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Introduction

Papillary thyroid cancer (PTC) is the most common endo-
crine malignancy and accounts for 80% of all cases of 
differentiated thyroid cancer worldwide [1]. As is true of 
most malignancies, thyroid carcinomas are usually associ-
ated with the triggering of aberrant cell proliferation by 

genetic alterations [2]. However, no detailed picture of 
the pathways deregulated in PTC is yet available, and 
identification of molecular alterations would help guide 
treatment and improve clinical care.

The COP9 signalosome, generally termed the CSN, is 
a conserved multiprotein complex playing diverse roles 
in protein ubiquitination, transcriptional activation, signal 
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Abstract

The incidence of thyroid cancer has increased worldwide at a rate higher than 
that of any other cancer. CSN6 is overexpressed in many types of cancers, and 
such expression is linked to oncogenic activity. However, the detailed biological 
functions of CSN6 in papillary thyroid cancer (PTC) have not been well char-
acterized. We investigated CSN6 expression in PTC specimens and cell lines. 
We used short-hairpin RNA-mediated gene silencing to explore the biological 
effects of CSN6 depletion in PTC cells. The combined effects of CSN6 silencing 
and FH535 therapy were assessed in terms of cell viability. The mechanism by 
which CSN6 regulated β-catenin expression was also analyzed. CSN6 levels were 
determined by real-time polymerase chain reaction (PCR) (mRNA), Western 
blotting, and immunochemistry (protein). The CCK-8 and migration assays and 
orthotopic xenograft transplantation were used to investigate the biological ef-
fects of CSN6. We assessed the combined effects of CSN6 silencing and FH535 
on cell viability in vitro. We also analyzed the relationship between the CSN6 
level and clinical pathological status. CSN6 was overexpressed in human PTCs, 
and loss of CSN6 attenuated tumor proliferation and migration both in vitro 
and in vivo. CSN6 stabilized β-catenin and facilitated the epidermal-to-
mesenchymal transition (EMT) in PTC cells. CSN6 positively regulated β-catenin 
expression in a β-Trcp-dependent manner and triggered expression of several 
EMT-related genes regulated by β-catenin. CSN6 silencing sensitized PTC cells 
to FH535 therapy via downregulation of the Wnt/β–catenin signaling pathway. 
Finally, in PTC patients, the level of CSN6 was significantly (inversely) correlated 
with tumor size, the presence of multifocal lesions, and TNM stage. CSN6 
overexpression in PTC is a strong indicator of enhanced tumor aggressiveness. 
CSN6 promotes PTC progression by inducing the EMT. CSN6 knockdown sen-
sitizes PTC cells to FH535 therapy via downregulation of the Wnt/β–catenin 
signaling pathway.
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transduction, and tumorigenesis [3]. The CSN consists 
of eight subunits termed CSN1-CSN8 [4]. CSN6, a subunit 
of the COP9 signalosome complex, is overexpressed in 
many types of cancer including glioblastoma, breast cancer, 
and myelomas; the CSN6 level is linked to oncogenic 
activity [5–7]. However, the detailed biological roles played 
by CSN6 in PTC have not been well characterized.

β-catenin, which is a subunit of the cadherin protein 
complex that induces tumorigenesis by promoting cell 
proliferation and blocking cell differentiation, acts as an 
intracellular signal transducer in the Wnt signaling pathway 
[8, 9]. One important role for β-catenin is induction of 
a morphogenic change in epithelial cells [10]. During this 
process, epithelial cells cease to express E-cadherin, Zonula 
occludens 1 (ZO1) protein, and cytokeratin [11–13] and 
begin to synthesize vimentin, alpha smooth muscle actin 
(ACTA2), and fibroblast-specific protein 1 (FSP1) [14–16]. 
β-catenin expression is disturbed in many types of cancer. 
However, the means by which β-catenin is overexpressed 
in PTC remains poorly characterized.

In this study, we show that CSN6 is overexpressed 
in PTC and suggest that CSN6 facilitates the epithe-
lial–mesenchymal transition (EMT) of PTC cells via 
regulation of β-catenin expression. Furthermore, we 
demonstrate that CSN6 enhances β-catenin stability and 
that the CSN6-associated protein β-Trcp negatively regu-
lates β-catenin stability. Finally, we show that CSN6 
knockdown sensitizes PTC cells to FH535 therapy via 
downregulation of the Wnt/β–catenin pathway. These 
results reveal a new means of posttranslational control 
of β-catenin expression and explain the role played by 
CSN6 during PTC tumorigenesis. The data may improve 
therapies for PTC.

