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Knockdown of IncRNA XIST suppresses osteosarcoma
progression by inactivating AKT/mTOR signaling
pathway by sponging miR-375-3p
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Abstract: Background: Osteosarcoma (OS) is one of the most common bone tumors in adolescents and young
adults. Emerging evidence suggested ncRNA (IncRNA and miRNA) are closely associated with cell progression,
apoptosis and autophagy. However, the role of regulatory network between ncRNA and mRNA in OS has not been
fully verified. Methods: IncRNA XIST, miRNA expression were detected by qRT-PCR. The protein expression of LC3,
p62, AKT, p-AKT, mTOR and p-mTOR was measured by western blot. MTT assay and flow cytometry were applied to
measure cell proliferation and apoptosis. Luciferase assay was used to ensure the relationship between IncRNA,
miRNA and mRNA. GFP-LC3 cells were observed using fluorescence microscope. Results: XIST expression was up-
regulated but miR-375-3p was down-regulated in OS tissues and cells. Luciferase assay results demonstrated that
miR-375-3p was a target of XIST and mTOR was a target mRNA of miR-375-3p. In addition, knockdown of XIST and
mTOR inhibited OS cell proliferation and autophagy, but induced apoptosis. Knockdown of XIST could reverse the
effect of miR-375-3p inhibitor on OS cells. The effects of si-mTOR of OS cells could be reversed by silencing miR-
375-3p. Moreover, knockdown of XIST inhibited AKT/mTOR signaling pathway via sponging miR-375-3p. Conclusion:
Knockdown of XIST inhibited cell growth and autophagy but induced cell apoptosis by suppressing the AKT/mTOR
signaling pathway by sponging miR-375-3p.
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Introduction

Osteosarcoma (0S) is the most common pri-
mary bone tumor in adolescents and young
adults, exhibiting osteogenic differentiation
and producing malignant bones [1, 2]. How-
ever, research on the underlying mechanisms
of OS is still lacking.

Long non-coding RNAs (IncRNAs) are a class
of RNAs, which are ~200 nucleotides in length.
Evidence determined that IncRNAs are widely
involved in multiple biologic processes, includ-
ing cell progression, inflammation and tumori-
genesis [3-5]. LncRNA-XIST (X inactive-specific
transcript) is an oncogenic IncRNA in various
cancers, including pancreatic cancer, non-
small cell lung cancer, hepatocellular carcino-
ma, pancreatic cancer and osteosarcoma [6-9].
Some studies showed that LncRNA-XIST was
up-regulated in OS and associated with cellular
processes [9, 10].

MicroRNAs (miRNAs) are ~22 nucleotides small
non-coding RNAs that repress gene expression
at post-transcription by binding to mRNAs [11].
Additionally, miRNAs, as oncogenes or tumor
suppressors, play an important role in cell pro-
liferation, migration, apoptosis, and drug resis-
tance of many cancers [12-15]. For example,
miR-155, as an oncogene, is up-regulated in
liposarcoma and promotes tumor cell growth
through targeting casein kinase-1a [16]. miR-
145, as a tumor suppressor, was down-regulat-
ed in colon cancer and inhibits cell growth by
regulating HDAC4 [17].

Recently, some studies reported that IncRNA
act as competing endogenous RNA (ceRNA)
with  miRNAs by binding miRNAs contained
common sites [18]. Until now, many regulatory
mechanisms of cell growth have been investi-
gated in OS [19-22], but the role of regulatory
network INncRNA, miRNA, and mRNA has not
been fully elucidated. In our study, we found
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that XIST was up-regulated and miR-375-3p
was down-regulated in OS, and bioinformatic
analysis showed that miR-375-3p was a poten-
tial target miRNA of XIST and mTOR was a
potential target mRNA of miR-375-3p. In addi-
tion, autophagy plays an important role in regu-
lating cellular progression and tumor formation
[23]. Therefore, we hypothesized XIST can regu-
late mTOR expression by sponging miR-375-3p
and that the regulatory network was associated
with OS cell growth and autophagy.

