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1 | INTRODUCTION

Abstract

Deubiquitinating enzyme OTU domain-containing ubiquitin aldehyde-binding pro-
teins 1 (OTUB1) has been shown to have an essential role in multiple carcinomas.
However, the function of OTUB1 in papillary thyroid cancer (PTC) and the underly-
ing mechanisms regulating PTC cells proliferation remain poorly understood. In this
study, OTUB1 was significantly upregulated in papillary thyroid carcinoma tissues
and cells. Through in vitro and in vivo experiments, knockdown of OTUB1 suppressed
PTC cells growth whereas OTUB1 overexpression enhanced the proliferation ability
of PTC cells. Moreover, the eyes absent homologue 1 (EYA1) was recognized as a po-
tential target of OTUB1 through mass spectrometry analysis, and we further verified
that EYA1 protein level was positively correlated with OTUB1 expression in PTC cells
and clinical samples. Mechanistically, OTUB1 could interact with EYA1 directly and
deubiquitinate EYA1 to stabilize it. At last, EYA1 was found to play an essential role in
OTUB1-derived PTC cells growth. Overall, our investigation reveals that OTUB1 is a
previously unrecognized oncogenic factor in PTC cells proliferation and suggests that
OTUB1 might be a novel therapeutic target in PTC.

KEYWORDS
deubiquitylation, EYA1, OTUB1, papillary thyroid cancer, proliferation

screening in the last few decades.” Thus, it is particularly important

Thyroid carcinoma is one of the commonest endocrine diseases
worldwide. The incidence of thyroid carcinoma continues to rise in
recent years.! Nearly 70% to 80% of thyroid cancers belong to pap-
illary thyroid carcinoma (PTC), and PTC is recognized as one of the
commonest malignancies in endocrine system.2 Poor prognosis of
PTC is closely correlated with clinical characteristics including tu-
mour growth and lymph node metastasis.>* Additionally, the inci-
dence rates of PTC have rapidly increased with the use of ultrasound

to investigate novel therapeutic strategies for clinical therapy of
papillary thyroid cancer and investigate a better understanding of
the molecular mechanisms involved in the progression of papillary
thyroid cancer.

Protein ubiquitination can be blocked by deubiquitylating en-
zymes (DUBs, also known as deubiquitinases), which contributes
to cleavage of ubiquitin modifications from substrate proteins.®
DUBs can be subdivided into six families according to sequence and
domain conservation, which include ubiquitin-specific proteases
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(USPs), ubiquitin C-terminal hydrolases (UCHs), ovarian tumour pro-
teases (OTUs), Machado-Josephine domain-containing proteases,
the Jab1l/MPN/MQOV34 metalloenzymes (JAMM, also known as
MPN 1) and motif interacting with Ub-containing novel DUB fam-
ily (MINDY).” Sixteen ovarian tumour (OTU) family DUBs exist in
humans, and most members play important role in regulating cell-
signalling cascades.® OTU domain-containing ubiquitin aldehyde-
binding protein 1 (OTUB1) was initially identified as an OUT DUBs.
Recently, OTUB1 has emerged as essential modulators of multiple
carcinomas progression and accumulating evidences suggest that
OTUB1 plays an essential role in negatively regulating ubiquitina-
tion to enhance stability of proteins.”!° In renal cell carcinoma, for
example, OTUB1-derived deubiquitylation of FOXM1 can promote
cancer cells growth and metastasis.'* Additionally, another study
also reveals that OTUB1 can influence cancer cell immunosuppres-
sion through regulating PD-L1 stability‘12 Importantly, aberrant up-
regulation of OTUB1 can enhance progression of multiple cancers
including bladder cancer, prostate cancer and hepatocellular car-
cinoma.*®**> However, the function of OTUB1 in papillary thyroid
cancer remains elusive.

