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Abstract

Despite significant advances in the prevention, diagnosis, and treatment of cardiac diseases, this
condition is still considered one of the major challenges facing the global healthcare system. According to
the World Health Organization (WHO) statistics, cardiovascular diseases (CVD) are among the leading
causes of mortality worldwide. It is predicted that in the future, due to population aging, urbanization, and
lifestyle changes, the mortality rate from cardiac diseases will increase. Current pharmacological
approaches only extend the lifespan of patients without providing cardiac tissue repair. In the advanced
stages of these diseases, apart from heart transplantation, there is no curative treatment available.
However, due to limited suitable donors and post-operative risks and complications such as graft
rejection, primary graft failure, and common infections after heart transplant, transplantation is not always
feasible. Stem cells have created a wide range of hope in the world since their discovery. With increased
research on stem cells and cell therapy in recent decades, researchers have found that utilizing this
innovative therapeutic approach can increase lifespan and improve patient outcomes. Various countries
have invested millions of dollars in the application of stem cells for treating various diseases in recent
years. Embryonic stem cells (ESCs) have great differentiation potential, but their medical application
faces severe ethical and religious constraints. The identification of potent induced pluripotent stem cells
has revolutionized regenerative medicine. These cells possess all the capabilities of embryonic stem cells
and can easily differentiate into cardiac myocytes. Furthermore, the paracrine effects of induced
pluripotent stem cells (iPSCs) and extracellular vesicles (EVs) secreted from these cells in regenerative
medicine have garnered significant attention. Among extracellular secretory vesicles, researchers have
focused more on exosomes. Exosomes are vesicles ranging from 30 to 100 nanometers that have a plasma
membrane-like topology and can enter target cells and deliver their cargo. Cardiac patches are a novel
achievement resulting from the integration of tissue engineering and cell sciences and are used to improve
cardiac injuries. Cardiac patches consist of a natural or synthetic scaffold designed to support and restore
myocardial tissue following injury, and they are implanted into the heart tissue. The primary approach to
using cardiac patches is to provide physical support to damaged heart tissue. Nowadays, the combination
of cardiomyocytes derived from potent induced pluripotent stem cells along with biocompatible materials
and growth factors has created specialized cardiac patches capable of precise delivery of many cells and
minimizing cellular damages in vivo conditions. This review article aims to explore the latest advances in
cardiac regenerative medicine through the use of cardiac patches, induced pluripotent stem cells, and
exosomes derived from them; as well as to assess the challenges ahead in cardiac regenerative medicine
using the mentioned items to alleviate and improve tissue damage to the heart, and ultimately provide an
overview of new perspectives for future research in cardiac regenerative medicine.

Keywords: induced pluripotent stem cells, cardiac patches, exosomes, tissue engineering, regenerative
medicine

J Mazandaran Univ Med Sci 2024; 34 (236): 158-176 (Persian).

Corresponding Author: Mohsen Ghiasi- Rajaie Cardiovascular Medical and Research Center, Iran University of Medical
Sciences, Tehran, Iran. (E-mail: m_ghiasi@rhc.ac.ir)

158


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

o)l (S i) yee— L coals dilba_ ) as

(10A-IVG) 11l gl joseid PG d)leid @)les § (W 0)9s

5aliis sloygl 215 uls isku jb S jy 2 (g Lo yig)
Lis sloy 5j8)giSi g lmpg jg ol (alall lgip

