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blot analysis was conducted to
CCK-8 assay, wound healing assay and
transwell assay were con
respectively. The interacti

matics analysis. Dual-luci

ancer. A negative correlation was found between TRG-ASI and
e, upregulation of TRG-AS1 promoted cell proliferation and inva-
n of miR-224-5p attenuated the effects of TRG-AS1. The down-
VIAD4 played an important role. In vivo study showed that knockdown of
cffectively retarded tumor growth.

Our data suggested that the TRG-AS1/miR-224-5p/SMAD4 axis may be
otential therapeutic target in lung cancer.
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Introduction

Lung cancer is one of the most prevalent cancers, causing more deaths than all the
other types of cancer combined.' Globally, 12.4% of total new cancer cases are lung
cancer, which has a mortality rate of 17.6%. The 5-year survival rate for lung
cancer in the United States is 15.6%.” Besides environmental factors such as
smoking, dysregulation of cancer-related genes is one major contributor to tumor-
igenesis of lung cancer, and extensive efforts have been made to search for new
therapeutic targets in lung cancer.>*

Protein-coding genes only take up 2% of the human genome and the rest genes
were classified as non-coding genes.”® Long non-coding RNAs (IncRNAs) are
nucleotides longer than 200 nt that lack an open reading frame.” Recent studies
have been exploring the roles of IncRNAs in cancer progression. Aberrant expres-
sion of IncRNAs may be one of the major contributors to tumorigenesis,® such as
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the metastasis-associated lung adenocarcinoma transcript 1
(MALAT1)’ and HOX antisense intergenic RNA
(HOTAIR)." HOXA distal transcript antisense RNA
(HOTTIP)"' and ANRIL'? have been identified as impor-
tant regulators of lung cancer tumorigenesis. With the
development of gene therapy, such as efficient delivery
of siRNAs
lncRNAs,13
IncRNAs has been a promising strategy in cancer

to attenuate the expression of target
the specific suppression of dysregulated

treatment.'*

This study was carried out to characterize the role and
mechanism of the IncRNA T cell receptor gamma locus
antisense RNA 1 (TRG-AS1) in lung cancer. It has been
reported that IncRNA TRG-AS1 stimulates hepatocellular
carcinoma progression by sponging miR-4500 to modulate
BACHI,
competitively binding with miR-877-5p to regulate the

promoting glioblastoma cell proliferation by

expression of SUZ12, a potent driver of oncogenicity of
tongue squamous cell carcinoma through microRNA-543/
Yes-associated protein 1 axis regulation. Our results
showed that TRG-AS1 was highly upregulated in lung
cancer samples. Up-regulation of TRG-AS1 promoted
cancer cell proliferation and invasion. Furthermore, we
observed that miR-224-5p was a target of TRG-A
MiR-224-5p is a recently identified important regulat

15,16

in hepatocellular cancer, colorectal cancg

cancer'® and lung cancer.'” By suppressing
TRG-ASI1 exerted a cancer-promoting rd
the expression of SMAD4, which wa, utal

in lung cancer.

Materials and

Human Specim
approved by the
University Cancer
(No. 65356).

o cancer patients admitted to the afore-
pm May 2012 to September 2014.
Tissue samples were snap-frozen in liquid nitrogen and

lected from 64
mentioned hospita

stored at —80 °C before use. All patients signed the written
informed consent.

Cell Culture and Oligonucleotide

Transfection
Human lung cancer cells, SPC-A-1, A549, H1975, H1299,
and normal human lung epithelial cells BEAS-2B were

obtained from American Type Culture Collection
Company (ATCC; Manassas, VA, USA). Cells were cul-
tured in RPMI-1640 medium (Gibco, Grand Island, NY,
USA) supplemented with 10% fetal bovine serum (FBS;
Gibco), 100 U/mL penicillin (Gibco), and 100 U/mL
streptomycin (Gibco) at a humidified incubator at 37 °C
with 5% CO,. MiR-224-5p inhibitor, miR-224-5p mimic
and the siRNA against TRG-AS1 (Si-TRG-AS1), a short
hairpin RNA plasmid directed against TRG-AS1 (sh-TRG-
ASl1), si-SMAD4 and their controls were purchased from

GenePharm (China). SiRNA oligos were trans-

vitrogen,
to 60%
medium.

