[ Downloaded from bloodjournal.ir on 2025-10-30 ]

<&

(\I\\‘—\"O)Q\c C}LL.-;UVaJLMZ \Y 093 6)},‘4.\&
PGl T iS5 sy 5 S S ol 136 iy 9>

cr‘f'éjb/.{,.’.w aod/c'.d’;‘x J;f/‘,.tﬁ 4"‘)‘}}/’.@‘.@« cr‘,.flo:.[w 3 pReed 47‘,.3'/’”/4",& doseo dabls
!

!
M‘J’-‘:A‘M‘Jw

Odubid

S g 4l

el bl s b oS cal 5L ol lad b 51w s 3 (e DU s 05
aiﬁé\_?\.g‘_;ﬁ.lgxﬁgﬁdﬁgdl}.ueb}i sl 6L¢JJLAV5:|MJVSV:.L>.>JHV.A\A¢.;>3W
B~ Esly oS Wi ol e Jds a4 Ol 31 (g ke (dgs o ol 5 5 2 5 b 3 gd o
borigs 5950

4—356)"}# 4.“2# &‘)é .Jiéjf)jf JU.&;:L)}& 4.'\.:.&3)} ouﬂ#dw *" j‘g}:ﬁ:"f‘bl’ ASJLEJJJ
ARELGT a5 Gl i, 5 01 53 35790 o5k ad g Corle (BB A O35 ) e3liiw] Coatl gy p
S| 0l 4.";'>|.>j’ Sl a0 ool sad sl

st

}j\'la. sz_:‘:s.? Q.;,E gdk.?u O 5 Olgmnl jao b anslin ;3 OBU uy 5 jlud e g3l sbd
)L’SJ}‘)J_PM&\—AWJW $Mduwbﬁj‘bdjwjugé}lwduw
(el F gl 551, t""uﬁ-‘ S eslaiw! OISl aS” Wileals Ol G w05 o Gl s ol bad sl
slres S 55 S 5 olular 6l alespaly culply 35le o sodde a5 b g CIL wdigs
ol 455 515 a5 350 ilitee glaglew Sloys s OT 3l eslil 5 B A O g5 31 Jghw it
S Al

23 il Mg o)l ge 53 S Sl (g Gloys G, 9 Dlaed 5o a8 3,90 ae DU Ay 055
535U el il K e OIS HLA s 5 S5l Ol el e sdiSTaal a5 SYLLE 5
e s M F (S MK g S A 3 S Saaddllae (SU Ay O O3 el 9 D3 e e
Wl 3l 3590 Olsleny ilisen (glae g S 55 OF 51 eslital gl gy 5 ok 35 (O

SU iy 05 ol s g Lam (soliy ladshu (OBL Uy 0 sl Silals”

W7l Al
WY : oy sl

Ol = Ol = e o 5 oS0y (a3 ple 0aSLlils 0550 SOl 5 b0 05,8 = 0 SSL 5 (654 55kea PAD (g pomils -
Sl 2 Ol o oste S 5 o8l (S 0aSiils Jlslind - 052 L 5 (659 5les PAD -Y
VIOV ¢ e G = Ol = Ol o oo S5 ol&ls S5 0dSils Hlzils = 0550 L 5 (650 5l PID 5 e (il 5o =Y
Ol 2 0L = osde a5 o8l Sy 008l HLiils - 0 L 5 (654 5len PAD ¥
G olils Sy 0a Siils sliwl 0 JUiml Cb iagh 5 disel e ange - 055 JUinl Slidss S e - (65505 seal PAD 1 g5 il 5e =0
VIV 2 s Bl = Ol Ol g5 — oyl
VAY


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK&A}J&AW@Q

S 0

Lo)ed

e g GU iy O 5l ezl Ll plad 35y b
L Ol a0 olis sbad sk slaas T oS e
e a3 3 e 3y slad s TN s
O ot L (6 20 ge 4n pomie 48 ol Oyl
R N S N - JU PRC R G DEP S 0
Ly s 8 e 51 B U O Al 0 Ol
a5 Ol o ol badle ps a8 s i, (VY
ORIl il S cl el ge gLl gl e g
Sladsho Gl shiad (Ll 5 g pdilism (SN
g g SBU Ly O 53 3 50 3L

N PO S S UL SR I PR W
5 Al (5515 e B Ay O Sl eslind
3 SisTmad LAl (S A 05 (Sle S
or Ll 5 B A O 3 3 e slad sk
sladslo 2B ilesl ;oSS (sl e gla s,
sl JoB il 4 ol a5y GU as 05 ool
03 355 seiSs /63y slad g slaas s ids
Sdilisg Ol Sl Talg 5 OU a0 asly
S50 Shbew la A58l

Uy O35l eslizad Coles 5 Llzo
535k 751 i Oler Camesr slias &S L 0T
g ga M gme 350 Osdee Voe 51 R AVl 5 ol
by sladsbw e 855 SU s 055 cnl Rl
A e e SOOU s O esles sladsle ()l
@b sladsbw 5 SLsy ol glad s ol
OB YU 6,55 ol a5 des VLS5
Sl i GU s 05 g5l sin g Jomily e sdls
O R b 4B 593 9 3 sd el eslitul &S
SU iy 0t K bl 3l 0T erle b soslaer
OL s 0l (ol slad sl sl sl 4 s
R 5 Sl 5585 6ok Slad sk 1O e
eV Ol adsl s n sladsbe 5 ol Sl

O0)A3L o Ol gl 20 o3k slad shur
oS Wlesls oL gsidmze a3l glaaailas

YA¥

Aoy

3 Solsin gt ClB L sl i ool slad e
e B Loy AL s Glres) sled 4 led
e sk el 53 (S Slasen 5 (BL s Shes (ol
6bls Slad = 3l lad s (V) 52 0 035 3 5 50
e = e Glales Ol s YL
e ) G ol ladshe Jgeme 5k il
353 @S s Syl an 0L ass 0 5 Ol
0 S b (HLA) Ll e 580 (gl 1 ks 51 5
i L5 Ol /¥ Y0 Les Lol a5k L4
3 Bslty e 5l Ol she (ol glad s ag
Loib o HLA L 51,850 (unrelated ) G sLis s 18 b
Ol calims glaaalllas ol aas 55 Jsb 5 (Y)
il sladsw 3l po ave OBL Uy O S Llesls
Sl 0 O Ot a8 b of 51 s sl e sl g
S Sl 5 e s 4 L 055 glasTL
ol gladshe Sheslial ls 3L HLA 6,850 ¢l
()l a3l o150 O

@3l sladsbe e Olye 4 L sl SU s 05
Gla, il i (Fasd atlis 1AV Jlw s
VAVY Jlw s 5 sl bl Ob a O 3 sl =
Gz 3= A Jlu Ve s> (00 518
L Ay O L dsl (FILS )y sl Sle P
el S T L (S35 Oleys 53 VAN JLa s
National Cord ) NCBP ;S - =1 5b (V)
O Lg V0v e 51 2 Yerd L U (Blood program
Gk (Nl sdes fLail Ol il 53 G
Bone Marrow Donors World ) BMDW <YL . u:a)lj-j
g Ot Ay P 51 AL cYVY JL s (Wide
Ol ol 53 BL e 08 LV 5 S 5o SU
PS5y aS s Gk (Dl edb o 3
IBMTR = International )l sseol 5 5e S &M\w
s fl‘?‘;\ (Blood and Marrow Transplant Research
X+ DA Jl 5l e aS il ol 03] e
Oblaasy 53 ol plasil (ool slad slows Sladsi sy

°JH tJl_tJ\_ug_)jJ- J\_tﬁ (Jl_.ﬂ Yo )“)_:AS)Q‘P


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

el Ol a5 35 e sdaliin 45,8 e ) 3
)K)L_w ev\_.S‘M\ J_Eb dyng)JJ 39 ulSJjS DL WLA
ob-a.h j—:" L;“.LAC,.:))J.N Ls L Lo Qj}- )\ salul
OJj—} rj i Ju.’ Q}?— )‘ ealaul g_,_il;u )l g_§<'l s
Slaas ol OF dsly SO 53 55 50 slad sha slaas
Ay O Al S 03 s S R ok lad s
L s 5 35 5me opllae Slie 70 5 sd e L
a sl a YF x V)l VLS s
ST Lo as cul oy, S fj\"" NCBP .(Y’\‘)(rjf}l;S
Sl B ke pslie gl (OL s O gladsl
e glinl 4 a5 DAL o o S S VO ey SO
(TNCs) S lsaten slad e V/0 xV o7 51z Jlas
sk e O O A el (O S AS Sl &
OLS3 58 Slads s 5> sl po Hsb 4 5 Jsame
L_f s a Qj_>- sleS Qﬁb)b Q‘)Lo.u J}JJA oalaiul
SVYAXN 5 S LS s S5 glad sk Ol e
05 5LS o sl e WV x V48 ) 2s CDBA" (lad s
Al (g teS L Ol 5 (6 I g 0l ;S 05
a5 5ol Gy olsaras gladshe slass ol Bl
Lf@f&é\duemd&cHLAéjg)b
(7 V)l BU a0
G s O 5 59 e sad sho sluad 05 9 5 9Ues
358 xS ol s B L g pdlisn 4 e
S Wlesls Olis Calises glaanilas .(Y'/\).:).Jadc oSS
J=25 79 s 5 s slsl b GU iy O 5l el
L5 e el pem o3, TV LYY (MM s Jyla Ov e Sl iy
G057 03 b= bl Ol L aslie 55 oS
L5ty s b o eSTaal 51 Ol sl 5 ool gbad 5L
S3lesb Olas o o Al e SVL el 555 0A S
sy B MM s Jake Yore 51 2i CSL) oSS
e ool gladn L as Jls s bl 0 J b
)‘ oaleul j<'.’.> Cud gd>ee Ll (Y4l 5SS Y4 Q\)z-.'i.wl
Sladsl sl aS Cond asite 55 S Soslper

VAO

535 S B Ay Oy Lsw LGVHD S, Jlaz|
Ol e glacaw sl 51 GL Ao 055 gl 5
QPN 6 S o3 sl rs 055 5

Cladshe Ky 5l e 5 S 0 sdes e GVHD
OB aSIual G st Gy 35 5 0550 Sl = (s3L
9= g A 4_§L5_LL:\>:A slaadlas 55 (Yo)o ol
@l glad s sds il s Olley sli s GVHD
Al 3 o sdiSIial 51Ol a0 Sl
Gl L HLA b 51 o 850w ¥/8 Blas lassls
A 5Bl ails e 0 Y B A O s
Lism 3 aS Ji= 53 (Y\-YF)(DRB1 ; AcB leHLA
PN PN 2 -3\ S WO N P N e | P-C VA )
(B C laHLA L 5D V+/V s 6,85k oltslis 5=
4 7SIm 55 = 5 el 23Y (DQBL 5 DRBL A
DPBL (sla T (5, 5Lul Cilaze GVHD il 53l e
G5l 5 51 s 1y I el Ol nad e s
B WY (5 Ol o oS S o o
Clacawsid L3 8 S5 4S5 5b Olen (YO-YA)s 45
L ls @uﬁb“‘.w SreS 2l gl BL A 0
(SeaS 5 s T i A 55 pde 1055 o LY
Thl 3ledd s okl s slapSale sl ple
5 OVLS 5 4 i 3l 55 53 (TNFea 5 Y =05 % %)
lad s Lo 0TI 2 bl slad s 5k o
A O 50 2 se reb o dliS Glad e b S s
) dzes s ol opl 3 oSl

S5 a8 Jlazl BU s 05 skl Ko
D ol 5 s s I st Ogz else b s
e ad e L anlie 3 o oa (MDAL o0 s 25
LS 4 5L 5 axils (a5doms e da 45 Ol
5 B s e s kS sl S o
as OlgS e 1y GBS Ay 095 0l 53 35 4 ges 3,03 L g
23 e sl 3L (aLf,ua 03 35,5 gy sleadl 2y
sladd ple v cad Ol 0 ol sbad
Sl sl 5 5 Vb sl Jsb (Sl s 3l
BB il et gladle 5s e 5o (ML g 5L
G Iy O e o oS Shhles sl ps g


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK&A}J&AW@Q

S 0

Js 035 0,5 50K 5 5l e 45 Sl Sy ol 4 U
S e AS5L L o ads S S SU
L aS 4 Joate O 5 0 5 e S c.SJJT@?
5% aeS 5 odd OU o s a0l el kil p3 uls
A s JHs 0 B o s e esls 13 6 Sl e
Soslpmer S )15 S b a5 e L
OLES cadisis (glaaallae s g sliasl A esle L | 2l
Ol Aol 5 s glaslinl us 45 alesls
(PPl o Coslie (ACD) 35 25>
G e 1 BU i 0> ‘d)ﬂ@? Bl
Golemd g 355 g 3 O amm 5 63503 05 03 S
Dy ool ol Sl ey 5 J3 et lad sl
00k 0l Ole « CD34" slad o ol J2ales]
CD34" i slad s 3l oslizaal L Jsha 015 L 5 s
5 (CFU) 558 etias L3 sladaly JS sliad et 5
b oled (FF)3 52 oo planil DUy 05 4505
S A O Al Casllas g a2l o
Slaea SO glad g Plas a5l 3 (6l
Al Y0 )+ iy 5, S 055 p S ShS e bl
alS (65l th sLad 2alS sl 4 (PO (¥O)
Ol e e 5 O A U STL gl »
5 oSl ey RN 5 ABO JLazs! sl 5,185t
B U 4 0% 3 30 03 Sa S oS
23 YL sk i 5 olesl opl pesdle sl
odalie RBC 5l ¢ ol _lss slassl glses 5l 3
A Sl s ey Bl e ()0 55 s
S L bl s sl Jalpe 5 G0 s 05
SO sladshe (S5 g3laltr 25 on o3l o g sal
SRt Osls s L e 3 glad IS 5 (lazen
S Il s V)Iil e ol s 552555 sbadsle
S aodea o) Ol el b gilulir gla )
e o (FA POl andls sl ol kil 51
Slad slS Sl 6l eI o plaaddls
5 aib e el 5 ol OT L S oS Wlazstls e 3
(00,100 55555, lad s 3l 58 6,50
53l 51 OU dy 055 edd e laa sl

\A#

e ool sladsbn L aslie 5o S A 0

(F0) 25l VL Loy pa oo 055 5 Ol et
Ly O Al e il 5l i &S Conl cpl O Cle
slass Lgs Lol oys S o3 Olgr pl you 55 0556 G
o opl ol 3 S e eslizal Lo (gl WOT 5l (g3 5dus
By 055 Silme b Glaaypr D25 YL e
P O Gl Gl g 5 (ISl

RGSO | WPV

WOl gt 0t s S s illd

Lo il aie Ol e BU Ay Oy Cxla L
Olgr il 53 SU o O L SSL (ool slad s
Iy Bl s 09 gladly 31 (gols slaas B s s
e sl el 3 g 5STe ol 2 VL s L
3o el B 055 Gl SCL s &S il
(S g A )b I edaSTaal Gl sl s le
OB asIaal s La bl bl cadbiculsy p b eSS
ol el b Bl OU iy O sl
Feam baaised ool 5 SU A 05 ladsls
(F)) 5

5 e ST asbesls, L o8 staal sl
S osle Oyt gl 2 4 S L O sl
CHIV CHTLVAL i el S sie slagoles S
325 Ia g 5351 5C Cils (B Esls
(V)35 o iles

