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Investigation of the association between miR-181b,
Bcl-2 and LRIG1 in oral verrucous carcinoma
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Abstract. Abnormal expression of microRNAs (miRNAS) is
involved in the development of and anti-apoptotic effects in
various types of human cancer. However, miRNA-mediated
regulation of oral verrucous carcinoma (OVC) remains to be
elucidated. The present study aimed to investigate the expression
of miR-181b in OVC and oral squamous cell carcinoma (OSCC).
The expression levels of miR-181b were determined using
reverse transcription-quantitative polymerase chain reaction.
The expression levels of B-cell lymphoma 2 (Bcl-2) and leucine
rich repeats and immunoglobulin like domains 1 (LRIG1), were
evaluated using immunohistochemical staining. The correlation
between Bcl-2 and LRIGI expression was determined using a
Pearson correlation analysis. The expression levels of miR-181b
and Bcl-2 in OVC were significantly higher compared with
normal mucosal tissue (NM); however, lower compared with
the OSCC. The key target of miR-181b was LRIGI and it was
significantly lower in OVC tissues compared with NM tissue;
however this was higher when compared with OSCC tissue. The
expression levels of Bcl-2 were correlated with expression levels
of LRIGI in OVC tissues. Therefore, LRIGI may be associated
with anti-apoptotic function in OVC tissues.

Introduction
Verrucous carcinoma was first reported in 1948 as a

non-metastatic variant of squamous cell carcinoma and its
unique biological behavior has attracted increasing research
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attention (1,2). This tumor is frequently prevalent in the oral
cavity; however, it may also occur in the throat, esophagus,
nasal and paranasal sinuses, external genital organs and on
the skin (3,4). Oral verrucous carcinoma (OVC) prolifer-
ates slowly, with a high degree of differentiation and male
smokers >60 years of age are the most commonly affected
group (5). The present treatment options include surgery,
chemotherapy, and radiotherapy or combination therapy.
Although the disease has a good prognosis, the rate of recur-
rence is high (6). The primary etiologic factors for this tumor
have been reported to be tobacco and betel nut chewing, and
infection with the human papilloma virus (7). The genes
encoding vascular endothelial growth factor, E-cadherin and
murine double minute 2 are also important in the development
of OVC (8-11); however, the molecular mechanism underlying
their involvement in its pathogenesis remains to be elucidated.

A microRNA (miRNA) is an endogenous small non-coding
RNA of ~22 nucleotides in length, which negatively regu-
lates target genes during translation (12). It is estimated that
one-third of all miRNAs are involved in the regulation of
cellular proliferation, apoptosis, DNA repair and various other
physiological processes (13). Abnormal miRNA expression
has been identified in various types of cancer, including breast,
lung, liver, and head and neck cancer (14). Overexpression of
miR-181b, a member of the miR-181s family, in tumor cells
enhanced the growth and invasive capabilities of the tumor
and was able to inhibit the apoptosis of these tumor cells. Thus,
this has led to the identification of miR-181b as an oncogene in
gastric cancer, liver cancer and oral squamous cell carcinoma
(OSCC) (15-17). In addition, it has been reported that miR-181
is important for the malignant transformation of oral prema-
lignant lesions (17,18). It is of note, that there is evidence to the
contrary, suggesting that miR-181 promotes the apoptosis of
tumor cells via the downregulation of Bcl-2 expression levels,
which has been has an anti-apoptotic function in various types
of cancer (19,20). The importance and expression level of
miR-181b in OVC requires further investigation.

B-cell lymphoma 2 (Bcl-2) is an important regulator
of apoptosis by blocking the release of cytochrome ¢ and
inhibiting the caspases (21). Overexpression of Bcl-2 has been
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demonstrated in numerous types of cancer. The leucine-rich
repeats and immunoglobulin-like domains 1 (LRIG1) protein
may act as a master molecule, that regulates stem cells in
various cancers and is able to inhibit the growth of different
types of cancer. The mechanism underlying its inhibition of
proliferation has been reported to involve the downregulation
of Bcl-2 expression levels (22,23). LRIGI is also a target of
miR-181b. Previous studies have determined that miR-181s
is important for the apoptotic process of tumor cells (16).
However, this claim is debatable and the exact molecular
mechanism remains to be elucidated.

The present study investigated the expression of miR-181b
and LRIGI in OVC, OSCC para-tumor and normal mucosal
tissues. It was determined that decreased expression levels
of LRIGI and increased expression levels of miR-181b were
present in OVC. In addition, it was observed that expression
levels of Bcl-2 were negatively correlated with the expression
of LRIGI in OVC.

