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Abstract: TCP1 ring complex (TRiC) participates in protein folding in cells, regulating the expression of many tumor-
related proteins and the cell cycle. Although the clinical significance of its subunits has been widely discussed in 
various malignancies, limited studies have explored its function in hepatocellular carcinoma (HCC) in the perspec-
tive of a complex. This study discusses the clinical significance of the TRiC subunits in HCC patients in terms of ex-
pression level, prognostic value, and potential mechanism. We used HCC samples from Nanfang hospital, data from 
The Cancer Genome Atlas (TCGA) database and information from the Gene Expression Omnibus (GEO) database 
with statistical methods and Gene Set Enrichment Analysis (GSEA) to analyze the gene expression levels of TRiC 
subunits along with survival data. We found altered expressions of the TRiC subunits in HCC, including significantly 
increased TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A/CCT7/CCT8 expressions as well as decreased CCT6B expression, 
which predict poor prognosis and are associated with tumor progression. Moreover, the expression levels of these 
genes were pairwise correlated in HCC, indicating that the function of the entire complex should be explored as 
a functional macrocosm. Finally, we identified that the overexpressions of TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A 
are involved in the dysregulation of Myc target genes, hypoxia-inducible factor (HIF) target genes and cell cycle es-
pecially the G1/S transition. Our study found that all TRiC subunits are aberrantly co-expressed in HCC, and these 
components have potential as therapeutic targets.
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Introduction

Protein folding plays an important role in the 
expression of genes [1]. The TCP1 ring complex 
(TRiC), also known as cytosolic chaperonin con-
taining t-complex polypeptide 1 or CCT, is a kind 
of ATP-dependent molecular chaperonins in 
charge of the highly efficient folding of nascent 
polypeptides [2, 3]. TRiC consists of two sym-
metry rings with eight paralogous subunits (α, 
β, γ, δ, ε, ζ-1 or ζ-2, η and θ encoded by TCP1, 
CCT2, CCT3, CCT4, CCT5, CCT6A, or CCT6B, 
CCT7, and CCT8) composing each ring [4, 5]. 
TRiC mediates the folding of cytoskeletal pro-
teins including tubulins and actins [6, 7]. 
Moreover, as evidenced by its participation in 
the cell cycle, the upregulation of TRiC is mani-
fested during G1/S transition through the early 
S phase [8], and the downregulation of subunit 
TCP1 leads to the inhibition of cell proliferation 

and cell cycle arrest [9]. Recent studies indi-
cate that the extended list of TRiC clients 
includes proteins involved in tumorigenesis 
such as cyclin E [10], the tumor suppressor pro-
tein Von Hippel-Lindau (VHL) [11], p21 [12] and 
p53 [13]. Increased levels of TRiC subunits are 
manifested in several solid tumors including 
gastric cancer [14], colorectal cancer [15], 
breast cancer [16] and non-small cell lung can-
cer [17], and the knockdown of TRiC subunits 
inhibits the proliferation and colony formation 
of gastric cancer and breast cancer cells in vitro 
[14, 16]. But the mutation of CCT6B, resulting 
in the loss of function in efficient protein fold-
ing, was reported in Burkitt lymphoma [18]. In 
addition to malignancies, the downregulation of 
TRiC was also reported to be involved in neuro-
degenerative diseases such as Huntington’s 
disease, since the subunits of TRiC could pre-
vent disease progression by reducing misfold-
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ing proteins [19]. Thus, it is of great significance 
to elucidate the function and mechanism of 
TRiC. 

Liver cancer ranks sixth in terms of the most 
commonly diagnosed cancers and is the fourth 
most common cause of cancer-related deaths 
worldwide. Hepatocellular carcinoma (HCC), 
comprising more than three quarters of liver 
cancer cases, is characterized by high prolifera-
tion, heterogeneity, and invasiveness [20]. Due 
to the cancer’s delayed diagnosis and rapid 
progression, HCC patients receive limited effi-
cacy from hepatectomy, transcatheter arterial 
chemoembolization, and other treatments [21]. 
Limited studies have demonstrated the func-
tion and significance of TRiC in HCC. The corre-
lation between the aberrant overexpression of 
CCT3 and the poor prognosis of HCC patients 
has been shown, as has the depletion of CCT3 
sensitized HCC cells to chemotherapy [22]. 
Another study defined CCT8 as an oncogene 
and demonstrated its function of participating 
in HCC cell proliferation by facilitating S-phase 
entry [23]. However, all subunits are necessary 
for the function of TRiC. The loss of any sub-
units would significantly affect the expression 
of other subunits at the protein level [24]. 
Therefore, the components TCP1, CCT2, CCT3, 
CCT4, CCT5, CCT6A, CCT6B, CCT7, CCT8 should 
be a macroscopic structure with abundant 
functions, which is far from being fully 
investigated.

