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Non-small cell lung cancer (NSCLC) is one of the most deadly cancers with poor prognosis. Recent findings 
suggested that the lncRNA HOTAIR played an important role in tumorigenesis and metastasis. In the pres-
ent study, HOTAIR was highly expressed in NSCLC tumor tissues and cell lines (H1299, H23, H292, and 
A549). Downregulation of HOTAIR suppressed cell proliferation and invasion, while it promoted apoptosis 
of NSCLC cells. The targeting relationship between HOTAIR and miR-613 was first revealed by bioinformat-
ics prediction. miR-613 was found to be lowly expressed in NSCLC tumor tissues and cell lines. Knockdown 
of HOTAIR increased the expression of miR-613 significantly, and cotransfection with miR-613 inhibitor 
reversed this increase, indicating that the expression of miR-613 was negatively regulated by HOTAIR. The 
targeting relationship between HOTAIR and miR-613 was further confirmed through the luciferase report 
assay. Moreover, the cotransfection of HOTAIR shRNA and miR-613 inhibitor counteracted the tumor inhibi-
tion effects of HOTAIR shRNA through promoting cell proliferation and invasion while suppressing apoptosis 
in NSCLC cells, suggesting that the HOTAIR/miR-613 axis was involved in tumorigenesis and metastasis 
of NSCLC. In vivo experiments revealed that knockdown of HOTAIR decreased tumor growth and invasion 
and increased apoptosis and miR-613 expression. In conclusion, our study indicated that downregulation of 
HOTAIR suppressed tumorigenesis and metastasis of NSCLC via upregulating the expression of miR-613. The 
HOTAIR/miR-613 axis might provide a new potential therapeutic strategy for NSCLC treatment.
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INTRODUCTION

Non-small cell lung cancer (NSCLC), which includes 
adenocarcinoma, squamous cell carcinoma, large cell 
carcinoma, and several other types, comprises more than 
80% of all lung cancer and accounts for the majority of 
cancer deaths worldwide1. Despite the great advances that 
have been achieved in early diagnosis and the treatment 
of NSCLC, the prognosis of NSCLC is still very low, 
with a 5-year overall survival rate less than 20%2. Tumor 
recurrence and metastasis are the major causes of cancer-
related death in human NSCLC3. Thus, understanding 
the mechanism of NSCLC tumorigenesis would help to 
improve the treatment of this disease. The tumorigen-
esis of NSCLC is a multistage process, which involves 
the deregulation of various genes that are crucial for cell 
proliferation, apoptosis, migration, and other cellular pro-
cesses. Recently, accumulating evidence had indicated 

that noncoding RNAs (ncRNAs) play vital roles in the 
tumorigenesis of NSCLC, providing a new insight into 
the biology of this disease.

In the human genome, less than 2% of genes are  
protein-coding genes, and 98% of genes can be tran-
scripted into ncRNAs with no protein-coding capacity4. 
Long noncoding RNA (lncRNA) is a type of RNA mol-
ecule that consists of more than 200 nucleotides with-
out protein-coding capacity5. Hox transcript antisense 
intergenic RNA (HOTAIR), identified as an lncRNA, 
is located within the homeobox C (HOXC) gene cluster 
on chromosome 126. HOTAIR is reported to be highly 
expressed in a number of cancers, including cervical 
cancer, pancreatic cancer, and NSCLC7–9. Research by 
Gupta and colleagues suggested that HOTAIR had active 
roles in modulating the cancer epigenome and promot-
ing cancer metastasis10. HOTAIR is also reported to  
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enhance cell proliferation, migration, and invasion in 
NSCLC11. However, the understanding of the molecular 
mechanism of HOTAIR in tumorigenesis of NSCLC is 
still limited.

MicroRNAs (miRNAs) are a group of small ncRNAs 
that bind to the 3¢-untranslated regions (3¢-UTRs) of 
their target mRNAs to regulate the expression of specific 
genes12. Accumulated evidence indicates that miRNAs 
function as oncogenes or tumor suppressors in different 
kinds of tumors13,14. miR-613 is found to be involved in 
many types of tumors. miR-613 is reported to inhibit pro-
liferation and migration in bladder cancer and also inhibit 
progression of gastric cancer15,16. In NSCLC, it has been 
found that low miR-613 expression contributed to cell via-
bility and cell cycle progression, and miR-613 may act as a 
tumor suppressor in NSCLC17. Previous studies suggested 
that lncRNAs could regulate expression of miRNAs, which 
in turn regulate the expression of specific genes targeted 
by miRNAs18.