' s Lo e
d3uS>

S Ol s 5lan nl 5 ol Slacsslos Dloys 5 Gt o6, Ry 53 ;R Slald iy ok

B Lo sl (g Sle Olojlw sLajlel olal 033 8 (oo O summe Slezr Sl pllas Lol (sla 2l
20T sladbe 53 45 355 0 g Ny Do 4 Ol ol 53 a5 85 e ol ge 0 e 31 SS (B30
213 S8 S g5 bl S I8 Sl 5 (536 e 5 08 0 LT (Faij o o8 5 22 g5 (Cmar (6 5y 45
La s slos ! 482 o jo 53 Lol god syl (5 3L 53 pen 5 Lol cdas o L2l 531 1y Oyl ae Jsb gt 5 5 50
Ol s g 6l 5 cmwlie oS dal 5 guowe sldad s 4 Wgs ol il syl s o g Gleys (B8 Wgy Sl 8 4
SUad g e ) B e B g ) ey s Sl phe 5 s sl lsl i 35 A5l fos 31 e
lad sl g5) Sl 21500 L el 03,557 552 5 Olgzr 53 1) Sls13 sl S5 ol 4 b g luliss 0l 51 ool
L1 or e SLays 5,555 ol Sl ealiel 4T Wik s 4 ol 4 e | ans L 3 Sleys Jshe 5 (g3l
3 208 s 53 Y5 a0 shn ol ladl s Cialiies (lay 528753 ,8 O )lows 35 5 yos Jsb 2l o o
2l 53 YU sl SUIS (e ool glad sk iles Sy o Calises oo slan 0Ly sl 0l slad sh
G gln oluls .ol arlge cuids ade 5 SN Glacusgdons b o lol (Ko 55 LOT 5,5, bl eyls
1 s 63k Slad sl S blB plos lad sho )3 s0d sl gLl (ST ain) 53 BT 1 0155 (6L
Ol 55 1 ol lad s (1 STHL Sl ol osdhe il 5l (o Glalmsen 4 Ll 5 o0 (s 4 5 i Ll
33l B 5 3k 5 3550 o (Ll (K 53 s pl Sledd i 5 Sk )l sS55I
L olad 58555 Lapsis STl 035 5 baps5s 81 a0 01 Kty ar 5 o J ko ol (o 5 sl d 58555 Obe
5odd Coda (slad gl 3,05 Al o 5 il olemadly (LiE 4 (550 5 45 A gl Ver B Y ol
odal 352 g3 Jsbov psle 5 3L i Gl 514 o 5 sl (B Slagmy ins o 1 5 5 slad) sams
Soa b 7 b 5 b oyl 6 1 (B sl L8 o 15 e3linal 3550 (I (SlacanT 55 slites 5 o
5 Lz S oslinal (ol 5 S5, 5 oo axBlST I8 L (595 T I3 40 BB 5,08 g0 31 (5Ll 5 o les
0155 5 ool Glad sh 1 e (SbTms 500 52387 S5 035 0l el B (Goutys T L 51 (S50 e
G823 o oUlg & Ll s S ol ) Glos s ol Glage ) sla, 556 S5l 5 g ol an
4 ol ol SO (6590 dlie opl 55 . yls 1y (S04, dul s 5y Jske Sl gley JBla 4 5 ad b 51 (6 ks
Ol 5 sl slad s (o8 (slagm Sloslinal G b 51l s lal (S 05 53 bl b op Sl ()
S5 S3) She bl (LSl 43l e il alis i en tb als QT;\d;;méur}jjft,@wl
L Lolg 55505 g 5 S5l 4 0l 315 SlaaamT 35 5 Uil Cogar 0kd S5 3,050 5l oslial 5 5 sl
il S el e T sle e ol 2 B oLl (SKa s 55 iy e gl il 1 ST s oS 4

b (K (3l tige cp 35 8T (ol o o oW 015 53l (slad gl 153405 s 0l

E-mail: m_ghiasi@rhc.ac.ir b g B e 5 B ey 5 Glaies (55 5eT sndl (e jae (5 OLLs Ol — ol e igiue —ilge

Ol g8 Ol (S psle o8l ¢ gl g Gip0 5 o oy 5 (U (25 5aT S o alry g B30 5 BB Dot S e ylistil )

Sy o e ol ¢l s g B0 5 B oy 5 Sl o 50T S e ale s s B 5 B Dl S e ¢ J S ge 5 Sk (650 s (5155 Y
Ol pl ol Ol )

