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ABSTRACT

Background: Enhanced infiltration of M2-polarized tumor-associated macrophages (TAMSs) is linked to
osteosarcomaOS)metastasisand growth. Here,we aim to explore a novel miR-221-3p shuttled by M2-TAM
exosomesn the growth and metastasisof OScells.

Methods: THR1 monocytesderived M2-TAMswere inducedby PMA/interleukin (IL}4/IL-13 and then co-cultured
with OS143Band SaosZells.Overexpressioror downregulationmodelsof miR-221-3p were conductedto probe
the impacts of exosomederived M2-TAMsin OScells. OScell proliferative ability, colony formation, invasion
migration and apoptotic level were measuredby the cell countingkit-8 (CCKB) assay colonyformation, Transwel
assy, and flow cytometry. Moreover, the SOCS3/JAK2/STA@SIsin OScellswastestified by westernblot, and a
duakluciferasereporter assaywas conductedto confirm the link betweenmiR-221-3pand SOCS3.
ResultsOScellsenhancedVi2 polarizationof TAMs whichsignificantlypromoted OSO S {viéb#ity) colonyformation,
migration, invasion, and reduced apoptosis. Moreover, the exosomesenriched by miR-221-3p from M2-polarizec
TAMs (M2-TAMs) also aggravatedthe malignant behaviors of OScells. However, down-regulation of miR-221-3p
brought about contrary results. Further, in-vivo tests uncoveredthat overexpressingniR-221-3p enhancedOSO S
growth. Mechanistically, SOCS8vas a downstream target of miR-221-3p, and up-regulation of miR-221-3p chokec
SOCSand activated JAK2/STAT 3However,the pharmacologicalntervention of the JAK2/STATBathway obviously
inhibited the malignantbehaviorsof OScells,whichwere significantlyreversedby miR-221-3p up-regulation.
Conclusion:The exosomalmiR-221-3p derived from M2-TAMs aggravatesOSprogressionvia modulating the
SOCS3/JAK2/STARSIS.

INTRODUCTION tubular bonesjike the terminal femur and thapper
tibia, as well aghe fibula, spine, humerus, ilium, etc.
Osteosarcoma (0OS) is a kind of primafyone [3]. Currently, it is generally believed that OS is a

malignarcy with immature bone tissue and osteoid  malignant tumor formed by the ocecemce of gene
produced by mesenchymal cells, which is most common mutations during the growth and differentiation of
in teenagers aged 15 years to 19 years old [1]. It is mesenchymal cells, which destroys normal bone
highly metastatic, with a high disability and mortality =~ development and leads to malignant changes in bone
rate, which is prone to relapse and causes a dreadful cells [4]. Therefore, it is crucial to identify new
prognosis [2]. OS lesions are mostly located in the long biomarkers for OS.
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Presently, increasingtuglies have revealed thadhe
tumor microenvironment (TMEffects development
and progression. Tumorassociated macrophages
(TAMs) are an important part of theME in OS,
accounting for over 50% of the immune cells. They have
a wide range of biological functionsicluding inducing
tumorigenesis, angiogenesis, immunosuppression, drug
resistance and metastasis [5]. TAMs ntawtribute to

the malignant progression @S via selfpolarization,

the facilitation of vascular and Ilymphatic vessel
formation, immunosuppression, and drug resistance [6].
Since the immune microenvironment®@8 and Ewing's
sarcomasignally affectpatiensd p r o gvaluatonos |,
immune infiltration & an effective method for
diagnosing bonassociated malignancies [7]. Zheng et
al[] 8] found that the | evel
macrophages marker) was negatively associated with
OS. In a review paper, Cersosimo et al. concluded that
enhancednfiltration of M2-polarizedtumorassociated
macrophagesM2-TAMS) is related toOS metastasis
and unsatisfactory prognosis regardless of currently
adoptedaggressive therapies regimens [9]. Therefore,
M2-TAMs aggravate the malignant behaviors of OS
cells. Besides M2-TAM exosomesonduct intercellular
communication in the tumor microenvironment, induce
tube formation of vascular endothelial cellsand
aggravateOS progressiorvia the genetic information
carried by exosomd4.0i 11]. However, theassociation
bewwveen M2-TAM exosomesand OS cell growth and
development needs further exploration

