[ Downloaded from bloodjournal.ir on 2026-01-29 ]

<

O
(SRR

YY) AD Ol ¥ ojlas ¥ o9

Sl 31 o o (93 Jligui! (b jlu i (990 9 Sl (w3
o 3939 3N g pSIomd i gy 99 b YT aSiuit i duglio g b

Tl S o 56 25 T06 ppals Bldasms a5 oMl DLl Lo dasms S5 ondd s 8 355

RS
S g 4l

G gl 4 505 lats Sl W sk 0] 45 035 Sl g (sod gl 31 s (ol sl Ol il 5
Slaaddlas 5 g3 paciS (EPC) I 5l Slo iy sadshu dadshe cnl 4 . 2:3b 0 1l 15 (b JLb 501
Alod b SonS] GBI 53 bk G55 b5 o EPC sl gl (6,5 50 s 4 il
RS pa, 3l esliul by edd silulie 0Ll Jasee 045 3 EPC gladgbe Liagh cpl 5
I IV 1 I

bogig; 59190

2 e 0 (ol ame O g5 5l lana S gad s JS 104l g 028 g 5 ek plol anlllas
‘(,.:fm 390 0% HAD esls CAS (5SS md Lol sdnd g sl ias g JLL Al slad e 4l ciS Lo
S bl 51 5 03,8 ot 5 g IS 5 LS, 4 50 L ts S 4 JUasl Go b 5l &S 1, plad b
9 39 A iy 55 e A5 oslil LOT JWL sl Conle Aol g ¢ J o050 5 oondd st 5 500
A 4B B S bl iShndl 5 g i 5

sy

Lo odd odedigy b (595 = oS (S3luldar (sad gh 45 315 DL o g5 ol 5l el Gty s
AC-DIL (Acetylated low density ol 4 ;36 a5 nl 5 oM ‘...u 380 23 9 RS 0 Ay ST g ud
4 ul_.:-@.«b’ 9 039=e Oly |, Tie-1 s VECAM-1 . KDR (CD34 .CD31 {3 «dwa lipoproteins)
ooy 3 osliiul b b ghe cpioman .l Cuts 350 5 KDR « CD34 . CD31 (slad 51 ade » (s3b 5
S Kl S g

S

Iy andlas 5,50 L0} oia 595 53 (SLesl EPC (slad ghu o5 055w Ol g o e ol glaasly )l
N pd g KLl S ol 2B b ki SIS g B, 5 eslital b nd gl ol 5 S (s 0Ly
09 7S ¢S g (g5l T ¢ JLL 1 Sl Jr sladshe gouuls SHlals’

AR/ 1o 2l
A VD e Al

PPAWSIYEYS oy Gadio = Ol S (S ek olils 58050 5 Jobo Slidins olKbesT = o sUTPAD i 5ee i3 -
0Ly ey - e xUIPRD -Y

Otz S (Sa3 pshe olils (S5 6Ll o gl IS Ayl uliiylS Y

(COB) JulSs (5 5m 55 0= onl3 Riken szl s 5GTPhD -f

AR


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

OLan 5 e s b S

WOl Sl aemlio 5 James 052 JUG 0 glasle i

L Lad o s3luldor Jsl Joay 55 e eslizal b
Lt =T 5l S e by 5T 5l el
iS5 bali s 25, 5 KDR 5 CD34 CD133
S sladsle s (Ex vivo expansion) alSilasl
APl e glaens

AT S 5 sl eslial L aS bl Ks
5> U g e (bt JLb st Sla iy slad ke
Gk 3 W00 Sl iy e sk plas Ty 5 i
Rl S SSs i badd sdid sy gl s S 4 Jlad]
ol aul [ pdite a1 s S e lus Lad sk
5> 0l S0 5 Skl bl dadshe cnl UG5l
aoamr s L petamen w e laia (65,5 o )
5 Sbos ke sl po gl cpl s VL L el
sane gla 25, b Ol a5 S50 5o il Sleys O
i ege Sloys 05 L e sl e iSKansl 3
deal g 0355l Laol b Coeal 1 o3 S ol on VEGF
L2l 0o 5 5,581 sl bl een 3 (VF N0)AS
L U0l 3l slad sow iS5 5l
Ladsw opl Gioy s VEGF-164 05 Jal= o 05550
A5 e e 2l oSl AT e«
anls Joe 53 1 055 0L Gl o 5 L G
sl ol glaaalllan s (555,0 b (VF) iy 55
33 oS e G s L5158 0sSU aS Wl ekl
S Sl S Jpeme Sla i, ple S 4 2 4
sladsw 05 JUml cgr iS55 5 o 50,5
03 A et 3 ol el e JLE 51 Sl oy
Ol I 5000 5 i slad s lal ol sy
3 3 3508 Sl s s 055 51 1, (WEPC)
Il slad ke olast 03 5T 5 050 Ol 4xl
Jlath G b o255 8L ke 4 oida 55 50
oS la sy 2Ll dad s ol s 03
D3 sl sy Ladl iansl 5 s iy 5 2SI
s S

