<&

(FOF=FFY) Y O} F ojled Vo 0553 a

S ok b niSiod 30 Bb Wiy CD34" jluigs gobis sl Jokw S
TEPA ;900 43 ol gl 30 (cowinil 3o (5L

e ol S5 sls 5 03 ig ol ol

Odmbiy

JM;;@!L

9 S S e 5 ok Bleys Cgr g luilal By, (HSCs) jlud s goli glad shus 5l eslizul
sladdes plos o 4 Comd GlolE bl hils (DU dy 0 g5 258 0 Slgeins (5980 YN
ShAsb e OF (el slad g 5 guoms Sldad (L gy g &~ o & BBy gdow ) S g ol (g5l
o) 03 it S ok 5 adghe pl mles Dok 3T (KEe cpl p adé 6l o3lenty sla) Sl
UCB-HSCs 255 cgr Ol gl 3o oniilyo 3Lis (s shory o LS Ol g2e & TEPA I anllas
A eslaul

i borigy 59190

L ,0LES slaeal (S 5l ealinal b BL s 0 g5 CD34" sladsbw 239 (63 5,8 C‘,J 3l e ‘algu'l aadlas
Lo (V1 ol Cilises e i2S Layl 5 5 50 d ghe ol sl Jas MACS O g2 4 Microbead
$ols asee (F 9 ulS gl s TEPA (61,5 Jazes (¥ oulS gulu g jad 6yl laoes (Y plS sl s>
Ao s s Johe 05kl 51 HSCs LasG ob5,) jekiie a4 S esls ciS TEPA 5 plS sule (jud
A5 oalil ST\ 555 55 PSS Sorie s 5 siesalegl Ss) 4 CD34T glad g

basl

=5 Wpslgr <iS Lyl s 55 CFU-C oy LWTNC CD34" glad shw slaas DA ol 3 K Ol oy s
b edaliv Loyl s le b anglae 5o (Gl YVY/Q £ FE/V 5 VA0 £ YV/VA VA £00/Y

S

ot SIS OIS Jale g 53 ot e 53l S sk b HSCs 23S & 513 OLES gy 1 S
S5l bl gLy ibms Sl g 5 b 5 sb 4y 1, UCB-HSCs 25 Ol ol 458 (TEPA)
g8 @ly ke HSCs 35 (51 4155 o0

TEPA (ol 3o g3l slad gl Gl 55 g3l slad sl 2 guels bl

NI/F 2 bl b

NN 2 ks sl

Olpl= g - 0 Ul b a5 o555el o o m 0550 QUi Slidod 5 50 jlslind - 05 SOL 5 (5350 5les PAD -

Ol = O = 0l (S pske ol 1 JuSUsn 5 Jshor Slidions S o (Sl oy 0aSC21s skl - (654 5len PRD Y

VENOO-FVAY e Godis = Ol = 0145 = Olg5 Sy pske oy (Kbl g o a0 = (655 slon Lyl it )lS iU g s il 3o Y
Yoy


www.sid.ir

Q\JM B b}‘jéj:ﬁ‘ f,aL.

Ol el 5ae 53 BLU Ay CD34" s sl slad s ﬁ&

Shesliwl Ly (S5 e 5 Lnaallas
sladw 5l Gide sad Y 5 S 55 sl e
Dol 3S HSCs ke 5 25 55 (MSCs) il 3o (5L
5SS g Ll S (6 s ISel, . (10-Y Y )l sl
ainvitro Ll s 5l o (ol glad s 5l 05
(TEPA) s 5 553 3l esli ol ccml sl ab S 518
TPO ¢ SCF alex ;| Early acting (sla 1S suls U ol jon
Sl i slad s ST sl sl g FL
Ao (HSCs) s 5 (5l glad sk 5 (HPCs) 5L 5
S 0553 e VU Oljee a5 ol OF 5l asl e L
O3St 3T Glad LSl ) 5 3 OF s s 4
b g LI pl Ol Jrals (cl SuS 5
Sl S50 b Sl 5 Ol sae 3 HSCs
e Sl Ik Gl s J b s ol
Les 5 il Joae Cidiin slau 5T 5 rmansdly 5
o 3503 55 s s3T5 05 o5 4 O 51 oS lotde
Of am a8 5 s 1y Loy sl a0 Jlasl clblB s 030
o= 53 ke i (YY=YV)aw S e Chelatable. CU
CD34" sladslu iS5 Ol o o 55 30 anlllas
e sl ool sad e U 23S s U
CiS il bl s s Gdid oY Ol s 4 Ol

.Juiwl.ia}f.u)j

Ry, §aloe
:CD34" (sladslow (s jlull>

o= SU s Ol ad s (63,8 alllas il 5o

SO glad s Tl i T asbools, b 8k,
SaS 4 BU Ay O 4500 O 4 by 0 (MNCs) glazan
e A i (VWY /) kgl LK) d S
Sy L eds 4 S55,5CD34 ST L Ladsw oo
53 5003 8 SO (ST 5 ke LS oD s S
(s sk D) MACS sy 5l eslinad b culgs
23— )L 53 LMNC o 3 35 50 CD34" (glad sle
Cgr Colg Lo Ll e ad e L SILS O g )
50T e - CD34" glad shoe o st a3 L35 )
CD34 1 glagalu 5T 51 estial L (g 0 yulan 5l

