Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY REPORTS 46: 199, 2021

Cep63 knockout inhibits the malignant phenotypes
of papillary thyroid cancer cell line TPC-1
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Abstract. The present study was designed to observe the
expression of the centrosomal protein 63 in papillary thyroid
cancer (PTC) tissues and cells and to explore the clinical
significance of Cep63 expression in PTC. Primary PTC
tissues and matched normal thyroid tissues were collected,
and the Cep63 expression level was determined by reverse
transcription-quantitative PCR and western blotting. A stable
Cep63-knockout cell line was constructed to assess the prolif-
eration, invasion, migration and apoptosis abilities in vitro. A
subcutaneous tumorigenesis model was established in nude
mice to evaluate the effect of Cep63 on tumor growth and
proliferation in vivo. Western blotting was used to explore
the relevant signaling pathways. The results revealed that the
expression level of Cep63 in PTC tissues was significantly
increased. The proliferation, invasion and migration abilities
of TPC-1 cells were decreased after Cep63 knockout, and
silencing of Cep63 resulted in TPC-1 cell cycle arrest in
the S phase. Mechanistically, Cep63 knockout inhibited the
activation of the Janus kinase/signal transducer and activator
of transcription 3 signaling pathway. In conclusion, Cep63
knockout significantly inhibited biological functions of TPC-1
cells in vitro and in vivo, indicating that Cep63 may be an
important oncogene of PTC.

Introduction

Thyroid cancer accounts for approximately 1% of all human
malignancies and 90% of endocrine malignancies (1).
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Papillary thyroid cancer (PTC) is the most common patholog-
ical type and accounts for approximately 70-80% of all thyroid
cancers (2-5). Most PTCs can be treated with thyroid surgery
alone or combined with radioactive iodine therapy. Although
numerous genetic changes have been revealed in thyroid
cancer, the molecular mechanism of PTC progression has not
been fully studied. Therefore, further study of the mechanism
by which PTC occurs and develops is urgently needed.

Centrosomes are the microtubule-organizing centers
of animal cells that ensure normal behavior of chromo-
somes during mitosis, so their number must be precisely
controlled (6). The mutant products of some protooncogenes
and tumor suppressor genes can directly affect the func-
tional and structural integrity of centrosomes (7,8). Previous
studies have revealed that centrosomal aberrancies promote
tumorigenesis, indicating that centrosome amplification is
closely related to the development of cancer (9,10). In addi-
tion, centrosome amplification is suspected to represent an
early event of tumorigenesis (11). Research has confirmed
that centrosomal aberrancies are prevalent in breast (12,13),
colon (6), bladder (14), pancreatic (15), prostate (16) as well as
other cancer cell lines.

Some studies have reported that the number of centrioles is
strictly regulated by centrosomal protein 63 (Cep63), Cepl52,
Cepl31 and polo-like kinase 4 (Plk4) through the ubiquitin
(Ub)-proteasome protein degradation system (6,17,18). As
the precursor of centrosomes, Cep63 is located on chro-
mosome 3q22.2 and encodes a 63-kDa protein with six
coiled-coil domains; it is known for its ability to bind Cepl52
to form the annular structural base of the centrosome (19). A
previous study (20) revealed that Cep63 is involved in spindle
assembly and DNA damage after spindle inactivation, binding
to centrosomes and regulating mitosis, and additionally causes
chromosomal instability and aberrations that lead to poor prog-
nosis and potentially cancer-related overexpression. Cep63 has
been revealed to promote the development and evolution of
tumors (21); however, the relationship between Cep63 and PTC
development remains unclarified. In the present study, Cep63
was knocked out via CRISPR/Cas9 technology to clarify its
influence on TPC-1 cell behavior. The effects of Cep63 on the
Janus kinase/signal transducer and activator of transcription 3
(JAK/STAT?3) signaling pathway in TPC-1 cells was further
investigated.
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Materials and methods

Patient tissue samples. To study the clinicopathological func-
tion of Cep63 in PTC, a total of 140 patients were recruited
from the Department of Thyroid Surgery of the First Affiliated
Hospital of Zhengzhou University (Zhengzhou, China) from
November 2019 to March 2020 and participated in the trial.
Inclusion criteria were patients with pathologically confirmed
PTC, and exclusion criteria were patients with confirmed
PTC who had received other treatments prior to surgery.
There were 39 males and 101 females. The mean age of these
patients was 51.89+0.7850 years (n=140). All participating
patients were informed about the study and signed informed
consent forms. The present study was also approved (approval
no. 2019-KY-313) by the Ethics Committee for Scientific
Research and Clinical Trial of the First Affiliated Hospital
of Zhengzhou University and conducted in accordance with
The Declaration of Helsinki Principles (version 2013). A total
of 140 tumor tissues and 140 paired normal thyroid tissues
were collected and stored in a refrigerator at -80°C immedi-
ately after being obtained from patients with confirmed PTC
undergoing thyroid surgery at The First Affiliated Hospital of
Zhengzhou University.

