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Uncontrolled growth and an enforced epithelial-mesenchymal
transition (EMT) process contribute to the poor survival rate
of patients with osteosarcoma (OS). Long noncoding RNAs
(lncRNAs) have been reported to be involved in the develop-
ment of OS. However, the significant role of lncRNA SNHG1O
on regulating proliferation and the EMT process of OS cells re-
mains unclear. In this study, quantitative real-time PCR and
fluorescence in situ hybridization (FISH) results suggested
that SNHG10 levels were significantly increased inOS compared
with healthy tissues. In vitro experiments (including colony for-
mation, CCK-8,woundhealing, and transwell assays) and in vivo
experiments indicated that downregulation of SNHG10 signifi-
cantly suppressed the proliferation and invasion of OS cells.
Luciferase reporter assay and RNA immunoprecipitation
(RIP) assay confirmed that SNHG10 could regulate FZD3 levels
through sponging microRNA 182-5p (miR-182-5p). In addi-
tion, the SNHG10/miR-182-5p/FZD3 axis could further
promote the b-catenin transfer into nuclear accumulation to
maintain the activation of the Wnt singling pathway. Together,
our results established that SNHG10 has an important role in
promoting OS growth and invasion. By sponging miR-182-5p,
SNHG10 can increase FZD3 expression and further maintain
the activation of Wnt/b-catenin singling pathway in OS cells.

INTRODUCTION
Osteosarcoma (OS) is the most common and most malignant bone
tumor. Most of OS occurs in young patients, younger than 20 years.1,2

Despite of the aggressive therapy, including surgical removal and
chemotherapy with multidrugs, the 5-year overall survival rate of pa-
tients with OS remains poor (less than 30%).3,4 Therefore, treatment
improvement is indispensable. The development of molecular biology
and the increased scientific research about the molecular mechanisms
of tumorigenesis and progression have provided a new approach to
defeat tumors. Several genetic alterations have been proven to initia-
tive and force OS,5,6 and targeting these molecules may provide new
strategies for OS treatment.

Long noncoding RNAs (lncRNAs) are a newly determined class of
noncoding RNAs, with a length of about 200 nucleotides.7 Increased
evidence suggests that dysregulated lncRNAs expression is involved
in regulating the multi-processes of OS. For example, downregulated
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lncRNA CEBPA-AS1 in OS was proven to promote proliferation and
migration of tumor cells.8 lncRNA RP11-361F15.2 promotes OS
tumorigenesis by inhibiting M2-like polarization of tumor-associated
macrophages (TAMs).9 One of the most important roles of lncRNA is
acting as competitive endogenous RNA (ceRNA) to competitively
bind with target mRNA against microRNAs (miRNAs).10,11 Recently,
lncRNA SNHGs, as well as lncRNA SNHG10, were investigated. RNA
sequencing (RNA-seq) data showed that lncRNA SNHG10 is a poten-
tial prognostic biomarker for patients with lung adenocarcinoma.12

Lan et al.13 found that highly expressed SNHG10 in hepatocellular
carcinoma (HCC) contributes to the malignant phenotype, and the
SNHG10/DDX54/PBX3 feedback loop contributes to the growth of
gastric cancer cells.14 In addition, SNHG10 suppresses non-small
cell lung cancer (NSCLC) proliferation by sponging miR-543 to upre-
gulate SIRT1.15 However, the function of SNHG10 in OS remains
unclear.

In this study, we found that SNHG10 was overexpressed in OS cells
and was associated with a poor prognosis. In vitro and in vivo exper-
iments showed that SNHG10 promoted the proliferation, migration,
and invasion of OS cells. In addition, we identified SNHG10 as func-
tioning as a ceRNA by sponging miR-182-5p and thereby regulating
FZD3 and the Wnt/catenin pathway.
RESULTS
lncRNA SNHG10 Is Overexpressed in OS and Is Associated with

a Poor Prognosis

First, we examined the expression of SNHG10 in 45 paired OS tissues
and adjacent tissues and found that SNHG10 was significantly upregu-
lated in OS tissues compared with healthy tissues (Figure 1A). As
shown in Figure 1B, SNHG10 was more highly expressed in OS cells
than it was in healthy bronchial epithelial cells. In addition, increased
SNHG10 expression level was correlated with advanced stage and
lymph node metastasis in patients with OS (Figures 1C and 1D).
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Figure 1. LncRNA SNHG10 Is Overexpressed in OS

and Is Associated with Poor Prognosis

(A) Relative expression of SNHG10 in OS and adjacent

normal samples were quantified by quantitative real-time

PCR. (B) Relative expression of SNHG10 in different OS cell

lines and healthy bronchial epithelial cells were quantified

by quantitative real-time PCR. (C) Relative expression of

SNHG10 in OS samples was analyzed according to the

tumor stage. (D) Relative expression of SNHG10 in OS

samples was analyzed according to metastasis status. (E)

Forty-five OS samples were divided into two groups ac-

cording to whether expression of SNHG10 was high or low.

