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Abstract: Background: microRNAs (miRNAs) play a significant role in cancer development and progression by regu-
lating the expression of oncogenes or tumor suppressor genes. Previous study using microarrays demonstrated 
that miR-142-3p was downregulated in patients with Non-small-cell lung carcinoma (NSCLC). However, the func-
tional role of miR-142-3p in NSCLC is still unclear. Material and method: Real-time quantitative PCR was applied 
to evaluate the expression level of miRNA-142-3p in NSCLC and normal samples. The cell proliferation of NSCLC 
cells was analyzed by MTT and colony formation assay after miR-142-3p transfection. Luciferase activities assay, 
cotransfection and Western blot were used to reveal that the predicted target genes of miR-125b were direct and 
specific. Results: In this study, we demonstrate miR-142-3p was downregulated in NSCLC tissues and cell lines. 
We demonstrated that the overexpression of miR-142-3p inhibits NSCLC cell proliferation and induced cell apopto-
sis. Furthermore, we demonstrate HMGB1 was a directly target of miR-142-3p in NSCLC cells, and confirmed the 
target specificity between miR-142-3p and the HMGB1 3’-untranslated region by luciferase reporter assay. Conclu-
sions: These results suggest that miR-142-3p may be a tumor suppressor through the downregulation of HMGB1 in 
NSCLC. miR-142-3p may be a tumor suppressor and a potential therapeutic agent for patients with NSCLC.
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Introduction

Non-small cell lung cancer (NSCLC), which 
including adenocarcinoma and squamous cell 
carcinoma, is the predominant form of lung 
cancer, and accounts for the majority of cancer 
deaths worldwide [1]. Although recent advanc-
es in clinical and experimental oncology, the 
prognosis of lung cancer is still unfavorable, 
with a 5-year overall survival rate of approxi-
mately 11% [2]. Thus, to explore the detailed 
mechanisms underlying NSCLC development 
and progression are still need for improving, 
diagnosis, prevention and treatment of this dis-
ease. In these decades, accumulating evidence 
has shown that microRNAs (miRNAs) may be 
involved in NSCLC pathogenesis, providing new 
insights into disease biology.

MicroRNAs (miRNAs) are small, non-coding 
RNA sequences about 22nt nucleotides long, 

which bind to complementary sequences gen-
erally located within the 3’ untranslated region 
(UTR) of target transcript RNAs to act as critical 
post-transcriptional regulators of gene expres-
sion, either inhibiting translation or reducing 
stability and inducing degradation [3]. App- 
roximately half of all miRNAs being located with-
in fragile sites and genomic regions associated 
with cancer [4, 5]. Deregulation of miRNA 
expression has been associated with carcino-
genesis [6] and abnormal expression of miR-
NAs has been demonstrated in most tumor 
types [7]. For instance, MicroRNA-10b targets 
E-cadherin and modulates breast cancer meta- 
stasis [8]. Downregulation of ABCG2 expression 
in glioblastoma cancer stem cells with miRNA-
328 may decrease their chemoresistance [9]. 
In addition, MicroRNA-125b down-regulation 
mediates endometrial cancer invasion by tar-
geting ERBB2 [10]. To date, MiR142-3p has 
been reported to be down-regulated and serve 
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as a potential tumor suppressor in several dis-
tinct cancer types including hepatocellular car-
cinoma (HCC), acute myeloid leukemia (AML), 
colon cancer and pancreatic ductal adenocarci-
noma (PDAC) [11-13]. Furthermore, Namløs et 
al. found that miR-142-3p was significantly 
downregulated in osteosarcoma cell lines com-
pared to normal bone tissues by miRNA micro-
array analysis [14]. However, the role and 
molecular mechanism of miR-142-3p in NSCLC 
remain largely unknown.

In this study, we investigated miR-142-3p ex- 
pression in NSCLC, and then analyzed the 
effect of miR-142-3p overexpression on cell 
proliferation and apoptosis. Furthermore, we 
identified the downstream target of miR-142-
3p and find miR-142-3p was directly targeted 
HMGB1 in NSCLC.

