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ABSTRACT

Long non-coding RNAs (IncRNAs) are key mediators of cancer. The dysregulation of a IncRNA,
CASC15, has been linked to several cancers, except lung cancer. Here, the aim of the study was to
explore the role and mechanism of CASC15 in lung cancer regulation, with the focus on its
interaction with a potential target, microRNA-766-5p (miR-766-5p) and an oncogene, kallikrein-
related peptidase 12 (KLK12). Quantitative real-time PCR (gQRT-PCR) was used to assess levels of
CASC15, miR-766-5p and KLK12 in lung cancer tissues or cells. Western blot analysis was used to
detect KLK12 protein expression. Ectopic expression of CASC15 was induced by a lentiviral system.
CCK-8 and transwell assays were used to evaluate lung cancer cell proliferation and invasion,
respectively. The interaction among CASC15, miR-766-5p and KLK12 was investigated by bioin-
formatical analysis and luciferase assay. In lung cancer tissue and cells, CASC15 was upregulated,
while miR-766-5p was downregulated. Overexpression of CASC15 promoted lung cancer cell
proliferation and invasion. A negative correlation was found between CASC15 and miR-766-5p
levels. Overexpression of miR-766-6p reversed the cancer-promoting role of CASC15 in lung
cancer cells, which was mediated by KLK12. The tumor-promoting role of CASC15 and tumor-
suppressing role of miR-766-5p were also validated in vivo in tumor bearing mice, and KLK12 was
also shown as an important mediator. CASC15 promotes lung cancer through the miR-766-5p/
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KLK12 axis, indicating that CASC15 is a potential therapeutic in lung cancer.

Introduction

Lung cancer is a leading cause of cancer-related
mortality worldwide with a 5-year survival rate of
less than 15%, despite the advances in both diag-
nostic and therapeutic approaches [1]. Lung can-
cer arises from the cells of the respiratory
epithelium and can be divided into two broad
categories: Small cell lung cancer (SCLC) and
non-small cell lung cancer (NSCLC). SCLC
accounts for 15% of lung cancer cases. It is
a highly malignant tumor derived from cells exhi-
biting neuroendocrine characteristics. NSCLC
accounts for the remaining 85% of cases, and is
further divided into three major pathologic sub-
types: adenocarcinoma, squamous cell carcinoma,
and large cell carcinoma [2]. A combination of
genomic and transcriptomic sequence have identi-
fied uncovered the widespread expression of “non-
coding RNAs” including long non-coding RNAs
(IncRNAs), which impact biologic responses

through the regulation of mRNA transcription or
translation [3].

LncRNAs form part of the human genome and
are non-protein coding RNA transcripts longer
than 200 nucleotides, characterized by capped,
polyadenylated, and spliced transcripts that lack
an open reading frame [4]. Although they show
great similarities in their genetic organization, they
play various roles at the cellular level, including
regulation of transcription and translation, leading
to alterations in gene expression and regulation of
expression of chromosomally adjacent genes [3].
LncRNAs are involved in many cellular processes
such as genomic imprinting, chromatin modifica-
tion, protein transport and trafficking and RNA
alternative splicing [5,6]. Based on functions,
IncRNAs are classified as signaling, decoy, guide,
and scaffold IncRNAs [7]. Unlike protein-coding
genes, which are usually conserved across species,
most IncRNAs are poorly conserved and hence
have been taken for transcriptional noise [8].
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Recent focus has been on the plausible role of the
IncRNAs in progression of human diseases, espe-
cially polygenic disorders [9-11].

Currently, many studies have focused on the
role of IncRNAs in lung cancer [12,13]. For exam-
ple, Xu et al. found that IncRNA DB327252 was
up-regulated in lung cancer, with its overexpres-
sion being correlated to various biological activ-
ities [14]. Park et al. found that IncRNA EPEL
promoted lung cancer cell proliferation through
e2f target activation [15], while Cheng et al.
found that IncRNA BC087858 could stimulate
acquired resistance to EGFR-TKIs in NSCLC and
might contribute to a shorter progression-free sur-
vival (PFS). Another study by Pan et al. found that
IncRNA BC087858 could induce non-T790M
mutation acquired resistance to EGFR-TKIs by
activating PI3K/AKT and MEK/ERK path-
ways [16].

