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Abstract
Background:Hypoxia is a hallmark of cancer and is associated with poor prog-
nosis. However, the molecular mechanism by which hypoxia promotes tumor
progression remains unclear. MicroRNAs dysregulation has been shown to play
a critical role in the tumor and tumor microenvironment. Here, we investigated
the roles ofmiR-495 andmiR-5688 in humannon-small cell lung cancer (NSCLC)
and their underlying mechanism.
Methods: The expression levels of miR-495 and miR-5688 in human NSCLC
tissue specimens were measured by quantitative real-time polymerase chain
reaction (qRT-PCR). Deferoxamine (DFO) was used to determine whether
the regulation of miR-495 and miR-5688 under hypoxia was dependent on
hypoxia-inducible factor 1-alpha (HIF-1α). Furthermore, the functions of miR-
495 and miR-5688 in tumor progression were evaluated using colony formation,
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS), wound healing, transwell assays, and xenograft model. Two
algorithms, PicTAR and Targetscan, were used to predict the target gene of these
two miRNAs, and dual-luciferase reporter assay was conducted to confirm the
target. The unpaired two-tailed t test, Pearson correlation analysis, and Fisher’s
exact probability test were performed for statistical analyses.
Results: Two miRNAs, miR-495 and miR-5688, were found to participate in
NSCLC progression under hypoxia. They were down-regulated in NSCLC tis-
sues compared with normal tissues. We determined that hypoxia led to the
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down-regulation of miR-495 and miR-5688 in NSCLC cells, which was indepen-
dent of HIF-1α and cellular metabolic energy. In addition, miR-495 and miR-
5688 suppressed cell proliferation, migration, and invasion in vitro. The NSCLC
xenograft model showed that miR-495 and miR-5688 inhibited tumor formation
in vivo. Interestingly, we found that miR-495 and miR-5688 had the same tar-
get, interleukin-11 (IL-11). Recombinant human IL-11 counteracted the effects of
miR-495 and miR-5688 on NSCLC cells, suggesting that miR-495 and miR-5688
executed their tumor suppressive role by repressing IL-11 expression.
Conclusion: We found that hypoxia down-regulated the expression levels of
miR-495 andmiR-5688 inNSCLC to enhance IL-11 expression and tumor progres-
sion, indicating that the miR-495/miR-5688/IL-11 axis may serve as a therapeutic
target and potential biomarker for NSCLC.
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1 BACKGROUND

The tumor microenvironment refers to the surrounding
microenvironment in which tumor cells are present, con-
sisting of stromal cells, extracellular matrix, and signal-
ing molecules that communicate with cancer cells [1].
The tumor microenvironment dictates the fate of tumor
cells and plays a critical role in the subsequent devel-
opment of malignancies [2]. Tumor growth and metas-
tasis are highly dependent on interactions between the
tumor and the associated microenvironment [3]. Hypoxia
is a common phenomenon occurring in the majority of
tumors and has been demonstrated to play an impor-
tant role in tumor progression [4]. Decreased oxygen ten-
sion in tissues below physiological requirements induces
hypoxic adaptive responses, which are regulated by a vari-
ety of transcription factors and signaling proteins [5]. The
hypoxia-inducible factor (HIF) is the “master” regulator
of these responses [6]. In addition, hypoxia induces strong
changes in cell metabolism, gene expression, function, and
so on. Therefore, understanding the mechanism by which
hypoxia promotes tumor progression may help to develop
treatment strategies for tumors at specific stages of devel-
opment.
Lung cancer is a commonmalignant tumor in theworld,

with the highest incidence in men and the second high-
est incidence in women [7]. Non-small cell lung cancer
(NSCLC) accounts for approximately 80% of all lung can-
cers and is classified as squamous cell carcinoma, ade-
nocarcinoma, and large cell carcinoma [8]. Most of the
patients are diagnosed at an advanced stage, and the 5-
year survival rate is low (approximately 17.4%) [9]. The
main treatments for NSCLC are surgery, radiotherapy, and

chemotherapy, but the efficacy is limited for advanced
stages [10]. In addition, the molecular mechanisms under-
lying NSCLC development have yet to be fully eluci-
dated [11]. The exploration of molecular mechanism may
help develop targeted therapy, a new treatment option
for advanced NSCLC, which can not only improve treat-
ment efficacy but also reduce some adverse effects [12].
Therefore, themolecular mechanisms of NSCLC initiation
and progression should be further investigated to establish
novel prognostic biomarkers and therapeutic methods for
patients with this disease.
MicroRNAs (miRNAs) are a class of non-coding RNAs,

approximately 22 nucleotides in length, that regulate gene
expression by incomplete complementarity with the 3′-
untranslated region (3′-UTR) of the target gene mRNA
and therefore stimulate mRNA degradation or transla-
tional inhibition [13]. miRNA dysregulation has been
demonstrated to be involved in various cellular biolog-
ical processes, including cell proliferation, cell cycle,
apoptosis, angiogenesis, invasion, migration, epithelial-to-
mesenchymal transition, andmetastasis [14].Many studies
have shown that miRNAs can play a role as promoters or
inhibitors in the occurrence and development of tumors
[15]. miR-495 is abnormally expressed in multiple types of
human cancers. For example, it is up-regulated in blad-
der cancer [16] and down-regulated in gastric cancer [3],
lung cancer [11], hepatocellular carcinoma [17], and breast
cancer [18]. Although miR-495 was reported to be down-
regulated in NSCLC, the expression level and roles of miR-
5688, which is located in the same cluster as miR-495, have
yet to be completely elucidated in NSCLC.
Interleukin-11 (IL-11) is a cytokine in the chemokine

