Research Paper

Expression and Clinical Significance of Micro Ribonucleic Acid-
132 and Sex-Determining Region Y-Box 4 in Colon Cancer

B. YIN AND B. XIA™

Department of Hematology and Oncology, The Fourth Hospital of Changsha, Changsha, Hunan 410013, 'Department of Emergency
Medicine, Second Xiangya Hospital, Central South University, Changsha, Hunan 410006, China

Yin et al.: Expression of Micro Ribonucleic Acid-132 and Sex-Determining Region Y-Box 4 in Colon Cancer

This study aimed to investigate the expression and clinical significance of micro ribonucleic acid-132 and
sex-determining region Y-box 4 gene in colon cancer. Luciferase reporter system was used to validate the
target gene directly regulated by micro ribonucleic acid-132. Transwell invasion assay was used to test
the effect of micro ribonucleic acid-132 on invasiveness of SW620 cells. Micro ribonucleic acid-132 and
sex-determining region Y-box 4 expression levels in cancerous and peri-cancerous tissues were measured
using in situ hybridization and EleVision™ immunohistochemistry staining. Micro ribonucleic acid-
132 downregulated sex-determining region Y-box 4 protein expression and inhibited the invasiveness of
colon cancer cells. In the 72 cancerous tissue samples of colon cancer, micro ribonucleic acid-132 positive
rate was 18.1 % (13/72) and sex-determining region Y-box 4 protein positive rate was 73.6 % (53/72),
both expressions showed significant differences as compared to peri-cancerous tissues (p<0.01). Micro
ribonucleic acid-132 expression was significantly lower in colon cancer tissues with lymph node metastasis
than without lymph node metastasis (p<0.01). Sex-determining region Y-box 4 expression was elevated
along with Dukes stage increase and higher expression was accompanied by more tumor invasion depth
(both p<0.05). Sex-determining region Y-box 4 expression was significantly higher in colon cancer tissues
with lymph node metastasis than without lymph node metastasis (p<0.01). Correlation analysis displayed
significant negative correlation of micro ribonucleic acid-132 expression with sex-determining region
Y-box 4 expression (r=-0.594, p=0.013). Micro ribonucleic acid-132 inhibits invasion and metastasis of
colon cancer cell line SW620 via targeting sex-determining region Y-box 4. Low expression of micro
ribonucleic acid-132 and high expression of sex-determining region Y-box 4 protein could be important
biomarkers for malignant transformation of colonic mucosa and for invasion and metastasis of colon
cancer. Measuring expression levels of both molecules is valuable for predicting invasion and metastasis
of colon cancer.
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Micro Ribonucleic Acid (miRNA or miR) is an
18-25 nucleotides long non-coding RNA, which
can incompletely or completely pair with bases
on the 3’ Untranslated Region (UTR) of target
genes and subsequently inhibit protein translation
to exert a negative regulatory effect on target gene
expressiont'?. miRNAs participate in numerous
cellular responses such as cell differentiation®*,
metabolism®, proliferation, apoptosist®, etc. Previous
studies revealed down-regulation of miR-132 (Homo
sapiens) expressions in tissues or cells of gliomal”®),
Non-Small Cell Lung Cancer (NSCLC)®!%, breast
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cancer!'! and colorectal cancer!’?. Sex-Determining
Region Y (SRY)-Box 4 (SOX4) gene is a common
oncogene, which encodes a protein of around 47 kD,
with a Deoxyribonucleic Acid (DNA) binding domain
at the N-terminal and a transcriptional activator
structure at the C-terminal. The N-terminal of SOX4
protein binds to the minor groove of DNA helix, which
contains the sequence of 5 (A/T)(A/T)CAA(A/T) G-3,
to induce DNA conformational change and thereby
facilitate binding of other transcription factors to
DNAII A meta-analysis revealed SOX4 as one of the
64 human tumor markers that plays an important role
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in tumor initiation and progression!'*l. High expression
of SOX4 was detected in colon cancer tissues, while
downregulation of SOX4 could remarkably inhibit
growth and metastasis of colon cancer!”). However,
the precise underlying mechanism of SOX4-mediated
gene expression regulation remains unknown in colon
cancer. By predictive analysis of the designated gene
of SOX4 using prediction bioinformatics softwares
TargetScanHuman 6.2 and mircoRNA.org, our study
uncovered SOX4 as the potential target gene of miR-
132. The biological activities of miR-132 in colon
cancer cells and the differential expression between
miR-132 and SOX4 in colon cancer tissues were
subsequently explored using luciferase reporter vector,
in situ hybridization and immunohistochemistry
staining. This study aimed to uncover the association
of both molecules with clinicopathological parameters
in colon cancer and thus provide a theoretical basis
TABLE 1:

for further elucidation of the molecular mechanisms
of colon cancer initiation, progression, invasion and
metastasis.

MATERIALS AND METHODS

Materials:

Excised colon cancer specimens from 72 patients,
who had undergone surgery at the General surgery
department of Second Xiangya hospital between 2016
and 2017 (Table 1) and not received chemotherapy or
radiotherapy before surgery, were collected. According
to the World Health Organization (WHO) standard for
histological classification and grading of colon cancer,
31 cases had lymph node metastasis, while 41 cases
did not. Among the 72 patients, 30 were male and 42
were female, with a mean age of 48+11 y. Pathological

ASSOCIATION OF miR-132 AND SOX4 EXPRESSION WITH CLINICOPATHOLOGICAL

PARAMETERS IN COLON CANCER TISSUES (NUMBER, POSITIVE RATE %)

Clinicopathological  Case SOX4 2 miR-132 )

parameters number expression x* value p value expression x*value p value
Gender 0.408 0.523 0.007 0.933
Male 30 25 (83.3) 5(16.7)

Female 42 28 (66.7) 8 (19.0)

Age (years) 0. 076 0.782 0.481 0.694
<50 29 22 (75.9) 4 (13.8)

>50 43 31 (72.1) 9 (20.9)

Gross classification 0. 195 0. 907 0.147 0.923
Protruding type 14 10 (71.4) 2 (14.3)

Ulcerative type 23 16 (69.6) 4 (17.4)

Invasive type 35 27 (77.1) 7 (20.0)

2‘;;‘:2”“3“0“ 2.427 0.297 0.123 0.941
;Iilfgler);ntiated 18 13(72.2) 3(16.7)

g’\i‘;feer;a:gg’te . 25 18 (72.0) 5 (20.0)

e et P 2059 (172

Invasion depth 13.1 0.0003 15.77 <0.0001
serosat. 2 11(50.0) 12 (54.5)

Serosal involvement 50 42 (84.0) 1(2.0)

Lymph node 8.516 0.004 8.305 0.004
Negative 41 22 (53.7) 11 (26.8)

Positive 31 31 (100) 2 (5.2)

Dukes staging 20.51 0.0001 27.09 <0.0001
A stage 12 5 (41.7) 6 (50.0)

B stage 20 14 (70.0) 4 (20.0)

C stage 19 15 (78.9) 2 (10.5)

D stage 21 19 (90.5) 1(4.8)
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diagnosis was confirmed by >2 pathology professors.
Reagents:

SOX4 (ab56780) monoclonal antibody was purchased
from Abcam. Digoxigenin-labelled in sifu hybridization
probe for miR-132 was purchased from Exiqon, while
EleVision™ plus two-step immunohistochemistry
kit and enhanced 3,3’-Diaminobenzidine (DAB)
chromogenic reagent kit were obtained from Beijing
Zhongshan Golden Bridge Biotechnology Co., Ltd.
(Beijing, China).

Cell lines and cell culture:

Human colon cancer cell line (SW620) was purchased
from Shanghai Cell Bank of Chinese Academy of
Sciences and cultured under recommended conditions.

Transient transfection of miR-132:

Cells were cultured at a density of 1x10° cells/well in a
6-well plate until 30 % confluency. Then 5 pl liposome
was mixed with 200 pl serum-free culture media and
kept for 15 min. 100 pmol miR-132 mimics or inhibitor
was diluted in 200 pl serum-free culture media. The
liposome and DNA dilution solutions were then mixed
and kept for 30 min at room temperature.

