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Abstract: Background: Many studies have shown that non-coding RNAs (ncRNAs), including long non-coding RNA
(LncRNA) and micro RNA (miRNA), play a crucial regulatory role in glioma. LINCO1116 is a newly discovered LncRNA,
and the relationship between LncRNA and glioma is still under exploration. Method: LncRNAs with potential dif-
ferences were screened through GEO database, and the expressions of LINCO1116 and miR-744-5p/TGF-B1 in
glioma tissues were tested using qRT-PCR. Changes in proliferation and migration/invasion of glioma were tested
using CCK-8 and transwell assay. The expression changes of TGF-B1 were tested using qRT-PCR and Western blot.
Targeted binding among LINCO1116, miR-744-5p and TGF-B1 was verified using double luciferase reporter, RNA
Immunoprecipitation (PIR) and RNA pull-down experiments. The effect of LINCO1116 on tumor growth was deter-
mined by tumor allografting test. Results: GEO database and clinical research revealed that the expression level of
LINC01116 in glioma increased, and the elevation of LINCO1116 was closely related to the adverse prognosis of
clinical patients. Functional experiments showed that the inhibition of LINCO1116 could up-regulate miR-744-5p-
mediated proliferation and metastasis of glioma cells. Western blot analysis and gRT-PCR analysis showed that
LINC01116 regulated TGF-B1 by mediating miR-744-5p. Further cell behavior experiments showed that LINCO1116
acted as miR-744-5p sponge to inhibit proliferation and metastasis caused by TGF-B1. Finally, the analysis of animal
models in vivo showed that LINC01116 could regulate the tumor growth of glioma. Conclusion: LncRNA LINCO1116
acts as an oncogene and promotes TGF-B1 mediated proliferation and metastasis by acting as competitive endog-
enous RNA (ceRNA) in glioma.
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Introduction glioma patients is still poor [5]. The data have
shown that the median survival time of glioma
patients is usually within 12 months after diag-
nosis, and even under the most favorable con-
ditions, the estimated survival time will not
exceed 2 years [6]. Therefore, an increasing

number of researches are devoted to exploring

Gliomas are common primary malignancies in
brain, and it accounted for 70% of primary
malignancies in brain [1]. There are data show-
ing that 4-5 out of 100,000 people suffer from
the disease every year [2]. At present, the clini-

cal therapy of glioma mainly includes surgery,
radiotherapy and chemotherapy [3]. Among
them, surgical resection combined with radio-
therapy and temozolomide adjuvant chemo-
therapy is the first choice [4]. Although a diag-
nosis and treatment plan for glioma has been
formulated in recent ten years, the prognosis of

the potential mechanism of gene regulation of
glioma and developing more effective thera-
peutic schemes.

Long-chain non-coding RNA (LncRNA) is one of
the members of non-coding RNA, with the
length exceeds 200nt [7]. Studies have found


http://www.ajtr.org

LINCO1116 inhibits the growth of glioma

that LncRNA can regulate the expression level
of transcribed and post-transcribed genes,
resulting in protein inactivation or instability [8].
Many studies have proved that LhcRNA can
regulate the growth and metastasis of glioma.
For example, [9] LncRNA UCA1 interacts with
miR-182 to regulate glioma proliferation and
migration by targeting iASPP. Other studies
have found that [10] LncRNA HSP9O0OAA1-IT1
promotes glioma through targeted miR-885-
5p-CDK2 pathway. LINCO1116 is a newly dis-
covered LncRNA and is found to be highly
expressed in mammary carcinoma [11], ovari-
an carcinoma [12] and osteogenic sarcoma
[13]. Moreover, some studies found that [14]
LINCO1116 can regulate the tumorigenesis of
glioma by targeting VEGFA, indicating that
LINCO1116 plays an important role in the
occurrence of glioma, but we are still unclear
about its in-depth mechanism.

Competing endogenous RNA (ceRNA) is a newly
proposed theory, and it combines with microR-
NA (miR) through response elements to affect
miR-induced gene silencing [15]. Studies
revealed that [11] LncRNA can restrain the
growth of tumor by binding to miR with specific
binding sites. In this research, we found that
miR-744-5p and LINCO1116 have targeted
binding sites through online prediction website
for LINCO1116 to bind miR. Previous reports
indicated that miR-744-5p can target down-
stream target genes to inhibit the development
of glioma.