VXY D i VPN Sl g gl 6 AR IS I

109 1€ jou3 « PG 8)Laids «@)led § (0 8)93 ohsjls Ak} eolc oGRSl alss


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

3B (slopy 57606355 § Lo@0)6)3) (3B g3 (S3Liy Sladolw slS

Ol gl iz adeor i Calis (sla3L, 5 Laplot
33 Ol 0ds 5,155 g s 3 (o9 a
2l slad b ) o3l lad sw Ol 55 (0 iy %5
L 55 5 olws 255 Sl aS il (o) wdly
Glaaias 5 laoy 5 4 0l ooy dsho opl VL
taib $S s Ll 6350 gl ia il il
DLl Jsly bl 5 5 sl 1 015 0 IS
I 5SS 5 0l dizr (0155 5 0l Famen O e 4
Ol ol lad s .08-7V)s , S g ezl
3Lt Slad s dile daonn M S o ik
Liy b b «(Embryonic stem cel:ESCs) .o
(:LN" w ple gl o LaoT SNt EPX PR
odod ol 55 Y aw leds rie glad sla ¢ 5
o e ool Gl (S5 58 Sl
o sl o oo 0> 03,28 (sLa IS S
Oct3 A sler Ol 5 sloa S5l LI g5 Ol 5 sl yls
1) dzes SSEA-1 5 TRA-1-81 Sox2 Oct4
AN B L5 U5 e ok s 4
Oll> b sl ol 5l esleal Lal e oYU
Takahashi Y+ +% Jlo ;3 .(Y0YF)s 505 (glok g SMI
slad v 4S5 Wsls olis L sl (6l Yamanaka
o Gt Sla Dy b casdly e SalS” &Sl s
ol Gl Ol s o G s Bl slap e 3L )
s ool gbdsle glad sw alin plad
ok 5 £ 55 50 0l (Y9)3 903 Sdmn (5525 sl
hyleg S ol oS gy S st al, 0l Kiags
Sox2 OCt3/4  Jol 05 Hlgzr (220 s5ue L3 g 0313
O gen o 83 SLB ) $S 1 4S5 o C-MyC 5 KIf4
See § 520 4sbp 1y Al glad gl Ll 5 0 5 L 55 o0
Yamanaka s Takahashi .. LS (Reprogramming)
osliiusl g 99 55 3 ad shes sdes (6515400 1 ) slae @
3l slad sl 1y b gbw ol 05,8 (il s gos
(U (Induced pluripotent stem cells) Ll Ol 5

Thomson 5 Yamanaka s Jlw ¢S5 Les sl

doddo
U e 58 e s a0 5 B sl
o gmimn Ol S 3 55 Al &K Ol e
goa 3l Jolm 0T 53 555 o0 i 5 N5 o8
S35 B bl 0 e S s
b6 e (Y Csls dal s ol
S Sl ey Slaw 358 e Lol M saaS
uF Lgs oS das Ol 5 sl I sla olusb
o ol bl B g Ol ol (gl Slayo
B 5L OB wiSTIual 5 sudome sl s 4 B L
35 = 3 Jes ) e Dl S5 e
Chan 5 o o 5 S5 pie (N adgl olosbcLp
S V8 Cls S) (ol (s || 6
e AL 5 35 g Jals 1 La e 5 &8 0 S
95 B sl et Ol Cner
OF) Al o 21580 (Cardiovascular disease:CVD)
$I0 51 s oyl (LSS jal 53 358 oo i s
Yo¥e JLo U sy a0 Osdoo A 51 i a5 50 O s
e e KL 1484 Jle s (v L il )
William Haseltine ¢ gLl p 55 p ske ol ol A2
wé\,pjg;t\w,@su;pé@ﬁ@&ul
3 gladle 53 e F o o1y Laoj s o
Olsl o Cmnl Js s B0 5 b8 o lujl Sy
23 Sl GLaey S 51 6ok 5503 5 08,1 )
Gladsle L ool GlaundlS ) 635 » Ol
O )l S8 iy Jl 55 s g0 353,18 4 (65l
3Gk Ol 457 2505 5525 (63L5 Slacs 1!
el oSl (ol adom I 8 sLaslas
b alnbe lagsslen (b Glazm 5 Slas ley
Sl eslaul L 1, (Cardiomyopathy) S, s 03,5 5
L olag ol il (S0l b bt sl s34 5SS
5 Olads (V)sls 55 Joho Lsu b g {JLN ab
2 Ll (S ¢l p ol slad sl Sl eslizl