Cell line and cell culture. The human PTC cell line TPC-1
was kindly provided by Dr Ye Lei of Shanghai Ruijin Hospital
(Shanghai, China). To provide an experimental basis for
studying the functions of Cep63, the CRISPR/Cas9 tech-
nique (Shanghai GeneChem Co., Ltd.) was used to construct
a stable Cep63 knockout TPC-1 cell line. Cas-Designer,
a web-based tool for choice of CRISPR-Cas9 target sites
(http://www.rgenome.net/cas-designer/), was used to design
the CEP63-sgRNA sequence. CEP63-sgRNA is located
in the third exon of the CEP63 gene. The sequence of the
CEP63-sgRNA was as follows: AGCTTCAGAAAAAGC
AAATG. The transfected Cas9 plasmid, CEP63-sgRNA, is a
custom-made product commissioned by Shanghai GeneChem
Co., Ltd. There were two mutant genotypes in CEP63 allele
with deletion of DNA level at the target action site. The
corresponding deletion sequences were AATTCCCTCATT
TG and AT. Cells were maintained in RPMI-1640 culture
medium (Beijing Solarbio Science & Technology Co., Ltd.)
supplemented with 10% fetal bovine serum (FBS; Gemini
Bio-Products, Inc.) and incubated at 37°C in a humidified atmo-
sphere containing 5% CO,. In the experiments with inhibitor
interference, cells in the experimental group were cultured
at 37°C in complete medium containing 10 nmol/l LY2784544
(GlpBio Technology, Inc.), while the culture medium of cells
in the control group contained an equal concentration of
dimethyl sulfoxide (DMSO).

Colony formation assay. TPC-1 cells were digested and plated
in the culture dish at a concentration of 400 cells/well. The
cells were divided into the TPC-1 group and the Cep63-KO
group, with 3 replicates in each group. The cells were thor-
oughly mixed and incubated at 37°C, and the medium was
replaced with fresh medium every 2 days. When the cultured
cells had formed visible cell colonies (>50 cells/colony), the
cells were fixed with 4% paraformaldehyde for 20 min at room
temperature, and stained with 0.2% crystal violet for 30 min at

room temperature. Cell counting was performed using a light
microscope at a magnification of x4 and IBM SPSS 21.0 was
used for statistical analysis.

Cell Counting Kit-8 (CCK-8) assay. Suspensions of digested
cells in the logarithmic growth phase were uniformly inocu-
lated into 96-well plates at a density of 1x10* cells/ml, and
100 ul of the suspension was added to each well to establish
3 replicate wells. After the cells were completely attached
to the bottom of the wells, 10 ul of CCK-8 detection reagent
(Dojindo Molecular Technologies, Inc.) was added to each well.
The culture plate was placed at 37°C and incubated for 2 h.
Then, the culture plate was placed in a Universal Microplate
Reader and the absorbance was measured at 450 nm.

Cell cycle analysis and apoptosis assay. The following protocol
was followed for cell cycle analysis: Logarithmic growth phase
cells were seeded in a culture flask. The cells were harvested
by digestion with a trypsin solution containing 0.25% EDTA.
The cell concentration was adjusted to 1x10° cells/ml. One ml
of the cell suspension was centrifuged at 100 x g for 3 min at
room temperature; the upper layer of medium was removed,
and cell suspension was fixed in 500 pl cold 70% ethanol
at 4°C overnight. Then, the cells were washed with PBS to
remove the fixation solution. The prepared 500 u1 PI/RNase A
staining solution (Nanjing KeyGen Biotech Co., Ltd.) was
added to the cells, which were incubated in the dark for
30 min at room temperature and then detected by flow cytom-
etry (model: XL-MCL ADC; Beckman Coulter, Inc.). The
following protocol was followed for the apoptosis assay: The
cells were digested with trypsin without EDTA and counted
at approximately 2x10° cells/ml. Next, subsequent staining
was performed with the same volume of Annexin V-FITC
and propidium iodide (PI) for 15 min at room temperature.
The procedures were performed with an Annexin V-FITC
Apoptosis Detection Kit (cat. no. KGA105-KGA108; Nanjing
KeyGen Biotech Co., Ltd.) in accordance with the kit instruc-
tions. GraphPad Prism 6.0 (GraphPad Prism Software, Inc.)
was used for analysis.

