[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

sosre dlis

iy

p0 Wlo gk 9t G leyd 45 o935 oial (SBCS piiy 52 (5590

A

.

VEOYAVAN opSUT VBN YUY Uil VB 0N s il VERY/0 A il s

i Sl e 05y slaoleys ity el slacil 5l Gnia MSCS 3l 5,8 i Lapsss s8]

LS o Ul sk it s 53 S Gla il Jskur ol Glad iS5 il o LSl 4 o)l slacan]
Shasen 5 oS Sl A3 4 ol as ) s b slaoleys 5 b pasids ol S
MIRNA YAYA (5 5 AVAR Oliies 505 0 f 05 on 555 o 2 anbf\ S S e b |y L
Condsy EV Lt 4 4ty cpl Lilos S Ll | 3503 3575 o33555) & sama 3 S dd 1)) 5 MRNA FE4A
dad b 51 laps5581 (ilaltor ol Soslize sk (g5lala, 333 Jome o 5 OT (S350 5 (S350 5
ol 0 e (Ll (K 53w iy glagg,sld S e g5 Sl 58315 O Slale 5 el
#3535 dgama diled oslizal g olew 53 Vb (g3Lesl oUI5 LMSCs 5l el o (glap 555581 5l ppiizes &S
e b 3l Lesls (55l b asdllas nl oS o (53U (olew ulp J S L Oleys 5 asls 53 S &
sl ol 5 5he Sl Slidos S e (Olasl pole 0dSTiags 53 VE0Y sla 0 BVEN) Sy 0 5l e
Sl by 5 s 3 eyl A& lT Ll s s Ciliie Sldllas ol sl plil Ol (Siyy psle
5 Sl G i cpldilesls OLE 1 g5l lasolen 5 (B 8 1505 a0l s 53 Lap 58]

S o Ol 1 el sl 3 g Y Sldgas e 5 MSCs 51 e (slap 555551 el

23l (3Ll ¢ artilze (g3l Ik 3Ll 35S i edlS lals

A U VORAP S W W

TSy ool e A

e S S s 0,57
psle ol (o) ert plol  ley oy
Ol Dl e S

(s gpte Slels Clidi S, =T
Sy pale oKl clael pale odSCiay

Ol g Sl

*
DL (S35 pole oLl Ol i gme i 53
Sl Sl S olasl o le odSinys,
S S
TVI=TNOANWY Y odls

E-mail: mahdieh.ghiasi@yahoo.com.

s 2355 besissSlwilbl 4w gl S e Wl ko

(lad Y 55 ) eddiie psisdl S LS e 5 ECVS
plod Lod A 2o £0V0r o3l Lo 5,8 ad S5
S Gy obal dantl b ok Slele 5 sl dad sk
=5 N)'b'f‘ Pl i e mle (G) olsS Sl s
Joli s S 5 Se ol LapsssSl S
Uy sl 5 S wils DNA 5 RNA s daoyids
L3l L%,jb-fl Sy s b S5y coplpesdle Lleds 2
ol (Sny s eslhl g gl sl Ay dphe cliae b (S5
ety (S5 sl slaal Bl ol s T ST 28

03 Ladda Olajgils gt ann s Jolo jolae Y g
S A eslizad 5 JelS Ly 51 ol pe e lp (S 4
S s Sl sbiossime pale L Sl oY same
O 03 Bl wnn 5 s o DB s 550 | asslen 550
Lles Sy p S (el U il Jals (gl i
(Extra cellular vesicles, JS}JM@L; CLd s ol eslawl
S gl el gla S e Slaysls 5l & Ol gea ECVs)
B 55 ey e Fas s ledd il Olje b Al gladshe )
3 Gl 25 EOVS b Sl Slses ofyle o
23S Ll G b 5 olen ladaT 3 (655 s 5 alshe

FUF L FAS WY o)lai ) 0,30 ) Fo ¥ o i hid (0 gl olCiils o Sy ouCiily alo


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

EAV sl Gots slaslosu s bap 55558 s (slacs sty i (55500

Sl (gl oalinalsyse Bas opamls Saad mlal Dl
by besssSl 03 edamn laowisn Sl bapsisS)
b 5 s e gl sl B 0 s Wil a3
3 b il 5 b @ pad ok gy 35 ol e sSle s e U
Glame by towl Saw Sl3gb obsy s, 3 VU
5wl Gy s e b ls L bapssssS) mIRNA
L Olge |y okt lix glakises Aol 5y sld e RT-PCR
Sl By sl omlezel 58 sl elonil g5 S gl 585 e
sty Jdoisame 5 ole S b gilulr i
L Gt 555l o alee 5 Llpe Sl las gamme b i
515 o e 4 g3len Il 5 Ll s

5l slid (S, 5 Jold baegss 8T Jshe (5350558
Loolen Jolofls Joss da plaal Jolo s LS5
oias gk sl s b e LY Lzl lad S s
G oaws 5l JS05s JHs 5 plid lasads  Jl bw s
g e adgl Slae sl LSLS @ amD 5o 5 Ak e aslal
TV s e s sl lap skl & el s 5 85k 51
S ol SU L oledl lis b ap s b plesl v sa
£emV0e k3 L) 581 Olgea 1y alme 5 LSS5
L g oo 4 S e 3151 ol s o sa (a5l

oS lad Sse Gk Sl ek S sladde Lo by S)
Glie oy LpsssSl 5l an ol Jolad LUK 5 o
Lol 8 I3 dile o B b5 51 ey ociSTanl e
b 3 Lesis Sl Gile i Als el ok S glad e
NS L U5l 4 il g s T alaly b ol plisl T
Slr 5530 Oty 30 55w 5B 5 5 st g Son 2550 ol
el ok ols b 0k S e b baesss ST g5l S
Sl ladsbe 3yse 53 (Sidnd plesl anlp
oo s S Ol 5 LSL o Gloys Cusl Sl (s
Lpd e S 0 (S5 s glas Slas sl e

