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Abstract
Background: Despite therapeutic advances, lung cancer prognosis remains poor. Loss
of heterozygosity (LOH) in the 3p21 region is well documented in lung cancer, but
the specific causative genes have not been identified.
Materials and Methods: Here, we aimed to examine the clinical impact of miR-
135a, located in the 3p21 region, in lung cancer. miR-135a expression was assessed
using quantitative real-time polymerase chain reaction. LOH was analyzed at
microsatellite loci D3S1076 and D3S1478, and promoter methylation status was
determined by pyrosequencing of resected samples of primary non-small-cell lung
cancer (NSCLC). The regulation of telomerase reverse transcriptase (TERT) was
evaluated in lung cancer cells H1299 by luciferase report assays after treatment
with miR-135a mimics.
Results: miR-135a was significantly downregulated in squamous cell cancer (SCC)
tumor tissues compared to normal tissues (p = 0.001). Low miR-135a expression was
more frequent in patients with SCC (p = 2.9 � 10�4) and smokers (p = 0.01). LOH
and hypermethylation were detected in 27.8% (37/133) and 17.3% (23/133) of the
tumors, respectively. Overall, 36.8% (49/133) of the NSCLC cases harbored either
miR-135a LOH or promoter hypermethylation. The frequencies of LOH and hyper-
methylation were significantly associated with SCCs (p = 2 � 10�4) and late-stage
(p = 0.04), respectively. MiR-135a inhibited the relative luciferase activity of psi-
CHECK2-TERT-3’UTR.
Conclusion: These results suggest that miR-135a may act as a tumor suppressor to
play an important role in lung cancer carcinogenesis, which will provide a new insight
into the translational value of miR-135a. Further large-scale studies are required to
confirm these findings.
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INTRODUCTION

Lung cancer is the most prevalent cancer and a leading
cause of cancer-related death worldwide, with non-small-
cell lung cancer (NSCLC) accounting for the majority of
cases.1 Patients with NSCLC have a poor overall survival
owing to diagnosis at an advanced stage and unsatisfactory

monitoring for recurrence.2 In addition, the molecular
mechanisms underlying the clinical, pathological, and global
variations in NSCLC behavior remain poorly understood.3,4

Thus, research studies on suitable biomarkers are needed to
improve the treatment and prevention of NSCLC.

MicroRNAs (miRNAs) are endogenous small (�22
nucleotides) noncoding RNAs that regulate gene
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expression via complementary binding to the 30-
untranslated region of target mRNAs, thereby repressing
translation or decreasing mRNA stability.5 Accumulating
evidence has indicated that miRNAs play important roles
in the proliferation, migration, and invasion of cancer
cells.6 Emerging data have shown that miR-135a is dysre-
gulated in various cancers and regulates tumor-related
biological behaviors.7 MiR-135a can inhibit the progres-
sion of cancer by targeting various mRNAs, leading to the
inactivation of several pathways, including the PI3K/
AKT, JAK2/STAT3, and NF-kB pathways.8,9 MiR-135a
can also promote cancer development via activation of
both the Wnt/β-catenin and STAT3 pathways.10,11 Inter-
estingly, recent studies have shown that miR-135a
exhibits both pro- and antitumor effects in lung cancer,
acting as either oncogenes or tumor suppressors.12

MiR135a induces apoptosis and inhibits invasion and
angiogenesis by targeting IGF-1 and KLF8,13,14 whereas it
contributes to lung cancer progression by targeting
LOXL4 and promoting chemoresistance.15,16 Interest-
ingly, the miR-135a gene is located in the 3p21 region,
which contains numerous tumor suppressor genes and
has a high prevalence of loss of heterozygosity (LOH) in
patients with lung cancer.17,18 Therefore, to ascertain the
involvement of miR-135a and established its clinical role
in NSCLC pathogenesis, we determined the expression,
LOH, and methylation status of the miR-135a gene in
resected lung tissues of NSCLC patients and investigated
their correlation with clinicopathologic features.

METHODS

Patients and genomic DNA isolation

Tumor and corresponding nonmalignant lung tissue
specimens (n = 133) were procured by the National
Biobank of Korea, Kyungpook National University Hos-
pital, a member of the Korea Biobank Network. The
specimens were obtained with informed consent follow-
ing institutional review board approved protocols. All
tumor and normal lung tissue samples were obtained at
the time of surgery, flash frozen in liquid nitrogen and
stored at �80�C until further analysis. Only tumors
with >80% components were sent for nucleotide extrac-
tion and analysis. Normal lung tissues were macroscopi-
cally confirmed to be normal by hematoxylin–eosin
staining. Genomic DNA was extracted using a QIAamp
DNA Mini kit (Qiagen Inc.) according to the manufac-
turer’s instructions.

