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Abstract: Cancer-associated fibroblasts (CAFs) serve as a predominant regulator in the tumor microenvironment. 
However, the crosstalk between CAFs and OS cells remains mostly unclear. Recent studies explored that long non-
coding RNA (LncRNAs) involved in regulating osteosarcoma (OS) formation and development, but their functions 
in CAFs are unknown. Here, we first investigated the SNHG17 was upregulated in OS tissues and correlated with 
the poor prognosis through the integrating clinical data. We then evaluated the function of SNHG17 in vitro using 
the stable SNHG17-depleted OS cells. HOS cells with SNHG17 knocked down were performed to generate the OS 
xenograft model. Through immunohistochemistry assay and TUNEL apoptosis assay, the role of SNHG17 on OS 
development was assessed in vivo. We then examined the SNHG17 expression in exosomes derived from CAFs, nor-
mal fibroblasts (NFs), and tumor tissues from the OS clinical samples. The interaction among SNHG17, miR-2861, 
and MMP2 was predicted by bioinformatics analysis and identified by RIP and luciferase assays. The cell prolifera-
tion, migration, and apoptosis of SJSA-1 and HOS cells co-cultured with CAFs-derived exosomes were assessed by 
CCK-8 and colony formation assays. We found that SNHG17 was upregulated in the tumor tissues and presented 
a pro-tumorigenic effect on OS both in vitro and in vivo. It also was an essential exosomal cargo of CAFs and could 
affect OS cell proliferation and migration in vitro. CAFs-released exosomal SNHG17 acted as an essential molecular 
sponge for miR-2861 in OS cells. Moreover, MMP2 was a direct target of miR-2861 and was regulated by SNHG17. 
Overall, our findings identified that SNHG17 was an essential exosomal cargo of OS-related CAFs that contributes 
to proliferation and metastasis of OS, supporting the therapeutic potency of targeting the crosstalk between cancer 
cells and CAFs.
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Introduction 

Osteosarcoma (OS) is a kind of malignant bone 
tumor that usually occurs in children and young 
people [1, 2]. It presented severe local pain and 
swelling, and exhibits a predilection to aggres-
sive and metastasize to pulmonary at early 
stage [3]. The introduction of several therapeu-
tic strategies, including chemotherapy, surgery, 
and radiotherapy, achieving a great improve-
ment for patients who develop localized OS [4]. 
However, the prognosis is still dismal for 
patients with metastasis and relapse disease 
[5]. Besides, the acquisition of resistance to 
such therapeutic options remains the main clin-

ical problem for OS, which might cause treat-
ment failure, recurrence, and even death [6, 7]. 
Therefore, it is of considerable significance to 
further understand the underlying mechanism 
of OS progression and to identify a novel 
approach for OS diagnosis and prognosis.

Emerging evidence reported that cancer-asso-
ciated fibroblasts (CAFs) serve as a predomi-
nant regulator for OS formation and drug 
response [8-10]. The communication between 
CAFs and tumor cells has been revealed to rely 
on the release of some mediators, including 
exosomes. Currently, interest in the molecular 
crosstalk between cancer cells and CAFs has 
been a renaissance. Exosomes are a type of 
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cystic vehicle with a 40-150 nm diameter, 
which emerged as a key mediator for multiple 
diseases [11, 12]. By transferring molecules 
including microRNAs (miRNAs), long non-coding 
RNAs (LncRNAs) and proteins, exosomes 
involve in the cell-cell communication among 
different cells [13]. The link between CAFs-
derived exosomes and OS was supported by 
Jiang et al., they showed that CAFs could trans-
fer exosomes into OS cells to promote cell pro-
liferation and metastasis in vitro. Based on the 
data of sequence, the enriched miR-1228 in 
exosomes were required for achieving these 
functions [8]. Unfortunately, the role of exosom-
al LncRNAs in OS proliferation and metastasis 
remains unknown.

LncRNAs are a class of non-coding RNAs with 
more than 200 nucleotides. Recent studies ha- 
ve pointed out deregulation of LncRNAs plays 
an essential role in the progression of several 
cancer types. For example, Li et al. revealed 
that CAFs-derived exosomal LncRNA SNHG3 
controlled the metabolic process in breast can-
cer cells and exerted an oncogenic function 
[14]. Besides, increased LncRNA H19 in CAFs-
derived exosomes had also been reported to 
regulate the stemness of cancer stem cells and 
to enhance the chemoresistance of colon can-
cer cells [15]. Of interest, LncRNA small nucleo-
lar RNA Host Gene 17(SNHG17), a critical 
lncRNA located on 20q11.23 with 1186 bp 
length, is markedly correlated with the prolifer-
ation, invasion, and metastasis of several can-
cer types, such as non-small cell lung cancer, 
colorectal cancer, prostate cancer and prostate 
cancer [16-19]. Nevertheless, the biological 
effect of SNHG17 in the progression of OS 
remains elusive.

In this study, we aimed to determine the expres-
sion pattern of SNHG17 in osteosarcoma CAFs-
derived exosomes and investigate the underly-
ing mechanism of its function. We found that 
SNHG17 was enriched in the CAFs-derived exo-
somes and promoted OS proliferation and 
metastasis. Moreover, we discovered that 
SNHG17 functions as a competing endogenous 
RNA (ceRNA) to control the expression of MMP2 
through binding with miR-2861. Our finding 
confirmed that SNHG17 served as an oncogen-
ic regulator for OS development and is a possi-
ble biomarker for OS diagnosis and prognosis.

