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Background: Recurrent locally advanced or metastatic head and neck squamous cell carci-
noma (HNSCC) is associated with dismal prognosis because of its highly invasive behavior
and resistance to conventional intensive chemotherapy. The identification of effective mark-
ers for early diagnosis and prognosis is important for reducing mortality and ensuring that
therapy for HNSCC is effective. Chaperonin-containing TCP-1 3 (CCT3) folds cancer-related
proteins to control carcinogenesis. The prognostic value and growth association of CCT3
and HNSCC remain unknown.
Methods: The GEO, Oncomine and UALCAN databases were used to examine CCT3 ex-
pression in HNSCC. A few clinical HNSCC samples with normal tissues were used to detect
CCT3 expression by using immunohistochemistry method. The TCGA-HNSC dataset was
used to evaluate the association between expression of CCT3 and prognosis. The molecular
mechanism was investigated with gene set enrichment analysis (GSEA). CCK-8 and wound
healing assays were used to detect cell growth and invasion of HNSCC, respectively.
Results: CCT3 expression was significantly up-regulated in HNSCC in both mRNA and pro-
tein levels. In addition, up-regulated CCT3 expression was associated with various clinico-
pathological parameters. High expression of CCT3 was significantly correlated with inferior
survival of HNSCC patients. Knockdown of CCT3 significantly inhibited cell growth and in-
vasion of HNSCC cell lines. GSEA analysis indicated that CCT3 was closely correlated with
tumor-related signaling pathways and HNSCC cell survival.
Conclusion: Our findings suggest that CCT3 is a biomarker of poor prognosis and related
to the process of HNSCC.

Introduction
Head and neck cancer (HNC) is a common malignant worldwide and causes more than 600,000 new cases
every year [1]. Head and neck squamous cell carcinoma (HNSCC) accounts for the major pathological
type of HNC [2]. Although rapid advances in methods of diagnosis and treatment, the prognosis of pa-
tients with HNSCC remains not optimistic [3]. Therefore, it is urgent to identify prognostic biomarkers
for precise molecular diagnosis and potential targeted drug treatment in the future.

Chaperonins are kinds of proteins that help to fold stress-denatured polypeptide chains [4]. Two groups
of chaperonins are defined: group I includes Heat shock protein 60 (HSP60) or GroEL in bacteria,
and group II is Chaperonin-containing TCP-1 (CCT). CCT consists of eight distinct subunits, named
CCT1-CCT8 [5,6]. CCT folds cancer-related proteins to control carcinogenesis, such as Signal transduc-
ers and activators of transcription 3 (STAT3), kirsten rat sarcoma viral oncogene (KRAS), and p53 [7–9].
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CCT3 is widely studied in various cancers [10–16]. The expression of CCT3 is increased both at mRNA and protein
level in hepatocellular carcinoma (HCC) tissues than those in non-HCC tissues, and CCT3 involves in carcinogen-
esis and development of HCC and has prognostic indication in HCC [10,11]. Similar results are found in gastric
cancer [12]. In addition, knockdown of CCT3 decreased the cell viability of gastric cancer cells and accounted for
inhibited expression of cell division cycle 42 (cdc42), mitogen-activated protein kinase 7, cyclin D3 and up-regulated
of cyclin-dependent kinase 2 and 6 [12]. Silencing CCT3 inhibited the proliferation, stopped cell cycle and induced
apoptosis in papillary thyroid carcinoma cells [13]. In breast cancer, Xu et al. have reported that CCT3 knockdown
significantly inhibited activity of NF-κB and decreased the proliferation and metastasis ability of breast cancer cells
[14,15]. Recently, a study performed a bioinformatic analysis focusing on the relationship between CCTs and HNSCC
which indicated that CCT3 might be a potential biomarker for prognosis of HNSCC patients [16]. Hence, we further
explored the association between CCT3 and HNSCC.

In the present study, we have evaluated the relationship between CCT3 and HNSCC using analysis of compre-
hensive bioinformatics methods and basic experiments. CCT3 was overexpressed in tumor tissues of HNSCC than
corresponding normal tissue. Increased CCT3 was significantly associated with process of HNSCC and suggested a
poor prognosis in patients. Importantly, knockdown of CCT3 inhibited cell growth and cell migration of HNSCC
cells.

Methods and materials
Cell cultures
The human tongue squamous cell carcinoma cell lines SCC25 and CAL27 were kindly provided by Prof. Juan Lv
(Taihe Hospital, Shiyan) [17]. SCC25 and CAL27 were grown in complete DMEM (Hyclone, U.S.A.) containing 10%
fetal bovine serum (FBS, Lonza, U.S.A.) with 100 units/ml streptomycin and penicillin (Life Technologies). All cells
were cultured in 37◦C with 5% CO2. All cells were harvested using 0.25% trypsin-EDTA (Life Technologies) when
growing to 80% density.

Cell transfection
Cell lines SCC25 and CAL27 were transfected with the special small interfering RNA (siRNA, CCT3,
5′-UGAAAGUAAAGUAUUCAUCUCGAUGAAUACUUUACUUUCAUC-3′;) or a non-specific control using
Lipofectamine 2000 Transfection Reagent (Sigma-Aldrich) according to the manufacturer’s instructions.