Ry, § e
Dy 2o C).:)‘ ol ¢L>u‘ axllzo

\YY

Aoy
S e ke o3y sl OVLS 5 Jams 05>
Lo S5 aS Lil e Ol el sae 3l e slad b
(Embryonal o glac—ud 5T L wlie Laol
5 =5 B gyl ad sl ol (V) (angioblasts
sladsha 5 on 5 ML JLL 5l glad su o il
(EPC:Endotelial progenitor cells) JLL sa0l 5L
S5 ) oS plaasdlas mls (Y-F) £ a ol
slgming Sl sl oLl Gl 5 Sl sla 453
Ul I 00l 3w iy lad v a5 s s
| SeaSl GOl 4 by 51 odlad 0ils S50
s 5 L oo b 5 Yl e ol & il e Ll
ol O3S 15 50 e 5550 5 5 P55
G 53 ddme Ol L0 SO 5 5o b I
I 531 5l iy slad s ()3 5500 plail 0ds> o]
Lo )L sl Gl a0 225 03 2
Cio s 5 bl 148V Jlu s 0L 5 lald
51 1,CD34% glad v willy cpdises opl (0L
e lie gladys Ko Sl sl b 0Ll Jaes 05>
o3ls Sidg e 53 dske pal A58 (il
Sl pladd w55 Ay x5 508 Lok
b s el dr (@) s U5 slad sk
g LB as s ciiS SHle v wlBlas laanilas
(53 Shas I3 Sty sLad sl oLl
e 09 535 53 g pe GLEPC (5-0) il o
LS e Ol e St b 1 b Sl 1 dlss 1)
kil o Ul sal sk on, Game b Sl ) oS
VE-.(CD31) PECAM-1 « Olys o Ladl ales
eNOS - Von-Willbrand
s E-selectin . (Endothelial nitric oxide synthase)
S SLaSs s Graeen () 0 O 0)s S oLl Tie-l
5 o35 (Incorporation) < 5, 5l |5 el alzal J&o
Ulex Jlte Olssas) JUS 500l sl o5ns 0o 0
(Y AY) L5 et (BUropaeus agglutinin-1
St sladshe @leltr cgmr (i) 5 51 Y sans

factor ; cadherin


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

/\O Qt...aU gY B‘)LA-\.::' J" 092

<

——¢> (Chemicon, Donkey anti mouse)cy3 4 |zt
\

— <Ll LKDR 5CD31 als (3L 51 4 Jlas!
oo

Jackson, Goat anti FITC  a |ae 4 5l o3L 2T 5
L CD34 «de g3 5T 4 Jluss| g (Mouse)
\

dsle 4 3L los jy coles S§ e & — Chals
Voo

Sl vt g g gol 48 el S5 a e 3Y L Jlesd
S35 Olasod oty CD34 5 CD3L (classly
(Double  aS18 55 (55l K, K2 40 plin sl sl
des sl ool o1l 48 g sbas s pl><il Staining)
S s Ol ade a5 o3y 5T e <CD34
e 5 CD3L s sl (oL 5T 5l ad sl (g s
G tincd 3l oy o ealizad OF e a5l g3l 5
Ol of —en 45 Vector hard set 5| coolans 50 L bad she
03,5 Coisle S a5 250 o (DaDi) s )
SeaS s Ladshw Lalg 5 as sl ol Ladsh
Bl (613 S 5 anllae i gy K
‘RT-PCR o,

aalllas 3550 SLa0 0Ly 4wl g RT-PCR 3|
Sl oslicd L 1l 45 5 ol 0 () ) i o3lizd
3as 02 eSS pladsbw 5l LS RNA OS5 501 sl
DNase o 51 I o3 53 Tl ddls 3 Sl pxia
g i el s Sl Il G gl
ey oS ICDNA a1 5,5« MRNA Lis
AMV reverse transcriptase ;51 5 oligodT SLel
s S T L e 3 RT Sy i aslic
AL el J2STs el g o5V slpe ple 8 3 ol
e MCly ¢ Ve s o3 ANTP Lglie VX G
(RNasin)RNase o 551 oS Canilon « V0 s 2y
SiSTs cCDNA iy 5l e 3 3B 5 51 gole O
CS Shae 8 plasl B s g axlas iS5 g PCR
S1s el g (Ampli Tag Gold) WS G g
O+ g smm ;3 PCR 2o Sl; 45 esliz I PCR
= edhs 5 S e g g 5 A el 25 S
VX5 B 5l (RT STy J peames) SS) DNA

\YY

b 05 I L] Gl i (slad sl (gl
colas]

Sl i lad v slad o s3lalir g
05 3 Gl glad s LS ozl Olust JU 00
b Il S e Ay 51 S5 Jsene o) @
0 0L glad ) 5 Y06 K SO ealind éj
Sl spa 5w ol 5 eld sl e s A e
LS e

