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MicroRNA 144 inhibits cell migration and invasion  
and regulates inflammatory cytokine secretion  
through targeting toll like receptor 2 in non-small cell 
lung cancer

Rong Pu1, Meicen Pu2, Haohai Huang3, Yejia Cui1

A b s t r a c t

Introduction: MicroRNAs (miRNAs) are endogenous small noncoding RNA 
molecules involved in modulation of  cancer progression. Here, we investi-
gated 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 tis-
sue 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 sig-
nificantly higher than that in normal lung tissues. Dual luciferase reporter 
gene assay showed that miR-144 could bind to the 3ʹUTR of TLR2 specifical-
ly. 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. More-
over, 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.
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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 can-
cer (SCLC) and non-small cell lung cancer (NSCLC). Non-small cell lung 
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cancer represents approximately 85% of lung can-
cer 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 mech-
anisms underlying development and progression 
of NSCLCs.

Tumor-related inflammation is a  hallmark of 
malignant cancer, which modulates tumor ini-
tiation and development  [4]. Cancer can induce 
an  inflammatory response  [5]. Chronic inflam-
mation promotes tumor progression by stimu-
lating 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 recep-
tors (TLRs) not only regulate innate and adap-
tive 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 report-
ed 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 can-
cer cells  [10]. IL-6-mediated inflammation may 
contribute to NSCLC-related morbidity and mor-
tality  [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 nucle-
otide (nt) small noncoding RNAs that negatively 
regulate gene expression via either mRNA deg-
radation 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 can-
cer, bladder cancer and colorectal carcinoma [15–
18]. However, its roles in TLR-mediated NSCLCs re-
main unclear. In this study, we found that miR-144 
was down-regulated and the levels of TLR2 were 
significantly increased in NSCLC patients, com-
pared to the  paired non-tumor lung tissue. Bio-
informatics 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 use-
fully therapeutic treatment for NSCLCs.

Material and methods 

Patient samples and cell lines

Twenty-eight human NSCLCs and correspond-
ing normal tissues (6 cm away from the primary 
tumor) were collected during tumor surgery at 
The Third People’s Hospital of Dongguan. The tis-
sues were frozen and stored in liquid nitrogen un-
til 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 Dulbec-
co’s modified Eagle’s medium (DMEM) with 10% 
FBS, 100 U/ml penicillin, and 100 mg/ml strep-
tomycin (Invitrogen, Carlsbad, CA, USA) at 37°C 
within 5% CO2. 

Plasmid constructions and transfection

To overexpress miR-144, the  cells were trans-
fected with 0.05 μM miR-144 mimics or miR-NC 
control (RiboBio, Guangzhou, People’s Repub-
lic 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  scram-
ble control were purchased from Santa Cruz.  
To construct a TLR2-expressing plasmid, the full-
length human TLR2 coding region lacking the en-
tire 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 in-
structions.

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 ex-
pression vector (Promega, Madison, WI, USA). 
The  mutant variant of  TLR2 3ʹ-UTR (MUT) was 
generated based on WT by mutating eight nu-
cleotides that potentially bind to miR-144.  
A549 cells were cotransfected with miR-144  
mimics or miR-NC and WT or Mut vectors. Af-
ter transfection for 48 h, 2 × 104 cells per well 
were seeded in a 24-well plate. At 80–90% con-
fluence, luciferase activity was assayed using 
the Dual-Luciferase Reporter 1000 Assay System 
(Promega, Madison, USA). 
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under a microscope. The wound areas were calcu-
lated by NIH ImageJ software (Bethesda, MA, USA).

Transwell invasion assays

Cell invasion was detected by transwell inva-
sion assays. 5 × 104 cells in serum-free media were 
added into the  upper chamber of  the  BioCoat 
Invasion Chambers (Becton-Dickinson Bioscienc-
es, 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 mem-
brane were fixed and stained with 4% polyformal-
dehyde (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 cen-
trifuged at 3000 rpm for 10 min. The supernatant 
media were transferred to a  new tube. The  lev-
els 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 non-
small cell lung cancer tissues and cell lines

To evaluate the  expression and role of  miR-
144 and TLR2 in NSCLC development, we detect-
ed the expression of miR-144 and TLR2 in 28 pairs 
of  NSCLC tissues and the  corresponding nor-
mal lung tissues using qPCR. The  results showed 
that miR-144 was significantly down-regulated 
in NSCLC tissues, compared with that in the  cor-
responding 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, respective-
ly (Figures 1 B, D). Thus, these observations sug-
gested that miR-144 might play negative roles in  

RNA isolation and quantitative real-time 
polymerase chain reaction

Total RNA was extracted from lung tumor tis-
sues and cell lines using TRIzol reagent (Invitro-
gen, Carlsbad, CA, USA) according to the manufac-
turer’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 fol-
lows as described in a previous study [19]: TLR2 for-
ward 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 calculat-
ed using the 2−ΔΔCt method.

