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Long noncoding RNA ZFAS1 acts as an
oncogene by targeting miR-193a-3p in human
non-small cell lung cancer
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Abstract. - OBJECTIVE: Recent researches
have proved the important role of long noncod-
ing RNAs (IncRNAs) in many diseases. In this
study, the potential function of IncRNA ZFAS1 in
the development of non-small cell lung cancer
(NSCLC) was mainly explored.

PATIENTS AND METHODS: ZFAS1 e
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to evaluate the regulatory
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Introduction

Lung cancer is one of the leading causes of
cancer-related death globally and remains a public
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nted a lung cancer diagnosis
section is the preferred inter-

: d, unfortunately, they lose the best sur-
cal opportunity. Therefore, it is crucial to clar-
ify the progression mechanism of NSCLC and
improve the poor prognosis of affected patients.
With the rapid development of technologies, 90%
of the mammalian genome has been found to be
transcribed to noncoding RNAs. Long noncoding
RNAs (IncRNAs) are known as the transcriptions
longer than 200 nt which could barely encode pro-
teins. Some studies have uncovered its vital reg-
ulatory role in cellular biological processes. For
instance, modulating the signal transducer and
activator of transcription 1 (STAT1)-mitogen-ac-
tivated protein kinase (MAPK) signal pathway,
a downregulation of IncRNA P7 facilitates cell
proliferation in hepatocellular carcinoma and is
associated with unfavorable prognosis. Through
the regulation of the epithelial-mesenchymal
transition, IncRNA LINC00261 promotes cell
migration in gastric cancer’. In addition, regu-
lating miR-34c expression and targeting MUC?2,
IncRNA AF147447 represses proliferation and
invasion in gastric cancer infected with the He-
licobacter pylori. A knockdown of IncRNA
MALATI suppresses migration in esophageal
squamous cell carcinoma cells®.

MicroRNAs (miRNAs), with 19-22 nucleotide
nt in length, are small noncoding RNAs. They
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have been reported to participate in many dis-
eases including cancers. By targeting FMNL2,
miRNA-613 functions as a tumor suppressor in
the progression of colorectal cancer®. Through
a downregulation of the transcription factor
FOXO1, overexpression of miRNA-370 pro-
motes cell proliferation in human prostate can-
cer®. Previous researches have suggested that In-
cRNA ZFASI exerts an important role in tumor
biology and development. However, the function
of IncRNA ZFASI in NSCLC and the potential
molecular mechanism has not been fully eluci-
dated.

Patients and Methods

Tissue Samples

The NSCLC tissues and adjacent tissues were
obtained from 55 NSCLC patients who under-
went surgery at the Third Affiliated Hospital
of Nanjing University of Chinese Medicine. No
radiotherapy or chemotherapy was performed
before the surgery. All fresh tissues surglcally
resected were immediately stored at —80°C

of Nanjing University of Traditional C
Medicine. The signed written informed cons
were obtained from all the participants be
the study.

Cell Culture
The human NSCLC cd
and H1299) and the n

synthesized by GenePharma
) 1na) and inserted into the shR-

transfected in H1299 cells, and ZFASl len-
' was transfected in A549 cells, using Li-
pofeCtamine 2000. 48 h later, quantitative Real
Time-Polymerase Chain Reaction (QRT-PCR) was
performed to verify the transfection efficiency.

Cell Counting Kit-8 (CCK-8) Assay

Following the protocol of CCK-8 assay (Do-
jindo Laboratories, Kumamoto, Japan), the cell
growth ability of transfected cells in Qomme

bance at 450 nm.

Colony Formation As.

The transfected H1
placed in a 6-well pl
colonies were fix

9

cording to the manucturer’s manual, an
Kit (Roche, Mannheim, Germany) was uti-
i cell proliferation of transfect-
Axiophot Photomicroscope
ochen, Germany) was per-

reagent (Invitrogen, Carlsbad, CA,
USA) was utilized to extract the total RNA.
Through the reverse Transcription Kit (TaKaRa
Biotechnology Co., Ltd., Dalian, China), the total
RNA was reversely transcribed to complementary
deoxyribose nucleic acids (cDNAs). The primers
used for qRT-PCR were as follows: ZFASI, for-
ward: 5-CTATTGTCCTGCCCGTTAGAG-3/, re-
verse: 5-GTCAGGAGATCGAAGGTTGTAG-3';
Glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH), forward: 5-CCAAAATCAGATGG-
GGCAATGCTGG-3' and reverse 5-TGATGG-
CATGGACTGTGGTCATTCA-3". Thermal cycle
was as follows: 30 s at 95°C, 5 s at 95°C and 35 s
at 60°C, for a total of 40 cycles.