Material and methods

Patients and specimens 

A total of 21 NSCLC and 21 relative Normal 
specimens were surgically collected after 
informed consent from patients aged from 55 
to 67 years. None of these patients received 
chemotherapy and radiotherapy before the sur-

gery. Tumor and corresponding non-tumor lung 
tissue samples were collected and rapidly fro-
zen in liquid nitrogen and stored at -80°C. 
Ethical approval was obtained from the hospital 
and fully informed consent from all patients 
before sample collection. The characteristics of 
NSCLC patients in this study were shown in 
Table 1.

Cell culture

Two NSCLC cell lines (NCI-H23 and NCI-H838) 
were cultured in RPMI 1640 (GIBCO-BRL) medi-
um supplemented with 10% fetal bovine serum, 
100 U/ml penicillin, and 100 mg/ml streptomy-
cin in humidified air at 37°C with 5% CO2.

Bioinformatics methods

The miRNA targets predicted by computer-aid-
ed algorithms were obtained from pictar (http://
pictar.mdc-berlin.de/cgi-bin/new_PicTar_verte-
brate.cgi), targetscan (http://www.targetscan.
org) and miRbase (http://microrna.sanger.ac.
uk/cgi-bin/targets/v5/search.pl).

Real-time reverse transcription (qRT) poly-
merase chain reaction (PCR)

A TaqMan miRNA-assay kit was obtained from 
Applied Biosystems (Foster City, CA, USA) for 
the detection of mature miR-142-3p expres-
sion. According to the manufacturer’s instruc-
tions, the 2-DeltCt method was used in con-
junction with the RNU6B gene as a control for 
normalization. All experiments were performed 
in triplicate and repeated once. For analysis of 
HMGB1 mRNA expression, total RNA was 
extracted from cells and was reverse tran-
scribed using RT-PCR kits (Applied Biosystems) 
with an oligo d (T). To verify integrity of RAB14 
expression, ACTIN gene was used as an inter-
nal control. PCR conditions were 30 cycles con-
sisted of denaturation at 94°C for 30 s, anneal-
ing at 56°C for 30 s, and extension at 72°C for 
30 s. Each PCR product was separated by 1.5% 
agarose gel electrophoresis and visualized by 
ethidium bromide staining. 

Western blot assay

Cell protein lysates were separated in 10% 
sodium dodecyl sulfate polyacrylamide gels, 
electrophoretically transferred to polyvinyli-

Table 1. Characteristics of NSCLC patients in 
this study
Features Number of cases
Tumor size (cm)
    <5 11
    ≥5 10
Family history of tumor
    Negative 17
    Positive 4
Age 
    ≥60 15
    <60 6
Differentiation
    Well and moderate 9
    Poor or no differentiation 12
TNM stage
    I+II 10
    III+IV 11
Lymphatic metastasis
    pN (N0) 13
    pN (N1+N2+N3) 8
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Figure 2. Overexpression of miR-142-3p inhibits in vitro growth of NSCLC cells. A. NCI-H23 and NCI-H838 cells were 
transfected with miR-142-3p or miR-controls, respectively. qRT-PCR was used to measure the miR-142-3p expres-
sion after transfection. B, C. At 48 h after transfection, MTT assay was performed to determine the proliferation of 
NCI-H23 and NCI-H838 cells. Data represent the mean ± s.d. from three independent experiments. D. Representa-
tive results of colony formation of NCI-H23 and NCI-H838 cells transfected with miR-142-3p or miR-control. The 
results were reproducible in three independent experiments. 

dene difluoride membranes (Roche Diagnostics, 
Mannheim, Germany), then detected with anti-

HMGB1. Protein loading was estimated using 
mouse anti-ACTIN monoclonal antibody. Lab 

Figure 1. miR-142-3p expression in NSCLC tissues and cell lines. A. Relative expression of miR-142-3p in 21 NSCLC 
tissues in comparison with corresponding normal lung tissues. B. The miR-142-3p expression was significantly lower 
in NSCLC cell lines than in those corresponding normal lung tissues. 
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Works Image Acquisition and Analysis Software 
(UVP, Upland, CA, USA) were used to quantify 
band intensities. Antibodies were purchased 
from Abcam.

