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Background: Papillary thyroid carcinoma (PTC) is the most common malignant tumor of the thyroid, and its invasiveness and
metastatic ability are closely related to patient prognosis. Chaperonin containing TCP1 subunit 2 (CCT?2) is an important com-
ponent of the molecular chaperone protein complex and has been shown to regulate cell proliferation and migration in various
tumors. Epithelial-mesenchymal transition (EMT) is a critical process in tumor metastasis, and Zinc Finger E-Box Binding
Homeobox 1 (ZEBI) is a core transcription factor that regulates EMT. This study aims to explore how CC72 induces EMT gene
transcription through ZEB], thereby promoting the metastasis and tumorigenesis of PTC.

Methods: CCT2 in PTC tissues was analyzed using quantitative reverse transcription polymerase chain reaction (QRT-PCR) and
Western blot. siRNA and overexpression vectors were used to silence and overexpress CCT2, respectively, and the effects on PTC
cell migration, invasion, proliferation, and apoptosis were observed. Rescue experiments were used to investigate the effect of
CCT2 on ZEB1 and EMT-related genes. Cell apoptosis was detected by Terminal deoxynucleotidyl transferase dUTP Nick End
Labeling (TUNEL) assay. Silencing ZEB1 was used to verify its effect on the oncogenic activity of CCT2.

Results: CCT2 was found to be highly expressed in PTC tissues (p < 0.01). In ir vitro and in vivo experiments, silencing CCT2
inhibited the migration and invasion of PTC cells and their metastasis, while overexpression of CCT2 produced the opposite
effect. Additionally, CCT2 promoted PTC cell proliferation and inhibited apoptosis (p < 0.01). Mechanistic studies revealed that
CCT2 upregulated ZEBI expression (p < 0.01), thereby inducing EMT gene transcription (p < 0.01). Silencing ZEBI reduced
the oncogenic effect of CCT2.

Conclusion: This study first revealed the high expression of CCT2 in PTC and its essential role in the migration, invasion, pro-
liferation, and anti-apoptosis of tumor cells. CCT2 promotes the metastasis and tumorigenesis of PTC by regulating ZEBI and
EMT-related genes. These findings provide new potential targets for molecular targeted therapy of PTC and explore new direc-
tions for future clinical treatment strategies.
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Introduction tional proteins [9]. Chaperonin containing TCP1 (CCT) is
a specific molecular chaperone protein complex composed
of 8 different subunits, among which chaperonin containing
TCP1 subunit 2 (CCT2) is one [ 10—12]. Recent studies have
shown that CCT2 is essential for the normal physiological
functions of cells and significantly impacts the progression
of different types of cancer [13,14]. The abnormal manifes-
tation of CCT?2 is strongly linked to the growth, movement,
and infiltration abilities of cancer cells, although its precise
function and mechanism in PTC have yet to be completely
understood [15-18].

Thyroid carcinoma is the most common malignant tu-
mor of the endocrine system globally, with papillary thy-
roid carcinoma (PTC) being the most common subtype, ac-
counting for approximately 80% of all thyroid cancer cases
[1-3]. Despite a relatively favorable prognosis, approxi-
mately 10—15% of patients experience local recurrence or
distant metastasis, reducing survival rates and quality of
life [4,5]. Hence, it is crucial to thoroughly comprehend
the molecular mechanisms of PTC, specifically the pivotal

controlling elements implicated in metastasis and tumori-
genesis, to enhance patients’ clinical treatment and prog-
nosis [6—8]. Chaperonins, a type of molecular chaperone
protein, aid in the accurate folding and formation of addi-

Epithelial-mesenchymal transition (EMT) refers to a
biological phenomenon where epithelial cells transform,
losing their adhesion and polarity, gaining the ability to mi-
grate and invade, and adopting a mesenchymal cell pheno-
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type [19-22]. EMT is of utmost importance in the devel-
opment of embryos, the healing of tissues, and the invasion
and spread of tumors [23,24]. EMT is considered a cru-
cial process in oncology, facilitating the separation of can-
cer cells from the main tumor, invasion into nearby tissues,
and development of distant metastases [25]. Zinc Finger E-
Box Binding Homeobox 1 (ZEB1), a crucial transcription
factor for EMT, controls the expression of various EMT-
associated genes [26—28]. This includes suppressing ep-
ithelial markers like E-cadherin and enhancing mesenchy-
mal markers like vimentin and N-cadherin.