In the present study, we found that miR-613 was a 
potent target of HOTAIR in NSCLC by using bioinfor-
matics. We explored the mechanism of the HOTAIR/ 
miR-613 axis in the tumorigenesis and metastasis of 
NSCLC. We found that HOTAIR was highly expressed 
while miR-613 was lowly expressed in NSCLC tumor 
tissues and cell lines. There exists a negative relation-
ship between the expression of HOTAIR and miR-613, 
and silencing of HOTAIR decreased tumorigenesis and 
metastasis of NSCLC by upregulating miR-613. Our 
findings suggest a new direction for the treatment of 
NSCLC.

MATERIALS AND METHODS

Clinical Specimens

A total of 30 NSCLC tumor tissues and 30 adjacent 
histological normal tissues were collected from patients 
who underwent surgical treatment at Sichuan Academy 
of Medical Sciences and Sichuan Provincial People’s 
Hospital (P.R. China). All cases were reviewed by a pathol-
ogist and histologically confirmed as NSCLC based on 
histopathological evaluation. The specimens were imme-
diately snap frozen in liquid nitrogen and stored at −80°C 
until further experiments. The study was approved by 
the Research Ethics Committee of Sichuan Academy 
of Medical Sciences and Sichuan Provincial People’s 
Hospital.

Cell Culture

The NSCLC cell lines H1299, H23, H292, and A549 
and human bronchial epithelial cell line (HBE) were pur-
chased from American Type Culture Collection (ATCC, 
Manassas, VA, USA). Cells were cultured in RPMI-1640 
medium (Gibco, Rockville, MD, USA) supplemented  

with 10% fetal bovine serum (FBS; HyClone, GE 
Healthcare Life Science, Logan, UT, USA) at 37°C with 
5% CO2.

Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)

Total RNA was extracted from cells or tissues using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) follow-
ing the manufacturer’s instructions. The expression of 
HOTAIR was quantified by qRT-PCR using a SYBR 
Premix ExTaq Reverse Transcription PCR Kit (Takara, 
Dalian, P.R. China), and GAPDH was used as an internal  
control for normalization. The primers were HOTAIR, 
5¢-GGCAAATGTCAGAGGGTT-3¢ (forward) and 5¢-G 
TGTAACAGGCAGGTGGA-3¢ (reverse), and GAPDH,  
5¢-CGCTGAGTACGTCGTGGAGT-3¢ (forward) and 5¢- 
CGTCAAAGGTGGAGGAGTGG-3¢ (reverse). For the  
detection of the miR-613 level, TaqMan Assay Kit 
(Applied Biosystems, Foster City, CA, USA) was used for  
qRT-PCR. U6 was used as an internal control for nor-
mal iza tion. The primers were miR-613, 5¢-GTCGTATC
CAGTGCAGGGTCCGAGGTATTCGCACTGGATA
CGACGGCAAA-3¢ (forward) and 5¢-CACTGTGCTA 
GGAATGTTCCTTCT-3¢ (reverse), and U6, 5¢-CTCGC 
TTCGGCAGCACA-3¢ (forward) and 5¢-AACGCTTC 
ACGAATTTGCGT-3¢ (reverse). The relative level was  
calculated by relative quantification (2−DDCt) method.

Transfection

Cells were seeded into 96-well plates at 5 ́  103 cells  
per well and incubated in complete medium for trans-
fection. Short-hairpin RNA (shRNA) directed against the 
human lncRNA HOTAIR (shRNA-HOTAIR) and neg-
ative control HOTAIR scramble were purchased from  
GenePharma (Shanghai, P.R. China). HOTAIR shRNA 
and scramble were transfected into H1299 cells using 
Lipofectamine 2000 reagent (Life Technologies Corpo-
ration, Carlsbad, CA, USA) according to the manufactu-
rer’s protocol. For miR-613 transfection, miR-613 mimic 
or miR-613 inhibitor and negative control miR-613 
mock (GenePharma) were transfected into H1299 cells 
using Lipofectamine 2000 reagent (Life Technologies 
Corporation) according to the manufacturer’s protocol.