Materials and methods
Patients and tissues specimens

20 pairs of tissues and adjacent tissues speci-
mens were obtained from 20 OS patients with
no chemotherapy or radiation therapy at Affi-
liated Hospital of Guangdong Medical Univer-
sity. Written informed consent was obtained
from patients and their guardians. This study
has been approved by Experiments committee
of Affiliated Hospital of Guangdong Medical
University.

Cell culture

The human OS cell lines MG-63, HOS, U2-0S
and Saos-2, and the human normal cell line
hFOB1.19 were purchased from the American
Type Cultured Collection (Manassas, VA, USA).
The cells were cultured in Dulbecco’s Modified
Eagle Medium (DMEM) with 10% fetal bovine
serum (FBS, Gemini Bio-Products, West Sacra-
mento, CA), penicillin and streptomycin at 37°C
with 5% CO,,

Cell transfection

miR-375-3p mimic, miR-375-3p inhibitor, sh-
XIST, pc-XIST and their respective negative
controls were obtained from GenePharma
(Shanghai, China). si-mTOR, pc-mTOR and their
respective negative controls were purchased
form from Ribobio (Guangzhou, Guangdong,
China). All the vectors and fragments were
transfected into OS cell lines using Lipofecta-
mine 2000 (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instruction.

Reverse transcription and quantitative real-
time PCR

Total RNA was extracted from tissues and cells
by TRIzol reagent (Invitrogen) according to the
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manufacturer’s instructions. RNA concentra-
tion was detected using the NanoDropND-
1000 spectrophotometer (NanoDrop Techno-
logies, Wilmintgon, DE, USA). cDNA were re-
verse transcribed using TagMan MicroRNA
Reverse Transcription Kit for microRNA (Applied
Biosystems, Foster City, CA, USA) or M-MLV
Reverse Transcriptase (Invitrogen) for mRNA.
Then the SYBR® Green (Promega, Madison,
WI, USA) was applied to detect the expression
of XIST, miR-375-3p and mTOR, according to
the manufacturer’s instruction. GAPDH and
U6 were used as reference gene for InCRNA,
mMmRNA and miRNA. Quantitative real-time PCR
was performed by using an iQTM5 Multicolor
Real-Time PCR Detection System (Bio-Rad,
Hercules, CA, USA). The primer: U6: forward
5-CTCGCTTCGGCAGCACA-3’" and reverse 5'-
AACGCTTCACGAATTTGCGT-3’; miR-375-3p: for-
ward 5-ACACTCCAGCTGGGTTTGTTCGTTCGGC-
TC-3' and reverse 5-CTCAACTGGTGTCGTGGA-
GTCGGCAATTCAGTTGAGTCACGCGA-3' GAPDH:
forward 5-GCACCGTCAAGGCTGAGAAC-3' and
reverse 5-ATGGTGGTGAAGACGCCAGT-3’; XIST:
forward 5-ACGCTGCATGTGTCCTTAG-3’ and re-
verse 5-GAGCCTCTTATAAGCTGTTTG-3’; mTOR:
forward 5-ACATGCAGCTGTCCTGGTTC-3’ and
reverse 5-TGAGGCTTCTGCATCTCCTT-3".

Western blot

Total proteins were extracted from tissues and
cells with RIPA buffer and separated from using
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), and then trans-
ferred onto a polyvinylidene fluoride (PVDF)
membrane (Millipore, Bedford, MA, USA). We
blocked the membrane with 5% dried skim milk
in TBS and the membrane was incubated with
the rabbit anti-LC3, anti-p62, anti-AKT, anti-
p-AKT, anti-mTOR and anti-p-mTOR (1:2000
dilution, Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) and mouse anti-GAPDH anti-
body (1:2000 dilution, Santa Cruz Biotechno-
logy Inc.) at 4°C overnight. After washing in
TBST, the membrane was incubated with HRP-
conjugated anti-rabbit 1gG secondary antibody
(1:2000 dilution, Santa Cruz Biotechnology
Inc.) and anti-mouse IgG secondary antibody
(1:2000 dilution, Santa Cruz Biotechnology
Inc.). The blot was measured using PierceTM
ECL western blotting substrate (Thermo Fisher
Scientific).
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Cell proliferation

