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Abstract

Background: CD151 is a member of the transmembrane 4 super families and has been reported to be involved
in cell adherence and migration. It has been reported that the overexpression of CD151 and the down regulation of
miR-124 are all related to the progression of Non-Small Cell Lung Cancer (NSCLC). However, whether there is a
regulatory relationship between them has not been examined. The purpose of this study is to further explore
whether there is a correlation between the expression of CD151 and miR-124 in NSCLC.

Methods: The expression of CD151 and its functional partner a3f1 in NSCLC clinical tissue was detected by
immunohistochemistry. The expression of miR-124 in lung tumor tissues and serums of NSCLC patients was
detected by qPCR. The targeting of CD151 mRNA by miR-124 was confirmed by the dual luciferase reporter
system. Cell migration and invasion were verified by scratch wound healing and transwell invasion assay.

Results: CD151 and a3B1 expression were up regulated, while miR-124 expression in the NSCLC group was
decreased compared to that in the benign lesion group. Moreover, CD151 positive expression was associated with
poor survival of NSCLC patients. MiR-124 targeted the 3’'UTR of CD151 mRNA and regulated its expression.
Knockdown of CD151 expression with CD151 shRNA or miR-124 mimics inhibited the migration and invasion of the

A549 cell line.

associated with NSCLC progression.

C

Conclusion: The results indicated that up regulated miR-124 could inhibit CD151 overexpression, which is
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Introduction

Non-Small Cell Lung Cancer (NSCLC) accounts for approximately
85% of all lung cancers. It includes any type of epithelial lung cancer,
except small cell lung carcinoma, such as squamous cell carcinoma,
large cell carcinoma, adenocarcinoma, pleomorphic and other less
frequent types, such as carcinoid tumour, salivary gland carcinoma
and unclassified carcinoma [1]. These cancers are grouped together as
NSCLC since the treatment approach and prognosis are often similar
[2]. NSCLC is less sensitive to chemotherapy than small cell
carcinoma. Definition of the biomarkers and critical pathways that
affect NSCLC growth and progression is imperative for the treatment
of the disease.

Integrin adhesion receptors bind simultaneously to extracellular
matrix ligands and cytoskeletal proteins. These proteins regulate cell
migration; wound healing, tissue morphogenesis extracellular matrix
assembly and remodelling [3]. CDI51 is a tetraspanin that has
transmembrane domains and conserved cysteine residues in a large
extracellular loop [4]. CDI151 is a pivotal regulator of signalling
pathways associated with laminin binding integrin. It is widely
expressed on the cell membrane and forms a stable complex with
integrin a3B1, which is also ubiquitously expressed in many cell types
as a laminin binding integrin [5]. The CD151-03B1 complex promotes
cellular invasion by regulating the actin assembly.

Association of CD151 with a3B1 occurs dynamically in discrete
subcellular compartmentsm and is involved in the local GTPase

signaling for the promotion of tumor cell invasion [6]. CDI151 is
associated with cancer development and its roles in pro invasion and
pro migration have been demonstrated in many in vitro and in vivo
models [7-9]. CD151 is involved in signal transduction, which is
crucial for the motility in many cancer cell types and acts on FAK,
Src, Erk1/2, p38, Ick, Racl, p130Cas, paxillin and JNK kinases in
different cancer cell lines [10-15]. It also predicts the prognosis of
patients with resected gastric cancer or endometrial cancer [16,17]. It
is reported to have a basic expression in human lung especially in
airway smooth muscle, while Tokuhara confirmed that it’s up
regulation in lung tumor is associated with a poor prognosis, specially
the most common subtype of NSCLC [18,19].
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MicroRNA is a superfamily of small non-coding RNA molecules of
19 nucleotides-25 nucleotides in length that negatively regulate target
gene expression by suppressing mRNA translation or promoting
mRNA degradation [20]. Increasing studies have shown that the
dysregulation of miRNAs is associated with cancer progression
[21,22]. Human microRNA-124 (miR-124) is encoded by three loci:
miR-124-1 (8p23.1), miR-124-2 (8q12.3) and miR-124-3 (20q13.33)
[23]. Recently, numerous studies have focused on miR-124 due to its
promising tumor suppressive effects in various cancers [24-28].
Reportedly, more and more miR-124 target genes have been identified
and a lot of the target gene of miR-124 is consistent with malignancy
and prognosis [29]. MiR-124 exerts its anti-tumor effects by
regulating a wide range of target genes expression to regulate cell
migration, invasion and proliferation. MiR-124 is down regulated in
various cancer tissues and cell lines. However, the deeper molecular
mechanism of their results is unclear.

