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Abstract
Background/Aims: To investigate the clinical significance and functional mechanisms of 
deubiquitinase USP33 in papillary thyroid carcinoma (PTC). Methods: Immunohistochemistry 
staining was conducted to explore the expression of USP33 in PTC tissues and adjacent 
normal thyroid tissues. Patients’ prognosis was evaluated by disease-free survival. The 
prognostic role of USP33 was tested by univariate and multivariate analyses. To confirm 
the effect of USP33 in cell proliferation and invasion, overexpression and knockdown of 
USP33 were performed in two PTC cell lines. Besides, cell cycle, immunoprecipitation, and 
apoptosis experiments were conducted to further explore the signaling pathways. Results: 
By analyzing series of 158 PTC tissues, we found that USP33 was down-regulated in tumor 
tissue compared with normal thyroid tissues, which was closely associated with lymph 
node metastasis (P<0.001). In particular, univariate and multivariate analyses indicated that 
USP33 was an independent prognostic biomarker for PTC, low USP33 expression indicated 
high recurrence risk. Cellular studies with TPC-1 and BCPAP cells demonstrated that USP33 
can attenuate the cell capacities of proliferation, migration and invasion. Fluorescence-
activated cell sorting experiment found no significant effect of USP33 on cell cycle, whereas 
the apoptotic caspase proteins were activated by USP33-overexpression.  Moreover, the 
interaction between USP33 and Robo1 protein was identified, and knockdown of Robo1 
enhancing the oncogenic effect upon USP33-knockdown, suggesting that USP33 may 
inhibit tumor progression through Robo1 signaling. Conclusions: Our data demonstrated 
that USP33 downregulation in PTC tissues was correlated with poor clinical outcome, which 
may serve as a novel biomarker and potential therapeutic target.

Introduction

Thyroid cancer is the most prevalent endocrine malignancy, comprising 3% of all newly-
diagnosed human cancers [1]. Papillary thyroid cancer (PTC) is the major histological type 
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of thyroid cancer with the incidence rising worldwide [2]. Despite the good prognosis (10 
year overall survival >90%) for most PTC patients [3], cervical lymph node metastasis and 
early invasion has a high occurrence [4]. Till now, the prognosis of PTC has been reported 
to depend on several well-established clinicopathologic parameters including age, tumor 
size, histologic subtype, extrathyroidal extension (ETE), and lymph node metastases [3, 
5]. Generally, 10–15 % of PTC patients are diagnosed with distant metastases and poor 
clinical outcomes [6]. In addition, disease recurrence exists in 5–20 % of all patients even 
underwent total thyroidectomy [7]. Therefore, further investigation for invasion regulators 
will lead to a better understanding of the invasive process, promising identification of 
novel prognostic biomarkers, and potential drug development for metastatic PTC.

Besides protein expression, the post-translational modifications (PTMs) of proteins 
have been recognized to play important roles in tumor development during the past 
decades, with p53 as a good example [8, 9]. Among numerous PTMs, ubiquitination is 
nonnegligible in modulating protein activity and degradation, which is drawing attentions 
in oncology studies [10, 11]. Ubiquitination balance is regulated by ubiquitin ligases 
and deubiquitinases (DUBs), dysregulation of either one may lead to physiopathologic 
disorders including neoplasm. Increasing evidence has verified the prognostic and 
therapeutic roles of DUBs [12]. DUBs refer to a large family of proteases that can cleave 
the peptide between ubiquitin and its substrate protein, thus reversing the degradation 
effects by ubiquitin ligases [13]. DUBs can be classified into two classes: cysteine proteases 
and metalloproteases. The cysteine proteases include ubiquitin-specific proteases (USPs), 
ubiquitin C-terminal hydrolases (UCHs), Machado-Josephin domain proteases (MJDs) and 
ovarian tumor proteases (OTU); whereas the metalloprotease contains only the Jab1/
Mov34/Mpr1 Pad1 N-terminal+ (MPN+) (JAMM) domain proteases [14].