This investigation aims to comprehensively examine
the involvement of CCT2 in PTC pathogenesis and its im-
pact on key cellular processes such as migration, invasion,
proliferation, and apoptosis. By leveraging quantitative re-
verse transcription polymerase chain reaction (QRT-PCR)
and Western blot analyses, we assessed CCT2 expression
levels in PTC tissues, establishing its correlation with tumor
invasiveness and metastatic capacity. Through targeted ge-
netic manipulation involving CCT2 silencing and overex-
pression, coupled with functional assays in vitro and in vivo,
we delineated the influence of CCT2 on PTC cell behav-
ior. Furthermore, we investigated the interplay between
CCT2 and ZEBI, shedding light on the molecular mech-
anisms governing CCT2-mediated EMT gene regulation.
Terminal deoxynucleotidyl transferase dUTP Nick End La-
beling (TUNEL) assays were employed to assess the im-
pact of CCT2 on apoptosis, while ZEB/ silencing validated
its role in mediating the oncogenic effects of CC72. This
study elucidates the mechanisms underlying CCT2-induced
transcriptional regulation of EMT genes via ZEBI, thereby
fueling PTC’s metastatic potential and tumorigenesis.

Materials and Methods

Thyroid Papillary Carcinoma Specimen Collection

Seventeen individuals diagnosed with thyroid papil-
lary carcinoma, consisting of 10 males and 7 females, rang-
ing in age from 31 to 69 years with an average age of 48
years, were chosen for inclusion in the study. The clini-
cal patients involved in this study have all signed informed
consent forms. These patients received inpatient care at the
hospital’s Department of Thyroid and Breast Surgery be-
tween January 2022 and July 2022. This study was con-
ducted in accordance with the Declaration of Helsinki. Tu-
mor, Node, Metastasis (TNM) staging was conducted ac-
cording to the AJCC Cancer Staging Manual criteria. Ad-
jacent non-tumor normal tissues were selected as the control
group. All cases had not received radiotherapy, chemother-
apy, or hormone therapy before surgery, and their medical
records were complete. Around 200 mg of samples were
gathered in one go and promptly preserved at —80 °C, while
the rest of the tissues were dispatched for regular patholog-
ical analysis to verify the findings. Ethical approval: this

study has been approved by the Medical Ethics Committee
of Taizhou Central Hospital (Taizhou University Hospital)
(Approval No.: 2024L-04-06).

Quantitative Reverse Transcription Polymerase
Chain Reaction (qRT-PCR)

Total RNA isolation reagent TRIzol (15596026) was
purchased from Gibco (Carlsbad, CA, USA). The qRT-
PCR kit (4442137) was purchased from Gibco (Carlsbad,
California, USA). Primers were synthesized by Beijing
Saibaisheng Company (Beijing, China). The tissue ex-
tracted total RNA following the manufacturer’s instructions
for the TRIzol reagent. The extracted RNA was then dis-
solved in DEPC water and stored at —80 °C. M-MLV re-
verse transcriptase (K1622, Gibco, Carlsbad, CA, USA)
was used, with 3 pL of total RNA from each tissue sample
used for reverse transcription. The size of the reaction sys-
tem was 20 microliters. After adding and combining each
reagent as instructed, the mixture was placed in an incu-
bator at 37 °C for 1 hour. Subsequently, the reaction was
halted by raising the temperature to 95 °C for 5 minutes.
The cDNA obtained was kept at a temperature of —20 °C.
To make a reaction system, combine 10x Buffer (2.5 pL),
dNTP (2.5 uL), TagDNA polymerase (0.5 pL), upstream
and downstream specific primers (1 pL each), template (1.5
pL), and DEPC-treated ddH5O to reach a total volume of 25
pL. The components were mixed thoroughly and then cen-
trifuged. The primer sequences used in this study are listed
in Table 1. Load the qRT-PCR reaction mixture into the
PCR instrument (Applied Biosystems, Thermo Fisher Sci-
entific, Waltham, MA, USA) for PCR amplification. Dur-
ing the PCR amplification process, the fluorescently labeled
probes will hybridize with the target sequences and emit
fluorescent signals. Use the software analysis tools on the
gRT-PCR instrument (Applied Biosystems, Thermo Fisher
Scientific, Waltham, MA, USA) to detect and analyze the
fluorescent signals.

