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absence of vascularization and progenitor cells, thus requiring a therapeutic approach to
repair tissue damage. Recently, extracellular vesicles (EVs) have attracted attentions
because of their major roles in cell communication and tissue repair by regulating cellular
processes such as cell growth, differentiation, and proliferation. Therefore, it is necessary
to isolate extracellular vesicles with chondrogenic potential from an appropriate cellular
source for cartilage regeneration. This study aims to compare the chondrogenic ability of
extracellular vesicles derived from cocultured -chondrocytes / mesenchymal stem cells
(CHO / MSC) at ratios of 1/2 and 1/4.

Material and Methods: Towards this goal, chondrocytes and mesenchymal stem cells
were isolated from rabbit articular cartilage and bone marrow, respectively. Mesenchymal
phenotype of isolated MSCs were characterized based on their surface markers and by
differentiation into mesenchymal lineages. Chondrocytes and mesenchymal stem cells
were co-cultured with defined ratios, their conditioned media were collected and
extracellular vesicles were extracted with an ultracentrifuge. Concentrations of
extracellular vesicles were determined using BCA Protein Assay Kit, then EVs were
characterized in terms of size, morphology, and expression of surface markers by dynamic
light scattering (DLS), scanning electron microscope (SEM) and western blotting,
respectively. Mesenchymal stem cells were treated with different concentrations of
extracellular vesicles (50, 100, and 150 ug/ml) for 21 days. Quantitative real time-PCR
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The effect of exercise training on the expression of ATG5 and ATG7 of white adipose tissue of mice fed a high-fat diet

(gRT-PCR) and histological analysis were subsequently performed to assess the quality of
chondrogenic differentiation among experimental groups. The differentiation of MSCs to
osteogenic and adipogenic lineages was demonstrated by Oil Red and Alizarin Red
staining after 21 days.

Results: The results of flow cytometry showed that CD90 was expressed by 88.6% of the
cell population as a positive marker and CD34 as a negative marker was only expressed in
5.48% of the cell population. SEM micrographs confirmed the spherical shape of CHO/
MSC-EV 1/2 and CHO/MSC-EV 1/4 and the mean particle size of isolated EVs were
51.66 + 8.15 and 19.11 * 6.03 nm, respectively. Special surface markers for extracellular
vesicles containing CD9 and CD81 were expressed in both groups. At concentrations of
100 and 150 ug/ml of CHO/MSC-EV 1/2, higher cartilage - specific markers, including
Col 11 were observed compared to CHO/MSC-EV 1/4. Similarly, safranin O and toluidine
blue staining revealed the more deposition of aminoglycan and proteoglycan at
concentrations of 100 and 150 ug/ml of CHO/ MSC-EV 1/2, compared to CHO/ MSC-EV
1/4. This study demonstrated the chondrogenesis potential of extracellular vesicles,
especially in CHO /MSC-EV 1/2 and extracellular vesicles derived from co-culturing
chondrocytes/MSCs improve matrix production and chondrogenesis.

Conclusion: Our research shows that chondrocyte-MSCs proximity is essential for the
response as improved viability, chondrogenesis, and matrix formation in recipient MSCs.
It is also proposed that co-cultured derived EVs with the ability to promote chondrogenesis
have the potential to be utilized in cartilage regeneration. Due to their immunogenicity
and their low tumorigenic potential, extracellular vesicles can be used to help repair
cartilage tissue.

Journal of Cell and Tissue 13(4) (2023) 268-274



YYE G YPAGRas AF) Sl oF oyles Y 095 s 5 Jokw

¢ <l g Jolw

ra.

Rl Jomily p (ool 30 0Ly (Lo Jghuw g Camwg yuds alidio B Cauns 3t

ol 3o (goby s gl

ol ol (Ll Lo jaame * e ailons T asl e 5

= e - P a s . & & & B3 \

sladslo 09,5 (Jslow pole Dliniod 35 0 ( BILIS sl sk sba sk 55518 5 (bt ) 0aSingy (Ol olRing3y
Ol Ol o955 (omlidiionm 5 ool

. = . oo R . . . I TN

Ol el « Koo g ple el e olRisls « gns pole 9 (g sbos sl casiisls

ouuS Souls 519
(Il S sl SS9

3,509y S wioile habe ol slml Jlisay Bgpad Cil gogEa 055 mee i Ul pos i San
Gk 5l S8l ey g (Jsh b3l 5o (BV) (Jshor 25 sladsSess (o sl ol Jige Loy
@igrat U5 amlie walas (pl Baa cul 485 )15 azgi 000 ol sloanlp ol
Lolys 0 Fa) g¥ 4 Glacaus b oaniilie solts Jobo g aiS iSwn I i slEV
@) slobme ol phaarie g gilulazr sk dowl) cnl o BGhg) 9 Slge ool (5059
Ll 5l LEV ai zl sl 5eais milol gl oliws 5l soliiwl U EV g (6 pslann i 0,50 slaJslo
4 ordilie ol ladsle ples pUly Wad (ow)yp (v laSle Ole g Siglsdige ol
259 VY 50 Gl koo pp 59,500 V0 g Vo ) CLEV Gz glacbile J5a> 30 Camg yaiS
el ws ol 8l oldllae g QRT-PCR 1 oolinal b Bgpae oS,k olo g ab
5 OVEFE AND ol b ey @ 9 JS39,5 CHO/MSC-EV 1/4 ¢ CHO/MSC-EV 1/2
A olo 09,5 90,0 CD81 4 CD9 Lulis LEV (so3g (oxhans slo,S Lo g 00gs yiagili VAN VE £/ Y
2 Ol 555 9 (S sial 5 (rizmomy COL I o350 35,8 503 slo,S Lo 5YL ol a3l
CHO/MSC-EV & i CHO/MSC-EV 1/2 ;J Lo » 59,5 1505 100 slaclale
2 oot [ LEV Gypad 4 pla Jowily adllas ol 5l Jol> gl 16 pFazmais .o sonlinl/4
Yo olyBg,aé oUly a5 LEV i eolizul ols s CHO/MSC-EV 1/2 5l gise sla oS5

3L el egiiye by pad C8b pee i ) Wigie liigest Sh> 5 plistel pas Jeloar il

‘sn..._m.ﬂ)o ‘5.>L'.‘.24. ‘5Lb J5L~

2139 il (g S

V) ¥IY il o b

Ve AN 26,55k g ,b

VENRUIYY ol 2o ,b

YN VAYYOPYO-V 1 S8 ¢ V)= YAVYOPYO Vil ¢ Jgtane odimygd o
eslami@royaninstitute.org: s pSl o o010



™) 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

doddio —)

ey late Bypad ol dnalar (rne 5 Jluiloo 223 Gle )5 oRgt @l OIS I (SG (Lade Bgyad slagslen