family that plays an important role in transmitting
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information, activating and regulating immune cells, and
mediating the differentiation of T/B cells and inflam-
matory response [19]. Previous studies have shown that
IL-11 was abnormally expressed in many solid tumors
and was related to the tumor microenvironment [20].
Furthermore, our previous research findings showed that
IL-11 functioned as a prominent pro-tumorigenic cytokine
in NSCLC by activating the signal transducer and acti-
vator of transcription 3 (STAT3) and AKT pathways [21].
Therefore, inhibiting IL-11 signaling might be a promising
therapeutic strategy for the treatment of NSCLC. How-
ever, IL-11 inhibitors involved in NSCLC have been poorly
defined.
In this study, we aimed to explore the molecular mech-

anism of NSCLC and identify potential therapeutic and
diagnostic targets for it. Therefore, we detected the expres-
sion ofmiR-495 andmiR-5688 inNSCLCand explored their
functions and specific mechanisms.

2 MATERIALS ANDMETHODS

2.1 Cell culture and reagents

The human non-small cell lung adenocarcinoma cell lines
A549 and H1299 were obtained from the American Type
Culture Collection. The A549 cell line was established
through explant culture of lung carcinomatous tissue,
which could synthesize lecithin with a high percentage
of disaturated fatty acids using the cytidine diphospho-
choline pathway. The H1299 cell line was established
from a lymph node metastasis of the lung from a patient
who had received prior radiotherapy, which have a
homozygous partial deletion of the p53 protein, and lack
expression of p53 protein. A549 and H1299 cells were
cultured in RPMI-1640 (Gibco, Rockville, MD, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco)
and maintained at 37◦C in a humidified atmosphere with
5% CO2. Hypoxic cell culture (0.5% O2) was achieved
by putting cells in a hypoxia incubator filled with a mix
of 0.5% O2, 5% CO2, and 94.5% N2. The protein expres-
sion of HIF-1α under hypoxia was detected to prove the
success of hypoxia. In addition, the mRNA expression
levels of miR-495, miR-5688, and IL-11 and the secreted
protein level of IL-11 under hypoxia were examined.
Deficiencies of glucose and glutamine were achieved by
culturing the cells with glucose-free medium (Gibco) and
glutamine-free medium (Sigma-Aldrich, St. Louis, MO,
USA).
A549 and H1299 cells were treated with deferoxamine

(DFO; Sigma-Aldrich) for 48 h under normoxic conditions
to investigate whether the low expression of miR-495 and
miR-5688 under hypoxia depended on HIF-1α.

2.2 Human tissue specimens

Paired human NSCLC tissues and corresponding adjacent
normal tissues were obtained from 28 patients during sur-
gical procedure between February 2018 and January 2019
at the Tianjin Medical University Cancer Institute and
Hospital (Tianjin, China). Tissue fragments were promptly
frozen in liquid nitrogen at the time of surgery and stored
at −80◦C. Both the tumor and noncancerous tissues were
histologically confirmed. The pathological type of each
tumor was determined to be adenocarcinoma. None of the
patients received chemotherapy or radiotherapy prior to
surgery. In addition, no malignancy in other organs was
reported prior to surgery. The mRNA expression levels of
miR-495,miR-5688, and IL-11 in 28 pairs of clinical samples
were examined. All samples were obtained with informed
consent, and the study was approved by the Ethics Com-
mittee of Tianjin Medical University Cancer Institute and
Hospital.

2.3 Plasmid construction and
transfection

To generate the miR-495 and miR-5688 overexpres-
sion plasmids (pri-miR-495 and pri-miR-5688), 414 bp
and 415 bp fragments containing the miR-495- and
miR-5688-coding regions were amplified from genomic
DNA and cloned into the pcDNA3.1 vector (Ambion,
Austin, TX, USA) at the EcoR I and BamH I sites.
The 2′-O-methyl-modified miR-495 and miR-5688 anti-
sense oligonucleotides (ASO-miR-495 and ASO-miR-5688)
were commercially synthesized by GenePharma Co., Ltd
(Shanghai, China) and used as inhibitors of miR-495
and miR-5688. The 3′-UTR sequences of IL-11 that con-
tain the miR-495-binding and miR-5688-binding sites and
mutant 3′-UTR fragments with mutated miR-495-binding
and miR-5688-binding sites were obtained by annealing
double-stranded DNA and inserting it into the pmirGLO
vector (Promega, Madison,WI, USA). The sequences of all
primers for PCR amplification are provided in Table 1.

2.4 Construction of stable cell lines for
establishing NSCLC xenograft model

miR-495 and miR-5688 expression lentiviruses were
obtained from Genechem Co., Ltd (Shanghai, China).
A549 cells, which have better tumorigenicity than H1299
cells, were incubated with virus supernatants for 12 h with
8 µg/mL polybrene (Solarbio, Beijing, China) following the
manufacturer’s instructions. Infected cells were selected
with puromycin (Sigma-Aldrich).
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TABLE 1 Sequences of primers used in this study