Therefore, we investigated the clinical relevance and underlying
role of OTUB1 in papillary thyroid carcinoma. Our research pre-
sented the first evidence involved in the role of OTUB1 in PTC. We
observed that OTUB1 was markedly overexpressed in tissues and
cells lines of PTC. Moreover, through conducting mass spectrom-
etry analysis, we identified the oncogenic function of OTUB1 in
facilitating PTC cell growth and identified EYA1 as a potential down-
stream target of OTUB1 in PTC cells. Furthermore, we disclosed
that OTUB1 could deubiquitinate EYA1 directly to block its ubiquiti-
nation. Finally, we demonstrated that EYA1 was a critical factor in
OTUB1-mediated PTC proliferation. In summary, our research might

provide a novel insight into clinical PTC treatment targeting OTUBA1.

2 | MATERIALS AND METHODS

2.1 | Human samples collection

A total of 85 pairs PTC tissues from PTC patients undergoing surgical
resection at the Second Affiliated Hospital of Nanchang University
from January 2016 to March 2019 were collected. None of the pa-
tients was treated by neoadjuvant therapy. The Ethical Committee
of the Second Affiliated Hospital of Nanchang University has ap-
proved the research. The expressions of OTUB1 and EYA1 were ex-
amined through Western blot and quantitative real-time polymerase
chain reaction (qRT-PCR).

2.2 | Cell culture and treatment

PTC cell lines KAT-5, BCPAP, TPC-1 and KTC-1 were obtained
from the Shanghai Institute of Cell Biology and the Type Culture
Collection of Chinese Academy of Sciences. K1 cell line was

obtained from the American Type Culture Collection. Human thy-
roid follicular epithelial cell line (Nthy-ori 3-1) was obtained from
the European Collection of Animal Cell Cultures. Short tandem re-
peat analysis has confirmed authenticity of all cell lines. Dulbecco's
modified Eagle's Medium (DMEM, Gibco) containing 10% foetal
calf serum (FBS, Gibco) was employed to culture all cell lines. Cells
were incubated in a humidified incubator containing 5% CO, at
37°C.

2.3 | Quantitative real-time PCR

The gRT-PCR was conducted as the previous study.'® The stand-
ard Trizol reagent (Invitrogen, USA) was used to isolate total RNA
of cells and tissues. The PrimeScript RT Reagent Kit (Invitrogen)
was used to reverse transcription, and PCR was conducted by
using SYBR Premix Ex Tag (TaKaRa Bio, Japan). Primer pairs were
as follows: GAPDH, forward 5-CCATGGGGAAGGTGAAGGTC-3'
and reverse 5-TGAAGGGGTCATTGATGGCA-3'; OTUB1, for-
ward 5'-ACAGAAGATCAAGGACCTCCA and reverse 5-CAAC
TCCTTGCTGTCATCCA-3'; EYA1, forward 5-GTTCATCTGGGACT
TGGA-3' and reverse 5'-GCTTAGGTCCTGTCCGTT-3".

2.4 | Western blot

Western blot was conducted according to previously described.'”
RIPA buffer (Beyotime, China) containing protease inhibitor (Thermo
Fisher Scientific, USA) was used to isolate total proteins. Then, the
concentration of proteins was evaluated by BCA Protein Assay kit
(Thermo Fisher Scientific). Sodium dodecylsulphonate (SDS) po-
lyacrylamide gel electrophoresis was used to separate proteins,
followed by electroblotting (Millipore, USA) which can transfer pro-
teins onto a polyvinylidene fluoride (PVDF) membrane. Next, PVDF
membranes were incubated with primary antibodies for a night at
4°C. The following antibodies were employed to examine target pro-
teins: anti-OTUB1 monoclonal antibody (1:500; ab175200, Abcam),
anti-EYA1 polyclonal antibody (1:500, ab194448, Abcam) and anti-
ubiquitin monoclonal antibody (1:500, sc8017, Santa Cruz). After
incubation with secondary antibody (Proteintech, China) for 1 h at
37°C, protein band intensity was evaluated through Quantity One
software (Bio-Rad, USA).