CASCI15 is a novel IncRNA that has been shown
to be involved in different cancers. Yao et al. found
that high expression of CASC15 was a high-risk
factor for gastric cancer prognosis and promoted
the proliferation of gastric cancer [17]. Wu et al.
further showed that CASC15 regulated gastric can-
cer cell proliferation, migration and epithelial
mesenchymal transition by targeting CDKNIA
and ZEB1 [18]. Fenando et al., while working on
leukemia, found that IncRNA CASCI15 led to
a myeloid bias in development, and overall,
decreased engraftment and colony formation. At
the cellular level, they showed that CASC15 regu-
lated cellular survival, proliferation, and the
expression of its chromosomally adjacent gene,
SOX4 [19]. The role of CASC15 in the develop-
ment of lung cancer has not been previously
reported. The current study thus aims to unravel
the expression and role of IncRNA CASCI15 in
lung cancer.

Methods
Clinical tissue specimens

This study was approved by the Ethics Committees
of The First Affiliated Hospital of Zhengzhou
University. Lung cancer tissues and paired adja-
cent non-tumor tissue were collected from The
First Affiliated Hospital of Zhengzhou University

between Jun 2012 and Sep 2014 from a total of 52
patients. Written informed consent was obtained
from all patients. Tissue samples were snap-frozen
in liquid nitrogen and stored at —80°C.

Cell lines and culture

Human lung cancer cell lines, including A549,
H1299, H1975 and SPC-A-1 cells, and normal
human lung epithelial cell, BEAS-2B, were
acquired from American Type Culture Collection
(ATCC) (Manassas, VA), which were cultured in
RPMI 1640 medium supplemented with 10% fetal
bovine serum at 37°C.

Oligonucleotides transfection

Oligonucleotides, including siRNAs against CASC15
(si-CASC15), short-hairpin RNA plasmid directly tar-
geting CASC15 (sh-CASC15), miR-766-5p inhibitor,
miR-766-5p mimics, and their controls were synthe-
sized by GenePharma  (Shanghai, China).
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) was
used to transfect oligonucleotides into cells according
to the manufacturer’s protocol. The sequence of siRNA
tor CASC15 and Control were: Si-CASC15, sense 5'-
CCCCATGATGGTTCCTCAGTT-3', antisense 3'-
GGAAAGCAAGTGCAGGTTAGTC-55 Control:
sense: 5'- GGCCGTCACTCAATGATTCCG -3', anti-
sence: 5'-UUTTGGATGGCATACGCATGA-3%;

BLAST alignment

Alignment searches to RNA sequences were per-
formed with NCBI's BLAST suite and the top
search results with an e-value of <0.01 were
reported. RNA transcripts were allowed to possess
multiple exons aligning to different
contiguous regions of a chromosome.

non-

qRT-PCR

Total RNAs from tissues and cells were extracted using
the miRNeasy Mini Kit (Qiagen, Valencia, CA, USA)
in accordance to the manufacturer’s instructions.
RNAs were characterized for concentration and quality
using NanoDrop 2000 (Thermo Fisher, Wilmington,
DE, USA). ¢cDNA synthesis was performed using the
TransScript first-strand ¢cDNA synthesis SuperMix



(TransGen, Beijing, China). RT-PCR assay was per-
formed in ABI prism 7500 sequence detection system
(Applied Biosystems Life Technologies) using the
SYBR green qPCR SuperMix (Applied Biosystems
Life Technologies, Foster, CA, USA). Fold changes of
each gene were calculated using the 2— AACt (cycle
threshold) method,
and expression levels of miRNA and IncRNA/target
gene were normalized by U6 and GADPH, respec-
tively. The following primers were used in this
study: CASC15, forward: sense 5'-
CCCCATGATGGTTCCTCAGTT-3', reverse 3'-
GGAAAGCAAGTGCAGGTTAGTC-5;  miR-766-
5p, forward: 5'- TAAAATAGGAGTACTGTCTAA-
3', reverse, 5- ATTAGTAAATTGGCTGCTGCAG-
3,  GAPDH, forward, 5-TCGACAGTCA
GCCGCATCTTCTTT-3', reverse, 5'-
ACCAAATCCGTTGACTCCGACCTT-3".

