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MicroRNAs (miRNAs) have been reported to be involved in many human cancers and tumor progression. The 
dysregulation of miR-449a is found in many types of malignancies and is associated with tumor growth, migra-
tion, and invasion. However, its expression and function in non-small cell lung cancer (NSCLC) still remains 
unclear. In our study, miR-449a was found to be downregulated in both NSCLC tissues and cell lines, and 
low miR-449a expression was obviously associated with tumor differentiation, TMN stage, and poor overall 
survival (OS). Moreover, we demonstrated that miR-449a could inhibit tumor proliferation, migration, and 
invasion in NSCLC. We also confirmed that HMGB1 was a direct target gene of miR-449a in NSCLC with 
dual-luciferase reporter assay, and upregulation of HMGB1 could reverse the miR-449a-induced suppression 
of growth, migration, and invasion in NSCLC cells. Last, we found that miR-449a suppressed tumor initiation 
and development through the NF-kB signaling pathway. These results indicate that miR-449a functions as a 
tumor suppressor in NSCLC by targeting the HMGB1-mediated NF-kB signaling pathway in NSCLC.
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INTRODUCTION

Lung cancer is one of the most common cancers 
that arises from lung tissues and is the leading cause of 
cancer-related death in the world1. About 80% of lung 
cancers are non-small cell lung cancer (NSCLC), with a 
high mortality and low survival rate after initial diagno-
sis2. Although advancements in treatments for NSCLC, 
including surgery, chemotherapy, radiotherapy, immune 
therapy, and genetic therapy, play vital roles in NSCLC 
treatment3,4, the 5-year overall survival (OS) rate for 
NSCLC patients still remains poor. More than 70% of  
patients with NSCLC are diagnosed at an advanced 
stage, and therefore there is an urgent need to explore the 
molecular mechanisms of NSCLC5.

MicroRNAs (miRNAs), a type of endogenous small 
noncoding RNA (18–25 nucleotides in length), can 
functionally carry out biological effects through direct 
binding to 3¢-untranslated regions (3¢-UTR) of their 
target mRNAs by inducing mRNA degradation and/
or translational repression6. A number of studies have 
demonstrated that dysregulated miRNAs play a vital 

role in the pathogenetic processes of NSCLC, such as 
at the epigenetic, transcriptional, and posttranscriptional  
levels7,8.

miR-449a, located on chromosome 5q11, has been 
reported to be dysregulated and acts as a tumor suppres-
sor in various cancers, such as colorectal cancer9, lung 
cancer10, prostate cancer11, nasopharyngeal carcinoma12, 
hepatocellular carcinoma13, gastric cancer14, and glioblas-
toma15. However, the function of miR-449a in NSCLC 
progression, especially with regard to proliferation, migra-
tion, and invasion, remains unclear. Here we attempted 
to assess the underlying roles and mechanisms of miR-
449a in NSCLC tumorigenesis. In our study, we found 
that miR-449a was obviously downregulated in NSCLC 
cell lines and tissue specimens when compared to a nor-
mal human bronchial epithelial cell line and adjacent 
normal tissue (ANT) specimens, respectively. The down-
regulation of miR-449a in NSCLC tissues predicted an 
unfavorable prognosis and was associated with differen-
tiation degree and TNM stage. Furthermore, we demon-
strated that miR-449a could regulate cell proliferation, 
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migration, and invasion through targeting high-mobility 
group box 1 (HMGB1), which has been found to be over-
expressed and involved in the pathogenesis of varieties 
of human cancers16 and to be upregulated both in NSCLC 
cells and tissues.

MATERIALS AND METHODS

Tissue Samples

Fifty paired NSCLC and corresponding ANT samples 
were obtained from NSCLC patients from The Second 
Affiliated Hospital of Nantong University and were stored 
at −80°C until RNA extraction. The Clinical Research 
Ethics Committee of The Second Affiliated Hospital of 
Nantong University approved the research protocols. 
Written informed consent was obtained from each indi-
vidual participant in the study.

