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Abstract

Background/Aims: Long noncoding RNAs (IncRNAs) have been a research hotspot, as they
play important roles in tumor development. However, their expression pattern and biological
functionin osteosarcoma have notyet been clarified. Methods: Differentially expressed INcRNAs
in osteosarcoma and paracarcinoma tissues were identified by screening an IncRNA microarray,
and candidate IncRNAs were verified by quantitative real-time PCR (qRT-PCR). A series of
bioinformatics and molecular biological methods were adopted to investigate the interaction
among IncRNA, microRNA (miRNA), and miRNA target genes during the development and
occurrence of osteosarcoma. Cell viability was measured using a Cell Counting Kit-8 assay.
Results: Chip microarray screening combined with the validation of differentially expressed
candidate IncRNAs showed that the IncRNA small nucleolar RNA host gene 16 (SNHG16) had
the largest fold change. SNHG16 was highly expressed in osteosarcoma tissues and cell lines,
and its downregulation led to the suppressed proliferation of osteosarcoma cells. Further
investigations revealed that SNHG16 could upregulate zinc finger E-box-binding homeobox
1 (ZEB1) expression by acting as an endogenous sponge of miR-205. Moreover, rescue assays
proved that the effects of SNHG16 on the proliferation of osteosarcoma cells were dependent
on miR-205. Conclusion: SNHG16 can significantly enhance the proliferation of osteosarcoma
cells. In addition, SNHG16, miR-205, and ZEB1 interact in a common pathway during the
development and occurrence of osteosarcoma, providing novel targets for intervention in the
treatment of osteosarcoma.
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Introduction

Osteosarcoma is the most common primary malignant bone tumor of the skeletal system.
It often occurs in patients aged 15-25 years, accounting for approximately 56% of bone
tumors, making it the third most common malignant tumor in adolescents [1]. Osteosarcoma
is characterized by high incidence, malignancy, and metastasis rates; therefore, its prognosis
is poor. With the wide application of neoadjuvant chemotherapy and advancement of modern
surgical techniques, the treatment of osteosarcoma has greatly improved [1], as shown by the
increase in 5-year survival rate from 50% to 70% in the last 20 years [2]. However, multidrug
resistance severely limits the development and use of neoadjuvant chemotherapy. Although
progress has been made in molecular studies on osteosarcoma, much remains unclear about
the molecular mechanisms involved in this disease.

With the development of DNA microarray and RNA sequencing techniques, it has been
found that only 2% of transcripts in the genome encode proteins, whereas tens of thousands
of transcripts have no encoding ability and are therefore considered genomic noise.
However, accumulating evidence has suggested that these non-coding RNAs actually play
important regulatory roles in gene expression [3-5]; non-coding RNAs longer than 200 base
pairs in length are known as long non-coding RNAs (IncRNAs) [6]. In recent years, IncRNAs
have been a research hotspot [3, 7], as they have been shown to play important roles in the
development of tumors [6, 8-12].

Studies have also shown that IncRNAs are involved in various physiological processes
such as the development, occurrence, invasion, and metastasis of a variety of tumors.
There are many regulatory mechanisms used by IncRNAs, among which the competitive
endogenous RNA (ceRNA) theory has been widely studied and recognized [13]. According
to this theory, IncRNAs, mRNAs, pseudogenes, and other transcripts can competitively
bind to microRNA (miRNA) through miRNA response elements (MREs), thereby reducing
the number of miRNAs that bind to mRNAs and regulating the expression of downstream
target genes of miRNAs at the posttranscriptional level. The important biological functions
of IncRNAs have been gradually recognized [3, 10, 14], but their roles in osteosarcoma have
not yet been clarified.

In this study, differentially expressed IncRNAs in osteosarcoma and paracarcinoma
tissues were identified by screening an IncRNA microarray, and candidate IncRNAs were
verified by quantitative real-time PCR (qRT-PCR). The IncRNA small nucleolar RNA host gene
16 (SNHG16), which had the largest fold change, was selected as the focus of this study. A
series of bioinformatics and molecular biological methods were adopted to investigate the
interaction among IncRNA SNHG16, miRNA, and miRNA target genes during the development
and occurrence of osteosarcoma, and to clarify the underlying molecular mechanisms.
The results of this study may provide novel targets for intervention in the treatment of
osteosarcoma and a theoretical basis for optimizing treatment strategies.