Cell proliferation (MTT) assay and colony for-
mation assay

The transfected cells were plated into 96-well 
plates at a density of 5000 cells/well. At 48 h 
after transfection, the cells were incubated 
with MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-dip- 
henyltetrazolium bromide) for 4 h at 37°C. Then 
the cells were agitated with MTT solvent on an 
orbital shaker for 10 min avoiding light. The 
absorbance at 570 nm (A570 nm) was mea-
sured with a spectrophometer. For the colony 
formation assay, a total of 500 miR-142-3p 
transfected NSCLC cells were placed in a fresh 
six-well plate and maintained in media contain-
ing 10% FBS, replacing the medium every 4 

days. After 14 days, cells were fixed with meth-
anol and stained with 0.1% crystal violet 
(sigma). Visible colonies were manually count-
ed. Triplicate wells were measured in each 
treatment group.

Flow-cytometric analysis of apoptosis

NSCLC cells transiently transfected with miR-
142-3p or miR-control, were harvested at 48 h 
after transfection by trypsinization. After the 
double staining with FITC-Annexin V and 7-AAD, 
the cells were analyzed with a flow cytometry 
(FACScanW; BD Biosciences) equipped with a 
CellQuest software (BD Biosciences). Cells 
were discriminated into viable cells, dead cells, 
early apoptotic cells, and apoptotic cells, and 
then the relative ratio of early apoptotic cells 
were compared to control from each experi-
ment. All of the samples were assayed in 
triplicate.

Figure 3. Ectopic miR-142-3p expression enhances apoptosis of NSCLC cells. At 48 h after transfection with miR-
142-3p or miR-control, NCI-H23 and NCI-H838 cells were collected for apoptosis analysis. A-D. Flow cytometry was 
used to detect the apoptotic cells in each Gate. All experiments were repeated in triplicate with similar results.
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Results

Decreased expression of miR-142-3p in hu-
man NSCLC specimens

To explore the possible role of miR-142-3p in 
NSCLC development, we first examined the 
expression of miR-125b in 21 paired NSCLC 
samples and 4 NSCLC cell lines by SYBR-Green 
stem-loop qRT-PCR. As shown in Figure 1, the 
expression level of miR-142-3p in NSCLC sam-
ples and cell lines was much lower than that in 
Normal samples, which provided initial evi-
dence that miR-142-3p may play a role in the 
development of human NSCLC.

Effect of miR-142-3p on NSCLC cell prolifera-
tion 

To assess the biological role of miR-142-3p in 
NSCLC, we investigated the effect of overex-
pression of miR-142-3p on cell viability and pro-
liferation. Firstly, qRT-PCT results confirmed 

miR-142-3p expression level was significant 
elevated by miR-142-3p transfection. MTT 
assay revealed that cell growth was significant-
ly impaired in NCI-H23 and NCI-H838 cells 
transfected with miR-142-3p (Figure 2B, 2C). 
Similarly, the results of colony-formation assays 
revealed that clonogenic survival was de- 
creased following overexpression of miR-142-
3p in both NSCLC cells (Figure 2D and 2E). 

Effect of miR-142-3p on NSCLC cell apoptosis 

To determine whether apoptosis was a contrib-
uting factor to cell growth inhibition, we per-
formed Hochest staining and flow-cytometric 
analysis of NSCLC cells after transfection with 
miR-142-3p. As shown in Figure 3A-D, we find 
that overexpression of miR-142-3p could sig-
nificantly increased the apoptosis rate in NCI-
H23 and NCI-H838 cells. Taken together, these 
results indicate that ectopic expression of miR-
142-3p suppresses cell growth and is associ-
ated with induction of apoptosis in NSCLC.

Figure 4. MiR-142-3p directly targets HMGB1 mRNA and inhibits its expression. A. The putative miR-142-3p-binding 
sites in the 3’-UTR of HMGB1 mRNA was shown. Mutation was generated on the HMGB1 3’-UTR sequence in the 
complementary site for the seed region of miR-142-3p, as shown. B. The wild type (HMGB1 3’-UTR-WT) or mutant 
(HMGB1 3’-UTR-mut) reporter plasmids was co-transfected into NCI-H23 and NCI-H838 with miR-142-3p or miR-
control. The normalized luciferase activity in the control group was set as relative luciferase activity. C. The expres-
sion of HMGB1 mRNA was analyzed by real time PCR assay. ACTIN was used as an internal control. D, E. The expres-
sion of HMGB1 protein was analyzed by western blot assay. actin was used as an internal control. All experiments 
were at least repeated in triplicate with similar results.
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HMGB1 was a target for miR-142-3p in NSCLC

