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Background: Follistatin-like 3 (FSTL3) binds and inactivates activin, a growth factor with
cell growth and differentiation. Previous studies reported that it is overexpressed in invasive
breast cancers, and its expression and function in non-small cell lung cancer (NSCLC)
remain unclear.

Materials and Methods: Immunohistochemistry was employed to probe the expression of
FSTL3 in NSCLC tissues. Real-time PCR (RT-PCR) was applied to detect the expression of
IncRNA DSCAM-AS1 and miR-122-5p. A549 cells and H1299 cells were used as cell
models. The biological influence of FSTL3 on cells was studied using CCK-8 assay, wound
healing assay and transwell assay in vitro, respectively. In vivo subcutaneous xenotrans-
planted tumor model and tail vein injection model in mice were also constructed to validate
the roles of FSTL3. Interactions between miR-122-5p and FSTL3, DSCAM-ASI1 and miR-
122-5p were determined by bioinformatics analysis, RT-PCR, and dual-luciferase reporter
assay.

Results: FSTL3 and DSCAM-AS1 were remarkably up-regulated in NSCLC samples, and
miR-122-5p was down-regulated. FSTL3 was associated with worse prognosis of NSCLC
patients. FSTL3 knockdown markedly inhibited the viability, migration and invasion of
NSCLCs in vitro and in vivo. DSCAM-ASI1 could down-regulate miR-122-5p via sponging
it, and FSTL3 was a target gene of miR-122-5p.

Conclusion: Taken together, our study identified that FSTL3 was a new oncogene of
NSCLC, which was regulated by DSCAM-ASI1 and miR-122-5p. These findings suggested
that FSTL3, DSCAM-AS1 and miR-122-5p might serve as a new valuable therapeutic target
for NSCLC.
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migration

Introduction

Lung cancer is the most common tumors with the highest morbidity and mortality
in the world. Non-small cell lung cancer (NSCLC) accounts for about 85% of all
lung cancer cases.! NSCLC often has no obvious clinical manifestations at the early
stage, leading to the difficulty in early diagnosis. In addition, lymph node and
distant organ metastasis are very likely to occur in NSCLC.? In recent years,
although great progress has been made in diagnosis and treatment, the 5-year
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survival rate of NSCLC patients is still less than 15%.’
Therefore, it is of great significance to clarify the mechan-
ism of the occurrence and progression of NSCLC, and to
find novel therapy targets.

Follistatin-like 3 (FSTL3) (also FSRP or FLRG), is
a member of the FSTL family.* FSTL3 is a novel cytokine
that regulates insulin sensitivity and counteracts activin or
myostatin signaling. Recent study shows that FSTL3 is
involved in regulating glucose and fat homeostasis,” testi-
cular aging and testicular size,° bone remodeling,’
osteoarthritis® and other physiological process or diseases.
Additionally, FSTL3 has also been found to regulate the
progression of tumors. For example, FSTL3 is overex-
pressed in invasive breast cancer and can promote the
proliferation of tumor cells by antagonizing endogenous
activators.” However, its expression and biological func-
tion in NSCLC are unknown to date.

Long non-coding RNA (IncRNA) is a kind of non-
coding RNA with a length of over 200 nucleotides and
has no protein-coding function. However, it can regulate
protein expression through epigenetics, transcription and
post-transcriptional level.'® Previous studies have shown
that abnormal IncRNA expression has impacts on the
occurrence and progression of NSCLC.'"'? A recent
study reported that DSCAM-ASI can act as an oncogene
in NSCLC by targeting BCL11A, and DSCAM-ASI1 over-
expression can promote proliferation and migration of
NSCLC cells."* Among non-coding RNA molecules, in
addition to IncRNA, there is also a kind of non-coding
RNA molecules — microRNA (miRNA), a class of highly
conserved short non-coding RNA molecules with a length
of about 22 nucleotides, which have important biological
regulation capabilities."* As a member of miRNAs, miR-
122-5p has abnormal expression in tumors and is of great
importance in the occurrence and progression of tumors.
A previous study has proven that miR-122-5p is down-
regulated in gastric cancer tissues and cells and inhibits the
migration and invasion of gastric cancer cells by regulat-
ing DUSP4."° Additionally, miR-122-5p is under-
expressed in NSCLC, which can regulate the epithelial—
mesenchymal transition (EMT) of NSCLC cells.'®!”

