WATNVYY 2l s g 5 uluol (S 33 0 ASuslS alze

WAY/Y/Y+ 3y iy G, YA€ obo 313,38 Jgl 4iad/ Y'Y o )losds/ pgmw 9 (w0 Jlw

31w olislo 3T Jo Foxp3* 4gB oy 9 (od! 595 g (59319 98 3 (samslio
CDA* ST b Johw &9y

¥ . . ¥ o N PO o N g on
28y e ¢ pasla A aanS Suje fiSs 959818 Gla pe yiSe ¢ Glulald das

g3 Jlo

ouS
5 ol igm > (el slagesl & (2a0lels 5 pauldss sl lon S35 5 (TTEQ) Lcadas T sl sla s ¢l s )3 1dordle
Silybum marianum le 56 L (Milk thistle) s, B olS jl 48,5, (LSIggMe uSheS S ol S 0 €8 10 Incigae
b o (IMMunomodulatory e wiwss Jsiss o (Hepatoprotective sus cdasle o slaws ol ¢ ol s gl lyls 5 conl
ol el ws S ke |, (Mammalian target of rapamygimTOR Wy o bl ¢ sl atis (60008 68 s (slagyls o 4
CDA+FOXP3+sle Jsko 255 1 mnlally b plosios 51 (stuslio & (32855 gl 2 23,5 T (sl oo ol o 5 TT€QS 25 FOXP3
Sy e (g5 )3

sale o9 3l Jsol 5l eslizul L (PBMC |, Peripheral blood mononuclear gellesxe o5 slatacs gla Jsbo 1 g,
Siloals insl byl gl eslitel b ¢ lasme ob cMiwacSs sl Jshe j1 S CDA (olaJobo e 15 1> ol Libgly
RPMI(Sigma}1640 Lo ,» Anti-CD28 , Anti-CD3 JLgSgse ool sl L CDA 6 T slasbs 08
DMSO (iyiS b il joas 3 o] cusS g sus b celo VA s <l (Roswell Park Memorial Institufe
lodsle opd ¢ 4D plsl joy ¥ @t 4 IL-2 008 48lsl b g cpeeslebly jeas pae U jeas > L (Dimethyl sulfoxide
by plosl (6 taguligld g bl gy 9 50085 Slaedb Bl b (5l S5 3k ) TCDAFOXp3

059y 4w cuiS ;> TCDAFOXPT (sl Jsho W5 Liulial el ccpmunlobly ¢opioman DMSO i1y b duglio 1 cpjlosow :AEL
sk g5 > il (RPMI Lsee) (20,558 | duglie j3 opmabelly a5 Jls 3 (P < +/00) 03 oo 95 S0 T (slacaumsisl
(P> +/0) 3l U5 oj9, 4w cutS ,» TCD4Foxp3

g 4 oless (ol i (w3l g wlas )3 TrEg slaJobo [ 5 )50 o5 gyl (23Sl Coonl 4y dagi L 35 5 Aoyl
D55 )1y8 edlawl 3y5e Lacl Wan 13 5 b g desbed slag)lon oloyd ;5 Slgs o TrEQ gouisS als (545l

MTOR Foxp3.Treg e Jskho « oy jladss ¢ bl s 635 55 514

295G Ol (el KgS g (59,15 95 P (Gl Ny (md) Soje (WS B S ey 35515 i plilals gl
FOV-F55 :(¥YR) TY AVAF ledl (S 0aSiils ale CDA™ 50 T sl Johw S o5 51 (g 0uiis o3 45 FOXP3”

Ol leaol Olghuol (Kb pole olfisls ppmiils Dlidns (sames 5 (Kiijr G035l gulidml 09,8 10l (i )l (5gmiisls -

Ol ! Olghiol lghuol (K 3y pole ool (Kb 5y 0K (bt stasl 095 ()lysliel ¥

0Ll 0ledol Olehol (Kiss pole siol (Kb (50352315 1 J5Spn 5 ok (Sglgigm] Sl 35 po sliolinl ¥

