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The long non-coding RNA CASC7 inhibits growth and invasion
of non-small cell lung cancer cells through phosphatase and
tensin homolog upregulation via sequestration of miR-92a
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Abstract. Accumulating evidence has demonstrated the
crucial roles of long non-coding RNAs (IncRNAs) in various
human cancers, including non-small cell lung cancer (NSCLC).
However, to the best of our knowledge, the role of the IncRNA
cancer susceptibility candidate 7 (CASC7) in NSCLC has not
been clearly determined. The aim of the present study was to
investigate the involvement of CASC7 in NSCLC. Marked
downregulation of CASC7 was observed in NSCLC tissues
and cell lines, and this downregulation of CASC7 was closely
associated with distant metastasis, lymph node involvement
and poor overall survival in NSCLC patients. Furthermore,
overexpression of CASC7 significantly suppressed the prolif-
eration, invasion and migration of the NSCLC cells A549 and
H358, and promoted cell apoptosis in vitro. In addition, CASC7
was shown to act as a competing endogenous RNA by sponging
miR-92a, which was proven to be an oncogenic miRNA in our
previous study. The expression of miR-92a was upregulated in
NSCLC tissues and cell lines, and was found to be inversely
associated with CASC7 expression in NSCLC tissues. It was
also demonstrated that CASC7 upregulated the expression of
the tumor suppressor gene phosphatase and tensin homolog (a
well-known target of miR-92a) by sequestration of miR-92a.
Moreover, the tumor-suppressive effects of CASC7 were
partly reversed by miR-92a overexpression in NSCLC cells.
Collectively, the results of the present study indicated that
CASC7 may act as a tumor-suppressive IncRNA that inhibits
NSCLC progression by sponging miR-92a. These findings
may improve our understanding of the potential mechanisms
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through which gain of CASC7 expression represses NSCLC
progression.

Introduction

Non-small cell lung cancer (NSCLC) is the most frequent
type of lung cancer, comprising at least 80% of all lung
cancer diagnoses (1). NSCLC is primarily divided into two
subtypes, namely squamous cell carcinoma and adenocarci-
noma, which are derived from the epithelial cells lining the
larger and peripheral small airways, respectively (2). Despite
the advances in NSCLC treatment, the prognosis of NSCLC
patients remains poor, mainly due to tumor metastasis (3,4).
Thus, exploring the mechanisms underlying the development
of NSCLC is crucial.

Long non-coding RNAs (IncRNAs) are a class of
RNA molecules>200 nucleotides in length, which have
no protein-coding capacity (5). Recently, IncRNAs have
been demonstrated to play key roles in various biological
processes, including cell proliferation, migration and inva-
sion (6-8). A large number of IncRNAs have been reported to
be involved in the development of NSCLC, such as CRNDE,
AWPPH and BANCR (9-11). Cancer susceptibility candidate
7 (CASC7) is a ~9.3-kb IncRNA, the function of which is
largely unknown (12). Certain studies have demonstrated
the involvement of CASC?7 in severe asthma and spinal cord
ischemia-reperfusion injury (13,14). In addition, CASC7 was
reported to act as a tumor suppressor in colorectal cancer
(CRC) and glioma tissues (15,16), but the precise mechanism
of action of this cancer-related IncRNA remains unclear.
Moreover, there are currently no reports on the role or mecha-
nism of action of CASC?7 in hepatocellular carcinoma (HCC).

LncRNAs have been shown to act as competing endog-
enous RNAs (ceRNAs) by sponging specific miRNAs, thereby
preventing targeted transcripts of these miRNAs from being
degraded (17). An example of this type of regulation is the
IncRNA MNX1-AS1, which was shown to interact with
miR-218-5p and regulate the expression of COMMDS in HCC
cells (18). Similarly, IncRNA NEATI acts as a ceRNA to
regulate the expression of oncogene SOX?2 through sponging
miR-132 in glioma cells (19). In NSCLC, IncRNA 1308 has
been identified as an oncogenic IncRNA that acts through
regulating miR-124 (20). Notably, IncRNA CASC7 has been
reported to inhibit growth and invasion of CRC cells through



CHEN et al: CASC7 INHIBITS NSCLC CELL GROWTH AND INVASION VIA PTEN UPREGULATION

upregulating ING3 expression via sequestration of miR-21 (16).
In addition, CASC7 was previously reported to target miR-21
in airway smooth muscle cells (13). Therefore, it was hypoth-
esized that CASC7 may affect the development of NSCLC via
its ceRNA role, which has not been previously investigated.