Luciferase reporter assay

Oligonucleotides containing CASC15 ¢cDNA frag-
ment that encompasses the microRNA binding
sites was amplified and cloned into the pmirGLO
plasmids (Promega, Madison, WI, USA). Mutant
CASC15 (pmirGLO-CASCI15 -MUT) was gener-
ated by site-directed mutagenesis PCR with plati-
num pfx DNA polymerase, which served as
negative control. Lipofectamine 2000 was used to
transfect the luciferase reporter plasmids and tar-
get miR-766-5p mimics or miR-NC mimics into
cells. At 48 h after transfection, relative luciferase
activity was measured in a luminometer by Dual-
Luciferase Reporter Assay System (Promega).

Cell proliferation assay

Proliferation of cells was detected using the Cell
Counting Kit-8 (CCK-8; Dojindo, JPN). A549 and
H1299 cells were transfected with si-NC, si-CASC
15, miR-766-5p inhibitor or si- CASC15+miR-
766-5p inhibitor, followed by harvestation and
seeding into 96-well plates. After 24, 48 72 or 96
h, 10 ul of CCK-8 assay reagent was added to each
well, incubated for 2 h, followed by measuring
absorbance at 480 nm using an enzyme immu-
noassay analyser (Bio-rad, Hercules, CA, USA).
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Cell migration and invasion assay

The migration and invasion of cancer cells were eval-
uated using scratch wound assay and transwell assay,
respectively. In wound healing assay, A549 and H1299
cells were seeded in six-well plates and cultured to 90%
confluence. After removal of the medium, the cell
monolayer was manually scraped using a sterile pipette
tip. After 24 h, the width of the wound gap was mea-
sured and expressed as relative percentage of the initial
gap width at 0 hr using the following formula: migra-
tion rate = migration distance/original distance. For
transwell assay, A549 and H1299 cells, seeded at the
density of 5 x 10* per well, were suspended in 200 ml
serum-free DMEM. The BioCoat Matrigel was used to
coat the chambers (8 mm, BD Biosciences) according
to the manufacturer’s protocol. After 24 h incubation,
cells on the upper membrane surface were removed
with a cotton tip and the member of lower chamber
was fixed and stained by violet crystalline.

Western blot analysis

Cells were lyzed by RIPA buffer (Sigma-Aldrich,
St. Louis, MO) supplemented with protease inhibitors
cocktail (Roche, Diagnostics, Mannheim, Germany).
The lysate was centrifuged with 12,000 g and total
protein concentration in the supernatant was mea-
sured using BCA assay. Proteins of equal amounts
were loaded into 10% gel and separated by SDS-
PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis), followed by transferring to PVDF
membrane (Millipore, Bedford, MA). PVDF mem-
brane was blocked with no-fat milk overnight at 4°C
and incubated with primary antibodies, including anti-
KLK12 (1:1,000, Abcam, Cambridge, MA) or anti-
GADPH (1:1,000, Abcam) for 1 h at room tempera-
ture. Following this, PVDF membrane was washed
with TBST and incubated with conjugated goat anti-
rabbit IgG (Abcam) at room temperature for 2 h.
Finally, protein bands were visualized using ECL detec-
tion kit (Beyotime Biotechnology, Shanghai, China).

Lentivirus construction and infection

A recombinant lentiviral vector expressing
CASC15-shRNA was constructed by Shanghai
Genechem. CASC15-shRNA was cloned into the
pFU-GW-RNAI vector, which contained the green
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fluorescent protein (GFP) reporter gene driven by
the U6 promoter. A549 cells were seeded onto
6-well plates at the density of 2 x 10° cells per
well. After 12 h, A549 cells were infected with Lv-
shRNA-NC or Lv-shRNA-CASC15 at 10 MOI,
respectively. Virus-containing culture medium
was replaced with fresh RPMI-1640 medium at
12 h postinfection.