Ol 0leaol Olgiuol (Kb pole olasls (K 5y (GoaKisls gl ol 09 5 16,553 Sgmatils -F

Email: mghakemi@med.mui.ac.ir S G JamuS S50 5155 JaGume (Godiumw 99

Yov WAF ls 5 gl azdn /¥4 0yl / Y Jlo— Olghonl (Ko 5 0uSKals dles

WWW.Mmui.ac.ir



Olylsen g Glilald da yu

(GVHD L, Graft-versus-host diseasg !> 3
Ol b Treg slad v s (W) 5 S ool
L S5s0sm L O L3 gl SosS e slagls
Gl sl il Sl gl conl Saw 5 5,05 bLS |
() AL e $h50 58 A slarsTy
ool b S 51 (Rapamycin s bl
Sladsle 3 S () cdl il $ K e
(Seamdy gis (g0 ,:S) FK506 4y 0,6k
MTOR Ly S ] s o st

558 0 <> (Mammalian target of rapamyoin

5 oS m S sl ) Lol siks s
LS oo Sl (Gl o508 Jshe a5 2 sl
2 LT sbdda oo ot o clelily (515
el 5 S o i b G 55 s b Ol
(ONV-YY) 55 5 .« (Tolerance  foss
oS e sl ls 48 Wlesls OLES Sl
S = oalie Ol Il s J_AN|M
0 L bl LOYVE) Wl Treg slad sho
0581 oS 4o sk (555 p s
=153 el (APCs L Antigen-Presnting cells
b Treg slad e ¢ S o ol
3 S el el s (10-19)
(Naturally Treg nTreg slad . s Kasl
B 5 (W) oilesl 3 bl S 4 e
S T g ad

S |z 35 5 (Tconv, Conventional T-cells

¢ 9 1reg

Teonv sladshe ;s MTOR Hlee ol bl
el T 4 3 Sldllas iy OA) 555 0
S5 la, 5SL of jen 4 FOXP30L il 8l s
(Transforming growth factop) TGF3 « >

CDA+FOXP3Hslay sl 4§ s (siasl S0 o (5501 99 (stemslio

4ol
534S dis alS SLS 5l ay S a2
DL 555 oSS S (slackn 0T 0L
ke o L (Milk thistle) o o = oS 5l S
Ol 1 rals Cle 4 o8 el Silybum marianum
Ol 45 (Hepatoprotective s ;| cLaslos
sl glamal 5o 5 s il glagg e
o e sas o5l b IS e e AL
Criad 3 s gt 03l (o 519 Crilin
5 b do (ol Ao Lol ghls lesk
s i oldlas & il e SlS] s
S35 1y ol sl Immunomodulatory .
A=) Wles S 5,158 Sladl Js
oz ) sl glad g o poobedk S
=Sl sl U (ool s U T slaca 5a
ke gl 55058 5s eslatal 55 el
(Interferon IFNy ._J &5 5lee U Ll o o lahens
=SS gledslssL St (Interleukin-2) IL-2
S Sl e 5 (F) 2L wsh T glad sl
L gIL-10 5IL-4 dFNY =25 5 T sladshe
aS coal J gl (F) 558 Jed slacw g2l
A et ools Lo DIl g S Sla S
AT) G ol bl o 4 psleden
Lim 5 a3 (TreQ) ol T sladhe
Slaslon =8 pramen 5 (55 5e) Joms
O allln s 5 gl bl i pagls g
Lo03 800 5 035k ol 53 el sl
(O-V) S e oS i (Gl S 0553 ol s
= sl @l Ol e 1 Treg slad she
Ol 3l (68 o g el s s sl

WAF 5l 5 J gl axin /FYY o5le / YF Jlo— Olghonl (S5 0uSKiils ales FoA

WWW.Mmui.ac.ir



O fSan g GLilalis i o

sladsw: e o e glanaass slad s
L PBMC) lae (gl L 5

3l eslaeal L (Peripheral blood mononuclear cell

P R | P [E U PP O
5438 Goslper sl S L OT (slacann 5id
(Phosphate buffered salinEBS J; J>. L
Srdot) s Fole—d Sy 5l
(Trypan blue ;L oL, 5 L Wd 4w (Viability )

6‘)‘2 L;l_bdjl_w E) L M (PBSJJ M)J '/\c)

TCD4 lad s b S 515 aslinel 3,550 iuloj]
CeS Loy 5 el sl O sk
Naive CD4 cell isolation kit Il
O3 Glaea S sad sle 31 (Miltenyi Biotec)

L TCDA" cladw o5l Lus s oo
A3 S pad Ao A8 1 i (e gnlasls B
oaleul S0 6)[...@‘.)\}- J‘ v\&J 41.9\33)\.: L&J}J«w w‘
() s S )3
ss Lagl cias s TCDA lad she (g5ledles
oS 55 0t bl 5 sledden o sls
(eBioscience JL S 5 5o g3l o1 2 L
sl ey ook Sl s s Anti CD3
3,8 Slw gazn F gl b dbwss o K
5 s S sl of « Anti CD28 (eBioscience
(Roswell Park Memorial Institui€Sigma)
)yj_ajjg.:.a Voo 4_L>-JA O_:\)J LS JWRPMI