Therefore, this study aimed to explore whether
LINC01116 can inhibit the growth of glioma by
regulating miR-744-5p and can provide poten-
tial targets for clinical treatment.

Methods and data
GEO database analysis

We logged into https://www.ncbi.nim.nih.gov/
gds/to get GSE103227 chip and obtain matrix
file Series Matrix File(s). LINCO1116 in matrix
file was extracted and the expression level of
LINCO1116 in glioma was further analyzed. In
addition, GSE103229 chip was selected to
extract miR-744-5p in matrix file and further
analyze its expression level in glioma.

Collection of clinical samples

A total of 50 pairs of glioma samples and PTBE
tissues of patients treated in Kaifeng Central
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Hospital from May 2012 to May 2014 were col-
lected during surgery. The samples were then
transported in liquid nitrogen at -80°C for later
use. The informed consent forms were obtained
from the patients and their families. This study
conformed to the ethics committee of Kaifeng
Central Hospital and was in accordance with
Helsinki Declaration.

Cell culture

NHA (normal human astrocytes), U251, H4,
SW1783 and LN229 (glioma cells) were
obtained from ATCC (USA), and the collected
cells were cultured in DMEM (FBS; Sigma-
Aldrich, St.Louis, MO, USA) including 10% fetal
bovine serum. The cells were cultured in an
incubator at 37°C with 5% CO,,.

Cell transfection

Cells were transfected using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA). Glioma
cell lines were transfected with siRNA. siRNA
(si-NC, si-LINC01116, si-TGF-B1), miRNA mi-
metic inhibitors (miR-NC, miR-744-5p-mimics,
mMiR-744-5p-inhibit) and over-expression plas-
mids (pcDNA, pcDNA-LINCO1116) were syn-
thesized by Shanghai Gene Pharmaceutical
Co., Ltd. In order to establish a nude mouse
model, we also constructed a human recombi-
nant lentivirus vector (SH-LINCO1116) stably
expressed by LINC 01116, packaged the lenti-
virus carrying sh-LINCO1116 in human embry-
onic kidney cell line 293T, and collected the
virus. U87, U251 and LN229 cells were infected
with lentivirus, then puromycin was selected to
establish a stable cell line, and the blank vector
was used as the control (sh-NC).

qRT-PCR

The obtained samples (tissues, cells) were
extracted with TRIzol reagent to obtain total
RNA. The purity, concentration and integrity
were detected using UV spectrophotometer
and agarose gel electrophoresis. cDNA was
synthesized from 1 ug RNA of random primers
using a high capacity cDNA reverse transcrip-
tion kit (Applied Biosystems, USA). One-step
SYBR PrimeScript RT-PCR and ABI 7500 PCR
were used for amplification. The amplification
system and amplification conditions were con-
figured and operated according to the kit
instructions. PCR amplification was carried out
for a total of 40 cycles, with 3 repeat wells for
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each sample, and the experiment was carried
out for 3 times. In this study, GAPDH was
applied as internal reference for LncRNA and
MRNA, U6 for miR. 222t was used to analyze
the data [16].

Western blotting (WB)

The collected cells were extracted with RIPA
buffer solution to obtain total protein, the pro-
tein concentration was adjusted to 4 pg/uL
using BCA kit, and 12% SDS-PAGE was us-
ed for electrophoresis separation. The protein
was transferred to PVDF membrane after ion-
ization, stained with Ponceau S working solu-
tion, rinsed in PBST for 5 min, washed, and
sealed with 5% defatted milk powder for 2 h.
anti-TGF-B1 and anti-GAPDH (overnight at 4°C)
were incubated with HRP coupled secondary
antibody (1:5000) for 2 h to test the blot. WB
was observed by enhanced chemilumines-
cence system. Protein bands were quantified
by optical density analysis using Quantity One
software.

Cell proliferation detection

Cell proliferation was detected by CCK-8.
Transfected cells were adjusted to 1x10° cells/
well and inoculated into 96-well plates. Then
10 pL/well CCK-8 solution (Beyotime, Shang-
hai, China) was put in each wellat 0 h, 24 h, 48
h and 72 h respectively. The absorbance (OD)
was detected by microplate reader at 450 nm.