Thus, we aimed to demonstrate the clinical sig-
nificance of TRiC subunit expression and 
explore the molecular mechanism for their pos-
sible implications in diagnosis and treatment.

Material and methods

Patients and tissues

A total of 7 HCC patients enrolled in the study 
were diagnosed with primary HCC at Nangfang 
Hospital, Southern Medical University (Guang- 
zhou, China) between January and December 
of 2015. All patients underwent hepatectomies 
without pretreatments of radiotherapy, chemo-
therapy or targeted therapy, and fresh HCC and 
paired adjacent non-tumor liver specimens 
were collected. Informed consents were pro-
vided by all patients eligible for the collection 
prior to their participation in the study. The pro-

tocol of the present study was approved by  
the Ethics Committee of Nangfang Hospital, 
Southern Medical University.

Data source

To compare the RNA expression levels of TCP1, 
CCT2, CCT3, CCT4, CCT5, CCT6A, CCT6B, CCT7 
and CCT8 between HCC and the normal con-
trols, data from 351 HCC and 50 liver samples 
were obtained from The Cancer Genome Atlas 
(TCGA) database. The HCC dataset of TCGA 
consists of follow-up information and genome-
wide expression profiles. 332 HCC patients 
with available data on TCP1, CCT2, CCT3, CCT4, 
CCT5, CCT6A, CCT6B, CCT7 and CCT8 expres-
sions and clinical information were available for 
the survival analysis.

The GSE89377 dataset, downloaded from  
the Gene Expression Omnibus (GEO) websi- 
te (https://www.ncbi.nlm.nih.gov/geo/geo2r/ 
?acc=GSE89377) presented expression pro-
files from precancerous lesions and early HCC 
to overt cancer and contains a total of 108 
cases, including healthy donors (n=13), with 
low-graded (n=8) and high-graded chronic  
hepatitis (n=12), cirrhosis (n=12), low-graded 
(n=11) and high-graded dysplastic nodules 
(n=11), early HCC (n=5), HCC during stage I 
(n=9), stage II (n=12), and stage III (n=14). 

The GSE14520 dataset, downloaded from the 
GEO website (https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE14520) includes 
the gene expression profiles of 233 HCC pa- 
tients containing the expressions of tumor and 
paired non-tumor tissues. 

The gene set enrichment analysis (GSEA) 

Gene sets or pathways related to TRiC subunit 
expressions in the TCGA dataset were screened 
by the gene set enrichment analysis (GSEA). 
Taking TCP1 as an example, the patients were 
divided into two groups. According to the medi-
an expression of each gene, 351 HCC patients 
were separated into a high expression group 
and a low expression group. GSEA software 
was used to generate enrichment data th- 
rough analysis, annotation and interpretation. 
The significance thresholds were Normalized 
Enrichment Score >1, Nominal p-value <0.05 
and FDR q-value <0.25.
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RNA isolation, cDNA synthesis, and RTqPCR 
analysis 