In the present study, the expression level and clinical signif-
icance of CASC7 in NSCLC were investigated. Furthermore,
the regulatory role and underlying mechanism of action of
CASCY7 in the proliferation and invasion of NSCLC cells were
examined, in order to determine whether CASC7 may serve as
a new potential therapeutic target in NSCLC.

Materials and methods

Patients and samples. NSCLC tissues (n=80) and matched
normal adjacent tissues (n=80) were obtained from patients
who had undergone surgical resection at the Department of
Thoracic Surgery, Changhai Hospital, between January 2016
and December 2017. The samples were snap-frozen and stored
at -80°C prior to RNA extraction. The clinicopathological
characteristics are summarized in Table I. Written informed
consent was obtained from each patient. The protocol of
the present study was approved by the Ethics Committee of
Changhai Hospital (approval no. 2016-00113).

Reverse transcription-quantitative PCR (RT-gPCR) analysis.
Total RNA was isolated from NSCLC tissues and cell lines
using TRIzol reagent (TaKaRa Bio, Inc.). The RT of miR-92a
was performed using the miScript II RT kit (Invitrogen;
Thermo Fisher Scientific, Inc.), and the RT of IncRNA CASC7
and phosphatase and tensin homolog (PTEN) was performed
using the SuperScript III First-Strand Synthesis System kit
(Invitrogen; Thermo Fisher Scientific, Inc.). RT-qPCR assays
were carried out using SYBR Premix Ex Taq II reagent
(TaKaRa Bio, Inc.) on the 7900 HT Fast Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The reaction mixtures were denatured at 95°C for 3 min,
followed by 40 two-step cycles of 95°C for 10 sec and at 60°C
for 30 sec. The primer sequences were as follows: CASC7
forward, 5'-GCTGCCAGGAGAAGGCAAGGATC-3' and
reverse, 5~ AGGGTTAGAGCAGCCTTCGGACT-3"; PTEN
forward, 5"TGGAAAGGGACGAACTGGTG-3" and reverse,
5'-CATAGCGCCTCTGACTGGGA-3'; GAPDH forward,
5'-GAAGATGGTGATGGGATTTC-3' and reverse, 5'-AAC
GCTTCACGAATTTGCGT-3"; miR-92a forward, 5'-CAC
CTATATTGCACTTGTCC-3' and reverse, 5-TGCGTGTCG
TGGAGTC-3'"; and U6 forward, 5-CTCGCTTCGGCAGCA
CA-3' and reverse, 5'-GTCATACTCCTGCTTGCTGAT-3".
GAPDH was used as the internal reference for CASC7 and
PTEN and U6 was used as reference for miR-92a. The relative
gene expression was calculated using the 224% method (21).

In situ hybridization (ISH). ISH detection for CASC7 was
performed on NSCLC and normal tissues using a commer-
cial ISH Detection kit (cat. no. AR0149; Boster Biological
Technology, Ltd.). ISH staining was evaluated by two
pathologists in a blinded manner.

Cell lines and cell culture. The A549,H358 and H2170 NSCLC
cell lines and 293T cells, were obtained from ATCC. Normal
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human bronchial epithelial cells (I6HBE) were also obtained
from ATCC. All cells were maintained in DMEM supple-
mented with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.)
in a 5% CO, incubator at 37°C.

Cell transfection. The miR-92a mimics (5'-UAUUGCACU
UGUCCCGGCCUGU-3"), mimics negative control (NC;
5'-UUCUCCGAACGUGUCACGUTT-3'), miR-92a inhibitor
(5'-ACAGGCCGGGACAAGUGCAAUA-3") and inhibitor NC
(5'-CAGUACUUUUGUGUAGUACA A-3") were obtained from
RiBoBio. The CASC7-overexpressing vector pcDNA-CASC7
and pcDNA vector were constructed by Qiagen, Inc. In addi-
tion, CASC7 siRNA (si-CASC7) and corresponding negative
control siRNA (si-Scramble) were purchased from RiboBio.
The sequences were as follows: si-CASC7, 5"“TGGAACACA
TGGTCCAGCACTTTAA-3"; and si-Scramble, 5" TGGACA
CTGGTGACCTCACTAATAA-3.