Materials and Methods

Tissue specimens

In this study, 20 osteosarcoma and paracarcinoma tissue samples were selected from osteosarcoma
patients who received surgery at the Third Affiliated Hospital of Suzhou University between 2009 and 2014,
and were stored in liquid nitrogen at -80°C. The collection of clinical specimens was approved by the Ethics
Committee of the Third Affiliated Hospital of Suzhou University according to the Declaration of Helsinki. All
participants provided written informed consent.
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LncRNA detection by chip microarray

The expression of IncRNAs in osteosarcoma and paracarcinoma tissues was analyzed using the
Arraystar Human LncRNA Array v3.0 (Arraystar, Inc., Rockville, MD), which includes 33, 045 IncRNAs and
30, 215 coding transcripts, according to the manufacturer’s instructions. Statistical analyses were performed
on the data. The differentially expressed IncRNAs in the two groups were selected based on a minimum
4-fold change in gene expression between osteosarcoma and paracarcinoma tissues, with P values less than
0.01 according to t-tests.

Cell culture and transfection

The osteosarcoma cell lines (MG-63, U20S, SA0S2, HOS, and OB3) used in this study were purchased
from the American Type Culture Collection (Manassas, VA). SNHG16-overexpressing plasmid, SNHG16 small
interfering RNAs (siRNAs), and negative controls were purchased from Sigma-Aldrich (St. Louis, MO). MiR-
205 mimics, miR-205 inhibitors, and negative controls were purchased from RiboBio (Guangzhou, China).
Cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum in a 5% CO, atmosphere at
37°C, and were transfected with Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA) according to
the manufacturer’s instructions. The transfection efficiency was observed under a fluorescence microscope
24 h after transfection. Total RNA from tissues and cells was extracted using TRIzol reagent (Invitrogen,
Carlsbad, CA). cDNA was synthesized from total RNA using the PrimerScript RT Reagent Kit (TaKaRa Bio,
Tokyo, Japan). MiRNAs from total RNA were reverse transcribed using the Prime-Script miRNA cDNA
Synthesis Kit (TaKaRa Bio) and subjected to subsequent amplification using the SYBR Green dye method
on the 7900HT FAST Real-Time PCR System (Applied Biosystems, Foster City, CA). GAPDH was used as
the internal reference for mRNA and U6 was the internal reference for miRNAs. The mRNA and miRNA
expression levels were calculated using the 24 method.

Prediction and validation of the binding of SNHG16 to miRNA-205, and prognosis and validation of

miRNA-205 target genes

Three databases, namely, miRcode (http://www.mircode.org/), starBase (http://starbase.sysu.
edu.cn/index.php), and RegRNA (http://regrna2.mbc.nctu.edu.tw/index.html), were used to predict the
miRNAs that could bind to IncRNAs using the principle of base complementary pairing. The binding ability
of IncRNAs to candidate miRNAs was verified by the luciferase reporter assay. The wild-type and mutant-
type luciferase reporter plasmids psiCheck2-SNHG16-Luc and psiCheck2-SNHG16-MUT-Luc, respectively,
were constructed. U20S cells were co-transfected with miR-205 mimic, psiCheck2-SNHG16-Luc, and
psiCheck2-SNHG16-MUT-Luc vectors. Finally, the luciferase activities in the experimental and control groups
were detected using a luciferase reporter gene assay kit. Three databases, namely, TargetScan (http://
www.targetscan.org/vert_71/), miRDB (http://www.mirdb.org/), and RNA22 (https://cm.jefferson.edu/
rna22/), were used to predict the miR-205 target genes. The wild-type and mutant-type luciferase reporter
plasmids psiCheck2-ZEB1-Luc and psiCheck2-ZEB1-MUT-Luc, respectively, were constructed. U20S cells
were co-transfected with miR-205 mimic, psiCheck2-ZEB1-Luc, and psiCheck2-ZEB1-MUT-Luc vectors, and
the luciferase activities in the experimental and control groups were detected using a luciferase reporter
gene assay Kkit.

