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Abstract

Objective: Chaperonin containing TCP| subunit 5 (CCT5) encodes the CCT5 protein subunit of
chaperonin-containing TCP-1 (CCT/TRiC) complex, and is shown to be upregulated in tumour
pathogenesis. The study aim was to investigate the differential expression of CCT5 between
nasopharyngeal carcinoma (NPC) and noncancerous nasopharyngeal tissues, and the correlation
between CCT5 expression and clinicopathological parameters/prognosis in patients with NPC.
Methods: Microarray assay data were evaluated for differential expression between NPC and
noncancerous nasopharyngeal tissues. CCT5 expression in NPC and noncancerous nasopharyn-
geal tissues was determined at mRNA and protein levels by quantitative reverse transcription—
polymerase chain reaction (QRT-PCR) and immunohistochemistry. Relationships between CCT5
expression in NPC, clinical parameters, and prognosis were statistically analysed. CCT5-
mediated cell proliferation was assessed using EdU and cell counting kit-8. Western blot and
co-immunoprecipitation were utilized to explore E3 ubiquitin-protein ligase parkin (PARK?2)-
induced degradation of CCT5.

Results: Microarray data showed CCTY5 levels to be significantly increased in NPC versus non-
cancerous nasopharyngeal tissues, which was confirmed by qRT-PCR and immunohistochemical
assays. Increased CCT5 protein levels positively correlated with tumour size, tumour recurrence,
and clinical stage, and inversely correlated with patient’s overall survival. Multivariate Cox regres-
sion analysis showed that enhanced CCT5 protein expression is an independent prognostic
factor for patients with NPC. Overexpression of CCT5 markedly induced NPC cell proliferation.
Finally, PARK?2, as a suppressive E3 ubiquitin-ligase enzyme, was shown to bind CCT5 and induce
degradation in NPC.
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Conclusions: Increased CCT5 may be an unfavourable factor promoting NPC growth. Binding
of PARK2 to CCTS5 was associated with CCT5 degradation, suggesting that PARK2 is an

upstream negative modulator in NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is a malig-
nant tumour with distinctive geographic dis-
tribution, and is most prevalent in Southern
China and Southeast Asia. Epstein—Barr
virus (EBV) infection is the leading cause of
NPC, with detection of the EBV genome in
almost all NPC cases in endemic regions. The
consumption of salt-preserved fish, genetic
family history, and certain human leukocyte
antigen class I genotypes are also significant
risk factors for NPC."* These factors alone
or together cause the abnormal expression of
various genes eventually leading to NPC
pathogenesis.”

Chaperonin-containing TCP-1 (CCT/
TRiC) is a multi-subunit complex consist-
ing of eight paralogous subunits (CCT1-8)
that mediates the folding of newly synthe-
sized proteins.'® Investigations have shown
that CCT/TRIC interacts with many pro-
teins involved in the proliferation, migration,
and apoptosis of tumour cells, such as cyclin
B, cyclin E, actins, tubulins, p21, the von
Hippel-Lindau tumour suppressor, Kirsten
rat sarcoma viral proto-oncogene (KRAS),
and signal transducer and activator of tran-
scription 3 (STAT3).'"'* CCTS5 is a critical
subunit of the CCT/TRiC complex, and
studies suggest that CCT5 might be an onco-
gene in some cancers.'*'> However, its spe-
cific function in NPC remains unexplored.

E3 ubiquitin-protein ligase parkin (also
known as PARK2), an E3 ubiquitin
ligase, was first elucidated as a key gene

involved in autosomal recessive juvenile
Parkinson’s disease. However, increasing evi-
dence indicates PARK?2 as a tumour suppres-
sor participating in a variety of cancers via
ubiquitination and degradation of various
tumour promoters, such as yes-associated
protein (YAP) in oesophageal squamous cell
carcinoma,'® and  apoptosis  regulator
BCL?2 in breast cancer.!” However, whether
PARK2 binds to CCT5 and induces degra-
dation has not been documented in NPC.

In a previous study, the present author
group used a microarray to screen differen-
tially expressed genes between NPC and
noncancerous nasopharyngeal tissues.'!
Several genes, including programmed cell
death 4 (PDCD4) and cellular communica-
tion network factor 2 (CTGF) were found
to be significantly differentially expressed,
and the molecular function of the above
mentioned genes was fully explored.”® %2
Re-analysis of the microarray data revealed
that CCTS mRNA Ievels were markedly
elevated in NPC. Thus, the aim of the pre-
sent study was to validate the differential
expression of CCT5 between NPC and non-
cancerous nasopharyngeal tissues, and to
analyse the correlation of CCT5 expression
with clinicopathological parameters and
prognosis of patients with NPC.

Materials and methods

Microarray analysis

Differential gene expression between NPC
and noncancerous nasopharyngeal tissues
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was assessed in a previous study using 8K
Human cDNA microarrays from Shenzhen
Chipscreen Biosciences Limited (Shenzhen,
China)."”” The microarray data were re-
evaluated to search for new potential NPC
biomarkers.

