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Chaperonin containing TCP1 subunit 6A may activate Notch and Wnt pathways to 
facilitate the malignant behaviors and cancer stemness in oral squamous cell 
carcinoma
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ABSTRACT
Chaperonin containing TCP1 subunit 6A (CCT6A) was recently discovered to be involved in cancer 
pathogenesis and stemness; however, its role in oral squamous cell carcinoma (OSCC) has not been 
reported. The current study aimed to investigate the impact of CCT6A on OSCC cell malignant behaviors 
and stemness and to explore its potentially interreacted pathways. SCC-15 and HSC-3 cells were 
transfected with the plasmid loading control overexpression, CCT6A overexpression, control knockout, 
or CCT6A knockout. Wnt4 overexpression or Notch1 overexpression plasmids were transfected into 
CCT6A-knockout SCC-15 cells. Cell proliferation, apoptosis, invasion, stemness, Notch, and Wnt pathways 
were detected in both cell lines, whereas RNA sequencing was only performed in SCC-15 cells. CCT6A was 
upregulated in five OSCC cell lines, including SCC-15, HSC-3, SAT, SCC-9, and KON, compared to that in 
the control cell line. In SCC-15 and HSC-3 cells, CCT6A overexpression increased cell proliferation, 
invasion, sphere formation, CD133, and Sox2 expression, but decreased cell apoptosis; on the contrary, 
CCT6A knockout exhibited an opposite effect on the above indexes. RNA-sequencing data revealed that 
the Wnt and Notch pathways were involved in the CCT6A’effect on SCC-15 cell functions. CCT6A 
positively regulates the Wnt and Notch pathways in SCC-15 and HSC-3 cells. Importantly, it was shown 
that activation of the Wnt or Notch pathways attenuated the effect of CCT6A knockout on SCC-15 cell 
survival, invasion, and stemness. CCT6A may promote OSCC malignant behavior and stemness by 
activating the Wnt and Notch pathways.
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Introduction

Oral carcinoma accounts for 2.0% of new cancer cases and 
1.8% of new cancer-related deaths globally, with 377,713 and 
177,757 deaths, respectively, among which oral squamous cell 
carcinoma (OSCC) accounts for the majority proportion.1–3 

Generally, the outcomes of OSCC are relatively acceptable 
compared to other cancers, profiting from early screening, 
surgical technical improvement and strategy, and novel tar
geted and immunochemotherapeutic drugs.4–7 However, as 
mentioned above, the annual mortality rate is approximately 
equal to the annual new case rate regarding OSCC;1 therefore, 
for the sake of further improving the prognostic consequences, 
further excavating the in-depth molecular mechanism of 
OSCC is needed.

Chaperonin containing TCP1 subunit 6A (CCT6A), 
belonging to the chaperonin containing TCP1 (CCT) family, 
participates in intracellular protein folding and aggregation.8,9 

Recently, CCT6A has been uncovered as a new oncogene that 
participates in the initiation of various cancers.10–17 For 
instance, CCT6A activates the transforming growth factor β 
(TGF-β) pathway and promotes non-small cell lung cancer cell 

proliferation, invasion, and migration.10 Meanwhile, CCT6A 
upregulates cell cycle-related proteins (such as cyclin D) to 
enhance cell proliferation in hepatocellular carcinoma.11 In the 
aspect of cancers of digestive tract, a previous study reveals 
that CCT6A enhances the invasive ability and epithelial- 
mesenchymal transition of esophageal squamous cell carci
noma in a TGF-β dependent way.13 Moreover, CCT6A 
induces cell growth and invasion,14 accelerates cancer-stem- 
cell phenotype transformation,15 and relates to CD8+ T cell 
exhaust in colon cancer.18 However, as for the role of CCT6A 
in OSCC, no previous reports are revealed.

Hence, this study was designed to explore the effect of 
CCT6A on OSCC cell survival, invasion, and stemness, as 
well as to discover the potentially mediated signaling pathways 
implicated in OSCC pathogenesis.

Materials and methods

Cell culture and CCT6A detection

Human Oral Keratinocytes (HOK, catalog number 2610; 
Sciencell, USA) and human OSCC cell lines, including SCC- 
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15 (catalog number CRL-1623; ATCC, USA), HSC-3 (catalog 
number JCRB0623; JCRB, Japan), SCC-9 (catalog number 
CRL-1629; ATCC, USA), BHY (catalog number ACC-404; 
DSMZ, Germany), and KON (catalog number JCRB0194; 
JCRB, Japan), were cultured in DMEM/F12 (catalog number 
D8062; Sigma, USA), EMEM (catalog number M4655; Sigma, 
USA), or DMEM (catalog number D0822; Sigma, USA). All 
culture media were supplemented with 10% fetal bovine serum 
(FBS) (catalog number SH30088.03; Hyclone, USA). CCT6A 
expression in OSCC cell lines was analyzed (HOK served as 
a control).

