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Background: UBE20, as a member of the ubiquitin-conjugating enzyme family, is abnor-
mally expressed and exhibits abnormal functions in human malignancies. However, the
function of UBE2O in head and neck squamous cell carcinoma (HNSCC) remains unknown.
Therefore, our study aims to investigate the role of UBE20 in HNSCC progression and the
underlying mechanisms.

Methods: The expression of UBE20 in HNSCC patients was investigated with data from
the Cancer Genome Atlas (TCGA) and from a separate primary tumor cohort. The
function of UBE20 in HNSCC cells was studied by cell viability assay, colony formation
assay, wound healing assay, and cell migration and invasion chamber assay. The effect of
UBE20 on tumor growth in vivo was determined in a subcutaneous xenograft model of
HNSCC.

Results: TCGA data showed that UBE20 mRNA expression was dramatically increased
in HNSCC tissues and that patients with high expression of UBE20 transcripts had a
worse survival prognosis than patients with low expression of UBE2O transcripts. Gain-
of-function and loss-of-function analyses revealed that oncogenic UBE20 enhanced the
proliferation, migration and invasion of HNSCC cells in vitro. Further, mechanistic
analysis revealed that UBE20O induced the epithelial-mesenchymal transition (EMT)
phenotype and also potentiated TGF-B1-induced EMT, and thus leading to an enhanced
capacity of migration and invasion in HNSCC. Finally, xenograft models showed that
UBE20 knockout obviously inhibited the occurrence of EMT, angiogenesis and tumor
growth in HNSCC in vivo.

Conclusion: Our study indicates that UBE2O acts as an oncogene to promote the malignant
progression and EMT of HNSCC.

Keywords: head and neck squamous cell carcinoma, ubiquitin-conjugating enzyme e2o,

epithelial-mesenchymal transition, migration, invasion

Introduction

Head and neck squamous cell carcinoma (HNSCC) refers to SCC of the upper
aerodigestive tract, including the nasal cavities, paranasal sinuses, oral cavity,
pharynx and larynx; HNSCC is the sixth most common cancer with an annual
incidence of more than 600,000 cases worldwide.' Despite tremendous improve-
ments in surgery, radiochemotherapy and immunotherapy over the past few dec-
ades, the overall 5-year survival rate for patients with HNSCC still remains
unsatisfactory.>* Local recurrence and distant metastasis are the main causes of
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the frustrating prognosis in patients with HNSCC.>°
Therefore, it is urgent and imperative to advance our
understanding of the molecular mechanisms associated
with HNSCC progression; advanced understanding will
make substantial contributions to the development of
novel therapeutic strategies and improve patient survival
outcomes.

Ubiquitin-conjugating enzyme E20 (UBE20), also
known as E2-230K, is a relatively large ubiquitin-con-
jugating enzyme of the E2 family,” which has been
proposed to play important roles in erythroid differentia-
tion, such as remodeling of the proteome.® The role of
UBE2O in the ubiquitin-proteasome protein degradation
system has also been gradually determined in recent
years. For example, UBE20 mediates ubiquitination
without a separate ubiquitin ligase and target orphans
UBE20
also mediates the monoubiquitination of SMADG6 in

of multiprotein complexes for degradation.’

bone morphogenetic protein signaling'® and leads to
the polyubiquitination of BAP! in chromatin-associated
processes.!' Interestingly, UBE20 is located on the
17g25.1 chromosome in a region that is amplified in a
variety of cancers, strongly indicating the potential role
of UBE20 in tumorigenesis.””'*'* Vila et al validated
that UBE20 promoted tumor initiation and progression
by targeting AMPK-a2 for degradation,'” but in mye-
loma, UBE20 exerted tumor suppressive roles by mod-
ulating the stability of the protein c-Maf.'® Therefore,
the controversial and complicated functions of UBE20
in cancer are still poorly understood, and there have
been no reports related to the role of UBE20 in
HNSCC tumorigenesis.