Methods 

Clinical samples and fibroblasts isolation

Five pairs of primary OS adjacent tumor-free 
tissues and tumor tissues were collected from 
the Second Affiliated Hospital of Inner Mongolia 
Medical University. After washed by PBS sup-
plemented with 20% antibiotics (Thermo, USA), 
the normal fibroblasts (NFs) and cancer related 
fibroblasts (CAFs) were isolated according to 
the previous study [20]. In brief, the tissues 
were digested by collagenase type II (1 mg/mL, 
Thermo, USA) for 2 h at 37°C. The cells were 
then plated on the culture flask for 30 min to 
remove the non-adherent cells according to the 
different adherent ability. The non-adherent 
cells, which were considered as the fibroblasts, 
were collected and maintained with Dulbecco’s 
modified Eagle’s medium/F12 (DMEM/F12, 
Gibco, USA) supplemented with 10% fetal 
bovine serum (FBS, Gibco, USA). The CAFs were 
isolated from the tumor tissue. The human 
study was approved by the ethical committee of 
the Second Affiliated Hospital of Inner Mongolia 
Medical University (No. Y K D2017142). 

Conditioned medium collection

CAFs and NFs were cultured in the 10 cm dish 
for 48 h until 80% confluence. The culture 
medium was changed by DMEM/F12 with 10% 
exosome-depleted FBS (Thermo, USA). After 48 
h, the medium was collected, followed by cen-
trifugation for 30 min at 300×g at 4°C. The 
supernatant was collected and be used to treat 
the OS cells for 4 days. For one group, in order 
to inhibit exosome generation, CAFs (106 cells 
per well in the 6-well plate) were treated by 15 
µM GW4869 (Sigma, USA) for 48 h.

Cell culture and transfection

The HBO, HOS, SJSA-1, MG63, and HEK293T 
cell lines were purchased from the American 
Type Culture Collection (USA) and maintained in 
Dulbecco’s modified Eagle’s medium (Gibco, 
USA) supplemented with 10% fetal bovine 
serum (Gibco, USA).

For cell transfections, the HOS and MG63 cells 
were plated in the 6-well plate at the density of 
106 cells per well. The recombinant lentiviruses 
expressing the sh-SNHG17#1, sh-SNHG17#2, 
and sh-NC were obtained from Sangon Biotech 
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Company (Shanghai, China) and were transfect-
ed into cells using polybrene (Genechem, MOI = 
30) for 48 h. The miR-2861 mimic, inhibitor, 
and related control were designed by Gene- 
Pharma (Shanghai, China). Cells were transfect-
ed with these molecules for 24 h (5 nM for all) 
using the Lipofectamine 2000 reagent (Invi- 
trogen, USA) following the manufacturer’s in- 
structions.

RT-PCR

Total RNA was extracted from the cells or tis-
sues using TRIzol reagent (Thermo, USA) and 
revere-transcribed into cDNA using PrimeScript 
RT Master Mix Kit or Prime-Script miRNA cDNA 
Synthesis Kit (TaKaRa, Japan). Next, gene 
expression was performed on the qRT-PCR sys-
tem (Bio-Rad, USA) using SYBR Green reagent 
(Bio-Rad, USA). U6 and GAPDH were used as 
the controls. The data were calculated by the 
2-ΔΔCT method. The sequence of primers was 
showed as follows: miR-2861 (human): forward 
5’-GCGGGGGCCTGGCGGT-3’, reverse 5’-AGTG- 
CAGGGTCCGAGGTATT-3’; SNHG17 forward: 5’- 
AGAGAATGGAGAGTGAGGCTACC-3’, reverse: 5’- 
CCAGGCATGGACAGAGGGAT-3’; miR-4700-3p 
(human): forward 5’-GCACAGGACTGACTCCTCA- 
CC-3’, reverse 5’-AGTGCAGGGTCCGAGGTATT-3’; 
VEGF (human): forward 5’-TGCGGATCAAACCTC- 
ACCAA-3’, reverse 5’-GCTTAACCCTGGCACAGAT- 
CA-3’; BCL2L (human): forward 5’-ACTCTTCCG- 
GGATGGGGTAA-3’, reverse 5’-AAGGGCTGTTG- 
GGGATCTCT-3’; HIF1A (human): forward 5’-AG- 
AGGTTGAGGGACGGAGAT-3’, reverse 5’-CAACA- 
TGAAATGTCCTGCGT-3’; BIRC5 (human): for-
ward 5’-GGACTGCCGCTTTAATCCCT-3’, reverse 
5’-TGAACAGGGTTTGAGCAGTTC-3’; SOX4 (hu- 
man): forward 5’-CAGCAAACCAACAATGCCGA-3’, 
reverse 5’-GATCTGCGACCACACCATGA-3’; TWI- 
ST1 (human): forward 5’-GGAGGGAGGGGGCAC- 
TAATA-3’, reverse 5’-ACATGCTTGTGCCTGTCAGT- 
3’; MYC (human): forward 5’-ACTCTGGTAAGCG- 
AAGCCC-3’, reverse 5’-ACATGGGCAGTCTAAGG- 
GGA-3’; TIAM (human): forward 5’-TGCCTTCGC- 
TGGATGGAAAT-3’, reverse 5’-GGGACCGAGACG- 
CAAACATA-3’; KIAA (human): forward 5’-TCAA- 
CAGAGCTATGGTGGGAC-3’, reverse 5’-CATCGC- 
CCCTTCACATCCAA-3’; CCND1 (human): forward 
5’-ACACCTAGTGCCACGGAAAT-3’, reverse 5’-CA- 
CCATCACCACACAGACCA-3’; CCND2 (human): 
forward 5’-CTGTCTCTGATCCGCAAGCA-3’, rever- 
se 5’-GTTCCTACGGCCTTTTGCCT-3’; MMP2 (hu- 
man): forward 5’-ACGCTAAGACCCAGTGTGTG-3’, 
reverse 5’-TTGGGGTGGAAAGTCTTGGG-3’; FN- 

