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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
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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.
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Supplemental Table 1: High expression of CCT3 affected signal pathways by GSEA 

analyzing (Hallmark) 
NAME SIZE ES NES NOM p-val FDR q-val 

HALLMARK 110 -0.81949 -2.40671 0 0 

HALLMARK 198 -0.76839 -2.37045 0 0 

HALLMARK 148 -0.7873 -2.35289 0 0 

HALLMARK 197 -0.69271 -2.3478 0 0 

HALLMARK 197 -0.86934 -2.34562 0 0 

HALLMARK 156 -0.66056 -2.31008 0 0 

HALLMARK 197 -0.65778 -2.25089 0 0 

HALLMARK 58 -0.88773 -2.23328 0 0 

HALLMARK 104 -0.71886 -2.19514 0 1.11E-04 

HALLMARK 160 -0.63716 -2.13637 0 3.23E-04 

HALLMARK -0.61791 -2.09386 0 9.58E-04 0.009 

HALLMARK -0.58962 -2.05958 0 0.001109 0.01 

HALLMARK -0.63115 -2.05716 0 0.001109 0.01 

HALLMARK -0.79279 -2.0601 0 0.001189 0.01 

HALLMARK -0.6112 -2.06415 0 0.001198 0.01 

HALLMARK -0.6279 -2.04627 0 0.001239 0.012 

HALLMARK -0.74367 -2.0669 0 0.001298 0.01 

HALLMARK -0.75289 -2.03107 0 0.001307 0.013 

HALLMARK -0.68759 -2.027 0.001901 0.001362 0.015 

HALLMARK -0.61445 -2.03346 0 0.00138 0.013 

HALLMARK -0.79799 -2.01453 0 0.001381 0.017 

HALLMARK -0.73132 -2.01472 0 0.001443 0.017 

HALLMARK -0.65178 -2.01945 0 0.001454 0.016 

HALLMARK -0.54693 -1.99292 0 0.001758 0.021 

HALLMARK -0.67676 -1.97962 0.001894 0.001822 0.023 

HALLMARK -0.64372 -1.95247 0 0.002489 0.028 

HALLMARK -0.53369 -1.94042 0 0.002754 0.032 

HALLMARK -0.69874 -1.92026 0.001942 0.003275 0.041 

HALLMARK -0.645 -1.88836 0.001873 0.004815 0.057 

HALLMARK -0.57118 -1.86491 0.007843 0.005751 0.074 

HALLMARK -0.53449 -1.86703 0 0.005765 0.071 

HALLMARK -0.58855 -1.83838 0.007678 0.007409 0.088 

HALLMARK -0.53941 -1.82654 0.005803 0.008124 0.097 

HALLMARK -0.51867 -1.80532 0.005859 0.009476 0.113 

HALLMARK -0.64618 -1.79425 0.022814 0.009922 0.125 

HALLMARK -0.58841 -1.79843 0.011834 0.009942 0.121 

HALLMARK -0.55862 -1.69679 0.031311 0.019898 0.211 

HALLMARK -0.71158 -1.68797 0.041905 0.021164 0.223 

NOM p-val < 0.05 and FDR q-val < 0.25 were considered as significant 

Abbreviations: GSEA, gene set enrichment analysis; CCT3, Chaperonin-containing 

TCP-1 3 
 

 

 

 

 



