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1 | INTRODUCTION

Osteosarcoma (OS) is a common malignant bone tumor that is mainly
found in the limbs, but can also appear in the axial skeleton.! OS
occurs primarily in children and adolescents 15-25 years of age.2 OS
has high malignancy, and the main treatment is surgery combined

with neoadjuvant radiotherapy and chemotherapy.® However, the

The IncRNA LINC01123 has been reported to act as an oncogene in many human
cancers. Nevertheless, the function and underlying mechanism of LINC01123 in os-
teosarcoma (OS) remain unclear. This study aimed to explore the roles and mecha-
nisms of LINC01123 in OS progression. In this study, the expression of LINC01123
was significantly upregulated in OS cell lines than in a human osteoblast cell line.
Furthermore, in vitro and in vivo experiments confirmed that knockdown of
LINCO01123 suppressed cell progression. Mechanistically, LINC01123 acted as a com-
peting endogenous RNA by sponging miR-516b-5p, thus, increasing Glil expression
by directly targeting its 3'UTR. Taken together, LINC01123 enhances OS prolifera-
tion and metastasis via the miR-516b-5p/Glil axis. Therefore, LINC01123 may be a

potential therapeutic target for OS treatment.
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5 year survival rate has not substantially improved in the past few
decades. Consequently, a greater understanding of the underlying
molecular mechanism is needed to provide more effective clinical
treatment methods.

Long non-coding RNAs (IncRNAs) are transcripts greater than
200 bp in length with no protein-coding ability. LncRNAs influ-
ence the transcription and translation of some genes through
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many mechanisms, such as chromatin modification and protein
inhibition.* Moreover, IncRNAs also act as competing endoge-
nous RNAs (ceRNAs) that sponge microRNAs (miRNAs) that tar-
get messenger RNA (mRNA) expression.s LncRNAs are critical in
the tumorigenesis of OS. Ding et al have found that the IncRNA
CRNDE promotes OS growth via the Wnt/f-catenin pathway.®
The IncRNA LINC00511 enhances OS cell proliferation and mi-
gration through decreasing microRNA-765 expression.” The re-
cently discovered IncRNA LINC01123 was initially identified as an
oncogene in non-small cell lung cancer (NSCLC).® Accumulating
evidence indicates that LINC01123 promotes tumor growth in
various cancers.®? However, the function of LINC01123 in OS
remains unknown.

The Hedgehog (Hh) pathway is crucial in embryonic devel-
opment, through its effects on cell growth and differentiation.'°
Accumulating evidence indicates that the Hh pathway is re-
activated and becomes a key factor determining cell proliferation,
metastasis, and stemness in various malignant tumors.'%*? The
Hh pathway primarily relies on the Gli transcription factor family
(Gli1, Gli2, and Gli3), whose members are downstream effectors.
Moreover, Glil is the main transcription effector controlling gene
expression when the Hh signal is activated.!® Previous studies have
reported that Gli-mediated signaling pathways are activated in ad-
vanced 0S.'* However, the mechanism of the Hh pathway in OS
remains unknown.

In this study, we found that LINC01123 is upregulated in OS cell
lines and regulates OS proliferation and metastasis. Mechanistically,
LINC01123 competes with Glil for miR-516b-5p and relieves the
inhibitory effect of miR-516b-5p on Gli1, thereby increasing Glil
expression. Therefore, the LINC01123/miR-516b-5p /Glil axis may
provide theoretical support for identifying new therapeutic targets for
OS treatment.

2 | MATERIALS AND METHODS
2.1 | Cell culture and reagents

Two human osteosarcoma cell lines (MG63 and Saos-2) and human
osteoblast hFOB1.19 cells were obtained from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). The human
osteosarcoma U-20S and 143B cell lines were obtained from the
American type culture collection (ATCC, Manassas, VA). All cell
lines were maintained per standard protocols. Briefly, MG63, Saos-
2, U-20S, and 143B cells were maintained in a 5% CO, atmosphere
at 37°C; hFOB1.19 cells were maintained in a 5% CO, atmosphere
at 34.5°C. Antibodies against OCT4 (ab181557; 1:1000 dilution),
Nanog (ab109250; 1:1000 dilution), SOX2 (ab92494; 1:1000 dilu-
tion), ALDH1A1 (ab52492; 1:1000 dilution), p-catenin (ab32572;
1:1000 dilution), RBPJ (ab25949; 1:1000 dilution), Gli1 (ab49314;
1:1000 dilution), Gli2 (ab26056; 1:1000 dilution), Gli3 (ab181130;
1:1000 dilution), and GAPDH (bsm-33033 M; 1:1000 dilution)
were used.
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2.2 | RNA extraction and Real-time quantitative
PCR (RT-qPCR)