14 (human): forward 5’-CTGACGACCCCACCTC- 
TTATC-3’, reverse 5’-ACCTTGGAAGGTTCCCCT- 
GA-3’; TCF1 (human): forward 5’-AAGACTTCAC- 
GCCACCCATC-3’, reverse 5’-GTCCCCCTTCCCA- 
GCAACTA-3’; HES6 (human): forward 5’-TAACC- 
CCTGCCAGACGGAG-3’, reverse 5’-GCAATTTGG- 
GCTGTGGTCAG-3’; HEY1 (human): forward 5’- 
AGAGAACGGTGTGTGGTGTG-3’, reverse 5’-ATG- 
CACTAGCTCAATCCGCA-3’; HES1 (human): for-
ward 5’-GATAATGCTTGCGCTCCGTG-3’, reverse 
5’-TCTGGAAGAAATCACCGCGA-3’; NRARP (hu- 
man): forward 5’-TACCTTCCCGCCAACTACCT-3’, 
reverse 5’-TGCTGGTTGCGAGACTCAAA-3’; GLI1 
(human): forward 5’-AGCCCCTACCCAAGTCCA- 
TT-3’, reverse 5’-TAGTGGTTGAGGCAGTCCCA-3’; 
PATCHED (human): forward 5’-AAAGCAGCAGA- 
CAAATGGGGA-3’, reverse 5’-GCCGTACAGGAGT- 
TTAGGCT-3’; GLI3 (human): forward 5’-TGTCA- 
AAAGGCGCCCAGATT-3’, reverse 5’-TCGCGGAG- 
TTCTTCTGAACC-3’; GAPDH (human): forward 
5’-GCACCGTCAAGGCTGAGAAC-3’, reverse 5’- 
TGGTGAAGACGCCAGTGGA-3’; U6 (human): for-
ward 5’-GAAGCGCGGCCACGAG-3’, reverse 5’- 
AGTGCAGGGTCCGAGGTATT-3’.

Cell proliferation 

According to the manufacturer’s instructions, 
cell viability was evaluated using the cell count-
ing kit-8 (CCK-8) (Sigma, USA). Briefly, after dif-
ferent treatments, the cells were plated in the 
96-well plates at a density of 5000 cells per 
well. After 24 h, the CCK-8 solution was added 
and incubated for another 4 h. Finally, each 
well’s absorbance was determined using a 
microplate reader (Bio-Tek, USA) at 450 nm.

Colony assay

104 cells were seeded on the 3-cm dish and co-
cultured with the exosomes or condition medi-
um for 48 h. Then the medium was changed 
and washed by PBS. In one group, cells were 
plated after different transfections. The cells 
were maintained in the fresh medium for 2 
weeks. Finally, the colonies were fixed and dyed 
with crystal violet (Beyotime, China). The imag-
es were observed under a light microscope 
(Olympus, Japan), and the visible colonies were 
recorded.

Migration assay

Transwell assay was performed to evaluate cell 
migration. In brief, cells were plated to upper 
transwell chambers (BD Biosciences, USA). 
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Cells were co-cultured with the exosomes or 
condition medium for 48 h. After washed by 
PBS, migration cells were fixed with methanol 
and incubated with 0.1% crystal violet for 10 
min. The visible cells were counted at five ran-
domly selected fields in each well under a light 
microscope (Olympus, Japan).

Flow cytometry analysis

The apoptosis rates were assessed by flow 
cytometry via an Annexin V/PI kit (BD Bio- 
sciences, USA). Briefly, stably transfected cells 
were seeded in 6-well plates (105 cells per 
well). After washed by PBS several times, cells 
were resuspended in binding buffer, incubated 
with 5 μL FITC-Annexin V and 5 μL PI for 15 min 
in the dark at room temperature. Cells were 
then analyzed by the FACScan flow cytometry 
system (Becton Dickinson, San Diego, CA, USA).

Western blot

Cells were collected and homogenized to ex- 
tracted total proteins using radioimmunopre-
cipitation assay buffer (Beyotime, China). Next, 
equal protein (20 µg/lane) was separated and 
transferred onto the polyvinylidene fluoride 
membrane (Bio-Rad, USA). Subsequently, the 
membranes were blocked by 5% BSA solution 
for 2 h at room temperature, followed by incu-
bated with primary antibodies against cleaved 
caspase-3 (1:1000, Abcam, USA), cleaved cas-
pase-9 (1:1000, Abcam, USA), caspase-3 (1: 
1000, Abcam, USA), caspase-9 (1:1000, Ab- 
cam, USA), MMP2 (1:2000, Abcam, USA), Bax 
(1:1000, Abcam, USA), GAPDH (1:5000, Abcam, 
USA), Fibronectin (1:2000, Abcam, USA), a-SMA 
(1:1000, Abcam, USA) and Tublin (1:5000, 
Abcam, USA) at 4°C overnight. After hybridized 
with related secondary antibodies (1:5000, 
Abcam, USA) for 2 h at room temperature, the 
bands were developed by the ECL kit (Thermo, 
USA) and analyzed by Image J software. GAPDH 
and Tublin were used as the internal control.

