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Abstract: Recent studies have shown that deubiquitination plays a key role in tumor progression,
metastasis, resistance to chemotherapy drugs, and prognosis. In this study, we investigated
the effects of the deubiquitinating enzyme USP22 on the expression of the drug-resistance
genes BMI1 and EZH?2 in hepatocellular carcinoma (HCC) and on prognosis. Downregulation
of USP22 expression with interference ribonucleic acid in resistant HCC cell lines with high
USP22 expression resulted in decreased BMI1 expression, but had no effect on EZH2 expres-
sion. USP22, BMI1, and EZH2 were highly expressed in HCC tissue, and the expression levels
were positively correlated with tumor grade and clinical stage. Correlation analysis showed that
USP22 expression was positively correlated with that of BMI1. Kaplan—Meier analysis showed
that high levels of USP22 and BMI1 expression were associated with poor overall survival
and relapse-free survival in all of the cases and in patients treated with transcatheter arterial
chemoembolization. These results suggested that high levels of USP22 expression played an
important role in drug resistance to chemotherapeutic drugs in HCC patients by upregulating the
expression of BMI1; therefore, coexpression of USP22 and BMI1 may become a new predictor
for HCC prognosis and may help guide clinical treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth-most common malignant tumor
worldwide, and approximately 600,000 new cases are diagnosed each year.! HCC
is highly malignant and progresses rapidly. In addition, due to the lack of methods
for early diagnosis, approximately 70% of patients will relapse or have metastases
within 5 years, even with radical surgical treatment. The development of HCC is a
multistage, multistep process, and the exact mechanism remains unknown. Many
genes are involved in the development, progression, invasion, and metastasis of HCC.
To significantly improve the treatment outcome of HCC, we must identify effective
targets for HCC prevention and treatment based on a deeper understanding of the
relationship between multiple genes and the relationship between these genes and the
development and progression of HCC.

BMI1 is a member of the polycomb group (PcG) of proteins.? BMI1 inhibits
CDKN24 (a gene encoding the tumor suppressors p1 6INK4a and p19Arf), and induces
telomerase activity to regulate cell-cycle progression, apoptosis, senescence, and
immortalization.>* A large number of studies have shown that BMI1 is overexpressed
in many human malignancies, including breast cancer,’ pancreatic cancer,®* and HCC.™
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BMI1 is closely associated with the development and pro-
gression of these cancers, and often indicates a poor prog-
nosis. Drosophila EZH2, a member of the PcG family, is a
cancer-associated protein with histone-methyltransferase
activity. It catalyzes trimethylation of lysine 27 of histone 3
(H3K27me3) to modify and mediate gene silencing, and it is
involved in X-chromosome inactivation, cell differentiation,
and embryonic development regulation.’® Recent studies
have shown that EZH2 is associated with the invasion of
many human cancers, including breast cancer'' and prostate
cancer.'? EZH2 overexpression is closely associated with the
progression and poor prognosis of human cancers.'?
USP22, a member of the deubiquitinating enzyme family,
is a subunit of the human Spt-Ada-GcenS-acetyltransferase
complex,'* and it plays an important role in tumor progression,
metastasis, resistance to chemotherapy drugs, and the prognosis
of cancer patients. USP22 is expressed in normal human tis-
sues, including heart muscle, skeletal muscle, and the lungs,
and its expression level is significantly higher in malignant
tissues.'> Glinsky et al used genomic technologies to identify
the signaling pathways known as “polycomb/cancer stem cell
signals” that can predict tumor invasiveness and resistance.'®!”
As members of the polycomb/cancer stem cell signal group,
USP22 and BMI1 are activated in many cancer tissues. Liu et
al showed that the expression of USP22 and BMI|1 is closely
correlated in colorectal cancer tissues.'® Moreover, many stud-
ies have demonstrated that the expression of EZH2 is correlated
with that of BMI1 in tumor tissues. However, at present, studies
of'the correlation between the expression of BMI1 and USP22
and between the expression of EZH?2 (another member of the
PcG family) and USP22 in HCC tissue are lacking. In this
study, we investigated this topic, as well as the relationship
between the expression of USP22, BMI1, and EZH2 and the
clinical characteristics and prognosis of HCC patients.