Total RNA from OS tissues and cells was extracted using TRIzol rea-
gent (Invitrogen), followed by the synthesis of cDNA using a reverse
transcription kit (Takara, Dalian, China). RT-gPCR was carried out as
reported previously.!® The relative mRNA expression was calculated
with the 2-A ACt method. GAPDH served as internal controls. The

primers are shown in Table S1.

2.3 | Cell transfection

The miR-516b-5p mimic and control inhibitor, obtained from Gene-
Pharma (Shanghai, China), were transfected into OS cells with
Lipofectamine 3000 (Invitrogen), in accordance with the manufac-
turer's protocol.

The plasmid for LINC01123 knockdown (sh-LINC01123) and
the empty plasmid (sh-Ctrl) were purchased from Gene Pharma
(Shanghai, China). The Glil overexpression plasmid and empty vector
were also obtained from OBiO Technology (Shanghai, China). U-20S
and 143B cells were plated on six-well plates for transfection with

Lipofectamine 2000 (Invitrogen). After 48 h, cells were collected.

2.4 | Western blotting

Western blotting was carried out with methods as previously de-
scribed.’® Briefly, total protein was extracted with RIPA buffer
(Sigma, USA). Protein samples were electrophoresed on 5-10% SDS-
PAGE gels, transferred to a membrane, and incubated with antibod-
ies against GAPDH (Abcam) at 4°C overnight. The membrane was
then incubated for 1 h with secondary antibody and detected with
ECL substrate (Share-bio, Shanghai, China).

2.5 | CCK-8 assay and colony formation assay

CCK-8 assay and colony formation assay were carried out with

methods as reported previously.'®

2.6 | Migration and invasion assays

Cell migration and invasion were assessed with Transwell assays with
24 well Transwell chambers (8 um pore size; Corning, Corning, NY)
with or without Matrigel matrix (BD Biosciences, CA, USA). In brief,
2 x 104 treated U-20S and 143B cells were cultured in the upper
chamber in 200 pl serum-free medium. Medium with 10% fetal bo-
vine serum was added to the lower chamber. After culturing for 48 h,
the cells that had migrated or invaded across the membrane were
fixed with 4% formaldehyde and stained with 0.1% crystal violet.

Finally, cells were counted under an inverted microscope (Olympus).
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2.7 | Sphere formation assay

A total of 1 x 10° transfected U-20S and 143B cells were cultured
on ultra-low attachment surface six-well culture plates (Corning, NY,
USA). The cells were resuspended in 2 ml serum-free DMEM/F12
containing 20 mg/L EGF (Peprotech, USA), 20 mg/L hFGF (Peprotech,
USA), and 4 U/L insulin (Sigma, USA). The number of spheroids was
counted under a microscope after culturing for 7 days.

2.8 | Flow cytometry

For flow-cytometry analysis, cells (1 x 10° cells/100 mL buffer,
5% FBS in PBS) were placed on ice for 30 min and then incubated
with a pure anti-CD133 antibody (#130-105-225, Miltenyi Biotec)
for 45 min. Mouse isotype control immunoglobulin G antibody
(#130-104-580, Miltenyi Biotec) was used as negative control for
fluorescence-activated cell sorting (FACS) gating. After being washed,
the cells were incubated with an Alexa 488-conjugated secondary an-
tibody (Invitrogen) for 30 min and washed again before analysis using
a BD FACScalibur flow cytometer (BD Biosciences). The fluorescence

intensity was analyzed with Flow Jo.

2.9 | EdU incorporation assay

The EdU incorporation assay was performed as previously

mentioned."”

2.10 | Mouse xenograft assay

Animal experiments were performed in strict accordance with the
guidelines of the Research Ethics Committee of East China Normal
University. First, transfected cells were subcutaneously injected
into male BALB/C nude mice (5-6 weeks old). Tumor volume was
measured weekly. The mice were euthanized after 4 weeks. All ani-
mal protocols were approved by the Affiliated Hospital of Nanjing

Medical University Animal Protection and Use Committee.

