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miR-383 inhibits proliferation and induces apoptosis via 
targeting HDAC2 in non-small cell lung cancer cells
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Abstract: Lung cancer is the most common cause of deaths among all cancers around the world and non-small 
cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancer cases. In this study, we investigated 
the expression level of miR-383 and its biological function in NSCLC. Firstly, we observed miR-383 down-regulation 
and HDAC2 up-regulation in NSCLC by qRT-PCR and Western blot, respectively. Next, we found that HDAC2 levels 
were inversely correlated with miR-383 expression in NSCLC tumor tissues and identified HDAC2 as a direct target 
of miR-383 by luciferase reporter assay. Then, the functional in vitro assays indicated that ectopic overexpression 
of miR-383 inhibited proliferation and induced apoptosis in NSCLC A549 cells, while restoration of HDAC2 partially 
attenuated these effects of miR-383 on A549 cells. In addition, knockdown of miR-383 resulted in an increase in 
proliferation and a decrease in apoptosis of A549 cells. In conclusion, our findings revealed the suppressive role of 
miR-383 in the development of NSCLC and suggested that miR-383 may serve as a useful diagnostic marker and a 
potential therapeutic target in human lung cancer.
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Introduction

Lung cancer is the most common cause of 
deaths among all cancers around the world 
with approximately 1.3 million deaths per year, 
due to its high incidence, malignant behavior 
and poor prognosis [1]. Non-small cell lung can-
cer (NSCLC) represents the majority of lung 
cancers and accounts for approximately 85% of 
all lung cancer cases [2]. According to its histo-
logical features, NSCLC could be divided into 
three subtypes: squamous cell lung carcinoma, 
lung adenocarcinoma, and large-cell lung carci-
noma [3]. Current treatment strategies in par-
ticular for NSCLC are surgical resection, che-
motherapy and molecularly targeted therapy 
[4]. Despite the significant improvement in the 
diagnosis and treatment options, the prognosis 
of lung cancer patients still remains poor, and 
the five-year survival rate is less than 15% [5]. 
As in other cancers, NSCLC carcinogenesis is a 
complex process involving activation of many 
oncogenes and inactivation of tumor suppres-
sor genes. Therefore, to identify some novel 
molecule correlated with the occurrence and 

development of NSCLC may be helpful for diag-
nosis and treatment of NSCLC patients.

MicroRNAs (miRNAs) are a class of small endog-
enous, non-coding RNAs with 18-25 nucleo-
tides and post-transcriptionally regulate the 
expression of multiple genes by binding to their 
3’-untranslated regions [6]. MiR-383 was firstly 
found to be down-regulated in patients with 
non-obstructive azoospermia and was recently 
reported to be associated with several human 
cancers [7]. For example, Li et al. showed that 
miR-383 was down-regulated in medulloblasto-
ma (MB) samples and cell lines, and ectopic 
expression of miR-383 in MB cells led to sup-
pression of cell growth, cell accumulation at 
sub-G1 phase and alteration of apoptosis-relat-
ed proteins [8]. Xu et al. reported that miR-383 
was down-regulated in glioma cells and could 
inhibit glioma cells proliferation, migration, and 
invasion [9]. Besides, Chen et al. demonstrated 
the down-regulation of miR-383 in hepatocellu-
lar carcinoma (HCC) and its suppressive effect 
on HCC cells proliferation [10]. However, the 
expression pattern and biological significance 
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of miR-383 in NSCLC has not yet been 
reported. 

Epigenetic modification is very important in 
regulating genes transcription. Histone acetyla-
tion is regulated by two large families of 
enzymes-histone acetyltransferases (HATs) 
and histone deacetylases (HDACs), which mod-
ulate the chromatin structure by adding and 
removing acetyl groups from lysine residues in 
protein, respectively [11]. Histone acetylation 
and deacetylation regulated by HATs and 
HDACs play pivotal roles in cell proliferation, 
differentiation and cell cycle distribution [12, 
13]. The 18 human HDAC members are classi-
fied into four classes based on their phyloge-
netic derivation and HDAC2 is a member of 
class II [14]. HDAC2 was showed to be involved 
in the development of several human cancers. 
It was reported that HDAC2 was overexpressed 
in oral cancer and its overexpression predicted 
a poor prognosis [15]. Increased expression of 
HDAC2 was also found in gastric cancer and 
gallbladder carcinoma [16, 17]. These results 
suggest that HDAC2 may play an important role 
in the development and progression of human 
cancers.