After A540 and H358 cells in 6-well plates had
grown to ~80% confluence, miR-92a mimics (20 nmol/l),
miR-92a inhibitor (20 nmol/l), si-CASC7 (30 nM) or 2 ug
pcDNA-CASC7 were transfected into cells at 37°C for 24 h
using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.).

Cell proliferation. The antiproliferative effect of CASC7 on
NSCLC cells was evaluated by using MTT assay. At the end
of transfection, 20 ul MTT solution (Sigma-Aldrich; Merck
KGaA) was added to each well, and A540 and H358 cells
(1x10°/well) were cultured for 2 h. Subsequently, the absor-
bance of the samples at 450 nm was detected by an iMark
microplate reader (Bio-Rad Laboratories, Inc.).

Immunofluorescence. Following transfection, the cells were
fixed in absolute ethyl alcohol for 30 min at room tempera-
ture. After washing twice with PBS, the fixed cells were
stained with primary antibody against cleaved caspase-3
(1:100; cat. no. ab49822; Abcam) for 1 h at room temperature.
Subsequently, secondary antibody conjugated with FITC
(1:200, cat. no. ab116639; Abcam) was added for 2 h in the dark,
and fluorescence images were captured and analyzed using an
inverted fluorescence microscope (EVOS FL; AMF-4306,
Thermo Fisher Scientific, Inc.; magnification, 100x).

Cell apoptosis. The apoptosis of A549 and H358 cells was
examined using flow cytometry. Following transfection for
48 h, cells were collected and the apoptotic cells were iden-
tified using an Annexin V-FITC Apoptosis Detection kit
(Abcam) according to the manufacturer's protocol. The fluo-
rescence signals were collected by a FACScan flow cytometer
(Beckman Coulter, Inc.) and then analyzed by FlowJo 8.7.1
software (FlowJo LLC).

Cell invasion. Transwell chambers (24-well, 8-ym pore poly-
ethylene terephthalate membrane; BD Biosciences) coated
with Matrigel (BD Biosciences) were used for the invasion
assay. Briefly, A549 and H358 cell suspension containing
8x10* cells were added in the top chamber with DMEM, while
the lower chamber contained DMEM supplemented with 20%
FBS. After 24 h of incubation, the cells were stained with 0.1%
crystal violet solution for 10 min at room temperature and
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Table I. Correlation between IncRNA CASC7 and the clinicopathological characteristics of patients with non-small cell lung

cancer.
CASCT7 expression

Characteristics All cases (n=80) High (n=31) Low (n=49) P-value

Sex 0.7787
Male 48 18 30
Female 32 13 19

Age (years) 0.9097
>60 51 20 31
<60 29 11 18

Tumor size (cm) 0.0758
>5 46 14 32
<5 34 17 17

Smoking 0.7336
No 25 9 16
Yes 55 22 33

Differentiation degree 0.1096
Moderate 30 15 15
Poor 50 16 34

Clinical stage 0.0188
I-11 31 17 14
I-1v 49 14 35

Distant metastasis 0.0002°
No 36 22 14
Yes 44 9 35

Lymph node involvement 0.0439%
No 21 12 9
Yes 59 19 40

P<0.05,"P<0.01.

photographed with a CKX41 inverted microscope (Olympus
Corporation) at a magnification of x200.

Wound healing assay. A540 and H358 cells (2x10%/well) were
seeded in 6-well plates coated with 50 yg/ml poly-D-lysine
(Sigma-Aldrich; Merck KGaA) overnight at 37°C to allow
cells to attach. When the cell reached ~90%, the cells were
starved in serum-free medium for 24 h. Then, the cell
monolayers were scratched using a 200-ul pipette tip and
images from each well were captured at O and 48 h with a
CKX41 inverted microscope (Olympus Corporation) at a
magnification of x200.

Dual-luciferase reporter assay. A total of 100 ng
pGL3-CASC7 wild-type (wt) or pGL3-CASC7 mutant (mut)
plasmid (Shanghai Jima Industrial Co., Ltd.) were co-trans-
fected in cells with miR-92a mimics, together with 20 ng
Renilla luciferase vector (Promega Corporation) as an internal
normalization control in 24-well plates (2x10%/well) using
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.). At 24 h post-transfection, the luciferase activities were

analyzed using the Dual-Luciferase Reporter Assay system
(Promega Corporation) according to the manufacturer's
protocol. Transfections were performed in duplicate and
repeated three times.