2.11 | TUNEL assay

Apoptosis of transfected U-20S cells in the xenograft tumors was

assessed with the TUNEL method, as previously described.'”

2.12 | IHC staining

The IHC assay was implemented as previously described.!” Ki67 was
detected with primary antibodies (GB13030; Servicebio, Wuhan,
China) at 1:200 dilution.

2.13 | Fluorescence in situ hybridization (FISH)

A microarray containing tissue from 40 OS patients was obtained
from Alena Biotechnology Co., Ltd. (Xi'an, China). OS tissue sections
were hybridized with the LINCO1123 probes (Servicebio, Wuhan,
China). Fluorescence in situ hybridization was performed as described

previously.”

2.14 | Dual-luciferase reporter assay

The predicted and mutant binding sites of miR-516b-5p in
the Glil sequence or the predicted and mutant binding sites
of miR-516b-5p in the LINC01123 sequence were synthe-
sized and cloned into the pmirGLO Vector. Then, miR-516b-5p
mimic or negative control with luciferase reporters were co-
transfected into U-20S and 143B cells with Lipofectamine
2000 (Invitrogen). After 48 h, the relative luciferase activity
was evaluated with the Dual-luciferase Reporter assay system
(Promega).

2.15 | RNA immunoprecipitation (RIP) assay

The relationships among LINC01123, miR-516b-5p, and Glil were
investigated via RIP assays. The experimental procedure was per-

formed according to the manufacturer's instructions.

2.16 | RNA pull-down assay

Briefly, LINC01123 biotin probe was purchased from Genepharma
(Shanghai, China) and transfected into U-20S and 143B cells for
48 h. Then, the cell lysate was incubated with Dynabeads M-280
Streptavidin (Sigma, MO, USA\). Finally, the expression levels were de-
tected by RT-gPCR.

2.17 | Database analysis
Data from TargetScan (http:/www.targetscan.org/) and
StarBase (http://starbase.sysu.edu.cn/ind ex.php) were used
to analyze potential genes interacting with miR-516b-5p or
LINC01123.

2.18 | Statistical analyses

The monitoring data were analyzed in GraphPad Prism 8.0 and SPSS
26.0. All experimental data are presented as the mean +standard de-
viation. All experiments were performed in triplicate. P values <0.05

were considered statistically significant.
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FIGURE 1 LINCO1123 expression is significantly increased in OS cell lines and knockdown of LINC01123 inhibits OS cells growth. A,
LINC01123 expression was detected in a normal osteoblast cell line (hRFOB1.19) and OS cell lines (U-20S, 143B, MG63, and Saos-2). Data
were presented as the mean +SD, **P <.01, ***P <.001. B, The knockdown efficiency of LINC01123 was detected in U20S and 143B cells
by gRT-PCR. Data were presented as the mean +SD, **P <.01. C and D, Knockdown of LINC01123 suppressed proliferation capability of
U-20S and 143B cells using the CCK-8 assay. Data were presented as the mean +SD, **P <.01. E, Cell viability was measured in OS cells
with LINC01123 knockdown or not using the colony formation assay. Data were presented as the mean +SD, **P <.01. F and G, LINC01123
shRNA decreased the percentage of EdU-positive OS cells, Scale bars =100 pm. Data were presented as the mean +SD, **P <.01. H and |,
Cell migration ability was detected in OS cells with LINC01123 knockdown or not. Scale bars =50 pm. Data were presented as the mean
+SD, **P <.01. J and K, Cell invasion ability was detected in OS cells with LINC01123 knockdown or not. Scale bars =50 pm. Data were

presented as the mean +SD, **P <.01
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3 | RESULTS

3.1 | The LINC01123 was upregulated in OS cell
lines and promoted cell proliferation and metastasis