Recently, several ubiquitin ligases (e.g. ZNRF3) and DUBs (e.g. USP22) have been 
indicated to regulate the tumor development of PTC [15, 16]. However, the detailed roles 
of ubiquitin ligases and DUBs are completely different due to their specific catalyzing 
substrates. In the current study, we tested the mRNA and protein levels of USP33 in PTC 
tissues and adjacent thyroid tissues for the first time. Clinical data implicated USP33 as 
an independent prognostic factor for the disease-free survival (DFS) of PTC patients. In 
addition, we found that Robo1 can enhance the tumor suppressing effects of USP33 on PTC 
cells, indicating their potential interaction and signaling cross-talk.

Materials and Methods

Patient and samples
The case study included 158 PTC patients underwent surgical resection in The First Affiliated Hospital 

of Zhengzhou University between 2008 to 2014. Freshisolated PTC tissues and matched adjacent normal 
thyroid tissues were obtained from the Department of Thyroid Surgery, including 2 males and 7 females 
who underwent total thyroidectomy for PTC in our hospital (n = 9). Tissue samples were paraffin embedded 
or frozen in liquid nitrogen and stored at −80°C. None of the patients received any pre-operation drug 
treatment. The patients were staged according to the current TNM classification system, and underwent 
post-operative radioactive iodine ablation (RIA) according to American Thyroid Association Guidelines 
[17]. Retrospectively collected clinical information included gender, age, tumor size, ATA risk, TCI, ETE, 
histological type, lymph node status and recurrence. Complete follow-up details were obtained in all PTC 
patients and were included for DFS analysis.

Immunohistochemistry (IHC) and IHC evaluation
Specimens were paraffin-embedded and cut into 4 μm serial sections, deparaffinized, blocked, and 

incubated at 4°C overnight with the primary antibodies, followed by horseradish peroxidase-labeled 
secondary antibody. Immunoreactivity was detected with avidin-biotin-HRP complex (Thermo Fisher 
Scientific, Pittsburgh, PA, USA). Negative controls were performed by using PBS instead of primary antibody. 
The primary antibodies used for IHC in this study included mouse monoclonal antibody to USP33 (Santa 
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Cruz Biotechnology, #sc100632) and rabbit polyclonal antibody to Robo1 (Santa Cruz Biotechnology, #sc-
25672).

The expression of USP33 or Robo1 was analyzed by both staining intensity and percentage of positive 
stained cells. In brief, five randomized visual fields were observed and photographed. Scores representing 
the numbers of cells stained (range score) were graded according to the percent of positively stained cells: 
<25% (score 0), 25–50% (score 1), and >50% (score 2). Scores representing the intensity of staining 
were “0” (unstained, negative), “1” (brown stained, weakly positive), or “2” (dark brown stained, strongly 
positive). The final expression score was obtained by multiplying the two scores above, ranging 0-4. Only 
score 2 or 4 was grouped into high expression, while score <2 were classified as low expression.

Quantitative real-time reverse transcription polymerase chain reaction (RT-qPCR)
Total RNA was isolated from 9 fresh-frozen PTC tissues and 9 paired adjacent normal thyroid tissues 

using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). Reverse transcription was carried out using a Goscript 
Reverse Transcription System Kit (Promega, Madison, WI, USA) according to the manufacturer’s instructions. 
The primers for USP33 and the internal control (β-actin) were designed as following:

USP33 forward primer: CAGTCTGCATCTCCAAAGAGAA;
USP33 reverse primer: ACTACTGGACCCCAAAACCA;
β-actin forward primer: ATAGCACAGCCTGGATAGCAACGTAC;
β-actin reverse primer: CACCTTCTACAATGAGCTGCGTGTG.
Quantitative PCR (qPCR) was performed using the Real-Time PCR detection system (Applied 

Biosystems, Shanghai, China) with 2× SYBR Green II/ROX qPCR Master Mix (Takara Bio Inc.). Relative 
mRNA expression was calculated using the delta threshold cycle (ΔΔCt) method and normalized to β-actin 
expression. The experiments were repeated three times independently.

