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Suppression of CCT3 inhibits malignant proliferation
of human papillary thyroid carcinoma cell
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Abstract. Papillary thyroid carcinoma (PTC) is the most
frequently occurring subtype of thyroid cancer. A certain
portion of PTCs can progress to recurrent metastatic cancer.
Currently, there remains no effective molecular target therapy
for PTCs. As a subunit of the chaperonin containing TCP1
(CCT) complex, CCT3 is involved in various biological
processes. CCT3 has been reported to drive the proliferation
of hepatocellular carcinoma cells. Nevertheless, it remains
unknown whether CCT3 regulates the development of PTC.
The present study examined CCT3 protein expression in
30 PTC samples from patients undergoing thyroidectomy. A
significant increase was observed in CCT3 expression in the
PTC samples compared with the matched adjacent normal
thyroid tissues. Lentiviral-mediated small interfering RNAs
were used to knock down CCT3 in K1 cells. It was observed
that the expression of CC73 was significantly suppressed in
K1 cells infected with lentivirus containing a CCT3-targeting
short hairpin RNA. Our results showed that CCT3 knockdown
markedly decreased the proliferation and cell cycle progres-
sion of K1 cells. In addition, the knockdown of CCT3 induced
apoptosis of K1 cell. Taken together, the findings of the present
study indicated that CCT3 presents as a potential molecular
marker of PTC and regulates the development of PTC in
humans.
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Introduction

Thyroid cancer is the most frequently occurring endocrine
malignancy, the incidence of which has increased worldwide
in the past three decades (1). As the most common subtype of
thyroid cancer, papillary thyroid carcinoma (PTC) accounts
for 74-80% of thyroid cancer (2). Although the majority of
cases of PTC are curable through thyroidectomy and conser-
vative radioactive iodine therapy, a certain proportion of PTCs
progresses to life-threatening recurrent metastatic cancer (3-5).
Hence, a deeper understanding of the molecular markers of
PTC is required to provide diagnostic and prognostic informa-
tion on the tumors and to facilitate optimal decision-making
regarding treatment (6). In recent years, several chromosomal
rearrangements and BRAF mutations have been identified in
PTCs (7-9). Nevertheless, the molecular mechanism of PTC
pathogenesis remains incompletely understood and there is a
lack of effective molecular targeted therapy for PTCs. Hence,
the identification of reliable molecular markers of PTC is
required.

Chaperonin containing TCP1 (CCT), also known as
the TCPI1 ring complex (TRiC), is a double-ring-shaped
chaperonin complex composed of eight different subunits
(CCTI1-CCTS) (10). Approximately 10% of cytosolic peptides
are folded with the assistance of CCT to properly form
functional proteins (11). In addition to cytoskeletal proteins,
including actin and tubulin, a number of cell cycle regulators,
such as cadherin 1, cyclin E and cell decision cycle 20, and
tumor suppressors, such as von Hippel-Lindau (VHL) factor,
are also the substrates of CCT (12-15). Although the function
of several CCT members, including CCT1, CCT2, CCT4 and
CCTS8, incell proliferation, has been studied (16-18), few studies
have assessed the effect of CCT3 on tumorigenesis. Recently,
CCT3 was revealed to be highly expressed in hepatocellular
carcinoma (HCC) (19). Overexpression of CC73 is predictive
of a poor prognosis in patients with HCC (20,21). Despite the
emerging detrimental effect of CCT3 on HCC progression,
it remains unknown whether CCT3 is also involved in the
tumorigenesis of other types of cancer, including PTC.

The present study examined CCT3 expression in human
PTC samples and investigated the functions of CCT3 in
PTC cell proliferation, cell cycle progression and apoptosis.
The results indicated that CCT3 expression was markedly
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increased in human PTC tissues compared with the matched
normal adjacent tissues. The lentivirus-mediated knockdown
of CCT3 reduced the mitotic progression and induced apop-
tosis in K1 cells. Taken together, the findings of the present
study indicated that CCT3 increased PTC cell proliferation,
implicating CCT3 as a promising molecular marker of PTC.