Cell Culture and Transfection

Three human NSCLC cell lines (A549, H1299, and 
H460) and a normal human lung epithelial cell line 
(BEAS-2B) were purchased from the Cell Bank of the 
Chinese Academy of Sciences (Shanghai, P.R. China). 
The cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM; HyClone, Los Angeles, CA, USA) 
containing 10% fetal bovine serum (FBS; HyClone) at 
37°C with 5% CO2.

The miR-449a mimic, pcDNA3.1-HMGB1, and their 
corresponding negative control (miR-NC, blank vector) 
were purchased from GenePharma (Shanghai, P.R. China). 
The miRNA or HMGB1 transfection was performed using 
Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions.

Additionally, cells without transfection were treated 
with a NF-kB inhibitor JSH-23 (Abcam, Cambridge, 
MA, USA) at a concentration of 40 µM.

RNA Extraction and Quantitative Real-Time  
PCR (qRT-PCR) Analysis

Total RNA from cells and tissues was extracted using 
TRIzol reagent (Invitrogen) according to the manufac-
turer’s protocol. The relative expression of miR-449a 
was detected by a Hairpin-it™ MicroRNAs Quantitation 
PCR Assay Kit (GenePharma), and U6 small nuclear 
RNA was used as an internal control. The cDNAs were 
reverse transcribed from total RNA using the PrimeScript 
RT-PCR Kit (Takara, Dalian, P.R. China), and the rela-
tive expression of HMGB1 mRNA was assessed by RT-
qPCR using the SYBR Green method (SYBR Premix 
Ex Taq; Takara) according to the manufacturer’s proto-
col on an ABI 7500 system (Applied Biosystem, Foster 
City, CA, USA). b-Actin was used as internal reference.  
The specific primers for HMGB1 mRNA are listed as fol-
lows: 5¢-TGCTCAGAGAGGTGGAAGACCA-3¢ (forward)  
and 5¢-TTGGGCGATACTCAGAGCAGAA-3¢ (re verse).  

The relative expression was calculated by the 2−DDCT 

method.

Plasmid Constructs and Luciferase Reporter Assay

The potential target genes of miR-449a were predicted 
by MicroRNA.org (http://www.microrna.org). The wild-
type (WT) HMGB1-3¢-UTR and mutant (Mut) HMGB1-
3¢-UTR containing the putative miR binding site were 
chemically synthesized and cloned into the pMIR report 
vector (Ambion, Austin, TX, USA). The recombination 
vector was transfected along with mimic or miR-NC using 
Lipofectamine 2000 (Invitrogen). Luciferase activity  
levels were detected using the Dual-Luciferase Reporter 
Assay System (Promega, Madison WI, USA) 24 h after  
transfection according to the man ufacturer’s information.

Western Blotting

The expression of protein extracted from cells was 
analyzed by Western blot. Thirty micrograms of protein 
was separated by 10% SDS-PAGE and transferred to 
polyvinylidene difluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA). After blocking with Tris-buffered 
saline with Tween 20 (TBST) containing 5% nonfat milk 
for 1 h, the membranes were incubated with primary anti-
body rabbit against human HMGB1, p65, phosphorylated 
p65 (p-p65; 1:1,000; Cell Signaling Technology, Danvers, 
MA, USA), and b-actin (1:10,000; Cell Signaling Tech-
nology) overnight at 4°C. Then the membranes were incu-
bated with secondary antibody for 1 h after being washed 
fully. The protein bands were detected with the enhanced 
chemiluminescence system (ECL) reagent (KeyGEN 
BioTECH, Nanjing, P.R. China).

Cell Proliferation Assay

Cell proliferation was measured by a Cell Counting 
Kit-8 (CCK-8; KeyGEN BioTECH) according to the 
manufacturer’s instructions. Briefly, cells were plated 
into a 96-well plate at a density of 1.0 ́  103 cells/well 
and incubated for 12, 24, 48, and 72 h. The absorbance  
was measured at 450 nm on a microplate reader (Infinite 
M200 PRO; TECAN, Switzerland).