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation assay was performed with CCK-8 
assay (Dojindo, Kumamoto, Japan) according to the man-
ufacturer’s protocol. The cells were seeded into 96-well 
plates with 1 ́  104 cells per well in triplicate. CCK-8  
(10 µl) was added to each well at different time points 
(0, 1, 2, 3, 4, and 5 days) and then incubated in the dark  
for 2 h at room temperature. The absorbance was mea-
sured at 450 nm using a microplate spectrophotometer 
(Molecu lar Devices, Sunnyvale, CA, USA).
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Cell Apoptosis Analysis

For cell apoptosis analysis, cells at 2 ́  105 were washed 
in ice-cold PBS. Then cells were stained with FITC–
annexin V and propidum iodide (Beyotime, Beijing, P.R. 
China) following the manufacturer’s instructions. Cell 
apoptosis was analyzed in a flow cytometer (BD Biosci-
ences, Franklin Lakes, NJ, USA).

Transwell Invasion Assay

For Transwell invasion assay, a chamber 6.5 mm in 
diameter with an 8-mm pore size (Corning, Corning, NY, 
USA) was used. Cells (5 ́  104) in medium without FBS 
were seeded onto the Matrigel-coated membrane matrix 
of the upper chamber, and the lower chamber was filled 
with medium supplemented with 10% FBS. After 24 h of 
incubation, cells on the top of the filter were removed, 
and cells on the bottom of the filter were fixed in 4% 
paraformaldehyde and stained with crystal violet. The 
number of invaded cells was counted under light micros-
copy (Olympus, Tokyo, Japan).

Western Blot

Proteins were extracted from cells using RIPA lysis 
buffer (Beyotime Institute of Biotechnology, Shanghai, 
P.R. China) containing protease inhibitors. Proteins were 
then separated by 10% SDS-PAGE gel and transferred  
into polyvinylidene fluoride (PVDF) membranes (Milli-
pore, Boston, MA, USA) after electrophoresis. The mem-
branes were incubated with primary antibodies overnight 
at 4°C after blocking with 5% skim milk for 1 h at room 
temperature. The primary antibodies (Cell Signaling Tech-
nology, Beverly, MA, USA) used in this study include 
Ki-67, proliferating cell nuclear antigen (PCNA), Bax, 
Bcl-2, matrix metalloproteinase-3 (MMP-3), vascular  
endothelial growth factor (VEGF), and GAPDH. The 
membranes were then incubated with horseradish per-
oxidase-conjugated goat anti-rabbit or goat anti-mouse  
secondary antibody (Santa Cruz Biotechnology, Dallas, 
TX, USA) for 1 h at room temperature. Then the anti-
body-bound proteins were detected using the ECL system 
(Bio-Rad Laboratories, Hercules, CA, USA).

Bioinformatics Method

In order to evaluate HOTAIR’s potential target genes,  
the following online miRNA target prediction algorithms  
were used: PicTar (http://www.pictar.org/), miRanda (http: //
www.microrna.org/microrna/home.do), TargetScan (http: 
//www.targetscan.org/vert_71/), and Microcosm Targets 
(http://www.ebi.ac.uk/enright-srv/micro cosm/htdocs/
targets/v5/).

Luciferase Reporter Assay

The fragment of HOTAIR containing the target 
sequence of miR-613 was inserted into a pmirGlO  

Dual-Luciferase miRNA Target Expression Vector (Pro-
mega, Madison, WI, USA) to form the reporter vec-
tor HOTAIR wild type (HOTAIR-WT), while HOTAIR 
mutated type (HOTAIR-MUT) contained a mutated bind-
ing site. Cells (5 ́  104) were seeded into a 96-well plate to 
reach 60% confluence. The cells were then cotransfected 
with HOTAIR-WT or HOTAIR-MUT and miR-613 
mimics using Lipofectamine 2000. The Dual-Luciferase 
Reporter Assay System (Promega) was used for testing 
the luci ferase activity.

