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Abstract
Recent therapeutic advances have improved the survival of head and neck squamous cell carcinoma
(HNSCC) patients, but the prognosis of HNSCC remains dismal. Further understanding of the underlying
mechanism of HNSCC progression is still an urgent need. In this study, bioinformatics-based analysis
revealed that Chaperonin containing TCP-1, subunit 2 (CCT2) is signi�cantly upregulated in HNSCC and
related to pathoclinical outcomes, which is validated by the fact that four human HNSCC cell lines all
express higher CCT2 than the normal oral squamous cell line. Clinically, high CCT2 expression was
positively associated with worse overall survival (OS) and TNM classi�cation in HNSCC patients. Further
study indicated that suppression of CCT2 by RNA interference signi�cantly inhibits cell proliferation,
migration and invasion, arrests cell cycle at G2 phase, and prevents epithelial-mesenchymal transition
(EMT) of both SAS and HSC-3 cell lines. In vivo assays further veri�ed that CCT2 knockdown inhibited
tumor growth in HNSCC. Moreover, knockdown of CCT2 led to the signi�cant decrease of Cdc20 as well
as cyclin D1, cyclin E1, and CDK6 while increase of GSK3-α/β and p27, which shed light into molecular
mechanism of CCT2 function. In conclusion, elevated CCT2 expression promotes HNSCC cell
proliferation via Cdc20 mediated cyclin-CDK pathway and CCT2 would be a valuable prognostic
biomarker and therapeutic target in HNSCC.

Introduction
Head and neck squamous cell carcinoma (HNSCC) includes an anatomically heterogenous group of solid
tumors that mainly originate in the epithelial cells of the oral cavity, pharynx(naso-, oro-, and
hypopharynx) and larynx[1]. Most of NHSCC is oral squamous cell carcinoma (OSCC). With a yearly
incidence of 655,000 cases worldwide, HNSCC is the 6th most common malignancies[2]. As NHSCC
usually progresses without obvious symptoms, around 2/3 of patients present with advanced disease,
often with regional lymph node involvement, while 10% present with distant metastases. The 5-years
survival rate of HNSCC in all stages is about 60%, and can be even worse for speci�c primary sites such
as hypopharynx[3]. Therefore, identifying early prognostic markers and potential drug targets is of great
importance to improve prognosis and individualized treatments.

Chaperonin containing TCP-1 (CCT, also known as TRiC or c-cpn), a member of group II (eukaryotic)
chaperonin family, consists of eight homologous subunits (CCT1, 2, 3, 4, 5, 6, 7, 8)[4]. The subunits are
assembled in two back-to-back stacked oligomeric rings, forming a cage where protein folding and
refolding take place in the presence of ATP[5–7]. CCT has been shown to interact with 5–10% of whole
proteome that is correlated with cell growth[8], proliferation and apoptosis in normal and tumor cells
including tumor suppressor Von Hippel-Lindau (VHL), p53, pro- oncogenic proteins signal transducer and
activator of transcription 3 (STAT3), cell cycle regulatory proteins cell division cycle protein 20 (Cdc20),
tubulins, cyclin B, cyclin E, and actins, many of which are implicated in oncogenesis[9–14]. Emerging
evidences have implicated that CCT and its subunits play an important role in the development of many
human malignancies such as breast cancer[15, 16], liver cancer[17–19], gastrointestinal cancer[20–22],
lung cancer[23] and acute myeloid leukemia[24]. Moreover, the aberrant expression of certain members of
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CCT family is found to have prognostic values in some malignancies. For example, overexpression of
CCT3 and CCT8 is positively correlated with the histologic grades and tumor size of hepatocellular
carcinoma, and predicts a poor prognosis[17, 18, 25]. In glioblastoma, higher expression and
ampli�cation of CCT6A associates negatively with survival rate[26]. And CCT2 is needed for tumor
growth in colorectal[27], breast[15] and lung cancer[23].

CCT family proteins are highly expressed in HNSCC according to online public database, which needs
validation with laboratorial experiments[28]. The function of CCT subunits in the carcinogenesis of
HNSCC remains unclear. Hence, we studied the function of CCT2 in HNSCC and explored the underlying
mechanisms.