Sgd S LSy e S Sl )
Density-gradient  centrifugation ~ with ~ )\/«VV
eslazal glanaa S slad s (g5lulas g histopag)
L (Cambrex)EGM2 S Laes 5 Wad ghs s S
gl pod s s s 5o b 5 ) G
osls cuiS (Falcon) s groddesls b g iSO b L aS
Sl bad sk cos 5 p2in olexr glasss 53 5 Ldas S
LA esls
o slor oot st pigar] 5 G ialed) 0 sla b/
DlI'AC' Y a.)u.’:_w‘ l_hdj.l_w p@j})ﬁ)}ﬁ JL—.’.)J‘
\epg/ml cLle L (Biomedical Technologi Inc.) LDL
(Fluorescein Griffonia -3 a e — o3l =l 5
o ble L simplicifolia Lectin 1, Vector laboratory)
o 4 s eslitul 5 FITC 4 aS 55,8 45 Oug/ml
Lad s edn 555 53 dad s pond siom 55 5ol 2130
sles L d sl sleslaad U GBU1 glos 5o adds V Oode 4

adsl slaeal sl o a3 (Merck) -V

\
«— ohle L (Dako,mouse anti human) CD31
ii

\
4 — <oble L (Dako,mouse anti human) CD34
A

(Dako,mouse «_Je 4 Jsl oL Bl s cele ¥ Sne

b \
b sl &y o — clale L KDR anti human)
Yoo

5l sl ol . Lus dles! ad sl 4 (Overnight)


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

OLan 5 e s b S

WOl Sl aemlio 5 James 052 JUG 0 glasle i

Gene pulser 1 o&ws dad b iy s S g
0 53 ol gla el )l . 4 § 8w sl 40 SLaS
FOUF) (0 V YO UF) &y smas e il
JOUF) (O rV (YO« pF) (v oV FO uF) (FerV
23 omad gl s oS e (s (YORV
HF) & s |y L eyl (6 s w81 sls 2abesl
Aol 5 03503 w5 (YOIV YO+ pF) (00 V. YO
s DNA 5 Ladsle ol 58 0y 50 20 51 3
A bonlsl S s s 4l s p aids ) O
PCAG-IRES2- Ao uSly 5l p S5 Sa T e 5Ly
Sh deeedy 1) VENUSNucmem no  Notl 262
a4l 5 CDB s wdly ool (555 s o2
s 05 Jol S (S g S Riken e e
>4 (Yellow Flurescent protein) 5,3 oo w4l
b Lad o ool s S 51 g 5 el
Sy A e a3 YV slas Ly Jlsp o 23S
s YFP S84 0Ly celw VY JIYY o 2d8
P e (D)) S8 e sSae S S0

el sl glaa 5l iS ) B, s
JSSs 0 U llas 28050 YF ieslinad O3LS &S L2
Dsbas A plx! Superfect transfection reagent ol o»
(V_.’;.;b)'j)) Sl 3 8 celw VY o
L el (Johe Aoled 5ol g (Job O il e
Sl ¥ laadal 5 asls e ay Jske YV sl
S 03l e aSKs b Lo sd S e Sy
om0 5 (s 555) (Sl 5
DNA 0150 4S5 sbay L aslinal 2y Soo AT FOSY
dn Celw VY B Y 5 VUG Gilosl e s el
s S 3l ealiil Ly Lad gl 1,255 5 ol |
L anllas o sSae Ciy 5l
Rl

033l QLS i ol sled el wsa CL_.J
O35 53 35 5o Sl SO glad s a5 5550
o sl b s 0 5l ol Sl e ¢ e
o3ls CiS EGM2 iS Jamen 5 S 1md L ol o3l

DNA 55T Ve s oy 5 ey ANTP byl
e Tt 5 S MgCl; . (Ampli Tag Gold) ;I - L
(Forward) ews YU 5T 5 LS 5 51 gole of o, 5
osleul V Jgdsr Slasein o (Reverse) s ol s
Pl Cgr 5 350 o il 3lal 5 ey
So L S Jardly s 3ls POR Sl il
a5 A0 sl 5o alds O Sde 4 Ol SOl oy al e
0 gLz 5> 4l YO O gly s sl b As £ 5,0
el g5 4 iy 436 Y Annealing ol S sle a3
aiss ) Extention 5 5l § sle ax 53 07-5+ slales ;s
KKslis w8 ol s S ol am s VY les s
i me Do w 2lE Extention S S o LY
A an S e s sl S bl a3 VY s

oSy e 5l 2 S O STy pladl 51 e
A g 53 V0 58T U5 55585 2501 Lo 55 PCR

Gla ST ol jen w0 dd andllas ool Oly &S olaos
03,50\ oslars Jgdom 55 Ghasiy ol s eslinal 5 5
Rl s s U8 Ol e e GAPDH 03 .clods
Sty slad e olamtl Glad) &« LS
A S 15 aallls 3 50 JULS 50l

(F) cmsVb sl S5T 6 bgje g 5 O3S Lolol 1) Jur

L ealiwl jRags opl 534S (R) fws ol o

05 b A6l el Sl Js

GAPDH humanGAPDH-F  5'GCCCCAGCAAGAGCACAAGA 3'
humanGAPDH-R 5TAGGCCCCTCCCCTCTTCAA 3’

CD31 h CD31-F 5’AGGACATCCATGTTCCGAGA3'
h CD31-R 5TGAACCGTGTCTTCAGGTTG3'

CD34 h CD34-F 5TGAGCCTCTCACCTGTACTC3'
h CD34-R 5’AGGAGCTGATCTGGGCTATGS'

KDR/fik-1 | h KDR/fik-1-F 5'CCCTGCCGTGTTGAAGAGTT3'

h KDR/fik-1-R 5'GGACAGGGGGAAGAACAAAAZ
VCAM1 VCAM1-F 5'AGAAATGCCCATCTATGTCC3'

VCAM1-R 5'CGGCATCTTTACAAAACCTG3'
Tiel Tiel-F 5GCAAACTCTGCTGTCTAACCS'