In this study, we want to further verify the impact of the expression
of CD151 and miR-124 on the prognosis of NSCLC patients and
explore whether CD151 is one of the target genes of miR-124. We
found that CD151 and a3B1 expression was up regulated in NSCLC
tissues, while miR-124 expression was down regulated. The CD151
overexpression was associated with poor survival of NSCLC patients,
which was consistent with previous studies. CD151 is a potential target
gene of miR-124. The down regulation of CD151 with CD151 siRNA
or miR-124 in the non-small cell lung cancer cell line A549 might
attenuate cell migration.

Materials and Methods

Study design

This randomized, open label study, sponsor blind clinical
prognostic follow up and histopathological analysis were conducted in
Yunnan province, China, which has a high incidence of lung cancer.
The study was done in accordance with the international conference
on harmonization good clinical practice guidelines and applicable
local regulations with approval from the ethics committee of Yunnan
tumor hospital.

Patients and tissue samples

A total of 103 patients age from 27 years to 70 years old receiving
treatment at Yunnan tumor hospital (Kunming, China) from January
2006 to December 2011 were enrolled in this study. Of these, 81 lung
tumor tissue samples were collected from NSCLC patients (31
squamous carcinoma, 40 adenocarcinoma and 10 samples from other
subtypes), 22 benign lung tissues were collected from 15 pulmonary
tuberculosis patients and 7 inflammatory pseudo tumor patients.
Serum samples were also collected from patients and healthy
individuals. These samples were stored in liquid nitrogen until further
use. All samples derived from human subjects were collected in
accordance with the hospital regulations and were approved by the
ethics committee of Yunnan tumor hospital. Written informed consent
was obtained from each subject. Nine pathological features of eighty
one NSCLCs are listed. All the NSCLC patients did not receive
chemotherapy or radiotherapy before surgical excision of tumor
tissues. A total of 56 patients out of 81 NSCLC subjects (69.1%)

received 1 cycles-6 cycles of platinum based chemotherapy and
several patients received local radiotherapy. Lung cancer was the only
cause of death 5 years after surgery. All patients were followed up
every 3 months by telephone, outpatient or inpatient visits [30]. The
death, last follow up or lost follow up sessions were recorded up to the
termination of the study. The follow up deadline was April 30, 2012.
During the follow up period, 3 cases were lost to follow up.

Tumor specimens

81 lung tumor samples and control lung tissues were fixed for 24 h
in 10% formaldehyde solution after thawing from liquid nitrogen. After
fixation, the tissues were washed with water and dehydrated in alcohol.
The alcohol was eliminated by incubation in xylene, embedded in
paraffin at 60°C and allowed to harden overnight. The tissues were
sliced into 8 pum-10 pm thick paraffin embedded sections.

Cell lines and Lentivirus

A549 cells and HEK293T cells were purchased from the Chinese
Academy of Sciences Cell Bank (Shanghai, China). A549 cells were
maintained in DMEM (Gibco, Thermo, US) containing 10% FBS
(HyClone, US) at 37°C in a humidified incubator with 5% CO,.
Plasmids that constitutively expressed CD151 shRNA or miR-124
were constructed by cloning CD151 shRNA (targeting CD151 open
reading frame region at 5~ AAGTCTCAAGCTGGAGCACTAC-3’) or
miR-124 sequence (5’-ATTCCGTGCGCCACTTACGG-3’) into the
pLV-2 (pGLVUG6/Puro) plasmid (Gene Pharma Inc., China). The
control miR with sequence 5’-CTAGCTCCCTTCAATCCAAG-3
inserted into pLV-2 was used as the control. Lentiviruses were
packaged into HEK293T cells by transfection with the pLV-2 plasmid
and two other packaging plasmids that were supplied in the 2"
generation packaging mix (ABM Inc., US).