Here, the Cancer Genome Atlas (TCGA) data were
initially utilized to determine that UBE2O transcripts
were remarkably increased in HNSCC tissues, and
UBE20 overexpression predicted a worse prognosis in
patients with HNSCC. Subsequent in vitro and in vivo
evidence demonstrated that UBE20O, as an oncogene,
obviously promoted the proliferation, migration and
invasion of HNSCC. Mechanistically, UBE20 induced
the occurrence of epithelial-mesenchymal transition
(EMT) and potentiated TGFBl-induced EMT in
HNSCC. UBE20 knockout obviously inhibited the
occurrence of EMT, angiogenesis and tumor growth in
HNSCC in vivo. These results indicate that UBE20 acts
as an oncogene in HNSCC progression and EMT
induction.

Materials and Methods

The Cancer Genome Atlas (TCGA) Data
Analysis

Publicly available human HNSCC datasets from TCGA
were analyzed. The mRNA expression data of UBE20
(Illumina Hiseq RNAseq V2, RSEM normalized) were
downloaded from the TCGA data portal (https://cancergen
ome.nih.gov/). The prognosis analysis was conducted in
The Human Protein Atlas (http://www.proteinatlas.org/).

Patient Cohort

Paraffin-embedded samples 187 patients with
HNSCC were obtained from Xiangya Hospital, and 81
samples of paired adjacent noncancerous epithelial tissues

from

were included. The pathological tumor-node-metastasis
(TNM) stage was determined according to the 7th
American Joint Committee on Cancer staging system.
The patients’ clinical parameters, such as age, sex, smok-
ing history, alcohol consumption, T stage, clinical stage
and lymph node metastasis, were recorded. The study was
approved by the Research Ethics Committee of Central
South University, Changsha, China. Written informed con-
sent was obtained from all the patients, and the study was
conducted in accordance with the Declaration of Helsinki.

Immunohistochemistry and Evaluation

Immunohistochemical staining was performed as described
previously.®'” Briefly, antigen retrieval was carried out in
10 mmol/L citrate buffer (pH 6.0) for 15 min at 100°C in a
microwave oven. The endogenous peroxidase activity was
blocked by 3% hydrogen peroxide for 10 min at room tem-
perature. The slides were then incubated overnight at 4°C
with rabbit UBE20O polyclonal antibody (Abcam,
Cambridge, MA), followed by horseradish peroxidase-
labeled goat anti-rabbit IgG. The immunoreactivity was
visualized with 3’,3’-diaminobenzidine and counterstained
with Mayer’s hematoxylin. The negative control slides
were incubated with normal goat serum instead of the pri-
mary antibody under the same experimental conditions. The
final staining score of UBE2O-positive staining was obtained
by the sum of the percentage of positive cells (<10%=1,
11-50%=2, 51-80%=3 and >81%=4) and staining intensity
(0 points=no intensity, 1 point=weak intensity, 2 points=mo-
derate intensity and 3 points=strong intensity). The tumors
were classified into two groups, namely, the high UBE20
expression (scored as 5-7) and low UBE20 expression

(scored as 0—4) groups, based on the final staining score.®!”

submit your manuscript

6192

Dove

OncoTargets and Therapy 2020:13


https://cancergenome.nih.gov/
https://cancergenome.nih.gov/
http://www.proteinatlas.org/
http://www.dovepress.com
http://www.dovepress.com

Dove Chen et al
Cell Cultures and Reagents Western Blotting Analyses
The human HNSCC cell line Tu686 was kindly provided Western blotting was conducted as previously

by Dr. Zhuo Chen (Emory University Winship Cancer
Institute, Atlanta, GA, USA), which was approved by the
Research Ethics Committee of Central South University.
Human Fadu cells were purchased from ATCC. HNSCC
cells were cultured in Dulbecco’s modified Eagle’s media/
F12 medium (1:1) supplemented with 10% fetal bovine
serum (Gibco BRL, Gaithersburg, MD, USA) and incu-
bated at 37°C with saturated humidity and 5% CO,. Cells
in an exponential growth state were used for the following
experiments. TGF-B1 was obtained from Sigma-Aldrich
Co. (St Louis, MO, USA). To induce EMT, the cells
were seeded on the previous day, starved in serum-free
medium overnight and treated with 10 ng/mL TGF-1.

