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Effect of exosomes derived from osteosarcoma stem cells on proliferation
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[ Abstract]  Objective To investigate the effect of exosomes derived from osteosarcoma stem cells (OSCs) on the
proliferation and differentiation of T cells and to explore its mechanism. Methods OSCs were obtained using serum-free
suspension culture and identified using stem cell marker logistics separation technology. The exosomes ( OSCs-exo) secreted
by OSCs were extracted using an exosome extraction kit and identified using transmission electron microscopy ( TEM),
particle size analysis, and Western blot. Coculture of OSCs-exo with peripheral blood mononuclear cells, carboxyfluorescein
succinimidyl ester ( CFSE) staining, and flow cytometry were used to detect the effect on T-cell proliferation. Western blot

was used to detect the phosphorylation of extracellular signal-regulated kinase ( ERK) protein in the ERK signaling
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pathway. Immunomagnetic beads were used to separate CD4" T cells and coculture them with OSCs-exo in the differentiation
medium induced by different CD4" T cell subsets. Western blot was used to detect the expression of phosphorylated STATI ,
STAT3, and STATS5 proteins in the STAT signaling pathway. Results 0SCs CD133"MG-63 was successfully isolated. The
result of TEM, particle size analysis, and Western blot showed that OSCs-exo is a round or oval vesicle with a diameter of
30-100 nm. The CFSE staining, flow cytometry, and Western blot result showed that OSCs-exo inhibits the proliferation of
CD3", CD4", and CD8" T cells by inhibiting the phosphorylation of ERK protein, and inhibits the differentiation of CD4™ T
cells to Thl, Th17, Th2, and Treg cells by inhibiting the expression of phosphorylated STAT1 and STAT3 protein.
Conclusions Exosomes derived from OSCs can inhibit the proliferation of T cells by downregulating the phosphorylation of
ERK protein and reducing the expression of phosphorylated STAT1 and STAT3 protein to induce CD4" T cells to
differentiate into Th2 and Treg cells. They can also inhibit the differentiation of CD4" T cells into Th1l and Th17 cells to