Study population and sample collection

A total of 16 fresh NPC samples and 11
fresh noncancerous nasopharyngeal sam-
ples were collected from patients who
underwent biopsy at the People’s Hospital
of Zhongshan City, at the time of diagnosis,
before treatment. Inclusion criteria were:
patients suspected of having NPC who
had provided informed consent for study
inclusion and tissue sample collection, and
patients with adequate tissue for analysis.
Patients who had received prior cancer ther-
apy were excluded. The NPC group com-
prised those with confirmed pathological
diagnosis of NPC, and the noncancerous
nasopharyngeal group comprised those
with confirmed noncancerous nasopharyn-
geal tissue. All samples were immediately
preserved in liquid nitrogen. Further, 158
paraffin-embedded NPC specimens and 45
noncancerous nasopharyngeal specimens
were obtained from the People’s Hospital
of Zhongshan City. Written informed con-
sent was obtained from each patient who
provided tissue samples for the study, and
the study was approved by the ethics com-
mittee of the People’s Hospital of
Zhongshan City. All NPC specimens were
staged according to the 1997 World Health
Organization NPC staging system.

RNA extraction and quantitative real-time
reverse transcription—polymerase chain
reaction (QRT—PCR)

Total RNA was extracted from 16 fresh
NPC tissues and 11 noncancerous nasopha-
ryngeal tissues using a Total RNA Isolation
Kit (TaKaRa Bio, Shiga, Japan) following

the manufacturer’s protocol, then 1pg
RNA per sample was reverse transcribed
into cDNA using a reverse transcription
reagent kit (Vazyme, Nanjing, China) with
the following parameters: 37°C for 15min,
85°C for 40s, then 4°C. The cDNA was
then amplified by real-time qRT-PCR to
determine the mRNA level of CCTS5 using
an SYBR Premix Ex Tagq kit (TaKaRa Bio)
with an Mx3000P real-time PCR system
(Stratagene, CA, USA). The reaction mix
included 100ng c¢DNA, SYBR green
master mix, 0.2uM reverse and forward
primers, and RNase-free water to adjust
to final volume. GAPDH was used as an
internal control. The primer sequences
were as follows: CCT5 (forward, 5-CCTT
GGGACCCACTATCGAG-3'; reverse, 5'-
TTCTAACAAGGCACCAGCCA-3); GA
PDH (forward, 5-GCACCGTCAAGGCT
GAGAAC-3'; reverse, 5-TGGTGAAGAC
GCCAGTGGA-3'). The reaction cycling
parameters were: 95°C for 30s, and 40
cycles of 95°C for 5s and 60°C for 30s.
Relative gene expression levels were calcu-
lated using the 224" method.

Immunohistochemical analysis

Immunohistochemical analysis was per-
formed as described previously.?-*
Briefly, paraffin-embedded sections (3 pm)
of NPC and noncancerous nasopharyngeal
tissue were deparaffinized and hydrated in
xylene and descending ethanol series, fol-
lowed by heat-induced antigen retrieval in
10mM citrate buffer for 2min at 100°C.
Endogenous peroxidase activity and non-
specific antigen were then blocked with
3% hydrogen peroxide and serum. The
sections were incubated with rabbit anti-
human CCTS antibody (1:100; 11603-
1-AP, Proteintech, Rosemont, IL, USA)
for 1h at 37°C, followed by horseradish
peroxidase (HRP)-conjugated secondary
antibody (Maixin, Fuzhou, China) for
30min at room temperature. Finally, the
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sections were visualized with DAB and
counterstained with haematoxylin. The
images were captured using a microscope
under 200 x magnification.

The immunostained tissue sections were
analysed by two pathologists (SYW and
LRP). The staining level was evaluated
based on the staining intensity and the pro-
portion of positively stained areas in the
whole section. The staining intensity was
classified as 0 (negative), 1 (weak), 2 (mod-
erate), and 3 (strong). The areas of staining
were defined as 0=<10%, 1 =10%-25%,
2=26%-50%, 3=51%-75%, and 4=
>75%. The staining intensity and percent-
age scores were added up to obtain the total
score for CCTS5 staining. Total scores
between 0 and 5 were defined as low expres-
sion and >6 as high expression.

Cell culture

5-8F cells and Honel cells from stock stored
at the Cancer Research Institute of the
Southern Medical University (Guangzhou,
China) were cultured in RPMI11640 cell cul-
ture media (VivaCell, Denzlingen, Germany)
supplemented with 10% fetal bovine
serum premium (Cegrogen, Stadtallendorf,
Germany) and 1% penicillin-streptomycin
(Solarbio, Beijing, China). Cells were
cultured in a 37°C, 5% CO, incubator.
Culture dishes were purchased from Jet
Biofil (Guangzhou, China).

Transfection of CCT5-Flag fusion
expression plasmid and PARK2

To assess the effects of CCTS overexpres-
sion, 5-8F and Honel cells were transfected
with a fusion expression vector containing
human CCT5 and Flag (Weizhen
Company, Shandong, China). After ampli-
fication in Escherichia coli DH5a, the plas-
mid was extracted using a plasmid
extraction kit (Beyotime Biotechnology,
Shanghai, China), according to the

manufacturer’s instructions. 5-8F and
Honel cells at 40% confluence were then
transfected with 1pg CCT5-Flag or
control-Flag using Lipofectamine 2000
Transfection Reagent (Invitrogen,
Carlsbad, CA, USA), according to the
manufacturer’s instructions. The expression
efficiency of the fusion protein was detected
using Flag antibodies via western blot, as
described later.

Additionally, at 12h prior to transfec-
tion, the 5-8F and Honel cells were plated
into 6-well plates (Nest Biotech, China) and
cultured to 30-50% confluence. PARK2
overexpression plasmid and respective con-
trol plasmids (Genechem, Shanghai, China)
were then transfected using Lipofectamine
2000 Transfection Reagent (Invitrogen)
according to the manufacturer’s protocol.