: 5-GGCCGTCACTCAATGATTCCG
lUTTGGATGGCATACGCATGA-3'.
imic sense: 5'-
AGUGGUUCCGUU-3;
GUGAUCACCAAGGC-3';
MiR-224-5p inhibitor: 5'-
ACGGAACCACUAGUGACUUA-3".
NC sense: 5'-UUCUCCGAACGUGUCACGUTT-3’;
antisense: 5'~ACGUGACACGUUCGGAGAATT-3'.

antisense:  5'-

BLAST Alignment and Quantitative
RT-PCR

The NCBI’s BLAST was used to search for the targets of
TRG-AS1. Total RNAs
miRNeasy Mini Kit (Invitrogen), followed by checking

were extracted using the

the RNA quantity and purity using a NanoDrop 2000
(Thermo Fisher, Wilmington, DE, USA). The cDNA was
synthesized with 1 pg of RNA samples using SuperMix
(TransGen, Beijing, China). SYBR green qPCR SuperMix
(Applied Biosystems Life Technologies, Foster, CA, USA)
and an ABI prism 7500 Sequence Detection System
(Applied Biosystems Life Technologies) were used for
real-time PCR. The relative expression of each gene was
calculated using the 272" (Ct, cycle threshold) method.
U6 and GADPH were used to normalize the expression
levels of miRNA and IncRNA/target genes, respectively.
TRG-AS1: F: 5-GGAGTCTGCTCTAAGAGCTG-3',
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R: 5'-CAGAGCAAAGATGCTCTGC-3;

miR-224-5p: F: 5-GGTCC TAAGTCACTAG
TGGTTCCGTT-3,

R: 5'-CCAGTGCAGGGTCCGAGGT-3;

SMAD4: F: 5'-

AAAGGTGAAGGTGATGTTTGGGTC-3',
R: 5-CTGGAGCTATTCCACCTACTGATCC-3';
Ué6: F: 5'-CTCGCTTCGGCAGCACA-3,
R: 5'-AACGCTTCACGAATTTGCGT-3;
GAPDH: F: 5-ATGGAAATCCCATCACCATCTT-3/,
R: 5'-CGCCCCACTTGATTTTGG-3".

Luciferase Reporter Gene Assay

The luciferase report system non-viral carrier pmirGLO
plasmid (GenePharm, China) was used to prepare oligo-
nucleotides containing the TRG-AS1 ¢cDNA fragment with
the miRNA binding sites, and the site-directed mutated
TRG-AS1 counterpart. Next, 100 ng plasmids and 200
nmol/L. miR-224-5p mimic or miR-NC mimic and the
luciferase reporter plasmid were used to transfect cells (1
x10° per mL) using Attractene Transfection Reagent
(Qiagen). Relative luciferase activity was quantified
using a luminometer after 48 h. The luciferase activity
was assessed by determining the ratio of fird
Renilla luciferase activity with a dual-luciferase rejg
system (Promega, USA).

RNA Pull-Down
For miRNA pull-down, A549 ¢

NP-40) and 1
(TaKaRa). Total
heated at 65

4 °C for

Trizol (Invitrog®, CA, USA). The expression of TRG-
AS1 was detected by RT-qPCR.

Cell Proliferation Assay

Cell proliferation rates were measured by Cell Counting
Kit-8 (CCK-8; Dojindo, JPN). Briefly, cells were cultured
for 24, 48, 72 or 96 h in 96-well plates and 10 pL. CCK-8
reagent was added. After another 2 h, absorbance at 480
nm was measured using a microplate reader (Bio-rad,

Hercules, CA, USA). Cells (1 x 10* cells per well) were
seeded in a 6-well plate and incubated for 1 week. After
washing with PBS, cells were fixed with 4% formaldehyde
for 15 min and stained for 10-30 min with 2.5% Giemsa.
The colonies were then counted with a diameter of over
100 pm.