Materials and methods
Paraffin-embedded HCC-tissue sections

This study obtained approval from the ethics committee of
the Affiliated Hospital of Guilin Medical College. The clini-
cal testing set number is 100. All subjects provided written
informed consent, and the anonymity and confidentiality of
their personal data were ensured. In this study, all 167 tissue
specimens were from HCC patients (n=167, 25-74 years of
age) who had undergone radical surgery at the Department
of Hepatobiliary and Pancreatic Surgery of Guilin Medical
College from 2006 to 2008. None of the patients received pal-
liative surgery, chemotherapy, or radiotherapy before radical
surgery. All of the patients were diagnosed by postoperative
pathological examination, and complete clinical data were

collected. Each specimen contained cancerous tissue and
paracancerous tissue. The basic information obtained for these
clinical cases included age, sex, the state of virus infection
of comorbid hepatitis, cirrhosis of the surrounding liver tis-
sue, AFP, tumor size, tumor grade, intravascular thrombus,
and tumor stage. Each HCC was graded according to the
Edmondson—Steiner grading system and staged according to
the pTNM (pathologic tumor, node, metastasis) classification
criteria of the International Union Against Cancer. All 167
patients were followed up for 5 years after discharge by com-
puted tomography and ultrasonography every 6 months.

Fresh cancerous and paracancerous
HCC tissue

Forty specimens of cancerous tissue and 40 specimens of
paracancerous tissue were taken from the HCC patients and
stored in liquid nitrogen for subsequent laboratory testing.

Cell culture and RNA interference

The fluorouracil (5-FU)-resistant HCC cell line Bel/Fu
was cultured in Roswell Park Memorial Institute 1640
medium containing 5% horse serum (HyClone, Logan, UT,
USA), 20 ng/mL EGF, 10 pug/mL insulin (Sigma-Aldrich
Co., St Louis, MO, USA), 0.5 ug/mL hydrocortisone
(Sigma-Aldrich), 100 ng/mL cholera toxin (Sigma-Aldrich),
50 U/mL penicillin, and 50 mg/mL streptomycin. The cul-
tures were maintained at 37°C in a 5% CO, atmosphere and
passaged every 2—3 days. USP22-specific small interfering
RNA (siRNA) was designed and used to transfect the Bel/
Fu cell line, which was then harvested and stored in a —80°C
refrigerator for subsequent laboratory testing.

Immunohistochemistry

The specimens were fixed in 10% formalin, embedded in
paraffin, and sliced into 4 um sections. After being rendered
transparent with xylene and hydrated with ethanol, the slides
were incubated in 0.3% hydrogen peroxide solution at room
temperature for 10 minutes to inactivate endogenous per-
oxidase, and the antigens were repaired at high pressure in
ethylenediaminetetraacetic acid, pH 8. Next, antibodies to
USP22 (1:100), BMI1 (1:100), and EZH2 (1:50) were added,
and the slides were incubated at room temperature for 1 hour.
After a phosphate-buffered saline wash, a secondary antibody
was added, and the slides were incubated at room tempera-
ture for 30 minutes, followed by diaminobenzidine staining
and hematoxylin counterstaining. Then, the slides were
dehydrated, rendered transparent, and mounted. Phosphate-
buffered saline was used in place of primary antibodies as
a negative control. Testis tissue, nasopharyngeal epithelial
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tissue, and colon tissue were used as the positive control
tissues for USP22, BMI1, and EZH2, respectively.

Two pathologists independently reviewed the immuno-
histochemical staining results. USP22, BMI1, and EZH2
were detected in the nucleus and the cytoplasm as brown
particles. Based on the ratio of USP22-, BMI1-, and EZH2-
positive cells and the intensity of staining, the rating criteria
were 1) no positive cells, 0; positive cells <30%, 1+; positive
cells 30%—60%, 2+; and positive cells >60%, 3+; and 2) no
staining, 0; light yellow, 14; yellow, 2+; and brown, 3+. The
total score varied between 0 and 6 (intensity of staining +
ratio of positive cells)."

Receiver-operating characteristic (ROC) curves were fit
using USP22, BMI1, and EZH2 training sets in HCC patients
as follows:? the sensitivity and specificity of each training
set were calculated based on the USP22, BMI1, and EZH2
immunohistochemical scores and the prognosis of each
patient. Then, the sensitivity was used as the y-axis and the
specificity as the x-axis to plot the calculated values of each
patient on the graph. ROC curves were generated by con-
necting all of the dots. Next, the minimum-distance method
was used to determine the optimal cutoff point on the curves,
which was the cutoff point (with the cutoff value) for the high
and low expression of USP22, BMI1, and EZH2.