CDA+FOXP3Hsla] sl 4§ s (iasl K0S e (5501 99 (stemslio

S algs an ls cpl 515 (V4=Ye) Wlastls
Sl ) i b a3 18 aallas 5 4
el ot el e slad sk 535

PTEN jials pie a b oly e a3
31—~ (Phosphatase and tensin homolog
g &el a5 (T-cell receptoy TCR & =
FOXP3 al,en L 5 (Y)=YY) 545 » MTOR e
(Signal transducer and activator 08 TAT5 L
S (IL-2 KIS 3l J—sl>) (transcription-5
Ot MTOR gl a1y sl (a5 7 sasl
s 3 Treg iS5 e (YY-YY) 5,
A2l bl

e Solge 145 5,8 218 (Shanlllas
b e Eel (opoleds dled gl 51 (SO)
5 s sl b, sladsl s mTOR
Ry e (V0) 358 o AS Gl glad sk
DLz 23 8 plowil lghol (S ke o821 s oS
(78) 55 T slad s ;s MTOR jLge (gedas
s 534Sl e s5le TCDAFOXP3 slad sl
B e PSR P LI ST e P SR A N Lo
Lad s ool X5 a5 Teonv 5l 05 1 Lo s
Slad g 03,8 Jlab Gy b 31 oS3l 5o (s
ol FOXP3, IL-2 TGFB 5.2~ ,» TCDA'CD25
L (YV=Y4) woyls 1 Treg e fds <l 5 L g o
ol gadlas 3l s wls Oy Clas 4w g
P FOXP30Ly 5 aslebly b o slackens 1 (gaislia
3t e 052 CDA ST lad e

B2,
SITCDA slad s o5l Il 5 (5lulas

¥od WAF sls 5 gl azdn /¥4 0l / Y Jlo— Olghonl (Ko 5 0uSKals dles

WWW.Mmui.ac.ir



Olylsen g Glilald da yu

B (o 2050 RPMIE 2 it J 28T el
So bl i O3l 3l eslizad b bl o 28 8
oS L gyl s gawslis ¢l Mann-Whitney
SPSS LI Plo s s Culg 53 Laesls 3 plovl
(version 16, SPSS Inc., Chicago,) N¢ gax_.5
P</id .8 )15 Lo 5 a0 255
U NI IO NP Y

Al as S

B4l

5SS gedS Oy TCDA' glad v s
TCD4' sl 5id 5l Comam s 55 FOXP3
ot L pslas 53 G855, Y slan S
il gl s Ml Ll 5 5 DMSO 51 i
Sladsle sy 55 en i (P> 1/00)
S S bl L o sls 53 CD4+FOXp3+
RPMI U peeslabl, G3tl 5 55 (RPMI) 3 28
(Y 5V la i) (P> /00) 555 s e 3
Ot 3 e SRl (6l 0555 ¥ 0 el 5K
235 (7 JS8) 55 LS DMSO 5 oy sled—o
3 e belly il s FOXp3 oLy 0L Ll
Sls e OF GM T 4S i s (S S RPMI
4 S Ced SIS L gl pa By ramen 350
o bl 5 ol g0ls 53 ) S
o robeddin G ol AL AL alie ol
islie RPMI ¢ bl s ol L, DMSO
o3 /88 s VAY) cpsledes Ol (s S
O S 35 Sls s esball, Ly (P = +/00
25 ol B L5 SO s oledhes e Sl gokias

3L TCDA slaJ sk FOXP3 0Ly

CDA+FOXP3Hslay sl 4§ s (siasl S0 o (5501 99 (stemslio

(2w J x5 Ol y—e a) (Dimethyl sulfoxide
s (Cayman Chemicals:,—.slll; ;¥ g0 50 V0 s
Lyl 5 55 (Peprotechll-2 ) Jo o a1y Yoo
Gles 5 op S A Slgs Ao ;3 0-V) il
o=l o sl 5 A en 33l (o1 5 ol (gam 5 YV

