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MiR-539 inhibits cell proliferation and invasion  
by targeting CARMA1 in NSCLC
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Abstract: MicroRNAs (miRNAs) play an important role in the development and progression of non-small cell lung 
cancer (NSCLC). Recently, several studies have shown that miR-539 is down regulated in various cancers, however, 
its expression and function in NSCLC remain unclear. In this study, we found that miR-539 was downregulated in 
NSCLC tissues and cell lines. Overexpression of miR-539 suppressed cell proliferation and invasion in A549 cells. 
Furthermore, our results also shown miR-539 reduction was associated with increased CARMA1 expression levels 
in NSCLC tissues and luciferase activity assays showed that CARMA1 is a direct target ofmiR-539. Taken together, 
our study demonstrates that miR-539 plays important roles in NSCLC pathogenesis, implicating potential applica-
tion in cancer therapy.

Keywords: Non-small cell lung cancer (NSCLC), miR-539, CARMA1, proliferation, invasion

Introduction

Lung cancer is the most commonly diagnosed 
cancer and the leading cause of cancer related 
death worldwide, among of which non-small 
cell lung cancer (NSCLC) accounts for approxi-
mately 80% of all lung cancers [1, 2]. Despite 
improvements of surveillance and clinical treat-
ment strategies of NSCLC and its five-year sur-
vival rate, the 5-year survival of NSCLC patients 
after curative resection is reported to be only 
30-60% and distant metastasis is still one of 
the most common failure patterns [3]. 
Therefore, it is urgent to elucidate the potential 
mechanism that mediates the initiation and 
progression of NSCLC. Hence, identification of 
new molecules involved in tumor metastasis is 
of crucial importance to reduce morbidity and 
mortality of this devastating disease.

MicroRNA (miRNA), an abundant group of 
endogenous non-coding single strand RNAs of 
22 nucleotides, regulates their target genes by 
binding to the 3’ untranslated region (3’-UTR) of 
target messenger RNAs (mRNAs), causing 
either degradation or inhibition of translation. 
In this manner, miRNAs play important roles in 
a range of biological processes including cell 

proliferation, apoptosis, invasion, migration, dif-
ferentiation and so on [4-7]. Numerous studies 
have suggested that miRNAs were deregulated 
in tumorigenesis [8, 9]. The miRNA expression 
profiles and specific miRNAs are correlated with 
disease prognoses and clinical outcomes in 
lung cancer [10-12]. For example, High expres-
sion of miR-21 and miR-155 were reported to 
predict recurrence and unfavourable survival in 
non-small cell lung cancer [13]. Decreased miR-
NA-148a is associated with lymph node metas-
tasis and poor clinical outcomes and functions 
as a suppressor of tumor metastasis in non-
small cell lung cancer [14]. Differential expres-
sion of miR-125a-5p and let-7e predicts the pro-
gression and prognosis of non-small cell lung 
cancer [15]. Therefore, miRNA analysis provides 
a more comprehensive understanding of the 
pathogenesis of lung cancer [16].

miR-539 represents a novel therapeutic target 
in the treatment of heart failure by suppresses 
O-GlcNA case expression [17]. Recently, miR-
539 functions as a tumor suppressor and 
reported to be downregulated in osteosarcoma 
and thyroid cancer, playing an important role in 
tumorigenesis and tumor development [18, 
19]. However, the expression and function of 
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miR-539 in NSCLC remain unclear. In this study, 
we addressed miR-539 as a negative regulator 
of growth and invasion of NSCLC, and identified 
the mechanism of miR-539 inhibiting on growth 
and invasion of NSCLC might be through target-
ing CARMA1.

Materials and methods

Patients and clinical specimens

Paired NSCLC and adjacent noncancerous lung 
tissues (pathologically confirmed normal tis-
sues and 2 cm away from the cancer tissues) 
were obtained from 25 patients who received 
curative resection of NSCLC Xiangya Hospital 
of Central South University (Changsha, Hunan 
Province, China) from January 2011 to 
December 2013. These tissues were flash-fro-
zen in liquid nitrogen immediately after resec-
tion and stored at -80°C until use. None of the 
patients received neoadjuvant chemotherapy 
or radiotherapy before surgery. This study was 
approved by the Research Ethics Committee of 
our hospital, and written informed consent was 
obtained from each patient.