Western blot analysis

The frozen tissue specimen (0.1 g) was added to lysis buf-
fer (1 mL of radioimmunoprecipitation assay lysis buffer
[Beyotime Biotechnology Co Ltd, Shanghai, People’s
Republic of China], pipetted and mixed with 10 uL of phe-
nylmethylsulfonyl fluoride). A sonicator (100 W) was used
to homogenize the tissue specimen by applying 30 cycles of
a 3-second burst and a 5-second interval. The homogenized
tissue specimen was allowed to sit at room temperature for
10 minutes, and was then centrifuged at 4°C for 5 minutes
to collect the supernatant. Protein concentrations were
determined using the Bradford method. Each protein sample
was added to 5x sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) protein-loading buffer (KGI
Biotechnology Development Co. Ltd., Nanjing, People’s
Republic of China) and boiled for 5 minutes. After analysis
by 12% SDS-PAGE, the protein samples were transferred
to polyvinylidene difluoride membranes (Immobilon; EMD
Millipore, Billerica, MA, USA), and blocked in 5% skim milk
at 4°C overnight. After being washed with TBST (a mixture
of Tris-buffered saline and Tween 20), the membrane was
incubated with primary antibodies at 37°C for 1 hour. After
another TBST wash, the membrane was incubated with a
secondary antibody at 37°C for 1 hour and then washed with

TBST again. According to the instructions for the enhanced
chemiluminescence kit (Beyotime Biotechnology), equal
volumes of the reagents A and B (1 mL of each) were mixed
on a plastic wrap. The membrane was placed in full contact
with the mixture (with the protein side facing down) for
1 minute, and then taken to the darkroom, and exposed to
X-ray film in a film holder. ImagelJ software was used to
analyze and process the scanned images.

RNA extraction and RT-PCR

Total RNA was extracted using Trizol, and the concentra-
tion of each total RNA sample was determined using a
spectrophotometer (SmartSpec Plus; Bio-Rad Laboratories
Inc., Hercules, CA, USA). The USP22, BMI1, and EZH2
primers were synthesized by Jurassic/abi 3900 (Thermo
Fisher Scientific, Waltham, MA, USA). The primers used
for amplification were as follows: upstream BMI1 primer,
5-TTCATTTTCTGCTGAACGACT-3’; downstream BMI 1
primer, 5~ AGGTGGGGATTTAGCTCAGTG-3’; upstream
EZH2 primer, 5-GTTTGTTGGCGGAAGCGTGTAA-3’;
downstream EZH2 primer, 5'-GATTGGAACTA
AACATACTCTT-3’; upstream USP22 primer, 5-AGCCTGC
ATCTTGTCTCGTC-3’; and downstream USP22 primer,
5’-AACAATGCACATCCTTCTAC-3". Reverse transcrip-
tion (RT) was performed using the FastQuant complementary
DNA (cDNA) first-strand synthesis kit (Tiangen Biotech Co.
Ltd., Beijing, People’s Republic of China), strictly following
the instructions. The polymerase chain reaction (PCR) condi-
tions were as follows: denaturation at 94°C for 3 minutes,
30 cycles of 94°C for 30 seconds, 55°C for 30 seconds,
and 72°C for 1 minute, followed by extension at 72°C for
5 minutes. Following electrophoresis on 1.5% agarose gels,
the PCR products were scanned and analyzed using the Box
Chemi XRS5 gel-imaging system (version 1.2.5.0).

qRT-PCR

Quantitative RT-PCR (qRT-PCR) reactions were performed to
assess gene expression. An RNeasy Plus Mini kit (Qiagen NV,
Venlo, the Netherlands) was used to extract total RNA from
HCC specimens. RNA was quantified in a 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). Total RNA
was added to the total RNA-reaction system (20 uL/1 mL)
and reverse-transcribed into cDNA using a high-throughput
c¢DNA RT kit (Thermo Fisher Scientific). For qRT-PCR,
SYBR Premix Ex Taq (Takara Bio Inc., Kusatsu, Japan) was
used according to the manufacturer’s instructions. The PCR
products were analyzed in a GeneAmpV R 7300 sequence-
detection system (Thermo Fisher Scientific). The primers used
for amplification were as follows: upstream BMII primer,

OncoTargets and Therapy 2016:9

submit your manuscript

6989

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Zhai et al

Dove

5-TTCATTTTCTGCTGAACGACT-3"; downstream BMI 1
primer, 5-AGGTGGGGATTTAGCTCAGTG-3"; upstream
EZH2 primer, 5-GTTTGTTGGCGGAAGCGTGTAA-3;
downstream EZH2 primer, 5'-GATTGGAACTAAA
CATACTCTT-3’; upstream USP22 primer, 5-AGCCTGCA
TCTTGTCTCGTC-3’; and downstream USP22 primer, 5’-AA
CAATGCACATCCTTCTAC-3".