Plasmid transfection

Negative control (NC) and CCT6A overexpression (OE-NC 
and OE-CCT6A) plasmids were constructed using the pEX-3 
vector (catalog number C05003; GenePharma, China). The 
pGPH1 (catalog number C02004; GenePharma, China) vector 
was used to construct the NC and CCT6A knockout (KO-NC 
and KO-CCT6A) plasmids. When the SCC-15 or HSC-3 cells 
reached 70% confluence, the OE-NC, OE-CCT6A, KO-NC, 
and KO-CCT6A plasmids were transfected using the 
FuGENEⓇ 6 Transfection Reagent (catalog number E2692; 
Promega, USA). Transfection was performed according to 
the manufacturer’s instructions. The cells were marked as OE- 
NC, OE-CCT6A, KO-NC, and KO-CCT6A after transfection. 
SCC-15 and HSC-3 cells without transfection were used as 
normal controls.

RNA sequencing (RNA-seq) and bioinformatics

Transfected SCC-15 cells (OE-NC, OE-CCT6A, KO-NC, and 
KO-CCT6A groups) were harvested 48 h after transfection. 
Total RNA was isolated with TRIzol and quantified using 
Agilent 2100 (Agilent, USA). Subsequently, according to the 
methods described in a previous study, an RNA-seq library 
was constructed and sequenced.19 The RNA-seq data were 
analyzed using R packages (Version 3.6.3) (https://cran.r-pro 
ject.org/bin/macosx/). To complete the calculation of the raw 
data, a feature count was applied. Expression normalization 
and differential expression analyses were performed using 
DESeq2. Principal component analysis (PCA) plots and heat
maps of mRNA were plotted using the Factoextra and pheat
map packages, respectively. When mRNAs had a fold change 
(FC) ≥2.0, and adjusted P value (BH multiple test correction) 
<0.05, the mRNAs were considered as differentially expressed 
genes (DEGs) and displayed as volcano plots. Cross-analysis 
was completed using the VennDiagram package. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) enrichment analyses were conducted 
using the DAVID web server.

Pathway screening and validation

KEGG enrichment of accordant DEGs was performed to 
identify potential signaling pathways. The accordant DEGs 
were defined as DEGs which were upregulated in over
expression term (OE-CCT6A vs. OE-NC) and downregu
lated in knockout term (KO-CCT6A vs. KO-NC), or 

downregulated in overexpression term and upregulated in 
knockout term. Using the rank of p values, the top five 
signaling pathways were screened out. The Notch and Wnt 
signaling pathways have been confirmed to be closely 
involved in the malignant progression of OSCC.20,21 

Therefore, the expression of Notch1, Hes1, Wnt4, and β- 
catenin in SCC-15 and HSC-3 cells (Normal, OE-NC, OE- 
CCT6A, KO-NC and KO-CCT6A groups) was evaluated.

Compensation experiment

Notch1 and Wnt4 overexpression (OE-Notch1 and OE- 
Wnt4) plasmids were constructed with pEX-3 vector and 
transfected into SCC-15 cells according to the methods 
described in “Plasmid transfection” subsection. After trans
fection, the cells were divided into seven groups: (a) nor
mal group, cells without transfection; (b) NC group, cells 
were transfected with KO-NC and OE-NC plasmids; (c) 
KO-CCT6A group, cells were transfected with OE-NC and 
KO-CCT6A plasmids; (d) OE-Notch1 group, cells were 
transfected with OE-Notch1 and KO-NC plasmids; (e) OE- 
Notch1 and KO-CCT6A group, cells were transfected with 
OE-Notch1 and KO-CCT6A plasmids; (f) OE-Wnt4 group, 
cells were transfected with OE-Wnt4 and KO-NC plasmids; 
(g) OE-Wnt4&KO-CCT6A group, cells were transfected 
with OE-Wnt4 and KO-CCT6A group.