Cell Migration and Invasion Assay

Cell migration and invasion assays were performed  
using 24-well Transwell chambers. For the migra-
tion assay, 6 ́  104 (A549) cells were cultured in 200 µl 
of serum-free medium in the upper chamber without 
Matrigel (BD Bio sciences, San Jose, CA, USA). For the 
invasion assay, the upper chamber was precoated with 
Matrigel (BD Biosciences), and 100 µl of serum-free 
medium containing 3 ́  105 (A549) cells was added. Then 
500 µl of DMEM containing 10% FBS was added into the 
lower chamber. After incubation for 24 h, the cells were 
fixed with 90% methanol and stained by 0.05% crystal 
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violet, and then counted under an inverted microscope 
(Olympus, Tokyo, Japan).

Statistical Analysis

All the data were expressed as means ± SD from three 
independent experiments and analyzed by the Student’s 
t-test or one-way analysis of variance (ANOVA) using 
SPSS 22.0 (IBM, Chicago, IL, USA). Pearson’s Mann–
Whitney U-test or chi-square test was used to analyze the 
relationship between the expression of miR-449a and clini-
copathological features. The Kaplan–Meier method with 
the log-rank test was used to calculate OS rates for com-
parisons. The Cox proportional hazards model was used 
in the multivariate and univariate analyses, and a value of 
p < 0.05 was considered to be statistically significant.

RESULTS

miR-449a Expression Is Downregulated in NSCLC 
Tissues and Cell Lines

First, the expression of miR-449a was detected in 50 
NSCLC tissues and corresponding matched ANTs. The 
results showed that miR-449a was markedly downregulated 

in NSCLC tissues compared with that in matched ANTs 
(Fig. 1A).

Moreover, the expression of miR-449a in the NSCLC 
cell lines was also assessed, and it was found that miR-
449a expression was significantly reduced in NSCLC cell 
lines compared with that in the normal human lung epi-
thelial cell line (Fig. 1B).

Downregulation of miR-449a Is Associated With Adverse 
Clinicopathological Features and Poor Prognosis

miR-449a downregulation was associated with differ-
entiation degree (p = 0.008) and TNM stage (p = 0.004). 
However, there was no significant difference between 
age, gender, smoking history, histologic type, lymph node 
metastasis, and tumor size. Kaplan–Meier survival analy-
sis indicated that NSCLC patients with low miR-449a had 
a significantly poorer OS than those with high miR-449a 
expression (p < 0.05) (Fig. 1C). Furthermore, a univariate 
analysis showed that differentiation degree (p = 0.017),  
lymph node metastasis (p = 0.005), TNM stage (p < 0.001), 
and miR-449a (p = 0.012) were significantly associated 
with OS in NSCLC patients. A multivariate analysis also 

Figure 1. A) The relative expression of microRNA-449a (miR-449a) in non-small cell lung cancer (NSCLC) tissue samples is com-
pared with that in adjacent normal tissues (ANTs). U6 was used as a control. The results were obtained from three independent experi-
ments, mean ± SD. (B) The relative expression levels of miR-449a in the A549, H1299, H460, and BEAS-2B cell lines were analyzed 
by quantitative real-time PCR (qRT-PCR). (C) Survival analysis indicated that the NSCLC patients with low miR-449a levels had 
shorter overall survival (OS) time compared with those with high miR-449a levels. **p < 0.01, ***p < 0.001.
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indicated that miR-449a was an independent prognostic 
indicator for OS (p = 0.019).

miR-449a Suppresses NSCLC Cell Proliferation

To explore the potential role of miR-449a in NSCLC 
pathogenesis, A549 cells were transfected with miR-449a 
mimic or miR-NC. The efficiency of transfection was 
confirmed by RT-qPCR (Fig. 2A). CCK-8 data showed 
that upregulation of miR-449a by transfection with 
mimic significantly impaired cell proliferation of A549 
cells (Fig. 2B).

miR-449a Inhibits Cell Migration and Invasion

In order to detect the effect of miR-449a on the migra-
tive capacity and invasion ability of NSCLC cells, we 
upregulated miR-449a in A549 cells as described above, 
and the Transwell assay exhibited a marked decrease in 
cell migration and invasion compared with that in the NC 
group (Fig. 2C and D).

