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Abstract: Background: LncRNA LINCOO665 partakes in controlling the malignant phenotype of cancer cells, but its
role in glioma and the related regulatory mechanism remain uncertain. Methods: RT-PCR was exploited to exam-
ine LINCOO665 expression. The relationships among the LINCOO665 expression, the clinicopathologic values and
magnetic resonance imaging (MRI) characteristics of glioma were analyzed. The multiplication, movement, and
aggressiveness of glioma cell lines were evaluated by CCK-8, EdU, and Transwell experiments after constructing
LINCOO665 overexpression and LINCOO665 knockdown cell models. A dual-luciferase reporter gene experiment
and RIP experiment were executed to validate the interactions between LINCO0665 and miR-129-5p, and between
miR-129-5p and HMGB1. Western blot and RT-PCR were conducted to find the impact of LINCOO665 and miR-
129-5p on HMGB1 expression. Nude mouse model was also constructed to examine the impact of LINCOO665 on
multiplication and aggressiveness of glioma cells in vivo. Results: LINCOO665 expression was markedly increased in
glioma. High LINCOO665 expression in glioma was closely linked to larger tumor diameter, higher pathologic grade,
heterogeneous MRI signal of the tumor, increased peritumoral edema, and stronger MRI enhancement character-
istics. LINCOO665 overexpression facilitated the malignant behavior of glioma cells, while LINCOO665 knockdown
played the reverse role. Mechanistically, LINCOO665 could decoy miR-129-5p, and indirectly increased HMGB1
expression. Conclusion: LINCOO665 functions as an oncogenic INcCRNA in glioma, to accelerate glioma progression
by modulating miR-129-5p and increasing HMGB1 expression.
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Introduction

Glioma is the most prevalent primary tumor in
the brain, originating from glial cells. It is one of
the chief causes of carcinoma-associated
death [1, 2]. The morbidity of brain tumors is
21/100,000, accounting for about 2% of hu-
man cancers, and glioma cases account for
about 60% of brain tumors [3]. Despite the
rapid development of treatment strategies, the
prognosis and survival rate of glioma remain
low, especially for glioblastoma [4, 5]. Therefore,
understanding the molecular basis of glioma is
critical to improve diagnosis and therapy.

Long non-coding (Lnc)RNAs are highly con-
served transcripts having over 200 nucleotides

that cannot encode proteins [6, 7]. They were
previously considered to be a class of non-
functional by-products of transcription [6, 7].
However, in the last decade, IncRNAs were
found to participate in the modulation of diverse
biologic activities, promoting or inhibiting cell
proliferation, apoptosis, differentiation, migra-
tion, and aggressiveness [8, 9]. For example,
IncRNA HULC enhances the multiplication
of lung squamous cell cancer cells by down-
modulating PTPRO expression and activating
the NF-kB pathway [10]. AFAP1-AS1 facilitates
osteosarcoma tumorigenesis by regulating
the RhoC/ROCK1/p38MAPK/Twistl signaling
pathway [11]. LINCOO665 has been confirmed
to exert an oncogenic effect on several human
malignancies, such as liver cancer, non-small
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cell lung cancer, and gastric carcinoma [12-14].
Nevertheless, the biologic function of LINCOO-
665 in glioma and the related regulatory mech-
anisms are uncertain.

Micro RNAs (miRNAs) are endogenous single-
chain non-coding (nc) RNAs having around
18-25 nucleotides [15]. Multiple miRNAs, as
the regulators of gene expression, participate
in controlling of cell phenotype by specifically
binding to the 3-UTR of target genes [16].
Abnormal miRNA expression is strongly corre-
lated with tumorigenesis [17]. MiR-129-5p im-
pedes pancreatic carcinoma cell multiplica-
tion, and motility and induces apoptosis by
targeting PBX3 [18]. Up-modulation of miR-
129-5p expression impedes carcinoma cell
metastasis and angiogenesis by impeding
ZIC2 expression and suppressing the Hedgehog
signaling pathway in cervical carcinoma [19].
Furthermore, miR-129-5p represses glioma
progression by negatively regulating DNMT3A.
Moreover, miR-129-5p expression is negatively
linked to the WHO grade of glioma [20]. No-
netheless, the upstream mechanism responsi-
ble for miR-129-5p low expression in glioma is
uncertain.

HMGBL1 is affiliated with the HMG protein fami-
ly; it regulates gene expression, and partici-
pates in the pathogenesis of inflammatory dis-
eases and malignancies [20, 21]. Dysregulat-
ed HMGB1 expression is linked to diverse
human cancers, including liver carcinoma, pro-
state cancer, and glioma [21-23]. Interestingly,
HMGBL1 released in the glioma microenviron-
ment increases vascular permeability and peri-
tumoral edema, and indicates poor prognosis
[24-26]. However, the mechanism of dysregula-
tion of HMGB1 expression in glioma needs to
be further explored.

The current work confirms that LINCOO665
is up-modulated in glioma. Also, LINCO0O665
high expression is linked to adverse clinico-
pathologic measures and adverse magnetic
resonance imaging (MRI) signs in the patients.
It was shown that LINCOO665 enhances glio-
ma growth by modulating the miR-129-5p/
HMGB1 axis. In conclusion, research suggests
that the LINCO0665/miR-129-5p/HMGB1 axis
is a novel pathway of glioma development, so
this study may aid glioma diagnosis and
therapy.
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Materials and methods
Clinical specimens

The research was executed following the ethi-
cal standards in the Declaration of Helsinki. All
subjects implicated in the research signed a
written consent form. This work was endorsed
by the Ethics Committee of Hainan General
Hospital. All tissues (including 5 cases of adja-
cent brain tissues and 25 cases of glioma tis-
sues) were acquired during operation and
maintained in liquid nitrogen immediately after
resection. The pathologic analysis of these
tissues was confirmed by two experienced
pathologists. The clinical information and mag-
netic resonance imaging (MRI) images were
obtained from the Department of Radiology,
Hainan General Hospital.

Cell culture

U118, H4, U343, U87, A172 cells and immortal-
ized human astrocyte (NHA) cell lines were pro-
cured from the IBCB of the CAS (Shanghai,
China). All of the cells were grown in RPMI-1640
medium (Gibco, Carlsbad, CA, USA) comprising
10% FBS (Invitrogen, Carlsbad, CA, USA), 100
U/mL penicillin and 0.1 mg/mL streptomycin
(Hyclone, Logan, UT, USA) at 37 degrees Celsius
(CO, volume fraction of 5% and humidity of
95%). The medium was refreshed at an interval
of 2 to 3 days. The logarithmic growth phase
cells were chosen for follow-up tests.