Supplemental Table 2: High expression of CCT3 affected signal pathways by GSEA 

analyzing (KEGG) 
NAME SIZE ES NES NOM p-val FDR q-val 

KEGG_PUR 154 -0.73146 -2.42507 0 0 

KEGG_SPL 126 -0.86302 -2.30338 0 0 

KEGG_WNT 150 -0.64845 -2.12539 0 8.51E-04 

KEGG_FC_ 93 -0.70262 -2.15193 0 8.72E-04 

KEGG_EPI 68 -0.70929 -2.13676 0 9.01E-04 

KEGG_GLY 72 -0.63627 -2.12571 0 9.08E-04 

KEGG_SNA 38 -0.79504 -2.15462 0 9.51E-04 

KEGG_CEL 124 -0.77011 -2.14323 0 9.70E-04 

KEGG_PAT 56 -0.73452 -2.12079 0 9.81E-04 

KEGG_AMY 53 -0.65803 -2.08018 0 0.001014 

KEGG_PRO 45 -0.88383 -2.21339 0 0.00102 

KEGG_RNA 29 -0.85995 -2.21671 0 0.001024 

KEGG_RNA 56 -0.79322 -2.19518 0 0.001028 

KEGG_MTO 51 -0.7052 -2.08894 0 0.001029 

KEGG_CYS 34 -0.70983 -2.10545 0 0.001034 

KEGG_PRO 85 -0.69828 -2.12191 0 0.001039 

KEGG_OOC 111 -0.71305 -2.16787 0 0.001046 

KEGG_NUC 44 -0.80591 -2.08161 0 0.001052 

KEGG_NEU 125 -0.67545 -2.06746 0.001919 0.001056 

KEGG_AMI 41 -0.84071 -2.09148 0 0.00107 

KEGG_RIG 70 -0.64288 -2.0613 0 0.001078 

KEGG_PAT 322 -0.62187 -2.10658 0 0.001086 

KEGG_HUN 167 -0.66524 -2.06971 0 0.001093 

KEGG_GLY 25 -0.8035 -2.05237 0 0.001107 

KEGG_VIB 53 -0.71127 -2.05489 0 0.001109 

KEGG_END 178 -0.66695 -2.0934 0 0.001115 

KEGG_PRO 23 -0.82852 -2.04599 0.001901 0.001134 

KEGG_BAS 35 -0.80976 -2.10663 0 0.001143 

KEGG_UBI 130 -0.76804 -2.1714 0 0.001162 

KEGG_VEG 76 -0.6445 -2.09433 0 0.001163 

KEGG_LYS 121 -0.6966 -2.0468 0 0.001167 

KEGG_REG 212 -0.63436 -2.09944 0 0.001171 

KEGG_CYT 54 -0.70894 -2.18032 0 0.001173 

KEGG_AMI 43 -0.75092 -2.22537 0 0.00128 

KEGG_REN 66 -0.71693 -2.0394 0.001916 0.001301 

KEGG_N_G 46 -0.7594 -2.04064 0 0.001337 

KEGG_PYR 98 -0.75573 -2.27967 0 0.001348 

KEGG_BAS 34 -0.80351 -2.02056 0 0.00175 

KEGG_SMA 84 -0.67738 -2.01771 0 0.001838 

KEGG_PHO 76 -0.66027 -1.98854 0 0.00224 

KEGG_ERB 86 -0.65783 -1.99058 0 0.002244 

KEGG_ALZ 152 -0.63184 -1.99355 0 0.002287 

KEGG_PAN 69 -0.67612 -1.99083 0 0.002297 

KEGG_CHR 73 -0.70753 -1.99538 0 0.002317 

KEGG_GLI 65 -0.6523 -1.98011 0.003759 0.002406 

KEGG_TOL 102 -0.61754 -1.97692 0.003766 0.00242 



KEGG_P53 66 -0.6511 -1.97125 0.001927 0.00253 

KEGG_T_C 107 -0.66293 -1.96829 0.003774 0.002661 

KEGG_APO 87 -0.65272 -1.9629 0.003774 0.002763 

KEGG_GAP 88 -0.60886 -1.95979 0.001869 0.002832 

KEGG_HOM 26 -0.83246 -1.95725 0 0.002903 

KEGG_INS 137 -0.60338 -1.95491 0 0.002932 

KEGG_NOD 61 -0.66005 -1.94458 0.00381 0.003164 

KEGG_GAL 26 -0.66311 -1.94518 0 0.003221 

KEGG_B_C 75 -0.66489 -1.94531 0.001883 0.003281 

KEGG_FC_ 79 -0.61319 -1.93939 0 0.003298 