S el a0 ol @aFanss meey ln gogame Cedib Jsle Gl o515 5 S5 S, ogzy pue
Slr > 5 Sloys gyl Jols (s slaby, (V) wigd mie (OA) o i)l aiile onig iy (slaceml & wiili
(YY) Slodgss Bdge dgyid o] JolS loys o phiSomed Lol ool o a8,F 4y Laks ypid el ooy
Lls bl (MSCS) (copitilye (g0l slo b 5 ol (By,08 lacams (loys 10 (g slobs, 5 (S Slopsdsbo
OBl e (o) wlaid 5713 daxg 0590 conlin (Jobo gie SO plgrea plotul g Bgpad 4 ple Sl (oo
@ pled ced)b (58, Cwws Aoz 5l platlly b liges ook (nl jleslinal (Soygn Lulyd o LMSC oS
T sladsSyy jleslinnl 3t slaJlo ,o (V) Sl olron li gl 5 (2l559095 5 iS5 g CuiS Ll 0 g a0
o sl 5| 36 5o 302 5 s 31 e (gleys 3,505, 2 ol ol ol Sl 5 gl 51 (2 o sl
oo 54 33 SUE L a5y s ol 25 a5y ool 455,55 st 50 a5 (sl 5055 Ala
gl Jusss mlbe 5 (S5m0 mbe (@l e wile Gy il Slule Sl (izen 5 a5l glgil 5l 5wt
sl ) dadebe Slezld g nles ) alex 5l sk slovulp oolas b (Jsko 2,15 sla st (A1) Wgd o
S el 8 ol il ol peeyi sl oyl Sloys ik g wlai e byl e i cilie ol awoy
LCPC 3l i GWEV ;l oslinul L o Kos 5 WaNQ.(\A-IY) cusl 43,5 15 addllas 5y90 5 Cossy 5 4,
S emS el a0 LEV ol as wisls las (OA) ey 3, lstiwl o g0 Jaw ,o (Chondrogenic Progenitor Cells)
s (2Ll bld 0 ooy )aiS LS5 g, 50 So,m Gl aizen 5 G U310 50 OA Dol 5 iy
Gt GBEV 5008 il s slo tge 15 Bypié ey ainlyd o e slagys a5 ol (L2 QRT-PCR gl (pizean
5 Zhang Ly o5 slasllas ) Jol> b (12) aals ply 2als Cledll o s slags g ole il LCPC |
M]" »° tfl"‘“'" O )‘ Lﬁ’““"" (5““”")‘]“' stl‘"“ LsLmJﬁl“' )‘ o b’} u;'?l“' C)L> LsLmJﬁi’)ﬁ L)“'m o U‘)m
S5 Bayb 5 e g col S5ue a4 ymie ko gyl sla 5Ny a5 ol L il pll JlasS gl o]
ladsSass STV Jlo )0 Ta0 095 (roizmen (V0) wd ol Bgpae 4l il JhasSols glysenad and il
230,87 gyt J S gl sl o 1y MIRNA- 140 Ly (20381 b Juggims qale MSC (sl ol ) 3ie Jshoo 15
5 B9t Ll 3 g S 55 il s s 05 sl J5Sep ol 3 eolisi o8 ols 5 anllae (] ol
5 VONK 09,5 lawg Yo VA Jlo a5 500 sladllas j0 (V) 00,5 (5059, bl 5o o, lginnl b i 5l 685l
Bulpd )0 ComgyaiS 5o S )lgiinl and Jue oLl Gl 530 MSC | iw BV jl ) p Sz (YY) oS0
Slages » fse ool slo)ySE oo Gk 5l MSC I siie SEV i eslitul &5 b canlin s plosl (5052
Sole fals 55 5 SOX9 Lol Il SIS 9255 5y 5 (al 33l o LEV (nl (izred aiddu oo Sgne |) B9 pa e 3
i BV (288 &0 o) Kan g 00l s Jawgi a5 glasdllas jo ol oads JuSis o3 <l o ColX g5 ,mle
e BV @y Cond (S0 5055918 5 (SS9 5 i e B9 a8 sloyS o 51 65V ol soedtlie o0l slo Jsbo
Aol (ol 4z ST.00) 0 YL BV 0ol )3 (B9 5 mle S)ke ol bl wols (las (Sogp Lulpd 5o Sy oS |l
5 VL lidsrad Ul b (Jobo aie o e (alitios laen Ll was o (las (5,08 lacal S5t 0 |, L BV
pled S50 o g, S g somiidlie (g0l sla Jole siS e a5 wilools lis Sldlas .cwl Lo 5)50 5 yige

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e od gl il (Jobw 51 s Js5a 39 50 By pad 4 pplod Juwily 2 (ooandiilie G3loe S Jglw g Cowg )i ilide gaceuns 756 | pyy

i s Bopit sladshs iS5 (I o BMSC L oad h5 (eS3nlo b 5 3dn Bypi 4 MSC
Slalllas (VF VYY) 0,5 o0 D)ge ok )5 ladsSass alavly ol cnl 5 09800 Boyae Jobo )15 asjosle
V) Cad ((V0) ohSen 9 Shi ¢l jeboas aiols j1,8 b5l 9550 1) MSC 5 Corsg oS 5l egiie (slaons alizre
1, MSC 3005 5 apng yosS iS5 S o eyl 03,5 cdlie 5 sl S |, heS 5 51 oo Iz MSC g epaog S 5|
ol sloshes 5 Capg,liS LiSen 4 ol lis YoV Jlo o oSes 5 Bian og,5 ccanlllas gl ols gl
STy (Rl s (Bered 0F Ol AU e anlSSgyelle Jigaee 0 F e ) Ces b Sl ertile
- I 50 dsde (Bopat Syl 5 5 OIS e T3aSAS Jald onds g By pid Sl 5 eizmen 5 g, Skes
@berdsn 5 SHllogn ol Sl 5l endilie ol sladobe 5 lumg,uS Allae cuis I ol @l oS
LS wn 5] cilite slacns wib plaul (YY) o] Kan 5 XU Liwgs 4 (glaalllas 15 (Y5) 02 (iS00 05,5 5| fhends
SMSC sla sk Cans Gl B L Wages oaalive g wols J13 oz 3j50 | (23555 MSC g Cunng S sla oo
3 Jol> EV Sy 5 Saas (YA) o)l &5 BV (lgize o S Liss a5 ol amg bl el ol S o
5 oy g e Sladlas e ST aS Ll Sl ansls alaie yil 50 alitrs Cond L MSC g Cpg aiS St oo
Oeizme g Sl o ool lgsctul g Bgpae (LiSwen Sl ol sk 2 sladsSass @ljSerad Jenils anlie
ol adlllas 5l Bas ) 0 sledas 039> (nl ol I (S pligres Jobe )5 oSty She cbale el
sorilie g0l sladgh 5 Camg)uiS Glajen uiS lond lax (Job 2515 sladsSojg (215 dgpas UlE Sl (o)

sl Byt ol o 0005 gz T ) 5 Y ) el

o 59, g Slgo ¥

5 10 sl G5y 4 60390 5 Sk (555 51 Dl S ¢ a0 (oLt (U Jalow ST 5 (g lulin
Ll e o glls 75 em2 S o s s eniilie ol sl Jsbe oM jsbay (YR) ol §eudy il
doyo Ve (698 > pyw 9 Dubleco’s modified eagles medium; Invitrogen, US)) DMEM <SS b (gol>
o Slely lereds g ools cuis ((Invitrogen; US) yuwslegis il pudusy a0 Y ((Fetal Bovine Serum; Gibco, US)
WA 43551 COz woj0 B (g9l jamail g o5 il gax )0 YV (sloos ;o ;55LsSTl jo leSuodd e .30l a2 )3 (Lo o
(S 5ol ol ools 5Ll ¥ 4 ) Lo Jolo cao s A oST5 G Sl g 5 98 planil LG 5, 4 2 Lasme (g