Animals and transfection

The BALB/c nude mice (4-6 weeks) were 
obtained from the Animal Centre of Nanjing 
University. After different transfection, 106 HOS 
cells that were stably expressing sh-NC or sh-
SNHG17#1 were injected subcutaneously into 
the left axilla of mice. The tumor volume was 
recorded every week and measured according 

to the formula as follows: tumor size (mm3) = 
(length × width2)/2. At the end of this experi-
ment, the mice were sacrificed, and the tumor 
tissues were removed, weighed, and fixed by 
10% formalin solution. All animal experiments 
were approved by the Ethics Committee of The 
Second Affiliated Hospital of Inner Mongolia 
Medical University (No. YKD2017142).

H&E and IHC

The fixed tumor tissues of mice were embed-
ded in paraffin. Five-micrometer-thickness sec-
tions were cut using a microtome (Leica 
Biosystems, Germany) and stained with hema-
toxylin/eosin solution (Beyotime, China) follow-
ing the manufacturer’s protocol. The images 
were observed under a light microscope.

The sections were then incubated by the pri-
mary antibody against Ki-67 (1:500, Abcam, 
USA) overnight at 4°C. After stained using a 
secondary antibody (30-40 μL, Abcam) at room 
temperature for 30 min, the positive signals of 
Ki-67 were developed using a commercial kit 
(Thermo, USA) according to the manufacturer’s 
instructions. The nuclei were stained by hema-
toxylin solution. The images were determined 
under light microscopy (Olympus, Japan).

TUNEL assay

TUNEL staining was performed to evaluate the 
apoptosis of tumor tissues using the In-Situ 
Cell Death Detection Kit (Roche, Germany) fol-
lowing the manufacturer’s protocol. In brief, the 
sections were deparaffinized, rehydrated, and 
blocked by proteinase K (20 mg/mL). Next, the 
sections were incubated with 3% hydrogen per-
oxide in methanol for 10 min, followed by treat-
ment with a TUNEL solution for 60 min at 37°C. 
The cells were then incubated with fluorescein-
dUTP, and the nucleus was stained by DAPI. 
Staining cells were observed under the fluores-
cence microscope. 

Exosome isolation and identification

The cell supernatants were collected as 
described above, and centrifuged at 300×g for 
15 min, 2000×g for 30 min and 10000×g for 
30 min at 4°C. The supernatants were then fil-
tered with a 0.22-µm filter (Millipore, USA), fol-
lowed by centrifuging at 100000×g for 4 h. 
After washed by PBS, the exosomes were 
resuspended in 200 µL PBS for further study.
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Nanoparticle tracking analysis (NTA) was used 
to determine the concentration of CAFs-exo- 
somes and NFs-exosomes using the Nanosight 
(Merkel Technologies Ltd., Israel). The particle 
size distribution plot relayed on the diameter 
(x-axis), and intensity (y-axis) was generated. 
The biomarkers of exosomes, including CD9 
(Abcam, 1:1000) and CD63 (Abcam, 1:2000), 
were determined using western blot as de- 
scribed above.

Exosome treatment

Cells were plated in a 6-cm dish and incubated 
with 30 ng/mL exosomes (in 50 µL PBS) derived 
from normal fibroblasts or cancer-associated 
fibroblasts (with or without GW4869 treat-
ment). Cells were collected for further study 
after 48 h. 

Bioinformatics analysis

The target miRNAs of LncRNA SNHG17 was 
predicted by two online databases: LncBase 
(http://carolina.imis.athena-innovation.gr/) 
and RegRNA (http://regrna2.mbc.nctu.edu.
tw/). The potential miRNAs targeting MMP2 
was assessed by miRDB (http://www.mirdb.
org/), and the miRWalk database (http://www.
mirwalk.umm.uni-heidelberg.de/).

RNA binding protein immunoprecipitation (RIP)

The RIP experiment was performed as the pre-
vious study. The HOS cells were collected and 
lysed using the RIP lysis buffer supplemented 
with protease and RNase inhibitor. The lysates 
were then incubated with the magnetic beads 
containing the Ago2 antibody (Abcam, USA) or 
IgG for 4 h at 4°C. The beads were then washed 
by PBS for several times, and the immunopre-
cipitated RNA was extracted by TRIzol reagent 
and subjected to RT-qPCR. The Ago2 was 
assessed by western blot. 

Luciferase assay

The wildtype or mutant 3’-UTR of MMP2 or 
LncSNHG17 have generated the pmirGLO vec-
tor (Promega, USA) and obtained from Gene- 
Pharma (Shanghai, China). Mutations were 
established by a QuikChange Site-Directed 
Mutagenesis Kit (Stratagene, USA). HEK293T 
cells were plated on the 6-well plate at a den-
sity of 105 cells per well. The vector was co-
transfected into cells with miR-2861 mimic, 
inhibitor, or related controls. After 48 h, the 

cells were collected to detect the luciferase 
activity by the dual-luciferase reporter assay 
system (Promega). The ratio of firefly and renilla 
luciferase activity was analyzed.

Statistical analysis

All data were analyzed by Prism version 8.0 (La 
Jolla, USA) and represented as mean ± SD from 
three independent experiments. Differences 
between two groups were analyzed by two-
tailed Student’s t-test. Kaplan-Meier method 
was used to evaluate the overall survival rate. 
The correlation between SNHG17 levels and 
MMP2 expression was measured by spear-
man’s correlation coefficient. The P<0.05 was 
considered statistically significant.