55 83,8k e slrpai s Lagolen S ok

1€ 10 )oa)gids « PG a)Laid «@)ga § ¢ 0)93

ohsjls Al el il dlas D)


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

1lSasb g 15ilsa baJlase

s & eSS é:)&n ool JTedsl LIl s o
0L Jgdn 45 Wl I8 sl sl S5 L L
53 Il LS VO B A - 0T (Young's modulus)
Ol g 53 (FOLLL azils Calae Sl Jswbis
s S i o ST Sbiol s Sl ol awe
5 LW 018 5 3k slad gl gy (san; > 43 S
o 8 Glag cpan 5 LOT 51 Gate slapsss S|
SISl 5 an S 53 i 8 2,005 O Ol
o S Al (ol o el sl LB aL
e 5 (8 Slagm Sl eslinal 5 Slass ke )
s bl (Sig ot T 5o s ol Slaiyss

L3S dal gl b)) se

b bl Sy 0 IPS gl sl 5,157
Gl oUls a8 5 g ol sead s gl
3l oo Sl W 5l e aloD Olul U8 L
2l lad g Olpe g A 51 ey (B lad b
SN PP B AU KRN P
Sl o Ol bly 53 S gn 23,5 (G5l g
()3, i B8 ladghe 4l Y004 Jlu s
S a8 e iy 151 (3daze DI K
B0l s ol sled g o i
Cardiomyocytes derived from induced pluripotent )
b s Shes 015 S 5L s (stem cells: iPSC-CMs
b PRl oy S 4y B o> T
okl I s 5ed lad ghos Il gy ol 53 (NS
5ol oS ([in vitro)el& iy b5 T Leoses 55 Hlaws |
LaiPSC o ol (50 Jam s Susly sl 51 e
g ol s o e s s 8 e s
g e 5 4Bl el Al e 50,8

(G i Y o)led p guad) Lgd oo 00ls
£ IPSC jleus Grie Glalom g 23,8 (pl 5l
Sl 5 oS gkl (J sl aa &S Ol

23 L o B Lus (oLl S ool Bl )

SLwliPS lad v w iy Ja s jsba
(Human induced pluripotent stem cells:hiPSCs)
=S 5 el oLl Gy b Ly sT 3 s |
s Nanog Sox2 OCtd o) o 5555 )5S b Hlez
e 63l glad gl alin o slw 4 (Lin28
slad CL..A ST AV LAS Sdoma (653 yaali
S5 esliul 5,50 IPS W) 5 Cgr 45 ¢SSloy
YAV Llazsls B b g Slasl cliie |71 Wil §
Sl W U5 5 ladshe a7 Conl ol jaduie
ol s 1y i ol glad s sls S5 5l
slaas¥ Jolw slaos; ol 4y usil 5 oo ad sl
Syl 8 lag (T d hAS
Sl o8l ool Ol e st 7 dizs (s
S wtige dilods a5 Shas 015 550
b Caliee slaslan 58 5 5 55 g jliee (S
(S Lol coslinal 35 3l e bl e )
B slag @l s (P O SOl 5 sleants
1S s (Sioe 5) el G S s
Oloys 4 S8 (g oSyl gl pjichy &S O oy
B slagm DLleaT ity (SO5 5 5 Gl
sialer Sda L gme b s (b ayls
6 B oSl T Iz 8 3518 031 (5Ll
(Myocardial infarction :MI) 5,5 s 0 557,20 5
LS.B&LA@)'\ o3kl js . Wsh o ailS LU (g4,
oS alas 5,05 00,03 552 Aol 5,05 53
3doe oy o T 3L 51 (S 58 Soles ol
S oS Ll 3,85 55 5 35 g )l o el 055
el ple b sl sladsw 5,555 onl o
Glmois sle b gbiaw b LS 5 5o b
PN 0 S 5 ol s ] 2l 4 fs o
4 g SIS gy e | Dlado
b L OT plal 5 8 mlaw 4 Ok 5k
Ll ol Gy Ol Rl -30 Ol e