Cell proliferation assays

Cell proliferation was assessed by cell
counting kit-8 (CCK-8) and 5-ethynyl-2'-
deoxyuridine (EdU) assays in 5-8F and
Honel cells.

For CCK-8, the 5-8F and Honel cells
were harvested and seeded into 96-well cul-
ture plates at a density of 4000 cells/well.
Cells were allowed to adhere for 12h at
37°C/5% CO,, then viability was assessed
by CCK-8 assay at O h, 24h, 48h, 72h, and
96h after adhesion. CCK-8 reagent
(Vazyme, Nanjing, China) was added to
the medium (10 pl/well), incubated at 37°C
for 1h, and absorbance was measured at
450 nm using a Multiskan SkyHigh micro-
plate spectrophotometer (ThermoFisher,
Waltham, MA, USA). The experiment
was repeated 3 times.

The EdU incorporation assay was per-
formed using the EAU Apollo567 in vitro
imaging kit (RiboBio, Guangzhou, China),
according to the manufacturer’s protocol.
The 5-8F and Honel cells were seeded at
8000 cells/well into 96-well plates and
allowed to adhere for 12h at 37°C/5%
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CO5 before incubating with 10 uM EdU for
2h followed by fixation with 4% parafor-
maldehyde. After permeabilization with
0.3% Triton X-100, the cells were stained
with Apollo fluorescent dyes and cell
nuclei were stained with DAPI. Positive
staining was visualised and quantified by
counting three random fields under fluores-
cence microscopy. The experiments were
repeated 3 times.

Western blot

To extract protein for western blotting, cells
were harvested and lysed in RIPA cocktail
buffer (RIPA with protease inhibitor and
phosphatase inhibitor; Beyotime, Shanghai,
China). Protein concentrations were deter-
mined by BCA protein assay before adding
sodium dodecyl sulphate (SDS)-loading
buffer to each protein sample followed by
denaturation at 95°C for 5min. Denatured
protein samples were separated by 10%
SDS-polyacrylamide gel electrophoresis
(PAGE) and transferred to polyvinylidene
difluoride  membranes (MilliporeSigma,
Burlington, MA, USA). The membranes
were blocked in tris-buffered saline (contain-
ing 0.05% tween-20; TBST) with 5% defat-
ted milk (for normal protein test) or bovine
serum albumin (for phosphorylated protein
test) for 1 h at room temperature. The rele-
vant primary antibody was added and the
membranes were incubated at 4°C over-
night, then washed 3 times with TBST
(S5min per wash). The secondary antibody
was then added and the membranes
incubated at room temperature for 1h
before again washing 3 times in TBST
(5 min per wash). Immunosignals were stim-
ulated by Chemiluminescent HRP substrate
(MilliporeSigma), according to the manufac-
turer’s instructions, and detected with a
ChemiDoc™ CRS Molecular Imager (Bio-
Rad, Hercules, CA, USA). The following
antibodies were used for western blots: poly-
clonal rabbit anti-CCT5 (11603-1-AP),

polyclonal rabbit anti-PARK2 (14060-1-
AP), polyclonal rabbit anti-GAPDH
(10494-1-AP), all purchased from
Proteintech (Wuhan, China), and monoclo-
nal mouse anti-flag (F1804; Sigma-Aldrich,
St. Louis, MO, USA). HRP-conjugated goat

anti-rabbit IgG(H+L) (SA00001-2;
Proteintech) and HRP-conjugated goat
anti-mouse IgG(H+L) (SA00001-1;

Proteintech) were used as the secondary
antibody. CCTS5 protein polyubiquitination
was examined by immunoblot analysis with
polyclonal rabbit anti-ubiquitin antibody
(10201-2-AP; Proteintech, Wuhan, China).
Experiments were repeated 3 times.

Co-immunoprecipitation (Co-Ip)

The interaction between endogenous CCT5
and PARK2 in 5-8F and Honel cells was
assessed using a co-immunoprecipitation
(Co-Ip) kit  (Pierce  Biotechnology,
Rockford, IL, USA), according to the man-
ufacturer’s instructions. The cells were lysed
in cold lysis buffer with a phosphatase
inhibitor cocktail (Cwbio, Taizhou, China)
and protease inhibitor cocktail (Cwbio),
and the supernatant was collected to mea-
sure protein concentration after centrifug-
ing at 10000g for 20 min. Samples were
then incubated with polyclonal rabbit
anti-CCT5  (11603-1-AP,  Proteintech),
polyclonal rabbit anti-pPARK2 (14060-1-
AP, Proteintech), or normal rabbit IgG
(#2729, Cell Signaling Technology,
Danvers, MA, USA) antibodies overnight
at 4°C. Protein A-G agarose beads from
the Co-Ip kit were added and maintained
at room temperature for 40min. After
being washed with lysis buffer 4 times, the
beads were eluted and denatured in SDS-
PAGE loading buffer. Finally, the precipi-
tated proteins were analysed by western
blot assay. Experiments were repeated 3
times.
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Cycloheximide chase

Cycloheximide (CHX) pulse-chase experi-
ments were conducted to determine CCT5
protein half-life. 5-8F cells were seeded into
6-well plates in 2ml culture medium and
cultured to 70% confluence. Cells were
then treated with CHX (50 pg/ml) and har-
vested at 0, 2, 4, 6, 8, 10 h. Total cell lysates
were separated by SDS-PAGE and protein
levels were analysed by immunoblot. The
experiment was repeated 3 times.

