[ Downloaded from bloodjournal.ir on 2026-01-30 ]

<&

(YO0-Y$0) 4F 5l ¥ o,Les VY 6,55 sy s

381 5 o GCLC g TXNRD1 Johw cbli> sy oo w8
S0 Wy 3 Gk (ot 30 S3las S Jghw 38 NI'f2 oyl

oul,l?ulﬁ oo ‘fjl.:f.ajj e b e fw.l.“ ’oQJ/;r‘;j:a/MU 4";:13/;.,.,? e e

Odmbid

S g 4l

Joho slraa) 5o JTe.x.lI ‘_dlAle—« B a pamie Oleo gas Che & (MSCS)w.,,iﬁ}n ok sbad sl
ol G el 038 5 gudoa 15 OT 31 eslizul (g 31 s WOT ¢S W bl bl e Gleys 05 5 Sl
Olw Uial33! 31wy GCLC ¢ HO-1 TXNRD1L « NQOL Joli Jghu chliz slad3 Ol gw ) » candlias
Dar gl 3o o3k sd s 5 NIf2

brigs 5950
Byt .L:a...a)’\.; K Nrf2 Qj 63\? V,.SJI‘,: -Lw)’\._{_p LA eals cuis Gl J..q MSCs ‘@)’-J andllao O.;.‘ P

e oyl Jas! 1 s HiAS CSKnil 5 b ghs ol 515 4 FUGENE HD eale 31 esliul b NIf2 03
«NQOL ¢ Nrf2 sLad} sl = (ol sla S5ET .45 wle CDNA 5 ot o Suiwl RNA (ol
RT-PCR 55, L Lals ol Ol 5 (>1,b Primer ¥ ,i53lp 5 51 eslizal L GCLC < HO-1 . TXNRD1
A5 8 bl gy p 5 55l oS ANOVA ;5 Image J2x Ales 3l okl b s Ad g

bast

GCLC s TXNRDL sladj Obs Lalpl (p < +/0) Doudls Jil | piKindl 5 C3laze MSCs s Nrf2 Oy
O—:‘ BL NQOl _;Ho-l Ls\.hd} C)L_g J} (p< ~/'\ K] p< '/'O)J.:a sdalin ol c&wl; G\AJ}L" BL) J._a
NSO N HYP-JOOFS gy L U VINCIUR A V. Y3 Y o

Sl

Sy o S A g ok el 3o 3Ly s slw 43 TXNRDL 5 GCLC Oy wor 9o N2 Ols sl 581
A3b o5l Ol S Cou N2 oud asslis bli> ol 3151 s

il TXNRDL g ¢ bl NI2 5 5 ¢ ol 3o 654 (518 ghos 25l lals”

W7 /r 2l Al
W75 ik Al

Ol = Ol = G Ol Aoty ool sl olisls = I 050 Jshor alidin s Al ulid,lS =)

Ol = Ol - 05 JWl Cb s 5 b5l I e gom 05 JUl Olidss S e Jbokial - 05 U 5 a8 bl 655 55Les PhD -Y

O pl = Ol = B b Ol aly ool 13T oKty Sl = J oS50 5 Ik wliicn s PAD Y

o Ol = 055 Jil b sy 5 3snl ot fo - 055 Jil Sl S0 SLtils (S5 (555103 3 PID ¥

fier Gsdias = Ol 2 Ol - 05 Jsl L s 5 Sl o e ge - 05 JUl Sl S e Jbskad o osols ewd PAD it (il -0
VEFFO-V VOV

Yoo


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

Q\)KA.A B L;JLJ;_,_:;- ‘;!\J@.A =

Uy 5l sie el (ool sla sk 3 N2 ol

(erythroid-derived 2) — like 2 Nrf2 (g ls sases | 250
Sl sl 6,3 pasens ,s8SB -l .coul Nuclear factor
NP2 s o il 5l Calises gla w2l L agrlge 55 1,
o s Gla S a5 0l Ol b b 4
n 4 OIS o il s 5055 0 Joate
lap 31 il adaze 03 Oby o se 5 435 J sk
S ydiee Job gl33em 5 OlenS| BT anT 5 55 5
5 s5lnS| o tal ade Chlis 3 age L3 ¢ NIF2
oo (O I)550s ol slge 51 36 Joke o]
3 s 3 4l IR Ol il Lol 5
S Ceslie Gl Eel 48 55,8 e o0
¢ GSTs « GCLC ¢ TXNRDL Layj cpl akor 310555 0
5 =33 mew Sl 45 Lz NQOL 5 HO-1 . UGT
S plis e Sl s 5 andls R
OFVA)K 53 e

«(NAD (P) H dehydrogenase [quinone] 1) NQO1
S 45 el SLS 53, 5| 5T S eSOl 03
sdge o O Slit e 5 05858 31 ls o 53 oge
P53 (il 5 o3 el il cnl oo o8 (V)50
IS sl s Lad sl 515 558
(Y0) &S o lilos

= T Ol o e (= 5051 08) HO-L 0
I5Ssn =l ol 5 e (s ol Tl 3 0
SNy ame 50350 4 |, (Heme) = eSS
R Y PP PR W ole v PUE R W
4 Ols5 o0 HO-L (slas Shas Oiree S TDLLS e
s 5 Sl sl sl T glac i
Y YY) pai oL

o—=-> (Thioredoxin reductase 1) TXNRD1 O}
ol S35 el 5 Sl B Do laedes
8 53 oS 53555 Cdlad J 28 G b Sl sls)
J—2 = sl 5 P sl Jh
(YH)asl e