In the present study, we focused on the biologi-
cal functions of miR-383 and its potential 
mechanism in NSCLC. Firstly, we detected the 
expression levels of miR-383 and HDAC2 in 
NSCLC clinical samples and cell lines, and fur-
ther analyzed their correlation. Then, we proved 
HDAC2 as a direct target of miR-383 in HDAC2 
by luciferase reporter assay and western blot. 
Finally, we investigated the biological effects of 
miR-383 and HDAC2 on NSCLC cells prolifera-
tion and apoptosis. Our findings collectively 
showed that miR-383 is down-regulated in 
NSCLC and can inhibit NSCLC cells proliferation 
via down-regulating HDAC2.

Materials and methods

Tissue collections

A total of 24 paired NSCLC and adjacent non-
cancerous lung tissues (more than 2 cm away 
from the cancer tissues and were pathological-
ly confirmed as normal tissues) were obtained 
from patients who are diagnosed with NSCLC 
and underwent surgical resection in our depart-
ment between May 2014 and March 2015. All 
the tissues were frozen in liquid nitrogen imme-
diately and stored at -80°C until use. None of 

the patients received chemo- or radiotherapy 
before surgery. All of the patients provided writ-
ten informed consent, and this study was 
approved by the Ethics Committees of our 
hospital.

Cell culture and transfection

Four NSCLC cell lines (SPC-A1, A549, H460 
and HCC827) and normal GNHu27 cells were 
purchased from American Type Culture 
Collection (ATCC) (VA, USA). All of NSCLC cell 
lines were cultured in RPMI-1640 medium 
(HyClone) and the normal GNHu27 cells was 
cultured in Dulbecco’s modified Eagle’s medi-
um (DMEM; Invitrogen, CA). The culture media 
were all supplemented with 10% fetal bovine 
serum, 100 U/ml of penicillin and 100 μg/ml of 
streptomycin. Cells were maintained at 37°C in 
a humidified atmosphere containing 5% CO2. 
miR-383 mimics (miR-383), miR-383 inhibitors 
(anti-miR-383) and their negative controls (miR-
NC and anti-miR-NC) were purchased from 
GenePharma (Shanghai, China). A HDAC2 
expression plasmid (pcDNA3.1-HDAC2) con-
taining the coding sequence was constructed 
using PCR-generated fragments and pcDNA3.1 
(+) vector. The day before transfection, cells 
were seeded into 24-well plates and transfec-
tion was carried out with Lipofectamine 2000 
following the manufacturer’s instruction. 

Quantitative real-time PCR

Total RNA was extracted from samples or cell 
lines using TRIzol reagent (Invitrogen, USA) 
according to the manufacturer’s protocol and 
then reversely transcribed into cDNA. Real-time 
PCR was done by using the SYBR Green PCR 
Master Mix (Applied Biosystems) on an Applied 
Biosystems 7500 Real-time PCR system 
(Applied Biosystems, CA, USA). Small nuclear 
U6 RNA was used as an internal control and the 
relative miR-383 expression levels were nor-
malized to that control by using comparative 
2-ΔΔCt method. The primers for miR-383 real 
time PCR is 5’-GTGCAGGGTCCGAGGT-3’ (for-
ward) and 5’-AGATCAGAAGGTGATTGTGGCT-3’ 
(reverse). The experiment was independently 
repeated three times.

Western blot

Protein was extracted from tissues or treated 
cells using RIPA buffer (Beyotime) supplement-
ed with protease inhibitors (Roche) and protein 
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concentration was measured using the BCA 
Protein Assay kit (Beyotime). Equal amounts of 
protein samples were separated by sodium 
dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGE) and transferred to polyvi-
nylidene fluoride (PVDF) membranes (Millipore, 
USA). Afterwards, membranes were blocked 
with 5% non-fat milk at room temperature for 1 
h and incubated with primary antibody against 
HDAC2 or β-actin (Abcam, USA) at 4°C over-
night. The next day, the membranes were 
washed with PBS and then incubated with sec-
ondary antibody (Santa Cruz, USA) at room tem-
perature for 2 h. Finally, protein bands were 
detected by enhanced chemi-luminescence 
(ECL; Santa Cruz Biotechnology) according to 

the manufacturer’s protocol. Three indepen-
dent experiments were performed.