Cell invasion and migration detection

The migration and invasion of glioma were
determined by Transwell assay. The cell inva-
sion experiment was as follows: after 48-hour
transfection with plasmid, the cells were
starved for 6 hours and inoculated into 24-well
cell culture inserts (BD Biosciences) with 8um
pore membranes. The membrane coating was
applied for migration and invasion detection in
the absence of Matrigel. Migrating and invading
cells were stained with crystal violet, and five
fields were counted using an optical micro-
scope. Each experiment was repeated three
times.

Cell apoptosis detection

Apoptosis was measured by flow cytometry.
The specific steps were as follows: the trans-
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fected cells were collected, adjusted to 1 * 103
cells/well, and inoculated in a 6-well plate.
After incubation for 24 hours, cells were har-
vested and rinsed twice with phosphate buff-
ered saline. Then the cells were resuspended in
Annexin V-fluorescein isothiocyanate (Annexin
V-FITC; 5 pL) and propidium iodide (5 uL) by
Annexin V-FITC cell apoptosis detection kit. The
apoptosis rate was measured by FACS Calibur.

Double fluorescein report

LINCO1116 and TGF-B1 fragments containing
miR-744-5p binding sites and wild-type or
mutant sequences of binding sites were
cloned into pmirGLO bifluorescase vectors to
obtain report vector wild-type (LINCO1116-WT,
TGF-B1-WT) and mutant (LINCO1116-MUT,
TGF-B1-MUT). LINCO1116/TGF-B1 wild-type
and mutant vectors and miR-744-5p-mimics or
miR-NC were co-transfected into glioma using
Lipofectamine 2000. After 48 h, the relative
luciferase activity (Promega, USA) was mea-
sured by double luciferase reporter gene assay.

RNA immunoprecipitation (RIP)

According to the manufacturer’s instructions,
the EZ-Magna RIP RNA binding protein im-
munoprecipitation kit was used for RIP analy-
sis. Glioma cells were lysed using RIP lysis
buffer, and the cell lysis solution was cultured
with RIP buffer. Magnetic beads coupled with
human anti-Ago2 antibody and mouse im-
munoglobulin G were used as the control.
Co-precipitated RNA was isolated using TRIzol
reagent and measured using quantitative
RT-PCR (gRT-PCR).

Subcutaneous tumor formation in nude mice

Ten male BALB/c thymus-free nude mice (aged
4-6 weeks) were purchased from Charles River
(Beijing, China) and randomly divided into sh-
LINC01116 group and sh-NC group. The mice
in sh-LINCO1116 group were inoculated with
1x10° glioma cells, which were transfected
with sh-LINCO1116 in the right abdomen of
each mouse. The mice in sh-NC group was
inoculated with the same amount of sh-NC
cells. The tumor volume of nude mice was cal-
culated every 7 days [(length x width?)/2]. The
mice were killed 28 days later, tumor tissues
of nude mice were collected and detected. All
animal experiments were conducted referring
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Figure 1. Relationship between the expression level of LINCO1116 in glioma and the survival of patients. A. Rela-
tive expression of LINC0O1116 in GSE103227 chip. B. gRT-PCR was used to detect the relative expression level of
LINC01116 in tumor tissue of glioma patients. C. K-M survival analysis of the relationship between LINCO1116 and
5-year survival of patients with glioma. D. qRT-PCR was used to detect the relative expression level of LINCO1116 in
glioma cell line. * indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001.

to the Animal Welfare [17] and conformed to
the Ethics Committee of Kaifeng Central
Hospital.

Statistical methods

GraphPad 7 was applied to visualize the
required pictures and analyze the data. K-S test
analysis was used to detect the data, which
was expressed as mean + standard deviation
(Means * SD), and independent sample t test
was applied for inter-group comparison. The
counting data were represented as percentage
(%) and compared by Chi-square test, which
was expressed as x2. One-way ANOVA was
applied for comparison among multiple groups,
which was expressed as F. LSD-t test was used
for post-event comparison, repeated measure-
ment ANOVA was used for comparison at mul-
tiple time points, which was expressed as F.
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Bonferroni was used for back testing, Pearson
test was used for analysis of correlation of
genes, K-M survival curve was used for visual-
izing the total survival condition of patients,
Log-rank test was used for analysis. P<0.05
was regarded as statistical differences.