Oligonucleotides, plasmid construction, and
cell transfection

U118 and A172 cells were seeded in a 60 mm
plate at 1 x 108/mL, developed at 37 degrees
Celsius, 5 percent CO, for 24 h, and then trans-
fection was conducted. The full length of
LINCOO665 was cloned into a pcDNA3.1 (+)
to construct the overexpressed LINCO0665
plasmid (pcDNA3.1-LINCO0665). A blank vec-
tor served as a negative control (Vector).
pcDNA3.1-LINCO0665, LINCO0O665 siRNA (5™-
UCCUCAGUCUUGGGCUAUUTT-3’), si-NC (5
UUCUCCGAACGUGUCACGUTT-3’), miR-129-5p
mimics (5-CUUUUUGCGGUCUGGGCUUGC-3’),
miR-129-5p inhibitors (5-GCAAGCCCAGACCG-
CAAAAAG-3’) and their negative controls (5-
UCACAACCUCCUAGAAAGAGUAGA-3’) were pro-
cured from Guangzhou RiboBio Co., Ltd.
(Guangzhou, China). Using the Lipofectamine™

Am J Transl Res 2022;14(5):2988-3002



LINCO0665 and miR-129-5p in glioma

Table 1. Sequences used for gRT-PCR

LINCOO665 F: AGCACCCCTAGTGTCAGTCA
R: TGGTCTCTAGGGAGGCAGAA

miR-129-5p F: GGGGGCTTTTTGCGGTCTGG
R: AGTGCGTGTCGTGGAGTC

ue F: CGCTTCGGCAGCACATATAC
R: TTCACGAATTTGCGTGTCAT

HMGB1 F: AATACGAAAAGGATATTGCGT
R: GCGCTAAACCAACTTAT

GAPDH F: TGTCCGTCGTGGATCTGA

R: TTGCTGTTGAAGTCGCAGGAG

Abbreviation: F stands for forward; R stands for reverse;
RT stands for reverse transcription.

2000, the oligonucleotides were transfect-
ed into CRC cells at a final dose of 50 nM
(Invitrogen). The cell density was adjusted to
30% according to the ratio of 1:3 or 1:2, and
the cultivation was sustained for 24 h after 12
h of transfection. After that, the transfection
efficacy was detected by RT-PCR.

RNA extraction and RT-PCR

The entire RNA was isolated from tissues or
cultivated cells using TRIzol kit (Invitrogen,
Shanghai, China). Afterward, RNA was reverse
transcribed into complementary DNA (cDNA)
using the Reverse Transcription Solution (Ta-
kara, Dalian, China). RT-PCR was executed
using a Power SYBR Green reagent (Takara).
LINCOO665, miR-129-5p and HMGB1 relative
expressions were calculated by the 222t means
using GAPDH and U6 as the internal referenc-
es. The primer sequences can be found in
Table 1.

Cell counting kit-8 (CCK-8 experiment)

First, each set of cells in the exponential growth
phase was processed into a single cell suspen-
sion and planted on a 96-well plate at 1000
cells per well. After that, each group was divid-
ed into six duplicate wells. On the second day,
10 uL of CCK-8 (Dojindo Molecular Technologi-
es, Japan) was supplemented to each well after
the cells were attached, and a blank control
well comprising only the medium and CCK-8
solution was set up. After 2 h of incubation, the
absorbance values of each well were deter-
mined and recorded using a microplate reader
(Bio-Rad, Hercules, CA, USA) with a wavelength
of 450 nm. Finally, the plate was measured
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every 24 h for 4 days. Time was utilized as the
abscissa and OD 450 nm was utilized as the
ordinate to plot the cell multiplication curve.

EdU assay

U118 and A172 cells were planted in 24-well
plates, respectively. Subsequently, 200 uL of 5
umol/L EdU solution was supplemented to
each well, and the cells were cultivated for 2 h,
and washed with PBS. The cells were fixed with
paraformaldehyde and incubated for 10 min.
After 200 pL of 2 mg/mL glycine was supple-
mented and the cells were developed for 5 min.
100 pL of 0.5 percent TritonX-100 was supple-
mented to each well, after that, the cells were
cultivated for 10 min on a shaker, and washed
twice with PBS for 5 min each time. Following
that, the cells were stained using Apollo pro-
tected from light for 30 min, and then dyed with
1xHoechst 33342 DNA staining reagent to
incubate for 20 min. Ultimately, the cells were
cleaned with PBS and photographed under a
fluorescence microscope.

Transwell experiment

Transwell movement and aggressiveness
experiments were done to examine cell move-
ment and aggressiveness. 8 UM pore size
Transwell chambers (Costar, Cambridge, MA,
USA) with Matrigel (Corning, Beijing, China)
were applied for the aggressiveness assay, and
Matrigel was not applied in the movement
experiment. 5 x 10* transfected cells suspend-
ed in 150 pL of serum-free medium were posi-
tioned in the top compartment. 400 uL of medi-
um including 10% FBS was replenished to the
bottom compartment. After incubation at 37
degrees Celsius for 24 h, the cells that did not
invade or move were erased from the higher
surface of the membrane. After that, the mem-
brane was fixed with 4% paraformaldehyde for
10 min and stained with 0.5% crystal violet
solution. After washing with tap water, the cells
were counted under a reversed microscope
(Olympus, Tokyo, Japan).

Western blot

RIPA lysis solution (Pierce, Rockford, IL, USA)
was adopted to lyse the cells, and the superna-
tant was then harvested after high-speed
centrifugation. Afterward, the BCA kit (Pierce,
Rockford, IL, USA) was used to quantify the
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concentration of the protein samples, and the
supernatant was heated at 100 degrees
Celsius for 10 min to denature the protein.
Then the protein specimens were denatured
by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE). The protein was
then electrically transferred to a PVDF mem-
brane. The membrane was washed 3 times
with tris buffered saline + tween (TBST) for 10
min each time after being blocked with 5%
skim milk for 1 h. Subsequently, the membrane
was incubated with primary antibodies anti-
HMGB1 (Abcam, ab79823, 1:1000) and anti-
GAPDH (Abcam, ab181602, 1:1000). The
membrane was developed with HRP conjugat-
ed secondary antibody (1:2000, Santa Cruz
Biotechnology) for 1 h after being rinsed. Ul-
timately, the electrochemiluminescence (ECL)
kit (Millipore, Bedford, MA, USA) was placed
onto the membrane, and the membrane was
positioned on an automatic imaging developing
device (ChemiDocXRS imaging system) to visu-
alize the protein bands (raw images of the pro-

tein bands are in Supplementary Figure 1).