Previous reports have confirmed that tumaterived
exosomes carry microRNAIN{RNASs), proteins, lipid
molecules, etc., which modulate OS cell growth and
development [12]. miRNAs are approximately 22
nucleotides long, whiclmodulategene expression after
transcription [13].Multiple miRNAs are implicated in
OS. Forinstance miR-12255p, miR-139-5p, andmiR-
486 dampen the growth, invasion, and epithelial
mesenchymal transition (EMT) of OS cells and play a
tumorsuppressive role [146]. On the contrary, Wang
JW et al. claimed that tumassociated fibroblasts
(CAFs) transfersniR-1228 fromexosomes to OS cells,
which upregulates miR-1228 in OS cells, down
regulates endogeno@&ippressor of cancer cell invasion
(SCAI), and strengthens OS cell migration and invasion
[17]. Interestingly, previous researchhas claimed that
hsamiR-221-3p expression is heighteneth small cell
osteosarcoma (SCO) amfrequent subtype @S, with a
highly aggressive progression andnsatisfactory
prognosis [18]. However, the effect ofmiR-221-3p
derived from TAMs exosomes on OS cell growth and
metastasis and itaechanism is still unclear.

In this experiment, we probed the effectnaiR-221-3p
in M2-TAM exosomeson OS cells and found that M2

TAMs facilitate OS cell growth, metastasis and
invasion. And miR-221-3p shuttled by M2-TAM
exosomeslso aggravate®S. Meanwhile, miR-221-3p
targets SOCS3 and wupgulates JAK2/STATS3.
Therefore, wepositthat miR-221-3p aggravates OS by
regulating the SOCS3/JAK2/STAT3 axis. In
conclusion, our experimemgstifies thaimiR-221-3p is
expected to be moveltarget for treating OS.

METHODS
Cell culture

The Type Culture Collection of the Chinese Academy of
SciencegShanghai, Ching)rovided luman OS cell lines
@43B énd Haos@) ead emorforiadlieérinadrophages- (TTH® 2 0
1). Cells were grown at 3T with 5% CQin the RPMI
1640 mediuntonsisting ofL0% fetal bovine serum (FBS)
and 1% penicillin/streptomycin (Invitrogen, CA, UBA
The FBS and RPMI 1640 were commercially provided by
Thermo Fisher Scientific (MA, USA). We changed the
medium evenyfourth day.0.25% trypsin (Thermo Fisher
HyClone, Utah, USA) was used for the digestioneifsc

in thelogarithmic growth stagfor thefollowing test.

Cell transfection

Cells at the logarithmic growth stage wedispersedn 6-
well plates (5x 1C° cell/well) and transfected after they
grew stable. The FUGENHED Transfection Reagent
(Roche, Shanghai, China) was utilized to transiei&-
221-3p mimics, miRNA control fragments nfiR-NC),
miR-221-3p inhibitors MiR-221-3p-in), and negative
controls (NGin) into THP1 cells, respectively. Cells
were incubated at 3T with 5% CQ, and the stably
transfected cells were taken after transfectiomffer day

M2 polarization of TAMs

1 x 10’ THP-1 cells were maintained in a 10 cm culture
dish comprising200 ng/mL PMA, and the medium was
altered after oneday incubation. Then, THP-1
macrophages (M0) were collected. Afterward, MO was
incubated in 10 mL fresh complete medium.
Meanwhile, 20 ng/mLof IL-4 and I-:13 (PeproTech)
were added to the culture medium containing 143B and
Saos? cells for 72 hours. 91RI2-TAMs were harvested.
Subsequently, MTAMs were furthergrownin 10 mL
serumfree RPP medium. The conditioned medium
(CM) was centrifuged (1300 rpm, 5 min), and the
supernatant wgsreserve@ t  °TC i@ équal portions.