Results

LINC01116 was high in glioma and had a poor
prognosis

We first explored LINCO1116 in GSE103227
chip in order to verify the expression level
of LINCO1116 in glioma. We found that
LINCO1116 in glioma samples was higher
than that in control samples (Figure 1A). qRT-
PCR detection also found that LINCO1116 in
cancer sample was higher than that in control
sample (Figure 1B). In addition, we divided
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Table 1. Relationship between LINC01116 and pathologi-

cal data of gliomas

ment showed that the transfection of
si-LINC01116#1 induced apoptosis of

LINC01116 relative expression level

glioma cells (Figure 2F). However, after
transfection of pcDNA-LINCO1116 into

Factor Low expression  High expression P value ) . oo .
(n=25) (n=25) glloma_cellg, the prollfe_ratlon, invasion
Gender 0569 and migration were ewdgntly enhanc-
ed, and the apoptosis of cells
Male (n=28) 13 15 was inhibited. This suggested that
Female (n=22) 12 10 LINCO1116 may be a potential target
Age 0.354 for glioma treatment.
>60 (n=35) 19 16
<60 (n=15) 6 9 LINCO116 can be used as MIR-744-5p
Tumor size 0.024 sponge, andtﬁnockmg il_own fLII\I_(éOll6
can reverse the promotion of miR-
25 em (n=13) 3 10 744-5p-inhibit on the growth and me-
<5 cm (n=37) 22 15 tastasis of glioma cells
WHO grade 0.008
-l (n=38) 23 15 ceRNA is an important mechanism for
-V (n=12) 2 10 LncRNA to participate in tumorigenesis
PTBE 0157 and development. In order to further
>1 cm (n=25) 15 10 explore the mechanism of LINC01116,
<1 cm (n=25) 10 15 we predicted the potential binding of

Note: PTBE, periperitoneal brain edema; WHO, World Health Organiza-

tion.

patients into high and low expression groups
according to the median value of LINCO1116,
and further observed the relationship between
LINCO1116 and pathological data of patients.
The results showed that LINCO1116 expres-
sion was closely related to WHO staging and
tumor size (Table 1). Survival analysis revealed
that the 5-year survival of patients with high
expression of LINCO1116 was lower than that
with low expression (Figure 1C), indicating that
LINCO1116 in glioma was increased (Figure
1D).

LINC0O1116 could regulate the growth and me-
tastasis

We first screened the si-LINACO1116 vector
(si-LINACO1116#1) (Figure 2A), and trans-
fected si-LINACO1116#1 with glioma cells
(U251, LN229) (Figure 2B) to determine the
effect of LINACO1116. The effect of si-LIN-
AC01116#1 transfected with glioma cells on
the growth was determined through experi-
ments. CCK-8 experiment found that the
proliferation of cells transfected with si-
LINCO1116#1 was significantly inhibited com-
pared with si-NC (Figure 2C), while Transwell
experiment found that the invasion and
migration of cells transfected with si-LINC-
01116#1 were evidently reduced compared
with si-NC (Figure 2D, 2E). The cell flow experi-
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LINCO1116 to miR, and found that
miR-744-5p and LINC01116 had tar-
geted binding sites (Figure 3A), and
GSE103229 chip analysis revealed
that miR-744-5p was low expressed in glioma
(Figure 3B). We detected miR-744-5p in glioma
tissue by qRT-PCR, and the results were consis-
tent with the results in the chip (Figure 3C). It
was also revealed that miR-744-5p was nega-
tively correlated with LINCO1116 in glioma
patient tissues through correlation analysis
(Figure 3D). This suggested that there may be
a targeting relationship between LINC01116
and miR-744-5p. In order to verify the relation-
ship, we conducted RIP and dual luciferase
reporting experiments respectively. The results
showed that both LINCO1116 and miR-744-5p
could be enriched by Ago2 antibody, and miR-
744-5p-mimics could inhibit the fluorescence
activity of LINCO1116-WT (Figure 3E). In addi-
tion, we also detected miR-744-5p in glioma
cells transfected with si-LINCO1116#1 and
pcDNA-LINCO1116. The results showed that
miR-744-5p in cells transfected with si-
LINCO1116#1 increased significantly, while the
expression level of miR-744-5p in glioma cells
transfected with pcDNA-LINCO1116 decreas-
ed (Figure 3G). The above research confirmed
that LINCO1116 specifically bound to miR-744-
5p. Finally, cell experiments were applied to
verify that LINCO1116 regulates the growth
and metastasis through miR-744-5p. It was
found that the proliferation, invasion and migra-
tion were evidently enhanced after transfection
of miR-744-5p-5p-inhibit, and the apoptosis of
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Figure 2. Regulation of the effect of LINCO1116 on the growth and metastasis of glioma cells. A. qRT-PCR detection of relative expression level of LINCO1116 in si-
RNA interference vector. B. qRT-PCR detection of transfection efficiency after constructing pcDNA-LINC01116 vector. C. CCK-8 test was used to detect the changes
of glioma cell proliferation after transfection of si-LINCO1116#1. D, E. Transwell test was used to detect the changes of invasion and migration of glioma cells after