Western Blot and co-immunoprecipitation (CoIP)
Cells or tissues were lysed in RIPA buffer supplemented with protease and phosphatase inhibitors 

(Roche, Ventana, AZ, USA), and total protein was quantified by the Bradford method (Bio-Rad Laboratories, 
Hercules, CA, USA). For Western blot analysis, equal amounts of protein (30 μg) were separated by 10% SDS-
PAGE and blotted onto PVDF membranes (Bio-Rad Laboratories). The membranes were then incubated with 
5% BSA for 45 min at room temperature and then with primary antibodies at 4°C overnight, followed by 
incubation with the secondary antibodies conjugated to HRP (Abcam, Cambridge, MA, USA). Immunoblotting 
were detected using enhanced chemiluminescence (Thermo Fisher Scientific, Pittsburgh, PA, USA).

For the CoIP experiment, transfected cells were lysed and obtained the supernatant after high speed 
centrifuge. Cell lysates were incubated overnight at 4°C with anti-HA beads or anti-Flag M2 beads (Sigma-
Aldrich), respectively. Immunocomplexes on the beads were washed and eluted in SDS-PAGE sample buffer, 
heated at 95°C for 5 min, followed by the Western Blot procedure above.

Cells and transfection
Human thyroid papillary carcinoma cell line TPC1 was obtained from the American Type Culture 

Collection (ATCC, Manassas, VA, USA). BCPAP cell line was purchased from Chinese Academy of Science. 
TPC-1 and BCPAP cells were cultured at 37°C with 5% CO2 in DMEM with 10% fetal bovine serum (FBS) (Life 
Technologies, Carlsbad, CA, USA),100 μg/mL penicillin and 100 μg/mL streptomycin.

USP33-pCMV plasmids were obtained from Addgene (#ABIN3319474), and subcoloned by adding 
the Flag tag. Robo1-pCMV plasmids were also purchased from Addgene (#ABIN3379828) and modified by 
adding an HA tag. Oligomer siRNAs for USP33 were ordered from Ribobio (Guangzhou, Guangdong, China) 
with the sequence GAUCAUGUGGCGAAGCAUA. All transfections were achived using Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) following manufacturer’s protocol.

Proliferation, migration and invasion
The MTT assay were adopted to assess cell proliferation ability. Briefly, 1000 cells in 200 μl FBS-

containing DMEM were seeded into each well of 96-well plates and cultured for seven days. Three wells 
from each group were detected every day. For the detection, 100 μl fresh medium containing MTT (5 mg/
ml) was put into each well and incubated at 37 °C for 4 hours, then the medium was replaced by 150 μl 
DMSO and shaken at room temperature for 10mins. The absorbance was measured at 490 nm wavelength. 
The experiments were repeated three times independently, and results were presented as means ± SE.
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For migration assay, PTC cells were seeded into six-well plates and cultured until full confluence. 
Multiple scratch wounds were created in the monolayers, then the cells were cultured routinely. Images 
were taken at × 100 magnifications after 24 h to analyze the wound closure. The mean closure of the wound 
was calculated based on three individual measurements for each wound, and results were presented as 
means ± SE.

A 24-well transwell plate with inserted chambers (8-μm pore size; Costar, New York, NY, USA) was used 
to measure the invasion of PTC cells. Chambers were coated with Matrigel (BD Biosciences, East Rutherford, 
NJ, USA) and cells were then applied to the upper compartment. After cultured for 24 h, invading cells were 
fixed and stained with 0.1% crystal violet. Invading cells were imaged and counted in five randomly selected 
fields under an inverted microscope (×200).

Statistics
Statistical analysis was performed using SPSS version 20.0 (IBM, New York, NY, USA). Fisher exact or 

Pearson chi-square tests were used to compare the differences between high-USP33 expression group and 
low-USP33 expression group. Survival curves were plotted using the Kaplan-Meier method and compared 
by the log-rank test. Significant factors in the univariate models were further assessed by a multivariable 
Cox regression model. For all tests, P < 0.05 was considered statistical significant.

Ethics
Written informed consent was obtained from each patient prior to initiation of this study. This study 

was approved by the Ethical Committee of The First Affiliated Hospital of Zhengzhou University.