Xenografts in nude mice

For the animal experiment, approval for the protocol was
obtained from the ethics committee of Guilin Medical College.
All animal-handling procedures were performed according to
the Guide for the Care and Use of Laboratory Animals of the
National Institutes of Health and followed the guidelines of
the ethics committee of Guilin Medical college. Nude mice
(40 male mice, 68 weeks old, weighing approximately 20
g) were purchased from the Experimental Animal Center of
Guilin Medical College. The mice were randomly assigned to
one of four groups, with ten mice in each group. 5-FU-resistant
Bel/Fu human HCC cells were divided into three groups:
transfected Bel/Fu cells with stable expression of siUSP22,
untransfected Bel/Fu cells, and Bel/Fu cells transfected with a
negative oligonucleotide. The cells were injected into the right
side of the back of each nude mouse. The mice also received
5-FU treatment. The impact of USP22 downregulation on the
growth of the xenografts in the nude mice was observed, and
tumor growth was monitored and measured on days 7, 14,
21, and 28. The nude mice were euthanized by breaking their
necks 4 weeks later, and subcutaneous xenograft tissues were
taken under sterile conditions for subsequent testing.

Statistical analysis

SPSS 18.0 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analyses. The y? test was performed to
assess the relationship between gene expression and clinical
characteristics. The Spearman test was performed to analyze
the correlations among USP22, BMI1, and EZH2. Survival
curves were plotted using the Kaplan—Meier method and
analyzed with a log-rank test. The Cox proportional hazard
model was used to determine independent factors affect-
ing survival. The significance level was set at 0=0.05, and
P<0.05 was considered statistically significant.

Results
Expression of USP22, BMII, and EZH2 in
cancerous and paracancerous HCC

tissue
RT-PCR, g-PCR, immunohistochemistry, and Western blot
analyses were performed to detect the expression of USP22,

BMI1, and EZH2 in HCC cancerous and paracancerous
tissues. USP22, BMI1, and EZH2 messenger RNAs
(mRNAs) were highly expressed in HCC cancerous tissues
and downregulated in paracancerous tissues (Figure 1A). The
g-PCR and RT-PCR results were consistent (Figure 1B). In
addition, immunohistochemical staining was performed to
detect the expression of USP22, BMI1, and EZH?2 proteins in
HCC cancerous and paracancerous tissues. The results con-
firmed that USP22, BMI1, and EZH2 were highly expressed
in HCC cancerous tissues and downregulated in paracancer-
ous tissues (Figure 1C). Western blot analysis showed the
same results as those generated by immunohistochemical
staining (Figure 1D).

ROC curves and cutoff values of USP22,

BMII, and EZH2

To analyze the relationship between USP22, BMI1, EZH2,
and HCC prognosis, we used the training sets to fit ROC
curves and to determine the cutoff points of the expression
of USP22, BMII1, and EZH2. The results showed that for
USP22, the cutoff point was 5.65 (P<<0.001, Figure 2A)
for the analysis of overall survival (OS), and it was 5.75
(P<0.001, Figure 2B) for the analysis of recurrence-free
survival (RFS). Therefore, we selected 5 (>5 vs =5) as the
cutoff point for USP22 expression and divided the patients
into high and low USP22-expression groups accordingly
for prognostic analysis. The ROC curves also showed that 5
was the cutoff point for BMI1 and EZH2; the patients were
divided into high and low BMII- and EZH2-expression
groups accordingly (data not shown).