5,5 sl Sray 53 4 Olsie 1 O 0
5o 3 OU Wy O gladshe &S o) 2 )
3 oS 1l 503 5 Ol s 4 Sl day SU Ay G2 b
S g 31 3 (e SU Ly sl 58 05 505 1
Ol 534S ey 205 s 5355 s 6))150.'
S B A Gy e by e 31 U A 0 glad gl
s e 0L baaalllas 35 o0 (5ol S 755
23 e e e, LSl a0 6)}16-?' s
S5 lad s slad e <oy 2o s b anlie
YL L5 CFU 5 CD34" slad s (ol larvan

Lo O szﬂcv,- Sl sledg Sl siaws (FY)s)1


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

Lo S el 5 dile o 0l 1 mle 03555 5
s ploml acns ol 2 p3Y labla=l L ol ok
V)

3oty B U O lacsOl i e LS
Lilaze 5 OU ay 055 ladslsy oo SV b (6,106
o3 3l e 83 Shas 5 oki3 sladsbe S8 L5k
L8 b L aS Sie 5 Vb ol e Y5k
O3 sladsly 5o S i n sk glad sl
(CA DRV WS | GOV IS IR L S (R

Sl Ly O5 0 2z se Slad sl

/3l glad sl 5 0Ll 3 e O U 0
A e e 3 Sl s Ll 5585
ladsln Lol GU oy 055 ol Gl .ol glos,
slad s (alilze ool slad o Glud = (ol
2 gdmeel by ool slad s« Slss 4 ol
(b o llS bad ke o 52 (JLL T lad s
O o Al e b 5l s Sl slad e
sladslu 1)y el O 0 (ool glad s
Al 1 pWle B s ool

Sl A Ol (ool (slad sl
33 ol Slaalie (LS 5 ple oS 5
Sl A 055 53 35 e Slad s ilee Gl s
s O Sl s ol slad e Clasels 5 s
CD34" ,CD38 . CD90" . CD45RA- . Lin- : |, GL_s
3l sbad sl Wilas o8 dd a5 L8 5515
@l glad o ol BU s 055 Jaes 05>
A Oy 3 Laol Slsl b oS dm ol S5 558
S (Glaen S Jslu Ve 50 L) YL U
(Yoorn 30 L5Y) e 05 o3y slad
e glaaadlles s (HKes 5 Slode (VO)AiL e
L sl ILas CD34 s (ool 5T 5 5L Sl eslinal
ssb 4« MACS 0w Slasliul Ly sl old
3115 D34 5L sl slad v (5l o

(Y58 L5 305 ks O Ay 0

VAY

L gl s iln o sl sla L ol s S
s s As Sl b (fs s)
A YV 2 Y a0l Ol s o sed J8 5 Jo slos
OVl 5l 5 sl

Sleddlir @S 3L &) 4 (U Ay 05 4 ges
cLle L (DMSO) LS odd g fze (g5 3 BL a0
VS h 03,5 TS OY)s g e 5N
S8 sl as i -f U aids a8 sl ax s
S Bl a3 = At Db gl g AL
Q@UOSJJQ@)JJQJ‘&’L%L@J;&P&JE@
a3 A 1 S gl Ly mle 055 50 sl 5L
ol e sl Sde GVb (oIS (6l 8l S sl
Ll sdas,liia gla, s 8 5l eslaul Loy ol Al 3
Ll DU Ly O Al (Lo S glasy g Bl aBl
Los S 5 ol a3 plle (il g sllala sl
ot Jl Vo 5l e OPil cell¥ a Bl )
OVl 740 Blas b bd sl Uk O a0
o3a,el Lol A o 5 3 Jg S L OU U O ansdS s
03 edS Cbible Olpte s Ve LS i g fregss
Ly O OF g 53 oS 545 elizul sl glo
g;_.dzj\);.,_ijsagj.x{@uojb;ﬁjﬁ;)uh Lol
OVl Sl 5l Osls

sles agan)badshe 5 e Ol 61l DMSO
S s 58 5l Jd 8,8 15 2 me 3 Oley Do
3 ol ) 2l (00 OF )il e (1355l annl
Ladslv 01 o Sl 315 Gzl gl bnandllas
(V=¥ 0 L5) DMSO clale 2alS (sl oall 2
(OV=08) 1 lesls slginy Sl = (ol gladshe 612
o s a a8 laallas sy (RLLSes 5 (g ne
5 CD34" Il (glgmomn (S35 5508 b b 05 85 b
A 05 ssisn sbdde ARLLST 2SS iy
LDMSO 5 (5,10 ole S 3l s oin g anstls 3 3L
ol (S sl Jals o o) e N o bl
(FOLs Sadalin 550 sla 2yl 5 (6 Sadi

O ladly So gl mile 035 55 Sl L3 (SIS
Leskal 5 Ssilbr 05 (plagms g bl 25 U Ay


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK&A}J&AW@Q

S 0

CD34" sladsl sl il S sy o iS s
S das e 0L Laasl ol (V8 W)ail
5 Eb sbadshe 5 cd b b 05 lay 5353
Oy Ol b (igls YL (ol s s oyl
oo /el lad s b L s ol e
Sl Eel OL w0 sl S5y opl 5 ol
S ybgn g oS Gl o Je O

sliss 4 4S5 CD34" clad sl 6J-<i> 05,5 53
Slad s (sl 5 yam BU A 055 53 3L s
5 e ke 53 CD133" glad sl . dis CD133T
ladsho amb ol 53 ey o S0 a5 Llods plalis
5 b (VA YOS ails 5y o oae gol
@l gladsw S0 pled o G5 JULea
esla il OLSGl a8 wu s L uy 04 CD 34*/133"
Oleys 5o 1y b glad g 05,5 55 ol 51 Sloss
A A2 o QLS D)5 s 25 Sl slen

e glaasdlas (S35 GlaglSams w2
aolie 55 OBU ws O (ol slad s a5 Wlesls OLiS
O 203 Jl sl b Bua Ol 5aa L
AL o bl 5 op 5 g

Sy Ol e il 048 i (g3l (slad sl
L 05 ol glad b g b S35 5l (S
oy3 L ool gladsbw Wy 5 Lol LUls oot
Sos b gla0s b 28l 5 5l ey (WPS) (LA
Yoy dlw s (5L 5 LSLSE LAY AY) asl s
A 02 CD3A" lad o sdome (55 p0l 4 3550
L s il 5 5 e IPS (glad s &0 L
Gob 5IP53 05 S o sC-myC 5 oCt-4 sox2 « KIf-2
bl Lad e =l (AP s sl RNA
Oly 5 G rled b b o Jslo 3500 O 26 S
by Sl ol sladshe 4 a4l o83 wr la SHbs
Yode dlow 5o 50 ullsan 5 855655 A e Ol
3l slad s - 2SEl 5 Sl L el 8
OLis sox-2 5 oct-4 =P80 sl es Lol s o

(AY)Lsls

VAA

L 052 03 3 gmse Sl o3l slad s 5
O Sl Sosline OVLLS ) 5 Ol el a0 31 O
U ) Y0 ds s ol U 0 slad sl
aeslie 53 CD34" i ;5 CD38™ slad s (ol lex
sladslo b aslie 5o 5 il oo DLl Ol sl 5as L
ol e 07 b Ol e 53 (o 3 i 51wl
e S Dol 5 YL (6,50 b
Y=Vl a8 sl b S s

S alesls QLIS dals 4 i3S sla i,
BFU-E 5 CFU-GM o3, 4y dgnts Slus o slayyiifs e
Ol il smn ay Ced (%S 3l 4y GU s 05 5o
CFU-) 5 sl sla, siiis &5 J= s djls 5o
Ol sl a0 5l BL Ay O 4= 43 (HPP-CFC 5 GEMM
3w gladshw as a0 b4y ol by S ll 8
St ol lad s U ds 055 55 55 s
Asls s O 5 Al Ol Gre 4 ped 4 o
s pdos s Ckit 5CD34 sl S)bo sy im Ly oS
(CD71 «CD4L ( Thy-1 |te o3, 4y dgas sLoa S L
= odle (FA VY VY) 543 e Lasie CD38 5 CD33
S SU A 055 S n Ol e la pIS ()
A S S sla SIS sl 5 s S5
GU a0y 4 duas e 0L Sldalie ol ail e
S 3 s plLES A and o5 2 sl
Vol i

0L (CAFC) O stds S el Jshoo 125 JUT
Sl B Uy 05> CD34" slad v S das
Vo 8 (s 5 @) aia) CAFC Sl 6 VL Comar
O3 5 Ol il 2o CD34" lad sl 51 VL Gl
Ld e oS &Y 50T vivo i, b dil e Jaoes
sladsw gty b b (NOD)s s 55 )3
03 5 Ol gl 3ie 51 SYL O A 05 5 CD34°
VO) el

CD34" slad s 45 Wilasls oLz basdlas 5
e o3l sladshbe o) e SU s 05 53 5 s
55 b 4y CD34" lad shas slaws OF 3 48 ol sz
Bl sk Sl pdr A5 4 00l e lals ClS


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

sla SHb b 5l 5 o2 CD105 (SH-2, endoglin)
.CD79 . CD31 . CD34 . CD45 . CD80 . HLA-DR
(0 NP5 S 55— S #.CDI1 5 CDI9
slad s se OL Ay O enlilie ool slad sl
4S |, MHC Il 5CD40 ( CD80  CD86 S o KaS
Sl 05l sdSas e gladsbw w1 Ysame
.0 -V)J.:.;Sd‘,i Oly 345 0

i BU A 05 gl & (UC)SL iy il T,
Lol ol - lae el e (3l slad b s Ol e
S olad o aS Wlesls 0Lis ke sLaasallas
|, CDY0 5 CD44  CD105 « CD73 _ariil;s sla S ls
s ol Ol GU iy 3L s S e Ol
Olis ol glaa s e e VANl
Glbl By,e 5 Ao C3L 5 gl S 5o 45 Llesls
0 sl 05550 4t Olsie ot Lo same 45 GUS oy
Ak or ool o3k slad sha 51 (28 e N g e
5 50l I ariilse g3k slad sl (V) ¥ATY)
Jold il e ol slad s sba S5 0515
sL_a Sl 5 (CD44 (CD105) .S Lo s,
5l Ll ueS e 0l |, (CD29 ( CD51) oy Szl
A e CD45 5 CD34 3Ly Olos s sla S le
e 3l aS edilie ool lad e = .(V0V)
S S 55 Cmmor (Ui M VLS5 Ol
S50l (OU Ay 3 3 se enile (ol lad sl
ol i o S s 0Ly |, CDAGe s (CD105)
(CD26 . CD31. CD34 ( CD45 sl S Lo b 5l LaJ sl
(¥ 0V0) ks i HLA-DR 5 CD14  CD33

ol sladsbn ol e JYSls 65y 4
O ONY VPNVl Cilisee 0K 1 s el 5o
Ay G ol S apilze ool sad o 4l slad sl
O iy SV Sy g lad s (ol oo s w0 G
Lad v (sl (0NVA)s 55 s 4 (HUCPVC) ol
Sl b b el ool lad s ple Ailes
YU 6,580 Jomily L S5 sl 8 4 les sl
sl sladshw i Olye ay HUCPVC s is

bj_uzw e:U.L.J L;:LA‘)J Jj.Lw L g;’t'.’.j) C‘)l;- W\J‘

VAR

LA O e tlie (5L (slad sl

Cror ol ooy oa DU W O slad sl
5 S Dls st &S Conl ol ol slad sho
A 05 ol sadshe plo sl Soline (G345
oS SU Ly O g bdshe plslas s e 0L U
sladsly oo Ladshe cpl sl s (ool wsles 5 el
ol sdalie sl L;),TCQ Cidisee O a0 4
3l slad dw gsulas uls (AF-AY )l
@l glad s an Cond GU s 055 51 el
IET)C il 03 5 08 O sl he 51 ot I ol 5o
NS YUARRIN NEAN

sladsw olulir 4 e JillSen 5 Slade
o=l AF-AV)Ias Ol iy 05 ) el e (ol
ot sl 5 SO (ke ol d b
Comeed Ll 515 Ol ol sae pactilpe g3k slad s
33l aS Olpmnal e cendtilie o3k slad b«
e LS (e 81 L Lo s ol
ol 3o 63y slad v (A=Y )Wl Comes
ol 1 Sass e sl eV sl (L ey 0 g
3 s sladshe la Sl 5 rae 5 Lad sk
ot SIS 5 5 (NEUND e s Sle aler
s edle (1) eV s Ol | (PSD95) sl
oo Loyl ol 4 Whosls 0L cikis slaandllan oyl
(03055 5 S ) e Glad sl s plas
B N (W R S
QYA Ll sl glad sl 5 Sy, kS
R i 53 00t oy 5y 5SS A o
AEL il 28 Ol Oy arilpe o3k glad sk
(O LS o S d gl ol " Susle’ St oS

3l glad s Sl s (HILLSGn 5 SO
35 Ol e (L OBU Ay 55 53 35 50 sentil e
.CD29 . CD44 . (Thy-1) CD90 sls S b , ki 5l S
.CD34 . CD45 . CD64 . CD106 , L5 ;| 5 s CD13
5 Laea 2w HLA-DR ,CD14 ( CD31 . CD61/CD51
A et ol sladghe S landllas s
5 CD166 « (CD73 SH-3, SH-4). CD90 (sla S,L Ol


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK&A}J&AW@Q

S 0

2 e Ol e ol (ol glad e
OYNL,ls 2 55 sl

Lo O Sl Gt erdilie 3l glad s oSl L
3NS5 B e S8k Ol jhe (U
S Wlesls OLES Laandllan = Lol Wil oo 95 53 o]
53 S O Sl Gl el e (ool slad s
e ) e pailpe ool slad pln L i
54l 68 Samal pled (o b s ol
OIS o M5 658 55 5 S o s FSIs
3 G335 53 St Ssli S 1l L
Sedd M e Bl 53y glad shor o 58 55 5o
odli odallln oo 3L 5 Ol pal pre (U AL O
Sl semiilpe ol lad v (g3l it go Lol
sl Ol el 5 a1 2aS b a0 glaaly
mr Sl s Ol e b acglie 53 WOT IS a8
Sheded e anilse ook slad b &S i a ol
Lalie 5o VL ilasis ot b b U s 0
(AD VYAIL s Ol gzl 2

@ Ol e Iy Bl s O erdilye o3k slad s
Ll o VL (6,30 e b Ly 55V 5b ok
r S0k L Ol she cenilie ool slad s
Sk (S enS Saie Yl o sls kS
Rl Cand OBy 057 ertilpe ol slad s
Joily 45 utls a5 AL OYY ATl b
S G apdilpe ol Gad b see b 5 sl
sdiSIal (e 2l L (5 Redir 5k 4 Ol s
(A4 N )L e als

s Esliin Vivo s e lil e ol slad s
b slad s pdlism Gl s el oo
Sl el glad w5 CD34" 5l 55 o/
AOYY AV s . (ES = Embrionic Stem Cell)
Ay O SIS ea oS lesls LA il sralas
slad s Olyme an oetilpe 3l glad b L S
AL slad gl bis sl Wl s oS bl
4 S0 s O Jboy al &Y sl eslazal (V22 NYO)s

V4.