L Soesls &

oV l— )2
(Y4 y)
Sy l= Laddw s FOXp3 ol s
ol S lad e Gau ¥ A 1 e sl 5l
ol ol vy 5 Lus 4 2.3 PBSL
sAnti  Foxp3-PE(eBioscience JL__ S 4 s
o5 -5 S= s Anti-CD4-FITC (Miltenyi Biotec)
I9GL 8 sl Ly 55 Lsdsb
NJS)U_LA 4 ol |ate (IMmunoglobulin G2
sl e ol (sl s S (55l SS, b e
s ey 5l s PBSL L 5o 0l ciS slad s
Sdes s ANt-CDA-FITC (o3l 51 b
Sl S 5l S il gam s b slas 53 agds Y
sl Jate o3 2T 5 ad ke ooyl gl Lus
PENEV-ST G WAE | PRI PR U PSR I
ool 52 e A eslit ol 4B £ S
SHOT st 5 sl 035 s 5 g .20 S
Sodos as) o /) Osn g Lo ) osl
b Ladphr (ol 53 s S eslical (s T
5 Kad (g 51 S5, Anti FOXp3-PE 5L 1
Law 55 FOXP3 oS Ol TCDA™ glad g s
J\y3le 5 s FACSCalibur flow cytometesSs
A3 S el CellQuest
3 TCDS lad b 3 Foxp3, sss ol
sDMSO 2l e 8 U cplads b gl

WAF 5l 5 J gl axin /FYY o5le / YF Jlo— Olghonl (S5 0uSKiils ales ¥7

WWW.Mmui.ac.ir



0313 G235 g 50 Olidod ¢ poman w0l S
Treg slad b 5 S 4 e sladles « o e (oIS S o Slagyls il
LSLA})‘J )‘ sz_w )‘v\.&ﬂ ‘U ‘)js.«\ﬁ 6[.&6)[.@34 )J g:,\_;«b uf“’b‘ J“’ﬁ'.’. )> L.. J LS‘“‘”.."’)} 6[.&6)[.@34 )J
(FV) s o frnly sl s (G0 iS58 s P s S = slagl S
A
. Silymarin . DMSO - RAPA - RPMI
() 2 2 2 2
o
x FeL T Feou Few
o i 2= @ 2=
[
°9‘ 0 10! ﬂ!:oi 10° 10t °g‘ ° 10! ;11:05‘ 103 10* °9m° 10! F{i 3 104 °?'| 0 10! il 103 10*
>

CD4

Sragabugd 5, 5 ealiiwl L CDAHFOXP3+ glad ghu gy N K
(P = e/V0) (sl y o 515 305 93) 515 0L CDAHFOXP3+ slad g Hlad 53 1) ol 331 e 3 28 a4 Comd bl (55,18 &
4 @l (P =0V (G s o gad 53) b 2 28 4 omd CDAHFOXP3 (slad shos slans (sl 1 oy o lodens (5 5, &
38 21 b3l 1SS L Ll ol &) g0
DSMO: Dimethyl sulfoxide; PARA: Paramycin; RPMI: Roswell Park Memorial Institute

¥/ A
VA A
\/5 o
YARE
YARE
Ve
/A -
/5 -

(>=_2)Foxp3+ cells

Silymarin DMSO RAPA RPMI

Stobedken 5 Gamlably s 53 ST lad s S ou 51 FOXP3 (oS Ol slad ghos Ao p5 Y IS
(P> 1/20) 545 Jls e SHSN a5 A3 HES 31 S retlolyly IS CDAHFOXP3+ slad sl 45 53 i slacke 3T
A S i 31Nl Bl E O Eale5T g il Oy a0 4 fak
DSMO: Dimethyl sulfoxide; PARA: Paramycin; RPMI: Roswell Park Memorial Institute