Luciferase reporter assay

The 3’-UTR of HDAC2 containing the potential 
binding sites of miR-383 or the mutant HDAC2 
3’-UTR was amplified by PCR and then cloned 
into XhoI/NotI restriction sites of psiCHECK2 
vector (Promega, WI, USA). For the luciferase 
reporter assay, cells were cultured in 24-well 
plates, and then co-transfected with either 
miR-383 mimics or NC and psiCHECK2 con-
taining wild-type (WT) or mutated (Mut) HDAC2 
3’-UTR. After 48 hours of transfection, lucifer-
ase activity was measured using the Dual 

Figure 1. MiR-383 is down-regulated while HDAC2 is 
up-regulated in NSCLC. A. Relative miR-383 expression 
in NSCLC tumor tissues and matched noncancerous 
tissues detected by qRT-PCR. B. Relative miR-383 ex-
pression in NSCLC cell lines (SPC-A1, A549, H460 and 
HCC827) and normal GNHu27 cells detected by qRT-
PCR. C. Relative HDAC2 protein levels in NSCLC tumor 
tissues and matched noncancerous tissues analyzed by 
western blot. D. Relative HDAC2 protein levels in NSCLC 
cell lines (SPC-A1, A549, H460 and HCC827) and nor-
mal GNHu27 cells analyzed by western blot. E. Correla-
tion between HDAC2 levels and miR-383 expression in 
NSCLC tumor tissues. Data were expressed as mean ± 
SD of three independent experiments. *P < 0.05.
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Luciferase Reporter Assay System (Promega 
Corporation, WI, USA) with the manufacturer’s 
instructions. This experiment was run in tripli-
cate for each sample. 

MTT assay

Cell proliferation was analyzed by the 3-(4, 
5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) assay according to the manu-
facturer’s guideline. Briefly, after 48 hours of 
transfection, A549 cells were harvested and 
seeded into 96-well plates at a density of 2 × 
103 cells per well. After incubation at 37°C for 
different time (0 h, 24 h, 48 h, 72 h, 96 h), 20 
μL MTT (0.5 mg/ml, Sigma) was added into 
each well and then further incubated for 4 h. 
Afterwards, medium was discarded and 100 μL 
of DMSO (Sigma) was added to stop the reac-
tion. Finally, the absorbance was measured at 
490 nm using a microplate reader. Each experi-
ment was performed in triplicates.

Apoptosis assay

Cell apoptosis was evaluated using flow cytom-
etry with FITC-Annexin V Apoptosis Detection 
Kit (BD Biosciences) according to the manufac-
turer’s protocol. Briefly, treated cells were col-
lected by centrifugation and resuspended at a 
concentration of 1 × 106 cells/mL. Then, cells 
were incubated with Annexin V and PI for 15 
min in the dark. Cell apoptosis was analyzed by 

Results

miR-383 is down-regulated while HDAC2 is up-
regulated in NSCLC

We detected miR-383 expression by qRT-PCR 
in 24 paired NSCLC tissues and NSCLC cell 
lines. Our results revealed that miR-383 expres-
sion was significantly down-regulated in NSCLC 
tissues or cell lines (SPC-A1, A549, H460 and 
HCC827) compared with the adjacent noncan-
cerous lung tissues or normal GNHu27 cells 
(Figure 1A, 1B). Whereas, the results of west-
ern blot indicated that HDAC2 is significantly 
up-regulated in NSCLC tissues or cell lines com-
pared to the adjacent noncancerous lung tis-
sues or normal GNHu27 cells (Figure 1C, 1D). 
Furthermore, we observed an obvious inverse 
correlation between HDAC2 levels and miR-
383 expression in NSCLC tumor tissues (Figure 
1E). These results indicated that miR-383 and 
HDAC2 are both involved in the development of 
NSCLC.