Total RNA of the HCC samples and adjacent 
liver tissues was isolated using TRIzol® reagent 
(Invitrogen; Thermo Fisher Scientific, Waltham, 
MA, USA), according to the protocol of manu-
facturer. The RNA concentration was deter-
mined using a spectrophotometer. Reverse 
transcription was performed utilizing Prime- 
ScripTM RT reagent Kit (Takara Biotechnology 
Co. Ltd. Dalian, China) in a 20 µl reaction vol-
ume with 1000 ng RNA, followed by the remov-
al of genomic DNA by DNA Eraser. A qPCR reac-
tion was performed using a SYBR Green PCR 
kit (Takara Biotechnology Co. Ltd. Dalian, China) 
and LightCycler® 480 Instrument II (Roche Dia- 
gnostics, Basel, Switzerland). The sequences 
of the primers were as follows: TCP1 sense, 
5’-TGGTGCAACCATCCTGAAGT-3’, and anti-sen- 
se, 5’-ATAACGCACTGCTTCCTTGC-3’; CCT2 sen- 
se, 5’-CTCTTGTCACAGGTGGTGAAATT-3’, and 
anti-sense, 5’-CTCAGAACAGCCTCCTCCATAA-3’; 
CCT3 sense, 5’-TGCTGCCAAGATTCAAGTCC-3’, 
and anti-sense, 5’-TCATCCAATGCCTTGCGGTA- 
3’; CCT4 sense, 5’-CCTATCAGGACCGCGACAAG- 
3’, and anti-sense, 5’-AGCTCCACCAGCATTTTAT- 
CCA-3’; CCT5 sense, 5’-AAATTGAGCTGATTGCC- 
ATCGC-3’, and anti-sense, 5’-TTCGCCTCCTCAAT- 
GATCATCTTA-3’; CCT6A sense, 5’-CAGACGGGC- 
CGACTTTTCC-3’, and anti-sense, 5’-AACGAGC- 
ATCTTCATGGTGCC-3’; CCT6B sense, 5’-TCCCT- 
CTGAACGGTTAGGCT-3’, and anti-sense, 5’-GT- 
GCAGGCCCATCTCATCG-3’; CCT7 sense, 5’-GA- 
TTGGAGGCGAGAGGTACAATT-3’, and anti-sen- 
se, 5’-CCACTGAATCATTCTTGATGGCC-3’; CCT8 
sense, 5’-GAATGAGGTGGGAGCGTCAG-3’, and 
anti-sense, 5’-CTACAACGCGCGGCTTCA-3’; GAP- 
DH sense, 5’-CAGGAGGCATTGCTGATGAT-3’, 
and anti-sense, 5’-GAAGGCTGGGGCTCATTT-3’. 
The amplification reaction was performed un- 
der the following conditions: preliminary dena-
turation for 2 minutes at 95°C, followed by 40 
cycles of denaturation at 95°C for 5 seconds 
and annealing at 60°C for 20 seconds. A sub-
sequent melting curve analysis was routinely 
run to ensure the specificity of amplicons. The 
expression levels of the experimental genes 
were normalized to the expression of GAPDH, 
and the relative quantification method (2-ΔΔCt) 
was performed to calculate the fold changes of 
the genes.

Statistical analysis 

Student’s t-test for independent samples was 
performed to assess the significant differences 
between two groups. One-way analysis of vari-
ance (ANOVA) and subsequent Dunnett’s multi-
ple comparisons were performed to compare 
the expression levels among more than two 
groups. Student’s t-test for paired samples was 
performed to compare the statistical differenc-
es between HCC samples and the paired adja-
cent liver tissues. A log-rank based survival 
analysis was applied to assess the statistical 
differences of overall survival (OS) or disease-
free survival (DFS) time between the high and 
low expression level groups. The Cox propor-
tional hazardous model was used for a univari-
ate analysis in evaluating the prognostic signifi-
cance of the experimental genes. Linear cor- 
relation analysis was performed to evaluate  
the pairwise correlation among experimental 
genes. Cox proportional hazardous model and 
linear correlation analysis were generated by 
SPSS 22.0 software (IBM, Chicago, USA). Stu- 
dent’s t-test, one-way ANOVA, and log-rank ba- 
sed survival analysis were performed using 
Graphpad Prism (La Jolla, CA, USA). A heat map 
was depicted with tools from the Morpheus 
website (https://software.broadinstitute.org/
morpheus/).