Cell culture and transfection 

Four NSCLC cell lines (A549, H460, 95D, and 
HCC827) and normal human bronchial epithe-
lial cell line (16HBE) were purchased from 
American Type Culture Collection (ATCC) 
(Manassas, VA, USA) and maintained in Roswell 
Park Memorial Institute (RPMI) 1640 medium 
(Invitrogen®; Life Technologies Corp, Carlsbad, 
CA, USA) supplemented with 10% heat-inacti-
vated fetal bovine serum (FBS), 100 units/mL 
of penicillin G sodium, and 100 µg/mL strepto-
mycin sulfate. All of the cells were incubated at 
37°C in a humidified atmosphere with 5% CO2.

For RNA transfection, the cells were seeded 
into each well of 24-well plates, incubated over-
night, and then transfected with mature miR-
539 mimics, miR-539 inhibitors, or negative 
control (miR-NC or anti-miR-NC; GenePharma, 
Shanghai, People’s Republic of China) using 
Lipofectamine® 2000 (Invitrogen; Life Tech- 
nologies Corp) according to the manufacturer’s 
instructions.

Quantitative RT-PCR

Total RNA was extracted with TRIzol (Invitrogen, 
Carlsbad, CA, USA), using the standard method. 

cDNA synthesis was performed with 2 µg of 
total RNA, using the miScript II RT Kit (Qiagen, 
Hilden, Germany) according to the manufactur-
er’s instructions. Real-time PCR was performed 
on the ABI 7500 cycler (Applied Biosystems, 
CA, USA), using the miScript SYBR Green PCR 
Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s protocol. Hsa-RNU6B and glyc-
eraldehyde-3-phosphate dehydrogenase (GAP- 
DH) were used as endogenous controls for miR-
NAs and mRNAs expression, respectively.

Luciferase reporter assay

The pGL3-reporter luciferase vector was used 
to construct the pGL3-CARMA1 or pGL3-CAR-
MA1-mut vectors. The pGL3-CARMA1-mut vec-
tor was built with CARMA1 that underwent site-
directed mutagenesis of the miR-539 target 
site, using a Stratagene Quik-Change® Site-Di- 
rected Mutagenesis Kit (Stratagene; Agilent 
Technologies, Santa Clara, CA, USA). For the 
luciferase reporter assay, cells were cultured in 
24-well plates and transfected with the plas-
mids and miR-539 mimics using Lipofectamine 
2000. At 24 hours after transfection, luciferase 
activity was measured using the Dual Luciferase 
Reporter Assay System (Promega Corporation, 
Fitchburg, WI, USA). Firefly luciferase activity 
was normalized to Renilla luciferase activity for 
each transfected well.

MTT assay

The 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) assay was used in 
the evaluation of cells proliferation. Cells were 
seeded into 96-well plates at 5 × 103 cells/well. 
Twenty-four hours later, MTT assay was con-
ducted. Finally, the optical density was deter-
mined at 570 nm using the ELISA plate reader 
(Model 550; Bio-Rad). At least three indepen-
dent experiments were ensured.

Invasion assay

The capability of cell invasion was examined by 
transwell invasion assay. Cells were cultivated 
to 80% confluence on the 12-well plates. Then, 
we observed the procedures of cellular growth 
at 72 h. All the experiments were repeated 
intriplicate. The transwell migration chambers 
were used to evaluate cell invasion. Then cells 
invading cells across the membrane were 
counted under a light microscope.
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Figure 1. MicroRNA-539 was decreased in NSCLC tissues and cell lines. A. The expression levels of miR-539 in 20 
pairs of NSCLC tissues and their matched normal tissues were measured by quantitative real-time PCR. U6 was 
used as an internal control. B. The expression levels of miR-539 in four NSCLC cell lines (A549, H226, H1299 and 
H460) and normal human bronchial epithelial cell line (16HBE).