MGI32 experiments

The proteosome inhibitor MG132
(MedchemExpress, Monmouth Junction,
NJ, USA) was used to detect the stability of
CCTS5. 5-8F cells were seeded into 100-mm
cell culture dishes. Once at 70% confluence,
cells were treated with MG132 (20 uM) and
then harvested after 8h. Total cell lysates
were separated by SDS-PAGE and protein
levels were analysed by immunoblot. The
experiments were repeated 3 times.

Statistical analyses

All statistical analyses were performed
using SPSS software, version 20.0 (IBM,
Armonk, NY, USA). Data are presented
as n (%) prevalence or mean=+SD.
Differences in CCT5 expression between
NPC and noncancerous nasopharyngeal tis-
sues was assessed with y>-test. Differences
in demographic and clinicopathological
characteristics between patients with NPC
and high or low CCT5 expression were
also assessed with y*-test. Overall survival
time was analysed using the Kaplan—Meier
method, and correlations between various
parameters and overall survival were ana-
lysed by univariate and multivariate Cox
regression. Between-group comparisons of
proliferation or proportion of cells in S
phase were performed using two independent
samples z-test. A P value < 0.05 indicated sta-
tistical significance.

Results

Microarray analysis

Analysis of microarray data revealed that
CCTS mRNA levels were significantly ele-
vated in eight pooled samples of NPC tissues
(4 samples per pool) compared with 24
pooled noncancerous nasopharyngeal sam-
ples (Figure 1(a)). Sample processing has
been described previously.'”

Increased CCT5 mRNA level in NPC

Real-time RT-PCR was used to determine
CCTS5 mRNA levels in 16 freshly collected
NPC tissues and 11 noncancerous nasopha-
ryngeal tissues, and showed that CCTS5
mRNA levels were significantly higher in
NPC versus noncancerous nasopharyngeal
tissues (P =0.0318; Figure 1(b)).

CCTS5 protein levels are upregulated in NPC

Immunohistochemical staining was per-
formed to analyse CCT5 expression in
terms of protein levels and subcellular
localization in 158 paraffin-embedded
NPC samples and 45 paraffin-embedded
noncancerous nasopharyngeal samples
(Figure 2). CCT5 was mainly expressed in
the cytoplasm of NPC and noncancerous
nasopharyngeal epithelial cells. CCTS pro-
tein levels were classified as high in 115 out
of 158 NPC samples (72.8%) but in only 13
out of 45 noncancerous nasopharyngeal
samples (28.9%), indicating that CCTS
expression was significantly upregulated at
the protein level in NPC tissues compared
with noncancerous nasopharyngeal tissues
(P<0.001; Table 1).

Relationship between CCT5 expression
and clinicopathological features
The relationship between demographic and

clinicopathological characteristics of
patients with NPC and CCT5 expression
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Figure I. Levels of chaperonin containing TCPI subunit 5 (CCT5) mRNA were upregulated in nasopha-
ryngeal carcinoma (NPC) versus noncancerous nasopharyngeal tissues: (a) heat map of microarray results
showing differently expressed genes between NPC and noncancerous nasopharyngeal samples (green
indicates downregulated, red indicates upregulated); and (b) column scatter plot of quantitative real-time
reverse transcription—polymerase chain reaction, showing significantly upregulated CCT5 mRNA levels in
fresh NPC versus noncancerous nasopharyngeal tissues.

Figure 2. Representative photomicrographs showing immunostaining for chaperonin containing TCPI
subunit 5 (CCT5) protein in nasopharyngeal carcinoma (NPC) and noncancerous nasopharyngeal tissues:
(a) noncancerous nasopharyngeal tissue section showing low CCT5 protein levels; (b) noncancerous
nasopharyngeal tissue section showing high CCT5 protein levels; (c and d) NPC tissue sections showing low
CCTS protein levels; and (e and f) NPC tissue sections showing high CCT5 protein levels (original mag-
nification in all photomicrographs, x 200).

in NPC tissues is summarized in Table 2. P=0.017), clinical stage (I-II versus III-
Statistically  significant  differences in IV, P<0.001), and tumour recurrence
CCTS5 protein levels were shown according (P =0.011) in patients with NPC. No sig-
to tumour size (T1-2 versus T3-4,  nificant differences in CCTS protein levels
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were shown regarding patient’s age, sex,
Ilymph node metastasis (N) classification,
or distant metastasis (M) classification
(Table 2).

Table |. Expression of chaperonin containing
TCPI subunit 5 (CCT5) in paraffin embedded
nasopharyngeal carcinoma (NPC) and noncancer-
ous nasopharyngeal tissue samples.

Tissue sample

CCT5 Noncancerous Statistical
expression NPC nasopharyngeal significance®
High 115 13 P<0.001
Low 43 32

Total number 158 45

Data presented as n prevalence.
2Between-group differences in CCT5 expression (y*-test).

Correlation between CCT5 and overall
survival

The correlation between CCTS5 expression
at the protein level and patients’ overall sur-
vival was assessed using Kaplan—Meier sur-
vival curves, to explore the prognostic value
of CCTS5 in patients with NPC. CCT5
expression was observed to inversely corre-
late with overall survival in patients with
NPC (Figure 3). Patients with high levels
of CCT5 expression showed significantly
shorter survival time compared with
those with low expression (P =0.001).
Multivariate Cox regression analysis indi-
cated that CCT5 expression at the protein
level may be an independent and unfavour-
able prognostic factor in patients with NPC
(P=0.02; Table 3).

Table 2. Correlation between demographic and clinicopathological characteristics and chaperonin
containing TCP1 subunit 5 (CCT5) expression in tissue from patients with nasopharyngeal carcinoma.