Luciferase reporter experiment

A luciferase reporter gene experiment was
executed using the dual-luciferase reporter
assay system (Promega, Madison, WI, USA).
Fragments of wild type LINCOO665 and mu-
tant LINCOO665 were established and integrat-
ed into pGL3 vector (Promega, Madison, WI,
USA) to set up pGL3-LINCOO665 wild type
(LINCOO665-WT) and pGL3-LINCO0665-mu-
tant (LINCOO665-MUT) reporter vectors. The
cells were co-transfected with LINCOOG665-WT
(or LINCOO665-MUT) and miR-129-5p mimics
(or the negative control). 48 h later, the lucifer-
ase activity of the cells in each group was
examined according to the directions.

RNA immunoprecipitation

The RIP experiment was implemented using the
EZ-Magna RIP kit (Millipore, MA, USA) following
the directions. The human anti-Ago2 antibody
was obtained from Millipore and the IgG was
used as the control. 1 x 107 glioma cells were
lysed in 100 pL of RIP lysis solution which con-
tained protease inhibitor cocktail and RNase
inhibitors. Next, the antibody coated with mag-
netic beads was added to incubate with 200 uL
of cell lysate at 4°C overnight. Subsequently,
after the mixtures were cultivated with protein-

2991

ase K to remove the protein in the immunopre-
cipitate, the RNA was extracted, and RNA con-
centration was determined using a NanoDrop
spectrophotometer and LINCOO665 expres-
sion in the refined RNA was measured by
RT-PCR.

In vivo test

For tumorigenesis tests, four-week-old male
BALB/c athymic nude mice were utilized. A172
cells transfected with control siRNA or LINC-
00665 siRNA were inoculated in T75 flasks,
and cultured for 48 h. The cells were centri-
fuged after trypsinization, and A172 cells were
rinsed three times with PBS and resuspend-
ed in PBS. 100 L of cell suspension (cell den-
sity: 5 x 107 cells/mL) was inoculated into the
back of each mouse. Every week, a caliper was
utilized to measure the tumor’s longest and
shortest diameters. Subsequently, the formula
was applied to measure the tumor volume,
volume = (length x width? x 0.5). On the 21st
day after the injection, the tumor was carefully
peeled off, and the weight of each subcutane-
ously grown tumor was measured. In the as-
say to evaluate the aggressiveness of glioma
cells, 1 x 107 cells in each group were inocu-
lated into the caudal vein of 10 mice respec-
tively. The mice were sacrificed two weeks later,
and lung colonization was measured by patho-
logic analysis.

Statistical analysis

Statistical analysis was implemented using
SPSS statistical software (Chicago, IL, USA).
The data were expressed as mean + standard
deviation (SD). The F-test to test was adopted
for equal variance, and the unpaired two-tail-
ed ttest with equal variance was utilized to
make statistical comparisons. The One-Sample
Kolmogorov-Smirnov test was applied to deter-
mine whether the data were normally distribut-
ed. If they were normally distributed, the pair-
ed-sample t test or independent sample t test
was exploited to compare measurement statis-
tics between two groups. Comparisons among
multiple groups were executed using One-
way ANOVA. The Student’s Newman-Keuls anal-
ysis was employed to examine the difference
between the two groups if the findings indicat-
ed significant differences. When the data had a
skewed distribution, non-parametric tests were
adopted to make comparisons. The paired
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Figure 1. LINCOO665 is highly expressed in glioma tissues and cell lines. A. qRT-PCR was used to detect the expres-
sion of LINCOO665 in glioma tissues and non-cancerous brain tissues. GAPDH was used as the internal control for
LINCOO665 expression. B. The expression levels of LINCOO665 in NHA cells and 5 glioma cell lines were compared.
NBTs, normal brain tissues; NHA, normal human astrocytes. **P < 0.01, ***P < 0.001.
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Figure 2. MRl image and H&E representative images of glioma patients. A. A
representative MRI image of 77-year-old woman with glioma. B. H&E stain-
ing of normal brain tissue and tumor tissues of this patient. MRI, magnetic
resonance imaging; H&E, hematoxylin-eosin. Magnification of H&E is 200 x.

expression was also notably
up-regulated in the above five
glioma cell lines (Figure 1B).
Also, by analyzing the relation-
ship among the LINCOO665
expression, the clinicopatho-
logic values, and MRI signs of
glioma patients, LINCOO665
overexpression in glioma was
found to be correlated with
an increased tumor diameter,
increased pathological grade,
uneven MRI signal of the tu-

sample Wilcoxon signed-rank test or the non-
parametric Mann-Whitney test was applied to
compare the data between two groups. The chi-
square test was employed to examine the cor-
relation between LINCO0665 expression and
the clinicopathological index/MRI signs of the
patients. P < 0.05 denoted significance.

Results

LINCOO665 was overexpressed in glioma and
was closely associated with adverse clinico-
pathological values and MRI adverse signs

To probe LINCOO665 expression characteris-
tics in glioma, RT-PCR was done to examine its
expression in 5 normal brain tissues (NBTSs)
and 25 glioma tissues. The statistics revealed
that the LINCOOG65 expression was up-modu-
lated in glioma tissues relative to NTBs (Figure
1A). Second, by comparing the LINCO0O665
expression in the NHA cell line and U118, H4,
U343, U87,A172 cells, the findings implied that
compared to the NHA cell line, LINCOO665
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mor, an increase in peritu-
moral edema, and the tumor
enhancement (Figure 2A and 2B; Tables 2 and
3). These data imply that LINCOO665 exerted
an oncogenic effect in glioma.