Materials and Methods

Tissue specimens

A total of 114 thyroid cancer samples were obtained from 
patients who underwent thyroid cancer surgery between 
2012 and 2015 at Shanghai Cancer Center, Fudan 
University. Tissue specimens were frozen in liquid nitrogen 
immediately after surgical resection and stored at −80°C 
until use. Final histological classification was obtained 
from paraffin-embedded sections. For the use of the clini-
cal materials for research purposes, the Institutional 
Research Ethics Committee approved the study, and prior 
patient consent was required.

Chemicals

FH535 was purchased from Selleck, and dissolved in DMSO 
at a concentration of 50  mmol/L as a stock solution and 

used by diluting in DMSO to give a final concentration 
of 50  μmol/L [17].

Cell lines and transfections

Three papillary thyroid carcinoma cell lines (TPC-1, K1, 
BCPAP) and a normal human thyroid epithelial cell line 
(Nthy-ori 3-1) were used. Nthy-ori-3 and TPC-1 cell lines 
were provided by Dr. Haixia Guan. K1 was gifted by Dr. 
Zebing Liu. BCPAP cell lines were purchased from the 
Institute of Biochemistry and Cell Biology at the Chinese 
Academy of Sciences (Shanghai, China). Nthy-ori3-1, 
BCPAP, TPC-1, and K1 were grown in RPMI1640 media 
supplemented with 10% FBS (Invitrogen, Carlsbad, CA, 
USA) and 1% penicillin-streptomycin (10,000 units’ peni-
cillin and 10  mg streptomycin per mL in 0.9% NaCl, 
Sigma-Aldrich) at 37°C with 5% CO2. Knockdown CSN6 
in TPC-1 and K1 was done using lentiviral infection: 
HEK-293T cells were con-transfected with pLKO.1-CSN6 
constructs and packaging plasmids, respectively. The virus-
containing medium released from HEK-293T cells were 
utilized to infect the TPC and K1 cells to establish CSN6-
shRNA TPC cells and CSN6-shRNA K1 cells, followed 
by 2  μg/mL puromycin (Sigma-Aldrich) selection.

RNA extraction and RT-PCR

Total RNA was extracted from cultured cells with TRIzol 
Reagent (Invitrogen, Inc.). 1  μg of total RNA was used 
for first-strand DNA synthesis employing a PrimeScriptTM 
RT reagent kit (Takara Bio, Inc., Japan). Real-time PCR 
was performed in triplicate by according to the SYBR 
Green PCR method, with a SYBR Premix Ex TaqTM kit 
(Takara Bio, Inc., Japan) and in accordance with the 
manufacturer’s instructions. The primers for the interested 
genes were synthesized by Sangon Company (Sangon 
Biotech Co., Ltd., Shanghai, China) (Table 1). The β-actin 
was used as internal control for messenger RNA (mRNA) 
assays. The threshold cycle (Ct) values were analyzed using 
the comparative Ct (−ΔCt) method. The level of targets 
was obtained by normalizing to the endogenous reference 
and relative to a control.

Western blotting

Lysates were obtained from 1  ×  106 cultured cells with a 
mixture of ProteoJET Mammalian Cell Lysis Reagent 
(Fermentas, Inc.); phenylmethanesulfonyl fluoride (Roche, 
Inc.); and PhosSTOP (Roche, Inc.). About 20  μg protein 
was extracted from each sample, separated by 10% sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-
PAGE). After being blocked in 5% nonfat milk, the inter-
ested protein was probed with antibody either against 
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human CSN6 (1:1000; Cell Signaling Technology), β-catenin 
(1:1000; abcam), ZO-1 (1:1000; abcam), Vimentin (1:1000; 
Cell Signaling Technology), GAPDH (1:5000; Abcam), β-
Trcp; (1:1000; abcam), p38 (1:1000; abcam), PARPγ (1:1000; 
abcam), and Cyclin D1 (1:1000; abcam), then incubated 
with goat anti-rabbit or anti-mouse IgG (1:5000 for both; 
Jackson ImmunoResearch Laboratories); and detected with 
enhanced chemiluminescence reagents (Thermo Fisher 
Scientific). The bands were visualized using 1-stepTM NBT/
BCIP reagents (Thermo Fisher Scientific, Rockford, IL, 
USA) and detected by the Alpha Imager (Alpha Innotech, 
San Leandro, CA, USA).