5 K5, S5 stal L3 4,3 HUCPVC .(114)
St Ay 5 VL S Jeily 5 el S
Al Ol she anddlie ool slad shu a4
L Ol i e il 3l s i o
Sl 5o LS e Bt ) o A eled e el
aalsl a0 e J&.; 03 552 Ay 4 HUCPVC &5
QY AT das

59U O Sl el eniile ool slad g
sloes; am plas 5o ool glacald SU wy Cil
0>l SV b ST a8y Wl el Jska
Aoy o i 4 oS i a0V VY V) iS
SLa0s (NNLs sl wal 35 0l Ly, ks 5l
5 Pl et BB sk S b ks
Sb iy 3l el ol sad e s Qe 55555
3 phsel bl e gLl aS S jo 05l s Ol
ol 30 63y slad sl cla.dj_s Goes ool s
Slads wolie 0ly ol (N )W s e Ol GL Ay 05
Vazm (sl Lot oo pepiilze (g3lin slad b
Sl U coms ad e ) s Ses oS S
el lies

slad s 5ol as col edilye ook slad s
=l Ol Ll o3 Ol jre aniilse (ool
GU iy 3 entile sk (sl b (0745 i
«HGF (LIF ¢IL1a < IL6 (IL8 3l L;YL_., Cjk_w Goes
S I 55 4 e 0l 1, IL11 5 G-CSF . GM-CSF
SDF- 5 VEGF (Ol seal jae arlilye (ol slad sl
ol slad s OYV)AS e )5 6o 1B
Ol el (6 8Kaia 5k 4 b S5l kil
353 (CFU-GM)g3ls Slom w5l S IS sl
()Y)s,l6 CFU-GEMM  BFU-E ,; 536 s

5 O 055 5l Grle enlilie ool slad s
J=Us o Gleas dor osss n Jedly Ol smal o
e Sl 5 das e 0L | elie Sl Ol
VYA IS o g3 5 sl 4 s 53 SLSS
slad o Las Olis &S Wyls 54 s uil.mudUm VYY

jjijﬁ}}l): P L s ol e '"'l}a sl


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

d sk ol (0¥ (VF0) L5 5 Cote (SSEA-3 ¢ SSEA-4)
Y e a polantl glad she & Samligise 5sb o
s 1 el U5 ol ol Lpd o3l e i
AT O, S oo 55 058 L (ool ladsho Ol e

(\f

Dpcdeeall Sila g (5L slad sl

Lo Joilty b plad gl e (LK 5 IS S
Sl s sl slad sl Ol e o (glo s 3
L, (USSC = Unrestricted Somatic Stem Cells)> s>l
‘QN_.N}?{J WD 9,8 Dl gl 4 led B
Sy 0 3 1y e Sl 5 Sl slad sk
Ay Oy e slad s opl Sl eslinad 5 Ksls OLES
ey Gl g sles 4 e dii S i s S
OFOLE Sl Gt g 55,8 olalis i s
2 Glesd o glad sl ol sl (5 500 anlllas
sladsu asdlas sl s s S 55158 GL w0
1y (GFP) jow ey sl 55 5 b o oSlanil 5 CD34°
s S350 G Al g e ey L1 b &
S S b Ol phe O 2 GFPT glad sl
OOl sdalive e I3 5 4y calae

i il it CSG oot (sl slew g SLLisll sla il i
SRl 5 sladsbe sl SU s O
J,_MLQ 4+S el (EPC = Endothelial progenitor Cells)
SVsb ee Lo Sles G0 JSE 5 ey 6 455
S sl oL gladlas .V FS VEV)IIs 10N Vivo s
5 e 3l S Ly &5 45 CD34" 5 CD11b" (slad sk
Was e WSS 1y OU sy 05 CD34T glad sl
in vito s (g5 Shes JLL sl glad sl & plas ULy

(VEA)s Is 1y invivo
VEGFR3" (Vascular slad dow (5,555 aalllas 53
ks Ul s 4 CD34" 4 endothelial growth factor)

Cel g oS wyls 1y in vivo s JUL sl slad sl 4
5 AT Ll 3 53 Laol 6l ¥o o 5SS
Olea 53 55 i VIVO 55 o135, 5 Slae Lais Llaze

AR

ol sladdw Ll cul Coen G s O 5o
A5 il Jol5 o SU Ao 05 el e
sladshw Gl Gl 5ol Lgy g Sl S S
allas 53 AV AYPAN L 2500 vivo s Ll s (gsls
055 5l el i CD34" slad s (e 5 &N
e ledid i el e (slad ghor ol jon 4y L Ay
5 A5 05 A sy odys axil Balb/e (gla % se 4y Ol gl
(OVFY)Ls saalie CD34T slad s 6 sy @jw
05 by gladsho Olej o Ly Sl eslanal ol by
Al e el e (ool slad sl ol o 4 SU

ey 2olssl ool glad g Wsn b ge

U Ay O 3 2 pe sl ol
Ll ool sla sl

))_b HY"Y Jl_w).b d:ubw; lg—“‘"'\)f
- sl e ool ladshe aadly 6ﬁ.aTg_Mi_ey
oo ) eslaal L s sy 04 51, CD45 5 CD34
OYA)Ls g5l 2l immunomagnetic cells sorting
w_:.x_?} 6)@ u.a.n_>- “ &ILL:.>=AJ\J.9‘ °jj§g)"‘)‘ o=
oo 3ok sbadshe ol Camer )l Sls gt
FACS sla s, 3l eslaal L G aw O Glareas SO
Activated Cell

3 (Fluorescence sorting)

S (VY- ) )ue=s , Immunomagnetic depletion
oy Ladba ol Yood Jlu s L5liKas 5 o S
@l glad b sla S5 L Laol olglis e
SU Al gide S, ad ool sbad sk (Gl
CBEs = Cord — blood - derived embryonic like stem )
Cmmerr Ol 3l (6,503 05,5 (VW) Ll (cells
se3,S M OL s O 5l Wad ke cpl Sl el
VSEL )z 58 5l Slias 4 3k lad s 1 O
YY) st (= Very Small embryonic-like stem cell
SOX- e (glo g3 L (sla S Lo éb.u ol gladsha ol
Loy b b 4 aS 1S s ol |y nanog 5 Oct-4 (2
AT O350 Ol otz Gy 3l slad s
@l laddn sla Sol b 51 ol pl 5ol

FoV Sl e, et glaldj 51 = Sl


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK&A}J&AW@Q

S 0

s T glad s culta sl 45 1, CCR8 5 CCR4
T sladsw ladlad Jals ¢l = Cledl adkw &
CDA4"CD25" slad s (1 POV PA) IS o Olo 355 oo
5 OPANVY el oo 055 a4 ad OU a0
O ay 0s5 5 5V Iyl 5 CDATCD25™" o S
Oy 3550 55 (VA AVl lass 055 4 Sl
055 53 35730 CDA'CD25" T slad sk 55, FOXP3
Sy a8l s aes 055 LAl 53 S
oS sl 3 s aS lamdlae 5 (VY VY5l
=V OSsA ols el Sl (e Olse 4 VY
sdallie dasls p L s 09 0ol T slad sl
23,50 Ol LYY Sl s Lad b (pl oS s S
(W)l CD25 5 FOXP3 Ol 4 (6,56 opl o
Lol a0 )5 b3 T slad g e 5 sl
b e Slls b psle 5551 eled ar s
Vel

ot 5 b Ol O 53 s se eaS T lad s
ebline slas ga ) o s Cte LI L Ol o L)
55 L (W05, S (g5lwli= CD25 5T L 4S5 S
Oy o 1y sodsS T Jshor (F=V x V) 0 x 147 550
L 0T 5HOVE AW S 1o GL A 0t Ty G
Sl S A 055 3 3 gm s oS T Jsbo sl o
S i Gl sl s w0 oo b ot
Aol 55 gl o s, (s 28 GVHD
I 53 B 05 53 35 gn podlis T sladshe
V)l oy

Ao eslgiy a5 WhHls sy ke gladalllae
Sk porkis SIS L (NK) b 038 sla sl
Dl s eaiSIal T slad s 35 2alS (oS, )T T
GVHD s 15 ege (madlas 28 o T gladshe 5551
laan i) b 0diS glad sl OV o L]
5CD16 L 5l yo3s iwCD3 Sl L 5l oS duies
5CD16 b Oy wlwl 1 dis Coe CD56 L
e 03,5 55 e 4 b ediiS glad 5l CDB6
O35 53 Slsl 2 4 45 CD16'CD56™ Comarr L s s

Vay

s et =l e 4 s esls QLS andls
Ve Tsas G ay CD34T glad sher s JLL 50l
AV FO ! Ol gzl 520 CD34T glad shos 51 5VL

Slaadllas 55 50 OL Ay O laa SO slad sl
S Pl S el Gll s s i
eemlye ol glad b b 1 esdle .(104-10F)
slalbmle m 35 L SL du 055 55 552 s
Fibroblast ) FGF-2 3 VEGF 05> (s, sla, sSb
NOO)L b o 555351 o 0 Eels (growth Factor-2
Loas e G155 oS dies plaadlllas e s (1OF
sladslu 4 e plad b endilye 3l glad s
0Py 2 555! 5 JUs 500

o sdd

S s 0 OVLS 55 ae 0 L oanslis 5o
s Lo ST sladdw 5l VL s s>
cde K wls .ol CD45RA" ( CD45RO" « CD62L"
3 e GO (5 5me o im 58 5 U3 S O
o o OOV) el OS5 b gl s La STy
S sl 4 5B lacw il sl SU s 0
o CDA" s Jyaib e (CD3) T gl il
N0Vl o 05 53 OF Ol 31 5V, CDS'
(\OA

«CDA") oo T slad sl sl> G a0
7 GVHD J, =8 dauls Olgie 4 oS ool (CD25°
S Loy GLS sl GRLKes 5 g S il
5CDA" T clacaw ) 3B NOD (gla i 50 Lisls OLES
sladshe Las o Ogmesl 51 lasslew 40 Sl CD25
Glad b 70+ B 70 a8 Wites  ladshe ol T
Al s aas e WS ) ae 05 = CDAT T
TNF 2w, « CTLA-4(CD152) =k sl S L
5 0X-40 (CD134) «(GITR)I_3 55, S 58 IS L eisldll
oo o (IFY O2) OFY PPl e oote FOXP3
5 (L-Selectin) CD62 L -y , Szl J 550 50 Lad shae o
53 a0l 038 Y (gl 45 1, CCRT (S 5aS s

=S50S Sl sy 5 ol (G50 4 S0 S sad sl


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

Ay 055 Spdos lad s o 055 Sz 500
LalS 05, 2ol W55 slgs e ¥ oS ol W b 3L
OADL 2 o Tl Caw 0 T lad sl L3 Slee
Sy gladshw a5 sl olis 2K 5 550
Sl Lkl e el sl 58050 o OL s 05
Sotgl an ;e aS A e Ol |y ¢ VL (Fasl)
0ds Jlsd alS aom jo 5 S glad
Glad o opl sl 08055 o T slacaw yal
S5 5 sl B S aS QU O s 55 50 Sy
53 GVHD 55, 5alS 55 age 5580 cdites Cinss
b e O Ay O L g

sladsw sl Gb sy 045 oS ol S50 p3Y
3 Ak e 5 e Sy 5 ey )l Jo G Wl
Lol e s b lad s 35 sl o,
S s 055 Sl i n slad s Sl aS
QNN ey I s

U o O ool slad sl ST (sl s,
osleil (slacus sdoes I S cds 4§ oS 5 5b Olea
S5 o3 e ol Gladshe Do oS SU L 0
03 g2k s UL s pdilisy el SU s O A
S Jsho sl e 4 Baas Gy 0 6 pdil s
ke Glaely 5l (Sl SL s O Al s o
Gl Oty 0 oty Yl eslinal (g3 s ol
(g o s Al 93 Lgw Ol gie ol aS)dly S
Ly OL dy 055 Lg e S Tol s Hlaw il &S o

08 aas o il 33l
s OL a0 Al G Oy e L S0 ol
ARl edd bl e 05 (3l slad s el o
¢ 3 03,5 5 CD133 Ly ol ,_oa CD34 L, CD34
S 5 5 Sk andlas s (VA0S e OIS dS sl
o skt s G-CSF L (aes 052 Sl 2 (3l slad b
So oo a5 s S adss T gladshe i 51 50l
s S G HLA L 5l 5500 L s 0 Ay

23 e SN s s s sl Ol Sl

Vay

rosd e 3§ plp Ole CD16'CD56 ™ (slad sl .(YVA)
A8 s 0Ly CD16°CD56" (slad b LB 551 S
5l Gide CD16'CD56™ (slad s ciS .(\WVA-VAY)
S eeS i ;e 05 Y Sl b Ol s 0
b 038 glad she s o OLES «S 545 e CD56
sladsu 55035 5 Y| e oa CD16'CD56 oS
M;L;agwuwgw\ﬁvﬁjmmbom
O35 3 345 50 CDI6'CD56" s 0diiS (glad ylu oS
5 ety Ll s WL (3,8 kes 31 G iy
OVAL s 1 J sk
e 05 5 Ol jre s OU Ay 05
S 3l b saiiS sladshe VL slws g5l
CD56" (S 35 st T (Slaons 5 Canar 3ldas a5
SU sy 0 sladhe i wa (7 DAYl (5 28
e nbo s o LS sl 51 (6 28 Gllae Ol e
s O 53 ol edle OANAS o )5 VLS 5
oS sl LelS 0 5 xol  olgdl as gl plS ymle L
S G sl b 4 eV oS el Y
s s5aS ol VAl 500518 (Y S ) )
slacisie JUl 5 GVHD S ¢ 0d 53 mul s

(S lis gl ol
A O3 53 35 ge Sl slad s o 0T S
b ,e 53 52l K55 s s alls s WLL U
35 35 g0 S, s glad s L(VAD VAP, ls o5 5
L st ey Sty slad s Bes GU A 045
S ydos slad sl L (CD123° 5 CD1L ¢ ea
o=l = esdle (OAY AAA)(CDI123 5 CDIL ) she
Ay O 03 3 sn A s pedly S0 lad sl
2SS TNF-0 5 S0 o5 SaS slad 5050 (S
O3t 40 gas 53 35 go S pdis sladsh b anslis
03L Gl odasOLLS a5 S e Ol OYLS 5 o
il Slid psma s e s 4 ol
sladslu U awslio 53 .(0AV) AL o (CPG)aks &


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK&A}J&AW@Q

S 0

L3 IL6 S e oS5 5l e 0 S 50
Aol LGS atia 93 & 4 (SF) FIt3-L 5 SCF « TPO
S slad b ;25 550 S SF s oS
95 4 Camed (sl O 31 Gy L)W g 53 eslinal 5540
Ciliseo slaandlas (Y+0)s,ls CBP 5FCS (gl Lame
S 5 A MIPL- 0 95,8 Ll oS WUsls LSS 5o
by sladsbw slass ulidl el g8 S sula
slacossdme s any (AV Y0 P)s 0t e slui
2 Sl e ol cis glal o 3l oslac
Al ay o dlie glaaalllae ( ST glad s g
L FCS (55m S (sladams b o 86 sl bams
S 3 Ulatls S I8l GU s O ledl
ol sladsw oS ol g L6 ol
AV V=YV ))lesls Olis GU s O g5 3lud o=