Western blotting
The cell lysates of SCC25 and CAL27 cell lines were collected at 80–90% density. Twenty micrograms of total protein
were fractionated with 10% SDS-page gel and transferred to 0.2 μm PVDF membrane (Biorad) at 100 V for 80 min.
After being blocked with PBS containing 0.1% Tween 20 and 5% low-fat milk for 1 h at room temperature, the PVDF
membrane was incubated with primary antibody overnight at 4◦C. The next day, after being washed three times
with TBST, the membrane was cultured with secondary antibody for 1 h at room temperature and subjected into ECL
developing system. We used the rabbit polyclonal CCT3 antibody (cat no. ab244288, 1:1000, Abcam, U.K.) and mouse
monoclonal anti-GAPDH (cat no. ab8245, 1:10000, Abcam, U.K.).

Cell viability
After transfection with siRNA, 1 × 104 SCC25 and CAL27 cell lines were collected and seeded in 96-well plates. Then
cells were incubated with complete medium for 24 or 48 h. Ten micrograms of CCK-8 reagent (MedChemExpress)
were added into each well. Cells were incubated in 37◦C for 30 min and subjected to read OD value within 450 nm
absorbancy.

Wound healing
SCC25 and CAL27 were seeded and transfected in 12-well plate at 1 ml/well medium. After grown 80–90% density,
cells were washed by PBS and were scratched slightly with a 200 μl pipette tip. The wound area was considered as
orientation and photographed at 0 h. After washed with PBS for thre times, cells were incubated with DMEM without
FBS for 48 h. Then, the wounds were photographed and quantified. The wound sizes were determined by measuring
the width of wound at 48 h and subtracted by the wound width at 0 h [18].
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Tissue sample and immunohistochemistry (IHC)
Totally, 47 patients with HNSCC (47 tumor samples and 15 normal controls) were included in this study. The involved
tumor patients were come from the Central Hospital of Wuhan and definitely diagnosed in department of pathology
since 2017. The expression and distribution of CCT3 in HNSCC was detected by IHC. Briefly, the paraffin-embedded
sections were deparaffinized, restored and quenched. After blocking with goat serum for 1 h, sections were incubated
with primary antibodies against CCT3 (cat no. ab244288, 1:1000, Abcam, U.K.) overnight at 4◦C. Then, the sections
were washed with PBS and incubated with secondary antibody (MaxVision™ Kits, MXB, China) with horseradish
peroxidase-conjugated polymer for 15 min. Subsequently, tissue section was stained with a DAB for 1 min. Finally,
sections were counterstained with Harris hematoxylin for 20 s.

Analyzing the expression of CCT3 in HNSCC
The Sangerbox database (http://sangerbox.com/) provides dependent tools allowing users to perform customized
bioinformatics analysis. The Sangerbox was used to analyze the mRNA expression of CCT3 in pan-cancer of TCGA
database and GEO database (GSE13398, GSE29330 and GSE136037). GSE13398 has 16 paired mRNA-seq data which
calculated with a GPL7540 platform. GSE29330 includes 18 unpaired samples analyzed with the GPL570 platform.
GSE136037 contains 72 HNSCC samples with clinical TNM information. These datasets were normalized through
RMA method. UALCAN provides systematical analysis of TCGA gene expression data (http://ualcan.path.uab.edu),
which allows clients performing in-depth and personalized analyzing. The expression of CCT3 was determined in
the ‘TCGA-HNSC’ dataset and with the ‘Expression Analysis’ module. Furthermore, the mRNA expression of CCT3
between HNSCC and normal samples based on diverse clinicopathological parameters was also analyzed using the
UALCAN database. ONCOMINE (www.oncomine.org) is currently the largest oncogene chip database which con-
tains 715 gene expression data sets and contains independent integrated data mining function. Detailed expression
of CCT3 in different primary sites of HNSCC was investigated using ONCOMINE.

The prognosis evaluation of CCT3 in HNSCC
The Kaplan–Meier plotter (www.kmplot.com) is capable of evaluating the prognostic values of 54,000 genes in 21
types of cancer. The correlation of mRNA expression of CCT3 and prognosis of HNSCC patients was analyzed using
the Kaplan–Meier plotter as well as the prognostic values based on diverse clinicopathological characteristics. To ana-
lyze the survival events, total cases were automatically divided into two groups based on getting an available outcome
with computer. The hazard ratio (HR) with 95% confidence intervals and log-rank P-value were obtained to evaluate
the significance of prognosis in HNSCC patients.

The interaction network and co-expression analysis of CCT3
To construct the protein–protein interaction (PPI) network of CCT3, GeneMANIA (http://www.genemania.org) and
STRING (https://string-db.org/) were used. GeneMANIA provides predication of protein interaction and develops an
interactive functional-association network which contains a list of genes with similar functions. STRING provides PPI
network analysis including both certified and predicated links. CCT3 (protein name) and Homo sapiens (organism)
were chosen. GEPIA database is a comprehensive web-portal which allows users to perform a single or multiple gene
analysis based on TCGA datasets. We explore the associations of CCT3 and other key candidate genes using the
‘Correlation Analysis’ module.

Gene Set Enrichment Analysis (GSEA) of CCT3
GSEA (http://www.broad.mit.edu/gsea)was performed to annotate the Hallmark and KEGG effector gene sets asso-
ciated with the mRNA expression of CCT3 in the TCGA-HNSC dataset. The FDR<0.25 and P<0.05 was considered
as significant.

