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A B S T R A C T

Objectives: MicroRNAs have critical roles in cancer development by regulating the expression of oncogenes or
tumor suppressor genes. We identified and characterized a novel miRNA, miR-CHA1, in human lung cancer cells.
The aim of this study was to investigate its novel function in human lung cancer by targeting XIAP.
Material and methods: Novel miRNA cloning, Real-time qRT-PCR, western blotting, dual luciferase assay, miRNA
transfection, proliferation and apoptosis assay were carried on human lung cancer cell line A549. Fifteen paired
NSCLC tissues and noncancerous lung tissues were collected. In vivo xenograft assay was performed.
Results: Expression of miR-CHA1 was downregulated in human lung cancer cell lines and tissues compared with
normal cells and tissues. We identified a putative target gene, XIAP, whose expression was regulated by miR-
CHA1 overexpression. XIAP is an inhibitor of apoptosis that represses the activation of caspase 3 and 9. XIAP
mRNA and protein levels were directly suppressed by miR-CHA1. XIAP has an important role in carcinogenesis,
and previous studies suggest that it may regulate cell survival and proliferation by its anti-apoptotic ability.
Conclusion: Taken together, miR-CHA1 inhibited cell proliferation and induced apoptosis in vitro and in vivo by
targeting XIAP. These data can be applied to identify novel therapeutic targets for lung cancer therapy.

1. Introduction

MicroRNAs (miRNAs) are small noncoding RNAs of approximately
22nts in length. They suppress target genes via binding to the 3′-un-
translated region (UTR) [1,2]. miRNAs regulate cellular functions in-
cluding metabolism, development, senescence, proliferation, and
apoptosis [3]. These miRNAs regulate networks of specific target genes
that are involved in specific biological processes. For example, miR-
23a/b regulates glutamine metabolism by suppression of c-Myc [4],
miR-124 directly inhibits the SCP1 expression that blockades the REST/
SCP1 network during embryonic CNS development [5], and the miR-29
and -30 family represses B-mybshown to induce cellular senescence [6].
Additionally the overexpression of let-7a repressed cell proliferation by
significantly targeting the RAS gene and by playing a tumor suppressor
role in human lung cancer [7]. miR-34 induces apoptosis and prevents

tumorigenesis by targeting Bcl-2 CCND1 or c-Myc [8].
Lung cancer causes irregular cell proliferation in the lung through

primary genetic or epigenetic modification [9]. Abnormal cells can
form a tumor mass, requiring nutrients and oxygen though blood vessel
formation, including angiogenesis [10]. These cells overcome anti-
cancer therapy and express oncogenes or tumor suppressor genes [11].
Likewise, expression of oncogenes and tumor suppressor genes is ne-
gatively regulated by specific miRNAs. Among them, let-7 negatively
regulates oncogenes such as RAS, MYC, HMGA2 [12] and is down-
regulated in non-small cell lung cancer (NSCLC) patients with a let-7
family chromosomal deficiency [13]. miR-9500 directly suppresses
Akt1, which negatively regulates proliferation and metastasis in lung
cancer [14]. On the other hand, the miR-17-92 cluster is overexpressed
and modulates tumor formation in lung cancer [15]. miR-205 promotes
cell proliferation through targeting PTEN and PHLPP2 in NSCLC [16].
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These miRNAs are involved in tumorigenesis in human lung cancer.
Apoptosis is the programmed cell death important for cell division

and differentiation [17]. Dysregulation of apoptosis causes abnormal
cell growth and various diseases [18]. Apoptosis is a multiple step
process, with the expression of and interactions among pro-apoptotic
proteins (including Bax, Bad, and Bak) or anti-apoptotic proteins (in-
cluding Bcl-2, Bcl-xL, and Bcl-w) [17]. In cancer cells, pro-apoptotic
proteins are significantly upregulated, whereas anti-apoptotic proteins
are downregulated [18]. Additionally, specific miRNAs negatively
regulate these genes [8]. miR-192 regulates cell proliferation and pro-
motes apoptosis by targeting retinoblastoma 1 in lung cancer cells [19].
miR-409-3p directly regulates PHF10, inhibiting cell proliferation and
increasing apoptosis in gastric cancer cells [20]. These miRNAs are
involved in apoptosis and inhibit cell proliferation in cancer cells.