LOH analysis

Two microsatellite markers (D3S1076 and D3S1478) were
used to search for LOH on chromosomes 3p21.1–3p21.3.

The PCR primers and conditions for these markers have
been previously described.19,20 Fluorescein-labeled PCR
products were electrophoresed on an ABI 3130XL DNA
sequencer (PE Applied Biosystems). Each allele was scored
by comparing the ratio of the peak heights between the
tumor (T) and the corresponding normal (N) samples in
heterozygous alleles. Based on the formula T1:T2/N1:N2,
where 1 stands for the higher and 2 stands for the lower
peak height, LOH was defined when the ratio values were
<0.5 or >2. All samples showing LOH result were confirmed
as least twice.

Prediction of the miR-135a promoter region

Two candidate promoter regions were predicted by
searching two public databases. First, we predicted the
miR-135a promoter region (�4523 to �4859 relative to
the miR-135a coding start site) using the UCSC Geno-
mics Browser (https://genome.ucsc.edu/index.html), and
termed as a promoter-like signature (PLS) region.21

However, CpG islands (CGIs) were not predicted in this
region. Subsequently, using the online sliding window
algorithm CpGPlot in the EMBOSS package,22 we found
a CGI spanning nucleotides �23 526 to �24 115 follow-
ing the deposition of 50 000 bp prior to the 50 end of
pre-miR-135a. We termed this the methylation predic-
tion region (MPR).

Cell culture and 5-aza-20-deoxycytidine
treatment

NSCLC cell lines A549, H1299, H520, and H157 were pur-
chased from the Korean Cell Line Bank and maintained in
Corning® RPMI medium (Corning Inc.). The cells were cul-
tured in media supplemented with 10% FBS (Corning) and
antibiotics in a humidity-controlled environment (37�C, 5%
CO2). A549 and H1299 cells were treated with 10 or 20 μM
5-aza-20-deoxycytidine (5-AdC) for 3 days and the culture
medium was changed daily.

Plasmid construct, transfection, and luciferase
assay

Two candidate miR-135a promoter regions (PLS and
MPR) and the TERT 30-UTR fragment were PCR-
amplified from human genomic DNA and cloned into the
pGL3-basic and psiCHECK2 vectors (Promega), respec-
tively. All cloned constructs were sequenced to ensure
sequence identity and the used primers sequence is given
in Supporting Information Table S1. PLS- and MPR-
harboring plasmids and pRL-SV40 (Promega) were
transiently transfected into cultured cells with 80–90%
confluence using Lipofectamine 2000 (Thermo Fisher
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Scientific) according to the manufacturer’s instructions.
The TERT 30-UTR construct was also co-transfected into
grown cells with scramble miRNA or miR-135a-5p
mimics. Luciferase activity was analyzed using the Dual-
Luciferase Reporter Assay System (Promega) 48 h post-
transfection, according to the manufacturer’s protocol.
The relative luciferase activity was determined by the
ratio of Renilla luciferase substrate fluorescence to firefly
luciferase substrate fluorescence. The data are shown as
the mean ± SD of three independent experiments.

DNA bisulfite treatment and pyrosequencing

Genomic DNA was chemically modified using a EZ DNA
Methylation-Gold kit (Zymo Research) according to
the manufacturer’s protocol. The methylation status of
miR-135a MPR (�23 675 to �23 876 bp) was quantita-
tively determined by pyrosequencing. Briefly, bisulfate-
modified DNA was amplified using forward primer
50-GGGTAGGTAAGGGTTTAGGT-30 and reverse
primer biotin-50-CAAACTCCTAAAAAACCCCATTC-30.
The PCR product quality was confirmed by electrophor-
esing on 2% agarose gels stained with ethidium bromide.
After purification of the PCR product with Sepharose
beads on a PyroMark Vaccum Prep Workstation (Qiagen),
pyrosequencing was performed according to the manufac-
turer’s specifications using a sequencing primer (50-
GGTAAGGGTTTAGGTTG-30) and PyroMark Q96MD
System (Qiagen). The average methylation index (MI)
was calculated from the mean methylation percentage
of the nine evaluated CpG sites. To set the controls for
pyrosequencing, CpGenome™ Universal methylated and
unmethylated DNA (Chemicon) with stable levels of meth-
ylation was used as positive and negative controls, respec-
tively. Each pyrosequencing was repeated at least twice to
confirm the results.