Identification of essential role of CCT3 for cell survival
Project Achilles comprehensively scores and identifies total 18000 genes which whether essential for cell survival in
numbers of characterized cancer cell lines. The original data of CERES score for HNSCC cell lines were obtained from
Depmap portal (https://depmap.org/portal). The CERES score approaches to 0 means when the gene was removing
with CRISPR-Cas9 system, the cell growth has not been inhibited significantly. When the score less than −1, it means
that the gene is essential for cell survival in this cancer cell line.
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Statistical analysis
The hazard ratio (HR) with logrank P value was used to evaluate the significance of survival. Spearman’s correction
was used to assess the association of gene expression and the strength of the correlation. Student’s t-test was used
to evaluate the significance between two groups and triple repetitive experiments. The chi-square test was used to
detect the significance of expression of CCT3 and clinicopathologic features. Results were considered as statistically
significance at *P<0.05, **P<0.01 and ***P<0.001.

Results
Expression of CCT3 in HNSCC
To determine the expression of CCT3 in various cancers, TCGA and Oncomine databases were explored. As shown
in Figure 1A, the mRNA level of CCT3 was expressed higher in most cancer tissues including: bladder urothelial car-
cinoma (BLCA), breast invasive carcinoma (BRCA), cholangiocarcinoma (CHOL), colon adenocarcinoma (COAD),
esophageal carcinoma (ESCA), glioblastoma multiforme (GBM), HNSCC, kidney renal clear carcinoma (KIRC), kid-
ney renal papillary carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), brain
lower grade glioma (LGG), lung squamous cell carcinoma (LUSC), pancreatic adenocarcinoma (PAAD), prostate ade-
nocarcinoma (PRAD), Rectum Carcinoma (READ), stomach adenocarcinoma (STAD), thyroid carcinoma (THCA)
and uterine corpus endometrial carcinoma (UCEC) than in corresponding normal tissues. In kidney chromophobe
(KICH), the expression of CCT3 was higher in normal tissues than in tumor tissues. Then, the expression of CCT3
in tumor tissues was compared with which in normal samples by using ONCOMINE databases (Figure 1B). The
mRNA profiles of CCT3 were increased in different types of cancers versus the corresponding normal tissue. Because
CCT3 was significantly up-regulated in HNSCC in seven datasets, the association between CCT3 and HNSCC was
subjected into subsequent exploration. The CCT3 expression of TCGA-HNSC in normal and tumor tissue was pre-
sented in Figure 1C. As shown in Figure 1D,E, the expression of CCT3 in tongue squamous cell carcinoma (TSCC,
Talbot lung and Estilo Head-Neck, Oncomine) were all significantly up-regulated than in normal tongue tissues. To
further confirm these results, one paired (GSE13398) and one non-paired (GSE29330) GEO datasets were explored.
As shown in Figure 1F,G, CCT3 expression was significantly increased in tumor tissues than in normal oral samples.
We further investigated the protein expression of CCT3 in HNSCC using IHC assay. Total 47 tumor samples and
15 normal oral tissues were analyzed. The expression of CCT3 was mainly accumulated in cytoplasm. The protein
expression of CCT3 was significantly higher in OSCC than in normal epithelial tissues (Figure 1H). These results
suggested that CCT3 was highly expressed in HNSCC than in associated normal tissues.

The prognostic analysis of CCT3 in HNSCC
To explore whether CCT3 is associated with the prognosis of HNSCC patients, the OS of TCGA-HNSC dataset was
investigated by using Kaplan–Meier plotter. As shown in Figure 2A, high expression of CCT3 indicated poor prognosis
in HNSCC patients [OS, HR = 1.58, (1.17–2.14), P=0.0027]. To understand the affection of CCT3 on prognosis of
HNSCC, the association between expression profiles of CCT3 based on different clinical features and prognostic value
of HNSCC patients was investigated. As shown in Figure 2B, high expression of CCT3 suggested worse prognosis in
subgroup analysis of stage 1, stage 3, male, Caucasian, grade 1, grade 2 and high mutation burden (P<0.05). These
results suggested that clinical stage, tumor grade, gender, race and mutation burden have some influences on the effect
of CCT3 in HNSCC.

Association of CCT3 expression and clinicopathological characteristics
Since CCT3 expression was significantly increased in HNSCC tissues, we further explore the expression profiles of
CCT3 based on clinicopathological parameters. The TCGA-HNSC datasets was analyzed by using the UALCAN
database. Regarding the tumor grade, significant up-regulation of CCT3 expression was found in grade 2 and grade
3 patients than in grade 1 patients (Figure 3A). In addition, the expression of CCT3 was up-regulated in stage 2 and
stage 4 of HNSCC than in stage 1 (Figure 3B). The CCT3 expression was significantly increased in African-american
than in Caucasian and Asian (Figure 3C). Regarding the nodal metastasis status, the mRNA expression of CCT3 was
significantly up-regulated in N3 patients with HNSCC than in N0 (Figure 3D). Compared with HPV+ patients, CCT3
was highly expressed in HPV- patients (Figure 3E). In addition, the CCT3 expression was upregulated in TP53-mutat
patients than in TP53-normal patients (Figure 3F). Expression of CCT3 was not associated with patient’s age (Figure
3G) and gender (Figure 3H). Because CCT3 was associated with nodal metastasis, the expression of CCT3 was in-
vestigated in GSE136037 dataset. The results showed that up-regulated CCT3 was found in metastatic tumor tissues
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Figure 1. The expression of CCT3 was increased in HNSCC samples