Result

TRiC subunits present variable expression in 
HCC

To determine the expression levels of the TRiC 
subunits in HCC, we compared the RNA ex- 
pressions of TCP1, CCT2, CCT3, CCT4, CCT5, 
CCT6A, CCT7, and CCT8 between the HCC and 
non-tumor tissues obtained from The Cancer 
Genome Atlas (TCGA) dataset. In the HCC  
samples, TCP1/CCT2/CCT3/CCT4/CCT5/CCT- 
6A/CCT7/CCT8 were overexpressed and CCT6B 
was downregulated as compared with normal 
liver tissues (Figure 1A). To verify this result, we 
measured the mRNA expressions of the TRiC 
subunits in the HCC cell lines and the normal 
human hepatic cell line L02 was used as a con-
trol. The expression levels of TCP1/CCT2/
CCT4/CCT7 in MHC97-H, SK-Hep1, HepG2, and 
Huh7 were higher than those of the normal  
controls, and the upregulation of CCT6A was 
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Figure 1. Comparison of TRiC subunit expression between HCC samples and normal or adjacent liver tissues. A. Comparison of TCP1, CCT2, CCT3, CCT4, CCT5, 
CCT6A, CCT6B, CCT7 and CCT8 expression levels between the HCC samples (n=351) and normal liver tissues (n=50) in the TCGA database, assessed by Student’s 
t-test. B. Expression of TCP1, CCT2, CCT3, CCT4, CCT5, CCT6A, CCT6B, CCT7 and CCT8 in the MHC97-H, SK-Hep1, HepG2, and Huh7 cell lines. Human L02, a kind 
of human hepatic cell line, was normalized as a control in a one-way ANOVA analysis. C. The expression levels of TCP1, CCT2, CCT3, CCT4, CCT5, CCT6A, CCT6B, 
CCT7 and CCT8 between HCC samples and paired adjacent liver tissues (n=223) in the GSE14520 dataset, compared by Student’s t test for paired samples. D. 
Expressions of TCP1, CCT2, CCT3, CCT4, CCT5, CCT6A, CCT6B, CCT7 and CCT8 (n=7) in HCC and adjacent non-tumor liver specimens, compared by Student’s t 
test for paired samples. The results above were presented as the means ± standard error of mean (SEM). *P<0.05, **P<0.01, ***P<0.001 and ns indicated non-
significant.
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approved in MHC97-H, SK-Hep1 and Huh7, 
while the expression of CCT3 was elevated in 
MHC97-H, SK-Hep1, and HepG2 (Figure 1B). 
However, the expressions of CCT5 and CCT8 
were not increased in the HCC cell lines except 
for that of CCT5 in SK-Hep1, and the CCT6B 
expression remained unchanged (Figure 1B). 
We also analyzed a GEO dataset, GSE14520, 
and found significant overexpression of TCP1/
CCT2/CCT3/CCT4/CCT5/CCT6A/CCT7/CCT8 
as well as low expression of CCT6B in the tumor 
lesions compared with the adjacent non-tumor 
liver tissues (Figure 1C). The significant upregu-
lation of CCT2/CCT3/CCT5/CCT6A was mani-
fested while TCP1/CCT4/CCT6B/CCT7/CCT8 
showed little difference between the paired 
HCC and adjacent non-tumor liver tissue sam-
ples collected from the HCC patients at Nanfang 
Hospital, which may due to the limited size of 
the samples detected.

Altered expression of TRiC subunits was corre-
lated with the progression and poor prognosis 
of HCC

Since the expressions of the TRiC subunits 
were altered in HCC, we thus investigated the 
clinical significance of their dysregulation. We 
first examined the trend of TRiC subunit expres-
sions from precancerous lesions and early HCC 
to overt cancer. CCT2/CCT3/CCT4/CCT7 were 
significantly upregulated in the middle and late 
stages of HCC, especially stages II and III, as 
compared with chronic hepatitis, cirrhosis, dys-
plastic nodules and early HCC, but the expres-
sion of CCT6B was reduced in HCC during stag-
es II and III (Figure 2A). Then we asked whether 
their expression affected the prognosis of HCC 
patients. According to TCGA dataset, overex-
pressed TCP1/CCT2/CCT3/CCT4/CCT5/CCT6- 
A/CCT7/CCT8 were respectively correlated with 
shortened overall survival time and disease-
free survival time, yet the results of CCT6B 
were the opposite (Figure 2B, 2C). A univariate 
analysis also recognized TCP1/CCT2/CCT3/
CCT4/CCT5/CCT6A/CCT7 as hazardous factors 
and CCT6B as a protective factor to the survival 
of HCC patients (Table 1). Hence, these results 
indicated the association of TRiC subunit 
expressions with progression and poor progno-
sis in HCC.