Cellular viability assays

Cell proliferation was determined using a cell counting 
kit-8 (CCK-8) assay according to the manufacturer’s pro-
tocol. Briefly, cells were seeded into 96-well plates at 
6  ×  103  cells/well. An aliquot of 10  μL CCK-8 solution 
was added to each well, and the plate was incubated for 
4  h at 37°C. At the indicated time points, the absorbance 
at 450  nm was measured using a spectrophotometer. For 
each group, data from five wells were pooled.

Immunohistochemical staining

IHC was carried out according to the manufacturer’s 
protocol. Briefly, formalin-fixed and paraffin-embedded 
tissue sections were deparaffinized in xylene and hydrated 
through descending concentrations of ethanol before being 
placed in blocking solution to inhibit endogenous per-
oxidase activity. The slides were incubated with primary 
antibodies at 4°C overnight. A horseradish peroxidase-
conjugated rabbit or mouse secondary antibody was added 
for 60  min at room temperature, followed by 3, 
3′-diaminobenzidine (DAB) development (DAB Substrate 
Chromogen System, Dako) and hematoxylin and eosin 
(H&E) as per standard staining protocol. Slides were fixed 
and images obtained with the Olympus IX71 inverted 
microscope using the DP2-BSW Olympus image acquisi-
tion software system. The results were confirmed by two 

experienced pathologists who were blinded to the clin-
icopathologic data of the patients. The staining results 
were calculated on the basis of the percentage of tumor 
cell nuclei stained (0, no staining; 1, ≦10%; 2, 10–50%, 
and 3, >50%) and the staining intensity (0, negative; 1, 
weak; 2, moderate; and 3, strong). An overall score of 
1–5 designated low expression, and an overall score of 
6–9 designated high expression for both CSN6- and EMT-
related genes in PTC tissues.

Immunofluorescent staining and confocal 
laser scanning microscopy

Cells were cultured as described above. Then cells were 
washed twice with cold PBS and fixed in 4% paraform-
aldehyde for 20  min at 4°C. After three PBS washes, cells 
were permeabilized with 0. 1% Triton X–100 for 5  min 
and incubated in PBS containing 1% BSA for 30  min, 
followed by overnight incubation at 4°C with primary 
antibodies. After successive washes, Alexa Fluor 
594-conjugated secondary antibody (1:500; Invitrogen) was 
added and incubated for 1  h at room temperature. Then 
the cells were washed with PBS and nuclei were labeled 
with DAPI for 2 min. Samples were mounted with immu-
nofluorescence mounting medium (DakoCytomation, 
Carpinteria, CA) and analyzed by confocal microscopy. 
Confocal laser-scanning microscopy was performed using 
a Leica TCS SP2 laser-scanning spectral confocal micro-
scope and Carl Zeiss LSM 780 NLO. Excitation was with 
an argon laser, emitting 488 nm; a krypton laser, emitting 
at 568  nm; and a helium/neon laser, emitting at 633  nm. 
Data were acquired and analyzed with Leica confocal 
software. All two- or three-color images were acquired 
using a sequential scan mode.

Animal experiments

Five-week-old BALB/c nude mice were obtained from the 
Shanghai experimental animal center (Shanghai, China). 
Briefly, 3  ×  106  cells were subcutaneously injected into 
the right back skin area of BALB/c nude mice. The size 

Table 1. qRT-PCR primers of target genes.

Target genes Forward sequence (5′ to 3′) Reverse sequence (5′ to 3′)