Isolation of TAM exosomes

THP1 cells were treated withL4/IL-14 and then
transfected withmiR-221-3p mimics ormiR-221-3p-
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in. Then the cells were seeded in-d@ culture
dishes. After a 4#&wour culture with a fresh basic
medium containing exosomefree serum, the culture
medium of THP1 cellswas harvestedand ultra
centrifuged at 200rpm for removing cell debris. Next,
sequential differential centrifugation was conducted
for the isolation of exosomes: 100Ppm for 5 min,
2000 rpm for 20 min, 5000rpm for 30 min, 10000
rpm for 30 min and 10000@pm for 70 min. Finally,
the exosomes were resuspended in PBS and
centrifuged at 100000pm for 70 min. The isolated
exosomes were identified by a fiedgnission
scanning electron  microscope (JEOL JSM
7100F/LV). The exosome markermcluding CD63,
CD9 and Tsgl01 wasletermined by western blot

(WB). The BSA method wagemployedfor testing the
concentration of exosomes.

Quantitative reverse transcription-polymerase chain
reaction (QRT-PCR)

The miR-221-3p expression in the emilture model was
measured with the TRIzokagent (Invitrogen, Carlsbad,
CA, USA). The PrimeScript RT Reagent kit (Invitrogen,
Shanghai, China) was adopted cDNA synthesisqRT-
PCRwas conducted with the SYBR Green PCR Reagent
and ABI7500FAST Realime PCR instrument. The
2'awCt method was apied to assessthe relative
expression ofmiR-221-3p (U6 and GAPDH were
endogenous contiplThe primer sequence is as follows

The target Forward (5NIBN;j Reverse (BIpNj
miR-221-3p AACCGGAGCTACATTGTCTGCT CAGTGCAGGGTCCGAGGT
IL-1 b TGACTGACTCTCCT ACTGGGCACTCAATTCCA
IL-10 GCTCCCTGGTTTCTCTTCCT GTTCTTTGGGGAGCCAACAG
Argl GCTTTTCCCACAGACCTTGG GTGGAAGAAGGCCCTACAGT
YM1 CAAGTTGAAGGCTCAGTGGCTC CAAATCATTGTGTAAAGCTCCTCTC
U6 CTCGCTTCGGCAGCACA ACGCTTCACGAATTTGCGT
GAPDH TGGTTGAGCACAGGGTACTT CCAAGGAGTAAGACCCCTGG
Cell counting kit-8 (CCK-8) assay 150 €L binding buffer. The
eL Ann€kxiTe ®¥nd 5 €L propidi

Cells at the logarithmic growth stage were trypsinized.
They were theninoculated in 96éwell plates (2 x
103/well),and each well was filed with 0 0 ¢ L
mediumandcultured at 37C with 5% CQ. When the
cell abundance reached 50%, feesh serumfree
medium wasmployedto replace the primary one, and
the serum was addedter 24 hours. After 24 hours of
culture, theCCK-8 solution (Beyotime Biotechnology,
Shanghai, China) wasupplemented 10 ¢/ wel |
the absorbance value was observed at 450 nm.

DME

Colony formation assay

Cell colony formation wasonitoredby the cellcolony
formation assay. Cells in the logarithmic growth stage
were dispersedin 6-well plates (1000 cells/well) and
cultured at 37C with 5% CQ. Fourteen days later, the
culture medium wasemoved and the cells werensed

with PBS three times andfastened with 4%
paraformaldehyde for 20 min. Then the cells were dyed
with 1% methylene blue for 40 min, washed twice with
deionized water, and dried. The stained colonies were
imaged and counted using an optical microscope.

Flow cytometry (FCM)

Cells treated by the above factors wéeavestedand
rinsedwith PBS twice. The cells were resuspended in

cells weremixed with a centrifuge tube and incubated for
15 min at 4C away from light The goptosis rate was
vierified by FCM according to the Annexin-MTC/PI
Apoptosis Detection Kit (Yeasen Biotech Co., Ltd.).