Primer Sequences
Plasmid construct primer
miR-495 sence 5′-CGCGGATCCAACTTACCTGATGCTTTTAGGCTTA-3′
miR-495 antisence 5′-CCGGAATTCCTCGCCAACTGTGCCTGT-3′
miR-5688 sence 5′-CGCGGATCCTGTTTTATGAGGTTGGGCTAT-3′
miR-5688 antisence 5′-CCGGAATTCCAAAATGAATATGTGTACTATGCTC-3′
IL-11 3′-UTR-WT sence 5′-CCCCGCACTGCATAGGGCCTTTTGTTTGTTTTTTGAGAT-3′
IL-11 3′-UTR-WT antisence 5′-CTAGATCTCAAAAAACAAACAAAAGGCCCTATGCAGTGCGGGGAGCT-3′
IL-11 3′-UTR-MUT sence 5′-CCCCGCACTGCATAGGGCCTTTTATCGGGCTTTTGAGAT-3′
IL-11 3′-UTR-MUT antisence 5′-CTAGATCTCAAAAGCCCGATAAAAGGCCCTATGCAGTGCGGGGAGCT-3′
quantitative RT-PCR primer
miR-495 RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACAAGAAGT-3′
miR-5688 RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACGCTGTTT-3′
U6 RT 5′-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAAAATATGGAAC-3′
miR-495 forward 5′-TGCGGAAACAAACATGGTGC-3′
miR-5688 forward 5′-TGCGGTAACAAACACCTGTA-3′
U6 forward 5′-TGCGGGTGCTCGCTTCGGCAGC-3′
microRNA reverse 5′-CCAGTGCAGGGTCCGAGGT-3′
IL-11 forward 5′-CGAGCGGACCTACTGTCCTA-3′
IL-11 reverse 5′-GCCCAGTCAAGTGTCAGGTG-3′
GAPDH forward 5′-GGAGCGAGATCCCTCCAAAAT-3′
GAPDH reverse 5′-GGCTGTTGTCATACTTCTCATGG-3′

Abbreviations: miR, microRNA; IL-11, interleukin-11; 3′-UTR, 3′-untranslated region; WT, wild-type; MUT, mutant; RT, reverse transcription; GAPDH,
glyceraldehyde-3-phosphate dehydrogenase.

2.5 Cell proliferation assay

A549 and H1299 cells (5000 cells per well) were seeded
in 96-well plates 1 day prior to transfection and then
transfected with pri-miRNAs, ASO-miRNAs, or the
respective controls using lipofectamine 2000 reagent
(Invitrogen, Camarillo, CA, USA) according to the
manufacturer’s protocol. 24 h later, 20 µL of 0.5 mg/mL 3-
(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium (MTS) reagent (Promega)
was added to each well. The cells were incubated at 37◦C
for 1 h. Next, the absorbance at 570 nm was detected at
0, 48, and 72 h after transfection on a μQuant Universal
Microplate Spectrophotometer (Bio-Tek Instruments,
Winooski, VT, USA). Then, we processed these data
to generate cell proliferation curves using Graphpad
Prism 6.

2.6 Colony formation assay

At 24 h after transfection, A549 and H1299 cells were
seeded into 6-well plates at a density of 400 cells per
well using RPMI-1640 supplemented with 10% FBS. The
medium was replaced every two days. When most cell

clumps achieved > 50 cells, as observed under a micro-
scope (Olympus, Tokyo, Japan), the colonies were then
fixed with paraformaldehyde (Solarbio), stained with crys-
tal violet (Solarbio), and counted.

2.7 Wound healing assay

At 24 h after transfection, A549 and H1299 cells were cul-
tured in 6-well plates at a density of approximately 5 ×
105 cells per well. When cell confluence reached approx-
imately 95%-100%, scratches were generated using a 100-
µL pipette tip. Non-adherent cells were removed by PBS
washes. The cells were incubated in medium containing
5% FBS for 0, 24, and 48 h. Five fields of view for each
well were randomly captured at× 100magnification under
the microscope (Olympus) to prevent uneven cell distribu-
tionwhich could otherwise result in false negatives or false
positives.

2.8 Transwell assay

A549 andH1299 cells were placed on the upper chamber of
each insert coated with 40 µL of Matrigel (BD Biosciences,
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TABLE 2 Associations between miR-495 and miR-5688 expression levels and clinicopathological characteristics of 28 NSCLC patients

Expression of miR-495
(cases)

Expression of miR-5688
(cases)

Characteristics
Total
(cases) Low High P value Low High P value

Total 28 14 (50.0%) 14 (50.0%) 17 (60.7%) 11 (39.3%)
Age (years) 0.128 0.254

< 60 13 4 (30.8%) 9 (69.2%) 10 (76.9%) 3 (23.1%)
≥60 15 10 (66.7%) 5 (33.3%) 7 (46.7%) 8 (53.3%)

Gender 0.440 0.701
Male 17 7 (41.2%) 10 (58.8%) 11 (64.7%) 6 (35.3%)
Female 11 7 (63.6%) 4 (36.4%) 6 (54.5%) 5 (45.5%)

Smoking history 0.695 0.444
Present 10 6 (60.0%) 4 (40.0%) 5 (50.0%) 5 (50.0%)
Absent 18 8 (44.4%) 10 (55.6%) 12 (66.7%) 6 (33.3%)

Family history of cancer 0.420 0.249
Present 9 6 (66.7%) 3 (33.3%) 7 (77.8%) 2 (22.2%)
Absent 19 8 (42.1%) 11 (57.9%) 10 (52.6%) 9 (47.4%)

Tumor size (cm) 0.033* 0.030*

< 5 8 1 (12.5%) 7 (87.5%) 2 (25.0%) 6 (75.0%)
≥5 20 13 (65.0%) 7 (35.0%) 15 (75.0%) 5 (25.0%)

Tumor differentiation 0.008** 0.002**

Poor 12 10 (83.3%) 2 (16.7%) 11 (91.7%) 1 (8.3%)
Moderate 9 3 (33.3%) 6 (66.7%) 5 (55.6%) 4 (44.4%)
Well 7 1 (14.3%) 6 (85.7%) 1 (14.3%) 6 (85.7%)