(F) Kaplan-Meier analysis was used to determine the as-

sociation between SNHG4 high or low expression and

overall survival of patients with OS. In all experiments, bars

represent means ± SD from three independent experi-

ments. *p < 0.05, **p < 0.01.
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Pearson chi-square and Fisher’s exact test results indicated that, rather
than age, gender, or anatomic location, increased SNHG10 levels were
correlated with larger tumor size (R3 cm), advanced TNM stage, and
lymph nodemetastasis (Table 1). According to themedian value of the
SNHG10 expression level, we divided 45 OS tissues into two groups
(high and low SNHG10 levels) (Figure 1E). Kaplan-Meier survival
analysis showed that higher SNHG10 indicated a poorer prognosis
(Figure 1F). Together, these results suggested that the lncRNA
SNHG10 could function as an oncogene, promoting OS progression.

Knockdown of SNHG10 Restrains OS Progression In Vitro

Sustaining proliferation and activating invasion are the great hallmarks
of cancers.16,17 Therefore, we wondered whether overexpressed
SNHG10 might act on the proliferation and invasion of OS cells.
We first transfected OS cells with SNHG10-short hairpin RNA
(shRNA), and the knockdown effect was confirmed by quantitative
real-time PCR (Figure 2A). Then, CCK-8 and colony formation assays
were performed. As shown in Figures 2B and 2C, downregulation of
SNHG10 significantly decreased OS cell proliferation. In addition,
cyclin D1 and E1, which have been proven to regulate cancer cell pro-
liferation,18–20 were decreased along with SNHG10 downregulation
(Figure 2D). Wound-healing and transwell assays were performed,
and the results showed that downregulation of SNHG10 significantly
958 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
impaired the ability of OS cells to migrate and
invade (Figures 2E and 2F). In addition, increased
E-cadherin and decreased N-cadherin and
vimentin were observed after downregulation of
SNHG10, suggesting that the epithelial-mesen-
chymal transition (EMT) process was suppressed
(Figure 2G). Taken together, these results indicate
a critical role for SNHG10 in OS proliferation and
invasion.

SNHG10 Serves as a Sponge for miR-182-5p

To determine the potential molecular mecha-
nism of SNHG10 in promoting proliferation
and invasion in OS cells, we first determined the distribution of
SNHG10 in OS cells. Fluorescence in situ hybridization (FISH) anal-
ysis and nuclear mass separation assays were employed, and SNHG10
was found to be mostly enriched in the cytoplasm (Figures 3A and
3B). This kind of distribution gives SNHG10 the ability to be a
ceRNA. Using the bioinformatic website (Database: miRcode and
starBase), we found two candidate miRNAs (Figure 3C). To verify
the prediction results, dual luciferase reporter assays were performed.
The results indicated that miR-182-5p, instead of miR-519a-3p,
significantly suppressed SNHG10-driven luciferase activity (Fig-
ure 3D). Mutations of the predicative binding sites in SNHG10
restored the decreased luciferase activity induced by miR-182-5p
(Figures 3E and 3F). In addition, the results of RNA immunoprecip-
itation (RIP) assays confirmed the direct binding of SNHG10 and
miR-182-5p with argonaute-2 (Ago2), an important component of
the RNA-induced silencing complex (RISC) (Figure 3G). These
data indicate that SNHG10 functions as a ceRNA by directly interact-
ing with miR-182-5p.

SNHG10 Promotes OS Progression through miR-182-5p

To investigate whether SNHG10 modulates proliferation and inva-
sion through miR-182-5p, we performed rescue experiments by
transfecting anti-miR-182-5p along with SNHG10 knockdown



Table 1. Clinical and Pathologic Characteristics of OS

Feature Number (n)

SNHG10 Expression

p ValueLow (n) High (n)

Age (year)

R18 25 6 19
0.681

< 18 20 5 15

Gender

Male 17 5 12
0.635

Female 28 6 22

Tumor Size

R3 26 3 23
0.024

< 3 19 8 11

TMN Stage

I+II 20 11 9
0.011

III+IV 25 4 21

Lymph Node Metastasis

Positive 30 3 27
0.031

Negative 15 6 9

Anatomic Location

Tibia/femur 27 10 17
0.257

Elsewhere 18 8 10
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experiments. As shown in Figures 4A and 4B, the reduced prolifera-
tion caused by SNHG10 knockdown was significantly restored by
anti-miR-182-5p transfection. The levels of cyclin D1 and E1 in OS
cells echoed each other (Figure 4C). Similarly, inhibition of OS cell
invasion and the EMT process were restored by anti-miR-182-5p
transfection in SNHG10-depleting cells (Figures 4D–4F). Those re-
sults confirmed that SNHG10 functions as a ceRNA, via sponging
miR-182-5p, to promote OS progression.