TRiC subunits co-expressed at variable levels

In physiological circumstances, all the subunits 
are necessary for the chaperonin complex to 

execute the proper function [25]. We thus 
hypothesized that the TRiC subunits were co-
expressed as a macrocosm. In the HCC cohort 
of TCGA, the downregulation of CCT6B and the 
upregulation of TCP1/CCT2/CCT3/CCT4/CCT5/
CCT6A/CCT7/CCT8 were simultaneously mani-
fested in about one third of the HCC samples, 
compared with normal liver tissues (Figure 3A). 
Besides, the heat map about the information 
from the GSE89377 dataset indicated that 
TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A/CCT7/
CCT8 were simultaneously highly expressed, 
but the CCT6B level was decreased in each 
HCC sample, compared with its paired non-
tumor tissue (Figure 3B). Pairwise correlation 
according to the GSE14520 dataset also mani-
fested positive correlations among TCP1/
CCT2/CCT3/CCT4/CCT5/CCT6A/CCT7/CCT8, 
but CCT6B was negatively correlated with the 
others (Figure 3C). The protein interactions 
including all the subunits involved in TRiC were 
reported by Search Tool for the Retrieval of 
Interacting Genes/Proteins (STRING), suggest-
ing that the common expression of these sub-
units plays a role in the chaperonin complex 
(Figure 3D). The STRING analysis of TRiC also 
revealed its regulation of the cell cycle-involving 
CDC20 and interaction with ATP hydrolysis-
related BBS10 (Figure 3D). To test the classifi-
cation ability of the co-expressed genes, we 
analyzed the correlation between a combina-
tion of nine genes and the prognosis of HCC 
patients. High expression of TCP1/CCT2/CCT3/
CCT4/CCT5/CCT6A/CCT7/CCT8 as well as low 
expression of CCT6B in HCC patients were 
defined as risk factors. We divided the samples 
with more than 4 risk factors into a high risk 
group and the others into a low risk group. The 
high risk group was correlated with poor prog-
nosis as shown by shorter overall survival times 
and disease-free survival times (Figure 3E, 3F). 
The result suggested that a nine-gene signa-
ture could notably stratify the poor and favor-
able survival of the HCC patients. In short, we 
demonstrated that the role of TRiC in HCC is 
determined by the variable but synergistic co-
expression of its subunits.

TRiC plays an important role in the upregula-
tion of genes related to cell cycle, HIF and Myc 
targets

Since the variable expression of TRiC was relat-
ed to the poor prognosis of HCC patients, we 
analyzed the TCGA dataset to obtain further 
insights into the mechanism of TRiC in HCC by 
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Figure 2. The association between TRiC subunits expression and progression as well as the prognosis of HCC patients. (A) Expression of TRiC subunits in GSE89377 
liver cancer cohort (n=108). Abbreviations were as follows: N, normal; FL, chronic hepatitis with low grade; FH, chronic hepatitis with high grade; CS, cirrhosis; DL, 
dysplastic nodules with low grade; DH, dysplastic nodules with high grade; eHCC, early HCC; TG1, HCC during stage I; TG2, HCC during stage II; TG3, HCC during 
stage III. Taking CCT3 as an example, the asterisk * indicated the expression levels of CCT3 were significantly upregulated (P<0.05) in HCC during stages II and III 
as respectively compared with normal, chronic hepatitis with low grade, chronic hepatitis with high grade, cirrhosis, dysplastic nodules with low grade, dysplastic 
nodules with high grade, early HCC and HCC during stage I. (B) Overall survival analysis and (C) disease-free survival analysis of TRiC subunits according to the 
TCGA dataset.
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Table 1. Correlation between expression lev-
els of TRiC subunits and survival time in the 
TCGA hepatocellular carcinoma cohort

Variates
Univariate analysis

HR 95% CI p-value
TCP1 1.248 1.011-1.541 0.039 
CCT2 1.609 1.289-2.010 0.000 
CCT3 1.197 1.054-1.359 0.006 
CCT4 1.388 1.158-1.665 0.000 
CCT5 1.528 1.264-1.848 0.000 
CCT6A 1.539 1.258-1.883 0.000 
CCT6B 0.719 0.553-0.935 0.014 
CCT7 1.242 1.046-1.474 0.013 
CCT8 1.223 0.976-1.533 0.080 
Univariate analysis was presented through the Cox-re-
gression model. Abbreviations are as follows: HR, hazard 
radio; CI, confidence interval.

performing Gene Set Enrichment Analysis 
(GSEA). Data from TCGA indicated a strong 
association between the overexpression of 
TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A and the 
genes involved in the cell cycle (Figure 4A), 
especially the G1/S transition (Figure 4B). 
However, similar results were not shown with 
the overexpressions of CCT7 or CCT8, or the 
low expression of CCT6B. Enriched target 
genes of hypoxia-inducible factor (HIF) were 
manifested in conditions of overexpressed 
TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A (Figure 
4C), probably associated with the dysregulation 
of VHL, whose folding is modulated by TRiC. In 
another aspect, target genes of Myc, an onco-
genic transcription factor, were also enriched in 
these patients (Figure 4D). These results impli-
cated the potential mechanism of the TRiC sub-
units in HCC.