Yof

‘i

o glaaas bl gladse Uy
SISl S s sl sy YL Sl glacdi g
2 S 2k ol Gl p s 5 il Sl
)l 03550 35y 0 ) Lag Olas B L8 wxsiS
¢ (HSCs) 3w = (ool slad b Lol sla S35.(1
C\;._}\ 4o plas s (selfrenewality) g5l 5 5 55 Jodlty
(F D)l o s sad s il

slss 035 Y Jods oy (UCB) S sy 05
GVHD ;S o 5 Gty [ s OB LS s
J=8 s e o) Jo (Ol ads s olew)
A s S Ol e (gl el 0551 HLA
=) o) R Gy (P)All e sled s ool lad sk
HSCs v_i sy O s 052 sdes Cadgdowe (Ll e
el LS55 Ohles a0 L g OF 53 35 4

Os CD34" (sl el g sldns & L5 s
53 sy ol cgr Cllas 555 0y (Sa DLy
Y/0 x \+" CD34" cellkkg (g sle Ly i OVLLS 55,
cmle Oy so 4 OL Uy 05 el ST
aS sy dalt CD34" Jsbo Vo7 (hyls 55 (sl mer
LS 31550 S s el S LS sl o
P RS PR SPR IS CA P 2L PRI
eX ViVo (slalaes ;5 HSCs LG (ool 4 S 1 3 a8
2 bplEsle jam po ) bd e )l 05 e il
53 HSCs 5 6liialie Lal 55 ad 5 S Laus
in Vitro ;5 HSCs |55 ol algo 50 L oKl 31
Sy a5 Oa5s logd Lo 5 (S5l UlS b &
OY APl ol ol laes, 4 g esls cos
pe 5l 3L Vitro Lyl 53 Ladsha 5l Yoz
b 5y b wginvivo s aS coul Skl s
L ol 3 Gutes HSCs Ol psiasl 50 )3 358 oo Jlos
Sl gy S A5l 13 et ol Slofy lams )
5 Sl 355 (quiescence) i selm s 5, Lad gl
ooled a5 Wlesls QLS Sl (laanillae .S o 0dad 5led
e i gl (HSCs 5 by il slad s o i
ol 52 Bl r e Ls 5 Sorles ((Jole S


www.sid.ir

QY OUMﬁ)Af A)La..iA\' 09>

Sl MTT s 5 eslial L odias o 130 L5
Gy = (W& (LG D) TEPA Jlaz>| S 55 ol
et O emli s 355 Y 51 e (S Jaee 3 MSCs
Sy Sl 48 ol Sl 5 S A s s
by )l aslsl TEPA il glacs ;) « MSCs
YV sles o3 Laceds o (13 1SS LB Y &
3 e A 4 ST CO, 70 5Ll 5 5 8 sl a s
0des3 S It Sl S Tamea (5l 551 O plas!
GLSIMTT Jsle 5 il CiS lams Sl 2w g
LacSaly outS Jasme (0 sl 5851 Olaj plasl 31 g o
DMSO 5 0l3be,s8 slaysh 03,5 Jo b5 ol aldss
Jsb o3 Lt sl 055 i (bS5l o Jte (53)

L6z i3 5 YL e 5L Ve e

e Ot S

S S el asdS slaasllas b Jshe s Ol
o35 5 22 5 PBS Ly 5 ods S @JTC‘* lad she i
Sami Sl (555 e syl Al s Jsle )T i
s L) Sl U e el €
M (Mallinckrodt Baker B.V ( Deventer « 'Netherlands)
Laas sod b oliluy ) x Vo cell/ml Sdals o +/0Y
(3o S s Rl Sl e e 5 0l S 5
e gL YYE/Y s Jsb L (model #V+ G 5 slei
()L ¢, Seslul

rcdliie Lyl 3 CD34Y glad sl CuiS

L il CiS Lol 5 5 el U CD347 (glad sl
0313 CiS 54,V e s ) x Ve cell/mL o Lils
Sl ds e Oole s Ll bl as
LgsS ol 14 CD34" slad g a8 Ul S Ll i ()
Stem Cell ¢ Jols S 56 slaplSguln b o
Thrombopoietin 5 FLt3-Ligand (FL) « Factor (SCF)
A S LS ely S Yy ng/mL cLle L (TPO)
S5 olasin L b plSgula a3l ciS Lol 5
A eslaa (Stemspan)rjw L6 S lases 5 ol
53 0 1 CD34" (glad sl oS 55 oS Lyl 5 (Y

AN

e A plsl €D38 5 5 (gl s S5 aD)
(YA)3 52 15Y 550> CD34" slad she Lo 20

(ooeilie g3l (slad sl iS5 (gLl

v DB auSTual Ol gl 3o o ol 45503 51 MSCs
Laol 51 asboglo Das olulder ool slinl Lo s
oy 4 Ol gl 5o (glazes O glad g (U3 4 S
+ /o) kgL WS ) dSoseble s olsl S
DMEM Lo 55 siaecdi5h s 5 ol (V/+VV
C_iSFBS /) sl Low glucose (L& (S Jo1)
=2 sladsha 05l SO el YA 510U osls
L S ool L 2 50 b edir