In this studywe identified and characterized a novel miRNA in lung
cancer cell lines. We profile the expression pattern of miR-CHA1 in lung
cancer cell lines and patient tissues. We discovered a miR-CHA1 target
gene using various techniques. We find that miR-CHA1 might affect
lung carcinogenesis including cell proliferation and apoptosis.

2. Materials and methods

2.1. Cell culture and lung tissue samples

The human lung cancer cell lines A549 (lung adenocarcinoma),
HCC-1588 (lung squamous carcinoma,), and NCI-H596 (lung ade-
nosquamous carcinoma), were cultivated in RPMI-1640 medium
(Corning, Manassas, VA, USA). WI-38 (human diploid lung normal fi-
broblast) cells were maintained in Eagle's minimum essential medium
(Corning). All media were supplemented with 10% fetal bovine serum
(Corning) and 1% antibiotic (100 U/ml penicillin and 100 μg/ml
streptomycin, Corning). All human cell lines were incubated at 37 °C in
a 5% CO2 atmosphere. WI-38 and NCI-H596 were purchased from the
American Type Culture Collection (ATCC, Manassas, VA, USA). A549
and HCC-1588 were obtained from the Korean Cell Line Bank (KCLB,
Seoul, Korea). All lung tissue samples (Supplementary Table 1) were
obtained from the Korea Lung Tissue Bank, which is supported by the
Korea Science and Engineering Foundation at the Ministry of Science
and Technology.

2.2. Novel miRNA cloning

Total RNA was isolated from the A549 cell line using TRIzol reagent
(Ambion, Foster City, CA, USA), according to the manufacturer's pro-
tocols. The miRNAs were cloned into a vector using a DYNAExpress
miRNA cloning kit (BioDynamics Laboratory Inc., Tokyo, Japan) ac-
cording to the manufacturer's instructions, with modification. Details
have been described previously [21].

2.3. Analysis of novel miRNA expression using an miScript miRNA assay

Total RNA was prepared and reverse transcribed according to the
manufacturer’s instructions (Qiagen, Hilden, Germany). Quantitative
PCR was carried out in a total volume of 20 μl, using 1 μl of reverse
transcribed samples under the following cycling conditions: 15min at
94 °C for initial denaturation, followed by 35 cycles of 94 °C for 10 s,
65 °C for 10 s and 72 °C for 30 s, followed by a final extension step at
72 °C for 5min. Data were generated using CFX Manger™ software (Bio-
Rad, Hercules, CA, USA). The data were representative of three in-
dependent experiments performed on different days.

2.4. Transfection and mimic

The A549 cell lines transfections were performed using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's protocol. The media was changed 4–6 h after

transfection without washing with PBS. The miRNA mimics (miR-
CHA1: sense 5′-UGG CGG AGC CCU GGG CUG GGG UU-3′ and antisense
5′-CCC CAG CCC AGG GCU CCG CCA UU-3′), miR-CHA1 inhibitor
(antisense oligonucleotide (ASO)-miR-CHA1; 5′-CCC CAG CCC AGG
GCU CCG CCA-3′), siRNA (si-XIAP; sense 5′-CAA GAA UAU AUA AAC
AAU AUU-3′ and antisense 5′- UAU UGU UUA UAU AUU CUU GUU-3′),
and negative control (NC) (sense 5′- CCU CGU GCC GUU CCA UCA GGU
AGU U-3′ and antisense 5′- CUA CCU GAU GGA ACG GCA CGA GGU U-
3′, non-homologous with human genome sequence) were designed and
purchased from Genolution Pharmaceuticals, Inc. (Seoul, Korea).