Cells in the 6-well plate were sequentially rinsed with
Hanks buffer and serum-free culture media, followed
by addition of the liposome-DNA mixture and 1600 pl
serum-free culture media. The plate was incubated for 6
hin a 37° Carbon dioxide (CO,) incubator. The culture
supernatant was then discarded and complete culture
medium was added to cells for overnight culture.

Validation of SOX4 as the target gene:

Target genes regulated by miR-132 were predicted
with online software TargetScan 5.2. SOX4 3° UTR
sequences (synthesized by Invitrogen) with miR-132
binding sites were chosen for constructing a luciferase
reporter vector (upstream primer: 5’-AGCTT- AT
GTTGCCAAATTCAATGTAGAAAGAATGT
GACAA-CACACCTTGGGTAGTTCTGA-3’;
downstream primer: 5’-AGC-
TTCAGAACTACCCAAGGTGTGTTGTCACAT
TCTTTC-TACATTGAATTTGGCAACATA-3").
SOX4 3° UTR mutated sequences without miR-
132  binding site (synthesized by Invitrogen)
were designed for constructing another luciferase
reporter  vector  (upstream  primer: 5’-AGC-
TTATGTTGCCAAATTCAATGTAGAAAGGA
CAACAC-ACCTTGGGTAGTTCTGA-3";
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downstream primer: 5’-AGCT-
TCAGAACTACCCAAGGTGTGTTGTCCTTTC
TACATT-GAATTTGGCAACATA-3"). miR-132
mimics and pmiR-Report/SOX4 UTR vector were co-
transfected into SW620 cells, followed by luciferase
activity measurement. SW620 cells were transfected
with miR-132 mimics or the negative control, followed
by extraction of cellular proteins for measurement of
SOX4 protein levels by Western blotting.

Transwell invasion assay:

Matrigel was diluted in pre-chilled serum-free Roswell
Park Memorial Institute (RPMI) 1640 culture media
prior to coating the upper chamber, which had 8 um
polycarbonate filter on the bottom. 100 pl transfected
SW620 cells (5%105/ml) in serum-free culture media
were then seeded on the upper chamber, while the lower
chamber was filled with 600 ul of 10 % serum RPMI
1640 culture media. The system was incubated for 24
hat 37° in a 5 % CO, incubator. The upper chamber
was then removed and fixed in 4 % formaldehyde,
followed by crystal violet staining. The chamber was
inverted, observed and photographed under an optical
microscope. Four low magnification fields (10x) were
chosen for cell counting and mean cell number was
calculated. The experiment was repeated three times.

miR-132 expression in cancerous and peri-cancerous
tissues of colon cancer detected by in sifu hybridization:

The slides were dewaxed and hydrated, followed by
soaking in 3 % Hydrogen peroxide (H,0,) for 10 min at
room temperature and rinsing with enzyme-free water
three times, prior to 3 % pepsin digestion for 15-20 min
at room temperature and three rinses with Phosphate
Buffered Saline (PBS) for 5 min and one rinse with
enzyme-free water. The slides were then soaked in 1
% paraformaldehyde for 10 min at room temperature,
followed by three rinses with enzyme-free water.
The appropriate volume of prehybridization solution
was added to the slides and incubated for 4 h at 55°,
followed by addition of miR-132 probe according to
the instruction, mixing and incubation overnight at 55°.
The slides were rinsed twice with 37° Saline Sodium
Citrate (SSC) buffer for 5 min each time, followed by
sequential rinsing with 0.5xSSC and 0.2xSSC, 15 min
each time. Blocking solution was then added to the
slide and incubated for 30 min at room temperature,
followed by addition of biotinylated mouse anti-
digoxin, incubation for 2 h at room temperature, rinsing
with PBS four times, and 5 min each time, prior to color
development with DAB reagents. The slides were re-
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stained with hematoxylin, washed and mounted with
neutral gum.

SOX4 expression in cancerous and peri-
cancerous tissues of colon cancer detected by
immunohistochemistry staining:

Slides were dewaxed and hydrated prior to staining
according to the instruction of EleVision™ plus two-
step kit.

Statistical analysis:

Statistical analysis was conducted using Statistical
Package for the Social Sciences (SPSS) 19.0
software. Measurement data were analyzed by t-test,
enumeration data by y* test and correction by Fisher
exact probability method. Spearman rank correlation
analysis was performed, p<0.05 was defined as
statistical significance.

