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Abstract

Osteosarcoma is an aggressive malignancy with rapid development and poor prognosis. microRNA-19 (miR-19) plays an
important role in several biological processes. Sprouty-related EVH| domain protein 2 (SPRED?2) is a suppressor of extra-
cellular signal-regulated kinase/mitogen-activated protein kinase (ERK/MAPK) signaling to inhibit tumor development and
progression by promoting autophagy. In this study, we investigated the roles of miR-19, SPRED2, and autophagy in osteo-
sarcoma. We detected the expression of miR-19, SPRED2, epithelial-mesenchymal transition (EMT) markers, and
autophagy-related proteins via quantitative real-time polymerase chain reaction or western blot. To evaluate the function of
miR-19 and SPRED2, we used MTT and colony formation assays to detect cell proliferation, Transwell, and wound-healing
assays to detect cell invasion and migration. Targetscan and luciferase reporter assays confirmed the relationship between
SPRED2 and miR-19. The expression of miR-19 was significantly upregulated in osteosarcoma, while SPRED2 was down-
regulated. miR-19 inhibitor reduced cell proliferation, invasion, migration, and EMT, while its cell biological effects were
partially reversed by addition of autophagy inhibitor 3-methyladenine (3-MA) or SPRED2 siRNA in osteosarcoma. SPRED2, a
suppressor of ERK/MAPK pathway that is known to trigger autophagy, was identified as a direct target of miR-19. SPRED2
overexpression increased cell proliferation, invasion, migration, and EMT by promoting autophagy, and the effects could be
inhibited by 3-MA. Collectively, these findings reveal an underlying mechanism for development of osteosarcoma. miR-19 was
upregulated in osteosarcoma cells, and negatively regulated SPRED2, thus promoting the malignant transformation of
osteosarcoma cells via inhibiting SPRED2-induced autophagy. Therefore, miR-19/SPRED2 may be a potential target for the
treatment of osteosarcoma.
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Introduction (UTR) of target genes to negatively regulate gene expression,
leading to mRNA degradation or translational suppression®.

Osteosarcoma accounts for about 60% of all bone tumors The abnormal expression of miRNAs is involved in the

and is a highly graded primary tumor with the highest
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prevention, and patients with unresectable, recurrent, or
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patients do not respond well to current therapy regimens,

investigating the mechanism involved is helpful to improve Corresponding Author:
effective treatments for osteosarcoma Chuhai Xie, Department of Orthopedics, The Second Affiliated Hospital of

. . . Guangzhou Medical University, No. 250 Chang-Gang-Dong Road,
MicroRNAs (miRNAs) are small noncoding RNAs (10to  Guangzhou 510260, China.

22 nucleotides) by interaction with the 3’-untranslated region Email: xiechuhai@gzhmu.edu.cn

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0
@ License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further
BY NC

permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Submitted: July 31, 2020. Revised: August 27, 2020. Accepted: September 9,
2020.



https://orcid.org/0000-0001-5991-2555
https://orcid.org/0000-0001-5991-2555
mailto:xiechuhai@gzhmu.edu.cn
https://sagepub.com/journals-permissions
https://doi.org/10.1177/0963689720962460
http://journals.sagepub.com/home/cll
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage

Cell Transplantation

pathogenesis of many diseases including cancer. According
to the different target genes, miRNAs can be used as tumor
suppressors or oncogenes . Numerous studies have shown
that miRNAs are involved in the development of osteosar-
coma®™’. miR-19 is a key member miRNA of miR-17-92
cluster, and plays an oncogenic role, including promotion of
tumor growth, progression, metastasis, and drug resistance
through upregulating the expression of oncogenes or down-
regulating tumor suppressor genes, in multiple malignan-
cies'®'?. In addition, a recent study has shown an
association of upregulation of miR-19 expression with osteo-
sarcoma development'®>. However, the effect of
microRNA-19 (miR-19) on the biological characteristics of
osteosarcoma cells and the mechanism of action are still
unclear. Further studies are needed to identify additional
miR-19 target genes to elucidate the role and the mechanism
of miR-19 in osteosarcoma.