This study explored the biological function of FSTL3
in NSCLC. We proved that FSTL3 expression was up-
regulated in NSCLC, and overexpression of FSTL3 could
promote proliferation and metastasis of NSCLC, while
knockdown of FSTL3 played an opposite role. In addition,
we also investigated the mechanism of dysregulation of

FSTL3 in NSCLC. We demonstrated a competing

endogenous mechanism that FSTL3 was a target gene of
miR-122-5p,
DSCAM-ASI.

and could be indirectly regulated by

Materials and Methods

Tissue Samples

Sixty patients with NSCLC who underwent surgical treat-
ment in our hospital from 2015 to 2018 were enrolled.
Cancer tissue samples and adjacent normal tissues were
taken for pathological examination after the operation. The
age of patients ranged from 26 to 70 years, including 28
males and 32 females. All patients involved gave informed
consent to the study and signed a written consent form,
and that this was conducted in accordance with the
Declaration of Helsinki. All specimens were immediately
removed and stored in liquid nitrogen at —196°C for RNA
extraction and other experiments. The collection and use
of patient tissue samples were approved by the Ethics
Committee of Zhejiang Provincial People’s Hospital. All
procedures in the protocol were in compliance with the
guidelines of the Animal Welfare Act, the Guide for the
Care and Use of Laboratory Animals, and the Office of
Laboratory Welfare.

Cell Culture

The normal bronchial cell line 16HBE and NSCLC cell
lines (A549, NCI-H460, H1299, L9981 and NCI-H292)
were purchased from Cell center of Chinese Academy of
Sciences (Shanghai, China). The cells were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco,
Grand Island, New York) supplemented with 10% fetal
bovine serum (FBS; Gibco, Life Technologies, Carlsbad,
CA) in a constant temperature incubator at 37°C and in 5%
CO, and saturated humidity.

Cell Transfection

FSTL3 overexpression plasmids, sh-FSTL3 lentivirus
infection, DSCAM-AS1 overexpression plasmids, miR-
122-5p mimics or inhibitors, and corresponding negative
control groups were all constructed by Shanghai Jikai
Ltd.
Shanghai, China). Human lung cancer cells A549 and

Genochemical Technology Co., (Genechem,
H1299 in logarithmic growth phase were selected and
trypsinized to adjust the cell concentration to 1 x 10%/L.
0.5 mL was inoculated in a 24-well culture plate at 37°C
and cultured in a constant temperature incubator until the

cell adhesion coverage rate reached 70~90%. The cells
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were washed in serum-free medium for 2 times and then
washed in DMEM medium for 2 times. 400 pL serum-
free DMEM medium was added to continue culture.
3000
ThermoFisher Science, Inc.) was applied according to

Subsequently,  Lipofectamine (Invitrogen;
the supplier’s instructions. The recombinant plasmid
was transfected into AS549 cells, H1299 cells and
HEK293T cells. The transfection efficiency was detected
by qRT-PCR. The cells were incubated at 37°C and 5%

CO, for 24 hrs, pending further analysis.

Immunohistochemistry (IHC)

Paraffin sections were dewaxed routinely and hydrated
with gradient ethanol. Sections were xylene dewaxed,
dehydrated and rehydrated. Then, the sections were incu-
bated with primary antibody Anti-FSTL3 (Abcam,
ab86055, 1:2000) overnight and secondary antibody for
30 mins at room temperature, respectively. Subsequently,
the sections were rinsed thoroughly with PBS solution.
Following that, DAB (Beijing Airan Biotechnology Co.,
Ltd.) was employed to terminate the reaction after the
color was developed. The scoring standard of immunohis-
tochemistry was completed by the pathologists from the
Department of Pathology in our hospital.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)

Total RNA was extracted from A549 and H1299 lung cancer
cells by TRIzol method, and genomic DNA was removed by
deoxyribonuclease 1. According to the operation procedure
of Taqman® reverse transcription kit (Thermo Fisher,
Shanghai, China), RNA was reverse-transcribed to obtain
cDNA. After the reaction, PCR was used to further amplify
the cDNA with SYBR Green Master Mix (Roche, Shanghai,
China). Primer sequences of each molecule were as follows:
FSTL3 positive primer: 5-CTGGGATCCTGAGCACGTAT
-3'. Reverse primer: 3'-GCCAGGGTCCAATGTTTCTA-5'".
miR-122-5p forward primer: 5 ‘-GGGGTGGAGTGTGAC
AATG-3'. Reverse primer: 5'-CAGTGCGTGTCGTGGAGT
-3'. DSCAM-ASI forward primer: 5'-CCTATCCCTTTCT
CTAAGAA-3'; Reverse primer: 5-ACTTCTGCAAA
AACGTGCTG-3'. GAPDH forward primer: 5'-CCAGGG
CTGCTTTTAACTCT-3"; Reverse primer: 5'-GGACTCCA
CGACGTACTCA-3". U6 forward primer: 5'-GCTCGCTTC
GGCAGCCACA-3"; Reverse primer: 5-AACGCTTCAC
GAATTTGCGT-3". The relative expressions of the genes

were measured with 272! method.