Results

LncRNA SNHG17 was upregulated in the OS 
tissues and corresponding with the poor prog-
nosis of OS

The expression level of SNHG17 in the OS tis-
sues and related normal tissues was deter-
mined using the TCGA database. As shown in 
Figure 1A, the transcript level of SNHG17 was 
about 3 times higher in the tumor tissues than 
that in the normal tissues. The relationship 
between overall survival of OS and SNHG17 
expression was also determined through 
Kaplan-Meier analysis. The results showed that 
OS patients with high-expression SNHG17 were 
associated with poor prognosis (P = 0.0065) 
(Figure 1B). Further, through qRT-PCR analysis, 
we found that the level of SNHG17 was higher 
expressed in our OS samples (n = 5) than the 
normal tissues (n = 5) (Figure 1C). To evaluate 
the role of this lncRNA, we checked the expres-
sion of SNHG17 in a panel of OS cells. As shown 
in Figure 1D, compared with the normal cell 
(HBO), SNHG17 expression was almost 8, 6, 
and 3 folds higher in HOS, SJSA-1, and MG63 
cells, respectively. Besides, we further exam-
ined the subcellular localization of SNHG17 in 
HOS and SJSA-1 cells. The qRT-PCR analysis 
showed that SNHG17 was mainly enriched in 
the cytoplasm of both cells rather than the 
nuclear (Figure 1E). 

LncRNA SNHG17 promotes the proliferation 
and migration in vitro

Changes in SNHG17 expression in OS cells 
(HOS and SJSA-1) transfected with two shRNA 
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against SNHG17 (sh-SNHG17#1 and sh-
SNHG17#2), or related control (sh-NC) were 
assessed by qRT-PCR. As shown in Figure 2A, 
transfection with the sh-SNHG17#1 or sh-
SNHG17#2 presented about 70% and 50% 
reduction of the SNHG17 level in SJSA-1 cells 
compared with the control group, respectively. 
Besides, we investigated similar results in HOS 
cells, where these shRNAs transfection induced 
about 75% and 60% decrease in the SNHG17 
levels than the si-NC group. Consistently, the 
CCK-8 assay showed that the silence of 
SNHG17 led to a marked inhibition of cell viabil-
ity in these cells (Figure 2B). Consistently, inhi-
bition of SNHG17 suppressed the colony forma-
tion of HOS and SJSA-1 cells (Figure 2C). 
Besides, we found down-regulation of SNHG17 
remarkably decreased the migration of OS cells 
and increased the apoptotic index in tumor 
cells (Figures 2D and 3A). Besides, western 

blot analysis demonstrated that compared with 
the sh-NC group, SJSA-1 and HOS cells with sh-
SNHG17 transfection had higher expression 
levels of the apoptotic genes cleaved-caspase 
3, cleaved caspase 9, and Bax (Figure 3B). 
Together, SNHG17 promoted OS cell prolifera-
tion and migration in vitro.

LncRNA SNHG17 promotes the proliferation 
and inhibits apoptosis in vivo

To further investigate the role of SNHG17 in 
vivo, the SNHG17-depleted HOS cells were sub-
cutaneously injected to establish the xenograft 
model. As shown in Figure 4A, the expression 
of SNHG17 was dropped by almost 50% by sh-
SNHG17#1 transfection compared with the 
control one. Accordingly, the volume of tumor in 
the sh-SNHG17 group was smaller than the 
sh-NC transfected mice (Figure 4B). Besides, 

Figure 1. LncRNA SNHG17 is upregulated in the OS tissues and corresponding with the poor prognosis of OS. A. 
Relative expression of SNHG17 in human OS tissues compared with adjacent normal tissue via TCGA data analysis. 
B. Kaplan-Meier overall survival curves were performed based on the LncRNA SNHG17 expression level. C. The 
expression level of LncRNA SNHG17 in OS clinical samples (n = 5) were measured by qRT-PCR. *P<0.05 vs. the 
normal tissues. D. LncRNA SNHG17 expression was determined by qRT-PCR analysis in a normal cell line (HBO) 
and OS cell lines (MG63, HOS, and SJSA-1). *P<0.05, **P<0.01, ***P<0.001 vs. the HBO group. E. Localization of 
LncRNA SNHG17 in SJSA-1 and HOS cells. 
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Figure 2. LncRNA SNHG17 promotes the proliferation and migration of osteosarcoma in vitro. A. LncRNA SNHG17 
expression levels were assessed in the SJSA-1 and HOS cells with shRNAs treatment. ***P<0.001 vs. the sh-NC 
group. B. The cell viability was performed in SJSA-1 and HOS cells following transfection with sh-NC or sh-SNHG17. 
C. Representative images of colony-formation assays for sh-SNHG17-transfected SJSA-1 and HOS cells. D. Transwell 
assays were applied to measure the sh-SNHG17-transfected SJSA-1 and HOS cells migration capacity. Bar = 20 μm. 
*p<0.05, **p<0.01, ***p<0.001 vs. the sh-NC group.
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as shown in Figure 4C, tumor growth of mice 
was delayed by SNHG17 inhibition. Four weeks 
after inoculation, the tumor tissues were iso-
lated. A significant decrease also presented in 
the tumor weight, with 2.94 ± 0.08 g in the 
sh-NC group and 0.44 ± 0.07 g in the sh-
SNHG17 group, respectively (Figure 4D). Be- 
sides, IHC staining demonstrated mice with sh-
SNHG17#1 presented more positive Ki-67 sig-
nals, a marker of cell proliferation. Conversely, 
the TUNEL assay resulted in more apoptotic 
cells in the sh-NC transfected mice than in the 
sh-SNHG17 group (Figure 4E). Accordingly, we 
considered that SNHG17 enhanced tumorige-
nicity of OS in vivo.