Cell Counting Kit-8 assay

Cell proliferation was detected with the Cell Counting Kit-8 (CCK-8) assay. After transfection for 24 h,
cells from each group were collected and seeded into a 96-well plate. Three triplicate wells were used for
0, 24,48, 72, and 96 h in each group. After cell adherence, 10 pL. CCK-8 solution was added to each well and
cells were cultured at 37°C for 4 h. Cell viability was measured with a microplate absorbance reader (Bio-
Rad Laboratories, Hercules, CA) at 450 nm.

Statistical methods

The Student’s t-test was used for data comparison between two groups, and analysis of variance and
chi-square tests were used for data analysis among groups and for intergroup comparison, respectively.
The correlation among variables was analyzed by Spearman’s correlation analysis. SPSS 20.0 and GraphPad
Prism 5 software were used for statistical analysis and creating graphs, respectively. P values less than 0.05
were considered statistically significant.
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Results

Screening of differentially expressed IncRNAs in osteosarcoma

LncRNA chip analysis was conducted for 5 pairs of osteosarcoma and paracarcinoma
tissues, and differentially expressed IncRNAs were screened. Based on a minimal 4-fold
change in IncRNA gene expression between osteosarcoma and paracarcinoma tissues with P
values less than 0.01 according to t-tests, we found that 65 IncRNAs were upregulated and 13
were downregulated (Fig. 1A). In osteosarcoma, the 5 most significantly upregulated IncRNAs
(ENSG00000250334, ENSG00000230234, ENSG00000163597, ENSG00000234147, and
ENSG00000206195) and 5 most significantly downregulated IncRNAs (ENSG00000236990,
ENSG00000247317, ENSG00000235837, ENSG00000224048, and ENSG00000266278)
were selected for further verification. In 20 pairs of osteosarcoma and paracarcinoma
tissues, we analyzed the expression of these 10 IncRNAs by qRT-PCR and found that
ENSG00000163597 (IncRNA SNHG16) was the most highly expressed in osteosarcoma
(Fig. 1B). Therefore, SNHG16 was selected for subsequent experiments. We analyzed the
relationship between SNHG16 expression and tumor stage in 6 patients with stage I, 8
patients with stage II, and 6 patients with stage III disease. SNHG16 expression in stage I
was significantly lower than expression in stages Il and III (Fig. 1C). Next, we evaluated the
difference in SNHG16 expression between normal osteoblasts (0B3) and osteosarcoma cell
lines (MG-63, U20S, SA0S2, and HOS), and found that SNHG16 expression was significantly
higher in osteosarcoma cells than in normal osteoblasts (P < 0.01, Fig. 1D).

SNHG16 regulates the proliferation of osteosarcoma cells

We analyzed the expression levels of SNHG16 in MG-63, U20S, SAOS2, and HOS
osteosarcoma cell lines and found that they were higher in MG-63 and HOS cells than in
U20S and SAOS?2 cells (Fig. 1C). Transfection of SNHG16 siRNAs sil and si2 in MG-63 and
HOS cell lines led to the downregulation of SNHG16 expression, whereas transfection of the
pcDNA3.1-SNHG16 overexpressing vector into U20S and SAOS2 cell lines led to SNHG16
upregulation. Knockdown and overexpression efficiencies were verified by qRT-PCR (P <
0.001, Fig. 2A, B, respectively). After SNHG16 downregulation in MG-63 and HOS cells, the cell
proliferation was significantly decreased (P < 0.001, Fig. 2C, D). After SNHG16 overexpression
in U20S and SAOS?2 cells, the cell proliferation was significantly enhanced (P < 0.001, Fig. 2E,
F). Because osteosarcoma cell lines have low apoptotic rates, we selected only MG-63 and
HOS for apoptosis analysis. Apoptosis was significantly increased in MG-63 and HOS cells
in response to the downregulation of SNHG16 expression compared to the controls (Fig.
2G, H). In addition, the downregulation of SNHG16 in MG-63 and HOS cells increased the
expression of apoptosis-related proteins including cleaved caspase-3 and cleaved poly (ADP-
ribose) polymerase (Fig. 21-K). Thus, we concluded that SNHG16 had significant regulatory
effects on the proliferation of osteosarcoma cells.