2.5. Target prediction and dual-luciferase assay

Approximately 500 nts of the XIAP 3′-UTR, containing the predicted
miR-CHA1 binding site, were inserted into the pmiRGLO
Dual–Luciferase miRNA Target Expression Vector (Promega, Madison,
WI, USA). The mutant construct was generated using a Site-Directed
Mutagenesis Kit (iNtRON, Seoungman, Korea) that mutated seven base
pairs in the predicted seed region that was targeted by miR-CHA1 in the
target 3′-UTR. Next, 150 ng of plasmid and 100 nmol of either miR-
CHA1, ASO-miR-CHA1 or NC were co-transfected for normalization.
Luciferase activity was measured using a Dual-Luciferase Reporter
Assay System Kit (Promega), and luminescence intensity was measured
using a VICTOR3 analyzer (PerkinElmer, Foster City, CA, USA). The
data were representative of three independent experiments performed
on different days.

2.6. Western blotting

The A549 cell line was transfected with mimics of NC, miR-CHA1,
and ASO-miR-CHA1 for 48 h. Protein was extracted with RIPA cell lysis
buffer (ELPIS-Biotech, Daejeon, Korea). Western blotting was per-
formed using anti-XIAP (1:1000 dilution in 5% skim milk, Santa Cruz
Biotechnology, Santa Cruz, CA, USA), anti-Caspase-3 (1:1000 dilution
in 5% skim milk, Cell Signaling, Danvers, MA, USA), anti-PARP (1:1000
dilution in 5% skim milk, Cell Signaling), or anti-GAPDH (1:5000 di-
lution in 5% skim milk, glyceraldehyde-3-phosphate dehydrogenase;
Santa Cruz Biotechnology). Anti-GAPDH was used as an internal con-
trol. The data are representative of three independent experiments
performed on different days.

2.7. XTT proliferation assay

A549 cells were plated at a density of 1× 104 cells per well in 96-
well culture plates. The miR-CHA1 miRNA, NC, si-XIAP, and ASO-miR-
CHA1 were transfected into the cells. The proliferation rates of the cells
were determined using 50 μl of XTT test solution. Cell proliferation was
assessed at 0, 24, 48 h after transfection using the Cell Proliferation Kit
II (XTT; Roche, Mannheim, Germany). The absorbance was measured
and recorded at a wavelength of 490 nm, which was determined using
an ELISA reader. The data are representative of three independent ex-
periments performed on different days.

2.8. Annexin V-FITC/PI flow cytometry

After the indicated treatments (mimic of miR-CHA1 and NC, si-
XIAP, and ASO-miR-CHA1), cells at 90% confluence were harvested by
trypsinization. Apoptosis was measured with the Annexin V-FITC/PI kit
(BD Bioscience, San Diego, CA, USA). Flow cytometry was performed
using BD FACSCalibur™ (BD Bioscience). The data are representative of
three independent experiments performed on different days.

2.9. In vivo xenograft assay and immunohistochemistry

All animals used in the in vivo experiments were housed under
specific pathogen-free conditions, and the experiments were approved
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by the institutional animal care and use committee of CHA University.
Nude mice (male BALB/c, 6 weeks old) were used in the xenograft
experiments. Each mouse experiment was repeated three times. A total
of 5×106 A549 cells were injected s.c. into a 6-week-old nude mouse.
After 2 weeks, PBS, NC, miR-CHA1, or ASO-miR-CHA1 were s.c. in-
jected twice a week. The formation of tumor width and length were
measured every week. Every 2 weeks, 3 mice from each group were
sacrificed. Xenograft tumors that formed from A549 cells after 4, 6, and
8 weeks were dissected and fixed in 4% paraformaldehyde (PFA). The
sections were stained with hematoxylin and eosin (H&E), TUNEL
Apoptosis Detection Kit (Millipore, Darmstadt, Germany), or anti-Ki-67
and anti-XIAP immunostaining (Santa Cruz Biotechnology).

2.10. Statistical analysis

The data are presented as the mean± S.E.M. from at least three
independent experiments. The significant differences were analyzed
using Student’s t-test. P-values< 0.05 were considered statistically
significant.