Reverse transcription quantitative polymerase chain 
reaction (RT-qPCR)

Total RNA in cells (HOK cells, OSCC cells without trans
fection, OSCC cells that were harvested 48 h after transfec
tion) was extracted with Trizol (catalog number 
15,596,018; Invitrogen, USA) according to the manufac
turer’s instructions. The concentration of total RNA was 
analyzed using Nanodrop 2000 (Invitrogen, USA). One 
microgram of total RNA was transcribed to cDNA using 
the RT Master Mix (catalog number LS2052; Promega, 
USA). Next, qPCR was conducted using the qPCR Master 
Mix (catalog number LS2062; Promega, USA). The results 
were analyzed by the 2−ΔΔCt method, with GAPDH serving 
as an internal reference. Primer sequences used are listed 
in Supplementary Table S1.

Western blot

The cells (HOK cells, OSCC cells without transfection, and OSCC 
cells that were harvested 48 h after transfection) were lysed using 
RIPA lysis buffer (catalog number P0013B; Beyotime, China). 
Twenty micrograms of protein, which was quantified using the 
BCA Protein Assay Kit (catalog number P0010; Beyotime, 
China), was separated on a 4–20% precast gel (catalog number 
P0057B; Beyotime, China). The proteins were then transferred to 
a nitrocellulose membrane (catalog number FFN08; Beyotime, 
China). The membrane was blocked with 5% BSA (catalog num
ber ST023; Beyotime, China) and incubated with primary anti
bodies at 4°C overnight. After incubation with the secondary 
antibody, the membrane was visualized using an ECL 
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luminescence reagent (catalog number C510045; Sangon, China). 
The antibodies used are listed in Supplementary Table S2.

Cell proliferation

At 0, 24, 48, and 72 h post-transfection, Cell Counting Kit-8 
(CCK-8) reagent (catalog number 96,992; Sigma, USA) was 
incubated with cells for 3 h at 37°C. Optical density (OD) was 
then measured using a microplate reader (BioTek, USA).

Cell apoptosis

Cells were collected for the detection of apoptosis 48 h after 
transfection. Detection was performed using the TUNEL 
Apoptosis Assay Kit (catalog number KGA1408; KeyGEN 
Biotech, China). Detection was performed according to the 
kit’s instructions. Images were taken using an inverted fluor
escence microscope (Olympus, Tokyo, Japan).

Cell invasion

To complete cell invasion, cells were harvested 48 h post- 
transfection. The Transwell insert was coated with Matrigel 
matrix (catalog number 354,234; Corning, USA) at 37°C for 1  
h prior to the experiment. The cells in 200 μL of FBS-free 
medium were seeded into the insert, and the chamber was 
filled with 500 μL of 10% FBS-containing medium. After incu
bation for another 24 h, the insert was collected and the 
Matrigel matrix was removed. The insert was fixed with 4% 
paraformaldehyde (catalog number E672002; Sangon, China) 
and stained with 0.1% crystal violet (catalog number A600331; 
Sangon, China). Images were taken using an inverted micro
scope (Olympus, Japan), and the invasive cells were counted.

Sphere formation

The cells were collected 48 h post-transfection. After counting, 
300 cells were inoculated onto ultra-low attachment plates for 
14 days. Sphere formation medium composed of DMEM/F12 
(catalog number D8062; Sigma, USA), B-27 (catalog number 
17,504,044; Thermo, USA), bFGF (catalog number 100-18B; 
Perprotech, USA), and EGF (catalog number GMP100–15; 
Perprotech, USA) was used for the incubation. Spheres with 
diameters larger than 50 μm were counted and photographed 
using a microscope (Olympus, Japan).

Statistical analysis

Statistical analyses were performed using GraphPad Prism 7.02 
(GraphPad Software Inc., San Diego, CA, USA). The data are 
presented as the mean ± standard deviation. Comparisons 
among three or more groups were analyzed using Dunnett’s 
test or Tukey’s test. The P > .05, <0.05, <0.01, <0.001 were 
labeled as “NS”, “*”, “**”, “***”, respectively.

Results

Aberrant CCT6A expression in OSCC cell lines

Relative CCT6A mRNA expression increased in multiple 
OSCC cell lines compared to that in the control cell line (all 
P < .05) (Figure 1a). Moreover, relative CCT6A protein expres
sion was also increased in various OSCC cell lines compared to 
that in the control cell line (all P < .05) (Figure 1b,c). Among 
all tested OSCC cells, SCC-15 and HSC-3 cell lines exhibited 
higher CCT6A expression and were therefore chosen for sub
sequent experiments.