Screening and validation of miRNAs regulated by SNHG16

Three bioinformatics databases (miRcode, starBase, and RegRNA) were jointly used to
predict miRNAs that could bind to SNHG16 using the base complementary pairing principle
(Fig. 3A). A total of 5 miRNAs (let-7, miR-200a, miR-141, miR-205, and miR-132) discovered
in all three databases were found to bind SNHG16. Thus, the expression of these 5 miRNAs
was subsequently analyzed by qRT-PCR in 20 osteosarcoma tissue samples. Only miR-205
expression was negatively correlated with SNHG16 expression (r = -0.68, P < 0.001, Fig.
3B), suggesting that miR-205 may be regulated by SNHG16. To further verify that SNHG16
was a target of miR-205, wild-type and mutant-type SNHG16 sequences were cloned into
the luciferase reporter plasmid psiCheck2 and then co-transfected with miR-205 mimic
into U20S cells for the luciferase reporter gene assay (Fig. 3C). The overexpression of miR-
205 significantly reduced the luciferase activity of wild-type SNHG16 (P < 0.001) without
decreasing the luciferase activity of mutant-type SNHG16 or empty vector (Fig. 3D), further
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Fig. 1. Screening of differentially expressed IncRNAs in osteosarcoma. (A) LncRNA chip analysis. Compared
with para-carcinoma tissues, 65 IncRNAs are up-regulated in osteosarcoma tissues, and 13 IncRNAs are
down-regulated (Fold change >4.0, t-test P<0.01). (B) gRT-PCR on 10 selected IncRNAs with the highest
differential expression in osteosarcoma and para-carcinoma tissues. ENSG00000163597 (IncRNA SNHG16)
is the most significantly up-regulated in osteosarcoma. (C) Relative SNHG16 expression in different
cancer stage. (D) Detection of differences in IncRNA SNHG16 expression in normal osteoblasts (OB3) and
osteosarcoma cell lines (MG-63, U20S, SA0S2, HOS) ("P<0.001, "P<0.01).

confirming that SNHG16 could bind directly to miR-205 and that the mutation site in the
mutant-type vector was the binding site of miR-205. In addition, we detected the efficiency
of miR-205 overexpression and knockdown (Fig. 3E, F).

Screening and validation of miR-205 target genes

To search for potential target genes of miR-205, three databases (TargetScan, miRDB,
and RNA22) were used, and the most likely target genes were identified (claudin 11, cyclin-
dependent kinase 14, acetyl-coenzyme A synthetase 1, cyclin ], and zinc finger E-box-binding
homeobox 1 [ZEB1]). The expression of miR-205 was upregulated in MG-63 cells, while
the expression of ZEB1 was decreased (P < 0.001, Fig. 4A). The expression of miR-205 was
downregulated in U20S cells, while the expression of ZEB1 was increased (P < 0.001, Fig.
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Fig. 3. Screening and validation of miRNAs regulated by SNHG16. (A) MiRcode, starBase and RegRNA are
used to predict miRNAs that can bind to SNHG16. A total of 5 miRNAs, common to all 3 databases, can bind
to SNHG16. (B) qRT-PCR shows that miR-205 expression is negatively correlated with SNHG16 expression in
osteosarcoma tissues (n=20) (r=-0.60, P=0.005). (C) miR-205 and SNHG16 binding sequences and SNHG16
mutant sequences. (D) Luciferase reporter assay is used to verify the targeting effect of miR-205 on SNHG16
sequence. (E) Verification of interference efficiency by qRT-PCR. Up-regulation of miR-205 expression in
U20S and SAOS2 cell lines. (F) Verification of interference efficiency by qRT-PCR. Down-regulation of miR-
205 expression in U20S and SAOS2 cell lines. ("P<0.001).
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Fig. 4. Screening and validation of miR-205 target genes. (A) After the up-regulation of miR-205 expression
in MG-63 cell line, the mRNA expression level of each candidate target genes is analysed by qRT-PCR
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("P<0.001). (B) After the down-regulation of miR-205 expression in U20S cell line, the mRNA expression
level of each candidate target genes is analysed by qRT-PCR ("P<0.001). (C) ZEB1 protein expression after
miR-205 overexpression or deactivation were detected by Western blotting. (D) miR-205 and ZEB1 3’'UTR
binding sequences and ZEB1 mutant sequences. (E) Luciferase reporter assay is used to verify the direct
binding between miR-205 and ZEB1 ("P<0.001). (F) miR-205 expression in mRNA report is analysed
by qRT-PCR (""P<0.001). (G) ZEB1 mRNA expression in mRNA report is analysed by qRT-PCR ("P<0.01,