Transwell invasion assay. The Transwell assay was performed
with 24-well culture plates and the matching Transwell upper
chamber inserts (8 ym pore size; Corning Inc.). Matrigel
matrix (BD Biosciences) was prediluted in serum-free
RPMI-1640 medium and evenly spread in the upper chamber
at 37°C for 4 h; the plates were then incubated in the incubator
at 37°C for 6 h. A total of 2x10* cells was mixed into 200 ul
of serum-free RPMI-1640 medium and inoculated into the
upper chambers, and 600 pl of RPMI-1640 medium supple-
mented with 10% FBS was added to the lower chambers. The
Transwell inserts were fixed with 4% paraformaldehyde for
15 min and stained with 0.1% crystal violet for 30 min at room
temperature. Finally, the migrated cells were counted using a
fluorescence inverted microscope (Olympus Corporation) at a
magnification of x200.

Wound healing assay. Cells were uniformly inoculated in a
6-well plate at a concentration of 5x10° cells/well. When the
cells were cultured to >95% confluence, sterile tips were
used to create a scratch in each well. Next, the suspended cell
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fragments were removed by washing with sterile PBS, and the
cells were cultured in serum-free RPMI-1640 medium at 37°C
for 24 h. Then, images of the healing of the cell scratches at the
same position in each well were captured using a light inverted
microscope (Olympus Corporation) at a magnification of x10.
The area of the wound was assessed by ImageJ 1.42q soft-
ware (National Institutes of Health), and the ratio of the area
covered by the cells after migration to the area of the wound
at the beginning of the experiment was calculated to compare
the migration ability of the cells.

Reverse transcription-quantitative (RT-q)PCR analysis. Total
RNA was isolated from TPC-1 cells and nude mouse tissues
with TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) following the manufacturer's instructions. Total RNA was
reversely transcribed to cDNA with a RevertAid First Strand
cDNA Synthesis Kit (Takara Bio, Inc.) according to the manu-
facturer's protocol. Each reaction for quantitative analysis was
performed according to the instructions for SYBR® Green
Fast qPCR Mix (Wuhan Servicebio Technology Co., Ltd.).
The PCR cycles were performed as follows: One cycle
at 95°C for 10 min, 40 cycles at 95°C for 15 sec, 60°C for
60 sec, and one final cycle at 72°C for 10 min, followed by
cooling to 4°C. B-actin was used as the reference standard for
each cDNA sample. The primer sequences were as follows:
B-actin forward, 5'-CACCCAGCACAATGAAGATCAAGA
T-3' and reverse, 5'-CCAGTTTTTAAATCCTGAGTCAAG
C-3"; and Cep63 forward, 5~AGGAAGGCTCTGGCTGAA
CAAT-3" and reverse, 5-GTCATTAGCCCGCTCCAGTTT-3".
The mRNA expression levels were calculated as relative fold
changes based on the 224°4 method (22).

Western blotting. The TPC-1 cells were lysed in RIPA lysis
buffer (Leagene, China). Protein concentration was determined
by the BCA assay. Each lane was loaded with 10 ul protein.
Protein from each sample was isolated by 10% SDS-PAGE
(Leagene Biotech Co., Ltd.) and transferred to a PVDF
membrane (EMD Millipore), followed by blocking in 5% milk
for 2 h at room temperature. The membrane was incubated
with the primary antibodies Cep63 (1:2,000; product code
ab235513; Abcam), JAK?2 (1:5,000; product code ab108596;
Abcam), p-JAK (1:2,000; product code ab32101; Abcam),
STAT?3 (1:1,000; product no. 9139T; Cell Signaling Technology,
Inc.), p-STAT3 (1:2,000; product no. 9145T; Cell Signaling
Technology, Inc.) and actin (1:1,000; cat. no. GB12001; Wuhan
Servicebio Technology Co., Ltd.) overnight at 4°C and washed
3 times with TBS containing 0.1% Tween-20 (Leagene
Biotech Co., Ltd.) at room temperature. Then, the membrane
was incubated with an HRP-conjugated IgG secondary
antibody (cat. nos. SA00001-2 and SA00001-1; ProteinTech
Group, Inc.) for 1 h at room temperature and visualized with
an ECL detection kit (Thermo Fisher Scientific, Inc.). The
protein expression levels were assessed by band densities using
AlphaEaseFC™ 4.0 (ProteinSimple) software.