3. Results

3.1. The identification and characterization of a novel miRNA, hsa-miR-
CHA1, in lung cancer cells

We identified a novel miRNA, hsa-miR-CHA1, in lung cancer cell
lines. First, we performed to characterize the sequence using NCBI Basic
Local Alignment Search Tool (BLAST), and confirmed the folding
structure formation of precursor miRNA using the RNAfold program
(Fig. 1A). miR-CHA1 is transcribed from genomic DNA on the chro-
mosome of 11q12.3 (61909723-61909743) (Fig. 1B). It is located in the
intergenic region between FADS2 and BEST1. The mature miRNA se-
quence is 5′-UGG CGG AGC CCU GGG CUG GGG-3′, and miR-CHA1 is
partially conserved in other vertebrates (Fig. 1C).

3.2. Expression profiles of miR-CHA1 in cell lines and tissues derived from
normal human lungs and lung cancer

We assessed the miR-CHA1 expression levels, and found that miR-
CHA1 was downregulated in human lung cancer cell lines, including
A549, NCI-H596, and HCC-1588, compared with the WI-38 normal
lung cell line (Fig. 2A). Additionally, we studied its expression pattern
in human normal lung and cancer patient tissues. As shown in Fig. 2B,
miR-CHA1 expression levels were downregulated in lung adenocarci-
noma and squamous cell carcinoma tissues compared to normal lung
tissues. These data suggest that miR-CHA1 is downregulated in human
lung cancer cell lines and tissues compared with normal cell lines and
tissues.

3.3. miR-CHA1 significantly suppressed XIAP expression in human lung
cancer

In this study, miR-CHA1 was downregulated in human lung cancer,
but target genes were upregulated. In our previous studies, we identi-
fied cancer related genes or oncogenes involved in lung carcinogenesis
[14,22,23]. Among them, XIAP expression was significantly regulated
by overexpression of miR-CHA1. As shown in Fig. 3A, miR-CHA1 binds
the XIAP 3′-UTR (1930–1936). The seed region of miR-CHA1 was
GGCGGAG (2–8). miR-CHA1 directly suppressed a wild type XIAP
construct by approximately 60%, but did not affect the XIAP mutant
construct in a dual-luciferase assay (Fig. 3B). The XIAP mutant con-
struct was generated by modifying the miR-CHA1 binding site via PCR-
based mutagenesis. miR-CHA1 inhibited XIAP mRNA and protein ex-
pression (Fig. 3C and D). Additionally, we silenced miR-CHA1 expres-
sion by the antisense oligonucleotide (ASO) miR-CHA1. As shown in
Fig. 3E and F, ASO-miR-CHA1 did not regulate XIAP mRNA and protein
expression levels. These data suggest that miR-CHA1 inhibits, via post-
transcriptional modification, the translation of XIAP expression.

3.4. miR-CHA1 directly regulated the XIAP network in human lung cancer

As shown previously, miR-CHA1 is downregulated in human lung

Fig. 1. Information on miR-CHA1. (A) The
predicted precursor miRNA structure of miR-
CHA1. Human genomic sequences were pre-
dicted using web-based programs (RNAfolds).
The mature miR-CHA1 sequence is marked in
grey. (B) miR-CHA1 is located on chromosome
11q.12.3. (C) The mature miR-CHA1 sequence
is partially conserved in vertebrates.
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cell lines and human lung cancer patient tissues. It directly suppressed
XIAP signaling. Overexpression of miR-CHA1 and silencing of XIAP
approximately decreased threefold cell proliferation compared with
treatment with mock or negative control (Fig. 4A). Likewise, inhibition
of miR-CHA1 nearly increased threefold cell proliferation compared
with miR-CHA1 transfected cells. After transfection of NC, miR-CHA1,
ASO-miR-CHA1 or si-XIAP in A549 cells, we assessed the effect of miR-
CHA1 on apoptosis or cell cycle using FACS analysis (Fig. 4B). Like
XIAP silencing, miR-CHA1 arrests G1 phase by 10% that induces
apoptosis in A549 cells (Supplementary Fig. 1). Additionally, using
western blotting, we assessed the network downstream of XIAP after the
overexpression of miR-CHA1 (Fig. 4C). miR-CHA1 slightly affected the
cleavage of capsase-3 and downregulated the expression of pro-PARP.
These data suggest that miR-CHA1 automatically transferred the sig-
naling pathway of the XIAP network. However, miR-CHA1 slightly
promoted apoptosis despite it directly suppresses to XIAP expression.