Western blot

2 x 1(P cells of each group weeanedthree times with
prechilleal AB$S and cleaved with the RIPA lysate, and the
supernatant was collected. The protein content was
calculated by the BCA method. Afteeing subjectedo
polyacryl amide gel
transferredo polyvinylidene fluoride (PVDF) membranes.
Then, 5% skimmed milk was employed seal the
membranes (at room temperatufeT, 2 hours), which
were thenwashedwith 0.05% TBST three timeand
maintainedvith primary antibodies (concentration: 1:1000
Abcam, MA, USA) of Bax (ab32503), Bcl2 (ab218123),
Cleaved Caspask(ab32042), iNOS (ab178945), STAT6
(ab32520), SOCS3 (ab16030), JAK2 (abl08596)I82
(ab32101), STAT3 (ab68153%,FTAT3 (ab76315)andb-
actin (ab115777) at°€ overnight. After the mmbranes
were washed with TBST, the HR&beled rabbit secondary
antibody (1:300) was added and incubated aiothour.
Next, the membranes weriasedthree times with TBST.

At last the WB special reagent (Invitrogen) was adopted
for color development, a@neach proteis gray intensity
was evaluated bynage J.
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Transwell assay

Cell migration experiment. The above groups of cells at
the logarithmic growth stage wengut in the upper
chamber of the Transwell 2 10* cells/well), and a 600
eL cul t ucomprisimg2®% BEBS was added and
cultured at 37C in the lower chamber. After 12 hours,
cells that failed to migratewvere wiped off The lower
chamber cells were immobiéd with 4%
paraformaldehyde arayedwith 0.1% crystal violet. After
drying, the cdt wereimagedand calculated The ell
invasion experimanwas implemented athe migration
assayexcept that th&ranswelfs upper chamber was pre
coated with Matrigel. Cell migration and invasion were
observed under an inverted microscope.

Dual-luciferase reporter assay

TargetScarndicatedthat SOCS3 waan underlyingarget
of miR-221-3p. The reporter plasmids of witgpe and
mutant SOCS3 werdesigned miR-221-3p mimics and
their controls IniR-NC) were transfected into THPcells.
Two daydater, the luciferase activity wasaluatecdhs per
the dualluciferase reporter assaguidelines (Promega,
Madison, WI, USA). Alitestswere made three times.

Xenograft experiment

Twenty BALB/c mice (male4i 8 weeks old, 182 Q)
wereboughtfrom the Animal Research Center of Wuhan
University. The mice were kept in specific pathofe®
(SPF)conditionsand provided with sufficient light, air,
food, and water (2%, 60%~70% relative humidity).
This reseach received the approval frorthe Animal
Ethics Committeeof Affiliated Nanhua Hospital othe
University of South Chinandabided byThe Guide for
the Care and Use of Laboratory Animalsventy nude
mice wereclassifiediwo groupstenmice in each groyp
OS cells transfected witmiR-NC and miR-221-3p
mimics were injected into the mice. 143B celis=(10)
and Saos2 cellsn(= 10) were made into singtell
suspension (X 10’ mL™) and subcutaneously injected
into the right back of the mice to establish a xenograft OS
model. The tumor volume wateterminedwith vernier
caliper on days 7, 14, 21, 28, 35, respectively. After
seven days, the mice wesgecutedvith euthanasia, and
thetumor tissues were stripped off and weighed.

Immunohistochemistry (IHC)

After conventional paraffin embedding and sectioning (4
eM), the xenograft tumer were subjected toylene
dewaxing gradient alcohdhydraton and blocked with 3%
H,O, for 10 minues for endogenous peroxidase
inactivation Then, 0.01mol/L sodium citrate buffer
solution was used for microwave repair (pH 6.0,

15minutes). After blocking with 5% bovine serum albumin
(BSA) for 20 minutes, the primary antibodies
(concentration: 1:100)of Ki67 (ab15580), SOCS3
(ab16030), and Vimentin (ab92547) fadlm Abcam, MA,
USA) were added and incubated overnight at 4°C. On the
following day, the goat and antiabbit IgG was added
dropwise andnaintainedat RT for 20 minutes, and DAB
was employedfor colomtion after PBS washing. After
hematoxylin counterstaining, the tissues were dehydrated,
transparentized, and mounted for microscopic examination.