Materials and methods

Human samples. In total, 30 patients with papillary thyroid
carcinoma were enrolled between June and December 2015
in the Inner Mongolia Autonomous Region People's Hospital
(Hohhot, China). The median age of patients was 44 years
(range, 26-65 years) at the time of surgery. Adjacent normal
tissues were taken from the area >2 cm away from primary
neoplasms. The study was approved by the Ethics Committee
of Inner Mongolia Autonomous Region People's Hospital.
Written informed consent was obtained from all patients.

Immunohistochemistry (IHC). A total of 30 paired
formalin-fixed, paraffin-embedded samples were subjected
to immunohistochemistry staining of CCT3. Briefly, 4 ym
sections of tissues were deparaffinized in xylene and rehy-
drated in descending alcohol series. Antigen-retrieval was
performed by incubating 0.01 M boiled citrate buffer in a
microwave for 20 min. After cooling to room temperature,
slides were rehydrated in double distilled H,O for 10 min.
The slides were then blocked with 10% goat serum (cat.
no. C0265; Beyotime Institute of Biotechnology, Haimen,
China) at room temperature for 30 min, followed by
incubating with primary anti-CCT3 antibody (1:50; cat.
no. ab174255; rabbit polyclonal; Abcam, Cambridge, UK)
at 4°C overnight. Then, the slides were washed with TBS
and incubating with the secondary antibodies (1:200; cat.
no. sc-2004; goat anti-rabbit IgG-horse radish peroxidase
(HRP); or 1:200; cat. no. sc-2005; goat anti-mouse IgG-HRP
Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room
temperature for 60 min. After washing with TBS, the sections
were stained by Vulcan Fast Red Chromogen kit 2 for 15 min
at room temperature (Biocare, Shanghai, China). Inverted
microscope (SDX-100; Caikon, Shanghai, China) was used
for photographing with two magnifications (x200 and x400).
The extent and intensity of CCT3 immunostaining were taken
into consideration. The intensity of extent of CCT3 expres-
sion was graded as follows: 0, negative; 1, weak; 2, moderate;
and 4, strong. The extent of staining was grouped according
to the percentage of high-staining cells in the cancer nest:
0, negative; 1, 1-25%; 2, 26-50%; 3, 51-75%; and 4, 76-100%.
The final quantitation of each staining was obtained by
multiplying the two scores. Immunoreactivity was assessed
independently by two expert pathologists blinded to all
clinical data.

Cell lines and cell culture. K1, a mixed cell line of thyroid
gland papillary carcinoma cells (22) were obtained from
the European Collection of Authenticated Cell Cultures
(Public Health England, Porton Down, UK). B-CPAP cells
were purchased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). K1 cells
were cultured in Dulbecco's modified Eagle's medium,
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nutrient mixture F-12 (1:1), supplemented with 10% fetal
bovine serum (both Gibco; Thermo Fisher Scientific, Inc.)
and 1% penicillin/streptomycin (Life Technologies; Thermo
Fisher Scientific, Inc.). B-CPAP cells were cultured in RPMI
1640 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
completed by 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc.) and 1% penicillin/streptomycin (Life
Technologies; Thermo Fisher Scientific, Inc.). All the cell
cultures were maintained at 37°C in a humid atmosphere
containing 5% CO,.

Packaging of lentivirus. The lentivirus vector system
is composed of the vectors pGCSIL-GFP which stably
expressed short hairpin RNA (shRNA) and green fluorescent
protein (GFP), pHelperl.0 (gag/pol element) and pHelper2.0
(VSVG element). The vectors were purchased from Shanghai
GeneChem Co., Ltd. (Shanghai, China). Target sequence of
CCT3 shRNA, 5-CAAGTCCATGATCGAAATT-3'; target
sequence of the non-silencing control, 5-GCGTCCTCATAC
CAGGATAAA-3'". The vectors were mixed and transfected
into 293T cells using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After transfection for 48 h,
pGCSIL-GFP supernatants were collected and centrifuged
at 4°C at 75,000 x g for 2 h.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was obtained and purified using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's protocol. Reverse transcrip-
tion was performed using M-MLV reverse transcriptase
(Promega Corporation, Madison, WI, USA). CCT3 expression
was measured by qPCR using SYBR Advantage qPCR Premix
(Takara Bio, Inc., Otsu, Japan), normalized to GAPDH and
data analysis was conducted using the 2224 method (23). The
gPCR primers used were as follows: CCT3 forward, 5'-TCA
GTCGGTGGTCATCTTTGG-3' and reverse, 5'-CCTCCA
GGTATCTTTTCCACTCT-3"; and GAPDH forward, 5-TGA
CTTCAACAGCGACACCCA-3' and reverse, 5'-CACCCT
GTTGCTGTAGCCAAA-3. The thermocycling process of
gPCR was as follows: 95°C for 30 sec, followed by 45 cycles of
95°C for 5 sec and 60°C for 30 sec.