In vivo tumorigenicity assay in nude mice. A total of 20 female
BALB/c nude mice (4 weeks old; ~16-18 g) purchased from
Beijing Vital River Laboratory Animal Technology Co., Ltd.
were used to establish the animal model of subcutaneous
neoplasia. Based on animal welfare considerations, the mice
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were housed in specific pathogen-free housing at 27°C with
a humidity of 50% and a 14/10-h light/night cycle. Food and
water were continuously provided throughout the day at Henan
Key Laboratory for Pharmacology of Liver Diseases. Each
mouse was subcutaneously inoculated in the right flank in a
total volume of 200 yul resuspension solution at a density of
1x107 cells/ml. The mice were weighed and their health and
behaviour were observed once a day. They were sacrificed by
cervical dislocation after CO, anesthesia (flow rate of CO,:
16.67% volume displacement/min) when body weight loss
>2 g or the maximum diameter of the tumor was over 20 mm.
None of the mice had any other special conditions or other
causes of death during the study. Finally, the tumor growth
and inhibition rates were calculated. The animal trials lasted a
total of two weeks. The present study was approved (approval
no. 2019-KY-313) by the Ethics Committee for Scientific
Research and Clinical Trial of the First Affiliated Hospital of
Zhengzhou University (Zhengzhou, China).

Statistical analysis. GraphPad Prism 6.0 (GraphPad Prism
software, Inc., USA) was used for analysis. Data comparisons
between two groups were performed with unpaired Student's
t-test, comparisons between tumor and adjacent non-tumor
tissues were performed with paired t-test. Comparisons among
multigroups were performed with one-way analysis of variance
(ANOVA), and then Bonferroni test was applied as a post hoc
test. The results are presented as the means + standard devia-
tions (SDs). The association between the Cep63 expression
level and potential pathological factors was assessed with the
chi-square test. P<0.05 was considered to indicate a statisti-
cally significant difference. The experiments were repeated in
triplicate.

Results

Cep63 is highly expressed in PTC tissues. The results in Fig. 1A
revealed that Cep63 expression was significantly higher in PTC
tissues than in normal thyroid tissues. According to the eighth
edition of the American Joint Committee on Cancer/Union for
International Cancer Control tumor-node-metastasis staging
system (TNM-8) (23,24) and using the median expression
level of Cep63 as the cutoff point, the patients were divided
into the high-expression and low-expression groups and the
relationship between the expression level of Cep63 and the
clinicopathological features was further analyzed. A significant
association was revealed between high Cep63 expression and
lymph node metastasis of PTC (P=0.017) (Table I). However,
the age, sex, tumor size, TNM stage and BRAF mutation status
of the patients were not significantly associated with the Cep63
expression level (P>0.05). In general, Cep63 is highly expressed
in PTC and is probably involved in the progression of PTC.

Knockout of Cep63 in TPC-1 cells. To explore the function
of Cep63 in TPC-1 cells, CRISPR/Cas9 editing was used to
construct Cep63-KO cell line. RT-qPCR and western blotting
were used to assess the expression of Cep63 at the protein and
mRNA levels, respectively, to verify the knockout efficiency in
these cells. The results of these analyses revealed that Cep63
expression was abolished in the Cep63-KO cell line generated
by CRISPR/Cas9 editing of TPC-1 cells (Fig. 1B and C).
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Table I. Association between Cep63 expression and clinicopathological features in papillary thyroid cancer.

Cep63 expression

Variables No. of cases High Low P-value

Sex 0.346
Male 39 17 22
Female 101 53 48

Age (years) 0.73
<55 84 43 41
=55 56 27 29

Tumor size (cm) 0.17
<2 82 37 45
=2 58 33 25

Lymph node metastasis 0.017
No 62 24 38
Yes 78 46 32

TNM stage 0.368
I 97 46 51
I 34 19 15
I-1v 9 5 4

BRAF mutation 0.338
No 37 16 21
Yes 103 54 49

Cep, centrosomal protein.
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Figure 1. Cep63 is highly expressed in PTC tissues and Cep63 knockout inhibits proliferation of TPC-1 cells. (A) Expression of Cep63 in tissues was detected
by RT-qPCR. (B and C) RT-qPCR and western blotting were used to confirm the deficient expression of Cep63 in TPC-1 cells edited with CRISPR/Cas9
technology. (D-F) Cell proliferation was assessed by Cell Counting Kit-8 and colony formation assays. The data are expressed as the means + SDs. “P<0.01
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and ""P<0.001 compared with the control. PTC, papillary thyroid cancer; RT-qPCR, reverse transcription-quantitative PCR; KO, knockout.