Figure 2. MiR-539 inhibited NSCLC cells proliferation and invasion of NSCLC cell. A549 cells were transfected with 
miR-539 mimic and inhibitor or negative control mimics, and in vitro migration was assessed by wound healing as-
say. A. The effects of miR-539 mimic and inhibitor on miR-539 expression. B. MTT assay were performed to detect 
cell viability. C. miR-539 suppressed the invasion of non-small-cell lung cancer (NSCLC) cells. *P<0.05.
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Western blot

Whole cell extracts were prepared with a cell 
lysis reagent (Sigma-Aldrich, St. Louis, MO, 
USA) according to the manual, and then, the 
protein was quantified by a BCA assay (Pierce, 
Rockford, IL, USA). Then, the protein samples 
were separated by SDS-PAGE (10%) and detect-
ed by Western blot using polyclonal (rabbit) 
anti-CARMA1 antibody (Santa Cruz Bio-tech- 
nology, Santa Cruz, CA, USA). Goat anti-rabbit 
IgG (Pierce, Rockford, IL, USA) secondary anti-
body conjugated to horse radisher oxidase and 
ECL detection systems (Super Signal West Fe- 
mto, Pierce) were used for detection.

Statistical analysis

All data were shown as mean ± SD. Statistical 
significance was assessed by T-test for two-
group comparison. Differences with p value 
<0.05 were considered statistically significant.

Results

miR-539 is downregulated in NSCLC tissues 
and cell lines

The expression level of miR-539 was examined 
in NSCLC specimens and the corresponding 
normal tissues. The average expression level of 

miR-539 was significantly lower in NSCLC spec-
imens compared with adjacent normal tissues 
(P<0.01) (Figure 1A). We also determined the 
expression level of miR-539 in different human 
NSCLC cell lines by quantitative RT-PCR. 
Comparing with the human bronchial epithelial 
cell line 16HBE, the expression level of miR-
539 was consistently down-regulated in four 
NSCLC cell lines (A549, H226, H1299 and 
H460) (Figure 1B). 

MiR-539 inhibited NSCLC cells proliferation 
and invasion of NSCLC cell

To test the function of miR-539 in NSCLC cells, 
stable cell lines A549 cells expressing miR-539 
and negative control (NC) were established by 
Lipo-2000 transduction. Then we examined the 
effect of miR-539 on the proliferation of A549 
cells from 0 h to 96 h (P<0.05). Further, we 
observed that over expression of miR-539 dra-
matically suppressed the proliferation of A549 
cells. In contrast to use a miR-539 inhibitor pro-
moted the proliferation of A549 cell (P<0.05) 
(Figure 2A). To determine the function of miR-
539 in NSCLC cells, the cell invasion were 
determined. Overexpression of miR-539 in 
NSCLC cells significantly suppressed cell inva-
sion (P<0.01), whereas loss of its expression 
promoted NSCLC cellular invasion (P<0.01) 

Figure 3. CARMA1 was a direct target of miR-539. A. Schematic representation of wild-type (WT) and mutated (Mut) 
putative miR-539-binding sites in the 3’-UTR of CARMA1. A549 cells were cotransfected with CARMA1 3’-UTR, pGL-3 
control and either miR-539 or negative control mimics. Relative firefly luciferase activity was normalized to Renilla 
luciferase activity. B. Protein levels were detected by western blot analysis in A549 cells transfected with miR-539 
or control mimic and in A549 cells transfected with miR-539 or control inhibitor. GAPDH was used as an internal 
control. *P<0.05, **P<0.01.
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(Figure 2B). These observations suggest that 
miR-539 plays an important role in inhibiting 
invasion of NSCLC cells.

CARMA1 is a direct target gene of miR-539 in 
thyroid cancer cells

Since miR-539 inhibits thyroid cancer cell 
metastasis, we reasoned that the specific 
genes suppressed by miR-539 should predomi-
nantly function in this process. Using computa-
tional prediction, we found that the 3’UTR of 
CARMA1 mRNA contains one miR-539 binding 
site. To verify the prediction, we constructed 
wild-type CARMA1 3’-UTR and mutated lucifer-
ase reporter plasmids (Figure 3A). The lucifer-
ase activity assays indicated that miR-539 
mimics significantly inhibited and anti-miR-539 
significantly increased the reporter activity of 
the wild-type but not that of the mutant CARMA1 
3’-UTR, suggesting that miR-539 directly binds 
to this site (Figure 3A). We next investigated 
the effect of miR-539 on endogenous CARMA1 
expression. Overexpression of miR-539 dra-
matically decreased CARMA1 at the mRNA and 
protein level, whereas anti-miR-539 increased 
CARMA1 levels in A549 cells (Figure 3B). Taken 
together, these results suggest that miR-539 
directly targets and modulates the expression 
of CARMA1 in NSCLC cells.