2.5 | Stable cell lines construction

The lentivirus with short hairpin RNAs targeting the OTUB1 expres-
sion was used to construct PTC cell lines with stable OTUB1 knock-
down. PTC cell lines with stable OTUB1 overexpression were
constructed through transfection of OTUB1-overexpressing lentivi-
rus vector plasmid pCDF1 (System Biosciences, China). Puromycin
(Invitrogen) was used more than three weeks to select lentivirus-
infected cells.
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2.6 | EdU assay

The initial density of 1 x 10* cells/well was seeded into 96-
well plates. After incubation for 20 h, cells were incubated with
5-ethynyl-20-deoxyuridine (EdU; Ribobio) for another 1.5 h. Next,
cells were treated by 1xApollo reaction cocktail for half an hour
after being washed by PBS for 3 times. At last, the DNA contents
of the cells were stained by Hoechst 33342 (5 mg/ml) for 35 min.
The experimental results can be imaged by a confocal laser scanning

microscope (Leica Microsystems, Germany).

2.7 | Cell counting kit-8 assay

Cell counting kit-8 assay was employed to detect cell viability in
indicated time. An initial concentration of 5 x 10° cells was seeded
into 96-well plates. 10 pl of CCK-8 solution (TaKaRa, Japan) was
added to each well following the manufacturer's instructions.
The absorbance at wavelength of 450 nm was obtained after 1h

incubation.

2.8 | Co-immunoprecipitation experiment

Cell lysis was incubated with 1gG and protein A+G Agarose (Thermo
Fisher Scientific) for 2 h at 4°C to eradicate unspecific binding. Next,
indicated primary antibody was added at 4°C overnight. The pro-
tein A/G-agarose was then separated through centrifugation. After
heating for 20 min at 100°C with loading buffer added, the immuno-
precipitated proteins were detected through gel electrophoresis and
immunoblotting analysis. At last, Quantity One software (Bio-Rad)

was employed to analyse protein bands intensity.

2.9 | Xenografts mouse model

PTC cells (2 x 10% with OTUB1 stably knockdown or overexpres-
sion were inoculated into the flanks of 4-week-old female nude
mice (Model Animal Research Center, China). Caliper was used to
evaluate sizes of tumours every five days. The calculation formula
is V = [length/2] x [width?].® On the 30th day, all mice were sacri-
ficed and evaluated for tumour weights. All animal procedures were
permitted by the Ethics Committee for Animal Experiments of the

Second Affiliated Hospital of Nanchang University.

2.10 | Statistical analysis

Statistical analyses were carried out by GraphPad Prism (version
5), and p < 0.05 was considered significant. Statistical analyses be-
tween two groups were analysed by Student's t test, and multiple
comparisons were analysed by ANOVA. Data were expressed as
mean + SD from at least three independent experiments.

3 | RESULTS

3.1 | OTUBL1 s aberrantly overexpressed in PTC
tissues and cell lines

To explore the underlying function of OTUB1 in PTC proliferation,
we firstly examine the expression of OTUB1 in 85 cases of human
PTC samples through qRT-PCR and Western blot. The qRT-PCR data
revealed that the mRNA expression of OTUB1 was increased in 85
PTC samples in comparison with adjacent normal tissues (Figure 1A).
Additionally, Western blot also demonstrated that OTUB1 protein
level was dramatically upregulated compared with noncancerous
adjacent tissues (Figure 1B). Then, we selected 10 cases of 85 pairs
PTC specimens and it was observed that the protein and mRNA level
of OTUB1 was highly increased in PTC tissues in comparison with
nontumourous adjacent tissues (Figure 1C). Furthermore, we exam-
ined the mRNA and protein level of OTUB1 in normal thyroid cells
and multiple PTC cell lines. As expected, we observed that OTUB1
expression was markedly increased in PTC cell lines in comparison
with normal thyroid cell (Figure 1D). Collectively, these data reveal

that OTUB1 is aberrantly overexpressed in PTC tissues and cell lines.

3.2 | OTUB1 knockdown inhibits PTC cell
proliferation in vitro and in vivo

To investigate the function of OTUB1 in fostering PTC cells pro-
liferation, we employed lentiviral vectors harbouring shRNA se-
quence of OTUB1 to suppress the expression of OTUB1 in PTC
cells. Through performing EdU assay and CCK-8 assay, we detected
the growth ability of K1 and KTC-1 cells with OTUB1 knockdown
compared with the control group. Our results demonstrated that
OTUBI1 suppression dramatically inhibited the growth capability of
PTC cells (Figure 2A-D). Furthermore, we constructed xenograft
mouse model to investigate the impact of OTUB1 suppression on
PTC growth. As a result, our data revealed that stable OTUB1 in-
terference in KTC-1 triggered the decreased volume and weight of
tumour (Figure 2E,F). These results implied that OTUB1 inhibition

can suppress PTC cell growth.