Effect of CCT6A on OSCC cell survival and invasion

In SCC-15 cells, the CCT6A overexpression plasmid increased 
CCT6A expression, while the CCT6A knockout plasmid reduced 
CCT6A expression (all P < .01) (Figure 2a–c). Moreover, the 
CCT6A overexpression plasmid increased cell proliferation (P  
< .05) and invasive cell count (P < .01), while suppressing cell 
apoptosis (P < .05), CCT6A knockout plasmid reduced cell pro
liferation (P < .05) and invasive cell count (P < .05), while increas
ing cell apoptosis (P < .001) (Figure 2d–h).

Furthermore, in HSC-3 cells, CCT6A expression was upregu
lated by the CCT6A overexpression plasmid and downregulated 
by the CCT6A knockout plasmid as well (all P < .001) (Figure 2i– 
k). Besides, the CCT6A overexpression plasmid elevated cell 
proliferation (P < .05) and invasive cell count (P < .01), but 
decreasing cell apoptosis rate (P < .01) in HSC-3 cells 
(Figure 2l–p). Oppositely, the CCT6A knockout plasmid reduced 
cell proliferation (P < .01) and invasive cell count (P < .01), while 
enhancing cell apoptosis rate (P < .001) in HSC-3 cells.

Effect of CCT6A on OSCC cell stemness

In SCC-15 cells, the CCT6A overexpression plasmid increased 
sphere formation ability (P < .05), CD133 (P < .05), and Sox2 
(P < .01) expression, while the CCT6A knockout plasmid 
reduced these indices (all P < .01) (Figure 3a–d).

Figure 1. CCT6A expression. CCT6A mRNA expression (a) and protein expression (b, c) were increased in OSCC cells compared to control cells.
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Furthermore, in HSC-3 cells, the CCT6A overexpression 
plasmid elevated sphere formation ability (P < .01), CD133 
(P < .05), and Sox2 (P < .05) expression, but the CCT6A 
knockout plasmid suppressed the above indexes (all P < .05) 
(Figure 3e–h).

Determination of CCT6A mediated pathways in OSCC cells

to determine the CCT6A mediated pathways in OSCC, high- 
throughput sequencing was performed in SCC-15 cells 
between OE-CCT6A group vs. OE-NC group as well as KO- 
CCT6A group vs. KO-NC group, as displayed in 
Supplementary Figure S1a-j.

Further cross analysis exhibited that 40 accordant DEGs 
were in the intersection group of OE-CCT6A vs. OE-NC 

upregulated DEGs and KO-CCT6A vs. KO-NC downregulated 
DEGs; 89 accordant DEGs were in the intersection group of 
OE-CCT6A vs. OE-NC downregulated DEGs and KO-CCT6A 
vs. KO-NC upregulated DEGs (Figure 4a), with the detailed 
information of 50 top accordant DEGs shown in Table 1.

Further GO analysis revealed that accordant DEGs were 
enriched in gene sets involved in protein binding, regulation 
of cell proliferation, and the canonical Wnt signaling path
way (Figure 4b). Besides, KEGG analysis displayed that 
accordant DEGs were enriched in gene sets involved in 
pathways in cancer, PI3K-Akt signaling pathway and 
Notch signaling pathway (Figure 4c) with the detailed infor
mation of the top 5 enriched pathway shown in Table 2. 
Among the top five pathways, Notch and Wnt signaling 
pathways have been reported to be highly involved in 

Figure 2. CCT6A induced OSCC malignant behaviors. CCT6A mRNA expression (a) and protein expression (b, c) after transfection into SCC-15 cells. Effect of CCT6A on 
cell proliferation (d), cell apoptosis rate (e, g) and invasive cell count (f, h) in SCC-15 cells. CCT6A mRNA expression (i) and protein expression (j, k) after transfection into 
HSC-3 cells. Effect of CCT6A on cell proliferation (i), cell apoptosis rate (m, o) and invasive cell count (n, p) in HSC-3 cells.

Figure 3. CCT6A promoted OSCC stemness. Effect of CCT6A on sphere formatted number (a, b), CD133 and sox expressions (c, d) in SCC-15 cells. Effect of CCT6A on 
sphere formatted number (e, f), CD133 and sox expressions (g, h) in HSC-3 cells.
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OSCC pathogenesis and stemness. Rescue experiments were 
performed to further determine whether CCT6A regulated 
Notch and Wnt pathways to induce cell malignant behaviors 
and stemness in OSCC, by co-transfecting the CCT6A 
knockout plasmid and Notch1 overexpression plasmid ver
sus transfecting each one plasmid individually, and by co- 
transfecting the CCT6A knockout plasmid and Wnt4 over
expression plasmid versus transfecting each one plasmid 
individually.