(A) CCT3 expression profiles in various types of cancer in the Sangerbox database. (B) The mRNA transcriptional levels of CCT3 in

different types of cancers in the ONCOMINE database. The numbers in the box suggested statistically significant (P < 0.0001) of

overexpressed (red) or down-expressed (blue) of CCT3 mRNA in cancer tissues compared with normal tissues. (C) Expression of

CCT3 in HNSCC tissues compared with that in normal tissues from the UALCAN database. Separate box plots comparing CCT3

expression in normal and HNSCC tissues from the analysis of Talbot Lung (D), Estilo Head-Neck (E) and Pyeon Muti-cancer. The

expression of CCT3 in GSE13398 (F) and GSE29330 (G) datasets. (H) IHC staining of CCT3 in normal oral and OSCC tissues

was analyzed. Normal1 and Normal2: adjacent normal tongue tissue; OSCC1 and OSCC2: OSCC tissue; *, P < 0.05; **, P <

0.01; ***, P < 0.001; CCT3, Chaperonin-containing TCP-1 3; HNSCC, head and neck squamous-cell carcinoma; OSCC, oral cavity

squamous-cell carcinoma; TSCC, tongue squamous-cell carcinoma

compared with primary tumor tissues (Figure 3I). These results suggested that CCT3 may be associated with more
serious process of illness.

CCT3 expression is associated with cell survival and invasion of HNSCC
Since CCT3 was associated with the progress of HNSCC, we investigated the CERES dependence scores of HNSCC
cell lines to determine the importance of CCT3 for survival of tumor cells. As shown in Figure 4A, when removing

© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

5



Bioscience Reports (2021) 41 BSR20211137
https://doi.org/10.1042/BSR20211137

Figure 2. CCT3 expression is positively associated with poor prognosis of patients with HNSCC

(A) OS within TCGA-HNSC were analyzed based on mRNA expression of CCT3 using Kaplan–Meier plotter. HR with 95%CI and

P value were used to estimate the significance of CCT3 on prognosis of patients with OSCC. If HR > 1, it means that high ex-

pression of CCT3 was associated with a poor prognosis. (B) Forest plots showing the association between CCT3 expression and

clinicopathological features in HNSCC patients; CCT3, Chaperonin-containing TCP-1 3; CI, confidence intervals; HR, hazard ratio

the expression of CCT3 genes with CRISPR-Cas9 system, total 21 HNSCC cell lines got the scores less than -1, which
suggested that CCT3 plays a critical role for HNSCC cell survival. To further confirm these results, the sham siRNA
or siRNA-CCT3 was transfected to SCC25 or CAL27 cell lines. As shown in Figure 4B, CCT3 was knockdown in
both SCC25 and CAL27 cell lines. After transfected with siRNA, cells were subjected to a CCK-8 assay to detect cell
viabilities at 24 or 48 h. As shown in Figure 4C, knockdown of CCT3 significantly inhibited cell viability of SCC25
cells at 24 h checkpoint. In addition, down-regulated CCT3 decreased cell viabilities of SCC25 and CAL27 cells after
48 h transfection (Figure 4C,D). Then, a wound healing assay was performed to detect the cell invasion affected by
CCT3. As shown in Figure 4E, after being transfected with siRNA-CCT3, the wound sizes were significantly decreased
in both SCC25 and CAL27 cell lines. These results suggested that CCT3 was important for cell growth and invasion
of HNSCC cells.

The gene set enrichment analysis of CCT3 in HNSCC
To evaluate the possible mechanism of CCT3 on HNSCC, GSEA with the annotation of Hallmark and KEGG gene
sets was performed. Total 43 and 131 important pathways were significantly affected by high expression of CCT3 in
Hallmark and KEGG analysis, respectively (Supplementary Tables S1 and 2, NOM P-val < 0.05, FDR q-val< 0.25).
The top 9 critical pathways of Hallmark (Figure 5A, UNFOLDED PROTEIN RESPONSE; MTORC1 SIGNALING;
DNA REPAIR; GLYCOLYSIS; MYC TARGETS V1; UV RESPONSE UP; PATHWAY; MYC TARGETS V2;
PI3K AKT MTOR SIGNALING) and KEGG (Figure 5B, PURINE METABOLISM; SPLICEOSOME,
PYRIMIDINE METABOLISM; AMINO SUGAR AND NUCLEOTIDE SUGAR METABOLISM;
RNA POLYMERASE; PROTEASOME; RNA DEGRADATION; CYTOSOLIC DNA SENSING PATHWAY;
UBIQUITIN MEDIATED PROTEOLYSIS) were shown.

Identification of key candidate genes from the CCT3 interaction network
To explore mechanisms of CCT3 in HNSCC and analyzed the function of these genes, a gene–gene interaction net-
work for CCT3 was constructed using the GeneMANIA database. Total 20 nodes surrounding CCT3 represented
genes that were significantly associated with CCT3 (Figure 6A). The tightest corrected 5 genes were TCP1, CCT2,
CCT4, PFDN2 and CCT6A. Additional functional analysis suggested that the proteins encoded by these genes were
dramatically related with the following terms: ‘De novo’ post-translational protein folding, ‘De novo’ protein folding,
Protein folding, Unfolded protein binding, Chaperone-mediated protein complex assembly, Microtubule and Cellu-
lar protein complex assembly. Then we constructed a PPI network using the STRING database to further explore the
function of CCT3. A total of 10 CCT3-interacting proteins were included in the PPI network complex by filtering
(Figure 6B). Importantly, eight common hub genes were identified from the GeneMANIA and STRING databases:
TCP1, CCT8, CCT7, CCT6B, CCT6A, CCT5, CCT4 and CCT2. Co-expression analysis between CCT3 and these five
interacting proteins were performed with the GEPIA database. As shown in Figure 6C, the expression of CCT3 was
strongly correlated with that these genes except for CCT6B in HNSCC.
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Figure 3. Expression of CCT3 plays important role in process of HNSCC