boes Gl poril e s ladsho S Y51 ey
Sl sl Ly MSCs i b dn o ils |18
CD45 v_:j (S1s «S,lils « Copenhagen) L;uk;;t{dd
L ¢ CD34 ,CD90 «CDI105 « CD166 « CD37 «
IS\ USROS - P [PPSO E
SHledls Roskilde)ails 7 slacdy 53 il e J e
e Sl STAY a4 B ad esls kS (Nune
L Lad e i 280 51 6,8 ol skt 4 didems

oetilie oy slad sl (s pled fouoly v

i Lol las doad e ol ol j5kite 0 o o
Sl rled las Sl eslinal b (2l gl o3 ) S
S sSl N M ¢ (05508 I D05kl S5 Ve mM
\ mol 5 (LX— (S 1) DMEM-Low glucose « !
53 A ploil (05K LSS D lind 53 J s S
sobast] 65l 55 b el gl slad e ulg
LSS e 3blnd ST 5 (LS (LG D)5 sl
(TOx £ 513 b 555 (LK

MTT ey
MTT (3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyl
slad s el & ol 4, tetrazolium bromide)

Sy 2l e Gl s 5 b Sl e


www.sid.ir

Q\JM B b}‘jéj:ﬁ‘ f,aL.

Ol el 5ae 53 BLU Ay CD34" s sl slad s ﬁ&

CD38 slad ot s (STLL Ol s 0 sulis 5l
OY)as oL, CD347

wsolel LT

ST A3l 5 5l aslisa Uy (o oo 5 4325
cidoe (slaes ;S aglie Cogr A3 ol SPSSYP
p< +/+0 a3 8 oslinud ANOVA Sl s 56T 5 sk
Al as S L s lslas Ol e @

Y1
ol 5oL slad sl Ao U

ST 3l esli ol L Lad sl ool ol 58 5 5
CD166 « CD105 « CD90 by s b5l (5 e sl 5l
35 5 1Y 5 JTANA CJAY (/AN 5 5 4 CD3T
25 IYIA 5TYIN o5 5 4 CD45 5 CD34 ol & Jl>
«lind Jy,dS (O3l 85 LMSCs G s 5l
ol Gplad Jedly (FBS 70+ 5 dul Sy Sl
W s, 53 MSCs s oLl el szal wilad gl
5 36lad ST 0Ly (I L ) Sogptdiales waiS

Joals olas QJJ.LN C)l;'- m.,.lS J&fta J&._?

CMTT et
A &S e TEPA Vs pM &S sl 0L o (0
MSCSQ\_;;-)JJ.L_..‘:J_:ZS‘dj)ﬂu_.A}L&.A

15 5ad)s 1

oo Olo o TEPA 1

53 TEPA 05555 5l i ol e o ble
sam Jsle VY 5 Ving iyl SLail b (s Sl
et Ol A Bl CiS aee 4 TEPA oS L8
@ ol il 2l dok 1Y s 0 S 6w ke
QJJJJ\K_EQ\}J&\)L;}LNW()\}:AASMJL;«QLE
3l 2alS S e 4 TEPA

il LS Ly s T o)

Cond s sler Sl ool sladsbe 20 5l Coles

Yor

samam 53 5 s 4N Olpe . MSCs L 2 iSies
4 MSCs Oy 31 oy LS o3ls 28 a5 1S gl
S 5 sl Stemspan Lo (xlans Sy A
s ol U CD347 Jl Vo ol as & Ggb S sl
A 03l CiS el e lad gl S Y (655
53 0d 1o CD347 (glad sl S p g S Loyl 3 (¥
A osls S TEPAY + M 5 balS sl sl
CD34" LgLAJJl_MASPLP; boes 53 bad o S (F
225 b ¥ Olge o MSCs b iS55 ol
LA 031y CLS TEPA Vs M. 5 La 1S gl g

3 S laam 13 YV 6L oSOl s el lases el
s Oy ds LaciS bl U 4 SSICO, 70
Ve s VLY el s e a a5 5 el plnil 0
K. ORIV S P2 B I Ve BT JU B CTY WS
L Ladslo 5000 8 aoled Jlaas glad e IS
2 el 2,2 D34 SHle Cgr (6 sl 50

Az S

/(CFU assay) - +l5° yizeiv

A 3l eded I CD347 glad sl 5l dsha )V x Vo7
w@lﬁjzﬁﬁj\mdudﬂwﬁﬁjdu
J (..:Ml)methocult H4435 L L)y 35, 5o caliss
YO mm' slaco s 05,3 5 eded by love (555 555
oy g Ay ad o sl L 0US 4y (Nune (S Hlails)
TV slas 53 55 VY sy agly 5 A3 a5
Sde ol Sl e S 4 SOICO, 70 5 51 S Sl a s
(0555 D@ sl Sy Son dhons 40 b 5408
(Y FVLLE 5 olas

S es b sl R JUT
CiS bl pl e 5SS Sl 5 G o) L8 d e
a1 L 5ot andls Ve 5y 55 il
S FITC-CD34 5T (S ladls 5815 Sl ) JU S 5 5
=550 186 (3L sl 51603 (5l PE-CD38
IS by pl Ol e 4 (5515 oSl (Sles S)
FICCHR NP 3 T G PPN G 1P S


www.sid.ir

qy ut..\.ajc\c AJLo.ic\' 0,93

<>

<
us (EEEE A

Ay L e pS0ke 0l S Ll b s ke
—! 53 CFU-C 5CD34" sL_ad o INCs Ods
ENYNV VAV EQP FAEAN S pas 15