Western blot analysis. CCT3 knockdown or control K1 cells
were collected and lysed with Radioimmunoprecipitation
Assay buffer (Beyotime Institute of Biotechnology) containing
proteinase inhibitor cocktail (P8340; Sigma-Aldrich; Merck
KGaA). Protein concentration was measured using a Pierce™
bicinchininc acid protein assay kit (cat. no. 23225; Thermo
Fisher Scientific, Inc., Waltham, MA, USA). A total of 60 ug of
protein were subjected to 12% SDS-PAGE and transferred onto
polyvinylidene difluoride membranes. Next the membranes
were blocked in 5% fat-free milk for 2 h and incubated with
anti-CCT3 (1:500; cat. no. ab174255; rabbit polyclonal, Abcam,
Cambridge, UK) and anti-GAPDH (1:2,000; cat. no. sc-32233;
mouse monoclonal; Santa Cruz Biotechnology, Inc.) primary
antibodies overnight at 4°C. Following incubation with horse-
radish peroxidase conjugated goat anti-rabbit (1:2,000; cat.
no. sc-2004) or goat anti-mouse IgG-HRP (1:2,000; sc-2005)
secondary antibodies (all Santa Cruz Biotechnology, Inc.) for
2 h at room temperature. The membranes were visualized
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Figure 1. CCT3 is overexpressed in human papillary thyroid carcinoma. (A) CCT3 expression was examined by IHC staining of CCT3. Representative images
of adjacent paracarcinoma tissues (upper) and PTC (lower) are shown. Original magnification, x200; insets, x400. (B) Quantification of CCT3 expression
scoring based on the IHC images. n=30; ““P<0.001, paracarcinoma vs. PTC. CCT3, chaperonin containing TCP1 subunit 3; ITHC, immunohistochemical; PTC,

papillary thyroid carcinoma.

using the ECL-Plus kit (GE Healthcare Life Sciences, Little
Chalfont, UK).

High-content screening (HCS) for cell proliferation. Cell
growth was measured using HCS. K1 cells were infected with
negative control (NC) lentivirus or CCT3-shRNA lentivirus
and cultured in 5% CO, incubator at 37°C. Next, the cells
were collected in the logarithmic growth phase and seeded
in 96-well plates at a density of 4,000 per well. Cell images
were captured and quantified everyday for 5 days using
ArrayScan™ HCS 2.0 software (Cellomics; Thermo Fisher
Scientific, Inc.).

MTT assay. MTT solution was used to measure cell growth
with a microplate reader. Briefly, cells infected with NC
lentivirus or CCT3-shRNA lentivirus were seeded in 96-well
plates at a concentration of 2,000 cells per well and incubated
in 5% CO, incubator at 37°C for 1, 2, 3, 4 or 5 days. Next
the cell supernatant was discarded and the cells were washed
twice using ice-cold PBS and 5 mg/ml MTT solution was
added to each well. After 4 h of incubation, remove the super-
natants in each well and 100 uI dimethyl sulfoxide was added
to solubilize the formazan salt. After 10 min, the optical
density was measured at 490 nm by using a microplate reader.