Materials and methods

Tissue specimens. The study was approved by the ethics
committee of Central South University (Changsha, China).
A total of 30 samples were obtained from patients between
June 2009 to January 2013, all underwent surgery in the Oral
and Maxillofacial Surgery department at the Xiangya Hospital
of Central South University (Changsha, China). The tumor
samples and their corresponding adjacent tissues were obtained
from 6 patients with exogenous OVC (a tumor the occurs on
the surface of the oromaxillo-facial region) and 6 patients
with well-differentiated OSCC. Normal tissues were obtained
from 6 patients with maxillofacial trauma. The diagnosis was
conducted by two independent pathologists. The patients did not
receive preoperative medication and all were informed of the
preoperative surgical planning and purpose of the experiment.
Informed consent for the present study was obtained from each
participant. In the OVC group, there were 4 males and 2 females
with a mean age of 51+12.8 years, in the OSCC group, there
were 5 males and 1 female with mean age of 48+14.6 years, in
the NM group, there were 4 males and 2 females with mean age
of 31+9.4 years. All tissue samples were immediately frozen in
liquid nitrogen and stored at -80°C until used.

A total of 105 paraffin-embedded samples dating between
1996 and 2014 were obtained from archival specimens in the
Department of Pathology, Xiangya Hospital, Central South
University for immunohistochemistry (IHC), this included
15 OVC and 30 well-differentiated OSCC samples (including
tumor samples and adjacent para-tumor tissues) and 15 normal
oral mucosa samples. In the OVC group, there were 11 males
and 4 females with a mean age of 54+11.3 years, in the OSCC
group, there were 26 males and 4 females with a mean age
of 57+£9.3 years, in the NM group, there were 6 males and
9 females with a mean age of 35+13.3 years.

Total RNA extraction and reverse transcription (RT). Total
RNA was extracted from patient and control tissues using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) following the manufacturer's protocol.
The concentration and quality of the RNA was determined
using a Nanodrop 2000 spectrophotometer. First-strand cDNA
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Relative miR181b expression
(miR181b/U6)

Figure 1. Expression of miR-181b in human NM, OVC and OSCC tissues.
miR-181b expression in OVC and OSCC tissue samples was evaluated using
reverse transcription-polymerase chain reaction and normalized using the
expression level of U6. "P<0.05, OVC vs. NM; “P<0.01, OSCC vs. NM,
para-OSCC vs. NM; “P<0.05, OVC vs. OSCC. miR, microRNA; NM, normal
oral mucosa; OVC, oral verrucous carcinoma; para-OVC, para-tumor tis-
sues of oral verrucous carcinoma; OSCC, oral squamous cell carcinoma;
Para-OSCC, para-tumor tissues of oral squamous cell carcinoma.

was synthesized using 2 ug of total RNA and M-MLYV reverse
transcriptase (Promega Corporation, Madison, WI, USA).
A DNase step was performed using DNase I (Invitrogen;
Thermo Fisher Scientific, Inc.) Specific Bulge-Loop miRNA
gPCR primers were obtained from RiboBio Co., Ltd. (Guang-
zhou, China).

Quantitative polymerase chain reaction (qPCR). The expres-
sion levels of miR-181b and the internal reference gene U6 were
determined using SYBR Premix Ex Taq II (Takara Biotech-
nology Co., Ltd., Dalian, China) on a TP800 thermocycler. The
total reaction volume was 20 gl and was composed of 10 pl
SYBR Master Mixture, 0.5 pl forward primer, 0.5 ul reverse
primer, 1 ul cDNA and 8 ul ddH,0. The conditions for the reac-
tion were: 95°C for 10 min, 95°C for 15 s, 55°C for 30 s, 70°C
for 30 sec, 40 cycles from step 2. The fluorescence signal was
detected at 70°C. The relative quantity of gene expression was
calculated using the 224% formula (24). The following primers
were used for PCR: miR-181b, forward 5-CTTGGTACCGAG
CTCTCCTAGAGCTCTGTTCGCCT-3, reverse 5-TGCTGG
ATATCTGCACGAACATTCACATGAGGGCG-3'; and U6,
forward 5'- CTCGCTTCGGCAGCACA-3', reverse 5'-AAC
GCTTCACGAATTTGCGT-3.