CCK-8 Method

A549 and H1299 cells in logarithmic growth phase were
taken and trypsinized with trypsin. After the cell density was
adjusted to 2 x 10%/mL, cells were inoculated into 96-well
plate with 100 pL cell suspension per well. After that, 96-well
plate was placed in incubator for further culture. After 24 hrs,
10 uL CCKS8 kit (Beyotime Biotechnology, Hangzhou, China)
was added and incubated in an incubator for 1 hr. After
termination of culture, 96-well plates were placed in an
microplate reader to determine the optical density (OD)
value of each well at 450 nm wavelength. Similarly, the OD
value of cells was measured at 48, 72 and 96 hrs, respectively.

Immunofluorescence

Cells were inoculated into the 24-well plates. 200 pL 5
umol/L Edu solution was added to each well, the cells
were incubated for 2 hrs and then washed with PBS. After
that, the cells were fixed with paraformaldehyde and incu-
bated at room temperature for 10 mins. Afterwards,
200 pL 2mg/mL Glycine was added and incubated for 5
mins and washed with PBS on a shaking bed for 5 mins.
Then, 100 pL. PBS containing 0.5% TritonX-100 was
added into each well for 10 mins. After that, Cell-
Light™ EdU Apollo®488 In Vitro Imaging Kit (RiboBio,
Guangzhou, China) was used to stain the cells in dark for
30 mins, and 1 x Hoechst 33342 DNA-staining solution
(Beyotime Biotechnology, Hangzhou, China) was added
and incubated at room temperature in dark for 20 mins.
After that, cells were washed with PBS and the fluorescent
signal was observed under a fluorescence microscope.

Transwell Assay

Transwell assay was used to detect the migration A549
and H1299 cells. 2 x 10* cells suspended in serum-free
upper
chamber, and 600 pL medium containing 20% FBS were
added into the lower chamber, and cultured at 37°C. After
12 hrs, the cells failing to migrate were removed, and the

medium were seeded into Transwell chamber’

migrated cells were fixed with 4% paraformaldehyde and
stained with 0.1% crystal violet. After washing and drying,
the migrated cells were photographed and counted.

Luciferase Reporter Assay

Luciferase reporter gene assay was conducted to verify the
targeting between miR-122-5p and DSCAM-ASI or 3'-UTR
of FSTL3. The wild type (WT) DSCAM-ASI sequence or
the WT 3’-UTR fragment from FSTL mRNA including the
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predicted binding site of miR-122-5p were amplified and
inserted into the pmirGLO dual-luciferase vector (Promega,
Madison, W1, USA) to construct the report vector pmirGLO-
DSCAM-ASI-WT or pmirGLO-FSTL3-WT. GeneArt™
Site-Directed Mutagenesis PLUS System (cat. no. A14604,
Thermo Fisher Scientific, Inc.) was used to mutate the pre-
sumed binding site of miR-122-5p in DSCAM-AS1 or
FSTL3 3'-UTR. Mutant (MUT) DSCAM-ASI or FSTL3 3'-
UTR were inserted into pmirGLO vector to form report
vector pmirGLO-DSCAM-AS1-Mut or pmirGLO-FSTL3-
Mut. The corresponding reporter vectors and miR-122-5p
or NC mimics were co-transfected into HEK293T cells and
incubated for 48 hrs. Luciferase activity was then measured
using Dual-Luciferase Reporter Assay System (Promega,
Madison, WI, USA).

RNA-Binding Protein

Immunoprecipitation

RIP experiments were conducted according to the instruc-
tions of the manufacturer of Magna RNA-binding protein
(Millipore, Life
Shanghai, China). The cultured cells were pre-lysed to

immunoprecipitation kit Science,
obtain whole-cell extracts, and the supernatants were col-
lected for immunoprecipitation by adding the cleavage
buffer containing protease inhibitors and RNase enzyme
inhibitors. The lysate was incubated overnight with protein
A Sepharose magnetic beads (8 p g, MAS5-23515,
Invitrogen) combined with anti-Ago2 antibody at 4°C.
Next, the magnetic beads were washed and protease
K was used to separate the immunoprecipitated RNA.
Anti-IgG (ab6715, Abcam, Cambridge, UK) was also
used as control. Then, qRT-PCR was conducted to detect
the enrichment of the molecules.