RNA extraction and quantitative RT-PCR

Total RNA was isolated from frozen tissues and cells
using TRIzol® (Invitrogen). To measure miR-135a
miRNA and U6 snRNA expression, cDNA was synthe-
sized from 10 ng of total RNA using specific miRNA
primers (TaqMan MicroRNA Assay, PN 4427975; PE
Applied Biosystems) and a TaqMan MicroRNA Reverse
Transcription Kit (PN 4366596; PE Applied Biosystems).
Two microliters of cDNA was used as a template in 10 μl
of PCR mixture. PCR target regions were amplified using
specific primers (TaqMan MicroRNA Assay) with Taq-
Man Universal PCR Master Mix II (PN 4440040; PE
Applied Biosystems) and detected using a LightCycler
480. The relative miR-135a miRNA expression was nor-
malized to U6 snRNA expression, and the data were ana-
lyzed using the 2�ΔΔCt method.

Statistical analysis

Student’s t-test was used for the comparison of continuous
variables, and the chi-square test or Fisher’s exact test was
used for comparison of categorical variables. All analyses
were conducted using the Statistical Analysis System for
Windows, version 9.1 (SAS Institute), and graphical repre-
sentations were constructed using the ggplot2 package of the
R program and Microsoft Excel 2019 (Microsoft).

RESULTS

Expression of miR-135a mRNA and its
correlation with clinicopathological
characteristics in patients with NSCLC

We measured the expression levels of miR-135a in 80 tumors
and their corresponding normal lung tissues using quantita-
tive real-time polymerase chain reaction (RT-PCR). We
observed that tumor tissues with squamous cell carcinomas
(SCCs) exhibited significantly decreased miR-135a mRNA
expression (p = 0.001) compared to normal tissues
(Figure 1). However, there was no significant decrease in
miR-135a expression between tumor and normal tissues in
all patients or in adenocarcinomas (ADCs). Furthermore,
we analyzed the correlation between miR-135a expression
and the clinicopathological features of NSCLC patients. The
patients with NSCLC were classified into miR-135a high-
and low-expression groups based on the median level. There
was a significant association between low expression of miR-
135a and SCC (p = 2.9 � 10�4) and smokers (p = 0.01).
However, no significant difference in miR-135a expression
was found according to age, gender, and pathologic stage
(Table 1).

Promoter assay of PLS and MPR regions of
miR-135a and 5-AzadC effect on miR-135a
expression

We selected two miR-135a candidate promoter regions
(PLS and MPR) identified using UCSC genome browsers.
To address whether these regions exhibited promoter
activity, we generated two predicted pGL3-miR-135a pro-
moter constructs using pGL3-basic, pGL3-miR-135a-PLS
(�4523 to �4859) and pGL3-miR-135a-MPR (�23 526 to
�24 115) (Figure 2a), and transfected them into A549
and H1299 cells. There was no significant difference in
luciferase activity between the pGL3-basic and pGL3-miR-
135a-PLS plasmids, whereas the luciferase activity was
remarkably higher in A549 and H1299 cells harboring the
pGL3-miR-135a-MPR construct than those harboring
pGL3-miR-135a-PLS (Figure 2b). These results suggest that
the MPR might be a putative promoter region that regulates
miR-135a expression.
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Next, to elucidate whether promoter methylation was
involved in regulating miR-135a expression, we investigated
MPR methylation status and miR-135a expression level in
four lung cancer cell lines (Figure 3a). MiR-135a expression
was relatively low in A549, H157, and H1299 cells, which
harbored methylated MPR, whereas H520 cells harboring
unmethylated MPR showed high expression of miR-135a
mRNA. Furthermore, we treated H1299 and A549 cells with
the demethylating agent 5-AdC, which restored miR-135a
expression in a dose-dependent manner (Figure 3b). Collec-
tively, these results suggest that the methylation status of the
MPR region could regulate the miR-135a expression.