transfection of si-LINCO1116#1. F. Flow cytometry was used to detect the induction of apoptosis of glioma cells after transfection of si-LINCO1116#1. * indicates
P<0.05, ** indicates P<0.01.
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Figure 3. LINC01116 could be used as miR-744-5p sponge. A. Specific binding site of LINCO1116 and miR-744-5p.
B. Expression of miR-744-5p in GSE103229 chip. C. qRT-PCR was used to detect miR-744-5p relative expression
level in tumor tissues of glioma patients. D. Pearson test was used to analyze the correlation between LINCO1116
and miR-744-5p in tumor tissue of glioma patients. E. Double luciferase report confirmed that LINCO1116 specifi-
cally binds to miR-744-5p. F. RIP experiment confirmed that LINCO1116 specifically binds to miR-744-5p. G. gRT-PCR
was used to detect miR-744-5p relative expression level in glioma cells transfected with si-LINCO1116 and pcDNA-

LINCO1116. * indicates P<0.05, *** indicates P<0.001.

cells was inhibited. However, the proliferation,
invasion and migration of cells co-transfected
with si-LINCO1116 and miR-744-5p-inhibit
were inhibited compared with those transfect-
ed with miR-744-5p-5p-inhibit, and the apopto-
sis rate was increased (Figure 4A-D). However,
compared with glioma cells transfected with
miR-NC, there was no difference, which indi-
cated that LINC01116 could act as miR-744-5p
sponge to inhibit the growth of glioma.
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miR-744-5p targeting TGF-B1 inhibited growth
and metastasis of glioma

We predicted the downstream target gene of
miR-744-5p through online prediction software
TargetScan, starBase, miRDB, and miRTarBase
to determine the downstream target gene of
miR-744-5p (Figure 5A). As a result, we found
that TGF-B1 and miR-744-5p had targeted bind-
ing sites (Figure 5C). We found that TGF-B1 was
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highly expressed in glioma through analysis on
the online website GEPIA, and the expression
level of TGF-B1 in tumor tissue of glioma
patients was also increased through gRT-PCR
(Figure 5B, 5D). In addition, we found that miR-
744-5p and TGF-B1 expression in tumor tissue
of glioma patients were negatively correlated
through correlation analysis, and TGF-B1 and
LINCO1116 were positively correlated (Figure
5E). Through the verification of the targeted
regulatory relationship of miR-744-5p with TGF-
B1, we found that miR-744-5p-mimics could
inhibit the fluorescent activity of TGF-B1-WT
through double luciferase report test, and TGF-
B1mRNA and protein expression were inhibited
after transfecting miR-744-5p-mimics through
gRT-PCR and WB, while TGF-BAmRNA and pro-
tein expression levels increased after trans-
fecting miR-744-5p-inhibit. This indicated that
miR-744-5p could target TGF-B1 (Figure 5F).
Finally, in order to verify that miR-744-5p tar-
geted TGF-B1 to regulate the development of
glioma, we found through cell experiments that
the increase of proliferation, invasion, migra-
tion ability and the decrease of apoptosis rate
of glioma cells transfected with pcDNA-TGF-B1
were reversed by co-transfection miR-744-5p-
mimics (Figure 6A-D). This suggested that miR-
744-5p targeted TGF-B1 to inhibit the growth
and metastasis of glioma (Figure 5).