Western blot analysis. Western blotting was performed to
detect the expression of proteins, as described previously (22).
Briefly, protein was extracted from cells using RIPA lysis
buffer (Beyotime Institute of Biotechnology) with proteinase
inhibitor. The concentrations of total cellular protein were
determined using a BCA assay kit (Beyotime Institute of
Biotechnology). Proteins (40 ug) were separated by 10%
SDS-PAGE and transferred onto a PVDF membrane (EMD
Millipore). The membrane was then blocked with 5% skimmed
milk at 4°C overnight and probed with antibodies against PTEN
(cat. no. 32199; 1:1,000), proliferating cell nuclear antigen
(PCNA; cat. no. 92552; 1:1,000), E-cadherin (cat. no. 194982;
1:1,000), N-cadherin (cat. no. 202030; 1:1,000), fibronectin
(cat. no. 32419; 1:1,000), vimentin (cat. no. 92547; 1:1,000) and
B-actin (cat. no. 179467; 1:2,000) overnight at 4°C, followed
by horseradish peroxidase-conjugated goat anti-rabbit IgG
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Figure 1. LncRNA CASC7 was found to be downregulated in NSCLC tissues and was correlated with poor prognosis in NSCLC patients. (A) CASC7 expres-
sion levels in 80 paired NSCLC and adjacent tissues by RT-qPCR; “P<0.01 vs. normal tissues. (B) Expression analysis of CASC7 in NSCLC and adjacent
tissues from NSCLC patients using immunohistochemistry (magnification, x400). (C) Kaplan-Meier analysis of overall survival in NSCLC patients with high
and low CASC7 expression levels (n=31 and n=49, respectively); “P<0.01 vs. low CASC7 group. (D) RT-qPCR analysis of CASC7 expression levels in NSCLC
cells (A549, H358 and H2170) and one normal human bronchial epithelial cell line (I6HBE) that was used as a control. Data are presented as means =+ stan-
dard deviation from three independent experiments; “P<0.01 vs. 16HBE cells. (E and F) RT-qPCR analysis of CASC7 expression levels in A549 and H358
cells following pcDNA-CASC7 or si-CASC7 transfection. Data are presented as means + standard deviation from three independent experiments; “P<0.01
vs. pcDNA-vector or si-Scramble. NSCLC, non-small cell lung cancer; RT-qPCR, reverse transcription-quantitative PCR.

(cat. no. 205718; 1:10,000) for 1 h at room temperature. All
antibodies were purchased from Abcam. The protein bands
were developed using an ECL kit (GE Healthcare) and blot
bands were quantified with ImagelJ software (version 1.46;
Rawak Software, Inc.).

Statistical analysis. Statistical analysis was performed by SPSS
18.0 (SPSS, Inc.). All data are presented as mean + standard
deviation. The overall survival was analyzed using the
Kaplan-Meier method and log-rank test. Correlations between
clinical characteristics and CASC7 expression were evalu-
ated using the ¥* test. The correlations between CASC7 and
miR-92a levels, and between CASC7 and PTEN levels, were
evaluated using Pearson's coefficient. Comparisons among
data were performed by one-way ANOVA followed by Tukey's
post hoc test. P<0.05 was considered to indicate statistically
significant differences.

Results

LncRNA CASC7 is downregulated in NSCLC tissues and
cell lines. To investigate the roles of CASC7 in NSCLC, the
expression levels of CASC7 were quantified in 80 pairs of
NSCLC and matched normal adjacent tissues using RT-qPCR.
As shown in Fig. 1A, CASC7 expression was significantly
lower in tumor tissues compared with that in normal adjacent
tissues. Furthermore, downregulation of CASC7 in NSCLC
tissues was also observed by ISH assay (Fig. 1B). The corre-
lations between the clinicopathological characteristics and
CASCT7 expression in 80 NSCLC patients are summarized in

Table I. CASCT7 expression was found to be negatively asso-
ciated with distant metastasis and lymph node involvement.
Next, Kaplan-Meier analysis demonstrated that patients with
lower levels of CASC7 expression had poorer overall survival
(OS) rates compared with those with higher levels of CASC7
expression (Fig. 1C). These data indicated that low CASC7
expression may play an important role in NSCLC progression.