Western Blot

Total protein was extracted from transfected cells of
each group using RIPA lysis buffer (R0010, Solarbio, Bei-
jing, China). The BCA assay kit (23225, Gibco, Carlsbad,
CA, USA) was utilized to measure and modify the protein
concentration. The proteins were first separated using SDS-
PAGE and transferred onto a PVDF membrane (88518,
Gibco, Carlsbad, CA, USA). The membrane was blocked
in 5% skim milk TBST buffer for 2 hours. It was then
incubated with primary antibodies CCT2 (1:1000 dilution;
cat no. ab92746, Abcam, Cambridge, UK), ZEB1 (1:1000
dilution; cat no. Ab203829, Abcam, Cambridge, UK), E-
cadherin (1:1000 dilution; cat no. Ab40772, Abcam, Cam-
bridge, UK), Vimentin (1:1000 dilution; cat no. Ab92547,
Abcam, Cambridge, UK), Smad3 (1:1000 dilution; cat
no. Ab40854, Abcam, Cambridge, UK), phosphorylated
Smad3 (p-Smad3) (1:1000 dilution; cat no. Ab52903, Ab-
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Table 1. Primer sequences were involved in this study.

Primer name Primer sequences (5’-3")

CCT2-F GCACTACCTCTGTTACCGTTTT
CCT2-E CTTCTCTCCAACCCGCTATGA
ZEBI-F GGCATACACCTACTCAACTACGG
ZEBI-R TGGGCGGTGTAGAATCAGAGTC
Slug-F CTTCCTGGTCAAGAAGCA
Slug-R GGGAAATAATCACTGTATGTGTG
Vimentin-F TGTCCAAATCGATGTGGATGTTTC
Vimentin-R TTGTACCATTCTTCTGCCTCCTG

E-cadherin-F
E-cadherin-R

CTTCTGCTGATCCTGTCTGATG
TGCTGTGAAGGGAGATGTATTG

FNI-F GAGAATAAGCTGTACCATCGCAA
FNI-R CGACCACATAGGAAGTCCCAG
CTNNBI-F TGATGGAGTTGGACATGGCC
CTNNBI-R CTCATACAGGACTTGGGAGG
GAPDH-F CGGAGTCAACGGATTTGGTCGTAT
GAPDH-R AGCCTTCTCCATGGTGGTGAAGAC

CCT2, chaperonin containing TCP1 subunit 2; ZEBI1, Zinc
Finger E-Box Binding Homeobox 1; Slug, Snail Family Tran-
scriptional Repressor 2; FN1, Fibronectin 1; CTNNB1, Catenin
beta-1; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase.

cam, Cambridge, UK) and Glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) (1:1000 dilution; cat no. Ab8245,
Abcam, Cambridge, UK) at 4 °C overnight. Following
three washes with TBST, the membrane underwent incu-
bation at 37 °C for 1 hour with Horseradish Peroxidase
(HRP)-conjugated secondary antibody, specifically goat
anti-rabbit IgG (1:1000 dilution; cat no. Ab6728, Abcam,
Cambridge, UK). Enhanced Chemiluminescence (ECL)
(MT0024, MeilunBio, Dalian, China) was employed, and
the grayscale measurements of the protein bands were an-
alyzed utilizing Quantity One software (version 4.6.6, Bio-
Rad Laboratories, Inc, Helsingborg, CA, USA).

