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Purpose: Glioma is an aggressive tumor from the nervous system, which causes more than
70% of primary malignant brain tumors. Considering its severe malignancy, there is an
urgent need to investigate more practical markers to understand the pathogenesis of glioma,
and potential treatment methods for glioma patients. In the paper, we are focused on
examining the roles of LINCO01140, miR-199a-3p, and ZHX1 in the progression of gliomas,
as well as their inner associations and modulation mechanisms.

Methods: qRT-PCR was employed to examine the expression levels of LINC01140 and
miR-199a-3p. We measured the expressions of ZHX1 via qRT-PCR and Western blotting.
CCKS assays, migration assays, and invasion assays were carried out to determine the cell
viabilities and abilities of migration and invasion. We also conducted in vivo tumor growth
experiments to investigate the roles of LINC01140 in glioma developments.

Results: The expressions of LINC01140 were promoted in glioma. Silencing LINC01140
could inhibit glioma cell viabilities, migration, and invasion. In our experiments, miR-199a-
3p was inhibited in glioma. LINC01140 negatively regulated the expressions of miR-199a-3p
in glioma. MiR-199a-3p could target ZHX1 to inhibit its expression in glioma cells.
Conclusion: LINC01140 could promote glioma developments by modulating the miR-
199a-3p/ZHX1 axis.
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Introduction
Glioma is a very severe and aggressive tumor from the nervous system, which possesses
more than 70% of primary malignant brain tumors.' > Despite developments and
advancements, such as surgeries, physical irradiations, and chemotherapies,* the five-
year survival rates for glioma patients is still unsatisfied, resulting in the fact that glioma
is almost not curable.”® Growing interests have been paid to discover the effective gene
functions, as well as molecular interaction networks to develop robust and efficient
diagnostic or prognostic biomarkers and therapeutic targets.”® However, only a few
genes and proteins have been investigated to exert possible biological function with the
developments of glioma till present.” Due to the above considerations, more studies
should be carried out to discover more practical markers and understand the pathogenesis
of glioma, as well as the potential treatment methods and directions for glioma patients.
It is well established that complicated genes interactions and molecular networks
are participating in the initiations and developments of gliomas.'®"'? Long non-coding
RNAs (IncRNAs) are a group of RNAs that have lengths of over 200 nt."* Many
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IncRNAs have been demonstrated to have oncogenic or
tumor-suppressive roles in glioma developments,'* such as
TUGL,"”” MALATL,'® CASC2,'” and ATB.'"® Various
lincRNAs have shown promising effects in the tumorigenesis
of gliomas. For instance, Feng et al reported the expressions
and roles of re-programming-related lincROR in glioma."’
Guo also proposed another LincRNA of POU3F3 which was
overexpressed in gliomas, and it also contributed to the
tumorigenesis of gliomas.”* LncRNA LINCO01140 is one of
the lincRNAs, which is an essential subtype of IncRNAs.?!
LncRNA LINCO01140 has been demonstrated to exert impor-
tant functions in breast cancer’” and papillary thyroid
cancer.”” As far as we know, there is very limited information
that was revealed regarding LINCO01140 in glioma. In this
paper, we aim to reveal a novel lincRNA of LINC01140, and
investigate its role in glioma developments.

Previous studies have demonstrated that IncRNAs could
bind with microRNAs (miRNAs, ~22 nt) and exert their roles
to affect the growth of human cancers.** For example, Cai
reported that IncRNA taurine upregulated 1 (TUG1) enhanced
tumor angiogenesis by suppressing miR-299 in glioma.*
Accumulative evidence has suggested that miR-199a-3p
could suppress glioma cell proliferation.?®2’ Through our
preliminary bioinformatics, it is highly possible that miR-
199a-3p may also interact with LINC01140. Human zinc-
fingers and homeoboxes 1 (ZHX1) were identified as
a protein with up-regulated expressions in many types of
human cancers.”®*? It has been shown to have associations
with ZHX 1 in gastric cancer’ and hepatocellular carcinoma.>’
In this paper, we are focused on examining the roles of
LINCO01140, miR-199a-3p, and ZHX1 in the progression of
gliomas, as well as their inner associations and modulation
mechanisms.

Materials and Methods

Cell Line Culture

We obtained the glioma cell lines of U87, U251, SHG-44,
and U-118MG, and also human astroglial cell line of HA
from Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). Cells were kept in high-glucose
Dulbecco’s Modified Eagle medium (DMEM, Invitrogen,
US) with 10% FBS (Invitrogen, US) at 37°C with 5% CO,.