1 WAF sl 5 J gl ain /FY4 oyl / YF Jlo— Olgheol (S5 0uSKiils ales

WWW.Mmui.ac.ir



Olylsen g Glilald da yu

L s oS 0l S5 s Jlazs| e el
2,0 BLSIMTOR jlee 5o opslades 005 5558
5 SV cls Ol Ll Olides el
iy g o MTOR §ud [l Ol g
Oemaman ASL Sl ol Cle DA askie ¢l
O otedks Sl Cald cds bl Sas
J=1san Lal a8 cnl e il G se) 8
W5 Sl sl s S 5b 4 03 S 358 i
AL e FOXp3
Ol 03 Gebebly Sl Gl )3 oo
sl i ), =8 baslie ja 1 2ol 58 FOXp3
sladd o SO s Sl sl Tregud 5 Ol «S
sBocian .das e LI il ) s pds
Treg ud 5 a5 Ldagd CiS 35, 7 5l e 0K
s S el 52 53 FOXP3 0L 5
Sealllas b5 b a5 (OF) 5505 it 2alS (28
s 0L s Valmori . ils o alhs sl
23 bdole o 553 Sl S X S 1S
33 50 S a5 il by bl sl
sl Treg s Treg osd— TCD4™ Jyl_woy, S
SoalS 55 (FY YY) aasl 51 = (FF) 543 e
s3a= 3 1, Foxp3oly 5 Treg slad o A 5
s LoNg il LS s e 0L el
bl 03 5 wlsl &S 5, 0f 51 Sl Buckner
sladdu oy il el CiS Lo w
o ialpsl opl 5 343 TCDA'CD25""Foxp3
sl Oy 4 TFOXPS ladshes ,2G Ls
o=l am OLSes 5 Kopf o oman (7)) il s
A PRCA B KA PN JC P EENOp s

CDA+FOXP3Hslay sl 4§ s (siasl S0 o (5501 99 (stemslio

¥/

—

~

[>4
1

FOXp3 (o oyl
< <
i>4
1 1

—
~
.
1

~
{>4
1

Silym/DMSO RAPA/RPMI

5 opobedkw L s T glad g 53 FOXP3 0Ly ¥ Ko
oelebl
ol syl s gme Mz Kibles *
RPMI 4 cpslibl; s DMSO & o jledew (slocand 25
P90 3 ealiil b (U 48 8 Comd GRS L gl 2 S el 5l m)
(Reverse transcription polymerase chain reaction
Ol FOXP3 0l Ol 53 1) sols e il33 QRT-PCR
sl F 0y bl e oSile e 4 s ol
RO ST < WA N RH W

DSMO: Dimethyl sulfoxide; PARA: Paramycin;
RPMI: Roswell Park Memorial Institute

5 bl als 53 SU ol saalllan

4y CDA+FOXP3tslad s A 5 53 ooledo
DL b 5 ds S alie a0 LST &) 5
o psbeadew oo 5 FOXP3 Ol ol 331 (godias
3 Geetbobl A s men 5 (NS 4
Lal 55 Sl e 58 4 s O ) i
23 e Al e bl b s lie s
o b Sldllas 5l sl Sl slael,
L Bl 5 il Slallae bl g amg anlis
Sl a3 8 Oys o pnlally w5 FOXP3 0L
5 omoledke e cald s 4 (08 ) YY)
L o)l 53 ol MTOR Slge LLsd 5l s lali

WAF 5l 5 J gl axin /FYY o5le / YF Jlo— Olghonl (S5 0uSKiils ales \fal

WWW.Mmui.ac.ir



O fSan g GLilalis i o

LTreguls o sy Celb TGP 5 bl
By e A Sl s 5 Ssline (oS
Esl o e D3 4 etlalls 5 TGF
Shloldlas js Jy Lleds Jige 3 Tregud s
TGFB o5 Treg s 5 FOXp3ols (Y+ XY)

RGIV PR AT Y W

ch—éA_xJLb)JWWJ‘)—bA_v

N RO U WP ORI P ) PR S
L ey 23S 55, Y 51 e Treg CD4Foxp3
S SS e S350 Ol ppplagh A L3S
Al e el éucﬂb L 5y el e
odi I 5 glaTregeaas Jalesl cpl 53 ds »
R S e S B Gy P J U W P T
P sl a3 plasil 5l ey 0T 5 5L

2 g go Slglon

S1esd g KL
J.—J:J‘ ‘fNLM;")LS 60)}3 LSMLQ[&[& J.&L>— ‘duﬂ U‘i‘

o8l 3 YANTYY o lad am LS an
wl...&w‘ 6); DL S (el QL@.M‘ L}S";Ji ?}.LG
A ol gl (S e oSl
VLSS 5 Dbkl galoams 5Kan 31 08 ds 5

...L.r)‘.) b&‘b}.&)ﬁ.ﬁd“w@w‘d)ﬁ

References

CDA+FOXP3Hsla] sl 4§ s (iasl K0S e (5501 99 (stemslio

Ol ol s L TGRS 5 ) e p S50
(YY) 55 5 .« Treg J 5 5 Foxp3

53 i3g & el PIBK-AKT-mTOR ..
T gbad e Ko a3 38« FOXP3 W 5
Sl Sl S e ol G0 liS lge 5l 0
el Sladllas 2 53 53 S FOXP3 oLy 5l 5l
I 53 ol LS ey g e
ol oslawl S ge slad g 51 (Treg slad sha
Sl cde sl gaallae 43 .(VA-T4) 5,
Mool S eslell,y 52> 53 FOXP3
So s ol B (S Ol Sde S S s o
53 el eslit el IL-2 Jlois 5 Lagesl sl baw s
il gLl glad jhe oS