Results
CCT2 is upregulated in HNSCC and associated with worse pathoclinical outcomes

We compared the mRNA expression level of CCT2 in HNSCC tissues and normal samples with GEPIA
dataset (http://gepia.cancer-pku.cn/). The results showed that CCT2 expression level was higher in
HNSCC tissues than in normal ones (Figure 1A ) (|Log2FC|  > 1 and qvalue < 0.01). Moreover, The Kaplan-
Meier curve and log-rank test analyses indicated that increased CCT2 was signi�cantly associated with
worse overall survival of patients with HNSCC but not with the disease free survival (Figure 1B). We next
detected CCT2 expression  in four HNSCC cell lines (SAS, HSC-3, CAL-27, HSC-6) and a normal oral
squamous cell line(NOK) by western blot and qRT-PCR (Figure 1C&D). Compared with NOK cells, both
mRNA and protein level of CCT2 were obviously upregulated in HNSCC cell lines. 

Tovalidate these data, obtained from public databases and our HNSCC line panel, in clinical human
tumor samples, we detected CCT2 protein expression in 41 HNSCC tissues and their adjacent normal
tissues via immunohistochemistry. The results indicated that CCT2 was signi�cantly upregulated in
HNSCC tissues with 80.48% positive rate (33/41), compared with the non-cancerous tissues (Figure 1E).
Then we analyzed the clinical characteristics associated with CCT2 and found that high expression of
CCT2 was signi�cantly positively associated with American Joint Committee on Cancer (AJCC) clinical
stage (AJCC 8th stage system)[29] , TNM classi�cation (p=0.014), and maybe tumor size (p=0.059), but
not other clinical features (Table 1).

CCT2 promotes the proliferation, migration and invasion of HNSCC cells in vitro

To uncover the exact roles of CCT2 in tumorigenesis, we knocked down CCT2 in SAS and HSC-3 cells by
shRNAs e�ciently (Figure 2A-B & 3A-B). With the decrease of CCT2, the proliferation of the cancer cells
was signi�cantly inhibited as the CCK-8 curve (Figure 2C&3C ) and EdU assay (Figure 2E&3E) showed.
The results were further con�rmed by colony formation assays, indicating a lower duplicating potential
(Figure 2D&3D). Moreover,  the wound healing assay showed signi�cantly reduced migration ability in
cancer cells expressing shCCT2 compared with the control (Figure 2F&3F). Further study indicated that
the number of migrating cells in the CCT2-knockdown group was signi�cantly lower than the control
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group after cultured for 24h in Transwell apparatus or Boyden chambers coated with Matrigel (Figure
2G&3G). As epithelial-mesenchymal transition (EMT) is of great importance for tumor migration and
invasion, we analyzed EMT-associated proteins by Western blot. The results showed that E-cadherin
expression was markedly increased while N-cadherin and Slug expression were obviously decreased in
CCT2 knockdown cells (Figure 2H&3H), suggesting that EMT was inhibited. All of these data indicated
that CCT2 upregulation promoted the proliferation, migration and invasion of NHSCC cells.

Knockdown of CCT2 inhibits HNSCC growth in vivo

We then employed subcutaneous cell line-derived xenograft tumor models to study the role of CCT2 in
vivo. SAS cells infected with shCCT2 lentivirus or control lentivirus were inoculated i.c. in the left hind
limb of nude mice and the tumors were collected at the 21th day post inoculation. Downregulation of
CCT2 expression signi�cantly inhibited the growth of tumor in vivo(Figure 4A&B). The tumor volume
(224±114 mm3) and weight (622±195 mg) of the SAS-shCCT2-derived xenografts were  signi�cantly
smaller (p<0.01) than those of the SAS-control-derived xenografts (735±347 mm3; 1174±309 mg) (Figure
4C&D). Moreover, the expression of CCT2 in shCCT2-derived xenografts was still signi�cantly lower than
the control after growth of 21 days (Figure 4E). 