Immunohistochemical assays

The assays were carried out as described previously. Endogenous
peroxidase activity was blocked with 3% H,0O, for 30 min. After
deparaffinization and rehydration of the samples, the antigen was
retrieved via microwave stimulation for 15 min in citrate buffer
(pH=6.0). The sections were blocked with 10% BSA for 2 h at room
temperature, followed by incubated with anti-CD151 monoclonal
antibody (ab33315, Abcam Inc., US) or a3p1 (ab217145, Abcam Inc.,
US) antibody in a humidified chamber at 4°C. After three pieces of
washing and diluted at a ratio of 1:200 with PBS, the sections were
then incubated with an HRP conjugated secondary antibody, developed
with DAB chromogen and counterstained with hematoxylin. Image J
software was used to quantify IHC stain intensity. The stain percentage
was evaluated under the same color threshold. The set of color
threshold was based on the appropriate positive (visually
distinguishable strong staining) and negative (no staining) staining of
the typical images.

RT-PCR analysis

Total RNA, including miRNA was extracted from serum and
cultured cells by using TRIzol universal reagent (Tiangen Inc., China).
Small RNA from tumor tissues was isolated from 4 sections-5 sections
of 20 uM of formalin fixed, paraffin embedded tissues using
miRNeasy FFPE Kit (Qiagen Inc., GER) according to the
manufacturer's instructions. Reverse transcription of the total RNA
was performed using a FastKing gDNA dispelling RT SuperMix
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(Tiangen Inc., China). Reverse transcription of small RNA was
performed by using the miRcute plus miRNA first strand cDNA kit
(Tiangen Inc., CN). Real time PCR was performed by using the
SuperReal PreMix plus (SYBR Green) (Tiangen Inc., China) or
miRcute plus miRNA first strand cDNA kit (Tiangen Inc., China) on
Qiagen Rotor-Gene Q-6000 system (Qiagen Inc., GER). U6 was used
as the miRNA endogenous control. GAPDH was used as the mRNA
endogenous control. Target gene expression was normalized to the
endogenous control. Fold changes were determined by the 2(-ddCt)
method.

Luciferase reporter assay

Wild type and mutated 3’UTR of CD151 was synthesized and
cloned into the pmiRGLO vector (Youbao Inc., China). HEK293 cells
were maintained in a 6 well plate and transfected with 1 pg of the
reporter plasmid vector, or the hsa-miR-124-3p.1 mimic (1 uM in each
well) or both. Firefly and Renilla activity was determined at 24 h after
transfection with the dual Luciferase reporter gene assay kit
(Beyotime Inc., China).

Cell migration assay

Cell migration was evaluated by a cell scratch assay. Cells grown to
80%—90% confluence in a 6 well plate were gently scratched through
the cell monolayer of the well with a new 20 pl pipette tip. After
scratching, the wells were gently washed with PBS to remove
detached cells. The wells were replenished with fresh medium. After
48 h of additional growth, the cells were washed with PBS and fixed
with 4% paraformaldehyde for 10 min. The monolayer was
photographed with a microscope.

Matrigel invasion assay

Cell invasion assays were performed according to Yang. The 24
well trans wells with an 8§ mm pore size (Corning Inc. US) were pre
coated with Matrigel (BD Biosciences Inc., BD). Approximately 10”4
cells were suspended in 100 ul DMEM containing 1% FBS and added
to the upper chamber. Then, 600 ul DMEM containing 10% FBS was
added to the lower chamber. After 48 h of incubation, cotton swabs
were used to remove the remaining Matrigel and cells in the upper
chamber. Cells on the lower surface of the membrane were fixed with
4% paraformaldehyde and stained with Giemsa.

Statistical analysis

All statistical analyses were performed with SPSS software (IBM,
US). Counting data was expressed by frequency. The y2 test was used
to compare the rate values. The multivariate ANOVA test was used to
compare the mean values of multiple groups. The t-test was used to
compare the mean values of two groups. Pomit-biserial correlation test
was used for correlation analysis. The Kaplan-Meier method and log
rank test were used for survival analysis. Multivariate analysis of

prognosis was performed with COX proportional risk model. P-value
< 0.05 was considered as statistically significant.