(Glutamate-Cysteine Ligase Catalytic) GCLC o}
! S e OIS e, 1 S (et DL S 5T
3 5039 0550 38 Ctlu iS5 s Jele ! rifi

YofF

i

Shesliul 5355 5o Glazas sl e 5 OIS s
Sheslenl ag i a5 e ool slad sl
slad s (VDowl osls 2ul580 1, 8\; ol slad sl
@3l glad s S e 3HMSCS) ol 5o (5L
NQDRICNWENCIE

Jlw 53 DL el sl cooatile ool slad sk
23 U NV PP R JE S UK JU SIS R LY
el e Ol e 51 Sl slad s
o ool sladsha 5l aes dad gl (V)LAS
il Ol gl she il Slail 5l &S il e &l s
5 ae 05 (SBlA O o 3k e SIS
o (ML o M (s G5 gladl
SYsb Gilms st 5 28 bls e glaosls
Ul 5 b G b 5 (Soo bbby (e
S e 8 = 5 ed e Olwengs am b
SOL2L e Lad e pl 36 4 jamie Do s
i 3 U5 b pertilie 3k ok b
23 S g 5 el L ol Ol e
ea Slays Jsle gl ol glad g ol&iulel
23 ol po ol lad s Lsy 035 0l S o5k 4
sl el S g oSl L glacnd Oloys
b P OV e S5e sl £l5 ule 5 6508
Gl (23ls 5 CtS (g slaar sladl b
L oS 358 00 3l (ol e o3k lad s @ (g3
Sl P o3 e GRS 0 53 5 ol s Shes
ol U g slad b 7Y 51 1aS (g Sl e 305 SO
mailin a6l (6,5 5LS & (A ) dile o S o
SLa ool s s d b ol Canslie il il Cgr
ol ye ool ladsho L sy Lo 50 Ao s 3 g 50
o gl g Cotld ) o b ay das o ilsl ]
At gL e ad sl Gl (Bl lagile
SIoaimd (S35 5 Fie slael, 5 (S o s Lol
J—lss o el ool slad b S35
(AL o ok alis S ghe adSELablons

(Cytoprotective) J shu sdiScblize Jalse 51 S


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

Q¥ ﬁ:’.Ll Al n)l.a..i NY 092

>

Z

23S

ol (26 slad sl Sl
NP2 05 ssl omS 5 5 daaadl 5l aadllae opl 5o
JLaz) lejla Sladiss S ,e > 45 (PCDNA3.1-Nrf2)
03l el 35 0l Aol O G 5 a5 Ol ol 05
Dl Yo ssus N2 s ul58l 5 sae 4 (YR)AS
o3l CiS glasl £ ey ps il sols Jske
latlasl s b5 piSindl 5 plil g LA
5 Geod DNA Cbile 51 cilisie glacons codaie
by lse Sa$s L (OLT ¢ i5,) FUGENE HD esla
SteawDy DNA - le S5 Sn ¥ b sloes Colgd 5o i
LYo sl aodd S5 il 5 osle 31 nds Sa ¥ L
o Dl Ol e pantilpe g3k J ke Slpa o
eSS dremdl (038 e Sl SIS e
05,5 Olge ) Nrf2 05 86 Lwudl 5 pDNA3.1-Nrf2
el S L 0T 51des olsal Lad gha 4 (J 8
(GFP) i 5l e i s s SOLES (glls ol enlizul
Sheslial U 0ucd oSlandl 5 Cudb e b g doys 350
g iy S Sy Sen 53 ad g edalis
3o e a0l 53 oS el s Gl sl
93— ;3 Nrf2 ol (el VY 5 YA ,\‘\‘)O_.ii.é.w;\):
5 o=S A8 A el el 5 Jslv0s, S
b 3l wy n RT-PCR oy, LNF2 6L dandl
Sde a0l Sl 5 glad sk NP2 Ol W) g
S 3l ey A S I3 UV anil 5 ome 3 Csla )
o NM2 is Oy 4 et o 2S00l 5 Ole) o e
L ;5 HO-1 . GCLC . NQO1 TXNRDL (slais5 Oly ¢35

23S 513 s 3,50 RT-PCR iy, L

(RT-PCR) v 55 lso S i/, 7PCR
dles! 5 b Olej oo Wad sl piSal 5 51 ey
slad w51 Sl RNA Slie UV an il o 2l
5 (MSC-NIM2) S 5 55 oDl L o oSl 5
L (MSC-V) NFf2 &5 a5l deredl Ly ol oSlunsl
5 (LT (055 % s) RNA zl sl oS 5l eslinud

Yav

(YOl Jt3 I shon Sl 2l @y Gy

Clablne ol alis Jolge 5l odd G 5 Sa0S
e NH2 Cny b laldl Olean 5 oo Jsho
e Nrf2 oo alisl 3 s glaaallas 3 . dus
o e el Bl pd g sl S slas 18
e el g Yl 45 03l Ol et Lol ol
g ymeS S o SeS N2 Sis bl S
(YF=YA) sl a3 S 513 oy

53 La0) Gl 55 pe LDl 4 a5 L
G033l s Ol asdllas sl s (ke Cuaslie Ul
GCLC HO-1 .TXNRD1 NQOL .ile b o bli~
ol g3l sladshe 53 N2 O L5315 gy
ol GLals Ol o p b S5 Sole 4 S s
Sl Sblim el gla el 5l & N2 s
A3 S ns NIf2

Ryi9, 9 alse
ool za (g0l (sla sl (6 jluoslo]