CCT3 expression was analyzed by (A) tumor grade (from grade 1 to grade 4), (B) clinical stages (from stage 1 to stage 4), (C)

patient’s race, (D) nodal metastasis statuses (from N0 to N3), (E) HPV status, (F) TP53 mutation status, (G) patient’s age and (H)

gender. (I) The expression of CCT3 in metastatic and primary HNSCC tissues was detected in GSE136037 dataset. *, P < 0.05; ***,

P < 0.001; CCT3, Chaperonin-containing TCP-1 3; HNSCC, head and neck squamous-cell carcinoma; HPV, human papillomavirus

Discussion
In the present study, we conducted a comprehensive bioinformatics analysis and clinical sample assay to indicate
that the expression of CCT3 was higher in HNSCC tissues than in corresponding normal tissues both in mRNA and
protein levels. Overexpressed CCT3 in HNSCC tissues suggested poorer prognosis than patients with low-expressed
CCT3. Importantly, knockdown of CCT3 leaded to inhibition of growth and invasion in HNSCC cell lines. Above all,
CCT3 plays an important role in the progress of HNSCC.

The abnormal expression of CCT3 has been proved to influent the migration of tumor cells and the prognosis of
cancer patients in previous researches. High expression of CCT3 was found in some cancers, such as hepatocellular
carcinoma, multiple myeloma, colorectal cancer, liver cancer and gastric cancer [12,19–22], and increased expression
of CCT3 was not only indicated a poor prognosis in patients with hepatocellular carcinoma but also correlated with
lymph-node metastasis of gastric cancer [23,24]. Similar with these studies, our analysis suggested that overexpressed
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Figure 4. CCT3 is critical for cell survival and invasion of HNSCC cells

(A) CERES score was obtained from Depmap datasource and used to access the significance of CCT3 for cell survival of HNSCC.

CERES score approach to -1 means the gene is important for cell survival, while score approach to 0 means the gene is not an

essential gene. (B) SCC25 and CAL27 cells were transfected with control siRNA or siRNA-CCT3 for 48 h. Cells were harvested

and subjected to Western blot assay to detect the expression of CCT3. A CCK-8 assay was performed to detect cell viability of

SCC25 (C) and CAL27 (D) cells after being transfected with siRNA. (E) A wound healing assay was performed to determine the cell

invasion of SCC25 and CAL27 cells after being transfected with siRNA. The cells were photographed at 0 or 48 h; *, P < 0.05; **,

P < 0.01; ***, P < 0.001; CCT3, Chaperonin-containing TCP-1 3.

CCT3 was found in HNSCC tissues, and high level CCT3 indicated an inferior prognosis of patients with HNSCC.
The mRNA expression of CCT3 was significantly up-regulated in patients with more nodal metastasis status.

CCT3 takes part in the folding process of nearly 7% cellular proteins, such as cyclin E, cytoskeletal proteins (tubu-
lins, actins) and Von Hippel-Lindau (VHL), which determines the central role of CCT in the growth of malignant
cells [6,25,26]. Previous studies have reported the inhibition of CCT3 expression can suppress the proliferation of
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Figure 5. The Gene Set Enrichment Analysis of CCT3 in HNSCC

GSEA analysis was performed with Hallmark (A) and KEGG (B) pathways based on CCT3 expression. The most top 9 affected signal

pathways were included in the graphics; CCT3, Chaperonin-containing TCP-1 3; GSEA, Gene Set Enrichment Analysis; HNSCC,

head and neck squamous cell carcinoma

various cancer cells, such as papillary thyroid carcinoma, gastric carcinoma, breast cancer and hepatocellular carci-
noma [12–14,27]. In our study, the results of CERES dependence scores suggested that CCT3 was important for cell
survival of HNSCC. In addition, knockdown of CCT3 with a special siRNA in HNSCC cell lines leaded to the growth
suppression of cancer cells, which is consistent with studies in other cancers [12–14,27]. Importantly, higher expres-
sion of CCT3 was found in nodal metastasis patients. In addition, the expression of CCT3 in metastatic lesions was
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Figure 6. Identification of key candidate genes from the CCT3 interaction network

(A) The gene–gene interaction network of CCT3 was obtained from the GeneMANIA database. Each node represents a gene. Total

20 most associated neighboring genes are shown. Different biological functions are presented by corresponding colors in the

nodes. (B) The PPI network of CCT3 was constructed using the STRING database. (C) Scatterplots of correlations between CCT3

with TCP1, CCT8, CCT7, CCT6B, CCT6A, CCT5, CCT4 and CCT2 in HNSCC; CCT, Chaperonin-containing TCP-1

higher than in primary tumor tissues. These results suggested that CCT3 may be associated with metastatic capacity
of HNSCC. Consistently, the wound healing assay indicated the inhibition of cell invasion when knockdown of CCT3
expression. Above all, CCT3 might be a potential drug target in HNSCC.