Western Blot Method

Cells were added with RIPA lysate containing 1% PMSF to
extract the total protein. After sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, the protein samples
were separated. After that, protein was electrotransferred to
polyvinylidene fluoride membrane. Then, the membrane was
blocked with 5% skim milk at room temperature for 1 hrs,
washed with TBST for 3 times, and then incubated overnight
with primary antibodies including anti-FSTL3 (Abcam,
ab86055, 1:1000) and anti-GAPDH (Abcam, ab8245,
1:3000) at 4°C. After washing with TBST again, the mem-
brane was incubated with secondary antibody labeled with
HRP for 1 hr at room temperature. Then, TBST was used to

wash the membranes for 3 times. Ultimately, ECL reagent
(Millipore, Shanghai, China) was used to show the bands.

Nude Mice Study

All animal experiments were approved by the Animal Care and
Use Committee of Zhejiang Provincial People’s Hospital.
Female BALB/c nude mice (4 weeks old) were purchased
from Topbiotech Biotechnology Co., Ltd. (Shenzhen, China).
Mice were randomly divided into sh-NC group and sh-FSTL3
group with 10 mice in each group. NSCLCs (1 x 107 cells) of
the two groups were subcutaneously injected into the back of
mice, respectively, and the volume of tumors was monitored
every 7 days. On the 35th day after injection, mice were
sacrificed, xenografted tumors were removed and weighed.
In the lung metastasis study, 1x107 cells in the two groups
were injected into caudal vein of 10 mice, respectively. Two
weeks later, mice were sacrificed and lung metastasis was
evaluated by hematoxylin-eosin (HE) staining.

Statistical Analysis

SPSS 17.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used to analyze the data. The measurement data were
expressed as mean = standard deviation (x+s). Student’s #test
was used for comparison between two groups. The data of
counting data were expressed by four-grid table (or percen-
tage), and the difference between the two groups was analyzed
by y*. The difference was statistically significant with
P <0.0s.

Results
The Expression of FSTL 3 Were
Up-Regulated in NSCLC

To preliminarily explore the expression characteristics of
FSTL3 in NSCLC tissues, we used qRT-PCR to detect the
expression of FSTL3 mRNA in NSCLC tissues and adja-
cent non-cancerous lung tissues. As shown, FSTL3 was
significantly up-regulated in NSCLC tissues (Figure 1A).
In addition, the expression of FSTL3 in NSCLC cell lines
was detected by qRT-PCR and Western blot. It showed the
levels of FSTL3 mRNA and protein in NSCLC cell lines
were significantly higher than those in 16HBE cells
(Figure 1B and C). Subsequently, we used IHC to examine
FSTL3 expression in 60 pairs of NSCLC tissues and
corresponding non-cancerous lung tissues. As shown,
FSTL3 expression was up-regulated in most NSCLC
patients (75%, 45/60) (Figure 1D). These results implied
the cancer-promoting effect of FSTL3 in NSCLC.
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Figure | FSTL3 was up-regulated in both mRNA and protein levels in NSCLC. (A) FSTL3 expression in NSCLC tissues and normal tissues was detected by RT-qPCR. (B)
FSTL3 expression levels in normal bronchial cells 16HBE and 5 NSCLC cell lines were detected by RT-qPCR. (C) The expression of FSTL3 in normal bronchial |6HBE cells

and 5 NSCLC cell lines was detected by Western blot. (D) The expression of FSTL3 in
*#4P<0.001.

FSTL3 Expression Was Correlated with

Multiple Clinicopathological Features and
Survival Rate of NSCLC Patients

To clarify the role of FSTL3 in the occurrence and progres-
sion of NSCLC, we then used the above-mentioned 60
NSCLC samples to analyze the correlation between
FSTL3 expression and various pathological indicators of
NSCLC patients (Table 1). Chi-square test indicated that
high expression of FSTL3 in tumor tissues was significantly
correlated with local lymph node invasion (P=0.0395) and
increased T staging (P=0.0020) in NSCLC patients, but not
significantly correlated with age, gender, smoking history,
tumor type and tumor differentiation (P>0.05). In addition,

NSCLC and adjacent tissues was detected by immunochemistry. ¥P<0.05, **P<0.01,

Kaplan-Meier analysis was performed using TCGA data
with online database Gepia (http:/gepia.cancer-pku.cn/),

and we demonstrated that the overall survival time and
disease-free survival time of patients (both adenocarcinoma
and squamous carcinoma) with higher FSTL3 expression
were shorter than those with lower FSTL3 expression
(Figure 2A-D). These outcomes implied that FSTL3 may
promote the occurrence and metastasis of NSCLC.