Statistical analysis

SPSS22.0 software wasloptedfor data analysis in this
experiment. The measurement data were expressed as
mean + standard deviation £xs), and the statistical data
or percentage ( %)Thewanpaisore X p
between groups wasadeby oneway ANOVA, while

ttest was usedor comparingmultiple groupsof data

P < 0.05representedtatisticalsignificance.

Ethics statement

Our study was approved by the Ethics Review Board of
Affiliated Nanhua Hospital, University of South China.

RESULTS
M2-TAMs enhanced thegrowth and metastasis of OS

We cocultured I-4/13induced M2TAMs with human
OS cells (143B and Saos2)pmbethe influenceof M2-
TAMs on OS cell growth and metastasi3CK-8 was
adopted to test cell viability at different times (12, 24, 36,
48, 60, ad 72 hours). As a resulby contrast with the
control group,143B and Saos2 cell viability in the -co
culture group was strengthendtl{ 0.05, Figure 1A)As
per the results displayed in tleelony formation assay
143B and Saos2 cell proliferatiovas strengtheneid the
co-culture group B < 0.05, Figure 1B). Moreover, the
Transwell assayestifiedthat cell migration and invasion
wereheightenedn the ceculture group P < 0.05, Figure
1C). As indicated byFCM results, the ceculture group
had reducedcell apoptosigvs. the control group)P(<
0.05, Figure 1D). Besides, WBsults uncoverethat Bax
and Cleaved Caspa8ewere choked while Bcl2 was
boostedn the caculture group (vs. the control group) <€
0.05 Figure 1E). Thestndingsillustrated that M2ZTAMs
amplified 143B and Saos?2
migration and invasion and impeded apoptosis.

OS cells induced M2TAM activation and up-
regulated exosomalerived miR-221-3p

M2-TAMs were cecultured with OS cells, and av
conducted gqRT-PCR to verify the profiles of
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macrophage polarization markel-1, IL-10, Argl, SupplementaryFigure 2A712E). gRT-PCR outcomes

and YM1 in M2TAMs. The resultgevealedL-1 fwas confirmedthat miR-221-3p expressionwas facilitated
downregulated, whilelL-10, Argl and YM1levels in the EXQAMs*miR-221:3p group (vs. the EX@AMstmiR-
wereaugmentedn the ceculture group(vs. the control NC group) @ < 0.05, Figure 3A).CCK-8 assay
group (P < 0.05, Figure 2A2D). Meanwhile, WB confirmed that Saos2 cell viability was enhanced in the
testified thatby contrast with the control groupOS EXQTAMstmiR-221-3p  group (vs. the EX@Ms+miR-NC
expressionwas abated and STAT6 expressionwas group) P < 0.05, Figure 3B). Additionally, the colony
elevatedn the coecultured groupR® < 0.05, Figure 2E). formation assayincoveredhat cell proliferation in the
Besides qRT-PCR uncovered that the miR221-3p EXQTAMstmiR-221:3p  grogup was increased (vs. the
profile was heightenedin the coculture group P < EXQTAMs+miR-NC group) @ < 0.05, Figure 3C). Besides,
0.05, Figure 2F) Up-regulated miR-221 predicted the Transwell assay demonstrated that the cell
poorer overall survivabf OS patients Supplementary migrative and invasive capacities of the EX@s*miR-
Figure 1).Thesefindings hinted that the ceculture of 221:3p group were strengthened (vs. the EX¥s+miR-NC
143B and Saos2 cells with TAMs enhanciéd i M2 0 group) P < 0.05, Figure 3D).Whais more FCM
polarization ananiR-221-3p profiles. hinted that cell apoptosis was hindered inthe
EXQTAMs+miR-221-3p group (VS. the EX@®Ms+miR-NC
Overexpressing miR-221-3p  intensified  the group) P < 0.05, Figure 3E). Also, WHlisclosedthat
malignant progression of OS the contentsof Bax and Cleaved Caspa3ein the
EXQTAMs+miR-221-3p groyp were impededand the Bcl2
We transfectedmiR-221-3p mimics into M2TAMs. profile wasboosted(vs. the EXGAMS*MIRNC groyp) P
Then we isolated the exoses fom M2-TAMs and < 0.05, Figure 3F). Thee conclusions suggested that
treated Saos2 cells with the exosormeR-221-3p was miR-221-3p overexpressionfacilitated the growth,
enhanced in THP1 cells as well as the exosomes after proliferation, migration and invasion, and hampered
miR-221-3p transfection (vs. miR-NC group, apoptosis of Saos2 cells.
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Figure 1. M2ZTAM exosomes strengthene®Sgrowth and metastasislil-4/13-induced M2TAMs were co-cultured with 143B and
Saos2 cell{A) CCK8 tested cell viability(B) CCK8 assayedadl proliferation.(C) Cell migration and invasion were examined by Transwell
assay (D) Cell apoptosis was determined by FGE).The profiles oBax, Bcl2 and Gleed Caspas@ were compared by WBP<0.05,”P
<0.01,” P<0.001 (vs. con groupN=3.
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miR-221-3p knockdown in M2-TAM exosomes
repressed OS developmerit vitro

