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Abstract
Introduction: MicroRNAs (miRNAs) are endogenous small noncoding RNA
molecules involved in modulation of cancer progression. Here, we investigated the possible role of miR-144 in non-small cell lung cancer (NSCLC)
development.
Material and methods: The expression of miR-144 and TLR2 in NSCLC tissue and cell lines was determined by quantitative real-time PCR (qPCR).
The TargetScan database was used to predict potential target genes of
miR-144. Luciferase assay was used to verify the interaction between TLR2
and miR-144. TLR2 protein expression was measured by western blot.
The secretion of interleukin (IL)-1β, IL-6 and IL-8 in A549 cells was detected
by an ELISA kit. Cell migration and invasion were evaluated by wound healing
assay and transwell assay, respectively.
Results: Our results showed that miR-144 was downregulated in NSCLC
tissue and cell lines when compared with the normal tissues and cell line
(p < 0.05). The protein level of TLR2 in NSCLC tissue and cell lines was significantly higher than that in normal lung tissues. Dual luciferase reporter
gene assay showed that miR-144 could bind to the 3ʹUTR of TLR2 specifically. Up-regulation of miR-144 significantly decreased the expression of TLR2.
Up-regulation of miR-144 or down-regulation of TLR2 could decrease cell
migration, invasion and secretion of IL-1β, IL-6 and IL-8 in A549 cells. Moreover, overexpression of TLR2 rescued the inhibitory effects of miR-144 on
migration, invasion and inflammatory factor secretion of A549 cells.
Conclusions: miR-144 could inhibit the migration, invasion and secretion
of IL-1β, IL-6 and IL-8 through downregulation of TLR2 expression in A549
cells.
Key words: non-small cell lung cancer, MiR-144, TLR2, inflammation.

Introduction
Lung cancer is one of the leading causes of cancer-related death
worldwide [1]. The two main types of lung cancer are small cell lung cancer (SCLC) and non-small cell lung cancer (NSCLC). Non-small cell lung
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cancer represents approximately 85% of lung cancer cases [2]. Despite advances in diagnosis and
treatment of lung cancer, NSCLC still has a high
mortality rate globally. The 5-year overall survival
rate of NSCLC is lower than 15% [3]. Thus, there
is a great need to elucidate the molecular mechanisms underlying development and progression
of NSCLCs.
Tumor-related inflammation is a hallmark of
malignant cancer, which modulates tumor initiation and development [4]. Cancer can induce
an inflammatory response [5]. Chronic inflammation promotes tumor progression by stimulating angiogenesis, epithelial-to-mesenchymal
transition (EMT) and evasion from apoptosis [6].
Lung is a specific organ which is prone to form
an inflammatory microenvironment [7]. As a kind
of pattern recognition receptors, Toll-like receptors (TLRs) not only regulate innate and adaptive immunity, but also modulate production
of inflammatory cytokines [8]. Activation of TLRs
can lead to the secretion of pro-inflammatory
cytokines, such as interleukin (IL)-1β, IL-6 and
IL-8 [9]. Furthermore, recent studies have reported that NSCLC is associated with inflammatory
cytokines that affect cell migration, invasion and
tumor chemoresistance [7, 9]. For instance, IL-17
promoted metastasis of non-small-cell lung cancer cells [10]. IL-6-mediated inflammation may
contribute to NSCLC-related morbidity and mortality [11], which make it a therapeutic target
of NSCLC. These observations prompted us to
study whether TLRs are potential targets of NSCLC
therapy.
MicroRNAs (miRNAs) are a class of ∼22 nucleotide (nt) small noncoding RNAs that negatively
regulate gene expression via either mRNA degradation or interfering mRNA translation [12].
miRNAs play a regulatory role in many biological
processes including cell apoptosis, differentiation
and migration [13]. Recent studies have indicated
that miRNAs can be considered as oncogenes and
tumor suppressors [14].
MicroRNA 144 (miR-144) is a tumor suppressor
in various types of cancers, including gastric cancer, bladder cancer and colorectal carcinoma [15–
18]. However, its roles in TLR-mediated NSCLCs remain unclear. In this study, we found that miR-144
was down-regulated and the levels of TLR2 were
significantly increased in NSCLC patients, compared to the paired non-tumor lung tissue. Bioinformatics analyses and the luciferase reporter
assay revealed that miR-144 could directly bind to
the 3ʹUTR of TLR2. miR-144 inhibited NSCLC cell
migration, invasion and inflammatory cytokine
secretion through targeting TLR2, which suggests
that reinstating miR-144 expression might be usefully therapeutic treatment for NSCLCs.

