MEDICAL CLINICAL RESEARCH

SCIENCE

* e-ISSN 1643-3750

MON TOR © Med Sci Monit, 2018; 24: 6673-6679

DOI: 10.12659/MSM.909675

e orsoran Expression of B Cell-Specific Moloney Murine
ublished: 201609.22 Leukemia Virus Integration Site 1 (BMI-1)
and WW Domain-Containing Oxidoreductase
(WWOX) in Liver Cancer Tissue and Normal Liver

Tissue
Authors’ Contribution: BCD Jun Yu* 9t Department of Liver Disease, Qingdao No. 6 Peoples’ Hospital, Qingdao,
Study Design A er¢6 Minlan Hu* Shandong, P.R. China
Data Collection B .
Statistical Analysis C ace. Wenmei Chen
Data Interpretation D ACE erong Wen

Manuscript Preparation E
Literature Search F
Funds Collection G

* Jun Yu and Minlan Hu are co-first authors
Corresponding Author: Wenmei Chen, e-mail: wenmeichen57f@163.com
Source of support: Departmental sources

Background: The aim of this study was to compare the expression levels of mRNA of the B cell-specific Moloney murine leu-
kemia virus integration site 1 (BMI-1) and the WW domain-containing oxidoreductase (WWOX) genes and their
protein products in tissues from patients with liver cancer with normal liver tissues from patients without liv-
er cancer.

Material/Methods: The liver cancer group (N=56) included patients with available tissue samples of histologically confirmed liver can-
cer. The control group (N=24) included histologically confirmed normal liver tissue samples. Immunofluorescence
staining and Western blot were used to detect and compare protein expression of Bmi-1 and WWOX in liver
tissues in the liver cancer group and the control group. Reverse transcription-polymerase chain reaction (RT-
PCR) was used to detect and compare mRNA expression of BMI-1 and WWOX in liver tissues in the liver can-
cer group and the control group. Expression levels of the protein and mRNA levels and the clinicopathologi-
cal features including patient prognosis in liver cancer were evaluated statistically using analysis of variance
(ANOVA).

Results: There were significant differences in the expression levels of protein and mRNA of BMI-1 and WWOX between
the liver cancer group and the control group. BMI-1 mRNA and protein expression were significantly increased,
and WWOX mRNA and protein expression were significantly reduced in liver cancer tissue, compared with nor-
mal liver tissue (p<0.05).

Conclusions: In liver cancer tissue compared with normal liver, the expression of BMI-1 and WWOX mRNA and their protein
products were upregulated and down-regulated, respectively.
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Background

The liver is an organ with several important metabolic functions
that include glycogen storage, removal of toxins and oxygen
radicals, and protein synthesis and secretion [1]. Worldwide,
the incidence of liver cancer (hepatocellular carcinoma) is in-
creasing annually, and its recurrence rate is high even after
treatment, and so there remains an urgent need to find ef-
fective methods to treat this form of malignancy [2,3]. The
pathogenesis of liver cancer remains unclear and there is still
a lack of prognostic biomarkers for liver cancer. The develop-
ment of molecular techniques has led to the increasing ap-
plication of molecular techniques to the study of human can-
cers, including liver cancer.

The genes related to liver cancer include oncogenes, tumor
suppressor genes and deoxyribonucleic acid (DNA) mismatch
repair genes [4]. The B cell-specific Moloney murine leukemia
virus insertion site 1 (BMI-1) gene and the WW domain-con-
taining oxidoreductase (WWOX) gene have been recently iden-
tified, which are closely related to the occurrence and develop-
ment of several types of human malignant tumors, but their
roles in liver cancer have not been previously reported [5,6].

Therefore, the aim of this study was to compare the expres-
sion levels of mRNA of the BMI-1 and WWOX genes and their
protein products in tissues from patients with liver cancer
with normal liver tissues from patients without liver cancer.

Material and Methods

Patients in the liver cancer group and the control group

Liver tissue specimens were collected from patients under-
going liver surgery in our hospital, who complete medical re-
cords and clinical data. The liver cancer group (N=56) (32 men
and 24 women) included patients with available tissue sam-
ples of histologically confirmed liver cancer. The control group
(N=24) (14 men and 10 women) included histologically con-
firmed normal liver tissue samples. The mean age of the pa-
tients in the liver cancer group was 57+13 years; the mean
age of the control group was 52+14 years. There were no sta-
tistically significant differences in gender and age between
two groups (p>0.05), and demographic data were comparable.