We transfectedniR-221-3p-in into M2-TAMs. Then we
isolated the exosomes M2-TAMs and treated Saos?2
cells with the exosomemiR-221-3p expressiordeclined
in THP1 cells as well as the exosomes aftentii221-
3pin transfection (vs. NGin group, Supplementary
Figure 2Ai 2E). gRT-PCR manifested thahiR-221-3p
expressiomwashinderedin the EXJAMsmiR-2213pin groyp
(vs. the EXOAMSNCIn group) P < 0.05, Figure 4A)As
indicated by CCK3 outcomes by contrastwith the
TAMs+NC-in group, cell viability of the TAMsmiR-
221-3pin group was hampered (< 0.05, Figure 4B).
Moreower, the colony formation assdlstratedthat cell
proliferation in the EX@MstmiR-2213pin groyp wascurbed
(vs. the EXOAMSNGn group) P < 0.05, Figure 4C).
Furthermore, the Transwell assay testified thiaé
EXQTAMstmiR-221:3pin group had weakeed cell migration
and invasion(vs. the EXGAMS*NCGIn groyp) P < 0.05,
Figure 4D). Meanwhile, FCMesults uncovered th#te
EXQTAMstmiR-2213pin group had intensified cell apoptosis
(vs. the EXGAMSNCin group) P < 0.05, Figure 4E). Also,
WB confirmed that theconcentrationsof Bax and
Cleaved Caspasgin the EXQAMs*MIR-2213pin groupwere
boosted while the Bcl2 level washindered (vs.
EXQ™Ms*NCn group) P < 0.05, Figure 4F)n summary,

A B C
pin A3 - con
‘,% Y E [w exomuesnci ) ‘
§ 3 o EXQTAMSmR2219pin/ | |8
g4 b o 1
5 8 i’/ v
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. pxQTAMSMIR221-3p-n
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EXOQTAMs-NC-in
W ExQTAMs-miR-221-3p-in

miR-221-3p knockdownn M2-TAM exosomesmpeded
Saos2 cell growth, proliferation, migration and invasion,
andstimulatedapoptosis.