KEGG_LYS 39 -0.72081 -1.94738 0 0.003305 

KEGG_NON 54 -0.6622 -1.93199 0.003802 0.00358 

KEGG_MAP 266 -0.56611 -1.92391 0 0.003858 

KEGG_INO 54 -0.67306 -1.92262 0 0.003899 

KEGG_THY 29 -0.69587 -1.91949 0.001905 0.003913 

KEGG_GLY 16 -0.75837 -1.9205 0 0.003924 

KEGG_COL 62 -0.66683 -1.92071 0.003817 0.003956 

KEGG_NOT 47 -0.67618 -1.90623 0 0.004354 

KEGG_ARG 53 -0.58251 -1.90698 0 0.004384 

KEGG_OXI 115 -0.67651 -1.89779 0.001976 0.004419 

KEGG_ADH 68 -0.68915 -1.89856 0.001961 0.004449 

KEGG_PRO 89 -0.62706 -1.90163 0.007519 0.004469 

KEGG_NON 12 -0.83952 -1.89938 0.003976 0.004476 

KEGG_TIG 129 -0.58675 -1.90204 0 0.004517 

KEGG_BLA 41 -0.63233 -1.89979 0 0.004526 

KEGG_ONE 17 -0.75761 -1.88931 0 0.004964 

KEGG_ACU 57 -0.6582 -1.88501 0.003854 0.005173 

KEGG_GLY 43 -0.59111 -1.88097 0.003466 0.0053 

KEGG_LON 70 -0.58599 -1.88313 0.00363 0.005309 

KEGG_LON 68 -0.5635 -1.87873 0 0.005384 

KEGG_SPH 36 -0.6646 -1.876 0 0.005419 

KEGG_GLY 26 -0.66196 -1.86501 0.003788 0.005864 

KEGG_FRU 33 -0.64785 -1.86219 0.001894 0.006085 

KEGG_GNR 101 -0.5562 -1.85853 0 0.006093 

KEGG_LEU 115 -0.57182 -1.85665 0.005556 0.006112 

KEGG_POR 41 -0.63115 -1.85908 0.00349 0.006128 

KEGG_RIB 87 -0.83177 -1.85723 0.005747 0.006142 

KEGG_NAT 132 -0.57577 -1.85925 0.010969 0.00619 

KEGG_MIS 23 -0.8104 -1.85951 0.001984 0.006254 

KEGG_GLY 21 -0.70093 -1.85212 0 0.00633 

KEGG_PEN 26 -0.66127 -1.84941 0 0.006574 

KEGG_END 52 -0.65033 -1.84851 0.003802 0.006579 

KEGG_SEL 25 -0.71045 -1.84327 0.001934 0.006724 

KEGG_CIT 31 -0.73894 -1.83774 0.005803 0.007019 

KEGG_GLU 49 -0.59949 -1.83246 0.007561 0.00711 

KEGG_FOC 197 -0.61113 -1.83152 0.01341 0.007121 

KEGG_AXO 128 -0.57708 -1.83352 0.009434 0.00715 

KEGG_DNA 36 -0.81569 -1.83034 0.004049 0.007168 

KEGG_REG 34 -0.59409 -1.83388 0.003731 0.007191 



KEGG_ANT 81 -0.63798 -1.82611 0.015094 0.00751 

KEGG_TGF 85 -0.59766 -1.82311 0.009398 0.007682 

KEGG_VAS 43 -0.63641 -1.82358 0.003839 0.007694 

KEGG_GLY 62 -0.57533 -1.81528 0.003738 0.008196 

KEGG_PAR 114 -0.64042 -1.80154 0.014085 0.009181 

KEGG_PER 78 -0.59375 -1.79988 0.007463 0.00924 

KEGG_ADI 67 -0.57764 -1.79337 0.005607 0.009895 

KEGG_PRI 35 -0.58679 -1.78981 0.008681 0.01015 

KEGG_ALA 32 -0.60423 -1.77886 0.001934 0.011167 

KEGG_DRU 51 -0.54159 -1.77145 0.003478 0.011734 

KEGG_BAS 55 -0.57937 -1.76847 0.001898 0.012059 

KEGG_SYS 133 -0.57066 -1.76173 0.019713 0.012688 

KEGG_HED 56 -0.54939 -1.76184 0.001825 0.012797 

KEGG_CHE 184 -0.55006 -1.75852 0.018692 0.013031 

KEGG_JAK 155 -0.51932 -1.75641 0.01487 0.013194 