Discussion

The diagnosis and effective treatment of HCC 
are challenging to clinical physicians and basic 
researchers and its high incidence makes it 
imperative to disclose more sensitive and spe-
cific biomarkers for early detection and person-
al treatment strategies [26]. The clinical signifi-
cance of the altered expression of TRiC has 
been reported in a variety of cancers. With only 
a handful of studies, the function and underly-
ing mechanism of TRiC in HCC still requires 
clear elucidation. The upregulation of CCT3 and 
CCT8 were respectively reported to promote 
cell proliferation in HCC, and CCT3 elimination 

would induce mitotic arrest at the prometa-
phase and apoptosis [22, 23]. In this study, we 
analyzed the TCGA and GEO datasets and 
found the aberrant TRiC subunit expression in 
HCC, compared with either normal controls or 
adjacent non-tumor liver tissues. The over- 
expression of TCP1/CCT2/CCT3/CCT4/CCT5/
CCT6A/CCT7/CCT8 as well as the low expres-
sion of CCT6B were correlated with the poor 
survival of patients. Interestingly, mutated 
genes of CCT6B, which could result in the loss 
of function of TRiC, was disclosed in Burkitt 
lymphoma, indicating CCT6B might be a poten-
tial anti-oncogene. In cell lines and collected 
HCC specimens, the expression levels of TRiC 
subunits were not completely the same as 
those in the TCGA and GEO datasets. This may 
be due to different characteristics between the 
HCC samples and the cell lines and the result in 
collected samples would be more similar to 
those in the TCGA dataset with enlarged sam-
ple sizes. Thus, in our study, we show for the 
first time, that all TRiC subunits are aberrantly 
expressed and correlate with the poor progno-
sis of HCC patients.

To execute the proper function, all the subunits 
are necessary for the chaperonin complex. The 
knockdown of any of them may impact the 
expression of the other components, resulting 
in reduced activity of the complex [25]. In Hela 
cells, CCT2 knockdown reduced CCT7 levels 
and the respective depletion of individual 
CCT2/CCT5/CCT7 impairs the degradation of 
the autophagosomes [24]. Thus, all subunits 
should be investigated as a whole. In our study, 
we demonstrated a high co-expression of 
TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A/CCT7/
CCT8 and a negative correlation between 
CCT6B and them in HCC. In addition, a set of 
nine co-expressed subunits was performed to 
divide the HCC patients into two groups with 
notably different survival rates. Our study pre-
sented evidence that changes in the expres-
sion of a single subunit affect others, and all 
TRiC subunits should be investigated at the 
same time.