miR-221-3p targeted SOCS3

We searched the Starbasattgs://web.archive.org/
web/20110222111721/http://starbase.sysu.edu.ci/
verify the association betweemiR-221-3p and
SOCS3 and found that SOCS3 was an important
downstream target ahiR-221-3p (Figure 5A). Also,
the dualluciferase confirmed that overexpressing
miR-221-3p heightened the luciferase activity of
SOCS33-NTR-WT THP-1 cells while it had little
impad on mutated SOCS3 (Figure 5B,< 0.05). We
transfected Soas2 cells witmiR-221-3p mimics or
inhibitors and WB was implemented to monitor the
SOCS3/JAK2/STAT3 expression and its
phosphorylation in Soas2 cells. As a result, SOCS3
expression was impededhile the phosphorylation of
JAK2/STAT3 was elevated in th@iR-221-3p group
(vs. themiR-NC group) (Figure 5CP < 0.05). On the
opposite, transfection ofmiR-221-3p-in  boosted
SOCS3 and repressed the phosphorylation of
JAK2/STAT3 in Soas2 cells (vs. the NE group)
(Figure 5D, P < 0.05). Hence, miR221-3p targeted
SOCS3 and aatated JAK2/STAT3 in OS cells.
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Figure4. KnockdownmiR-221-3p inhibits the malignant progression of O#iR221-3p-in were transfected into MXAMs. The
exosomes in the culture medium of MI2AMs were isolated and then treatedtiv Saos2 cell{A) qRFPCRverified themiR221-3p profile.
(B) CCKB monitored cell viability.(Q Cell proliferation was monitored by the colony formatierperiment (D) Cell migration and invasion
were compared by Trawell. (B Apoptosis of Saos2 was detected by FQiyIBax, Bcl2 and Cleaved Caspaseere examined by WBP <
0.05,"P<0.01,” P<0.001 (vscon group)&P<0.05,4P<0.01,44&P<0.001 (VSEXOAMs*Na group),N = 3.
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Overexpressng miR-221-3p curbed SOCS3 and JAK2/STAT3 phosphorylation was strengthened in the

activated JAK2/STAT3 EXQTAMs*miR-2213p  group (vs. the EX@MstmiR-NC
group) (Figure 6AP < 0.05). On the contrary, SOCS3

mMiR-221-3p mimics, inhibitors and their negative level was enhanced and the JAK2/STAT3

B miR-221-3p-in

controls were respectively transfected into -W&Ms. phosphorylation was repressed after EX(*miR-221-3p-
Then weisolated the exosomesofn M2-TAMs and in treatment (vs. the EXOMS*NCIn group) (Figure 6BP
treated Saos2 cells with the exosomes. The < 0.05). These finding indicated thatmiR-221-3p
SOCS3/JAK2/STAT3axis was detected by WB. Aa enriched byM2-TAM exosomesdampened the SOCS3
resulf SOCS3 was dowregulated, and the expression and activated JAK2/STAT3 in OS cells.
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Figure5. miR-221-3p targeted SOCS8A) The underlying target ahiR221-3p wassearched irthe Starbase(B) The targetink between
miR221-3p and SOCSS3 in Saos2 cets evaluated by the udiHuciferase reporter assayG;D). miR221-3p mimics, inhibitors or their
negative controls were transfected into Saos2 cells. The SOCS3/JAK2/STAT3 expression in Saos¥abiseddy WB. N$>0.05,"P <
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Inhibition of JAK2/STAT3 reversed the oncogenic
function of miR-221-3p

To confirm therole of JAK2/STAT3 in OS cells, &
treatedOS cells $aos? with the JAK2/STAT3 pathway
inhibitor LY2784544 Then miR-221-3p mimics were
transferredinto OS cells.CCK-8 and colony formation
assay showed that Saos2 cells v i aru iprbliferatipn
in the LY2784544 group were decreas@d. the control
group. However,by contrastwith the LY2784544 group,
the LY2784544+miR-221-3p groupshowedelevated cell
viability (Figure 7A 7B, P < 0.05). Also, FCM testified
that cell apoptosis washeightened inthe LY2784544
group (vs. the control group) and weabated in the
LY2784544 +miR-221-3p group (vs. the LY2784544
group) (Figure 7C P < 0.05).Moreover,WB verified that
Bax and Cleaved Caspas& expression wa amplified
while Bcl2 waschokedin the LY2784544 groug(vs. the

control group. On the contraryppposite results were

monitored inthe LY2784544 miR-221-3p group(vs. the

LY2784544 group) (Figure 7D,P < 0.05). Besides the
SOCS3/JAK2/STAT3 pathwagxpression was detected
by WB. It turned out thahe activation of JAK2/STAT3 in
the LY2784544 groupvas decreaseblutthe SOCS3evel
remained unchanged (Mhe control group In contrast,
the JAK2/STAT3 phosphorylation inthe LY2784544
+miR-221-3p group was enhanced, lihe SOCS3level
was loweredyvs. theLY2784544group) (Figure 7EP <
0.05). Trese findings demonstratedhat inhibiting