FZD3 Is a Target of miR-182-5p

Next, we identified the putative target genes of miR-182 through four
online prediction tools (Database: DIANA Tools, miRWalk, starBase,
and TargetScan). As shown in Figure 5A, 472 common genes were
found. Both Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) analyses suggested that these target genes are
involved in the Wnt signaling pathway (Figure 5B). Furthermore, we
found three common genes, which are the components of the Wnt
signaling pathway from the results of GO and KEGG search (Fig-
ure 5C). Real-time PCR analysis revealed that miR-182-5p overexpres-
sion significantly inhibited FZD3 expression in OS cells (Figures 5D
and S1A). In contrast, downregulation of miR-182-5p markedly
increased FZD3 (Figures 5D and S1A). To further confirm that
FZD3 was a direct target of miR-182-5p, a 30 untranslated region (30

UTR) luciferase reporter assay was performed. As shown in Figures
5E and 5F, miR-182-5p overexpression significantly inhibited the
luciferase activity of the wild-type FZD3 reporter, whereas mutation
of binding sites in FZD3 abrogated the repressive effect of miR-182-
5p. Furthermore, miR-182-5p downregulation significantly increased
luciferase activity of the wild-type FZD3 reporter, whereas the mutant
FZD3 reporter was not affected (Figure S1B). In addition, RNA chro-
matin immunoprecipitation (RNA-ChIP) assays were performed to
identify FZD3 abundance in RISC. As shown in Figures 5G–5I,
miR-182-5p overexpression contributed to increased FZD3 levels in
RISC. These results verified the direct interaction between miR-182-
5p and FZD3. Western blot (WB) results showed that miR-182-5p
overexpression significantly restrained FZD3 levels, whereas miR-
182-5p inhibition significantly increased FZD3 levels in OS cells (Fig-
ure 5J). In addition to the results from cells, the level of miR-182-5p
expression was found to be significantly downregulated in OS tissues
compared with healthy tissues (Figure S1C). However, FZD3 mRNA
was found to be significantly higher in OS tissues than it was in healthy
tissues (Figure S1D). An inverse correlation between miR-182-5p and
FZD3 in OS samples was observed (Figure S1E). Together, our data
suggest that miR-182-5p could directly target FZD3.

SNHG10 Promotes OS Progression through FZD3

After identifying FZD3 as a direct target of miR-182-5p, we studied
whether SNHG10 could bind competitively with FZD3. The results
of Ago2 RIP assays showed that SNHG10 knockdown led to a great
increase in FZD3 enrichment, and SNHG10 overexpression signifi-
cantly decreased FZD3 enrichment, suggesting that SNHG10 could
compete with FZD3 transcripts for an Ago2-based, miRNA-induced
expression complex (Figures S2A and S2B). A luciferase reporter
assay showed that SNHG10 knockdown significantly decreased the
luciferase activity of the FZD3 reporter, and the results could be
rescued by a miR-182-5p sponge. Moreover, the luciferase activity
of themutant FZD3 reporter was not affected. Instead, SNHG10 over-
expression significantly increased the luciferase activity of the wild-
type FZD3 reporter, rather than the mutant FZD3 reporter, whereas
miR-182-5p abolished that effect (Figures S2C and S2D). In addition,
SNHG10 knockdown seriously reduced FZD3 protein levels, whereas
SNHG10 overexpression remarkably increased FZD3 levels (Fig-
ure S2E). These data indicate that SNHG10 could function as a
ceRNA via sponging miR-182-5p to facilitate FZD3 expression.

To further confirm that SNHG10 affects proliferation and invasion
through FZD3, we performed a series of in vitro experiments. As
shown in Figures 6A and 6B, FZD3 significantly reversed the inhibi-
tion caused by SNHG10 knockdown. The expression of cyclin D1 and
E1 also exhibited similar trends (Figure 6C). Meanwhile, FZD3
restored the inhibited invasion and EMT process caused by the
SNHG10 knockdown (Figures 6D–6F).