LINCOO665 expression enhanced glioma cell
multiplication, movement, and aggressiveness

Since LINCOO665 was up-modulated in glioma
tissues and cell lines, and was related to
adverse clinicopathologic values and adver-
se MRI signs, we made a hypothesis that it
could participate in the progression of glioma.
The overexpressing LINCO0665 plasmid and
LINCO0665 siRNA were transfected into U118
and A712 cells, respectively. The efficiency of
transfection was subsequently verified by gRT-
PCR (Figure 3A). Since siRNA#2 knockdown
efficiency was more significant, it was used
for further research. CCK-8 and EdU experi-
ments were adopted to examine cell multiplica-
tion. The statistics implied that LINCOO665
overexpression enhanced U118 cell prolifera-
tion (Figure 3B-D). Subsequently, the results
of Transwell experiment validated that LINC-
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Table 2. Correlations between LINCOO665 expression and clinical char-

acteristics in glioma patients

LINCOO665 may also
affect glioma develop-

Number of LINCOOGG5 expression Chi-square

ment by working as a

Pathologic finding patients High Low value P value ceRNA. To validate our
All cases 25 14 11 hypothesis, the StarBa-
se V3.0 online website

Age (years) was explored, and miR-
<30 6 5 1 2.394 0122 129-5p was demonstrat-
>30 19 9 10 ed to be one of the func-
Gender tional target miRNAs of
Male 14 10 4 3.074  0.079 LINCOOG65 (Figure 4A).
Female 11 4 7 Subsequently, miR-129-
Tumor diameter 5p expressioln in NTBs
<3cm 8 2 6 4588  0.032 2%8223*2 t'FfTS‘;%SRV"SaS
Xami y RT- , SU-

>3cm = 12 5 ggesting that miR-129-
Pathologic type 5p expression was very
Astrocytoma 12 7 5 0.311 0.856 diminished in glioma tis-
Oligodendroglioma 10 5 sues relative to NTBs
Others 3 2 1 (Figure 4B). To validate
Pathologic grade the result of bioinfor-
-1l 6 1 5 6.860 0.045 matics analysis, a dual-
m 8 4 4 luciferase reporter ex-
v 1 9 5 periment was exploited

Table 3. Correlations between LINCO0O665 expression and MRI features

in glioma patients

to explore the interac-
tion of LINCOO665 and
miR-129-5p. The find-
ings revealed that the

miR-129-5p mimics in-

Number of LINCOOG65 expression Chi-square hibited the luciferase

Item ) - P value . .
patients High Low value activity of the luciferase
All cases 25 14 11 reporter-containing LIN-
Tumor signal CO0665-wide type (WT),
Uniform 10 3 7 45725 0.032 'tOhUt ‘:”d ,rf‘Ot ”Otab'i’, ?Ifec]tc
) e luciferase activity o
Non-uniform 15 1 4 the LINCOO665-mutant
Peritumoral edema type (MUT) (Figure 4C).
Mild 11 3 8 6.5789  0.010 Additionally, the RIP ex-
Moderate to severe 14 11 3 periment validated that
Enhancement LINCOO665 and miR-
Mild 12 4 8 4.8119 0.028 129-5p were enriched
Moderate to severe 13 10 3 in Ago2-containing mic-

00665 overexpression notably enhanced cell
movement and aggressiveness (Figure 3E, 3F).
Contrariwise, knockdown of LINCOO665 mark-
edly impeded A172 cell multiplication, move-
ment, and aggressiveness relative to the con-
trol group (Figure 3B-F).

LINCOO665 repressed miR-129-5p by spong-
ing it

As a ceRNA, IncRNA has recently been a promi-
nent topic in cancer studies. We supposed that
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roribonucleoproteins (Fi-

gure 4D). MiR-129-5p ex-
pression was down-modulated following LINC-
00665 overexpression, and miR-129-5p ex-
pression was up-modulated after knockdown
of LINCOO665 (Figure 4E). Moreover, miR-129-
5p expression was notably reduced in the
four glioma cell lines relative to NHA (Figure
4F). Finally, a negative association between
LINCOO665 expression and miR-129-5p ex-
pression in glioma tissues was revealed (Fi-
gure 4G). In conclusion, LINCOO665 adsorb-
ed miR-129-5p and negatively regulated its
expression.

Am J Transl Res 2022;14(5):2988-3002



LINCO0O665 and miR-129-5p in glioma

A o, U118 0 A172 B U118 A172
g 49 é 2.0 1.59 e Vector 1.09 -»- si-vector
U - — -— &
2 wee 4 | £ = LINC00665 E o8] " si-LINC00665
3 3 3 1.5+ s g
[=] (=] -
< £ T * < 0.6+
=} k= s—— @ o
s 24 » 1.0 2 9 - 2
8 e g 0.5 - 8 04+
£ 14 —— % 0.5 el AR o G
o ] E ] — g 2 0.2
2 i < — <
E 0= E 0.0- 0.0 T T T T 0.0 T T T T
2 Vector LINC00665 & si-vector #1 #2 1 2 3 4 1 4
si-LINC00665 Days Days
C u118 A172 D U118 A172
2 pee 100 . 100-
w :* 2
s 80+ Py 80+
e [
o a "g 40+ 'g 40
(] @ 3 = | A
2 o bt 20 3 20
[7] @
= = 0- 0-
Vector LINC0O0G65 si-vector  si-LINCOO65 Vector LINC00665 si-vector  si-LINC00665
E A172 F U118 A172
Y | f” I : 250~ WM Vector mm LINC00665 250 WM si-vector mm si-LINC00665
$§ s - o = -
< - w‘ﬁ 200 200~
o i=J 2 = = - .
S H LY 8 £ 1504 ‘E 150+
- — = =
F . e
- &5 5 | Y . = 100 :: 100+
§ S - 5, © = '
@ 8 J Y o o 50- 50
H . 4
= -_. ke 3 A am n- 0-
Vector  LINC00665 si-vector  si-LINC00665 Migration Invasion Migration Invasion

Figure 3. LINCOO665 promotes the proliferation, migration, and invasion of glioma cells. A. The overexpressing LINCOO665 plasmid and LINCOO665 siRNA were
transfected into U118 and A712 cells, respectively. Transfection efficiency was detected by qRT-PCR. B-D. CCK-8 assay and EdU assay were used to detect glioma
cell proliferation. E, F. Transwell assay was used to detect glioma cell migration and invasion. siRNA, short interfering RNA; gRT-PCR, quantitative real-time poly-
merase chain reaction; CCK-8: Cell Counting Kit-8; EdU: 5-ethynyl-2’-deoxyuridine. **P < 0.01, ***P < 0.001.
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Figure 4. miR-129-5p is a target for LINCOO665 in glioma. A. StarBase 3.0 (http://starbase.sysu.edu.cn/index.php) was adopted to predict binding sites between
LINCO0O665 and miR-129-5p. B. qRT-PCR was used to detect the expression of miR-129-5p in glioma tissues and normal brain tissues. C. Luciferase activity was
measured after wild-type LINCOO665 (or mutant LINCO0O665), miR-129-5p (or miR-NC) were co-transfected into glioma cells. D. RIP assay was employed to de-
termine the interaction between LINCOO665 and miR-129-5p. E. The expression of miR-129-5p was detected by qRT-PCR after up-regulating or down-regulating
LINCOO665 in glioma cells. F. The expression level of miR-129-5p in NHA cells and glioma cells was detected by gRT-PCR. G. The correlation between LINCOO665
and miR-129-5p in glioma tissues of 25 patients was analyzed. gRT-PCR, quantitative real-time polymerase chain reaction; RIP, RNA binding protein immunoprecipi-
tation; NHA, normal human astrocytes. **P < 0.01, ***P < 0.001.
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Figure 5. LINCOO665/miR-129-5p axis regulates the malignant phenotype of glioma cells. A, B. CCK-8, EdU assays
were used to detect cell proliferation of glioma. C. Transwell assay was employed to detect the invasion and migra-
tion of glioma cells. **P < 0.01, ***P < 0.001, Vector vs LINCOO665 or si-vector vs si-LINCOO665. #P < 0.05, ##P <
0.01, LINCO0665 vs LINCOO665 + miR-129-5p mimics or si-LINCO0665 vs si-LINCO0665 + miR-129-5p inhibitors.
CCK-8, cell counting kit-8; EdU, 5-ethynyl-2’-deoxyuridine.