Cell Culture

Cell lines derived from human thyroid carcinoma
(KTC-1 (iCell-h370), B-CPAP (iCell-h022) (Cellverse Bio-
science Technology Co. Ltd., Shanghai, China)) were
grown in RPMI-1640 medium (11875119, Invitrogen,
Carlsbad, CA, USA) containing 100 units/mL penicillin
(P4458, Sigma-Aldrich, St. Louis, MO, USA), 0.1 mg/mL
streptomycin (P4458, Sigma-Aldrich, St. Louis, MO,
USA), and 10% fetal bovine serum (F8067, Sigma-Aldrich,
St. Louis, MO, USA). All cell lines were maintained in a
humidified atmosphere at 37 °C with 5% COs. The cell
lines involved in this study have all completed STR identi-
fication, and the mycoplasma testing results are negative.

Cell Transfection

CCT2 shRNA-NC (sense: 5'-GCTAAGCTTCGAAG
TGTGTT-3’, antisense: 5'-AACACACTTCGAAGCTTA
GC-3'), Sh-CCT2-1 (sense: 5'-CCTGAAGATGAAGATG
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AAGA-3’, antisense: 5-TCTTCATCTTCATCTTCAGG-
3"), Sh-CCT2-2 (sense: 5'-CCAGAAGGAAGATCAGTT
CA-3', antisense: 5'-TGAACTGATCTTCCTTCTGG-3"),
siRNA-NC (Negative control) (sense: 5'-GUACGUACG
UACGUACGUACG-3’, antisense: 5'-CGUACGUACGU
ACGUACGUAC-3’), and siRNA-ZEB] (sense: 5-GAAG
GAUCAUCAAGAACUATT-3’, antisense: 5'-UAGUUC
UUGAUGAUGCUUCCT-3") were obtained from Thermo
Scientific, Waltham, MA, USA. One day before transfec-
tion, cells were seeded in 6-well plates at a density of 1
x 105 cells per well—the transfection efficiency aimed for
50% confluent cells. Lipofectamine 2000 (11668500, Invit-
rogen, Carlsbad, CA, USA) was used for cell transfection.
Confirmation of efficient siRNA knockdown was achieved
through qRT-PCR and Western blot analysis. Lipofec-
tamine 2000 (11668500, Invitrogen, Carlsbad, CA, USA)
was used to transfect cells with pcDNA3.1-CCT2 (sense:
5'-ATGGAATTCGCCACCATGGCCGCTTCGAGGTG
GCGGG-3/, antisense: 5'-ATGCTCGAGTCAGGAACT
GCAACGTAG-3') or the control pcDNA3.1-vector plas-
mid (sense: 5'-ATGTCTAGATCGGCCGCCACCATGG-
3/, antisense: 5'-ATGCTCGAGTCATTTGTAGAGGCT-
3). After 48 hours of transfection, the cells were analyzed
using qRT-PCR and Western blot techniques.

Transwell Assay for Cell Migration and Invasion

Migration assay: 2 x 10* cells were seeded in the
upper chamber of Transwell (3381, Corning Corporation,
Corning, NY, USA). For the invasion experiment, a total of
100,000 cells were placed in the top compartment of a Tran-
swell, which had been coated with matrix gel. The lower
chamber was filled with 800 pL of RPMI-1640 medium
containing 10% FBS (with double antibodies). The cells
were cultured for 2 days, treated with 70% ethanol at low
temperature for 60 minutes, and then subjected to staining
using 0.5% crystal violet for 20 minutes. The process of
cell movement and infiltration was observed using a micro-
scope (CX83, Olympus, Tokyo, Japan), and the total count
of cells that migrated and invaded was recorded in 5 differ-
ent fields of view.