IHC staining. Slices of ~4 ym were cut and dried at 60°C for
2.5 h, then dewaxed and hydrated in accordance with routine
procedures. The slices were boiled in 0.01 M citric acid buffer
solution (pH 6.0) for 90 sec at high pressure. Droplets of 3%
hydrogen peroxide were placed on the slice and left standing
at 37°C temperature for 20 min to remove endogenous peroxi-
dase. The tissues were then blocked for non-specific binding
with 10% normal goat serum (OriGene Technologies, Inc.,
Beijing, China) for 1 h at 37°C. Incubation with primary
antibodies was performed overnight at 4°C, the antibodies used
were as follows: Monoclonal mouse anti-Bcl-2 (1:200, Cell
Signaling Technology, Danvers, MA, USA; cat. no. 15071S),
polyclonal rabbit anti-LRIG1 (1:150; Abcam, Cambridge, UK;
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Figure 2. IHC staining of Bcl-2 in human (A) NM, (B) OVC and (C) OSCC. (D) Semi-quantitative analysis of histoscore of Bcl-2 expression in human NM,
OVC and OSCC tissues. Bcl-2 expression was absent in NM tissues; however, it was expressed predominantly in the cytoplasm of OVC and OSCC cells. In
NM, OVC and OSCC, the expression of Bcl-2 intensity increased. “P<0.05, OVC vs. NM; “P<0.01, OSCC vs. NM; “P<0.05, para-OVC vs. OVC, para-OSCC
vs. OSCC, OVC vs. OSCC. Magnification, x400. NM, normal oral mucosa; OVC, oral verrucous carcinoma; para-OVC, para-tumor tissues of oral verrucous
carcinoma; OSCC, oral squamous cell carcinoma; Para-OSCC, para-tumor tissues of oral squamous cell carcinoma; Bcl-2, B-cell lymphoma 2; IHC, immu-

nohistochemistry.

cat. no. ab36707). Subsequently, a secondary biotinylated IgG
antibody solution (cat. no. KIT-9710; Fuzhou Maixin Biotech
Co., Ltd., Fuzhou, China) and an avidin-biotin-peroxidase
reagent (OriGene Technologies, Inc.) were used to incubate the
slices. The color was developed with 3,3'-diaminobenzidine
and counterstained with hematoxylin. The slices were washed
with phosphate-buffered saline (PBS). An incubation with
PBS instead of the antibody was used for the negative control.

Staining evaluation. Each slice was scanned using an Aperio
ScanScope CS scanner (Leica Microsystems, Inc., Buffalo
Grove, IL, USA) with background subtraction. Aperio
Quantification software version 9.1 (Leica Microsystems,
Inc.) was used to quantify nuclear, membrane, or total
expression levels (25). Epithelial and cancerous areas were
selected for quantification. The expression scores (3+, 2+ and
1+ indicated strong, medium and weak positive staining,
respectively) of nuclear and membrane staining were calcu-
lated as a percentage of the positive cells using the following
formula: (3+)x3+(2+)x2+(1+)x1. The expression scores of
total quantification was scored as total intensity or total cell
number (26). The standard controls were provided by Aperio
to set the threshold for scanning of the positive cells (26-28).

Statistical analysis. Data were analyzed using the GraphPad
Prism software, version 5.0 (GraphPad Software, Inc.,
La Jolla, CA, USA). The difference in the immunostaining
between groups was determined using one-way analysis of

variance followed by Tukey's or Bonferroni post-hoc tests for
multiple comparisons. The correlation between the expression
levels of LRIG1 and Bcl-2 was determined using two-tailed
Pearson's correlation, subsequent to confirmation that the data
had a Gaussian distribution. All data were expressed as the
mean =+ standard error and P<0.05 was considered to indicate
a statistically significant difference.

Results

miR-181b is overexpressed in OVC tissue. The expression level
of miR-181bwasevaluated using qRT-PCR and was significantly
greater in tissue samples from patients with OVC (P<0.05) and
OSCC (P<0.01) when compared with the NM tissues (Fig. 1).
However, expression levels of miR-181b in OVC samples were
significantly reduced when compared with OSCC samples
(P<0.05). No significant difference was identified between
the expression levels of miR-181b in the adjacent para-tumor
OVC (para-OVC) and para-tumor OSCC (para-OSCC) tissue
samples (Fig. 1; P>0.05); however, it was lower in comparison
with to the tumor tissue samples. In addition, miR-181b expres-
sion levels were significantly greater in para-OSCC tissues
when compared with NM (P<0.01). These findings indicated
that the aberrant expression of miR-181b may be important for
the initiation of OVC and its malignant progression.