Decreased expression of mir-539 in NSCLC 
and its correlation with CARMA1 levels

We further compared expression levels of 
CARMA1 and miR-539 in NSCLC patient tis-

sues and found that CARMA1 protein level was 
also upregulated in miR-539 downregulated 
NSCLC tissues confirming that endogenously 
expressed CARMA1 is regulated by miR-539 
expression. Bivariate correlation analysis re- 
vealed a significant inverse correlation between 
expression of CARMA1 and miR-539 (r=-0.320; 
P<0.05; Figure 4). Thus, these data further 
support that downregulation of miR-539 was 
inversely correlated with upregulation of 
CARMA1 in NSCLC tissues. Taken together, 
these data demonstrate that CARMA1 is a 
direct target of miR-539 and further suggest 
that miR-539 may exert its apoptosis promot-
ing effect through inhibition of CARMA1 
expression.

Discussion

In this study, we firstly revealed the expression 
of miR-539 in NSCLC and its mechanism for 
the regulation of NSCLC cell proliferation and 
invasion. We found that miR-539 evidently 
deregulated in NSCLC tissues and it can 
repress the proliferation and invasion of NSCLC 
cells by directly targeting the 3’-UTR of CARMA1. 
In addition, we found that miR-539 levels are 
inversely correlated with of CARMA1 mRNA 
expression in NSCLC tissues and cancer cell 
lines.

Accumulating studies demonstrated that mi- 
croRNAs play critical roles in tumorigenesis by 
involving the regulation of cell differentiation, 
proliferation, apoptosis and invasion [20]. 

Figure 4. CARMA1 expression levels were inversely correlated with miR-539 in non-small-cell lung cancer tissues. A. 
CARMA1 expression levels in NSCLC tissues. B. CARMA1 expression levels were negatively correlated with miR-539.
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However, to our knowledge, few reports have 
described the function of miR-539. miR-539 
has been reported to play an important role in 
the failing heart by suppress O-GlcNAcase 
expression. Recently, miR-539 as tumor sup-
pressors, shows a global decrease in expres-
sion in two human cancers, including osteosar-
coma and thyroid cancer [18, 19]. In this study, 
we demonstrated that miR-34c-3p is downreg-
ulated in NSCLC tissues as well as in NSCLC 
cell lines. Therefore, miR-539 was suggested to 
function as a tumor suppressor gene in NSCLC, 
which is consistent with its roles in osteosar-
coma and thyroid cancer [18, 19]. To verify this 
hypothesis, we validated the tumor suppres-
sive roles of miR-539 in NSCLC cell line A549 
cells. Restoration of miR-539 expression could 
dramatically inhibit growth and invasion ability 
of NSCLC cell lines in vitro.

CARMA1 (CARD domain and MAGUK domain-
containing protein-1), also known as CARD11 
and Bimp3, is a CARD-containing membrane-
associated guanylate kinase family protein that 
plays an essential role in antigen receptor-
induced nuclear factor κB activation in T and B 
cells [21, 22]. In the previous study, Gu et al. 
observed that CARMA1 exerts a pro-metasta-
sis function in thyroid cancer by involving in cell 
migration and invasion [18]. However, the 
expression of CARMA1 and the relationship of 
CARMA1 with miR-539 in NSCLC remain 
unclear. In this study, we found that CARMA1 
was evidently upregulated in NSCLC tissues. 
The expression level of CARMA1 is negative 
correlation with miR-539 expression level in 
NSCLC. Furthermore, luciferase activity assays 
showed that CARMA1 was a direct target gene 
of miR-539. Exogeneticover expression of miR-
539 resulted in a remarkable decrease of 
CARMA1.

In conclusion, our data offer convincing evi-
dence that miR-539 may function as a tumor 
suppresssor miRNA in NSCLC, partly by regulat-
ing CARMA1 expression. Modulating miR-539 
expression represents a potential strategy for 
the treatment of NSCLC patients.
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