Knockout of Cep63 inhibits the proliferation of TPC-1 cells.  of the two groups of cells. Comparison between the two groups
The CCK-8 method was used to assess the proliferation ability ~ revealed that the growth trend of Cep63-KO cells was relatively
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The data are expressed as the means + SDs. "P<0.05, “"P<0.01 and

mild and that the growth rate of these cells was significantly
lower than that of TPC-1 cells (P<0.001; Fig. 1D), indicating
that Cep63 knockout inhibited the proliferation of TPC-1 cells.
In addition, TPC-1 cell colony formation rate of 21+0.95% and
the Cep63-KO cell colony formation rate of 7.83+1.53% were
significantly different (P<0.01; Fig. 1E and F), indicating
that Cep63 knockout obviously reduced the rate of colony
formation of TPC-1 cells.

P<0.001 compared with the control. KO, knockout.

Knockout of Cep63 suppresses the migration and invasion of
TPC-1 cells. The effect of Cep63 knockout on the functional
characteristics of TPC-1 cells was evaluated by cell migra-
tion and invasion experiments. Cep63 knockout reduced the
cell migration rate by 25.31% compared with that of TPC-1
cells (P<0.01; Fig. 2A). In addition, after Cep63 knockout,
the number of cells penetrating the Transwell membrane was
significantly lower than that of TPC-1 cells (147.0+10.12 and
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Figure 3. Cep63 knockout inhibits proliferation of TPC-1 cells in vivo. (A) Images of tumors from each group. (B) Volume of tumors. (C) Weight of mice.
(D) Weight of tumors. The data are expressed as the means + SDs. "P<0.05, “P<0.01 and ““P<0.001 compared with the control. KO, knockout; d, day.

226.3+11.89; P<0.01) (Fig. 2B). These data indicated that
Cep63 mediated the malignant invasion and migration of
TPC-1 cells.

Knockout of Cep63 induces S-phase cell cycle arrest and
promotes the apoptosis of TPC-1 cells. The flow cytometric
results revealed that compared with TPC-1 cells, Cep63-KO
cells exhibited a significantly decreased population in the
G,/G, phase and a significantly increased population in the
S phase (Fig. 2C). These results indicated that the transition of
TPC-1 cells from the G,/G, phase to the S phase was signifi-
cantly (P<0.05) increased after Cep63 knockout, suggesting
that Cep63 may play an important role in regulating the
cell cycle in TPC-1 cells. Furthermore, the apoptotic rate of
Cep63-KO cells was significantly increased compared with
that of TPC-1 cells (20.1 and 2%, respectively; Fig. 2D), indi-
cating the important role of Cep63 in mediating the apoptosis
of TPC-1 cells.

Cep63 stimulates tumor proliferation activity in vivo. The
effect of Cep63 on the growth of TPC-1 cells was confirmed
in vivo by a subcutaneous tumor formation assay in nude mice.
The tumors in the Cep63-KO group had smaller volumes and
grew more slowly than those in the TPC-1 group (P<0.001;
Fig. 3A and B). The weight of tumors followed a similar
pattern: The tumors in the Cep63-KO group weighed signifi-
cantly less than those in the TPC-1 group (P<0.01; Fig. 3D),
indicating that Cep63 also actively regulated the growth
of TPC-1 cells in vivo. Furthermore, these results vividly
revealed that as the tumors grew, the weight of the mice in the
TPC-1 group decreased significantly, while that of the mice in
the Cep63-KO group increased gradually (P<0.001; Fig. 3C).
It was hypothesized that this pattern may have resulted from
cachexia caused by the malignant proliferation behavior of

TPC-1 cells in mice, which also indicated that Cep63 medi-
ated the malignant proliferation of TPC-1 cells.

JAK/STAT3 signaling pathway may be involved in the
Cep63-mediated malignant behavior of TPC-1 cells. The
expression of the JAK/STAT3 pathway was studied through
western blotting to explore the molecular mechanism of Cep63
in TPC-1 cells. The p-JAK and p-STAT?3 levels were decreased
by 11.6 and 33.0%, respectively, in Cep63-KO group compared
with TPC-1 group (Fig. 4). After treatment with the JAK
inhibitor LY2784544 for 24 h in TPC-1+LY2784544 group,
as expected, the protein levels of p-JAK and p-STAT3 were
significantly decreased by 25.2 and 27.6% compared with
the TPC-1 cell group, respectively. The results indicated that
JAK/STAT3 may be involved in the Cep63-mediated malig-
nant behavior of TPC-1 cells.