FSTL3 Regulated NSCLC Cell

Proliferation and Metastasis in vitro
After FSTL3 was detected to be significantly up-regulated
in NSCLC tissues and cell lines, we will explore its
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Table | Relationship Between FSTL3 Levels and Clinical
Characteristics of NSCLC (N=60)

Characteristics Number | FSTL3 Chi- p value
Expression Squared
. Value
High | Low

Age
>60 21 7 14 29109 0.0880
<60 39 22 17

Gender
Male 28 15 13 0.5768 0.4476
Female 32 14 18

Smoking history
Smoker 19 12 7 2.4470 0.1178
No smoker 41 17 24

T stage
TI-T2 31 9 22 9.5680 0.0020
T3-T4 29 20 9

Lymph Invision
NO k]| il 20 4.2406 0.0395
NI-N2 29 18 I

Histology
Squamous cancer | I3 7 6 2.9623 0.2274
Adenocarcinoma | 26 15 I
Others 21 7 14

Histology Grade
Well 21 13 8 3.1750 0.2044
Moderate 18 6 12
Poor 21 10 I

function in NSCLC cells. H1299 and A549 cell lines were
selected and we successfully construct FSTL3 knoc
kdown model and overexpression model, respectively
(Figure 3A). On this basis, the proliferation ability of the
above cells was tested by CCK-8 assay and Edu assay. The
proliferation ability of the FSTL3 knockdown group was
significantly impeded compared with the sh-NC group in
H1299 cells. On the contrary, FSTL3 overexpression
facilitated the proliferation of A549 cells (Figure 3B and
C). Additionally, we tested the effect of FSTL3 on cell
metastasis by Transwell experiment. The results showed
that compared with control group, FSTL3 over expression
significantly promoted the migration of A549 cells.
Meanwhile, compared with control group, the migration
of H1299 cells with FSTL3 knocked down was signifi-
cantly reduced (Figure 3D). Collectively, these data indi-
cated that FSTL3 could promote the malignant phenotypes
of NSCLC cells.

Inhibition of FSTL3 Could Inhibit Tumor

Growth and Metastasis in vivo

To work out whether FSTL3 affects tumor growth and
metastasis in vivo, we constructed stable cell lines with low
expression of FSTL3 wusing lentiviral vectors system
(Figure 4A). On this basis, a subcutaneous tumor model
was established with nude mice. As shown, the volume of
tumors formed by H1299/sh-FSTL3 cells was smaller than
that formed by H1299/sh-NC cells (Figure 4B). Consistently,
after the mice were sacrificed, the weight of tumors in
H1299/sh-FSTL3 group was remarkably lower than H1299/
sh-NC cells (Figure 4C). To further determine the effect of
FSTL3 knockdown on tumor metastasis in vivo, H1299/sh-
FSTL3 and H1299/sh-NC cells were transplanted into the
lateral caudal vein of nude mice, respectively. Two weeks
later, mice were killed and lung metastases were examined
by HE stain. As shown, the number of lung metastases in
mice injected with H1299/sh-FSTL3 cells decreased signifi-
cantly (Figure 4D). Eight out of 10 mice in the control group
showed severe lung metastasis, the incidence of which was
significantly higher than that of H1299/sh-NC group (1/10)
(Figure 4E). These results further validated FSTL3 exerted
an important role in the growth and metastasis of NSCLC.