3.3 | Ectopic expression of OTUBI1 facilitates PTC
cell proliferation in vitro and in vivo

To further verify the function of OTUB1 in fostering PTC cells pro-
liferation, gain-of-function assay of OTUB1 was conducted by using
lentiviral vectors with overexpressing plasmids. We employed EdU
proliferation assay and CCK-8 assay to examine the growth ability of
K1 and KTC-1 cells with OTUB1 overexpression in comparison with
the control group. Our results showed that OTUB1 upregulation sig-
nificantly enhanced the proliferation ability of PTC cells (Figure 3A-
D). Consistently, we constructed xenograft mouse model to examine
the impact of OTUB1 upregulation on PTC proliferation. Our results
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demonstrated that OTUB1 overexpression in BCPAP triggered in-
creased volume and weight of tumour (Figure 3E,F). Taken together,
our results reveal the crucial role of OTUB1 upregulation in driving

PTC cell proliferation.

3.4 | The expression of OTUBL1 is highly linked with
EYA1in PTC

To further explore the downstream target of OTUB1 in PTC progres-
sion, we performed tandem mass tag (TMT)-mass spectrometry prot-
eomics analysis to examine the proteins expression patterns affected
by OTUB1 knockdown in KTC-1 cells. The data showed the decreased
expression levels of multiple related proteins. Among the top ten
downregulated proteins in heat map, EYA1 was selected as the most
related protein of OTUB1 (Figure 4A). More importantly, EYA1 has
been reported to drive thyroid carcinoma progression.19 To further
confirm the correlation between OTUB1 and EYA1, we detected the
protein level of EYA1 with OTUB1 overexpression or knockdown.
Interestingly, our results showed that OTUB1 upregulation increased
EYA1 protein level whereas knockdown of OTUB1 had the opposite
effect (Figure 4B,C). To extend our investigations in human PTC speci-
mens, the expressions of OTUB1 and EYA1 in PTC tissues were in-
vestigated. Our results revealed the significant correlation between
OTUB1 and EYA1 protein levels (Figure 4D). In comparison, there was

no correlation between OTUB1 and EYA1 mRNA levels (Figure 4E).
These results suggest that OTUB1 expression is positively correlated
with EYA1 protein level in PTC.

3.5 | OTUB1 blocks EYA1 ubiquitination and
stabilizes EYA1

To determine how OTUB1 interacts with EYA1 and affects protein ex-
pression of EYA1 in PTC cells, we carried out co-IP experiments and
deubiquitylation assay. EYA1 can be ubiquitinated and degraded through
the ubiquitin-proteasome pathway in mammalian cells.?’ Given the role
of OTUB1 in deubiquitylation, we speculated that OTUB1 might block
the ubiquitination of EYA1 in PTC cells. Through co-IP experiments in
KTC-1 and BCPAP cells, we found that OTUB1 could bind EYA1 directly
(Figure 5A). Consistently, we employed proteasome inhibitor MG132 and
translation inhibitor cycloheximide (CHX) to investigate whether OTUB1
is involved in the process of EYA1 degradation. Our results showed that
OTUB1 had effective regulation on EYA1 protein level in the BCPAP cell
not treated with MG132 while in the BCPAP cell treated with MG132, nei-
ther downregulation nor overexpression of OTUB1 had significant effect
on protein level of EYA1 (Figure 5B). Furthermore, the degradation dynam-
ics assay revealed that OTUB1 knockdown increased the degradation rate
of EYA1 compared with the control group whereas OTUB1 overexpres-
sion showed the opposite effect (Figure 5C). At last, deubiquitylation assay
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FIGURE 2 OTUB1 knockdown suppresses PTC cell growth in vitro and in vivo. (A and B) EAU assay showing the proliferation capability
for K1 and KTC-1 cells transfected with control shRNA or shOTUB1 RNA. (C and D) CCK-8 assay was used to determine the growth
capability of K1 and KTC-1 cells with OTUB1 downregulation or not. (E and F) Tumour size and tumour weight of OTUB1-shNC or OTUBI1-
shOTUB1 group of nude mice were measured and correlated tumour growth curves were completed. *p < 0.05, **p < 0.01, scale bar, 100 um