Effect of CCT6A on notch and wnt signaling in OSCC

In SCC-15 cells, the CCT6A overexpression plasmid increased 
Notch1 (P < .05), Hes1 (P < .05), Wnt4 (P < .05), and β-catenin 
(P < .01) expression levels, while the CCT6A knockout plasmid 
reduced the expression of Notch1, Hes1, Wnt4, and β-catenin 
(all P < .01) (Figure 5a). Furthermore, the effect of CCT6A 
overexpression or knockout plasmid displayed the same effect 
on Notch and Wnt signaling in HSC-3 cells as in SCC-15 cells 
(all P < .05) (Figure 5b).

Notch and wnt pathway detection in rescue experiments

In SCC-15 cells, Notch1 and Wnt4 overexpression plasmids 
activated the Notch and Wnt signaling pathways, respectively 
(Figure 6a–e). Furthermore, Notch1 and Wnt4 overexpression 
plasmids could compensate for the effect of the CCT6A knock
out plasmid on regulating Notch and Wnt pathways, respec
tively (Figure 6a–e).

OSCC cell proliferation, apoptosis and invasion in rescue 
experiments

In SCC-15 cells, Notch1 overexpression plasmid increased 
cell proliferation (P < .01) and invasive cell count (P < .01), 
while suppressing cell apoptosis (P < .01), Wnt4 overexpres
sion plasmid elevated cell proliferation (P < .01) and invasive 
cell count (P < .01), and inhibited cell apoptosis (P < .01) 
(Figure 7a–e). Interestingly, it was noteworthy that Notch1 
and Wnt4 overexpression plasmids attenuated the effect of 
the CCT6A knockout plasmid on regulating the above- 

mentioned cell malignant behaviors (all P < .05) 
(Figure 7a–e).

OSCC cell stemness in rescue experiments

In SCC-15 cells, Notch1 overexpression plasmid increased 
sphere formation ability (P < .01), CD133 (P < .05), and Sox2 
(P < .05) expression; meanwhile, the Wnt4 overexpression 
plasmid exhibited a similar impact on the above indices as 
Notch1 overexpression plasmid did (all P < .05) (Figure 8a–d). 
Importantly, Notch1 and Wnt4 overexpression plasmids could 
compensate for the effect of CCT6A knockout on regulating 
OSCC cell stemness, reflected by sphere formation ability, 
CD133, and Sox2 expression (all P < .05) (Figure 8a–d).

Discussion

CCTs, also known as tailless complex polypeptide 1 ring com
plex (TRiC), are a collection of proteins that are critical for 
cellular protein homeostasis by regulating cytoskeletal protein 
folding (such as actin and tubulins).22 Besides, CCTs are also 
responsible for cancer cell proliferation via regulation of the 
autophagy process.23–25 CCT6A, as a recently discovered sub
unit of CCT, has displayed oncogenic properties in several 
cancers.10–15 However, no molecular study has investigated 
the effect of CCT6A on OSCC cell malignant phenotypes and 
stemness. Therefore, we conducted this study and discovered 
that CCT6A overexpression induced cell malignancy and 
stemness, whereas its knockout displayed an opposite trend 
in OSCC. The possible reasons to explain these findings were: 
(a) CCT6A upregulated cell cycle-related pathways, which 
further enhanced the cell proliferation rate and eventually 
resulted in OSCC cell malignant behaviors.11,26 (b) As 
a family of CCT, upregulation of CCT6A may lead to aberrant 
chaperone-mediated autophagy and altered cellular metabolic 
processes (changing from oxidative phosphorylation to aero
bic glycolysis), which further led to a malignant phenotype in 
OSCC.27 (c) CCT6A might directly interact with several tumor 
suppressors, leading to dysregulation and loss of their suppres
sive function, thereby resulting in OSCC cell malignant 

Figure 4. Cross analysis. Cross analysis (a) of accordant DEGs. Further GO enrichment (b) and KEGG enrichment (c) analyses for cross analysis.
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Table 1. Top 50 accordant DEGs.