22,5 )5 el 8 90 am Slislejl S paes sholy slasle olgs 53 5 005 Sl Sl 5 59 a sk

s 5l el sladsbe (sonitilie Cuale iyfain] o jf oddlie (golt slo Jolw (onilio Cotlo o)y
235 1R bl 9)9e ek (ol (e oSl (o sy p Grigres 9 (senBlie Sloos; @ pled Bayb 5l lyFea]
e Ve slass Wls £ eils Bb Salr o 00 (9 9 Sl eetilie laosy 4 ples by (o) olaiens
bl S b wouiS Syl ao s A BV Gad p g ciS Bk S 4 b Jobo (iea Sl g 0B 00l 18 ol
wb et bae iy Saly )5 plnil JLbSG 59, dw e lase Aisas 5 23Rl (7 9 Ol nle Glalae
S osliiul b baJsbe 5 ond 25 bshe ms, L g, Y1 ColdS 5l G b 48,5 L s aali g5 olsiea

(V) 8 13 sy 3590 (27 9 Oloseinl 4 pled 6l s 54 0, gl 5 9,050 (65l

G5 |3 sy Sy30 6 yasiglusld i, 5l oslisl | CDIO0 § CD34 Lolis oy laz (sla Jbos cxbaw (sla 5 ,le ol
Ve Slid 3L e e 5 St (s tegilagls ogaie sloals) 4 ¥ Lol sk Sl Ve e glite oy )

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



VY 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

5 o, 50 lealgl o ablol Alflas & g0 4 dlg) o 4 jaseie clale L CDI0 4 CD34 ol bl o el yidg,See
FACScan flow- oiws 5l oolainl b (s pegilusld (iiles asuls asSl 4z do Yo Saedy of 5 il a0 T glos (o
513 ey awgs aosls LT 3 8,5 &0 (BD FACS Caliber, BD Biosciences, San Jose CA, USA) cytometer

A pleil Y/ ass Flowing Software

ol cley b ol Jas o s 5 sl 5 gt 3l (sladises § Comg okl (slo Jplow CoS g (gLl
(> & SeS g el Lyl G s g Jie olfinlej] s diges 0l 4 aBisle;l Sllg LIS BN
olows 5o Byt 3l (s o n T B Y (slotS5 oy 8,5 5l o 5 45 laz Jol5 5y il oS Bgpt s
Gy aiS e . 350,5 (6)l0aSs ol F il a0 VY leos jo i SO oy woyo /A clale LSS g LIS
O s eols JUEl CsS )1 4y 5 (g pglaen 4B O Saeas 1Y 550 b Sy il S8 4 L 5l end o

(YA) 0 plnil b S5 atin o wyom slbaSdls 4y JWsl 5 LSS 55, ¥ 5o b Jsle Lase

w3l Jolo BV 5lcmsds sl i) oS o 59002 5 somilio (0L Sk § Commrg yliS idiS1ot
DMEM S Lo Jols aly S Lams 10 F a5} ¥ &) (glaciond b lojes ybods MSC g g i o S
az 0 YV sles o 9ilaSTl jo 5 aiad ools S wo 0 Vs logiy il /iy g EV W8 0,0 VO (65 i s

A (5 sl sk gyl ladsSss gl sl caz ladshe (g5 baazme 5 0b (610455 ol 5 il
5head yslaar ctS slalaome 5l Jsbo £)5 slodsSess ilelz ¢y (Jolw 2,6 slo o5y (s jlwlie
10 Suets 18-+ () 450 b sk gladame izl o ool jpuis Lol gl pg, 5l WMSC [amg,aiS iS oo
Jele gl sal> o 51 Jol 0gmy 505 25 51 o (3l 4l 50) 30l Gouty 5l 0050 (slashe Bd> Cur aio
Al o 5l ol (S5, sl BV (gilulaz cuz (pgs al> o) 0l §ondy yule afi8o VO S Yoe v (Q) 50 50 s,

65L> J..ol} S99 W) C)L> =9 h.\m c‘\l?').o L)"‘ o W )9“‘2")'*"L“” celw ¥ Odeedy Yoooon (g) O )Lg 99 pgo

SISl gazys Ve e gam SligleiT U g ond (uiliges ol giie land 3L o Jslo gl cladsSess
03,5 5 CHO/MSC-EV 1/2 sbaY a4 ) Cowd b b Joko ciSep 5l oals lox EV w4 ol 51(F0) al (gl

el 00l S e ;0 CHO/MSC-EV 1/4 oL &y ¥ 40 ) s b oiS e
Il £, slo )55 iy cill frond
(BCA protein assay Kit) BCA 1 gy (swmw oS jl oolisiwl b Joluw 7,5 sbd Ja55 59 cdale pxw

(EMD Millipore Company, Darmstadt, Germany) <laws ,80 b diges laol .ol plodil onijle &8 i Juosdlygiws 5ub
Jslows 5 3.8, 2eBCA (gol> ooy ol 5 il 4z 0 YV slod ;0 (y5ulisSSl aaBo Vo 51 Ly .ol 009380 ladigad a4y
b ol 2egils OF + mge Jobo )0y ) Culyg e oliins Lasgi digei

SSealiss s TSIy B, et bz Joho 25 a5y oI et g (OLS) (Knoliss 37 (ST

Fb 0 oals zlzawl sle JoSs 59 laml .ol eolawl (Malvern Instruments Ltd., Malvern, Worcestershire, UK) (DLS)

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e od gl il (Jobw 51 o539 50 By pad 4 plod Juwily 2 (ooandiilio (3L S gl 9 Comwg )i ilide e 75U | pye

o liee ool 25 48,5 518 (6558 Lo ST (Blis 55 oliws po e So e o 5 00 (riluges Sland

Al s D13 o3lail gl 5l (6500 95 (SST,

5950 5Ssg Soa 31 aslizal b o gl 5l (sl 55y S5398590 (smst TOEM) (g (i oS! gy pro
Slawd B L oo zlsenl Jsho 2,5 sla 55 5 casein cbale lonl wiges (40,5 solel (sl 28,5 & g0 i,
Py See Lagi g wad o pdgy Mo D)5 Lawgs ladiged (il Sis 5l uy wad 00l J13 Y (59, 5 00l 38, (ke

A bl 6518 5 uSe (Philips XL30 SEM, The Netherlands) g, 59,55

A8 gy Pt by, 5 eolital b CDBL 5 CD9 il Jsbo 2,5 slasSiss mbans (sla e 236 (o pmg
JGl ol ploul cdg VY 5l b aaBo YO Soeds g 059,500 VO cdale b laasges SDS-PAGE ;584 251 o]
(Semi-Dry) Sis dous is, gakewgas s YO 515 )0 aiBo Yo g ol ¥ Soedy Lad 4y 0adly STy 550 (e
)V Oobedy g ol Al 48 B0 Ve Subedy (Vo (895 cugadis 3,18 (HCL — 4y 1) TBST 8L L 4 y0 ¥ Lid oo .0l ploxl
Catalog No: ) CD9  falis aJgl (slagob bl & jgloee 10 (o 28,5 1,8 BSA 0o )0 0 00iiS dgdume 8L ,0 ceelus
BSA 45s,0 ¥ 0uiiS dgdue 8L ,0 ol (Catalog No: EX203, Cellgs, UK) CD81 4 (GTX76182, Genetex, US
Bl Jobe sasli ool l 5o L TBST 3 b Lid gyt 51 oy b oshs L5 5palld o Suteny
=J5) J5 peal piaeams 3l g 0l 009380 Lid | g Coledys g ok ools 18 el Y (61 BSA wo 0 ¥ saiiS g0