Material and methods
Patient samples and cell lines
Twenty-eight human NSCLCs and corresponding normal tissues (6 cm away from the primary
tumor) were collected during tumor surgery at
The Third People’s Hospital of Dongguan. The tissues were frozen and stored in liquid nitrogen until RNA extraction.
This study was approved by the Medical Ethics
and Human Clinical Trial Committee at The Third
People’s Hospital of Dongguan. Written informed
consent was signed by each patient.
Normal lung bronchus epithelial cell line
BEAS-2B and NSCLC cell lines (H460, H520,
SK-MES-1, H157 and A549) were obtained from
American Type Culture Collection (ATCC, USA).
These above cell lines were maintained in Dulbecco’s modified Eagle’s medium (DMEM) with 10%
FBS, 100 U/ml penicillin, and 100 mg/ml streptomycin (Invitrogen, Carlsbad, CA, USA) at 37°C
within 5% CO2.

Plasmid constructions and transfection
To overexpress miR-144, the cells were transfected with 0.05 μM miR-144 mimics or miR-NC
control (RiboBio, Guangzhou, People’s Republic of China) using Lipofectamine 3000 (Thermo
Fisher Scientific) according to the manufacturer’s
instructions. To knock down TLR2, the lentivirus
containing the shRNAs of TLR2 and the scramble control were purchased from Santa Cruz.
To construct a TLR2-expressing plasmid, the fulllength human TLR2 coding region lacking the entire 3′-UTR was amplified by PCR and cloned into
the pcDNA3.1(+) vector (Invitrogen). Cells were
co-transfected with miR-144 mimic (0.05 μM) and
pcDNA3.1-TLR2 plasmid or pcDNA3.1(+) vector
(1 μg) using Lipofectamine 3000 (Thermo Fisher
Scientific) according to the manufacturer’s instructions.

Dual luciferase assays
A wild-type 3ʹ-UTR fragment of TLR2 cDNA
(WT) was amplified using PCR and cloned into
the pmirGLO dual-luciferase miRNA target expression vector (Promega, Madison, WI, USA).
The mutant variant of TLR2 3ʹ-UTR (MUT) was
generated based on WT by mutating eight nucleotides that potentially bind to miR-144.
A549 cells were cotransfected with miR-144
mimics or miR-NC and WT or Mut vectors. After transfection for 48 h, 2 × 104 cells per well
were seeded in a 24-well plate. At 80–90% confluence, luciferase activity was assayed using
the Dual-Luciferase Reporter 1000 Assay System
(Promega, Madison, USA).
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RNA isolation and quantitative real-time
polymerase chain reaction
Total RNA was extracted from lung tumor tissues and cell lines using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instructions. MiRNA cDNA was generated
using the PrimeScript miRNA cDNA Synthesis kit
(Takara, Dalian, China). The expression of mature
miR-144 was assayed using TaqMan MicroRNA
Assays (Applied Biosystems, Foster City, CA, USA).
U6 snRNA was amplified as an internal control. To
detect the mRNA level of TLR2, cDNA was reverse
transcribed with the RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, USA). Real-time
quantitative polymerase chain reaction (qPCR) was
performed using SYBR Premix Ex Taq (Takara Bio,
Dalian, China). mRNA levels were normalized to
the level of β-actin. The primers used were as follows as described in a previous study [19]: TLR2 forward primer, 5ʹ-GCC AAA GCT TTG ATT GAT TGG-3ʹ;
TLR2 reverse primer, 5ʹ-TTG AAG TTC TCC AGC TCC
TG-3ʹ; β-actin forward primer, 5ʹ-CCC CAG GCA
CCA GGG CGT GAT-3ʹ; and β-actin reverse primer,
5ʹ-GGT CAT CTT CTC GCG GTT GGC CTT GGG GTT-3ʹ.
The relative expression of each gene was calculated using the 2−ΔΔCt method.