25 S Sl Coll WAl d e S o
3 3 355 o FOXP3 35 ol (slad s
Aol e OLLT 1 (gl pasens (gla, 586 (gl oo
MTOR (oS Sl plun 555 03 S WLl ol ol
aalsl y5 AS o lee LT lad sl 65,0 Jlasl
IL-15 L IL-2 5 MTOR (golS ,lge 05,5 a3l
ol as e (W ss o STAT Wl g5 Esl )
A3 es¥ s 5 e FOXP3 oS Ol glad e
35 S TGRB Slaspls 40 s o0l oS Sl
51 day PIBK—AKT—MTOR ;s lgs ey .(08)
sl 51 S IL-2 Jlosely s ol an 4 ol VA
il bl el (il sad wlsl S b 4

RURET g.).bjju_n TGFP - 3o 50 FOXp3

1.

Gazak R, Walterova D, Kren V. Silybin and
silymarin--new and emerging applications in
medicine. Curr Med Chem 2007; 14(3): 315-38.
Gharagozloo M, Amirghofran Z. Effects of

silymarin on the spontaneous proliferation and
cell cycle of human peripheral blood leukemia T
cells. J Cancer Res Clin Oncol 2007; 133(8):
525-32.

4l WAF sls 5 gl azdn /¥4 0l / Y Jlo— Olghonl (Ko 5 0uSKals dles

WWW.Mmui.ac.ir



Ol fSan g Gilalis di s

3. Gharagozloo M, Velardi E, Bruscoli S, Agostini
M, Di SM, Donato V, et al. Silymarin suppress
CD4+ T cell activation and proliferation: effects
on NF-kappaB activity and IL-2 production.
Pharmacol Res 2010; 61(5): 405-9.

4. Wilasrusmee C, Kittur S, Shah G, Siddiqui J,
Bruch D, Wilasrusmee S, et al
Immunostimulatory  effect of  Silybum
Marianum (milk thistle) extract. Med Sci Monit
2002; 8(11): BR439-BR443.

5. Onizuka S, Tawara |, Shimizu J, Sakaguchi S,
Fujita T, Nakayama E. Tumor rejection by in
vivo administration of anti-CD25 (interleukin-2
receptor alpha) monoclonal antibody. Cancer
Res 1999; 59(13): 3128-33.

6. Belkaid Y, Piccirillo CA, Mendez S, Shevach
EM, Sacks DL. CD4+CD25+ regulatory T cells
control Leishmania major persistence and
immunity. Nature 2002; 420(6915): 502-7.

7. Cohen JL, Trenado A, Vasey D, Klatzmann D,
Salomon BL. CD4(+)CD25(+)
immunoregulatory T Cells: new therapeutics for
graft-versus-host disease. J Exp Med 2002;
196(3): 401-6.

8. Zeiser R, Nguyen VH, Beilhack A, Buess M,
Schulz S, Baker J, et al. Inhibition of
CD4+CD25+ regulatory T-cell function by
calcineurin-dependent interleukin-2 production.
Blood 2006; 108(1): 390-9.

9. Edinger M, Hoffmann P, Ermann J, Drago K,
Fathman CG, Strober S, et al. CD4+CD25+
regulatory T cells preserve graft-versus-tumor
activity while inhibiting graft-versus-host
disease after bone marrow transplantation. Nat
Med 2003; 9(9): 1144-50.

10.Abraham RT, Wiederrecht GJ.
Immunopharmacology of rapamycin. Annu Rev
Immunol 1996; 14: 483-510.

11.Blaha P, Bigenzahn S, Koporc Z, Schmid M,
Langer F, Selzer E, et al. The influence of
immunosuppressive  drugs on tolerance
induction through bone marrow transplantation
with costimulation blockade. Blood 2003;
101(7): 2886-93.

12.Wiederrecht GJ, Sabers CJ, Brunn GJ, Martin
MM, Dumont FJ, Abraham RT. Mechanism of
action of rapamycin: new insights into the
regulation of Gl-phase progression in
eukaryotic cells. Prog Cell Cycle Res 1995; 1:
53-71.