We then investigated the mechanisms by which 
miR-142-3p inhibits NSCLC cell tumorigensis. 
Online search for miR-142-3p targeting genes 
by miRBase, TargetScan, miRanda and PicTar 
revealed that HMGB1, a proto-oncogene could 
be a potential target of miR-142-3p (Figure 4A). 
To ascertain direct miRNA-target interaction, 
we set up a luciferase reporter assay. The 
3’-UTR of HMGB1, including miR-142-3p target 
sites, was cloned into the downstream of pGL3-
promotor vector, along with corresponding 
point mutations within the miRNA seed of these 
predicted sites. The NCI-H23 and NCI-H838 
cells were cotransfected with the reporter vec-
tor and miR-142-3p. As shown in Figure 4B, the 
luciferase activity in NSCLC cells was decreased 
with WT construct by enhanced miR-142-3p 
level, which could be restored with mutant con-
structs. These results suggest that 3’UTR of 
HMGB1 is a direct target of miR-142-3p. 

We next examined whether miR-142-3p could 
regulate endogenous HMGB1 expression. The 
result showed that compared with controls, 
endogenous HMGB1 mRNA level was signifi-
cantly decreased in NSCLC cells trasnfected 
with miR-142-3p (Figure 4C), meanwhile, the 
HMGB1 protein level was also significantly sup-
pressed with miR-142-3p enhancement (Figure 
4D, 4E). Considering these findings together, 
we can conclude that miR-142-3p represses 
endogenous HMGB1 expression at both mRNA 
and protein level, which may partly explain the 
miR-142-3p induced NSCLC cell tumorigenesis 
inhibition.

Discussion

Understanding the molecular mechanism of 
tumor was pivotal for effective therapy. Studies 
have been report that numerous of miRNAs 
contributed to cancer tumorigenesis including 
oncogenic miRNAs and tumor suppressor miR-
NAs [15]. Therefore, it is crucial to explore the 
function of deregulated miRNAs in NSCLC. 
Previous studies have discovered that miR-
142-3p is downregulated in kinds of tumors 
[11-13]. However, the expression pattern of 
miR-142-3p in NSCLC cancer and cell lines was 
still poorly explored. In this study, we firstly 
determined the deregulated expression of miR-
142-3p in NSCLC using real time PCR, and con-

firmed miR-142-3p was significantly down-regu-
lated in NSCLC tissues compared to the 
corresponding matched normal tissues. We 
also found the relative expression level of miR-
142-3p in NSCLC cell lines was down-regulat-
ed. Because of the limited tissue samples in 
this study, further investigation of a larger 
patient population is necessary to confirm the 
clinical significance and prognostic evaluation 
of miR-142-3p in NSCLC.

HMGB1, which located on the human chromo-
some 13q12, is belongs to the high mobility 
group protein super family. It has been reported 
to participate in various biological processes, 
including inflammation, DNA and tissue repair, 
cell mobility [16-20]. Interaction of HMGB1 and 
its receptor RAGE (receptor for advanced glyca-
tion end-products) is involved in the malignant 
behaviors in several cancers, such as breast 
cancer, colon cancer, melanoma and lung can-
cer [21-25]. Studies also demonstrate that 
HMGB1 is associated with cancer cell migra-
tion and invasion. HMGB1 promotes the cell 
invasion via regulation of MMP-9 in lung cancer 
[26, 27]. HMGB1 can activate caspase-1 and 
contribute to hepatocellular carcinoma inva-
sion and metastasis [28]. Our results were con-
sistent with the above reports and suggested 
silencing of HMGB1 inhibited lung cancer 
migration and invasion. With respect to the 
mechanism of HMGB1 regulation on cell behav-
iors, we need to investigate the genes and sig-
naling pathway regulated by HMGB1, like MMP-
9, caspase-3 and HMGB1-RAGE axis, which we 
will focus on in future study.

In summary, we present here the first evidence 
that HMGB1is potential target for miR-142-3p 
and that miR-142-3p may modulate NSCLC cell 
tumorigenesis through targeting HMGB1. This 
finding not only helps us understand the molec-
ular mechanism of NSCLC carcinogenesis, but 
also gives us a strong rationale to further inves-
tigate miR-142-3p as a potential treatment tar-
get for NSCLC.
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