CAF-derived exosomes are involved in the 
enhanced expression of LncRNA SNHG17 in 
osteosarcoma

Next, as shown in Figure 5A, the result of west-
ern blot demonstrated that both NFs and CAFs 
exhibited fibronectin and a-SMA expression, 
suggesting that we had successfully isolated 
the fibroblasts form clinical tissues. Besides, 
compared with the normal fibroblasts, we found 
about 30 folds higher level of SNHG17 in CAFs 
derived from our samples (Figure 5B). Hence, 
we hypothesized whether the CAFs derived 
SNHG17 could regulate tumor cell proliferation. 
To achieve this purpose, we treated the tumor 

Figure 3. LncRNA SNHG17 promotes cell apoptosis in vitro. A. The rate of cell apoptosis was performed in SJSA-1 
and HOS cells following transfection with sh-NC or sh-SNHG17. B. Representative blots and statistical analysis for 
cleaved caspase-3, caspase-3, cleaved caspase-9, caspase-9, and Bax in sh-SNHG17-transfected SJSA-1 and HOS 
cells were performed. *P<0.05, **P<0.01, ***P<0.001 vs. the sh-NC group.
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cells with condition medium of NFs and CAFs. 
The CCK-8 analysis showed that the cell viabil-
ity of SJSA-1 and HOS cells were both notably 
increased after CAFs-medium treatment com-
pared with the NFs-medium administration 
(Figure 5C). Similarly, the same treatment also 
promoted the colony formation and cell migra-
tion of HOS and SJSA-1 cells (Figure 5D and 
5E). Interestingly, when we treated the tumor 
cells with a medium derived from the GW4869-
treated CAFs, lower cell viability, and less cell 
migration were displayed in both cells than the 
control group (Figure 5). As an inhibitor of exo-
some secretion, we then hypothesized CAFs 
might affect tumor proliferation through trans-
ferring exosomes.

We then isolated the exosomes from the condi-
tioned medium of CAFs and NFs using series 
ultracentrifugation. The diameter of such exo-
somes was observed using NTA. These exo-

es derived from the corresponding NFs dis-
played no effect on the SNHG17 level (Figure 
6D). Accordingly, CAFs-derived exosomes sig-
nificantly enhanced the proliferation and mi- 
gration of SJSA-1 and HOS cells (Figure 6E-G). 
Together, these data revealed that CAFs-de- 
rived exosomes were involved in the enhanced 
expression of SNHG17, proliferation, and migra-
tion in OS cells.

CAFs-derived exosomes transfer SNHG17 pro-
motes the progression of osteosarcoma via 
inhibiting MMP2

Given that several pathways, including NOTCH 
signaling, Wnt pathway, NF-κB signaling, and 
Hedgehog signaling, are critical for tumorigen-
esis, we sought whether exosomal SNHG17 
could regulate these pathways. The results 
showed that silence of SNHG17 with sh-
SNHG17#1 in SJSA-1 and HOS cells only signifi-

Figure 4. LncRNA SNHG17 promotes the proliferation and inhibits apop-
tosis in vivo. HOS cells were transfected with sh-NC or sh-SNHG17#1 and 
then injected into nude mice. A. Transfection efficiency in HOS cells was 
determined using qRT-PCR. B. The picture of tumors in each group. C. Tu-
mor volume was recorded every week after injection. D. The tumor weight 
of each group was detected. E. Representative images of H&E staining, 
TUNEL assay, and IHC staining of Ki-67 were performed. Bar = 50 μm. 
*p<0.05, **p<0.01, ***p<0.001 vs. the sh-NC group.

somes presented a typical cystic 
structure with 100 nm diameter, 
which was consistent with previ-
ous studies [12, 13] (Figure 6A). 
Two positive markers of exo-
somes, including CD9 and CD63, 
were both obviously enriched in 
CAFs-derived exosomes (Figure 
6B). Since there were no stan-
dard internal controls for exo-
some proteins, we did not detect 
the expression of β-actin or 
GAPDH in this study. Few previ-
ous studies determined that the 
expression of β-actin in the exo-
somes, but in some cases, its 
abundance was low [21-23]. We 
further checked the SNHG17 
expression level in the CAFs of 
our OS samples. As shown in 
Figure 6C, SNHG17 was highly 
expressed in the CAFs-exosomes 
derived from the patients than 
that in the NFs-exosomes. 

To investigate the function of 
CAFs-released exosomes on 
tumor cell proliferation, the exo-
somes were used to treat HOS 
and SJSA-1 cells. As expected, 
incubation with exosomes re- 
leased by CAFs markedly in- 
creased the SNHG17 expression 
in HOS cells. However, exosom- 
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Figure 5. CAFs-derived exosomes are involved in the enhanced expression of LncRNA SNHG17 in osteosarcoma. 
(A) Western blot analysis of fibroblast-related markers (fibronectin, a-SMA) in the NFs and CAFs. (B) The expression 
levels of LncRNA SNHG17 in normal fibroblasts and cancer-associated fibroblasts isolated from OS patients were 
detected by qRT-PCR, n = 5. (C) The cell viability of SJSA-1 and HOS cells were determined after different condition 
medium treatments. (D) The colony assay and (E) migration assay of SJSA-1 and HOS cells after different treat-
ments were performed. Bar = 20 μm. *P<0.05, **P<0.01, ***P<0.001 vs. the sh-NC group. #P<0.05, ##P<0.01, 
###P<0.001 vs. the CAF-medium group.
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cantly resulted in decreased expression of 
MMP2 (Figure 7A). Using western blot analysis, 
we found a 2.2-folds increase, and a 2.3-folds 
upregulation of MMP2 expression in CAFs-
exosomes treated SJSA-1 and HOS cells, 
respectively. However, the reverse experiment 
where MMP2 was inhibited before exosome 
isolation re-downregulated the protein level of 
the MMP2 (Figure 7B). Accordingly, through 
CCK-8, colony formation assay, and migration 
assay, we found downregulation of MMP2 
reversed the effect of CAFs-exosomes in both 
cells (Figure 7C-E). Next, we analyzed the 
SNHG17 and MMP2 in OS tissues using the 
TCGA database and found that the level of 
SNHG17 positively correlated with the level of 
MMP2 (r = 0.55, P = 0.01) (Figure 7F).