Correlations among USP22, BMI |, and

EZH?2 and relationships to clinical

characteristics of HCC

Among the 175 HCC patients in this study, 65 (32.6%),
56 (18.3%), and 93 (38.3%) patients showed significantly
higher expression of USP22, BMI1, and EZH2, respectively,
than that observed in the corresponding paracancerous tis-
sues. Moreover, we found that high USP22 expression was
often associated with high BMI1 expression in HCC patients.
Correlation analysis showed that USP22 and BMI1 were sig-
nificantly positively correlated in the training sets (P<<0.001,
Table 1) and in the experimental groups (P<<0.001, Table 1),
whereas no correlation existed between USP22 and EZH2 in
the training sets (P=0.062, Table 1) or in the experimental
groups (P=0.115, Table 1). For the experimental groups,
expression of USP22 was positively correlated with tumor
grade (P=0.012, Table 1), clinical stage (P=0.041, Table 1),
and tumor number (P<<0.001, Table 1). For the training set,
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Figure | Expression of USP22, BMII, and EZH2 in HCC and normal adjacent hepatic tissues.

Notes: (A) Semiquantitative RT-PCR analysis of USP22, BMII, and EZH2 expression in HCC specimens (T) and normal adjacent hepatic tissue (N). (B) Quantitative
RT-PCR analysis of USP22, BMII, and EZH2 expression in HCC specimens (T) and normal adjacent hepatic tissue (N); B-Actin served as internal control. *P<<0.05 is
statistically significant. (C) Western blot analysis of USP22, BMII, and EZH2 expression in representative HCC (T) and normal adjacent tissue (N); equal loading of protein
was determined by B-Actin. (D) Immunohistochemical staining for USP22, BMII, and EZH2 in HCC and normal adjacent hepatic tissues (dl, d3, d5); USP22, BMII, EZH2
were overexpressed in the nuclei and cytoplasm in HCC tissue (d2, d4, dé), and there was nearly negative expression in paired normal hepatic tissues from the same cases,
respectively. Magnification x100.

Abbreviations: HCC, hepatocellular carcinoma; RT-PCR, reverse-transcription polymerase chain reaction.
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Figure 2 Receiver-operating characteristic (ROC) curve analysis of USP22 cutoff score in the training set.
Notes: (A) USP22 cutoff point for overall survival (OS) in the training set. (B) USP22 cutoff point for recurrence-free survival (RFS) in the training set. At each

immunohistochemical score, sensitivity and specificity for the outcome being studied were plotted, thus generating an ROC curve. USP22 cutoff scores for OS and RFS were
5.65 and 5.75, respectively.
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Table | Association of USP22, BMII, and EZH2 expression with patient characteristics in hepatocellular carcinoma

Variable All cases  Training set (n=75) Testing set (n=100)

High expression  Low expression  P-value*  High expression  Low expression  P-value®
Age (years) 0.257 0.345
=5]° 88 4 (5.3%) 8 (10.7%) 9 (9%) 43 (43%)
<51 87 32 (42.7%) 31 (41.3%) 12 (12%) 36 (36%)
Sex 0.131 |
Male 152 9 (12%) 57 (76%) 16 (16%) 70 (70%)
Female 23 3 (4%) 6 (8%) 3 (3%) 11 (11%)
Clinical stage 0.095 0.041
I+1 51 I (1.3%) 24 (32%) 2 (2%) 24 (24%)
I+ 1v 124 Il (14.7%) 39 (52%) 20 (20%) 54 (54%)
Tumor size (cm) 0.099 0617
=5 82 3 (4%) 38 (50.7%) 8 (8%) 33 (33%)
>5 93 8 (10.6%) 26 (34.7%) 14 (14%) 45 (45%)
AFP (ng/mL) 0.723 0.216
<200 82 6 (8%) 28 (37.3%) 8 (8%) 40 (40%)
=200 93 6 (8%) 35 (46.7%) 14 (14%) 38 (38%)
Edmonson grade 0.232 0.012
1-2 132 7 (9.3%) 50 (66.7%) 12 (12%) 63 (63%)
34 43 5 (6.7%) 13 (17.3%) 10 (10%) 15 (15%)
Tumor number 0.99 0.000
Solitary 107 7 (9.3%) 40 (53.3%) 5 (5%) 55 (55%)
Multiple 68 5 (6.7%) 23 (30.7%) 17 (17%) 23 (23%)
BMII 0.000 0.000
Low expression 143 2 (2.7%) 57 (76%) 10 (10%) 74 (74%)
High expression 32 10 (13.3%) 6 (8%) I (11%) 5 (5%)
EZH2 0.062 0.115
Low expression 110 5 (6.7%) 43 (57.3%) 6 (6%) 50 (50%)
High expression 67 7 (9.3%) 20 (26.7%) 16 (16%) 28 (28%)

Notes: *)? test; "median age.