Autophagy is a process of transferring cytoplasmic con-
tents to lysosomes for degradation through double-membrane
vesicles, which can lead to cell survival or death'*. In partic-
ular, autophagy is closely related to apoptosis, a kind of pro-
grammed cell death, and the function of the autophagy is
crucial to cell homeostasis'>'®. In fact, disorders of the autop-
hagy is associated with many kinds of cancer'’. Beclin-1 acts
as an autophagy-related protein to form autophagosomes
through interaction with bcl-2 of anti-apoptotic protein.
Microtubule-associated protein 1 light chain 3 (LC3-I) is also
involved in autophagy through combining with phosphatidyl
ethanolamine to form LC3-II, which is collected into the
autophagosome membrane and degraded after the fusion of
autophagosome with lysosome. Therefore, the LC3-1I/LC3-1
ratio is also an indicator of autophagy activity'®. In terms of
mechanisms, mammalian target of rapamycin (mTOR) is a
serine/threonine kinase, which is regarded as the main nega-
tive regulator of autophagy'®. mTOR signaling is downregu-
lated in many diseases as it regulates cell proliferation.
Subsequently, mTOR phosphorylation can be stimulated by
the phosphoinositide-3 kinase-mediated activation of protein
kinase B (PI3K/AKT), and extracellular signal-regulated
kinase 1/2/mitogen-activated protein kinase (ERK1/2/
MAPK) signaling®®. PI3K/AKT and ERK1/2/MAPK signal-
ing can trigger autophagy through activating mTOR pathway.

Sprouty-related EVHI1 domain (SPRED) proteins are
membrane-associated suppressors of ERK/MAPK signaling
and inhibit its activation through a series of mitogenic sti-
muli such as chemokines, growth factors, and cytokines®'*2.
SPREDs contain an N-terminal EVH1 domain, a central
c-kit binding domain, and a C-terminal cysteine-rich
Sprouty-related domain (SPR). Four mammalian SPRED
isoforms have been studied. Recent studies have proved that
Spred? is regarded as a suppressor to impair tumor develop-
ment and progression in many types of cancer, due to
reduced ERK/adenosine monophosphate-activated protein
kinase activity to trigger autophagy®’. Sprouty2 is an effec-
tive suppressor of cell proliferation and migration in osteo-
sarcoma cells, while Sprouty4 is not. However, the potential

mechanism of SPRED?2 in the occurrence and development
of osteosarcoma has been poorly studied®*. In this study,
online software (http://www.targetscan.org) predicts that
SPRED2 may be the target gene by miR-19 regulation.
Therefore, we demonstrated the correction between
miR-19, autophagy, and SPRED2 in osteosarcoma. The
mechanism of miR-19 on the biological functions of osteo-
sarcoma cells was investigated through autophagy inhibitor
or knockdown SPRED2 expression in osteosarcoma cells.
Rescue experiment proved that miR-19 promoted malignant
transformation through targeting SPRED2 to impair the
autophagy. The study provides experimental basis for
miR-19/SPRED?2 axis application in osteosarcoma therapy.

Materials and Methods
Tissue Specimens

Tissue samples were collected from the Second Affiliated
Hospital of Guangzhou Medical University, Guangzhou,
China. All the patients participating in this study signed
informed consent. All experiments were performed in accor-
dance with government policy and the Helsinki declaration.

Cell Culture, Reagents, and Antibodies

Mixed medium of 10% fetal bovine serum (FBS) (Dulbec-
co’s modified Eagle medium and F-12 mixed by 1:1) is used
to culture normal human osteoblasts hFOB cells. MEM of
10% FBS is used to culture human osteosarcoma MG-63 and
SOSP-9607cells. McCoy’s 5A medium 10% FBS is used to
culture Saos-2 and U20S cells. The above cells were incu-
bated at 37°C in 5% CO,. The cell lines were all obtained
from the Chinese Academy of Sciences Cell Bank (Beijing,
China). The FBS and medium were purchased from Invitro-
gen (Carlsbad, CA, USA). 3-Methyladenine (3-MA) was
purchased from Sigma (St Louis, MO, USA). SPRED2,
Beclin-1, LC3, E-cadherin, N-cadherin, vimentin, and gly-
ceraldehyde 3-phosphate dehydrogenase (GAPDH) antibo-
dies were purchased from Abcam (Cambridge, MA, USA).