Gene ID Symbols

OE-CCT6A vs. OE-NC KO-CCT6A vs. KO-NC

Abs mean Log2FClog2FC P value Padj value Trend log2FC P value Padj value Trend

ENSG00000148400 NOTCH1 −2.378411 0.000687 0.03134 DOWN 2.625648 5.97E–11 7.23E–08 UP 2.502029
ENSG00000167550 RHEBL1 −2.518068 5.56E–06 0.001249 DOWN 1.645860 2.13E–05 0.001952 UP 2.081964
ENSG00000159714 ZDHHC1 −2.461677 0.000599 0.029344 DOWN 1.355889 0.002503 0.044246 UP 1.908783
ENSG00000183431 SF3A3 −2.501450 3.92E–05 0.004572 DOWN 1.312106 0.000436 0.014909 UP 1.906778
ENSG00000169884 WNT10B −2.347524 6.68E–09 8.75E–06 DOWN 1.432256 5.16E–06 0.000751 UP 1.88989
ENSG00000154582 TCEB1 −1.875135 2.67E–07 0.000124 DOWN 1.739005 2.79E–08 1.22E–05 UP 1.80707
ENSG00000120820 GLT8D2 −1.533041 1.09E–06 0.000416 DOWN 2.007723 3.09E–11 4.05E–08 UP 1.770382
ENSG00000165275 TRMT10B −1.893333 5.44E–13 2.85E–09 DOWN 1.531602 2.9E–09 2.06E–06 UP 1.712468
ENSG00000140945 CDH13 −2.007222 5.32E–13 2.85E–09 DOWN 1.391215 3.32E–07 9.01E–05 UP 1.699218
ENSG00000177697 CD151 −1.798611 9.75E–05 0.008474 DOWN 1.594193 1.62E–05 0.001583 UP 1.696402
ENSG00000213465 ARL2 −1.398399 2.01E–06 0.000644 DOWN 1.986303 3.07E–12 6.89E–09 UP 1.692351
ENSG00000099942 CRKL −1.858430 0.0003 0.020025 DOWN 1.455991 0.000321 0.012272 UP 1.65721
ENSG00000256943 RP13-895J2.2 −1.610149 2.82E–07 0.000127 DOWN 1.661801 4.06E–08 1.68E–05 UP 1.635975
ENSG00000214135 AC024560.3 −1.740457 9.31E–05 0.008184 DOWN 1.503051 8.82E–05 0.005319 UP 1.621754
ENSG00000100591 AHSA1 −1.189496 0.001214 0.042849 DOWN 1.927258 1.23E–08 6.49E–06 UP 1.558377
ENSG00000172380 GNG12 −1.845059 1.12E–05 0.002017 DOWN 1.236532 7.22E–05 0.004619 UP 1.540796
ENSG00000165511 C10orf25 −1.852807 0.00017 0.013211 DOWN 1.191650 0.001598 0.03325 UP 1.522229
ENSG00000186603 HPDL −2.140821 1.46E–12 5.74E–09 DOWN 0.895481 0.002283 0.042028 UP 1.518151
ENSG00000139133 ALG10 −1.536813 3.07E–06 0.000819 DOWN 1.484480 3.27E–06 0.000514 UP 1.510646
ENSG00000184208 C22orf46 −1.456098 2.23E–05 0.003142 DOWN 1.512975 1.41E–06 0.000281 UP 1.484536
ENSG00000023697 DERA −1.220654 0.000739 0.033162 DOWN 1.712880 2.6E–08 1.17E–05 UP 1.466767
ENSG00000175164 ABO −1.590764 9.78E–08 6.08E–05 DOWN 1.318285 1.38E–06 0.000278 UP 1.454524
ENSG00000183020 AP2A2 −1.412515 0.001152 0.041975 DOWN 1.491105 3.16E–05 0.00256 UP 1.45181
ENSG00000103269 RHBDL1 −1.710446 6.14E–09 8.75E–06 DOWN 1.174036 1.15E–05 0.001253 UP 1.442241
ENSG00000070950 RAD18 −1.215714 5E–05 0.005395 DOWN 1.636560 1.25E–08 6.49E–06 UP 1.426137
ENSG00000214575 CPEB1 −1.788342 5.77E–09 8.75E–06 DOWN 1.045225 0.000232 0.01001 UP 1.416783
ENSG00000066468 FGFR2 1.159953 6.57E–05 0.006305 UP −1.634556 6.15E–07 0.000144 DOWN 1.397254
ENSG00000203875 SNHG5 −1.883577 9.58E–10 1.67E–06 DOWN 0.907840 0.00087 0.022807 UP 1.395708
ENSG00000124802 EEF1E1 −1.521077 3.91E–05 0.004572 DOWN 1.238579 0.000293 0.011657 UP 1.379828
ENSG00000143252 SDHC −1.436719 0.001178 0.042506 DOWN 1.321061 0.000614 0.018645 UP 1.37889
ENSG00000148634 HERC4 −1.648579 2.01E–07 0.000102 DOWN 1.097867 0.000424 0.014839 UP 1.373223
ENSG00000173334 TRIB1 −1.279918 0.001206 0.042846 DOWN 1.446426 3.96E–05 0.003017 UP 1.363172
ENSG00000100426 ZBED4 −1.278577 1.05E–05 0.001949 DOWN 1.442516 5.86E–07 0.00014 UP 1.360547
ENSG00000170579 DLGAP1 −1.476191 0.000112 0.00942 DOWN 1.242064 0.000271 0.011093 UP 1.359127
ENSG00000196754 S100A2 0.944327 0.000901 0.036548 UP −1.768450 5.7E–10 5.97E–07 DOWN 1.356388
ENSG00000074621 SLC24A1 −1.526180 3.52E–05 0.004332 DOWN 1.177001 7.97E–05 0.004936 UP 1.35159
ENSG00000131067 GGT7 −1.420325 0.000429 0.024702 DOWN 1.275687 5.9E–05 0.003933 UP 1.348006
ENSG00000278341 RP5-1142A6.10 −1.181115 3.8E–05 0.004529 DOWN 1.487821 1.72E–07 5.43E–05 UP 1.334468
ENSG00000157368 IL34 −1.347643 2.24E–05 0.003142 DOWN 1.299019 1.14E–05 0.001244 UP 1.323331
ENSG00000084774 CAD −1.589267 1.4E–08 1.45E–05 DOWN 1.047985 0.000152 0.007652 UP 1.318626
ENSG00000168214 RBPJ 1.024709 9.46E–05 0.008269 UP −1.604224 1.64E–09 1.46E–06 DOWN 1.314466
ENSG00000162552 WNT4 1.041606 0.000111 0.00942 UP −1.566537 7.78E–09 4.71E–06 DOWN 1.304072
ENSG00000175029 CTBP2 −1.583170 1.14E–06 0.000416 DOWN 1.010773 0.000169 0.008148 UP 1.296971
ENSG00000258144 RP11-554L12.1 −1.557405 2.13E–07 0.000105 DOWN 1.034771 0.000179 0.008432 UP 1.296088
ENSG00000153037 SRP19 −1.686000 4.63E–08 3.47E–05 DOWN 0.904008 0.000692 0.019813 UP 1.295004
ENSG00000247271 ZBED5-AS1 −0.964932 0.001375 0.046729 DOWN 1.601315 3.45E–09 2.26E–06 UP 1.283123
ENSG00000107175 CREB3 1.106838 3.99E–06 0.000996 UP −1.450459 2.57E–09 2.02E–06 DOWN 1.278649
ENSG00000275854 RP11-278C7.5 −1.469965 1.77E–06 0.000604 DOWN 1.083279 2.27E–05 0.002019 UP 1.276622
ENSG00000111786 SRSF9 −1.307128 0.000233 0.016756 DOWN 1.225859 0.000142 0.007448 UP 1.266494
ENSG00000106948 AKNA −1.118108 0.001215 0.042849 DOWN 1.410606 2.07E–06 0.000379 UP 1.264357