In vivo animal experiments

Animal study was conducted in accordance to the
experimental  protocols approved by the
Institutional Animal Care and Use Committee of
The First Affiliated Hospital of Zhengzhou
University. Briefly, 1 x 107 A549 cells stably trans-
fected with lentiviruses carrying sh-CASC15 or sh-
NC were injected subcutaneously into the flank of
BALB/c nude mice (Jacksons labratories, USA, age
of 6 weeks, weight of 20-25 g). Tumor growth was
monitored by caliper measurements every 3 days
and tumor volume were calculated according to
the following formula: volume = 0.5 x length x
width x width. The mice were sacrificed by injec-
tion of 120 pl 10% chloral hydrate (Sinopharm
Chemical Reagent Co., Ltd., Shanghai, China) at
the experimental endpoint, and the tumors were
harvested, weighed and photographed.

Immunohistochemical staining

Tumor tissue sections from nude mice were dried
for 1 h at 60°C, dewaxed in xylene, and rehydrated
by graded ethanol using standard methods.
Antigen retrieval was achieved by autoclaving the
slides for 90 s at 121°C in citrate buffer (pH 6.0).
After PBS washing, goat serum (Boster, Wuhan,
China) was used to block the sections for 30 min
at room temperature. Subsequently, Ki67 antibody
(Bioss Antibodies, Inc, 1:200) was used to incubate
the sections overnight at 4°C or Colorimetric
TUNEL Apoptosis Assay Kit (Beyotime,
Shanghai, China) at 37°C for 60 min. Next, sec-
tions were incubated with Polink-1 HRP DAB
Detection System One-step polymer detection sys-
tem (ZSGB-BIO, Beijing, China) for 20 min at
room temperature. Slides were counterstained
with hematoxylin.

Statistical analysis

All the statistical data are presented as the means
SD. Two-tailed Student’s t-test or one-way
ANOVA followed by the LSD post hoc test was
performed for comparisons between groups.
Expression correlation assays were analyzed using
Pearson’s coefficient correlation. Differences in
patient survival were performed using the Kaplan-
Meier method and analyzed by log-rank test.
A value of P < 0.05 was considered to be statisti-
cally significant.

Results

CASC15 upregulation is a characteristic of lung
cancer

To explore the role of CASC15 in lung cancer, the
tumor tissue and adjacent normal tissue were col-
lected from 52 patients with lung cancers of stage
I-II. qRT-PCR was used to quantify CASCI5
levels. As shown in Figure 1(a), compared to nor-
mal tissue, tumor tissue exhibited markedly upre-
gulated CASC15 expression (p < 0.05, n = 52).
Based on median expression of CASC15, patients
were divided to low expression group (n = 24) and
high expression group (n = 28) (Figure 1(b)).
Survival analysis showed that patients with a high
CASC15 demonstrated much poorer survival than
those with a low CASC15 expression (Figure 1(c)).
These data implicated that CASC15 upregulation
is a characteristic of lung cancer and may play an
important role in lung cancer progression.

CASC15 upregulatin in lung cancer cells
promotes cell proliferation and invasion

A number of lung cancer cells, including A549,
H1299, H1975 and SPC-A-1 were investigated for
CASC15 expression. The CASC15 levels in the
normal lung cell, BEAS-2B were used as control.
As shown in Figure 2(a), the upregulation of
CASC15 in the lung cancer cells was quite promi-
nent (p < 0.05), and because A549 and H1299
showed the strongest upregulation, these two cell
lines were used in subsequent studies. Three
siRNAs specific to CASC15 were designed, namely
si-CASC15-1, si-CASC15-2, si-CASC15-3, and si-
CASC1-3 demonstrated the most efficacious
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Figure 1. CASC15 upregulation is a characteristic of lung cancer.
(a). qRT-PCR analysis of CASC15 mRNA levels in normal and tumor tissues. Levels of CASC15 were normalized to GAPDH expression.

(b) Grouping of patients based on the median level of CASC15 expression in tumor tissues. (c) Survival curves of patients with high
or low CASC15 expression.
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Figure 2. CASC15 upregulation in lung cancer cells promotes cell proliferation and invasion.