Hypermethylation and LOH of the miR-135a
gene in NSCLCs and correlation with
clinicopathological factors

We determined the methylation status of the MPR region
of the miR-135a gene in the primary lung tumor tissues of
133 NSCLC patients using pyrosequencing. The pyrose-
quencing primers were designed to encompass nine CpGs
from 23 581 to 23 636 bp upstream of the transcription
start site. Accurate and reproducible estimates of methyl-
ated cytosine content were obtained for all the tested sam-
ples, and representative pyrograms are shown in Figure 4.
Pyrosequencing of representative PCR products showed
that all cytosines at non-CpG sites were converted to thy-
mines, ruling out the possibility of incomplete bisulfite
conversion. Considering a mean methylation index
(9.95%) for all nonmalignant lung tissues, we set 19.9
(>2-fold) as the cut-off point for “hypermethylation” clas-
sification. MiR-135a was hypermethylated in the tumor
tissue compared with matching normal tissue (54N
vs. 54T), whereas obvious hypermethylation was undetect-
able in another tumor tissue (25N vs. 25T) (Figure 4).
MiR-135a hypermethylation was detected exclusively in
malignant tissues at a frequency of 17.3% (23/133)
(Table 2), suggesting that miR-135a hypermethylation
may be a tumor-associated event in NSCLC tumorigenesis.

Furthermore, hypermethylation was more frequent in late-
stage NSCLCs (p = 0.04). These results represent the first
demonstration of aberrant methylation of miR-135a in the
primary tumors of patients with NSCLC.

We tested the LOH of the miR-135a locus in primary
tumor tissues using the D3S1076 and D3S1478 microsatel-
lite markers because miR-135a is a putative tumor suppres-
sor gene located in the 3p21 region. LOH was detected in
37 (27.8%) of the 133 tumor specimens; 10 tumor samples
showed LOH at both markers and 27 showed LOH at one
marker (Table 2). In total, 36.8% (49/133) of the NSCLCs
harbored miR-135a LOH or hypermethylation. Eleven of the
49 tumors exhibited simultaneous alterations in the same
tissues (Table 2). Interestingly, LOH of miR-135a was more

F I G U R E 1 miR-135a expression in normal and tumor tissues of patients with non-small-cell lung cancer. The miR-135a expression level was
normalized with that of β-actin gene in 80 patients. p values by the paired t-test. SCC, squamous cell carcinoma; ADC, adenocarcinoma

TAB L E 1 Correlation between miR-135a expression levels and the
clinicopathological features of Patients with NSCLCs

Features
Number of
patients Low (%) High (%) p

All subjects 80 40 (50.0) 40 (50.0)

Age (years)

≤63 45 21 (46.7) 24 (53.3) 0.50

>63 35 19 (54.3) 16 (45.7)

Gender

Male 60 33 (55.0) 27 (45.0) 0.12

Female 20 7 (35.0) 13 (65.0)

Smoking status

Ever 60 5 (25.0) 15 (75.0) 0.01

Never 20 35 (58.3) 25 (41.7)

Histologic types

SCC 38 28 (73.7) 10 (26.3) 2.9 � 10�4

ADC 42 12 (28.6) 30 (71.4)

Pathologic stages

Stage I 69 35 (50.7) 34 (49.3) 0.75

Stage II–III 11 5 (45.5) 6 (54.5)

Abbreviations: SCC, squamous cell carcinoma; ADC, adenocarcinoma.
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frequent in SCCs than in ADCs (41.7% vs. 11.5%,
p = 2 � 10�4; Table 2). However, neither LOH nor pro-
moter hypermethylation of miR-135a were significantly cor-
related with overall survival of the patients (data not
shown).

Regulation of TERT expression by miR-135a

We identified the potential target genes of miR-135a using
MirWalk3.0 (http://mirwalk.umm.uni-heidelberg.de/), a
miRNA-target prediction tool. Bioinformatics analysis
revealed that the 30-untranslated region (30-UTR) of

telomerase reverse transcriptase (TERT) contains four direct
target sites for miR-135a-5p at 3498–4001 bp. To test
whether miR-135a-5p can specifically regulate TERT expres-
sion through 30-UTR, we constructed a dual-luciferase
reporter vector psiCHECK2-TERT 30UTR (Figure 5a) and
co-transfected into lung cancer cell line H1299 with miR-
135a mimics or scrambled miRNAs. The relative luciferase
activity was significantly decreased in the miR-135a-5p
mimics group in a dose-dependent manner compared to the
scrambled group (p < 0.05) (Figure 5b). These results indi-
cate that TERT might be the target gene of miR-135a-5p,
which may negatively regulate the TERT gene in NSCLC cell
lines.

F I G U R E 2 Transcriptional activity of putative promoter regions of the miR-135a gene. (a) Schematic map of the PLS and MPR of the miR-135a gene.
(b) Transient luciferase assay detection. H1299 and A549 cell lines were transfected with pGL3-Basic-PLS, pGL3-Basic-MPR constructs, and pRL-SV40 vector
(mock). The relative luciferase activity was measured using the Dual-Luciferase Reporter System 48 h post-transfection. All experiments were performed
twice in triplicate.