LINCOO665 participated in the modulation of
malignant characteristics of glioma cell by ad-
sorbing miR-129-5p

Next, U118 cells were co-transfected with
LINCOO665 overexpression plasmids and miR-
129-5p mimics. CCK-8, EdU, and Transwell ex-
periments confirmed that up-regulation of miR-
129-5p attenuated the promoting role of LINC-
00665 overexpression on multiplication and
aggressiveness of U118 cells (Figure 5A-C).
Conversely, knockdown of LINCOO665 caused
inhibition of multiplication and aggressiveness
of A172 cells, which was partly reversed by miR-
129-5p inhibitors (Figure 5A-C). The findings
implied that LINCOO665 partakes in the modu-
lation of the malignant characteristics of glio-
ma cells by sponging miR-129-5p.

miR-129-5p directly targets HMGB1

To find the downstream molecular mechanism
of miR-129-5p, the candidate targets of miR-
129-5p were analyzed by the TargetScan data-
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base, and HMGB1 was among the candidate
targets of miR-129-5p, and the binding sites
between them are displayed in Figure G6A.
Moreover, targeted binding between miR-129-
5p and HMGB1 was found using the dual-lucif-
erase gene reporter method. The transfec-
tion of miR-129-5p mimics reduced the lucifer-
ase activity of wild-type 3'UTR sequence of
HMGB1. Nonetheless, it had no notable influ-
ence on the luciferase activity of the muta-
ted 3’'UTR sequence of HMGB1 (Figure 6B).
Additionally, miR-129-5p overexpression down-
modulated HMGB1 expression, and miR-129-
5p inhibition up-regulated HMGB1 expression
at the mRNA and protein levels (Figure 6C,
6D; Supplementary Figure 1). Also, HMGB1
expression was up-regulated after LINCO0665
overexpression, whereas HMGB1 expression
was down-regulated after knockdown of
LINCOO665 (Figure 6E, 6F; Supplementary
Figure 1). Based on the above findings, we con-
cluded that a LINCO0665/miR-129-5p/HMGB1
axis was involved in glioma development.
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The interaction between miR-129-5p and HMGB1 was verified using the luciferase reporter gene assay. C-F. After
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Knockdown of LINCOO665 suppressed glioma
proliferation and metastasis in vivo

Next, we explored LINCOO665’s role in vivo.
The tumor size and body weight of each mouse
were measured after A172 cells with LINCO-
0665 knockdown and control cells were inject-
ed on the back of each mouse. As shown, the
tumor size was notably decreased after knock-
ing down LINCOO665 relative to the control
group (Figure 7A; Supplementary Figure 2).
Furthermore, the average tumor weight in the
si-LINCO0665 group was remarkably lower
than in the control group (Figure 7B). RT-PCR
showed that LINCOO665 expression and HM-
GB1 mRNA expression were notably down-
modulated in the tumors of the mice, and
the miR-129-5p expression was significantly
increased (Figure 7C-E). Western blot show-
ed that HMGB1 expression was diminished at
the protein level after knockdown of LINCO-
0665 (Figure 7F). Furthermore, we constructed
a lung metastasis model to test glioma cells’
aggressiveness in vivo. The findings suggest-
ed that LINCO0665 knockdown impeded lung
metastasis of glioma cells (Figure 7G and 7H).
These results further proved the oncogenic
properties of LINCOO665 in glioma.
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Discussion

Reportedly, multiple IncRNAs are aberrantly ex-
pressed in different malignancies like glioma
[27, 28]. The expression level of some IncRNAs
in the progression of tumors is up-regulated or
down-regulated, and thus they show promise
as biomarkers for disease diagnosis and prog-
nosis [29]. In glioma, IncRNA SNHG16 acceler-
ates tumor progression by up-regulating EGFR
expression and activating PISBK/AKT pathway
[30]; LINCOO319 directly binds with TATA-box
binding protein associated factor 1 to promote
glioma cell proliferation and aggressiveness,
and its overexpression is srongly associated
with the unfavorable prognosis of patients [31].
By creating a negative feedback loop with AXL,
LINCO0526 impedes glioma growth [32]. In the
current study, LINCOO665 was shown to be
remarkably up-modulated in glioma tissues
and cell lines. Furthermore, LINCOO665 over-
expression in glioma was closely linked to larg-
er tumor diameter, the increased pathologic
grade, heterogeneous MRI signal of the tumor,
increased peritumoral edema, and the signal
enhancement of MRI image. Up-regulation of
LINCO0665 significantly promoted glioma cell
multiplication, movement, and aggressiveness,

Am J Transl Res 2022;14(5):2988-3002
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and knocking down LINCOO665 markedly sup-
pressed the malignant biologic characteristics
of glioma cells. Consistently, in vivo research
validated that LINCO0O665 knockdown sup-
pressed the progression of glioma. For the first
time, our study suggested that LINCOO665 was
an oncogenic IncRNA in glioma.