Knockdown of CCT2 arrests cell cycle at G2 phase

In order to explore the mechanism of the proliferation-promoting function of CCT2, we performed
transcriptomic analysis for shCCT2 and control cells from SAS cell line. There were 536 differentially
expressed genes (DEGs), of which 84 genes were upregulated and 452 were downregulated,
respectively (fold change > 2 and adjusted p value < 0.05)(Figure 5A). The functions of CCT2 and the
genes signi�cantly associated with CCT2 alterations were then predicted by analyzing Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis. GO analysis predicted the
involvement of DEGs in biological process and molecular functions (Figure 5A). We found that signaling
receptor binding and cellular protein metabolic process were signi�cantly regulated by the CCT2
alteration in HNSCC. KEGG analysis de�ned the pathway related to the functions of CCT2 alteration and
the frequently altered neighbor genes (Figure 5A). Cytokine-cytokine receptor interaction, PI3K-AKT
signaling pathway, chemical carcinogenesis and rheumatoid arthritis were found to relate to the
functions of CCT2 alteration and among which, PI3K-AKT signaling pathway was involved in the
tumorigenesis and pathogenesis of HNSCC. Gene set enrichment analysis (GSEA) further supported the
relation between CCT2 function and DNA replication and cell cycle (Figure 5B). Moreover, analysis with
the GEPIA database indicated that  CCT2 had positive correlation with CDK4 (Supplementary Figure S1A,
r = 0.33, p< 0.001), CDK2 (Supplementary Figure S1B, r = 0.13, p< 0.001), CDK6 (Supplementary Figure
S1C, r = 0.1, p=0.0052), CDK7 (Supplementary Figure S1D, r = 0.17, p< 0.001) and Cdc20 (Supplementary
Figure S1E, r = 0.21, p< 0.001), most of which were biomarkers of the G1-to-S phase transition. 

We then analyzed the cell cycle and the results showed that knockdown of CCT2 increased the
percentage of cells in G2 phase in both cell lines (Figure 5C), which indicated that CCT2 downregulation
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caused arrest at G2 phase of cell cycle.

CCT2 regulates HNSCC cell proliferation via the Cdc20 mediated cyclin-CDK pathway

To uncover the mechanism of CCT2 function on cell cycle, we further checked the key proteins important
for cell cycles by western blot analysis. The results revealed that Cdc20 was signi�cantly downregulated
as well as CDK6, cyclinE1 and cyclinD1 in shCCT2 cells while CDK4 was increased (Figure 6A). Cdc20 is
a regulator of cell division and requires CCT2 for stabilization, and can protomote CDK4 degradation via
the role of E3 ubiquitin-protein ligase[30]. CCT2 knockdown increased Cdc20 degradation thus enhanced
CDK4 stability. Cdc20 degradation arrests cell cycle at G2 phase in NHSCC and modulated a series of cell
cycle related proteins.

Next, we analyzed the protein level of CDK inhibitors such as p27, p21, and GSK3-α/β. Western blot
analysis showed that GSK3-α/β, phosphorylated GSK3-β (p-GSK3-β), phosphorylated p21 (p-p21) were
increased while p21 was not affected in shCCT2 cells compared to the control cells (Figure 6B). GSK-3β
is well known for its suppressive function on cyclin D1 and E1 protein level by downregulating mRNA
transcription and protein stability[31]. Both p21 and p27 protein are members of the Cip/Kip family of
cyclin-dependent kinase (CDK) inhibitors that can inhibit kinase activities of CDK2-cyclin E complex,
CDK4/6-cyclin D complex, and other cyclins[32, 33]. Enhancement of p27protein level may cause G1
arrest[34]. Further study demonstrated the decreased transcription level of downstream factors such as
cyclin E, E2F, and c-Myc (Figure 6C).  

Taken together, considering that CCT2 is essential for Cdc20-dependent cell cycle events such as sister
chromatid separation and exit from mitosis[35], the G2 arrest in CCT2 de�cient cells could be explained
by the facts of downregulation of both stability and function of Cdc20, which may cause upregulation of
GSK3-α/β and p27, and the downregulation of cyclin D1, cyclin E1, and CDK6 (Figure 7). 