FSTL3 Was a Target Gene of miR-122-5p

In order to elucidate the upstream mechanism of FSTL3
regulating NSCLC phenotypes, we conducted bioinfor-
matics analysis through the StarBase database (http://
www.starbase.sysu.edu.cn/). The data showed that FSTL3
contained target sites of miR-122-5p (Figure 5A). We
measured the expression of miR-122-5p in NSCLC tissues

and cell lines. We found that the expression of miR-122-5p
in NSCLC tissues and cell lines was significantly lower
than that in normal tissues and cells (Figure 5B and C). To
further verify whether miR-122-5p was indeed a target of
FSTL3, we transfected miR-122-5p mimics and inhibitors
into H1299 and A549 cell lines, respectively, and qRT-
PCR showed that the expression level of FSTL3 mRNA in
H1299 cells and A549 cells were down-regulated and up-
regulated, respectively (Figure 5D). RIP assay showed that
the miR-122-5p coexisted with FSTL3 in NSCLC
(Figure 5E). In addition, the activity of luciferase of wild
type pGL3-FSTL3 vector was decreased by miR-122-5p
mimics, but the effect of miR-122-5p mimics on mutant
pGL3-FSTL3 vector was not significant (Figure 5F). We
concluded that miR-122-5p could bind directly to FSTL3
mRNA at the recognition site. Importantly, we also
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Figure 2 The expression of FSTL3 was related to the survival rate of NSCLC patients. (A) High FSTL3 levels reduced overall survival rate in LUAD patients. (B) High FSTL3 levels reduced
overall survival rate in LUSC patients. (C) High FSTL3 levels reduced disease-free survival rate in LUAD patients. (D) High FSTL3 levels reduced disease-free survival rate in LUSC patients.

Abbreviations: LUAD, lung adenocarcinoma; LUSC, lung squamous carcinoma.

demonstrated that the expression of FSTL3 in NSCLC
samples was negatively correlated with the expression
level of miR-122-5p (Figure 5G). These results supported
that FSTL3 could be negatively regulated by miR-122-5p.

miR-122-5p Reversed the Effects on NSCLC
Cells Induced by FSTL3 Overexpression

In order to further verify the interaction between FSTL3 and
miR-122-5p, and to explore the importance of miR-122-5p

in regulating NSCLC progression, we overexpressed
miR-122-5p in NSCLCs stably overexpressing FSTL3
(Figure 6A). We found that miR-122-5p overexpression
significantly impeded cell proliferation and migration com-
pared to the control group. Compared with the FSTL3
group, the overexpression of miR-122-5p weakened the
effect of overexpression of FSTL3 on the proliferation and
migration of NSCLC cells (Figure 6B and C). In addition,
miR-122-5p inhibitors promoted the expression of FSTL3
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Figure 3 FSTL3 regulated proliferation and metastasis of NSCLC cells in vitro. (A) After overexpression or knockdown of FSTL3, FSTL3 expression was detected by qRT-
PCR. (B) The effects of FSTL3 overexpression or knockdown on the proliferation of A549 (left) and H1299 (right) cells were determined by CCK-8 assay. (C) The effects of
FSTL3 overexpression or knockdown on the proliferation of A549 (left) and HI299 (right) cells were determined by Edu staining. (D) Cell migration was examined by

Transwell assay. *P<0.05, **P<0.01, ***P<0.001.

(Figure 6D). miR-122-5p inhibitors also promoted cell pro-
liferation and migration compared to the control group;
compared with the FSTL3 knockdown group, inhibition of
miR-122-5p weakened the effect of knockdown of FSTL3
on proliferation and migration of NSCLC CELLS (Figure
6E and F).

DSCAM-ASI| Functioned as ceRNA to
Regulate FSTL3 by Targeting miR-122-5p

As mentioned above, it was confirmed that the expression of
FSTL3 could be regulated by miR-122-5p. Then, we tried to
further explore the upstream regulatory mechanism of