5ol el Sz 035 (25 s 3l aalllas
o=l eslan ol Bluy e 2ile sl slad sl
310l Ot Il Oleslw Sligims S e s dshe
BURCPVINY WGV WL NP BPIT-S) W SE SR | LTV
Ay el ol lad sl ey B g s SLaly (V)
23 0l 3 3l ey 5 0kl ol ) Sl b
53,5 5=<)) DMEM-Low Glucose Jsbw S Lae
PR A R (S SN PR PR Y = = SVA RN GIN]]
a5 YV glas 5 (OLWT OS50 emslo g 2l
S L ol 51 .bais esls <28 CO, 10 5 5,8 sl
Olgieal o3y a4 Lad s (ol led o s
LB O3 Lol mdaw sla Sle dilen Szl 5 o
S5 Gl MSC i s Dl soast L3 3 50 0l
opbe s (L3S 13 3 olesT s asly
o3ly LS S SAe S ke 5o ULy e MSC
Y S o Sl Bl e s e 55, 0 LA
L Lol IS8 Sl ot il g |y Sl oo
SR edalin 5 s 2058 sSe (S5 S s S


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

Q\)KAA B L;JLJ;_,_:;- ‘;!\JG.A =

Uy 5l sie el (ool sla sk 3 N2 ol

ardllas 3,50 (U035 g Primer3 i3l 5 9 NCBI ooy 51 eslinal b odd (1 b olazs] sl ST Olaseia N Jyds

J gazes 05130 (R) o sSas 561 (Floki ol Z51T 85
Yo+ bp TTCTTACAATGAGCTGCGTGTGG GTGTTGAAGGTCTCAAACATGAT p-actin
VA bp GCGACGGAAAGAGTATGAGCTGG GTTGGCAGATCCACTGGTTTCTG Nrf2
YY# bp CAGTATCCTGCCGAGTCTGT TCTCCAGGCCTTTCTTCCAT NQO1
V4¥ bp GGTCTCGGAGGAACATGTGT ACTCGGTAGCCCCAATTCAA TXNRD1
Y\ bp ATGGAGCGTCCGCAACCCGAC TTGTTGCGCTCAATCTCCTCCTC HO-1
VAY bp ACCATCATCAATGGGAAGGA GCGATAAACTCCCTCATCCA GCLC

1S Ol s 2 5l el S Ul bl s 5 5b
2L il oS Lal sl wlyl 4yl Olse & a5 |
e s Image J 2x i3 8le 5 5 esli ol L RT-PCR
53 el sdaline sladsl il jlas Gl sl 5 Sl
g (s gy B aw) 58T 05 5l et 4 S sl
505 plnil ANOVA Sl aslinal b (bl anglie .25

K38 S 00 3 xS P Jassl b lslae G

Rl
CaDlg e ok 03ls CiS aiiilze (sl (slad sl
iz g JSC

Olsl 53 35 5o SBU e par il e (o3l lad sl
Oldal e Ld b esls G i3S Ol ) 04 s JLil
5 IS S bd 4S5 S pasie oSy S
o bdhe pla o bl () K ns 2odly b 4
Ol oo o2 5 Sy id 5 Olsial (o r (035 4w
dile eilie ol sladhe g e sla Sl
v sLs S5l 0Ly pe 5 CDYO, CD105, CD29
4L L3 CD45 5 CD34 Wil 5L s (osl slad sl
(Y835 ok

CSl S el (g3l lad sk 53 N2 0L
iy il N2 05 ol oaS 5 deendly Lol
5 (PCDNA3.1-Nrf2) Nrf2 05 sl S 5 5 dandly
03,3 4 FUGENE HD I eslizal LNFR2 03 136 dendl
el ) g s S5 el (ool glad sl

Nrf2 QQ&\?\@W&W\}Q&)W%

YOA

glAd RNA S 5 4 8 ol sl Jasll) sz b
o (LSl (aSal) Ol 5l ol alny a0 0
RNA 5l ol glachle 5 —slie U O 5l s i
L CDNA s S5 05,5 53 51 plaS a5l sdd ] 5
wtlw (LS el o 5 ) EDNA sl oS 51 eslixad
O by olantl gla ST 1 b 5l e s
34 4o 6Lm)\j~.élp_} Sleslaad U asdllas 5540 a0
el La S5kl ol «NCBI culu L s Primer3 wile
Ale = 03 e S Sl sy B 5 5 0l
sl U () Jsd)ds S 513 oy 5 5,5 50 Genrunner
IS0 5 o &es b g cnlis Sley 5 plos Lal 5
Sl Ol s g PCR 2ST5 (opl5 SB)
YRR W rL>.=3\ HO-1 ; GCLC «NQO1  TXNRD1 ¢ Nrf2
Las Ol (3losneb 5 Ll 3 Coms ) slata
o A e Ikl 05 Olge 4 STy 05 0Ly
S5 = Y sams 5|l Sllie (PCR ST OLL
Aoy p sl il Ly 5 el 3,58 SUNAY 5,LST U3
SR CCHE SV U PO P P H AR T ng-:,alfj)