SNHG17 activates the MMP2 by acting as a 
competing endogenous RNA sponge for miR-
2861

To date, abundant evidence pointed out that 
lncRNAs regulated target gene expression via 
functioned as a ceRNA for microRNAs [24]. To 
assess this hypothesis, LncBase and RegRNA 
databases were uses to predict the potential 
miRNAs targeting SNHG17. We prioritized the 
miRNAs following the prediction score and free-
energy. There were 34 overlapping miRNAs 
between these databases. Moreover, miRDB 
and miWalk databases were performed to fig-
ure out the miRNAs targeting MMP2. Based on 
these data, two overlapping miRNAs of four 
databases, including miR-2861 and miR-4700-
3p, were chosen for qRT-PCR analyses (Figure 
8A). As shown in Figure 8B, the expression 
level of miR-2861 was dramatically downregu-
lated in the tumor tissues as compared with the 
normal ones. Subsequently, to confirm the rela-
tionship between these three molecules, the 
dual-luciferase reporter assays were per-
formed. The binding site among SNHG17, miR-
2861 and MMP2 was demonstrated in Figure 
8C. The HEK293T cells were co-transfected 

with a vector containing the 3’-UTR of MMP2 
along with miR-2861 mimic, inhibitor, or related 
controls. Treatment with miR-2861 mimic sup-
pressed MMP2-WT driven luciferase activity, 
and the inhibitor of this miRNA significantly 
increased the activity of wildtype MMP2 vector. 
Besides, the cells have also transfected the 
plasmid containing the sequence of SNHG17 
prior to miRNA mimic, inhibitor, or controls 
treatment. The results showed that miR-2861 
inhibitor upregulated the plasmid luciferase 
activity with wildtype SNHG17, while miR-2861 
mimics downregulated the luciferase activity in 
the cells with SNHG17-WT transfection rather 
than the mutant ones (Figure 8D). Further, the 
data of RNA immunoprecipitation analysis 
demonstrated that miR-2861 and SNHG17 
were both elevated in AgO2-immunoprecipita- 
tion compared with the IgG group in HOS cells 
(Figure 8E). In addition, we found that overex-
pression of miR-2861 significantly decreased 
the MMP2 expression at the protein level, with 
no effect in the mRNA level of MMP2. While co-
transfection with SNHG17 reversed the 
decrease induced by miR-2861 (Figure 8F and 
8G), these findings suggested that SNHG17 
promoted OS proliferation and metastasis 
through interacting with miR-2861.

Discussion

Abundant studies have explored that lncRNAs 
could involve in the initiation and development 
of various cancers, including osteosarcoma. 
For instance, Lu et al. revealed that LncRNA 
DANCR drove OS development via decoying 
miR-335-5p and miR-1972/ROCK2 axis [25]. 
Zhang et al. discussed that LncRNA MEG3/miR-
200b-3p/AKT2 axis served as the novel mech-
anism of chemoresistance in patients with OS 
[26]. Another LncRNA loc285194 had also 
reported to suppress OS growth via sponging 
miR-211 and to regulate the p53 pathway [27]. 
In the present study, we identified LncRNA 
SNHG17 was highly expressed in the OS cells 