Results

Expression of CD151 and a3p1 in NSCLC lung tissues

The expression of CD151 and a3B1 was detected by IHC (Figure 1).
A total of 81 NSCLC patients were included in this study and 40
adenocarcinoma samples, 31 squamous cells (epidermoid) carcinoma
samples and 10 samples of other NSCLC subtypes were obtained with
surgical excision of NSCLC specimens that were confirmed with
routine pathological examination. A total of 22 benign lesion samples,
including 15 pulmonary tuberculosis and 7 inflammatory pseudotumor
tissues obtained via surgery were used as control samples. The IHC
results demonstrated that the percentages of CD151 positive and a3p1
positive samples in the total NSCLC group were significantly higher
than those in the benign lesion group (Table 1). The paired ¥ test was
used to analyze the statistical relationship between the expression of
CDI151 and integrin a3f1. The results are shown in Table 2. Their
expression was statistically different (Pearson chi-square test, P<0.05).
Their expression difference was not statistically significant (P-value of
McNemar’s test>0.5). Although their expression consistency was
statistically different, the consistency was poor (Kappa value<0.4). The
statistical analysis examining the correlation of CDI151 and o3f1
expression with nine clinical pathological factors indicated CD151 and
a3B1 expression did not exhibit any association with gender, age,
smoking, tumor T stages, tumor N stage, tumor TNM stages, tumor
differential degree or patient Performance Status (PS). However, they
exhibit an association with tumor subtypes (Table 3). CD151 positive
expression is more frequent in adenocarcinoma than that in squamous
carcinoma, while a3B1 positive expression in the two tumor subtypes
is reverse, which may explain the poor agreement value (Kappa
value<0.4) between the expression of CD151 and integrin a3B1 in
NSCLC.
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Figure 1: Representative staining of CD151 and integrin a3f1
positive and negative expression in tissues detected by IHC (200X).
Brown color represents positive staining, with > 10% stain percentage
scored as positive, <10% stain percentage scored as negative.

CD151 integrin a3p1
Group n Negative Positive Positive X2 P Negative Positive Positive X2 P
rate (%) rate (%)
NSCLC 81 36 45 55.6 9.7 0.002* 41 40 494 4.8025 0.025*
Benign 22 18 4 18.2 17 5 227
lesion

Note: n=case; Chi-square test was performed to compare the rates. x2, pearson Chi-square value; *P < 0.05

Table 1: Expression of CD151 and integrin a3p1 in NSCLC and benign lesion.
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Groups CD151 a3p1
n Negative Positive X2 P Negative Positive X2 P
Gender
Male 56 25 31 0.003 0.957 27 29 0.419 0517
Female 25 1 14 14 1
Age (Years)
<60 44 19 25 0.062 0.803 23 22 1.049 0.306
= 60 37 17 20 19 18
Smoking
No 29 12 17 0.172 0.678 16 13 0.375 0.54
Yes 52 24 28 25 27
Pathological classification
Adenocar- 40 12 28 7.068 0.029* 27 13 10.07 0.007*
cinoma
Squamous 31 19 12 12 19
carcinoma
Others 10 5 5 2 8
T stage
T1-2 64 29 35 0.093 0.76 32 32 0.046 0.829
T3-4 17 7 10 9 8
N stage
NO-1 52 25 27 0.776 0.378 26 26 0.022 0.882
N2-3 29 1 18 15 14
TNM stage
' 31 15 16 0.506 0.776 16 15 1.319 0.517
I} 22 10 12 9 13
Hi-1Iv 28 1 17 16 12
Tumor differentiation status
Poorly 26 13 13 0.479 0.489 13 13 0.006 0.939
Medium/ 55 23 32 28 27
high
Performance status score
0-1 50 22 28 0.01 0.919 27 23 0.598 0.439
22 31 14 17 14 17
Note:Chi-square test was performed to compare the rates. x2, pearson Chi-square value; *P <0.05
Table 2: Correlations between CD151 and a31 expression with clinical pathological factors.
a3p1
Negative Positive
CD151 Negative n 9 27
CD151 (%) 25.0% 75.0% 100.0%
a3p1 (%) 22.0% 67.5%
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Positive n 32 13 45

CD151 (%) 71.1% 28.9% 100.0%

a3B1 (%) 78.0% 32.5% 55.6%
Total n 41 40 81

CD151 (%) 50.6% 49.4% 100.0%

100.0% 100.0% 100.0%

Pearson chi-square test X2=17.0125 P=0.000
P value of McNemar’s Test 0.6032
Value measure of agreement kappa Value P

-0.455 0.000
Notg: I)3(23107.0125, P=0.000<0.05, McNemar's test and Kappa was performed to evaluate the correlation of integrin a3f1 and CD151 expression. Binomial distribution
used, P>0.05

Table 3: Correlation analysis between the protein expression of CD151 and o331 in NSCLC.