5 X S lablil 5y suds OS50 s S
ol Il Sladlas 515 1) (ghlew b iy s LB
il slacanl (gl bapsssS1 Gl 5 el slaaix 3
o (ool 5 Ja 1) sl pe asils dies Satow

Tehran Univ Med J (TUMJ) 2023 October;81(7):486-94

http://tumj.tums.ac.ir

Sl s SN sl Sy pde 3 LapsissSl Sys
e B OWlsl 5 lae- AU S gie
el Cenl

RNA ey ol (BV) poss581 JSss S oS5
mfae WV sy ol slye sl 5 DNA
A Wl oS5 3 i 1111 s mRNA YE+A miRNA YATA
by s55355) S diml ol e Sl Sl sk esls
s slize a5l L b bad sl sl

(2lis s 5 JUED Glagds s b el s
ISl sl s MHC o St ladsSye daos s
#3338 ol St hd bl e lacSs 5 ke
ol Ssd uisn ALG2 (ALIX) Ll X (pls s lites
byl 5 5 (TSGL0L) Vo) | 5e 55 Cgulem 05 ((HSP 70) V-
Lﬁr)}j;\ 2 s chkle L (CD 8 4, CD 81 £D 63 (CDY9)
Tlers plubis

sl Gy ey Sl K Olgea gl ooplpesdle
SdsSe 5l o e Lapss S S o Jes 5555
YR {F I P LV Pt RV PPN U PP W PN - R W |
"tz ol 5 (LBPA) Jg s gl

Wil S Jlil glad ;S 5 SIploe sl sl 51 1
MIRNA (s MRNA (&5l Lag 355581 da3lS s 56 s
55 2bskS e DNA 5 (NCRNA) oSS 2 sla RNA
SIS 5 gladlsl g sl Sl a5 BB s T LS 5
o2l o MIRNA 5 MRNA Lo 55551 55 e Lol

6 sl $oare ok S W Gl 5 pleasis
el Gl S e S L s Wl Sl Ly
Wl bl b bl b Jole S oy mbe Sl bapsssS)
Al o Sty (S50 50 5 (S Dlo ot il

Lle 2,8 sl iy b b LIS e ol 4 S
QLS iy Bl Al 0 el A1)
bl Sl il Bl 31 gley S 68 g
Cogon edidld gbadile el e (e e ib
5 Ul oS a8 Jls S e ST 5 bl

E,ls s ulre

S e el )


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

OllSas o sl Ji des £AA

5 Ll s 5tz olame s ladS5s Leesss S
S eddGrte sbaesssSl MLsd e il 00 il Slule
(Mesenchymal Stem Cells, MSCs)  o.2il5e (ool slad sho
Az Sl VU el Sl e 5 Sl ey e
Slule S5l bpsss ST @ilulir o S gl e sl
S Gria Gl sssSt 5l e b Olaasas 04 il
lad game 353 o eslial (e O Oleys gl MSCs
Ll 5 Jsheiss 23w MSCs Sl el e 055555
6[.&(:))')){1 SdS @m s o 0L Gus glacsl L
S Olialiae Jold penlilze ool ladshe 51 sddGnie
=l s el sl Ol sladshe i glde o
sl Sl ghls MSC Lize b glapsssST Ausly o S5 petal
45 gl s CD 73 5 CD 44 CD 29 il Jslo o
S5 Alm (it s s 03 S0 Sl s Sl
S e 3L BL e gl 5 Jellsss ST el ks
2% Do A5 VYV 6 semme 53 (o555, Jbsin e G 0
S A e Olgialzae 51 MSC 5l Gt 6‘-“;’)));5‘
Gl samme 53 s, (23S gla, S 3 g sa Oliioes
Slapsis St 4 o Susmalmle GlapssssSt s e sssS)
A o ools e 5 2l las 2 s Ol il ae Sl edd Gt
s gl rss cilis el dlap s s ST L (Sl s
5okt osn s Wl Jes Joe & bapginsS) b oy
513 e s Lo osls 0L T (55, She gla sty
G ol S 5 A8 53 T LSk s bl (IV) s
Jola il gl e maS be Gy ol ke e
A eslinad Gie glacaal 5 B 5 Sadl s (s sl
5 Phhe ae kild s Ldee (IM)  Slae =
(SC) Sl i s 51 45 Iy 0355 oo eslial _dliae iISCul
wl Sy o SC L IM s 38 o oalial 5los 52
Ll 53 25 s e 355 0 ORI OT m 5 Gy 5 MG
Creutzfeldt-Jakob (g les 5 O siS5L ool T ASle 5515555, 5
bl St 0> rose Jos Sl Gl el Sl =)
boks,e ladleys 5o iludlr 5 50 L) Sl 3580 ealina