Cell Transfection

Negative control (NC), miR-199a-3p-mimic, miR-199a-
3p-inhibitor, shLINCO01140, shNC were provided by
Genepharma, US. 5 pL HiPerFect (Qiagen, US) was mixed

with 200 pL growth media without antibiotics, serum or
antifungals to prepare the transfection mix. NC, miR-199a-
3p-mimic, miR-199a-3p-inhibitor, shLINC01140, or shNC
(all from Genepharama) were pipetted to 200 pL transfection
mix at a final concentration of 30 nM in 12-well plates for 10
mins at 25 Celsius. Cells (1x10° cells/well) were seeded in
200 pL of growth media and incubated with 37°C, 5% (v/v)
CO, for a night. On the 2nd day, 800 pL media with 0.1%
FBS was pipetted to the wells. The sequences are shNC: 5'-
GACGGTAAGTAGGCGA-3'; and shLINC01140-5" TTTA
ATTGGGCCGTCT-3'.

gRT-PCR
Total RNA was extracted via TRIzol (Invitrogen, US).
RNA was reversely transcribed by ReverTra (Toyobo,
Japan) and amplified by SYBR (Toyobo, Japan). PCR
procedures were at 94°C for 2 min, at 94°C for 30 s, at
54°C for 30 s, at 72°C for 1 min, and performed for 30
cycles, they were at 72°C for 10 min. The expressions of
LINCO01140, ZHX1, and miR-199a-3p were calculated by
the 22T method. U6 and GAPDH were regarded as
reference. The sequences are listed below.

LINCO01140 forward: CATCTCATCGGCATGGACCT;
Reverse: CAAACTGGACTGACTTTCACCA.

ZHX1 forward: 5'-CAGGTCAGAGAGTGGTTTGC-3";
Reverse: 5'-GTCGTGGAGGTTCCCAAGT-3".

GAPDH forward: 5'-CCCATCACCATCTTCCAGGA
G-3'; Reverse: 5'-CTTCTCCATGGTGGTGAAGACG-3'.

miR-199a-3p forward: 5'-CAATCGCTTTCAAATAG-3';
Reverse: 5'-CAGGAGATGCTGTCATC-3".

U6: forward 5'-CTCGCTTCGGCAGCACA-3' reverse:
5'-AACGCTTCACGAATTTGCGT-3".

Western Blotting

Total proteins were lysed by RIPA buffer (Beyotime,
China), washed, and centrifugated at 10,000 g for five
minutes. The supernatants were utilized for Western blot-
ting. Proteins were measured by BCA (Pierce, US) and
had electrophoresis transferred to PVDF membranes (Life
Technologies, US). Membranes were treated with TBST
and 5% skimmed milk at 25 Celsius for an hour. Then, it
was treated with primary antibodies of anti-ZHX1(1:1000;
Abcam, UK) and anti-GAPDH (1:1000; Shangon,
Shanghai) at 4°C for a night. The membrane was incu-
bated with the secondary antibody of HRP-linked anti-
rabbit IgG (1:200; BM1921, Bosterbio) at 25 Celsius for
1.5 hrs. ECL Plus (Life Technologies, US) was used for
quantification. B-actin was the internal control.
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CCK-8 Assays

Cell-Counting Kit-8 (CCK-8; Dojindo Molecular Techno-
logies, Japan) was utilized to examine the cell viabilities
under different transfection. The cells were plated in 96-well
plates for one day. Then, they were transfected and incubated
for one day, two days, three days, or 4 days. 10 pL. CCK-8
assay reagent was added to every well. After 2 hrs incubation,
the signal was detected by an enzyme immunoassay analyzer
(Thermo Fisher Scientific, US).

Dual-Luciferase Assay

LINCO01140 was amplified and cloned to the pMIR-REPORT
luciferase vector (OBio Biology, China). LINC01140-WT
(wild-type) fragment was mutated and cloned into the vector
to construct a LINC01140-MUT (mutant). BSG803 cells were
then incubated in 48-well plates, co-in transfection by
LINCO01140-WT or LINC01140-MUT, and either miR-199a-
3p-mimic, miR-199a-3p-inhibitors, or negative control. After
two days, cells were analyzed by Dual-Luciferase assay
(Promega, US).