13.Bocian K, Borysowski J, Wierzbicki P, Wyzgal
J, Klosowska D, Bialoszewska A, et al
Rapamycin, unlike cyclosporine A, enhances
suppressive functions of in vitro-induced
CD4+CD25+ Tregs. Nephrol Dial Transplant
2010; 25(3): 710-7.

14.Noris M, Casiraghi F, Todeschini M, Cravedi P,

CDA+FOXP3Hslay sl 4§ s (siasl S0 o (5501 99 (stemslio

Cugini D, Monteferrante G, et al. Regulatory T
cells and T cell depletion: role of
immunosuppressive drugs. J Am Soc Nephrol
2007; 18(3): 1007-18.

15.Geginat J, Sallusto F, Lanzavecchia A.
Cytokine-driven proliferation and differentiation
of human naive, central memory, and effector
memory CD4(+) T cells. J Exp Med 2001;
194(12): 1711-9.

16.Granucci F, Feau S, Angeli V, Trottein F,
Ricciardi-Castagnoli P. Early IL-2 production
by mouse dendritic cells is the result of
microbial-induced priming. J Immunol 2003;
170(10): 5075-81.

17.Battaglia M, Stabilini A, Roncarolo MG.
Rapamycin selectively expands
CD4+CD25+FoxP3+ regulatory T cells. Blood
2005; 105(12): 4743-8.

18.Thomson AW, Turnquist HR, Raimondi G.

Immunoregulatory ~ functions of mTOR
inhibition. Nat Rev Immunol 2009; 9(5):
324-37.

19.Sauer S, Bruno L, Hertweck A, Finlay D, Leleu
M, Spivakov M, et al. T cell receptor signaling
controls Foxp3 expression via PI3K, Akt, and
MTOR. Proc Natl Acad Sci U S A 2008;
105(22): 7797-802.

20.Gao W, Lu Y, El EB, Oukka M, Kuchroo VK,
Strom TB. Contrasting effects of cyclosporine
and rapamycin in de novo generation of
alloantigen-specific regulatory T cells. Am J
Transplant 2007; 7(7): 1722-32.

21.Zeiser R, Leveson-Gower DB, Zambricki EA,
Kambham N, Beilhack A, Loh J, et al.
Differential impact of mammalian target of
rapamycin inhibition on CD4+CD25+Foxp3+
regulatory T cells compared with conventional
CD4+ T cells. Blood 2008; 111(1): 453-62.

22.Walsh PT, Buckler JL, Zhang J, Gelman AE,
Dalton NM, Taylor DK, et al. PTEN inhibits IL-
2 receptor-mediated expansion of CD4+ CD25+
Tregs. J Clin Invest 2006; 116(9): 2521-31.

23.Fox CJ, Hammerman PS, Thompson CB. The
Pim kinases control rapamycin-resistant T cell
survival and activation. J Exp Med 2005;
201(2): 259-66.

24.Basu S, Golovina T, Mikheeva T, June CH,
Riley JL. Cutting edge: Foxp3-mediated
induction of pim 2 allows human T regulatory
cells to preferentially expand in rapamycin. J
Immunol 2008; 180(9): 5794-8.

25.Garcia-Maceira P, Mateo J. Silibinin inhibits
hypoxia-inducible factor-lalpha and
MTOR/p70S6K/4E-BP1 signalling pathway in
human cervical and hepatoma cancer cells:
implications for anticancer therapy. Oncogene
2009; 28(3): 313-24.

WAF 5l 5 J gl axin /FYY o5le / YF Jlo— Olghonl (S5 0uSKiils ales A

WWW.Mmui.ac.ir



Ol fSan g GLilalis i s

26.Gharagozloo M, Javid EN, Rezaei A,
Mousavizadeh K. Silymarin inhibits cell cycle
progression and mTOR activity in activated
human T cells: therapeutic implications for
autoimmune diseases. Basic Clin Pharmacol
Toxicol 2013; 112(4): 251-6.

27.Kretschmer K, Apostolou |, Jaeckel E, Khazaie
K, von BH. Making regulatory T cells with
defined  antigen  specificity:  role in
autoimmunity and cancer. Immunol Rev 2006;
212:163-9.

28.Chen W, Jin W, Hardegen N, Lei KJ, Li L,
Marinos N, et al. Conversion of peripheral
CD4+. J Exp Med 2003; 198(12): 1875-86.