Al ool Lae uile> (sl (Uvitec, Cambridge, UK) (Sls

S Jobe ) Gl dsSss 2lidg pad Jowily ow)p jolaieds s fjdg il w Jobw g B (s JsS jg 4] oy p
Cawdds) hgS 3 Glgmeinl jae 3l Bie sendilie ol Jolw 5 YO« .ol colatul (Micro mass) (Jolw (soosi b,
Flslie 5 oS B0 5 Ve e B S gl )5 sloJ5Sess 5 0k 0315 g, 55U o (gl Al a3 el
L opled 59, VY 5l e ol a8 Loy 0 BV yats Bgpae 4 pled lase (gl)lo dalld 09,5 .ol adlsl g pled lasxe 4

D oy 2 (B9 rat sy Ol (o 2 9 (L Dlalas el

gRT- g, L LCoIX B9y ,ule S L 9 SOX9 Col Il Agn Julis ol5dg a8 ,0 Juzo slayy ole sw,,» RT-PCR
Single Cell To cDNA ¢S 5l eolatwl b Joko (o055 31 CDNA lojee 3w ¢ RNA #l sl .cd 5 & )50 PCR
Maxima SYBR Green/ROX ;! soliiwl b QRT-PCR (sla S oo, 0l plxsl (0lpl by oF olysleisime &8 ,0)
sl Applied Biosystems Step One plus Real-time PCR olXiws ;o (40! sty &5 ,.5) gPCR Master Mix
rln 2 sln g S5k g0 STy e sln g b ear S ) 69y Lrpate el (w2 3550 Sladiged Slasi 40l
oals 1B Y Jgaz jo oul ;55 Oaw g bales ;o cod 5 4 IS hez sl bbdiges ol a8 5 lai o 55 aie a8 g0
ooty 5l eolatul b ad ol ©ed jgme 3JUT L (6,855 slo STy 5 ogate S« ales (2STy plas! 51 Ly o
09,5 4 S ialej] (sloog, 5 50 Lai 0,00 MIRNA 5 lays 51 SO s b (s (lyae 09 CT ISy a5 olSiws oiles
3l e b ool coles ;o .ol aulre (EV a3l g (35 a8 plas Lasxe 10 00l ools cuiS gaBly plos slo Jolu) ol
Gapdh gl b aiges ;2 MRNA zhaow &l sy w38 )18 obj,l o, (Relative Expression Software Tool) REST

Ol Olie) alis 09,8 & S (talojl gloog S 50 ()5 2 ol e Bl b g5le e, ((House keeping mRNA)

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



o 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

olas 1y eolatwl 5550 o pasl s 1 Joaz .ol ools yisles Fold change & go as (0l ai8,5 (a5 1o SO vl 09,5 40 )5 ,»

.Mésa

SBorat sy ol omin lp 0sd (b slayely Cund N Jgox

Genes Primer sequences
Col X F: GAACCCAGAATCCATCTGAG
R: GGCATAGGGAATGAAGAACTG

Sox 9 F: AGTAGGCAATAGTGTAGAGGAC
R: CGGTGTTTAAGGCTCAAGG

Col Il F: CAAGTCCCTCAACAACCAG
R: TATCCAGTAGTCACCGCTC

Agn F: TGCCACTGTGAGAGTTCC

R: ACATTCCACACCCAGAGTT

3w gals e jo wal Cenis oo Faeall gl bl gples e jo 4l ples sloJsbu (80 wle/lho
b b o ad 9,5 7 kS L ala by peig See olliws b aled 5o 5 0l atd)F (o8l diged oad Cnl sl ol
oo o s ool 5l paels 5 O Lpuilils eSS, 5 5 bapY s 3ual S, (sl Wiod Jiiie Jgane oY (55, 4

o sl (695 95wy S b 5 0d 0l H1 8 Sas oY gy, oY 5]

)‘ ool lJ ol 6&05; O 9 M @ L)9'°)T )I ool l.> 05; 99 Oy aJlas S)90 6&05; ) OMT Cewsddy GL».;
Slre Gyl £ Sl &gy Wools ioles .ol 3BT (V asews) GraphPad Prism 1531 o 5 b cad b uil g 5061

ol ooy a8 I ka5 10 (p<0.05) mhas ;o bl fog o S g 0als &Sl
zu-f
loy] slo Sirg (s 0 3 (oo (L (slo ol 1ot g (il

CoiS e 45 jslid Oygods s> s she 5 S & ooz s she idg AL & ygod adgl oiS s by sl

as b IS ol o g 00,8 w8 slml s by S sl b USE (S90 sae (sl sl idgs sunlive LB
(Y JS8) W ,S o 1y St 5,15 S 5 oaes, 5005

CD34 Setzspsilan 5o el ook cal 45 ol 05 il i 5l ot o (slo sl sl 5 asilonsld 06T gl
Sk ol ol ossms Lis CDI0 sariilye (S le gy guli aiS ol lo 095 mhaw jo 1) Sl () g diie o2
oads lax slo Joko a5 simo oo lis (g egulugls g, lawgs edel Cavods gl 0g edd lox> sl Jgle mlaw o

(o) JSD) w)le 1) (seniilie g0l sla sk slo S5g

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e od gl il (Jobw 51 o539 50 By pad 4 palod Juwily 2 (ooandiilio (3L S gl 9 Comwg )i ilidie (e 75U | pye

5 Ol Jali cantilze slaglosss 4 baJshe ol pled (UIs5 cons laz slasho 5 (coniilye L3I jslaiens
28,5 Game dlge md i 4 9,0 g, V) Dae (b lemiul 4 pled laoe 50 sl 285 15 Sb5)l 050 8 )z
W o0 a8 S5 4 (6188 P9SwSen i 0 oad S Slgsel sla s b plled 9,0 501 (5l S L a5
5308 oy Okl S5l ) bagt 57 03, & e izmen (5@ ) D) 05 Gl 4y LT gounS wnli oS
0 ) JS8) wisel)s 50,8 K55 4 0, bl (650010, SaS 4y asdly pled slo Jolo mdlysiw (59,0 00l gz o)z ol b

(s

FITC- FITC+
1.4% F——————————886%

T CD90 (88.6 %)
| |

\

\

Count

M‘

|
o / T T T,
2
10 10! 10° 10° 10
FL1-H:FITC
FITC- FITC+
945% 5.48%

[
— CD34 (5.48 %)

Count

FL1-H:FITC

15 e s oyt () ol 3o 5l oaihiz (gl oo bsT 5 lsiialyin 5l ont iz ardilpe goleis (sloJsbu 1) S
3o (0) el 09,5 5 (@) ploseiwl 4 4l nled sla ol (2) s ymgulugls (g, 5l oslital b (sowiilie g3k slaJsho (o
595 TV EB3S jlan (9) wald 09,5 5 (o) (22 @ 4l ples slasho g, Y) 28

o Juz (Jolw gy B sl 55 jg s SHg (s 1

R Oy (e SBoeen 9 $ieledsee sl 5l Jshe mie 90 o 5l e lSll (el ) ladsSa s
10 DLS ol Langs ilien 05,5 55 50 o il Joboo )5 slasSess o3l o)y 5 ool bt axis 53
5 el DV/F5 £ AND CHOMSC-EV 1/2 5 1uSileo codds ool 5IUT gab sl o asls olis wall ¥ S
CHO/MSC-EV a5 o ovalin sowl cavsas slaolail Gk sl gl VAN VEFP/- Y CHO/MSC-EV 1/4 s - Sl