Protein extraction and western blot
Total proteins were extracted using a RIPA lysis buffer (Beyotime Biotech Inc., China) according
to the manufacturer’s instructions. Protein concentrations were quantified using the BCA method (Beyotime, Jiangsu, China). Proteins (40 μg)
were fractionated by 10% SDS–polyacrylamide
gel (SDS–PAGE), and then electrotransferred to
nitrocellulose membranes (Whatman, Maidstone, UK). The membrane was blocked with
5% nonfat milk for 10 min and then incubated
overnight at 4°C with primary antibodies against
TLR2 (Santa Cruz, USA) and β-actin (Santa Cruz),
respectively. The membranes were washed three
times and then incubated with horseradish peroxidase-conjugated secondary antibodies for 1 h.
Protein bands were examined by visualization
with the Enhanced Chemiluminescence Plus Kit
(GE Healthcare). The relative protein expression
was normalized to β-actin.
Wound healing assay
Cell migration was examined by scratch wound
healing assay. After transfection for 48 h, cells were
seeded in six-well plates at a density of 1 × 106
cells/well. To generate scratch wounds, confluent
cell monolayers were then scraped with a 10 μl
pipette tip and washed twice with PBS buffer.
Cells were incubated at 37°C for 48 h. The spread
of wound closure was observed and photographed
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under a microscope. The wound areas were calculated by NIH ImageJ software (Bethesda, MA, USA).

Transwell invasion assays
Cell invasion was detected by transwell invasion assays. 5 × 104 cells in serum-free media were
added into the upper chamber of the BioCoat
Invasion Chambers (Becton-Dickinson Biosciences, Bedford, MA, USA). The lower chamber was
filled with 1 ml of DMEM with 1% FBS. After 24 h,
the cells inside the upper chamber were removed.
The invaded and migrated cells on the lower membrane were fixed and stained with 4% polyformaldehyde (PFA) and 0.2% crystal violet, imaged, and
counted for 10 random × 100 fields per well.

Detection of inflammatory factors
After transfection for 48 h, cells were starved
in serum-free medium for 24 h. The cell-cultured
conditioned media were collected, and were centrifuged at 3000 rpm for 10 min. The supernatant
media were transferred to a new tube. The levels of IL-1β, IL-6 and IL-8 in above supernatants
were detected using a Human Quantikine ELISA
kit (R&D Systems, Minneapolis, MN) according to
the manufacturer’s instructions.

Statistical analyses
Quantitative data were expressed as mean ±
standard deviation (SD). The statistical analysis
was carried out by ANOVA post hoc tests (Dunnett)
using SPSS 19.0 Software. A p-value less than 0.05
was considered significant.