RESULTS AND DISCUSSION

SOX4 was found to be one of the target genes regulated
by miR-132 via prediction using online software, http://
www.targetscan.org/ (fig.1A). SOX4 3’ UTR (wild type
and mutant) luciferase reporter vectors were constructed
and respectively co-transfected into colon cancer cell
line, SW620, along with miR-132 mimics. Subsequent
luciferase activity measurement revealed that miR-132
inhibited the luciferase activity of wild type SOX4 3’
UTR, without influencing the mutant SOX4 3° UTR
(fig. 1B) expression, while miR-132 inhibitor promoted
SOX4 protein expression (fig. 1C and fig. 1D). These
data indicated that SOX4 is the direct target gene of
miR-132.

Effect of miR-132 on invasiveness of colon cancer
cells measured by transwell invasion assay is explained
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clearly. In order to further probe the effect of miR-132
on colon cancer cell phenotype, SW620 cells were
transfected with miR-132 mimics or inhibitor and cell
invasiveness was measured 48 h post-transfection by
transwell assay. As compared to the control group,
transfection of miR-132 mimics led to an evident
reduction in cells penetrating out of the upper chamber,
whereas miR-132 inhibitor transfection caused an
evident increase in cells penetrating out of the upper
chamber (p<0.05 for both, fig. 2).

The hybridization data revealed that out of the 72
cancerous tissue samples, 13 showed positive miR-132
expression, with the positive rate of 18.1 %. Out of the 72
peri-cancerous tissue samples, 68 showed positive miR-
132 expression, with the positive rate of 94.4 %, with a
significant difference between the two types of tissues
(p<0.01,Table 1 and fig. 3). Immunohistochemistry
staining showed that out of 72 cancerous tissue samples,
53 had positive SOX4 expression, with the positive rate
of 73.6 %. Out of 72 peri-cancerous tissue samples, 11
had positive SOX4 expression, with the positive rate of
15.3 %, with a significant difference between the two
types of tissues (p<0.01, Table 1 and fig. 4).

No significant association of miR-132 and SOX4
protein expressions with patient’s gender, age, tumor
gross classification, or tumor differentiation degree
was detected (p>0.05), miR-132 expression was
significantly reduced along with Dukes stage increase
(p<0.05). MiR-132 expression was significantly lower
in colon cancer tissues with lymph node metastasis than
without lymph node metastasis (p<0.01). In contrast,
SOX4 expression was elevated along with Dukes
stage increase and higher expression was accompanied
by more tumor invasion depth (both p<0.05). SOX4
expression was significantly higher in colon cancer
tissues with lymph node metastasis than without lymph

Relative luciferase activity
e = 2 o4

Fig. 1: SOX4 is the direct target of miR-132. (A) Binding sites for miR-132 and SOX4 3° UTRs; (B) Activity of Luciferase was affect-
ed by miR-132 mimics and SOX4 construct vector, (lll) Negative control and ( ) miR-132 mimics; (C) Western blotting was
performed to determine the expression level of SOX4 protein in SW620 cells with negative control, miR-132 inhibitor and miR-132
mimics, respectively and (D) Levels of SOX4 protein were appreciated by semi-quantification method in SW620 cells with negative
control, miR-132 inhibitor and miR-132 mimics, respectively. Data were expressed as mean+Standard Deviation (SD) (n=3)
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Fig. 2: Effect of miR-132 on invasiveness of colon cancer cell line SW620 measured by transwell invasion assay, (A) Negative con-
trol; (B) miR-132 mimics; (C) miR-132 inhibitor and (D) Histogram was used to compare the number of invasion cells in the three
groups, Data are expressed as the mean+Standard Error of the Mean (SEM) of three independent transfections

Fig. 3: miR-132 expression in cancerous and peri-cancerous tissues of colon cancer detected by in situ hybridization (high magnifi-
cation of in situ hybridization) (100x), (A) Peri-cancerous tissue of colon cancer and (B) Cancerous tissue of colon cancer

Fig. 4: SOX4 protein expression in cancerous and peri-cancerous tissues of colon cancer detected by immunohistochemical staining (high
magnification of EleVision™ method) (100x), (A) Peri-cancerous tissue of colon cancer and (B) Cancerous tissue of colon cancer
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node metastasis (p<0.01, Table 1).