L Ol 05 gladsh by il (228 oa 5o
Sladshe Olse 4 plas il slad s 5l oslicad
PR EWY o=l 0 K e enly iSO sdiS Cules
S35 sl sl gladslo a5 wsls olis 1K
G— b 51 (SNO) CD45- 5 oo oy a5l S = N S
Sl S Vb B Uy S ol
S LS 5 ke (N e Sl sk
ol glad e LG s 04+ (sla HSC ‘-;i.\l.sr.bb
5SCF TPO sLa S sl L sl an g0 Losiilpe
G115 Aald e 8B S lame s FLT3/FLK2
L S b sl ol gladshe sl T
55 glaallas s e — T TVF)ass p ain
et o 0ls LS 5l ool slad sl
o e b Y Ol 4 endilpe (ol slad sl
(N0 55 0 OF S 55351 S 5 SV 35

lad 2t ool slad sl iSO sla gy ud:;ué/f/
PRI

Do s padely Cilie gla e ol L
Sl= Ssbame gla 2y, 5l ol 2 (ool glad sk
OV sl ot oslizad LOT a&a LT 55

1a¥

Sty s b ol oS S1 Gl 555 7Y )8
2548 L= 0T sl o 0Kl 1, 5)lse JBla L
b sl L G0y 055 sladts 55050 51 (ol
sl a8 Les alS (o 85t Y sl oS
slad sl 5l eslizal w350l 55 el LS5 Ol
oSl DSl g ociSlutal 31 okt o 5L 5 (3l
Gl 5 glad sl sl L GL a0 g5 sladly
(V49)35le o s sdie |y Lgm (gl bl a5l S

lahas dacassdon l pads sl s b
L S5l Sl ol glad g aQ0LST 5SS
Aol ol el ki G5 ) S S
O3 53 oo LS)}TC“-? Slad s ol slad gl sl
Slad sl Ol e by 5L5 550 5l ST GU
ol sladle s sl S 5 ST sl e ool
@l sladhn 55 g o Slodes slacs oy
sl 0L rL?L}\ U s O

Sy 0 AT 2SS sl s, IS b a
L 538 o 5 b Ol s 53 S2S et 55 &
(el GLACAES 53 L5 e ks Jlag i (slad o
P e 53 el e S Ay 05 (ool lad sk
LassSb Lo 5 ay slay S daplS sl 5l oS 5
(iS5 B DS e 3 e ie Ol Dde 5
Mo 0L A 055 sladts 5l slud s slaysiils »
« SCF ¢ GM-CSF « G-CFS sla pS ol iy S o
St gy S ILL (IL3 (IL6 (IL11 FLT3L
el bl e (e Sl D3 s )
O sl 5 5SS ol e Sl as s
Aoleds eslial Laol 35 5 adsl lad ot (slad she
(YAvV=Y.¥)

Sl ok 4 ULKes 5 s &S Glaallas o
CiS Ll o e a2l Gl e ladae
sl plal GBb ity 0% Sl g sle sk S5 ol
T+ Lol s RPMI 1640 i8S Jaoms oy dlin ol
A 05 Slaedy Tt Ly 5 (FCS) 6 5LS eir o s
O JW)’(’J—*'“J—%-}‘-:—’“&:*’:V-“JQBP) b


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

QF Ol ¥ oyled Y 64s

>

S S5 pdaly (slo s SSE 4y BBk 03 Sl (g3l slod s G e glo s ) Jsdr

oA =k S S
Sl slaws 21551 el Noteh KK L CD34" L a0 slay siifs o sles o
Y\s o . il Notch S JLE...
Sy 2l Ve Sl G ssde 3 s 5s pf soli slad sl
alS g 5l e anl sl meS gladshu slaas 15l 4 mie Wt slad) | s o
YV o 7 Bl S s shas A 0 Wit S o
;ﬂgdﬁmwébélﬁdp
Of 55 o dzen 3lad > ool sbad sl 53 WL sls s Notch 5 Wit (sls e
TAA S I 53550 e slai s ol lad sl Gl 5 Ogel ad s il 3l Esl Wit Notch s Wnt _.S 5
355 g0 0T 3Les Ll Notch
e L;:L:;{L;Lad_,hdﬂlj?“UYVQM@‘Y}EJ;SC,&L.LA&NJJ)#@UH;L&A s slgy
Syhe b (Angptl) ¢ 5, 50 5
Gldde 53 GV Ll 4 e sdd el S 5 5 TAT-HOXBA jl eslizl
\AR , T . TAT-HOXB4
3d e Ot 5 S A Ot 55 25250 CDBAT 255
Ay 0% 6ol el 5 Gl NR-101 ins C-mpl s ST S 557 J 5S040 C-mpl e ST
YY) TPO L awslis 53 SCID 50 55 ad shos o3l 3 60l o YT ilsil 5 L s 055550555 )
T (s p shoe (o
a.l..SJL@,A) zLLYfmk 9 ()L:..AS a.J..MS)L@JO zZVADfmk 6)&5)}1 6[.&3.&..5)[.@,4 Q)}j.a‘
YYY Gl b5l el GL du 0 95 CD34" lad sho ciS ladas 4 (28 zLLYfmk 5 zZVADfmk
Sy e IS 4 S ol O BY 550~ 53 CD34" L.
frr © s o Sl ol ladshe o8 Y s 2k GRPIA 05 6L b se Jubs ER Osxbr (n5
Lsls QLES 1 adsl 5Lud s (ool slad shor anly (553l Comar of o (GRP94)
5 S 0 Ol 1 PGEZ (gla ) gy (L Ly 0555 53 39 50 Sl i (50l slad sl E2 oSl
. S e
YYY Loodd Hles Sldl GU a0 slad o . as o =l PGE2 L EX ViV S oo 4
Sl 8 > s ot &S P (PGE2)
s e wlsl CiS b j3 a8 gl bl 4 a5 Sl stemregenin 1 (SR1) ; .
. ) y N Jool oty S S
: . SR1 oo Ss,dm
3pdr 2l a bl sl
Yv$ 558 2 CD34" 5l sad she Cumar il 33l o 50 TGFDR20S 0Ly s TGF-B
5CD38™ Gl o 0 slad s> (ol slad sl ples Ll 55 o BMP-4 (VL clale
YYA 5 YYV 6@@1“‘)):5@;@{,:};@];”)9@5!}3&%&A,\;SJJL@J\)CDM' BMP
350 Sl ool lad b g plo (o L sled o (ool
e Sl 3l ol slad s Ol s I3l ol BMIFL A 1 i Ol -
mi-
Ssd e Sled g (o3l sbd x5
(IL6 (TPO (55l mlo Lo )3 SBU iy 0 3l 32 CD34” (glad shos Lo
SIS e gla, oD
VYT | ke adyl o 58 Jais Easly (TEPA) puelity o1 1,5 s, 55L3 L SCF « FLT3L el o St
' - (TEPA) (poslzy
S
YYY WYl el ls B P sles (25 s (ATRA) el S5, il 5 JT Al S g5y il 5 T

AR



https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

i e Sl e Nk S (ATRA)
b b el Cely G 5 4 Ohral 5 O st 5 oS e pd el se 5l eslazal
J s )8 lelas ol 5 @ eas L3 0 slee ¢lad Jol o 1l 453 9
Y5_YrE S8 Jelse opl Sl s So s e o3k Glad b bl 5 SOl 55
63k slad o 35 a8 ol (31l 5l O s 0 diS Hlee S a5
LS o S o |, CD34" 5L =
sabaie a)edts (6 s dls Lol pen (adsl 3y gilan 6 ol i

,;ﬁéuu;})dﬁlp;;e)umﬁw\g%p
La sy ol ol bl s e ola iy, ARG
63l sladsho s Shas iulsil ol v g, g Olse o
by Sleo s Sl (SKan O gor L5l eslanal jlas
s AT Lyl s 5l o ol slad s
L;LAC;—:&«:,— )j_gé;- alao Q—i‘ 3 .l_.;qu O J;'-\J
)J)MP&JL:.J&LAJJLNJ_:GJWQ%M
Sl e, S in LS Wd ) p S a0
Ol s J’@*"Lﬁ‘ b eslaial dﬁ\ Qﬁlﬂ.’;(;“} Slwla=

.Jjb&)j@ﬂ.&%?)}b wﬁ&j@bww

References :

Mihu CM, Mihu D, Costin N, Rus Ciuca D, Susman S,
Ciortea R. Isolation and characterization of stem cells
from the placenta and the umbilical cord. Rom J
Morphol Embryol 2008; 49(4): 441-6.

Laver JH, Hulsey TC, Jones JP, Gautreaux M, Barredo
JC, Abboud MR. Assessment of barriers to bone
marrow donation by unrelated African-American
potential donors. Biol Blood Marrow Transplant 2001;
7(1): 45-8.

Goessling W, Allen RS, Guan X, Jin P, Uchida N,
Dovey M, et al. Prostaglandin E2 enhances human
cord blood stem cell xenotransplants and shows long-
term safety in preclinical nonhuman primate transplant
models. Cell Stem Cell 2011; 8(4): 445-58.

Mayani H, Alvarado-Moreno JA, Flores-Guzméan P.
Biology of human hematopoietic stem and progenitor
cells present in circulation. Arch Med Res 2003; 34(6):
476-88.

Knudtzon S. In vitro growth of granulocytic colonies
from circulating cells in human cord blood. Blood
1974; 43(3): 357-61.

Leary AG, Ogawa M. Blast cell colony assay for
umbilical cord blood and adult bone marrow
progenitors. Blood 1987; 69(3): 953-6.

\a#

Sladsha Sl mws 53 5 013 e SL s 05
S SVl ety 5 (S5 sl sk pde b ool
wuc_?)tkgggﬁdudjxﬂduﬁu@g@\)oi
ey 3 Soln sladghw sl o e Sl (S5 ol
] ‘;.:ﬂ; L_SLQ.JJ.’)LSJ le: 5
Qsﬁrjgdl}v\:{o)}j\esm\ﬁaw‘}ﬁnu\
SL Ay O35 @505 53 35 0 Sl 2 o3l glad s
Sla iy s a $odaie Glaaslllae O oSU &S ol
Lad g ol slaas aalssl ol Joke oSO glas ol
2SS Gl 5l S 5 A A e Sl Llastls
b b g)dmmuﬂ Lol i 55 edd esls

7- Gluckman E, Devergié A, Bourdeau-Esperou H,
Thierry D, Traineau R, Auerbach A, et al.
Transplantation of umbilical cord blood in Fanconi's
anemia. Nouv Rev Fr Hematol 1990; 32(6): 423-5.

8- National Cord Blood Program. Welcome to the New
York Blood Center's National Cord Blood Program
Website.Available from:
http://www.nationalcordbloodprogram.org.

9- Bone Marrow Donors Worldwide. Welcome to Bone
Marrow Donors Worldwide. Leiden, Netherlands.
Auvailable from:
http://www.bmdw.org/index.php?id=statistics_cordblo
od, 2014.

10- Gluckman E. History of cord blood transplantation.
Bone Marrow Transplant 2009; 44(10): 621-6.

11- Rocha V, Broxmeyer HE. New approaches for
improving engraftment after cord blood
transplantation. Biol Blood Marrow Transplant 2010;
16(1 Suppl): S126-32.

12- Ballen KK, Spitzer TR, Yeap BY, McAfee S, Dey BR,
Attar E, et al. Double unrelated reduced-intensity
umbilical cord blood transplantation in adults. Biol
Blood Marrow Transplant 2007; 13(1): 82-9.

13- McGuckin C, Forraz N, Baradez M-O, Basford C,



http://www.ncbi.nlm.nih.gov/pubmed/?term=Mihu%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19050791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mihu%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19050791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Costin%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19050791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rus%20Ciuc%C4%83%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19050791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Su%C5%9Fman%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19050791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ciortea%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19050791
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gluckman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=1983224
http://www.ncbi.nlm.nih.gov/pubmed/?term=Devergi%C3%A9%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1983224
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bourdeau-Esperou%20H%5BAuthor%5D&cauthor=true&cauthor_uid=1983224
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thierry%20D%5BAuthor%5D&cauthor=true&cauthor_uid=1983224
http://www.ncbi.nlm.nih.gov/pubmed/?term=Traineau%20R%5BAuthor%5D&cauthor=true&cauthor_uid=1983224
http://www.ncbi.nlm.nih.gov/pubmed/?term=Auerbach%20A%5BAuthor%5D&cauthor=true&cauthor_uid=1983224
http://www.ncbi.nlm.nih.gov/pubmed/?term=New+Approaches+for+Improving+Engraftment+after+Cord+Blood+Transplantation.+Blood+and+Marrow+Transplantation
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ballen%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=17222756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Spitzer%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=17222756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yeap%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=17222756
http://www.ncbi.nlm.nih.gov/pubmed/?term=McAfee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17222756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dey%20BR%5BAuthor%5D&cauthor=true&cauthor_uid=17222756
http://www.ncbi.nlm.nih.gov/pubmed/?term=Attar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17222756
http://www.ncbi.nlm.nih.gov/pubmed/?term=New+Approaches+for+Improving+Engraftment+after+Cord+Blood+Transplantation.+Blood+and+Marrow+Transplantation
http://www.ncbi.nlm.nih.gov/pubmed/?term=New+Approaches+for+Improving+Engraftment+after+Cord+Blood+Transplantation.+Blood+and+Marrow+Transplantation
https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

16-

18-

19-

20-

22-

24-

25-

26-

Dickinson AM, Navran S, et al. Embryonic-like stem
cells from umbilical cord blood and potential for neural
modeling. Acta Neurobiol Exp (Wars) 2006; 66(4):
321-9.

Pipes BL, Tsang T, Peng SX, Fiederlein R, Graham M,
Harris DT. Telomere length changes after umbilical
cord blood transplant. Transfusion 2006; 46(6): 1038-
43.

Broxmeyer HE, Douglas GW, Hangoc G, Cooper S,
Bard J, English D, et al. Human umbilical cord blood
as a potential source of transplantable hematopoietic
stem/progenitor cells. Proc Natl Acad Sci U S A 1989;
86(10): 3828-32.

Rabian-Herzog C, Lesage S, Gluckman E, Charron D.

Characterization of lymphocyte subpopulations in cord
blood. J Hematother 1993; 2(2): 255-7.

Bofill M, Akbar AN, Salmon M, Robinson M, Burford
G, Janossy G. Immature CD45RA(low)RO(low) T
cells in the human cord blood. I. Antecedents of
CD45RA+ unprimed T cells. J Immunol 1994;
152(12): 5613-23.

Risdon G, Gaddy J, Stehman FB, Broxmeyer HE.
Proliferative and cytotoxic responses of human cord
blood T lymphocytes following allogeneic stimulation.
Cell Immunol 1994; 154(1): 14-24.

Cohen SB, Madrigal JA. Immunological and functional
differences between cord and peripheral blood. Bone
Marrow Transplant 1998; 21 Suppl 3: S9-12.
MacMillan ML, Weisdorf DJ, Brunstein CG, Cao Q,
DeFor TE, Verneris MR, et al. Acute graft-versus-host
disease after unrelated donor umbilical cord blood
transplantation: analysis of risk factors. Blood 2009;
113(11): 2410-5

Barker JN, Davies SM, DeFor T, Ramsay NK,
Weisdorf DJ, Wagner JE. Survival after transplantation
of unrelated donor umbilical cord blood is comparable
to that of human leukocyte antigen—matched unrelated
donor bone marrow: results of a matched-pair analysis.
Blood 2001; 97(10): 2957-61.

Rocha V, Wagner Jr JE, Sobocinski KA, Klein JP,
Zhang M-J, Horowitz MM, et al. Graft-versus-host
disease in children who have received a cord-blood or
bone marrow transplant from an HLA-identical sibling.
Eurocord and International Bone Marrow Transplant
Registry Working Committee on Alternative Donor
and Stem Cell Sources. N Engl J Med 2000; 342(25):
1846-54.