(a). gRT-PCR analysis of CASC15 levels in lung cancer cells, including A549, H1299, H1975 and SPC-A-1. Normal lung cell, BEAS-2B
was used as control. (b). Evaluation of CASC15 silencing using three siRNA specific to CASC15, namely si-CASC15-1, siCASC15-2, si-
CASC15-3. Non-transfected cell (control) and cells transfected with si-NC were used as controls. (c). CCK-8 assay of cell proliferation.
(d). Colony formation assay. (e). Scratch wound assay of cell migration. (f). Transwell assay of cell invasion.

silencing of CASC1 in both A549 and H1299 cells  a diminished cell proliferation (Figure 2(c)), col-
(Figure 2(b)). Using si-CASC15-3, we showed that ~ ony formation (Figure 2(d)), migration (Figure 3
cells transfected with si-CASC15-3 exhibited (e)) and invasion (Figure 3(f)).
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Figure 3. miR-766-5p is a target of CASC15.
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(a). Bioinformatical analysis of the binding between CASC15 WT, miR-766-5p and CASC15 MUT. (b). Dual-luciferase assay of the
interaction between miR-766-5p and CASC15-WT or CASC15-MUT. (c). qRT-PCR analysis of CASC15 levels in AS549 and H1299
transfected with miR-766-5p mimic or miR-766-5p inhibitor. Non-transfected cells were used as controls. (d). qRT-PCR analysis of
miR-766 levels in A549 and H1299 cells transfected with si-NC or si-CASC15.

miR-766-5p is a target of CASC15

We next proceeded to explore the mechanism of
CASCI15 regulation in lung cancer. Bioinformatical
analysis indicated that a binding site exists
between CASC15 and miR-766-5p (Figure 3(a)).
The mutant CASC15 was constructed by mutating
the binding sequences. Dual-luciferase assay
showed that transfection of miR-766-5p induced
significant decrease in CASC5-WT activity.
Whereas, miR-766-5p transfection did not led to
significant changes in CASC15-MUT activity
(Figure 3(b)). qRT-PCR also suggested that miR-
766-5p overexpression led to inhibition of
CASCI15 expression, while miR-766-5p inhibition
resulted in an increase in CASC15 expression, in
both A549 and HI1299 «cells (Figure 3(c)).
Consistently, transfection of si-CASC15 also
induced upregulation of miR-766-5p (Figure 3
(d)), suggesting that miR-766-5p and CASC15
reciprocally inhibited each other.

CASC15 promotes lung cancer through the
inhibition of miR-766-5p

To elucidate the role of CASC15 in affecting lung
cancer cell phenotypes, the proliferation, migra-
tion and invasion of cells transfected with miR-
766 inhibitor, si-CASC15 or both were analyzed. It

was clear that transfection with si-CASCI15 mark-
edly attenuated cell proliferation (Figure 4(a)),
colony formation (Figure 4(b)), migration (Figure
4(c)) and invasion (Figure 4(d)). On the contrary,
transfection with miR-766-5p inhibitor exerted the
opposite effects. Cells transfected with both
CASC15 and miR-766-5p inhibitor exhibited pro-
liferation, colony formation, migration and inva-
sion similar to those of the cells transfected with
si-NC. Further, we show that the cancer prolifera-
tion and invasion marker, kallikrein-related pepti-
dase 12 (KLK12) [20-22], was inhibited by si-
CASC15 but promoted by miR-766-5p inhibitor,
while transfection of both did not alter KLK12
expression significantly (Figure 4(e)). These evi-
dences corroborated the antagonizing effects of
miR-766-5p inhibitor and si-CASC15.

CASC15 knockdown attenuates tumor growth

in vivo

Given that CASC15 silencing was able to inhibit
lung cancer cell proliferation, migration and inva-
sion in vitro, we next examine if CASC15 knock-
down would exert anti-tumor effects in vivo. To
this end, A549 cells, transfected with Lv-sh-CASC
15 or Lv-sh-control were inoculated in mice. After
8 weeks, mice were sacrificed and tumors were
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Figure 5. CASC15 knockdown attenuates tumor growth in vivo.
(a). Photograph of harvested tumor at 8 weeks and tumor growth curve. (b). Staining of Ki-67. qRT-PCR analysis of CASC15 (c) and

miR-766 levels (d). E. Western blot analysis of KLK12.

harvested. As shown in Figure 5(a), tumors with  a reduction of Ki-67 expression in tumors with Lv-
Lv-sh-CASC15 were observably smaller. A slower  sh-CASCI15 transfection (Figure 5(b)). CASCI5
tumor growth was also observed for tumors with  and miR-766 levels were also attenuated and
Lv-sh-CASC15. Staining of Ki-67 also showed increased, respectively, in tumor with Lv-sh-
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CASC15 transfection, as revealed by qRT-PCR
(Figure 5(c)). Western blot analysis of KLK-12
also confirmed that CASC15 knockdown reduced
KLK12 expression. Together, these data validated
the anti-tumor role of CASC15 silencing in lung
cancer.