RNA Immunoprecipitation (RIP)

RNA Immunoprecipitation experiments were performed using
the Magna RIP RNA-Binding Protein IP Kit (Millipore,
Bedford, MA, USA) and the Ago2 antibody (2897; Cell
Signaling, Danvers, MA, USA). Cells were co-transfected
with pCMV-MS2, pCMV-LINCO01140-MS2 or pCMV-
LINCO01140-mut-MS2 and pMS2-GFP (Addgene) for 48 hrs.
After that, RIP was conducted according to the literature
method.*?

Invasion Assays and Migration Assays

The transwell chamber was placed on a 24-well plate
with Matrigel (BD, US) and incubated for 15 min at 37
Celsius. After digesting, centrifuging and counting the
cells, cells were diluted to 25,000 cells/mL. The cell
suspension was seeded in the upper chamber. 500 pL
medium and 10% FBS were utilized in the lower cham-
ber. Cells were fixed by paraformaldehyde and stained by
crystal violet for fifteen minutes. Non-invasive cells were
removed. After drying, invasive cells on the lower cham-
ber were measured in 4 randomly selected fields (x200)
by a microscope. Cell migration assays were carried out
with similar protocols excluding the Matrigel, with
a density of 1.5x10° cells/well.

In vivo Assay

4 weeks’ old female athymic BALB/c nude mice were kept in
specific pathogen-free conditions U87 cells were in transfec-
tion by sh-LINC01140 or shNC. 10" cells were subcuta-
neously administered to one side of every mouse. We
checked the tumor growth every week and calculated the
tumor volume according to V=0.5x Dx & (¥, volume; D, long-
itudinal diameter; d, latitudinal diameter). The experimental
procedures were reviewed and permitted by the first affiliated
Hospital of Zhengzhou University in Henan Province
Experimental Animal Care Commission and conducted in
strict accordance with the national institutes of health guide-
lines for the care and use of experimental animals.

Statistical Analysis

SPSS 17 was employed to analyze the data, which were
expressed as meanzstandard deviation from three indepen-
dent replicas. The variations in the 2 groups were analyzed
using the ¢-test. Variations in over 2 groups were analyzed
by one-way ANOVA.

Results
LINCOI 140’s Expression Was Enhanced

in Glioma Cells

Figure 1A shows that the mRNA expressions of LINC01140
were up-regulated in glioma cell lines of SHG44, U251,
U-118 MG, U87. Figure 1B demonstrates that the levels of
miR-199a-3p were reduced than normal brain cell line HA.

Knockdown of LINCOI 140 Inhibited the
Viabilities, Migration, and Invasion of

Glioma Cell Lines

Figure 2A shows the successful knockdown of LINC01140 in
glioma cell lines in transfection with shLINC01140. The
mRNA of LINC01140 was greatly inhibited in shLINCO11
40. Figure 2B shows that shLINC01140 significantly reduced
the glioma cell viabilities. Figure 2C and D demonstrated that
the migrative and invasive activities of glioma cells were
apparently inhibited by shLINC01140. It was obvious that
knockdown of LINCO01140 restrained growth, migration, and
invasion abilities of glioma cells.

LINCOI 140 Directly Sponged miR-199a-3p

Figure 3A searches LncBase v.2.0 and observed that miR-
199a-3p might have shared binding sequences with
LINCO01140. Figure 3B demonstrates that mRNA expressions
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Figure | LINCOI [40’s expression was enhanced in glioma cells. (A) mRNA expressions of LINCOI 140 in glioma cells and the normal cells. (B) mRNA expressions of miR-

199a-3p in glioma cells and the normal cells. *P < 0.05, n=3.

of miR-199a-3p were up-regulated by miR-199a-3p-mimic
but suppressed by miR-199a-3p-inhibitor. The luciferase data
indicated that the luciferase activities of LINCO01140-WT
were suppressed by miR-199a-3p, but LINCO01140-MUT
activities did not change (Figure 3C). Figure 3D employs
the RIP experiments. We found that miR-199a-3p could
upregulate the LINC00140 enrichment significantly. In addi-
tion, Figure 3E indicates that the expression of miR-199a-3p
was elevated in cells in transfection by shLINC01140. From
Figure 3F, the transfection of miR-199a-3p mimic or inhibitor
caused the inhibition or elevation of LINC01140.