Tiel-R 5'GGATGCCCAGGATAGCTATGS'

\YY

(Transient transfection) &, oo, S oifd
el 53575 b oldoslscniS gla ] sl

3 S iy 5o 3l eie Sy 00 s ol o

el Lad don il 5 S opiu 05 )



https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

AD Ol ¥ o led F o9

<

Dil- s Uls shls L sslizul b, S oS
ssbanas pladsh plad amen A5 AC-LDL
Dil-Ac- 5 xS0 S8 w0 ol Lol g, e
I8 05,8 L a3 Sligmal (b 5 )50 LDL
Dil- 45 plad e Sisysbay (F JK2)35 St o
53 Dil [ ya> sas sy e, S e |, Ac-LDL

it 595 53 hEPC (slad s 4y b gy o polai 1Y I3

Ao yn Ve Lo 4 aas e 0L A (Yo X S ,5)
B dsles S s 595! 1) Ac-dil el g5luldr slad shus
ade b BT 4 OladiSTy a5 was e Ol 1, bdsle Olea
Dapi L 45 das oo 0LiS 1) bd g aten 1C .Cnlodd Cuin S
Sy S o S el Jd gad s gead D LKiles K

Clodd sdaline ol S 50

ALl a3 S b b esle oS Lad
Laol i I &S Sed e 5 503 K 4 Texaz-red
3 m e Sy K05 4 8558 U 2 0 Juate
S s S sboles sy sdalie LBFITC s L
St (e dhe oled ey 053 0 03 Y-B
05,5 53 sy > Dil-Ac-LDL i 4 ;30 554
a0l byl e I 5 Dil-AC-LDL 1 e J 28
olasl 05,8 sladshe 4y alive Lol 35 ol o5l
IS 5 S ot ool 0T 655 2 e ol
et At edalite 0T 3 (G b o i 5l
Olaspr ssbar b 5 KDR (b 5T alwsas o5 plad b
il =5 CD34 5 CD31 gl agsl =l Lo

Yo

Eor Atlior e 0 3 5 50 LS5l Sl i
Sosbar LS o A3, 503500 GBS 4 D
Glad sk ple 3 ILE 51 Sle St slad s s o

O KDL 5 o 1 (GlazaaSS

Sld g 28 ol 51 (658 @ sSwy S palas ) IS
(Y++ X plif, ) hEPC

3 S ool 595 03 JWS gge gad e IS 51 5 0 s A
As) K b b ek skl g - gl 4 JLail Gy b 5 ad s
35 ¥ 5 e ok esls ciS WS g slad P ple g es S
Llokile b iS fases 53 Glas JK& 4 ;g
Ladsow cnl slaad 2 (o228 55, 53 hEPC slad s 5 5as B
el 0 03550 p5ler o 4 o

L g WE W Ul [ g W] U -
BINASTISTIN U7 5| WVIRC - LIS POt awprpee)
€CD31 .« I slagsl w1 55 5 Dil-Ac-LDL o3l
3590 Gl s, 5l G s esliul KDR 5 CD34
(sl S5 U sladsle jasis Gy eslil
2wl DIlF-AC-LDL i s Ladsbw oUls oL
oyl osle b aS ol (555 0 £ G S e esle
L oladshu o3 dhsas Lolantl 5 ol «S55,5 Dil
sladsh ol Ty s 5 e e JUE 00 ol


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

OLan 5 e s b S

WOl Sl aemlio 5 James 052 JUG 0 glasle i

(¥ X gl E 53 hEPC glad gho oo s g8 gyl ¥ IS5
aS das o QLS 1, H by p WS gu) slad ghe p geai A
5 ol 0k Cute FLK-1 L KDR ade 5 3k 31 4 Ols ST
Ol 1) Lad g s B .cmulond Ky ols b LOT wun
sl 0 sdalin ol 1S 50 O Ky S Ly 4 S a0
e J S 09 8 530, sg5sn JW skl G dghe pgas C
ot g o3 g e 4 U (3L BT 4 Ola STy &S aas e Ol
L S ol b slad s gl D cmlods Ky pls b WO

ol 0 sl Conl 28 56 O gKwy S

23 st g g 3ol 5 S5 P50 S 2L e sde
2 EPC ladw —olat) 037 Ol s 55,
il 2,52 RT-PCR Ly 4 canlllas 5,50 slad s
Gl sl o3l s s Lapl ol 5 s 5 )13
<(CD31=0VAbP) 5 5 s aadllae 5550 050 4 by 0
(VECAM-1 -¥Y0 bp)(KDR =)A+bp)(CD34=Y\4 bp)
&y 34 S GAPDH o5 L o3l (Tie-1=\YYbp) 4

.(OJ@) 35 \YYbp e eslial J=s J xS

L (hEPC) Sl 5859 2 JWs sl slad b s 0 IS
X 2lai S ) m) ol 2S5 56 5 iy g e e o gy S
5, Ky 4 YFP b b gy p 55 oty b sld ghs A (Yoo
Gl 28 58 sy Ko b oS Oldes Olad B L g5 0 0y
YFP L ol el 5 slad gho 4 01Ky sl 0 sdalie
L otalie pl&ia 1 5 ook CSinsl 5 W ghos ol S 0 0 L1
g o o3 S S g K Sy Kt