TNM stage
stagstageclassification

0.007** 0.012*

I 6 1 (16.7%) 5 (83.3%) 3 (50.0%) 3 (50.0%)
II 7 1 (14.3%) 6 (85.7%) 1 (14.3%) 6 (85.7%)
III 8 7 (87.5%) 1 (12.5%) 7 (87.5%) 1 (12.5%)
IV 7 5 (71.4%) 2 (28.6%) 6 (85.7%) 1 (14.3%)

Lymph node metastasis 0.165 0.174
Present 22 13 (59.1%) 9 (40.9%) 15 (68.2%) 7 (31.8%)
Absent 6 1 (16.7%) 5 (83.3%) 2 (33.3%) 4 (66.7%)

Distant metastasis 0.192 0.381
Present 7 5 (71.4%) 2 (28.6%) 3 (42.9%) 4 (57.1%)
Absent 21 9 (42.9%) 12 (57.1%) 14 (66.7%) 7 (33.3%)

Differences between experimental groups were assessed by Fisher’s exact probability test. Data represent mean ± standard deviation. *P < 0.05; **P < 0.01.

San Jose, CA, USA), which was diluted to 4 µg/µL with
serum-free medium. Then, medium supplemented with
20% FBS (600 µL) was added to the lower chamber. After
24-hour incubation at 37◦C, the upper surface of the mem-
brane was wiped with a cotton tip, and the cells attached
to the lower surface were stained for 15 min with crystal
violet. Cells in five random fields of view at × 100 magni-
fication were counted and expressed as the average num-
ber of cells per field of view. All assays were performed in
triplicate.

2.9 Prediction of miRNA targets

The potential targets of miR-495 and miR-5688 were pre-
dicted using TargetScan 7.2 (http://www.targetscan.org/)
and PicTar (http://pictar.mdc-berlin.de/).

2.10 Luciferase reporter assay

A549 and H1299 cells were seeded in 24-well plates 1 day
before transfection at a density of 1.2 × 105 cells per well

http://www.targetscan.org/
http://pictar.mdc-berlin.de/
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and were then co-transfected with 2 pmol of pri-miRNAs,
ASO-miRNAs, or their respective negative control and
equal doses (2 mg) of pmirGLO-IL-11 3′-UTR-wild-type
(WT) or pmirGLO-IL-11 3′-UTR-mutant (MUT) using
Lipofectamine 2000 (Invitrogen). After transfection for 48
h, firefly and renilla luciferase activities were measured
using the Dual Luciferase Assay System (Promega).
Each reporter plasmid was transfected at least twice (on
different days), and each sample was assayed in triplicate.

2.11 IL-11 concentration

The IL-11 concentration in cell culture supernatants was
determined by a human IL-11 immunoassay ELISA kit
(R&D Systems, Minnesota, MN, USA). The assay was per-
formed as previously described [21]. Briefly, 100 µL of assay
diluent and 100 µL of standard or sample per well were
added to the microplate and incubated for 2 h. After wash-
ing 4 times with the washing buffer supplied by the kit, the
microplate was incubated with 200 µL of IL-11 conjugate
for 3 h. After another 4 washes, 200 µL of substrate solu-
tion was added and incubated for 30 min. The absorbance
of all wells was determined at 450 nm to evaluate the con-
centration of IL-11.

2.12 qRT-PCR

Total RNA was isolated using TRIzol reagent (Invitrogen).
Total RNA (2 µg) was used for the synthesis of first-strand
cDNA using M-MLV reverse transcriptase (Invitrogen).
Quantitative real-time PCR was performed using SYBR
Green Mix (Cwbiotech, Beijing, China). The reactions
were performed with a real-time fluorescent PCR instru-
ment (Roche, Basel, Switzerland). The data are displayed
as 2-△△Ct values and are representative of at least three
independent experiments. Sequences of the qRT-PCR
primers are provided in Table 1.

2.13 Western blotting analysis

Cell extracts were prepared with radioimmunoprecip-
itation assay (RIPA) lysis buffer (Millipore, Bedford,

MA, USA). The cell lysates were incubated at 4◦C for 1
h with rotation, followed by clarification of cell debris
by centrifugation at 12,000 rpm for 10 min. The protein
concentration was determined using the BCA Protein
Assay Kit (Thermo Fisher Scientific, Basingstoke, UK).
Antibodies against HIF-1α (1:1000, Abcam), IL-11 (1:1000,
Abcam), and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH, 1:5000, Abcam) were used for protein detection.
Antibody complexes were detected using the Immobilon
Western Chemiluminescent HRP Substrate (Millipore)
and Amersham Imager 600 (GE Healthcare, Beijing,
China).

2.14 NSCLC xenograft model

Thirty-three female athymic nude mice (BALB/c-nu)
were purchased from the Academy of Military Medi-
cal Science (Beijing, China). All mouse studies were
approved by the Animal Ethics Committee of Tianjin
Medical University. All mice were 4-5 weeks of age at
the time of injection. A549-vector, A549-pri-miR-495, or
A549-pri-miR-5688 cells and A549 cells transfected with
ASO-NC or ASO-miRNAs were trypsinized, washed,
resuspended in Hanks’ balanced salt solution (HBSS;
Gibco), and injected into the right flanks subcutaneously (5
× 106 cells/animal). Mice were euthanized 3-4 weeks after
inoculation. Then, the weight of the subcutaneous tumors
was recorded and used to determine tumor growth or
suppression.