In Vivo Animal Study

The 4-week-old BALB/c nude mice were supplied by 
the Experimental Animal Center of Sichuan Academy 
of Medical Sciences and Sichuan Provincial People’s 
Hospital. The animal experiments in this study were 
approved by the Medical Ethics Committee of Sichuan 
Academy of Medical Sciences and Sichuan Provincial 
People’s Hospital. All animal experiments complied with 
the National Institutes of Health Guide for the Care and 
Use of Laboratory Animals (NIH Publications No. 8023, 
revised 1978).

Mice were divided randomly into two groups: control  
group and HOTAIR shRNA group, with five mice in each 
group. H1299 cells (1 ́  106/mice) transfected with or 
without HOTAIR shRNA were subcutaneously injected 
into the flank area of mice in different groups. Tumor 
volumes (mm3) were measured every 5 days and cal-
culated according to the following formula: tumor vol-
umes (mm3) = length × width2/2. The mice were sacrificed 
25 days postinjection, and tumor tissues were harvested 
for further analysis.

TUNEL Assay

Tumor tissues were fixed in 10% formaldehyde, 
embedded in paraffin, and cut into 4-µm-thick sections. 
The TUNEL assay was performed using Colorimetric 
TUNEL Apoptosis Assay Kit (Beyotime Institute of Bio-
technology, Jiangsu, P.R. China) according to the manu-
facturer’s protocol. The numbers of TUNEL+ cells of 
six random fields were counted under light microscopy. 
The cells displaying brown staining in the nucleus were 
counted as positive apoptotic cells. The cell apopto-
sis rate was calculated as the percent of TUNEL+ cells  
relative to the total cells.

Immunohistochemistry

The 4-µm-thick sections of tumor tissues were used 
to detect the expression of VEGF by immunohistochem-
istry. The sections were submerged in hydrogen per-
oxide to block the endogenous peroxidase after being 
deparaffinized and rehydrated. Citrate buffer was used 
to perform antigen retrieval in a water bath at 95°C for 
35 min. The sections were blocked with 5% bovine serum 
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albumin and incubated overnight at 4°C with the primary 
antibody anti-VEGF (1:1,000; Abcam, Cambridge, UK). 
After incubation with peroxidase-conjugated polymer for 
30 min, diaminobenzidine (DAB; Beyotime Institute of 
Biotechnology) was used for detection.

Statistical Analysis

All results are presented as mean ± standard deviation 
(SD). Student’s t-test was performed to analyze the dif-
ference between groups by SPSS 19.0 software. Values of 
p < 0.05 were considered statistically significant.

RESULTS

HOTAIR Is Upregulated and miR-613 Is Downregulated 
in NSCLC Tumor Tissues and Cell Lines

The expression of HOTAIR and miR-613 was 
detected in NSCLC tumor tissues and cell lines by qRT-
PCR. Our data showed that the expression of HOTAIR 
was upregulated while the expression of miR-613 was 
downregulated in NSCLC tumor tissues compared with 
normal tissues. In addition, the expression of HOTAIR 
was also upregulated and the expression of miR-613 was 
downregulated in NSCLC cancer cell lines (H1299, H23, 

Figure 1. Hox transcript antisense intergenic RNA (HOTAIR) is upregulated while miR-613 is downregulated in non-small cell lung 
cancer (NSCLC) tumor tissues and cell lines. (A, B) Relative expression of HOTAIR in normal tissues, tumor tissues, tumor cell lines, 
and normal cell line was detected by quantitative real-time polymerase chain reaction (qRT-PCR). (C, D) Relative expression of miR-
613 in normal tissues, tumor tissues, tumor cell lines, and normal cell line was detected by qRT-PCR. The bars show means ± standard 
deviation (SD) of three independent experiments. **p < 0.01, ***p < 0.001 compared with normal tissues in (A) and (C); *p < 0.05, 
**p < 0.01, compared with HBE cells in (B) and (D).