In clinical subgroup analysis, expression of CCT3 was associated with higher cancer stages and tumor grades. Re-
garding mechanisms, CCT3 affects the progression of HCC by activating signal transducer and activator of transcrip-
tion 3 (STAT3) [10,28]. STAT3 is the major factor in JAK-STAT3 pathway signaling, which plays an important role in
many aspects of tumorigenesis [29]. The activation of STAT dimers in nucleus can be affected by mitogen-activated
protein kinase (MAPK), AKT/mammalian target of rapamycin (mTOR) and JAK [30], and a recent study disclosed
that mTORC, which is multi-protein signaling complex of mTOR, assembly and signaling can be affect by eukaryotic
chaperonin CCT [31]. Qian et al. has suggested that CCT3 expression was associated with JAK-STAT3 rather than

10 © 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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mTOR pathway by KEGG and GSEA analysis [21]. However, in the present study, our results through GSEA analysis
indicated that high expression of CCT3 was associated mTOR pathway (MTORC1/PI3K AKT mTOR). In addition,
CCT3 gene was positively associated with high expression of MYC in breast cancer, which was also consistent with
our findings in Hallmark analysis. [32] For other carcinogenesis associated pathways, overexpression of CCT3 was
associated with unfolded protein response, DNA repair and p53 pathway, which may contribute to the progress of
HNSCC.

It should be acknowledged that there were some shortcomings and limitations in this study. First, although the
mRNA and protein expression of CCT3 were analyzed in HNSCC by using multiple public resources and a few clinical
samples, respectively. It’s still lacking enough clinical data to analysis the association between CCT3 and the process of
HNSCC. Second, the correlation between CCT3 expression and prognosis of HNSCC patients was not strong. High
expression of CCT3 indicated only poorer OS but not other prognostic indicator. In addition, lacking more large
public datasets, especially for some little cohorts, is a significant shortcoming. Third, more molecular experiments
should be performed to uncover how the expression of CCT3 regulates growth and invasion of tumor cells to affect
the progress of HNSCC in vivo and in vitro.

In summary, expression of CCT3 was up-regulated in HNSCC and significantly correlated with the clinicopatho-
logic stages. Overexpression of CCT3 suggested poor prognosis of HNSCC patients. CCT3 was related with changes
of carcinogenesis pathways, which were involved in the HNSCC growth and development. Moreover, knockdown of
CCT3 significantly inhibited cell growth and invasion of HNSCC cell lines. Thus, CCT3 could be a prognostic marker
and potential therapeutic target in HNSCC.

Data Availability
Sangerbox database (http://sangerbox.com/) UALCAN (http://ualcan.path.uab.edu) ONCOMINE (www.oncomine.org) HPA (https:
//www.proteinatlas.org/) Kaplan-Meier plotter (www.kmplot.com) GeneMANIA (http://www.genemania.org) STRING (https://string
db.org/) GSEA (http://www.broad.mit.edu/gsea) Depmap portal (https://depmap.org/portal)

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding
This study was supported by Fund of Wuhan Science and Development [grant number W201003128].

CRediT Author Contribution
Yan Wang: Software, Formal analysis, Validation, Investigation. Peicheng Liu: Resources, Data curation, Software, Investigation.
Ziwei Zhang: Data curation, Software. Jiulong Wang: Conceptualization. Zhigang Cheng: Conceptualization, Funding acquisi-
tion, Methodology, Writing—review & editing. Chengchao Fan: Resources, Data curation.

Acknowledgements
We thank for Juan Lv for kindly providing cell lines.

Abbreviations
BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CCT3, Chaperonin-containing TCP-1 3; CHOL, cholan-
giocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; GBM, glioblastoma multiforme; GSEA, gene set
enrichment analysis; HNSCC, head and neck squamous cell carcinoma; HSP60, Heat shock protein 60; IHC, Immunohisto-
chemistry; MAPK, mitogen-activated protein kinase; mTOR, mammalian target of rapamycin; PPI, protein–protein interaction;
KICH, kidney chromophobe; KIRC, kidney renal clear carcinoma; KIRP, Kidney Renal Papillary Carcinoma; LGG, brain lower
grade glioma; LIHC, liver hepatocellular carcinoma; LUAD, Lung Adenocarcinoma; LUSC, lung squamous cell carcinoma; PAAD,
pancreatic adenocarcinoma; PRAD, prostate adenocarcinoma; READ, PRAD; STAD, stomach adenocarcinoma; STAT3, signal
transducer and activator of transcription 3; THCA, thyroid carcinoma; UCEC, uterine corpus endometrial carcinoma; VHL, Von
Hippel-Lindau.

References
1 Forastiere, A., Trotti, A., Pfister, D. and Grandis, J.R. (2006) Head and neck cancer: recent advances and new standards of care. J. Clin. Oncol. 24,

2603–2605, https://doi.org/10.1200/JCO.2006.07.1464

© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

11

http://sangerbox.com
http://ualcan.path.uab.edu
file:www.oncomine.org
https://www.proteinatlas.org
file:www.kmplot.com
http://www.genemania.org
https://string
http://www.broad.mit.edu/gsea
https://depmap.org/portal
https://doi.org/10.1200/JCO.2006.07.1464


Bioscience Reports (2021) 41 BSR20211137
https://doi.org/10.1042/BSR20211137

2 Haddad, R. and Shin, D.M. (2008) Recent advances in head and neck cancer. N. Engl. J. Med. 359, 1143–1154,
https://doi.org/10.1056/NEJMra0707975