Collectively, these data suggest that SNHG10 facilitates FZD3 expres-
sion via sponging miR-182-5p.

SNHG10 Activates the Wnt/b-Catenin Pathway to Promote OS

Progression

TheWnt/b-catenin signaling pathway has been reported to be involved
in controlling OS development.21 Because FZD3 is a direct target of
miR-182-5p, we investigated whether miR-182-5p affected Wnt by
regulating FDZ3. Overexpression of miR-182-5p significantly
Molecular Therapy: Nucleic Acids Vol. 22 December 2020 959
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Figure 2. Knockdown of SNHG10 Restrains OS Progression In Vitro

(A) Relative expression of SNHG10 in OS cells was quantified by quantitative real-time PCR after transfection of sh-control (sh-ctrl) or sh-SNHG10. (B) The proliferation of

transfected OS cells was evaluated with a CCK-8 assay. (C) The proliferation of transfected OS cells was evaluated with a colony formation assay. (D) The expression of cyclin

D1 and E1 was quantified by western blot after transfection of sh-ctrl or sh-SNHG10. (E) The migration of transfected OS cells was evaluated with a wound healing assay. (F)

The invasion of transfected OS cells was evaluated with a transwell assay. (G) The expression of E-cadherin, N-cadherin, and vimentin was quantified by western blot after

transfection of sh-ctrl or sh-SNHG10. In all experiments, bars represent means ± SD from three independent experiments. *p < 0.05, **p < 0.01.
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Figure 3. SNHG10 Serves as a Sponge for miR-182-5p

(A) FISH analysis indicated a subcellular location for SNHG10 in OS cells (green). Nuclei were stained with DAPI (blue). (B) Relative SNHG10 expression levels in nuclear and

cytosolic fractions of the OS cells were quantified by quantitative real-time PCR. (C) A schematic drawing of the screening procedure of candidate miRNAs. (D) The luciferase

reporter plasmids carrying SNHG10 were co-transfected into HEK293T cells with two miRNA-coding plasmids. (E) A schematic representation of the miR-182-5p binding

sites in SNHG10 and site mutagenesis. (F) The luciferase reporter plasmid carrying wild-type (WT) or mutant (MUT) SNHG10 was co-transfected into OS cells with miR-182-

5p in parallel with an empty vector. Relative luciferase activity in OS cells was determined. (G) Ago2 RIP assay analysis of the enrichment of SNHG10 and miR-182-5p pulled

down from the Ago2 protein in OS cells, and the expression levels of SNHG10 andmiR-182-5p was examined by quantitative real-time PCR analysis. In all experiments, bars

represent means ± SD from three independent experiments. *p < 0.05, **p < 0.01.
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Figure 4. SNHG10 Promotes OS Progression through miR-182-5p

(A) TheproliferationofOScells after transfectionwith sh-SNHG10or co-transfectionwith amiR-182-5pmimicwas evaluatedwith aCCK-8 assay. (B) Theproliferation ofOScells

after transfectionwith sh-SNHG10 or co-transfection with amiR-182-5pmimicwas evaluated using a colony formation assay. (C) The expression of cyclin D1 and E1 inOS cells

after transfectionwith sh-SNHG10or co-transfectionwith amiR-182-5pmimicwasquantifiedbywesternblot. (D) The expressionsof E-cadherin,N-cadherin, andvimentinwere

quantified using western blot after transfection of sh-SNHG10 or co-transfection with a miR-182-5p mimic. (E) The migration of OS cells after transfection with sh-SNHG10 or

co-transfectionwith amiR-182-5pmimicwas evaluatedwith awoundhealing assay. (F) The invasionofOScells after transfectionwith sh-SNHG10or co-transfectionwith amiR-

182-5p mimic was evaluated with a transwell assay. In all experiments, bars represent means ± SD from three independent experiments. *p < 0.05, **p < 0.01.
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decreased b-catenin nuclear accumulation, whereas b-catenin was
increased in the cytoplasm (Figures S3A and S3B). In addition, the
mRNA levels of downstream genes regulated by the Wnt signaling
pathway were downregulated after overexpressing miR-182-5p (Fig-
ure S3C). Rescue assays showed that FZD3 could increase the decreased
b-catenin levels in the nucleus caused by miR-182-5p overexpression
(Figures S3A–S3C). The results of T cell factor/lymphoid enhancer
biding factor (TCF/LEF) reporter assays showed thatmiR-182-5p over-
expression significantly decreased the reporter activity, and additional
FZD3 elevated the activity (Figure S3D). In contrast, si-FZD3 (FZD3
siRNA) transfection displayed an effect similar to that of XAV-939
(a small molecule inhibitor) treatment: b-catenin assembly in the
nucleus caused by miR-182-5p knockdown was markedly inhibited
(Figure S3D). These results suggested that miR-182-5p inhibited the
Wnt/b-catenin signaling pathway by directly targeting FZD3.