FACING PAGE
Figure 2. Downregulation of HOTAIR suppressed cell proliferation and invasion, while it promoted apoptosis of NSCLC cells. 
H1299 cells were transfected with HOTAIR scramble or HOTAIR short-hairpin RNA (shRNA). Untreated H1299 cells were used as 
the control group. (A) Relative expression of HOTAIR in different groups was detected by qRT-PCR. (B) Cell proliferation was deter-
mined by the cell counting kit-8 (CCK-8) assay. (C, D) Cell apoptosis was detected by flow cytometric analysis. (E, F) Invasion ability 
of cells was compared using Transwell model. (G–L) Relative protein levels of proliferation-related proteins [Ki-67 and proliferating 
cell nuclear antigen (PCNA)], apoptosis-related proteins (Bax and Bcl-2), and invasion-related proteins [matrix metalloproteinase-3 
(MMP-3) and vascular endothelial growth factor (VEGF)] were detected through Western blot. The bars show means ± SD of three 
independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001, compared with HOTAIR scramble group.
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H292, and A549) compared with the human bronchial 
epithelial cell line (Fig. 1). H1299 cells were chosen for 
subsequent experiments because it had higher HOTAIR 
expression and lower miR-613 expression than other 
cell lines. These results indicated that the expression of 
HOTAIR was increased and the expression of miR-613 
was decreased in NSCLC tumor tissues and cell lines.

Downregulation of HOTAIR Suppressed Cell 
Proliferation and Invasion and Promoted  
Apoptosis of NSCLC Cells

To investigate the effects of HOTAIR in NSCLC, 
the shRNA was used to specifically downregulate the 
expression of HOTAIR. The knockdown efficiency of 
HOTAIR shRNA in H1299 cells was detected by qRT-
PCR (Fig. 2A). Downregulation of HOTAIR suppressed 
cell proliferation and promoted cell apoptosis compared 
with the HOTAIR scramble group (Fig. 2B–D). The 
invasion ability of H1299 cells was also suppressed by 
HOTAIR downregulation (Fig. 2E and F). Besides that, 
the expression of proliferation-related proteins (Ki-67 
and PCNA), antiapoptosis protein Bcl-2, and invasion-
related proteins (MMP-3 and VEGF) was decreased, 
whereas the expression of proapoptotic protein Bax was 
increased significantly by HOTAIR shRNA (Fig. 2G–L). 
Taken together, our results suggested that downregula-
tion of HOTAIR inhibited cell proliferation and invasion 
while it promoted apoptosis of NSCLC cells.

miR-613 Is Negatively Regulated by HOTAIR 
and Inversely Correlated With HOTAIR to Regulate 
Tumorigenesis and Metastasis in NSCLC

In order to explore the molecular mechanisms of 
HOTAIR in NSCLC, putative HOTAIR targets were 
predicted through bioinformatics analysis. The pre-
dicted results showed that miR-613 was one of the 
potential targets of HOTAIR (Fig. 3A). To explain the 
relationship between HOTAIR and miR-613, miR-613 
mimic and inhibitor were transfected into H1299 cells, 
and the transfection efficiency is shown in Figure 3B. 
Remarkably, an increased expression level of miR-613 
was observed in the HOTAIR shRNA group, and the 
cotransfection of HOTAIR shRNA and miR-613 inhibi-
tor significantly counteracted this increase (Fig. 3C). The 
luciferase reporter assay showed that cotransfection with 
the miR-613 mimic and HOTAIR-WT in H1299 cells led 
to a significant decrease in luciferase activity. However, 
cotransfection with HOTAIR-MUT and the miR-613 
mimic did not show a significant difference compared 
with cells transfected with HOTAIR-MUT (Fig. 3D), con-
firming the targeting relationship between HOTAIR and 
miR-613. As indicated above, silencing of HOTAIR sup-
pressed cell proliferation and invasion, and it promoted 
apoptosis of NSCLC cells. However, cotransfection with 

miR-613 and HOTAIR shRNA reversed these effects 
of HOTAIR shRNA significantly through promoting 
cell proliferation and invasion while inhibiting apopto-
sis. Moreover, the expression of PCNA and VEGF was 
increased while the expression of Bax was decreased in 
the shRNA + miR-613 inhibitor group compared with the 
shRNA + miR-613 mock group (Fig. 3E–I). In conclusion, 
our data indicated that HOTAIR negatively regulated the 
expression of miR-613 in tumorigenesis and metastasis 
of NSCLC cells.