54 YO/O

(f+ X)ooiS lazes 53 MSCs L HSCs 2iSen 1V 3

YB

A e ™

: _j ' '
AT
\ Y Y ¥

ilisee S Lyl b

CD34* R %Y ﬁ‘ﬁ »\le d‘}:ﬂ
>
I

YD

Yoo o I

Yoo o
\0. .
Yoo
N i B
\ Y \g ¥

ot S Lyl

CFC o4 J.J‘J.: J&f b‘}:ﬁ

o *
-
A w
.). Y
2w

b

\
o0

UM OUM Ve UM \OUM Ye UM Yo UM

TEPA clle

Ol g LGS § p TEPA il glache J1 i) Sl g
Ad; c MTT lomw 51 eslial b endilye ool (slad sl
3 e olsbas Sy 80 4 TEPA YV UM 52> ;3 MSCs

(> p< '/'O)A‘,.J Lackle ﬁ\.w

YA

V5. 1 - % -
R
k)
oo
T
'l\'
3 AT
5
+ Foo
<
a J
U Y. ' '

Yo o

\ Y Y ¥
il S bl
YC

V¥ 7 *
% 4 I
) \Yeo T

[e o]
X @ -
% 9
s 7
iths
i ]
5 co| milm , i ,
\ Y Y ¥

ot S Lyl

DY B CTNGS O il dir Ol piloe 1 ¥ A L Cilitos S Syl 3 53 LS5 505 V0 51 ey O ol i Oljpe 0SSloe 1Y 15 g
=l A Ol &l 1 Y D CD34°CD38 slad shos O il A Oljme oSSl 1 ¥ C (CD34" lad ghos OAS il ke Ol e opSilis
5 b 4N Ol gme 4y MSCs sl yls 5 5o ‘(Y)N’ CiS Loyl i g beplS g le ol jls 5 5 L (V) gl cuiS Jayl s . CFCs O
kb Y Ol ge 4 MSCs oiyls 5 53 ‘(f)plqa;g‘_.is Lyl s .35 TEPA 9 lacplS gulu oiyls )5 ‘(\")(}..« S dyl e g Sl

P /0 0)dss ) sdalin ciliee CuiS Ll d g (glaline o sl 5 TEPA 5 b plS gulu

Yov

WWW.SID.ir


www.sid.ir

;’\J&m& 9 a:\jéj:a\ f,al.s

Ol gl sae 53 GU A CD347 5L i (golis glad o 35T

A B C
1000 Gate: R1 L e Gate: R1
Q1: 35.20% Q2: 11.88% Q2: 17.47% Q2: 41.11%
100 5 100 -
o~ d CRLE ~
-, 10 g -
1 . r] =57 1 o, 1+ n 0,
Q3: 2.02% Q4: 50.90% Q4: 7.74% Q4: 13.59%
0.1 i 0.1 ‘ 0.1 i = .
0.1 1 10 100 1000 0.1 100 1000 0.1 1 10 100 1000
D E
10007 Gate: R 10003527
Q1: 34.88% Q2: 39.56% Q1: 13.20% Q2: 19.03%
1004

FL2 -

Q4: 16.24%

Q4: 40.60%

0.1 H——rrm .
0.1 100 1000

T
10

100 1000

(D34 KLy FL1 i loee < iS Ll 5 53 5 55,00 51 5 b 5Ld s o3biy sadshu s CD38 5 CD34 oly 50T 1 Y s
byl -3 :YE c_,...:;_.‘;S.h.:lJ_.‘;:YD .r‘,:c,...:Sh.ll,&:YC Jol oS Ll s YB (e bhj)cﬁ.ts)'lh},j:\'A.CDSBJ.{iLx:FLZ

i e Sl (p< /)L 1B ey
s 5 4= CFU-C 5.CD34" sLadsl o INCs oz
EPRMAVARE A L VAAC R REVARIE MNP RFIVINE-R RV/NY

e KU L 3l 4 il 228 Ll 5
=23 330 3 CFU-C 5 TNCs  CD34" cells sla3 . LAS
Ssged 5V K238 15 anglis 5 oLl 3, oiS
Y

DS oy 5 e b5 3 JUT
L5 CD38 5 CD34 sla Sl ol anllas ool o
ol cis Ll s oLl el sl
TXING (p< 2/40) 5 sl O 53 b g iy slad sk
CiS Lol aw L aswslis 53 CD34°CD387 (/Y4/V +

(Y ISo)as csl Ks

YOA

=SS Sy # MSCs Jl Lyl 5l s tpg> SiS Lyl
L~ &5 —w ;3 CFU-C 5CD34" L ad v « TNCs
A Ol 5S0le w23 S 13 aallas 35 50 LS sl
SOMOENVE (Y £\O/Y 55 au Laol 0ds ol

59 VAIS £ VNS
o oS S bl sk« e S
Sl L 5led TEPA L bad sk ¢ Joko 1585 Oljae
CFU- 5 CD34" slad e « TNCs O ol L Olsae
OA/AY £ \O/F 5 FF/FO £ AV (OY £ AMA 5 5« C

s
ngj;’_.,«):MSCSL;_i&&.AJSl:pLR-QJSLi\fi
Lol 5,5 HSCs iS5 (695 » TEPA 5 la S gl
¢ TNCs sl (oS 55, V0 5l ey .8 5 1,3
=B sb & Lyl s ol 53 CFU-C 5 CD34" (glad sk


www.sid.ir

QY OUMﬁ)Af A)La..iA\' 09>

3 054 stemness Li> (gl 5 ¢ S « MSCs 5 HSCs
s ol o o, S o s JB 0
=¥9)s s JAL/L;{L:)'T Lyl 5 53 HSCs 55 0ly Jsbs
(14 ¥