Construction of the CRISPR/Cas9 System

Targeting UBE20O

Two short guide RNAs (sgRNA; sgRNA1 and 2) targeting
exon 3 of the human UBE20 gene (NM_022066.4) were
selected and synthesized to make lenti-UBE20-sgRNA-
Cas9 constructs.'® In brief, 25-bp DNA oligos containing
the 20 bp target sequence and Bsmbl sticky ends were
annealed and inserted into the lentiCRISPR-v2 plasmid
(Addgene: 52,961) digested with Bsmbl. The DNA
sequences for generating sgRNA1 and sgRNA?2 are as fol-
lows: sgRNA1l: 5-CATCTATCCCGTCAACAGCA-3
sgRNA2: 5-GACTGTGCCGTCAAGCTCAT-3". For the
control plasmid, no sgRNA sequence was inserted into the
construct. The sequencing-verified plasmids were then used
to package the lentivirus with package vectors. The UBE20-
sgRNA-edited cells and control cells were selected with 68
pg/mL puromycin. A serial dilution method in a 96-cell plate
was used to select the potential colony for the knockout
efficiency test. After monoclonal expansion, the cells were
stored at —80°C and Western blotting assays were used to
verify the knockout efficiency of UBE20 in HNSCC cells.

Transfection of UBE2O cDNA

HNSCC parent or UBE20 knockout (KO) cells were trans-
fected with UBE20 cDNA (Origene Technologies Inc.,
Rockville, MD, USA) according to the manufacturers’ pro-
tocol. To determine the efficiency of cDNA, UBE20 expres-
sion was assessed by Western blotting assays.

described.'”° Briefly, the total proteins were extracted
from the cells with RIPA lysis buffer, separated in
8-12% SDS-PAGE gels, and transferred onto PVDF
(polyvinylidene  fluoride) = membranes (Millipore,
Billerica, MA, USA). After blocking with 5% nonfat
milk at room temperature for 1 hour, the membranes
were incubated with the relevant primary antibodies
followed by an appropriate secondary antibody. The
primary antibodies in the current study included anti-
UBE20 (1:800, Abcam), anti-E-cadherin, anti-Vimentin,

anti-N-cadherin, anti-Snail, anti-Zebl and anti-Zeb2
(1:800, Cell Signaling Technology, Danvers, MA,
USA). Anti-f-Actin (1:1000, Beyotime, Shanghai,

China) was used as a loading control. The blots were
visualized using ECL reagents (Pierce, Rockford, IL,
USA) and a chemiluminescence imaging system (Bio-
Rad, Richmond, CA, USA).

RNA Extraction and Quantitative Real-
Time PCR (gqRT-PCR) Analyses

Total RNA of the cells and tissue samples was extracted
using the TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). The detection of target mRNAs was carried out
with the High Capacity cDNA Reverse Transcription kit
and SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA, USA). Quantification of gene expression

27AACT method and normalized to

was conducted using the
GAPDH. The primer sequences used for PCR are listed in

Supplementary Table S1.

Cell Viability Assays

Tu686 or Fadu cells after UBE20 modulation were seeded
into 6-well plates for cell counting at different time points,
or into 96-well plates for proliferation assays with the Cell
Counting Kit-8 (CCK-8, Dojindo, Japan).

Colony Formation Assays

For the colony formation assay, the cells were seeded in 6-
well plates (1 x10° cells per well) and incubated for 2
weeks. The colonies were fixed with 4% paraformalde-
hyde and stained with 1% crystal violet. All the experi-

ments were repeated three times.
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Wound Healing Assays

The cell migration activity was examined by wound-healing
assay. Briefly, the cells were seeded in 6-well plates and
incubated to almost total confluence. The cell monolayer
was disrupted with a 10 pL plastic pipette tip. Then, the
cells were cultured in serum-free medium. The initial gap
length (0 hours) and the residual gap length at 24 or 60 hours
after scratching were photographed under an inverted micro-
scope. The experiments were performed in triplicate.