""P<0.001).
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4B). There were no significant changes in the expression of any other miR-205 candidate
target genes, suggesting that ZEB1 was the target gene of miR-205. The same results were
observed with ZEB1 protein (Fig. 4C). To perform luciferase reporter assays, the wild-type
and mutant 3’ untranslated region (3'UTR) sequences of ZEB1 were cloned into the luciferase
reporter plasmid psiCheck2 and co-transfected with miR-205 mimic into U20S cells (Fig.
4D). Transfection with wild-type ZEB1 luciferase reporter plasmid significantly reduced the
luminescence intensity compared with the mutant-type ZEB1 luciferase reporter plasmid (P
< 0.001, Fig. 4E), indicating that miR-205 could bind directly to ZEB1, and that the miR-205
binding site in the ZEB1 3'UTR was the mutation site. We also evaluated the level of miR-205
after expression of reporter mRNA (Fig. 4F).

SNHG16 regulates ZEB1 expression through competitive binding with miR-205

To further investigate the regulatory effect of SNHG16 on ZEB1 expression, SNHG16
expression was knocked down in MG-63 and HOS cell lines by transfection with SNHG16
siRNA, which led to a significant increase in miR-205 expression (P < 0.001, Fig. 5A), while
ZEB1 mRNA and protein expression was significantly decreased (P < 0.001, Fig. 5B, C). In
parallel, SNHG16 expression was upregulated in U20S and SAOS2 cell lines, which led to
a significant decrease in miR-205 expression (P < 0.001, Fig. 5D), while ZEB1 mRNA and
protein expression was significantly increased (P < 0.001, Fig. 5E, F). Moreover, in 20 pairs
of osteosarcoma tissues, there was a negative correlation between SNHG16 and miR-205
expression (r=-0.60, P = 0.005, Fig. 3B), a negative correlation between miR-205 and ZEB1
expression (r = -0.54, P = 0.014, Fig. 5G), and a positive correlation between SNHG16 and
ZEB1 expression (r = 0.80, P < 0.001, Fig. 5H). These data showed that SNHG16, miR-205,
and ZEB1 formed a ceRNA, and that SNHG16 regulated ZEB1 expression by competitively
binding miR-205. In addition, the regulation of osteosarcoma cell proliferation by SNHG16
was miR-205-dependent.