Non adherent HSCs S Jsls oLis O, JS\IT
adherent HSCs Ly 13 548 5 5 53 > See [l 5
Sl 05813 4 S Wsls Olas ol il e < lize
30 o=l ekl e ol Glad g 5l JSze s
5 HSCs 555 — s )= ol 5lyls MSCs
Sls 5 Al HSCs il o AL ST (slagims
S Ll 5 s (FV)acil o MSCs 4 s 2t bl
e Sobe s 4Bl nla sl glad e Sl gl oJl
S MSCs 5, ol 5l a0 s 3l 555 CD34
sl o 8500 HSCs iS5

s ke 5l sl a1 3 51 (ol 3 e
S mled 5 5SS s Lagtis 3 Shes (O 0Ly
Sy ol Gk s o ds ol Ll e s
(s e sl 33l 5 (ROSS) O 5SSt Jlsd slaas S
CD34" sladdv o ol 55 (FA)LEL o KuS 5
(p 3 miS Layl - 5) TEPA 5 Lo n8ule i s
¢TNCs iS5 Ol e il 58l As ged S el S
FE/F0 (OY b 5 4)dd sdalise CFU-C 5 CD34 cells
Al d Gl s 5SS Ol s (1 OMAY
po kl b s ISl ReS el Jsl S Lyl
cell-to-cell s 3| 30 5 hals Ylws| 5 s
Al s MSCs a3 e sla S gl 5 contact
Cogo ) kel 5 2SS Glad] b aS ol ol yasiie
53 Ll 8 o 3 o Ol 26 o 3 o (bl
5 AL (a0 S8 sl s pled IS L aslie
sladshe S8 6o, 2 1, TEPA Y pM il 0L K
asdllas gl 53 (YY=YO)Wsls 513 e 5 3550 « CD34"
5 s TEPA &l Slos S 1Yo Jlw s
S 5 D o Ol S5 = 1 e s
534S placis 5. S oLl CD347 slad sl
St s e b pLonil TEPA 5 La ol sl o

o Ol3s 3 i CFU-C 3 TNCs « CD34" slad sl

AR

e
S iy Al 5LSel, ex vivo ;5 HSCs ST
53 (FF=YE) sl e Slsys 5 Sl i Glual
sladdn iU el ods 20 axsdS slaantlas
|, HSCs .(\V V)35 aieg oS Ll i 5 CD34°
oSS LS gl Lol e i8S gladams 53 Ol 55 oo
33 .(\\‘)J._..'Zl.gw led Lol e ﬁ.&? 3 C)" ol bl s sl
s oY A ol sl esly LS Calises (glaantllas
¥4) S csle= HSCs iS55l « cell-to-cell contact
> TEPA ik o laaallas = o s s (g 31L(FA
LSJL:;.’ (_;Lﬁdjl_.w fLa.? u;.bl_fjj_;&} u:""b—e‘
w A (YY—YO)W‘ ol BB =]y J.u &.;jﬁj:w
4 MSCs Olejoa Sl J1 G s 0Ty andllas ol s s
O sl s ol gbed e 55 Ol 2 1 e
Ole Sl (o) oS Loyl 1 0) ol & LagplS ol
sl 331 CFU-C 3 TNCs « CD34"cells o ol 5 Lo
Dysar g B olS Ll s ple b alie 5ol
LFe=¥v)cil calle L3 slaaallhs CL" L CL” o
A 0 HSCs iS5 (555 » MSCs ks Aol slae o
)J_sﬁ da”y S o ol ‘J_>- C:D34-Jr le_ﬁdjlw cLJLv
CiS b eplSanle sl 55 entilie g3l slad e
J_M“"'g.": ulj_:a .(r}) S LS Ja.i‘J_&)JqJ‘_\Z o3l3
5l i a5 o I ;5 CFU-C 5 TNCs,CD34 cells
MSCs (oS Jab s 4S das e OLiS g,...‘S.b.“JJw
el G- 53 HSCs La> 3 TNGs 2SS o158l Eely
Sh #1I MSCs 4 ilesls gl Laaallas .5 o0
GESS i S 1 I S50 5 o 55
Al ll 2 55 5 04 3 HSCs sLi 5 plas


www.sid.ir

Q\JM B b}‘jéj:ﬁ‘ f,aL.