Up-regulation of LINCO1116 promoted growth
and metastasis by regulating miR-744-5p/
TGF-B1 axis

We constructed a co-transfected glioma cell
line to determine that LINCO1116 can affect
the growth of glioma by regulating miR-744-5p/
TGF-B1 axis. By observing the growth and
metastasis of the co-transfected cells, we
found that after miR-744-5p-mimics and
si-TGF-B1 were respectively transfected into
glioma cells, the proliferation, invasion and
migration were evidently inhibited, and the cell
apoptosis was induced. However, after we
co-transfected pcDNA-LINCO1116 with miR-
744-5p-mimics and co-transfected pcDNA-
LINC01116 with si-TGF-B1 into cells, the inhibi-
tion of proliferation, invasion and migration and
the induced apoptosis were reversed (Figure
7A-D). This showed that LINCO1116 could par-
ticipate in the growth and metastasis of glioma
cells through miR-744-5p/TGF-B1 axis.
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Knocking down LINCO1116 could inhibit the
growth of glioma

At the end of the study, we observed the
growth of glioma cells after knocking down
LINCO1116 through in vivo experiments. It
was found that the tumor volume and weight
after injecting sh-LINCO1116 were evidently
reduced, and miR-744-5p in nude mice tumor
injected sh-LINCO1116 was significantly
increased compared with sh-NC (Figure 8A),
while the expression level of TGF-f1 was
decreased through WB experiments. At the
same time, we also found that the expression
level of TGF-B1 protein in nude mice tumor tis-
sue injected sh-LINC01116 was also decreas-
ed (Figure 8B, 8C). This suggested that
LINCO1116 may be a potential target for the
treatment of glioma.

Discussion

Glioma is common malignant tumor in brain,
and it accounts for about 50%-60% of brain
malignancies [18]. Moreover, the prognosis is
very poor, and the 5-year survival is not high
[19]. Therefore, it is very important to find
potential biomarkers to improve the prognosis.
In recent years, an increasing number of
studies have found that [20] non-coding RNA
acts in regulating the occurrence and develop-
ment of tumors. In this study, we observed that
LINCO1116 participated in the occurrence of
glioma. Moreover, we also found that the 5-
year survival of patients with high LINCO1116
was reduced, so LINCO1116 is expected to
become a potential observation indicator of
glioma.

LINCO1116 is a newly discovered LncRNA
located on human chromosome 2¢31.1.
Previous reports on LINCO1116 in tumors were
mostly concentrated on osteosarcoma [13]
and nasopharyngeal carcinoma [21]. The
research on LINCO1116 and glioma was rela-
tively few, which was only explored by Zhang
[22] and Ye [14] et al. Moreover, the specific
mechanism is still unclear. In this study, we
confirmed through clinical research that
LINCO1116 is highly expressed in glioma
patients and the prognosis is poor. However, we
are not yet clear about its relevant mechanism.
Therefore, we conducted in vitro experiments.
By constructing different expression vectors of
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LINCO1116, we found that the growth and
metastasis could be changed by regulating
LINCO1116, which suggested that LINCO1116
is expected to become a potential target for the
treatment of glioma. However, we still need fur-
ther research on the specific mechanism of the
occurrence of glioma.

The main function of IncRNA is to hide miR to
act as “sponge” and reduce the expression
and activity of miRNA [23]. In order to find the
potential miR of LINCO1116, we found that
miR-744-5p and LINC01116 had targeted
binding sites through bioinformatics analysis.
miR-744-5p is located on the human 17pl12
chromosome. Previous research found that
miR-744-5p is differentially expressed in multi-
ple cancers, such as lung cancer [24], liver can-
cer [25], and colon cancer [26]. However, there
is no relevant research on the relationship
between miR-744-5p and glioma. First of all,
we found miR-744-5p low expression through
GEO chip analysis, and the expression in glio-
ma tissue was also reduced. In addition,
Pearson test determined that miR-744-5p and
LINCO1116 were negatively correlated. This
revealed that miR-744-5p and LINCO1116 had
targeted regulatory relationship. In order to ver-
ify the relationship between the two, we con-
firmed the targeted regulatory relationship
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between LINCO1116 and miR-744-5p through
RIP and double luciferase reporting experi-
ments, and found miR-744-5p in glioma cells
transfected with pcDNA-LINCO1116 and si-
LINCO1116#1 through gRT-PCR experiments.
Finally, in order to confirm that LINCO1116 par-
ticipates in the growth and metastasis of brain
gliomas by regulating miR-744-5p, we con-
structed co-transfected cells. Through ob-
servation, it was found that knocking down
LINC0O1116 could reverse the increase of prolif-
eration, invasion, migration and inhibition of
apoptosis of brain glioma cells after transfect-
ing miR-744-5p-inhibit.