CCT5 subgroup

Characteristic n=158 High expression Low expression Statistical significance
Sex

Male 115 88 27

Female 43 27 16 NS
Age, years

>50 77 54 23

<50 8l 6l 20 NS
Recurrence

Yes 27 25 2

No 131 90 41 P=0.011
T classification

T,-T, 114 77 37

T3-T4 44 38 6 P=0.017
N classification

No 27 19 8

N—N; 131 96 35 NS
M classification

Yes 7 6 |

No 151 109 42 NS
Clinical stage

=l 54 24 30

N-v 104 9l 13 P <0.001

Data presented as n prevalence.

NS, no statistically significant between-group difference (P > 0.05; one-way analysis of variance).
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Figure 3. Kaplan-Meier curves of overall survival in 158 patients with nasopharyngeal carcinoma with high
or low chaperonin containing TCPI subunit 5 (CCT5) expression levels.

Table 3. Univariate and multivariate Cox regression analysis of individual parameters correlated with
overall survival in |58 patients with nasopharyngeal carcinoma.

Univariate analysis

Multivariate analysis

Statistical Statistical

Parameter significance  HR 95%Cl significance  HR 95%Cl
Age, years

>50 versus <50 NS 1.490 0.871, 2.550
Sex

Male versus female NS 0.923 0.513, 1.659
Recurrence

Yes versus no NS 1.177 0.591, 2.343
T classification

T,—T; versus T3-T4 NS 0.605 0.345, 1.060
N classification

NO versus NI-3 P=0.042 2.880 1.039, 7.981 NS 1.852  0.638, 5.375
M classification

MO versus M| P <0.001 7784 3.262, 18572  P<0.00l 7.327  2.896, 18.536
Clinical stage

-1l versus -V P < 0.001 4568 2056, 10.149 P=0.048 2.430 1.008, 5.856
CCTS5 level

High versus low P=0.003 3.696 1.580, 8.645 P=0.020 2.960 1.187, 7.381

HR, hazard ratio; Cl, confidence interval; CCT5, chaperonin containing TCPI subunit 5.
NS, no statistically significant correlation (P> 0.05).
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CCT5 promotes NPC proliferation

To further elucidate the role of CCTS5
in NPC, CCT5-Flag was transfected into
5-8F and Honel cells to promote CCTS

overexpression. The expression efficiency
CCT5-Flag fusion protein was assessed
using western blot with Flag antibody
(Figure 4(a)). The effects of CCT5 on
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Figure 4. Chaperonin containing TCP| subunit 5 (CCT5) promotes nasopharyngeal carcinoma (NPC) cell
proliferation: (a) representative western blot showing successful co-transfection and expression of CCT5-
FLAG in 5-8F and Honel cell lines; (b) cell cycle kit-8 proliferation assay results showing increased absor-
bance (450 nm) readings over 4 days in cells transfected with CCT5 (CCT5 overexpression) versus control
vectors and (c) representative photomicrographs showing EdU incorporation (scale bar: 100 um) in 5-8F
and Honel cells transfected with CCT5 (CCT5 overexpression) versus control vectors. **P < 0.00] and

**P < 0.01 versus controls (NC [CCT5]).
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NPC cell viability and proliferation were
subsequently assessed. The CCK-8 and
EdU assays revealed that CCTS5 significantly
promotes proliferation and cell cycle G1/S
phase transition, respectively, in cells over-
expressing CCT5 compared with control
vector cells (P < 0.01; Figure 4(b) and 4(c)).

PARK2 ubiquitinates CCT5 leading to its
protein degradation

The Co-Ip results showed that CCTS5 inter-
acts with PARK2 in the 5-8F NPC cell line

(Figure 5(a)). To determine whether
PARK2 ubiquitinates and causes degrada-
tion of CCTS5 protein, 5-8F cells were incu-
bated with the proteosome inhibitor
MG132. The presence of MG132 rescued
PARK2-overexpression-induced CCTS5 pro-
tein loss (Figure 5(b)). Further, when 5-8F
cells overexpressing PARK2 were treated
with 50 pg/ml CHX to block protein syn-
thesis, the half-life of CCT5 was significant-
ly shorter than in control cells not
overexpressing PARK2 (Figure 5(c)).
A ubiquitination experiment was conducted

(a) 5.8F (b) 5.8F (c) 5.8F
IE
0 1B Gl PARK2 CHC 0 2 4 & & 10 h
P PAHK2| = | CCT5 kD&
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Figure 5. E3 ubiquitin-protein ligase parkin (PARK2) ubiquitinates and induces degradation of chaperonin
containing TCPI subunit 5 (CCT5) protein: (a) representative immunoblots showing co-immunoprecipita-
tion of CCT5 and PARK2 components in 5-8F cells; (b) representative immunoblots of CCTS5 in 5-8F cells
transfected to overexpress PARK2, or controls (Ctrl) without PARK2 overexpression, treated with MG132
(20 uM) for 8 h, showing higher CCTS5 levels in the presence of MGI32; (c) representative immunoblots

of time-course analysis of CCT5 protein levels in 5-8F

cells with or without PARK2-overexpression incu-

bated with cycloheximide (CHX), showing increased degradation of CCT5 in cells overexpressing PARKZ;
(d) polyubiquitination of CCT5 was analysed in 5-8F cells overexpressing PARK2. 5-8F cells with or without
PARK2 overexpression were treated with MG132 (20 uM) for 8 h. Ubiquitin-conjugated CCT5 proteins from
5-8F lysates were immunoprecipitated by anti-CCT5 antibody and subjected to immunoblot with ubiquitin
(IB:Ubi) antibody; and (e) representative immunoblots showing that MG132 suppresses PARK2-induced
CCTS5 protein degradation in 5-8F cells. 1B, immunoblot (western blot); IP, immunoprecipitation; Input,

positive controls.
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to further investigate whether PARK2
ubiquitinates CCT5 and affects its stability,
and showed that the ubiquitination level of
CCTS was increased by PARK?2 overexpres-
sion in 5-8F cells (Figure 5(d)). Finally,
MG132 suppressed PARK?2-mediated pro-
tein degradation of CCTS5. Together, these
results demonstrated that PARK?2 ubiquiti-
nated CCT5 protein leading to its
degradation.