Discussion

Centrosomal proteins play an important role in molecular
recognition in the regulation of cell function and activity.
These proteins may be important in human tumorigenesis
and provide new targets for the diagnosis and treatment of
tumors (25,26). A previous study (19) demonstrated that Cep63
promotes the replication of centrioles and that Cep63 knockout
causes centrosomal distortion, chromosomal entanglement
and telomere clustering defects, indicating that centrosomes
mediate the regulation of the DNA damage response.

The Cep63 expression was strongly upregulated in PTC
tissues and lymph node metastasis was associated with high
Cep63 expression; these results were consistent with an onco-
genic role for the Cep63 gene in PTC. BCPAP is a mutant cell
line, which was initially selected, however, since other types
of cell lines, such as BCPAP, could not be obtained through
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effective ways, and considering that the TPC-1 cell line has
been widely used in previous research (27), the TPC-1 cell line
was finally selected and focus was addressed on the effect of
the CEP63 gene on the TPC-1 cell line. The biological func-
tion of Cep63 was further studied in subsequent experiments.
It was revealed that the proliferation, migration and invasion
of Cep63-KO cells was significantly suppressed compared
with that of TPC-1 cells, and that Cep63 knockout promoted
cell cycle progression from the G,/G, phase to the S phase.
The data also revealed that Cep63 knockout promoted TPC-1
cell apoptosis. In vivo experiments further confirmed that
Cep63 knockout decreased the growth rate and size of tumors
compared with those in the TPC-1 group and even resulted
in a significant difference in the weight of mice between two
groups. The present study revealed that Cep63 promoted
TPC-1 cell proliferation, migration and invasion and inhibited
apoptosis both in vivo and in vitro, consistent with results
identifying Cep63 as an oncogene (21) and indicating the key
role of Cep63 in PTC. However, due to COVID-19 and other
unavoidable reasons, it has not been possible to collect xeno-
graft tumor tissues in time to continue the detection of tumor
markers.

The JAK/STAT3 signaling pathway is a widely recog-
nized carcinogenic pathway and plays a key role in mediating
proliferation, invasion and migration in some cancers (28,29).
STAT3 has been revealed to be targeted by the signaling
of numerous receptor and nonreceptor tyrosine kinases
in cancer cells. In addition, it is a transcription factor that
regulates the expression of a wide range of genes and recruits

tumor progression-promoting immune cells into the tumor
microenvironment (30). After Cep63 knockout or JAK
inhibitor treatment in TPC-1 cells, the expression levels of
both p-JAK and p-STAT3 were decreased, consistent with
earlier reports (31-33) that STAT3 is upregulated in human
PTC tissues and that the JAK/STAT3 pathway plays a role in
promoting the proliferation and migration of cancers. These
data indicated that the JAK/STATS3 signaling pathway may be
involved in the Cep63-mediated malignant biological behavior
of TPC-1 cells. In a previous study (34), a degree of difference
was detected in the expression of overall JAK and STAT3 as
well as phosphorylated JAK and STATS3, and the difference
was statistically significant. During the experiment, every
effort was made to keep other controllable factors consistent,
and it was initially hypothesized that the expression differ-
ence of Cep63 may affect the expression of JAK and STAT3
proteins. However, the specific molecular mechanism still
needs to be further studied.

In conclusion, the results of the present study revealed
that blocking the expression of Cep63 inhibited the prolif-
eration, migration and invasion and promoted apoptosis of
TPC-1 cells and that the JAK/STAT pathway may be strongly
involved. The preliminary discussion of the role of Cep63
in promoting the malignant behavior of TPC-1 cells was
provided, and it was suggested that Cep63 may be a poten-
tial oncogene for PTC cell line TPC-1. There have been no
studies on the relationship between Cep63 and thyroid cancer
progression, to the best of our knowledge. The BCPAP cell
line is going to be obtained in order to study whether the
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tumor-promoting role of Cep63 is BRAF-dependent or not.
Since other pathological types of thyroid cancers are rela-
tively rare clinically, a certain number of clinical specimens
cannot be collected in the short term at present. In future,
other types of thyroid cancers will be gradually collected,
and then the relationship between other types of thyroid
cancers and the expression of Cep63 will be examined.
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