Rocha V, Labopin M, Sanz G, Arcese W,
Schwerdtfeger R, Bosi A, et al. Transplants of
umbilical-cord blood or bone marrow from unrelated
donors in adults with acute leukemia. N Engl J Med
2004; 351(22): 2276-85.

Leung AY, Kwong YL. Haematopoietic stem cell
transplantation: current concepts and novel therapeutic
strategies. Br Med Bull 2010; 93: 85-103.

Petersdorf EW. Optimal HLA matching in
hematopoietic cell transplantation. Curr Opin Immunol
2008; 20(5): 588-93.

Shaw BE, Arguello R, Garcia-Sepulveda CA, Madrigal
JA. The impact of HLA genotyping on survival
following unrelated donor haematopoietic stem cell
transplantation. Br J Haematol 2010; 150(3): 251-8.

Vay

27-

28-

29-

30-

32-

33-

34-

35-

36-

Lee SJ, Klein J, Haagenson M, Baxter-Lowe LA,
Confer DL, Eapen M, et al. High-resolution donor-
recipient HLA matching contributes to the success of
unrelated donor marrow transplantation. Blood 2007;
110(13): 4576-83.

Fleischhauer K, Shaw BE, Gooley T, Malkki M,
Bardy P, Bignon JD, et al. Effect of T-cell epitope
matching at HLA-DPB1 in recipients of unrelated-
donor haematopoietic-cell-transplantation: a
retrospective study. Lancet Oncol 2012; 13(4): 366-74.
Bettens F, Passweg J, Schanz U, Chalandon Y, Heim
D, Giingdr T, et al. Impact of HLA-DPB1 haplotypes
on outcome of 10/10 matched unrelated hematopoietic
stem cell donor transplantation depends on MHC-
linked microsatellite polymorphisms. Biol Blood
Marrow Transplant 2012;18(4): 608-16.

D'Arena G, Musto P, Cascavilla N, Di Giorgio G,
Fusilli 'S, Zendoli F, et al. Flow cytometric

characterization of human umbilical cord blood
lymphocytes: immunophenotypic features.
Haematologica 1998; 83(3): 197-203.

Behzad-Behbahani A, Pouransari R, Tabei S,

Rahiminejad M, Robati M, Yaghobi R, et al. Risk of
viral transmission via bone marrow progenitor cells
versus umbilical cord blood hematopoietic stem cells in
bone marrow transplantation. Transplant Proc 2005;
37(7): 3211-2.

Gammaitoni L, Weisel KC, Gunetti M, Wu KD, Bruno
S, Pinelli S, et al. Elevated telomerase activity and
minimal telomere loss in cord blood long-term cultures
with extensive stem cell replication. Blood 2004;
103(12): 4440-8.

Laughlin MJ, Eapen M, Rubinstein P, Wagner JE,
Zhang M-J, Champlin RE, et al. Outcomes after
transplantation of cord blood or bone marrow from
unrelated donors in adults with leukemia. New Engl J
Med 2004; 351(22): 2265-75.

Gilmore GL, DePasquale DK, Lister J, Shadduck RK.
Ex vivo expansion of human umbilical cord blood and
peripheral blood CD34(+) hematopoietic stem cells.
Exp Hematol 2000; 28(11): 1297-305.

Stevens CE, Scaradavou A, Carrier C, Carpenter C,
Rubinstein P. An empirical analysis of the probability
of finding a well-matched cord blood (CB) unit:
implications for a National Cord Blood Inventory.
Blood 2005; 106. [Abstract 2047]

Wagner JE, Barker JN, DeFor TE, Baker KS, Blazar
BR, Eide C, et al. Transplantation of unrelated donor
umbilical cord blood in 102 patients with malignant
and nonmalignant diseases: influence of CD34 cell
dose and HLA disparity on treatment-related mortality
and survival. Blood 2002; 100(5): 1611-8.

Gluckman E, Rocha V, Boyer-Chammard A, Locatelli
F, Arcese W, Pasquini R, et al. Outcome of cord-blood
transplantation from related and unrelated donors.
Eurocord Transplant Group and the European Blood
and Marrow Transplantation Group. N Engl J Med
1997; 337(6): 373-81.

Migliaccio AR, Adamson JW, Stevens CE, Dobrila
NL, Carrier CM, Rubinstein P. Cell dose and speed of
engraftment in placental/umbilical cord blood
transplantation: graft progenitor cell content is a better
predictor than nucleated cell quantity. Blood 2000;


http://www.ncbi.nlm.nih.gov/pubmed/?term=Cooper%20S%5BAuthor%5D&cauthor=true&cauthor_uid=2566997
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bard%20J%5BAuthor%5D&cauthor=true&cauthor_uid=2566997
http://www.ncbi.nlm.nih.gov/pubmed/?term=English%20D%5BAuthor%5D&cauthor=true&cauthor_uid=2566997
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baxter-Lowe%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=17785583
http://www.ncbi.nlm.nih.gov/pubmed/?term=Confer%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=17785583
http://www.ncbi.nlm.nih.gov/pubmed/?term=Eapen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17785583
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=14726371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14726371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruno%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14726371
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pinelli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=14726371
https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK@}J&M%\]&Q

S 0

39-

41-

42-

43-

44-

45-

46-

47-

48-

49-

50-

51-

52-

53-

54-

55-

96(8): 2717-22.

Petropoulou A, Rocha V. Risk factors and options to
improve engraftment in unrelated cord blood
transplantation. Stem cells Int 2011; 2011: 610514.
Bart T. Cost effectiveness of cord blood versus bone
marrow and peripheral blood stem cells. Clinicoecon
Outcomes Res 2010; 2: 141-7.

Rubinstein P, Rosenfield RE, Adamson JW, Stevens
CE. Stored placental blood for unrelated bone marrow
reconstitution. Blood 1993; 81(7): 1679-90.

Bertolini F, Lazzari L, Lauri E, Corsini C, Castelli C,
Gorini F, et al. Comparative study of different
procedures for the collection and banking of umbilical
cord blood. J Hematother 1995; 4(1): 29-36.

Harris DT, Schumacher MJ, Rychlik S, Booth A,
Acevedo A, Rubinstein P, et al. Collection, separation
and cryopreservation of umbilical cord blood for use in
transplantation. Bone Marrow Transplant 1994; 13(2):
135-43.

Ballen KK. New trends in umbilical cord blood
transplantation. Blood 2005; 105(10): 3786-92.
Hollands P, McCauley C. Private cord blood banking:
current use and clinical future. Stem Cell Rev 2009;
5(3): 195-203.

Badowski MS, Harris DT. Collection, processing, and
banking of umbilical cord blood stem cells for clinical
use in transplantation and regenerative medicine.
Methods Mol Biol 2008; 39(3): 173-8.

Migliaccio G, Migliaccio AR, Druzin ML, Giardina P,
Zsebo KM, Adamson JW. Long-term generation of
colony-forming cells in liquid culture of CD34+ cord
blood cells in the presence of recombinant human stem
cell factor. Blood 1992; 79(10): 2620-7.

Bertolini F, Lazzari L, Lauri E, Corsini C, Castelli C,
Gorini F, et al. Comparative study of different
procedures for the collection and banking of umbilical
cord blood. J Hematother 1995; 4(1): 29-36.

Harris D, Schumacher M, Rychlik S, Booth A,
Acevedo A, Rubinstein P, et al. Collection, separation
and cryopreservation of umbilical cord blood for use in
transplantation. Bone Marrow Transplant 1994; 13(2):
135-43.

Almici C, Carlo-Stella C, Mangoni L, Garau D,
Cottafavi L, Rizzoli V, et al. Density separation of
umbilical cord blood and recovery of hemopoietic
progenitor cells: implications for cord blood banking.
Stem Cells 1995; 13(5): 533-40.

Butler MG, Menitove JE. Umbilical cord blood
banking: an update. J Assist Reprod Genet 2011; 28(8):
669-76.

Garcia J. Allogeneic unrelated cord blood banking
worldwide: an update. Transfus Apher Sci 2010; 42(3):
257-63.

Berz D, McCormack EM, Winer ES, Colvin GA,
Quesenberry PJ. Cryopreservation of hematopoietic
stem cells. Am J Hematol 2007; 82(6): 463-72.
Broxmeyer HE, Srour EF, Hangoc G, Cooper S,
Anderson SA, Bodine DM. High-efficiency recovery
of functional hematopoietic progenitor and stem cells
from human cord blood cryopreserved for 15 years.
Proc Nat Acad Sci U S A 2003; 100(2): 645-50.
Shlebak A, Marley S, Roberts I, Davidson R, Goldman
J, Gordon M. Optimal timing for processing and

VaA

56-

57-

58-

59-

60-

61-

62-

63-

64-

66-

67-

68-

cryopreservation of umbilical cord haematopoietic
stem cells for clinical transplantation. Bone Marrow
Transplant 1999; 23(2): 131-6.

Choi CW, Kim BS, Seo JH, Shin SW, Kim YH, Kim
JS. Long-term engraftment stability of peripheral blood
stem cells cryopreserved using the dump-freezing
method in a-80 C mechanical freezer with 10%
dimethyl sulfoxide. Int J Hematol 2001; 73(2): 245-50.
Abrahamsen JF, Bakken AM, Bruserud @.
Cryopreserving human peripheral blood progenitor
cells with 5-percent rather than 10-percent DMSO
results in less apoptosis and necrosis in CD34+ cells.
Transfusion 2002; 42(12): 1573-80.

Galmés A, Besalduch J, Bargay J, Novo A, Morey M,
Guerra JM, et al. Long-term storage at-80 degrees C of
hematopoietic progenitor cells with 5-percent dimethyl
sulfoxide as the sole cryoprotectant. Transfusion 1999;
39(1): 70-3.

Halle P, Tournilhac O, Knopinska-Posluszny W,
Kanold J, Gembara P, Boiret N, et al. Uncontrolled-
rate freezing and storage at-80 degrees C, with only3.
5-percent DMSO in cryoprotective solution for 109
autologous  peripheral  blood  progenitor  cell
transplantations. Transfusion 2001; 41(5): 667-73.
Moezzi L, Pourfathollah A, Alimoghaddam K,
Soleimani M, Ardjmand AR. The effect of
cryopreservation on clonogenic capacity and in vitro
expansion potential of umbilical cord blood progenitor
cells. Transplant Proc 2005; 37(10): 4500-3.

Harris DT, Mapother M, Goodman C. Prevention of
cross-sample and infectious contamination during cord
blood banking by use of cryovials for storage in liquid
nitrogen. Transfusion 2000; 40: 111S

Broxmeyer HE. Umbilical cord transplantation:
Epilogue. Semin Hematol 2010; 47(1): 97-103.
Soufizomorrod M, Soleimani M, Hajifathali A,
Mohammadi MM, Abroun S. Expansion of CD133+
umbilical cord blood derived hematopoietic stem cells
on bhiocompatible microwells. Int J Hematol Oncol
Stem Cell Res 2013; 7(1): 9-14.

Fallah P, Arefian E, Naderi M, Aghaee-Bakhtiari SH,
Atashi A, Ahmadi K, et al. miR-146a and miR-150
promote the differentiation of CD133+ cells into T-
lymphoid lineage. Mol Biol Rep 2013; 40(8): 4713-9.
Hafizi M, Atashi A, Bakhshandeh B, Kabiri M, Nadri
S, Hosseini RH, et al. MicroRNAs as markers for
neurally committed CD133+/CD34+ stem cells derived
from human umbilical cord blood. Biochem Genet
2013; 51(3-4): 175-88.

Kouhkan F, Soleimani M, Daliri M, Behmanesh M,
Mobarra N, Mossahebi Mohammadi M, et al. miR-451
Up-regulation, Induce Erythroid Differentiation of
CD133+cells Independent of Cytokine Cocktails. Iran J
Basic Med Sci 2013; 16(6): 756-63.

Hatzfeld J, Batard P, Cardoso A, Li M, Panterne B,
Sansilvestri P, et al. Purification and release from
quiescence of umbilical cord blood early progenitors
reveal their potential to engraft adults. Blood Cells
1994; 20(2-3): 430-4.

Van Epps D, Bender J, Lee W, Schilling M, Smith A,
Smith S, et al. Harvesting, characterization, and culture
of CD34" cells from human bone marrow, peripheral
blood , and cord blood. Blood Cells 1994; 20(2-3):


http://www.ncbi.nlm.nih.gov/pubmed/?term=Badowski%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22610565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20DT%5BAuthor%5D&cauthor=true&cauthor_uid=22610565
http://www.ncbi.nlm.nih.gov/pubmed/22610565
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruserud%20%C3%98%5BAuthor%5D&cauthor=true&cauthor_uid=12473137
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soufizomorrod%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24505514
http://www.ncbi.nlm.nih.gov/pubmed/?term=Soleimani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24505514
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hajifathali%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24505514
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mohammadi%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24505514
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abroun%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24505514
http://www.ncbi.nlm.nih.gov/pubmed/?term=Expansion+of+CD133%2B+umbilical+cord+blood+derived+hematopoietic+stem+cells+on+biocompatible+microwells.+International+Journal+of+Hematology
http://www.ncbi.nlm.nih.gov/pubmed/?term=Expansion+of+CD133%2B+umbilical+cord+blood+derived+hematopoietic+stem+cells+on+biocompatible+microwells.+International+Journal+of+Hematology
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mossahebi%20Mohammadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23997901
https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

70-

72-

73-

75-

78-

79-

80-

82-

411-23.

Lu L, Xiao M, Shen RN, Grigsby S, Broxmeyer HE.
Enrichment, characterization, and responsiveness of
single primitive CD34 human umbilical cord blood
hematopoietic progenitors with high proliferative and
replating potential. Blood 1993; 81(1): 41-8.

Traycoff C, Abboud M, Laver J, Clapp D, Hoffman R,
Law P, et al. Human umbilical cord blood
hematopoietic progenitor cells: are they the same as
their adult bone marrow counterparts? Blood Cells
1994; 20(2-3): 382-90.

Pettengell R, Luft T, Henschler R, Hows JM, Dexter
TM, Ryder D, et al. Direct comparison by limiting
dilution analysis of long-term culture-initiating cells in
human bone marrow, umbilical cord blood, and blood
stem cells. Blood 1994; 84(11): 3653-9.

Hao QL, Shah AJ, Thiemann FT, Smogorzewska EM,
Crooks GM. A functional comparison of CD34+
CD38-cells in cord blood and bone marrow. Blood
1995; 86(10): 3745-53.

Broxmeyer HE, Hangoc G, Cooper S, Ribeiro RC,
Graves V, Yoder M, et al. Growth characteristics and
expansion of human umbilical cord blood and
estimation of its potential for transplantation in adults.
Proc Nat Acad Sci 1992; 89(9): 4109-13.

Broxmeyer H, Kurtzberg J, Gluckman E, Auerbach A,
Douglas G, Cooper S, et al. Umbilical cord blood
hematopoietic stem and repopulating cells in human
clinical transplantation. Blood Cells 1990; 17(2): 313-
29.