Results
MicroRNA 144 is down-regulated in nonsmall cell lung cancer tissues and cell lines
To evaluate the expression and role of miR144 and TLR2 in NSCLC development, we detected the expression of miR-144 and TLR2 in 28 pairs
of NSCLC tissues and the corresponding normal lung tissues using qPCR. The results showed
that miR-144 was significantly down-regulated
in NSCLC tissues, compared with that in the corresponding normal lung tissues (Figure 1 A).
Furthermore, the expression level of miR-144
was tested in five NSCLC cell lines. As shown
in Figure 1 C, the expression levels of miR-144
were markedly decreased in these NSCLC cells,
compared with the level in the normal cell line
BEAS-2B. In addition, we observed that TLR2 was
significantly up-regulated in NSCLC tissues and cell
lines compared with the corresponding normal lung
tissues and normal cell line BEAS-2B, respectively (Figures 1 B, D). Thus, these observations suggested that miR-144 might play negative roles in
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Figure 1. Expression of miR-144 and TLR2 in non-small cell lung cancer (NSCLC) tissues and cell lines. A, B – Expression levels of miR-144 and TLR2 in 28 pairs of NSCLC tissues and their corresponding normal lung tissues were
measured by qPCR. U6 snRNA and β-actin were used as internal controls, respectively. C, D – Expression levels
of miR-144 and TLR2 in normal lung epithelial cell line (BEAS-2B) and 5 NSCLC cell lines (H460: large cell cancer cell
line, H520: squamous cancer cell lines; A549: adenocarcinoma cell line; H157, SK-MES1) were measured by qPCR.
***P < 0.001. (vs. normal or BEAS-2B groups)

NSCLC development. The opposite expression trend
between miR-144 and TLR2 suggested their opposite role in NSCLC progression.

miR-144 inhibits non-small cell lung cancer
cell migration and invasion in vitro
To further study the role of miR-144 in the progression of NSCLC, we transfected A549 cells with
miR-144 mimic or miR-Control. As shown in Figure 2 A, miR-144 was successfully overexpressed
in A549 cells. We examined whether miR-144
could also inhibit cell migration and invasion in
NSCLC using wound healing assay and transwell
migration assay, respectively. The results showed
that overexpression of miR-144 dramatically
suppressed the migratory and invasive capacity
of A549 cells (Figures 2 B, C). Therefore, inhibitory
effects on NSCLC cell migration and invasion in vitro suggested that miR-144 might suppress NSCLC
growth and metastasis.

TLR2 is a target of miR-144
To investigate the mechanisms by which miR144 performs its function, we found that TLR2 is

a potential candidate of miR-144 as predicted
by TargetScan. The complementary sequence
of miR-144 was identified in 3ʹUTR of TLR2 (Figure 3 A). To confirm whether TLR2 is the direct
downstream target of miR-144, luciferase reporter assay was performed to detect the interaction
between miR-144 and 3ʹUTR of TLR2. The sequences of wild type (WT) and mutant (MUT)
TLR2 3ʹUTR are shown in Figure 3 A. Furthermore,
we observed that up-regulation of miR-144 significantly decreased the relative luciferase activity of WT TLR2 3ʹUTR in A549 cells (Figure 3 B).
However, luciferase activity was not affected by
transfection of MUT in miR-144 overexpressed
A549 cells (Figure 3 B). Taken together, these results suggest that miR-144 directly targets 3ʹUTR
of TLR2.

miR-144 inhibits TLR2 expression and
inflammatory cytokine secretion of
non-small cell lung cancer cells
To further investigate whether miR-144 targets TLR2 and decreases its expression, we detected the expression of TLR2 in miR-144 over-
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assay. ***P < 0.001 (vs. miR-control group)

B

Position 246-252 of TLR2 3’ UTR (WT) 5’...CAUAAGUCUAUUACUGAUAUCU...3’
miR-144			

3’...GAAUGUCAUAUACUACUAUAGG...5’

TLR2 3’ UTR mutation (MUT)

5’...CAUAAGUCUAUUACACUAUAGU...3’

Relative luciferase activity

A

1.5

***
1.0

0.5

44
m
iR
-1

tro
l
iR
-c

on

44

m

on
iR
-c
m

MUT

m
iR
-1

tro
l

0
WT

Figure 3. TLR2 is a downstream target of miR-144. A – Putative binding sequences of miR-144 in the TLR2 3ʹUTR.
Mutation was generated in the TLR2 3ʹUTR by mutating 7 nt that is recognized by miR-144. Either wild-type (WT)
or mutant (Mut) TLR2 3ʹUTR was subcloned into the dual-luciferase reporter vector. B – A549 cells were cotransfected with miR-144 mimic and luciferase reporter containing the TLR2 3′-UTR (WT) or a mutant (Mut). Luciferase
activities were measured 48 h after transfection. **P < 0.001
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Figure 4. miR-144 regulates expression of TLR2 and inflammatory cytokine secretion of A549 cells. A549 cells were
infected with miR-144 mimic or miR-control. A, B – mRNA level and protein level of TLR2 were detected by qPCR
(A) and western blotting (B), respectively. C – Inflammatory cytokine secretion was detected by ELISA after transfection with miR-144 mimic for 48 h. ***P < 0.001