The Effect of LINCOI 140 Was Attenuated

by miR-199a-3p in Glioma Cells
MiR-199a-3p-inhibitor and shLINC1140 were co-transfected
into U87 cells. Figure 4A shows the CCK-8 assays that down-
regulation of LINCO01140 inhibited the abilities of cell prolif-
eration, but shLINC1140+miR-199a-3p-inhibitor increased
these abilities. Moreover, the migrative (Figure 4B and C)
and invasive (Figure 4D and E) abilities of glioma cells were
suppressed by shLINC1140, but this phenomenon was attenu-
ated by miR-199a-3p-inhibitor.

ZHXI Was Directly Targeted by
miR-199a-3p

Figure 5A identifies that the miR-199a-3p had shared binding
sequences with ZHX1, predicted by miRBase and miRanda.
Figure 5B shows the reporter assays in U87 cells and

revealed miR-199a-3p-dependent repression of the ZHX1-
WT 3'UTR. Figure 5C shows that the ZHX1 mRNA levels
for cells were greatly inhibited by miR-199a-3p mimic but
enhanced by miR-199a-3p inhibitor. From Figure 5D,
shLINCO01140 decreased ZHX1 protein levels. The results
in Figure S5E were in consistence with the above results; the
protein expressions of ZHX1 were reduced by a miR-199a-
3p mimic in U87 cell, but elevated by miR-199a-3p-inhibitor.
Figure 5F demonstrates that shLINCO01140 inhibited the pro-
tein expression of ZHX1. It was confirmed that ZHX1 was
a direct target of miR-199a-3p.

The Effect of miR-199a-3p Was
Attenuated by ZHXI in Glioma Cells

Figure 6A confirms the successful transfection of shZHX1
by RT-PCR. Figure 6B utilizes CCK 8 assay and found that
the cell viability was upregulated by miR-199a-3p inhibitor,
but this effect was attenuated by shZHX1. Figure 6C carries
out migration assay and invasion assay. It showed that the
cell migration ability and cell invasion ability were enhanced
by miR-199a-3p, but were attenuated by shZHX1. These
data confirmed that the effect of miR-199a-3p was attenuated
by ZHX1 in glioma cells.

LINCOI 140 Promoted Glioma Growth

in vivo

Figure 7A—C demonstrated that knockdown of LINC00140
suppressed the tumor growth rate, tumor volume, and tumor
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Figure 2 Knockdown of LINCO| 140 suppressed the viabilities, migration, and invasion of glioma cell lines. (A) LINCOI 140 mRNA level in U87 cell in transfection by shNC
and shLINCO1140. (B) CCKS8 assay for cells in transfection by shNC and shLINCOI 140. (C) Migration abilities for cells in transfection by shNC and shLINCOI140. (D)
Invasion abilities for cells in transfection by shNC and shLINCOI 140. *P < 0.05, n=3.
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Figure 3 LINCOI 140 directly sponged miR-199a-3p. (A) The shared binding sequences between LINCOI [40 and miR-199a-3p by LncBase v.2.0. (B) mRNA expressions of
miR-199a-3p in the U87 cell. (C) The relative luciferase activity for cells in transfection by miR-NC, miR-199a-3p-mimic, NC inhibitor, or miR-199a-3p-inhibitor. (D) RIP
experiments for LINC00140 enrichment in cells transfected by miR-199a-3p. (E) Expressions of miR-199a-3p in U87 cells in transfection by shNC or shLINCOI 140. (F)
Expressions of LINCO1140 in U87 cells in transfection by miR-NC, miR-199a-3p mimic, NC inhibitor; or miR-199a-3p-inhibitor. *P < 0.05, n=3.

weight. In addition, Figure 7D shows that the mRNA expres-  staining and found that shLINC01140 decreased cell prolifera-
sions were inhibited in cells in transfection by shLINC01140.  tion. We have provided Supplementary Figure 1 to evaluate

From Figure 7E, the ZHX1 protein level was down-regulated  the effect of 1linc01140 and MiR-199a-3p on tumor volume
in the shLINCO01140 group. Figure 7F illustrates the Ki-67 and size. ShLINCO01140 could inhibit the tumor volume

1838  submit your manuscript OncoTargets and Therapy 2020:13

Dove


https://www.dovepress.com/get_supplementary_file.php?f=230895.docx
http://www.dovepress.com
http://www.dovepress.com