Top 50 DEGs were selected by the rank of absolute mean value of Log2FC. DEGs, differentially expressed genes; ID, identification; FC, fold change; adj, adjust; abs, 
absolute; OE, overexpression; KO, knockout; NC, negative control.

Table 2. Top 5 pathways.

Pathways
Num of 
symbols

Proportion of 
symbols Symbols

Fold 
enrichment P value

Notch signaling pathway 10 0.172 DLL3, DTX2, CTBP2, HDAC1, HDAC2, RBPJ, JAG2, 
NOTCH1, KAT2B, CIR1

25.406 8.00161E–11

Basal cell carcinoma 6 0.103 WNT4, WNT10B, WNT2B, WNT9A, FZD8, FZD9 13.303 4.81089E–08
Wnt signaling pathway 10 0.172 CTBP2, DAAM1, WNT4, CHD8, SFRP1, WNT10B, WNT2B, 

WNT9A, FZD8, FZD9
8.528 1.63219E–06

Signaling pathways regulating 
pluripotency of stem cells

9 0.155 FGFR2, PIK3CA, PIK3CD, WNT4, WNT10B, WNT2B, 
WNT9A, FZD8, FZD9

7.729 1.48293E–05

Chronic myeloid leukemia 7 0.121 CRKL, CTBP2, HDAC1, HDAC2, MDM2, PIK3CA, PIK3CD 11.694 2.17139E–05

These pathways were enriched by KEGG enrichment in accordance DEGs and displayed by the rank of P values. KEGG, Kyoko Encyclopedia of Genes and Genomes; 
DEGs, differentially expressed genes.
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behaviors.22,28 Taken together, CCT6A displayed oncogenic 
properties in OSCC pathogenesis.