expressed A549 cells. Our results showed that
the mRNA and protein levels of TLR2 were significantly down-regulated by miR-144 overexpression (Figures 4 A, B). As is well known, TLR2 is
an important regulator of inflammatory cytokine
secretion [20]. Therefore, we further explored
whether miR-144 could also inhibit inflammatory
cytokine secretion of NSCLC cells. The secretion
of IL-1β, IL-6 and IL-8 was detected in miR-144
overexpressed A549 cells. We observed that overexpression of miR-144 dramatically decreased
the secretion of IL-1β, IL-6 and IL-8 in A549 cells
compared with their corresponding controls (Figure 4 C). Taken together, these results suggest
that miR-144 can suppress inflammatory cytokine production of NSCLC cells in vitro.

Knocking down TLR2 prevents migration
and invasion and inflammatory cytokine
secretion of non-small cell lung cancer cells
To further investigate the role of TLR2 in NSCLC
development, we knocked down the expression
of TLR2 by its shRNAs. As shown in Figure 5 A,
the protein level of TLR2 was successfully down-regulated in A549 cells. We further performed wound
healing assay and transwell invasion assay to ex-

amine the effects of TLR2 on NSCLC cell migration
and invasion, respectively. The results showed that
down-regulation of TLR2 dramatically prevented
migration and invasion of A549 cells compared
with their corresponding controls (Figures 5 B, C). In
addition, we found that down-regulation of TLR2
also decreased the secretion of IL-1β, IL-6 and IL-8
in A549 cells compared with their corresponding
controls (Figure 5 D). Therefore, TLR2 promoted
NSCLC cell migration and invasion in vitro, which
confirmed that miR-144 and TLR2 play opposite
roles in NSCLC development in vitro.

TLR2 is involved in miR-144-induced
inhibitory effects on migration, invasion
and inflammatory cytokine secretion
of non-small cell lung cancer cells
To further indicate whether miR-144 exerts its
tumor inhibitory effects through targeting TLR2, we
overexpressed TLR2 in miR-144 overexpressed A549
cells and detected the abilities of cell migration, invasion and inflammatory cytokine secretion. Firstly,
TLR2 was overexpressed in A549 cells by cotransfection with miR-144 mimic and TLR2 lacking 3ʹUTR
vector (TLR2) or control vector (Vector). The results
showed that TLR2 overexpression did not affect
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the expression of miR-144 (Figure 6 A). Western
blotting analysis confirmed that TLR2 was overexpressed in A549 cells that overexpressed miR-144
(Figure 6 B). As expected, we found that the inhibitory effects of miR-144 on cell migration, invasion
and inflammatory cytokine secretion were antagonized by TLR2 overexpression (Figures 6 C–E).
Taken together, these data indicated that miR-144
played an inhibitory role in NSCLC development by
targeting TLR2.