Downregulation of HOTAIR Suppresses Tumor Growth 
and Metastasis and Promotes Apoptosis In Vivo

Having determined the regulating role of HOTAIR 
in NSCLC cell lines, we then explored the effects of 
HOTAIR in tumor progression of NSCLC in vivo. A 
xenograft mouse model was created by subcutaneous 
injection of H1299 cells transfected with or without 
HOTAIR shRNA to BALB/c nude mice. We observed 
that the tumor volume in the HOTAIR shRNA group 
grew slower and was also smaller than that in the control 
group (Fig. 4A). The relative expression of miR-613 was 
increased in tumor tissues of the HOTAIR shRNA group 
compared with the control group (Fig. 4B). Silencing of 
HOTAIR also increased the apoptosis rate and decreased 
the expression of VEGF significantly compared with the 
control group (Fig. 4C and D). These results revealed 
that silencing of HOTAIR suppressed tumor growth and 
metastasis while promoting apoptosis by upregulation of 
miR-613 in mice with NSCLC.

DISCUSSION

NSCLC is a common malignant tumor with poor 
prognosis. Although the level of clinical treatment of 
NSCLC has been improved, the 5-year survival rate is 
still low19. Tumor recurrence and metastasis are two main 
causes of death in patients with NSCLC. However, the 
mechanism involved in the tumorigenesis and metastasis 
of NSCLC is still not well understood and requires fur-
ther investigations. Previous studies have explained the 
roles of lncRNAs in tumorigenesis and metastasis6,20. In 
the present study, we investigated the effects of lncRNA 
HOTAIR in the tumorigenesis and metastasis of NSCLC 
in vitro and in vivo. Our results suggested that down-
regulation of HOTAIR suppressed the tumorigenesis and 
metastasis of NSCLC through upregulation of miR-613.

Evidence had indicated that HOTAIR was abnormally 
expressed in various types of tumors including cervical 
cancer, colorectal cancer, and gastric cancer7,21,22. Elevated 
HOTAIR expression has also been found to be correlated 
with tumor progression of a number of tumors. The study 
by Li and colleagues revealed that HOTAIR was upregu-
lated in esophageal squamous cell carcinoma (ESCC) cell 
lines and promoted ESCC cell proliferation and tumor 
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Figure 3. miR-613 is negatively regulated by HOTAIR and inversely correlated with HOTAIR to regulate tumorigenesis and metas-
tasis in NSCLC. H1299 cells were transfected with HOTAIR shRNA, shRNA + miR-613 mock, and shRNA + miR-613 inhibitor, 
respectively. (A) Bioinformatics analysis of HOTAIR and miR-613. (B) Relative expression of miR-613 in H1299 transfected with 
miR-613 mock, miR-613 inhibitor, or miR-613 mimic, and control group was detected by qRT-PCR. (C) Relative expression of miR-
613 in different groups was detected by qRT-PCR. (D) The interaction between HOTAIR and miR-613 was confirmed by luciferase 
reporter assay. (E) Cell proliferation was determined by CCK-8 assay. (F) Cell apoptosis was detected by flow cytometric analysis. 
(G) Invasion ability of cells was compared using the Transwell model. (H, I) Relative protein level of PCNA, Bax, and VEGF was 
detected by Western blot. The bars show means ± SD of three independent experiments. *p < 0.05, **p < 0.01, compared with the con-
trol group; #p < 0.05, compared with the shRNA + mock group.
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metastasis in mice23. A study by Kim et al. also indicated 
that knockdown of HOTAIR in pancreatic cancer cells 
decreased cell proliferation, altered cell cycle progres-
sion, induced apoptosis, and inhibited tumor growth in 
mouse xenograft model8. Consistent with these previous 
studies, we also observed that the relative expression of 
HOTAIR was highly expressed in NSCLC tumor tissues 
and cell lines. Moreover, downregulation of HOTAIR 
decreased cell proliferation and metastasis, whereas it 
promoted apoptosis of NSCLC cells, indicating that 
silencing of HOTAIR suppressed tumorigenesis and 
metastasis of NSCLC cells. However, the mechanism of 
how HOTAIR regulated tumor progression in NSCLC 

was not clearly elucidated. Previous studies revealed that 
overexpression of HOTAIR targeted polycomb repres-
sive complex 2 (PRC2), a complex composed of EZH2, 
SUZ12, and EED, and altered H3K27 methylation and 
gene expression, which finally resulted in tumor invasion 
and metastasis10,24. HOTAIR was also reported to regu-
late the expression of miRNA, which in turn regulated 
the expression of specific genes targeted by miRNA. Cai 
et al. showed that HOTAIR suppressed the expression of 
miR-663b via histone modification in pancreatic cancer25. 
Another study by Wang et al. also indicated that HOTAIR 
negatively regulated the expression of miR-326 to regu-
late cell proliferation and migration in lung cancer26. 