Terminal Deoxynucleotidyl Transferase dUTP Nick
End Labeling (TUNEL)

The cells were treated with 4% paraformaldehyde to
be fixed. Following permeabilization with 0.1% Triton X-
100 in PBS on ice for 2 minutes, the cells were exposed
to TUNEL solution (T2195, Solarbio, Beijing, China) at 37
°C in a lightless environment for 60 minutes. Subsequently,
cells were sealed with an anti-fluorescence quencher. The
observation was conducted under a fluorescence micro-
scope (IX83, Olympus, Tokyo, Japan).

EDU Cell Proliferation Assay

The cells were placed in a 96-well plate with 5 x 103
cells per well. Following 6 hours, the cells were subjected
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to an incubation period of 2 hours with 100 uL of EDU solu-
tion (CA1174, Solarbio, Beijing, China). After fixing and
incubating with 2 mg/mL glycine for 5 minutes, the cells
were treated with 100 uL of permeabilization solution for
10 minutes. Then, 100 uL of 1x Apollo staining reaction
solution was added and incubated for 30 minutes. The wells
were washed with 100 uL of permeabilization solution for
3 minutes and then with 100 pL of methanol for 5 minutes.
Subsequently, 100 pL of 1x DAPI reaction solution was
added to the wells and incubated in the dark on a shaker
for 30 minutes. The cells were then sealed with an anti-
fluorescence quencher. Finally, cell images were captured
under a fluorescence microscope (IX83, Olympus, Tokyo,
Japan), and the cell count was recorded. Cells with red-
stained nuclei were considered positive.

Cell Proliferation Assessed through CCK-8 Assay
and Plate Clone Formation Experiment

The cells from every group were cultured at 37 degrees
Celsius in 5% carbon dioxide. 10 uL of Cell Counting Kit-8
(CCK-8) solution (CA1210, Solarbio, Beijing, China) was
introduced into every well, and the microplate reader (Spec-
traMax iD3, Molecular Devices, San Jose, CA, USA) was
utilized to measure the absorbance value (OD) at a wave-
length of 450 nm for each well. Cells from each group were
uniformly seeded in culture dishes at a density of 200 cells
per well and cultured in a 37 °C, 5% CO- incubator for 2
weeks. After the appearance of clones, crystal violet stain-
ing was performed for 30 minutes, and counting and pho-
tography were conducted.

Statistical Analysis

Statistical analysis was performed using SPSS ver-
sion 21.0 software (IBM, Armonk, NY, USA). The data
were reported as the average plus the standard deviation.
Between-group comparisons were made using -tests, and
comparisons among multiple groups were made using one-
way analysis of variance (ANOVA). The Tukey test is con-
ducted for post hoc analysis. A p-value below 0.05 was
deemed to be statistically significant.

Results

The Expression of CCT2 is Upregulated in PTC

Initially, CCT2 mRNA in 17 adjacent normal and pri-
mary tumor tissue pairs were analyzed. The results showed
a high expression of CCT2 in PTC (Fig. 1A, p < 0.01). This
indicates an upregulation of CCT2 mRNA levels in cancer
tissues, which may be associated with the occurrence and
development of cancer. The detection of CCT2 protein in
normal tissues and primary tumor tissues was performed us-
ing Western blot analysis. Fig. 1B showed that tumor tis-
sues exhibited increased expression of CCT2 compared to
adjacent normal tissues. These findings are consistent with
the mRNA level data, providing additional confirmation of
the elevated expression of CC72 in PTC (p < 0.01).

Silencing of CCT2 Inhibits the Migration and
Invasion of PTC Cells in Vitro

B-CPAP cells were transfected with two different
CCT?2 silencing plasmids to silence the CCT2 gene. qRT-
PCR and Western blot were used to assess transfection ef-
ficiency, revealing the highest expression of CC72 in the
shNC group and relatively lower expression in the shCCT72-
1 and shCCT2-2 groups (p < 0.05). This indicates success-
ful silencing of the CCT2 gene (Fig. 2A,B). Transwell assay
results showed that cell migration and invasion were highest
in the shNC group while relatively lower in the shCCT2-1
and shCCT2-2 groups (p < 0.01). This suggests that silenc-
ing of CCT?2 inhibited PTC cells’ migration and invasion
ability (Fig. 2C,D). In summary, the experimental results
demonstrate that silencing of CCT?2 inhibits the occurrence
of PTC metastasis by suppressing cell migration, invasion,
and the formation of lung metastatic foci.