Discussion

In previous studies, many genes have been
reported to be involved in the carcinogene-
sis of NPC, however, the abnormal expres-
sion of these genes does not fully explain
the pathogenesis of NPC. To find new
biomarkers of NPC, the present group’s
previously published microarray data of
differentially expressed genes between
NPC and noncancerous nasopharyngeal tis-
sues was re-assessed and showed that CCTS
was upregulated in NPC tissues.'” CCT5 is
a molecular chaperone and a subunit of
TRiC complex, which exerts critical func-
tions in efficiently folding nascent and
stress-denatured proteins. Dysfunction of
the TRiC complex may lead to the cellular
accumulation of misfolded proteins and
induce diseases including cancers.” Being
an important part of the CCT/TRiC com-
plex, the role of CCTS5 in various types of
cancer is far from fully characterized to
date. Xu et al.?® reported that CCTS5
mRNA levels were significantly elevated in
breast cancer tissues compared with normal
breast tissues, and high CCT5 expression
was significantly associated with poor prog-
nosis in patients with breast cancer.
Furthermore, CCT5 expression was remark-
ably upregulated in p53-mutated breast
cancer and associated with chemoresistance
to docetaxel. Silencing CCT expression
enhanced docetaxel-induced apoptosis.”’” In
addition, increased CCT5 expression was
also found in hepatocellular carcinoma and

considered as an unfavourable prognostic
factor. Gene set enrichment analysis, based
on TCGA data, revealed that overexpressed
CCT5 might be involved in the dysregula-
tion of Myc target genes and cell cycle in
hepatocellular carcinoma.”?° In nonsmall
cell lung cancer (NSCLC), not only was
CCT protein upregulated in cancer tissues,
but also the anti-CCTS5 autoantibody level
increased in sera, suggesting that CCT5
may be used as a biomarker in NSCLC diag-
nosis.>® The aforementioned findings indi-
cate that CCTS5 is an oncogene in various
human cancers; however, its specific role in
human NPC remains unknown.

In the present study, qRT-PCR was
applied to analyse CCT5 mRNA levels in
fresh NPC and noncancerous nasopharyn-
geal tissues. Consistent with the microarray
data and results of aforementioned studies,
a significantly increased CCT5 mRNA level
was found in NPC tissues compared with
noncancerous  nasopharyngeal  tissues.
Moreover, immunohistochemical analysis
concurred with mRNA expression results,
showing upregulated CCT5 protein levels
in NPC tissues, with a 72.8% rate of high
expression level in NPC samples versus
28.9% in noncancerous nasopharyngeal
samples. The relationship between CCT5
protein levels and tumour progression was
further analysed. Higher levels of CCTS5
protein were found in patients with NPC
who had larger tumours, advanced clinical
stage, and recurrent tumours. However,
CCT5 expression had no correlation with
age, sex, and lymph node metastasis.
These data demonstrated that overex-
pressed CCT5 may accelerate the clinical
progression of NPC, suggesting it may be
a risk factor in patients with NPC. Previous
studies indicated that CCT5 overexpression
was an unfavourable prognostic factor in
various tumours,'*!'> and the present evi-
dence showed that elevated CCTS5 protein
levels inversely correlated with overall sur-
vival in patients with NPC. Patients with
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higher levels of CCTS5 protein had shorter
overall survival time. Multivariate Cox
regression analysis confirmed that abnor-
mal CCT5 expression was an independent
prognostic factor for patients with NPC,
suggesting that CCTS5 as an oncogene may
be a potential therapy target for NPC.

Rapid proliferation is a major feature of
malignant tumours, including NPC. Hence,
identifying  biomarkers that promote
tumour growth may help provide therapeu-
tic targets for NPC treatment. CCT/TRiC
is involved in cell proliferation due to its
essential role in folding cell cycle-related
proteins, including oncoproteins, such as
cyclin E, cyclin B, and tumour suppressor
protein p21 and p27.'! P53 is a tumour sup-
pressor gene frequently mutated in cancers,
whose mutation alters the expression of
various genes, leading to the malfunction-
ing of cell cycle arrest and apoptosis to pro-
mote  tumour  growth.  Significantly
increased CCTS5 expression was found in
p53-mutated breast cancer, indicating that
CCTS5 might be regulated by mutated p53,
contributing to tumour proliferation.?” In
addition, increased CCTS5 induces the
malignant phenotype of tumours and is
also shown in other tumour types.'*!>%¢
In the present study, high CCT5 expression
was associated with larger tumour size
based on clinical sample assay, suggesting
CCT5 as the potential tumour growth-
promoting factor in NPC. CCT5 was also
shown to be a cell-proliferative gene stimu-
lating NPC growth, intimating that CCT5
may be a potential oncogene in NPC.