TRiC is indispensable for the correct folding of 
many proteins, including tubulins, actins, and 
cell cycle regulatory proteins [6, 27]. Cell cycle 
disorder is a prominent feature of cancer [28]. 
Increasing evidence has shown that TRiC is 
strongly upregulated during the G1/S transition 
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Figure 3. The association among the expressions of the TRiC subunits. (A) Heat map displayed the RNA expression levels of TRiC subunits comparing HCC with nor-
mal liver samples in the TCGA dataset. The hierarchical clustering method was performed to cluster genes and disease status respectively. (B) A heat map displayed 
RNA expression of the TRiC subunits obtained from the GSE14520 dataset when comparing HCC with adjacent non-tumor samples. The hierarchical clustering 
method was performed according to the general expression levels of genes. (C) A scatterplot matrix analysis plotted the pairwise correlation among TRiC subunits 
according to the GSE14520 dataset. Correlation coefficients and p-values are presented in the upper right area. (D) Links to TCP1, CCT2, CCT3, CCT4, CCT5, CCT6A, 
CCT6B, CCT7, and CCT8 at the protein level were analyzed by STRING. (E) Overall survival analysis and (F) disease-free survival analysis of risk factors. High expres-
sions of TCP1/CCT2/CCT3/CCT4/CCT5/CCT6A/CCT7/CCT8 as well as low expressions of CCT6B were defined as risk factors with the median of each gene as the 
cutoff, and 332 HCC patients from the TCGA dataset were grouped based on their number of risk factors. Patients with 0-4 risk factors were classified into the low 
risk group, and those with 5-9 risk factors were classified into the high risk group.
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Figure 4. Further mechanism exploration to TRiC function using GSEA. A. Gene enrichment in the cell cycle was correlated with the upregulation of TRiC subunits. B. 
The overexpression of TCP1, CCT2, CCT3, CCT4, CCT5, CCT6A in HCC is associated with enriched genes during G1/S transition of mitosis. C. HIF-related genes were 
enriched in conditions of overexpressed TRiC subunits. D. Myc target genes were enriched in conditions of elevated mRNA levels of TRiC subunits. The significance 
thresholds were Normalized Enrichment Score (NES) >1, Nominal p-value (NOM p-val) <0.05 and FDR q-value (FDR q-val) <0.25.
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to the early S phase in the cell cycle [8]. CDC20 
is required for cell cycle progression, and 
increased levels of CDC20 have been revealed 
in the progression of several malignancies [29, 
30]. It was reported that TRiC was required for 
the proper folding of CDC20 which subsequent-
ly bound to a multi-component E3 ligase to 
form anaphase promoting complex (APC) [8], 
and APC is involved in the regulation of key cell 
cycle regulators, such as cyclin A, cyclin B1, 
p21 and securin [31]. Aberrant levels of TRiC 
have been shown to facilitate CDC20 in the cell 
cycle promotion of human cancers [32]. TRiC  
is also known to modulate the activity of cyclin 
E by assisting the folding of nascent cyclin  
E whose deregulated expression is correlated 
with aggressive tumor phenotypes [33]. The- 
refore, TRiC contributes to the folding and activ-
ity of cell cycle regulators, and its deregulation 
is probably associated with cancer progression. 
Our study confirmed gene enrichment in cell 
cycle, especially during the G1/S transition, in 
the presence of overexpressed TRiC subunits. 
In another aspect, TRiC assembles VHL through 
the binding site, a 55 amino-acid region corre-
sponding to exon 2 of VHL, whose loss-of-func-
tion leads to incorrect folding of VHL and tumor-
igenesis [34]. With eliminated VHL activity, the 
decreased degradation of hypoxia-inducible 
factor (HIF) results in several key hallmarks of 
cancer, including proliferation, metastasis, and 
angiogenesis [35, 36]. In this study, we discov-
ered enriched HIF target genes respond to the 
elevated expression of TRiC subunits in HCC 
cohort of TCGA as shown by GSEA, and we sug-
gest that aberrantly expressed TRiC subunits 
might lead to the incorrect folding of VHL. In 
addition, it is also well known that mutations of 
p53 promote cancer development in several 
ways. TRiC regulates the protein stability of wild 
type and mutant p53 by binding to p53 along 
with co-factors HSP70 and HSP90 [37, 38]. The 
interaction between the binding domain of p53 
and TRiC is essential for correct protein folding, 
and the loss or modulation of the interaction 
lead to misfolded p53 accumulation which acts 
in a similar manner as mutant p53 [39]. Also, It 
is reported that TRiC is able to modulate the 
folding and function of Signal Transducer and 
Activator of Transcription 3 (STAT3) [40]. The 
knockdown of TRiC reduces the phosphoryla-
tion of STAT3, while the aberrant activation of 
STAT3 is highly correlated with many malignant 
hallmarks in tumor development [41]. We also 
disclosed the association between enriched 

Myc target genes and the upregulation of TRiC 
subunits. In the MCF-7 cell line, elevated 
expression of the c-Myc protein was reported in 
conditions of TRiC overexpression [42]. We sug-
gested that the aberrant expression of TRiC 
might regulate malignant phenotypes in HCC by 
modulating Myc and its downstream targets. 
Taken together, the overexpression of TRiC sub-
units migght be associated with the dysfunc-
tion of this chaperone complex, leading to a 
series of malignant phenotypes in HCC. 

In summary, we demonstrated that the RNA 
expression of TRiC subunits is variable in HCC, 
which is significantly correlated with the prog-
nosis of HCC patients. Moreover, the nine sub-
units, TCP1, CCT2, CCT3, CCT4, CCT5, CCT6A, 
CCT6B, CCT7 and CCT8, were investigated as a 
whole for the first time in HCC and the interrela-
tion of the expression of these subunits was 
revealed, suggesting that TRiC should be stud-
ied as a functional macrocosm. As the function 
of TRiC is still not completely understood, our 
novel discovery may have implications in deter-
mining its function in further studies.
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