Overexpression of CCT2 Promotes the Migration
and Invasion of PTC Cells in Vitro

KTC-1 cells were transfected with CCT2 overexpres-
sion plasmids for the overexpression of CC72 gene. Trans-
fection efficiency was evaluated using qRT-PCR and West-
ern blot, revealing that CCT2 expression was higher in the
OE-CCT2 group compared to the OE-NC group (p < 0.01).
This indicates successful overexpression of the CCT2 gene
(Fig. 3A,B). The transwell assay results showed increased
cell migration and invasion in the OE-CCT2 group com-
pared to the OE-NC group (p < 0.01). These findings sug-
gest that the upregulation of CCT2 enhances PTC cells’
migratory and invasive potential, as shown in Fig. 3C,D.
The experimental results indicate that the overexpression
of CCT2 promotes cell migration and invasion.

The Proliferation of PTC Cells is Enhanced, and
Apoptosis is Suppressed by CCT2

CCK-8 assay was used to evaluate the proliferation
ability of cells. In this experiment, B-CPAP cells were di-
vided into shNC, shCCT2-1, and shCCT2-2. According to
the findings, the cells in the shNC group exhibited the high-
est proliferation capacity, whereas the shCCT2-1 (p < 0.05)
and shCCT2-2 groups (p < 0.01) displayed comparatively
lower proliferation abilities (Fig. 4A). This suggests that the
suppression of CCT2 hampers the capacity of PTC cells to
proliferate. EAU assay was also used to evaluate the pro-
liferation ability of cells. The findings indicated that the
cell’s capacity to significantly decreased in the shCCT2-1
and shCCT2-2 groups compared to the shNC group (p <
0.001). Fig. 4B,B-1 provides additional evidence for the
suppressive impact of CCT2 knockdown on the growth po-
tential of PTC cells. Clonogenic assay was used to evaluate
the proliferation and growth potential of cells. According
to the findings, the shNC group had the highest number of
cell clones, whereas the shCCT2-1 and shCCT2-2 groups
had comparatively fewer (p < 0.01). This also indicates
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Fig. 1. Expression analysis of CCT2 in thyroid papillary carcinoma, showing high expression of CCT2 in thyroid papillary car-

cinoma. (A) CCT2 mRNA in 17 pairs of normal tissues and primary tumor tissues. (B) Analysis of CCT2 expression levels in normal

and primary tumor tissues using Western blot. **p < 0.01. n=17.

that silencing of CCT2 inhibits PTC cells’ proliferation and
growth potential (Fig. 4C). TUNEL assay was used to eval-
uate the apoptosis rate of cells. The results showed an in-
crease in the apoptosis rate of cells in the shCCT2-1 and
shCCT2-2 groups compared to the NC group (p < 0.01).
This indicates that silencing or inhibition of CC72 induces
apoptosis of PTC cells (Fig. 4D). The findings from the ex-
periment suggest that suppressing CC72 hinders the growth
potential of PTC cells and triggers apoptosis.