Cell Migration and Invasion Chamber
Assays

The cell migration and invasion chamber assays were
performed with the Corning Transwell migration chambers
and Corning BioCoat Matrigel Invasion chambers
(Corning Inc., Corning, NY, USA) according to the man-
ufacturer’s instructions. Briefly, 1x10° cells were seeded
into the upper chamber in serum-free medium. After incu-
bation for 24 hours, nonmigrating or invading cells on the
surface of the upper chamber were removed with a cotton-
tipped swab. The migrated or invaded cells on the lower
side were fixed and stained. The cells were photographed
under a microscope and counted with ImageJ software.

Each experiment was repeated for three times.

Tumor Xenografts

Four-week-old female nude mice were obtained from
Hunan SJA Laboratory Animal Co., Ltd. (Changsha,
Hunan, China) and maintained under specific pathogen-
free conditions with the approval of the Institutional
Animal Care and Use Committee of Xiangya Hospital,
Central South University. The animal experiments were
performed in accordance with the Guidelines for the Care
and Use of Laboratory Animals. Tumor xenografts were
induced by subcutaneous injection 2x10° Tu686 control
(Ctrl) or UBE20 KO cells suspended in 200 pLL PBS into
the flanks of nude mice. The tumors were measured with
an external caliper, and the volume was calculated as
lengthxwidth?/2. When the mice were sacrificed, the xeno-
graft tumors were removed from the different groups, and
the final weight of each tumor was measured. The tumor
samples were then subjected to Western blotting and qRT-
PCR assays.

Statistical Analysis
All the data shown are representative of at least three
independent experiments and are presented as the mean

+ standard deviation (SD). Positive staining rates of the
UBE20 protein in the HNSCC tissues and adjacent non-
cancerous tissues were compared by y2 test, which was
also used to analyze the association between the UBE20
protein levels and the clinicopathological parameters.
Statistical significance was determined with a two-sided
unpaired Student’s #-test (for equal variances) or Welch’s
corrected t-test (for unequal variances). P < 0.05 was
considered statistically significant.

Results
UBE2O Expression Is Elevated in HNSCC

Samples

In our study, UBE2O expression was initially investigated
using public TCGA RNA-sequencing data, in which both
HNSCC and adjacent noncancerous samples were ana-
lyzed. As a result, these data showed that UBE2O tran-
scripts were higher in the HNSCC samples than in the
adjacent noncancerous samples (Figure 1A). With regard
to the location of the tumors, compared with the adjacent
noncancerous tissues, the expression of UBE20 mRNA
was also upregulated in all the HNSCC tissues derived
from different regions, such as the hypopharynx, larynx,
oropharynx and oral cavity, but there were no significant
differences in UBE20 mRNA expression among these
HNSCC tissues derived from the different regions
S1).
UBE2O0, including gene amplification, mRNA upregula-

(Supplementary  Figure Genetic alterations of

tion, truncation and missense mutations, were detected in
12% (60/504) of the HNSCC tissues (Figure 1B). Kaplan-
Meier analysis revealed that the 5-year survival rate of
patients with high expression of UBE2O transcripts was
obviously lower than that of patients with low expression
(P < 0.05; Figure 1C). To further validate the results
predicted online, a patient cohort including 187 HNSCC
tissues and 81 paired adjacent noncancerous epithelial
tissues was used to quantify the UBE20 protein and its
clinical significance; this examination revealed that
UBE2O protein was dramatically elevated in the HNSCC
samples (P < 0.001; Figure 1D and E). However, the
protein level of UBE20 failed to be positively associated
with the clinical parameters in patients with HNSCC (all P
> (.05; Supplementary Table S2). Collectively, these clin-

ical data suggest that UBE20O overexpression may be
associated with the progressive behaviors in patients with
HNSCC.
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Figure | UBE2O expression is elevated in HNSCC samples. (A) UBE2O transcripts in HNSCC tissues and corresponding noncancerous adjacent tissues from the public
TCGA dataset were analyzed. (B) Frequencies of UBE2O alterations, including amplification, mRNA upregulation, truncation and missense mutations, from the HNSCC
TCGA database were analyzed. (C) Survival prognosis of patients with HNSCC based on UBE2O transcript level. (D) Representative images of UBE2O protein expression
in HNSCC tissues and adjacent noncancerous epithelial tissues determined by immunohistochemistry. Original magnification: 200%. (E) Expression of UBE2O protein in

HNSCC tissues and adjacent noncancerous epithelial tissues (***P < 0.001).