2 x 102 cells were seeded into the 96-well cell
culture plates (Corning Inc., Corning, NY, USA).
Cell proliferation was measured using 3-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenyl-2Htetrazoli-
um bromide (MTT) assay kit (Sigma-Aldrich, St.
Louis, MO, USA) according to the manufactur-
er’'s protocol. 30 pL serum-free media with MTT
solution were added into each well and incu-
bated for 4 h at 37°C. Then 150 ul MTT solvent
were added and incubated for 3 h at 37°C. The
absorbance at 450 nm was measured using a
spectrophotometric microplate reader (Beyo-
time Institute of Biotechnology, Haimen, China).

Luciferase assay

XIST wild-type (WT) or mutant (MUT) and mTOR
wild-type (WT) or mutant (MUT) fragment were
amplified and inserted the downstream of the
luciferase vector pGL3-control vector (Promega,
Madison, WI, USA). Then XIST WT, XIST MUT,
mTOR WT and mTOR MUT were co-transfected
with miR-375-3p mimic into MG-63 and U2-0S
cell lines using Lipofectamine 2000 (Invitro-
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mor tissues and adjacent tissues by
gRT-PCR. (C and D) The expression of
XIST (C) and miR-375-3p (D) were de-
. tected in hFOB1.19, MG-63, HOS, U2-
0 . . . . . OS and Saos-2 cell lines by qRT-PCR.
00 02 04 06 08 10 (E) XIST and miR-375-3p correlation
relationship was analyzed by Pear-
son’s correlation analysis. *P < 0.05.

Cells stably expression GFP-
LC3 were cultured. Then
the GFP-LC3 cells expressed
green fluorescence were ob-
served using Fluorescence
microscope (Nikon, Tokyo,
Japan).

Statistical analysis

All statistical analyses were performed using
GraphPad Prism (GraphPad Software, San
Diego, CA, USA). All results were showed as
mean + SD (standard deviation) at least three
repeated individual experiments. All compari-
sons groups were analyzed using Student t-
test. P-value < 0.5 was considered significant.

Results

XIST expression was up-regulated and miR-
375-3p was down-regulated in OS tissues and
cells

In our experiments, we obtained tumor tissues
and matched adjacent tissues from 20 pa-
tients. As shown in Figure 1A and 1B, XIST
was up-regulated and miR-375-3p was down-
regulated in tumor tissues compared with adja-
cent tissues. Then to test their role in OS cell
lines, we chose hFOB1.19, MG-63, HOS, U2-0S
and Saos-2 and measured XIST, miR-375-3p
expression by gRT-PCR. The results showed
that the expression of XIST was increased and
the expression of miR-375-3p was decreased
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Figure 2. Knockdown of XIST inhibited cell proliferation and autophagy, but induced apoptosis in OS cells. (A) The
expression of XIST was detected in sh-NC and sh-XIST groups of MG-63 and U2-0S cell lines via qRT-PCR. (B and C)
Cell proliferation were measured in sh-NC and sh-XIST groups of MG-63 (B) and U2-0S (C) cell lines via MTT assay.
(D and E) Cell apoptosis were detected in sh-NC and sh-XIST groups of MG-63 and U2-0S cell lines by flow cytom-
etry. (F) GFP-LC3 positive cells were calculated in sh-NC and sh-XIST groups of MG-63 and U2-0S cell lines. (G) The

expression of LC3 and p62 were measured in sh-NC and
blot. *P < 0.05.

in MG-63, HOS, U2-0S, Saos-2 cell lines com-
pared with hFOB1.19 cell line (Figure 1C and
1D). We selected MG-63 and U2-0S cell lines
for following experiments. Meanwhile, miR-
375-5p expression was negatively correlated
with the expression of XIST in OS tissues (Fig-
ure 1E).