Discussion

The current study is reporting for the first time an up-
regulation of CASC15 expression in individuals who
had lung cancer as compared to the healthy controls.
This observation is in agreement with other previous
studies that reported up-regulation of CASC15 for
other types of cancers [17,18]. Survival analysis
showed a poor prognosis for patients with a high
CASC15 as compared to those with a low CASC15
expression. Poor prognosis has also been previously
associated with other types of IncRNAs in relation to
lung cancer. For example, Nie et al., demonstrated
that increased levels of IncRNA MVIH was a poor
prognostic biomarker in NSCLC [23]. Gao et al. on
the other hand identified a novel IncRNA
TCONS_00001798 in patients with non-small cell
lung  cancer.  They  demonstrated  that
TCONS_00001798 was significantly down-regulated
in NSCLC tumor tissues compared with adjacent
non-tumor tissues and that the decreased expression
of TCONS_00001798 was negatively associated with
lymph node metastasis and advanced pathological
stage [24].

We demonstrated an increase in proliferation of
lung cancer cells that had high CASC15 as com-
pared to those with low expression. This was con-
firmed with use siRNA specific to CASC15 where
the transfected cells showed diminished cell pro-
liferation, colony formation, migration and inva-
sion. This observation is similar to what has been
previously observed in other cancers involving
CASC15 [18,25]

We further explored the potential target for
CASC15 in order to understand its contribution to
lung cancer. Bioinformatical analysis indicated that
a binding site exists between CASC15 and miR-766-
5p. We found that transfection of miR-766-5p
induced significant decrease in CASC5-WT activity,
whereas transfection of miR-766-5p did not led to
significant changes in CASC15-MUT activity. qRT-
PCR also suggested that miR-766-5p overexpression

led to inhibition of CASC15 expression, while miR-
766-5p inhibition resulted in an increase in CASC15
expression. These data collectively suggest an antag-
onistic role of miR-766-5p and CASC15 on each
other. A similar antagonistic role of miR-766-5p was
observed by Jia et al. in colorectal cancer where they
showed that miR-766-5p inhibitor repressed the pro-
cess of colorectal cancer by targeting suppressor of
cancer cell invasion (SCAI) [26]. Wang et al. found
that miR-766 could serve as a novel p53 activator
which functioned by targeting MDM4 and thereby
enhancing the p53 signaling axis [27]. Thus that
miR-766-5p can serve a potential marker for cancer
therapies.

We also established that CASC15 promoted
lung cancer through the inhibition of miR-766-
5p. Cells transfected with si-CASC15 had marked
attenuated cell proliferation, colony formation,
migration and invasion. Conversely, transfection
with miR-766-5p inhibitor exerted the opposite
effects. Cells transfected with both CASC15 and
miR-766-5p inhibitor exhibited proliferation, col-
ony formation, migration and invasion similar to
those of the cells transfected with si-NC. This is
a novel finding with regards to lung cancer and
CASC15 and supports the antagonistic effect pre-
viously demonstrated in this study.

Finally, we also demonstrated that CASCI15
knockdown attenuates tumor growth in vivo.
Slower growth of tumors and reduction in tumor
size were observed in the CASC15 knockdown lung
cells, showing that CASC15 plays a vital role in the
progressive growth of lung tumors. A similar obser-
vation was made by Yao et al. while working on
gastric cancer [17]. This observation has a potential
implication on therapy of lung cancer as targeting
CASC15 may reduce tumor size.

In conclusion, this study reports for the first
time an over-expression of CASC15 that is asso-
ciated with cell proliferation, colony formation,
migration and invasion in lung cancer. We have
established that CASCI15 activities are moderated
by miR-766-5p in an antagonistic manner.
CASCI15 is unique in lung cancer and has potential
applications in diagnosis and therapy.
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