Because SNHG10 could completely bind with miR-182-5p to promote
FZD3 translation, we wanted to determine whether SNHG10 could
affect the Wnt/b-catenin signaling pathway through FZD3. As shown
in Figures 7A and 7B, downregulation of SNHG10 significantly in-
hibited b-catenin assembly in the nucleus. Additional transfection of
FZD3 could restore b-catenin levels in the nucleus. Quantitative real-
time PCR results showed that SNHG10 knockdown could reduce
mRNA levels of Wnt/b-catenin signaling targeting genes, and addi-
tional transfection of FZD3 could rescue the decrease (Figure 7C).
We further performed TCF/LEF reporter assays, and the results indi-
cated that SNHG10 downregulation significantly inhibited the reporter
activity, and FZD3 overexpression could rescue the decreased activity
(Figure 7D). Meanwhile, we overexpressed SNHG10 and found that
nuclear b-catenin levels were significantly increased. However, addi-
tional additions of si-FZD3orXAV-939partially abolished the increase
of nuclear b-catenin (Figure 7E). Taken together, these results indicate
that Wnt/b-catenin signaling is activated by SNHG10 in OS cells.

SNHG10 Promotes OS Tumorigenesis In Vivo

To investigate the effect of SNHG10 onOS in vivo, subcutaneous xeno-
graft models were employed. Downregulation of SNHG10, confirmed
byquantitative real-timePCR (Figure 8B), significantly inhibited tumor
growth of OS compared with that of the control group. As expected,
additional FZD3 overexpression repaired the tumor-growth inhibition
(Figures 8A, 8C, and 8D). Ki-67 and vimentin (molecular markers for
proliferation and EMT, respectively) expression levels in tumors were
evaluated using immunohistochemistry (IHC). As shown in Figure 8E,
lower expressions of Ki-67 and vimentinwere found in sh-SNHG10 tu-
Figure 5. FZD3 Is a Target of miR-182-5p

(A) Schematic of the candidate genes of miR-182-5p using four prediction tools. (B) GO a

common candidate genes involved in regulating the Wnt/b-catenin signaling pathway.

miR-NC or a miR-182-5p mimic. (E) Predicted miR-182-5p target sequences in the 30 U
with miR-182-5p and luciferase reporters. (G) Immunoprecipitation of the Ago2/RISC

expressing miR-NC or miR-182-5p. IgG was used as a negative control and b-actin wa

incorporated into RISC in OS cells overexpressing miR-182-5p compared with the leve

cells overexpressing miR-182-5p. (J) FZD3 expression levels in OS cells transfected w

experiments, bars represent means ± SD from three independent experiments. *p < 0
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mors compared with those of the control group. In addition, FZD3
transfection increased expression of Ki-67 and vimentin. Together,
the results from the in vitro experiments were confirmed in vivo.

DISCUSSION
Emerging evidence have proven that dysregulated lncRNAs have
significant roles in modulating biological processes, such prolifera-
tion,22,23 metabolism,24 metastasis,25 and apoptosis26, in OS. lncRNA
SNHGs represent a group of lncRNAs produced from a small nucle-
olar RNA host gene. Growing research data demonstrate that lncRNA
SNHGs are involved in tumorigenesis and progression. For example,
lncRNA SNHG1 acts as a ceRNA to promote OS tumorigenesis by
sponging miR-326.26 Lao et al.27 showed that higher lncRNA
SNHG4 predicts poor survival and recurrence in OS. Inhibition of
lncRNA SNHG12 might be a new therapy to suppress OS growth.28

There have been a number of studies that have revealed the oncogenic
role of SNHG10 in various tumors, such as hepatocarcinogenesis13

and lung adenocarcinoma.12 However, the expression level and func-
tion of SNHG10 in OS remains to be elucidated. Overexpressed
SNHG10 in OS was determined by quantitative real-time PCR anal-
ysis of 45 paired tumor and adjacent healthy tissues. Statistical anal-
ysis results suggested that SNHG10 level was positively correlated
with tumor size, TNM stage, and lymph node metastasis. Further,
in vitro and in vivo experiments indicated that SNHG10 is essential
for tumor growth and invasion. Additional experiments are needed
to determine more about the functional role of SNHG10 in OS cells.