LS (G5 5 g $ln Sl 5 ST

=l il S olol
or b s aSadl g bl e sk o
sdaze gla b3l (RT-PCR iy, b S laoss Ol
o5 Silwding Ol A pldl il Ll 0 sl
Sl a3l S (o Sen Tl 15 2 0351 s
(RT-PCR i, am Lad} Ol s o b s oyl 5
o AT S (g a0 Uy b e & son



https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

AF 5ol O eled Y 6y

Nrf2 05 ol S 55 deamodly Lol oSl 5
ls Gl

5 NA2 Jolw bl 05 Ol s b Oles oo
S Ol o il 5 o S 5 slad b
NQOL « TXNRDL il NFf2 s sl (sLnd
5 aalllas 5,5 Ladslw ol s 55 HO-1 ( GCLC
3l oS SPCR Jymamms 5,535 50 51 g 25 S
MSC- ¢3S ;3 TXNRDL 03 0Ly 45 i jasvin ol
(PCDNAZ.1I-Nr2 da bl L ol oSl 5) Nrf2
A0 dem Sl Lok ) ) MSCAV 65 8 a4y
b LAY JSa)(ps /0 dels il (NH2 0
05 Ol b oo edalin ¥ jla sl 534S 55 b Olen
Glad sl 53 N2 oLy il sl . 5laze GCLC
05,5 5 43ls GRSl nS S el ediS il
10555 0L MSCAV o5 8 5l i |, 05 ol MSC-NIf2
$laos eolas Ol 4 L oF 51 .BY JSa)(p<e/+))
3330 plAS 2 5ICDNA S 5l oslial b aalllas 5 50
NM2 05 sl oS 55 Al Lol oSl 5 05 S
Ole o p iyl A (o) N2 05 1306 Aoendl L
byl Shbesl 5l G 5 L eDNA (ol 555 2 ST 05
O3 4y S PR plol (6 s 53 3 Ll .l 02
e 5035 Joo s L e Sl J 1S
(25,5 15 eslital 3550 STy pladl e

M MSC-V_MSC-Nrf2

200 bp

150 bp N2

85 bp
A

200 bp
150 bp

u—%‘a.&aw.talf LSALZ‘:‘. 6LAJJL~ &‘9&“‘9‘,&«0 sdalin :\JS...’J
G g b 4 5 S 95 pl b ghu 0T 2S5 e 35, 0
(Yoo x ol p)amsls

33le 5 L (3l oS ol S (s Col VY 5
VY Ol 53 Nrf2 o5 ol ilysl Sl < Image J 2x
UV el Wl 5 am 5 il 55l e el
MSC-) S 5 5 doamesdly b o Sl 5 Sk 5 8
L Lol oSl 5 Jsko 05 8 4 o (N2
O Sl 05 (AY JSCE)(pS /0 s NP2 05 156
3 Sl Olgebl 55 ae a5 skl 05 Ol s
S 3l Ol el s bl et bl sladl b
Gobslime GV 5038 Oly OLSG 1 05 cpl 0s S 53
30 sy adllas s 05 S g 53 STl Oly o

(BY <)

slad,l o ;s TXNRDL 5 GCLC (sla0 Ol

M MSC-V MSC-Nrf2

B-actin
200 bp

B

MSCs : MSC-V s, « DNA (Y++ bp) S,b M.RT-PCR iy, b addllas cows Jghw 05,8 55 55 NIf2 03 Oly w o i A=Y Jss
S 15 05 53 MSC-NI2 65 £ . pcDNA3.L-NIM2 dassdy b odd cKiwdl 5 MSCs : MSC-NIM2 Cyay ( JI deasdy b o Sl 5
)l.:\.'du d)ﬂ;‘il o})f ELEST) u::s“:e b\ﬁ G\JJUG.A ol J}.L.v o}; 93 ) (B—actin)&:;SH;_. bj blﬁ WSl ] : B (p< '/'\)QJJ b\—;{

RGIRARY


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

OLen 5 @oblcwe o g G Sl Grie eewdil e g3l lad s 53 N2 0L

M MSC-V MSC-Nrf2 M MSC-V MSC-Nrf2
”~

200 bp TXNRD1

150 bp 194 bp fgg 'gs

GCLC
182 bp

A B

MSCs : MSC-V b:la_bJ . DNA (\" bp))s)uM RT-PCR u;}) L} anJlas o ‘;J'L"‘ e};}AJbTXNRDl :)5 :)tﬁ WaBs, A=Y JS,::
b 15 03 o2l MSCNI2 o3 8 . PEDNASI-NI2 oy b 04 il 5 MSCs : MSC-NI2 sy ¢ JU chrasdly by sk il 5
&ZH_AJ . DNA (\" bp);)b M .RT-PCR u:o}) L} asJlao o J}‘L" e}; ELEST GCLC :)j ‘.JL.'.‘.' ] :B . (p< /0 )3; :)lﬁ
MSC-NIf2 o5 ,8 PCDNASI-NFI2 dosdly | s Kiuil 5 MSCs : MSC-NFI2 iy ¢ JU chromsdly | 0k - Kiul 5 MSCs : MSC-V

</ )38 Ol e 15 03

M _MSC-V__MSC-Nrf2 M MSC-V_MSC-Nrf2

A B

MSCs : MSC-V iys, c DNA (Y++ bp) $,l M. RT-PCR b5, b allias s sk 038 35 55 HO-L 03 by gy 1 A —F IS
53,55 0y 1 0% o) 05,5 53 & . PEDNASI-NF2 oSy | ok Kiusil 5 MSCS : MSC-NFF2 iy s, o JU dpansdly s 0 il
M‘Js MSCs : MSC-V u&..D.AJcDNA (\" bp)JS)b: M.RT-PCR&JQ})QN%MJ}L& B}Jf}})) NQOl bj ;)Lﬁ WS, ‘B

oS Ol 15 05 enl e f 33 2  PCDNABL-NI2 deessdy b o oKidl 5 MSCs : MSC-NIM2 sy o J dennsdy b ok