Studies have found that LncRNA can partici-
pate in tumor genesis by regulating miR down-
stream target genes [27]. For example, [28]
LncRNA LINCO0319 accelerates the progres-
sion of ovarian cancer through the miR-423-
5p/NACC1 pathway. In addition, Gao et al. [29]
suggested that LncRNA HOXA-AS2 regulated
malignant glioma behavior and angiogenesis
simulation through the miR-373/EG FR axis. In
this study, in order to further explore the fur-
ther mechanism of LINC01116, we predicted
the target gene downstream of miR-774-5p
through 4 online prediction websites, and
found that TGF-B1 and miR-774-5p had target-
ed binding sites. TGF-B1 is one of the secretory

Am J Transl Res 2021;13(5):5702-5719
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Figure 7. Up-regulation of LINCO1116 promoted the growth and metastasis of glioma by regulating miR-744-5p/TGF-B1 axis. A. CCK-8 test was used to detect the
changes of glioma cell proliferation after co-transfection. B, C. Transwell test was used to detect the invasion and migration changes of glioma cells after transfec-
tion and co-transfection. D. Flow cytometry was used to detect the induction of apoptosis of glioma cells after transfection and co-transfection. * indicates P<0.05,
** indicates P<0.01.
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ligand members of TGF-B (transforming growth
factor-B) superfamily protein. The encoded pro-
tein regulates cell proliferation, differentiation
and growth, as well as the expression and
activation of other growth factors, including
interferon y and tumor necrosis factor a [30].
Previous studies have found that [31, 32] TGF-
B1 is highly expressed in glioma, and we have
also confirmed this through clinical tests. TGF-
B1 was positively correlated with LINCO1116
and negatively correlated with miR-774-5p.
This suggested that LINCO1116 may partici-
pate in the growth of glioma by mediating miR-
774-5p/TGF-B1 axis. In order to verify our con-
jecture, we first verified the relationship of miR-
774-5p with TGF-B1. Then, double luciferase
report revealed that miR-774-5p-mimics could
inhibit the fluorescent activity of TGF-B1-WT.
TGF-B1 mRNA and protein in glioma cells
transfected with miR-774-5p-mimics and miR-
744-5p-inhibit were determined by gRT-PCR
and WB experiments to verify this results. In
addition, we also found that miR-774-5p-mim-
ics could inhibit pcDNA-TGF-B1 by promoting
cell proliferation, invasion, migration and inhib-
iting cell apoptosis. This showed that miR-774-
5p could inhibit the growth of glioma cells by
regulating TGF-B1.
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At the end of the study, in order to confirm that
LINCO1116 participates in the occurrence of
glioma by mediating miR-744-5p/TGF-B1 axis,
we co-transfected pcDNA-LINCO1116 with
miR-744-5p-mimics and si-TGF-B1 respectively.
Through rescue experiments, it was found
that pcDNA-LINC01116 could reverse the inhi-
bition of MiR-744-5p-mimics and Si-TGF-B1 on
cell proliferation, invasion and migration, and
increase the apoptosis rate. In addition, we
also found through in vivo experiments that the
tumor volume and weight were decreased evi-
dently after injection of sh-LINCO1116, and the
expression level of miR-774-5p in tumor tissue
elevated while the expression levels of TGF-31
MRNA and protein decreased.

This research confirmed that LINCO1116 par-
ticipates in the occurrence of glioma by mediat-
ing miR-744-5p/TGF-B1 axis, but there are still
some defects. Firstly, the diagnostic value of
LINCO1116 in glioma is still unclear. Some
studies have found that LncRNA has high clini-
cal value in the diagnosis of tumor. We tested a
small number of samples this time and we
have not detected peripheral blood, exosomes,
and peripheral blood mononuclear cells.
Secondly, the in-depth mechanism of TGF-f1
has not been proved in this study. Whether
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TGF-B1 can participate in the occurrence of gli-
oma by mediating other signal pathways needs
further exploration. Therefore, we hope to carry
out more research in the future to supplement
our research results.

To sum up, LINCO1116 is highly expressed in
glioma and the prognosis is poor. LINCO1116
can participate in the occurrence of glioma by
mediating miR-744-5p/TGF-B1 axis and is
expected to become a potential therapeutic
target for glioma.

Conclusions

To sum up, LINCO1116 is highly expressed in
glioma and the prognosis is poor. LINCO1116
can participate in the occurrence of glioma by
mediating miR-744-5p/TGF-B1 axis and is
expected to become a potential therapeutic
target for glioma.
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