Spearman rank correlation analysis displayed significant
negative correlation of miR-132 expression with SOX4
expression in colon cancer tissues (r=-0.594, p=0.013),
whereby increase in miR-132 expression led to decrease
in SOX4 expression (Table 2).

TABLE 2: ASSOCIATION OF miR-132 EXPRESSION

WITH SOX4 PROTEIN EXPRESSION IN COLON
CANCER TISSUES

SOX4 - miR-132 Total
+ 10 43 53
3 16 19
Total 13 59 72
Colon cancer is a common gastrointestinal

neoplasm. With changes in lifestyle and dietary
composition, the incidence of colon cancer is steadily
increasing, especially in large and medium cities. An
epidemiological survey revealed that morbidity and
mortality of colon cancer in China was 1 720 000 and
990 000, respectively, in 2005. The key for cure and
prevention of colon cancer lies in the identification of
its etiology and pathogenesis!'®!.

As important post-transcriptional regulatory factors,
miRNAs are widely involved in tumor initiation and
development. Dysregulation of miRNA expression
has been detected in various tumors and some miRNA
families have similar functions to oncogenes or tumor
suppressor genes!'”"l,. miRNAs exhibit specific
expression patterns in malignant neoplasms and their
expressions change along with clinicopathological
progression, thus enabling comprehensive tumor
diagnosis and precise tracking of tumor changes?”.
Down-regulation of miR-132 expression was detected
in tissues of multiple tumors'%. SOX4 was found to
be a target gene regulated by miR-132 via prediction
using online software, http://www.targetscan.org/ and
expression of SOX4 gene, located on chromosome
6p22.3, was overexpressed in many types of human
cancers, including leukemias®?!l, glioblastomas®! and
cancers of the liver?, lung®, urinary bladder® and
prostate?®l. High miR-132 expression could specifically
inhibit SOX4 expression and is thus involved in tumor
initiation and development.

In order to examine changes in miR-132 and SOX4
expressions in colon cancer and explore their
association, luciferase reporter vector and Western
blotting were used in this study to identify whether
miR-132 specifically inhibited SOX4 expression in
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colon cancer cell line SW620 and miR-132 inhibited
the invasiveness of colon cancer cells. Moreover, in
situ hybridization and immunohistochemistry staining
detected 18.1 % miR-132 positive rate in cancerous
tissues of 72 colon cancer cases and 73.6 % SOX4
protein positive rate, with statistical difference as
compared to control peri-cancerous tissues. Correlation
analysis revealed significant negative correlation of
miR-132 expression with SOX4 expression. miR-132
expression was decreased along with clinicopathological
progression and increasing depth of invasion. miR-
132 expression was significantly lower in tissues
of patients with lymph node metastasis than those
without lymph node metastasis. SOX4 expression was
upregulated along with clinicopathological progression
and increasing depth of invasion. SOX4 expression
was significantly higher in tissues of patients with
lymph node metastasis than those without lymph node
metastasis. These data indicated that low expression of
miR-132 and high expression of SOX4 in cancerous
tissues of colon cancer could be important biomarkers
for malignant transformation of colonic mucosa, and
invasion and metastasis of colon cancer. Detection of
miR-132 and SOX4 expression levels could help to
develop personalized therapeutic strategy by clinicians
and also facilitate early diagnosis of colon cancer in
patients without conspicuous symptoms. This would
enable early discovery and treatment, and does not miss
the optimal treatment timing.

In summary, identification of novel susceptible genes
or miRNA of colon cancer, followed by exploration
of their functions, in order to identify key genes
involved in colon cancer initiation and development,
or specific molecular markers that reflect the processes
of carcinogenesis and progression was accomplished in
this study. Thus, genetically susceptible factors of colon
cancer could be defined and the molecular mechanism
of pathogenesis could be delineated. These findings
are of great significance in the diagnosis and prognosis
prediction for colon cancer, as well as in novel anti-
tumor research and discovery.
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