Cell Transfection

miR-19 inhibitor (5-TCAGTTTTGCCCTATTTGCA
CA-3'), miR-19 mimics (5'-UGUGCAAAUCCAUGCAA
AACUGA-3'), and SPRED2 siRNA (5'-AAGGACTTG
GTCTACACCAAA-3") were synthesized by GenePharma
(Shanghai, China). Cells were transfected according to the
manufacturer’s instructions of Lipofectamine 3000 (Invitro-
gen, Thermo Fisher Scientific, Inc., Waltham, MA, USA).
SPRED?2 was overexpressed using pLKO lentiviral vectors.
After transfection of MG-63 and SOSP-9607 cells with the
virus for 48 h, puromycin was added to the culture medium for
screening stable clones.
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Quantitative Real-Time Polymerase Chain Reaction

The mRNA expressions of SPRED2 and miR-19 were
detected by quantitative real-time polymerase chain reaction
(qRT-PCR). Extraction of total RNA from tissues and cell
lines was done using Trizol reagent (Thermo Fisher Scien-
tific). Reverse transcription of mRNA was performed using
PrimeScript RT reagent kit (TaKara, Dalian, China). The
gRT-PCR experiment accorded to instructions of an SYBR
Premix Ex Taq Kit (TaKaRa) and was performed on an ABI
7500 (Applied Biosystem, TaKara, Dalian, China). Primers
used in the qRT-PCR analysis were as follows: SPRED2
forward:
5'-GAAGGTACCCGGACAGGAAGATGAAGGG-3/,
SPRED2 reverse: 5'-GAACTCGAGAGGGAGAAGGGA
GGGAAACT-3; miR-19 forward: 5'-CATAGTTGCACTAC
AAGAAG-3', miR-19 reverse: 5'-GCACAACTACATTCTT
CTTG-3’; GAPDH Forward: 5-CACGGCAAATTCAAC
GGCACAGTCAAGG-3', GAPDH reverse: 5-GTTCACA
CCCATCACAAACATGG-3'; U6 forward: 5'-CTCGCTT
CGGCAGCACA-3’, U6 reverse: 5'-AACGCTTCACGA
ATTTGCGT-3'. A ratio relative to the GAPDH and U6 was
used as internal control.

Western Blot

Tissue and cells were lysed in RIPA Lysis Buffer, and using
the BCA Protein Assay Kit (Beyotime Biotechnology,
TaKara, Dalian, China) to measure the protein concentration
followed by separation on sodium dodecyl
sulfate-polyacrylamide gel electrophoresis for western blot
analysis of N-cadherin, E-cadherin, vimentin, LC3I/1I,
BECLINI, and SPRED2 expression using relevant primary
antibodies and horseradish peroxidase-labeled secondary
antibodies. The membrane was exposed and developed after
addition of enhanced chemiluminescence reagent. GAPDH
was used as a control.

MTT Assay

Cells were seeded in 96-well plates at a density of 2 x 10*
cells per well. After 12, 24, 48, or 72 h, each well was added
MTT solution (0.5 mg/ml in 20 pl phosphate-buffered sal-
ine) and incubated at 37°C for 4 h, then the absorbance at
570 nm was measured. Data came from three independent
experiments, each with sextuplicate.

Colony-Formation Assay

Cells were seeded in six-well plates at 2,000 cells per well.
About 2 weeks, cell colonies were fixed with 4% parafor-
maldehyde, then stained with crystal violet.

Transwell Invasion Assays

For invasion assay, BD cell culture inserts (24-well insert,
8-um pore size), which were coated Matrigel (BD

Biosciences, Franklin Lakes, NJ, USA), were used following
the manufacturer’s instructions. Two hundred microliters of
cell suspension with serum-free medium was loaded into the
upper chamber of the inserts, then 500 pl medium of 10%
FBS was added to lower chambers. After incubation, cells on
the upper layer of membrane were scraped by a cotton swab,
then the membrane was fixed with 4% paraformaldehyde
and stained with 0.5% crystal violet solution. Five random
fields per filter were counted under a light microscope.