NP2 05 d36 deawd b ol oSausl 5 MSC s of oly L NQOL 5 HO-1 (clagf olo o NIf2 Ol il;s
sladslo s, S 55 55 55 NQOL 0 .oill sl Iy
55,5 53 53 NQOL 03 Ol 5 5 Oly el 3o (o5l NQOL 5 HO-1 slaiss oly « NFf2 Oly sl 3l 51
DAY IS Ol 1y (golsbas M anlllas Co SHO-1 05 0Ly ey p L8 5 513 s w3550 3
«Smwomiwsg@u@@)}l{ﬁﬁ .(B u)f@_AL@LﬁédewS}PCR J gz ;585 xS
OF s 3 6la03 31 (&0 N2 0Ly (a8l s MSC-) ool o (3l gladshw 05 5 55 2 55 il
Oly I 4wl g 2w Ol ;5 GCLC, TXNRDL Ll MSC 5 HO-1 05 0l 5 L5 sdalie (MSC-V 5 Nrf2
3105 (5 mis HO-1, NQOL ile slad L NP2 05 sl onS 5 doamadly b o oSl 5
2


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

AF 5ol O eled Y 6y

pcDNA3.1 (+/-)
5428/5427 bp

adlas opl 53 ok oslinul PCDNASL deudly 4l 10 IS5

4_7J_‘>v...&j P38 WA M ‘J\JJBJ‘J’; L;JJ'L"J auwl}u’
)—<i° L oalie o N2 .55 5 595 0 Wa0) pl Ol
Sl 5l Gl gezms Ol on Ol ol 8l 4 s
ey ‘W—\/\)njfda & sdeS Clabloes
Lo 4 gad S eslazal BL ay MSCs 5l aadllas ol s
b 5 Ol S sai b e ps LB 450 S GG
SHOTs Il MK 50 SO L 5l aS cnl el
Ly ol sl el e el (ool sladshe 5 b
)eaj_gfdi'ﬁv_j\)'g}_g))_;g;&)u\_; 6\)‘2 sl
ol 30 (gsles slad g Jo N2 05 Ol ol 3l Cgar
o3l 5 (PCDNAZ.1) s bo—udly J—sl> 31 Bl
LSy Jl S peDNA3.L .o eslacl (FUGENE HD)
s 3 01 S 4lS DLl a8 me sl ey

3,03 3525 SyolS g s 53 O1 Ol 5 (S 9005

Y&

e
50l 3l s 4 ol e (3l slad s .
Lol (Sdg os s glas I8 ol plas ULy
5 i8S (oslamer GladT B b syl LG Y)
3l lad o oy (g3daze sl (ils —
GalS 1 Ladl s, Shes 5 Uy o 555 00 3505 oantilse
Ol a5 (godate glaaddlas cpl L L(A)das e
YVl a8 5 g el g3l s s sl
3l sladshw ;3 N2 o5 Ol asdlas o) 55 (7
Sy el Jds anad osls Aul581 B Ay el 5
P ladsw b s L ol gl 5l s 05 0
63l sladsw 53 0T Ol (ol oyl Lol
s eSOl NM2 05 0is esls il 53l aril 5o
il (ools ase S S SO aS sl e NIf2
B oSS Ol 4 5 Sl Ll 5 O selinS]
S205 5l ol Sl 8 3 S ades S ole


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

Q\)KA.A B L;JLJ;_,_:;- ‘;!\J@.A =

Uy 5l sie el (ool sla sk 3 N2 ol

Ol (s 0555 S eslinal LYooV dle 55 055
sols mlpsl By e Glo aae lad sk 3 1, NIf2
LaS Go,e olem 0o adshe (pl 855 215 o
Cnglie il el an (63L5 slenST 2l 5 Sl
35 (V)i oo el 28 5wl (g i Jolo
ssbe 0 NM2 Ol 2l 51 0l Ken 5 58 Kos andllas
o3l gSAenST o il ol 53 W shor (g luikiadl 5
sbesiads 5 Il ea; 5l LOT adllas 55 (YA)Ls S
ol 3 N2 0l 2l 530 5 A 48 35 0 olinal
312l e ol s Lol caslie Lad sl
3t a3 ool Ll O3St sl s,
Ao sl glad ke Olsea ortilie ool slad sl
oalewl LBl andls (6 iy (slas 8 Wil 5 e &S Ol
S S s 0355 4yl slad gl Jglos laes, Al
el 0 Jlesl ool Caliies (glas s, scmws

5o N2 S il ous Ol s (laaallas s
Eel vy (ol 5 0ds ARE (615 ase s il 53l
O8I ST 5 J g oo blim slans 3T Oly o 55
.GCLC .SOD1&2 (HO-1 4 o> 3| ARE s il
aallls b Jolie 53 (FV-FY)3 55 NQOL « GPX
G INQOL Gl o N2 Olo julsl a5 sls olis
o I Calises (golis slad ghus Sl eslanad Lol anils
il gla B, S am 5 0SU S slacdl
Comlbom 5 Coolal Lo s LNA2 Ol 51580 S
oS bt o ool Il LV 51 L5 e o sl
Asl el

bl 53 $3d U ot aalllae sl ¢ S )
Slal 5 Ol Rl L o35 35 50 Slaaslllas
Cale 3 Ay e B 4 a5 55 ol e sk Clablons
Sladsln S jmals 5 ok Caslie Jill sl
el andlssd Sleys Jshe Jolie 5o panlilse (5L
L L0 ols Ol i oS oy 2 i lranilas
Lals pl Ol sw, »» «Real Time PCR aile ula s,
Sl Caslie 5 WL Oln (s 2 5 B0 o 52
Loagrlse 5o oS5 5585 Ledd oSl 5oy S
Lol Caslie il 530 b shie 40 calises (glaw