Knockdown of XIST inhibited cell proliferation
and autophagy, and induced apoptosis in OS
cells

To further access the function of XIST, siRNA
was conducted to knock down its expression
(Figure 2A). Subsequently, MTT assay showed
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sh-XIST groups of MG-63 and U2-0S cell lines by western

that knockdown of XIST inhibited cell prolifera-
tion in MG-63 and U2-0S cell lines (Figure 2B
and 2C). Apoptosis rate of sh-XIST group was
significantly higher than control (Figure 2D and
2E). Autophagy plays a critical role in regulating
the cell progression in cancers, so we detected
the protein expression LC-3 and p62 in OS,
which are the important markers of autophagy
[24]. As shown in Figure 2F, GFP-LC3 positive
cells was significantly lower in sh-XIST group
compared with sh-NC groups. In addition, west-
ern blot data verified that knockdown of XIST
down-regulated the expression of LC3-lI/I,
and up-regulated p62 expression (Figure 2G).
In conclusion, knockdown of XIST inhibited cell

Int J Clin Exp Pathol 2019;12(5):1507-1517



INcRNA XIST/miR-375-3p promotes OS progression

>
os]

XISTWT :5'-UAUGGUGGAAACACAT;AACAA A-3'
L
miR-375-3p:3'-AGUGCGCUCGGCUUGLUUGUUU-5'

XIST MUT :5-UAUGGUGGAAACACAGCUUGUUU-3'

O Relative luciferase

El sh-NC
sh-XIST

»

w

Relative expression
of miR-375-3p

Relative expression
of miR-375-3p

=4
o

MG-63

u2-0s

Figure 3. miR-375-3p is a target of XIST. A. miRCode and miRBase predic-
tion of miR-375-3p binding to XIST. B. Luciferase reporter assay was used
to detected luciferase activity in XIST WT+miR-NC, XIST WT+miR-375-3p,
XIST MUT+miR-NC and XIST MUT+miR-375-3p groups. C. The expression
of miR-375-3p was detected in sh-NC and sh-XIST groups by gRT-PCR. D.
The expression of miR-375-3p was detected in miR-NC inhibitor, miR-375-
3p inhibitor, miR-375-3p inhibitor+sh-NC and miR-375-3p inhibitor+sh-XIST

groups by qRT-PCR. *P < 0.05.

proliferation and autophagy, but induced apop-
tosis in OS cells.

miR-375-3p was a target of XIST

To further explore the relationship of XIST and
miR-375-sp, we predicted that miR-375-3p was
a candidate miRNA target of XIST in miRCode
and miRBase database (Figure 3A). To verify
this, we co-transfected the luciferase reporter
plasmids XIST-WT or XIST-MUT with miR-NC or
miR-375-3p into MG-63 and U2-0S cell lines
respectively. The results showed that miR-317-
3p decreased the luciferase activity by binding
transfection of XIST WT, but not XIST MUT
(Figure 3B). Furthermore, we verified that miR-
375-3p expression was negatively regulated by
XIST (Figure 3C and 3D). With sh-NC or sh-XIST
transfected into MG-63 and U2-0S cell lines,
we found that the miR-375-3p expression was
increased by sh-XIST (Figure 3C). Transfection
of miR-375-3p inhibitor decreased the expres-
sion of miR-375-3p in MG-63 and U2-0S cell
lines, while sh-XIST restored its expression
(Figure 3D). Taken together, we proved that
miR-375-3p was a target miRNA of XIST.