éfl_ia(algxdlju;_&fg_@})sjl_:ﬁ:}ﬁw

191 1161 jou)e « PG a)laids «@)led § (W 8)93

ohsjle Akl eokc oGSl alas


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

38 slogy 5190353 g Lo0j0)S) @ a3y 53y sledglw spyis

a0 J

S bl GISEUSISN | Octs, Octd, KIS, cMyc....

“\.

S 0155 s sk

®

2 P10
78 Y

© Bl 35351 Gy fi
g~ "@D@hr = @

Wl sSes gl B 3 @t sbaessssS

S o> WOl sbed g

g._,.ls)élAiPSC)'\L;:,i'.»&\A(}j)}f‘j\a:u:.u‘ih?)gg._,léw‘uiPSC)‘é&iﬁéuwﬂ}ib)KJ_’i}wééw:d'ﬂ oslod g

Ly s S aie s A plonil 0 )LSs 5 Caspi
Sl A e b pe B 8L 4 ESC-CM
FN33,8 o M5 3508 g Jla5 5 Cunedi ) 6,8 e
35US ge S35 2 45 ;505 ladllln 55 6 5 s
ssde (FOUs 5 Al s ploil &) o v S i
A sls 0L O, LKea s Van Laake ¢l -
S LBl gyl b s b 4t ¢S 4 ESC-CMSs
003 55 oo i gz 3l oy BB 5 s 3 5 4 i
el 5 568, s DUl (655 2 Laigm
el YAV Jlw 3 48 o551 &S5 55 ol o3 S
5 Shas &l 5 oo Ll IPSC-CM i aeiin s §
G 2 OV 3 5 1) S5 5 0> T S
Qe & cpl ol ol ST YOVA dlu s 55 Sl
6ol d b aa) 534S ola) a8 5l S
el YAV b 55 Sl 315 plonil 15 (53 5 lasdons
eSo B 53 w8 (5L b )3 IPSC fily 5,
o A LS 1 o8l s I oLl T
33 r\e..gl Jb= 5 Olil 65, » Yoshiki Sawa

Sheded Gria o8 S8l ESTIL sladd g Sl p s o)

Lyl 5 5 b 55 WIPSC i eslizul adl . ds a & L
S5 313 ol er 4 o5 suses (IN VIVO) 5 0555
i 55 LaIPSC 3l eslinal gla 2l A )
Sl s 3,5 48 ol o) By 5 BB L
S ol A L3T Ll 5 55 s W g
J=o 4 ol 5 Lol sy 5 ey (Teratomas)e 551 5
Sl LAl 1 el 4l L gl d sk 3 525
S (I 5L 53 ealizal 51 S (gbaa gn 23,8
oA it 4 (oolgiin s OSSP g
9 S5 508 236 i Lo 3l 65lizel iIPSCS-CMS (s 5l
Sl 15 el 228 T3 g 5585 oS
05 tS Jaue 53 S5 I8 050 Ol p5  s3L
S 50 9935 O ,LKaa 5 Shiba (FV)aSle dial 5o
Ol (o by lad s Sl Gt
Cardiomyocytes derived from embryonic stem )
Gl xS 5 Jue & 3,5 5 4 1 (cells: ESC-CM
35t Sl B 5 W Sos o T lyls &
ST S L (S 5 (S s Sbos