Figure 6. CAFs-derived exosomes transfer SNHG17 to osteosarcoma cells. (A) The size distribution of the isolated 
exosomes was detected by NTA. (B) Western blotting analysis for exosomal markers CD63 and CD9 of tumor cells 
and exosomes derived from CAFs. (C) The expression level of LncRNA SNHG17 in the exosomes derived from normal 
fibroblast and CAF of five pairs of clinical samples. **P<0.01, ***P<0.001 vs. the NFs-exosomes group. (D) The 
expression level of LncRNA SNHG17 in the HOS cells after treatment with exosomes derived from NFs or CAFs of 
three pairs of clinical samples. ***P<0.001. (E) Cells were treated by PBS, NFs-exosomes, or CAFs-exosome, and 
the cell viability was determined by CCK-8 assay. (F) The colony assay and (G) migration assay of SJSA-1 and HOS 
cells after different treatments were performed. Bar = 20 μm. *P<0.05, **P<0.01, ***P<0.001 vs. the sh-NC 
group. #P<0.05, ##P<0.01, ###P<0.001 vs. the CAFs-exosome group.
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Figure 7. CAFs-derived exosomes transfer SNHG17 promotes the progression of osteosarcoma via inhibiting MMP2. (A) The expression of NOTCH signaling, Wnt 
pathway, NF-κB signaling, and Hedgehog signaling related genes in SJSA-1 and HOS cells after SNHG17 depletion were performed by qRT-PCR analysis. (B) Repre-
sentative blots and statistical analysis for MMP2 in SJSA-1 and HOS cells after different treatments were performed. (C) Cells were treated by NFs-exosomes, CAFs-
exosome, or CAFs-exosome (MMP2 KD), and the cell viability was determined by CCK-8 assay. (D) The colony assay and (E) migration assay of SJSA-1 and HOS cells 
after different treatments were performed. Bar = 20 μm. (F) Spearman correlation analysis determined the relationship between the levels of SNHG17 and MMP2 
in OS cancer tissues from TCGA database. *P<0.05, **P<0.01, ***P<0.001 vs. the sh-NC group. #p<0.05, ##P<0.01, ###P<0.001 vs. the CAFs-exosome group.
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Figure 8. SNHG17 activates the MMP2 by acting as a competing endogenous RNA sponge for miR-2861. A. The miRNAs targeting MMP2 and SNHG17 were pre-
dicted by four online databases. The overlapping miRNAs were performed by the Venn diagram. B. The expression level of miR-2861 and miR-4700-3p in normal 
tissues and tumor tissues were analyzed by qRT-PCR. C. The binding site between SNHG17 and miR-2861, or the binding sites between MMP2 and miR-2861, was 
predicted by RNAhybrid databases. D. Luciferase activity in HEK293T cells co-transfected with miR-2861 mimic, inhibitor or related controls (mimic-NC, inhibitor-
NC), and a vector containing SNHG17 WT or SNHG17 MUT 3’-UTR, or vectors containing MMP2 WT or MMP2 MUT 3’-UTR. E. Immunoprecipitation using anti-AgO2 
antibody or IgG followed by Western blot analysis. Immunoprecipitated RNA was isolated by TRIzol reagent, and the level of miR-2861 or SNHG17 was analyzed by 
qRT-PCR. ***P<0.001 vs. the IgG group. F and G. The mRNA and protein expression level of MMP2 in HOS cells after different transfections were determined by 
western blot or qRT-PCR. *P<0.05, **P<0.01, ***P<0.001.
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and associated with a poor overall survival rate. 
We also found SNHG17 promoted OS prolifera-
tion and metastasis in vivo and in vitro. 
Moreover, differential expression of SNHG17 in 
tumor cells and the stromal cell was investigat-
ed, suggesting that SNHG17 would participate 
in the communication between OS cells and 
stromal cells. 

Within the stroma, CAFs have been identified to 
promote tumor progression and drug resis-
tance via secreting various factors and extra-
cellular matrix [28, 29]. In this study, compared 
with the normal fibroblast, a higher level of 
SNHG17 was presented in the OS-related CAFs. 
Treatment with the conditioned medium of 
CAFs markedly enhanced tumor cell growth 
and migration in vitro. Our current study also 
revealed, for the first time, that CAF-derived 
exosomes played an essential role in the prolif-
eration and migration of OS cells. This kind of 
small vesicles was released by almost all cell 
types and could be uptake by local or distant 
tissues [30]. Previous studies have confirmed 
that exosomes contained multiple non-coding 
RNAs, including lncRNAs, miRNAs, and cir-
cRNAs [31-33]. Using the qRT-PCR analysis, we 
identified significant higher enrichment of 
SNHG17 in CAFs-derived exosomes than those 
in the normal fibroblasts. However, the mecha-
nism by which the SNHG17 affect tumor pro-
gression remains unclear. By silencing the 
expression of SNHG17 in OS cells, we found the 
MMP2 gene was dramatically downregulated. 
As expected, exosomes released by CAFs exhib-
ited a similar effect on the MMP2 expression in 
vitro. 

Additionally, in this study, we found SNHG17 
located in the cytoplasm, which was consistent 
with the previous studies [34-36], suggesting 
that SNHG17 might function as ceRNA for 
sponging miRNA, thus regulating the post-tran-
scription levels of target genes [37]. Through 
bioinformatics analysis, RIP assay, and lucifer-
ase assay, we confirmed that SNHG17 sponged 
miR-2861 in OS cells. The miR-2861 has been 
reported down-regulated in cervical cancer and 
suppressed tumor growth through regulating 
multiple genes, such as EGFR, AKT2, and 
CCND1 [38]. Here, our data demonstrated that 
miR-2861 level was downregulated in the OS 
tissues compared with the normal tissues, and 
this miRNA might regulate MMP2 mRNA expres-
sion via directly binding to its coding sequence. 

Collectively, based on the reverse assays, we 
found overexpression of miR-2861 could 
reverse the effect of SNHG17 on the expres-
sion of MMP2, indicating that SNHG17 controls 
the OS proliferation and metastasis through 
the miR-2861/MMP2 axis. Given that the func-
tion of SNHG17 needs to be confirmed by in 
vivo study and more complicated in the human 
body, there is a long way before clinical utiliza-
tion. However, some questions remain unan-
swered at present. For example, Qiu et al. have 
also showed that elevated neoplastic MMP2 
contents was observed in samples of osteosar-
coma patients. Calycosin is identified to play 
the antitumor effect for suppressing osteosar-
coma cell proliferation by reducing MMP2 con-
centration, which suggested that MMP2 may 
be a key factor during the progression of osteo-
sarcoma [39]. Therefore, underlying mecha-
nisms by which MMP2 affected the progression 
of osteosarcoma will be an important issue for 
future research.

In summary, through the integrating clinical 
data, we investigated the SNHG17 was upregu-
lated in OS tissues and correlated with the poor 
prognosis. Based on the functional experi-
ments, we explored SNHG17 played an onco-
gene role in vivo and in vitro through sponging 
miR-2861 to enhance MMP2 expression. Our 
study also illustrated CAFs-derived exosomes’ 
role in controlling tumor cell proliferation and 
migration by transferring the SNHG17. This 
study provided a novel idea for OS treatment.
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