Results

Patients information
A total of 158 patients with PTC 

were enrolled on this study (Table 
1). Median age of the patients was 47 
years (range 16-81). Among them, 121 
(76.6%) were females and 37 (23.4%) 
were males. There were 101 (63.9%) 
patients with tumor diameter less 
than 20mm, 57 (36.1%) patients with 
tumor size larger than 20mm. The ATA 
(American Thyroid Association) risk 
was graded as low risk for 88 (55.7%) 
patients, middle risk for 64 (40.5%) 
patients, and the other 6 (3.8%) 
patients were graded as high ATA 
risk. Thyroid capsular invasion (TCI) 
was positive in 54 (34.2%) patients, 
and extrathyroidal extension (ETE) 
was positive in 73 (46.2%) patients. 
Only 20 (12.7%) patients were with 
follicular histological type, and others 
were all classic PTC. Lymph node (LN) 
metastasis was positive in 45 (28.5%) 
patients, and 33 (20.9%) patients 
were classified as TNM stage III-IV. 
The median follow-up was 68 months 
(range 14-106 months), during which 
48 patients (30.3%) experienced 
disease recurrence.

Table 1. Clinicopathologic characteristics of the PTC 
patients and their correlation with USP33 expression

 
Variables Cases USP33 expression P value 
 (n = 158) Low (n = 58) High (n = 100)  
Age (years)    0.065 

≤ 45 ys 72 32 40  
> 45 ys 86 26 60  

Gender    0.314 
Female 121 47 74  
Male 37 11 26  

Tumor size    <0.001* 
≤ 20 mm 101 25 76  
> 20 mm 57 33 24  

ATA risk    0.602 
Low 88 34 54  
Middle 64 21 43  
High 6 3 3  

TCI    0.682 
Negative 104 37 67  
Positive 54 21 33  

ETE    0.289 
Negative 85 28 57  
Positive 73 30 43  

Histological type    0.623§ 
Classic 138 52 86  
Follicular 20 6 14  

LN metastasis    <0.001* 
Negative 113 30 83  
Positive 45 28 17  

TNM stage    0.005 
I-II 125 39 86  
III-IV 33 19 14  
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USP33 is downregulated in high risk PTC patients
USP33 showed different expression patterns among PTC patients, with the major 

staining located in cytoplasm (Fig. 1A). By testing the fresh-frozen tissues, we found that 
the mRNA expression levels of USP33 were down-regulated in PTC tissues compared with 
adjacent normal thyroid tissues (Fig. 1B). Consistently, protein expression levels of USP33 
were also lower in tumor tissues than that in normal thyroid tissues (Fig. 1C).

To investigate whether USP33 showed clinical significance in PTC patients, we compared 
the correlations between USP33 and clinicopathological characteristics (Table 1). It has been 
observed that patients with larger tumor size or positive LN metastasis were more likely 
to show decreased USP33 expression (P < 0.05), suggesting that USP33 may show tumor-
suppressing roles in PTC. No significant difference was found between USP33 expression 
levels and other clinicopathological findings.

USP33 is an independent prognostic factor
To further investigate whether USP33 was correlated with patients’ survival, we 

performed univariate analysis and found that low-USP33 expression patients showed 
shorter DFS compared with those possessing higher US33 levels (5-year DFS 71.7% and 
93.4%, respectively). Other prognostic parameters included tumor size, ATA risk, ETE status, 
LN metastasis and TNM stages (Table 2, Fig. 2).

We then enrolled the parameters above into a multivariate analysis to identify 
the independence (Table 3). Statistical results revealed that low levels of USP33 were 
independently correlated with poorer DFS (P=0.020, HR=2.09). Besides, the data indicated 
that larger tumor size (P<0.001, HR=4.06), positive ETE (P=0.009, HR=2.34), positive LN 
metastasis (P=0.022, HR=2.19) and advanced TNM stages (P=0.049, HR=1.91) were all 
independent prognostic factors for the DFS of PTC patients.