Apoptosis assay. The Annexin V-Allophycocyanin (APC)
apoptosis detection kit (eBioscience; Thermo Fisher Scientific,
Inc.) was used to perform cell apoptosis analysis according
to the manufacturer's instructions. Briefly, K1 cells were
cultured in 6-well plates and infected with NC lentivirus or
CCT3-shRNA lentivirus. Following incubation for 2 days,
cells were collected and washed twice with ice-cold PBS.
Cell densities were adjusted to 1x10°-10"/ml. Next 5 ul of
Annexin V-APC was added into cell suspensions and cells
were incubated at room temperature for 15 min. Cell apop-
tosis was measured using a FACSCalibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA) and a BD
FACStation™ 6.1 Software (BD Biosciences).

Cell cycle assay. Flow cytometry was used to determine
the cell cycle distribution. Briefly, K1 cells were cultured
in 6-well plates and were infected with NC lentivirus or
CCT3-shRNA lentivirus in the logarithmic phase, as afore-
mentioned. After incubation for 96 h, cells were seeded in
6-well culture plates and cultured to 80% confluence. Cell
supernatants were removed and cells were fixed in 70% cold
ethanol overnight at 4°C. Next, the cells were washed twice
with ice-cold PBS and stained with propidium iodide (PI)
buffer containing 10 mg/ml RNase at 37°C. Cell cycle
distribution was then analyzed using a FACSCalibur flow
cytometer (BD Biosciences) and a BD FACStation™ 6.1
Software (BD Biosciences).

Statistical analysis. The values are presented as the
mean + standard error of the mean of at least three
independent experiments. Student's t-test was applied to
analyze the difference between two groups and one-way
analysis of variance to analyze the difference among three or
more groups. All statistical analyses were performed using
SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicated a statistically significant difference.

Results

CCT3 is overexpressed in human papillary thyroid carci-
noma. To investigate the involvement of CCT3 in PTC, CCT3
expression was examined in human PTC samples. A total
of 30 samples were collected from PTC patients undergoing
thyroidectomy. The expression of CCT3 was evaluated by
THC staining of CCT3 in these samples. The results revealed
that there was little CCT3 staining in the normal paracarci-
noma regions >2 cm away from the primary neoplasms. By
contrast, in the PTC regions, CCT3 staining was high in the
cytoplasm and in certain nuclei (Fig. 1A). Consistently, the
quantitative scoring of CCT3 staining intensity revealed that
CCT3 staining in PTCs was significantly higher than that in
the matched adjacent normal tissues (Fig. 1B). These results
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Figure 2. Knockdown of CCT3 in human papillary thyroid carcinoma cells. (A) The 244 value indicating the relative expression of CCT3 in K1 and
B-CPAP cells. (B) Infection efficiency as determined by light and fluorescence microscopy at 72 h Following lentiviral infection in K1 cells. Original
magnification, x200. Representative images of the cultures are shown. (C) At 5 days post-infection, CCT3 mRNA levels in K1 cells were measured by reverse
transcription-quantitative polymerase chain reaction and normalized to GAPDH. n=3; data points are presented as the mean =+ standard error of the mean.
“P<0.01, shCtrl vs. shCCT3. (D) CCT3 protein expression was analyzed by western blot analysis in the shCtrl and shCCT3 K1 cells. GAPDH was used as an
internal control. CCT3, chaperonin containing TCP1 subunit 3; shCtrl, control short hairpin RNA.

indicated that CCT3 was overexpressed in the human PTC
tissues.

CCT3 is effectively knocked down in human papillary thyroid
carcinoma cells. To investigate the role of CCT3 in the devel-
opment of PTC, CCT3 was knocked down in human PTC cells
and to investigate the cellular functions of CCT3. CCT3 mRNA
expression was assessed in two human PTC cell lines, K1
(mixed thyroid gland papillary carcinoma cells) and B-CPAP
cells. The results of this analysis revealed that the two cell lines
expressed CCT3 mRNA, with K1 having a relatively higher
level of CCT3 mRNA than B-CPAP cells (Fig. 2A). Hence, K1
cells were used to undergo knockdown of CCT3 expression.
K1 cells were infected with lentivirus expressing shRNA
targeting CCT3 (shCCT3) or a scramble control shRNA
(shCtrl). Through the examination of the lentivirus-mediated
GFP expression through fluorescence microscopy at 72 h after
infection, >80% K1 cells in the shCCT3 and shCtrl groups
were successfully infected (Fig. 2B). The results of RT-qPCR
demonstrated that the expression of CCT3 mRNA in shCCT3
lentivirus-infected K1 cells was ~10% of that in the shCtrl
lentivirus-infected K1 cells (Fig. 2C). Consistently, the results of
western blot analysis revealed that CCT3 protein expression in
K1 cells was markedly lower upon shCCT3 lentivirus infection
than upon shCtrl virus infection (Fig. 2D). These results indicate
the success of CCT3 knockdown using lentivirus in K1 cells.