HMGB1 Is a Direct of miR-449a in NSCLC

To explore the potential molecular mechanisms under-
lying miR-449a-induced regulation of NSCLC biology, 

the bioinformatics database MicroRNA.org was searched 
to identify the potential target gene of miR-449a, and  
we found that HMGB1 was a potential target gene of  
miR-449a (Fig. 3A), which was subsequently confirmed 
by the dual-luciferase reporter assay. The WT and Mut  
3¢-UTR of HMGB1 were constructed as shown (Fig. 3B). 
Our results showed that the luciferase activity of HMGB1 
3¢-UTR-WT, but not HMGB1 3¢-UTR-Mut, was de-
creased by transfecting with mimic when compared to the 
NC, verifying that miR-449a could directly bind to the 
3¢-UTR of HMGB1 (Fig. 3C). Moreover, we also dem-
onstrated that miR-449a overexpression significantly  
decreased HMGB1 protein levels by Western blotting 
assay (Fig. 3D). These data indicated that HMGB1 is a 
direct target of miR-449a.

miR-449a Suppresses NSCLC Malignant Progression  
by Targeting HMGB1

To verify that miR-449a suppresses NSCLC malig-
nant progression through HMGB1, we cotransfected 
A549 cells with mimic and pcDNA3.1-HMGB1 or vec-
tor, and the efficiency of transfection was evaluated by 
Western blotting (Fig. 4A). The results showed that the 

Figure 2. (A) Relative miR-449a levels were assessed in A549 cells after transfection with mimic or miR-NC. miR-449a inhibits pro-
liferation, migration, and invasion in NSCLC cells. Overexpression of miR-449a significantly decreased proliferation (B), migration 
(C), and invasion (D) in A549 cells. *p < 0.05, **p < 0.01, ***p < 0.001.
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proliferation (Fig. 4B), migration (Fig. 4C), and invasion 
(Fig. 4D) abilities of A549 cells in the mimic + HMGB1 
group could be partially restored compared with the 
mimic + vector group.

miR-449a Suppresses NSCLC Malignant  
Progression Through HMGB1-Mediated  
NF-kB Signaling Pathway

Mounting evidence has demonstrated that HMGB1 
promoted malignant progression through the NF-kB sig-
naling pathway in many types of cancers. Here we found 
that overexpression of miR-449a markedly decreased the 
expression of HMGB1 and prevented the phosphoryla-
tion of p65 (p-NF-kB) in A549 cells (Fig. 5A), and upreg-
ulation of HMGB1 could partly restore the expression of 
p-p65 (Fig. 5B).

In addition, to further verify that miR-449a inhibited 
progression of NSCLC through the NF-kB signaling 
pathway, a p65 inhibitor JSH-23 (40 µM) was used. The 
results showed that JSH-23 significantly downregulated 
the expression of p65 and p-p65 (Fig. 6A) and markedly 

suppressed NSCLC cell proliferation (Fig. 6B), migra-
tion (Fig. 6C), and invasion (Fig. 6D).

Based on these results, we could conclude that miR-
449a suppresses NSCLC malignant progression, at least 
partially through the HMGB1-mediated NF-kB signaling 
pathway.

DISCUSSION

Increasingly, miRNAs, acting as either oncomiRs or 
anti-oncomiRs, have been reported to be involved in the 
development and progression of many types of cancers17–20. 
miR-449a has been reported to act as a suppressor in many 
types of cancers by targeting c-Met, WISP2, cyclin D1, 
HDAC1, Sirt1, CDC25A, CDK6, and SATB29,11,21–23. How-
ever, the biological functions of miR-449a in the progres-
sion of NSCLC are largely unknown. Here we are the first 
to report that miR-449a inhibited proliferation, migration, 
and invasion of NSCLC by targeting HMGB1.