35,5 CHOIMSC-EV 1/4 |, alie )3 s 525,51 cso5hl 1/2

9l 1y (Jobo 09,5 50y 5l oad gl il Jsho 7,15 slodsss 69,5 659058550 iy (S9N o9Susg S gl
5 CD9 Jolts Jsbo )5 slasSass oy (xbaw slacniisn jpa> OO () twy 5l Jol> mls (0 JS5) o503
bt CHOIMSC-EV 1/4 woaa] Cws & gl s 55 s 0,5 b e 30 2 ;o |, Calnexin S Lo ;52> pac 5 CD8L

(2 ¥ JS5) ols Lis CHOIMSC-EV 1/2 45 g |, CDBL _oebaus (5255, 51 5,530

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



Vv 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

«al) CHO/MSC-EV 1/2 CHO/MSC-EV 1/4

S Ontn i byt PR —

N ~
¥ X
I8 e
\ N

CHO/MSC-EV 112 CHO/MSC-EV 1/4 O™ (o™
: o .

CDO | —

25 kDa
CDS1

P e 25 kDa

—— 90 kDa

Calnexin
= 80 kDa

[

Calcein PKH26 DAPI Merge

() DLS Lo ass gl Jsbs 215 (sla sy b o gl Sl s slasSess sloSias omm ¥ U
slaJsSejs CDBL 5 CDY (colass! (ol slagatisn oy aidlioe s %egill olal b JS2 (55,5 39058590 il (Jsko 2>
Sl ole pas s KDa) pgills LS YO Wil )3 CD81 5 CDY (b slacesSisn olo O oy B, b Jobo )5
K, PKH26 U oniilie ol sbo ol - (caniilye g0l slo Jols lawgs BV Qs e sw,yp (z) i ol Calnexin

(9) o loglias ST K5y 4 DAPI L 55 o sk (saiwe 050l Jlopylis 5w S5y 4 (puiedS L LEV g 503

CHO/MSC-EV 1/4 CHO/MSC-EV 1/2

a5 aes oo lid bl cwl sl ools Hlas (0 Y ) o ke ) sl e i Glie owy )l Jels @l

el 4285 &0 el YE 5l oy sowtilye o0l sl sl Last LEV Cis
soiiljo g0l slo ol Sgpdl b jylad ok iz Jolw 2,6 sl 55 jg T

Sl B s UsSGs jeax 0 oad ool eSS SMSC ples 5l Jol> Joho se0s5 j0 Col 1 o5 by ol5me
8l ,o 09,5 ols lis vall 05,5 4 a6 o sme Ll )kl Lk 5l CHO/MSC-EV 1/4 3 CHO/MSC-EV 1/2
Col Il 15 sle Olie o 1y Ghlocire BB 2 Jo 3 2,55, Voo 5 00 cdale L CHO/MSC-EV 1/4 gouiss
GodiS 8l 10 05,5 (o lacdale sden ol lis s Jeo 50,59, V0 Chale L ainlie (o 58 5 wald 05,5 4y Cond

(Y o) wols lias caals 0,5 4y Coed (55l0 sime Lo (il38l 5.5 CHO/MSC-EV 1/2

05,5 4 Cammd | 63Vl Sl sl syt p)Ss,5we Vo o cale L CHOIMSC-EV 1/4 65,5 15 55 SOX 9 5 okt olsee
5 CHOIMSC-EV 1/4 65,5 s Lo s ps55,50e 10+ lale T 51 oy g ol a2y redale ol ay Comd 5 g w0l

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e 0d gyl (Jobw 51 e 39 50 By pad 4 paled Juwilly p1 (ooandiilze (s3Lis S Jghw g Sy oS iliio glacuwns 56 | gy )

5 il las aalls 09,8 L awslie jo (5ls soe Sl CHO/MSC-EV 172 09,5 pJ Lo g0 p)59,500 Vo v clale
(o JSo) o eaalins SOX 9 (45 oylo 5 (gl sime ial38l g kel Has 5 laog )5 ples

5ol lis I8 st ialidl s e s pSe S 1O+ il 056 CHO/MSC-EV 112 s5l> 65,5 15 5 AN 35
Gsl> slrog,S 5o ol oaalie wall 095 4y Cod 03 (rl YL Ole Oliee 35 e 2 pSeSee B0 5 ) e 2l
oS ,Se Ve e cdale 1o Lol s oomlive oyl (il i e 2 p,Ss,See V0 5 8¢ clale ,s CHO/MSC-EV 1/4

(g ¥ I8 ols glas pals’ (s losne ssba 03 cnl Ol 2 s 2

log,S ;0 ART-PCR I Jol> mmlis (28,5 )18 oy )90 By pa & pled )3 (395 ,mle S )l G plgiear COILX (5
O ol pli8l dal ols lis wals 05,5 b auslas ;o CHO/MSC-EV 1/2 05,5 10 1) 5 cpl o5 s ol cdalllas 5,50
S esSee Voo g B e o s Lilidl ol 45 0 canlie CHO/MSC-EV 1/4 caisS il o slaog,s ;s Col X
CHO/MSC-EV 4 i CHOIMSC-EV 112 glaos,S 45 Col X 55 ol ol 091 o cins syl Bl 51 2 Lo
VO cdale jo Col X 45 ol pized 040 L0 cme ghlel Bl 5l J S 09,5 b awslie [0 g loog,5 plas ,o 1/4
oL 8l L Sl e 2 p)59,S0e Ve 5 00 lacile 4y Cs CHOIMSC-EV 1/4 o5 5 12 oo 2 p,55,504

O USs) ols

al) o 1:Ctrl
S ¥ 2:CHOMSC-EV 1/2 50 pg/ml
Sox 9 B 3:CHO/MSC-EV 1/2 100 pg/m1
Il 4:CHO/MSC-EV 1/2 150 pg/mi

## 5:CHO/MSC-EV 1/4 50 pg/ml

¥ 6:CHO/MSC-EV 1/4 100 pg/ml
#£ 7:CHO/MSC-EV 1/4 150 pg/ml

Fold change
Fold change

Fold change
Fold change
n
S
I

\ 7

1 2 3 4 5 6 1

Jol> Jsho so0g5 10 () COl X .(z) AGN (o) SOX 9 () Col 1 Jolis 5 B9 e g0 slogys oolo (oo dmslio ¥ JSCo
P <0.05 7P 5o, V) ubidS I Gy Dgliie sloclle b 5 ko @)l sladsSujs spim 50 (sortilie g3l slo sk sales |
Ao o i aalis 09,5 4 G | (5,0 a0 < 0.01; *+p < 0.001, and =+p < 0.0001

s 5o 48l plei sk laodss 555 5 O il Ble 5 shadsly (@5l S5y Jald (8L Slillle mbs ¥ S
e oole sy pddslyi (65eel S5, 4o Rd e bt |, CHOIMSC-EV 1/4 5 CHOIMSC-EV 172 (il (glaclalé