Discussion

Functions of CCT proteins
CCT proteins are �rst known to be a chaperone required in the folding of actin and tublin, the two major
cytoskeletal proteins that are indispensable for the formation of mitotic spindle and the segregation of
sister chromatids during cell division[36]. CCT family comprises eight different subunits. depletion of
either CCT1[15], CCT2[37], CCT3[17],CCT4[38], CCT5[39], CCT6[40], CCT7[41] or CCT8[18] led to growth
arrest of tumor cells. When a CCT subunit became the target for depletion, the level of assembled
oligomer reduced while more non-targeted subunits presented as monomers[10, 42]. Therefore, the CCT
subunit depletion might disrupt the function of CCT oligomer as well as the speci�c function of certain
CCT subunits in the monomeric forms. Considering that the targeting of several CCT subunits had similar
in�uence on the proliferation of tumor cells, such effect probably resulted from the block of CCT oligomer
function rather than a monomer-related function. As the function of CCT oligomer can be inhibited by
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depleting the subunit, it provided a potential for CCT to be a viable therapeutic intervention target in
cancers.

The role of CCT in cancers or other diseases is still far from fully characterized. First, Some CCT subunits
may have unique monomeric activities, which called out challenges for the study of the chaperonin’s
function and regulation. For example, CCT5 promoted actin translation through cell surface signaling
when there was already su�cient CCT oligomer for actin folding[42]. The monomeric function of CCT2
has few exploration. In breast cancer, silencing CCT2 expression resulted in the reduction of other CCT
subunits while over-expressing CCT2 concomitantly increased other subunits[43]. Then, whether CCT has
a broad range or rather restricted substrate is always the hot topic. Considering the complexity of the CCT
binding interface and subunit-substrate interactions, many believe CCT has a rather discrete multiple
folding substrates in which actin and tublin are the representatives[36]. Besides, lots of studies
demonstrate the upregulation of CCT subunits in cancers and their role to promote cancer growth, but the
mechanisms by which CCT subunits expression were modulated were poorly understood. And it’s also
unclear that whether cancer cells would be more susceptible to chaperonin inhibiting therapy than normal
cells. There were also some limitations in this study. We detected the expression and function of CCT2 in
HNSCC but no other subunits, so we could not verify the effect of CCT2 silencing on HNSCC is oligomer-
driven, monomer-driven or both. HNSCC concludes various subtypes derived from different anatomic
sites, which may different prognoses and therapeutic response. The main cancer cell lines used in the
study, SAS and HSC-3 were both derived from tongue. And the number of HNSCC patients involved in the
clinical characteristic observation is rather limited.

Function of CCT2 in cancer cell proliferation
CCT proteins are found to involve in tumorigenesis of many types of cancers, but their role in HNSCC
lacks exploration. A prediction of the expression and prognostic value of CCTs in HNSCC analyzing public
online database aroused our interest, but the results need experimental evidences to be supported[28]. In
this study, we found that CCT2 was upregulated in HNSCC and correlated with poor prognosis in patients
through GEPIA website, which was in accordance with the previously mentioned study[28]. This result
was further veri�ed by the immunohistochemistry results of 41 samples of HNSCC patients and high
expression level of CCT2 was signi�cantly positively associated with the TNM classi�cation. Our further
study showed that the depleting CCT2 signi�cantly slowed down the cell proliferation and invasiveness.
And knockdown of CCT2 in HNSCC cells implanted to the nude mice impaired tumor growth. These
results indicate that CCT2 is essential for cancer cell to survive and grow.

Function of CCT2 in cancer cell migration and invation
CCT has been reported to in�uence cell migration and invasion of a series of cancers in the previous
articles[15–23]. In our study, CCT2 was proved to promote the migration and invasion capability of
HNSCC as expected. The migration or invasion of both normal cell and cancer cell rely on actin �lament
rearrangement, and actin inquires interaction with the CCT oligomer for folding[10]. Besides, two actin-
regulating proteins, the p21-activating kinase PAK4[44] and gelsolin[45], are known to bind CCT and are
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implicated in cancer cell migration. EMT is a key pathway involved in tumor cell metastasis[46], and
CCT2 knockdown led to signi�cant change of the expression of EMT-associated proteins. Our results also
implicated that CCT monomer can also function in mediating cell migration. Other CCT monomers have
similar functions as well, for example, CCT3 and CCT4 were found to upregulated in cells that were able
to migrate away from a tumor into Matrigel[47]. And the CCT4 monomer may have contrary in�uence on
migration in different expression levels[48].