\YF

Db S| s s ) A e e 5 s
3 e a5 eyl slagesly T ey Olagal
Lo ks e sl ool 5 65w 4S5, sba
2 aS s 5 sy edalie LBFITC L Texaz-red
el el (3l 5T 50T s S e J 28 65,8
sl JKa)aas sdalin zw sl JUS S S s

(f 47

(Yo2X olad S, hEPC lad shu cond s 5 goy) ¥ K2
4SS das e QLS 1 Hatifg p JW9u) sad ghe o gaad A
P B Cawlodd Cute CD31 ke p g3k ST 4 Ols STy
s OB STy a8 das o 0L 1 g W5l slad s
Ol 1) L s td 1€ . Camlodd oo CD34 ads 5 g3k 1
I A slal Oad uKe ames D ledd K plo b aS das s
oS cmul A3 sladsbw 5 smas B das 0 0L 1, B

Sl 0 odalin Col 1S 56 O gy Sn



https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

/\O ‘_Jt.w.lu gY n)wgr 092

<

S 1y QLS S iie prdizes oS Sl 53 (0)3 55 o
53 Al e GLET o A 5 51y o 55 58l Al
Eo o el b s i e S b ol U
Sewiie sladsl Sl i (G5 B e s s
S 510) Li e ol e s 5T L UG sl
S slen glad b 5 Lo 5T 55 0l
aS S o Ol |y elie slads 5T« 53 a ¢ (HSCs)
SFLK-1 . CD34 slad) 5l au Ol 5 oo LOT ahex
ol A4S 33 el Ol e Ly 4 10 s S oLl Tie-2
(O OV il sy S ke sline SO ad sk
sl Ol Sy sles sladshe ples 5> CD34 03 i
Sasl 3l SLlS S g pilen slad sk s 0T 0L L
g F5k w03 Hromen 055 el 35550 o
(0)3 55 o Ol el Jled JLL 5l slad sh 51 (5 5kus
A 55 oS S VEGF 1y 5586 ol sles ;S FLK-1
sladslw 5 adyl S s slen glad sl s 52
lad b s O Ol Ll s 55 Oy Uk sl
Seomen FLK-L 555 o Cons 31wl ples Sty g g5l
Sl S gon 5 ok e ls VEGFR-2 ol L e
o eSS L ohles 5 lalul .(0) el KDR o
e 055 45 4 ol SUl Cg s 5 uadly
U5l slad shor 0 2l 55 o &S ol gl yhor (sl
SICD34" lad o (3lulin & o3l S iy LS
g e 0y SIFLK-LY 5 0lasl lase 0=
AT ol Lyl 5 53 ol G851 ey 5 03 g
Laol s 5l JLbul glad she 4 1 LOT dedl
S ol U a0t as slad o 53 b (sl
2 ladsw LUl o5l 2 oo CD34" (glad sher
(8CNOS sLaiss Oly ¢S« Jlasl 5 Acl-Dil - s
L Lads ol Ol 5 63,8 sy, |, CD3L 5 FIK-1/KDR
5 e Lol s S sdaliine [ Sie glad g o
sladds o LG50t 5o iy glad sl s 52 b
O3 S b 1 bd e (65 Shas Sl (Sl
Yoo o 5 0ld Sladss aelsl 53 0)Kes 5 Hlalul
e LS00 s sy slad sl (s3lulir 4 pludl
Ol e 05t 3l A ilasT 5T 5,

\YY

S 5 s A S B 6 S e s
Sl oslital Uy JLbsl Sl o slad sho o 2iest 5 5
S el oL 53 b ol S g Sy S
a3 A 5l iy sy e s 53 s S
ele 3L (slad sl 51 p1aS g 53 5 a8y o ) a5k
Sl el LS 55 Ll 1t saaliin YGFP 0Ly os
AR 05 i glac bl o S 0S5
BT T IS S G Py U S PN WG S
S g ¢ by 255 Sen ) g eSS g 5 S
S S 05 0l 5 el cSaldl 5 b ghes 31 Ao s
( JS)as edaln 0T 53 555 iy 6 55

sladghe 5 I skl slad ghor jatsee 050 Ol (o) 7 JSS
RT-PCR iy, 4 55>

OF Sl o311 48 das oo OLES 1) odds a3 § LIS & S,L:M

Ol & by o o f a4 dny slacss, A3k 0 100bD plus

(CD31 = 578 bp) (CD 34 = 219 bp) (GAPDH=139bp) slad

+S (Tie-1=173bp) y (VECAM-1=375bp) . (KDR = 180 bp)

A ealaiul

M GAPDH CD34 €D31 KDR  VECAM-1  Tie-1

600
500
400
300
200 -
100 -

U N T |

e
slad s ool J B3 abd 5l Jhash ol mls

sy a5 03 el pl= UL 5l Ly slad sl
S Gy a0l Sl i slad gl oS LK
5 Al g Wi e bl AT
Il 31 3 b sl e oslizad b Wad e pl i
Azl 5 O 5 Hlalul JU sl 6l 45 les V44
WS 3kl 0Ll s 055 51 1, EPC slad sk
Lt slad s ad 55 W 5 5l day oS 550l 5 o5l
St i s b 50 G b 5l e i i
S5 e 3 G Sue I sl slad s
sdieal 5 31 Mol oS ) b el 5 d OISl