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



rva 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

ol poSsles (5505, 50 0 o] (g5leg,Slie Cols 5l Sl aS al ran blate ol BgSY 3o 50 o ol I LI
0. cdale 5 CHO/MSC-EV 1/4 055 5 s s p,59,50V00 g Voo slacdale o CHO/MSC-EV 172 04,5
5 S T3SS )t sloolSale (o iy (F JS2) aisls St J 255 03,8 i sipled fdisho 55,500
5 CHO/MSC-EV 1/2 65,5 g5 2 ;0 aiboo oA st55, Vb e goamoglis 55 O ulile (65mel S,
L i 5 ISAS52alisKS 51 L olien sidsbie 2 53500 100 5 Voo slaclile ;5 CHOIMSC-EV 1/4

(F JSs) ol sanlice S 09,5

Ctrl CHO/MSC-EV 1/2 CHO/MSC-EV 1/2 CHO/MSC-EV 1/2 CHO/MSC-EV 1/4 CHO/MSC-EV 1/4 CHO/MSC-EV 1/4
50 pg/ml 100 pg/ml 150 pg/ml 50 pg/ml 150 pg/ml
= - . =

S gl

0 o8l i

e (Jobo glie | Grte Jobo g5 sladsSsy spam 50 Bypaé @ plymil jhe gerdilie solity gladsle nles ¥ S
0 iyl Bl 5 sbipasislys (s pmelcSS, b 39, Y oo e ,o CHO/MSC-EV 1/4 sCHO/MSC-EV 1/2

S -0

Ol o3 )ly lacaml 28ty ) 6ol cuz |y (Gloys el ookl &y e i po Bgpiad il ol pas
s sho 1 3 S50 s e il s 6150, oo o 25 oS 3 ool Lkl T ) a0
3 Jsho [ oS’ (iSwn 5l Jol> (Jobo )5 ladsSess s nled Jomily caalllas ol )3 10 .l 00l 2 5kas
SV ple @ axg b g SO5 13 oy p 0)90 (Bpad plS p0 (Jsho ae plgiear VT 9 WV Gle Cois b (ool
4 Zums CHOIMSC-EV 172 5l o Jsho )15 sladsSass Borae & nles Vb il ((B95mle S,k
a5 s CHO/MSC-EV 1/4

Ol 0992 (ooertilye Sl (553 GloFtl ae jlond b certilie ool la sk Sla STy (o) 2 5l ol b
S5 ) plegetal Jold cordilie slaos; a4 pled lUlys (IS8 (S9d 5 (Gudbgped ol Sges 0l 1) ool
Slylad ESas b aS) (052 5 (Sl baobe mudlsion o (Sone aine) sosle el 5 (souadplis a5 SlgFeial sla Jous
sdsbe sla Sy 5l CD34 Sl lo pae (rizmen 3 CDO0 Ciie (ponilin Sole ol (rizpen 5 (Sl oo ()2

YY) 0l Sladren i Olalllas b a5 conl oulds los

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e od gl il (Jobw 51 s 39 50 By pad 4 plod Jowily 2 (ooardilio 3Ly gl 9 Cowg S ilidie g 75U gy

sy 31 o3l b Lo 5S35 b he onal sty sladipes 13 ko b5 (slasSris 9 ol 5 lulets pliien
EV L a5 o,ls JI 3 2egil O (go0g0xe ,0 CHO/MSC-EV 172 gojlail .o (5 pSojlail (DLS) (Swlins o5 (SasSTy
aS s oo lid Jsbe z, sl sSuis yhd o3l anglas izman (YY) o)ls Slstran Ko Sllas ;o 0ud oo
Iy Foko 7, s s9 1 a5 (glasllas ;o .0,ls CHO/MSC-EV 1/2 & Cod (558265 olail CHO/MSC-EV 1/4

Yoo BYe 5 BV Ol)d jlad sojlasl ccanl 00505 zly5uinl (lgseinl oo coniiilio ol Joko 5 Commg,aiS as
shd as ceul S5 @ oY (YF) 0,5 o0 18 oogaome ol o i Lole dslllas OIS gojlul g sl ouls 3,155 agils
55 0 e 31 lsman siug; 9 ySUl sSs S 5l ol Gy gl b ond gl gl Jsbo )l sladsS s
G b s ol &5 WS ol 1, CDY 5 CDBL Jals Jsbo 25 (sloJsSess siniin (sbiw sla5 Lo 035

) sls llan (ISEV) Jsbo ¢85 sl J5Se 5 Sllall o il 5 5 oo 15 sl S5 51 oot

COl I ol 5,28 sy slocys oler o laz Jsbo gl slasSass chsyad & 3los Ul (ool sbinl, o
Col Il 5 .0 s,y CHO/MSC-EV 1/4 4 CHO/MSC-EV 1/2 s8> ;5 ouls ools S sMSC ;5 Agn sSox9
L s isS oo) & lod o ol Glalifl a5 able Bypa2 il Jslo gyl aie) ool lag)y cnyiate 5l S
0diS Aul a5 aes o Lis [ EV saiss” cdl o sloes )5 50 o5 ol ole Gl ol> sasdlas jo (YO) aas oo olis
Wl aS col Bgrac a4 plad 10 e owmsiyy LS SO (goaS oS SOX9 5 ol glidgae » EV o cuie L5U
oy o) Ol RIP! ety Sllllas (YVFF) widlioo Bgpad 4 pled e 55 k3o sbao; plo olo goass
ol Gl 5 (1) a3 o s il 5ol sla sl 51 ol sk )5 (sl 5 53l cslioogS o 1y (Bt
5550 (S5 AN el wl g cpl 5 BV 56 saiesylis 50 CHO/MSC-EV 1/4 coisS il o sleog,S j0 o5
oS 235 (slaos,S 5 ol il TA) Sl (5500 e sl o ol & Sl (lids,a s s sbacs
5 bl olidead 10 058 ol i ollg eaums lis CHO/MSC-EV 1/4 04,5 4 s CHO/MSC-EV 1/2
s MSC _iSee 3l Glie EV a5 oleog,S sl oals bl (V) ) Kan ¢ lslowsl lawgs 3] a5 glasilas
aS acsls Sox9 Lol 1 AAgn el Bgpad o)y 10 ola Slidl wisg 00,5 il o 1) X ST &gy Camwg uiS

el pol> anllas 5l sael Cawsas bl oaisS aub

Col X(y5 i oy CHOIMSC-EV 1/4 5 CHO/MSC-EV 1/2 65,5 55 ;3 Col X g, ,mle S Lo by e blie ,
20,0 YO 0502 50 g Cenl (B pa (959 siluglsriial lp pae S ile ST g 358e0 Gl Sy pale (lating S )
iy 5 oy (S (G555l J) FY-F0) 555 o ol |, G5 ale (slotap, S Lawgi e s 30
5 LU s oS i Slomy) s a5 ol olEtslojT Lyl 13 WBMSC jles 51 ol (sl iS5l sl
Qe g Ve cdale o agh cpl o addllae 5y50 e 09,5 o Col X 5 0ed oo Sloys ooy )5 cge cwliol
oS wlosls oLt Slallae ool a2l YU Sl s CHOIMSC-EV 14 csl> sloog,S o yid oo 1 psSs,See
Col X' 45 lime a5 duoy o0 yhaidy cilate ol by g 05)lo 1) B3 pule By pae S ity WMSC 5l e EV