Function of CCT2 in cell cycle
CCT subunits are upregulated in S phase of the cell cycle and the expression level are linked to cell
growth, in accordance with the increase of tubulin synthesis around the G1/S transition[49]. Except for
the CCT-tublin interactions, CCT also interacts with some key cell cycle mediators like Cdc20, Cdh1,
CDK2/cyclin E and polo-like kinase1 (PLK1). Cdc20 and Cdh1, both obligate CCT folding substrates,
activate the APC/C (anaphase-promoting complex) during G1 phase and the transition from metaphase
to anaphase[35]. And the maturation of cyclin E also requires the function of CCT[9]. PLK1 is important in
the G2 phase of the cell cycle and a possible folding substrate and interaction partner of CCT[50].
Besides, CCT is reported to mediate the release of Cdc20 from mitotic checkpoint complex (MCC) to
promote MCC disassembly and subsequently initiate the anaphase[51].

Our western blot results showed the downregulation of CDK6, cyclinD1, cyclin E1 and Cdc20 while
upregulation of GSK3-α/β and p27 in CCT2 knockdown cells that show G2 arrest in cell cycle, which may
partly explain how CCT2 promotes cell growth (Fig. 7). However, it remains unclear how CCT2 in�uences
the level of these proteins. The decrease of cyclin D1 and E1 may be explained by the upregulation of
GSK3-α/β but it cannot exclude the possibility that knockdown of CCT2 alters the correct folding of such
cyclins. Higher phosphorylated GSK3-α/β suggest higher activities of kinases like Akt and PDK-1, and
lower ubiquitination-based proteasome degradation which may be also the mechanism causing higher
p27 protein. Gene expression pro�ling and bioinformatics analysis were of great potential to predict
diagnostic and therapeutic targets in cancers. GEPIA website showed the upregulation and prognostic
effect of CCT2 in HNSCC, which was then con�rmed by experiments. When looking into the underlying
mechanism of the function of CCT2 in HNSCC, the study of RNA-seq identi�ed the DEGs and prompted
that PI3K-AKT signaling pathway was enriched in the KEGG pathway analysis, which was in accordance
with the results from the public database. Western blot further veri�ed the alteration of PI3K-AKT pathway
when CCT2 was knockdown. Further analysis of proteomics such as iTRAQ may provide better
explanation of CCT2 function on proteins of cell cycle and PI3K-AKT pathway than transcriptome
analysis since the main direct function of CCT2 is protein folding.

Conclusion
The expression of CCT2 in HNSCC is remarkedly upregulated and therefore promote HNSCC progression
through accelerating cell proliferation via cyclin-CDK pathway. High level of CCT2 is a poor prognostic
factor for HNSCC patients and may serve as a potential therapeutical target of HNSCC.
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Materials And Methods
Patients and follow-up

A total of 41 HNSCC patients underwent surgical resection at the Department of Craniofacial Surgery,
GuanghuaSchool of Stomatology, Sun Yat-sen University (Guangzhou,China) from January 2017 to
December 2017 were enrolled in the study. Before the surgery, no one had received radiotherapy or
chemotherapy. Primary HNSCC tissues were obtained rom the representative area of each case, veri�ed
by pathological examination. The para�n-embedded HNSCC and matched peritumor tissues were
collected for immunohistochemistry. Informed consent from patients were obtained and their medical
records were reviewed for clinical information. Ethical approval of the study was obtained from the Ethics
Committee of Guanghua School of Somatology, Sun Yat-sen University. 

GEPIA (Gene Expression Pro�ling Interactive Analysis) dataset

GEPIA (http://gepia.cancer-pku.cn/) is an interactive web used for analyzing RNA sequencing expression
data from The Cancer Genome Atlas (TCGA) and Genotype-Tissue Expression project (GTEx), with a
standard processing pipeline. The website provides customizable functions like tumor/normal tissue
differential expression analysis and patient survival analysis. The raw data of unpaired normal and
tumor tissues were compared and �ltered based on the cutoffs |log2FC| >1 and P < 0.01. The log2(TPM +
1) transformed expression data were shown in plots or used for one-way ANOVA analysis. While
analyzing the overall survival (OS) and disease-free survival (RFS) of patients with HNSCC, patient
samples were divided into two groups by median expression (high/low expression) and then shown in a
Kaplan-Meier survival plot, with the hazard ratio (HR) with 95% con�dence intervals (CI) and logrank p
value. 