Ng YY, van Kessel B, Lokhorst HM, Baert MR, van
den Burg CM, Bloem AC, et al. Gene-expression
profiling of CD34+ cells from various hematopoietic
stem-cell sources reveals functional differences in
stem-cell activity. J Leuk Biol 2004; 75(2): 314-23.
Lansdorp PM, Dragowska W, Mayani H. Ontogeny-
related changes in proliferative potential of human
hematopoietic cells. J Exp Med 1993; 178(3): 787-91.
Mayani H, Lansdorp PM. Thy-1 expression is linked to
functional properties of primitive hematopoietic
progenitor cells from human umbilical cord blood.
Blood 1994; 83(9): 2410-7

Tamaki S, Eckert K, He D, Sutton R, Doshe M, Jain G,
et al. Engraftment of sorted/expanded human central
nervous system stem cells from fetal brain. J Neurosci
Res 2002; 69(6): 976-86.

Uchida N, Buck DW, He D, Reitsma MJ, Masek M,
Phan TV, et al. Direct isolation of human central
nervous system stem cells. Proc Nat Acad Sci U S A
2000; 97(26): 14720-5.

Hafizi M, Atashi A, Bakhshandeh B, Kabiri M, Nadri
S, Hosseini RH, et al. MicroRNAs as Markers for
Neurally Committed CD133+/CD34+ Stem Cells
Derived from Human Umbilical Cord Blood. Biochem
Genet 2013; 51(3-4): 175-88.

Moritz T, Keller D, Williams D. Human cord blood
cells as targets for gene transfer: potential use in
genetic therapies of severe combined
immunodeficiency disease. J Exp Med 1993; 178(2):
529-36.

Giorgetti A, Montserrat N, Rodriguez-Piza I, Azqueta
C, Veiga A, Izpisia Belmonte JC. Generation of
induced pluripotent stem cells from human cord blood

Va4

83-

84-

85-

86-

87-

88-

89-

90-

92-

93-

94-

95-

96-

97-

cells with only two factors: Oct4 and Sox2. Nat Protoc
2010; 5(4): 811-20.

Takenaka C, Nishishita N, Takada N, Jakt LM,
Kawamata S. Effective generation of iPS cells from
CD34+ cord blood cells by inhibition of p53. Exp
Hematol 2010; 38(2): 154-62.

Wang M, Yang Y, Yang D, Luo F, Liang W, Guo S, et
al. The immunomodulatory activity of human
umbilical cord blood-derived mesenchymal stem cells
in vitro. Immunology 2009; 126(2): 220-32.

Erices A, Conget P, Minguell JJ. Mesenchymal
progenitor cells in human umbilical cord blood. Br J
Haematol 2000; 109(1): 235-42.

Lee OK, Kuo TK, Chen WM, Lee KD, Hsieh SL, Chen
TH. Isolation of multipotentmesenchymal stem cells
from umbilical cord blood. Blood 2004; 103(5): 1669-
75.

Goodwin HS, Bicknese AR, Chien SN, Bogucki BD,
Quinn CO, Wall DA. Multilineage differentiation
activity by cells isolated from umbilical cord blood:
expression of bone, fat, and neural markers. Biol Blood
Marrow Transplant 2001; 7(11): 581-8.

Bieback K, Kern S, Kliter H, Eichler H. Critical
parameters for the isolation of mesenchymal stem cells
from umbilical cord blood. Stem Cells 2004; 22(4):
625-34.

Secco M, Zucconi E, Vieira NM, Fogaca LL,
Cerqueira A, Carvalho MDF, et al. Multipotent stem
cells from umbilical cord: cord is richer than blood!
Stem Cells 2008; 26(1): 146-50.

Wexler SA, Donaldson C, Denning-Kendall P, Rice C,
Bradley B, Hows JM. Adult bone marrow is a rich
source of human mesenchymal ‘stem’ cells but
umbilical cord and mobilized adult blood are not. Br J
Haematol 2003; 121(2): 368-74.

Mareschi K, Biasin E, Piacibello W, Aglietta M,
Madon E, Fagioli F. Isolation of human mesenchymal
stem cells: bone marrow versus umbilical cord blood.
Haematologica 2001; 86(10): 1099-100.

Romanov YA, Svintsitskaya VA, Smirnov VN.
Searching for alternative sources of postnatal human
mesenchymal stem cells: candidate MSC-like cells
from umbilical cord. Stem Cells 2003; 21(1): 105-10.
Kern S, Eichler H, Stoeve J, Kliter H, Bieback K.
Comparative analysis of mesenchymal stem cells from
bone marrow, umbilical cord Blood, or adipose tissue.
Stem Cells 2006; 24(5): 1294-301.

Adegani FJ, Langroudi L, Arefian E, Soleimani M.
Differentiation microRNAs affect stemness status of
USSCs. Iran Red Crescent Med J 2011; 13(10): 726-
34.

Seyedjafari E, Soleimani M, Ghaemi N, Sarbolouki
MN. Enhanced osteogenic differentiation of cord
blood-derived unrestricted somatic stem cells on
electrospun nanofibers. J Mater Sci Mater Med 2011;
22(1): 165-74.

Langroudi L, Forouzandeh M, Soleimani M, Atashi A,
Golestaneh AF. Induction of differentiation by down-
regulation of Nanog and Rex-1 in cord blood derived
unrestricted somatic stem cells. Mol Biol Rep 2013;
40(7): 4429-37.

Alimoghaddam K, Khalili M, Soleimani M, Lili M,
Ghodsi P, Arjmand A, et al. Evaluation the effects of


http://www.ncbi.nlm.nih.gov/pubmed/?term=Giorgetti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
http://www.ncbi.nlm.nih.gov/pubmed/?term=Montserrat%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodriguez-Piza%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
http://www.ncbi.nlm.nih.gov/pubmed/?term=Azqueta%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
http://www.ncbi.nlm.nih.gov/pubmed/?term=Azqueta%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
http://www.ncbi.nlm.nih.gov/pubmed/?term=Veiga%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
http://www.ncbi.nlm.nih.gov/pubmed/?term=Izpis%C3%BAa%20Belmonte%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=20360773
https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK@}J&M%\]&Q

S 0

98-

99-

100-

101-

102-

103-

104-

105-

106-

107-

108-

109-

110-

mip-la on Ex vivo expansion of cord blood
hematopoietic progenitor cells in different culture
media. Molecular Therapy 2006; 13: S138.

Mueller SM, Glowacki J. Age-related decline in the
osteogenic potential of human bone marrow cells
cultured in three-dimensional collagen sponges. J Cell
Biochem 2001; 82(4): 583-90.

Stenderup K, Justesen J, Clausen C, Kassem M. Aging
is associated with decreased maximal life span and
accelerated senescence of bone marrow stromal cells.
Bone 2003; 33(6): 919-26.

Rao MS, Mattson MP. Stem cells and aging: expanding
the possibilities. Mech Ageing Dev 2001; 122(7): 713-
34.

Kim SJ, Lee JK, Kim JW, Jung JW, Seo K, Park SB, et
al. Surface modification of polydimethylsiloxane
(PDMS) induced proliferation and neural-like cells
differentiation of umbilical cord blood-derived
mesenchymal stem cells. J Mat Sci Mater Med 2008;
19(8): 2953-62.

Lim JY, Park SI, Oh JH, Kim SM, Jeong CH, Jun JA,
et al. Brain-derived neurotrophic factor stimulates the
neural differentiation of human umbilical cord blood-
derived mesenchymal stem cells and survival of
differentiated cells through MAPK/ERK and
PI13K/Akt-dependent signaling pathways. J Neurosci
Res 2008; 86(10): 2168-78.

Bhandari DR, Seo KW, Roh KH, Jung JW, Kang SK,
Kang KS. REX-1 expression and p38 MAPK
activation status can determine
proliferation/differentiation fates in human
mesenchymal stem cells. PLoS One 2010; 5(5):
€10493.

Seo KW, Lee SR, Bhandari DR, Roh KH, Park SB, So
AY, et al. OCT4A contributes to the stemness and
multi-potency of human umbilical cord blood-derived
multipotent stem cells (hUCB-MSCs). Biochem
Biophys Res commun 2009; 384(1): 120-5.

Yang SE, Ha CW, Jung M, Jin HJ, Lee M, Song H, et
al. Mesenchymal stem/progenitor cells developed in
cultures from UC blood. Cytotherapy 2004; 6(5): 476-
86.

Robinson S, Niu T, De Lima M, Ng J, Yang H,
McMannis J, et al. Ex vivo expansion of umbilical cord
blood. Cytotherapy 2005; 7(3): 243-50.

Wang HS, Hung SC, Peng ST, Huang CC, Wei HM,
Guo YJ, et al. Mesenchymal stem cells in the
Wharton's jelly of the human umbilical cord. Stem
Cells 2004; 22(7): 1330-7.

Romanov YA, Svintsitskaya VA, Smirnov VN.
Searching for alternative sources of postnatal human
mesenchymal stem cells: Candidate MSC-like cells
from umbilical cord. Stem Cells 2003; 21(1): 105-10.
Lu LL, Liu YJ, Yang SG, Zhao QJ, Wang X, Gong W,
et al. Isolation and characterization of human umbilical
cord mesenchymal stem cells with hematopoiesis-
supportive  function and  other  potentials.
Haematologica 2006; 91(8): 1017-26.

Boissel L, Tuncer HH, Betancur M, Wolfberg A,
Klingemann H. Umbilical cord mesenchymal stem
cells increase expansion of cord blood natural killer
cells. Biol Blood Marrow Transplant 2008; 14(9):
1031-8.

111- Secco M, Moreira YB, Zucconi E, Vieira NM, Jazedje

T, Muotri AR, et al. Gene expression profile of
mesenchymal stem cells from paired umbilical cord
units: cord is different from blood. Stem Cell Rev
2009; 5(4): 387-401.

112- Crisan M, Yap S, Casteilla L, Chen CW, Corselli M,

Park TS, et al. A perivascular origin for mesenchymal
stem cells in multiple human organs. Cell Stem Cell
2008; 3(3): 301-13.

113- Can A, Karahuseyinoglu S. Concise review: Human

umbilical cord stroma with regard to the source of
fetus-derived stem cells. Stem Cells 2007; 25(11):
2886-95.

114- Weiss ML, Medicetty S, Bledsoe AR, Rachakatla

RS, Choi M, Merchav S, et al. Human umbilical cord
matrix stem cells: preliminary characterization and
effect of transplantation in a rodent model of
Parkinson’s disease. Stem Cells 2006; 24(3): 781-92.

115- Weiss ML, Troyer DL. Stem cells in the umbilical

cord. Stem Cell Rev 2006; 2(2): 155-62.

116- Covas DT, Panepucci RA, Fontes AM, Silva Jr WA,

Orellana MD, Freitas MC, et al. Multipotent
mesenchymal stromal cells obtained from diverse
human tissues share functional properties and gene-
expression profile with CD146+ perivascular cells and
fibroblasts. Exp Hematol 2008; 36(5): 642-54.

117- da Silva Meirelles L, Caplan Al, Nardi NB. In search

of the in vivo identity of mesenchymal stem cells. Stem
Cells 2008; 26(9): 2287-99.

118- Sarugaser R, Lickorish D, Baksh D, Hosseini MM,

Davies JE. Human umbilical cord perivascular
(HUCPYV) cells: a source of mesenchymal progenitors.
Stem Cells 2005; 23(2): 220-9.

119- Baksh D, Yao R, Tuan RS. Comparison of proliferative

and multilineage differentiation potential of human
mesenchymal stem cells derived from umbilical cord
and bone marrow. Stem Cells 2007; 25(6): 1384-92.

120- Panepucci RA, Siufi JL, Silva WA Jr, Siquiera R,

Neder L, Orellana M, et al. Comparison of gene
expression of umbilical cord vein and bone marrow-
derived mesenchymal stem cells. Stem Cells 2004;
22(7): 1263-78.

121- Friedman R, Betancur M, Boissel L, Tuncer H, Cetrulo

C, Klingemann H. Umbilical cord mesenchymal stem
cells: adjuvants for human cell transplantation. Biol
Blood Marrow Transplant 2007; 13(12): 1477-86.

122- Feldmann RE Jr, Bieback K, Maurer MH, Kalenka A,

Burgers HF, Gross B, et al. Stem cell proteomes: a
profile of human mesenchymal stem cells derived from
umbilical cord blood. Electrophoresis 2005; 26(14):
2749-58.

123-Liu CH, Hwang SM. Cytokine interactions in

mesenchymal stem cells from cord blood. Cytokine
2005; 32(6): 270-9.

124- Yoo KH, Jang IK, Lee MW, Kim HE, Yang MS, Eom

Y, et al. Comparison of immunomodulatory properties
of mesenchymal stem cells derived from adult human
tissues. Cell Immunol 2009; 259(2): 150-6.

125- Bieback K, Kliter H. Mesenchymal stromal cells from

umbilical cord blood. Curr Stem Cell Res Ther 2007;
2(4): 310-23.

126- Bieback K, Kern S, Kocadmer A, Ferlik K, Bugert P.

Comparing mesenchymal stromal cells from different


http://www.ncbi.nlm.nih.gov/pubmed/?term=Panepucci%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15579645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siufi%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=15579645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Silva%20WA%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=15579645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Proto-Siquiera%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15579645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Neder%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15579645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Orellana%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15579645
http://www.ncbi.nlm.nih.gov/pubmed/?term=Feldmann%20RE%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=15971194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bieback%20K%5BAuthor%5D&cauthor=true&cauthor_uid=15971194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maurer%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=15971194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kalenka%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15971194
http://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%BCrgers%20HF%5BAuthor%5D&cauthor=true&cauthor_uid=15971194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gross%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15971194
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kl%C3%BCter%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18220915
https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

139- Forraz N,

human tissues: bone marrow, adipose tissue and
umbilical cord blood. Biomed Mater Eng 2008; 18(1
Suppl): S71-6.

127- Rebelatto C, Aguiar A, Moretdo MP, Senegaglia A,

Hansen P, Barchiki F, et al. Dissimilar differentiation
of mesenchymal stem cells from bone marrow,
umbilical cord blood, and adipose tissue. Exp Biol Med
(Maywood) 2008; 233(7): 901-13.

128- Kern S, Eichler H, Stoeve J, Kluter H, Bieback K.

Comparative analysis of mesenchymal stem cells from
bone marrow, umbilical cord Blood, or adipose tissue.
Stem Cells 2006; 24(5): 1294-301.

129- Kdgler G, Sensken S, Airey JA, Trapp T, Mischen M,

Feldhahn N, et al. A new human somatic stem cell
from placental cord blood with intrinsic pluripotent
differentiation potential. J Exp Med 2004; 200(2): 123-
35.

130- Kogler G, Sensken S, Wernet P. Comparative

generation and characterization of  pluripotent
unrestricted somatic stem cells with mesenchymal stem
cells from human cord blood. Exp Hematol 2006;
34(11): 1589-95.

131- McGuckin C, Forraz N, Baradez MO, Navran S, Zhao

J, Urban R, et al. Production of stem cells with
embryonic characteristics from human umbilical cord
blood. Cell prolif 2005; 38(4): 245-55.

132- Kucia M, Halasa M, Wysoczynski M, Baskiewicz-

Masiuk M, Moldenhawer S, Zuba-Surma E, et al.
Morphological and molecular characterization of novel
population of CXCR4+ SSEA-4+ Oct-4+ very small
embryonic-like cells purified from human cord blood:
preliminary report. Leukemia 2007; 21(2): 297-303.

133- Ringdén O, Uzunel M, Rasmusson |, Remberger M,

Sundberg B, Lonnies H, et al. Mesenchymal stem cells
for treatment of therapyresistant graft-versus-host
disease. Transplantation 2006; 81(10): 1390-7.

134- Le Blanc K, Ringdén O. Mesenchymal stem cells:

properties and role in clinical bone marrow
transplantation. Curr Opin Immunol 2006; 18(5): 586-
91.