Dual-Luciferase Reporter Assay

SPRED?2 3'-UTR was amplified using the following primers:
forward: 5-CCGCTCGAGTTGGACCAGGGCTTGC
AA-3', reverse: 5-ATAAGAATGCGGCCGCGCAAGC
CACCACTGTTTGAA-3'. The primers of the amplified
SPRED2 mutant 3’-UTR were as follows: forward:
5-GATTTGGGTTTCTGTGAGAGCTATC-3', reverse:
5'-AGGCAAGAUGCUGGCAUAGCUG-3'. Cells cultured
in 24-well plates were co-transfected with reporter plasmid
and miR-19 mimics or negative control. After incubation,
the firefly and Renilla luciferase activities were detected by
the dual luciferase reporter assay system of Promega
(Madison, WI, USA).

Statistical Analysis

Each experiment was performed at least three times. Statis-
tical analyses were determined by Student’s z-test, and the
differences between two groups or more than two groups
were detected using analysis of variance. All data were
expressed as mean + standard deviation.

Results

1. miR-19 is highly expressed in osteosarcoma
tissues and cells, while SPRED2 is poorly
expressed

High expression of miR-19 is an important oncogenic event
in many cancers, and miR-19 is the upstream miRNA of
SPRED?2 by target scanning. To investigate the relevance
of miR-19 to SPRED2 expression, we used 30 osteosarcoma
tissue and 30 normal specimens to analyze the expression of
miR-19 and SPRED2. The expression of miR-19 in osteo-
sarcoma tissue was higher than that in normal counterparts,
whereas the mRNA and protein levels of SPRED2 in osteo-
sarcoma were relatively lower than that in normal tissue
(Fig. 1A, B). Furthermore, the expressions of miR-19 and
SPRED?2 were analyzed in human osteoblastic and osteosar-
coma cell lines. As shown in Fig. 1C, D, in normal osteo-
blastic cell hFOB, miR-19 expression was relatively low,
and on the contrary, SPRED2 expression was high. Mean-
while, we observed that the miR-19 expression was rela-
tively high, which was negatively correlated with SPRED2
expression in osteosarcoma cell lines (Fig. 1C, D). Consis-
tently, the high miR-19 expression and low SPRED2
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Figure |. The expression of miR-19 is upregulated, while SPRED2 is deregulated in osteosarcoma.

GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

expression were found in osteosarcoma, suggesting that
SPRED2 may negatively correlate with miR-19 in
osteosarcoma.

2. miR-19 inhibitor suppresses cell proliferation,
invasion, migration, and epithelial-mesenchymal
transition (EMT) via promoting autophagy in
osteosarcoma cells

To examine the function of miR-19 in osteosarcoma and
its relationship with autophagy, miR-19 inhibitor was used to
treat MG-63 and SOSP-9607 cells with or without 3-MA, the
inhibitor of autophagy”. Cell proliferation and colony for-
mation were decreased after miR-19 inhibitor, whereas the
inhibiting effects were partially reversed by 3-MA treatment
(Fig. 2A). The miR-19 expression was reduced by miR-19
inhibitor treatment but not 3-MA, suggesting miR-19 was
upstream of autophagy (Fig. 2B). In addition, Transwell and
wound-healing assays were used to measure cell invasion
and migration, respectively. After miR-19 inhibitor treat-
ment, cell invasion and migration were reduced, while the
cell treatment of 3-MA rescued the effect of miR-19 inhibi-
tor compared with control (Fig. 2C, D). Moreover, the
expressions of EMT and autophagy markers were assessed
by western blot. miR-19 inhibitor downregulated N-cadherin
and vimentin of mesenchymal-like marker, and upregulated
E-cadherin of epithelial-like marker, LCII and BECLIN1 of
autophagy markers, suggesting that it inhibits EMT and
enhances the autophagy. Conversely, 3-MA weakened the

suppression of EMT and the promotion of autophagy by
miR-19 inhibitor (Fig. 2E). Taken together, these results
suggest that miR-19 promotes cell proliferation, invasion,
migration, and EMT by inhibiting cell autophagy in
osteosarcoma.