Expression of CD151 is associated with the prognosis of
NSCLC

A total of 3 out of 81 cases were lost to follow up. Survival analysis
and log rank tests were performed with 78 NSCLC patients by Kaplan-
Meier. The results showed that there was a statistically significant
difference in the survival between the positive and negative CD151
expression groups (P=0.003). The patients with positive CDI151
expression exhibited a poor prognosis, as shown in Figure 2A. The
difference between the survivals of patients that were a3B1 positive
and a3PB1 negative was not significant (Figure 2B). Cox regression
model was used to analyze 11 factors including gender, age, smoking,
pathological type, tumor T stage, tumor N stage, tumor TNM stage,
tumor cell differentiation degree, PS score, CD151 protein expression
and a3p1 protein expression. Based on the forward procedure used to
screen the factors, we observed that CD151 expression might be an
independent factor affecting the prognosis of NSCLC (P=0.001) (Table
4).
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Figure 2: Cumulative survival analysis of NSCLC patients of
different groups.

A) Kaplan—Meier cumulative survival curves of NSCLC patients
with different CD151 expression (Nnegative=36, Npositive=42); log-
rank test: P=0.003*.

B) Kaplan—-Meier cumulative survival curves of NSCLC patients
with different a3p1 expression (Nnegative=40, Npositive=38); log-rank
test: P=0.956. *P < 0.05.

B SE Wald df Sig Exp (B) 95% ClI for Exp (B)
Lower Upper

Age -0.017 0.019 0.806 1 0.369 0.983 0.948 1.020
Gender -0.088 0.429 0.042 1 0.838 0.916 0.395 2125
Pathological 0.209 0.250 0.678 1 0.410 1.228 0.753 2.005
classification

T stage 0.234 0.494 0.225 1 0.635 1.264 0.480 3.329
N stage 0.499 0.663 0.565 1 0.452 1.646 0.449 6.039
TNM stage -0.183 0.374 0.240 1 0.624 0.833 0.400 1.732
Tumor 0.540 0.431 1.570 1 0.210 1.717 0.737 3.997
differentiation

status
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Smoking 0.378 0.397 0.906 1 0.341 1.459 0.670 3.175
PS score -0.142 0.379 0.141 1 0.707 0.867 0.413 1.822
CD151 1.605 0.486 10.904 1 0.001 4.979 1.920 12.912
a3p1 0.818 0.442 3.421 1 0.064 2.266 0.952 5.393
Note: B=Constant value; SE=Standard Error; Wald=Chi-square value; df=degree of freedom; Sig, P value; Exp=Exponential; CI=Confidence Interval

Table 4: Multivariate regression analysis in predicting survival of 78 patients with NSCLC.

MiR-124 expression is inversely correlated with the
expression of CD151

The expression of miR-124 is significantly down regulated in
various tissues and cell lines of cancer and demonstrates tumor
suppressive effect in various cancers. We examined miR-124
expression in the serum of 81 NSCLC patients, 20 non-cancer patients
and 20 healthy individuals. The Q-PCR results indicated that the
expression of miR-124 was down regulated in the serum of NSCLC
patients, especially in CDI151 positive patients (Figure 3A). The
miR-124 expression in the serum of non-cancer patients and healthy
individuals was similar. The expression pattern of miR-124 in CD151
positive and CD151 negative tumor tissues of NSCLC patients is
consistent with that in the serum (Figure 3B). The expression of
miR-124 in both serum and tumor tissue demonstrated a reverse
correlation with CD151 protein expression in NSCLC tumor tissues
(Table 5). This finding indicated that miR-124 and CD151 might have
functional relationships. Multivariate  ANOVA test of miR-124
expression with clinical parameters of NSCLC patients demonstrated
that there was no significant relationship between miR-124 expression
and gender, age, smoking, pathological type, tumor T stage, tumor N
stage, tumor TNM stage, tumor cell differentiation degree and PS
score in Serum or tumor tissues (Table 6). Kaplan-Meier analysis

demonstrated a statistically significant difference in the survival
between the groups with positive and negative miR-124 expression in
serum samples (P=0.05). Patients with serum samples that were
negative for miR-124 expression exhibited a poor prognosis (Figure
4A). However, miR-124 expression in lung tumor tissues did not
predict the survival of NSCLC patients (Figure 4B).
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Figure 3: Quantification of miR-124 expression with qPCR in
different groups. A) The expression of miR-124 in serum samples. B)
The expression of miR-124 in the tissues derived from NSCLC
patients quantified by qPCR assay. Nhealth individuals=20, Nnon-
cancer patients=22, NCD151+ NSCLC=45, NCD151- NSCLC=36.