Overexpression of IncRNA CASC7 suppresses NSCLC cell
proliferation in vitro. To further examine the biological role
of CASC7 in NSCLC, the expression of CASC7 was first
assessed in NSCLC cell lines. It was observed that the level
of CASC7 was markedly decreased in NSCLC cell lines
compared with that in normal human bronchial epithelial cells
(16HBE) (Fig. 1D). As the expression of CASC7 was relatively
lower in A549 (a widely used lung adenocarcinoma cell line)
and H358 (a commonly used lung squamous cell carcinoma
cell line) cells, CASC7 was overexpressed using pcDNA
CASCT7 or knocked down using si-CASC7 in these two cell
lines. The pcDNA-CASC?7 plasmids were added to both A549
and H358 cells, and it was observed that CASC7 was effec-
tively upregulated compared with the pcDNA vector group
(Fig. 1E). In addition, CASC7 expression was successfully
reduced by si-CASC7 in A549 and H358 cells (Fig. 1F). The
MTT assay revealed that overexpression of CASC7 signifi-
cantly suppressed the proliferation of both A549 and H358
cells (Fig. 2A and B). Moreover, the activity and expression of
caspase-3 in both NSCLC cell lines were markedly enhanced
by IncRNA CASC7 overexpression (Fig. 2C and D). The effect
of IncRNA CASC7 on cell apoptosis was also examined, and
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Figure 2. Overexpression of IncRNA CASC7 suppressed NSCLC cell proliferation in vitro. (A and B) The effect of CASC7 overexpression on the proliferation
of NSCLC cells was determined by Cell Counting Kit-8 assays. (C) The effect of CASC7 overexpression on the activity of caspase-3 was measured by a
commercial kit. (D) The effect of CASC7 overexpression on the apoptosis-related cleaved caspase-3 protein was detected by immunofluorescence (magnifica-
tion, x200). (E) Cell apoptosis was measured by flow cytometry. Data are presented as means + standard deviation from three independent experiments;

“P<0.05, “P<0.01 vs. pcDNA-vector. NSCLC, non-small cell lung cancer.

the results demonstrated that CASC7 overexpression promoted
the apoptosis of A549 and H358 cells compared with the
control group (Fig. 2E). Taken together, these results suggest
that upregulation of CASC7 may exert suppressive effects on
cell proliferation and promote apoptosis in NSCLC cells.

Overexpression of IncRNA CASC7 suppresses NSCLC cell
invasionandmigrationinvitro.The effect of CASC7 onNSCLC
cell invasion and migration was next assessed. Transwell and
wound healing assays demonstrated that CASC7 overexpres-
sion suppressed the invasive and migratory capacities of A549
cells (Fig. 3A and D). Since epithelial-to-mesenchymal tran-
sition (EMT) is known to be a key pro-metastatic event, the
expression of EMT markers was detected by western blotting.
As shown in Fig. 3C, overexpression of CASC7 increased the
expression of E-cadherin, whereas it decreased the expres-
sion of N-cadherin, fibronectin and vimentin, suggesting that
CASCT7 overexpression inhibits EMT in NSCLC cells. Similar
results were observed in H358 cells (Fig. 3B, E and F). These

data demonstrated that CASC7 overexpression exerted a
significant suppressive effect on the invasion and migration of
NSCLC cells in vitro.

LncRNA CASC7 acts as a ceRNA for miR-92a in NSCLC cells.
Itis well-known that IncRNAs are likely to function as ceRNAs
for special miRNAs, thus reversing the effects of miRNAs on
the target genes (23,24). In the present study, starbase v2.0
(http://starbase.sysu.edu.cn/) was used to predict the potential
targets of CASC7. As shown in Fig. 4A, miR-92a had a puta-
tive binding site with CASC7. miR-92a has been previously
reported to be among the cancer-associated miRNAs (25-27).
Additionally, our previous study demonstrated that miR-92a
acts as an oncogene in the progression of NSCLC (28).
Therefore, miR-92a was selected for further investigation. The
expression levels of miR-92a were significantly upregulated
in tumor tissues and NSCLC cell lines compared with those
in adjacent normal tissues and 16HBE cells (Fig. 4B and C).
Moreover, knockdown of CASC7 by si-CASC7 significantly
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Figure 3. Overexpression of IncRNA CASC7 suppressed non-small cell lung cancer cell invasion and migration in vitro. (A and B) The effect of CASC7
overexpression on the invasion of A549 and H358 cells was determined by Transwell assay with Matrigel coating (magnification, x200). (C and F) The effect of
CASCT7 overexpression on the expression of epithelial-to-mesenchymal transition-related genes, including E-cadherin, N-cadherin, fibronectin and vimentin,
was assessed by western blotting. (D and E) The effect of CASC7 overexpression on the migration of A549 and H358 cells was determined by wound healing
assay (magnification, x200). Data are presented as means + standard deviation from three independent experiments; “P<0.01 vs. pcDNA-vector.