miR-122-5p. Bioinformatics prediction indicated that
DSCAM-ASI could probably target miR-122-5p (Figure 7A).
By qRT-PCR, we found that DSCAM-ASI was negatively
correlated with the expression of miR-122-5p, and DSCAM-
AS1 was positively correlated with the expression of FSTL3
(Figure 7B and C). RIP assay also showed that DSCAM-AS1
coexisted with miR-122-5p in NSCLC (Figure 7D). In addition,
the luciferase activity of wild type pGL3-DSCAM-ASI vector
was decreased by miR-122-5p, but the effect of miR-122-5p on
mutant pGL3-DSCAM-AS1 vector was not significant
(Figure 7E). Besides, DSCAM-ASI1 was also up-regulated in
NSCLC cell lines, especially in H1299 cell line (Figure 7F).
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Figure 4 Inhibition of FSTL3 could inhibit tumor growth and metastasis in vivo. (A) The expression level of FSTL3 in stable cell lines with FSTL3 knocked down was
measured by qRT-PCR. (B) FSTL knockdown significantly inhibited tumor growth in xenotransplantation model in nude mice. (C) FSTL3 knockdown significantly reduced the
tumor weight of xenotransplantation model in nude mice. (D) HE staining showed that FSTL3 knock down ameliorated lung metastasis of HI1299 cell. (E) Incidence and
severity of lung metastasis in the mice from two groups. **P<0.01, ***P<0.001.
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Figure 5 FSTL3 was identified as the target of miR-122-5p. (A) The binding site of FSTL3 3'UTR and miR-122-5p. (B) The expression of miR-122-5p in the NSCLC tissues
and the corresponding normal tissues was determined by qRT-PCR. (C) The expression of miR-122-5p in normal bronchial cells 16HBE and 5 NSCLC cell lines was
determined by qRT-PCR. (D) The expression of FSTL3 was measured after miR-122-5p overexpression or inhibition. (E) The coexistence of miR-122-5p and FSTL3 was
identified by RIP assay. (F) Luciferase reporter gene assay confirmed the binding relationship between miR-122-5p and FSTL3 3'UTR. (G) The expression of miR-122-5p and
FSTL3 was detected by qRT-PCR to analyze the correlation of their expression. *P<0.05, **P<0.01, ***P<0.001, n.s: P>0.05.
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Figure 6 miR-122-5p reversed FSTL3-induced NSCLC progression. (A) qRT-PCR showed that the expression of FSTL3 decreased in A549 cells overexpressing miR-122-5p.
(B) EdU assay showed that miR-122-5p reversed the promoting effect of FSTL3 on cell proliferation. (C) Transfection of miR-122-5p inhibited the promotion of cell
migration induced by FSTL3 overexpression. (D) qRT-PCR showed that the expression of FSTL3 was increased in H1299 cells with inhibited miR-122-5p. (E) EdU assay
showed that inhibition of miR-122-5p reversed the inhibitory effect of FSTL3 knockdown on cell proliferation. (F) Inhibition of miR-122-5p reversed the inhibitory effect of

FSTL3 knockdown on cell migration. **P<0.001.

miR-122-5p Reversed the Proliferation
and Metastasis of NSCLCs Induced by

DSCAM-ASI

We also observed that overexpression of DSCAM-ASI
significantly reduced the expression of miR-122-5p
(Figure 8A). Moreover, the results of CCK-8 assay showed
that the proliferation of cells inhibited by miR-122-5p
mimics was reversed by DSCAM-AS1 overexpression
(Figure 8B). Similarly, Transwell assay showed that
DSCAM-ASI attenuated the inhibitory effect of miR-122-
5p on cell migration (Figure 8C). Subsequently, we detected
the expression of FSTL3 in cells overexpressing DSCAM-
ASI or/and miR-122-5p. Compared with the control group,
the overexpression of DSCAM-ASI significantly increased
the expression of FSTL3 mRNA and protein, and the over-
expression of DSCAM-AS1 and miR-122-5p significantly
increased the expression of FSTL3 mRNA and protein
compared with the miR-122-5p group (Figure 8D and E).

These results further validated the regulatory function of
DSCAM-ASI on miR-122-5p and FSTL3.

Discussion

With the continuous exploration of the pathogenesis of
NSCLC, more and more molecules have been found to be
enrolled in the occurrence and progression of this
disease.'®!” Previous studies have found that FSTL family
members have abnormal expression in tumors and are
involved in the tumorigenesis and cancer progression. For
example, FSTL1 expression is down-regulated in NSCLC,
and its overexpression can significantly inhibit cell prolifera-
tion, migration and invasion, and induce apoptosis,20 while
FSTL1 expression is up-regulated in hepatocellular carci-
noma, and knocking down its expression can promote apop-
tosis and inhibit cell proliferation.”’ A study reports that
FSTLS expression is down-regulated in hepatocellular carci-

noma, and overexpression can inhibit cancer cell viability.*>
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Figure 7 DSCAM-ASI as ceRNA regulated FSTL3 by targeting miR-122-5p. (A) The binding site between DSCAM-AS| and miR-122-5p. (B) The expression of miR-122-5p
and DSCAM-AS| was detected by qRT-PCR to analyze the correlation of their expressions. (C) The expression of FSTL3 and DSCAM-ASI| was detected by RT-qPCR to
analyze the correlation of their expressions. (D) The coexistence of DSCAM-AS| and miR-122-5p in NSCLC cells was identified by RIP assay. (E) Luciferase reporter gene
assay confirmed the binding relationship between DSCAM-AS| and miR-122-5p. (F) The expression of DSCAM-ASI in normal bronchial cells |6HBE and 5 NSCLC cell lines

was detected by qRT-PCR. *P<0.05, **P<0.01, ***P<0.001, n.s: P>0.05.