Recent studies have shown that miRNAs are
key regulators of tumorigenesis [33]. Investi-
gating the relationship between miRNAs and
glioma biologic behavior provides a theoretical
foundation for understanding the mechanism
of this deadly disease [34]. According to the
reports of the previous studies, miR-129-5p
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shows tumor-suppressive properties in glio-
ma. For example, miR-129-5p represses cell
viability, multiplication, movement, and aggres-
siveness of glioma cells, by binding to the
3’'UTR of FNDC3B mRNA [35]. Furthermore,
miR-129-5p negatively regulates Wntba and
blocks PKC/ERK/NF-kB and JNK pathways in
glioma, thus suppressing glioma progression
[36]. Furthermore, IncRNA can act as a ceRNA
to decoy miRNAs and thus participate in the
modulation of gene expression. e.g., INCRNA-
ZFAS1 enhances glioma progression by adsorb-
ing miR-150-5p and up-regulating PLP2 [37];
LINCO0909 acts as a molecular sponge of miR-
194 to enhance the aggressiveness of glioma

Am J Transl Res 2022;14(5):2988-3002
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cells [38]. In this study, it was revealed that
LINCOO665 participated in the modulation of
malignant biologic properties of glioma cells
as a tumor-promoting factor, whereas miR-129-
5p showed tumor-suppressive properties. In-
terestingly, the binding site of LINCO0O665 and
miR-129-5p was confirmed through bioinfor-
matics, luciferase reporter gene experiments,
and RIP experiments. Moreover, LINCOO665 up-
modulation caused a decrease in the expres-
sion of miR-129-5pin glioma cells. Furthermore,
we found that the influence of LINCOO665 over-
expression on glioma cells was partially attenu-
ated by the miR-129-5p mimics. Conversely,
the miR-129-5p inhibitor reversed the sup-
pressing impact of knockdown of LINCOO665
on glioma cell multiplication and aggressive-
ness. Therefore, we concluded that LINCOO665
was implicated in controlling glioma cells’ multi-
plication, movement, and aggressiveness by
adsorbing miR-129-5p.

HMGBL1 is a highly conserved DNA-binding pro-
tein that may transfer from the cytoplasm to
the nucleus and interacts with transcription
elements, nucleosomes, and histones [39]. Itis
transcribed from chromosome 13912 and is
overexpressed in different malignancies, in-
cluding prostate carcinoma, NSCLC, and glioma
[24, 40, 41]. In glioma, HMGB1 is associated
with aberrant activation of the JAK/STAT path-
way and NF-«kB pathway [42]. HMGB1 also leads
to increased IL-6 expression, and IL-6 further
triggers the activation STAT3 via JAK signaling
[43]. HMGB1 induces NF-kB activation via
RAGE, which in turn activates MMP-2 activa-
tion and ultimately leads to colon cancer me-
tastasis [44]. Additionally, some previous stud-
ies have shown that HMGB1 is controlled by
multiple miRNAs, like miR-142, miR-129-2 and
miR-129-5p [45-48]. In this work, luciferase
reporter gene experiment revealed that miR-
129-5p targeted HMGB1 3'UTR. We also
demonstrated that miR-129-5p overexpres-
sion induced down-regulation of HMGB1 ex-
pression in glioma cells. Conversely, miR-129-
5p inhibitor caused up-regulation of HMGB1
expression level. These data are consistent
with previous studies on the correlation be-
tween miR-129-5p and HMGB1 [47, 48]. Fur-
thermore, it was observed that overexpres-
sion of LINCO0665 promoted the HMGB1
expression in glioma cells; thereby we propos-
ed a novel mechanism during glioma progres-
sion, namely a LINCOO665/miR-129-5p/HM-
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GB1 axis. Increased HMGB1 is associated with
infammation and edema in the tumor micro-
environment of glioma [24, 25, 49]. Peritumor-
al edema is more common in high-grade glio-
ma, and it indicates a worse prognosis [50,
51]. Interestingly, herein, we determined that
LINCOO665 overexpression was linked to unfa-
vorable MRI features including severer peritu-
moral edema, and the regulatory function of
LINCO0665 on HMGB1 may contribute to this
phenomenon.

Conclusion

In summary, we observed high expression of
LINCO0665 in glioma, and it was associated
with malignant clinical characteristics and
adverse MRI signs of patients with glioma. In
terms of mechanism, functioning as a ceRNA,
LINCO0665 sponges miR-129-5p to enhance
HMGB1 expression. Our research signifies that
LINCOO665 is a latent therapy target and diag-
nostic biomarker for glioma.

Acknowledgements

This study was funded by Hainan Key Research
and Development Project (ZDYF2020115,
ZDYF2022SHFZ022) and the National Natural
Science Foundation of China (81960311), and
by Hainan Province Clinical Medical Center.

All presentations of case reports have consent
for publication.

Disclosure of conflict of interest
None.
Abbreviations

LncRNAs, Long non-coding RNAs; RT-PCR,
Real-time polymerase chain reaction; MRI, Ma-
gnetic resonance imaging; CCK-8, Cell Cou-
nting Kit-8; EdU, 5-ethynyl-2’-deoxyuridine; RIP,
RNA binding protein immunoprecipitation; HM-
GB1, High mobility group protein 1; miRNAs,
microRNAs; FBS, Fetal bovine serum; PBS,
Phosphate buffer saline; PVDF, Polyvinylidene
fluoride; HRP, Horseradish peroxidase; NBTs,
Normal brain tissues; NHA, Normal human as-
trocyte; ceRNA, competitive endogenous RNA;
WT, Wide type; MUT, Mutant type; GAPDH,
Glyceraldehyde 3-phosphate dehydrogenase;
IBCB, Institute of Biochemistry and Cell Biology;
CAS, Chinese Academy of Sciences.

Am J Transl Res 2022;14(5):2988-3002



LINCOO665 and miR-129-5p in glioma

Address correspondence to: Jianhua Zhang, De-
partment of Radiology, Shanghai East Hospital,
Tongji University School of Medicine, No. 150 JiMo
Road, Pudong New Area, Shanghai 200120, China.
E-mail: gu958258158@163.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

Xie Z, Li X, Chen H, Zeng A, Shi Y and Tang Y.
The IncRNA-DLEU2/miR-186-5p/PDK3 axis
promotes the progress of glioma cells. Am J
Transl Res 2019; 11: 4922-4934.

Molinaro AM, Taylor JW, Wiencke JK and
Wrensch MR. Genetic and molecular epidemi-
ology of adult diffuse glioma. Nat Rev Neurol
2019; 15: 405-417.

Ahammed Muneer KV, Rajendran VR and K PJ.
Glioma tumor grade identification using artifi-
cial intelligent techniques. J Med Syst 2019;
43:113.

Petrescu GED, Sabo AA, Torsin LI, Calin GA and
Dragomir MP. MicroRNA based theranostics
for brain cancer: basic principles. J Exp Clin
Cancer Res 2019; 38: 231.

Sheng J, Wang L, Han Y, Chen W, Liu H, Zhang
M, Deng L and Liu YN. Dual roles of protein as
a template and a sulfur provider: a general ap-
proach to metal sulfides for efficient photother-
mal therapy of cancer. Small 2018; 14.