Protein extraction and western blot

Total proteins were extracted using a RIPA ly-
sis buffer (Beyotime Biotech Inc., China) according 
to the  manufacturer’s instructions. Protein con-
centrations were quantified using the BCA meth-
od (Beyotime, Jiangsu, China). Proteins (40 μg)  
were fractionated by 10% SDS–polyacrylamide 
gel (SDS–PAGE), and then electrotransferred to 
nitrocellulose membranes (Whatman, Maid-
stone, 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 per-
oxidase-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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NSCLC development. The opposite expression trend 
between miR-144 and TLR2 suggested their oppo-
site 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 pro-
gression of NSCLC, we transfected A549 cells with 
miR-144 mimic or miR-Control. As shown in Fig-
ure 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 vi-
tro suggested that miR-144 might suppress NSCLC 
growth and metastasis.

TLR2 is a target of miR-144

To investigate the mechanisms by which miR-
144 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 (Fig-
ure 3 A). To confirm whether TLR2 is the direct 
downstream target of miR-144, luciferase report-
er assay was performed to detect the interaction 
between miR-144 and 3ʹUTR of  TLR2. The  se-
quences of  wild type (WT) and mutant (MUT) 
TLR2 3ʹUTR are shown in Figure 3 A. Furthermore, 
we observed that up-regulation of miR-144 sig-
nificantly decreased the relative luciferase activ-
ity 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 re-
sults 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 tar-
gets TLR2 and decreases its expression, we de-
tected the expression of  TLR2 in miR-144 over-
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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 – Ex-
pression 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)
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Figure 2. Overexpression of miR-144 inhibits cell proliferation, migration and invasion of A549 cells. A – A549 
cells were infected with miR-144 mimic or miR-control, and the expression of miR-144 was detected by qPCR.  
B – Cell migration was detected by wound healing assay. C – Cell invasion was detected by transwell invasion 
assay. ***P < 0.001 (vs. miR-control group)

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 cotrans-
fected 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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expressed A549 cells. Our results showed that 
the mRNA and protein levels of TLR2 were signifi-
cantly down-regulated by miR-144 overexpres-
sion (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 over-
expression of  miR-144 dramatically decreased 
the secretion of IL-1β, IL-6 and IL-8 in A549 cells 
compared with their corresponding controls (Fig-
ure 4 C). Taken together, these results suggest 
that miR-144 can suppress inflammatory cyto-
kine 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-reg-
ulated 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, in-
vasion and inflammatory cytokine secretion. Firstly, 
TLR2 was overexpressed in A549 cells by cotrans-
fection with miR-144 mimic and TLR2 lacking 3ʹUTR 
vector (TLR2) or control vector (Vector). The results 
showed that TLR2 overexpression did not affect 

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 trans-
fection with miR-144 mimic for 48 h. ***P < 0.001
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the  expression of  miR-144 (Figure 6 A). Western 
blotting analysis confirmed that TLR2 was overex-
pressed in A549 cells that overexpressed miR-144 
(Figure 6 B). As expected, we found that the inhib-
itory effects of miR-144 on cell migration, invasion 
and inflammatory cytokine secretion were antag-
onized 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 sug-
gests that they can regulate tumor behavior as ei-
ther tumor suppressors or oncogenes [14]. 

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, miR-
125a, miR-33, miR-224, miR-126, miR-107 and miR-
185 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, inva-
sion and proinflammatory cytokine release in vitro. 
These results suggest that miR-144 might be a novel 
tumor suppressor.

miRNAs regulate biological functions by in-
hibiting downstream gene expression [23]. It has 

Figure 5. Down-regulation of  TLR2 inhibits cell 
proliferation, migration, invasion and inflammato-
ry 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 inva-
sion assay. D – Inflammatory cytokine secretion 
was detected by ELISA. **P < 0.01, ***p < 0.001, vs. 
scramble group
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been reported that miR-144 inhibits tumor cell 
migration, invasion and EMT-mediated metas-
tasis by directly targeting proline-rich protein 11 
in pancreatic cancer  [24], c-Met in multiple my-
eloma  [25], ZFX in hepatocellular carcinoma  [26] 
and PBX3 in gastric cancer  [27]. To elucidate 
the  underlying mechanisms of  miR-144 mediat-
ed inhibitory effects on NSCLC migration, inva-
sion and inflammatory cytokine release, we used 

TargetScan to predict the gene target of miR-144. 
TLR2 was identified as a key target gene of miR-
144. We further confirmed this prediction by lu-
ciferase 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 

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
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acute myocardial infarction  [28–31]. Moreover, 
chronic inflammation modulates almost all as-
pects of tumor behavior [7]. TLRs also play a key 
role in regulation of chronic inflammation and im-
mune tolerance [32]. Emerging data have demon-
strated 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 pro-
mote tumor cell migration and invasion [20, 35]. 
It was reported that TLR2 was overexpressed in 
NSCLC  [36], which is in accordance with our ob-
servations. 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 re-
lease of NSCLC cells. Moreover, the  inhibitory ef-
fects 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 sup-
pressed cell migration, invasion and inflammatory 
cytokine release of NSCLC through directly target-
ing TLR2. These data suggest that the frequently 
downregulated miR-144 leads to the upregulation 
of  TLR2 and in turn contributes to the  develop-
ment of NSCLC.
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