Down-regulated XIST reversed the effect of low
miR-375-3p expression on OS cells

To explore the function of miR-375-3p in OS
cells, we obtained the MG-63 and U2-0S cell
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lines with transfectionof miR-
375-3p inhibitor. As shown in
Figure 4A and 4B, MTT assay
results showed that cell prolif-
eration were significantly pro-
moted by miR-375-3p inhibi-
tor, whereas knockdown of
XIST can reverse the effect of
miR-375-3p inhibitor (Figure
4C).

u2-0s

miR-375-3p inhibitor+sh-XIST

MG-63

To elucidate whether miR-
375-3p downregulation incre-
ased cell autophagy, we de-
tected GFP-LC3 positive cells
and the expression of related
gene. The results determined
that GFP-LC3 positive cells
in MiR-375-3p inhibitor group
were obviously higher than
that in miR-NC inhibitor gro-
up and sh-XIST reversed the
effect of miR-375-3p inhibi-
tor (Figure 4D). Meanwhile,
downregulation of miR-375-
3p increased the protein level of LC3-II/I, and
reduced the protein level of p62. However,
knockdown of XIST could reverse the effect of
miR-375-3p inhibitor on the protein level of
LC3-ll/l and p62 in MG-63 and U2-0S cell lines
(Figure 4E). Therefore, miR-375-3p inhibitor
transfection increased OS cells proliferation
and autophagy, but decreased apoptosis,
which was recovered by XIST knockdown.

u2-0s

mTOR was a target of miR-375-3p

miRNA usually functions to bind with specific
mMRNA to mediate itsdegradation or transcrip-
tion [25]. Bioinformatic analysis revealed that
mTOR is a potential target gene of miR-375-
3p, and miR-375-3p binds to mTOR 3'UTR
(Figure 5A). Then mTOR WT or mTOR MUT were
co-transfected with miR-NC or miR-375-3p into
MG-63 and U2-0S cell lines. Luciferase report-
er assay results showed that luciferase activity
was significantly decreased in mTOR WT+miR-
375-3p group compared with mTOR WT+miR-
NC group, while mTOR MUT+miR-375-3p gro-
ups showed no difference with mTOR MUT+
mTOR MUT+miR-NC group, implying that mTOR
was a target of miR-375-3p (Figure 5B). To
further clarify our speculation, the protein level
of mTOR was measured by western blot. We
found that mTOR protein level was remarkably
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Figure 4. Knockdown of XIST reversed the effect of miR-375 inhibitor on
cell proliferation, autophagy and apoptosis in OS cells. (A and B) Cell prolif-
eration was measured in miR-NC inhibitor, miR-375-3p inhibitor, miR-375
inhibitor+sh-NC and miR-375-3p inhibitor+sh-XIST groups of MG-63 (A) and
U2-0S (B) cell lines. (C) Cell apoptosis was detected in miR-NC inhibitor, miR-
375-3p inhibitor, miR-375 inhibitor+sh-NC and miR-375-3p inhibitor+sh-XIST
groups of MG-63 and U2-0S cell lines by flow cytometry. (D) GFP-LC3 posi-
tive cells were calculated in miR-NC inhibitor, miR-375-3p inhibitor, miR-375
inhibitor+sh-NC and miR-375-3p inhibitor+sh-XIST groups of MG-63 and U2-
OS cell lines. (E) The expressions of LC3-l, LC3-ll and p62 were measured in
miR-NC inhibitor, miR-375-3p inhibitor, miR-375 inhibitor+sh-NC and miR-

regulated whereas the protein
level of p62 was up-regulated
in si-mTOR group, but trans-
fection of miR-375-3p inhibi-
tor reversed their expression
in OS cells. Taken together,
knockdown of mTOR inhibited
cell proliferation and autopha-
gy, but increased cell apopto-
sis rate, whereas the effects
of si-mTOR on OS cells could

375-3p inhibitor+sh-XIST groups of MG-63 and U2-0S cell lines by western

blot. *P < 0.05.

increased by miR-375-3p inhibitor in MG-63
and U2-0S cell lines (Figure 5C). Then, when
the si-mTOR and miR-NC inhibitor or si-mTOR
and miR-375-3p inhibitor were co-transfected
into OS cells, we found that down-regulated
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be reversed by down-regula-
tion of miR-375-3p.