CCT2 Regulates EMT-Related Genes in PTC

Experimental results showed that after knocking down
the CCT2 gene, ZEBI was highest in the shNC group and
lower in the shCCT2-1 and shCCT2-2 groups (p < 0.01)
(Fig. 5A). Following CCT2 gene knockdown, Snail Family
Transcriptional Repressor 2 (Slug) was highest in the shNC
group and lower in the shCCT2-1 and shCCT2-2 groups (p
< 0.05) (Fig. 5B). During the EMT process, cells express

more Vimentin. Experimental results showed that after
CCT?2 gene knockdown, Vimentin was highest in the sShNC
group and lower in the shCC72-1 (p < 0.01) and shCCT2-
2 groups (p < 0.05) (Fig. 5C). The experimental findings
indicated that following the suppression of the CC72 gene,
the levels of E-cadherin were the lowest in the shNC group.
At the same time, they were comparatively higher in the
shCCT2-1 and shCCT2-2 groups (p < 0.01) (Fig. 5D). This
suggests that CCT2 knockdown may promote E-cadherin,
affecting the EMT process. Following CCT2 gene knock-
down, Fibronectin 1 (FNI), and Catenin beta-1 (CTNNBI1)
were highest in the shNC group and lower in the shCCT2-1
(» < 0.05) and shCCT2-2 groups (p < 0.01). This indicates
that CCT2 knockdown may inhibit FN/ and CTNNBI, af-
fecting the EMT process (Fig. SE,F).
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Fig. 2. Silencing of CC72 inhibits the migration and invasion of papillary thyroid carcinoma (PTC) cells in vitro. (A,B) B-CPAP
cells were transfected with two different CC72 silencing plasmids. qRT-PCR (A) and Western blot (B) to detect transfection efficiency.
(C,D) Representative images of migration (C) and invasion (D). *p < 0.05, **p < 0.01. n = 6. NC, Negative control.

Silencing ZEBI1 Reduces the Oncogenic Effect of

pared to the control group (OE-NC) (p < 0.01). However,
CCT2

when ZEB1 was silenced, the migration and invasion abil-
ities were reversed (p < 0.01) (Fig. 6A-D). This indicates

Transwell experiments showed that silencing ZEBI
reversed the increased migration and invasion abilities of
KTC-1 cells expressing CCT2. In KTC-1 cells expressing
CCT2, migration and invasion abilities were increased com-

that silencing ZEB/ inhibits the CCT2-induced cell migra-
tion and invasion abilities. Western blot analysis was used
to detect ZEB1, Smad3, E-cadherin, Vimentin, and phos-
phorylated Smad3. The results showed that in KTC-1 cells
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overexpressing CCT2, ZEBI, Vimentin and p-Smad3 were
high (p < 0.01), while E-cadherin was low (p < 0.01). Con-
versely, ZEB1 silencing resulted in reduced ZEB1 and Vi-
mentin levels, increased E-cadherin (p < 0.01), and a de-
crease in p-Smad3 (p < 0.01) (Fig. 6E-I).

Discussion

Many studies have indicated that the overexpression
of CCT?2 is associated with tumor invasion and metastasis
in various cancers [14,17,29,30]. In this study, we found
that CCT?2 induces the transcription of EMT genes through

the regulation of ZEBI, promoting the metastasis and tu-
morigenesis of PTC. This discovery provides new targets
and strategies for the treatment of PTC.

Our research results demonstrate that the high expres-
sion of CCT2 in PTC is more pronounced than in normal
thyroid tissue, consistent with previous studies that revealed
CCT2 overexpressed in various cancer types and associated
with poor clinical prognosis [16,31]. We further revealed
the impact of CCT2 on PTC cell migration and invasion.
Silencing CCT?2 inhibited the migration and invasion capa-
bilities of PTC cells, while overexpression of CCT2 pro-
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moted these processes. These findings suggest that CCT2
may serve as an essential regulatory factor in the progres-
sion of PTC. Additionally, CCT2 can encourage the prolif-
eration of PTC cells and inhibit apoptosis, further indicat-
ing its pro-carcinogenic role in PTC development. This is
consistent with the role of CCT2 in other cancers, such as
breast cancer and colorectal cancer, where its overexpres-
sion is associated with increased proliferation and survival
of cancer cells [14,17,32].