CSN6 TCATCGAGAG CCCCCTCTTT CCAATGCGTTCCGCTTCCT
Myc ATCACAGCCCTCACTCAC ACAGATTCCACAAGGTGC
Jun TTCTATGACGATGCCCTCAACGC GCTCTGTTTCAGGATCTTGGGGT
Sox9 GCTCTACTCCACCTTCACC CTCTGTCACCATTGCTCTT
Met ACCTTTGATATAACTGTTTACTTG GCTTTAGGGTGCCAGCATTTT
Mdm2 ATGAAAGCCTGGCTCTGTGT GAAGCCAATTCTCACGAAGG
β-catenin CACGATGGCTACTCAAGCTG CTGCGGATCCTTACAGTCAAAC
vimentin GAGTCCACTGAGTACCGGAGAC TGTAGGTGGCAA TCTCAATGTC
β-actin TGACGTGGACATCCGCAAAG CTGGAAGGTGGACAGCGAGG
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of tumors was measured by Vernier caliper twice a week. 
After 28  days, mice were killed, and tumor tissues were 
collected, photographed, and examined. Paraffin-embedded 
tissues were sectioned for IHC analysis. Part of tumor 
tissue was frozen in liquid nitrogen for following experi-
ments. Animal experiments have been preapproved by 
the Shanghai Cancer Center, Fudan University and all 
procedures were performed in accordance with the National 
Institutes of Health Guide for the Care and Use of 
Laboratory Animals.

Statistics

Statistical analyses were performed with SPSS version 18.0 
for Windows. For comparison among the groups, a 
Student’s t test, Chi-Square test or a Fisher’s Exact test 
was performed, and P  <  0.05 was defined as statistically 
significant. The data and error bars report the 

means  ±  SEM. Each experiment was repeated at least 
three times.

Results

CSN6 is overexpressed in human PTC

Quantitative real-time PCR analysis of CSN6 expression 
levels in 60 paired samples of PTC tissue and adjacent 
normal tissue revealed that CSN6 was expressed to a 
significantly greater extent in cancerous than normal tis-
sue (Fig.  1A). Western blotting data on CSN6 expression 
levels in PTC tissue were consistent with the results of 
real-time polymerase chain reaction (PCR) (Fig.  1B). 
Immunohistochemical tissue microarray data revealed that 
CSN6 expression in PTC was higher than that in normal 
tissue in 66 of the 80 (82.5%) paired samples. Furthermore, 
Western blotting analysis of endogenous CSN6 expression 

Figure 1. (A) Relative expression of CSN6 in 60 PTC patients; (B) CSN6 expression in 6 pairs of PTC tissues (T) and adjacent non-PTC tissues (N); (C) 
Relative expression of CSN6 in Nthy-ori3-1, BCPAP, TPC-1, and K1 cells; (D) The protein expression of CSN6 in Nthy-ori3-1, BCPAP, TPC-1, and K1 
cells. (D and E) Real-time PCR and Western blot analysis of CSN6 mRNA and protein level in control (NC), and knockdown (sh-1, sh-2) PTC cells. 
**P < 0.01, ***P < 0.001.
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in one thyroid cell line (Nthy-ori3-1) and three PTC 
cell lines revealed that CSN6 was overexpressed in the 
PTC cell lines but not in normal thyroid cells (Fig. 1C 
and D). Therefore, CSN6 was overexpressed in human 
PTC.

Loss of CSN6 attenuates tumor proliferation 
and migration

Tumor proliferation, migration, and invasion are the most 
important steps in the cascade of tumor metastasis. 
Therefore, we first investigated the effect of CSN6 on 
PTC proliferation. Two human PTC cell lines, TPC-1 
and K1, were subjected to stable transfection with 

sh-CSN6 and the sh-CSN6 vector (control). As shown in 
Figure  1E, both the CSN6 mRNA and protein levels were 
reduced in TPC-1 and K1 cells following transfection with 
the CSN6 shRNA plasmid (Fig.  1E). The roles played by 
CSN6 in PTC proliferation and migration were next exam-
ined. The migration capacities of K1 and TPC-1 cells 
were reduced by more than 2.3- and 3.6-fold, respectively, 
by CSN6 shRNA, compared with those of the control 
cells (Fig.  2A and B). These results suggest that CSN6 
robustly modulates PTC migration and invasiveness. We 
then used the CCK-8 method to measure cell prolifera-
tion. The results suggested that, compared to the control, 
the silencing of CSN6 expression inhibited the proliferation 
of K1 and TPC-1 cells (Fig.  2C).

Figure 2. (A and B) Migration assays of K1 and TPC-1 cells with indicated treatment; (C) Cell viability of K1 and TPC-1 were examined by CCK-8 assay. 
Data are mean ± SEM and are representative of three independent experiments. ***P < 0.001.
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Next, we investigated the effects of CSN6 on PTC pro-
liferation in vivo via orthotopic xenograft transplantation 
of TPC-1 cell lines. We found that, at day 28 postinjec-
tion, the mean tumor volume in CSN6-sh2-implanted 
animals was threefold that in NC-implanted animals 
(Fig.  3). Thus, loss of CSN6 expression inhibits PTC 
proliferation and migration.