Ol el 5ae 53 BLU Ay CD34" s sl slad s ﬁ&

sle d Gl 1) xS plad 5 2 5 CD34°CD38”
oy 0L aalllas gl 3l 3 il o Lls oS Jayl 2
> TEPA jlesleul b Johu 05,5 e Ol a8 &S
S 2B L1, CD347 glad sl ol 536 niSa
=SS S Al S Ll sl b aslie s
Dl 58l g sdud LSl Ll e TEPA 5 MSCs
o) i Slidss b oS ol a Al . SL HSCs i85

.;ﬁél)@);@g.uﬁjHSCsjgﬁg_g\ﬁ‘_;}:\;.ﬂ\

S o i
V_AJJMA_,JUNQJ)'HJ»T@HAJQ@LSQQUJQ

3 odd oY Ol el (ool glad s 0L
by slad s sl (Ll G s O a8
Byl s La0l (5558 Jeiley Ladm 5 5L g

Al o e AREL T

ila yadd § pluid

Al b8 4l Ol ol s ol
S e DLii S e 3 5 Ll S slen
Colem U5 0l g 055 Jisl Cb Sags 5 3550
el I o 5 08 (S o sk oK JLe
el oy ploil @ Ol a0 JUl b e,

References:

1- Conrad PD, Emerson SG. Ex vivo expansion of
hematopoietic cells from umbilical cord blood for
clinical transplantation. J Leukoc Biol 1998; 64(2):
147-55.

2- Lim M, Ye H, Panoskaltsis N, Drakakis EM, Yue X,
Cass AE, Intelligent bioprocessing for haemotopoietic
cell cultures using monitoring and design of
experiments. Biotechnol Adv 2007; 25(4): 353-68.

3- Gordon MY. Stem cells for regenerative medicine--
biological attributes and clinical application. Exp
Hematol 2008; 36(6): 726-32.

4- Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem
cells, cancer, and cancer stem cells. Nature 2001;
414(6859): 105-11.

5- Kondo M, Wagers AJ, Manz MG, Prohaska SS,
Scherer DC, Beilhack GF, et al. Biology of
hematopoietic stem cells and progenitors: implications
for clinical application. Annu Rev Immunol 2003; 21:
759-806.

6- Lane TA. Umbilical

cord blood grafts for

o

)sl_gid&uwbw&aﬁ):széép
53 0 L s el ol LS sl Oles |y
k_go.l_.i)LA.:; LgLAQMLSASL;“;-)J 4;1\4.3‘){ e‘JM).iL«:

=l e el (TPl olis Sl e
s Gladlas 5 0L 5 el cilas 30 o

5CD34" cladslw 35 L TEPA Y+ Jlo s

o 15 SCID (sla e 4 0T Ws Joilly iy on
el o 5 TEPA 4S5l 0L a0 b 3 g

Q‘_“:).ZJ ‘)Juﬁ&u};))w‘)‘)a%bﬁud%@

eswial TEPA >, s V..M.:_'K.» Lo o (YHAS
S sl Ol e TEPA a8 Csl ol osls OLis Lol ol

(CCOYIAcSIC oy S i a5 (ROS) O3S NI
Iy ok ws 55552 Oyl jae 55 HSCs Laa> (gl oS
Slrasdlas ol 55 e dle 4 (FA D0 )das o ials
a BM-MSCs L 2iSea 53 CD34" glad sl L o5l
TEPA 5 La Sl js o> 55 5 5dd as¥ Olse
Olye (S0l L onls CiS (pley oS lal 12)
o—! 53 CFU-C 3 TNCs,CD34 cells Od—s | 5 A
PPV N4 LRI R RVAR WA R P V/ R S PV S -
cilises ciS Lal b 3 HSCs oo 50 5 geul 5T
sladd o T)L@_e:-g;._.iSL_ﬂj_.Z): S sl ol

hematopoietic transplantation in adults: a cup half
empty or half full? Transfusion 2005; 45(6): 1027-34.

7-  Gluckman E, Rocha V, Chevret S. Results of unrelated
umbilical cord blood hematopoietic stem cell
transplantation. Rev Clin Exp Hematol 2001; 5(2): 87-
99.

8- 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;
96(8): 2717-22.

9- 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.

Kelly SS, Sola CB, de Lima M, Shpall E. Ex vivo

expansion of cord blood. Bone Marrow Transplant

2009; 44(10): 673-81.

11- Yao CL, Chu IM, Hsieh TB, Hwang SM. A systematic

10


www.sid.ir

QY UUMﬁ)Af A)La..iA\' 09>

12

13

14

15

16-

17

18-

20

21-

22-

23-

24-

25-

strategy to optimize eX Vivo expansion medium for
human hematopoietic stem cells derived from
umbilical cord blood mononuclear cells. Exp Hematol
2004; 32(8): 720-7.

Rocha V, Wagner JE Jr, Sobocinski KA, Klein JP,
Zhang MJ, 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.

Shpall EJ, Quinones R, Giller R, Zeng C, Baron AE,
Jones RB, et al. Transplantation of ex vivo expanded
cord blood. Biol Blood Marrow Transplant 2002; 8(7):
368-76.

Sorrentino BP. Clinical strategies for expansion of
haematopoietic stem cells. Nat Rev Immunol 2004;
4(11): 878-88.

Martinez-Agosto JA, Mikkola HK, Hartenstein V,
Banerjee U. The hematopoietic stem cell and its niche:
a comparative view. Genes Dev 2007; 21(23): 3044-60.
Calvi LM, Adams GB, Weibrecht KW, Weber JM,
Olson DP, Knight MC, et al. Osteoblastic cells regulate
the haematopoietic stem cell niche. Nature 2003;
425(6960): 841-6.

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.

Gottschling S, Saffrich R, Seckinger A, Krause U,
Horsch K, Miesala K, et al. Human mesenchymal
stromal cells regulate initial self-renewing divisions of
hematopoietic progenitor cells by a betal-integrin-
dependent mechanism. Stem Cells 2007; 25(3): 798-
806.