increased miR-92a expression, while NSCLC cells trans-
fected with pcDNA-CASC7 exhibited a marked inhibition
of miR-92a expression (Fig. 4D and E). In addition, further
correlation analysis revealed that the expression of CASC7
was inversely correlated with the expression of miR-92a
in NSCLC tissues (Fig. 4F). In addition, the expression of
miR-92a was detected by RT-qPCR 48 h after transfection of
miR-92a mimics, miR-92a inhibitor, and their respective NCs.
As shown in Fig. 4G, the expression of miR-92a was signifi-
cantly increased following transfection of miR-92a mimics,
whereas it was markedly decreased following transfection of
miR-92a inhibitor, compared with their respective NCs.

Next, luciferase reporter assay was employed to validate
the binding of miR-92a to IncRNA CASC7. As shown in
Fig. 4H, overexpression of miR-92a reduced the luciferase
activity of wt-CASC7, but did not affect the luciferase activity
of mut-CASC7 in 293T cells. These data indicated that CASC7
interacts with miR-92a in NSCLC cells.

LncRNA CASCY7 increases the expression of PTEN by acting
as a ceRNA of miR-92a. PTEN is a well-known tumor
suppressor, and plays an important role in cancer initiation and

progression (29). Notably, several studies have demonstrated
that miR-92a targets PTEN and suppresses its translation in
different types of cancer cells (30-32). Given the association
between miR-92a and CASC7, it was further investigated
whether CASC7 acts a tumor suppressor through restoring the
expression of PTEN via sequestration of miR-92a. Western
blot assay demonstrated that the CASC7 knockdown by
si-CASC7 led to a significant decrease of PTEN expression in
A549 cells, whereas miR-92a knockdown reversed the inhibi-
tory effect of CASC7 on the expression of PTEN (Fig. 5A).
It was also observed that CASC7 overexpression induced a
marked increase of PTEN expression in H358 cells, while
miR-92a overexpression attenuated the promoting effect of
CASC7 on PTEN protein levels (Fig. 5B). Furthermore, the
levels of PTEN in NSCLC tissues were detected by RT-qPCR.
As shown in Fig. 5C, the expression of PTEN was significantly
decreased in NSCLC compared with that in adjacent tissues.
In addition, using immunohistochemistry, a significantly
lower expression of PTEN was observed in NSCLC tissues
compared with that in adjacent tissues (Fig. 5D). Moreover, a
positive correlation was detected between CASC7 and PTEN
expression in NSCLC tissues (Fig. SE). These data indicate
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in A549 and H358 cells transfected with si-CASC7 or pcDNA-CASC7 was analyzed by RT-qPCR. Data are presented as means + standard deviation from

three independent experiments; **

P<0.01 vs. si-Scramble or pcDNA-vector. (F) The Spearman's rank test was used to analyze the association between CASC7

and miR-92a expression levels in NSCLC tissues (r:-0.8709, P<0.01). (G) RT-qPCR analysis of miR-92a expression levels in A549 and H358 cells following
miR-92a mimics or miR-92a inhibitor transfection. (H) Luciferase reporter assay in 293T cells co-transfected with the reporter plasmid (or the corresponding
mutant reporter) and the indicated miRNAs. miR-92a mimics significantly decreased the luciferase activity in wt-CASC7 but not in mut-CASC7. Data are
presented as means + standard deviation from three independent experiments, “P<0.01 vs. mimics NC, #P<0.01 vs. inhibitor NC. NSCLC, non-small cell lung
cancer; RT-qPCR, reverse transcription-quantitative PCR; wt, wild-type; mut, mutant.

that CASC7 may regulate the expression of PTEN by acting as
a ceRNA of miR-92a.