USP22, BMI1 or EZH2 expression (P<<0.05, Figures 3—5A;
P<0.05, Figures 3—5B). Similarly, when all of the patients
were considered, high USP22, BMI1, or EZH2 expression
was associated with a poor prognosis (P<<0.05 for both OS
and PFS, Figures 3—5C and D).

Relationships among coexpression of
USP22, BMII, EZH2, and prognosis

The patients were divided into four groups according to the
coexpression patterns of USP22, BMI1, and EZH2: low
expression of all three indicators, high expression of only
one indicator, low expression of only one indicator, and
high expression of all three indicators. Survival analysis
showed that for the experimental groups, RFS and OS were
significantly shorter in patients with high coexpression of
USP22, BMI1, and EZH2 than in those with high USP22,
BMII1, or EZH2 expression and those with low coexpres-
sion of USP22, BMII, and EZH2 (P<0.001, Figure 6A;
P<0.001, Figure 6B). Similarly, when all of the patients
were considered, high coexpression of USP22, BMII, and

EZH2 was associated with a poor prognosis (P<<0.001 for
both RFS and OS, Figure 6C and D).

Relationship between coexpression of
USP22 and BMII and prognosis in HCC
patients receiving TACE

Survival analysis of 43 HCC patients receiving transcatheter
arterial chemoembolization (TACE) showed that the RFS
and OS of patients with coexpression of USP22 and BMI1
were significantly shorter than the RFS and OS of those
with low USP22 or BMI1 expression and those with low
coexpression of USP22 and BMI1 (P<<0.001, Figure 7A;
P<0.01, Figure 7B).

Expression of BMII and EZH2 after RNA
interference of USP22 expression in the
5-FU-resistant HCC cell line Bel/Fu

USP22 sequence-specific siRNA was transfected into the
5-FU-resistant HCC Bel/Fu cell line to silence USP22
expression, and Western blot analysis was performed to
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Figure 3 Kaplan—Meier survival analysis of USP22 expression in the testing set and overall patients.

Notes: Higher expression of USP22 was closely correlated with poor overall survival (A) and recurrence-free survival (B) in the testing set. Overall, patients with higher
USP22 expression also showed inferior overall survival (C) and recurrence-free survival (D). In the testing set and overall patients, the median duration of overall survival
for patients with low and high expression of USP22 was 24 and 6 months (P<<0.001) and 24 and 5 months (P<<0.001), respectively.

detect expression of BMI1 and EZH2. BMI1 expression was
significantly downregulated in the USP22 siRNA group, with
no significant change in EZH2 expression (Figure 8).

Development of subcutaneous xenografts

in nude mice

After the Bel/Fu cells were injected into nude mice, the mean
diameter of the subcutaneous xenografts that developed was
1.5 cm, whereas for mice injected with Bel/Fu cells with
stable expression of USP22 siRNA, the mean diameter was
smaller (1.4 cm, n=6, P<<0.05, Figure 9); after the mice
injected with Bel/Fu cells were treated with 5-FU, the mean
diameter of xenografts was smaller (1.2 cm, n=6, P<<0.05,
Figure 9); after the mice injected with Bel/Fu cells with
stable expression of USP22 siRNA were treated with 5-FU,
the mean diameter of xenografts was 0.9 cm, significantly

smaller than that observed in mice injected with Bel/Fu cells
alone (n=6, P<<0.05, Figure 9).

Discussion

USP22, a deubiquitinating enzyme, plays an important role
in tumor malignancy, metastasis, and prognosis.?' 2 Previous
studies have shown high USP22 expression in many cancer
tissues. Many studies have shown that the expression level
of USP22,%* BMI1,”*% or EZH2%% is higher in HCC tissues
than in normal or paracancerous tissues. Our study showed
that USP22, BMI1, and EZH2 were highly expressed in
HCC tissue. Further analysis of the relationship between the
indicators and clinical characteristics showed that expression
of USP22, BMII, and EZH2 in HCC tissue was positively
correlated with tumor grade and clinical stage. Kaplan—Meier
analysis showed that high coexpression of USP22, BMII1,
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Figure 4 Kaplan—Meier survival analysis of BMI| expression in the testing set and overall patients.