Y&y

sl aslyl O S 53 peDNASL deudly 428 .(YF)
(wsns Job= Glr @)dandly Lol 5l eslinal ol
o U s polastl e el sla STy 5l LS
Uil Eeel FUGENE HD e3le (V)31 of yon & 1
5SS Gy p s ekd sk 51 4 DNA JLsl ds s
(A1 e i Sk les

5 TXNRDL (sLad Ol il Kol andlias s
laze (NFf2 s ol sla0) 45 sezs 31) GCLC
Lal 3 5y e sl 5 slad s 53 NIF2 0Ly a5l
SINQOL 5 HO-1 05 55 0l s NFF2 0Ly iyl 53!
RT- s 4o dais o) oly uis adllas pl 5 .ol
Image 13l 5 51 eslizd L culg 53 5 i s » PCR
Ol ) 2 ssbie 4 L 8 A5 Sl oS i 32X
Real Time Jile oS sla o) 5l ol 2 O3 Ol
Slee U 0,8 b iy 53 K5 3l eslizad L PCR
g s Sl lacassdous Lol 548 aslizal s
el Ol (s 03 i b e ) Sl eslanad pute
o=l sy sdme OJNJ_?V_@»)'! 350 ol &S AL OS
ile anlllan

A4S W5 S IS YO Jle s 0LKes 5 o5l jkome
Col anlilze ol ladsbe 53 N2 05 0Ly 53]
s (Superoxide desmutasel& 2) SOD1&2 ol =l
Sl LS 5 sk Caslis (051 sk
JUisl G s s 55555 51 OT .(Y9)3 55 oo L]
Ol sl e o ile o5l slad show 4 NIR2 035
Sheslarul g5 andlle js v o i a5 S eslanal
ol 5 05 Ll dsys Ll el cws s 555
O s aallae s glad sl 3 NI2 zi Ol
Sheadmie glaaallas s ol ol s S i
03,5 o35l g s i 5 s SLALSSS
Sy g osleal 05 sl ol 4 Cius slad
o s 5, dle s s GLa,y 58 5l esli ]
38 Ll A3l o o s s s (5 s s 0]
(o she sl o 55 4 05 3555 31 SO L adees O
O o sl 5 (w09 5555 & Comnd smg] Foily ol
(FA=F )l 03 55 ol yan


https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

Q¥ ﬁ','.Ll Al n)l.a..i NY 092

>

ol il ST Slidss 5 baalas

ild i § plend

35S e 534S Lib e G d Ol Al ookl 13T oKl

5 =il e se (05 Jisl Olele Slidss

10

11

el 4 el 0 il LB s,

References :

Romanov YA, Darevskaya AN, Merzlikina NV,
Buravkova LB. Mesenchymal stem cells from human
bone marrow  and adipose  tissue: isolation,
characterization, and differentiation potentialities. Bull
Exp Biol Med 2005; 140(1): 138-43.

Barry FP, Murphy JM. Mesenchymal stem cells:
clinical application and biological characterization. Int
J Biochem Cell Biol 2004; 36(4): 568-84.

Schwartz L, Maitournam H, Stolz JM, Ho Ba Tho MC,
Halphen B. Growth and cellular differentiation: a
physicobiochemical conundrum? The example of the
hand. Med Hypotheses 2003; 61(1): 45-51.
Armesilla-Diaz A, Elvira G, Silva A. p53 regulates the
proliferation  differentiation ~ and  spontaneous
transformation of mesenchymal stem cells. Exp Cell
Res 2009; 315(20): 3598-610.

Zhang W, Su X, Gao Y, Sun B, Yu Y, Wang X, et al.
Berberine protects mesenchymal stem cells against
hypoxia-induced apoptosis. Biol Pharm Bull 2009;
32(8): 1335-42.

Kinnaird T, Stabile E, Burnett MS, Shou M, Lee CW,
Barr S, et al. Local delivery of marrow-derived stromal
cells augments collateral perfusion through paracrine
mechanisms. Circulation 2004; 109(12): 1543-9.

lwase T, Nagaya N, Fujii T, Itoh T, Murakami S,
Matsumoto T, et al. Comparison of angiogenic potency
between mesenchymal stem cells and mononuclear
cells in a rat model of hindlimb ischemia. Cardiovasc
Res 2005; 66(3): 543-51.

Toma C, Pittenger MF, Cahill KS, Byrne BJ, Kessler
PD. Human mesenchymal stem cells differentiate to a
cardiomyocyte phenotype in the adult murine heart.
Circulation 2002; 105(1): 93-8.

Haider HK and Ashraf M. Strategies to promote donor
cell survival: Combining preconditioning approach
with stem cell transplantation. J Mol Cell Cardiol
2008; 45(4): 554-66.

Yates MS, Tran QT, Dolan PM, Osburn WO, Shin S,
McCulloch CC, et al. Genetic versus chemoprotective
activation of Nrf2 signaling: overlapping yet distinct
gene expression profiles between Keapl knockout and
triterpenoid-treated mice. Carcinogenesis 2009; 30(6):
1024-31.

Lee JM, Calkins MJ, Chan K,Kan YW, Johnson JA.
Identification of the NF-E2-related factor-2-dependent
genes conferring protection against oxidative stress in

Y&y

AL andlae pl oS oSS Ll g5 e

S b ddwii

ol o 3l slad sl 53 N2 0L, Jﬁb‘:’]

ol 53 TXNRDL 5 GCLC (sLadsi i 0l mor 5o
Bl 8 5l i e e B 4 e e sl
Lesls as il Lags cpl Ol 50 o Nrf2. J sl

12

13

14

15

16

17

18

19

20

21

primary cortical astrocytes using oligonucleotide
microarray analysis. J Biol Chem 2003; 278(14):
12029-38.