HDAC2 is a direct target of miR-383 in NSCLC

Based on the bioinformatics analysis using 
three different programs (miRanda, Pictar and 
targetscan), HDAC2 mRNA has a putative miR-
383 binding site in its 3’-UTR (Figure 2A), which 
suggests that HDAC2 mRNA is a potential tar-
get of miR-383. To confirm that, we conducted 
luciferase reporter assay and western blot. As 

Figure 2. HDAC2 is a direct target of miR-383 in NSCLC. A. Putative miR-383 
binding sites on 3’-UTR of HDAC2 mRNA predicted by Targetscan. B. Relative 
luciferase activity of A549 cells co-transfected with miR-383 mimics (miR-
383) or its negative control (miR-NC) and wild-type (WT) or mutated (Mut) 3’-
UTR of HDAC2. C. HDAC2 expression in A549 cells transfected with miR-383 
mimics or its negative control showed by western blot. Data were expressed 
as mean ± SD of three independent experiments. *P < 0.05.

FACS Caliber flow cytometer 
(BD Bioscience). This experi-
ment was repeated at least 
three times.

Statistical analysis 

All experiments were repeat-
ed at least three times and 
data were expressed as 
means ± SD. Statistical analy-
ses were performed by using 
the SPSS 17.0 statistical soft-
ware (Chicago, IL). The signifi-
cance of differences between 
groups was compared by 
Student’s t test (two groups) 
or one-way analysis of vari-
ance (ANOVA, more than two 
groups). P < 0.05 was consid-
ered to indicate statistical 
significance.
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shown in Figure 2B, a significantly down-regula-
tion of luciferase activity was observed in A549 
cells when cotranfected with miR-383 mimics 
and the wild type (WT) but not the mutant (Mut) 
3’-UTR of HDAC2. Besides, our results of west-
ern blot showed that miR-383 overexpression 
significantly inhibited HDAC2 protein levels in 
A549 cells (Figure 2C). These results collective-
ly proved HDAC2 as a direct target of miR-383 
in NSCLC.

miR-383 inhibits proliferation and induces 
apoptosis via targeting HDAC2 in NSCLC

To investigate the biological function of miR-
383 in NSCLC. A549 cells were transfected 
with miR-383 mimics (miR-383) or its negative 
control (miR-NC) and the efficiency was exam-
ined by qRT-PCR (Figure 3A). MTT assay was 
conducted to analyze the proliferation of trans-
fected cells, data showed that overexpression 
of miR-383 significantly inhibited A549 cells 
proliferation (Figure 3B). Results of flow cytom-
etry indicated that the apoptosis rate of A549 
cells was significantly higher when transfected 
with miR-383 mimics (Figure 3C). However, 
when co-transfected with miR-383 mimics and 
pcDNA3.1-HDAC2, we found that restoration of 
HDAC2 partially attenuated the effects of miR-
383 on A549 cells proliferation and apoptosis 

(Figure 3B, 3C). All these results suggest that 
miR-383 inhibits proliferation and induces 
apoptosis via targeting HDAC2 in NSCLC.

Knockdown of miR-383 promotes proliferation 
and suppresses apoptosis in A549 cells

To further confirm the effects of miR-383 on 
A549 cells proliferation and apoptosis, cells 
were transfected with miR-383 inhibitors (anti-
miR-383) or the negative control (anti-miR-NC) 
and qRT-PCR was used to test the transfection 
efficiency (Figure 4A). Our results showed that 
the proliferation of A549 cells was promoted 
while the apoptosis was suppressed when 
transfected with miR-383 inhibitors (Figure 4B, 
4C). These results confirmed the effects of 
miR-383 on A549 cells proliferation and 
apoptosis.