Immunohistochemistry

Tissue sections from para�n-embedded HNSCC patient tissue or SAS xenograft model were dewaxed in
xylene and rehydrated in a graded alcohol series. Next the sections were soaked with 0.1% Trion X-100,
incubated in 3% H2O2 in order to eliminate endogenous peroxidase activity and then heated in sodium
citrate buffer (pH 6.0) for antigen retrieval. After blocking in 10% goat serum for 1h at room temperature,
the sections were incubated with CCT2 primary antibody overnight at 4°C.  Washed with PBST, the
sections were incubated with secondary antibody for 1h at room temperature and visualized with DAB
solution and counterstained with hematoxylin. The expression of CCT2 was scored by two pathologists
respectively. The ratio of positively stained cells<25 was negative, 25%-50% was +,50%-75% was ++ and
>75% was +++.

Cell culture and transfection

The human HNSCC cell lines CAL-27 were purchased from ATCC(Rockville, MD, USA), and the cell lines
HSC-3 and HSC-6 were provided by J. Silvio Gutkind (NIH, Bethesda, MD, USA). Cell lines SAS and NOK
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was purchased from Fuheng Biology (Shanghai,China). Cells were mycoplasma-free and were cultured
under the recommended conditions. 

The vectors of pLKO.1-TRC-puromycin-shRNA-CCT2 and pLKO.1-TRC-puromycin were constructed and
transfected into SAS and HSC-3 cells, according to the manufacturer’s instruction. The shRNA1 sequence
is TTATCGAGGAAGTCATGATTG. The shRNA2 sequence is GCCTCTCTTATGGTAACCAAT. The transfected
cells were screened with puromycin at a concentration of 3μg/ml for SAS and HSC-3 cell lines. The
transfection e�ciency was veri�ed by qRT-PCR and western blotting.

Real-time reverse transcription PCR(qRT-PCR) and western blot analysis

For total protein extraction, cells lysates were collected using RIPA buffer  (Sigma-Aldrich) supplemented
with protease and phosphatase inhibitors. 20μg of total protein were loaded into 10% SDS-PAGE gel for
separation and transferred to a PVDF membrane (Millipore, MA, USA). The PVDF membranes were
blocked with 5% milk for 1h and then incubated with primary antibodies at 4 ˚C overnight. Next the
membranes were incubated with the secondary antibody for 1h. The bands was visualized using the
enhanced chemiluminescence (ECL) detection system (Millipore, MA, USA). All the primary antibodies are
listed in Supplementary Table S1. 

Total RNA was extracted from cell lines with TRIzol (Invitrogen, Carlsbad,

CA, USA) and reverse-transcribed to cDNA with HifairTM III 1st Strand cDNA Synthesis SuperMix for
qPCR(Yeasen, SH, China). qRT-PCR was performed using SYBR Green Master Mix Kit (Yeasen) on a Light
Cycler 480 system (Roche).The qRT-PCR primers are shown in Supplementary Table S2. The results were
normalized to those for GAPDH.

CCK-8, EdU and colony formation assays

shCCT2 cells and control cells were inoculated into 96-well plates(3000 cells/well). 10μl of CCK-8
solution (Dojindo, Kumamoto, Japan) was added itno the sextuplicate wells At each time point(24, 48, 72
and 96 h). After incubating for 1h, the absorbance was detected at 450nm. 

The EdU incorporation assay is designed to quantitate cell proliferation based on the measurement of
EdU incorporation during DNA synthesis in proliferating cells. The developed color correlates with the
number of proliferating cells in the respective microcultures. The assay was performed with the Cell
Proliferation EdU Image Kit (Green Fluorescence) (Abbkine, CA, USA) according to the manufacturer’s
instruction. 