Wound Healing Assay and Transwell
Assay

In wound healing assay, cells were cultured to 60% con-

fluence in 6-well plates and a stg e tip was used to

wound gap of 0 h.
lows: migration r

Stern Blot Analysis
lysed by RIPA buffer (Sigma-Aldrich,
St. Louis, MO) and total proteins were extracted. Protein

Cells were

concentrations were detected using BCA assay. Equal
amount of protein samples were separated by electrophor-
esis and then transferred onto PVDF membrane (Millipore,
Bedford, MA). After blocking, the PVDF membrane was
incubated with anti-SMAD4 and anti-GADPH, followed
by incubation with conjugated goat anti-rabbit IgG
(Abcam). Finally, protein bands were viewed using the
ECL detection kit (GenePharm, China).

Flow Cytometry

Firstly, cells (10° cells/mL) were re-suspended in PBS.
After treatment with FITC-Annexin V and propidium
iodide (Becton-Dickinson Biosciences, San Jose, CA,
USA), cells were analyzed using FACScan flow cytometer
(Becton-Dickinson Biosciences).

RIP Assays
RIP assays were conducted using a Magna RNA-binding

protein immunoprecipitation kit (Millipore) following the
manufacturer’s instructions. Briefly, cell lysates were
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incubated with RIP buffer containing magnetic beads con-
jugated with negative IgG or anti-SMAD4 antibody.
Immunoprecipitated RNAs were obtained by digestion
with Proteinase K. Then, RNA samples were reversely
transcribed into complementary DNA and subjected to
quantitative real-time PCR analysis.

Xenograft Experiments

All animal experiments were approved by the Institutional
Animal Care and Use Committee of Fujian Medical
University Cancer Hospital & Fujian Cancer Hospital. The
institutional guideline was followed for the welfare of the
laboratory animals. Tumor-bearing nude mice (18-22 g,
6-week-old, nude 30) were purchased from the Animal
Center of Fujian Hospital. Mice were placed in an animal
laboratory without specific pathogens and the conditions
were: temperature (23 + 2 °C), humidity (52.56 = 2.03%),
standard photoperiod (12 h/12 h light/dark cycle), free
access to food and water. Nude mice were divided into 4
groups with 5 nude mice in each group. Firstly, 13107 A549
cells were transfected with lentivirus mediated sh-TRG-AS1
or sh-NC and then subcutaneously injected into BALB/c-nu
mice. Before injecting the cells, cells were sorted and the
dead cells were removed by trypan blue staining, and
number of living cells was determined by cell count. Cel
were then mixed with Matrigel (Corning, USA) v

Tumor tissue sections fro
dewaxed in xylene, ai
After antigen retrieva
serum (GenePhag

body (1:200; S
Assay Kit @@ gamicctions were incubated in One-
step polymer & on system (ZSGB-BIO, Beijing, China)

for 20 min and cOterstained with hematoxylin.
Statistical Analyses

Data were expressed the as means + standard deviation (SD)
using at least 3 independent experiments. One-way ANOVA
or two-tailed Student’s #-test, followed by LSD post hoc test
was used for comparison between groups. The Pearson ana-
lysis was used for correlation analysis. The Kaplan—-Meier
method followed by Log rank test was used for survival
analysis. P < 0.05 was considered as statistically significant.

Results
TRG-AS| Was Upregulated in Lung

Cancer

To explore the role of TRG-ASI in lung adenocarcinoma,
the expression levels of TRG-AS1 in tumor and normal
tissues from 64 patients with stage I-II lung adenocarci-
noma were determined using qRT-PCR analysis. As shown
in Figure 1A, the expression levels of TRG-AS1 were
significantly higher in tumor tissues than that in normal
tissues (p < 0.05, n = 64). To correlate the expression of

AS1 (p = 0.05,
results showe

expression of TRG-AS1 and
stage (Tables 1 and 2).