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

OLan 5 e s b S

WOl Sl aemlio 5 James 052 JUG 0 glasle i

Ul cACDIl iy, Kol b odr 0 3l st
Tie-2 s VWF (KDR (slaoj T 0l ¢ S & Jlas!
=3 A S S L ol plasil s s 3
(Wieble plade bodies) sYL |5 ¢l_w>,l ol
3CD34 (leos Ol B 51 sy onl ml (V)L
Acl-Dil w5 (I w0 lad she Jlasl U1y 5 KDR
OLLSas 5 ey Yoo v 5 54 o] anlllas wlie
Olse c aS gladslo clice aS s S 58
Gl s O35 51 JUS 500 5l iy slad sk
(YA o S5 glailes Sbe b s s (L5 o0
Ol 5 Y Sl g5 a3 3 oS 3 slaaddllas s
Olejon Ol 45 A0S e slgeiy Lo plnil oo
sladslo plas dbs VE-cadherin 5 FIK-1 slad
e Sl gt Sk glaes; slad sl I JLL 5
sloesb S5l (S5 ol et (V)25 e
VE- (FIK-1/KDR aJs ol [aSly a5 JUS 5 s
Soly oul ez Tie-2 5 Tie-1.CD31 cadherin
slad sl 31 WSl gbad e ples Jauls a1 50
SACDIl Gl s d e Ul 5o g v (g3l
JWS 50l lad s i plubis ol S0 4 Jlas!
el slaaddlas 5 (65,0 a5 4y LL(YY-TF)0 50 s
plomil Ladl b andllas cpl sl (nle o (glavalio 5 o
leu;:_&u_@l_zdg;.&f;:\):& Ao Heb ol
S gladslw il pLold o Slasss oo
Cead 53 sdalwsiny s IS oSS JUS
bl s S s s bt S (6 S e
la eyl oslinal 3550 olSiws o 51 2l 5
Js3 Job e SlS s, LS deendl 5 ol Sl
be G e orl 45 sl Jlel Ol 5 e 1) 5 05
b3l god JLL 00 5l oy slad s iS5 g
Ysane i) 50,20 pLSin 3 VU e S o a2l
s Akl ol 5l aS es ey A3 4 su >
SplSzs &S o0l 5Ll a5 e ke 8 sdsl s
Laol 53 sld oSl 5 05 Ol 45 5 ot bad s
ooy S Ol e LS CSindl S Al sdalie LB
U5t Sl iy slad s 4 05 JUisl g 5 5S

\YA

Glad s L5 3 b 5l aSnl 1 osdle OT (VW)L yas
&bl G gy, 4 el (g5lulus EPC
el ol (s, S auls |y Laol g5, Shee coale
sleoj ol 5 CD31 VE-cadherin VEGFR-2(KDR)
Sbw i sad sk 5 1, CD14 4 Integrin o, B3 L£D34
O3 S sdalie U 501
ﬂﬁd;rlﬂ';u:})gcﬁ—mﬁu:’})g}—i‘)J
sladsl o slass — O CD34" slad she (g3l
0= 3 Soloms e (6 ey JLL 5] 5w iy
(d o s Db T/0x Vo7 Llie s +/0x) 0 ) laes
Sla gy aslsl )3 a8 Jlassy opl OY)s e i
cladsle o plubs e OKen 5 Llalll L3
S s ALl S g, 5l el= EPC
Lad g (2l 5 Gl ilin (s & b
CD3L sLadss ol Al 1o alad 51 s 55,0 b
Acl-Dil Gl 5 0 @ Jlasl Ul 5 KDR CD34
allae aline sl (gilulier slad e JLL 501 Coale
o) oly i aais 515148V Jl s 0K 5 1lald
5CD31 . VE-cadherin . EGFR-2(KDR) (slg3 51 L
Jw 53 Ol 5 lalal aslllae b wlis CD34
J—<'.'.‘> v_..pl..,a;'}\ 05 95 oo ddﬁ‘ g Yeoe
slad sk ;3 oa Tie-1 VECAM-1 JUb sl slad s
— S s glaadlas (O AT Aol el gilulas
elasl L 500 5w iy lad sl (soluldr aey 5o
5heslizad L OT.(VA)s S o )lal Your Jlu s O, Ken
LTC- ,CFC(Colony forming assay) sl—» z3,
solewla= 5IC(Long term culture initiating cells)
AC133CD34" slaJ b sAC133°CD34" (lad o
S glad g (oluldr 53 a8 Ly 4 pl &
Jos SY AC133 Sl ol g aows 0 51 4yl
Sl ksl g oL s Kl Yoor Jl s 5,8 8
s 05,5 53 AC133" lad,ln slulis o b
sladsluw aS g sba S sy 8 5 oy


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

/\O Qt...aU gY B‘)LA-\.::' J" 092

<

03,5 ;53 el ol S ¥ el en e el
aalllas ol Uy S andlls ol Jlai ol 51OV )
ode o iSail 5 bl S L0l 5l bl el sl
ke ol g 51 o el s 5 e i
5 Gl &S 5 ) el 5] §5 ke g 55 Lle
o lad e Sl (am 3h 0 3 b Con s S
aalllas gl Ly Ol ed |y el s Ll o
(YF YASYY) s 13 o 3550 Jdts S5 40 S e
5l sdal e wsa 2L L el ol S e 5o Ll
doys Frosgdo oS oS aslie g sl (6 S84
Sl 5 aS ciS Ol n Ll sds SIS
Qiagen superfect (oo oS5 s, L ad sl