The colony formation assay was used to test the cell proliferation capacity as well. Cells were seeded in
6-well plates(1000cells/well) with culture medium refreshed twice a week. After 10-14 days, the cells was
�xed with 4% formaldehyde and then stained with crystal violet. Colonies containing >10 cells was
counted manually.
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Transwell and wound healing

Transwell assay was performed to detect cell migration and invasion. In brief, SAS and HSC-3 cells
(1x105) were suspended in 200μl serum-free medium and added into the upper compartments of 24-well
Transwell chambers (8 μm pore size; Corning, NY, USA) after transfection. 600μl of complete medium
containing 10% FBS was �lled into the lower compartment. After co-culturing for 24-48h, the cells
remained in the upper compartments were removed with cotton buds and the cells translocated to the
lower compartments were �xed in 4% paraformaldehyde and stained 0.1% crystal violet. Under an optical
microscope (Carl Zeiss), photographs of randomly selected �ve visual �elds of each well were captured
for analysis. For Boyden assays, the procedure was similar except the Transwell membranes were pre-
coated with 24 µg/ml Matrigel (R&D Systems,Minneapolis, MN, USA).

As to the wound healing assay, HNSCC cells were seeded in 6-well plates, cultured overnight and then
scratched by a sterile plastic tip with 95% con�uence rate. After washing with PBS for three times, the
cells were cultured with serum-free medium for 24-48 h. Under an optical microscope (Carl Zeiss),
photographs of randomly selected �elds across three replicate wells were captured for analysis. 

Flow cytometric analysis 

Flow cytometric analysis was used to detect cell cycle and apoptosis. Cells were stained with Cell Cycle
Staining Kit (Lianke, HZ, China) according to the manufacturer’s instructions. Stained cells were detected
by �ow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) and analyzed by FlowJo software version
10.

RNA-seq

Total RNA of transfected SAS cells was puri�ed was described above. mRNA was enriched with oligo
(dT)-attached magnetic beads and fragmented into pieces. First-strand cDNA was developed using
random hexamer-primed reverse transcription. Then second-strand cDNA was synthesized and
sequenced on an MGI 2000 platform (BGI, Shenzhen,China). The clean reads were then mapped to the
human reference genome (mm10) with STAR v1.5.1. Gene expression level was quanti�ed with HTSeq-
count v0.11.3. DEGs were analyzed with the default settings of the DEseq2 v1.28.1 algorithm and the
signi�cant ones were set  a false discovery rate of <0.05 and a fold change of >2. The following
processing and visualization of the data were performed by Dr.Tom platform(BGI, Shenzhen,China). The
RNA-seq data are deposited in GEO database (Access No. GSE195850)

In vivo tumorigenesis 

Xenograft experiments in nude mice were approved by the Ethics Committee of the Hospital of
Stomatology, Sun Yat-sen University. The animal experiments were complied with the stated guidelines of
3Rs (replacement, reduction, and re�nement). Male mice aged from 4-6 weeks of BALB/c nude mice were
randomly divided into two subgroups (n=7 for each group): control group (Vector) and treatment group
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(shRNA). 5 106 cells (per mouse) suspended in 100μl PBS were injected to subcutaneous space of left
waist of nude mice. Tumor growth was monitored every three days. Animals were sacri�ced after 21
days. Tumor tissues were �xed in formalin and embedded in para�n for immunohistochemistry.
The tumor volume was measured following the formula :V= π/6× (larger diameter) × (smaller diameter) 2.

Statistical analysis

All experiments were performed in triplicate. Data are presented as the mean ±SD. Student’s t-test was
used for comparison between two groups. One-way ANOVA (no matching) was used for comparison
between multiple groups. Categorical data were analyzed with the chi-square test or Fisher’s exact test.
The data was analyzed using SPSS 23.0 software (IBM,Armonk, NY, USA) and performed by GraphPad
Prism 5.0 (GraphPad software, San Diego, CA, USA). A two-tailed P value <0.05 was considered
statistically signi�cant.
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Table 1. Association between immunohistochemical expression of CCT2 and clinicopathological
characteristics (n =41)