Reagents used

The following reagents were obtained and used in the study:
bicinchoninic acid (BCA) protein quantification kits (Beyotime,
Shanghai, China), BeyoECL Plus kits (Beyotime, Shanghai,
China), TRIzol Total ribonucleic acid (RNA) extraction kits
(Tiangen, Beijing, China), reverse transcription-polymerase
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chain reaction (RT-PCR) kits (Tiangen, Beijing, China), and an-
ti-B-actin, anti-Bmi-1 and anti-WWOX monoclonal antibod-
ies, secondary antibodies and fluorescent secondary antibod-
ies (CST, Boston, USA).

Light microscopy using routine hematoxylin and eosin
(H&E) staining

Liver tissues from the control group and the liver cancer group
were fixed in 10% formaldehyde, treated with 70% ethanol,
and embedded in paraffin wax to form paraffin blocks. Tissue
sections were cut at 5 ym onto glass slides from the paraffin
blocks using a microtome. The tissue sections were routine-
ly stained histochemically with hematoxylin and eosin (H&E).
The stained tissue sections were reviewed by a pathologist,
to identify normal liver and liver cancer. Tissue sections were
viewed at a magnification of x 200 under light microscopy for
evaluation and photography.

Immunofluorescence staining

Prepared paraffin tissue sections from the control group and
the liver cancer group, were de-waxed in xylene twice for 15
min, dehydrated in graded concentrations of ethanol (5 min
each) and rinsed three times with 0.01 M phosphate buffer
saline (PBS) (pH 7.4) (5 min each). The tissue sections on the
glass slides were placed in a humid box. Non-specific antibody
binding was blocked by incubation with 10% bovine serum al-
bumin (BSA) for 30 min at 37°C. Primary antibodies to Bmi-1
(diluted at 1: 70) and to WWOX (diluted at 1: 100) were add-
ed to the tissue sections and incubated in the humid box for
at 4°C overnight. After rinsing with PBS (pH 7.4) three times
(5 min each), the fluorescence-labeled secondary antibodies
(diluted at 1: 100) were added and incubated in the dark in
the humid box at 37°C for 2 hours. The tissue sections were
mounted in buffered glycerol, viewed under a fluorescence mi-
croscope and photographed.

Reverse transcription-polymerase chain reaction (RT-PCR)

Samples of liver tissues from the control group and the liver
cancer group were transferred into Eppendorf (Ep) tubes con-
taining RNAiso Plus extracting solution for 5 min for complete
cell lysis. Samples were then centrifuged at 12,000x g at 4°C
for 5 min, and the supernatant was collected, 0.2 mL chloro-
form was added and mixed, left for 5 min, followed by cen-
trifugation at 12,000xg at 4°C for 15 min. The supernatant
was aspirated, the same volume of isopropanol was added,
mixed, and left to stand at room temperature for 10 min, and
then centrifuged at 12,000xg and 4°C for 10 min. The super-
natant was carefully discarded, and the precipitate was col-
lected, 1 mL of 75% ethanol was added, mixed and centrifuged
at 12,000xg at 4°C for 5 min. This process was repeated once.
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After washing the RNA precipitate, the liquid was discarded,
and RNase-free water was added. The partial total RNA so-
lution was diluted to 1 pg/pL with RNase-free water. The re-
verse transcription reaction solution was prepared according
to the instructions of PrimeScript® RT reagent kit with genom-
ic DNA (gDNA) eraser kits. Then, the corresponding RNA sam-
ple was added, and complementary DNA (cDNA) was obtained
via reverse transcription and stored at —20°C. Messenger RNA
(mRNA) levels were measured according to the instructions of
the SYBR® Premix Ex Tag™ Il (Tli RNaseH Plus) kits.

BMI-1 primers were 5’-3’ ATGCATCGAACAACGAGAATCAAGATCACT
and 3’-5" TCAACCAGAAGAAGTTGCTGATGACCC.

WWOX primers were 5’-3’ GAGTTCCTGAGCGAGTGGAC and 3'-
5" CCCCAGGAATTCCCTGCTT.

Western blots

Samples of liver tissues from the control group and the liver
cancer group were washed twice with an ice-cold saline solu-
tion. According to the instructions of whole protein extraction
kits, lysis solution was added to the tissues and the mixture
was homogenized for 1 min and centrifuged. Then, the super-
natant was collected, and the protein concentration was deter-
mined using the BCA protein concentration kit. The total pro-
tein extract was mixed with loading buffer at a volume ratio
of 1: 1, heated in boiling water for 5 min and allowed to cool.

A sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) separation gel was prepared according to the mo-
lecular weight of the target protein, followed by heating for
about 1 h. Then, 5% SDS-PAGE spacer gel was prepared and
heated for about 30 mins. Electrophoresis buffer was added,
and the denatured protein samples were loaded onto sample
loading wells according to the protein concentration, so that
the total protein content per well was the same. Electrophoresis
was performed at a constant voltage of 220 V and stopped af-
ter the bromophenol blue reached the bottom of the gel. Then,
the gel was cut based on the molecular weight of the target
protein, the gel strips were placed in transfer buffer, and one
layer of polyvinylidene fluoride (PVDF) membrane and six lay-
ers of filter paper were cut, according to the size of the gel.

The PVDF membrane was immersed in methanol for 10 s, and
then put into the transfer buffer together with the filter pa-
per, and placed into the transfer unit in the sequence of posi-
tive electrode (three layers of filter paper), negative electrode
(the PVDF membrane gel and three layers of filter paper) with
attention given to the alignment. The membrane transfer was
undertaken for 2 h at a constant voltage of 110 V. The PVDF
membranes containing the proteins were blocked with 5% dried
skimmed milk powder on a shaker at room temperature for 2
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h. The blocked membrane was washed with Tween-tris buff-
ered saline (TTBS) for 5 min, incubated with the primary an-
tibodies at 4°C overnight. The membrane was washed three
times in TTBS (10 min/time), incubated with the correspond-
ing secondary antibody on a shaker at room temperature for
3 h, and rinsed three times with TTBS (10 min/time).

A gel imager was preheated for 30 min, and reagent A and re-
agent B in the electrochemical luminescence (ECL) kits were
mixed at the same volume, added dropwise onto the PVDF
membrane in the dark and color development was undertak-
en for 1 min. The filter paper was used to blot excess liquid
around the membrane, and then the membrane was placed
into the gel imager. The dynamic integration mode was applied
to image the results, and image analysis software was used.

Statistical analysis

Experimental data were expressed as the mean + standard
error of the mean (mean +SEM). Statistical analysis was per-
formed using SPSS version 17.0 software. Analysis of variance
(ANOVA) or the t-test was used for data analysis, and a p<0.05
was assumed to indicate a statistically significant difference
between the two groups.

Results

Histopathology of the liver tissue samples in the liver
cancer group and the control group

Liver tissue sections from the control group and the liver can-
cer group were routinely stained with hematoxylin and eosin
(H&E) and were examined by light microscopy. For the liver can-
cer tissues, the histological characteristics were determined. As
shown in Figure 1, hepatocytes in the control group were ar-
ranged regularly and had a uniform size and shape. In compar-
ison with the control group, liver tissue in the cases from the
liver cancer group showed abnormal cell organization, with cells
showing cell atypia, varying size, and an increase in the size of
cell nuclei, with cell mitoses, and inflammatory cell infiltrates in
the liver. The histology was different between the two groups.

Immunofluorescence staining

The immunofluorescence staining results (Figure 2) of liver tis-
sue sections in the control group and the liver cancer group
showed that Bmi-1 protein expression was low or absent in
the control group and increased in the liver cancer group.
WWOX protein expression was high in the control group, but
was low or absent in the liver cancer group, indicating that
Bmi-1 and WWOX proteins may be involved in the develop-
ment of liver cancer.
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Control group Liver cancer group

H&E

Figure 1. Photomicrographs of the liver tissue sections stained with hematoxylin and eosin (H&E) in the control group and the
liver cancer group. Compared with liver tissues in the control group, histology of the liver in the liver cancer group shows
disorganized liver architecture, cell atypia, damaged cell nuclei, and extensive infiltration of inflammatory cells in the liver.
Hematoxylin and eosin (H&E). Magnification x200.

Control group Liver cancer group

Bmi-1

WWOX

Figure 2. Immunofluorescence staining results of liver tissue sections in the control group and the liver cancer group. Bmi-1 protein
expression was low or absent in the control group and increased in the liver cancer group. WWOX protein expression was
high in the control group but was low or absent in the liver cancer group. Magnification x200.
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Figure 3. Reverse transcription-polymerase chain reaction (RT-PCR) for BMI-1 and WWOX mRNAs in the liver cancer group and
the control group. The mRNA expression levels of BMI-1 are low or absent in the control group and increased in the liver
cancer group. The mRNA expression levels of WWOX are high in the control group and decreased in the liver cancer group.