showed that OTUB1 downregulation significantly increased the ubiquit-
ination level of EYAL. In comparison, OTUB1 overexpression dramatically
blocked the ubiquitination of EYA1 (Figure 5D,E). Collectively, these results
indicate that OTUB1 can block the ubiquitination level of EYA1 effectively.

3.6 | EYA1lisindispensable for OTUB1-mediated
PTC growth

To explore the underlying function of EYA1 in OTUB1-derived PTC

cells proliferation, we carried out rescue experiments and explored

whether EYA1 was an essential downstream target of OTUB1 in
PTC cells. In KTC-1 cells, we transfected OTUB1 shRNA and EYA1
overexpression plasmids simultaneously. Interestingly, our re-
sults demonstrated that ectopic expression of EYA1 upregulated
EYA1 protein level whereas OTUB1 knockdown abated this trend
(Figure 6A). Then, we performed the rescue experiments through
CCK-8 assay and EdU assay. We found that EYA1 upregulation sig-
nificantly enhanced the growth capability of KTC-1 cells whereas
OTUB1 downregulation suppressed this trend (Figure 6B,C). To fur-
ther determine the biological function of OTUB1 and EYA1 in vivo,
we set up tumorigenicity mouse models through subcutaneously
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injecting KTC-1 cells with OTUB1 stably knockdown and/or EYA1
overexpression. Intriguingly, we observed that EYA1 overexpression
dramatically facilitated tumour growth, but OTUB1 downregulation
significantly suppressed this trend (Figure 6D,E). Herein, our re-
sults suggest that EYA1 is indispensable for PTC cell proliferation in
OTUB1-dependent manner.

4 | DISCUSSION

For the first time, the current study identifies the crucial role of deu-
biquitinase OTUB1 in PTC and the molecular mechanism in regulat-
ing PTC growth. In this research, we demonstrate the following: (1)
OTUBL1 is aberrantly overexpressed in PTC tissues and cell lines; (2)

OTUBL1 significantly regulates PTC cells proliferation in vitro and in
vivo; (3) OTUB1 expression is markedly correlated with EYA1 protein
level in PTC cells and tissues; (4) OTUB1 can deubiquitinate EYA1
and inhibit EYA1 degradation; and (5) EYA1 plays an essential role
in OTUB1-mediated PTC cells growth. These findings reveal a novel
role and underlying mechanism of OTUB1 in PTC proliferation and
highlight the potential possibility of OTUB1 to become a therapeutic
target.

Deubiquitinating enzymes (DUBs) are shown to be essential
regulators of many cell-signalling cascades in multiple cancers.
Many DUBs can regulate the stability of key oncogenic proteins
such as c-Myc and Nrf2.2t Thus, it is critical to understand the mo-
lecular mechanisms about how DUBs regulate cancer progression.

In recent years, increasing evidences have shown the oncogenic
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role of OTUB1, a member of the OTU subfamily of deubiquiti-
nases, in multiple cancers. Previous studies demonstrated that
OTUBL1 is overexpressed in several carcinomas, including breast

cancer,??

oesophageal cancer?® and ovarian cancer,?* but the func-
tion of OTUB1 in PTC remains elusive. Here, we demonstrated
that OTUB1 was aberrantly overexpressed in PTC specimens and
cell lines. To further investigate the function of OTUB1 in PTC, we
performed a series of gain- and loss-of-function assays to identify
the potential role of OTUB1 in fostering PTC growth. Our results
indicated that OTUB1 downregulation inhibited PTC cells growth
whereas OTUB1 overexpression showed the opposite trend. In
keeping with our studies, Baietti et al. showed that OTUB1 over-
expression drives lung adenocarcinoma cell growth.?> Additionally,
it was reported that OTUB1 knockdown inhibits prostate can-
cer progression whereas OTUB1 upregulation has the opposite
effect.’®