Gliisn Ul gl cder s 5 S350 ol Jan s o
S gblr ik A8 0 S SHSL el 4 b
Golowr Jold Ll LT asits o3 S 5B Lap 35 55) ol s
s 5 S 5S e s e 1 bg e S slen (SR B0
GLls bapgsssSt Mt e by 5 AS @S (lan L el
SIS Alls bl flsl Gl Sl VU Jeily
anjj)fl Sy SO58L 508 Caenl S o Syl
e o il el s sl 3

e (3Ll (55 (Si 5 U 53 Aedida Sl 513wt
i B 3 Cole g (Sl Sl gl s S
olizal ol JiSU50 b 585 S Olgear LapsssSl S
Sl eddgnia ECVs s blaal 1) (S50 Slagal & L e
il oll oK s Cilshe gl 5 b ¢l
5l sl el BOVS ol Ll b o (ol ol e
g o Sl gan

Gl el gl bdsle 5l giie ECVs
Olis Slays 5 sl (Saus Laws pledlis csladss (Gl
S o Glnty I 2SS 5 5558 5 T s

2ok Gbde @ cad es5s 8l Gadsee (55
Gl dlosle S cal sld asie Gl 5 oL sy
doxr Sl dsbe wl o lalles b ki S5 ket s el
b b s 2SS el sespde by gladshe
g3l ol 5 biisie 4 Cond el Febpds daas
ks g e 3 diadite

A glacb EcVs  SUIGs (gl
Sl gl Sl glalie il 53 T ES > 5 Jplelsse
Lo oal S e dmse Gl 1 iS5 S Sl san
o2 3 s Ll e s pdiillanil 5 Sl 55 Lap s 5S]
Vs e ) ae Glagsle 53 Sy S

ol 53 Sler Oliims Ols 3 b l3TIS VY 6 same
Wkl WSl el edd o T il gla b
Oloys Sl 5 paseis oo Sl el eSS b oL
slolan 5 15500558 cdoie Lol w3 255551 5 e

ARGV PV SOV 3 PR e

FAF L FAS Y o,lai ) 0,30 ) Fo ¥ o i lid (S gl olCiils o Sy ouCiily aleo


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

¢AR sl Gots slaslosu s bap 55558 s (slacs sty i (55500

ol (Bone Marrow mesenchymal stem cells, BM-MSCs)
0Lz sl (ol 53 ASC (slap 35551 Glays byl o il
Ol sl e anilie (ol Jshor S5l i Laps5s581 cas o
B3 050l el ol e 51 i laesss St s SL
S s LS W sl 5 a1 Sl 55
ASC- JLS,5 il ool Jobe 5l Grie LapssssS)
2 Sxal A oma s sl B Jl 55 exosomes
S el b Vsl UBTMG ¢ dlispdS slad phe
el 580 Loy Gl gl sk 555 2 MSCs (slag 55555
e oSl edd 5158 ASC-exosomes (s Ol ssas
- invitro Lol & s o Sl Ol S35 2 S eds
5 (Mensc) oLl (Sasb mle MSC (sl 555551 .6,1s in vivo
GLOss 52 Cass Ady Esl 53 s BM-MSCs glep 5555
3 Sl 05,55 MSC-exosomes a5 Jl- 53 (Bl e 5 (5,53
bl a8 das o OLAS cpl g sk eyl UC-MSC-exosomes
e Sl Dl sl el Ko MSCs b ol
MSC (slapss5581 5 IPSC MSC (slapssssS1 il 5,5
Cimdl cow 35 & SM-MSCs Ll Jlssw slié
53 1PSC (slap 555581 Lol (idd 550 e s (OA) ool sl
S amils 6555 Gles i SM-MSCs (slapsssSt b anglie
S ol oS Ko kil ol ladshe anslis L asllas
L esia’S) obd 55l g 5V g ASCs i BM-MSCs
(AF- Ll S sealmle paniilpe o3k slad sho S o 515
35T BM-MSCS & o 5 bapgss 81 51 (5 2 5lie MSC)
s B Slllas b eies alis WJlogl b is S
Gl e slasis, b baul B b el & 5 el
G, L oBus al 5l ol oplpedle 7L
S Olomar otz o3k sladshe sln silueslel il
SlaessssSt & 55 e ety 2ms onl bl e S
Solize CiS 5 s S5 MSCs Lice 4 4ty ol oo MSCs
MSCs Liw wibe S5 5) 5 slacusles (ol by aas OLAS 5 55 3
Ay ol b glas S (sl b el slapsss ST LS s
el el assa ST laoleys ik ilsil Lol an S
LdsSo,Se 2hal S 5 (ISEV) Jsluz ) lad 55555

Tehran Univ Med J (TUMJ) 2023 October;81(7):486-94

http://tumj.tums.ac.ir

5> A Sllas (COVID-19) YoNA Ly S sy S S4en
oSl sdoel Gloss LS G Ol o35581 Olass i 5, 50
Yl ails 5y

o2 il ol sbadsle 55581 mlbe Ol isa MSCs
S sl MSC Wilg e Olia s ) (ki o ol
Al (dshe Ko gl @) ple oy a5 (S A5
ile oy Slule 5 sl 5l s i 51 015 e |, MSCs
(SF) Jlssom mle 03 QI (BM) Ol s o r il
Gla 0 (UC) Gluy (PL) cuis (AF) s ﬁ;J@u
55 st (WJ) &5 0555 5 (UCB)

sladse 1 W8 e prmen ol o3l glad s
(iPSCs) LWl o1y, goli adshe L (ESCS) wx (ool
o L 4 aey (el o3l gladsle Nss Jlas
ladshe Jold a8 oy ples lad gl 51 gilizs gl 0 Al 5 o
T O PR PNCSUNPR P PRCIA. PRI I PNCINIP SR - e
Ciloie glad sho 48 Nites el 0 S LS ol = (gl,1s MSCs
S s slad g wile 48 o @S 1) el slagealy 3 1S53
o diiS 5 bs Ls 5 s Juculs (a3l Sl dacn 5i) (DCs)
Sdshe widlS slaans Jsb 3 plal ol (NK) b
Slposh Sl dske LU S Ol el ool
4 Sl a3, e i glagssla