3.5. miR-CHA1 inhibits cell proliferation and promotes apoptosis in an in
vivo xenograft model

As in our previous studies, miR-CHA1 suppressed the XIAP network
that was downregulated in cell proliferation in human lung cancer. We
assessed proliferation and tumorigenesis in vivo by subcutaneously (s.c.)
injecting A549 cells into the thighs of nude mice. After 2 weeks, both
thighs displayed tumor formation. We s.c. injected PBS in all left thighs
and NC, miR-CHA1, or ASO-miR-CHA1 in each right thigh twice a week
for 6 weeks. After 6 weeks, nude mice were generated to form tumor
masses by NC, miR-CHA1 or ASO-miR-CHA1. miR-CHA1 suppressed
tumor growth compared with PBS,N.C or ASO-miR-CHA1 injection
(Fig. 5A and B). Histologically stained tumor sections from nude mice
showed that miR-CHA1 overexpression repressed cell proliferation and

increased apoptosis (Fig. 5C and Supplementary Fig. 2). miR-CHA1
inhibited XIAP expression in nude mice, reducing cell proliferation, as
shown by XIAP and Ki67 immunohistochemistry. Likewise, miR-CHA1
promoted apoptosis in nude mice, as shown by a TUNEL apoptosis
assay. These data suggest that miR-CHA1 suppressed cell proliferation
and induced apoptosis in nude mice by targeting XIAP.

4. Discussion

In this study, we discovered and characterized a novel miRNA, hsa-
miR-CHA1, in lung cancer cell lines. miR-CHA1 is transcribed in the
intergenic region between FADS2 and BEST1 on chromosome 11q12.3.
The miR-CHA1 modified mature form is generated from precursor
miRNA by dicer dependent processing (Supplementary Fig. 3). FADS2
function is lost in various cancers [24]. BEST1 increased cell pro-
liferation in colonic carcinoma cells [25]. These regions demonstrate
copy number alteration in cervical cancer [26]. Additionally, one study
described genomic instability that caused loss of function in NSCLC
such as translocation, deletion or chromosome loss [27]. miR-CHA1
expression is downregulated in NSCLC cell lines and tissues because of
transcription at the 11q12.3 locus and is associated with the repression
of cancer development in NSCLC.

Following the functional analysis of miR-CHA, we identified upre-
gulated expression of target genes in A549 cell lines. For novel miRNAs,
we could not use target prediction programs (Target Scan, miRanda or
miRDB) because they did not provide information about target genes
[14,21]. Despite the problems with using target prediction programs,
we discovered miR-CHA1 target genes using manual methods [28–30].
Using a luciferase assay, miR-CHA1 was verified to regulate X-linked
inhibitor of apoptosis (XIAP) expression. XIAP is a member of the in-
hibitor of apoptosis (IAP) family. The IAP family is composed of eight

Fig. 2. miR-CHA1 is downregulated in human lung cancer cell lines and tissues. (A) miR-CHA1 expression was inhibited in A549, NCI-H596, and HCC1588 compared
with WI-38 using miScript miRNA assay. (B) miR-CHA1 was suppressed in both adenocarcinoma and squamous cell carcinoma tissues compared with normal tissues.
The expression was normalized to GAPDH. The data represent the average of three independent experiment and are shown as the mean ± S.E.M.; *P < 0.05. gr2
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members: NAIP, cIAP1, cIAP2, XIAP, ILP-2, ML-IAP, Survivin and
Apollon [18]. These proteins affect various cellular mechanisms, in-
cluding apoptosis [31]. XIAP activation prevented caspase-3 and cas-
pase-7 activation of apoptosis by binding these two factors [32]. XIAP
suppressed apoptosis networks and upregulated expression in malig-
nant tissues compared with normal tissues (Supplementary Fig. 4) [33].
XIAP regulation by miRNAs was already reported. miR-7 inhibited cell
proliferation and promoted apoptosis in cervical cancer by targeting
BCL2 and XIAP [34,35]. Loss-of-function of miR-24 occurs in cancer
cells, whereas XIAP is overexpressed [36]. miR-519d suppressed cell
proliferation in ovarian cancer by targeting XIAP [37]. miR-CHA1 di-
rectly regulated the XIAP network, suppressing cell proliferation and