Serum miR-124

Tumor miR-124

n=81 r P

r P

CD151 -0.601 0.000™

-0.417 0.000™

Note: Pomit-biserial correlation test was performed to evaluate the correlation of miR-124 and CD151 expression. r=the Pomit-biserial correlation value; ***P < 0.005.

Table 5: Pomit-biserial correlation analysis of the expression of CD151 and miR-124.

Serum miR-124 Tumor miR-124
n=81 F P F P
Gender 0.363 0.549 0.003 0.956
Age 0.013 0.909 1.106 0.297
Smoking 0.118 0.733 0.346 0.559
Pathological classification 2.477 0.092 0.677 0.511
T 0.296 0.588 0.645 0.425
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N 0.111 0.74 1.197 0.279
TNM 0.195 0.823 0.778 0.464
Tumor differentiation status 0.036 0.85 0.29 0.593
Performance status score 1.237 0.297 0.893 0.415
Note: Multivariate ANOVA test was performed to evaluate the correlation of miR-124 expression with the lung clinical parameters. P>0.05

Table 6: Multivariate ANOVA test of miR-124 expression with the lung clinical parameters.
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This result demonstrated that miR-124 targeted on the CD151 3°UTR

region and regulated its expression (Figure 6).
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and miRNA (bottom) type score
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Figure 4: Kaplan-Meier cumulative survival curves of NSCLC
patients with varied miR-124 expression.

A) Kaplan-Meier cumulative survival curves of NSCLC patients
with varied miR-124 expression in the serum and (Njegative™43,
Npositive=35); log rank test: P=0.05".

B) Kaplan-Meier cumulative survival analysis of NSCLC patients
with varied miR-124 expression in lung tumor tissues (Nyegative=46,
Npositive=32); log rank test: P=0.568. The mean value of the miR-124
expression in serum or tumor tissues was used as the cutoff value of
positive and negative expression; “P < 0.05, **P < 0.01, ***P < 0.001,

P <0.0001.

MiR-124 regulates CD151 expression in the NSCLC lung
cancer cell line A549

MiR-124 expression was down regulated in the serum and tissue
samples derived from NSCLC patients. However, whether this down
regulated expression was responsible for CD151 positive expression in
NSCLC patient samples remained unclear. In this study, the 3’UTR
region of CD151 mRNA (5’-GUGCCUU-3") was predicted to be
targeted by miR-124 sequence (5’-AAGGGCUC-3’) through the
online software target scan. Thus we employed the A549 lung
adenocarcinoma cell line to investigate the regulation of miR-124
on CDI51 expression. A549 cells transfected with miR-124
were collected, and the expression of CD151 was analyzed by
qPCR. The results showed that CD151 was sharply down regulated
by miR-124 (Figure 5). We cloned the wild type 3’UTR and its
target site mutated 3’UTR sequence into the luciferase reporter
vector plasmid. The vectors were co-transfected with miR-124
mimics to analyze the luciferase activity. The miR-124 mimics
significantly inhibited the luciferase activity of CDI151 wild type
3’UTR linked reporter gene compared to that in cells transfected with
the miR control [31]. The luciferase activity of the target site
mutated 3’UTR linked luciferase reporter was not altered by miR-124.
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Figure 5: miR-124 regulates CD151 expression. A) The online
software target scan predicted that hsa-miR-124-3p.1 was aligned with
3’UTR sequences of CD151. The complementary sequences are
marked. B) CD151 and miR-124 RNA expression was detected by
qPCR in A549 cells after 24 h of transfection with control miRNA or
hsa-miR-124-3p.1 mimic. C) Luciferase reporter plasmids containing
the CD151 wild type 3’UTR sequence or target site mutant 3°’UTR
sequence were cotransfected with hsa-miR-124-3p.1 mimic or control
miRNA mimic in HEK293T cells. 24 hours after transfection,
luciferase activity was detected. Normalized luciferase activity in the
control group was set to 1. Each experiment was set up in three
parallel groups; ns P>0.05; **P<0.01;"*** P<0.0001.