f TRG-ASI Inhibited
n, Migration and Invasion of

ncer Cells

nalysis of the expression levels of TRG-ASI1 in lung
enocarcinoma cell lines confirmed that upregulation of
RG1-AS1 was also found in A529, H1299, H1975 and
SPC-1A-1 cells (Figure 2A). Because A549 and H1299
cells showed higher expression levels of TRG-AS1, these
two cells lines were selected for subsequent experiments.
Three small-interfering RNAs (siRNAs) against TRG-AS1
(si-TRG-AS1-1, si-TRG-AS1-2 and si-TRG-AS1-3) were
designed to evaluate the effects of knockdown of TRG-
AS1 on lung cancer cells. Si-TRG-AS1-3 was demon-
strated to have the highest knockdown efficiency and
was used in further knockdown studies (p < 0.05)
(Figure 2B). It showed that knockdown of TRG-ASI
effectively reduced cell proliferation, colony formation,
migration and invasion of A549 and H1299 cells (p <
0.05) (Figure 2C-F). These results indicated the anti-
cancer role of knockdown of TRG-ASI1 in vitro.

MiR-224-5p Was an Inhibitory Target for

TRG-ASI
BLAST alignment indicated that TRG-AS1 had
a binding site with miR-224-5p (Figure 3A). We used
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Figure | TRG-ASI| was upregulated in lung adenocarcinoma. (A) qRT-PCR anal
adenocarcinoma patients. (B) Histogram of TRG-ASI levels in patients which was use

d H1229 cells (p < 0.05)
oreover, knockdown of TRG-AS1 ele-
vated the ex{W@gsion levels of miR-224-5p, and this
effect could be abolished by 224-5p-inhibitor. On the
other hand, pcDNA3.1-TRG-AS1 transfection inhibited
the expression of miR-224-5p, and this effect could be
reversed by 224-5p-mimic (p < 0.05) (Figure 3D). For
the effect of miR-224-5p on TRG-ASI1, it was found
that 224-5p inhibitor significantly promoted the expres-
sion of TRG-ASI1, while 224-5p mimic played an

(Figure 30

12 24 3 48 60

of TRG-ASI
subgroup the

ession in tumor tissues and normal tissues from 64 lung
ents into high TRG-ASI| expression group and low TRG-AS|
epeated 3 times. *p < 0.05.

opposite role, which could be reversed by overexpres-
sion of TRG-ASI1 (p < 0.05) (Figure 3E).

MiR-224-5p Inhibited Proliferation,
Migration and Invasion of Lung Cancer

Cells
CCK-8 assay (Figure 4A),
(Figure 4B), scratch wound (Figure 4C) and transwell

colony formation assay

assay (Figure 4D) were conducted to explore the role of
TRG-AS1 or miR-224-5p in A549 and H1299 cells. The
results showed that overexpression of miR-224-5p could
inhibit cell proliferation (p < 0.05) (Figure 4A), colony
formation (p < 0.05) (Figure 4B), migration (p < 0.05)
(Figure 4C) and invasion (p < 0.05) (Figure 4D), and these
effects could be abolished by overexpression of TRG-AS1
(p < 0.05) (Figure 4A-D). It was also shown that 224-5p
inhibitor significantly promoted cell proliferation (p < 0.05)
(Figure 4A), colony formation (p < 0.05) (Figure 4B),
migration (p < 0.05) (Figure 4C) and invasion (p < 0.05)
(Figure 4D). However, these roles could be reverse by
knockdown ofTRG-AS1 (p < 0.05) (Figure 4A-D).