To determine whether theregulatoryrole of SNHG16 on the proliferation of osteosarcoma
cells was dependent on miR-205, a cell proliferation rescue assay was performed. MG-63
and HOS cell lines with high SNHG16 expression were transfected with control siRNA+miR-
NC, SNHG16 si1l+miR-NC, control siRNA+miR-205 inhibitor, or SNHG16 sil+miR-205
inhibitor. The results demonstrated that downregulation of miR-205 expression promoted
cell proliferation in both cell lines, whereas downregulation of SNHG16 expression
suppressed cell proliferation (P < 0.001, Fig. 6A, B). Downregulation of both SNHG16 and
miR-205 expression had no significant effect on the proliferation capacity of osteosarcoma
cells with only knockdown of miR-205 (P > 0.05, Fig. 6A, B). U20S and SAOS2 cell lines
with relatively low SNHG16 expression were transfected with control plasmid+miR-NC,
SNHG16 overexpressing plasmid+miR-NC, control plasmid+miR-205 mimic, and SNHG16
overexpressing plasmid+miR-205 mimic. The upregulation of both SNHG16 and miR-205
expression had no significant effect on the proliferation capacity of osteosarcoma cells with
only overexpression miR-205 (P > 0.05, Fig. 6C, D). Therefore, we confirmed that SNHG16
promoted cell proliferation through miR-205. To investigate whether the regulatory role of
miR-205 onthe proliferation of osteosarcoma cellswas dependenton ZEB1, a cell proliferation
rescue assay was performed. MG-63 and HOS cell lines with high ZEB1 expression were
transfected with control siRNA+miR-NC, ZEB1 sil+miR-NC, control siRNA+miR-205
inhibitor, or ZEB1 si1l+miR-205 inhibitor. The downregulation of both ZEB1 and miR-205
expression had no significant effect on the proliferation capacity of osteosarcoma cells with
only ZEB1 knockdown (Fig. 7A, B). U20S and SAOS2 cell lines with relatively low expression
of ZEB1 were transfected with control plasmid+miR-NC, ZEB1 overexpressing plasmid+miR-
NC, control plasmid+miR-205 mimic, and ZEB1 overexpressing plasmid+miR-205 mimic.
The upregulation of both ZEB1 and miR-205 expression had no significant effect on the
proliferation capacity of osteosarcoma cells with only ZEB1 overexpression (Fig. 7C, D).
These data confirmed that miR-205 promoted cell proliferation in ZEB1-dependent manner.
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Fig. 5. SNHG16 regulates miR-205 and ZEB1 expression in osteosarcoma cells. After the down-regulation
of SNHG16 expression in MG-63 and HOS cell lines, (A) miR-205 expression is significantly increased
("P<0.001), while (B-C) ZEB1 mRNA and protein expression is significantly decreased (""P<0.001).
After the up-regulation of SNHG16 expression in U20S and SAOS2 cell lines, (D) miR-205 expression is
significantly decreased ("™P<0.001), while (E-F) ZEB1 mRNA and protein expression is significantly
increased (""P<0.001). (G) There is a negative correlation between miR-205 and ZEB1 expression levels in
osteosarcoma tissues (n=20) (r=-0.54, P=0.014). (H) There is a positive correlation between SNHG16 and
ZEB1 expression levels in osteosarcoma tissues (n=20) (r=0.80, P<0.001).

Fig. 6. The regulatory effect of SNHG16 on the proliferation of osteosarcoma cells is miR-205-dependent.
(A) MG-63 and (B) HOS cells are transfected with Control siRNA+miR-NC, SNHG16 si1l+miR-NC, Control
siRNA+miR-205 inhibitor or SNHG16 sil+miR-205 inhibitor, and the cell proliferation in each group
is detected by CCK-8. (C) U20S and (D) SAOS2 cells are transfected with Control plasmid+miR-NC,
SNHG16 overexpressing plasmid+miR-NC, Control plasmid+miR-205 mimic and SNHG16 overexpressing
plasmid+miR-205 mimic, and the cell proliferation in each group is detected by CCK-8.
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Fig. 7. The regulatory effect of miR-205 on the proliferation of osteosarcoma cells is ZEB1-dependent.
(A) MG-63 and (B) HOS cells are transfected with Control siRNA+miR-NC, ZEB1 sil+miR-NC, Control
siRNA+miR-205 inhibitor or ZEB1 si1+miR-205 inhibitor, and the cell proliferation in each group is detected
by CCK-8. (C) U20S and (D) SAOS2 cells are transfected with Control +miR-NC, ZEB1 overexpressing
plasmid+miR-NC, Control+miR-205 mimic and ZEB1 overexpressing plasmid+miR-205 mimic, and the cell
proliferation in each group is detected by CCK-8.