Knockdown of CD151 expression with CD151 shRNA or
miR-142 inhibits lung cancer cell migration and invasion

To further investigate the roles of CD151 in NSCLC progression,
we knocked down its expression with CD151 shRNA or miR-124. The
down regulation of CD151 was verified by western blot analysis. The
wound healing assay was performed to detect the migration of A549
cells. The results showed that CD151 shRNA and miR-124 transfected
A549 cells exhibited attenuated cell migration. We also detected the
invasion ability of CD151 knockdown cells using transwell inserts
coated with matrigel matrix. The results indicated that cells transfected
with CD151 shRNA and miR-124 was less invasive. Hence, our
results indicated that miR-124 and CD151 may influence cell
migration and invasion in NSCLC. This result may account for the
association of this protein with poor survival in CD151 positive
patients (Figure 6) [32].
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Figure 6: CD151 and miR-124 regulate A549 cell migration and
invasion. A) Western blot analysis of CD151 expression after 48 h of
CD151 shRNA or miR-124 lentivirus transfection. B) Wound healing
assay with A549 cells transfected with CD151 shRNA or miR-124
lentivirus. Healing percentages of all groups are shown in the
histogram. C) Transwell invasion assay with A549 cells transfected
with CD151 shRNA or miR-124 lentivirus. Relative cell counts are

shown in the histogram. Each experiment was set up in three parallel
groups; “P<0.05; **P<0.01; ****P<0.0001.
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Discussion

CD151 is expressed in a variety of tumors, including Hepatic
Cellular Cancer (HCC), intrahepatic cholangio carcinoma, lung, colon,
prostate and breast cancer [33-35]. CDI151 overexpression is
associated with poor prognosis in several cancer types [36,37].
Takahiro Tokuhara defined the significance of CD151 expression in
non-small cell lung cancer in 2001. In this study, we analyzed its
expression in several non-small cell lung cancer subtypes and firstly
linked CDI151 expression in NSCLC tumor tissues with mir-124
expression change in serum and tumor tissues.

The CD151-positive expression percentage in non-small cell lung
carcinoma was 55.6%. This expression was significantly higher than
that in the benign lesion group (18.2%). The percentage of CD151
positive expression in the adenocarcinoma group was 70%. This
expression was higher than that in squamous carcinoma (38.7%) and
other types of NSCLC (50.0%). This result is consistent with the
previous study conducted by Takahiro Tokuhara. a3p1 is also up
regulated in NSCLC lung tissues, but its expression in different
subtypes of NSCLC is not consistent with CD151. In addition, there
were significant differences in their expression (P<0.01), so the
functional relationship between the two genes needs to be further
studied.

The overexpression of CD151 and a3f1 indicates a high ability of
migration and invasion. High CD151 expression in breast cancer
tissues was associated with poor prognosis. In particular, higher
CD151 expression demonstrated a significant correlation with larger
tumor size, higher involvement of lymph nodes, and advanced stage of

invasive breast cancer. The down regulation of CD151 inhibited tumor
cell growth. Consistent with the poor prognosis associated with
CDI151 overexpression in breast cancer, the results obtained in this
study indicated that CD151 expression was also associated with
NSCLC progression and predicted a poor overall survival of NSCLC
patients which is consistent with the former report that associated
CD151 expression with NSCLC prognosis.

CD151 forms Tetraspanin Enriched Microdomains (TEMs) and may
act as growth factor receptors and the laminin receptor via its
extracellular domain. Tetraspanin proteins have been considered to be
associated with signal transduction by modulating the organization and
assembly of signaling complexes in membrane micro domains. The
knock down of CD151 reduces in vitro cell migration and invasion may
due to its downstream cell signal transduction is influenced. For
example, CD151 interacts with EGFR to regulate cell cycle and
migration, CD51 also regulates matrix metalloproteinase 9 and TGF-
p1/Smad signaling pathway and involve in epithelial to mesenchymal
transition [38-40]. CD151 functions through interacting with a3p1 and
enhances its ability to bind to laminin. When CD151 was knocked
down, the ligand binding activity of the integrin is decreased and the
downstream cell signal transductions might be altered and lead to the
change of cell motility.