(MSCs L;Lafj)'}}f\ Shedd 518 b i Sldlas s
2 e e Ll golulas Calise glad /el 31 MSCs
o ol (YY) Cas/ Ol Sl (0)) BM Ol s she
51.010) 01, Ks 5 (JA) W iPSC L s ESC 3l sdigriee «(/\Y)
Lo anilpe o3l sladhe 5 Shas 5 s Ss 8 ls]
Lite olul » MSCs (glap 535581 45 ol oy e3ls (St el
SlapsisSl Slmlis Slallae Jl-cpl bl o slize MSCs
Qi hais 5 ool sy e T L L ulul, MSCs
allae Olea )3 1 ilza MSC (slap 555581 )03 35 Lol 5S
oriilze @by Jhe 5l Grie slapsssSt Ty S 4l
ol oo slacsl (Adipose derived stem cells, ASCs)
53 15 (A) skl Ay sS85 w5l sl 3 ke


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

OllSas o sl Ji des £4.

Olpsay lpd o eslinal Slayp)ls Glagiopw Olpea S
Olgeas 5 Lols 2,08 (S35 pleed SLS 5 ly o>
SR PR SRR PPNRTISE

S b Jols (S5 ol slaes,slp &S bl )
Slod waols SV s Olgea Lyl il o il byl
JL. 5 (Advanced therapy medicinal products, ATMP) 4 ..
o> Glaesysl b slaes S s 4 iy A gauadd YooV
5 et ol (S Pl e SO
T e ot 5 s

Sl pwlige 5 Slesa0) (Slosadsle DY pame foli oS
S asle S ol Naame e ATMP (glagle,s il
olial gl (oo ciS 5 oad, wb oK Bl
(SF Sl Sl gladshe Sl eslizdl S Silsen 2
ool b Y g (S 53 35 geelis 5 b glad e
ATMP 0l e, S5 ol 6,0 glad s 31 Sl Jlab 03
@k 5 lsates dghe ez Sl Jaes ol w8 S 5
e 3L ATMP Olgsa odd gduaib EVS ,ime slaole,s
W b oamlie 55 Cotlo dul 3 S s dpde Mg Gl
ATMP

LEVS Wy« loys sla EVS anw s (5l 5 EVS cuiS J =S
Quality &S JxS 5 o Wy sl b b s
QC .5l ol EVS 5 e (sladle )5 x5 (5l cONtrol, QC)
AR bl 3 0S5 Slalles sl ries ol
St sbdsSss Mallon el Lt ol g Sl
(International society for extracellular vesicles, ISEV)
Sl SladSss Sllas 6y L DSl glas somes
(Minimal information for studies of extracellular vesicles,
el sl slgliy MISEV2018 Ol peas ol slg (MISEV)
Olgzr ol y2s o5l Safety (MFDS) o S (55,05 5 146 <l55
Ll 53 Jeddlysies Olse LEVS Jle s N gams 1 1)
sbdsSis Slos D¥sams O3n ol 5 Gl kS
WoaS Gl Jold QC poms slajbne 38 iz Jolo )l
53 EVS lil 5 S PEl e Losks 5 S ol
s 33 Bl 5l eslizel MFDS 5 MISEV 2018 fasll sz

o2 e Jadll) s (ME-HAD) (g5le 5 sl 55 0555551 5
el 038 sl Ll eslital Cosl S w4 | asie
R N O I RELC [ NV PN U PV YRR I P 3
5 ek SIS (Ghlesl il L&))T@? Al h 55wl S ol
ol S Lss dls b eslad gl e ST ol
Gy ol glas ikl L EVS sl 31 Olg e el
Jss ponls b dudr Oleys o el eslanal Jloys glas )8
23S e oS ol el y A (53l bl (slas paly & e s
dpame e ;2-d-0s o)l Goledy osl amslisl
Sl eslizd gl (FDA) sl 5 136 Olasle dalisse g5
SWllasay 5L Lapss5581 FDA Gl 3l 55 sdomie VUl 3
5 dpame Go e b elar (LI 5 ml Jse ssba S o)
LesssSt ol gleoleys e o OLE 1) (olaw Oleys o3
4 5L 5 Lies (IND) Lo Slidss (50l anv s dl> 0 o
Lol WL olslls Fars 3 e ol Gl sl Al
5 S Sl Gl el sl & ol ol
My (GXP=GXP) las bl o 5 335, s
e s Slas/o s (o wislos WKalslo s
CwiSJ =S 5 Mg sl (GMP/GLP/GDP/GCPIGSP) | s
b LT bl a8 ol 3B O e3)ls 5L ab g e slacle s
TS s
5 ol S S 4 BVS (gilueslel osjls azes
NV pame Olgsae LpsssSl (CBER)  SCiglsm oLl
Sl & el gl ol T e 485 B (S5 s
Sgh e Jlesl LAC})')}?\ Sl Ad s ates ol OV g
LS o oalital Lo 555551 51 48 sa 5 STy SO e Ol ssn
058 Ol Gleys SlacmSls sl eddasl)l e e ol
Lol asols g5 EVs o Oleys o 3 ,Sas i 350
Slagyls Cou HEVS 5 st 0loys ISEV oy cpl 51 LS o oy
sdel oty gla0leys S o shuazas 5 ol b S5 s
Sladska 5l sdal s Gladleys @it SOl gladske
S sal sy (slallays (sl 5 05 ) (S5 e ks (5w
Olgeas & 05 il 5 b 55 odd 2ol Gladsher 5 Lapss555)