Fig. 1. USP33 is downregulated in PTC tissues. (A) Protein expression levels of USP33 in paraffined thyroid 
tissues and PTC tissues were measured by IHC, showing the positive immunoreactivity in cytoplasm. (B) The 
mRNA levels of USP33 from 9 fresh-resected PTC tissues and paired adjacent thyroid tissues were analyzed 
by RT-qPCR normalized with β-actin-mRNA level, indicating that USP33 was down-regulated in tumor 
tissues. (C) The protein extraction from the 9 pairs tissues were tested with USP33 antibody by Western 
Blot, among which 7 pairs (7/9, 77.8%) showed lower USP33 protein levels in PTC tissues compared with 
thyroid tissues.
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USP33 inhibits oncogenic 
characteristics of PTC cells
To investigate the effects of 

USP33 on tumor biology, we chose 
two human PTC cell lines, TPC-
1 and BCPAP cells, respectively, 
for the in vitro experiments. We 
transfected cells with USP33 
plasmids or siRNA, and found that 
overexpression of USP33 markedly 
down-regulated cell viability of the 
TPC-1 and BCPAP cells as compared 
with mock control from 72 h to 96 
h (Fig. 3A). To further identify its 
antitumor effects were resulted 
from attenuated cell proliferation 
or enhanced apoptosis, we next 
analyzed the cell cycle by using 
fluorescence-activated cell sorting 
(FACS) strategy. FACS revealed no 
statistical difference among the 
three groups in PTC cells (Fig. 3B). 
However, USP33 overexpression 
significantly activated the caspase 
9 and caspase 3 proteins (Fig. 3C), 
indicating its potential role in 
promoting cell apoptosis.

The effects of USP33 on the 
migration and invasion of PTC cells 
were also analyzed using wound-
healing and transwell assays, 
respectively. The results showed 
that both the migratory and invasive 
abilities of the PTC cells were 

Table 2. Univariate analysis. * P<0.05 was considered as 
statistically significant. Abbreviations: ATA, American Thyroid 
Association; ETE, Extrathyroidal extension; LN, Lymph node; 
TCI, Thyroid capsular invasion; USP33, Ubiquitin specific 
peptidase 33  

Variables Cases Disease-free survival P value 
 (n = 158) Mean ± SEM (Months) 5-year (%)  
Age (years)    0.242 

≤ 45 ys 72 90.7 ± 3.4 89.2%  
> 45 ys 86 85.9 ± 2.9 83.8%  

Gender    0.884 
Female 121 87.7 ± 2.6 86.7%  
Male 37 85.1 ± 3.6 83.6%  

Tumor size    <0.001* 
≤ 20 mm 101 95.7 ± 1.9 96.7%  
> 20 mm 57 69.8 ± 4.3 64.3%  

ATA risk    0.006* 
Low 88 87.7 ± 2.6 89.8%  
Middle 64 91.5 ± 3.4 85.8%  
High 6 53.5 ± 14.8 33.3%  

TCI    0.541 
Negative 104 86.7 ± 2.6 74.1%  
Positive 54 88.8 ± 3.8 87.6%  

ETE    0.018* 
Negative 85 93.4 ± 2.5 92.4%  
Positive 73 81.5 ± 3.6 78.5%  

Histological type    0.746 
Classic 138 87.6 ± 2.3 86.4%  
Follicular 20 87.3 ± 6.6 81.8%  

LN metastasis    <0.001* 
Negative 113 94.2 ± 1.9 95.4%  
Positive 45 69.6 ± 5.2 61.1%  

TNM stage    <0.001* 
I-II 125 93.6 ± 2.0 93.2%  
III-IV 33 66.9 ± 5.9 59.1%  

USP33 expression    <0.001* 
Low 58 73.0 ± 4.2 71.7%  
High 100 94.9 ± 2.1 93.4%  

 

Fig. 2. USP33 expression level is helpful in predicting clinical outcomes of PTC patients. Kaplan-Meier 
survival analyses were performed based on all pathological characteristics and USP33 protein levels, 
respectively. The survival data revealed that tumor size (A), ATA risk (B), ETE status (C), LN metastasis 
(D), TNM stage (E), and USP33 protein level (F) were all factors that can influence the disease recurrence 
(P<0.05).
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suppressed by USP33 overexpression when compared to the mock control (Fig. 3C, 3D). On 
the other hand, USP33 knockdown by siRNA significantly enhanced the cell migration and 
invasion capacities. Collectively, cellular studies suggested the suppressive effects of USP33 
on the progression of PTC.