RCHO I PRSP S WL Tk I S Lo |

ila yiud § e
Fon slacdelbow 5 La S8 5l gy cpl e
Stem cell

and translational research

I
sl ¢ oSS (655 g 55 0 3 2315 department
QL_.:.J\ )‘ dﬁ_ﬁﬂju.i.)\d aS v..:_.)\.&: J;;Aéj.@.i w‘j )}.:S Riken

PRI I EgRT

'va

s ) sl fLSs (YO) s ad il 4y b
Shestial Ly Lad g 51 as s S s 255 4
Vo el S Pl s L IS8
2348 CdS Olgs e 1 5 s cSaudl 5 2l S
S g 25 s s AL s
03 A e ands 55 5 JLU s Sl slad sl
eSS g s Sen # 5 VL 50 Sl eslid pLSs
o= ot adsw 5l ool 5 a5 (Qiagen superfect)
el s Ladple conls Kby ) oS i, o
6ol slad b aile adshes 51 ams 3540 53 a5 ol

(Y9l o 3158 WS 55 o

S A
OS5 S sls DLt ol plomil (slaandllas 2 (55 50

umd\;ghpdd&ﬁﬁéj‘eswﬂ\@b)b&kb
SoolS Pubmed ol s 555 JUS 50 glad s
g)b)-dwﬁ-w})ijd}jdﬂi‘dﬁ@éw‘eu\.;
DNAf;jJ@\)‘oJLM\\)m&ﬁﬁﬁjki‘ﬁwﬁ


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

OLan 5 e s b S

WOl Sl aemlio 5 James 052 JUG 0 glasle i

1- Histov M, Erl

(o2}
T

10

11

12

13

14

References:

W, Weber PC. Endothelial
Progenitor cells, isolation and characterization. TCM
2003; 3(5):

Walter DH, Rittig K, Bahlmann FH, Kirchmair R,
Silver M, Murayama T, et al. Statin therapy accelerates
reendow- thelialization: a novel effect involving
mobilization and incorporation of bone marrow-
derived endothelial progenitor cells. Circulation 2002;
105: 3017-3024.

Kocher AA, Schuster MD, Szabolcs MJ, Takuma S,
Burkhoff D, Wang J, et al. Neovascularization of
ischemic myocardium by human bone- marrow-derived
angioblasts prevents cardiomyocyte apoptosis, reduces
remodeling and improves cardiac function. Nat Med
2001;7:430-436.

Assmus B, Schachinger V, Yeupe C, Britten M,
Lehmann R, Dobert N, et al. Transplantation of
progenitor cellsand regeneration enhancement in acute
myocardial infarction (TOPCARE-AMI).Circulation
2002;106:3009-3017.

Asahara T, Murohara T, Sullivan A, Silver M, van
der Zee R, et al. Isolation of putative progenitor
endothelial cells for angiogenesis. Science 1997;
275:964-967.

Gehling UM, Ergun S, Schumacher U, Wagener C,
Pantel K, Otte M, et al. In vitro differentiation of
endothelial cells from AC133. positive progenitor cells.
Blood 2000; 95:3106-3112.

Pcichev M, Naiyer AJ, Pereira D, Zhu Z, Lane WJ,
Williams M, et al. Expression of VEGFR-2 and AC133
by circulation human CD34-cells identifies a
population of functional endothelial precursors. Blood
2000; 95:952-958.

Yin AH, Miraglia S, Zanjani ED, Almeida-Porada G,
Ogawa M, Leary AG, et al. AC133m a novel marker
for human hematopoietic stem and progenitor cells.
Blood 1997; 90: 5002-5012.

Reyes M, Dudek A, Jahagirdar B, Koodie L, Marker
PH, Verfaillie CM. Origin of endothelial progenitors in
human postnatal bone marrow.J Clin Invest 2002; 109:
337-346.

Kaushal S, Amicl GE, Gulescrian KJ, Shapira OM,
Perry T, Sutherland FW, et al. Functional small-
diameter neovesscls crcated using endothelial
progenitor cells expanded ex vivo. Nat Med 2001;
7:1035-1040.

Murohara T. Therapeutic vasculogenesis using human
cord blood-derived endothelial progenitiors. Trends
Cardiovasc Mod 2001; 11: 303-307.

Murohara T, Ikeda H, Duan J, Shintani S, Sasaki K,
Eguchi H, et al. Transplanted cord blood-derived

endothelial proccursor cells augment postnatal
neovascularization. J Clin Invest 2000; 105: 1527-
1536.

Kalka C, Masuda H, Takabashi T, Kalka-Moll WM,
Silver M, Kearney M, et al. Transplantation of ex vivo
expanded endothelial progenitor cells for therapeutic
neovascularization. Proc Natl Acad Sci USA 2000; 97:
3422-3427.

Kawamuoto A, Asahara T, Losordo DW.
Transplantation of endothelial cells for therapeutic
neovascularization.Cardiovascular Radiation Medicine
2002; 3(3-4): 221-225.