The expression of LINC01123 in human osteosarcoma cell lines was
first detected by RT-qPCR. As shown in Figure 1A, all OS cell lines (U-
208, 143B, MG63, and Saos-2) showed significantly higher expression
of LINC01123 than the control human osteoblast cell line (hRFOB1.19),
especially in the U-20S and 143B cells. Furthermore, we detected dif-
ferences in the expression of LINC01123 in OS (n = 40) tissue samples
through fluorescence in situ hybridization (FISH). We found that the
higher expression of LINC01123 was related to the advanced patho-
logical staging in OS (Figure S1A and B). To further examine the role of
LINC01123 in OS progression, we silenced LINC01123 in two OS cell
lines (U-20S and 143B). The knockdown efficiency was evaluated with

gRT-PCR (Figure 1B). The cell counting kit-8 (CCK-8) assay (Figure 1C
and D), colony formation assay (Figure 1E) and EdU assay (Figure 1F
and G) showed that knockdown of LINC01123 partly inhibited the pro-
liferation of U-20S and 143B cells. The results of Transwell assays con-
firmed that LINC01123 silencing inhibited cell migration (Figure 1H and
1) and invasion (Figure 1J and K) in U-20S and 143B cells. Collectively,
these results revealed that the LINCO1123 was upregulated in OS and
promoted OS cell proliferation and migration.

3.2 | LINC01123 promoted OS cell growth by
activating the Hh pathway

Cancer stem cells (CSCs) have critical roles in OS proliferation and metas-
tasis.’®1? As shown in Figure 2A, OS cells with knockdown of LINC01123

showed lower expression of key CSC marker genes (OCT4, Nanog and
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FIGURE 3 LINCO01123 enhanced cell proliferation by modulating Glil expression. A, Overexpression efficacy of Glil in sh- LINC01123
OS cells (U-20S and 143B) was detected by western blotting. B and C, Overexpression of Glil partly reversed the suppressed effects of
LINC01123-knockdown on the cell viability of U-20S and 14 3B cells using the CCK-8 assay. Data were presented as the mean +SD, *P <.05,
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reversed the inhibitory effects of LINC0O1123-knockdown on the self-renewal ability of U-20S and 143B cells. Scale bars =50 pm. Data were
presented as the mean +SD, ***P <.001

SOX2) than did control cells. As shown in Figure 2B and Figure S2, knock- was restrained by LINC01123 deficiency (Figure 2C and D). The Notch,
down of LINC01123 reduced the ratio of CD133+ cells in the U-20S and Wht, and Hh pathways are known to play significant roles in the differ-
143B cells. The sphere formation ability of U-20S and 143B cells also entiation of cancer stem-like cells.?>?? To explore whether LINC01123
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might regulate one of these pathways, we detected the significant tran-
scriptional regulators of these three pathways. As shown in Figure 2E,
knockdown of LINC01123 inhibited Hh signaling, as reflected by the
downregulated expression of Glil. However, knockdown of LINC01123
did not inhibit Notch or Wnt signaling, as reflected by the lack of changes
in the expression of their key effectors, RBPJ or p-catenin. Gli1 is the main
transcription effector of Hh pathway and control the downstream hedge-
hog target genes. Therefore, RT-qPCR was used to detect the expression
of Gli1l and main target genes of Hh pathway (PTCH1, HHIP and Snail).
The results showed that knockdown of LINCO1123 remarkably reduced
the expression of Gli1 and these target genes (Figure 2F and G).

Next, we determined whether LINCO1123 activated the Hh

pathway via Gli1l and modulated OS growth. First, we overexpressed

Gli1 in LINC01123 knockdown OS cell lines (Figure 3A). As shown
in Figure 3B-E, overexpression of Glil partly reversed the inhibitory
effect of LINC01123 knockdown on cell proliferation. Meanwhile,
the inhibitory effect of LINC01123 knockdown on cell metastasis
and stemness was reduced by overexpressing of Glil (Figure 3F-K).
Collectively, these data showed that LINC01123 activates the Hh
pathway via Gli1, thus, regulating OS growth.

3.3 | MiR-561b-5p directly targeted Glil in OS cells

Various IncRNAs are increasingly being shown to sponge micro-

RNAs, thus, regulating target gene expression.?® Therefore, we
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identified 75 potential microRNAs that target Glil, on the basis of
the prediction website TargetScan, and 19 potential microRNAs
regulated by LINC01123, on the basis of the prediction website
StarBase. As shown in Figure 4A, we found the miR-561b-5p after
screening. Next, we found that overexpression of miR-561b-5p in-
hibited the mRNA and protein expression of Glil in U-20S and 143B
cells (Figure 4B-C). The potential target site of miR-561b-5p on Glil
is shown in Figure 4D. We then used dual luciferase reporter as-
says to validate the binding between miR-561b-5p and Glil. The
miR-561b-5p mimic markedly decreased the luciferase activity of
the WT Gli1 3’ UTR (Gli1-WT) reporter but not the reporter vector
containing Glil with mutated (MUT) miR-561b-5p-binding sites in U-
20S and 143B cells (Figure 4E-F). Moreover, RIP assays showed that
overexpression of miR-561b-5p increased the enrichment of Glil in
the Argonaute 2 (Ago2) group (Figure 4G-H). Together, these results