One of the most important molecular mechanism of lncRNA is its role
as a ceRNA sponging miRNAs.29,30 Therefore, we hypothesized that
SNHG10 could also function as a ceRNA. In this study, we found via
FISH and nuclear mass separation assays that most of SNHG10 is
distributed in the cytoplasm, and the results provided strong support
for our hypothesis. Using online prediction tools, luciferase assays,
and RIP assays, we confirmed that SNHG10 direct interacts with
miR-182-5p. In vitro experiments showed thatmiR-182-5poverexpres-
sion could reverse the suppressed proliferation and invasion of OS cells
caused by NSHG10 knockdown. In addition, we found that FZD3 is a
direct target of miR-182-5p. In vitro experiments showed that overex-
pression of FZD3 could also reverse the suppressive effect caused by
SNHG10 knockdown. Taken together, we found that SNHG10 could
competitively regulate FZD3 through sponging miR-182-5p.

Wnt/b-catenin signaling pathway is a crucial pathway in controlling
OS development.31,32 The transfer of b-catenin into the nucleus
nd KEGGpathway analysis of candidate targets of miR-182-5p. (C) Schematic of the

(D) mRNA expression of PPP3R1, FZD3, and PPP3CA in OS cells transfected with

TRs of FZD3 genes. (F) Relative FZD3 reporter activities in OS cells co-transfected

(RNA-induced silencing complex) using the Pan-Ago2 antibody in OS cells over-

s used as an internal control. (H) Quantitative real-time PCR analysis of miR-182-5p

ls in the control. (I) Quantitative real-time PCR of FZD3 incorporated into RISC in OS

ith a miR-182-5p mimic or anti-miR-182-5p were quantified by western blot. In all

.05, **p < 0.01.
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induces activation of a large number of transcription factors, further
regulating the downstream signaling cascade.33 Previous studies have
identified several lncRNAs that could regulate Wnt/b-catenin. For
example, Cui et al found that SNHG1 overexpression contributes to
non-small-cell-lung-cancer progression by activating Wnt/b-cate-
nin.34 SNHG1 was proven to activate Wnt/b-catenin signaling in OS
as well.35 In our study, using GO and KEGG pathway analyses, we
found that the potential downstream genes of miR-182-5p are associ-
ated with Wnt/b-catenin. WB and immunofluorescence (IF) results
showed that miR-182-5p functions as a Wnt inhibitor in OS cells,
and overexpression of FZD3 impaired the effect of miR-182-5p. In
addition, we found that downregulation of SNHG10 significantly sup-
pressed theWnt/b-catenin signaling pathway. Because SNHG10 could
competitively promote FZD3 through sponging miR-182-5p, we co-
transfected OS cells with sh-SNHG10 and FZD3. WB and IF results
suggest that FZD3 significantly reverses the suppressive effect caused
by SNHG10 knockdown. Together, these results suggest that the acti-
vation of the Wnt/b-catenin signaling pathway was supported by
SNHG10/miR-182-5p/FZD3 axis in OS cells.
MATERIALS AND METHODS
Clinical Samples

We used 45 paired OS and healthy tissues collected from the Depart-
ment of Orthopedics, Huaihe Hospital of Henan University. This
study was approved by the institutional review board and theethics
committee of HenanUniversity and written informedconsent was ob-
tained from all patients, in accordance with the guidelines established
in the Declaration of Helsinki. All samples were collected during sur-
gery and were immediately frozen in liquid nitrogen for further
experiments.
Cell Cultures

The human OS cell lines MG-63, 143B, HOS, Saos-2, SW-1353,
U-20S, and hFOB 1.19 (a human osteoblast cell line) were obtained
from the Chinese Academy of Sciences Cell Bank (Shanghai, China).
All cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM), supplemented with 10% fetal bovine serum and antibiotics
(100 units/mL penicillin and 100 units/mL streptomycin). OS cells
were maintained at 37�C with 5% CO2; hFOB 1.19 cells were main-
tained at 34�C with 5% CO2.
Cell Transfection

Cell transfection was performed with the Lipofectamine 2000 reagent.
The sequence of anti-miRNA, miRNAmimics, siRNAs, and plasmids
are listed below.
Figure 6. SNHG10 Promotes OS Progression through FZD3

(A) The proliferation of OS cells after transfection with sh-SNHG10 or co-transfection w

transfection with sh-SNHG10 or co-transfection with FZD3was evaluated with a colony-

with sh-SNHG10 or co-transfection with FZD3 was quantified by western blot. (D) The

blot after transfection of sh-SNHG10 or co-transfection with FZD3. (E) The migration

evaluated with a wound-healing assay. (F) The invasion of OS cells after transfectionwith

experiments, bars represent means ± SD from three independent experiments. *p < 0
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Anti-miR-182-5p: 50-UUUGGCAAUGGUAGAACUCACACU-30,

miR-182-5p mimics: 50-UUUGGCAAUGGUAGAACUCACA
CCG-30,

si-FZD3: 50-CCTCCTTGTCCAAATATGTACTTCA-30.