15-

16-

17-

18-

19-

20-

25-

26

27-

29-

Kalka C, Masuda H, Takahashi T, Gordon R, Tepper
O, Asahara T, et al. Vascular endothelial growth factor
(165) gene transfer augments circulating endothelial
progenitor cells in human subjects. Cire Res 2000; 86:
1198-1202.

Waguro H, Yamaguchi J, Kalka C, Murasawa S,
Masuda H, Hayashi S, et al. Endothelial progenitor
cell vascular endothelial growth factor gene transfer
for vascular regeneration. Circulation, 2002; 12: 732-
738.

Flamme I, Risau W. Induction of vasculogenesis and
hematopoiesis in vitro. Development 1992; 116(2):
435-9.

Matsumoto K, Yasui K, Yamashita N,Horie Y,
Yamada T, et al. In vitro Proliferation Potential of AC
133 Positive Cells. In Peripheral Blood. Stem cells
2000; 18: 196-203.

Gehling U M, Ergun S, Schumacher U,Wagner C,
Pantel K, Otte M, et al. In vitro differentiation of
endothelial cells from AC 133-posivive progenitor
cells. Blood 2000; 95 (10)L 3106-3112.

Rehman J, Li J, Orschell CM, March KL. Peripheral
blood "endothelial progenitor cells" are derived from
monocyte/macrophages and scoretc angiogenic growth
factors. Circulation 2003; 107: 1164-1169.

Choi K, Kennedy M, Kazarov A, Papadimitriou
JC,Keller G. A common precursor for hematopoietic
and endothelial cells.. Development 1998; 125: 725-
732.

Nishikawa S, Hirashima M, Matsuyoshi N, et al. A
common precursor for hematopoictic and endothelial
cells. Development 1998; 125: 1747-1757.

Vitter D, Prandini MH, Berthier R, et al. Embryonic
stem cells differentiate in vitro to endothelial cells
through successive maturation steps. Blood 1996; 88:
3424-3431.

Yamaguchi TP , Dumont DJ , Conlon RA,
Breitman ML,Rossant J, et al. flk-l, an flt-related
receptor tyrosine Kkinase is an early marker fr
endothelial cell precursors. Development 1993; 118:
489-498.

Doctschman T, Maeda N, Smithice O. Targeted
mutation of the hprt gene in mouse embryonic stem
cells. Proc Natl Acad Sci U S A 1988; 85 (22): 8583-7.
Watanabe M, Shirayoshi Y, Koshimizu U, Hashimoto
S, Yonehara S, Eguchi Y, et al. Gene transfection of
mouse primordial germ cells in vitro and analysis of
their survival and growth control. Exp Cell Res 1997,
10; 230(1): 76-83.

Zaric V, Weltin D, Stephen D. Theraputic anglogenesls
using genetic transfections. An in vitro quantitative and
functional study after gene code transfer for vascular
endothelial growth factor. Arch Mal Coeur vaiss 2000;
93(8): 987-91.

Ma H, Liu Q, Diamond SL, Pierce EA. Mouse
embryonic stem cells efficiently lipofected with

nuclear localization peptidc result in a high yield
of chimeric mice and retain germline
transmission potency .  Methods 2004 ; 33 (2) :

113-20.

Ma H, Diamond SL. Nonviral gene therapy and its
delivery systems. Curr Pharm Biotechnol 2001; 2(1):
1-17.


https://bloodjournal.ir/article-1-74-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

/\O ul:MdU gY B‘)LA-\.::' J" 092

<

30- Chung S, Andersson T, Sonntag KC, Bjorklud L,
Isacson O,Kim KS. Analysis of different promoter
systems for efficient transgene expression in mouse
embryonic stem cell lines. Stem Cells 2002; 20(2):
139-45.

AR

31- Ward CM, Stern PL. The human cytornegalovirus
immediatc-early promoter is transcriptionally active in
undifferentiated mouse embryonic stem cells. Stem
Cells 2002; 20(5): 472-5.


https://bloodjournal.ir/article-1-74-fa.html

OLen 5 o 3 b S WOl Sl aemlio 5 James 052 JUG 0 glasle i

[ Downloaded from bloodjournal.ir on 2026-01-29 ]

Cellular and molecular evaluation of endothelial progenitor cells
after selective isolation from peripheral blood and comparison of
their transection by lipofection and electroporation
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Abstract

Background and Obijectives

Bone marrow of adults contains a subtype of progenitor cells that has the capacity to
differentiate into mature endothelial cells and has therefore been termed as endothelial
progenitor cells (EPCs). Clinical studies employing EPCs for revascularization of
ischemicorgans have just started to be conducted. In the present research, endothelial
progenitor cells were isolated from peripheral blood and transfected by lipofection method.

Materials and Methods

All mononuclear cells were isolated from peripheral blood by vivo expansion method and
cultured in fibronectin coated dishes and basal EC medium. In day 7, the cells were tripsinized
and examined by immunocytochemical and molecular evaluation methods; then,
electroporation and lipofection methods were used for transfection of EPCs.

Results

Observations showed isolated cells were proliferated on fibronectin coated surfaces. The cells
were able to incorporate Acl-Dil and express CD31, CD34, KDR, VECAM-1, Tie-1 genes,
CD31, CD34, Lectin and KDR antigens. The cells were also transfected by lipofection method.

Conclusions
It can be concluded that hEPCs express specific endothelial genes in day 7 and are transfected
by lipofection method with low efficiency.
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