USP33 is partially function through Robo1 signaling
Recent studies have reported that USP33 may mediate oncogenic signaling through the 

Slit-Robo signaling pathway in colorectal cancer and breast cancer [18-20]. To further ex-
plore the potential mechanism that might be involved in the USP33-associated malignant 
progression of PTC, we firstly tested the protein expression patterns of Robo1 in PTC tissues, 
and identified the positive correlations between Robo1 and USP33 levels (Fig. 4A, P<0.01). 
Next, we transfected the TPC-1 cells with HA-tagged Robo1 and Flag-tagged USP33 plasmids, 
and confirmed the protein interactions between USP33 and Robo1 by co-immunoprecipita-
tion assay (Fig. 4B). Additionally, we tested the cell viability after double-transfecting USP33 
and Robo1 plasmids into TPC-1 cells, and found that co-transfection of Robo1 remarkably 
enhanced the tumor-suppressing effect of USP33. On the other hand, double-knockdown of 
Robo1 with USP33 showed an up-regulated cell viability than USP33 single-knockdown (Fig. 
4C). Finally, we compared the invasion ability of PTC cells in different transfection groups, 
which revealed that double knockdown of USP33 and Robo1 was more potent in enhancing 
cell malignancy. Reversely, co-overexpression of USP33 and Robo1 significantly inhibited the 
cell invasion (Fig. 4D), indi-
cating that USP33 inhibit 
the PTC progression at least 
partially through Robo1 sig-
naling.

Discussion

PTC is generally 
curable by thyroidectomy 
combined with radioiodine 
therapy, but many patients 

Table 3. Multivariate analysis. * P<0.05 was considered as statistically 
significant. Abbreviations: ATA, American Thyroid Association; ETE, 
Extrathyroidal extension; LN, Lymph node; USP33, Ubiquitin specific 
peptidase 33

 
Variables Hazard ratio 95% Confidence Interval P value 
Tumor size 
 (> 20 mm vs. ≤ 20 mm) 

4.06 2.03-8.11 <0.001* 
ATA risk 
 (High/Middle vs. Low) 

0.87 0.48-1.58 0.640 
ETE 
 (Positive vs. Negative) 

2.34 1.24-4.44 0.009* 
LN metastasis 
 (Positive vs. Negative) 

2.19 1.12-4.28 0.022* 
TNM stage 
 (III/IV vs. I/II) 

1.91 1.00-3.64 0.049* 
USP33 expression 
 (Low vs. High) 

2.09 1.12-3.89 0.020* 
 

Fig. 3. USP33 attenuates the viability, migration and invasion of PTC cells. (A) MTT experiments showed 
USP33 overexpression attenuated cell viability in both TPC-1 and BCPAP cell lines, while USP33-siRNA 
enhanced cell viability. (B) Fluorescence-activated cell sorting (FACS) data showed no significant alteration 
in cell cycle either treated by USP33 overexpression or siRNA. (C) Western blot results revealed that USP33 
can activate caspase 9 and caspase 3 proteins, indicating its possible role in promoting cell apoptosis. 
Wound healing assay (D) and Matrigel-Transwell assay (E) confirmed the role of USP33-overexpression in 
inhibiting the migration and invasion of PTC cells, whereas USP33-siRNA showed opposite effects.

http://dx.doi.org/10.1159%2F000488041


Cell Physiol Biochem 2018;45:2044-2053
DOI: 10.1159/000488041
Published online: March 12, 2018 2051

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Jia et al.: USP33 is a Tumor Suppressor in PTC

suffer disease recurrence 
[21, 22]. Therefore, 
specific biomarkers for 
risk evaluation are helpful 
to identify patients at 
high recurrence so active 
treatment and careful 
monitoring can be provided. 
The well-established risk 
classification is based on 
age, tumor size, histological 
subtypes, the status of 
ETE and LNM, and tumor 
stages. However, more 
and more studies revealed 
that even patients under 
the similar conditions 
as above, may show 
completely heterogeneity 
and uncertainty clinical 
outcomes. In this context, 
molecular biomarkers 
are more powerful on its 
role in revealing detailed 
functional mechanisms 
and directional for drug 
treatment.