Dual-Luciferase Reporter Gene Assay
3"-Untranslated Region (3-UTR) of ZFAS1 was
cloned into the pGL3 vector (Promega, Madison,
WI, USA), which was identified as wild-type (WT)
3"-UTR. The quick-change site-directed mutagene-
sis kit (Stratagene, Cedar Creek, USA) was used for
site-directed mutagenesis of the miR-193a-3p bind-
ing site in ZFAS1 3'-UTR, which was named as
mutant (MUT) 3’-UTR. Cells were co-transfected
with WT-3-UTR/MUT-3"-UTR and miR-ctrl/miR-
193a-3p mimics for 48 h. Dual-luciferase reporter
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assay system (Promega, Madison, WI, USA) was
used for determining luciferase activity.

Statistical Analysis

Statistical analysis was conducted by the Sta-
tistical Product and Service Solutions (SPSS) 17.0
(SPSS Inc., Chicago, IL, USA). The Student’s
t-test was performed to compare intergroup dif-
ferences. Data were presented as mean £ SD
(Standard Deviation). p<0.05 was considered of
statistical significance.

Results

ZFAS1 Expression in NSCLC Tissues
and Cells

Firstly, the ZFASI expression was detected via
gRT-PCR in NSCLC tissues and cell lines. Re-
sults showed that ZFASI1 was significantly upreg-
ulated in tumor tissue samples relative to adjacent
ones (Figure 1A). Identically, the ZFASI expres-
sion was higher in NSCLC cells than that of in
16HBE cells (Figure 1B).

Overexpression of ZFAS1 Promote
Growth Ability of NSCLC Cells

In this study, we chose H1299 cell lin
the silence of ZFASI. The transfectlon effic
of sh-ZFAS1 was detected by g
2A). The CCK-8 assay showe
ZFASI1 inhibited growth g
(Figure 2B). Meanwhile,

selected for the overgipreN

51 expression >

transfection efficacy of ZFASI lentivirus was de-
tected by qRT-PCR (Figure 2C). The CCK-8 as-
say showed that the overexpression of ZFASI en-
hanced growth ability of A549 cells (Figuzg

Silence of ZFAS1 Suppressed
Proliferation of NSCLC Cells

ly, the number of coloni
ter ZFAS1 was overe
3B). Moreover, the

ovation. gr/dlana tools/web/
asev2%?2Findex-predicted)

ed complementary base with ZFASI. Since
p was a tumor suppressor and is able
ss cancer cell proliferation, we focused
on miR-193a-3p among these predicted miRNAs,
which was interacted with ZFAS1 (Figure 4A).
The qRT-PCR assay showed that the expression of
miR-193a-3p was upregulated after the transfec-
tion of sh-ZFASI (Figure 4B). Conversely, miR-
193a-3p was down-regulated after the transfection
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892 1. Expression levels of ZFASI increased in NSCLC tissues and cell lines. 4, ZFASI expression significantly increased
in NSCLC tissues compared with adjacent tissues. B, Expression levels of ZFASI relative to GAPDH were determined in the
human NSCLC cell lines and 16HBE (normal human bronchial epithelial cell) by qRT-PCR. Data are presented as the mean +
standard error of the mean. *p<0.05.
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Figure 2. ZFASI promoted (the) growth ability of N
sh-ZFASI and the control vector was detg
showed that silence of ZFASI signi
transfected with ZFASI lentivirus 3
D, The CCK-8 assay showed tha
represent the average of three
control cells.

gene assay revealed
WT and miR-193a-

e, correlation analysis
93a-3p expression level

Discussion

Over the past several decades, the morbidity of
lung cancer has increased worldwide, especially