Li W, Khor TO, Xu C, Shen G, Jeong WS, Yu S, et al.
Activation of Nrf2- antioxidant signaling attenuates
NFkappaB inflammatory response and elicits
apoptosis. Biochem Pharmacol 2008; 76(11): 1485-9.
Reisman SA, Yeager RL, Yamamoto M, Klaassen CD.
Increased Nrf2 activation in livers from keapl-
knockdown  mice  increases  expression  of
cytoprotective genes that detoxify electrophiles more
than those that detoxify reactive oxygen species.
Toxicol Sci 2009; 108(1): 35-47.

Jin W, Wang H, Ji Y, Zhu L, Yan W, Qiao L, et al.
Genetic ablation of Nrf2 enhances susceptibility to
acute lung injury after traumatic brain injury in mice.
Exp Biol Med 2009; 234(2): 181-9.

Lee J-M and Johnson JA. An important role of Nrf2-
ARE pathway in the cellular defense mechanism. J
Biochem Mol Biol 2004; 37(2): 139-43.

Osburn WO, Wakabayashi N, Misra V, Nilles T,
Biswal S, Trush MA, et al. Nrf2 regulates an adaptive
response  protecting against oxidative damage
following diquat-mediated formation of superoxide
anion. Arch Biochem Biophys 2006; 454(1): 7-15.
Homma S, Ishii Y, Morishima Y, Yamadori T,
Matsuno Y, Haraguchi N, et al. Nrf2 enhances cell
proliferation and resistance to anticancer drugs in
human lung cancer. Clin Cancer Res 2009; 15(10):
3423-32.

Lee JM, Li J, Johnson DA, Stein TD, Kraft AD,
Calkins MJ, et al. Nrf2, a multi-organ protector?
FASEB J 2005; 19(9): 1061-6.

Eguchi-Ishimae M, Eguchi M, Ishii E, Knight D,
Sadakane Y, Isoyama K, et al. The association of a
distinctive allele of NAD(P)H: quinone oxidoreductase
With Pediatric Acute Lymphoblastic Leukemias with
MLL fusion genesin Japan. Haematologica 2005;
90(11): 1511-5.

Fagerholm R, Hofstetter B, Tommiska J, Aaltonen K,
Vrtel R, Syrjdkoski K, et al. NAD(P)H: quinone
oxidoreductase 1 NQO1*2 genotype (P187S) is a
strong prognostic and predictive factor in breast cancer.
Nat Gene 2008; 40(7): 844-53.

Katori M, Buelow R, Ke B, Ma J, Coito AJ, Lyer S,
et al. Heme oxygenase-1 overexpression protects rat


http://www.ncbi.nlm.nih.gov/pubmed/?term=Barry+F%2C+Murphy+JM.+Mesenchymal+stem+cells%3A+clinical+application+and+biological+characterization
http://www.ncbi.nlm.nih.gov/pubmed/?term=Barry+F%2C+Murphy+JM.+Mesenchymal+stem+cells%3A+clinical+application+and+biological+characterization
http://www.ncbi.nlm.nih.gov/pubmed/?term=Syrj%C3%A4koski%20K%5BAuthor%5D&cauthor=true&cauthor_uid=18511948
https://bloodjournal.ir/article-1-932-fa.html

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

0L L;JL_'T;_,_:;- ‘;!\JG,A =

Uy 5l sie el (ool sla sk 3 N2 ol

22-

23

24

25

26

27

28-

29

30

31-

hearts from cold ischemia/reperfusion injury via an
antiapoptotic pathway. Transplantation 2002; 73(2):
287-92.

Ke B, Buelow R, Shen XD, Melinek J, Amersi F, Gao
F, et al. Heme oxygenase 1 gene transfer prevents
CD95/Fas ligand-mediated apoptosis and improves
liver allograft survival via carbon monoxide signaling
pathway. Hum Gene Ther 2002; 13(10): 1189-99.
DeBruyne LA, Magee JC, Buelow R, Bromberg JS.
Gene transfer of immunomodulatory peptides
correlation with heme oxygenase-1 induction and
enhanced allograft survival. Transplantation 2000;
69(1): 120-8.

Papp LV, Lu J, Holmgren A. From selenium to
selenoproteins: synthesis, identy, and their role in
human health. Antioxid Redox Signal 2007; 9(7): 775-
806.

Gipp JJ, Chang C, Mulcahy RT. Cloning and
nucleotide sequence of a full-length cDNA for human
liver gamma-glutamylcysteine synthetase. Biochem
Biophys Res Commun 1992; 185(1): 29-35.
Mohammadzadeh M, Halabian R, Gharehbaghian A,
Amirizadeh N, Jahanian-Najafabadi A, Roushandeh
AM, et al. Nrf-2 overexpression in mesenchymal stem
cells reduces oxidative stress-induced apoptosis and
cytotoxicity. Cell Stress Chap 2012; 17(5): 553-65.
Levonen AL, Inkala M, Heikura T, Jauhiainen S,
Jyrkkanen HK, Kansanen E, et al. Nrf2 gene transfer
induces antioxidant enzymes and suppresses smooth
muscle cell growth in vitro and reduces oxidative stress
in rabbit aorta in vivo. Arter Thromb Vas Biol 2007;
27(4): 741-47.

Cao TT, Ma L, Kandpal G, Warren L, Hess JF,
Seabrook GR. Increased nuclear factor-erythroid 2
p45-related factor 2 activity protects SH-SY5Y cells
against oxidative damage. J Neurochem 2005; 95(2):
406-17.