To obtain stable SNHG10-downregulated OS cells, we designed an
empty vector and SNHG10 shRNA (50-CCGGGGGAACTAAGAAGT
GAATTCGCTCGAG GCTTAAGTGAAGAATCAAGGGTTTTTG-
30). The empty vector and the sh-SNHG10 were transfected into the
OScellswith a lentivirus, then stable cellswere selectedwithpuromycin.

FISH

To identify the expression level of SNHG10 in OS and normal tissues,
FISH analysis was performed as previously described.36 FISH probe
was designed to target the following sequences.

SNHG10-1: 50-ACCGGGGTTCCAGCGCTCGGGCCGTAGCCT-30

SNHG10-2: 50-AGGACGATGCTTGGAACGTGGTAAGTGCT
CCTATTG-30

RNA Extraction and Quantification

RNA extraction and quantitative real-time PCR tests were performed
as previously described.36 Briefly, total RNA from cells and tissues were
extracted with TRIzol reagent (Thermo Fisher Scientific, Waltham,
MA, USA). A PARIS kit (Thermo Fisher Scientific) was employed to
extract nuclear and cytoplasmic RNA separately. cDNA was synthe-
sized with the PrimeScript RT reagent kit. Quantitative real-time
PCR analysis was performed with SYBR Green Premix Ex Taq. For
miRNA detection, the stem-loop-specific primer method was used.
The miRNA-specific reverse-transcription primers and qPCR primers
were obtained from RiboBio (Guangzhou, China). Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and U6 were used as normaliza-
tion controls for lncRNA and miRNA. The primer information is
provided in the Supplemental Materials and Methods.

WB Assay

WB assays were performed as previously described.36 Briefly, protein
was extracted from cells and tissues with RIPA lysis buffer (Millipor-
eSigma, Billerica, MA, USA) and was quantified with the BCA kit
(Beyotime Biotechnology, Haimen, China). Protein samples were
subjected to 10% SDS-PAGE and transferred to polyvinylidene fluo-
ride (PVDF) membranes. FZD3, b-catenin, and GAPDH antibodies
were used to incubate the membranes. The next day, the membranes
were incubated with secondary antibodies. Lastly, bolts were achieved
ith FZD3 was evaluated with a CCK-8 assay. (B) The proliferation of OS cells after

formation assay. (C) The expression of cyclin D1 and E1 in OS cells after transfection

expressions of E-cadherin, N-cadherin, and vimentin were quantified using western

of OS cells after transfection with sh-SNHG10 or co-transfection with FZD3 was

sh-SNHG10 or co-transfection with FZD3was evaluated with a transwell assay. In all

.05, **p < 0.01.



Figure 7. SNHG10 Activates Wnt/b-Catenin Pathway to

Promote OS Progression

(A) b-catenin protein redistribution in different cellular com-

partments of transfected OS cells was quantified by western

blot. (B) b-catenin protein redistribution in different cellular

compartments of transfected OS cells was quantified using

immunofluorescence staining. Scale bar, 100 mm. (C) Relative

expression levels of Wnt/b-catenin pathway downstream

target genes were quantified by real-time PCR. (D) Relative

TCF/LEF reporter activity was measured after transfection with

sh-SNHG10 or co-transfection with FZD3. (E) The b-catenin

protein redistribution in different cellular compartments of

transfected or XAV-939 treated OS cells was quantified using

western blot. In all experiments, bars represent means ± SD

from three independent experiments. *p < 0.05, **p < 0.01.
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Figure 8. SNHG10 Promotes OS Tumorigenesis

In Vivo

(A) Subcutaneous tumors were separated and imaged at

the endpoint of the experiment. Scale bar, 1 cm. (B) Rela-

tive expression of SNHG10 in subcutaneous tumor tissues

was quantified by quantitative real-time PCR. (C) Tumor

growth curves of different subcutaneous tumor groups are

shown. (D) Tumor weights of different tumor groups are

shown. (E) The expression levels of FZD3, Ki-67, and

vimentin in different groups of subcutaneous tumors were

evaluated by IHC. In all experiments, bars represent

means ± SD from three independent experiments. *p <

0.05, **p < 0.01.
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with a chemiluminescence detection system. The antibody informa-
tion is provided in the Supplemental Materials and Methods.