UBE2O Promotes the Progression of

HNSCC Cells

To investigate the role of UBE20 in HNSCC proliferation,
endogenic UBE20 was knocked out in HNSCC Tu686
cells with the CRISPR/Cas9 system, and single colonies
that exhibited efficient knockout were selected and
expanded for subsequent experiments. Then, UBE20 was
overexpressed by transfecting cDNA into the confirmed
UBE20 knockout (KO1) cells (Figure 2A). Western blot-
ting assays confirmed that UBE20O was successfully
knocked out and overexpressed in the UBE20 KO1 and
cDNA groups, respectively (Figure 2A). Consequently,
CCK-8 assays showed that compared with the control

group, the proliferation in the UBE20O knockout (KO1
and KO2) group was effectively inhibited, and the KO1
cells presented a higher inhibitory efficiency; additionally,
the restored expression of UBE20 in the KO1 cells corre-
spondingly enhanced its capacity of proliferation (P <
0.05; Figure 2B). Colony formation assays showed that
colonies were greatly decreased in the UBE20 KO cells
and increased in the UBE20O-overexpressing cells (P <
0.001, Figure 2C). Therefore, these data indicate that
UBE20O enhances the proliferation of HNSCC cells in
vitro.

To clarify whether UBE20 affects the metastatic capa-
cities of HNSCC cells, we examined the impact of UBE20
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Figure 2 UBE2O promotes the progression of HNSCC cells. (A) Western blotting assays confirmed that UBE2O was successfully knocked out and overexpressed in Tu686
cells. (B) Cells in each group were counted at different time points. (C) Colony formation assays indicated that the number of colonies was significantly decreased in the
UBE20O knockout cells and that the number of colonies was increased in the UBE2O-overexpressing cells. (D) Cell migration in different groups was examined by wound
healing experiments in Tu686 cells. (E) Cell migration and invasion were examined using Transwell invasion assays in Tu686 cells. The results represent the average of three
independent experiments * standard deviation (S.D.) (**P < 0.01, ***P < 0.001).

on cell migration and invasion. As a result, wound healing  Transwell chamber assays demonstrated that the number of
assays showed that the cell migratory ability was signifi- migratory and invading cells was reduced in the UBE20O KO
cantly inhibited when UBE20 was knocked out and strength- ~ group and correspondingly increased in the UBE20O cDNA

ened when UBE20 was upregulated (P < 0.001; Figure 2D).  group (P < 0.01; Figure 2E). Therefore, these results
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demonstrate that UBE20 enhances the migration and inva-
sion of HNSCC cells in vitro.

UBE20O Knockout Impairs the TGF-f1-
Induced EMT Process

EMT is always considered a classic mechanism of cancer

invasion and metastasis,”!

and we found that following
UBE20 overexpression in Tu686 cells, the cells underwent
canonical EMT morphological changes with the loss of an