Knockdown of XIST inhibited AKT/mTOR sig-
naling pathway through regulating miR-375-3p

AKT, p-AKT, mTOR and p-mTOR are key proteins
in AKT/mTOR signaling pathway, for which we

Int J Clin Exp Pathol 2019;12(5):1507-1517
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Figure 5. mTOR is a target of miR-375-3p. A. miRCode and miRBase prediction of miR-375-3p binding sites in the
3'UTR of mTOR. B. Luciferase reporter assay was used to detect luciferase activity in mTOR WT+miR-NC, mTOR
WT+miR-375-3p, mTOR MUT+miR-NC and mTOR MUT+miR-375-3p groups. C. The expression of mTOR was detect-
ed in miR-NC inhibitor and miR-375-3p inhibitor groups. D. The expression of mTOR was detected in si-NC, si-mTOR,
si-mTOR+miR-NC inhibitor and si-mTOR+miR-375-3p inhibitor groups. *P < 0.05.

detected their expression in sh-NC, sh-XIST, sh-
XIST+miR-NC inhibitor and sh-XIST+miR-375-3p
inhibitor groups by western blot (Figure 7A).
Our results demonstrated that down-regulated
XIST suppressed the protein level of p-AKT,
mTOR and p-mTOR, whereas had no significant
effect on AKT. Therefore, the AKT/mTOR sig-
naling pathway was inactivated by sh-XIST.
Otherwise, miR-375-3p inhibitor could restore
p-AKT, mTOR and p-mTOR expression inhibited
by sh-XIST (Figure 7B-E). Therefore, down-regu-
lated XIST inhibited the AKT/mTOR signaling
pathway, which was reversed by miR-375-3p
silencing.

Discussion

LncRNA plays an indispensable role in the
occurrence and development of tumors. Emer-
ging studies indicated that IncRNAs were wide-
ly involved in cell progression, inflammation,
immune response, drug resistance and progno-
sis in cancers [3, 22, 26]. Of note, IncRNA XIST
has been investigated as an oncogenic IncRNA
to affect cell growth in several cancers, includ-
ing OS [7-9]. Previous studies suggested that
INcRNA-XIST was up-regulated in OS and XIST/
miR-320b/RAP2B axis and XIST/miR-21-5p/
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PDCD axis affected OS cell proliferation, inva-
sion and metastasis [9, 10]. As the regulatory
network of IncRNA is very complex and one
IncRNA may have multiple targeted miRNAs,
the regulatory mechanism of IncRNA comple-
ment still needs further research and explora-
tion. In present study, INcCRNA-XIST was up-reg-
ulated in OS tissues and cells. Besides, inhi-
bition of XIST can reduce cell proliferation and
induce cell apoptosis. LC3, as an autophago-
some marker, can be incorporated into autoph-
agy protein, which is a critical protein in auto-
phagy [27]. The signaling adaptor p62 is a
multidomain protein, which is associated with
autophagy and apoptosis in cancers [28]. Thus,
we found that knockdown of XIST inhibited cell
autophagy and LC3-1 and LC3-Il protein level
and induced p63 protein level in OS cells.

miR-375-3p is processed from the precursor
has-miR-375 and associated with cell growth
and is prognostic in cancers [29-31]. For exam-
ple, Ding et al. showed that miR-375 was down-
regulated in gastric cancer and inhibited cell
proliferation [29]. As a tumor suppressor, miR-
375 is also implicated in OS diagnosis, progno-
sis and chemosensitivity [32-34]. However, the
underlying mechanism has been not fully illumi-
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Figure 6. si-mTOR transfection inhibited OS cell proliferation and autophagy and induced cell apoptosis in vitro,
which was reversed by down-regulating miR-375-3p. (A and B) Cell proliferation was measured in si-NC, si-mTOR,
si-mTOR+miR-NC inhibitor and si-mTOR+miR-375-3p inhibitor groups of MG-63 (A) and U2-0S (B) cell lines. (C) Cell
apoptosis was detected in si-NC, si-mTOR, si-mTOR+miR-NC inhibitor and si-mTOR+miR-375-3p inhibitor groups
of MG-63 and U2-0S cell lines by flow cytometry. (D) GFP-LC3 positive cells were calculated in si-NC, si-mTOR, si-
mTOR+miR-NC inhibitor and si-mTOR+miR-375-3p inhibitor groups of MG-63 and U2-0S cell lines. (E) The expres-
sion of LC3-I, LC3-Il and p62 were measured in si-NC, si-mTOR, si-mTOR+miR-NC inhibitor and si-mTOR+miR-375-3p
groups of MG-63 and U2-0S cell lines by western blot. *P < 0.05.