b g a5 (P80 L Sl Jde js o

1Eo 1 )oa)gids « PG a)Laid «@)ga § (w0 0)93

ohdjle (i) ol olEibily dlas %}


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

1Sn g il balasc

5L pd g 0313 oo OLudl BB (el o (plag il
0l S Sadslo 0555, slaklbs s - UL
GLd S0 55 S0 conl ogde b)ls (alablows S 1
Sld s U550l 5 (5 L Jwity LahIPSC
won 03O e Ol 1y B ekl e gl sl
bap 35S s Gio o Col ok osls 0L s
Jhe i 55 e sSHlo 31l sdame  Slu 0 51 S
oty S Ul ) das o talS As s PO L,
il (53 (slad sk 51 o G2 glap g5 S
«(iPSC-derived MSCs: iMSCs) iPSC I G i
(iPSC-derived cardiomyocytes: ICMS)aCu gue 53,8
(iPSC-derived endothelial: iIECs) JW 51 (slad s
S35 0L g ) gl B 5515 ()50
> ol s,15iEC 4iCM dMSC L;uw,fl
oSG S5 gl ((Pleiotropic) ¢Sy s 5 subs) (65 g5
2 T 3508 50 3 Shes 5L 5 (5050 S
Lapsis S0 48 wisls 0Lss Ko (sl gy 1 (P0) izt
(ol ad s 2SS 5 Lay o8l Jaily (1l
35 3 21365 2 WSSl T 2alS
E o5 Sg S Gl sladis 53 s Slae

(FROV) Liun

ol sl sosls
3 sl sl Sl oslinul sl gladlow 43
G207 L 6505 0aishl Guib Sl ek esls s
03 0k plosil gy 1 55 L o 5T (555 S J=1s
A 03l Ol oSl b 5 oK) B slasles
s Shas 5 5 g o3l Gladshe G5 &
36 5 6,50 (U ol T8 walsl 53 .6v)3 55 oo
63l sladsle 1 oS 5 &S Cl <=l>u‘ db s £
1,11, (CONCERT-HF) CPC L of o ol 5o
Sleslewl QLS5 ,S b5 SLwyb 5 (PA)das oo
Ol el e (Glaman eSS aniil 3o (ol slad s

(Bone marrow-derived mononuclear cells: BM-MNCs)

Gl 4 ¢SS (gl oLl e sla s 5 WIPSC
L.f”")f- ‘)) Qb&o.thiyagaWa g:,.o-'\ ol e.:\.é.;,-l p.lé
5 Sz glad 5 3ol 6l 0 IPS (lad sl 1 5 55

.(M).u;;uu:.w\\,ls@wd,uo,gf\n

L&'L‘:/ﬂ BE |PSC J'/a.l_«ﬁc-_«if"cgufajjjjf//
b5 Ll

e g > s\ 2J5S5s

el ise 5l <SS (Extracellular vesicles: EVs)

Llas 515 a5 5y g0l o adle 53 oS dza
55 g gt sk 153l ST a5 a5 5
OF DY) L baus ¢S 6 g La g o sl sl
Jlsd o (s JUaS (51 Lapg5 51 51 ad e
uw,)?l S e enlizal gk o Sl ol
Slad game s L35 Ooda glad sl 5,05 4l 5 e
PP FCNE | JUR (TSNP e PR
Sl adox 5lessly gladskw slapsjs S
«(Mesenchymal stem cells: MSC) o2l 30 (53l
LS P lad e (e ool slad s
sl lad sk «(Cardiac progenitor cells:CPCs)
R5) Sl a8 8 15 G5l 2550 W 01
Sl eslizal vga G S5 5l S 09000 o yles
s 4SSl ol WIPSC I sriee @ar,;,f\
ol Lap 55587 esnl slad o L 0la s
AV ED)IS o sl | e Eb s @by
Sk 335 rslie ;3 hiPSCS 51 Gt slap 35557
3o 3 15 LaoT Ol o 5 3,15 )13 01 Kaa s,
B dsame L5 6l 25 J oo e NPSC .5 500
S sl m JTo) Sl sldie 5tz Oliabs!
o3ly OLLS Olaass .(?Y)::J,fu_a O s gl
LahiPSC jlods it slad 555405, S 45 ol
MRNA alex 3 Jled slad 5 5o s JLas| 4 36
G b el S g0 g0 ol dizes 55 s MIRNA
ladslw 4 IPSC jloas Grin slad K555 50