Bcl-2 is upregulated in OVC tissue. miR-181b has been
demonstrated to be important for the apoptosis of tumor cells



2994

DENG et al: ASSOCIATION BETWEEN miR-181b, Bcl-2 AND LRIGI IN OVC TISSUES

D _ 300+
o
o
|
S 200 o
G
3
= *
§ 100 o #
[15]
s *k
] H##
0-
> O O o O
& o FF
QD & o
Q? &
Q

Figure 3. IHC staining of LRIG1 in human (A) NM, (B) OVC and (C) OSCC tissues. Representative IHC staining determined that LRIG1 was primarily located
in the cell membrane and the cytoplasm of the tissues. Magnification, x400. (D) Semi-quantitative analysis of histoscore of LRIG1 expression in human NM,
OVC and OSCC tissues. In NM, OVC and OSCC, the expression of LRIG1 intensity was decreased. "P<0.05, OVC vs. NM; “P<0.01, OSCC vs. NM; “P<0.05,
para-OVC vs. OVC; "P<0.01, para-OSCC vs. OSCC, OVC vs. OSCC. NM, normal oral mucosa; OVC, oral verrucous carcinoma; para-OVC, para-tumor
tissues of oral verrucous carcinoma; OSCC, oral squamous cell carcinoma; para-OSCC, para-tumor tissues of oral squamous cell carcinoma; LRIG1, leucine

rich repeats and immunoglobulin like domains 1.

and Bcl-2 is an established target of miR-181b (15). There-
fore, Bcl-2 expression was also subsequently examined by
[HC staining (Fig. 2) in order to determine whether miR-181b
targeted Bcl-2, which is an important anti-apoptotic
protein (29). IHC analysis indicated that the expression
level of Bcl-2 in NM tissues was significantly reduced
when compared with OVC (P<0.05; Fig. 2D) and OSCC
(P<0.01; Fig. 2D) tissues. In addition, Bcl-2 protein levels
in OVC and OSCC tissues were significantly higher when
compared with their corresponding adjacent para-tumor
tissues (para-OVC vs. OVC, P<0.05 and para-OSCC vs.
OSCC, P<0.05; Fig 2D). Bcl-2 expression levels in OVC
tissue samples were significantly higher compared with NM
tissues (P<0.05; Fig. 2D). However, they were significantly
lower when OSCC tissue samples were compared with OVC
tissues (P<0.05; Fig. 2D).

Downregulation of LRIGI expression in OVC tissue. The
expression levels of LRIG1 in OVC and OSCC were inves-
tigated by staining the mucosa, including OVC and OSCC
tissue samples with an antibody targeting LRIGI1 (Fig. 3). The
expression was quantified by scoring the intensity of staining
and the results demonstrated that the expression of LRIG1
in NM tissues was significantly greater when compared
with OVC (P<0.05; Fig. 3D) and OSCC (P<0.01; Fig. 3D)
tissue samples. In addition, the expression levels of LRIGI in
para-OVC and para-OSCC samples were significantly higher
compared with the tumor tissues (para-OVC vs. OVC, P<0.05
and para-OSCC vs. OSCC, P<0.01; Fig. 3D). These results
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Figure 4. Correlation between LRIG1 and Bcl-2 in human NM, OVC and
OSCC tissues. LRIG1 was negatively correlated with Bcl-2 expression in
NM, OVC and OSCC tissues. LRIGI, leucine rich repeats and immuno-
globulin like domains 1; Blc-2, B-cell lymphoma 2.

support the hypothesis that LRIG1 may act as a potential
tumor suppressor gene in OVC and OSCC tissues.

Correlation of LRIGI and Bcl-2 expression in NM, OVC and
OSCC tissues. The association between Bcl-2 and LRIG1
expression was determined using a two-tailed Pearson's
correlation. The results indicated that LRIG1 expression was
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negatively correlated with Bcl-2 expression in NM, OVC and
OSCC tissue samples (Fig. 4; r=-0.8752; P<0.001).

Discussion

The first miRNA was characterized in Caenorhabditis elegans
and reported in 1993, subsequently thousands of miRNAs
have been identified (30). miRNAs regulate the expression
of their target mRNAs via complementarily binding within
the 3'-untranslated region of the target mRNA. This binding
results in the degradation of the mRNA under conditions of
perfect complementarity, or the inhibition of translation under
conditions of partial complementarity (31). Abnormal miRNA
expression of has been indicated in numerous types of cancer,
including glioma, gastric, liver, prostate, head and neck cancer
and OSCC. In terms of their function in cancer pathology
miRNAs may be divided into two types, a number act as
tumor promoters and others as tumor suppressors; however,
both are involved in regulation of tumor cell proliferation,
invasion and apoptosis (32). The miR-181s family members
include miR-181a, miR-181b, miR-181c and miR-181d (33),
their abnormal expression has been reported in various tumors.
Upregulation of miR-181b may promote tumor cell invasion
and metastasis in breast cancer (34). In hepatocellular carci-
noma, the upregulation of miR-181b expression levels has been
indicated to enhance the invasion, metastasis and strengthen
the resistance to antitumor therapeutic agents (15).