As a member of FSTL family, FSTL3 also has abnormal
expression and matters in tumor. For example, FSTL3 may
serve as a cancer biomarker in breast and hepatocellular
carcinoma.?*** FSTL3 is up-regulated in breast cancer, and
overexpression can promote the occurrence and progression
of tumor.>? Herein, we found for the first time that FSTL3
was up-regulated in NSCLC, and its high expression level
was significantly correlated with poor prognosis in NSCLC
patients. In addition, we also found that knockdown of its
expression could markedly impede the proliferation, migra-
tion and invasion of NSCLC cells, while overexpression of
FSTL3 played a cancer-promoting effect. These results indi-
cated that FSTL3, as an oncogene, was involved in the

occurrence and progression of NSCLC.

miRNAs can bound to a specific mRNA to regulate
gene expression. The dysregulation of miRNAs was
involved in cancer biology. For example, miR-21 can
promote the proliferation and migration of breast cancer
via targeting LZTFL1,?® and miR-221 can promote the
proliferation of cutaneous squamous cell carcinoma by
targeting PTEN.?” In NSCLC, the expression of miR-221

and miR-10a were up-regulated, and their overexpression
could accelerate the proliferation, migration and invasion
of cancer cells.?®*° Consistent with previous reports, !’
we confirmed that miR-122-5p was down-regulated in
NSCLC tissues and involved in the progression of
NSCLC as a tumor suppressor. In addition, we also
found that there was a binding site between miR-122-5p
and the 3'UTR of FSTL3, and the expression of FSTL3
and miR-122-5p was negatively correlated in NSCLC
tissues. The expression of miR-122-5p in FSTL3 over-
expressed cells was decreased, while the expression level
of miR-122-5p in FSTL3 knockdown cells was increased,
and the overexpression of miR-122-5p weakened the effect
of FSTL3 overexpression on malignant phenotypes of
NSCLCs.

LncRNA can regulate the expression of miRNAs as
ceRNA and affect the level of downstream proteins. In
NSCLC, IncRNA NEAT1 can promote the progression of
NSCLC by competitively binding to miR-377-3p to affect
the expression of E2F3;*° IncRNA SNHGI promotes the
progression of NSCLC by inhibition miR-101-3p and regu-
lating Wnt/B-catenin signaling pathway.>' Recent studies
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Figure 8 miR-122-5p reversed the proliferation and metastasis of NSCLC cells induced by DSCAM-ASI. (A) qRT-PCR showed that the expression level of miR-122-5p
decreased in A549 cells overexpressing DSCAM-ASI. (B) CCK-8 assay showed that DSCAM-ASI reversed the inhibitory effect of miR-122-5p on cell proliferation. (C)
DSCAM-ASI reversed the inhibitory effect of miR-122-5p on cell migration. (D, E) The effects of DSCAM-AS| and miR-122-5p on the expression of FSTL3 were detected

by qRT-PCR and Western blot, respectively. *P<0.05, **P<0.01, ***P<0.001.

have shown that DSCAM-ASI is abnormally expressed in
a variety of tumors and can play an important role by reg-
ulating downstream target genes. DSCAM-ASI is overex-
pressed in breast cancer, which can promote tumor growth by
inhibiting miR-204-5p and up-regulating RRM2.*? It is also
up-regulated in hepatocellular carcinoma, which can pro-
mote the progression of hepatocellular carcinoma through

sponging miR-338-3p.** In addition, a study has shown that
DSCAM-ASI is overexpressed in NSCLC and can act as an
oncogenic IncRNA by regulating BCL11A."* In this study,
we found that DSCAM-ASI could target miR-122-5p. We
also found that DSCAM-AS1 knockdown significantly
reduced FSTL3 mRNA and protein levels, while DSCAM-
AS1 overexpression increased FSTL3 mRNA and protein
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levels, and DSCAM-AS]1 expression was positively corre-
lated with FSTL3 expression in NSCLC tissues. These
results, at least partially, explained the mechanism of
FSTL3 dysregulation in NSCLC.

In conclusion, our study revealed that FSTL3, as a novel
oncogene in NSCLC, was regulated by DSCAM-AS1 and
miR-122-5p, and involved in cancer progression. Our work
provides us with a further insight into the molecular
mechanism of NSCLC, new molecular targets for its treat-
ment and theoretical evidence for future studies.
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