JAK2/STAT3 reduced the malignant behaviors of OS

cells, andmiR-221-3p reverse the antitumor function of
LY2784544.

miR-221-3p boostedtumor growth in tumor -bearing
mice

We sulzutaneously injectethiR-221-3p mimics orVi2-
TAM exosomesverexpressing mi221-3p into tumor
bearing mice and observed the tumor growthivo. We
found thatoy contrast ith themiR-NC group, the tumor
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Figure7. Inhibiting JAK2/STATS3 reversed the oncogepioperty of miR-221-3p. LY2784544 (3 nM) wasppliedto treat Saos2
cells, which were transfected witmiR221-3p mimics.(A) CCK3 tested cell viability(B) Cell proliferation wasnonitored by the colony
formation assay(Q) FCM was utilized to detect cell apoptogs) Theprofilesof Bax, Bcl2 and Cleaved Caspasgeere assessedy WB.(B)
WB wasconductedto detect the SOCS3/JAK2/ST Afile and its phosphorylation. N50.05,”P<0.01,™ P<0.001 (vscon group)&P <

0.05,%P<0.01,444P<(0.001 (vs. LY2784544 grouN): 3.
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volume andmassof the miR-221-3p group increased
significantly (Figure 8A8C, P < 0.05). WB and IHC
were employed to verify the SOCS3/JAK2/STAT3
expression in the tumor tissues of mice. The results
revealed that SOCS3 was dovagulated, while kb7
positive cells were increased and JAK2/STAT3 was
facilitated in the miR-221-3p group (vs the miR-NC
group) (Figure 8D8E, P < 0.05). Additionally, the
EXQTAMsmiR-2213p jnjection promotedumor growth and
increased tumor weight (VSEXQTAMS-MIRNC  groyp,
Figure 8F8H). The results of ICH and WB suggested
that EXQOAMs-miR2213p jnjection reduced SOCS3 and
promoted JAK2/STAT3 pathway activation (vs.
EXQTAMsMRNC  group, Figure 818J). interestingly,
EXQTAMsmiR-2213p jnjection also enhanced Ki67 positive

cell rate (vs. EXQMs-mRNC group, Figure 8J).In
summary, miR221-3p exeted oncogenic effecta vivo.

DISCUSSION

OS is a frequent primary bone malignancy, mostly

occurring in children and adolescents under 25 years old
[19120]. Because OS is highly metastatic and

aggressive, the patient's prognasipoor, and it is easy

to relapse, which seriously affects the survival time of

the patients [21]. With the continuous exploration of

OS, we have found that varionsRNAs are involved

in regulating OS [2224]. Thisarticle intends toprobe

the impact of miR-221-3p onOS cell® gr owt h
invasion in  M2-polarized TAM  exosomes

Figure 8.miR-221-3p boosted tumor growth in tumor-bearing mice miR221-3p mimics were subcutaneously injected into tumor
bearing mice to observe tumor growthA) The tumor. B) The tumor volume. @ The tumor weight. ) WB examined the

SOCS3/JAK2/STAT3 pathway expression and its phosphorylated level in mouse tumorHjdsi@slgtected the positive numbers of Ki67,
SOCS3 and Vimentifi: P < 0.001 (vsmiRNC group)N = 5. miR221-3p mimics were transfected into MPAMs. The exosomes in the
culture medium of M2ZTAMs were isolated and then subcutaneously injected into tubearing mice to observe tumor growthF)(The

tumor tissue. G) Thetumor volume. H) The tumor weight.lf WB examined SOCS3/JAK2/STAT3 expression and its phosphorylated level in
mouse tumor tissues.J(IHC detected the positive numbers of Ki67, SOCS3 and VinieRtn 0.01,” P < 0.001 (vs. con groupd&P <

0.01,%4&P< 0.001 (vs. EX@smiRNCgroup),N = 5.
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