CCT3 knockdown suppresses the proliferation of papil-
lary thyroid carcinoma cells. To investigate the effect

of CCT3 knockdown on cell growth, shCtrl and shCCT3
lentivirus-infected K1 cells were seeded in 96-well plates at
an equal concentration. The cell numbers were measured at
days 1, 2, 3, 4 and 5. Using fluorescent microscopy, it was
observed that the GFP-expressing cells were comparable in
shCtrl and shCCT3 K1 cells in the first 2 days. However, the
densities of GFP observed in shCCT3 K1 cells were lower
than those in the shCtrl K1 cells from day 3 onwards (Fig. 3A).
Cell counting results confirmed that the number of shCtrl K1
cells gradually increased, whereas the number of shCCT3 K1
cells slightly decreased, during the 5 days of culture (Fig. 3B).
To confirm the suppressive effect of CCT3 knockdown on K1
cell proliferation, an MTT assay was performed. The results
revealed that shCtrl K1 cells had steady growth throughout
the 5 days (Fig. 3C). Although the survival number of
shCCT3 K1 cells was similar to that of shCtrl K1 cells on the
first 2 days, the growth of shCCT3 K1 cells was significantly
reduced following this (Fig. 3C). Altogether, the cell counting
and MTT assay results indicated that CCT3 knockdown
suppressed the proliferation of K1 cells.

CCT3 knockdown affects cell cycle progression. To investi-
gate the mechanism by which CCT3 knockdown suppresses
the proliferation of K1 cells, the cell cycle distribution of K1
upon CCT3 knockdown was examined. After 96 h of shCCT3
or shCtrl lentivirus infection, K1 cells were stained with PI
and analyzed by flow cytometry. The results revealed that
the percentages of cells in G1 and S phase were lower in
the shCCT3 group than in the shCtrl K1 group, whereas the
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Figure 3. CCT3 knockdown suppresses the proliferation of papillary thyroid carcinoma cells. (A) Representative fluorescence microscopy images of cell
growth captured daily following lentivirus infection. (B) Post-infection daily cell counts were measured using an automated reader (n=3). (C) Post-infection
cell proliferation as measured by MTT assays (n=3). Data points are presented as the mean =+ standard error of the mean of absorbance values (OD 490 nm).
“P<0.01, “"P<0.001, shCtrl vs. shCCT3. CCT3, chaperonin containing TCP1 subunit 3; shCtrl, control short hairpin RNA; OD, optical density; GFP, green

fluorescent protein.

percentage of G,/M phase in shCCT3 K1 cells was higher than
that of shCtrl K1 cells (Fig. 4A and B). These results indicated
that CCT3 knockdown affects the cell cycle progression of
K1 cells, which may contribute to the suppression of K1 cell
proliferation upon CCT3 knockdown.

CCT3 knockdown induces apoptosis. To determine whether
CCT3 knockdown affected apoptosis, flow cytometry
following Annexin V staining was performed in shCCT3 and
shCtrl K1 cells. The results revealed that the percentage of
apoptotic cells increased nearly four-fold in shCCT3 K1 cells
in comparison with shCtrl K1 cells (Fig. 5SA and B). These
results indicated that CCT3 knockdown induced apoptosis in
K1 cells.