CSN6 positively regulates β-catenin protein 
stability and facilities the EMT in PTC cells

To identify possible mediators of the effects of CSN6, 
we first measured the levels of mRNAs encoding EMT-
related transcription factors. CSN6 downregulation in K1 
and TPC-1 cells significantly increased ZO-1 gene expres-
sion and decreased that of the vimentin gene (Fig.  4A 
and B). CSN6 and β-catenin proteins levels were positively 
correlated in the PTC cell lines (Fig.  4A). Furthermore, 
continuous knockdown of CSN6 expression in K1 and 
PTC cells decreased the β-catenin protein levels, whereas 
the restoration of β-catenin expression using an expres-
sion vector (Cat-pcDNA, Cat) increased expression of 
both vimentin mRNA and protein to some extent 
(Fig.  4A).

Further insight into the intracellular distributions of 
vimentin and ZO-1 was gained by confocal laser scanning 
microscopy. The green and blue colors indicate vimentin 
or ZO-1 and nuclei (stained with Hoechst 33342), respec-
tively. The immunofluorescence assay data show that 
vimentin expression obviously declined in both TPC and 
K1 cells treated with CSN6-sh1 compared with in cells 
transfected with the blank plasmid (Fig.  4C and D). In 
contrast, ZO-1 expression increased in CSN6-sh1-treated 
cells compared with NC (Fig.  4C and D). Together, the 
results suggest that CSN6 may positively regulate β-catenin 
transcription, thereby mediating the EMT.

CSN6 positively regulates β-catenin 
expression in a β-Trcp-dependent manner 
and triggers the expression of several 
EMT-related genes regulated by β-catenin

It has been reported that β-Trcp regulates β-catenin stabil-
ity, and CSN6 is known to regulate β-catenin stability 
[18, 19]. Thus, we explored whether CSN6 negatively 
regulated β-Trcp expression to stabilize β-catenin in PTC 
cells. As expected, we found that the β-catenin level 
decreased and that of β-Trcp increased when cells were 
treated with CSN6-shRNA (CSN6 knockdown) (Fig  6A 
and B). Furthermore, we found that the level of mRNA 
encoding β-catenin was not affected by CSN6 knockdown 
(Fig. 4B). Western blotting revealed that the CSN6-mediated 
β-Trcp downregulation in K1 cells could be rescued by 
the proteasome inhibitor MG132 (Fig.  6C). These results 
suggest that CSN6 regulates β-Trcp and β-catenin expres-
sion at the posttranscriptional level in PTC cells. 
Furthermore, we found that continual silencing of β-Trcp 
expression in CSN6-knockdown cells partly rescued the 
expression of several genes regulated by β-catenin (Fig. 6D 
and E). Taken together, the results show that CSN6 over-
expression stabilized β-catenin in a β-Trcp-dependent man-
ner, subsequently increasing the expression of 
β-catenin-controlled genes.

Knockdown of CSN6 sensitizes PTC cells to 
FH535 therapy via downregulation of the 
Wnt/β–catenin signaling pathway

Abnormal activation of the Wnt/β–catenin pathway has 
been observed in various cancers, a significant number of 
which exhibit overaccumulation of β-catenin protein in 
cancer cells [8, 20]. Therefore, we explored whether CSN6 
silencing in PTC cells would sensitize such cells to 

Figure 3. Images showing the primary tumor volume in the recipient mice. ***P < 0.001.
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Figure 4. (A) Western bolt analysis of proteins in treated PTC cells; (B) The relative mRNA expression in treated PTC cells; (C and D) the internalization 
intracellular distribution of vimentin and ZO-1 was gained by confocal laser scanning microscopy observations. *P < 0.05, ***P < 0.001.
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Wnt/β-catenin inhibitor therapy. To this end, we used 
FH535, which exhibits a selective anti-proliferation effect 
on certain cancer cells exhibiting a high level of expression 
of the Wnt/β–catenin pathway [17]. We examined the 
effects of FH535 on proliferation of CSN6-shRNA-treated 
K1 and TPC-1 cells. Cells were grown in medium 1640 
and were or were not treated with 50  μmol/L FH535. As 
shown in Figure 7A and B, FH535 more strongly inhibited 
the proliferation of CSN6-silenced PTC cell lines than 
control and untreated CSN6-silenced cells. Next, we exam-
ined the effects of FH535 on Wntβ-catenin signaling in 
PTC cells. We measured the levels of several markers that 