To the best of the authors’ knowledge,
the degradation mechanism of CCT5 pro-
tein in tumours has not been reported in
previous studies. PARK?2 is a tumour sup-
pressive E3 ubiquitin-ligase enzyme that
participates in the proteasome pathway to
degrade other proteins.*'~** Inactivation of
PARK?2 is associated with a variety of can-
cers, and PARK?2 depletion promotes the
growth of liver, lung, and breast cancer

cells.*®3* In addition, PARK2-deficient
mice are more likely to develop tumours.>
Interestingly,  through  overexpression,
PARK?2 was found to interact with CCT5
in the present study. Furthermore, PARK2
was shown to ubiquitinate and induce deg-
radation of CCTS5 protein. This result dem-
onstrated that PARK?2 may be an upstream
factor negatively regulating CCT5 expres-
sion in NPC.

Conclusion

In summary, the present data demonstrated
that an elevated CCT5 expression level may
be an unfavourable factor promoting NPC
pathogenesis. CCT5 is degraded by a
PARK?2-mediated ubiquitination pathway
leading to suppression of NPC cell prolifer-
ation. These data suggest that CCT5 may
be a potential oncogene that can be degrad-
ed by PARK?2 in NPC.

Acknowledgements

We thank Prof. Weiyi Fang for providing the
microarray data and paraffin-embedded samples
of patients with NPC.

Author contributions

Shaoyu Wu, study conception and design;
Lingrong Peng, critical article revision for
important intellectual content, and final approv-
al of the version to be submitted.

Data availability statement

A request for raw data may be made directly to
the corresponding author.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.



14

Journal of International Medical Research

ORCID iD

Lingrong Peng (® https://orcid.org/0000-0003-
0898-2689

Supplementary material

Supplemental material for this article is available

online.

References

1. Tan LP, Tan GW, Sivanesan VM,
Malaysian ~ Nasopharyngeal = Carcinoma

Study Group, et al. Systematic comparison
of plasma EBV DNA, anti-EBV antibodies
and miRNA levels for early detection and
prognosis of nasopharyngeal carcinoma.
Int J Cancer 2020; 146: 2336-2347.

. Chen YP, Chan ATC, Le QT, et al

Nasopharyngeal carcinoma. Lancet 2019;
394: 64-80.

. Xie SH, Yu IT, Tse LA, et al. Tobacco

smoking, family history, and the risk of
nasopharyngeal carcinoma: a case-referent
study in Hong Kong Chinese. Cancer
Causes Control 2015; 26: 913-921.

. Tang M, Lautenberger JA, Gao X, et al. The

principal genetic determinants for nasopha-
ryngeal carcinoma in China involve the
HLA class I antigen recognition groove.
PloS Genet 2012; 8: €1003103.

. Liu Y, Jiang Q, Liu X, et al. Cinobufotalin

powerfully reversed EBV-miR-BART22-
induced cisplatin resistance via stimulating
MAP2K4 to antagonize non-muscle
myosin heavy chain ITA/glycogen synthase
3beta/beta-catenin  signaling  pathway.
EBioMedicine 2019; 48: 386-404.

. Hou R, Liu X, Yang H, et al. Chemically

synthesized cinobufagin suppresses naso-
pharyngeal carcinoma metastasis by induc-
ing ENKUR to stabilize p53 expression.
Cancer Lett 2022; 531: 57-70.

. LiY, Liu X, Lin X, et al. Chemical com-

pound cinobufotalin  potently induces
FOXOl1-stimulated cisplatin sensitivity by
antagonizing its binding partner MYHY.
Signal Transduct Target Ther 2019; 4: 48.

. Zhao M, Luo R, Liu Y, et al. Author

Correction: miR-3188 regulates nasopharyn-
geal carcinoma proliferation and

10.

11.

12.

13.

14.

15.

16.

17.

. Fang WY, Liu TF, Xie WB,

chemosensitivity  through a  FOXOI-
modulated positive feedback loop with
mTOR-p-PI3K/AKT-c-JUN. Nat Commun
2021; 12: 2997.

. Liang Z, Liu Z, Cheng C, et al. VPS33B

interacts with NESG1 to modulate EGFR/
PI3K/AKT/c-Myc/P53/miR-133a-3p signal-
ing and induce S-fluorouracil sensitivity in
nasopharyngeal carcinoma. Cell Death Dis
2019; 10: 305.

Feldman DE, Spiess C, Howard DE, et al.
Tumorigenic mutations in VHL disrupt
folding in vivo by interfering with chapero-
nin binding. Mol Cell 2003; 12: 1213-1224.
Boudiaf-Benmammar C, Cresteil T and
Melki R. The cytosolic chaperonin CCT/
TRiC and cancer cell proliferation. PloS
One 2013; 8: 60895.

Wang DY, Kamuda K, Montoya G, et al.
The TRiC/CCT chaperonin and its role in
uncontrolled proliferation. Adv Exp Med
Biol 2020; 1243: 21-40.

Vallin J, Cordoba-Beldad CM and
Grantham J. Sequestration of the transcrip-
tion factor STAT3 by the molecular chaper-
one CCT: a potential mechanism for
modulation of STAT3 phosphorylation.
J Mol Biol 2021; 433: 166958.

Li Y, Liu C, Zhang X, et al. CCT5 induces
epithelial-mesenchymal transition to pro-
mote gastric cancer lymph node metastasis
by activating the Wnt/beta-catenin signal-
ling pathway. Br J Cancer 2022; 126:
1684-1694.