F I G U R E 3 Effect of 5-aza-20-deoxycytidine (5-AdC) on miR-135a expression in non-small-cell lung cancer (NSCLC) cell lines. (a) Differential
expression of miR-135a according to MPR methylation status in four NSCLC cell lines. The miR-135a expression level was normalized to that of β-actin.
(b) Expression of miR-135a mRNA was measured in A549 and H1299 cells following treatment with the demethylation agent 5-AdC for 3 days. UM,
unmethylation; M, methylation.
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DISCUSSION

Dysregulation of miRNAs has been increasingly recognized
as a critical mediator of cancer development and

progression. MiR-135a is a critical regulator of gene expres-
sion that targets mRNAs with complementary sequences to
suppress their expression. Importantly, it plays important
but contradictory roles in cancer progression by acting as

F I G U R E 4 Representative pyrograms of the miR-135a gene in non-small-cell lung cancer patients. The letters on the axis represent the dispensation
order. E, enzyme mix; S, substrate; A, G, C, and T, nucleotides. Shaded bars encompassing T/C pairs indicate eight interrogated CpGs. The methylation of
each CpG site was calculated as a percentage of C incorporation. N, normal tissue; T, tumor tissue.
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either oncogenes or tumor suppressors.7 Here, we showed
that miR-135a expression was significantly decreased in
SCC tumor tissues, that LOH or hypermethylation was
associated with SCC, and that TERT was a downstream tar-
get gene of miR-135a, suggesting a tumor suppressor role of
miR-135a and its involvement in a subset of NSCLCs
pathogenesis.

The second novel finding of this study is the demonstra-
tion of the presence of MPR and its hypermethylation in
NSCLC that downregulates miR-135a expression. Despite
extensive research on the functions of miR-135a in various
biological processes, little information is available on its
transcriptional activation mechanisms. Recent studies have
demonstrated that the promoter region located 5 kbp

upstream of the human miR-135a stem loop contributes to
tamoxifen-mediated breast cancer suppression and that two
predicted binding sites for STAT5a within the core pro-
moter region (�1128 to �556 bp to the 50 end of pre-miR-
135a-1) regulate mouse miR-135a promoter activity,23,24

thereby suggesting the possibility of the presence of a long-
range effective promoter. Interestingly, the genomic dis-
tances between the pri-miRNA transcription start sites and
pre-miRNA sequences are highly variable.25,26 MiR-135a is
an intragenic miRNA that is generally transcribed with its
co-host gene. However, accumulating evidence has shown
that intragenic miR genes may also have their own indepen-
dent TSS.27 Additionally, over 100 miRs are epigenetically
regulated in different cancers and the methylation frequency
of human miR genes appears to be much higher than that of
protein coding genes.28 Accordingly, miR genes are fre-
quently present not only in cancer-associated genomic
regions, but also in CGIs.29,30 In this regard, we predicted
two potential promoter regions of miR-135a (�4523 to
�4859 and �23 526 to �24 115, PLS and MPR, respec-
tively) using open public databases. We found that the MPR
displayed approximately four or five times stronger pro-
moter activity than PLS in NSCLC cell lines, that MPR
hypermethylation suppressed miR-135a expression, and that
5-AzadC treatment restored miR-135a expression in a dose-
dependent manner. Interestingly, we observed the opposite
feature of two SCC cell lines (H157 vs. H520). Because one
fifth of the SCC patients exhibited miR-135a methylation
(Table 2), even with the same cell type, their methylation
pattern could be quite different. Our findings therefore sug-
gest that the MPR may be a potential long-range promoter
of miR-135a whose activity can be regulated by DNA
methylation.

TERT, a catalytic subunit of telomerase, plays a key
role in cancer formation, ensuring chromosomal stability
by maintaining telomere length and allowing cells to avert
senescence.31 Using the miRWalk database providing pre-
dicted information on miRNA-target interaction,32 we
found many possible genes targeted by miR-135a-5p.
Oshimura et al. have previously shown that suppression
of telomerase activity is associated with the introduction

T A B L E 2 Correlation between LOH and methylation of the miR-135a
gene and the clinicopathological features of NSCLCs

Feature LOH (%)
Methylation
(%)

LOH or
methylation (%)

All subjects (n = 133) 37 (27.8) 23 (17.3) 49 (36.8)

Age (years)