are known to be regulated by Wnt/β-catenin signaling; 
these include vimentin, p38, PAPRγ, and cyclin D1 [21–23]. 
The levels of these proteins were lower in the CSN6-sh2 
group than in the control group as shown in Figure 7  C 
and D. Moreover, the protein expression levels in the 
FH535-treated group were lower than those in the non-
treated group. These results show that CSN6 knockdown 
sensitizes PTC cells to FH535 therapy via downregulation 
of the Wnt/β–catenin pathway. Thus, FH535 is potentially 
of therapeutic value for treatment of PTC associated with 
low-level CSN6 expression and, thus, an overactive Wnt/β–
catenin pathway.

Figure 5. (A) Representative immunostaining images in PTC tissue arrays using CSN6-specific antibodies; (B, C and D) Relative levels of β-catenin, 
vimentin and ZO-1 in patients with low and high CSN6 expression levels; (E and F) Images to visualize positive staining of β-catenin, vimentin and ZO-1 
in patients with low and high CSN6 expression levels. The slides are constructed by serial section method. Data are mean ± SEM and are representative 
of three independent experiments. **p<0.01, ***p<0.001.
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CSN6, β-catenin, ZO-1, and vimentin 
expression levels in PTC patients

Based on the similar results of experiments using PTC 
cell lines and the xenograft model, it appeared that reduced 
CSN6 expression impaired β-catenin stability in a β-Trcp-
dependent manner, thus promoting the EMT and cancer 
cell proliferation. To explore whether this was true in 
PTC patients, we first used real-time PCR to seek rela-
tionships between the CSN6 level and the clinical patho-
logical status in 114 archived PTCs. The clinicopathological 
features of the patients are listed in Table  2. Tumors 
from 22 patients who had lymph node metastases tended 
to express higher levels of CSN6 than did those from 
non-metastatic patients. Additionally, the CSN6 level was 
significantly (inversely) correlated with tumor size and 
the presence of multifocal lesions. Thus, a significant 
association was evident between high-level CSN6 expres-
sion and PTC dissemination.

Next, we investigated whether the CSN6 level was associ-
ated with the protein levels of β-catenin and other EMT 

biomarkers in PTC patients. Immunohistochemical assays 
revealed that the expression patterns of β-catenin, ZO-1, 
and vimentin differed between the 14 CSN6low and 23 
CSN6high PTC patients. Higher levels of β-catenin and vimen-
tin were evident in the CSN6high patients, whereas the ZO-1 
level was higher in the CSN6low patients (Fig.  5B–D). 
Furthermore, tumors with low-level CSN6 (e.g., the tumor 
of patient 6; CSN6low) tended to express low levels of β-
catenin and vimentin and a high level of ZO-1, whereas 
tumors with high levels of CSN6 tended to express high 
levels of β-catenin and vimentin and a low level of ZO-1 
(e.g., patient 14; CSN6high) (Fig.  5E and F).

Discussion

In this study, we found that high expression of CSN6 
in PTC is significantly correlated with tumor size, the 
presence of multifocal lesions, and TNM stage, suggested 
that CSN6 may play important role on the oncogenesis 
of PTC. In vitro and in vivo data showed that loss of 
CSN6 attenuated cell proliferation, migration, and 

Figure 6. (A and B) Western bolt analysis of proteins in CSN6 knockdown PTC cells and control (NC); (C) Western bolt analysis of proteins in treated 
cells and their corresponding control group. (D and E) the expression of several EMT-related genes regulated by β-catenin.
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invasion of PTC cells, confirming the vital function of 
CSN6 in PTC. Further mechanism study demonstrated 
that the role of CSN6 in PTC may result from the regu-
lation of EMT via Wnt/β–catenin signaling pathway in 
a β-Trcp-dependent manner. This preclinical study is the 
first time to illustrate the involvement of CSN6 in PTC 
and explain the underlying mechanism of the role of 
CSN6 on PTC.