LncRNA CASC7 regulates miR-92a to suppress NSCLC cell
growth and invasion. To further investigate whether miR-92a
is involved in IncRNA CASC7-mediated inhibition of prolif-
eration and invasion in NSCLC cells, pcDNA-CASC7 and
miR-92a mimics were co-transfected into A549 and H358
cells. Compared with the control group, CASC7 overexpres-
sion significantly suppressed cell proliferation, whereas
miR-92a overexpression partially reversed this inhibitory
effect of CASC7 (Fig. 6A and B). In addition, the expression of
a well-known marker of cell proliferation, PCNA, was signifi-
cantly decreased in the pcDNA-CASC7 group compared with
the control group in A549 and H358 cells, while this inhibi-
tory effect was also reversed by overexpression of miR-92a
(Fig. 6C). The activity of caspase-3 was also measured and

found to be obviously increased by CASC7 overexpression
compared with the control group, whereas upregulation of
miR-92a attenuated this promoting effect (Fig. 6D and E).
Wound healing and cell invasion experiments revealed that the
decreased migration distance and reduced number of invading
cells induced by CASC7 overexpression was partially abro-
gated by overexpression of miR-92a (Fig. 6F-K). These data
indicated that CASC7 suppresses NSCLC cell growth and
invasion by regulating miR-92a expression.

Discussion

The present study demonstrated that CASC7 was down-
regulated in NSCLC tissues and cell lines, and its low
expression was closely correlated with poor prognosis and
shorter survival in NSCLC patients. Furthermore, CASC7
overexpression sponged miR-92a to suppress cancer cell
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Figure 5. LncRNA CASC7 increased the expression of PTEN by acting as a competing endogenous RNA of miR-92a. A549 cells were co-transfected with
si-CASC7 and miR-92a inhibitor, while H358 cells were co-transfected with miR-92a mimics and pcDNA-CASC?7. Cells were then harvested for western
blotting. (A and B) PTEN expression was measured by western blotting. Data are presented as means + standard deviation from three independent experiments,
“P<0.05, “P<0.01 vs. blank group; “P<0.01 vs. si-CASC7 or pcDNA-CASC7. (C) PTEN expression levels in 80 paired NSCLC tissues and paired non-tumor
tissues by RT-qPCR. P<0.01 vs. normal tissues. (D) Expression analysis of PTEN in NSCLC tissues and adjacent tissues using immunohistochemistry (magni-
fication, x200). (E) The Spearman's rank test was used to analyze the association between CASC7 and PTEN expression levels in NSCLC tissues (1:0.8535,
P<0.01). NSCLC, non-small cell lung cancer; PTEN, phosphatase and tensin homolog; RT-qPCR, reverse transcription-quantitative PCR.

proliferation, invasion and migration via upregulating the
expression of the anti-oncogene PTEN. Collectively, the results
of the present study may provide new insight into the role of
the CASC7/miR-92a/PTEN axis in NSCLC, which may prove
to be a promising molecular target for NSCLC treatment. A
schematic presentation summarizing the mechanism of action
of CASC7 in NSCLC is presented in Fig. 7.

As a newly identified IncRNA, there is very little research
on the role of CASC7 in cancer. In glioma, CASC7 was found
to be downregulated and exerted its tumor-suppressive effects
via inactivation of the Wnt/B-catenin pathway (15). In CRC,
CASCT7 overexpression inhibited proliferation, migration and
invasion, and promoted apoptosis in CRC cells, suggesting
that CASC7 may be considered as a novel diagnostic marker
of CRC (16). However, to the best of our knowledge, no data
on the expression and role of CASC7 in NSCLC have been
reported to date. In the present study, CASC7 was found to

be significantly decreased in NSCLC tissues and cell lines,
and its low expression was correlated with the clinicopatho-
logical characteristics of NSCLC patients, particularly distant
metastasis and lymph node involvement. Furthermore, the
high expression of CASC7 in the NSCLC cell lines A549 and
H358 was found to suppress cancer cell proliferation, invasion
and migration, and promote apoptosis. Collectively, these data
indicate that CASC7 plays a key role in suppressing NSCLC
development and progression; however, the underlying mecha-
nism remains elusive.

Recently, ceRNA regulation has been implicated in
lung carcinogenesis. For example, Dong et al demonstrated
that IncRNA GASS5 acted as a tumor suppressor via the
miR-205/PTEN axis in NSCLC (33). Jin et al reported that
the IncRNA SNHG20 suppressed NSCLC growth in in vivo
through suppressing miR-154 and enhancing ZEB2 and
RUNX?2 expression (34). Zhang et al demonstrated that the
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Figure 6. LncRNA CASC7 regulates miR-92a expression to suppress NSCLC cell growth and invasion. A549 and H358 cells were co-transfected with
pcDNA-CASC7 and miR-92a mimics, and were then harvested for subsequent experiments. (A and B) Cell viability was determined by Cell Counting Kit-8
assay. (C) The protein expression of PCNA was detected by western blotting. (D and E) The activity of caspase-3 was measured by a commercial kit. (F-H) The
migration of A549 and H358 cells was determined by wound healing assay. (I-K) The invasion of A549 and H358 cells was determined by Transwell assay
with Matrigel coating. Data are presented as means + standard deviation from three independent experiments, “P<0.05, “P<0.01 vs. control group; *P<0.01
vs. pcDNA-CASC7. NSCLC, non-small cell lung cancer; PCNA, proliferating cell nuclear antigen.