< 64 (n = 67) 17 (25.4) 12 (17.9) 24 (35.8)

≥ 64 (n = 66) 20 (30.3) 11 (16.7) 25 (37.9)

Gender

Male (n = 105) 31 (29.5) 19 (18.1) 40 (38.1)

Female (n = 28) 6 (21.4) 4 (14.3) 9 (32.1)

Smoking status

Ever (n = 107) 32 (29.9) 21 (19.6) 42 (39.3)

Never (n = 26) 5 (19.2) 2 (7.7) 7 (26.9)

Histologic types

SCC (n = 72) 30 (41.7)a 16 (22.2) 36 (50.0)b

ADC (n = 61) 7 (11.5) 7 (11.5) 13 (21.3)

Pathologic stages

Stage I (n = 72) 21 (29.2) 8 (11.1) 25 (34.7)

Stage II–IV (n = 61) 16 (26.2) 15 (24.6)c 24 (39.3)

ap = 2 � 10�4.
bp = 1 � 10�3.
cp = 0.04.

F I G U R E 5 Regulation of TERT expression by miR-135a. (a) The schematic representation of the psiCHECK2-TERT 30UTR construct. (b) H1299 cells
were co-transfected with psiCHECK2-TERT 30UTR plasmid and scrambled miRNA or 10 or 20 nM miR-135a mimics. Luc was used as the internal control.
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of chromosome 3 into renal cell carcinoma and a putative
telomerase repressor gene is mapped to the chromosome
3p14.2-p21.1 region.33,34 Recently, human chromosome
3p21.3 has been found to carry TERT transcriptional reg-
ulators in pancreatic cancer.35 Interestingly, our LOH
markers (D3S1076 and D3S1478) overlapped these
regions for telomerase repressor function. Taken together,
we selected the TERT genes as a putative miR-135a-5p-
targeting gene. Although variable miRNAs are also known
as regulators of TERT through 30-UTR binding in many
types of cancer,36 until now no miRNAs have been
reported to target TERT in lung cancer. Thus, the present
study is the first report to show that miR-135a-5p nega-
tively regulates TERT in NSCLC cell lines. Considering
the oncogenic role of TERT, miR-135a-5p targeting TERT
mRNA may function as tumor suppressor miRNAs and
act as telomerase inhibitors in clinical applications. A
combination of suppressor miRNAs with available che-
motherapy drugs is an approach that has garnered a great
deal of interest.37 Lastly, we analyzed the correlation
between expression of the miR-135a-5p and telomere
length, utilizing miRNA expression and telomere length
data in the Cancer Genome Atlas (TCGA). Unfortunately,
miR-135a-5p mature form was not correlated with telo-
mere length (data not shown). This result suggests that
telomerase length may not be influenced by the miR-
135a-5p expression and other molecular pathways can
affect telomere length in lung cancer. The molecular
mechanism underlying the correlation of differential
miR-135a-5p expression with clinical outcomes should be
further explored.

The present study had several limitations. First,
MIR135A1 and MIR135A2 genes that encode miR-135a are
located in the human chromosome 3p21.2 and 12q23.1
regions, respectively.7 It is unknown in which region the
mature miR-135a form was expressed. However, no genetic
and epigenetic alterations related to lung cancer have been
reported in the stem loop lesions of has-miR-135a on chro-
mosome 12q23 region. With current technology, it is
unknown whether mature mir-135a-5p originated from
chr3 or chr12. We therefore focused our research on the
chromosome 3p21 region. This is a limitation of our study
and future research on the promoter of mir-135a present in
the chr12 region is needed. Second, the retrospective design
and small number of samples could introduce potential
selection bias in the interpretation of results. Also, the sub-
group analysis according to tumor histology and pathologic
stage might have a type II error. Third, there was a lack of
in vitro functional analysis of miR-135a downregulation in
lung cancer cells. Nevertheless, this is the first report to
demonstrate biallelic inactivation of the miR-135a gene in
NSCLC, suggesting that tumor suppressor miR-135a may
contribute the epigenetic and genetic susceptibility to lung
cancer.

The present study showed that miR-135a expression was
significantly decreased in SCC tumor tissues, and that LOH
or hypermethylation was associated with SCC. In addition,

our results showed the methylation-mediated suppression of
miR-135a and the prevalence of genetic and epigenetic alter-
ations of the miR135a gene in NSCLC patients. This could
provide a new way of thinking about the pathogenic mecha-
nisms of NSCLC. However, further large-scale studies are
required to confirm the clinical significance of these findings.
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