1B 1S ja3peid « PG o)Lad «@)led § (w 8)93

ohsjle Akl eokc oGSl alas


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

38 slogy 5190353 g Lo0j0)S) @ a3y 53y sledglw spyis

B sl 2 K glad el sutae SlaoleT
RCIWPRT- SIS IER JPSIIE S S
SSSS 1 osbimal b diyls a0, Ktia g5 1,5
S iy Cews sl AL ECM & o155 Jsle
sl 5 Sl sla L5 5ECM ool 5
Jeem O s 3 55 Ollies WSlea |y 8L ol
ot (23 Ly s ol Bl S e
Ll 5 Con il w385 ¢ sk S5 5505 oS 5
e e gt s ) NSRS o0 Sl 31 Ll
Olgieany iga ol o155 Jsbw Cim 3l osliul
S g0 523,8 Slosliznl b (B s (515 Sl
Sl L Ol g5 (g3l slad s 51 i
Human induced pluripotent stem cell-derived )
o 5S sl Jus s (cardiomyocytes: hiPSC-CMs
3 alllae al 53 0dd (Ul (VO S e
CTNT d kv hiPSC-CMs 8™ 51 55,V csd8
5550 =) S » Ol |, (Cardiac troponin T)

Ll g By b 55 g SO

A

1 31555 sadshe
Al sy Canyls

Sl ol slad s
ol 3 esleul 5 50 (Umbilical cord blood: UCB)
23 S s e s Ll el 8 5
Il 53 GOBlod s 35158 abab L aalllas
Al Lol 4 Jshe it Go 5 e 2 Sl
e g st Ml ol eten 5505 sl sl
Sty pe s an ol 6oy 5 lad o o
Sl F1eS o e ol (S oS ol SIS
el odd Eel (50 5SS o 35 8 Il
R B PP ST 1S [y W PR W
gy B s (558 35 e s 03,8 sLom]
5l =)ol Olly Oy 5 Glee Db 1) ad sk
S ol oKl diler Uil I s )
S plie wlul a5 (Extracellular matrix :ECM)

6})J_361LA;$_.~)J{.JSQJ)}TJ{‘)‘5}L:;{ L_SLAJ‘}LA
c.»\.&cbu‘@\}?dhdu\nsi)f&s;gu@@&l{
U eslial (sl gyt oS ol CsS Lol o

plil 5 Ol O R U U T N A

B S ke g

N\

N

o

.:.'U@%""'J'-‘:-’.;")’.\

s Jue 53iPSC Ssl B gl Lss 5 ag IS lad ¥ olod poai

1Eo 10 )oa)gids « PG a)Laid «@)g § (w0 0)93

ohdjle (i) eolc olEibils dlas %S


https://jmums.mazums.ac.ir/article-1-20828-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-06-13 ]