3 Lo Nigro, C., Denaro, N., Merlotti, A. and Merlano, M. (2017) Head and neck cancer: improving outcomes with a multidisciplinary approach. Cancer
Manag. Res. 9, 363–371, https://doi.org/10.2147/CMAR.S115761

4 Stoldt, V., Rademacher, F., Kehren, V., Ernst, J., Pearce, D. and Sherman, F. (1996) Review: the Cct eukaryotic chaperonin subunits of Saccharomyces
cerevisiae and other yeasts. Yeast 12, 523–529, https://doi.org/10.1002/(SICI)1097-0061(199605)12:6%3c523::AID-YEA962%3e3.0.CO;2-C

5 Valpuesta, J., Martı́n-Benito, J., Gómez-Puertas, P., Carrascosa, J. and Willison, K. (2002) Structure and function of a protein folding machine: the
eukaryotic cytosolic chaperonin CCT. FEBS Lett. 529, 11–16, https://doi.org/10.1016/S0014-5793(02)03180-0

6 Brackley, K. and Grantham, J. (2009) Activities of the chaperonin containing TCP-1 (CCT): implications for cell cycle progression and cytoskeletal
organisation. Cell Stress Chaperones 14, 23–31, https://doi.org/10.1007/s12192-008-0057-x

7 Kasembeli, M., Lau, W., Roh, S., Eckols, T., Frydman, J., Chiu, W. et al. (2014) Modulation of STAT3 folding and function by TRiC/CCT chaperonin. PLoS
Biol. 12, e1001844, https://doi.org/10.1371/journal.pbio.1001844

8 Rivlin, N., Katz, S., Doody, M., Sheffer, M., Horesh, S., Molchadsky, A. et al. (2014) Rescue of embryonic stem cells from cellular transformation by
proteomic stabilization of mutant p53 and conversion into WT conformation. Proc. Natl. Acad. Sci. U. S. A. 111, 7006–7011,
https://doi.org/10.1073/pnas.1320428111

9 Bapiro, T., Frese, K., Courtin, A., Bramhall, J., Madhu, B., Cook, N. et al. (2014) Gemcitabine diphosphate choline is a major metabolite linked to the
Kennedy pathway in pancreatic cancer models in vivo. Br. J. Cancer 111, 318–325, https://doi.org/10.1038/bjc.2014.288

10 Qian, E., Han, S., Ding, S. and Lv, X. (2016) Expression and diagnostic value of CCT3 and IQGAP3 in hepatocellular carcinoma. Cancer Cell Int. 16, 55,
https://doi.org/10.1186/s12935-016-0332-3

11 Hou, J., Wu, H., He, R., Lin, P., Dang, Y., Chen, G. et al. (2019) Clinical and prognostic value of chaperonin containing T-complex 1 subunit 3 in
hepatocellular carcinoma: A Study based on microarray and RNA-sequencing with 4272 cases. Pathol. Res. Pract. 215, 177–194,
https://doi.org/10.1016/j.prp.2018.11.006

12 Li, L., Zhang, L., Han, Z., He, Z., Chen, H. and Li, Y. (2017) Chaperonin containing TCP-1 subunit 3 is critical for gastric cancer growth. Oncotarget 8,
111470–111481, https://doi.org/10.18632/oncotarget.22838

13 Shi, X., Cheng, S. and Wang, W. (2018) CCT3 Suppression of inhibits malignant proliferation of human papillary thyroid carcinoma cell. Oncol. Lett. 15,
9202–9208, https://doi.org/10.3892/ol.2018.8496

14 Xu, G., Bu, S., Wang, X., Zhang, H. and Ge, H. (2020) Suppression of CCT3 inhibits the proliferation and migration in breast cancer cells. Cancer Cell Int.
20, 218, https://doi.org/10.1186/s12935-020-01314-8

15 Liang, Z., Zhu, R., Li, Y., Jiang, H., Li, R., Tang, L. et al. (2020) Differential epigenetic and transcriptional profile in MCF-7 breast cancer cells exposed to
cadmium. Chemosphere 261, 128148, https://doi.org/10.1016/j.chemosphere.2020.128148

16 Dong, Y., Lu, S., Wang, Z. and Liu, L. (2020) CCTs as new biomarkers for the prognosis of head and neck squamous cancer. Open. Med. (Wars) 15,
672–688, https://doi.org/10.1515/med-2020-0114

17 Gao, Z., Zhang, Y., Zhou, H. and Lv, J. (2020) Baicalein inhibits the growth of oral squamous cell carcinoma cells by downregulating the expression of
transcription factor Sp1. Int. J. Oncol. 56, 273–282

18 Liu, H., Zeng, Z., Afsharpad, M., Lin, C., Wang, S., Yang, H. et al. (2019) Overexpression of IGF2BP3 as a potential oncogene in ovarian clear cell
carcinoma. Front. Oncol. 9, 1570, https://doi.org/10.3389/fonc.2019.01570

19 Yao, L., Zou, X. and Liu, L. (2019) The TCP1 ring complex is associated with malignancy and poor prognosis in hepatocellular carcinoma. Int. J. Clin.
Exp. Pathol. 12, 3329–3343

20 Nibbe, R., Markowitz, S., Myeroff, L., Ewing, R. and Chance, M. (2009) Discovery and scoring of protein interaction subnetworks discriminative of late
stage human colon cancer. Mol. Cell. Proteomics 8, 827–845, https://doi.org/10.1074/mcp.M800428-MCP200