KEGG_MEL 101 -0.52067 -1.7495 0.009042 0.014099 

KEGG_OTH 16 -0.70982 -1.72051 0.003891 0.018788 

KEGG_NIT 23 -0.60898 -1.72074 0.005515 0.0189 

KEGG_STE 17 -0.69805 -1.72089 0.017308 0.019049 

KEGG_VAL 11 -0.7587 -1.72128 0.001923 0.019075 

KEGG_DOR 24 -0.62965 -1.71152 0.01107 0.019791 

KEGG_GLY 22 -0.69702 -1.71289 0.02439 0.019846 

KEGG_PYR 40 -0.5798 -1.67503 0.014815 0.025887 

KEGG_PAN 16 -0.6416 -1.67548 0.014337 0.025943 

KEGG_ETH 30 -0.54189 -1.67666 0.009294 0.026038 

KEGG_MEL 71 -0.52666 -1.67176 0.016245 0.026382 

KEGG_LEI 70 -0.59697 -1.66764 0.05 0.026873 

KEGG_BIO 20 -0.64436 -1.65437 0.014493 0.029764 

KEGG_GLY 15 -0.66313 -1.65178 0.022599 0.030224 

KEGG_GLY 26 -0.54334 -1.645 0.016822 0.031332 

KEGG_BET 22 -0.5835 -1.59523 0.03321 0.045202 

KEGG_TER 15 -0.67257 -1.57704 0.056093 0.050415 

KEGG_TYP 47 -0.49262 -1.55868 0.030741 0.056295 

KEGG_FOL 10 -0.6653 -1.55597 0.022059 0.056906 

KEGG_TYR 40 -0.50321 -1.54946 0.03777 0.058851 

KEGG_GLY 14 -0.60897 -1.50851 0.054581 0.074042 

KEGG_TRY 40 -0.4864 -1.50566 0.04529 0.074611 

KEGG_CIR 13 -0.6625 -1.50166 0.085437 0.075694 

KEGG_VIR 68 -0.52129 -1.4978 0.089866 0.076614 

KEGG_RIB 15 -0.59439 -1.49005 0.049091 0.079373 

KEGG_PRO 23 -0.52167 -1.48688 0.063521 0.080194 

KEGG_VAS 113 -0.45526 -1.48183 0.07457 0.082012 

KEGG_NIC 24 -0.50827 -1.46586 0.070076 0.088512 

KEGG_GLY 15 -0.61055 -1.45639 0.097561 0.092009 

KEGG_O_G 29 -0.51033 -1.44777 0.093578 0.095595 

KEGG_SUL 13 -0.55822 -1.44593 0.077213 0.096052 

KEGG_VAL 43 -0.54306 -1.42638 0.129845 0.1054 

KEGG_PRO 32 -0.54415 -1.42179 0.120079 0.106973 

KEGG_ABC 44 -0.44927 -1.41603 0.082721 0.109401 



KEGG_BUT 34 -0.49613 -1.39564 0.121154 0.119934 

KEGG_GLY 31 -0.47429 -1.37994 0.104478 0.128483 

KEGG_LIM 9 -0.62157 -1.34916 0.165399 0.147388 

KEGG_ECM 84 -0.48488 -1.33602 0.206767 0.155227 

KEGG_FAT 42 -0.46722 -1.31444 0.190654 0.168707 

KEGG_PHE 17 -0.49627 -1.30139 0.149905 0.175659 

KEGG_PRI 35 -0.53249 -1.30229 0.24381 0.176003 

KEGG_CYT 261 -0.37299 -1.28562 0.192446 0.185931 

KEGG_PEN 28 -0.45726 -1.25065 0.202465 0.210964 

KEGG_CEL 128 -0.40309 -1.23915 0.251866 0.218558 

KEGG_HIS 28 -0.40962 -1.22813 0.211896 0.225555 

KEGG_CAR 78 -0.39471 -1.20726 0.271881 0.240309 

KEGG_CAL 177 -0.34857 -1.20477 0.244444 0.240663 

KEGG_ARR 74 -0.39432 -1.19256 0.266541 0.249073 

 

NOM p-val < 0.05 and FDR q-val < 0.25 were considered as significant 

Abbreviations: GSEA, gene set enrichment analysis; CCT3, Chaperonin-containing 
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