Apart from the direct cell malignant behavior induced by 
CCT6A in several cancers, the underlying molecular 
mechanism is also of great interest. One study discovered 

that CCT6A targets the TGF-β signaling pathway to induce 
cell malignancy in lung cancer, while another study showed 
that CCT6A regulates G1-to-S phase protein to accelerate 
cell proliferation in hepatocellular carcinoma.10,11 These 
findings are not consistent, suggesting that CCT6A may 

Figure 5. CCT6A activated Wnt and Notch pathways in OSCC. Effect of CCT6A on Wnt and Notch pathways in SCC-15 cells (a) and in HSC-3 cells (b).

Figure 6. Notch1 and Wnt4 compensated the effect of CCT6A on regulating Notch and Wnt pathways. CCT6A mRNA expression (a) Notch1 mRNA expression (b), Wnt4 
mRNA expression (c) and their protein expressions (d, e) in rescue experiments.

CANCER BIOLOGY & THERAPY 7



Figure 7. Notch1 and Wnt4 compensated the effect of CCT6A knockout on regulating OSCC malignant behaviors. Notch1 and Wnt4 attenuated the effect of CCT6A 
knockout on regulating cell proliferation (a), cell apoptosis rate (b, d) and invasive cell count (c, e) in SCC-15 cells.

Figure 8. Notch1 and Wnt4 compensated the effect of CCT6A knockout on regulating OSCC stemness. Notch1 and Wnt4 attenuated the effect of CCT6A knockout on 
regulating sphere formatted number (a, b), CD133 and sox expressions (c, d) in SCC-15 cells.
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target multiple oncogenic pathways in cancer development. 
In our high-throughput sequencing analysis, we discovered 
that a large number of DEGs and multiple pathways (such as 
Notch, Wnt, and other pathways modifying stem cell plur
ipotency) were activated by the overexpression or knockout 
of CCT6A in OSCC. Meanwhile, Wnt and Notch pathways are 
two well-characterized oncogenic pathways in OSCC 
development.20,21 Therefore, we chose these pathways in the 
present experiment to determine whether CCT6A regulated 
these two pathways to induce OSCC cell malignant behaviors.

In the aspect of the Notch pathway, it is proposed to be 
a very complex participant closely involved in cancers, whose 
complexity is revealed by its affluent oncogenic or anti- 
oncogenic characteristics in diverse malignancies.29,30 

Regarding OSCC, the Notch pathway not only promotes its 
growth, invasion, and epithelial-mesenchymal transition, but 
also facilitates cancer stemness and drug resistance.31–33 In line 
with these previous discoveries, we discovered that knockout 
of CCT6A inhibited the Notch pathway, and this inhibition 
could be compensated by overexpression of Notch1. These 
data suggest that CCT6A activates the Notch pathway to 
induce malignancy in OSCC cells.

The Wnt signaling pathway consists of Wnt ligands (such as 
Wnt3, Wnt4, and Wnt10a), Wnt receptors (such as Frizzled 
and LRP5/6), and downstream signaling molecules (such as 
GSK-3β, β-catenin, and c-Myc), which regulate cellular pro
liferation, survival, and stem cell self-renewal via a complex 
intracellular signaling cascade.34 As for the role of Wnt path
way in OSCC pathogenesis, canonical Wnt family members 
activate TCF receptor gene and prevent β-catenin from degra
dation, which further leads to transactivation of target onco
genes (such as c-MYC) and OSCC cell growth and 
invasion.20,35 Besides, aberrant Wnt singling also involves in 
the inhibition of chemotherapy-induced apoptosis and results 
in cancer stemness.36,37 In the present study, we found that 
CCT6A knockout suppressed the Wnt pathway, and that these 
effects could be attenuated by Wnt4 overexpression in OSCC 
cells. These data suggest that CCT6A activates the Wnt path
way to induce malignancy in OSCC cells. Further in vivo 
experiments are required to confirm the effect of CCT6A on 
OSCC pathogenesis.

In conclusion, this study showed that CCT6A may be 
implicated in the malignant behavior and stemness of OSCC 
via activation of the Notch and Wnt pathways.
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