Immunofluorescence Staining

Briefly, OS cells in the logarithmic growth phase were fixed with 4%
paraformaldehyde for a half an hour. BSA was used as the blocking
solution. After blocking, the b-catenin antibody was employed to
incubate the cells overnight. The next day, the second antibody (Alexa
Fluor 647) was used to incubate cells for 1 h. The nuclei were stained
with DAPI.

Cell Viability and Colony Formation Assay

To evaluate OS cell proliferation, CCK-8 and colony formation as-
says were performed. For the CCK-8 assay, transfected OS cells
were harvested and incubated with CCK-8 solution for 1 h. The
optical density (OD) value was detected at 450 nm. For the colony
formation assay, transfected OS cells were harvested and seeded in
968 Molecular Therapy: Nucleic Acids Vol. 22 December 2020
6-well plates. After 2 weeks, the colonies were
stained with crystal violet staining solution.

Wound-Healing Assay

Awound-healing assaywas performed to assess the
migration of OS cells. Briefly, cells were scratched
with a 20-mL tip to make a gap. The width of the
gaps was observed and measured after 48 h.

Transwell Assay

A transwell assay was performed to evaluate the
ability of OS cells to invade. Briefly, transfected
OS cells (1 � 105) were seeded into the upper
chamber (Corning Costar, Corning, NY, USA),
which were pre-coated with matrigel (Corning);
48 h later, the cells remaining in the upper cham-
ber were removed, and cells at the bottom of the
chamber were stained with crystal violet and
measured.

Nuclear Mass Separation Assays

To identify the distribution of SNHG10 in
OS cells, we isolated the cytoplasmic and
nuclear RNA separately using PARIS kit (Thermo Fisher Scientific)
following the manufacturer’s instructions.37

Dual Luciferase Reporter Assay

Dual luciferase reporter assay was performed as described previ-
ously. Briefly, to identify the interaction between SNHG10 and
miR-182-5p, we used wild-type and mutant SNHG10 reporter
plasmids that contained a period sequence of SNHG10 (50-CCA
GCGCGGAAUAUUGGUGAUAUUGUUGCCAAAAAAGCTTGA
CCCATC-30). HEK293T cells were co-transfected with SNHG10
reporter plasmids and miR-NC or miR-182-5p; 48 h later, the
dual luciferase reporter assay system was used to measure the fluo-
rescent changes.

Similarly, to identify the interaction between FZD3 and miR-182-5p,
we used wild-type andmutant FZD3 reporter plasmids that contained
wild-type and mutant binding sites for miR-182-5p (GenePharma,
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Shanghai, China). HEK293T cells were co-transfected with FZD3 re-
porter plasmids and miR-NC or miR-182-5p; 48 h later, the dual
luciferase reporter assay system was used to measure the fluorescent
changes.

RIP Assay

To identify the role of SNHG10 as a ceRNA sponging miR-182-5p,
a RIP assay was performed with Magna RNA-binding protein
immunoprecipitation kit (MilliporeSigma). Briefly, lysis from
OS cells was incubated with Ago2 or immunoglobulin G (IgG)-
coated magnetic beads. Proteinase K was used to incubate samples,
and the RNA was immunoprecipitated. After measuring the con-
centration and assessing the quality, SNHG10 and miR-182-5p
expression was measured in purified RNA by quantitative real-
time PCR.

TCF/LEF Reporter Assay

To assess activation of the Wnt signaling pathway, the TCF/LEF re-
porter kit (catalog no. 60500, BPS Bioscience, San Diego, CA, USA)
was used according to the manufacturer’s instructions.38

Xenograft Tumor Model

Briefly, stably transfected OS cells (1 � 107) were subcutaneously in-
jected in 15 female immune-deficient mice. Tumor volume was
measured every 3 days. After euthanasia, the mice tumor weights
were measured, and IHC was used to measure FZD3, Ki-67, and vi-
mentin levels in the tumors.

Statistical Analysis

GraphPad Software (La Jolla, CA, USA) was employed for statistical
analysis. All experiments were performed at least three times inde-
pendently. All data are presented as means ± SD, and t test and
ANOVA were used for comparisons. The Spearman rank test was
used to evaluate the correlations between SNHG10 and FZD3 or
miR-182-5p and FZD3. Survival analysis was performed with log-
rank tests, as shown in Figure 8C. p <0.05 was considered statisti-
cally different.
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