In our study, we found that the expression of miR-
449a was significantly downregulated both in NSCLC 
tissues or cell lines compared with that in matched ANTs 

Figure 3. (A) Predicted miR-449a target sequence in high-mobility group box 1 (HMGB1) 3¢-untranslated region (3¢-UTR) is shown. 
(B) The predicted binding sites for miR-449a in the 3¢-UTR of HMGB1 and the mutations in the binding sites are shown. (C) A549 
cells were cotransfected with mimic or miR-NC and wild-type (WT) or mutant (Mut) HMGB1 3¢-UTR reporter plasmid. Luciferase 
activity was measured 48 h after transfection. (D) HMGB1 protein expression was downregulated after the transfection of miR-449a 
mimic in A549 cells. **p < 0.01, ***p < 0.001.
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or the normal human lung epithelial cell line BEAS-2B, 
respectively. Moreover, clinicopathological correlation 
analysis indicated that miR-449a was markedly asso-
ciated with differentiation, TNM stage, and poor OS. 
Furthermore, we also showed that downregulated miR-
449a obviously suppressed proliferation, migration, and 
invasion of NSCLC cells. Taken together, we could con-
clude that miR-449a might function as a tumor suppres-
sor in NSCLC.

HMGB1, acting as an oncogene, has been reported to 
be a target gene of several miRNAs24,25. We verified that 
HMGB1 was a target gene of miR-449a by dual-luciferase 
reporter assay. miR-449a was found to inhibit HMGB1 
expression in NSCLC cells. Additionally, we demonstrated 
that miR-449a suppressed proliferation, migration, and 
invasion of NSCLC cells by targeting HMGB1. JAK/STAT 
and NF-kB signaling were previously reported to be 
involved in the functional role of HMGB126–28. NF-kB 

signaling is vital for the growth and survival of various 
cancers29–31. To investigate whether downregulated miR-
449a promoted progression and development in NSCLC 
through the HMGB1-mediated NF-kB signaling path way, 
the upregulation of miR-449a resulted in the downregula-
tion of HMGB1 and p-p65, and upregulation of HMGB1 
could rescue the expression of p-p65. Moreover, a NF-kB 
inhibitor could markedly inhibit NSCLC cell prolifera-
tion, migration, and invasion. Based on the above results, 
we could conclude that miR-449a inhibits proliferation, 
migration, and invasion by targeting HMGB1 via the 
NF-kB signaling pathway in NSCLC.

In conclusion, our data showed that miR-449a was  
frequently downregulated both in NSCLC tissues and cell 
lines and is an independent predictor for NSCLC patient 
survival. Moreover, miR-449a overexpression inhibits 
NSCLC progression and development by suppressing 
the HMGB1-mediated NF-kB signaling pathway. Our 

Figure 4. (A) HMGB1 protein expression levels were measured in A549 cells after cotransfection with mimic and vector or HMGB1 
by Western blot, respectively. Cell proliferation (B), migration (C), and invasion (D) were evaluated after upregulation of HMGB1. 
*p < 0.05, **p < 0.01, ***p < 0.001.
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Figure 6. The effects of NF-kB inhibitor JSH-23 on NSCLC cell proliferation, migration, and invasion. (A) Compared with the blank 
control group, JSH-23 significantly decreased the expression of p65 and p-p65. JSH-23 obviously inhibited NSCLC cell proliferation 
(B), migration (C), and invasion (D). *p < 0.05,**p < 0.01.

Figure 5. miR-449a inhibits NSCLC through HMGB1-mediated NF-kB signaling pathway. (A) Representative Western blotting 
results for HMGB1, p65, and p-p65 protein expression after transfection with miR-449a mimic or miR-NC. (B) Representative 
Western blotting results for HMGB1, p65, and p-p65 protein expression after cotransfection with mimic and pcDNA3.1-HMGB1 or 
blank vector. b-Actin was used as internal control. **p < 0.01.
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findings may provide new insight into the underlying 
mechanisms of NSCLC progression and highlight miR-
449a as a potential prognostic biomarker and therapeutic 
target gene in NSCLC.
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