OncoTargets and Therapy 2021:14

https:

4419

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

Table | Correlation Between TRG-AS| Expression and Lung
Adenocarcinoma Patients

Variables Low TRG-ASI High TRG-ASI| P value
Age (yrs) 57.248.6 59.1£9.0 0.270
Gender 0.468
Male 16 (51.6%) 18 (54.5%)

Female 15 (48.4%) 15 (45.5%)

Location 0.623
Left 14 (45.2%) 14 (42.4%)

Right 17 (54.8%) 19 (57.6%)

Tumor TNM stage 0.028
| 17 (54.8%) 11 (33.3%)

Il 12 (38.7%) 18 (54.5%)

1] 2 (6.5%) 4 (12.1%)

T stage 0.060
Tl 17 (54.8%) 13 (39.4%)

T2 12 (38.7%) 16 (48.5%)

T3 2 (6.5%) 2 (6.1%)

T4 0 (0%) 2 (6.1%)

N stage 0.011
NO 21 (67.7%) 13 (39.4%)

NI 9 (29.0%) 17 (51.5%)

N2 I (3.2%) 3 (9.1%)

TRG-ASI| and miR-224-5p

on the Apoptosis of Lun
Since promoting cell apoptos
approaches associated with

Table 2 Cox Multivariate Regression Analysis

Factors P value HR 95% CI

LINCO00842 expression 0.015 1.538 1.050-2.274
Age 0.222 1.765 0.603—4.656
TNM stage 0.007 1.652 1.108-3.052
T stage 0.530 1.324 0.587-2.832
N stage 0.048 1.572 1.001-2.384

Abbreviations: HR, hazard ratio; Cl, confidence interval.

among the transfection with si-TRG-AS1, 224-5p inhibitor
and the combination of si-TRG-AS1 plus 224-5p inhibitor.

SMAD4 Was a Downstream Target for
miR-224-5p and as Regulated by the
TRG-AS|/miR-224-5p Complex

RIP was performed to detect the interaction between miR-
224-5p and SMADA4. It was shown that miR-224-5p could be
precipitated by SMAD4 antibody but not IgG (p < 0.01)
(Figure 6A). Moreover, compared to normal tissue, tumor
RG-AS1 had

tissues with elevated expression le

4-5p was also detected and knockdown or
ression of SMAD4 had no effect on the expression of
(Figure 6D).

nockdown of TRG-AS| Inhibited Tumor

rowth

To explore the effect of knockdown of TRG-AS1 on tumor
growth, tumor cells transfected with lentivirus mediated
sh-TRG-AS1 or sh-control were injected into mice. Firstly,
successful knockdown of TRG-AS1 in tumors was con-
firmed by RT-gPCR (p < 0.05 at 8 weeks, n = 6)
(Figure 7A). Meanwhile, a relative higher expression
levels of miR-224-5p was observed in sh-TRG-ASI
tumors (p < 0.05 at 8 weeks, n = 6) (Figure 7B). In
additional, tumor volume of Lv-sh-TRG-AS1 group was
much lower than that of the control group (p < 0.05 at 8
weeks, n = 6) (Figure 7C). Moreover, tumor transfected
with Lv-sh-TRG-AS1 was associated with low expression
levels of Ki67 as revealed by immunohistochemistry (p <
0.05 at 8 weeks, n = 6) (Figure 7D), suggesting the
potential role of knockdown of TRG-AS1 in inhibiting
tumor cell proliferation and metastasis abilities. Finally,
the expression levels of SMAD4 in sh-TRG-AS1 or sh-
control tumors were analyzed, and the results showed that
SMAD4 was downregulated in sh-TRG-AS1 tumor (p <
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observed in apoptotic cell ratio of the cells transfected with si-TRG-ASlor 224-5p inhibitor compared with control. All experiments were repeated 3 times.
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Figure 6 Overexpression of TRG-AS| promoted the expression levels of SMADA4. (A)
expression of SMAD4 in normal tissue, low TRG-ASI level tissue and high TRG-ASI

in vivo.

