade, and macro- and microvascular invasion
but not with the Child-Pugh classification. Survival analysis
found that increased CCT7 expression was significantly
correlated with shorter OS and DFS of HCC patients.
These findings suggest that CCT7 may serve as a potential
prognostic biomarker of HCC patients.

CCTS8 plays an essential role in the proliferation,
migration, and invasion of several types of cancer. In
colorectal cancer, glioma (30), esophageal squamous cell
carcinoma (ESCC) (31), and HCC (12), the expression of
CCTS8 is upregulated in tumor tissues compared to normal
tissues, and the high expression of CCTS8 is significantly
associated with poor prognosis. Further studies showed that
CCT8-siRNA significantly decreased the proliferation and
invasion capacity of glioma cells (30). In addition, CCT8
promoted ESCC cell migration and invasion by regulating
alpha-actin and beta-tubulin expression, and overexpression
of CCTS8 is correlated with poor prognosis and cisplatin
resistance in ESCC patients (31). Interestingly, knockdown
of CCTS8 blocked S-phase entry and suppressed cell
proliferation in HCC cells (12). Consistent with previous
results, our study showed that CCT8 was upregulated
in HCC compared to that in normal liver tissues and
correlated with AFP, pathological grade, and macro- and
microvascular invasion but was not related to the Child-
Pugh classification. The survival analysis showed that
increased CCT8 expression was significantly correlated with
shorter OS and DFS of patients with HCC. These findings
suggest that CCT8 might be an oncogene and potential
therapeutic strategy for the treatment of HCC.
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To further explore the prognostic value of CCTs,
we analyzed the genetic alterations in CCTs and their
correlations with OS and DFS in HCC patients. The results
showed that genetic alterations occurred in 51.39% of HCC
patients. Interestingly, patients with genetic alterations in
query CCTs had a poorer prognosis than those without
genetic alterations. We constructed a functional enrichment
and interaction network for eight CCTs and their 69
neighboring genes. The results indicated that the molecular
functions of these genes were protein binding, GTPase
activity, ATP binding, structural constituents of the
cytoskeleton, GTP binding, and signal transducer activity.
Furthermore, the pathways in cancer, PI3K/AKT signaling
pathway, chemokine signaling pathway, gap junction,
phagosome, and alcoholism terms were concerned with
tumorigenesis, development, and metastasis of HCC, which
offers clues into the rational development of multitargeted
and CCT-mediated targeted therapies for HCC patients.

Conclusions

In summary, our results indicated that the mRINA expression
levels of CCTs were significantly upregulated and obviously
and positively associated with the AFP, pathologic grade,
and macro- and microvascular invasion in HCC patients.
Furthermore, aberrant expression and genetic alterations
of CCTs were correlated with the prognosis of HCC
patients. Our findings suggest that CCTs may serve as
potential prognostic biomarkers and therapeutic targets in
HCC patients. These results may be beneficial for a better
understanding of the molecular mechanism of HCC and
may be useful to develop tools for accurate HCC prognosis
and for promoting the development of CCT-mediated
drugs for HCC treatment. However, the development of
new methodologies and further research are warranted to
increase our understanding of the role of CCTs in HCC
development and progression, which could be exploited to
develop therapeutic strategies for patients with HCC.
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Supplementary

Table S1 The clinicopathological parameters in 371 HCC patients
from the TCGA database

Clinical characteristic Number of patients %

Age (years)

<60 169 45.55

>60 201 54.18
Gender

Female 121 32.61

Male 250 67.39
Child-Pugh

A 217 58.49

B/C 22 5.93

Fibrosis score

0-4 133 35.85

5-6 79 21.29
Grade

Well differentiated 55 14.82

Moderately differentiated 177 47.71

Poorly differentiated 122 32.88

Undifferentiated 12 3.23

Vascular cell type

None 206 55.53

Macro 16 4.31

Micro 93 25.07
AFP (ng/mL)

<400 213 53.41

>400 65 17.52
Total 371 100

HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein.