Further mechanistic studies revealed that CC72 can
regulate multiple EMT-related genes, implying that CCT2
may promote PTC metastasis through the EMT mechanism.
EMT is the process by which cancer cells undergo a transi-
tion from epithelial to mesenchymal cells, enhancing their
migration and invasion capabilities and being associated
with chemotherapy resistance [15,33]. Silencing ZEB1 can
attenuate the pro-carcinogenic effect of CC72, indicating
the crucial role of ZEB! in the CCT2-mediated EMT pro-
cess. ZEBI is a known EMT transcription factor that pro-

motes EMT by suppressing epithelial markers and activat-
ing mesenchymal markers [34]. Our data support a model
in which CCT2 regulates the transcription of EMT-related
genes through ZEBI, thereby promoting the migration and
invasion of PTC.

Based on our research findings, we observed a sig-
nificant increase in phosphorylated Smad3 levels in CCT2-
expressing KTC-1 cells, whereas silencing ZEB/ resulted
in a notable decrease in phosphorylated Smad3 levels. This
suggests that CCT2 may promote tumor cell migration
and invasion by activating the Smad3 signaling pathway.
Smad3 is a crucial member of the TGF-3/Smad signaling
pathway, and its phosphorylation status is often considered
a key indicator of pathway activity. Under normal circum-
stances, TGF-0 signaling regulates cell growth, prolifera-
tion, and differentiation by inducing Smad3 phosphoryla-
tion. However, in cancer, aberrant activation of the TGF-
B/Smad signaling pathway is frequently associated with tu-
mor progression and metastasis.
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Fig. 6. Silencing of ZEB1 reduces the oncogenic effect of CCT2. (A-D) The transwell experiment showing that the knockdown of
ZEBI1 reverses the increased migration (A,B) and invasion (C,D) ability of KTC-1 cells to express CCT2. (E-I) Western blot analysis of
ZEBI1(F) expression levels and levels of E-cadherin (G), Vimentin (H), and phosphorylated Smad3/Smad (I). **p < 0.01. n=6.
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EMT is an important cellular biological process asso-
ciated with tumor invasion and metastasis [35]. Our find-
ings indicate that CCT2 can promote the metastasis and tu-
morigenesis of PTC through the EMT pathway mediated by
ZEBI. Therefore, our study provides important clues for
further exploration of the mechanisms of CCT2 and ZEBI
in PTC. This discovery suggests that CCT2 may be a poten-
tial prognostic factor, aiding clinicians in better-assessing
patient prognosis and developing personalized treatment
plans.

This study elucidates for the first time, the mechanistic
role of CCT?2 in the occurrence and metastasis of PTC, re-
vealing a novel pathway through which it promotes the tran-
scription of EMT genes by regulating ZEBI. This finding
offers a new perspective for understanding the molecular
mechanisms of PTC and may have profound implications
for the diagnosis and treatment of thyroid cancer. Addi-
tionally, we confirmed the potential therapeutic effects of
CCT2 inhibitors in inhibiting the migration and invasion of
PTC cells in in vitro models, providing a theoretical basis
for developing novel PTC treatment drugs.

Despite the findings of this study, there are limitations.
Our research primarily focuses on in vitro cell experiments,
in vivo animal metastasis model experiments, and several
clinical samples. Future studies are needed to validate the
function and mechanism of CCT2 in more extensive clin-
ical samples. Furthermore, further research is required to
investigate whether other molecules regulate the interaction
between CCT2 and ZEBI and whether this interaction ap-
plies to different tumors beyond PTC. Future studies should
also focus on exploring the safety and efficacy of CC72 in-
hibitors in clinical applications and how to integrate them
with existing treatment strategies to improve the therapeutic
outcomes for PTC patients.

Conclusion

In conclusion, our study reveals the mechanism by
which CCT2 induces the transcription of EMT genes
through the regulation of ZEBI, promoting the metastasis
and tumorigenesis of PTC. This provides new targets and
strategies for the treatment of PTC. Our findings offer im-
portant clues for further exploration of the mechanisms of
CCT2 and ZEBI in PTC and the development of related
treatment strategies, potentially bringing breakthroughs in
treating PTC.
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