promoting apoptosis in A549 cell lines.
Knockdown of XIAP repressed lung cancer development and pro-

moted apoptosis [38]. XIAP silencing activated the cleavage cascade of
caspase-3 or -9 that promoted PARP signaling in NSCLC [39]. Over-
expression of miR-CHA1 directly suppressed XIAP expression, resulting
in cleaved caspase-3 and PARP. miR-CHA1 inhibited cell proliferation
and slightly increased apoptosis in this study. As shown in Fig. 4b, miR-
CHA1 and si-XIAP weakly promoted apoptosis in A549 cell lines. Si-
lencing of XIAP by transfection of miR-CHA1 or si-XIAP arrested cell
cycle of G1 phase that slightly induced apoptosis. Despite lower in-
creasing of apoptosis, we study to regulation for XIAP network by miR-
CHA1. XIAP may be a useful prognostic tool due to the significantly

Fig. 3. miR-CHA1 directly repressed the XIAP networks by targeting the 3′-UTR of XIAP. (A) The binding site (underline) of miR-CHA1 in the XIAP 3′-UTR is
displayed. The mutated miR-CHA1 (italic) binding site was generated using site-directed mutagenesis. (B) Luciferase activity was analyzed by co-transfecting the
pmiR-Glo conjugated 3′-UTR of XIAP and NC or miR-CHA1. miR-CHA1 negatively regulated XIAP in the luciferase assay. (C and D) miR-CHA1 and si-XIAP
downregulated the mRNA and protein levels. (E and F) ASO-miR-CHA1 inhibited miR-CHA1 expression but did not affect XIAP mRNA and protein levels. The data
represent the average of three independent experiments and are shown as the mean ± S.E.M.; *P < 0.05.
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increased XIAP expression in NSCLC [40]. Likewise, Silencing XIAP
alone did not strongly increase apoptosis but treatment with co-factors
such as Apo2L, TRAIL, FasL or other specific compounds, significantly
promoted apoptosis in vitro [39,41,42]. XIAP is a potential target for
anticancer therapy, as its expression level is upregulated in various
cancer including breast cancer, melanoma, and clear-cell renal cell
carcinoma [43].

In tumorigenesis, XIAP has an anti-apoptotic ability that regulates
cell survival and proliferation [44]. In chemotherapeutic treatment,
XIAP blocked therapeutic effects that suppressed caspase activation in
various malignant cells [45]. In spite of the resistance to chemotherapy
by XIAP activation, multiple studies demonstrated potential ther-
apeutics targeting XIAP in malignant cells, including small molecules or
antisense oligonucleotides [5,10,44,45], as XIAP silencing does not
affect normal cells [46]. Until now, an in vivo xenograft model of an
miRNA targeting XIAP has not been reported. We performed that ex-
periment, and assumed miR-CHA1 would regulate cell proliferation and
apoptosis in mouse xenograft models through silencing XIAP. miR-

CHA1 inhibited cell proliferation and induced apoptosis compared with
PBS, NC or ASO-miR-CHA1 injection. In summary, miR-CHA1 nega-
tively regulated tumorigenesis in NSCLCs by promoting apoptosis
through direct suppression of XIAP networks.

In conclusion, we identified and characterized a novel miRNA, hsa-
miR-CHA, that was downregulated in human lung cancer cell lines and
tissues. miR-CHA1 significantly repressed XIAP mRNA and protein le-
vels. The XIAP network modulated the apoptotic status by the presence
or absence of miR-CHA1. Silencing the XIAP network suppressed cell
proliferation and promoted apoptosis in vitro and in vivo. These results
demonstrated that miR-CHA1 correlates with lung carcinogenesis and
might provide diagnosis or therapeutic agents for lung cancer therapy.
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Fig. 4. miR-CHA1 suppressed cell proliferation, promoted apoptosis and regulated XIAP networks. (A) Cell proliferation was determined using XTT assay. (B)
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