Jing D, Fonseca AV, Alakel N, Fierro- FA, Muller K,
Bornhauser M, et al. Hematopoietic stem-cells in co-
culture with mesenchymal stromal cells--modeling the
niche compartments in vitro. Haematologica 2010;
95(4): 542-50.

Breems DA, Blokland EA, Siebel KE, Mayen AE,
Engels LJ, Ploemacher RE. Stroma-contact prevents
loss of hematopoietic stem cell quality during ex vivo
expansion of CD34+ mobilized peripheral blood stem
cells. Blood 1998; 91(1): 111-7.

Blank U, Karlsson G, Karlsson S. Signaling pathways
governing stem-cell fate. Blood 2008; 111(2): 492-503.
Huang X, Pierce LJ, Cobine PA, Winge DR,
Spangrude GJ. Copper modulates the differentiation of
mouse hematopoietic progenitor cells in culture. Cell
Transplant 2009; 18(8): 887-97.

Peled T, Landau E, Prus E, Treves AJ, Nagler A,
Fibach E. Cellular copper content modulates
differentiation and self-renewal in cultures of cord
blood-derived CD34+ cells. Br J Haematol 2002;
116(3): 655-61.

Peled T, Landau E, Mandel J, Glukhman E, Goudsmid
NR, Nagler A, et al. Linear polyamine copper chelator
tetracthylenepentamine augments long-term ex Vivo
expansion of cord blood-derived CD34+ cells and
increases their engraftment potential in NOD/SCID
mice. Exp Hematol 2004; 32(6): 547-55.

Peled T, Glukhman E, Hasson N, AdiS, Assor H,

\rd

26

27-

28-

29

30

31

32

33-

34-

35

36-

37-

38-

Yudin D, et al. Chelatable cellular copper modulates
differentiation and self-renewal of cord blood-derived
hematopoietic progenitor cells. Exp Hematol 2005;
33(10): 1092-100.

Percival SS, Layden-Patrice M. HL-60 cells can be
made copper deficient by incubating with
tetracthylenepentamine. J Nutr 1992; 122(12): 2424-9.
Bae B, Percival SS. Copper uptake and intracellular
distribution during retinoic acid-induced differentiation
of HL-60 Cells. Journal of Nutritional Biochemistry
1994; 5(9): 457-61.

Yang Sh, Cai H, Jin H, Fan J, Tan WS. Hematopoietic
Reconstitution of CD34+ Cells Derived from Short-
term Cultured Cord Blood Mononuclear Cells.
Biotechnology and Bioprocess Engineering 2009;
14(4): 429-35.

Oswald J, Boxberger S, Jorgensen B, Feldmann S,
Ehninger G, Bornhduser M, et al. Mesenchymal stem
cells can be differentiated into endothelial cells in vitro.
Stem Cells 2004; 22(3): 377-84.

Raval BP, Suthar MP, Patel RK. In-vitro cytotoxicity
screening of symplocos racemosa plant extract by MTT
assay. International Journal of Pharmaceutical
Research. 2009; 1(1): 31-5.

Robinson SNy Ng J, Niu T, Yang H, McMannis JD,
Karandish S, et al. Superior ex vivo cord blood
expansion following co-culture with bone marrow-
derived mesenchymal stem cells. Bone Marrow
Transplant 2006; 37(4): 359-66.

Almeida-Porada G, Brown RL, MacKintosh FR,
Zanjani ED. Evaluation of serum-free culture
conditions able to support the ex vivo expansion and
engraftment of human hematopoietic stem cells in the
human-to-sheep xenograft model. J Hematother Stem
Cell Res 2000; 9(5): 683-93.

Jang YK, Jung DH, Jung MH, Kim DH, Yoo KH, Sung
KW, et al. Mesenchymal stem cells feeder layer from
human umbilical cord blood for ex vivo expanded
growth and proliferation of hematopoietic progenitor
cells. Ann Hematol 2006; 85(4): 212-25.

Bachier CR, Gokmen E, Teale J, Lanzkron S, Childs C,
Franklin W, et al. Ex-vivo expansion of bone marrow
progenitor cells for hematopoietic reconstitution
following high-dose chemotherapy for breast cancer.
Exp Hematol 1999; 27(4): 615-23.

Weissman IL. Translating stem and progenitor cell
biology to the clinic: barriers and opportunities.
Science 2000; 287(5457): 1442-6.

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.

da Silva CL, Gongalves R, Crapnell KB, Cabral JM,
Zanjani ED, Almeida-Porada G. A human stromal-
based serum-free culture system supports the ex vivo
expansion/maintenance of bone marrow and cord blood
hematopoietic stem/progenitor cells. Exp Hematol
2005; 33(7): 828-35.

Kohler T, Plettig R, Wetzstein W, Schaffer B,
Ordemann R, Nagels HO, et al. Defining optimum
conditions for the ex vivo expansion of human
umbilical cord blood cells. Influences of progenitor


www.sid.ir

Q\JM B b}‘jéj:ﬁ‘ f,aL.

Ol el 5ae 53 BLU Ay CD34" s sl slad s ﬁ&

40-

41-

42-

43-

enrichment, interference with feeder layers, early-
acting cytokines and agitation of culture vessels. Stem
Cells 1999; 17(1): 19-24.