FAF L FAS Y o,lai ) 0,30 ) Fo ¥ o i lid (S gl olCiils o Sy ouCiily aleo


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

€43 sl Gots slaslosu s bap 55558 s (slacs sty i (55500

5 (ALG-2 Alix) L SOl s k5l o SGT (CDBL
" (TSG101101) sl 05 53058 (s 2
Alix , TSG101 D81 (D63 D9 .ile _slaipeis
T 5 35d 0 4o s apsss 1 sl ool sla SOLES Ol e
T s L glad g bl 53 W35 58T 51 o8 St
Lo plenl USC35 s TSGLOL 5 AliX Ogm el posdle

J?" (Multivesicular endosome biogenesis, MVBs) d&;\ijj
bl L 5l olem [ lien Wi nl spdm ites
=Saes sty Blus QC gl ol (5)5 0 LapsssS)
i 355 aeo 5 Wesss S| 53 ids p nl paskis ¢l 5
A Sragplagls SIUT 5 (ELISA) w31 b ad e iy pon g s
AR gelCilesl s GMP L plas oo Lens (gl plis
Aes Conlie 0500

Glelalsl 53 glos i8S b O Owy 4 S
GoloseS OB blra gy ol (el sl slinad _alKiils
Tl 3 pdon iy el 5 il

Fao S ol QC lp Sl e S EVS ol
4 ooy glacans 8 cul EVs o ool gl o esla
Syrsede LS o et o3 w RNA L W w0l el
GRP94  AIC oV el siemn A5l o Jok Il (slacnnss
s € (CYCL) o5 552 GM130 (GOLGA2) (HSP90BI)
ol 055551 L EVS (osht s sl e slasbas 1S
Sl a3 ke e Msa LapsssS1 s bioeis g ol
o 5 koS ) dols sla el st e
SU et sl ge Sl Sl sl bl S e s S g ST
P g el g5 58

3 e L5 Aol Jsame QC s LLEVS 5l (sheies o
2 S sl bl Glaal gl 4
e Dol gla e sl eslinal Al glaelKislesl
XS o gt Ok s 53 EVS LIS S el QC L
(FDA) samzec VLI sals 5 1 Olojle sl ol Sbelis
05 5 Sk SN gz gl 1) o0 Slacend 5 anlie o3lizud
MFDS 5 MISEV2018 (sla fenl, sz ™S o apm 5 Slass

A8 4o 5 HLEVQC (ol udd o 3l eslitul ioean

Tehran Univ Med J (TUMJ) 2023 October;81(7):486-94

http://tumj.tums.ac.ir

1 EV Jldis S o 4o s EVS s cpas gl 1y sl
L RNA L Lt dapds, JS s g, Seslll L olg e
ol Lot LS adsS0se ol aen SIEVS 15 o5l casa
all EVS obys slaws sy 55 Sledbl ool Lods g,
3750 D3 Il 5 ol (6 S eslil (sl By e S g
Mg s dex 51

sesls Wb i ((Nanoparticle tracking analysis, NTA)

ol 6l b

Solus,s  Sasl, 5 (Resistive pulse sensing, RPS)
NTA S5, 53,5, (Dynamic light scattering, DLS)
S sl SSm oba, LIy s sl s sl NTA Ml
C323 g SINTA Il b kS o pmns o Jgloms s 3
NTA (plpesdle ol Sla, g5 5 odS, glaaises <lp b
plate s glaals asle &30 L 511, EVS Wlg e
LS e
EVS &S ol 0l b me il 53 NTA (sl el |2
s e a1y ol glagsl ml b can b Lol il
baggusls .ol 55015 S Sl Oloman (Jl-pl L EVS conS
S-S Jsb s s wVle Wledd boae Ldx oyl
olal (5558 olesl S S 50 (5 e st 58 AL ISEV
Srassld 5 ()5S ostd L ExoCounter hin.

YV-Yo -

SRR

Jsb sS4 GMP L DB YlS el anw s 4 S
e BB 03 sl 4 5) S b8 as e ol i
el gmas g3 a spd adls y Sosp okl 53 EVS CoeS
Sl oslie gy 93 8l 5l eslezwl MFDS 5 MISEV2018
A8 o a5 EVS lde s

laded o IS Slie Lgﬂfa)'l.ulb'()\}:da I, EVS cuS
S b Sse ool aen SIEVS |5 sl csey W RNA L
EVs C)b} Sl b)}ﬁ BE L}wa\ ch?-u.:‘ L cuulj) U’-’-‘ J..':\o.,\.l'
3 3l g Seslll gl DUAed 33 Ry e S el
t(NTA) ub.)j.rl; JL.’)) J?(}rjjé._v‘)?ﬁ 4.1.‘».9- )\ [38 Vo900 Y ub; e)].b‘

EVs L &5 ol ol di)l)_f [EYye Cly\ « EVs o
CD63.CD9) LAU,:JL:.»\JJ o Bl ‘Lnrj)jjfl o 94 (Al Ja.,.;ja