Discussion

Lung cancer, mainly refers to non-small cell 
lung cancer (NSCLC), has become one of the 
most serious threats to human health all over 
the word, especially in china with its incidence 
increasing every year [18]. What worse, nearly 
77% of NSCLC patients are not diagnosed until 
spreading beyond the primary site and around 
55% of patients have metastatic disease at 

Figure 3. miR-383 inhibits proliferation and induces apoptosis via targeting HDAC2 in NSCLC. A. Relative miR-383 
expression in A549 cells when transfected with miR-383 mimics (miR-383) or its negative control (miR-NC) detected 
by qRT-PCR. B. Proliferation of transfected A549 cells evaluated by MTT assay. C. Apoptosis rate of transfected A549 
cells measured by flow cytometry. Data were expressed as mean ± SD of three independent experiments. *P < 0.05.
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diagnosis [19]. In recent years, numerous miR-
NAs are reported to be involved in the develop-
ment of NSCLC. For example, miR-30d-5p was 
showed to be downregulated in NSCLC tissues, 
and could significantly inhibit the growth, cell 
cycle distribution, and motility of NSCLC cells 
[20]. miR-92a was found to be significantly 
upregulated in NSCLC tissues and could pro-
mote growth, metastasis, and chemoresis-
tance in NSCLC cells by targeting PTEN [21]. It 
was also indicated that miR-148b expression 
was decreased in tumor tissues and its low 
level was associated with poor survival in 
NSCLC patients [22].

Interestingly, the role of histone deacetylases 
(HDACs) in NSCLC has also been investigated 
during the past decades. Several HDAC inhibi-
tors are showed to have anti-tumor effect in 
NSCLC. Brazelle et al. indicated that HDAC 
inhibitor LBH589, scriptaid, valproic acid, apici-
din, and MS-275 could induce cell death in 
NSCLC cells [23]. The suppressive effect on 
NSCLC cells growth was also observed by using 
other HDAC inhibitors such as honokiol [24] 

and trichostatin A [25]. As a member of HDAC 
family, HDAC2 was identified as an oncogenic 
regulator in NSCLC by deregulating expression 
of apoptosis and cell cycle proteins [26]. In liver 
cancer, HDAC2 was demonstrated to be regu-
lated by miR-145 and play a pivotal role in the 
development of hepatocellular carcinoma [27].

In our study, we firstly explored miR-383 expres-
sion levels and HDAC2 protein patterns in 
paired NSCLC tissues or NSCLC cell lines, 
respectively. We founded that miR-383 is sig-
nificantly down-regulated while HDAC2 is sig-
nificantly up-regulated in NSCLC tumor tissues 
and cancer cell lines when compared with nor-
mal controls. Additionally, we observed an obvi-
ous inverse correlation between HDAC2 levels 
and miR-383 expression in NSCLC tissues. 
These results suggest that miR-383 and HDAC2 
are both altered in NSCLC and may be involved 
in its development. Next, luciferase reporter 
assay and western blot were performed to elu-
cidate the exactly correlation of miR-383 and 
HDAC2 in NSCLC. Our results showed that 
HDAC2 is a direct target of miR-383 in NSCLC.

Figure 4. Knockdown of miR-383 promotes proliferation and suppresses apoptosis in A549 cells. A. Relative miR-
383 expression in A549 cells when transfected with miR-383 inhibitors (anti-miR-383) or the negative control (anti-
miR-NC) detected by qRT-PCR. B. Proliferation of transfected A549 cells evaluated by MTT assay. C. Apoptosis rate 
of transfected A549 cells measured by flow cytometry. Data were expressed as mean ± SD of three independent 
experiments. *P < 0.05.
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Then, we explored the biological function of 
miR-383 on NSCLC cells proliferation and 
apoptosis. After transfected with miR-383 
mimics, A549 cells showed a significant 
decrease in cell proliferation and a significant 
increase in apoptosis. However, restoration of 
HDAC2 partially attenuated the effects of miR-
383 on A549 cells. These data indicate that 
miR-383 may inhibit proliferation and induce 
apoptosis via targeting HDAC2 in NSCLC cells. 
To further confirm the function of miR-383 in 
NSCLC, we transfected A549 cells with miR-
383 inhibitors and found an opposite effects of 
miR-383 mimics on A549 cells proliferation 
and apoptosis.

In conclusion, the current study provides evi-
dence that miR-383 is dramatically down-regu-
lated while HDAC2 is significantly up-regulated 
in NSCLC. In addition, miR-383 can inhibit pro-
liferation and induce apoptosis via targeting 
HDAC2 in NSCLC. Our findings suggest that 
miR-383 down-regulation may play important 
roles in the development of NSCLC and miR-
383 may serve as a useful diagnostic marker 
and a potential therapeutic target in human 
lung cancer.
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