Discussion
Variations of miRNAs’ expression are involved
in almost all cancer biological functions, such as
cell migration, invasion and apoptosis, which suggests that they can regulate tumor behavior as either tumor suppressors or oncogenes [14].
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Figure 5. Down-regulation of TLR2 inhibits cell
proliferation, migration, invasion and inflammatory cytokine release of A549 cells. A549 cells were
transfected with TLR2 shRNAs or scramble control
vector. After transfection for 48 h. A – Expression
of TLR2 was detected by western blot. B – Cell
migration was detected by wound healing assay.
C – Cell invasion was detected by transwell invasion assay. D – Inflammatory cytokine secretion
was detected by ELISA. **P < 0.01, ***p < 0.001, vs.
scramble group

The alterations of microRNA expression in lung
cancer have been identified [21]. Compared with
the normal tissue counterparts, the expression
of miR-21, miR-210 miR-191, miR-155, miR-146,
miR-203, miR-17-3p and miR-205 was upregulated
in lung cancer, whereas the levels of miR-143, miR125a, miR-33, miR-224, miR-126, miR-107 and miR185 were decreased [22]. In the present study, we
found that miR-144 was down-regulated in NSCLC
tissues and cell lines, which was consistent with
previous results [21]. Overexpression of miR-144
could effectively prevent NSCLC cell motility, invasion and proinflammatory cytokine release in vitro.
These results suggest that miR-144 might be a novel
tumor suppressor.
miRNAs regulate biological functions by inhibiting downstream gene expression [23]. It has
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Figure 6. Inhibitory effects of miR-144 on proliferation, migration, invasion and inflammatory cytokine release
of A549 cells were reversed by TLR2 overexpression. A549 cells were co-transfected with miR-144 mimic and
TLR2 lacking 3ʹUTR or control vector. After transfection for 48 h. A – Expression of miR-144 was detected by qPCR.
B – Expression of TLR2 was detected by western blot. C – Cell migration was detected by wound healing assay.
D – Cell invasion was detected by transwell invasion assay. E – Inflammatory cytokine secretion was detected by
ELISA. *P < 0.05, **p < 0.01, **p < 0.001

been reported that miR-144 inhibits tumor cell
migration, invasion and EMT-mediated metastasis by directly targeting proline-rich protein 11
in pancreatic cancer [24], c-Met in multiple myeloma [25], ZFX in hepatocellular carcinoma [26]
and PBX3 in gastric cancer [27]. To elucidate
the underlying mechanisms of miR-144 mediated inhibitory effects on NSCLC migration, invasion and inflammatory cytokine release, we used

TargetScan to predict the gene target of miR-144.
TLR2 was identified as a key target gene of miR144. We further confirmed this prediction by luciferase reporter assay. In addition, upregulation
of miR-144 significantly reduced protein levels
of TLR2 in NSCLC cells.
Chronic inflammation is involved in many
pathological processes including chronic venous
leg ulcer (CVU), coronary artery disease (CAD) and
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acute myocardial infarction [28–31]. Moreover,
chronic inflammation modulates almost all aspects of tumor behavior [7]. TLRs also play a key
role in regulation of chronic inflammation and immune tolerance [32]. Emerging data have demonstrated that TLRs are involved in the progression
and development of cancer [33]. Knockdown
of TLR2 in H22 tumor cells abrogated the growth
promoting effects of Listeria monocytogenes [34].
TLR2 can regulate the production of inflammatory
cytokines such as IL-6, IL-1β and IL-8 that can promote tumor cell migration and invasion [20, 35].
It was reported that TLR2 was overexpressed in
NSCLC [36], which is in accordance with our observations. However, the role of TLR2 in NSCLC is
not clear. Here, we found that down-regulation
of TLR2 in A549 inhibits migration, invasion as
well as inflammatory cytokine and chemokine release of NSCLC cells. Moreover, the inhibitory effects of miR-144 on NSCLC cell migration, invasion
and inflammatory cytokine release were reversed
by TLR2 overexpression. Thus, the mechanism
of miR-144 mediated inhibitory effects on NSCLC
migration and invasion may lie in its inhibitory
functions on TRL2 expression and inflammatory
cytokine release.
In conclusion, our results showed that miR-144
is significantly downregulated in NSCLC tissues
and cell lines. Overexpression of miR-144 suppressed cell migration, invasion and inflammatory
cytokine release of NSCLC through directly targeting TLR2. These data suggest that the frequently
downregulated miR-144 leads to the upregulation
of TLR2 and in turn contributes to the development of NSCLC.
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