Jiang MC, Ni JJ, Cui WY, Wang BY and Zhuo W.
Emerging roles of IncRNA in cancer and thera-
peutic opportunities. Am J Cancer Res 2019;
9: 1354-1366.

Rynkeviciene R, Simiene J, Strainiene E,
Stankevicius V, Usinskiene J, Miseikyte Kaubri-
ene E, Meskinyte |, Cicenas J and Suziedelis K.
Non-coding RNAs in glioma. Cancers (Basel)
2018; 11: 17.

Lu CW, Zhou DD, Xie T, Hao JL, Pant OP, Lu CB
and Liu XF. HOXA11 antisense long noncoding
RNA (HOXA11-AS): a promising IncRNA in hu-
man cancers. Cancer Med 2018; 7: 3792-
3799.

Peng Z, Liu C and Wu M. New insights into long
noncoding RNAs and their roles in glioma. Mol
Cancer 2018; 17: 61.

Xu 'Y, Li J, Wang P, Zhang Z and Wang X. Ln-
cRNA HULC promotes lung squamous cell car-
cinoma by regulating PTPRO via NF-kB. J Cell
Biochem 2019; 120: 19415-19421.

Shi D, Wu F, Mu S, Hu B, Zhong B, Gao F, Qing
X, Liu J, Zhang Z and Shao Z. LncRNA AFAP1-
AS1 promotes tumorigenesis and epithelial-
mesenchymal transition of osteosarcoma
through RhoC/ROCK1/p38MAPK/Twistl sig-
naling pathway. J Exp Clin Cancer Res 2019;
38: 375.

Liu X, Lu X, Zhen F, Jin S, Yu T, Zhu Q, Wang W,
Xu K, Yao J and Guo R. LINCOO665 induces ac-

3000

(13]

(14]

(17]

(18]

[19]

[20]

(21]

[22]

(23]

quired resistance to gefitinib through recruit-
ing EZH2 and activating PI3K/AKT pathway in
NSCLC. Mol Ther Nucleic Acids 2019; 16: 155-
161.

Wen DY, Lin P, Pang YY, Chen G, He Y, Dang YW
and Yang H. Expression of the long intergenic
non-protein  coding RNA 665 (LINCOO665)
gene and the cell cycle in hepatocellular carci-
noma using the cancer genome atlas, the
gene expression omnibus, and quantitative
real-time polymerase chain reaction. Med Sci
Monit 2018; 24: 2786-2808.

Qi H, Xiao Z and Wang Y. Long non-coding RNA
LINCOO665 gastric cancer tumorigenesis by
regulation miR-149-3p/RNF2 axis. Onco Tar-
gets Ther 2019; 12: 6981-6990.

Ye J, Xu M, Tian X, Cai S and Zeng S. Research
advances in the detection of miRNA. J Pharm
Anal 2019; 9: 217-226.

Orso F, Quirico L, Dettori D, Coppo R, Virga F,
Ferreira LC, Paoletti C, Baruffaldi D, Penna E
and Taverna D. Role of miRNAs in tumor and
endothelial cell interactions during tumor pro-
gression. Semin Cancer Biol 2020; 60: 214-
224,

Saul MJ, Emmerich AC, Steinhilber D and
Suess B. Regulation of eicosanoid pathways by
microRNAs. Front Pharmacol 2019; 10: 824,
Qiu Z, Wang X, Shi Y and Da M. miR-129-5p
suppresses proliferation, migration, and induc-
es apoptosis in pancreatic cancer cells by tar-
geting PBX3. Acta Biochim Biophys Sin (Shang-
hai) 2019; 51: 997-1007.

Wang YF, Yang HY, Shi XQ and Wang Y. Upregu-
lation of microRNA-129-5p inhibits cell inva-
sion, migration and tumor angiogenesis by
inhibiting ZIC2 via downregulation of the
hedgehog signaling pathway in cervical can-
cer. Cancer Biol Ther 2018; 19: 1162-1173.
Gu X, Gong H, Shen L and Gu Q. MicroRNA-
129-5p inhibits human glioma cell prolifera-
tion and induces cell cycle arrest by directly
targeting DNMT3A. Am J Transl Res 2018; 10:
2834-2847.

Lv DJ, Song XL, Huang B, Yu YZ, Shu FP, Wang
C, Chen H, Zhang HB and Zhao SC. HMGB1
promotes prostate cancer development and
metastasis by interacting with brahma-related
gene 1 and activating the akt signaling path-
way. Theranostics 2019; 9: 5166-5182.

Satoh M, Taira K, Hara T, Siba J and Takeuchi
M. High mobility group box 1 can be used to
monitor perioperative course in patients with
liver cancer. Surg Oncol 2020; 33: 216-221.
Gu J, Xu R, Li Y, Zhang J and Wang S. MicroR-
NA-218 modulates activities of glioma cells by
targeting HMGB1. Am J Transl Res 2016; 8:
3780-3790.

Am J Transl Res 2022;14(5):2988-3002



[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

LINCO0665 and miR-129-5p in glioma

Hong B, Muili K, Bolyard C, Russell L, Lee TJ,
Banasavadi-Siddegowda Y, Yoo JY, Yan Y, Ball-
ester LY, Bockhorst KH and Kaur B. Suppres-
sion of HMGB1 released in the glioblastoma
tumor microenvironment reduces tumoral
edema. Mol Ther Oncolytics 2019; 12: 93-
102.

Cheng P, Ma Y, Gao Z and Duan L. High mobil-
ity group box 1 (HMGB1) predicts invasion and
poor prognosis of glioblastoma multiforme via
activating AKT signaling in an autocrine path-
way. Med Sci Monit 2018; 24: 8916-8924.
Zhou YL, Li Y, Luo DM, Ding Y and Hodgson P.
Microstructures, mechanical and corrosion
properties and biocompatibility of as extruded
Mg-Mn-Zn-Nd alloys for biomedical applica-
tions. Mater Sci Eng C Mater Biol Appl 2015;
49: 93-100.

Chi Y, Wang D, Wang J, Yu W and Yang J. Long
Non-coding RNA in the pathogenesis of can-
cers. Cells 2019; 8: 1015.

Xin S, Huang K and Zhu XG. Non-coding RNAs:
regulators of glioma cell epithelial-mesenchy-
mal transformation. Pathol Res Pract 2019;
215: 152539.

Zhong Y, Wu X, Li Q, Ge X, Wang F, Wu P, Deng
X and Miao L. Long noncoding RNAs as poten-
tial biomarkers and therapeutic targets in gall-
bladder cancer: a systematic review and meta-
analysis. Cancer Cell Int 2019; 19: 169.