MiR-124 exerts its anti-tumor effects by regulating a wide
range of target genes to regulate cell migration, invasion and
proliferation. MiR-124 expression was down regulated in various
cancers, including breast, colon, prostate, stomach, liver, ovarian,
gastric and brain cancers [41-47]. Yajun Zhang, et al., demonstrated
that miR-124 expression was lower in NSCLC tissues than that in the
adjacent non-tumor tissues. MiR-124 expression was an independent
prognostic factor for both 5 year OS and 5 year DFS in NSCLC [48].
In this study, we demonstrated that the expression of miR-124 in the
serum of NSCLC patients was down regulated. The miR-124
expression in the serum of NSCLC patients was associated with the 5
years OS. The patients with negative miR-124 expression in the serum
samples exhibited a poor prognosis. The expression of miR-124 in the
serum samples and lung tumor tissues derived from NSCLC patients
was negatively correlated with CDI151 expression (r=-0.601 and
-0.412, p<0.01), which may reflect a feedback loop of the signal
pathway and further demonstrated a functional association between
them. The online software target scan was used to predict that
CDI151 was a target gene of miR-124, and then we verified that
miR-124 targeted the 3’UTR of CD151. To further investigate the
functional relationship of CDI151 and miR-124 in NSCLC
progression, we knocked down CDI151 expression with shRNA
and overexpressed miR-124 in A549 cells. When CDI51
expression was knocked down, the migration and invasion of
A549 cells were inhibited. MicroRNA expression changes in serum
have been recognized as a reflection of some abnormal conditions
in the body. For example, the up regulation of miR-421, miR-411
and miR-150 was associated with poor prognosis in non-small cell
lung cancer [49,50]. The miR-146a-5p expression level in serum
exosomes predicts the therapeutic effect of cisplatin in non-small
cell lung cancer. MiR-124 expression in the serum of
osteosarcoma patients was remarkably decreased compared to that in
periostitis patients or healthy controls. However, whether miR-124
expression is associated with non-small cell lung cancer is unknown.
In this study, we verified that miR-124 expression was decreased in
the serum of NSCLC patients. This down regulation of miR-124 is
particularly significant in CD151-positive patients. We demonstrated
that miR-124 targeted the CD151 3’UTR directly via an in vitro
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experiment. This finding suggested that the down regulation of
miR-124 and positive expression of CD151 were correlated. This
finding was further demonstrated by A549 cell migration and invasion
assays.

Although our work conclude both serum miR-124 and tumor
CD151 expressions predict the prognosis of NSCLC patient, the lack
of miR-124 and CD151 expression detection in paired tumor tissues
and adjacent normal tissues that directly reflects these genes’
association with tumor progression might be a limitation. To compare
the aggressiveness of tumors, Disease Free survival (DFI) is more
suitable because DFI is not influenced by the treatment after relapse.
However, we did not collect enough cases of DFI data since most of
the tumor carriers receive treatment from different therapy channels
during lifetime. As an alternative, overall survival is relatively easy
access and was used to evaluate the aggressiveness of NSCLC tumors
that may add limitations to our study.

Since a limited number of individuals were included in the study,
critical characteristics of the data might not be presented or a
significant significance might not have been established. For example,
in this study, the miR-124 expression in NSCLC tissues does not
predict the 5 years OS of the patients as previously described. To
elucidate the roles of CD151 and miR-124 in NSCLC prognosis and
progression, further research including larger cohorts is required. In
addition, due to the limited number of tumor samples collected, we
cannot further study the mRNA expression of CD151 by Q-PCR, so as
to obtain data that can more intuitively show the correlation between
miR-124 and CD151 expression.

Conclusion

In conclusion, patients with CDI51 positive expression
demonstrated a rapidly deteriorating clinical course with poor overall
survival compared to those with CD151 negative expression. CD151
expression was inversely correlated with miR-124 expression in the
serum and tumor tissue samples obtained from non-small cell lung
cancer patients. CD151 may act as a potential molecular therapeutic
target for non-small cell lung cancer treatment and miR-124 may be a
potential molecular biomarker for non-small cell lung cancer diagnosis
and a predictor of CD151 expression in NSCLC tissues. The miR-124/
CD151/03B1 integrin signaling pathway regulates cell migration and
invasion, which may be associated with NSCLC progression. It means
the combination of miR-124 with anticancer drugs is expected to be
more effective in NSCLC treatments.
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