135- Noort WA, Kruisselbrink AB, in’t Anker PS, Kruger

M, van Bezooijen RL, de Paus RA, et al. Mesenchymal
stem cells promote engraftment of human umbilical
cord blood-derived CD34(+) cells in NOD/SCID mice.
Exp Hematol 2002; 30(8): 870-8.

136- In 't Anker PS, Scherjon SA, Kleijburg-van der Keur C,

de Groot-Swings GM, Claas FH, Fibbe WE, et al.
Isolation of mesenchymal stem cells of fetal or
maternal origin from human placenta. Stem Cells 2004;
22(7): 1338-45.

137- Delalat B, Pourfatholah AA, Movassaghpour AA,

Soleimani M, Mozdarani H, Kaviani S. Evaluation of
cotransplantation of human mesenchymal stem cells
and umbilical cord blood CD34 cells with CFU-S
assay. Sci J Iran Blood Transfus Organ 2007; 3(4):
343-53. [Article in Farsi]

138- Buzanska L, Machaj E, Zablocka B, Pojda Z,

Domanska-Janik K. Human cord blood-derived cells
attain neuronal and glial features in vitro. J Cell Sci
2002; 115(Pt 10): 2131-8.

Pettengell R,  McGuckin  CP.
Characterization of a lineage-negative stem-progenitor

140-

141-

142-

143-

144-

145-

146-

147-

148-

149-

150-

151-

152-

153-

cell population optimized for ex vivo expansion and
enriched for LTC-IC. Stem Cells 2004; 22(1): 100-8.
McGuckin C, Forraz N. Potential for access to
embryonic-like cells from human umbilical cord blood.
Cell Prolif 2008; 41 Suppl 1: 31-40.

Kucia M, Halasa M, Wysoczynski M, Baskiewicz-
Masiuk M, Moldenhawer S, Zuba-Surma E, et al.
Morphological and molecular characterization of novel
population of CXCR4+ SSEA-4+ Oct-4+ very small
embryonic-like cells purified from human cord blood-
preliminary report. Leukemia 2007; 21(2): 297-303.
Ma N, Stamm C, Kaminski A, Li W, Kleine H-D,
Muller-Hilke B, et al. Human cord blood cells induce
angiogenesis following myocardial infarction in
NOD/scid-mice. Cardiovasc Res 2005; 66(1): 45-54.
Denner L, Bodenburg Y, Zhao J, Howe M, Cappo J,
Tilton R, et al. Directed engineering of umbilical cord
blood stem cells to produce C-peptide and insulin. Cell
prolif 2007; 40(3): 367-80.

Kagler G, Sensken S, Airey JA, Trapp T, Miischen M,
Feldhahn N, et al. A new human somatic stem cell
from placental cord blood with intrinsic pluripotent
differentiation potential. J Exp Med 2004; 200(2): 123-
35.

Zeng F, Chen MJ, Baldwin DA, Gong ZJ, Yan JB,
Qian H, et al. Multiorgan engraftment and
differentiation of human cord blood CD34+ Lin— cells
in goats assessed by gene expression profiling. Proc
Nat Acad Sci U S A 2006; 103(20): 7801-6.

Thomas ED. Bone marrow transplantation: a review.
Semin Hematol 1999; 36(4 Suppl 7): 95-103.

Au P, Daheron LM, Duda DG, Cohen KS, Tyrrell JA,
Lanning RM, et al. Differential in vivo potential of
endothelial progenitor cells from human umbilical cord
blood and adult peripheral blood to form functional
long-lasting vessels. Blood 2008; 111(3): 1302-5.
Hildbrand P, Cirulli V, Prinsen RC, Smith KA, Torbett
BE, Salomon DR, et al. The role of angiopoietins in the
development of endothelial cells from cord blood
CD34+ progenitors. Blood 2004; 104(7): 2010-9.
Salven P, Mustjoki S, Alitalo R, Alitalo K, Rafii S.
VEGFR-3 and CD133 identify a population of CD34+
lymphatic/vascular endothelial precursor cells. Blood
2003; 101(1): 168-72.

Cho SW, Gwak SJ, Kang SW, Bhang SH, Song KW,
Yang YS, et al. Enhancement of angiogenic efficacy of
human cord blood cell transplantation. Tissue Eng
2006; 12(6): 1651-61.

Botta R, Gao E, Stassi G, Bonci D, Pelosi E, Zwas D,
et al. Heart infarct in NOD-SCID mice: therapeutic
vasculogenesis by transplantation of human CD34+
cells and low dose CD34+ KDR+ cells. FASEB J
2004; 18(12): 1392-4.

Le Ricousse-Roussanne S, Barateau V, Contreres JO,
Boval B, Kraus-Berthier L, Tobelem G. Ex vivo
differentiated endothelial and smooth muscle cells
from human cord blood progenitors home to the
angiogenic tumor vasculature. Cardiovasc Res 2004;
62(1): 176-84.

Tomonari A, Tojo A, Takahashi T, Iseki T, Ooi J,
Takahashi S, et al. Resolution of Behcet’s disease after
HLA-mismatched unrelated cord blood transplantation


http://www.ncbi.nlm.nih.gov/pubmed/?term=Moret%C3%A3o%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=18445775
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kruger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12160838
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kruger%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12160838
http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Bezooijen%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=12160838
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Paus%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=12160838
http://www.ncbi.nlm.nih.gov/pubmed/?term=In%20't%20Anker%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=15579651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Scherjon%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=15579651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kleijburg-van%20der%20Keur%20C%5BAuthor%5D&cauthor=true&cauthor_uid=15579651
http://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Groot-Swings%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=15579651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Claas%20FH%5BAuthor%5D&cauthor=true&cauthor_uid=15579651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Fibbe%20WE%5BAuthor%5D&cauthor=true&cauthor_uid=15579651
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cord+Blood+Hematopoietic+Stem+and+Progenitor+Cells.+Essentials+of+Stem+Cell+Biology
https://bloodjournal.ir/article-1-874-en.html

for myelodysplastic syndrome. Ann Hematol 2004; 167-Wei S, Kryczek |, Zou W. Regulatory T-cell

83(7): 464-6. compartmentalization and trafficking. Blood 2006;
154- Mayer H, Bertram H, Lindenmaier W, Korff T, Weber 108(2): 426-31.

H, Weich H. Vascular endothelial growth factor 168- lellem A, Mariani M, Lang R, Recalde H, Panina-

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

(VEGF-A) expression in human mesenchymal stem
cells: Autocrine and paracrine role on osteoblastic and
endothelial differentiation. J Cell Biochem 2005; 95(4):
827-39.

Liu CH, Hwang SM. Cytokine interactions in
mesenchymal stem cells from cord blood. Cytokine
2005; 32(6): 270-9.

Gang E, Jeong J, Han S, Yan Q, Jeon CJ, Kim H. In
vitro endothelial potential of human UC blood-derived
mesenchymal stem cells. Cytotherapy 2006; 8(3): 215-
27.

Reen DJ. Activation and functional capacity of human
neonatal CD4 T-cells. Vaccine 1998; 16(14-15): 1401-
8.

Harris DT, Schumacher MJ, Locascio J, Besencon FJ,
Olson GB, DeLuca D, et al. Phenotypic and functional
immaturity of human umbilical cord blood T
lymphocytes. Proc Nat Acad Sci U S A 1992; 89(21):
10006-10.

Pranke P, Failace RR, Allebrandt WF, Steibel G,
Schmidt F, Nardi NB. Hematologic and
immunophenotypic  characterization ~ of  human
umbilical cord blood. Acta Haematol 2001; 105(2): 71-
6.

Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M.
Immunologic self-tolerance maintained by activated T
cells expressing IL-2 receptor alpha-chains (CD25).
Breakdown of a single mechanism of self-tolerance
causes various autoimmune diseases. J Immunol 1995;
155(3): 1151-64.

Dieckmann D, Plottner H, Berchtold S, Berger T,
Schuler G. Ex vivo isolation and characterization of
CD4+ CD25+ T cells with regulatory properties from
human blood. J Exp Med 2001; 193(11): 1303-10.
Shimizu J, Yamazaki S, Takahashi T, Ishida Y,
Sakaguchi S. Stimulation of CD25+ CD4+ regulatory
T cells through GITR breaks immunological self-
tolerance. Nat Immunol 2002; 3(2): 135-42.

McHugh RS, Whitters MJ, Piccirillo CA, Young DA,
Shevach EM, Collins M, et al. CD4(+) CD25(+)
immunoregulatory T cells: gene expression analysis
reveals a functional role for the glucocorticoid-induced
TNF receptor. Immunity 2002; 16(2): 311-23.
Valzasina B, Guiducci C, Dislich H, Killeen N,
Weinberg AD, Colombo MP. Triggering of OX40
(CD134) on CD4+ CD25+ T cells blocks their
inhibitory activity: a novel regulatory role for OX40
and its comparison with GITR. Blood 2005; 105(7):
2845-51.

Taylor PA, Panoskaltsis-Mortari A, Swedin JM, Lucas
PJ, Gress RE, Levine BL, et al. L-Selectin(hi) but not
the L-selectin(lo) CD4+25+ T-regulatory cells are
potent inhibitors of GVHD and BM graft rejection.
Blood 2004; 104(12): 3804-12.

Ermann J, Hoffmann P, Edinger M, Dutt S,
Blankenberg FG, Higgins JP, et al. Only the CD62L+
subpopulation of CD4+CD25+ regulatory T cells
protects from lethal acute GVHD. Blood 2005; 105(5):
2220-6.

Bordignon P, Sinigaglia F, et al. Unique chemotactic
response profile and specific expression of chemokine
receptors CCR4 and CCR8 by CD4+ CD25+
regulatory T cells. J Exp Med 2001; 194(6): 847-54.

169- Wing K, Ekmark A, Karlsson H, Rudin A, Suri- Payer

E. Characterization of human CD25+ CD4+ T cells in
thymus, cord and adult blood. Immunology 2002;
106(2): 190-9.

170- Ng WF, Duggan PJ, Ponchel F, Matarese G, Lombardi

G, Edwards AD, et al. Human CD4+CD25+ cells: a
naturally occurring population of regulatory T cells.
Blood 2001; 98(9): 2736-44.

171- Lee CC, Lin SJ, Cheng PJ, Kuo ML. The regulatory

function of umbilical cord blood CD4(+) CD25(+) T
cells stimulated with anti-CD3/anti-CD28 and
exogenous interleukin (IL)-2 or (IL)-15. Pediatr
Allergy Immunol 2009; 20(7): 624-32.

172- Chen L, Cohen AC, Lewis DB. Impaired allogeneic

activation and T-helper 1 differentiation of human cord
blood naive CD4 T cells. Biol Blood Marrow
Transplant 2006; 12(2): 160-71.

173- Arasteh J, Pourpak Z, Ebtekar M, Pourfathollah AA,

Mohammad Hassan Z, Farahmandian T,
Mahmoudzadeh-Niknam H. Evaluation of the Effect of
IL-22 on Human Cord Blood CD4+ T Cells. Iran J
Allergy Asthma Immunol 2010; 9(2): 59-67.

174- Schaub B, Liu J, Hoppler S, Schleich I, Huehn J, Olek

S, et al. Maternal farm exposure modulates neonatal
immune mechanisms through regulatory T cells. J
Allergy Clin Immunol 2009; 123(4): 774-82. e5.

175- Hippen KL, Harker-Murray P, Porter SB, Merkel SC,

Londer A, Taylor DK, et al. Umbilical cord blood
regulatory T-cell expansion and functional effects of
tumor necrosis factor receptor family members OX40
and 4-1BB expressed on artificial antigen-presenting
cells. Blood 2008; 112(7): 2847-57.

176- Tolar J, Hippen KL, Blazar BR. Immune regulatory

cells in umbilical cord blood: T regulatory cells and
mesenchymal stromal cells. Br J Haematol 2009;
147(2): 200-6.

177- Godfrey WR, Spoden DJ, Ying GG, Baker SR, Liu B,

Levine BL, et al. Cord blood CD4(+) CD25(+)-derived
T regulatory cell lines express FoxP3 protein and
manifest potent suppressor function. Blood 2005;
105(2): 750-8.

178- Kim YJ, Broxmeyer HE. Immune regulatory cells in

umbilical cord blood and their potential roles in
transplantation tolerance. Crit Rev Oncol/Hematol
2011; 79(2): 112-26.

179- Gaddy J, Broxmeyer HE. Cord Blood CD16+56- cells

with low lytic activity are possible precursors of
mature natural killer cells. Cell Immunol 1997; 180(2):
132-42.

180- Fan YY, Yang BY, Wu CY. Phenotypic and functional

heterogeneity of natural killer cells from umbilical cord
blood mononuclear cells. Immunol Invest 2008; 37(1):
79-96.

181- Dalle J, Menezes J, Wagner E, Blagdon M,

Champagne J, Champagne M, et al. Characterization of


https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

AF Oliasls ¥ oyled Y 0,90

>

183- Saghafi

189- Naderi

190- Naderi N,

cord blood natural Killer cells: implications for
transplantation and neonatal infections. Pediatr Res
2005; 57(5 Pt 1): 649-55.

182- Wang Y, Xu H, Zheng X, Wei H, Sun R, Tian Z. High

expression of NKG2A/CD94 and low expression of
granzyme B are associated with reduced cord blood
NK cell activity. Cell Mol Immunol 2007; 4(5): 377-
82.

S, Pourfathollah AA, Kheirandish M,
Azimdoust A, Behnia M, Shahjahani M, et al.
Cytotoxicity of human cord blood natural killer cells is
enhanced by recombinant interleukin-15. Iran J Allergy
Asthma Immunol 2010; 9(2): 69-77.

184- Gluckman E, Rocha V. History of the clinical use of

umbilical cord blood hematopoietic cells. Cytotherapy
2005; 7(3): 219-27.

185- Sorg RV, Kaogler G, Wernet P. Identification of cord

blood dendritic cells as an immature CD1lc-
population. Blood 1999; 93(7): 2302-7.

186- Borras FE, Matthews NC, Lowdell MW, Navarrete

CV. Identification of both myeloid CD1lc+ and
lymphoid CD11c— dendritic cell subsets in cord blood.
Br J Haematol 2001; 113(4): 925-31.

187- Drohan L, Harding JJ, Holm B, Cordoba-Tongson E,

Dekker CL, Holmes T, et al. Selective developmental
defects of cord blood antigen-presenting cell subsets.
Human Immunol 2004; 65(11): 1356-69.

188- Crespo |, Paiva A, Couceiro A, Pimentel P, Orfdo A,

Regateiro F. Immunophenotypic and functional
characterization of cord blood dendritic cells. Stem
Cells Dev 2004; 13(1): 63-70.

N, Pourfathollah AA, Alimoghaddam K,
Moazzeni SM. Cord blood dendritic cells prevent the
differentiation of naive T-helper cells towards Thl
irrespective of their subtype. Clin Exp Med 2009; 9(1):
29-36.

Moazzeni SM, Pourfathollah AA,
Alimoghaddam K. High expression of Fas ligand on
cord  blood dendritic cells: a  possible
immunoregulatory mechanism after cord blood
transplantation. Transplant Proc 2011; 43(10): 3913-9.

191- Giarratana MC, Kobari L, Lapillonne H, Chalmers D,

Kiger L, Cynober T, et al. Ex vivo generation of fully
mature human red blood cells from hematopoietic stem
cells. Nat Biotechnol 2005; 23(1): 69-74.