Dove Xin et al
A C E
_-e= Control % i S 1501
97 ShLINC01140 220 ) = )
> 08 ShLINCO1140+ E O £ —
2 miR-199a-3p inhibitor z " . = 100 )
E %7 H* ' 100- TJ
Z oo 2, g e
S o2 8 4
oo ] Z
0.0 . . - - = & O & & - S N & &
1 2 3 4 (Days) & S \\b‘ N & Q\\ \59 &
O éo CJQ .\&Q CJ° C) Q\ .QQ\
R S ¥’
S Y5 R
& \Qq D Q" q‘?‘
& N
& &
shLINCO01140+
B Control shLINC01140 miR-199a-3p inhibitor
Lo oo T TR T LN
i ‘00097 % ﬁ%"«' ’ O“_° Loy CQOO' ’3\
= - . ( Swa O o ‘_:‘ % Q
2 A
: e & g
2P
=
shLINC01140+
D ShLINCO01140 miR-199a-3p inhibitor
8 T il TOEKQOIVI LTI T T0 T O oC. L %
5 E 01 g & . i ot &
oooi}. % ™o :\o ok S W
.E i s 2 2 M.ge‘ioé%o."' “’%
§ ? o*“oo &S ‘ ‘of *‘I ??i@%
= 2 ;- %:‘ 0 19 o‘!“ o B ° QN0
o '(; o 0f W, o ‘;‘ SO L 3 O st QWO CP
0o o‘: oof" © -co é'»‘g'szg,o 'b % 3 - 9‘(&3
oWy ‘00"50? Lo % o
0 i © Q).o : OLO% '8'0‘ PR s

Figure 4 The effect of LINCO| 140 was attenuated by miR-199a-3p in glioma cells. For glioma cells in transfection by control, shLINCO| 140, or shLINCO| |40+ miR-199a-3p
inhibitor: (A) CCK8 assay for cell viabilities. (B, C) Transwell for cell migration abilities. (D, E) Transwell for cell invasion abilities. *P < 0.05, n=3.

(Supplementary Figure 1A) and weight (Supplementary
Figure 1B), but miR-199a-3p inhibitor attenuated this effect.

Discussions

Aberrant expressions of IncRNAs and miRNAs are usually
closely related to the development, progression, or inhibition
of human tumors. LincRNAs have been demonstrated to
maintain oncogene properties in a variety of human cancers,
such as LincRNA-PCAT-1 for prostate cancer,” LincRNA-

ROR for endometrial cancer stem cells,34 LincRNA-ROR
for breast cancers.*>~° Previous studies have investigated the
expressions of LINCO01140 in various cancers, including
gastric cancer,’’ lung cancer,”® and cervical cancer.*® For
instance, Song revealed that it was identified to significantly
correlated with the overall survival rate.*” Although they did
not discuss thoroughly on the expressions of LINCO01140,
they still gave us a clue about the possible role of LINC01140
in the progression of gastric cancer. As far as we know, we
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Figure 5 ZHXI was directly targeted by miR-199a-3p. (A). The commonly shared sequences between miR-199a-3p and ZHXI. (B) The relative luciferase activities for cells
in transfection by miR-NC or miR-199a-3p mimic, and ZHX| WT or ZHX| MUT. (C) Relative ZHX| mRNA levels for cells in transfection by miR-NC or miR-199a-3p
mimic, inhibitor NC, or miR-199a-3p inhibitor; (D) Western blotting for ZHX| and GAPDH for cells in transfection by shNC, and shLINCOI140. (E). Relative ZHXI
mRNA levels for cells in transfection by shNC or shLINCOI 140. (F). Western blotting of ZHX| and GAPDH miR-NC, miR-199a-3p mimic, NC-inhibitor, and miR-199a-3p-
inhibitor. *P < 0.05, n=3.
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Figure 6 The effect of miR-199a-3p was attenuated by ZHXI in glioma cells. (A). ZHX1 mRNA levels for cells transfected by shNC or shZHXI. (B). CCK8 assay for cell
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are the first to report the expressions of LINC01140 in glioma
cells. In the qRT-PCR results, we found that mRNA expres-
sion of LINC01140 was up-regulated in glioma cell lines of
SHG44, U251, U-118 MG, U87, when compared with nor-
mal brain cells. In addition, we also noticed that mRNA
expressions of miR-199a-3p were reduced in glioma cells
than normal brain cell line HA. This may provide useful
information in the interactions between LINC01140 and
miR-199a-3p.