29.Peng Y, Laouar Y, Li MO, Green EA, Flavell RA.
TGF-beta regulates in vivo expansion of Foxp3-
expressing CD4+CD25+ regulatory T cells
responsible for protection against diabetes. Proc
Natl Acad Sci U S A 2004; 101(13): 4572-7.

30.Fantini MC, Dominitzki S, Rizzo A, Neurath
MF, Becker C. In vitro generation of CD4+
CD25+ regulatory cells from murine naive T
cells. Nat Protoc 2007; 2(7): 1789-94.

31.Long SA, Buckner JH. Combination of

CDA+FOXP3Hsla] sl 4§ s (iasl K0S e (5501 99 (stemslio

rapamycin and IL-2 increases de novo induction
of human CD4(+)CD25(+)FOXP3(+) T cells. J
Autoimmun 2008; 30(4): 293-302.

32.Valmori D, Tosello V, Souleimanian NE,
Godefroy E, Scotto L, Wang Y, et al
Rapamycin-mediated enrichment of T cells with
regulatory activity in stimulated CD4+ T cell
cultures is not due to the selective expansion of
naturally occurring regulatory T cells but to the
induction of regulatory functions in
conventional CD4+ T cells. J Immunol 2006;
177(2): 944-9.

33.Kopf H, de la Rosa GM, Howard OM, Chen X.
Rapamycin inhibits differentiation of Th17 cells
and promotes generation of FoxP3+ T
regulatory cells. Int Immunopharmacol 2007;
7(13): 1819-24.

34.Attur MG, Patel R, Thakker G, Vyas P,
Levartovsky D, Patel P, et al. Differential anti-
inflammatory effects of immunosuppressive
drugs: cyclosporin, rapamycin and FK-506 on
inducible nitric oxide synthase, nitric oxide,
cyclooxygenase-2 and PGE2 production.
Inflamm Res 2000; 49(1): 20-6.

£50 WAF sls 5 gl anin /FY o leds / YY Jlo— Olghauo! (S5 oSl dloes

WWW.Mmui.ac.ir



Journal of Isfahan Medical School Received: 12.02.201

Vol. 33, No. 329, ¥ Week, June 2015 Accepted: 30.04.201

Comparing In-Vitro Effects of Two Immunosuppressive Drugs on the
Expression of Foxp3 from Naive CD4 + T Cells

Sarineh ShajanidnMarjan Gharagozloo P¥DMazdak Ganjalikhani-Hakemi PRD
Mitra Rafiee MS¢

Original Article
Abstract

Background: Many studies showed that regulatory T cells (Trdgs)e immunosuppressive effects
on immune responses in transplantation and autoimerdisease. Silymarin (isolated from milk thistle
or silybum marianum plant) is a flavolignan compleith anti-inflammatory, hepatoprotective,
antioxidant and immunomodulatory activities. Prexictudies in our group revealed inhibition effect
of silymarin on mammalian target of rapamycin (mTO&ttivity in activated T cells. Among
immunosuppressive drugs, rapamycin can inhibit mTO&sults in Foxp3 expression, Tregs
expansion and conventional T cells inhibition. mststudy, the effect of silymarin on in-vitro
generation of CD4+Foxp3+ cells, in comparison wéthamycin, was evaluated.

Methods: Naive CD4+ T cells were separated from healthy viddils' peripheral blood
mononuclear cells (PBMCs) and activated with momoal antibody anti-CD3 and anti-CD28 for 18
hours in Roswell Park Memorial Institute (RPMI) qaiete medium. Then, incubation was continued
with adding Interlukin-2 (IL-2) and silymarin orsitcontrol, dimethyl sulfoxide (DMSO), or cultured
in present or absent of rapamycin for 3 days. Gedlee harvested and stained with anti-CD4 and anti-
FoxP3 antibodies for flow cytometry.

Findings: Silymarin increased CD4+Foxp3+ T cells comparechviis control, DMSO, and with
rapamycin after three days of culture of naive Isgf <0.05); while, rapamycin compared to its
control (RPMI medium) did not increased CD4+Foxd3eells during three days culture (P > 0.05).

Conclusion: Given the importance of replacement less harmfdioine and Tregs role in regulating
immune system, silymarin, as aTreg generation decag, be used in the treatment of autoimmune
diseases and even in organ transplantation.

Keywords: Silymarin, Rapamycin, Foxp3, Regulatory T cellse@), Mammalian target of rapamycin
(mTOR)
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