IncRNA FENDRR was downregulated in NSCLC tissues,
whereas FENDRR overexpression inhibited the malignant
phenotypes of NSCLC cell by competitively binding to
miR-761 (35). Of note, it has been reported that CASC7 may
act as a ceRNA to sponge miR-21 and regulate the expression

of ING3 in CRC (16). Therefore, it was inferred that IncRNA
CASCT7 may act as a ceRNA, participating in NSCLC devel-
opment. The present study, using bioinformatics analysis,
identified miR-92a as a potential CASC7-binding miRNA,
which had been previously demonstrated to be an oncogene
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Figure 7. Schematic diagram of the signaling pathway through which
CASCY7 inhibits the proliferation, invasion and migration of NSCLC cells.
Overexpression of CASC7 effectively inhibits growth and invasion of
NSCLC cells through upregulating the expression of the PTEN tumor

suppressor gene via sequestration of miR-92a. NSCLC, non-small cell lung
cancer; PTEN, phosphatase and tensin homolog.

in several cancers, such as HCC (36), CRC (37) and gastric
cancer (38). Interestingly, our previous study had demonstrated
that the expression of miR-92a was markedly upregulated in
NSCLC, and overexpression of miR-92a promoted tumor
progression through activating the PTEN/PI3K/AKT
signaling pathway (28). As expected, the results of the present
study demonstrated that CASC7 directly targeted miR-92a
and negatively regulated the expression of miR-92a in vitro.
Furthermore, the expression of CASC7 was found to be
inversely correlated with the expression of miR-92a in NSCLC
tissues. Importantly, CASC7 inhibited cell proliferation, inva-
sion and migration through suppressing miR-92a expression
in NSCLC cells. Collectively, these data suggest that the
CASC7/miR-92a axis plays a key role in NSCLC growth and
development. Of note, the overexpression of miR-92a could
only partially reverse the promoting effects of CASC7 on
PTEN expression, as well as its inhibitory effects on the prolif-
eration, invasion and migration of NSCLC cells. All these
results suggest that the tumor-suppressive effects of CASC7
may also be mediated by other targets, and future research
should focus on the identification of other targets of CASC7.
It is well-known that the PTEN gene plays a tumor-suppres-
sive role in several human cancers, including NSCLC (39,40).
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For example, Perumal et al demonstrated that PTEN
inactivation induced migration and invasion by regulation
of B-catenin and Snail/Slug in NSCLC cells (41). Liu et al
reported that PTEN promoted GO0/G1 arrest and apoptosis in
NSCLC cells by regulating the expression levels of Skp2 (42).
It has also been reported that miR-92a exerts its oncogenic
effects by directly targeting PTEN in several types of cancer,
including NSCLC (28,30,43,44). Given that both IncRNA
CASC7 and PTEN interact with miR-92a, IncRNA CASC7
may regulate PTEN expression by competitively binding to
miR-92a. In the present study, it was observed that CASC7
upregulated the expression of PTEN in A549 and H358 cells
by inhibiting the expression of miR-92. Furthermore, PTEN
expression was found to be markedly downregulated, and was
positively correlated with CASC7 expression levels in NSCLC
tissues. Taken together, these data strongly suggest that there
is a ceRNA functional association among CASC7, PTEN and
miR-92a in NSCLC.

To the best of our knowledge, the present study is the first
to demonstrate that the expression of CASC7 is low in NSCLC
tissues and cell lines, and that this low expression is closely
associated with distant metastasis and lymph node involve-
ment. There is currently no treatment regulating the expression
of CASC7 in NSCLC. Thus, in the future, more clinical
samples must be collected in order to determine whether
chemotherapeutic drugs affect the expression levels of CASC7
in NSCLC.

In conclusion, we herein demonstrated that CASC7 acts
as a tumor suppressor by upregulating PTEN by acting as a
ceRNA of miR-92a in NSCLC cells. These findings suggest
that CASC7 may be a promising target for the treatment of
NSCLC.
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