** p<0.05.
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Figure 4. Western blot for Bmi-1 and WWOX protein expression in the liver cancer and control tissues. Protein expression levels of
Bmi-1 were low in the control group and were increased in the liver cancer group. Protein levels of WWOX were increased in
the control group and decreased in the liver cancer group. ** p<0.05.

Reverse transcription-polymerase chain reaction (RT-PCR)
for BMI-1 and WWOX mRNAs in the liver cancer group and
the control group

Reverse transcription-polymerase chain reaction (RT-PCR) for
BMI-1 and WWOX mRNAs showed that mRNA expression of
BMI-1 was very low in the control group and was increased in
the liver cancer group; mRNA expression of WWOX was very
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high in the control group and was decreased in the liver can-
cer group (Figure 3).

Western blot for Bmi-1 and WWOX protein expression in
the liver cancer and control tissues

Liver tissue samples were taken from the control group and the
liver cancer group underwent protein extraction and Western
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blotting. Protein expression levels of Bmi-1 were low in the
control group and were increased in the liver cancer group,
while protein levels of WWOX were high in the control group
and decreased in the liver cancer group (Figure 4).

Discussion

The liver is a major organ that is located in the upper abdo-
men, and because of its important physiological functions,
liver cancer is associated with high morbidity and mortality,
and more effective methods of treatment are urgently need-
ed [7]. The development of liver cancer results from the si-
multaneous or sequential effects of multiple oncogenes and
tumor suppressor genes. Worldwide, the annual incidence of
liver cancer has been increasing and tens of thousands of pa-
tients are newly diagnosed, with increasing numbers of cas-
es occurring in young people [8-10]. Liver cancer is found in
all age groups, regardless of age and sex, but is more com-
mon in middle-aged and elderly men [11,12]. There remains
a need for more effective treatment methods for liver cancer,
even though a large number of studies have been performed
on the diagnosis and treatment of liver cancer [13].

The B cell-specific Moloney murine leukemia virus integration
site 1 (BMI-1) gene encodes the Bmi-1 protein, which is one of
the core members of the PCG family and plays important roles
in the development of embryonic mammalian bones, nerves,
and hematopoiesis [14]. BMI-1 and Bmi-1 have been shown
to be highly expressed in tumor cells, and cancer stem cells,
and the expression levels have previously been shown to be
correlated with tumor occurrence, development, tumor inva-
sion, and prognosis [15-17]. The WW domain-containing oxi-
doreductase (WWOX) gene encodes the WWOX protein and is
a newly discovered tumor suppressor gene. Previous studies
have indicated that BMI-1 and WWOX are able to participate
and play important roles in the occurrence and development
of malignant tumors [18-20]. However, the roles of BMI-1 and
WWOX in liver cancer have not been previously studied, and
their roles and molecular mechanisms in liver cancer require
further validation.
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In the present study, 56 liver cancer tumor tissue samples were
obtained from patients and included in the liver cancer study
group, and were compared with 24 normal liver tissue sam-
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inflammation, and hepatocyte atypia.

Immunofluorescence staining and Western blot showed that ex-
pression of Bmi-1 protein was low or absent in the liver tissue
from the control group and increased in the liver tissue of the
liver cancer group, and WWOX protein was highly expressed
in the liver tissue of the control group, but the expression was
decreased in the liver tissue of the liver cancer group. Reverse
transcription-polymerase chain reaction (RT-PCR) showed low
expression levels of BM/-1 mRNA in the normal liver tissues of
the control group, and high expression levels in the liver tis-
sue of the liver cancer group. RT-PCR showed high expression
levels of WWOX mRNA in the normal liver tissues of the con-
trol group, and low expression levels in the liver tissue of the
liver cancer group. These findings showed that in liver cancer
tissue, compared with normal liver tissue, the expression of
BMI-1 and WWOX mRNA and their protein products were up-
regulated and down-regulated, respectively.

Conclusions

The findings of this study showed that the expression levels
of BMI-1 and WWOX mRNA and their protein products in liver
cancer tissue compared with normal liver tissue showed that
BMI-1 mRNA and Bmi-1 were upregulated in liver cancer and
that WWOX mRNA and WWOX were down-regulated in liver
cancer. These preliminary findings support the need for fur-
ther molecular studies on BMI-1 and WWOX in liver cancer.
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