(Y ,Y+) aisl 5YL CHO/MSC-EV 1/2 45 caons CHOIMSC-EV 1/4 (claos 5 4o

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



YA 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

b plonil sl (pagly 5 O il Ble Bgpal sohg slagiel S, ol izl Olalllas ity )y jliieds
b B9pae 8l gladshe @ as (2l sk (Jsbo ooy a5 ol plas 28l glagiy 5l Jol> sl
PS5y Sladsbe g 0313 029,035 (65 Y JSi5 ( Jsho 0095 (arBle 3 laJshe a5 S 5 cal 4 asms oo LAS
o9 0k g bl S e Ldoa sl ol el (KT gial 5SS (ol By pad S ile S oAbl |,
ol |y ileg Ste Cools sbinadsly @5l S, 5o Ol real 5555 ol yonay 4 Conl aite Jb L iy (sloog,S
Onizen dalps (Jdgil) Ghiy S5y 4 USY S5l 5o lashe SlLbl S0 le (550l 0nl 5ot j0 o s
L Aoy glapil> (2le jo 50 aiien 35 (559058,00 shlo 5 wilazs )5 1,8 LeSY al wlia> o a5 oo Jolu
55 QRT-PCR gl 0aitS als a5 ol sanlive b6 g5 4 EV (55l sloog,S ,0 Bgyaé pplod i oayd sdpdS

lo Hlas |y 6y gl vall 09 5 L awslis )0 EV (goauS 8l )0 sloog )5 ;0 Bgpad 4 plod fgamme )0 .abl 0

Sl Oliee a5 Ll 5l bgpai il colaisl g5l K5, 5 QRT-PCR (slajulbl 5l snsl cawssdy gl ggame o
obe s amslie LB o e wodd YU CHOMMSC-EV 172 65,5 a5 cars CHOMSC-EV 14 5,5 5 5,5 mle

Gladsls iSa 5l sud laz GLEV i oslial a5 5,5 leol Hlgi oo 08,5 55wt GSlSatis s 5 dsraé sy Lo
a ket saie; ;5 Slillas plxil cag (CHO/MSC-EV 1/2) ¥ 4\ e by oniile s5bis loJslos 5 o oS

Lol (5 fmlin gan ;5 By pal

Do il ) bog,S o yiST 1o SOXO 5 COl I glagys a5 onl aéydde GRT-PCR 5l Lol slaosls 3ubs 5 cyaizman
Voo el onl s 55 COEX (B9 5 pmle 00 Ol Oliee (092 Vb Judo 4 wivgy 6 3VL Lo hls oo 2 059,500
235 s Gl o g e Gy | i) (e )59 S0

S S Az =
il S5y o (somiilie (g0l sla Job g Cong,iS SiS e a5 ol lad b Sliole] 5l esel Cawsas s
59 0dd odaline Glaglas a4y axgi b g 00,5 oo Jobo mlbe ol 5l Elie Jole 7,5 slo JeSig 0 Bypad 4 ples
Ad (6 e Sples o, Sles lhls CHO/MSC-EV 172 05,5 3l od duoy p,59,500 Voo il (ke slacdale
sbyy ol Gl 58 9 S0X9 5 Col Il Bgyae slacys oLy ok 5l LEV (390 Jalyd j0 a5 ol svalive (yizmes
Azl 4 g ddles By pad 4 pled o s 4 08 (Borat iy Hla Guzen g Col X alo> ;| 295 mle
Sldllas gl el st BB oasS laasl (39, SO Glgicds Bgyad ppoyi 4y bogsse Slislesl jo LEV 5l solaul
o JsSu g pl Slhgize 3 g Lmoi Joe oo EV 5 Sas 090 .80 S o> as S oo olgiis dey cpl jo ‘éﬂ

D55 8 w350

10508 g S -V

Ayl co pel Fgaio cpl 51, 095 Slo 08 Lol alas () oy 5 alwg s 1A

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e od gl il (Jobw 51 o539 50 By pad 4 palod Juwily 2 (ooandiilio (3L S gl 9 Comwg )i ilide e 75U | o

&L —A

1. Hosseinzadeh M, Kamali A, Hosseini S, Baghaban Eslaminejad M. Higher Chondrogenic Potential of
Extracellular Vesicles Derived from Mesenchymal Stem Cells Compared to Chondrocytes-EVs In Vitro.
BioMed Research International. 2021;2021:9011548.

2. Krishnan Y, Grodzinsky AJ. Cartilage diseases. Matrix biology : journal of the International Society for
Matrix Biology. 2018;71-72:51-69.

3. Musumeci G, Loreto C, Carnazza ML, Martinez G. Characterization of apoptosis in articular cartilage derived
from the knee joints of patients with osteoarthritis. Knee Surgery, Sports Traumatology, Arthroscopy.
2011;19(2):307-13.

4. Wei X, Yang X, Han ZP, Qu FF. et al. Mesenchymal stem cells: a new trend for cell therapy. Acta
pharmacologica Sinica. 2013;34(6):747-54.

5. Caplan Al. Adult mesenchymal stem cells for tissue engineering versus regenerative medicine. Journal of
cellular physiology. 2007;213(2):341-7.

6. Nasiri N, Hosseini S, Reihani-Sabet F, Eslaminejad M. Targeted mesenchymal stem cell therapy equipped
with a cell-tissue nanomatchmaker attenuates osteoarthritis progression. Scientific Reports. 2022;12.

7. Heldring N, Méger I, Wood MJ, Le Blanc K. et al. Therapeutic potential of multipotent mesenchymal stromal
cells and their extracellular vesicles. Human gene therapy. 2015;26(8):506-17.

8. Kim JY, Song S-H, Kim KL, Ko J-J. et al. Human Cord Blood-Derived Endothelial Progenitor Cells and Their
Conditioned Media Exhibit Therapeutic Equivalence for Diabetic Wound Healing. Cell Transplantation.
2010;19(12):1635-44.

9. Street JM, Barran PE, Mackay CL, Weidt S. et al. Identification and proteomic profiling of exosomes in
human cerebrospinal fluid. Journal of Translational Medicine. 2012;10(1):5.

10. Lésser C, Seyed Alikhani V, Ekstrom K, Eldh M. et al. Human saliva, plasma and breast milk exosomes
contain RNA: uptake by macrophages. Journal of Translational Medicine. 2011;9(1):9.

11. Dear JW, Street JM, Bailey MA. Urinary exosomes: A reservoir for biomarker discovery and potential
mediators of intrarenal signalling. PROTEOMICS. 2013;13(10-11):1572-80.

12. Madison MN, Roller RJ, Okeoma CM. Human semen contains exosomes with potent anti-HIV-1 activity.
Retrovirology. 2014;11(1):102.

13. Malda J, Boere J, van de Lest CHA, van Weeren PR. et al. Extracellular vesicles — new tool for joint repair
and regeneration. Nature Reviews Rheumatology. 2016;12(4):243-49.

14. Timmers L, Lim SK, Arslan F, Armstrong JS. et al. Reduction of myocardial infarct size by human
mesenchymal stem cell conditioned medium. Stem cell research.2007; 21(2):129-37.

15. Gatti S, Bruno S, Deregibus MC, Sordi A. et al. Microvesicles derived from human adult mesenchymal stem
cells protect against ischaemia-reperfusion-induced acute and chronic kidney injury. Nephrology, dialysis,
transplantation : official publication of the European Dialysis and Transplant Association - European Renal
Assaciation. 2011;26(5):1474-83.

16. Tan CY, Lai RC, Wong W, Dan YY. et al. Mesenchymal stem cell-derived exosomes promote hepatic
regeneration in drug-induced liver injury models. Stem cell research & therapy. 2014;5(3):76.