3. miR-19 inhibitor reduces cell proliferation, inva-
sion, migration, and EMT through upregulating
SPRED?2 expression in osteosarcoma cells

Having shown that miR-19 inhibitor enhanced LC3II and
BECLINI protein level, we wanted to investigate whether the
effects of miR-19 were regulated by SPRED2, an autophagy
activator. First, miR-19 inhibitor was used to treat MG-63 and
SOSP-9607 cells with or without the SPRED2 siRNA. After
SPRES2 siRNA treatment, reduced cell proliferation and col-
ony formation induced by miR-19 inhibitor were partially
reversed (Fig. 3A). The SPRES2 expression was significantly
upregulated by miR-19 inhibitor at mRNA and protein level,
and SPRES?2 siRNA downregulated the SPRES2 expression
of increased by miR-19 inhibitor, suggesting SPRES2 was the
potential target of miR-19 (Fig. 3B). Knockdown of SPRES2
partially rescued the decreased cell invasion and migration
mediated by miR-19 inhibitor (Fig. 3C, D). In addition, the
downregulation of N-cadherin and vimentin, and upregula-
tion of E-cadherin and LC3II and BECLIN1 by miR-19 inhi-
bitor were weakened by SPRES2 siRNA (Fig. 3E).
Knockdown of SPRES2 partiality reverses the effect of
miR-19 inhibitor, indicating that miR-19 promotes cell
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Figure 2. miR-19 inhibitor suppresses cell proliferation, invasion, migration, and epithelial-mesenchymal transition by enhancing autophagy

in osteosarcoma cells.
GAPDH: glyceraldehyde 3-phosphate dehydrogenase.

proliferation, invasion, migration, and EMT via targeting
SPRES?2 to inhibit cell autophagy in osteosarcoma.

4. SPERED?2 is a target of miR-19
SPRED2 was predicted as a potential target for miR-19

via the TargetScan databases (Fig. 4A). To confirm whether
SPRED?2 is regulated by miR-19, SPRED2 wild-type

3/-UTR and mutations in the assumed miR-19 binding site
of the SPRED2 3’-UTR were constructed into luciferase
reporter vector, respectively, and the plasmids were trans-
fected together with miR-19 mimics into the MG-63 cells.
The luciferase activity assay showed that miR-19 mimics
reduced the activity of the wild-type but not the mutant
SPRED2 3’-UTR, indicating that miR-19 binds with the
SPRED2 3’-UTR and reduces its promoter activity
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Figure 3. Effect of miR-19 inhibitor on cell proliferation, invasion, migration, epithelial-mesenchymal transition, and autophagy is reversed

by knockdown SPRED?2 in osteosarcoma cells.

(Fig. 4A). To validate the ability of miR-19 to suppress the
expression of SPRED2, miR-19 mimics and inhibitor treated
the MG-63 cells. The results showed that miR-19 mimics
significantly decreased the mRNA and protein levels of
SPRED2, which were increased by miR-19 inhibitor along
with elevated LC3II and BECLINI1 of autophagy marker
expression (Fig. 4C, D). These results indicated that
SPRED2/autophagy axis played an important role in the
effects of miR-19 on osteosarcoma.

5. SPRED2 impairs cell proliferation, invasion,
migration, and EMT via triggering autophagy
in osteosarcoma cells

To explore the effect of SPRED2 in osteosarcoma and the
relationship with autophagy, SPRED2 stable overexpression
in MG-63 and SOSP-9607 cell lines was established and also
the treatment with or without the autophagy inhibitor 3-MA.
Stable overexpression SPRED?2 significantly reduced the
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Figure 4. SPRED2 is a target of miR-19.
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cell proliferation and colony formation in MG-63 and
SOSP-9607 cells, while the suppression was partially
reversed after 3-MA treatment (Fig. 5A). SPRED2 mRNA
and protein were significantly increased in SPRED2 over-
expression cells, and 3-MA treatment did not affect SPRED2
expression (Fig. 5B). SPRED2 overexpression significantly
decreased the number of invasion cells and migration dis-
tance, while 3-MA treatment significantly alleviated the
suppression of overexpression SPRED2 on cell invasion and
migration (Fig. 5C, D).