2.15 Statistical analyses

The SPSS 19.0 software (IBM Corp., Armonk, NY, USA)
was employed to perform statistical analyses. Data are
reported as the mean ± standard deviation (SD). Bio-
chemical experiments were performed in triplicate, and
a minimum of three independent experiments were ana-
lyzed. Differences were assessed for statistical significance
by an unpaired two-tailed t test and Fisher’s exact proba-
bility test. Pearson correlation analysis was used to analyze
the correlation between the expression of miR-495 or miR-
5688 and the pathological grade or TNM stage (classified
according to the 7th edition of the Union for International

F IGURE 1 miR-495 andmiR-5688 are down-regulated in humannon-small cell lung cancer (NSCLC). (a) The expression levels ofmiR-495
and miR-5688 in 28 pairs of NSCLC tissues (Ca) and matched adjacent normal tissues (N) were detected by quantitative real-time polymerase
chain reaction (qRT-PCR). U6 snRNA was used as an endogenous normalization control. (b) Expression of miR-495 and miR-5688 in NSCLC
patients with different pathological grades. (c) Expression of miR-495 and miR-5688 in NSCLC patients with different TNM stages. All of
the experiments were repeated three times. Differences between groups were analyzed by using the unpaired t-test (*P < 0.05; **P < 0.01;
***P < 0.001; ****P < 0.0001)
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F IGURE 2 The hypoxic microenvironment leads to the down-regulation of miR-495 and miR-5688 in NSCLC. (a) A549 and H1299 cells
were cultured under hypoxic conditions (0.5% O2) or normoxic conditions for 48 h. Then, the expression levels of miR-495 and miR-5688
were determined by qRT-PCR. (b) The expression of HIF-1α was determined by Western blotting in A549 and H1299 cells under normoxia
and hypoxia. (c) The expression levels of miR-495 and miR-5688 were determined by qRT-PCR in A549 and H1299 cells treated with DFO
(100 µmol/L) for 48 h under normoxic conditions. (d) The expression of HIF-1α was determined by Western blotting in A549 and H1299 cells
treated with DFO under normoxia. (e) A549 and H1299 cells were cultured in normal glucose medium and glucose-free medium for 48 h, and
the expression levels of miR-495 andmiR-5688 were detected by qRT-PCR. (f) A549 andH1299 cells were cultured in normal glutaminemedium
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Cancer Control TNM staging system) of NSCLC. A P value
less than 0.05 was considered significant.

3 RESULTS

3.1 miR-495 and miR-5688 are
down-regulated in NSCLC tissues

The clinicopathological features of the 28 patients are
listed in the Table 2. We examined the expression levels of
miR-495 andmiR-5688 in 28 pairs of humanNSCLC tissues
and adjacent normal tissues using qRT-PCR. miR-495 and
miR-5688 expression levels were generally lower inNSCLC
tissues than in matched normal tissues (Figure 1a), sug-
gesting that miR-495 and miR-5688 were down-regulated
in NSCLC. The expression of miR-495 or miR-5688 was
negatively correlated with pathological grade (miR-495,
r= –0.909; miR-5688, r= –0.882; Figure 1b) and TNM stage
of NSCLC (miR-495, r = –0.745; miR-5688, r = –0.818; Fig-
ure 1c). These results might highlight the potential of miR-
495 and miR-5688 in predicting the prognosis of NSCLC.

3.2 Hypoxic microenvironment leads to
the down-regulation of miR-495 and
miR-5688 in NSCLC tissues

To further investigate the reasons for the low expres-
sion of miR-495 and miR-5688 in NSCLC, we examined
whether the expression of miR-495 and miR-5688 changed
in different tumor microenvironments. We cultured A549
and H1299 cells under hypoxic conditions (0.5% O2) and
found that the expression levels of miR-495 and miR-5688
were decreased compared with those in normoxic cells
(Figure 2a). Western blotting analysis demonstrated that
hypoxia stimulation induced HIF-1α expression in both
A549 and H1299 cells, indicating the successful establish-
ment of hypoxia (Figure 2b). When treated with DFO for
48 h, the expression levels of miR-495 and miR-5688 did
not change (Figure 2c), and the expression of HIF-1α was
stable in A549 and H1299 cells (Figure 2d), suggesting that
the expression ofmiR-495 andmiR-5688were independent
on HIF-1α.
Next, we cultured the A549 and H1299 cells in glucose-

free medium for 48 h and found that glucose deficiency
did not affect the expression of miR-495 and miR-5688

(Figure 2e). Similar results were obtained when glutamine
was absent from the cell culture medium in A549 and
H1299 cells (Figure 2f). Then, we further explored whether
the expression ofmiR-495 andmiR-5688 inA549 andH1299
cells would be altered in the absence of both glucose and
glutamine. As depicted in Figure 2g, the expression ofmiR-
495 and miR-5688 remained unchanged. However, after 48
h of hypoxia treatment using the same culturemedium, the
expression levels of miR-495 andmiR-5688 were decreased
significantly (Figure 2g). These results indicated that the
hypoxia-mediated down-regulation of miR-495 and miR-
5688 was caused directly by low oxygen level.