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

Pestehei S.KH. et al. say

osba 05SIMSC (slapsss 81 ol Dl L (5 S et
Glp dobe Oob glalls e b Olgea sles S
Llodd a0y Sllcas glaglas

sprs Wpsss Sl 0dd o 53 o3l gl Al or jsa
b oS op elie 53 el ool slad e S ke )l
e 5 elie ey L el ool slad sl ple
€3 55 #b gd iy J il bp s 81 CldS 5 SaeS
FDA L.y jlasls s oLolL Aub (sl L MSC Sl s J sl
Cxs 3 (8355 & Mg e 55« Susp sdul L3 edeute YU
Ly plesl o g55 53]

ol Slastie 5 las Shae Lol L sla MSCs 5,8
G5l Kl Kae (Jsans MSCs L aslio 55 alis
el sn (S3lucls il Il MSCs W5 sl sl
)l Lt SIS ey asly K el Kas MSCs slag 555551

s

References

1. Mehdizadeh M, Ghiasi M, khatib shad L. Development and
Application of Mesenchymal Stem Cell derived Exosomes in
Cartilage Tissue Repair. Journal of Military Medicine 2022;24 (5):
1319-1329.

2. Vlassov AV, Magdaleno S, Setterquist R, et al. Exosomes: current
knowledge of their composition biological functions, and
diagnostic and therapeutic potentials. Biochim Biophys Acta 2012,
1820(7):940-8.

3. Van Niel G, d'Angelo G, Raposo G. Shedding light on the cell
biology of extracellular vesicles. Nature reviews Molecular cell
biology 2018; 19 (4):213-28.

4. Momen-Heravi F, Balaj L, Alian S, Mantel PY, Halleck AE,
Trachtenberg AJ, Soria CE, Oquin S, Bonebreak CM, Saracoglu E,
Skog J. Current methods for the isolation of extracellular vesicles.
Biological chemistry 2013; 394 (10):1253-62.

5. Carnell-Morris P, Tannetta D, Siupa A, Hole P, Dragovic R.
Analysis of extracellular vesicles using fluorescence nanoparticle
tracking analysis. Extracellular vesicles: methods and protocols
2017:153-73.

6. Liu JJ, Bratkowski MA, Liu X, Niu CY, Ke A, Wang HW.
Visualization of distinct substrate-recruitment pathways in the
yeast exosome by EM. Nature structural & molecular biology
2014; 2 1(1):95-102.

7. Buschow SlI, Van Balkom BW, Aalberts M, Heck AJ, Wauben M,
Stoorvogel W. MHC class II- associated proteins in B- cell
exosomes and potential functional implications for exosome
biogenesis. Immunology and cell biology 2010; 88 (8):851-6.

8. Clayton A, Turkes A, Dewitt S, Steadman R, Mason MD, Hallett
MB. Adhesion and signaling by B cell- derived exosomes: the role
of integrins. The FASEB journal 2004; 18 (9):977-9.

9. Masyuk Al, Masyuk TV, LaRusso NF. Exosomes in the
pathogenesis, diagnostics and therapeutics of liver diseases.
Journal of hepatology 2013; 59 (3):621-5.

5 g S B L ol LU Olgea gldls
Cbows bug cul sdd el Ol &S Hsbola g
Shedel csts b glaosls 315 J xS L L b a8l
riw\aﬁwﬁﬁjédsﬁjjmdwﬁﬁ&}
oals QL plandsn 5 (S5ds bt I ol
bl TS e s Lo 55551 L EVS o5 o Wil
S sl el 550 (s Oloees s EVS CoaS puns oS
Gl ol ol sl Ll el S8 i
e S VAS oo 1y EVS s 5 o3 Jalgt atesaanus
S allely Lol (sl MOA G jme L Jlol oyl (gla i
Aot b S plecdse sl fss Lol D80
ey b slge plalis s IS0l Jdsay sl T slad sl

J.:.LE.? WJle Q\jﬂﬁm G )\},\ib EVs oy J}A}:A BE éjilﬁ

AELST Sk o Lo s 3 sl el slagal,

y-rao (A
ey )j,w}

10. Zhang B, Yin Y, Lai RC, Tan SS, Choo AB, Lim SK.
Mesenchymal stem cells secrete immunologically active
exosomes. Stem cells and development 2014; 23 (11):1233-44.

11. Bunggulawa EJ, Wang W, Yin T, Wang N, Durkan C, Wang Y,
Wang G. Recent advancements in the use of exosomes as drug
delivery systems. Journal of Nanobiotechnol 2018; 16:81.

12. Jan AT, Malik MA, Rahman S, Yeo HR, Lee EJ, Abdullah TS,
Choi I. Perspective insights of exosomes in neurodegenerative
diseases: a critical appraisal. Frontiers in aging neuroscience 2017
Sep 29; 9:317.

13. ClinicalTrials.gov [Accessed on 23.07.2020. Awvailable online :
Ihttps://clinicaltrials.gov/ct2/results?cond=exosome
s&Search=Apply&recrs=e&age_v=&gndr=&type=&rslt

14. Ha D, Yang N, Nadithe V. Exosomes as therapeutic drug carriers
and delivery vehicles across biological membranes: current
perspectives and future challenges. Acta Pharmaceutica Sinica B
2016; 6 (4):287-96.

15. .Sengupta V, Sengupta S, Lazo A, Woods P, Nolan A, Bremer N.
Exosomes Derived from Bone Marrow Mesenchymal Stem Cells
as Treatment for Severe COVID-19. Stem Cells Dev 2020; 15; 29
(12):747-754.