Notes: Higher expression of BMII was closely correlated with poor overall survival (A) and recurrence-free survival (B) in the testing set. Overall, patients with higher
BMI| expression also showed inferior overall survival (C) and recurrence-free survival (D). In the testing set and overall patients, the median duration of overall survival for
patients with low and high expression of BMI| was 22 and 6 months (P<<0.001) and 24 and 5 months (P<<0.001), respectively.

and EZH2 was associated with shorter OS and RFS. These
results suggested that high coexpression of USP22, BMII,
and EZH2 was associated with more malignant and progres-
sive HCC and poorer prognosis, which may be related to
deubiquitinating modification of substrate target molecules
by USP22 and the role of EZH2 in maintaining cells in a
dedifferentiated stage.?’

Both USP22 and BMI1 are members of the polycomb/
cancer stem cell signal family. Hu et al showed that in the
colon cancer cell line HCT116, USP22 exerted its role by
regulating the BMI1-regulated AKT-signaling pathway in
cells in the G,—S phase.” Our study showed that high USP22
expression was often associated with high BMI1 expression
in HCC patients, and correlation analysis showed that USP22
expression was positively correlated with BMI1 expression.
In the 5-FU-resistant HCC cell line Bel/Fu (with a high
level of USP22 expression), after USP22 expression was
downregulated with RNA interference, BMI1 expression

was also downregulated, while EZH2 expression remained
unchanged. Kaplan—Meier analysis showed that high coex-
pression of USP22 and BMI1 was associated with shorter
OS and RFS in TACE-treated patients, suggesting that high
USP22 expression increased HCC resistance to chemother-
apy drugs, which may be related to USP22-related regulation
of BMI1 expression in tumor cells. In animal experiments, the
xenografts were slightly smaller in nude mice injected with
Bel/Fu cells in which USP22 expression was downregulated
by RNA interference than in those injected with Bel/Fu cells
in which USP22 expression was not downregulated. After
the mice injected with Bel/Fu cells with siRNA interference
of USP22 expression were treated with 5-FU, the size of
the subcutaneous xenografts significantly decreased, sug-
gesting that downregulation of USP22 expression mitigated
5-FU resistance and increased the sensitivity of HCC to
chemotherapy drugs, which may be related to the physi-
ological function of USP22 to form a complex with BMI1.

submit your manuscript

6994

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

USP22, BMII, and EZH2 in HCC

Testing set (n=100)

A B
> 100 100
$ b Log-rank trend, P<0.001 = Log-rank trend, P<0.001
&2 2>
33 £ =
c = » g
9 2 504 = & 50-
= © O
= @© -
o > 0 o
S >~
@ 2 o
=]
? 0 . . . 0 . . .
0 50 100 150 0 50 100 150
Time since diagnosis Time since diagnosis
(months) (months)
Overall patients (n=175)
C D
2100 100
3 = Log-rank trend, P<0.001 © . Log-rank trend, P<0.001
3 =
§ < T
c = » g
9 2 504 = 8 501
e © O
= @© -
o > g
RS > =
@ 2 (o)
®
0 T r . 0 T r )
0 50 100 150 0 50 100 150
Time since diagnosis Time since diagnosis
(months) (months)
| — HighEzH2 — Low EZH?2 |

Figure 5 Kaplan—Meier survival analysis of EZH2 expression in the testing set and overall patients.

Notes: Higher expression of EZH2 was closely correlated with poor overall survival (A) and recurrence-free survival (B) in the testing set. Overall, patients with higher
EZH2 expression also showed inferior overall survival (C) and recurrence-free survival (D). In the testing set and overall patients, the median duration of overall survival for
patients with low and high expression of EZH2 was 3| and 8 months (P<<0.001) and 35 and 7 months (P<<0.001), respectively.

USP22, and BMI1 form a polyprotein complex that acts on
its target homoeotic (Hox) gene cluster. The Hox genes play
decisive roles in determining the directional differentiation
and proliferation of cells and the regulation of the devel-
opment of tissues and organs. The USP22-BMI1 protein
complex modifies chromosomes to maintain the silencing
of Hox genes, thereby increasing tumor resistance. At pres-
ent, in addition to this study, there is no literature about a
USP22-specific role in multiresistant reports. In prophase
research work, in both mRNA and protein levels, relative
USP22-expression level was significantly higher than in the
human liver tissue adjacent to carcinoma and normal liver tis-
sues, and the relative expression level in the human liver cell
line USP22 was significantly higher than the normal liver
cell line. Through this research, we found downregulation of
USP22 expression mitigated 5-FU resistance and increased
the sensitivity of HCC to chemotherapy drugs. These results
indicate that high expression of USP22 may be involved in