Discussion

PTC is the most frequently occurring subtype of thyroid
cancer. A certain portion of PTCs progresses to currently
incurable recurrent metastatic cancer (1,24). However, there
is currently no effective molecular targeted therapy to treat
PTCs. The present study revealed that there was a significant
increase in the expression of CCT3 in PTCs compared with
adjacent tissue. Furthermore, knockdown of CCT3 decreased
cellular proliferation and cell cycle progression and induced
apoptosis in K1 cells. To the best of our knowledge, it is the
first time to reveal the involvement of a CCT protein in the
pathogenesis of PTC.

Recently, CCT3 wasreported to be highly expressed in HCC,
and the expression level of CCT3 was positively associated
with the malignancy of the tumor (20). Notably, although CCT
complex was deemed to function in the cytoplasm, CCT3
was observed in the nuclei of poorly differentiated HCC (20).
Likewise, in the present study, it was observed that CCT3
expression was significantly increased in PTCs compared with
the matched adjacent normal tissues. CCT3 was located at the
cytoplasm and in certain nuclei of PTC cells. A prior study
revealed that CCT3 has promise as a novel biomarker for HCC
screening and diagnosis (21). Additionally, CCT3 was reported
to support the proliferation of HCC cells (19). Overexpression
of CCT3 was reported to be associated with the poor prognosis
of patients with hepatocellular carcinoma (20). In the present
study, it was found that an increase in CCT3 expression was
associated with the tumor area of PTC. Knockdown of CCT3
reduced the proliferation of PTC cells. Hence, CCT3 might be
a valuable PTC biomarker for diagnosis. Future study should
verify whether CCT3 overexpression is also predictive of the
prognosis of patients with PTC.

As a chaperonin complex, CCT was estimated to be
responsible for the folding of ~10% of the proteome within
the cell (25). Among the myriad substrates of CCT complex,
there are a number of proteins associated with tumorigen-
esis, including cyclin E (13), the VHL tumor suppressor
protein (26), cyclin B and p21 (27). Therefore, the CCT
complex was shown to affect cancer cell proliferation (17).
Specifically, as a subunit of CCT complex, CCT3 was reported
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Figure 4. CCT3 knockdown affects cell cycle progression. (A) Cell cycle distribution of the K1 cells was analyzed by flow cytometry. Representative images for
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Figure 5. CCT3 knockdown induces apoptosis. (A) Apoptosis was determined by Annexin V staining followed by flow cytometry. Region R3 spans the
fluorescence density of apoptotic cells. Representative images for each group are shown. (B) Quantification of results shown in (A) (n=3). “"P<0.001,
shCtrl vs. shCCT3. CCT3, chaperonin containing TCP1 subunit 3; shCtrl, control short hairpin RNA.

to be required for the mitotic progression and proliferation of
HCC cells (19). In the present study, CCT3 was successfully
knocked down in K1 cells and found that CCT3 knockdown
significantly reduced the proliferation and cell cycle progres-
sion of K1 cells. Cell cycle arrest at the G,/M was observed
in CCT3-silenced K1 cells, which was accompanied with
decreased G1 and S phase distribution. It is known that DNA
damage checkpoint is a notable factor for G,/M arrest. This
indicated that CCT3 silencing could lead to dysregulated
DNA function and thereby the prevention of mitosis. In a
previous report, CCT3 depletion was shown to enhance the
sensitivity of HCC cells to vincristine treatment (19). In the
present study, it was observed that CCT3 knockdown induced
apoptosis in K1 cells. Furthermore, the enhanced G,/M cycle
arrest could also result in increased apoptosis following CCT3
knockdown. Hence, CCT3 might be crucial for the survival
and growth of PTC cells, and CCT3 may represent utilized as
a molecular target for PTC treatment.

The present study revealed that CCT3 was involved in the
pathogenesis of PTC. A marked increase in CCT3 expression
in PTC tissues compared with the adjacent normal tissues. In
addition, it was demonstrated that CCT3 knockdown compro-
mised the proliferation and cell cycle progression of PTC cells.
The present study also demonstrated that knockdown of CCT3
induced PTC cell apoptosis. Therefore, the findings of the
current study implicate CCT3 as a notable oncogene of PTC
and that CCT3 may be a potential candidate for the molecular
diagnosis and treatment of PTC.
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