16. Katsuda T, Tsuchiya R, Kosaka N, Yoshioka Y, Takagaki K, Oki
K, Takeshita F, Sakai Y, Kuroda M, Ochiya T. Human adipose
tissue-derived mesenchymal stem cells secrete functional
neprilysin-bound exosomes. Scientific reports 2013; 3 (1):1197.

17. Del Fattore A, Luciano R, Saracino R, Battafarano G, Rizzo C,
Pascucci L, Alessandri G, Pessina A, Perrotta A, Fierabracci A,
Muraca M. Differential effects of extracellular vesicles secreted by
mesenchymal stem cells from different sources on glioblastoma
cells. Expert opinion on biological therapy 2015; 15 (4):495-504.

18. Lopez-Verrilli M.A, Caviedes A, Cabrera A, Sandoval S, Wyne-
ken U, Khoury M. Mesenchymal stem cellderived exos-omes from
different sources selectively promote neuritic

FAF L FAS Y o,lai ) 0,30 ) Fo ¥ o i lid (S gl olCiils o Sy ouCiily aleo


https://tumj.tums.ac.ir/article-1-12720-en.html

[ Downloaded from tumj.tums.ac.ir on 2024-08-16 ]

£ay

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

An overview of future developments of exosomes in cell-free therapies.

out growth. Neuroscience 2016; 21:320:129-39.

Zhu Y, Wang Y, Zhao B, Niu X, Hu B, Li Q, Zhang J, Ding J,
Chen Y, Wang Y. Comparison of exosomes secreted by induced
pluripotent stem cell-derived mesenchymal stem cells and synovial
membrane-derived mesenchymal stem cells for the treatment of
osteoarthritis. Stem cell research & therapy 2017; 8 (1):1-1.
Villatoro AJ, Alcoholado C, Martin-Astorga MC, Fernandez V,
Cifuentes M, Becerra J. Comparative analysis and characterization
of soluble factors and exosomes from cultured adipose tissue and
bone marrow mesenchymal stem cells in canine species.
Veterinary immunology and immunopathology 2019; 208: 6-15.
GMP guidelines. [assessed on 28 July 2020]. Available online
http://ec.europa.eu/health/ documents/ eudralex/ vol-4/index_ en.
htm.

Clinical Trials Guidelines. [assessed on 28 July 2020]. Available
online http://ec.europa.eu/health/documents/ eudralex/vol-10/index
en.htm.

EMEA/CHMP/410869/2006. Guideline on human cell based
medicinal products

REGULATION/EC/1394/2007. Regulation on advanced therapy
medicinal products.

Cell and Gene Therapy Products Division, Biopharmaceutical and
Herbal Medicine Evaluation Department, National Institute of
Food and Drug Safety Evaluation, Ministry of Food and Drug
Safety Guideline on Quality, Non-Clinical and Clinical
Assessment of Extracellular Vesicles Therapy. Products. 2018
Auvailable online www. nifds. o. kr/brd/m _15/down. do? brd_id
=167&seq=12625&data_tp=A&file_seq=1(accessed on 13
December 2019).

Van der Pol E, Coumans FA, Grootemaat AE, Gardiner C, Sargent
IL, Harrison P, Sturk A, Van Leeuwen TG, Nieuwland R. Particle
size distribution of exosomes and microvesicles determined by
transmission electron microscopy, flow cytometry, nanoparticle
tracking analysis, and resistive pulse sensing. Journal of Throm-
bosis and Haemostasis 2014; 12 (7):1182-92.

Danielson KM, Estanislau J, Tigges J, Toxavidis V, Camacho V,
Felton EJ, Khoory J, Kreimer S, Ivanov Alexander, Mantel PY,
Jones J, Akuthota P, Das S, Ghiran I. Diurnal variations of circu-
lating extracellular vesicles measured by nano flow cytometry.
PLoS ONE 2016; 11(1): e0144678.

Nizamudeen Z, Markus R, Lodge R, Parmenter C, Platt M, Cha-
krabarti L, Sottile V. Rapid and accurate analysis of stem cell-
derived extracellular vesicles with super resolution microscopy
and live imaging. Biochimica et Biophysica Acta (BBA)-Molecular
Cell Research 2018; 1865 (12):1891-900.

Kabe Y, Suematsu M, Sakamoto S, Hirai M, Koike I, Hishiki T,
Matsuda A, Hasegawa Y, Tsujita K, Ono M, Minegishi N. Deve-
lopment of a highly sensitive device for counting the number of