nated. In our study, miR-375-3p was down-reg-
ulated in OS tissues and cells and negatively
correlated with XIST. Luciferase reporter assay
verified that miR-375-3p was a target miRNA
of XIST, which was reported for the first time.
Moreover, down-regulated miR-375-3p could
promote OS cells growth and autophagy but
reduce apoptosis which had the opposite effect
compared to knockdown of XIST.

Rapamycin (mTOR) was a downstream of AKT,
which is a key factor in AKT/mTOR signaling
pathway [35, 36]. AKT/mTOR signaling pathway
plays an important role in cell autophagy, cell
cycle progression, and apoptosis in several
cancers, such as prostate cancer, endometrial
cancer, and OS [19, 37, 38]. Miwa et al. show-
ed that caffeine contributed to apoptosis via
inhibition of AKT/mTOR/S6K, NF-kB and MAPK
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pathway [39]. In our study, we proved for the
first time that mTOR was the target gene of
miR-375-3p and verified the function of mTOR
in 0S. More than that, knockdown of mTOR
suppressed OS cells growth and autophagy
but promoted apoptosis.

Notably, in our study, miR-375-3p silencing can
reverse the effect of XIST knockdown on OS
cells. Meanwhile, si-mTOR transfection inhibit-
ed OS cells proliferation and autophagy but
induced cell apoptosis in vitro, which was
reversed by down-regulation of miR-375-3p.
Taken together, knockdown of XIST sponged
miR-375-3p to inhibit cell growth and autopha-
gy by down-regulating mTOR.

AKT, p-AKT, mTOR and p-mTOR were key pro-
teins in the AKT/mTOR signaling pathway. Also,
to further realize whether IncRNA-XIST affect

Int J Clin Exp Pathol 2019;12(5):1507-1517
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Figure 7. AKT/mTOR signaling pathway was inactivated by knockdown of XIST and restored by miR-375-3p inhibitor
in MG-63 and U2-0S cell lines (A). The expression of AKT (B), p-AKT (C), mTOR (D) and p-mTOR (E) in sh-NC, sh-XIST,
sh-XIST+miR-NC and sh-XIST+miR-375 inhibitor groups was measured by western blot. *P < 0.05.

AKT/mTOR signaling pathway, we measured the
AKT, p-AKT, mTOR and p-mTOR protein level
using western blot and found that down-regu-
lated XIST inhibited p-AKT, mTOR and p-mTOR
protein level, whereas it had no significant
effect on AKT. In addition, down-regulated miR-
375-3p restored p-AKT, mTOR and p-mTOR pro-
tein level inhibited by sh-XIST. However, our
study showed that the expression of p-AKT,
which is the upstream protein of mTOR, was
changed by sh-XIST and miR-375-3p. This may
be caused by other interactions between miR-
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NAs and their target genes, which remains
unclear. Taken together, INcRNA-XIST inhibited
AKT/mTOR signaling pathway to affect cell pro-
gression by sponging miR-375-3p.

Conclusions

In conclusion, we first elucidated IncRNA-XIST/
miR-375-3p/mTOR axis plays an important
role in OS cells, and IncRNA XIST promoted OS
progression by activating AKT/mTOR signaling
pathway through sponging miR-375-3p.
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