3.3 miR-495 and miR-5688 inhibit
NSCLC cell proliferation in vitro
and tumor formation in vivo

To investigate the role of miR-495 and miR-5688 in NSCLC
cells, gain- and loss-of-function assays were performed in
A549 and H1299 cells. qRT-PCR showed that pri-miR-495
and pri-miR-5688 resulted in a 6- to 7-fold increase in the
expression levels of miR-495 and miR-5688. Conversely,
ASO-miR-495 and ASO-miR-5688 reduced miR-495 and
miR-5688 levels by 60%-70% relative to the controls
(Figure 3a). In addition, MTS assays showed that the over-
expression of miR-495 or miR-5688 reduced the viability of
A549 and H1299 cells, whereas the inhibition of miR-495
or miR-5688 led to increased cell viability (Figure 3b).
The colony-formation rates of A549 and H1299 cells were
decreased by pri-miR-495 and increased by ASO-miR-495.
Similar results were observed in A549 and H1299 cells
transfected with pri-miR-5688 and ASO-miR-5688 (Fig-
ure 3c). Together, these data indicated that miR-495 and
miR-5688 inhibited NSCLC cell proliferation in vitro.
To further validate the effects of miR-495 and miR-5688

on the malignant phenotype of NSCLC, we conducted
a xenograft tumor formation assay. The transfection of
pri-miR-495 and pri-miR-5688 significantly inhibited the
growth of xenograft tumors in nude mice (Figure 3d) and
suppressed IL-11 expression in xenograft tumors (Figure
S1a). Conversely, the transfection of ASO-miR-495 and
ASO-miR-5688 promoted the tumor formation ability of
A549 cells (Figure S1b) and up-regulated the expression
of IL-11 in xenografts (Figure S1c). These results demon-
strated that miR-495 and miR-5688 inhibited NSCLC
tumor formation in vivo.

and glutamine-freemedium for 48 h, and the expression levels of miR-495 andmiR-5688 were detected by qRT-PCR. (g) The expression levels of
miR-495 andmiR-5688 in A549 andH1299 cells were detected by qRT-PCR after 48 h of culture under normoxia and hypoxia usingmedium free
of glucose and glutamine. All of the experiments were repeated three times. Differences between groups were analyzed by using the unpaired
t-test (**P < 0.01; ***P < 0.001; NS, not significant)
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F IGURE 3 miR-495 and miR-5688 inhibit NSCLC cell proliferation in vitro and tumor formation in vivo. (a) Relative levels of miR-495
and miR-5688 after transfection with pri-miR-495, pri-miR-5688, ASO-miR-495, ASO-miR-5688, or their respective controls in A549 and H1299
cells. The data are shown as themeans± standard deviation (SD) (n= 3). (b) Proliferation curves of A549 andH1299 cells were determined at 48
h and 72 h byMTS assay after transfection with pri-miR-495, pri-miR-5688, ASO-miR-495, ASO-miR-5688, or their respective controls. The data
are shown as the means ± SD (n = 3). (c) Colony formation of A549 and H1299 cells infected with pri-miR-495, pri-miR-5688 or ASO-miR-495,
ASO-miR-5688, or their respective controls. The data are shown as the means ± SD (n = 3). (d) Female nude mice were injected with A549-
vector, A549-pri-miR-495, or A549-pri-miR-5688 cells into the right flanks subcutaneously (5 × 106 cells/animal) and were euthanized 4 weeks
after injection. The average tumor weights are presented in the bar graphs (means ± SD; n = 8 for each group). Differences between groups
were analyzed by unpaired t-test (*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001)
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F IGURE 4 miR-495 and miR-5688 inhibit NSCLC cell migration and invasion in vitro. (a) Wound healing assays for A549 and H1299 cells
infected with pri-miR-495, pri-miR-5688, ASO-miR-495, ASO-miR-5688, or their respective controls were used to measure migration at 24 h
and 48 h, and the quantitative patterns are shown. (b) Assay of the invasion of A549 and H1299 cells infected with pri-miR-495, pri-miR-5688,
ASO-miR-495, ASO-miR-5688, or their respective controls. All of the experiments were repeated three times. Differences between groups were
analyzed by unpaired t-test (*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001)
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3.4 miR-495 and miR-5688 inhibit
NSCLC cell migration and invasion in vitro

We subsequently explored the role of miR-495 and miR-
5688 in invasion and metastasis. Wound healing assays
revealed that the migration of A549 and H1299 cells was
significantly inhibited by pri-miR-495 and pri-miR-5688
but promoted by ASO-miR-495 and ASO-miR-5688 (Fig-
ure 4a). In addition, transwell assay results demonstrated
similar effects of miR-495 and miR-5688 on cell invasion
(Figure 4b). Taken together, these results indicated that
miR-495 and miR-5688 inhibited NSCLC cell migration
and invasion in vitro.

3.5 miR-495 and miR-5688 directly
target IL-11 and reverse the increased IL-11
expression due to hypoxia in NSCLC cells

To investigate the underlying molecular mechanisms
by which miR-495 and miR-5688 exert their anti-tumor
effects, we screened for putative miR-495 and miR-5688
targets using bioinformatics methods. Target prediction
suggested hundreds of candidate targets for miR-495 and
miR-5688, and we chose IL-11 as a putative target for fur-
ther study after considering the available functional data
(Figure 5a). To validate whether IL-11 is directly targeted
by miR-495 and miR-5688, we performed a luciferase
assay using luciferase reporter vectors containing either
the 3′-UTR-WT or a 3′-UTR-MUT with a mutation in
the complementary miRNA binding sequence of IL-11
(Figure 5b). In A549 and H1299 cells, pri-miR-495 and
pri-miR-5688 significantly decreased the luciferase activity
of the pmirGLO-IL-11 3′-UTR, whereas ASO-miR-495 and
ASO-miR-5688 significantly enhanced the luciferase activ-
ity of the pmirGLO-IL-11 3′-UTR). However, luciferase
activity of the mutant 3′-UTR of IL-11 was not influenced
by either over-expression or inhibition of miR-495 and
miR-5688 (Figure 5c). These results suggested that IL-11
was a direct target of miR-495 and miR-5688.