1Sn g il balasc

3L sl shw a7 Gl llil Jlbs Ll O ) >
Sl Olse s 5 ol osls Gl 55 o 1) Slud
ECM i giie 5ol KaSTs J3aodes sl ol
J3sds 3,8 o 515 oslizul 3, 50 (SPGeD) Jimbs
Ol oo g el GLA AUl s jo Oyl > r,uu
03 55,5 Gop s pe Siba mle SE w1, 0T
IS PUV VRPNV PG| FEF K < WP TP
Sl 53 g K g cpl 4 LT dal 3 el
L SpGel (s 55 53 2 g o0 St 5 50
=S5 (UL 58l (s k) IPSCECs 5 hiPSC-CMs
Ne e I8 T8L @ (8,5 D) sty w9 S
03,5 313 0Lt (s (n) 5 03 8 3255 M &
O e o pwdige JJsuder (pl e diST 3L s
555 oy & bt i axia ¥ s [, LVEF Sl 5l
33 13y 55,8 ) 05Dke sl 0L
Nl el J5sds ol ediS 3l ys 05 8 s
o313 Olas O SKea 5 Fan Law g ols plosil (g 2 3
ddy ;5SS 5 CHIR9902L 6,3 5L 935 551 A
(Fibroblast growth factor 1:FGF1) \&—wdb e
hiPSC-CMS L eas 1 b o8 oy (s5buily oy8
o=l 03 s e Sl 0 1 (Fibrin) o b o e
24ty e o (b Gl g LS et e
LVFS (LVEF alex I 315 53,5 8 sla zalyly
sl 513 o ea 03,5 o LVESD (LVEDD
23 V3 5 el g5 Al [y 3 g il 581 ad gl
(Polyglactin) eS8 b oo LB esle o3 o
hiPSC-CMs 5 lusl coudls s L aS s £ ad s
b M s Oloys (51, OT 5l 533 8 o 2iS
(Congestive heart failure :CHF) L3l _6 slee|
o sl s 313 OLES gy o) gl A oLz
(OLL) slesl HLias alS els ;S5 L OLays
Heart Left Ventricle Enddiastolic ) .o ke J sbis
o ol &S by Sl Sub s (PressurelLVEDP

VRSl Olis ¢S gl s 5 Shas 350 L 1 (TaU)

@ids sV B s ass s bam ol
33,8 oo it )l S50 4 Jlsb el L
VEGF dsile diiiy 5 sSLs oyt 313 05 aalllas
o532 571 ((Vascular endothelial growth factor)
S gla Ay 5556 5 Y- 12 o » 5T (Angiogenin)
e J6 ,sba (Hepatocyte growth factor: HGF)
b il S (69, IPSC-CMs cilS™ 51y
Cet)ls S35 g2 ad sk JWaS) das 0 OLES § 55 50
SR 5556 i B b1 o SDL SIS
5 s (ol le (Ll b et dalsl 3 . das
ol g 03 s 3 Jsbo e plia b L3 e
2ol 3 hiPSC-CMS &Y &S5 b duslie 53 s § 0
i S g SIS 63 Shee JILT 555 Ol
s e e S OAE S 5 o
ol S5l s OLL (o) b iz on 5 sy
13 20 1, ol K e 0L 5T
4S5 50 Oy Ol 5 o0 DUl 8 5 i s L
5SSl b Ol bl 3 0T gy 5 (8 g 51 eliz
S U o 3l Sl el bl 53 o
ity o 3 s 1y b 5 Sles 515 4 hiPSC-CM
CD90 lad sk 5 hiPSC-CMs I 01, San 5 Wang
b fgn ok o153 s b (g9, » NIPSC 1 Griee
3 e 5l QL& () 2 o gl (V)5 S 0slizal
ke Slag 0355 Skl Sl oy W ge S

sl p Y Sl 5 5 4Bl op o2

o sS Hlal aU ol bl s (Neovascularization)
ol 03,5 Iy (6 SRk 13 ok
Sl iga 53 ik slaas o 51 Sos (S
LSt Lo sus ol bad 35 5un Sl esliul 3
Ol Olabe Cd SUlg 457 A (g 4w (6 0y
Sadiasdn 5l SK a)ls (S5t s Lo see 531,
g palis Jgden CIB 8L cakigs 53 eolinul 5 40

1. Left ventricular ejection fraction: LVEF

2. Left ventricular fractional shortening: LVFS

3. Left ventricular end-diastolic diameter: LVEDD
4. Left ventricular end-systolic diameter: LVESD
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