adherent phenotype, which was reflected by decreased cell-
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to-cell contacts and a fibroblast-like appearance (Figure 3A).
In addition, the mRNA levels of the epithelial marker
E-cadherin decreased, while the levels of mesenchymal mar-
kers (Vimentin and N-cadherin) and EMT transcription fac-
tors including Snail, Zebl and Zeb?2, increased (P < 0.001,
Figure 3B). Correspondingly, the protein level of E-cadherin
was decreased, while the protein levels of N-cadherin, Snail,
Zebl and Zeb2 were upregulated (Figure 3C). These data
suggest that EMT might be involved in UBE20-mediated
invasion and metastasis of HNSCC cells.
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Figure 3 UBE2O knockout impairs the TGF-B1-induced EMT process. (A) Overexpression of UBE2O induced EMT-related morphological changes in Tu686 cells. PCR and
Western blotting assays were performed to evaluate the expression of EMT markers at the mRNA (B) and protein (C) levels following UBE2O overexpression. (D)
Knockout of UBE20O attenuated TGF-B1-induced EMT morphological changes. (E) Knockout of UBE2O impaired TGF-f1-induced changes in cell migratory and invasive
ability. (F) Knockout of UBE2O attenuated TGF-B-induced mRNA changes at the mRNA level changes (*P < 0.05, ***P < 0.001).
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TGF-B1 is a well-known and potent inducer of EMT
in numerous human cancers, including HNSCC.**** To
further confirm whether UBE20 affected HNSCC EMT,
we treated parent Tu686 cells and the UBE20 KOl
cells with 10 ng/mL TGF-B1. Our data showed that
UBE20 KO attenuated the TGF-f1-induced morpholo-
gical changes in EMT (Figure 3D). In addition, the
wound healing and transwell invasion assays showed
that UBE20 KO1 mitigated the migratory and invasive
ability enhanced by TGF-B1 (Figure 3E). Consistent
with alterations in morphology and invasion, at the
molecular level, the qRT-PCR data clearly revealed
that UBE20 KOI1 significantly reversed the TGF-B1-
induced mRNA changes in EMT markers, including
E-cadherin, Vimentin, N-cadherin, Snail, Zebl and
Zeb?2 (Figure 3F). Taken together, these results indicate
that UBE20 induces EMT and increases the TGF-B1-
mediated EMT, which may in turn lead to enhanced
invasion and metastasis of HNSCC.

A N
Vimentin
N-cadherin
E-cadherin
UBE20
B-Actin
Ctrl KO1 KO2
C

KO2

Ctrl KO1

UBE20O Enhances the Proliferation and
Invasion of HNSCC Fadu Cells

All the above data indicate that UBE2O accelerates the
malignant progression of HNSCC through the occurrence
of EMT. However, to exclude the possibility that the effect
of UBE20 on HNSCC was Tu686 cell-specific, another
HNSCC cell line, Fadu, was used to verify the main results
as above. With the successful knockout of UBE20
(Figure 4A), the in vitro proliferation of Fadu cells was
similarly inhibited (P < 0.05; Figure 4B). In addition, as
expected, UBE20 KO also led to decreased invasive capa-
city of the Fadu cells in the Transwell Matrigel chamber
assays (P < 0.05; Figure 4C and D), and this observation
was accompanied by increased E-cadherin expression and
decreased Vimentin and N-cadherin expression at the protein
level (Figure 4A). Together, these data are consistent with the
data derived from the Tu686 cells, which further supports the
oncogenic role of UBE2O in the regulation of proliferation
and invasion of HNSCC in vitro.

B -
25 -e- Ctrl
E 2.0{ = KO1 *X*
c
(3 -+ KO2
< 1.5-
5
.—; 1.0 o
o)
O 0.5+
0.0 T T 1
1 3 5
Days
D
100- o
804 < '
4
3
g 601 NS
3 [
(=
= 40-
]
(&)
204
0-
Ctrl KO1 KO2

Figure 4 UBE2O enhances the proliferation and invasion of HNSCC Fadu cells. (A) Western blotting assays were used to quantify the protein levels following UBE2O
knockout. (B) CCK-8 assays were used to evaluate the proliferation ability of the Fadu cells in each group. (C) Representative images of Transwell invasion assays. (D)
Quantitative results of Transwell invasion assays (NS, not significant; **P < 0.01; ***P < 0.001).

submit your manuscript

6198

Dove!