According to previous findings, the knockdown of an
oncogene may hinder the proliferation, growth, migration,
and invasion of the corresponding tumor cells. For
instance, Yao indicated that the knockdown of IncRNA
XIST exerted tumor-suppressive functions in human glio-
blastoma stem cells by up-regulating miR-152.*° In our
experiments, we found that shLINCO01140 significantly
reduced the cell viabilities, the migrative and invasive
activities of glioma cells. In consistence with previous
findings, we also report that knockdown of LINC01140
restrained growth, migration, and invasion abilities of
glioma cells.

In 2015, Shen et al reported that miR-199a-3p suppressed
glioma cell proliferation through the regulation of the AKT/
mTOR signaling pathway.?® Similar to our results, they also
found that the expressions of miR-199a-3p were down-
regulated in glioma cell lines. In addition, we noticed that
LINCO01140 could directly sponge miR-199a-3p in glioma
cells. The luciferase results demonstrated that the luciferase
activity of LINC01140-WT was suppressed by miR-199a-3p,
but LINC01140-MUT activities were not affected by miR-
199a-3p. Besides, the expressions of miR-199a-3p were ele-
vated in cells in transfection by shLINCO01140, and the

transfection of miR-199a-3p mimic or inhibitor caused the
inhibition or elevation of LINCO01140. It was evident that
miR-199a-3p is a direct target of LINC01140 in glioma cells.

According to CC. Ma in 2016, IncRNA ATB could pro-
mote glioma malignancy by negatively regulating miR-200a.
The repression of miR-200a restored the sh-ATB induced
inhibitory effects on glioma cells. Similarly, our results also
revealed that the effect of LINC01140 was attenuated by
miR-199a-3p in glioma cells. The CCK-8 assays that down-
regulation of LINC01140 inhibited the abilities of cell prolif-
eration, but shLINC1140+miR-199a-3p-inhibitor increased
these abilities. In addition, the migration and invasion of
glioma cells were suppressed by shLINC1140, but this phe-
nomenon was attenuated by miR-199a-3p-inhibitor.

ZHX]1 is a new mouse homeodomain protein containing
two zinc-fingers and five homeodomains.*! It has been widely
investigated in its role in human cancers. In 2018, Rui dis-
cussed that ncRNA DLG1-AS1 promotes cell proliferation by
competitively binding with miR-107 and up-regulating ZHX1
expression in cervical cancer.*” In 2017, Guan found that miR-
199a-3p inhibited tumorigenesis of hepatocellular carcinoma
cells by targeting the ZHX1/PUMA signal pathway.*' In our
experiments, we firstly found that ZHX1 was directly targeted
by miR-199a-3p. The reporter assays in U87 cells revealed
miR-199a-3p-dependent repression of the ZHX1-WT 3'UTR.
In addition, shLINCO01140 decreased ZHX1 protein levels.
The protein expressions of ZHX1 were reduced by a miR-
199a-3p mimic in the U87 cell but increased by miR-199a-3p-
inhibitor. The above findings are in consistence with previous
reports. Moreover, we monitored the in vivo growth of glioma
tumor. It was found that knockdown of LINC00140 sup-
pressed the tumor growth rate, tumor volume, and tumor
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Figure 7 LINCOI 140 promoted glioma growth in vivo. (A) Tumor volumes and growth curves every seven days. (B) Tumor size was reduced in the shLINCOI 140 group
compared with the sh-NC. (C) Tumor weight in transfection by shNC or shLINCOI140. (D) The mRNA expressions of LINCOI140 in cells in transfection by shNC or
shLINCO1140. (E) Western blotting of ZHXI proteins in cells in transfection by shNC or shLINCOI140. (F) Ki-67 staining for cells in transfection by shNC or

shLINCOI 140. *P < 0.05, n=5.

weight. ZHX1 protein level was down-regulated in the
shLINCO01140 group, and shLINC01140 decreased cell pro-
liferation. Through these experiments and observations,
LINCO01140 might exert its biological roles in the promotion
of glioma by modulating the miR-199a-3p/ZHX1 axis.

Conclusion

LINCO01140 enhanced the developments of by promoting
ZHX1 expressions via down-regulating miR-199a-3p. This
might provide valuable information for the new therapeu-
tic directions of glioma.
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