17. Zhu YG, Feng XM, Abbott J, Fang XH. et al. Human mesenchymal stem cell microvesicles for treatment of
Escherichia coli endotoxin-induced acute lung injury in mice. Stem cells (Dayton, Ohio). 2014;.Y°-Y Y1 ())Y'Y

18. Zhang B, Shi Y, Gong A, Pan Z. et al. HueMSC Exosome-Delivered 14-3-3( Orchestrates Self-Control of
the Wnt Response via Modulation of YAP During Cutaneous Regeneration. Stem cells (Dayton, Ohio).
2016;34(10):2485-500.

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



YAY 315 oMl (el Lo joozmo o S diloww 00 j ey o9 3o

19. Wang R, Jiang W, Zhang L, Xie S. et al. Intra-articular delivery of extracellular vesicles secreted by
chondrogenic progenitor cells from MRL/MpJ superhealer mice enhances articular cartilage repair in a mouse
injury model. Stem cell research & therapy. 2020;11(1):93.

20. Zhang S, Chu WC, Lai RC, Lim SK. et al. Exosomes derived from human embryonic mesenchymal stem
cells promote osteochondral regeneration. Osteoarthritis and Cartilage. 2016;24.

21. Tao S-C, Yuan T, Zhang Y-L, Yin W-J. et al. Exosomes derived from miR-15-40 p-overexpressing human
synovial mesenchymal stem cells enhance cartilage tissue regeneration and prevent osteoarthritis of the knee in a
rat model. Theranostics. 2017;7(1):180.

22. Vonk LA, van Dooremalen SFJ, Liv N, Klumperman J. et al. Mesenchymal Stromal/stem Cell-derived
Extracellular Vesicles Promote Human Cartilage Regeneration In Vitro. Theranostics. 2018;8(4):906-20.

23. Kim M, Steinberg DR, Burdick JA, Mauck RL. Extracellular vesicles mediate improved functional outcomes
in engineered cartilage produced from MSC/chondrocyte cocultures. Proceedings of the National Academy of
Sciences. 2019;116(5):1569-78.

24. Aung A, Gupta G, Majid G, Varghese S. Osteoarthritic chondrocyte-secreted morphogens induce
chondrogenic differentiation of human mesenchymal stem cells. Arthritis Rheum. 2011;63(1):148-58.

25. Shi J, Liang J, Guo B, Zhang Y. et al. Adipose-Derived Stem Cells Cocultured with Chondrocytes Promote
the Proliferation of Chondrocytes. Stem Cells Int. 2017;2017:1709582.

26. Bian L, Zhai DY, Mauck RL, Burdick JA. Coculture of human mesenchymal stem cells and articular
chondrocytes reduces hypertrophy and enhances functional properties of engineered cartilage. Tissue
engineering Part A. 2011;17(7-8):1137-45.

27. Xu L, Wu Y, Xiong Z, Zhou Y. et al .Mesenchymal Stem Cells Reshape and Provoke Proliferation of
Avrticular Chondrocytes by Paracrine Secretion. Scientific Reports. 2016;6(1):32705.

28. Li Q, Yu H, Sun M, Yang P. et al. The tissue origin effect of extracellular vesicles on cartilage and bone
regeneration. Acta Biomater. 2021;125:253-66.

29. Khalilifar MA, Baghaban Eslaminejad MR, Ghasemzadeh M, Hosseini S. et al. In Vitro and In Vivo
Comparison of Different Types of Rabbit Mesenchymal Stem Cells for Cartilage Repair. Cell journal.
2019;21(2.7 -V (

30. Théry C, Witwer KW, Aikawa E, Alcaraz MJ. et al. Minimal information for studies of extracellular vesicles
2018 (MISEV2018): a position statement of the International Society for Extracellular Vesicles and update of the
MISEV2014 guidelines. Journal of Extracellular Vesicles. 2018;7(1):1535750.

31. Eslaminejad MB, Poor EM. Mesenchymal stem cells as a potent cell source for articular cartilage
regeneration. World journal of stem cells. 2014;6(3):344.

32. Bakhtina A, Tohfafarosh M, Lichtler A, Arinzeh TL. Characterization and differentiation potential of rabbit
mesenchymal stem cells for translational regenerative medicine. In vitro cellular & developmental biology
Animal. 2014;50(3):251-60.

33. Wen Z, Mai Z, Zhu X, Wu T. et al. Mesenchymal stem cell-derived exosomes ameliorate cardiomyocyte
apoptosis in hypoxic conditions through microRNA144 by targeting the PTEN/AKT pathway. Stem cell research
& therapy. 2020;11(1):36.

34. Chen Y, Xue K, Zhang X, Zheng Z. et al. Exosomes derived from mature chondrocytes facilitate
subcutaneous stable ectopic chondrogenesis of cartilage progenitor cells. Stem cell research & therapy.
2018;9(1):318.

35. Lian C, Wang X, Qiu X, Wu Z. et al. Collagen type Il suppresses articular chondrocyte hypertrophy and
osteoarthritis progression by promoting integrin f1—SMADI interaction. Bone Research. 2019;7:8.

¥ o sleis [F o595 1Y ol [VF+) Jlo [l g Jokus



e od gl il (Jobw 51 s Js5a 39 50 By pad 4 plod Juwily 2 (ooandiilio (G3Lse S glw 9 Comwg )i ilide e 75U |y e

36. Ghosh S, Laha M, Mondal S, Sengupta S. et al. In vitro model of mesenchymal condensation during
chondrogenic development. Biomaterials. 2009;30(33):6530-40.

37. Akiyama H, Chaboissier MC, Martin JF, Schedl A. et al. The transcription factor Sox9 has essential roles in
successive steps of the chondrocyte differentiation pathway and is required for expression of Sox5 and Sox6.
Genes & development. 2002;16(21):2813-.YA

38. Hodax JK, Quintos JB, Gruppuso PA, Chen Q. et al. Aggrecan is required for chondrocyte differentiation in
ATDC5 chondroprogenitor cells. PLoS One. 2019;14(6):e0218399.

39. Esmaeili A, Hosseini S, Kamali A, Hosseinzadeh M. et al. Co-aggregation of MSC/chondrocyte in a dynamic
3D culture elevates the therapeutic effect of secreted extracellular vesicles on osteoarthritis in a rat model.
Scientific Reports. 2022;12(1):19827.

40. Shen G. The role of type X collagen in facilitating and regulating endochondral ossification of articular
cartilage. Orthodontics & craniofacial research. 2005;8(1):11-17.

41. Mueller MB, Tuan RS. Functional characterization of hypertrophy in chondrogenesis of human
mesenchymal stem cells. Arthritis Rheum. 2008;58(5):1377-88.

42. Knuth CA, Andres Sastre E, Fahy NB, Witte-Bouma J. et al. Collagen type X is essential for successful
mesenchymal stem cell-mediated cartilage formation and subsequent endochondral ossification. European cells
& materials. 2019;38:106-22.

43. Fabre H ,Ducret M, Degoul O, Rodriguez J. et al. Characterization of Different Sources of Human MSCs

Expanded in Serum-Free Conditions with Quantification of Chondrogenic Induction in 3D. Stem Cells
International. 2019;2019:2186728.

¥ oyleds [F 098 1Y als 1F+) Jlo [l 9 Jokw