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Chen et al

UBE20O Promotes HNSCC Tumor

Growth in vivo

To further validate the oncogenic role of UBE20 in
HNSCC in vivo, HNSCC Tu686 cells were used to estab-
lish a subcutaneous xenograft model in nude mice. As
shown in Figure 5A and B, compared with the control
group, tumor growth in the UBE20 KO group was dra-
matically decreased. The weight of the tumors in the
UBE20 KO group was also significantly decreased com-
pared with that in the control group (P < 0.001;
Figure 5C). In addition, in the UBE20 KO xenografts,
the mRNA levels of E-cadherin increased, while the
expression levels of UBE20, Vimentin, Snail and Zebl
all correspondingly decreased (Figure 5D), which was
also confirmed by Western blotting assays (Figure 5SE).
As EMT is associated with cancer angiogenesis,”* we
found that in the UBE20O KO xenografts, the mRNA levels
of proangiogenic factors, including VEGFA, Angptl and
Angpt2, all decreased, suggesting that UBE20O may also be
involved in cancer angiogenesis (Figure S5F). All these
results demonstrate that UBE20 induces the occurrence
of EMT and finally contributes to tumor growth and inva-
sion of HNSCC in vivo.

A B

Discussion

Elucidating the underlying molecular mechanisms asso-
ciated with HNSCC progression is beneficial for design-
ing promising therapeutic strategies for patients with
HNSCC. The ubiquitin-proteasome system, as an impor-
tant posttranslational modification system that facilitates
the degradation of target proteins, is involved in the
malignant behaviors of distinct human cancers, includ-
ing HNSCC, by the functional modulation of potential
oncogenes, tumor suppressors and diverse signaling
pathways.?>? In the ubiquitin-proteasome system, ubi-
quitin-conjugating enzyme E2 accepts ubiquitin from
enzyme E1 and transfers the activated ubiquitin mole-
cules to E3 or directly mediates the ubiquitination of its
substrate. Therefore, enzyme E2 is critical for protein
ubiquitination and stability and acts as an important
regulator in tumor initiation and progression.’*>' For
instance, UBE2C is overexpressed in diverse human
cancers and promotes malignant tumor progression
through the activation of multiple oncogenic signaling
pathways, including Wnt/B-catenin, Erk and PI3K/Akt
pathways.*** However, the function of UBE20 still
remains unknown.
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Figure 5 UBE2O promotes HNSCC tumor growth in vivo. (A and B) The UBE2O KO tumor xenografts grew substantially more slowly than those in the control group.
(C) The average weight of the tumors in the UBE2O KO group was significantly lighter than that in the control group. (D) UBE2O affected the mRNA levels of EMT
biomarkers in the xenograft tumors. (E) UBE2O affected the protein levels of EMT biomarkers in the xenograft tumors. (F) UBE2O affected the mRNA levels of

angiogenesis biomarkers in the xenograft tumors (*P < 0.05, ***P < 0.001).
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UBE20 was first purified from rabbit reticulocytes and
considered an E2 enzyme due to its specific and conserved
ubiquitin-conjugating domain.”>> Initially, based on the
data from TCGA and our verifying patient cohort, the
transcript and protein expression of UBE20 was obviously
increased in HNSCC tissues compared to the correspond-
ing adjacent epithelial tissues, and patients with high
UBE20O transcripts had a worse survival prognosis.
However, we failed to confirm the positive links between
the UBE20 protein and the clinical parameters. Our nega-
tive result in HNSCC was inconsistent with the data in
breast cancer samples, in which UBE20O overexpression
indicated a high risk of metastasis and poor prognosis.>*
The discordant prognostic capacity of the UBE20 mRNA
and protein may be partially explained by the complicated
posttranslational regulation of UBE20 itself in HNSCC,
which also suggests that the clinical significance of the
UBE20O protein varies greatly in distinct cancer types.
Therefore, investigations of clinical samples of other
human cancers will further expand and determine the
clinical significance of UBE20.