the development of tumors, with multiresistance playing an
important role, and may be used as an independent molecular
marker to predict the prognosis of patients with primary liver
cancer and to overcome liver cancer chemotherapy resistance
to prolong survival. However, the specific mechanism is still
unclear. We speculate that USP22 as a specific ubiquitin
proteasome can fully identify specificity in the core group
protein H2A, H2B single ubiquitin-binding sites, and hydro-
lysis of the ubiquitin, and in the core protein ubiquitin will
not cause group-protein degradation, but can directly affect
the stability of the DNA double helix, which stimulates the
replication of DNA transcription. USP22 was found to have
close cooperative relations with the MYC oncogene, and
key to the Myc protein playing a biological role. In cases of
high expression, USP22 can be enhanced in the process of
transcription of key MYC target-gene transcription-mediated
tumor progression. USP22 is required for Myc function, and
BMI1 was originally discovered as an oncogene capable of
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Figure 7 Kaplan—Meier survival analysis of USP22 and BMI| expression in TACE-treatment patients.

Notes: Higher expression of USP22 and BMI| was closely correlated with poor recurrence-free survival (A) and overall survival (B) in the testing set. Overall, patients with
higher USP22 and BMII expression also showed inferior recurrence-free survival and overall survival.

Abbreviation: TACE, transcatheter arterial chemoembolization.
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Figure 8 Silencing of USP22 by siRNA decreased BMII expression in the 5-FU-
resistant HCC cell line Bel/Fu.

Note: USP22 siRNA silenced the expression of USP22 effectively after siRNA was
transfected into Bel/Fu cells and decreased the expression of BMII, while EZH2
protein expression quantity did not change.

Abbreviations: siRNA, small interfering RNA; 5-FU, fluorouracil; HCC,
hepatocellular carcinoma.

cooperating with Myc during transformation. BMI1 is one
of the core members of the PcG family. Cancer stem cells
are not only the source of malignant tumor cells with value
added but are also the root of tumor chemotherapy resistance
and relapse. Research proves that the development of drug
resistance and tumor stem cell (cancer stem cells) closely
related to the biological characteristics of cancer stem cells
and identification of various tumors in the microenviron-
ment are necessary to sustain its characteristic biological
process and essential for the treatment of tumor recurrence.
BMI1 is the key to regulate stem cell self-renewal and value-
added activity factors. As a member of the family of PcG
transcription-inhibitory factors, BMI1 can cause histone H2A

siUSP22 5-Fu siUSP22

+5-Fu

Control

® 8 en
D ade
g

Figure 9 Formation of subcutaneous xenografts in nude mice.

Notes: Mean diameters of the subcutaneous xenografts from left to right were
1.5 cm, 1.4 cm, 1.2 cm, and 0.9 cm after the Bel/Fu cells, Bel/Fu cells with stable
expression of USP22 siRNA, Bel/Fu cells treated with 5-FU, and Bel/Fu cells with
stable expression of USP22 siRNA treated with 5-FU were injected into nude mice.
The size of the subcutaneous xenografts was significantly smaller in mice injected
with Bel/Fu cells with stable expression of USP22 siRNA treated with 5-FU than that
observed in mice injected with Bel/Fu cells alone.

Abbreviations: siRNA, small interfering RNA; 5-FU, fluorouracil.

ubiquitin and lead to target-gene silencing. We hypothesized
that BMI may in this way inhibit multiresistant gene expres-
sion. This study is the first to report the relationship among
the expression of USP22, BMI1, and EZH2 in HCC tissue.
No correlation was observed between the expression levels
of EZH2 and USP22; however, more studies are needed to
investigate the relationship between EZH2 and USP22.

Conclusion

In summary, in this study, we detected the expression levels
of USP22, BMI1, and EZH2 in HCC tissue and analyzed
the relationship between these indicators and the related
prognostic significance. We found that USP22, BMI1, and
EZH2 were highly expressed in HCC tissue and that the
levels of expression were positively correlated with tumor
grade and clinical stage. The prognosis of patients with high
coexpression of USP22, BMI1, and EZH2 was poor. For
TACE-treated patients, coexpression of USP22 and BMI1
was associated with poor HCC prognosis and stronger resis-
tance to anticancer drugs. Therefore, coexpression of USP22
and BMI1 may become a new prognostic factor that may help
guide the clinical treatment of patients with HCC.
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