It is known that CSN6 has emerged as an important 
protein involved in cell cycle regulation, but its role in 
PTC remains unclear [24]. We used an extensive collec-
tion of PTC tumors to show that CSN6 was highly 
expressed in a substantial proportion of such tumors, as 
shown both by evaluation of mRNA expression and tis-
sue microarray studies. CSN6 expression was clearly 
associated with tumor size and lymph node metastasis 
status. CSN6 overexpression was positively correlated with 
β-catenin protein expression in human PTC samples. 
These observations are consistent with those described 
in previous reports on other malignancies, such as colon 
and breast cancers [7, 18]. In our present study, several 
lines of evidence suggest a close association between CSN6 
expression and the malignant biological manifestations 
of PTC. First, the CSN6 protein and mRNA expression 

levels were much higher in PTC cells compared with 
normal thyroid epithelial cells. Second, functional assays 
showed that CSN6 inhibition significantly reduced both 
the motility and the proliferation of PTC cells. Third, 
using an orthopopic xenograft model, we found that 
CSN6 knockdown in implanted PTC cells markedly 
reduced the tumor size in nude mice. Thus, these find-
ings strongly suggest that CSN6 plays a crucial role in 
regulating PTC progression and may serve as both a 
marker of PTC tumor aggressiveness and a predictor of 
prognosis in PTC patients.

The mechanisms by which CSN6 enhances various 
aspects of tumor malignancy remain poorly defined. One 
novel finding of this study is that CSN6 expression is 
closely associated with that of β-catenin, which is known 
to be a key regulator of the EMT of various cancers 
[25, 26]. During the EMT, the cell shape changes from 
cobblestone-like (associated with tight cell–cell contact) 
into spindle-shaped fibroblast-like, with the loss of cell–
cell contact and cell polarity [27]. In tumor cells, this 
process can increase the proportion of mesenchymal-like 
cells and decrease that of epithelial-like cells, thus enhanc-
ing the invasiveness and metastatic potential of the tumor. 
β-catenin plays an important regulatory role in the 

Figure 7. (A and B) Cell viability of K1 and TPC-1 were examined by CCK-8 assay. (C and D) Western bolt analysis of proteins in CSN6 knockdown, 
DMSO and FH535 treated cells. *p<0.05.
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development of the EMT [8]. CSN6 positively regulates 
β-catenin expression. Thus, the positive correlation 
between CSN6 expression and the EMT may explain 
the role played by CSN6 in PTC malignancy [18]. We 
found that when CSN6 was downregulated, the levels 
of β-catenin and the mesenchymal marker vimentin 
decreased, whereas that of the epithelial marker ZO-1 
increased. These results suggest that CSN6 is indeed 
involved in the EMT in PTC cell lines. Next, we found 
that CSN6 regulated β-catenin expression in a β-Trcp-
dependent manner. Activating mutations in the  
Wnt/β–catenin pathway are well-known carcinogenic 
mechanisms and may predict the response to treatment 
of various tumors [8]. β-catenin plays a key role in the 
Wnt/β–catenin signaling pathway. CSN6 stabilizes β-
catenin expression, thus triggering abnormal signaling 
[18]. Human PTCs respond poorly to chemotherapeutic 
drugs [28], but those exhibiting CSN6 overexpression 
may respond well to Wnt/β-catenin signaling inhibitors. 
In this study, we showed that the β-catenin inhibitor 

FH535 significantly reduced proliferation of PTC cell 
lines. More importantly, CSN6 knockdown sensitized 
PTC cells to FH535 therapy via downregulation of the 
Wnt/β–catenin pathway. Thus, inhibition of the Wnt/β–
catenin pathway may constitute targeted therapy for PTC.

Although we reported the function of CSN6 on pro-
liferation, migration, and invasion of PTC for the first 
time, its effect on the progression of PTC need more 
evidence to prove, which is our further work. On the 
other hand, it needs more tumor samples to analyze its 
correlation with clinical parameters to confirm its vital 
role on the oncogenesis of PTC. The other limitation of 
our study is the molecular mechanism through which the 
CSN6 display on PTC.

In conclusion, we found that CSN6 overexpression in 
PTC was a strong indicator of enhanced tumor aggres-
siveness. CSN6 promotes PTC progression by inducing 
the EMT. CSN6 knockdown sensitizes PTC cells to FH535 
therapy via downregulation of the Wnt/β–catenin signaling 
pathway. The evidence suggests that CSN6 may be a valid 
biomarker of PTC and a useful therapeutic target.
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