Recently, although definite physiological ubiquitination
substrates of UBE20O, such as BMAL1 and BAPI, have
been identified,!'*” UBE20 was also found to decrease the
level of the TRAF6 protein in a catalytic activity-indepen-
dent manner, rather than to induce its polyubiquitin.*® These
data indicated the complicated functions of UBE20 in dis-
tinct biopathological processes. In regard to cancer, only
limited reports revealed that UBE20O could target AMPK-
02 and c-Maf for ubiquitination, which consequently led to
the activation of downstream signaling pathways, such as
the mTOR/HIFla and MYC pathways and the apoptotic
pathway.'>!%3¢ To the best of our knowledge, this study is
the first to demonstrate that UBE20 functions as an onco-
gene to promote the proliferation, migration and invasion of
HNSCC cells. However, whether the oncogenic role of
UBE20 in HNSCC depends on its E2 activity and the
identity of its potential downstream substrates remain to
be further determined.

EMT is a highly regulated process in which cancer
epithelial cells are reprogrammed into mesenchymal
cells, and this transition is accompanied by enhanced
capabilities of migration, invasion and resistance to
diverse therapeutic approaches.’'** Cancer cells that
undergo EMT display decreased expression of the epithe-
lial marker E-cadherin and increased expression of
mesenchymal markers, such as Vimentin, N-cadherin and
key transcription factors.>®> EMT is obviously stimulated

by developmental signaling pathways, among which the
TGF-B pathway is always considered to be a primary
inducer of EMT via a Smad-dependent mechanism.*® In
response to TGF-B1, Smad2/3 are phosphorylated, form a
trimer with Smad4 and then translocate into the cell
nucleus, which in turn starts the transcription of target
genes responsible for EMT. On the other hand, Smad6/7
are inhibitory Smads that act as a negative feedback loop
in the Smad-dependent signaling pathway.”>** Recently,
the ubiquitin-conjugating enzyme E2 was also found to
participate in the regulation of the EMT process in several
human cancers. In gastric and prostate cancers, ectopic
expression of UBE2T could promote cell proliferation
and metastasis by inducing EMT.*' In addition, UBE2C
knockdown impeded EMT by repressing the phosphoryla-
tion of the hub oncogenic gene Aurora-A in gastric
adenocarcinoma.’” In this study, our data revealed that
UBE20 could potentiate TGF-B1-induced EMT, leading
to enhanced proliferation, motility and metastatic capacity
in HNSCC cells. Interestingly, Zhang et al reported that
UBE20 promoted the monoubiquitination of inhibitory
Smad6 and therefore facilitated adipogenesis induced by
BMP7;' these findings indicated that UBE2O could skew
the balance of the Smad-dependent signaling pathways
toward a stimulatory status via the inactivation of inhibi-
tory Smads, including Smad6/7. Considering that both
TGF-B1 and BMP7 are potent stimulators for the cancer
EMT process via the activation of the Smad-dependent
signaling pathway, UBE20O may also enhance TGF-$1-
induced EMT via the inactivation of inhibitory Smads;
however, this possibility needs to be verified in the future.

Angiogenesis is a crucial element for cancer malignant
proliferation, local invasion and systemic dissemination;
therefore, it plays a crucial role in cancer metastasis.** A
number of anti-angiogenic agents have been approved by
the FDA and are being applied in clinical management to
fight against blood vessel formation in cancer; these agents
have promising prospects.*> Our study clearly indicated
that UBE20 knockout significantly decreased the expres-
sion of proangiogenic factors, including Angptl, Angpt?
and VEGFA, all of which are important stimulators of the
proliferation, migration, adhesion and spreading of blood
vessel endothelial cells and the subsequent acceleration of
angiogenesis in solid cancers.** Although our study lacked
direct evidence to clarify how UBE20 regulated the
expression of these angiogenic factors and how UBE20
mediated the crosstalk between cancer cells and endothe-
lial cells, these data clearly indicated that the targeted
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inhibition of UBE20 could be a promising strategy to
suppress cancer angiogenesis and therefore block cancer
metastasis.

In conclusion, our current study demonstrated that
UBE20O could function as an oncogene to promote the
proliferation, migration and invasion of HNSCC cells
involving EMT. Therefore, UBE2O may be a promising
therapeutic target for patients with HNSCC. Further
detailed studies are required to determine the exact mole-
cular mechanisms of UBE20O-mediated carcinogenesis and
whether these results can be extended to other solid human

cancers.
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