In addition, SPRED2 overexpression downregulated
N-cadherin and vimentin, and upregulated E-cadherin,
LC3II, and BECLINI, suggesting that SPRED2 can reduce
EMT and trigger autophagy. On the contrary, 3-MA wea-
kened the suppression of EMT and the promotion of autop-
hagy by SPRED2 (Fig. 5E). Collectively, the results suggest
that SPRED2 decreases cell proliferation, invasion, migra-
tion, and EMT via activating cell autophagy.

Discussion

miR-19 is a member and the important oncogenic miRNA of
miR-17-92 cluster, which is considered to be the first

miRNA cluster with oncogenic potential***®. So far,
miR-19 has been proved to reduce apoptosis or chemosensi-
tivity, and promote proliferation or migration in multiple
cancers®°. miR-19 enhances tumorigenesis by regulating
target genes and related signaling pathways. In a previous
study, high levels of miR-19 promoted cell proliferation or
migration by triggering the extracellular signal-regulated
kinase signaling pathway in osteosarcoma cells'’. Multiple
proteins including CtIP*!, RhoB*, and p38a kinase™ could
act as the target and negativity regulated by miR-19, indi-
cating that in-depth mechanism research could help provide
a novel multigene therapy for cancer treatment®*.

In the study, we confirmed that miR-19 expression was
high in osteosarcoma. Furthermore, miR-19 inhibitor could
decrease proliferation and increase autophagy in osteosar-
coma cells. These results also proved that miR-19 was a
proto-oncogene miRNA related with cell autophagy. Autop-
hagy plays an important role in maintaining cell homeosta-
sis, while cancer cells have the ability to destroy intracellular
homeostasis through disrupting the balance between cell
apoptosis and proliferation and promote malignant
growth'>'®. However, autophagy has a dual function in
development and progression of cancer and is a vital target
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in human disease prevention and therapy>°. A previous study
reported that autophagy inhibition diminishes the apoptosis
of human osteosarcoma cells. In this study, 3-MA of autop-
hagy inhibitor could rescue the biological effect of miR-19
inhibitor on MG-63 and SOSP-9607 cells by decreasing pro-
liferation, invasion, migration, and impairing EMT, indicat-
ing that miR-19 promotes the malignant phenotypes of
osteosarcoma cells via inhibiting autophagy.

SPRED?2 is an important negative regulator of the ERK/
MAPK pathway to trigger autophagy, and its expression is
low in many cancers, resulting in overactivation of ERK/
MAPK signaling pathway”'*?. Many recent reports have
demonstrated that overexpression SPRED2 increases the
conversion of LC3 by interaction with the LC3, thereby
triggering autophagy in HeLa and A549 cells®®. Taken
together, these observations indicate that SPRED2 acts as
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an activator of autophagy to induce tumor cell death. In this
study, we confirmed SPRED2 was downregulated in osteo-
sarcoma, suggesting that SPRED2 and miR-19 have opposite
important functions in development of osteosarcoma. To
further verify whether miR-19 promotes malignant transfor-
mation in osteosarcoma cells by regulating SPRED2, we
transfected both miR-19 inhibitor and SPRED2 siRNA into
osteosarcoma cells. The results showed that knockdown
SPRED?2 could partially rescue the biological effect of
miR-19 inhibitor. Moreover, miR-19 inhibitor increased
SPRED?2 expression through mRNA upregulation, suggest-
ing SPRED?2 is a target gene of miR-19.

Luciferase reporter gene system was used to confirm
whether SPRED?2 is a target gene of miR-19. The results
showed that miR-19 interacted with SPRED2 3’-UTR to
regulate the expression of SPRED2. miR-19 mimics reduced
the expression of SPRED2, LC3Il, and BECLIN1, suggest-
ing that SPRED?2 involves in the regulation of autophagy in
osteosarcoma like in other kinds of cancer. SPRED2 over-
expression or cotreatment with 3-MA experiments indicates
that upregulation of SPRED2 decreases malignant pheno-
types of osteosarcoma by promoting autophagy.

Conclusion

Taken together, increased miR-19 and reduced SPRED2
expression are found in human osteosarcoma. miR-19 can
promote malignant transformation of osteosarcoma cells via
downregulating SPRED2 to inhibit autophagy. Therefore,
miR-19/SPRED2 axis may offer a potential target for treat-
ing osteosarcoma.
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