The expression of miR-181b in OSCC tissues was higher and
correlated with tumor lymph node metastasis and invasiveness
in a previous study by Yang et al (20), indicating that miR-181b
may have oncogenic potential (20). In the present study,
miR-181b was upregulated in OVC, consistent with the previous
finding in OSCC (20). However, no significant difference was
identified in the expression level of miR-181b in tumor tissues
compared with samples from adjacent tissues. This may be due
to the exposure of the neighboring cells to same microenvi-
ronment and may indicate the importance of miR-181b in the
progression of malignancy. The expression levels of miR-181b
in OVC tissue were significantly lower compared with OSCC
tissue. The expression levels of miR-181b in tumor-adjacent
OSCC tissue samples were significantly different compared
with NM tissue. These results suggest that miR-181b expres-
sion may be associated with the degree of malignancy, which
is in agreement with previous studies in oral leukoplakia and
dysplastic lesions (17,18), as OVC is regarded as a low-grade
malignant tumor, which is less prone to invasion and metastasis
and has a better prognosis, in comparison with OSCC.

Bcl-2 has been identified as a target of miR-181b. In addi-
tion, it has been observed that the downregulation of miR-181b
was inversely correlated with an increase in the protein levels
of BCL2 family apoptosis regulator (MCLI1) and Bcl-2, which
are target genes in chronic lymphocytic leukemia (35). In astro-
cytes, miR-181 affects the cellular apoptosis and mitochondrial
function by targeting multiple Bcl-2 family members, including
BCL2 like 11, MCLI and Bcl-2 (36,37). It has been reported
that miR-181b acts as a tumor suppressor gene in gliomas and
that its downregulation may lead to tumor growth, inhibit tumor
cell invasion and promote apoptosis (38). However, a previous
study demonstrated that the overexpression of miR-181a
resulted in significant downregulation of the Bcl-2 protein
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levels in malignant glioma cells exposed to radiation treat-
ment; thus, miR-181 may be a potential target for enhancing
the effect of radiotherapy by regulating Bcl-2 expression (19).
In addition, the overexpression of miR-181b in gastric cancer
may enhance migration and invasion of gastric cancer cells,
thus promoting the occurrence and development of gastric
cancer (16). Through employing the miRanda online database
(www.microrna.org/microrna/getMirnaForm.do), LRIGI was
identified as a potential target of miR-181b. A previous study
has determined that LRIGI is a tumor suppressor gene and its
expression is correlated with the grade of the malignancy (23).
The present study highlighted consistent trends in expression
of miR-181b and Bcl-2 in OVC and OSCC tissues, where
their expression levels were significantly higher compared
with NM tissue. This is consistent with previous studies by
Singh et al (39) and Su et al (40) in OSCC tissues. However, this
is not consistent with the results of previous study in chronic
lymphoid leukemia (35). In addition, the present study deter-
mined that LRIG1 expression is important in OVC and OSCC
tissues. Bioinformatics prediction has indicated LRIGI is one
of the target genes of miR-181b, in addition to Bcl-2.

LRIGI expression has also been associated with Bcl-2
expression in human ependymomas (41). This may suggest the
existence of an alternative regulation pathway. Therefore, it is
possible that miR-181b may indirectly regulate Bcl-2 expres-
sion via a signaling pathway that involves LRIGI1. The current
study determined that there were decreased expression levels
of LRIGI in OVC tissues. In addition, the expression levels
of Bcl-2 were negatively correlated with LRIGI expression
levels in NM, OVC and OSCC tissues. LRIGI may be have
anti-apoptotic functions in OVC. Initially, it was determined
that miR-181b had increased expression levels in OVC. The
specific molecular mechanism that is responsible for the
changes in miR-181b and LRIGI expression levels requires
further experimental verification.

In conclusion, the expression of miR-181b and Bcl-2 in
OVC tissues was significantly higher compared with NM
tissue; however lower when OVC was compared with OSCC
tissues. The expression levels of the target of miR-181b,
LRIGI, in OVC tissue were significantly reduced when
compared with NM. However, LRIG1 expression levels in
were determined to be higher in OVC tissues compared with
OSCC tissues. The expression levels of Bcl-2 were negatively
correlated with the expression of LRIG1 in NM, OVC and
OSCC tissues. Therefore, LRIGI may have an anti-apoptotic
function in OVC.
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