Discussion

In the human genome, 90% of DNA sequences do not encode proteins. Research
studies have shown that these non-protein-coding sequences play important roles in gene
regulation at multiple levels, among which short non-coding RNAs with transcripts of 18-25
nucleotides in length include miRNAs, siRNAs, and Piwi-interaction RNAs. The biological
function and mechanism of miRNAs have been studied widely. LncRNAs, a type of non-coding
RNA lacking biological functions, have garnered increasing attention in recent years. Studies
have shown that they have various biological functions in gene transcription and translation,
cell differentiation and development, inheritance, and epigenetic inheritance [3, 7], and
especially in the development and occurrence of tumors, where they play key regulatory
functions [6, 8-12, 15]. LncRNAs are abnormally expressed in many tumors. In particular,
there has been an increasing number of studies on IncRNAs in the field of osteosarcoma.
Some IncRNAs are tumor-promoting genes. For example, Yan et al. [15] found that the
IncRNA colon cancer associated transcript 2 significantly promotes the proliferation and
migration of osteosarcoma cells by increasing the expression of N-cadherin, vimentin, and
snail. Ye et al. [16] found that the prognosis of patients with high expression of the IncRNA
NNT-AS1 in osteosarcoma is poor, and that the upregulation of nicotinamide nucleotide
transhydrogenase-antisense RNA 1 can increase the proliferation of osteosarcoma cells. On
the other hand, some IncRNAs are cancer suppressor genes. For example, Han et al. [17]
found in a study on osteosarcoma that IncRNA-p21 can inhibit the expression of miR-130b,
thereby inhibiting the proliferation of tumor cells. Wang et al. [18] found that silencing the
expression of IncRNA growth-arrest specific 5 in osteosarcoma cell lines upregulates the
expression of miR-203a, thus promoting the proliferation and metastasis of osteosarcoma
cells. Therefore, IncRNAs play important roles in the development and occurrence of
osteosarcoma; however, their specific mechanisms of action remain to be further clarified.

ceRNA regulatory mechanisms are complex regulatory relationships among different
RNAs, including mRNAs encoding proteins and pseudogenes, IncRNAs, and circular RNAs
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without protein coding functions, and they contain common miRNA-binding sites that can
jointly exert cancer-promoting or tumor-suppressing effects by competitively binding to
MREs [16, 17], thereby alleviating the inhibitory effects of miRNAs on their target genes
and inhibiting or promoting tumor progression [18]. The ceRNA theory provides a new
perspective to further explore the molecular mechanism of SNHG16 in the development
and occurrence of osteosarcoma. By using chip microarray screening combined with the
validation of differentially expressed candidate IncRNAs, the IncRNA SNHG16 had the
largest fold change. SNHG16 was highly expressed in osteosarcoma tissues and cell lines.
Previous studies have shown that SNHG16 is upregulated and acts as a potential oncogene in
malignant tumors [19-21]. Bioinformatics predicted that there are many miRNA-binding sites
in the SNHG16 sequence, and the luciferase reporter assay confirmed the direct interaction
between SNHG16 and miR-205. This study also showed that there was a significant negative
correlationbetween the expression of SNHG16 and miR-205 in osteosarcomatissues. Previous
studies have demonstrated that miR-205 acts as a tumor suppressor in osteosarcoma [22-
24]. Subsequently, we successfully predicted and validated ZEB1 as a miR-205 target gene.
ZEB1 plays an important regulatory role in the progression of cell cycle, cell growth, and
differentiation, and its deletion promotes cancer cell proliferation. Shen et al. [28] found
that ZEB1 is highly expressed in osteosarcoma and that the high expression of ZEB1 can
promote the proliferation and metastasis of osteosarcoma cells. We also found that SNHG16
has a regulatory effect on ZEB1, as when SNHG16 was upregulated in osteosarcoma, miR-
205 expression was decreased and ZEB1 expression was increased. After downregulation of
SNHG16 expression, miR-205 expression was significantly increased and ZEB1 expression
was significantly decreased. In addition, the expression of SNHG16, miR-205, and ZEB1 was
significantly correlated in 20 samples of osteosarcoma tissues. Taken together, our data
showed that SNHG16, miR-205, and ZEB1 formed a ceRNA, and that SNHG16 regulated ZEB1
expression by competitively binding to miR-205. Rescue assays confirmed that the effects of
SNHG16 on the proliferation of osteosarcoma cells were dependent on miR-205.

Conclusion

This study demonstrated that SNHG16 can significantly enhance the proliferation of
osteosarcoma cells and that SNHG16, miR-205, and ZEB1 interact in a common pathway
during the development and occurrence of osteosarcoma. The results of this study may
provide novel targets for intervention in the treatment of osteosarcoma and a theoretical
basis for the optimization of therapeutic strategies.
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