downregulate cellular immune function and promote tumor progress.
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Hyclone 237, #1t5 8112347 1184655 .210175K) ; Jifi
4135 (FBS) \H B RIE AW (¥4 100 U/mL)
(BUIM L ZEH AW A WL HES 098N0261 ,023M755) 5
T2 AT ML 3% #7255 K Stemcell 28], Hit5
30984) ; RIPA 2% W . BCA & M E Bk & (£ E
Invitrogen 23 Al , fIL5 5571043 ,044623K) ; & K226
R LMk TR 35 FAME W B g ( CFSE) 28 Y6 (8 (1
FIEARA AL S 0122763 ) ; OKT3 , anti-IL-4 | anti-
INF-y . bFGF | EGF | LIF ( 3£ [E BioXcell 2 Hl, fit*5
115848179010 ,044617K ,052723K 10649 224616 .
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PR BN & MACS 28 Whil /i 1 48 R 4y i A
(8 25 KA 7, #H5 1045032549 2470848672
MB07512 , MB24403 ) ; 3t U T f& FITC-CD133 mAb
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mAb ( 3£ [E Biolegend /A ], it*5 024137K 2775016 .
5527190 ,320186K .077243S,033157K) ; it A\ T 40 iy
Fm CD3( OKT3)$E‘E[§§®LM§(% BD Bioscienc 2
A, it 5 MS-0253L5) ; ERK, p-ERK , p-STATI . p-
STAT3 . p-STAT5 . GAPDH , CD63 #i 44 ( 2% [ Santa
Cruz A 7, #t 5 SC-6641 ,SC-027 ., SC-17855-R . SC-
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2 HERD ZE WSS 30 ng/mL OKT3 #EA7404% 96 fLH
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pe/mL OSCs-exo [ CD4™T & A 5L E 4, XF FRAL A
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Th17 . Treg 5L E 52U (Thl 5S40 . 1L-12 15
ng/mL IL-2 30 ng/mL anti-1L-4 5000 ng/mlL;Th2 7§
B4 4. 1L-12 20 ng/mL anti-CD28 2 wg/mlL . anti-
IL-4 10 ng/mL;Th17 #5555/ . 1L-6 20 ng/mL TGF-
B 5 ng/mL, anti-IL-4 10 pg/mL ., anti-INF-y 10 pg/
mL; Treg 5 F 45 F: TGF-B 15 ng/mL IL-2 30 ng/
mL anti-INF-y 10 wg/mL . anti-IL-4 5000 ng/mL) [}
DMEM/F12 }532 58 38 F 37°C 5% CO, a5
FAETREAE S d, B 3 REHIGFRE—R, WAFSs
AR AL A0 ML, 7 B DR G 9R 5 S Y 10 ng/mL
PMA 5 1000 ng/mL &% ) DMEM/F12 T4l
B AR E S h, $ BRI AL
N APC-CD4 mAb  Percp-cy5. 5— INF-y mAb . Percp-
cy5.5— IL-4, mAb FITC-Foxp3 mAb . PE-cy7-IL-17
mAb J§_EALHATRLN Thl Th2 ' Th17 & Treg 41 fT
di b, IRSEEG M E A 3 IR,
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Fiz BEAD A AT 1 45 O R & i B O vk R AT 4R
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B8 141 B3 Sx & A FRESE v, I T il
ARHIIFAEYE 10 min, B30 g BE AT RN
Tk iz Bk e ( SDS-PAGE ) HEL UK #E 47 8 143 55, >R
A B I 155 2 PVDF K |, 5% MRS 4= 1%
TR TEM 2 h J5, 250MA p-STATI(1:500) |
p-STAT3(1 :500) , p-STAT5 (1 :500) . p-ERK (1 :
800) .ERK (1:800) .GAPDH (1:2000) .CD63 (1 :
1000) \Hsp70 (1:1000) —¥i,4°C ¥ KM & L7,
TBST ¥ TE 3 UK, BHK 5 min, LIBUR BEFRIC A —
FL(1:5000) EEMFE 1 h, L TBST I E 3 Ik,
BHR 5 min, FJa SN ECL &GS THERE AL
RAGHATHEGHARR . Image J BRI 5E 457 KM,
LIHFRE E 5 N2 GAPDH 1Y U AE A S HA X &
W, LIRSS E S 3 Ik,
1.4 $itZEH*E

K SPSS 19. 0 il GraphPad Prism 5.0 #4174
AT, BAREE R UE BB b 2 (& x5 ) TR,
KPR K 7 225001 (One-way ANOVA) #4724
()43 , PZE ) HE 3R ST AR AR ¢ K, 5k
KE K #E o =0.05, P<0.05 N 22 5 B 4 it 2

2 HR

2.1 BABTHRKOES. THEE

K TG 2 17 BE IR LR B OSCs , 4 i A8 07 i
BRECEG 45 S BN 7E 4 BRI 41 e & HOS,
MGHOS ,U20S \MG-63 H1,MG-63 f4 2 i ik =28 g 3%
T HA =R R . SRR OSCs i
Y1 CD133 BYSZIRLE R, MG-63 41ig & CD133
IR H(17. 1% ) B 5 T HA = k4 e &=, DL &
1A 1B, Y5 W MG63 41 il £ 43 3% H ) 0SC,
AL OSC AL ERIE | 2= 11 H AT K 62 i 28 fifr iy
WL 1C,
2.2 OSCs-exo ISR EE

TEWU R EREER /M R CD133" MG-63 0SCs 4k
WVARFEF TSR 7 T T AR A R R B, AN A
L2 BB s IR B B0 2549 s Rids o b o s AR 2N
4 30~100 nm; Western blot SZ56 6 1] #h MAFR
HEH CD63 HSP70, 45 3 i /8 7E 0SCs-exo HHJREE
%35 CD63 HSP70, LI 2,
2.3 OSCs-exo I T ZHREAYIE5E

T ARAEG I 0SCs-exo XF T 2 il 1 5l it 5%
Wi, 45 5 5 /s 5 6 BB 2 PBMC AH FL, OKT3 A i 25 3l
4 PBMC T 4HU B4 5E ( P<0. 01) , 1fii OSCs-exo AJ
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Note. A, Morphological changes of 4 osteosarcoma cells. B, Flow cytometry identification of CD133 expression of 4 osteosarcoma cells.