OTUB1 appears to be a key regulator in some cancers. One
study showed that OTUB1 is a crucial regulator of snail in oe-
sophageal squamous cell carcinoma.?® Another study also sug-

gested that OTUB1 mediates Forkhead Box M1 (FOXM1) in liver

Relative OTUB1 mRNA level

cancer cells.?” However, the downstream target of OTUB1 in
PTC cells has not been reported. In our study, we identified the
eyes absent homologue 1 (EYA1) protein as a potential down-
stream target of OTUB1 through mass spectrometry analysis.
EYA1 was initially identified as a developmentally essential gene
in drosophila, and loss of EYA1 contributes to absence or mal-
formation of eyes.28 Additionally, EYA1 plays an essential role
in DNA repair.?’ Aberrant expression of EYA1 was found in
multiple cancers, and it showed that EYA1 plays an oncogenic
role in regulating progression of cancer.2°=32 More importantly,
increased protein level of EYA1 has been reported to enhance
PTC cell proliferation.19 Thus, we investigated the correlation
between EYA1 and OTUB1 in PTC cells and tissues. Our data
indicated the significant correlation between OTUB1 and EYA1
in PTC cells. Interestingly, positive correlation between OTUB1
and EYA1 was determined in PTC tissues whereas no significant
relationship was found at mRNA level. Additionally, it was re-
ported that EYA1 can be stabilized at the protein level.”? Given
the role of OTUB1 as a DUB, we speculated that EYA1 might be
deubiquitinated by OTUBI1.
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Intriguingly, we found that OTUB1 can interact with EYA1 di-
rectly in KTC-1 and BCPAP cells. Furthermore, one research has
shown that EYA1 can be ubiquitinated and degraded through the
ubiquitin-proteasome pathway in mammalian cells.?® In this study,
we further demonstrated that OTUB1 expression has impact on
ubiquitin-proteasome pathway of EYA1. Moreover, OTUB1 down-
regulation increased protein degradation rate and ubiquitination
level of EYA1 whereas OTUB1 overexpression showed the oppo-
site effect. In prostate cancer, OTUB1 can block the ubiquitination
of cyclin E1 and keep it stable.r® Similarly, OTUB1 positively regu-
lates PD-L1 stabilization through deubiquitylation in human breast
cancer.!?2 Our study indicated the novel role of OTUB1 in regulating
EYA1 ubiquitination in PTC.

On the other hand, our findings also suggested that OTUB1
promoted PTC growth in an EYA1-dependent manner. It also re-
ported that EYA1 is essential in sine oculis homeobox 1 (SIX1)-
mediated PTC cells growth.19 Here, our results determined the

)+ + +

OTUB1 [ o s 371KD
— — — 34KD

el e 55<D

Ubiquitinated EYA1

OTUB1 /e - 31KD

EYA1 S a—— 34KD

Tubulin S —— 55 D

critical role of EYA1 in OTUB1-derived PTC cells growth. In our
study, OTUB1 knockdown suppressed the protein level of EYA1
and PTC cells proliferation ability whereas ectopic expression of
EYA1 significantly abated this trend. Additionally, our in vivo ex-
periments also demonstrated that EYA1 was essential for OTUB1-
mediated PTC growth.

In conclusion, we have identified OTUB1 as a crucial en-
hancer in the process of PTC progression. The expression of
OTUB1 is positively correlated with EYA1 protein level in PTC.
OTUB1 functions as a deubiquitinase to block the degradation
of EYA1 through ubiquitin-proteasome pathway. In this respect,
the stabilization of EYA1 protein contributes to enhanced PTC
growth. Moreover, EYA1 is indispensable for OTUB1-mediated
PTC proliferation. OTUB1-EYA1 axis may become a therapeutic
target for PTC proliferation, and designing inhibitors targeting
OTUB1-EYA1 axis might be a promising approach to control PTC
growth.
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