21 Qian, T., Cui, L., Liu, Y., Cheng, Z., Quan, L., Zeng, T. et al. (2020) High expression of chaperonin-containing TCP1 subunit 3 may induce dismal
prognosis in multiple myeloma. Pharmacogenomics J. 20, 563–573, https://doi.org/10.1038/s41397-019-0145-6

22 Lin, Y., Liang, R., Ye, J., Li, Q., Liu, Z., Gao, X. et al. (2019) A twenty gene-based gene set variation score reflects the pathological progression from
cirrhosis to hepatocellular carcinoma. Aging (Albany NY) 11, 11157–11169, https://doi.org/10.18632/aging.102518

23 Zhang, Y., Huo, F., Wei, L., Gong, C., Pan, Y., Mou, J. et al. (2017) PAK5-mediated phosphorylation and nuclear translocation of NF-κB-p65 promotes
breast cancer cell proliferation in vitro and in vivo. J. Exp. Clin. Cancer Res. 36, 146, https://doi.org/10.1186/s13046-017-0610-5

24 Yasui, W., Oue, N., Aung, P., Matsumura, S., Shutoh, M., Nakayama, H. et al. (2005) Molecular-pathological prognostic factors of gastric cancer: a
review. Gastric Cancer 8, 86–94, https://doi.org/10.1007/s10120-005-0320-0

25 Sternlicht, H., Farr, G., Sternlicht, M., Driscoll, J., Willison, K. and Yaffe, M. (1993) The t-complex polypeptide 1 complex is a chaperonin for tubulin and
actin in vivo. Proc. Natl. Acad. Sci. U. S. A. 90, 9422–9426, https://doi.org/10.1073/pnas.90.20.9422

26 Willison, K. (2018) The structure and evolution of eukaryotic chaperonin-containing TCP-1 and its mechanism that folds actin into a protein spring.
Biochem. J. 475, 3009–3034, https://doi.org/10.1042/BCJ20170378

27 Zhang, Y., Wang, Y., Wei, Y., Wu, J., Zhang, P., Shen, S. et al. (2016) Molecular chaperone CCT3 supports proper mitotic progression and cell
proliferation in hepatocellular carcinoma cells. Cancer Lett. 372, 101–109, https://doi.org/10.1016/j.canlet.2015.12.029

28 Cui, X., Hu, Z., Li, Z., Gao, P. and Zhu, J. (2015) Overexpression of chaperonin containing TCP1, subunit 3 predicts poor prognosis in hepatocellular
carcinoma. Gastroenterol 21, 8588–8604, https://doi.org/10.3748/wjg.v21.i28.8588

29 Buchert, M., Burns, C. and Ernst, M. (2016) Targeting JAK kinase in solid tumors: emerging opportunities and challenges. Oncogene 35, 939–951,
https://doi.org/10.1038/onc.2015.150

30 Horvath, C. (2000) STAT proteins and transcriptional responses to extracellular signals. Trends Biochem. Sci 25, 496–502,
https://doi.org/10.1016/S0968-0004(00)01624-8

12 © 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

https://doi.org/10.1056/NEJMra0707975
https://doi.org/10.2147/CMAR.S115761
https://doi.org/10.1002/(SICI)1097-0061(199605)12:6%3c523::AID-YEA962%3e3.0.CO;2-C
https://doi.org/10.1016/S0014-5793(02)03180-0
https://doi.org/10.1007/s12192-008-0057-x
https://doi.org/10.1371/journal.pbio.1001844
https://doi.org/10.1073/pnas.1320428111
https://doi.org/10.1038/bjc.2014.288
https://doi.org/10.1186/s12935-016-0332-3
https://doi.org/10.1016/j.prp.2018.11.006
https://doi.org/10.18632/oncotarget.22838
https://doi.org/10.3892/ol.2018.8496
https://doi.org/10.1186/s12935-020-01314-8
https://doi.org/10.1016/j.chemosphere.2020.128148
https://doi.org/10.1515/med-2020-0114
https://doi.org/10.3389/fonc.2019.01570
https://doi.org/10.1074/mcp.M800428-MCP200
https://doi.org/10.1038/s41397-019-0145-6
https://doi.org/10.18632/aging.102518
https://doi.org/10.1186/s13046-017-0610-5
https://doi.org/10.1007/s10120-005-0320-0
https://doi.org/10.1073/pnas.90.20.9422
https://doi.org/10.1042/BCJ20170378
https://doi.org/10.1016/j.canlet.2015.12.029
https://doi.org/10.3748/wjg.v21.i28.8588
https://doi.org/10.1038/onc.2015.150
https://doi.org/10.1016/S0968-0004(00)01624-8


Bioscience Reports (2021) 41 BSR20211137
https://doi.org/10.1042/BSR20211137

31 Sansone, P. and Bromberg, J. (2012) Targeting the interleukin-6/Jak/stat pathway in human malignancies. J. Clin. Oncol. 30, 1005–1014,
https://doi.org/10.1200/JCO.2010.31.8907

32 Huang, W., Hu, H., Zhang, Q., Wu, X., Wei, F., Yang, F. et al. (2019) Regulatory networks in mechanotransduction reveal key genes in promoting cancer
cell stemness and proliferation. Oncogene 38, 6818–6834, https://doi.org/10.1038/s41388-019-0925-0

© 2021 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).

13

https://doi.org/10.1200/JCO.2010.31.8907
https://doi.org/10.1038/s41388-019-0925-0