C, The OSC morphology was observed by optical microscope.

Figure 1 Morphological and phenotypic identification of osteosarcoma stem cells
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—
-
. GAPDH-
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TE: A B IR AL B 1 PR T AN O S AR 98 T 285 22 T8 T2 sl A 08002 86 Y0 45 4 5 B < 1 PAJRE T 400 L 7 D R P LA 5
M1 ;C: Western blot K iTIE SZ 42 1) B IR SMIBMA R 5 CD63 K& HSP70

B2 OSCs-exo MITEAE K% E
Note. A, Transmission electron microscopy showed that the shape of exocrine body of osteosarcoma stem cells was round
or oval. B, Particle size analysis of exocrine body of osteosarcoma stem cells. C, Western blot analysis confirmed that the
extracted exocrine body of osteosarcoma expressed CD63 and HSP70 protein.

Figure 2 Morphological structure and identification of OSCs-exo
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STAT1 ,STAT3 % H M B 2 1k (P <0.05), Ifi
STATS H H B B iz fk K F XL B2 fb (P>
0.05), WK 7,

pugiciil OKT34 OKT3+0SCs-exo4l
Control group OKT3 group OKT3+0OSCs-exo group
0, | 2 = 100
43% 80% 66% SEU]
=t %
. ‘\:~J 8 60
Hilk B,
Counts Sy
2 g
J > 2 0
& R4 OKT3%  OKT3+OSCs-exo4l
CD3 TZuj Control group OKT3 group OKT3+0SCs-exo group
CD3'T cell
45% 68% 51% aE o )
< 38 —_
S+
Bkt 9-Tht
Counts R 40
23
— = J £ o f’g" 20
> X 5
o5 o
CD4 T4 A1 & A4 OKT34  OKT3+OSCs-exofdl
CD4'T cell Control group OKT3 group OKT3+0SCs-exo group
0 .
38% 80% 54% 23 100
8P o x
= 80
20
Bl e
Counts 2%
i\:’: é:o 40-
®E 20
| g8
> g o
XA OKT3#4  OKT3+0SCs-exofl
CDS8 T4 ff Control group OKT3 group OKT3+OSCs-exo group
CDS8'T cell

7.5 OKT3 dHAfHL, * P<0.05, * P<0.05,
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Note. Compared with OKT3 group, *P < 0.05, ™ P < 0.05.
Figure 3 Effect of OSCs-exo on T cell proliferation

R 1 0SCs-exo Xt CDA'T AN IE M A AR HT ( x £5,n=3)
Table 1 Analysis of the effect of OSCs exo on the differentiation of CD4" T cells

2151 Groups Thl(%) Th2( %) Th17( %) Treg( %)
CD4* T 4iififi CD4* T cell 2.67+1.36 10. 17+0. 44 2.56£0. 17 13.21£1. 15
0SCs-exo 5 CD4* T 4Hfifl 0SCs-exo+CD4* Teell 9.84+0.80" 3.03+0.22* 12.95+1.18* 3.74+0.56*
P <0.05 <0.05 0.00 0. 00

5 CD4T A diAfLE, * P<0. 05.
Note. Compared with CD4*T group, * P < 0.05.
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Figure 4 OSCs-exo inhibits T cell proliferation by down
regulating ERK phosphorylation
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Figure 7 Effect of OSCs-exo on STAT signaling pathway in CD4"T
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