  CCT2 expression Signi�cance

  Negative  Positive  P value

Age     0.443

≤ 60(years) 8 22  

60(years) 5 6  

Gender     0.993

Female 4 7  

Male 9 21  

Tumor size     0.059

T1/T2 12 16  

T3/T4 1 12  

Node category     0.103

N- 10 14  

N+ 3 14  

Pathology differentiation      0.344

Well  4 13  

Moderate/Poor  9 15  

TNM classi�cation     0.014*

I/II 10 10  

III/IV 3 18  

Cigarette      0.756

Yes 10 18  

No 4 9  

Alcohol (>5g/Day)     0.343

Yes 7 21  

No 2 11  

Prognosis     0.608
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Well

Poor

8

5

21

7

 

 

 

Figures

Figure 1

The expression of CCT2 was signi�cantly upregulated in HNSCC and high expression level of CCT2 was
associated with worse clinical outcomes. A Transcriptional level of CCT in tumor tissues and normal
tissues. B Correlation of overall survival and disease-free survival with CCT2 expression level. C-D CCT2
mRNA and protein expression in HNSCC cell lines and normal oral squamous cell line. E Representative
images of the TMA stained with IHC for CCT2.
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Figure 2

CCT2 promoted the proliferation, migration and invasion of HNSCC cells in vitro. A-B mRNA and protein
level of CCT2 in SAS cell line after lentivirus transfection. C-E Interference with CCT2 expression in SAS
cells inhibited cell proliferation determined by CCK-8, colony formation assays and EdU assays . F-G
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knockdown of CCT2 signi�cantly decreased the migration and invasion ability of SAS cells shown by
wound healing, Transwelland Boyden assays. H Detection of the expression level of EMT related proteins.
Scale bar, 50μm. * p<0.05; ** p< 0.01; *** p< 0.001

Figure 3
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CCT2 promoted the proliferation, migration and invasion of HNSCC cells in vitro. A-B mRNA and protein
level of CCT2 in HSC-3 cell line after lentivirus transfection. C-E Interference with CCT2 expression in HSC-
3 cells inhibited cell proliferation determined by CCK-8, colony formation assays and EdU assays . F-G
knockdown of CCT2 signi�cantly decreased the migration and invasion ability of HSC-3 cells shown by
wound healing, Transwell and Boyden assays. H Detection of the expression level of EMT related
proteins. Scale bar, 50μm. * p<0.05; ** p< 0.01; *** p< 0.001 
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Figure 4

Downregulation of CCT2 inhibited HNSCC cell growth in vivo. A Photos of Subcutaneous xenograft
tumors at the 21th day. B Record curve of tumor volume. C-D The weights and volumes of the tumors at
the 21th day. E Representative pictures of subcutaneous xenograft tumors stained with IHC. ** p< 0.01
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Figure 5

Downregulation of CCT2 arrested cell cycle at G2 phase. A DEGs identi�ed as fold change >2 and p value
of < 0.05, KEGG pathway analysis and Gene Ontology analysis. B Gene set enrichment analysis. C cell
cycle analysis of the shCCT2 and control cells by �owcytometry.
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Figure 6

CCT2 regulated HNSCC cell proliferation through cyclin-CDK pathway. A Western blot bands for CCT2,
Cyclin D1, Cyclin E1, Cdc20, CDK4, CDK6 for shCCT2 and control cells of SAS and HSC-3 cell line,
respectively. B Western blot bands for GSK3-𝖆/β, p- GSK3-β, p27, p21 and p-p21 for shCCT2 and control
cells of SAS and HSC-3 cell line, respectively. C mRNA level determined by RT-qPCR or read counts from
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RNA-seq data for CCT2, Bim, e2f, FasL, c-myc, TRAIL, and some cell cycle related genes in shCCT2 and
control cells of SAS cell line. 

Figure 7

Schematic model illustrating the effect of CCT2 on Cdc20 mediated cyclin-CDK pathway and cell cycle
regulation in HNSCC. Brie�y, CCT2 de�ciency causes lower level of right folded E3 ligases like Cdc20 and
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thus enhances stability of many proteins which may include CDK4, p27, and GSK3-𝖆/β. The enhanced
p27 and GSK3-𝖆/β inhibits the activity of cyclin-CDK complex and downstream transcription. CCT2 folds
and interacts with actin, tubulins and Cdc20 to help the transition of M phase to G1 phase. 
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