miR-516b-5p mimic

Vector miR-516b-5p mimic
demonstrated that miR-561b-5p inhibits Glil expression by directly
targeting its 3’ UTR in OS cells.

3.4 | LINCO01123 acted as a competing endogenous
RNA by sponging miR-561b-5p

To further investigate whether LINC01123 functioned as a compet-
ing endogenous RNA sponge for miR-561b-5p, we measured the ex-
pression of miR-561b-5p in U-20S and 143B cells transfected with
sh-LINC01123. Knockdown of LINC01123 markedly increased the
expression of miR-561b-5p in OS cells (Figure 5A). The potential
target site of LINC01123 on miR-561b-5p was shown in Figure 5B.
Furthermore, MS2-based RIP assays showed that miR-561b-5p
was significantly more enriched in RNAs retrieved from the WT



2268 - PAN ET AL.
ERRWITSE Cancer Science

(A) U-208 143B
NC = + - = =
sh-LINC01123 -+ w— + - - +
anti-miR-516b-5p - = + + = g i
Glit | w— o —— ‘-—4--‘ 118KD
GAPDH ‘—-—_‘ ‘-—--‘ 36KD
(B) U-208 (©) 143B
= —e— sh-CON c —e— sh-CON
£ 2.0 -= sh-lLINCO1123 = 2.0 = sh-LINCO1123
8 — anti-miR-516b-5p | EKJ) —=— anti-miR-516b-5p
_| - sh-LINCO1123+ * L sh-LINC01123+
% 13 anti-miR 516b-5p o |F % 159 ™ imiRsieb.sp I« s
«
8 1.0+ g $ 1.0 :
= =
© ©
£ 0.5 £ 0.5
) o
8 8
< 0.0+ T T T T T < 0.0 T T T T T T
0 24 48 72 96 120 0 24 48 72 96 120
Time(hours) Time(hours)
(D) [ sh-con B sh-LINCO1123 (E) I sh-coN B shLINCO1123
B anti-miR-516b-5p B sh-LINCO1123+ B anti-miR-516b-5p B sh-LINCOT123+
anti-miR-516b-5p " anti-miR-516b-5p
S15
2 g
= o
= o=
S 1.0
3 8
N [}
. '505
£ 2
€ ©
z )
U-20s 143B U-208 143B
(F) [ sh-coN I sh-LiNco1123 (G) [ sh-coN I sh-LINCO1123
B anti-miR-516b-5p B sh-LINCO1123+ I anti-miR-516b-5p L S’;.'L".\'ch]éffg
anti-miR-516b-5p - e a8 ""*“ sl
s *L @250 L ok
5§15 —_ > o %
a o 8 200
£ 5
=1.0 0 150
] 7]
kel =
& &100
005 5
2 =
- 3
€00 N

U-20S 143B U-208 143B

FIGURE 6 MiR-561b-5p inhibition partly rescued the LINC01123 knockdown effect in OS cells. A, Western blot showed the Glil expression
in U-20S and 143B cells transfected with miR-561b-5p inhibitor, sh-LINC01123, or negative control. B and C, miR-561b-5p-knockdown partly
reversed the inhibitory effects of LINCO1123-knockdown on the cell viability of U-20S and 143B cells using the CCK-8 assay and silenced miR-
561b-5p in wide type OS cells (U-20S and 143B) also promoted their proliferation. Data were presented as the mean +SD, *P <.05, **P <.01.