Meng Y, Yang L, Wei X, et al. CCTS5 inter-
acts with cyclin D1 promoting lung adeno-
carcinoma cell migration and invasion.
Biochem Biophys Res Commun 2021; 567:
222-229.

Zhou X, Li Y, Wang W, et al. Regulation of
Hippo/Y AP signaling and esophageal squa-
mous carcinoma progression by an E3 ubig-
uitin ligase PARK2. Theranostics 2020; 10:
9443-9457.

Chen H, Li Y, Li Y, et al. PARK2 promotes
mitochondrial pathway of apoptosis and anti-
microtubule drugs chemosensitivity via degra-
dation of phospho-BCL-2. Theranostics 2020;
10: 9984-10000.

et al
Reexploring the possible roles of some


https://orcid.org/0000-0003-0898-2689
https://orcid.org/0000-0003-0898-2689
https://orcid.org/0000-0003-0898-2689

Wu and Peng

15

19.

20.

21.

22.

23.

24.

25.

26.

genes associated with nasopharyngeal carci-
noma using microarray-based detection.
Acta Biochim Biophys Sin (Shanghai) 2005;
37: 541-546.

Fang W, Li X, Jiang Q, et al
Transcriptional patterns, biomarkers and
pathways characterizing nasopharyngeal
carcinoma of Southern China. J Transl
Med 2008; 6: 32.

Zhen Y, Fang W, Zhao M, et al. miR-374a-
CCND1-pPI3K/AKT-c-JUN feedback loop
modulated by PDCD4 suppresses cell
growth, metastasis, and sensitizes nasopha-
ryngeal carcinoma to cisplatin. Oncogene
2017; 36: 275-285.

Zhen Y, Liu Z, Yang H, et al. Tumor
suppressor  PDCD4  modulates miR-
184-mediated direct suppression of C-MYC
and BCL2 blocking cell growth and survival
in nasopharyngeal carcinoma. Cell Death
Dis 2013; 4: e872.

Yu X, Zhen Y, Yang H, et al. Loss of con-
nective tissue growth factor as an unfavor-
able prognosis factor activates miR-18b by
PI3K/AKT/C-Jun and C-Myc and promotes
cell growth in nasopharyngeal carcinoma.
Cell Death Dis 2013; 4: e634.

Lin X, Zuo S, Luo R, et al. HBX-induced
miR-5188 impairs FOXOI to stimulate beta-
catenin nuclear translocation and promotes
tumor stemness in hepatocellular carcinoma.
Theranostics 2019; 9: 7583-7598.

Zou Y, Lin X, Bu J, et al. Timeless-stimu-
lated miR-5188-FOXO1/beta-catenin-c-Jun
feedback loop promotes stemness via ubiq-
uitination of beta-catenin in breast cancer.
Mol Ther 2020; 28: 313-327.

Roh SH, Kasembeli M, Bakthavatsalam D,
et al. Contribution of the type II chaperonin,
TRIC/CCT, to oncogenesis. Int J Mol Sci
2015; 16: 26706-26720.

Xu WX, Song W, Jiang MP, et al
Systematic characterization of expression
profiles and prognostic values of the eight

27.

28.

29.

30.

31.

32.

33.

34.

3s.

subunits of the chaperonin TRiC in breast
cancer. Front Genet 2021; 12: 637887.

Ooe A, Kato K and Noguchi S. Possible
involvement of CCT5, RGS3, and YKT6
genes up-regulated in p53-mutated tumors
in resistance to docetaxel in human breast
cancers. Breast Cancer Res Treat 2007; 101:
305-315.

Yao L, Zou X and Liu L. The TCP1 ring
complex is associated with malignancy and
poor prognosis in hepatocellular carcinoma.
Int J Clin Exp Pathol 2019; 12: 3329-3343.
Li W, Liu J and Zhao H. Prognostic power
of a chaperonin containing TCP-1 subunit
genes panel for hepatocellular carcinoma.
Front Genet 2021; 12: 668871.

Gao H, Zheng M, Sun S, et al. Chaperonin
containing TCP1 subunit 5 is a tumor asso-
ciated antigen of non-small cell lung cancer.
Oncotarget 2017; 8: 64170-64179.

Xu L, Lin DC, Yin D, et al. An emerging
role of PARK?2 in cancer. J Mol Med ( Berl)
2014; 92: 31-42.

Ko HS, Von Coelln R, Sriram SR, et al.
Accumulation of the authentic parkin sub-
strate aminoacyl-tRNA synthetase cofactor,
p38/JTV-1, leads to catecholaminergic cell
death. J Neurosci 2005; 25: 7968-7978.
Cesari R, Martin ES, Calin GA, et al.
Parkin, a gene implicated in autosomal
recessive juvenile parkinsonism, is a candi-
date tumor suppressor gene on chromosome
6q25-q27. Proc Natl Acad Sci U S A 2003;
100: 5956-5961.

Picchio MC, Martin ES, Cesari R, et al.
Alterations of the tumor suppressor gene
Parkin in non-small cell lung cancer. Clin
Cancer Res 2004; 10: 2720-2724.

Tay SP, Yeo CW, Chai C, et al. Parkin
enhances the expression of cyclin-
dependent kinase 6 and negatively regulates
the proliferation of breast cancer cells. J Biol
Chem 2010; 285: 29231-29238.



	table-fn1-03000605241271754
	table-fn2-03000605241271754
	table-fn3-03000605241271754
	table-fn4-03000605241271754
	table-fn5-03000605241271754
	table-fn6-03000605241271754