Ye ZQ, Burkholder JK, Qiu P, Schultz JC, Shahidi NT,
Yang NS. Establishment of an adherent cell feeder
layer from human umbilical cord blood for support of
long-term hematopoietic progenitor cell growth. Proc
Natl Acad Sci U S A 1994; 91(25): 12140-4.

Xie CG, Wang JF, Xiang Y, Jia BB, Qiu LY, Wang LJ,
et al. Marrow mesenchymal stem cells transduced with
TPO/FL genes as support for ex Vvivo expansion of
hematopoietic stem/progenitor cells. Cell Mol Life Sci
2005; 62(21): 2495-507.

Xie CG, Wang JF, Xiang Y, Qiu LY, Jia BB, Wang LJ,
et al. Cocultivation of umbilical cord blood CD34+
cells with retro-transduced hMSCs leads to effective
amplification of long-term culture-initiating cells.
World J Gastroenterol 2006; 12(3): 393-402.

Kogler G, Callejas J, Sorg RV, Fischer J, Migliaccio
AR, Wernet P. The effect of different thawing
methods, growth factor combinations and media on the
ex vivo expansion of umbilical cord blood primitive
and committed progenitors. Bone Marrow Transplant
1998; 21(3): 233-41.

Verfaillie CM. Hematopoietic stem cells
transplantation. Nat Immunol 2002; 3(4): 314-7.
Alakel N, Jing D, Muller K, Bornhauser M, Ehninger
G, Ordemann R. Direct contact with mesenchymal
stromal cells affects migratory behavior and gene

for

Yoy

45-

46-

47-

48-

49-

50-

expression profile of CD133+ hematopoietic stem cells
during ex vivo expansion. Exp Hematol 2009; 37(4):
504-13.

Wilson A, Trumpp A. Bone-marrow haematopoietic-
stem-cell niches. Nat Rev Immunol 2006; 6(2): 93-106.
Gottschling S, Saffrich R, Seckinger A, Krause U,
Horsch K, Miesala K, et al. Human mesenchymal
stromal cells regulate initial self-renewing divisions of
hematopoietic progenitor cells by a betal-integrin-
dependent mechanism. Stem Cells 2007; 25(3): 798-
806.

Wagner W, Wein F, Roderburg C, Saffrich R, Faber A,
Krause U, et al. Adhesion of hematopoietic progenitor
cells to human mesenchymal stem cells as a model for
cell-cell interaction. Exp Hematol 2007; 35(2): 314-25.
Leary SC, Winge DR. The Janus face of copper: its
expanding roles in biology and the pathophysiology of
disease. Meeting. on Copper and Related Metals in
Biology. EMBO . Rep 2007; 8(3): 224-7.

Chen CT, Shih YR, Kuo TK, Lee OK, Wei YH.
Coordinated changes of mitochondrial biogenesis and
antioxidant enzymes during osteogenic differentiation
of human mesenchymal stem cells. Stem Cells 2008;
26(4): 960-8.

Ito K, Hirao A, Arai F, Matsuoka S, Takubo K,
Hamaguchi 1, et al. Regulation of oxidative stress by
ATM is required for self-renewal of haematopoietic
stem cells. Nature 2004; 431(7011): 997-1002.


www.sid.ir

Sci J Iran Blood Transfus Organ 2014; 10(4): 353-363

Original Article

Evaluation of Umbilical Cord Blood CD34" Hematopoietic
Stem Cell Expansion in Co-culture with BM Mesenchymal
Stem Cells in Presence of TEPA

Amirizadeh N.}, Zaker F.2, Nasiri N.2

1Blood Transfusion Research Center, High Institute for Research and Education in Transfusion
Medicine, Tehran, Iran

23chool of Allied Medical Sciences, Iran University of Medical Sciences, Tehran, Iran

3Tehran University of Medical Sciences, Tehran, Iran

Abstract

Background and Objectives

Hematopoietic stem cells (HSCs) have become a standard protocol for the treatment of many
hematologic malignancies and non-malignant disorders. Umbilical cord blood, as a source of
HSCs, has many advantages compared to other sources./One major drawback in using this
source in transplantation is the low HSC dose available. EX vivo expansion of HSCs is a
solution to overcome this limitation. In this study, we used TEPA, as a Cu chelator, and human

bone marrow MSCs to investigate the expansion rate of UCB-HSCs.

Materials and Methods

CB-HSCs were isolated using miniMACS magnetic separation system. We cultured the
enriched CD34" cells in various conditions. Culture condition A, supplemented only with
recombinant cytokines; culture condition B, supplemented with BM-MSCs as a cell feeder
layer and recombinant cytokines; culture  condition C, supplemented with recombinant
cytokines and TEPA; culture condition D, supplemented with recombinant cytokines, BM-
MSC:s as a cell feeder layer and TEPA. In order to evaluate the HSC expansion, we performed
cell count, the analysis of CD34" expression by flow cytometery, and CFU assay on day 10
after culture.

Results

The most fold increase rate in CD34" cell, TNCs and CFU-C was observed in the culture
condition D (110:11 + 15.3, 118.5 £ 21 and 172.9 + 44.7, respectively) compared to other
conditions.

Conclusions

The results showed that co-culture of HSCs with BM-MSCs in the presence of copper
chelating agent (TEPA) could dramatically increase the expansion rate of UCB-HSCs.
Therefore, this strategy could be useful for HSC expansion.
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