Next, we determined the effects of miR-495 and miR-
5688 on endogenous IL-11 expression. qRT-PCR showed
that the IL-11 mRNA level was decreased in A549 and
H1299 cells transfected with pri-miR-495 and pri-miR-5688
(Figure 5d). In addition, ELISA results showed that the
secretion of IL-11 was significantly reduced in these
cells (Figure 5e). Conversely, cells transfected with ASO-
miR-495 and ASO-miR-5688 showed the opposite results
(Figure 5d and 5e). These results showed that miR-495 and
miR-5688 down-regulated the expression of IL-11. Further-
more, we know that hypoxia caused the down-regulation
of miR-495 and miR-5688 in NSCLC cells. Therefore,
we further explored whether the effects of miR-495 and
miR-5688 on IL-11 expression still exist under hypoxia. We
found miR-495 and miR-5688 reversed the up-regulation
of IL-11 expression induced by hypoxia in A549 and H1299
cells (Figure 5f and 5g). In addition, we examined the
expression level of IL-11 in 28 pairs of human NSCLC
tissues and adjacent normal tissues using qRT-PCR.
We found that the IL-11 expression level was generally
higher in NSCLC tissues than in matched normal tissues
(Figure 5h). These results indicated that IL-11 was directly
targeted by miR-495 and miR-5688 in NSCLC cells.

3.6 IL-11 rescues the inhibition of cell
proliferation mediated by miR-495 and
miR-5688 in NSCLC

To test whether the effects of miR-495 and miR-5688
expression on cell proliferation, migration, and invasion
in A549 and H1299 cells were mediated by IL-11, we per-
formed rescue assays using recombinant human IL-11 in
A549 and H1299 cells. We observed that recombinant
human IL-11 reversed the decreased proliferation rate of
A549 and H1299 cells transfected with pri-miR-495 and
pri-miR-5688 (Figure 6a). Furthermore, colony formation
assays showed that recombinant human IL-11 rescued the
reduced colony formation caused by miR-495 and miR-
5688 in A549 and H1299 cells (Figure 6b). Taken together,

F IGURE 5 miR-495 and miR-5688 can directly target IL-11 and reverse the increase in IL-11 expression due to hypoxia in NSCLC cells.
(a) The predicted miR-495-binding and miR-5688-binding sites in IL-11 mRNA using Target Scan 7.2 are shown. (b) Wild-type and mutant 3′-
UTRs of IL-11 are shown. (c) Luciferase reporters pmirGLO-IL-11 (3′-UTR WT or MUT) were co-transfected with pri-miR-495, pri-miR-5688,
ASO-miR-495, ASO-miR-5688, or their respective controls in A549 and H1299 cells. Luciferase activities were measured 48 h post transfection.
(d) qRT-PCR shows IL-11 mRNA levels after transfection with pri-miR-495, pri-miR-5688, ASO-miR-495, ASO-miR-5688, or their respective
controls in A549 and H1299 cells. (e) ELISA shows the secretion levels of IL-11 after transfection with pri-miR-495, pri-miR-5688, ASO-miR-495,
ASO-miR-5688, or their respective controls in A549 and H1299 cells. (f) qRT-PCR shows that hypoxia induced IL-11 expression, which was
counteracted by pri-miR-495 and pri-miR-5688. (g) ELISA showed that hypoxia induced IL-11 expression, which is counteracted by pri-miR-495
and pri-miR-5688. (h) The mRNA expression level of IL-11 in 28 pairs of NSCLC tissues and matched adjacent normal tissues was detected by
qRT-PCR. All of the experiments were repeated three times. Differences between groups were analyzed by unpaired t-test (*P< 0.05; **P< 0.01;
***P < 0.001; ****P < 0.0001; NS, not significant)



14 ZHAO et al.



ZHAO et al. 15

our results suggested that IL-11 counteracted the effects of
miR-495 and miR-5688 on cell proliferation.

3.7 IL-11 rescues the inhibition of cell
migration and invasion mediated by
miR-495 and miR-5688 in NSCLC

Similarly, we used recombinant human IL-11 to investigate
whether the effects ofmiR-495 andmiR-5688 on themigra-
tion and invasion of A549 and H1299 cells were mediated
by IL-11. Wound healing assays revealed that recombinant
human IL-11 disrupted the suppressive effects of miR-495
and miR-5688 on the migration of A549 and H1299 cells
(Figure 7a). In addition, transwell assay results showed
that recombinant human IL-11 counteracted the effects of
miR-495 and miR-5688 (Figure 7b) on the invasion of A549
and H1299 cells.
Furthermore, recombinant human IL-11 rescued the

decreased expression levels of miR-495 and miR-5688 in
A549 and H1299 cells caused by hypoxia (Figure 7c), sug-
gesting thatmiR-495 andmiR-5688 exerted their activity by
regulating IL-11 expression. Collectively, these results sug-
gested that IL-11 could rescue the inhibition of cell migra-
tion and invasion mediated by miR-495 and miR-5688.