D, miR-561b-5p-knockdown partly reversed the inhibitory effects of LINC01123-knockdown on the colony formation properties of U-20S

and 143B cells and silenced miR-561b-5p in wide type OS cells (U-20S and 143B) also promoted their proliferation. Data were presented as

the mean +SD, *P <.05, **P <.01, ***P <.001. E, miR-561b-5p-knockdown partly reversed the suppressed effects of LINC01123-knockdown

on the cell migration ability of U-20S and 143B cells. Silenced miR-561b-5p in wide type OS cells (U-20S and 143B) also promoted their cell
migration ability. Data were presented as the mean +SD, *P <.05, **P <.01. F, miR-561b-5p-knockdown partly reversed the suppressed effects
of LINC01123-knockdown on the cell invasion ability of U-20S and 14 3B cells. Silenced miR-561b-5p in wide type OS cells (U-20S and 143B)
also promoted their cell invasion ability. Data were presented as the mean +SD, *P <.05, **P <.01, ***P <.001. G, miR-561b-5p-knockdown partly
reversed the suppressed effects of LINC0O1123-knockdown on the cell stemness ability of U-20S and 143B cells. Silenced miR-561b-5p in wide
type OS cells (U-20S and 143B) also promoted their cell stemness ability. Data were presented as the mean +SD, *P <.05, **P <.01, ***P <.001

MS2bs-LINC01123 group than the MUT MS2bs-LINC01123 group manner.?* To confirm whether LINCO1123 binds miR-561b-5p
(Figure 5C). As shown in Figure 5D, RNA pull-down assays revealed in a similar manner, we performed anti-Ago2 RIP in U-20S and
that miR-561b-5p bound biotin-labeled WT LINC01123, but not 143B cells transiently overexpressing miR-561b-5p. Endogenous
MUT LINC01123. Next, we demonstrated that miR-561b-5p mim- LINC01123 enrichment was greater in the miR-561b-5p mimic group
ics significantly decreased the luciferase activity of WT LINC01123 than the vector group, as measured by RT-qPCR (Figure 5G and H).
but not MUT LINC01123 in U-20S and 143B cells (Figure 5E and F). These data indicated that LINC0O1123 acts as a ceRNA by sponging
miRNAs have been found to bind their targets in an Ago2-dependent miR-561b-5p.



PAN ET AL.

FIGURE 7 LINCO01123 promoted (A)
cell growth by sponging miR-561b-5p in
vivo. A, Morphologic characteristics of
xenograft tumors from U-20S/sh-Control
group, U-20S/sh-LINC01123 group

and U-20S/sh-LINC01123 + anti-miR-
561b-5p group (n = 4). Scale bars =1 cm.
B, The tumor volumes were measured
with calipers every 5 days. Data were
presented as the mean +SD, *P <.05. C,
Tumor weights at 20 days were measured
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were measured in each group. The
median, upper, and lower quartiles were
plotted, and the whiskers that extend
from each box indicate the range values
that were outside of the intra-quartile
range. n = 4, *P <.05. E, Representative
images of Kié7 and TUNEL staining in the
xenograft tumors from the sh-Control,
sh- LINC01123 and sh-LINC01123 +
anti-miR-561b-5p mice. A TUNEL positive
cell is indicated (arrow). Scale bars =50um.
F-H, The expression of LINC01123,
miR-561b-5p and Glil in xenografts

was examined by RT-qPCR. Data were
presented as the mean +SD, **P <.01,
***P <.001
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3.5 | MiR-561b-5p inhibition reversed the
inhibitory effect in cell growth caused by LINC01123
knockdown in OS cells

To explore whether LINC01123 might affect OS progression through
miR-561b-5p, we performed a rescue experiment by silencing
LINC01123 and transfecting miR-561b-5p inhibitors into U-20S and
143B cells. As shown in Figure 6A, the inhibition of miR-561b-5p par-
tially rescued the decrease in Glil expression inducing by downregu-
lation of LINC01123 in U-20S and 143B cells. Moreover, silencing
miR-561b-5p alleviated the inhibitory effect of LINC01123 knock-

down on the proliferation and metastasis of OS cells (Figure 6B-F and
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Figure S3A-C). Similarly, miR-561b-5p inhibition also partly restored
stemness in U-20S and 14 3B cells (Figure 6G and Figure S3D). These
results demonstrated that LINC0O1123 promotes OS cell growth via
acting as a ceRNA that sponges miR-561b-5p.