USP33, also named 
VDU1 (VHL-interacting 
deubiquitinating enzyme 
1), is a deubiquitinase that 
regulates the tumor biology 
of colorectal cancer, lung 
cancer, and breast cancer 
[18-20]. It was reported 
that USP33 expression is 
negatively correlated with the prognosis of certain malignancies. However, the functions 
and mechanisms of USP33 in PTC has remained unknown. Therefore, we investigated the 
expression and clinical significance of USP33 in the tumor tissues of PTC patients, which 
revealed an anti-tumor potential of this specific deubiquitinase. Additionally, its effects on 
cell proliferation, migration and invasion were tested using USP33 siRNA knockdown or 
overexpression in two PTC cell lines. The results showed that USP33 knockdown significantly 
up-regulated the viability and invasion capacity of TPC-1 and BCPAP cells. Further protein 
level experiments demonstrated that USP33 can bind with Robo1 protein, which maybe the 
underlying anti-tumor mechanism.

Robo1 is the major receptor of Slit proteins. Slit is a family of secreted extracellular 
matrix proteins which functions in the neural development and tumor development [23]. 
Slit proteins were involved in the angiogenesis and migration of tumor, normally function 
as tumor suppressor [24]. Absences in the expression of Slit proteins are associated with 
a variety of malignancies [25]. Importantly, Slit-Robo interaction has been implicated 
in hormone dependent cancers, particularly in females [26]. The role of Slit-Robo and its 
functions in cancer treatment and development are becoming increasingly unraveled but 
also increasingly complex. Consistent with in colorectal cancer and breast cancer [18, 19], 
our results showed that USP33 can function by interacting with Robo1 in PTC cells, which 

Fig. 4. Robo1 shows positively correlations with USP33 from both 
expression and function aspects. (A) The expression of Robo1 protein 
was tested by IHC, which showed a primary cytoplasm localization. 
In addition, the expression levels of USP33 and Robo1 was tested by 
chi-square test, and showed a positive correlation between these two 
proteins (P<0.001). (B) TPC-1 cells were transfected with different 
plasmids or siRNAs, co-immunoreaction results showed that USP33 
can interact with Robo1 protein, which was consistent with the IHC 
data. Knockdown of USP33 increased cell viability (C) and invasion 
(D), and Robo1 knockdown simultaneously can further enhance its 
oncogenic effects. Reversely, co-overexpression of USP33 and Robo1 
exhibited higher inhibition efficacy than single transfection.
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may enhancing the Slit-Robo signaling and thus inhibit tumor progression. Furthermore, 
our data suggested that USP33 can activate caspase 9 and caspase 3 proteins, in accordance 
with the fact that Robo1 functions partly by inducing cell apoptosis [26]. Taking into 
consideration that USP33 is an enzyme catalyzing deubiquitinate process, the interaction 
with Robo1 may modulate its ubiquitinating status. Indeed, several studies have reported 
that the ubiquitination of Robo1 was negatively regulated by USP33 [20, 27]. However, we 
cannot ignore other potential effects by USP33-Robo1 interaction. For example, USP33 can 
indirectly bind with srGAP1 (Slit-Robo Rho GTPase activating protein 1) with the assistance 
of Robo1, subsequently exerting anti-migration effects in colorectal cancer cells [28].

Besides Slit-Robo1 signaling pathways, USP33 can also regulate the signaling of C-X-C 
chemokine receptor type 4 (CXCR4) by deubiquitinate beta-arrestin as reported by Liu. 
et al [29].. That’s interesting because CXCR4-beta-arrestin interaction can regulates its 
downstream ERK signaling. ERK signaling plays central roles in the carcinogenesis and 
progression of common cancers, its dysregulated expression or phosphorylation also affect 
the levels of its potential downstream targets, which are responsible for a wide range of 
biological processes including cell proliferation and differentiation, migration and invasion, 
etc [30]. Therefore, it’s also possible that USP33 may also function in PTC partially through 
CXCR4-beta-arrestin signaling pathway, which need further experimental verification.

Conclusion

Taken together, our study indicated that USP33 downregulation was correlated with 
higher recurrence risk of PTC patients. USP33 may promote PTC cell apoptosis and suppress 
tumor invasion through enhancing Slit-Robo1 signaling.
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