4 DISCUSSION

In this study, we identified the miR-495/miR-5688/IL-11
axis as an important mediator in the proliferation, migra-
tion, and invasion of NSCLC. At the cellular level, gain-
and loss-of function assays indicated that miR-495 and
miR-5688 exhibited a tumor suppressive role in NSCLC
cells and may be down-regulated due to hypoxia. Mecha-
nistically, bothmiR-495 andmiR-5688 directly targeted the
IL-11 transcript 3′-UTR and repressed IL-11 expression.
Hypoxia is a hallmark of the tumor microenvironment

[22], leads to resistance to anti-tumor therapy and is asso-
ciated with a poor prognosis, especially in NSCLC [23,
24]. Various hypotheses have been proposed to explain the
tumor promotive role of hypoxia, such as genomic insta-
bility, dysfunctional DNA damage repair pathway, and
altered transcriptome [24]. In the current study,we demon-
strated that miR-495 and miR-5688 were two new players
in hypoxia-induced tumor progression. miR-495 and miR-
5688 were down-regulated in NSCLC cells under hypoxia

and directly targeted IL-11 mRNA. We previously reported
that IL-11 promoted NSCLC progression [21]. Together
with the current study, we demonstrated that the miR-
495/miR-5488/IL-11 axiswas a hypoxia-induced tumor pro-
moter in NSCLC. Furthermore, several lines of evidence
have now establishedmiRNAs as key elements in response
to hypoxia [25]. For example, the expression changes of
the miR-17 family were reported to be involved in the HIF-
related response under hypoxia in cancer cells [26]. These
data highlight the importance of miRNAs in hypoxia-
induced tumor progression.
Over the past few years, hundreds of miRNAs have been

described to play important roles in regulating gene expres-
sion by mRNA cleavage or translational repression in a
variety ofmodel systems [27]. Because of the relative stabil-
ity of miRNA expression, some studies have used miRNAs
as biomarkers [28]. Recent studies have found thatmiR-495
was involved in the tumorigenesis and progression of var-
ious cancers, including lung cancer [11], nasopharyngeal
carcinoma [29], osteosarcoma [30], andmelanoma [31]. All
of these studies have identified miR-495 as a tumor sup-
pressor. Consistent with our findings, it has been reported
that miR-495 was expressed at low levels in lung cancer
and may act as a tumor suppressor gene [8, 11]. However,
the expression and function of miR-5688, which is located
in the same cluster as miR-495, is still unclear. Here, we
used qRT-PCR to detect the expression levels of miR-495
andmiR-5688 in 28NSCLC tissues and adjacent normal tis-
sues. We found that miR-495 and miR-5688 exhibited low
expression in 28 NSCLC tissues compared with adjacent
normal tissues. Functional experiments showed that miR-
495 and miR-5688 inhibited the proliferation, migration,
and invasion of NSCLC. These data suggested that these
two miRNAs may be potential biomarkers for NSCLC pro-
gression. Whether these two miRNAs can be detected in
blood serum needs to be investigated.
IL-11 is a member of the IL-6 family of cytokines, which

collectively uses the GP130 signal transduction receptor
subunit. It is well known that the classic function of IL-11
is as a hematopoietic growth factor. In recent years, it
has been discovered that IL-11 activated the GP130-Janus
kinase signaling cascade and the related transcription fac-
tor STAT3 by interacting with the ligand-specific IL-11Rα
receptor subunit, conferring many of the intrinsic tumor
“hallmark” capabilities to neoplastic cells [32]. As reported
by Onnis et al. [33], IL-11 is a hypoxia-induced, Von Hippel
Lindau (VHL)-regulated gene, and IL-11 expression is

F IGURE 6 IL-11 rescues the inhibition of cell proliferation mediated by miR-495 and miR-5688. (a) MTS assay showed the role of IL-11 in
the proliferation of A549 and H1299 cells transfected with pri-miR-495 or pri-miR-5688. (b) Colony formation assays showed the role of IL-11
in the proliferation of A549 and H1299 cells transfected with pri-miR-495 or pri-miR-5688. All of the experiments were repeated three times.
Differences between groups were analyzed by unpaired t-test (*P < 0.05; **P < 0.01; ***P < 0.001)
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F IGURE 7 IL-11 rescues the inhibition of cell migration and invasion mediated by miR-495 and miR-5688. (a) Wound healing assays
showed the role of IL-11 in the migration of A549 and H1299 cells transfected with pri-miR-495 or pri-miR-5688. (b) Transwell assays indicated
the role of IL-11 in the invasion of A549 and H1299 cells transfected with pri-miR-495 or pri-miR-5688. (c) The role of IL-11 on the expression of
miR-495 andmiR-5688 under hypoxia in A549 and H1299 cells is shown. All of the experiments were repeated three times. Differences between
groups were analyzed by unpaired t-test (*P < 0.05; **P < 0.01; ***P < 0.001)
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partially dependent on HIF-1 in human prostate can-
cer cells. Our previous research showed that hypoxia
up-regulated the expression of IL-11 and promoted the
development of NSCLC [21]. In recent years, a growing
number of studies have elucidated several miRNAs
capable of regulating IL-11 expression in different disease
models. For instance, miRNA-124a inhibited cell prolifera-
tion and migration in liver cancer by regulating IL-11 [34].
Interestingly, our current study found that IL-11 was a
common target of miR-495 and miR-5688. Notably, rescue
assays showed that IL-11 could restore the malignant
phenotypes suppressed by miR-495 and miR-5688, sug-
gesting that miR-495 and miR-5688 repressed tumorigenic
activities by down-regulating IL-11 expression.

5 CONCLUSIONS

In summary, we demonstrated that hypoxia down-
regulated the expression of miR-495 and miR-5688, which
promoted themalignancy of NSCLC by up-regulating IL-11
expression. miR-495 and miR-5688 may be used as IL-11
inhibitors for the clinical treatment of NSCLC. However,
the detailed mechanism of hypoxia down-regulating the
expression of miR-495 and miR-5688 remains unclear, and
further studies are needed.
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