Discussion
Previous studies
cantly upreg

, which is consistent with the
observation upregulation of specific IncRNAs, such
as MALAT1,” M®TAIR,'® HOTTIP'! and ANRIL,'? was
linked to adenocarcinoma, giving the potentiality for
applying TRG-AS1 as a biomarker for lung cancer diag-
nosis and therapy. These IncRNAs have been shown to
enhance tumorigenesis by promoting cell proliferation,
migration, invasion as well as inhibiting apoptosis.*® Our
results also showed that upregulation of TRG-AS1 might
serve as a potential diagnostic marker of lung cancer,
which would require further validation in lung cancer

W 224-5p-inhibitor
M Si-TRG-AS1+224-5p-inhibitor
B pcDNA3.1
Em pcDNA3.1-TRG-AS1
NC-miRNA
= 224-5p mimic
== pcDNA3.1-TRG-AS1+224-5p mimic

3 Si-NC
Si-TRG-AS1

mm NC-inhibitor

B 224-5p-inhibitor

ct the interaction between TRG-AS| and miR-224-5p. (B) The
expression of SMAD4 in A549 and H1229 was evaluated by
periments were repeated 3 times. *p < 0.05; **p < 0.01.

evels of TRG-AS1 were elevated in lung adenocar-
cinoma cell lines. With the knockdown of TRG-AS1, the
proliferation, invasion and migration abilities of lung can-
cer cells were reduced substantially, confirming the indis-
pensable role of TRG-ASI in the aggressive progression
of lung cancer.

Extensive studies have found that miRNAs may function
as oncogenes or tumor suppressors in different cellular pro-
cesses during tumor formation.?' In the present study, we
found that TRG-ASI interacted with miR-224-5p and thus
suppressively regulated miR-224-5p. On the other hand,
miR-224-5p also inhibited the expression of TRG-AS1, indi-
cating an inhibitory post-transcriptional regulation of miR-
224-5p to TRG-AS1. MiR-224 has been reported to be
upregulated in several solid tumors including hepatocellular
carcinoma'>'® colorectal cancer,'” breast cancer'® and lung
cancer.'® Previous studies showed that miR-224 was
involved in the pathogenesis of lung cancer through direct
targeting of CASP3 and CASP7. Several pathways are
involved in the signaling of miR-224-5p. One of the recently
reported pathways that have been established for NSCLC
was the NF-kB/p65 signaling pathway.'® In this study, we
found that miR-224-5p was a suppressive regulator in lung
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Figure 7 Knockdown of TRG-ASI inhibited tumor growth in vivo. (A) The expression of
was detected by RT-qPCR. (B) The expression of miR-224-5p in mice tumor tissues infecte

AS1 and miR-224-5
what has been Q&

through cell apop
SMAD4 is a

Previous studies have also confirmed that SMAD4 is
23,24

Mative oncogene in lung cancer.?

a downstream target of miR-224-5p, and there was
an interaction between miR-224-5p and SMAD4 in
tumor.**°> Our study suggested that TRG-AS1 might
mediate lung cancer development by regulating the miR-
224-5p/SMAD#4 axis. Firstly, we verified that miR-224-5p
could interact with SMAD4. Furthermore, we also found

Lv-sh-control

Lv-sh-control
Lv-sh-TRG-AS1

r tissues infected with Lv-sh-control or Lv-sh-TRG-ASI
Lv-sh-TRG-AS| was detected by RT-qPCR. (C) Tumor
ern blots analysis of SMAD4 expression (E) and SMAD4

t the expression levels of SMAD4 were elevated along
ith the increasing of the expression levels of TRG-AS1
lung cancer tissues and could be suppressed by si-TRG-
AS1 and 224-5p mimic in lung cancer cells. Also, we
explored the roles of TRG-AS1 in tumor growth, the
expression of Ki67 and SMAD4 in vivo. We found that
lung tumors infected with sh-TRG-AS1 significantly
inhibited tumor growth including reduced tumor volume
and the expression levels of Ki67. Moreover, the expres-
sion levels of miR-224-5p and its downstream target
SMAD4 were elevated in sh-TRG-ASI infection tumor,
indicating the significance of knockdown of TRG-ASI1 in
prohibiting lung cancer progression.

Conclusion

In summary, our study is the first to characterize the
cancerogenic role of TRG-ASI1 in lung cancer and demon-
strate that knockdown of TRG-AS1 was a potential
approach for prohibiting lung cancer progression in vitro.
However, further investigations are needed to develop
TRG-AS1 as a therapeutic target for lung cancer in clinic.
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