48 72h

. A, The ZFASI expression in H1299 cells transfected with
APDH was used as an internal control. B, The CCK-8 assay
ration in H1299 cells. C, The ZFASI expression in A549 cells
etected by qRT-PCR. GAPDH was used as an internal control.
ignificantly enhanced proliferation in A549 cells. The results
+ standard error of the mean). *p<0.05, as compared with the

in industrially advanced countries. Primary fea-
tures of the NSCLC are the migration and inva-
sion of neoplasms, which are responsible for the
high mortality rate’. The median survival time
of NSCLC patients at an advanced stage barely
exceeds 18 months from diagnosis®. An increas-
ing number of studies have explored the import-
ant regulatory effects of ncRNAs on mammali-
an genes. It has been reported that dysfunction
of ncRNA is involved in epigenetic alterations,
which contribute to tumorigenesis and metastasis.
Thus, tumor-related ncRNAs may provide novel
ideas for the diagnosis and treatment of tumors.
Several ncRNAs have been reported to contrib-
ute to the malignancy of tumor cells in NSCLC.
Through the inhibition of STAT3, miR-124 de-
presses tumor growth and promotes cell apop-
tosis induced by radiation in NSCLC®. Through
regulating miR-377-3p-E2F3 signaling pathway,
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ure 1 promoted (the) proliferation of NSCLC cells. A, The colony formation assay showed that the number of

olonies 51gn1ﬁcant1y decreased via silence of ZFASI in H1299 cells. B, The colony formation assay showed that the number
olonies significantly increased via the overexpression of ZFASI in A549 cells. C, The EdU incorporation assay showed
number of EdU-positive cells significantly decreased via silence of ZFAS1 in H1299 cells. D, The EdU incorporation
owed that the number of EdU-positive cells significantly increased via (the) overexpression of ZFASI in A549 cells.
Results represent the average of three independent experiments (mean + standard error of the mean). *p<0.05, as compared
with the control cells.
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miR-193a-3p 3'-ugacccugaaacauCCGGUCAA-5'

ZFAS1-WT 5'-aucucuacacuauuGGCCAGUU-3'

ZFAS1-MUT 5'-aucucuacacuauuCCGGUCAA-3'
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Relative miR-193a-3p expression

tumorigenesis of NSCLC and might act as an
gene. Recently, many reports reveal that In-
cRNAs interact with microRNAs in disease pro-
gression. MiRNA expressions can be activated by
IncRNAs. Moreover, IncRNAs regulate miRNA
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al repression between ZFAS1 and miR-193a-3p. A, The binding sites of miR-193a-3p on ZFASI. B, MiR-
n increas, sh-ZFASI1 group compared with control group. C, MiR-193a-3p expression decreased in

The resultsWpresent the average of three independent experiments. Data are presented as the mean + standard error

by targeting mRNA binding during tumorigen-
esis. For example, IncRNA CAMTALI enhances
cell mobility in breast cancer by targeting miR-
20b . A knockdown of IncRNA TUGI depresses
the cell proliferation and invasion in osteosarco-
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ma via, sponging miR-153'°. Many microRNAs
are abnormally expressed in tumorigenesis. MiR-
193a-3p functions as a tumor suppressor in many
malignant tumors including NSCLC. For exam-
ple, miR-193a-3p suppresses the progression of
colorectal cancer by targeting KRAS!". The cell
proliferation and metastasis of renal cell carci-
noma are regulated by miR-193a-3p'®. Recently,
miR-193a-3p is identified as a tumor suppressor in
lung cancer and inhibits its development of lung
cancer via, targeting KRASY. In this work, we
firstly discovered the interaction between miR-
193a-3p and IncRNA ZFAS1. We found that miR-
193a-3p could directly bind to ZFAS1 through a
dual-luciferase reporter gene assay. In addition,
the miR-193a-3p expression could be suppressed
by upregulating ZFASI, while the down-regulat-
ed ZFASI induced a reverse outcome. Further-
more, the expression of miR-193a-3p was nega-
tively correlated with ZFASI in NSCLC tissues.
It is suggested that ZFASI might promote tum-
origenesis of NSCLC through directly targeting
miR-193a-3p.

4)

5)

Conclusions

We revealed that ZFAS1 was upregulated i¥
NSCLC tissues and could facilitate cell proli
ation in NSCLC through targeti iR-193a-
ZFASI may contribute to th
as a candidate target.
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