3.6 | LINC01123 promoted OS cell growth by
sponging miR-561b-5p in vivo

To investigate the role of LINC01123 in tumor growth in vivo, we
established a xenograft model by stably silencing LINC01123 and
transfecting miR-561b-5p inhibitors into U-20S cells. As shown in
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Figure 7A-D, the stable LINC01123- knockdown group exhibited
significantly decreased the xenografted tumor growth and a de-
creased tumor burden compared to the control group. Moreover, the
compromised tumorigenic potential in the LINC01123-knockdown
group was partly offset by silencing of miR-561b-5p. TUNEL and im-
munohistochemical staining assays showed that revealed declining
expression of Ki67 and a rising rate of apoptosis in the xenografted
tumors of LINC01123-knockdown group (Figure 7E). In addition,
the knockdown efficiency of LINC01123 was evaluated with qRT-
PCR (Figure 7F). As shown in Figure 7G and H, the inhibition of miR-
561b-5p partially rescued the decrease in Glil expression inducing
by downregulation of LINC01123 in the xenografted tumors. These
data further indicate that LINC01123 promoted OS cell growth by
sponging miR-561b-5p in vivo.

4 | DISCUSSION

The IncRNA LINC01123 is involved in cell proliferation and invasion
in various cancers. In NSCLC, LINC01123 is highly upregulated and
serves as a ceRNA that promotes NSCLC proliferation and aerobic
glycolysis through the miR-199a-5p/c-Myc axis.® Previous work has
demonstrated that knockdown of LINC01123 inhibits cell growth
and invasion in colorectal cancer via the miR-625-5p/LASP1 axis.?®
In triple negative breast cancer, LINC01123, activated by FOXC1,
regulates cell growth through miR-663a/CMIP signaling.® In this
study, we observed that the expression of LINC01123 was clearly
upregulated in OS cell lines. Moreover, LINC01123 promoted cell
proliferation, metastasis, and stemness in vitro. Our findings re-
vealed that LINC01123 acts as an oncogene with a critical role in the
OS cell progression.

Meanwhile, increasing reports indicate the existence of a com-
prehensive network of interactions involving ceRNAs in the biological
function of non-coding RNAs, in which IncRNA affect gene expression
through competitively sponging miRNAs.2%?” For instance, IncRNA
CDC6 promotes breast cancer growth by acting as a ceRNA for miR-
2157 ; IncRNA RMRP enhances bladder cancer progression via spong-
ing miR-206 8. and the IncRNA CDKN2BAS promotes metastasis in
hepatocellular carcinoma by acting as a ceRNA for miR-153-5p.2% In
this study, we first confirmed that LINC01123 is primarily localized
in the cytoplasm, thus suggesting that LINCO1123 my serve as an en-
dogenous miRNA sponge. Then, bioinformatics analysis and lucifer-
ase reporter analysis revealed that miR-561b-5p might be a target for
LINC01123. The expression of miR-561b-5p was low in OS cell lines,
and decreased expression of miR-561b-5p inhibited OS cell growth.

Glil is a critical transcription factor in the Hh pathway. In various
cancers, Glil is overexpressed and activated, and it subsequently
regulates many cellular processes, including proliferation, metasta-
sis, and stemness. Liao et al have reported that Glil is upregulated
in tissues and promotes metastasis in glioma.29 In addition, Glil has
been found to promote cancer stemness through the PI3K/Akt/
NFkB pathway in colorectal adenocarcinoma.” Furthermore, Glil

is upregulated and controls gene expression in 05.%° Yi et al have

demonstrated that miR-212 promotes the growth of OS cells via

1.31

increasing the expression of Gli Zhao et al have confirmed that

degalactotigonin, extracted from Solanum nigrum L, inhibits the pro-
liferation and metastasis of OS by regulating the Hh/Gli1 pathway.'®
In this study, we identified a new mechanism of Glil regulation in
OS. Our results revealed that overexpression of Glil partly reversed
the inhibitory effect of LINC01123 knockdown on OS cell progres-
sion. Simultaneously, LINC01123 activated the Hh pathway in OS
by sponging miR-561b-5p, which directly targets the 3'UTR of Gli1.

In conclusion, our data showed that LINC01123 is an oncogene
that promotes the progression of OS cells via competitively binding
miR-561b-5p, thereby enhancing Glil expression. Our results sug-
gest that LINCO1123 may be an important possible target for OS
therapy, thus potentially providing a new therapy direction for OS
treatment.
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