Figure 4. Downregulation of HOTAIR suppressed tumor growth and metastasis while it promoted apoptosis in vivo. Mice were sub-
cutaneously injected with H1299 transfected with HOTAIR shRNA or untreated H1299 cells. (A) Calculation of tumor volume at 5, 
10, 15, 20, and 25 days after injection. (B) Relative expression of miR-613 in tumor tissues was detected by qRT-PCR. (C) Apoptosis 
index was measured by TUNEL assay. (D) The expression of VEGF in tumor tissues was assayed by immunohistochemistry. The bars 
show means ± SD of three independent experiments. *p < 0.05, **p < 0.01, compared with control group.
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In the present study, we found that miR-613 might be a 
potential target of HOTAIR using bioinformatics analy-
sis. Therefore, we focused on the relationship between 
HOTAIR and miR-613 in tumorigenesis of NSCLC.

miR-613, as a tumor suppressor, was reported to be 
involved in cell proliferation, invasion, migration, and 
tumor growth in various kinds of tumors. For example, 
miR-613 was reported to be downregulated in Wilms’ 
tumor tissues, and overexpression of miR-613 attenuated 
Wilms’ tumor cell viability, proliferation, invasion, and 
migration capacity27. miR-613 was also downregulated in 
gastric cancer cells and suppressed cell proliferation and 
migration in gastric cancer16. Research by Li et al. elu-
cidated that low miR-613 expression contributed to cell 
viability and cell cycle progression in NSCLC via direct 
binding to the CDK4 3¢-UTR17. In agreement with previ-
ous studies, our data showed that the expression of miR-
613 was markedly decreased in NSCLC tumor tissues and 
cell lines. In addition, we found that relative expression 
of miR-613 was elevated by HOTAIR shRNA. Results 
from dual-luciferase reporter assay further demonstrated 
the complementary pair binding between HOTAIR and 
miR-613, suggesting that miR-613 was negatively regu-
lated by HOTAIR.

In pancreatic cancer, it was reported that HOTAIR 
positively regulated notch3 expression via acting as a 
competing endogenous RNA for miR-613 binding, and 
the HOTAIR/miR-613/notch3 axis might be a promising 
target for therapeutic treatment of pancreatic cancer18. 
Similarly, in our study, we observed that cotransfection 
with the miR-613 inhibitor and HOTAIR shRNA pro-
moted cell proliferation and invasion, while it inhibited 
apoptosis rate compared with the shRNA + miR-613 mock 
group. Our results showed that inhibition of miR-613  
counteracted the tumor inhibition effects of HOTAIR 
shRNA, indicating that HOTAIR shRNA suppressed 
tumorigenesis and metastasis through upregulating the 
expression of miR-613 in NSCLC cells.

Having determined the mechanism of the HOTAIR/
miR-613 axis in NSCLC in vitro, in vivo experiments were 
also carried out for further investigation. Previous research 
demonstrated that knockdown of HOTAIR suppressed 
tumor growth in renal cell carcinoma28. Downregulation 
of HOTAIR expression also attenuated tumor growth in 
thyroid cancer and colorectal cancer29,30. In accordance 
with these studies, our data showed that knockdown of 
HOTAIR increased the expression of miR-613, suppressed 
tumor growth, and promoted cell apoptosis significantly. 
The expression of invasion-related protein VEGF was also 
decreased by HOTAIR shRNA. Our results supported the 
conclusion that HOTAIR shRNA acted as a tumor sup-
pressor of NSCLC through regulating miR-613 in vivo.

Taken together, this present study identified the 
interaction between HOTAIR and miR-613. Silencing 

of HOTAIR suppressed tumorigenesis and metastasis 
of NSCLC through the upregulation of miR-613. The 
HOTAIR/miR-613 axis might provide a new potential 
therapeutic strategy for NSCLC treatment.
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