Tehran Univ Med J (TUMJ) 2023 October;81 (7):486-94

http://tumj.tums.ac.ir

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

disease-specific exosomes in human sera. Clinical chemistry 2018;
64 (10):1463-73.
Gorgens A, Bremer M, Ferrer-Tur R, Murke F, Tertel T, Horn PA,
Thalmann S, Welsh JA, Probst C, Guerin C, Boulanger CM.
Optimisation of imaging flow cytometry for the analysis of single
extracellular vesicles by using fluorescence-tagged vesicles as
biological reference material. Journal of extracellular vesicles
2019; 8 (1):1587567.
Stuffers S, Sem Wegner C, Stenmark H, Brech A. Multivesicular
endosome biogenesis in the absence of ESCRTSs. Traffic 2009; 10
(7):925-37.
Lee Y, El Andaloussi S, Wood MJ. Exosomes and microvesicles:
extracellular vesicles for genetic information transfer and gene
therapy. Human molecular genetics 2012; 21 (R1):R125-34.
Butler TA, Paul JW, Chan EC, Smith R, Tolosa JM. Misleading
westerns: common quantification mistakes in western blot
densitometry and proposed corrective measures. BioMed research
international 2019.
Center for Biologics Evaluation and Research, Food and Drug
Administration, US Department of Health and Human Services.
Guidance for Industry, Potency Tests for Cellular and Gene
Therapy Products.Available online www. fda.gov/ Biologics
Blood Vaccines/Guidance Compliance Regulatory Information
Guidances/default.htm (accessed on 21 December 2019).
Willis GR, Kourembanas S, Mitsialis SA. Toward exosome-based
therapeutics: isolation, heterogeneity, and fit-for-purpose potency.
Frontiers in Cardiovascular Medicine 2017;4: 63.
Pacienza N, Lee R.H, Bae E.H, Kim DK, Liu Q, JProckop D,
Yannarelli G. In vitro macrophage assay predicts the in vivo anti-
inflammatory potential of exosomes from human mesenchymal
stromal cells. Molecular Therapy-Methods & Clinical Develop-
ment 2018; 15:13:67-76.
Pacienza N, Lee RH, Bae EH, Kim DK, Liu Q, Prockop DJ,
Yannarelli G. In vitro macrophage assay predicts the in vivo anti-
inflammatory potential of exosomes from human mesenchymal
stromal cells. Molecular Therapy-Methods & Clinical Develop-
ment 2019; 13: 67-76.
Conforti A, Scarsella M, Starc N, Giorda E, Biagini S, Proia A,
Carsetti R, Locatelli F, Bernardo ME. Microvescicles derived from
mesenchymal stromal cells are not as effective as their cellular
counterpart in the ability to modulate immune responses in vitro.
Stem cells and development 2014; 23 (21):2591-9.

.Gouveia de Andrade A.V, Bertolino G, Riewaldt J, Bieback K,
Karbanova J, Odendahl M, Bornhauser M, Schmitz M, Corbeil D,
Tonn T. Extracellular vesicles secreted by bone marrow-and
adipose tissue-derived mesenchymal stromal cells fail to suppress
lymphocyte proliferation. Stem Cells Dev2015; 1; 24 (11):1374-6.


https://tumj.tums.ac.ir/article-1-12720-en.html

menthiy

I [ ) IVI | Tehran University Medical Journal, October 2023; Vol. 81, No. 7: 486-494

Review Article

An overview of future developments of exosomes

Seyed Khalil Pestehei M.D.,
MPH.!

Mahdieh Ghiasi Ph.D.?*
Seyed-Hassan Emami-Razavi
M.D.?

1- Department of Anesthesiology,
School of Medicine, Imam
Khomeini Hospital Complex,
Tehran University of Medical
Science, Tehran, Iran.

2- Brain and Spinal Cord Injury
Research Center, Neuroscience
Institute, Tehran University of
Medical Sciences, Tehran, Iran.

*Corresponding author: Brain and Spinal
Cord Injury Research Center,
Neuroscience Institute, Tehran
University of Medical Sciences, Tehran,
Iran.

Tel:+98-21-66581701

E-mail: mahdieh.ghiasi@yahoo.com.

in cell-free therapies: a review article

Abstract Received: 30 July. 2023 Revised: 07 Aug. 2023 Accepted: 17 Sep. 2023  Available online: 23 Sep. 2023

Human mesenchymal stromal cells are multipotent cells capable of differentiating
into the mesenchymal lineage that can be isolated from bone marrow and adipose tissue
or from umbilical cord blood and fetal tissues. Among the widely characterized in vitro
properties, MSCs show strong anti-proliferative and anti-inflammatory effects on
immune responses Exosomes derived from mesenchymal stem cells derived from
different tissues are promising cell-free treatments for tissue damage repair. Exosomes
serve as a potential portal for cell-free drug delivery systems, as these drugs possess the
properties of the parent cell from which they are derived. Extracellular vesicles (EVS)
play key roles in cell biology and may provide new clinical diagnostics and therapies.
Exosomes, called extracellular vesicles (EcVs), are present in almost all cells, tissues,
and body fluids. They contribute to intercellular signaling and maintain tissue
homeostasis. The biogenesis of exosomes starts in the endosomal system. Researchers
have identified 9769 proteins, 2838 miRNAs, 3408 and 1116 lipids present in exosome
of mRNA cargo. Isolation of exosomes from cells, tissues and body fluids follows a
different pattern. Exosomes interact with receptor cells through their surface receptor
molecules and ligands and are internalized into receptor cells through micropinocytosis
and phagocytosis. This varies depending on the origin of the EV, its physiological and
pathological state, and even the exact site of cellular release. The composition of the
protein inside can also indicate the presence of disease pathologies such as cancer or
inflammatory diseases; However, exosomes also contain a number of common proteins
as well as proteins involved in vesicle formation. Advanced technologies in
regenerative medicine have caused researchers to use exosomes isolated from
mesenchymal stem cells (MSCs) with high regeneration ability in diseases. Exosome
cargo plays a key role in diagnosis and treatment by controlling the disease process.
Various studies in laboratory conditions have shown the effectiveness and therapeutic
potential of exosomes in cancer, neurodegenerative, cardiovascular and orthopedic
diseases. This article describes the therapeutic role and potential of exosomes derived
from mesenchymal stem cells, as well as the necessary precautions for their processing.

Keywords: exosome, isolation, mesenchymal stem cell, tissue regeneration.
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