Amiri F, Halabian R, Salimian M, Shokrgozar MA,
Soleimani M, Jahanian-Najafabadi A, et al. Induction
of  multipotency in  umbilical  cord-derived
mesenchymal stem cells cultivated under suspension
conditions. Cell Stress Chaperones 2014; 19(5): 657-
66.

Zhang J, Chen G, Wang Y, Zhao J, Duan H, Liao L, et
al. Hydrogen peroxide preconditioning enhances the
therapeutic efficacy of Whartons Jelly mesenchymal
stem cells after myocardial infarction. Chin Med J
2012; 125(19): 3472-8.

Li W,Ma N, Ong LL, Nesselmann C, Klopsch C,
Ladilov Y, et al. Bcl-2 Engineered MSCs Inhibited
Apoptosis and Improved Heart Function. Stem Cells

Y&y

32-

33

35-

36-

37

38

39

40-

41-

43-

2007; 25(8): 2118-27.

Zeng B, Lin G, Ren X, Zhang Y, Chen H. Over-
expression of HO-1 on mesenchymal stem cell
promotes angiogenesis and improves myocardial
function in infracted myocardium. J Biomed Sci 2010;
17(1): 80-91.

Venugopal P, Balasubramanina S, Majumdar AS, Ta
m. Isolation, characterization, and gene expression
analysis of Whartons Jelly-derived mesenchymal stem
cell under xenofree culture conditions. Stem Cells Clon
Adv App 2011; 4(1): 39-50.

Fong CY, Chak LL, Biswas A, Tan JH, Gauthaman K,
Chan WK, et al. Human Whartons Jelly stem cells
have unige transcriptome profiles compared to human
embryonic stem cells and other mesenchymal stem
cells. Stem Cell Rev Rep 2011; 7(1): 1-16.

Troyer DL, Weiss ML. Concise review: Whartons
Jelly-derived cells are a primitive stromal cell
population. Stem Cells 2008; 26(3): 591-9.

Bloom MV, Freyer GA, Micklos DA. Laboratory DNA
Science. California: Benjamin Cummings; 1996. p.
298-320.

Phillips AJ. The challenge of gene therapy and DNA
delivery. J Pharm Pharmacol 2001; 53(9): 1169-74.
Hoelters J, Ciccarella M, Drechsel M, Geissler C,
Gilkan H, Bocker W, et al. Nonviral genetic
modification mediates effective transgene expression
and functional RNA interference in  human
mesenchymal stem cells. J Gene Med 2005; 7(6): 718-
28.

Reiser J, Zhang XY, Hemenway CS, Mondal D,
Pradhan L, La Russa VF. Potential of mesenchymal
stem cells in gene therapy approaches for inherited and
acquired diseases. Expert Opin Biol Ther 2005; 5(12):
1571-84.

Peister A, Mellad JA, Wang M, Tucker HA, Prockop
DJ. Stable transfection of MSCs by electroporation.
Gene Ther 2004; 11(2): 224-8.

Keum YS, Owuor ED, Kim BR, Hu R, Kong AN.
Involvement of Nrf2 and JNK1 in the activation of
antioxidant  responsive  element  (ARE) by
chemopreventive agent phenethyl isothiocyanate
(PEITC). Pharm Res 2003; 20(9): 1351-6.

Venugopal R, Jaiswal AK. Nrfl and Nrf2 positively
and C-Fos and Fral negatively regulate the human
antioxidant response element-mediated expression of
NAD (P) H: quinone oxidoreductasel gene. Proc Natl
Acad Sci 1995; 93(25): 14960-69.

Sun XH, Erb A, Murphy TH. Coordinate regulation of
glutathione metabolism in astrocytes by Nrf2. Biochem
Biophys Res Commun 2005; 326(2): 371-7.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Reiser%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20XY%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hemenway%20CS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mondal%20D%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pradhan%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pradhan%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=La%20Russa%20VF%5Bauth%5D
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=16318421
http://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=16318421
https://bloodjournal.ir/article-1-932-fa.html

Sci J Iran Blood Transfus Organ 2015; 12(3): 255-265

[ Downloaded from bloodjournal.ir on 2026-01-30 ]

Original Article

Overexpression of Nrf2 in umbilical cord-derived
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Abstract

Background and Objectives

Due to the unique criteria, mesenchymal stem cells (MSCs) are the ideal cells for cell therapy
and gene therapy. However, the low survival of MSCs after transplantation has limited their
application. This study aimed to evaluate the expression of cytoprotective genes including
NQO1, TXNRD1, HO-1, GCLC following the overexpression of Nrf2 in MSCs.

Materials and Methods

In this experimental study, umbilical cord-derived MSCs were cultured and recombinant
vectors containing Nrf2 and empty vectors were transfected into MSCs using FUGENE HD.
After exposure of the cells to stress, RNA extraction and cDNA generation were performed.
Using Primer3 software, specific primers were designed for Nrf2, NQO1 .TXNRD1 HO-1 and

GCLC genes and the expression of these mentioned genes was evaluated by RT-PCR. The
results were quantified and analyzed statistically utilizing Image J software and ANOVA.

Results

The expression of Nrf2 was up-regulated in MSCs after transfection (p< 0.01). Overexpression
of TXNRD1 and GCLC was observed in transfected cells (p <0.05 and p <0.01); however, the
expression of NQO1 and HO-1 did not change in the transfected group in comparison to the
control (p > 0.05).

Conclusions

Overexpression of Nrf2 resulted in the overexpression of TXNRD1 and GCLC in MSCs and
might be explained by the fact that a part of the known Nrf2 cytoprotective mechanisms is
controlled by the expression of these genes.
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