Zhou XY, Liu H, Ding ZB, Xi HP and Wang GW.
INcRNA SNHG16 promotes glioma tumorige-
nicity through miR-373/EGFR axis by activat-
ing PI3BK/AKT pathway. Genomics 2020; 112:
1021-1029.

LiQ, Wu Q, LiZ, HuY, Zhou F, Zhai Z, Yue S and
Tian H. LncRNA LINCO0319 is associated with
tumorigenesis and poor prognosis in glioma.
Eur J Pharmacol 2019; 861: 172556.

Yan J, Xu C, LiY, Tang B, Xie S, Hong T and Zeng
E. Long non-coding RNA LINCOO526 represses
glioma progression via forming a double nega-
tive feedback loop with AXL. J Cell Mol Med
2019; 23: 5518-5531.

Cui M, Wang H, Yao X, Zhang D, Xie Y, Cui R and
Zhang X. Circulating microRNAs in cancer: po-
tential and challenge. Front Genet 2019; 10:
626.

Nappi L and Nichols C. MicroRNAs as biomark-
ers for germ cell tumors. Urol Clin North Am
2019; 46: 449-457.

Xu H, Hu Y and Qiu W. Potential mechanisms
of microRNA-129-5p in inhibiting cell process-
es including viability, proliferation, migration
and invasiveness of glioblastoma cells U87
through targeting FNDC3B. Biomed Pharmaco-
ther 2017, 87: 405-411.

Zeng A, Yin J, Li Y, Li R, Wang Z, Zhou X, Jin X,
Shen F, Yan W and You Y. miR-129-5p targets

3001

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Wnt5a to block PKC/ERK/NF-«kB and JNK path-
ways in glioblastoma. Cell Death Dis 2018; 9:
394.

Li X, Luo Y, Liu L, Cui S, Chen W, Zeng A, Shi Y
and Luo L. The long noncoding RNA ZFAS1
promotes the progression of glioma by regulat-
ing the miR-150-5p/PLP2 axis. J Cell Physiol
2020; 235: 2937-2946.

Liu Z, Lu C, Hu H, Cai Z, Liang Q, Sun W, Jiang L
and Hu G. LINCOO909 promotes tumor pro-
gression in human glioma through regulation
of miR-194/MUC1-C axis. Biomed Pharmaco-
ther 2019; 116: 108965.

Bianchi ME and Agresti A. HMG proteins: dy-
namic players in gene regulation and differen-
tiation. Curr Opin Genet Dev 2005; 15: 496-
506.

Tu L, Long X, Song W, Lv Z, Zeng H, Wang T, Liu
X, Dong J and Xu P. MiR-34c¢ acts as a tumor
suppressor in non-small cell lung cancer by in-
ducing endoplasmic reticulum stress through
targeting HMGB1. Onco Targets Ther 2019;
12: 5729-5739.

Li H, Li J, Zhang G, Da Q, Chen L, Yu S, Zhou Q,
Weng Z, Xin Z, Shi L, Ma L, Huang A, Qi S and
Lu Y. HMGBZ1-induced p62 overexpression pro-
motes snail-mediated epithelial-mesenchymal
transition in glioblastoma cells via the degra-
dation of GSK-3B. Theranostics 2019; 9:
1909-1922.

Angelopoulou E, Piperi C, Adamopoulos C and
Papavassiliou AG. Pivotal role of high-mobility
group box 1 (HMGB1) signaling pathways in
glioma development and progression. J Mol
Med (Berl) 2016; 94: 867-874.

Chen M, LiuY, Varley P, Chang Y, He XX, Huang
H, Tang D, Lotze MT, Lin J and Tsung A. High-
mobility group box 1 promotes hepatocellular
carcinoma progression through miR-21-medi-
ated matrix metalloproteinase activity. Cancer
Res 2015; 75: 1645-1656.

Zhu L, Li X, Chen Y, Fang J and Ge Z. High-mo-
bility group box 1: a novel inducer of the epithe-
lial-mesenchymal transition in colorectal carci-
noma. Cancer Lett 2015; 357: 527-534.
Zhang R, Jin H and Lou F. The long non-coding
RNA TP73-AS1 interacted with miR-142 to
modulate brain glioma growth through
HMGB1/RAGE pathway. J Cell Biochem 2018;
119: 3007-3016.

Yang Y, Huang JQ, Zhang X and Shen LF. MiR-
129-2 functions as a tumor suppressor in glio-
ma cells by targeting HMGB1 and is down-reg-
ulated by DNA methylation. Mol Cell Biochem
2015; 404: 229-239.

Wang S, ChenY, Yu X, Lu Y, Wang H, Wu F and
Teng L. miR-129-5p attenuates cell prolifera-
tion and epithelial mesenchymal transition via

Am J Transl Res 2022;14(5):2988-3002



(48]

[49]

3002

LINCOO665 and miR-129-5p in glioma

HMGB1 in gastric cancer. Pathol Res Pract
2019; 215: 676-682.

Ma XL, Li SY and Shang F. Effect of microRNA-
129-5p targeting HMGB1-RAGE signaling path-
way on revascularization in a collagenase-in-
duced intracerebral hemorrhage rat model.
Biomed Pharmacother 2017; 93: 238-244.
Gupta P, Ghosh S, Nagarajan A, Mehta VS and
Sen E. B-defensin-3 negatively regulates TLR4-
HMGB1 axis mediated HLA-G expression in IL-
1B treated glioma cells. Cell Signal 2013; 25:
682-689.

[50] Jeong KH, Song YJ, Han JY and Kim KU. Rela-

(51]

tionship between cytogenetic complexity and
peritumoral edema in high-grade astrocytoma.
Ann Lab Med 2016; 36: 583-589.

Wu CX, Lin GS, Lin ZX, Zhang JD, Chen L, Liu
SY, Tang WL, Qiu XX and Zhou CF. Peritumoral
edema on magnetic resonance imaging pre-
dicts a poor clinical outcome in malignant glio-
ma. Oncol Lett 2015; 10: 2769-2776.

Am J Transl Res 2022;14(5):2988-3002



LINCO0665 and miR-129-5p in glioma

|- - Figure 6D HMGB1

g , Figure 6D GAPDH

T ——— .
r——— Figure 6F HMGB1

¢ “ i Figure 7F HMGB1

Figure 7F GAPDH

.-.-'

Supplementary Figure 1. Original western images for all relevant Western blots are shown.

Supplementary Figure 2. Representative diagram of tumorigenesis in nude mice.