192- Migliaccio AR, Whitsett C, Migliaccio G. Erythroid

cells in vitro: from developmental biology to blood
transfusion products. Curr Opin Hematol 2009; 16(4):
259-68.

193- Mattia G, Milazzo L, Vulcano F, Pascuccio M,

Macioce G, Hassan HJ, et al. Long-term platelet
production assessed in NOD/SCID mice injected with
cord blood CD34+ cells, thrombopoietin—amplified in
clinical grade serum—free culture. Exp Hematol 2008;
36(2): 244-52.

194- Barker J, Weisdorf D, Wagner J. Creation of a double

chimera after the transplantation of umbilical-cord
blood from two partially matched unrelated donors. N
Engl J Med 2001; 344(24): 1870-1.

195- Magro E, Regidor C, Cabrera R, Sanjuan I, Forés R,

Garcia-Marco JA, et al. Early hematopoietic recovery
after single unit unrelated cord blood transplantation in
adults supported by co-infusion of mobilized stem cells

y.v

196-

197-

198-

199-

200-

201-

202-

203-

204-

205-

206-

207-

208-

209-

from a third party donor. Haematologica 2006; 91(5):
640-8.

Bautista G, Cabrera GR, Regidor C, Forés R, Garcia-
Marco GA, Ojeda E, et al. Cord blood transplants
supported by co-infusion of mobilized hematopoietic
stem cells from a third-party donor. Bone Marrow
Transplant 2009; 43(5): 365-73.

Xiao M, Broxmeyer H, Horie M, Grigshy S, Lu L.
Extensive proliferative capacity of single isolated
CD34 human cord blood cells in suspension culture.
Blood Cells 1993; 20(2-3): 455-66; discussion 466-7.
Saeland S, Caux C, Favre C, Duvert V, Pebusque M,
Mannoni P. Combined and sequential effects of human
IL-3 and GM-CSF on the proliferation of CD34+
hematopoietic cells from cord blood. Blood 1989;
73(5): 1195-201.

Koller MR, Bender J, Papoutsakis E, Miller W. Effects
of synergistic cytokine combinations, low oxygen, and
irradiated stroma on the expansion of human cord
blood progenitors. Blood 1992; 80(2): 403-11.

Srour E, Brandt J, Briddell R, Grigsby S, Leemhuis T,
Hoffman R. Long-term generation and expansion of
human primitive hematopoietic progenitor cells in
vitro. Blood 1993; 81(3): 661-9.

Mayani H, Dragowska W, Lansdorp PM. Cytokine-
induced selective expansion and maturation of
erythroid versus myeloid progenitors from purified
cord blood precursor cells. Blood 1993; 81(12): 3252-
8.

Brugger W, Mocklin W, Heimfeld S, Berenson RJ,
Mertelsmann R, Kanz L. Ex vivo expansion of enriched
peripheral blood CD34+ progenitor cells by stem cell
factor, interleukin-1 beta (IL-1 beta), IL-6, IL-3,
interferon-gamma, and erythropoietin. Blood 1993;
81(10): 2579-84.

Du X, Scott D, Yang Z, Cooper R, Xiao X, Williams
D. Interleukin-11 stimulates multilineage progenitors,
but not stem cells, in murine and human long-term
marrow cultures. Blood 1995; 86(1): 128-34.

Koller MR, Oxender M, Brott DA, Palsson B@. flt-3
ligand is more potent than c-kit ligand for the
synergistic stimulation of ex vivo hematopoietic cell
expansion. J Hematother 1996; 5(5): 449-59.

Khalili M, Alimoghadam K, Soleimani M, Ghodsi P,
Hayat P, Ghavamzadeh A, et al. Evaluation of the best
condition for ex vivo expansion of hematopoietic stem
cells for the propose of cord blood transplantation.
Yakhteh 2006; 8(1): 39-44.

Ebtekar M, Shahrokhi S, Alimoghaddam K.
Characteristics of cord blood stem cells: Role of
substance P (SP) and calcitonin gene-related peptide
(CGRP). Stem Cells and Cancer Stem Cells 2012; 2:
27-36.

Qiu L, Meagher R, Welhausen S, Heye M, Brown R, ,
Herzig RH. Ex vivo expansion of CD34" umbilical
cord blood cells in a defined serum-free medium
(QBSF-60) with early effect cytokines. J Hematother
Stem Cell Res 1999; 8(6): 609-18.

Alimoghaddam K, Khali M, Soleimani M, Moezi L,
Ghavamzadeh A. Serum Free Fedia Is the Best for
Cord Blood Hematopoietic Cells Expansion. Molecular
Therapy 2005; 11: S405.

Liu CH, WU ML, Hwang S. Optimization of serum


http://www.ncbi.nlm.nih.gov/pubmed/?term=Magro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16670070
http://www.ncbi.nlm.nih.gov/pubmed/?term=Regidor%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16670070
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cabrera%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16670070
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanju%C3%A1n%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16670070
http://www.ncbi.nlm.nih.gov/pubmed/?term=For%C3%A8s%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16670070
http://www.ncbi.nlm.nih.gov/pubmed/?term=Garcia-Marco%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=16670070
http://www.ncbi.nlm.nih.gov/pubmed/?term=Herzig%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=10645768
https://bloodjournal.ir/article-1-874-en.html

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Q.JK@}J&M%\]&Q

S 0

210-

211-

212-

213-

214-

215-

216-

217-

218-

219-

220-

221-

222-

223-

free medium for cord blood mesenchymal stem cells.
Biochem Eng J 2007; 33(1): 1-9.

Chen G, Yue A, Ruan Z, Yin Y, Wang R, Ren Y, et al.
Human Umbilical Cord-Derived Mesenchymal Stem
Cells Do Not Undergo Malignant Transformation
during Long-Term Culturing in Serum-Free Medium.
PLoS One 2014; 9(6): 98565.

Xue C, Kwek Kyc, Chan JKY, Chen Q, Lim M. The
hollow fiber bioreactor as a stroma-supported, serum-
free ex vivo expansion platform for human umbilical
cord blood cells. Biotechnol J 2014; 9(7): 980-9.
Zhang J, Niu C, Ye L, Huang H, He X, Tong WG, et
al. Identification of the haematopoietic stem cell niche
and control of the niche size. Nature 2003; 425(6960):
836-41.

Soleimani M, Mozdarani H, Pourfathollah AA,
Mortazavi Y, Alimoghaddam K, Nikogoftar M, et al. A
Co-culture System for Expansion of Nonenriched Cord
Blood Stem/Progenitor Cells. Biotechnology 2005;
4(4): 310-5.

Soleimani M, Mozdarani H, Pourfathollah A,
Mortazavi Y, Alimoghaddam K, Nikogoftar M, et al.
Expansion ~ of  Non-Enriched  Cord  Blood
Stem/Progenitor Cells CD34+ CD38-Using Liver
Cells. Iran Biomed J 2005; 9(3): 111-6.

Mehrasa R, Vaziri H, Oodi A, Khorshidfar M,
Nikogoftar M, Golpour M, et al. Mesenchymal Stem
Cells as a Feeder Layer Can Prevent Apoptosis of
Expanded Hematopoietic Stem Cells Derived from
Cord Blood. Int J Mol Cell Med 2014; 3(1): 1-10.
Karanu FN, Murdoch B, Gallacher L, Wu DM,
Koremoto M, Sakano S, et al. The notch ligand jagged-
1 represents a novel growth factor of human
hematopoietic stem cells. J Exp Med 2000; 192(9):
1365-72.

Van Den Berg DJ, Sharma AK, Bruno E, Hoffman R.
Role of members of the Wnt gene family in human
hematopoiesis. Blood 1998; 92(9): 3189-202.

Duncan AW, Rattis FM, DiMascio LN, Congdon KL,
Pazianos G, Zhao C, et al. Integration of Notch and
Whnt signaling in hematopoietic stem cell maintenance.
Nat Immunol 2005; 6(3): 314-22.

Zhang CC, Kaba M, Ge G, Xie K, Tong W, Hug C, et
al. Angiopoietin-like proteins stimulate ex vivo
expansion of hematopoietic stem cells. Nat Med 2006;
12(2): 240-5.

Huang CH, Chen PM, Lu TC, Kung WM, Chiou TJ,
Yang MH, et al. Purified Recombinant TAT-
Homeobox B4 Expands CD34+ Umbilical Cord Blood
and Peripheral Blood Progenitor Cells Ex Vivo. Tissue
Eng Part C Methods 2009; 16(3): 487-96.

Nishino T, Miyaji K, Ishiwata N, Arai K, Yui M, Asai
Y, et al. Ex vivo expansion of human hematopoietic
stem cells by a small-molecule agonist of c-MPL. Exp
Hematol 2009; 37(11): 1364-77. e4.

Sangeetha V, Kale VP, Limaye LS. Expansion of Cord
Blood CD34+ Cells in Presence of zZVADfmk and
zLLYfmk Improved Their In Vitro Functionality and In
Vivo Engraftment in NOD/SCID Mouse. PloS One
2010; 5(8): e12221.

Reddy RK, Mao C, Baumeister P, Austin RC,
Kaufman RJ, Lee AS. The endoplasmic reticulum
chaperone protein GRP94 is required for maintaining

Yot

hematopoietic stem cell interactions with the adult
bone marrow niche. PLoS One 2011; 6(5): €20364.

224- Luo B, Lam BS, Lee SH, Wey S, Zhou H, Wang M, et

al. The endoplasmic reticulum chaperone protein
GRP94 is required for maintaining hematopoietic stem
cell interactions with the adult bone marrow niche man
primate transplant models. Cell Stem Cell 2011; 8(4):
445-58.

225- Boitano AE, Wang J, Romeo R, Bouchez LC, Parker

AE, Sutton SE, et al. Aryl hydrocarbon receptor
antagonists promote the expansion of human
hematopoietic stem cells. Science 2010; 329(5997):
1345-8.

226- Hashemi Z, Moghadam F, Soleimani M, Hafizi M,

Amirizaden N. TGF-b downregulation by RNAI
technique in ex vivo-expanded HSCs on 3D DBM
scaffold. Tehran University Medical Journal 2012;
70(2): 86-95.

227-Ying QL, Nichols J, Chambers I, Smith A. BMP

induction of Id proteins suppresses differentiation and
sustains embryonic stem cell self-renewal in
collaboration with STAT3. Cell 2003; 115: 281-92.

228- Xu RH, Chen X, Li DS, Li R, Addicks GC, Glennon C,

et al. BMP4 initiates human embryonic stem cell
differentiation to trophoblast. Nat Biotechnol 2002;
20(12): 1261-4.

229- lwama A, Oguro H, Negishi M, Kato Y, Morita Y,

Tsukui H, et al. Enhanced self-renewal of
hematopoietic stem cells mediated by the polycomb
gene product Bmi-1. Immunity 2004; 21: 843-51.

230- Peled T, Mandel J, Goudsmid R, Landor C, Hasson N,

Harati D, et al. Pre-clinical development of cord blood
derived progenitor cell graft expanded ex vivo with
cytokines and the polyamine copper chelator
tetraethylenepentamine. Cytotherapy 2004; 6: 344-55.

231- Peled T, Nagler A, Treves AJ. Preferential expansion

of cord blood early progenitors enabled by linear
polyamine copper chelators. Biol Blood Marrow
Transplant 2003; 9: 129-30.

232-Peled T, Landau E, Prus E, Treves AJ, Nagler A,

Fibach E. Cellular copper content modulates
differentiation and selfrenewal in cultures of cord
blood-derived CD34+ cells. Br J Haematol 2002;
116(3): 655-61.

233- Purton LE, Bernstein ID, Collins SJ. All-trans retinoic

acid enhances the long-term repopulating activity of
cultured hematopoietic stem cells. Blood 2000; 95(2):
470-7.

234- Hu Z, Negrotto S, Gu X, Mahfouz R, Ng KP, Ebrahem

Q, et al. Decitabine maintains hematopoietic precursor
self-renewal by preventing repression of stem cell
genes by a differentiation-inducing stimulus. Mol
Cancer Ther 2010; 9(6): 1536-43.

235- Seet LF, Teng E, Lai YS, Laning J, Kraus M, Wnendt

S, et al. Valproic acid enhances the engraftability of
human umbilical cord blood hematopoietic stem cells
expanded under serum-free conditions. Eur J Haematol
2009; 82(2): 124-32.

236- Nishino T, Wang C, Mochizuki-Kashio M, Osawa M,

Nakauchi H, Iwama A. Ex vivo expansion of human
hematopoietic stem cells by garcinol, a potent inhibitor
of histone acetyltransferase. PLoS One 2011; 6(9):
e24298.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Khorshidfar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24551815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nikogoftar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24551815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Golpour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24551815
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mesenchymal+Stem+Cells+as+a+Feeder+Layer+Can+Prevent+Apoptosis+of+Expanded+Hematopoietic+Stem+Cells+Derived+from+Cord+Blood
http://www.ncbi.nlm.nih.gov/pubmed/?term=Decitabine+maintains+hematopoietic+precursor+self-renewal+by+preventing+repression+of+stem+cell+genes+by+a+differentiation-inducing+stimulus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Decitabine+maintains+hematopoietic+precursor+self-renewal+by+preventing+repression+of+stem+cell+genes+by+a+differentiation-inducing+stimulus
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valproic+acid+enhances+the+engraftability+of+human+umbilical+cord+blood+hematopoietic+stem+cells+expanded+under+serum-free
https://bloodjournal.ir/article-1-874-en.html

Sci J Iran Blood Transfus Organ 2015; 12(2): 183-205

[ Downloaded from bloodjournal.ir on 2025-10-30 ]

Review Article

Umbilical cord blood: stem cells and ex vivo
expansion methods

Mohammadali F.}, Atashi A.}, Soleimani M.}, Abroun S.%, Pourfathollah A.A3?,
Kaviani S.}, Ajami M.}, Ajami M.

!Department of Hematology and Blood Banking, Faculty of Medical Sciences, Tarbiat Modares
University, Tehran, Iran

%Department of Immunology, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran
3Blood Transfusion Research Center, High Institute for Research and Education in Transfusion
Medicine, Tehran, Iran

Abstract

Background and Objectives

Umbilical cord blood (UCB) is an accessible source of hematopoietic stem cells (HSCs).
Along with the advantages, UCB also has limitations: the low volume and the absolute
number of HSCs available in UCB leading to the delayed engraftment. Given the limitations,
many investigators have sought to accelerate engraftment and increase the absolute number of
stem cells in UCB units.

Materials and Methods

In the present study more than 200 published articles about UCB were reviewed. This review
article is aimed to focus on the importance of using cord blood, the nature of stem cells in cord
blood, and the ex vivo expansion techniques of UCB HSC.

Results

UCB HSCs possess higher proliferative potentials and contain a higher proportion of primitive
compartment as compared to bone marrow and peripheral blood. Several studies have reported
the presence of different cell populations besides HSCs in cord blood that enable the use of
these sources in immunotherapy, tissue engineering, and regenerative medicine. Thus, the
strategies to isolate and expand selected subpopulations from UCB and the use of these cells
in treatment of various diseases are the areas of active research.

Conclusions

Umbilical cord blood is an attractive source in both research and modern clinical applications
providinh a potentially useful alternative for patients who do not have an HLA-matched bone
marrow donor. Besides the safety and feasibility of UCB, the other areas including the
acceleration of the engraftment, the extension of access, the quality assurance, and the
outcomes in the specific subgroups of patients are also required to be investigated.
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