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Abstract

Though hydrogen peroxide (H»O,) causes a deleterious effect to cells with its reactive oxygen species resulting in cell
death, S-allyl cysteine (SAC, a bioactive organosulfur compound of aged garlic extract) has been known to have a cytoprotective
effect. Few reported profiles of gene expression of H,O, and SAC treated human cord blood derived mesenchymal stem
cells (MSC). This study revealed changes in the profile of twenty-one genes grouped by oxidative stress, antioxidant, cell
death, anti-apoptosis and anti-aging by quantitative real time PCR. A concentration of 100 #M of SAC or 50 #M of H,0,
was applied to MSC which show moderate growth and apoptosis pattern. H,O, treatment enhanced expression of eleven
genes out of twenty-one genes compared with that of control group, on the contrary SAC suppressed expression of eighteen
genes out of twenty-one genes except C ros oncogene. SAC decreased expression of oxidative stress genes such as SODI,
CAT and GPX. These results seemed consistent with reports which elucidated over-expression of NF-kB by H,O,, and
suppression of it by SAC. This study will confer basic information for further experiments regarding the effects of SAC
on gene levels.

Key words: S-allyl cysteine, hydrogen peroxide, gene expression, real time PCR

M E AT o] Z SACE 1719 5.9 nglg, 1271€ 7.1 mg/g, 24
7N 7.2 mgg dry weight &= HYH FEIE FA8kaL o,

o5& S-allyl cysteine(SAC)S Z3}Fst phytochemical S & SAC= Aks} AEg| 20 tig 34k} &S v ZE o7 7
FolA ZEan Qlo] AR By, 4o ool 24 &Y Al Fofgt a7t okar & oi(Colin-Gonzalez 5 2012).
o] tHAmagase H 2006). "Hs2] Aldd W itst 59 Ak ARk e 75| dZol(Amagase 5 2001),
(oxygen radical absorbance capacity, ORAC)< 5,708 xmol TE/ gEE o5 WA ZAXE wet 9 HA7sEAY, A

100 g2 <& H tHwww.oracvalues.com/garlic-raw). BHs2] -8
43521 organosulfur compounds Z0J| A =-8-4121 S-allyl cysteine
(SAC)%} S-allylmercaptocysteine©] Q)17, Z]-8-4321 diallyl sulfide,
diallyldisculfide®} diallyltrisulfide S| Qct vt 2A &
2} 20% oflek-2-of E3SHH aged garlic extract(AGE)7} &=,
Al 2of| A 2470 E7HA] B3 57119 organosulfur compound 7}

= o] oA Bt nehy 22l7t S0 Wrlste] ol
2 AT v, 84 organosulfur compoundZ} © o] AU
of Frdoa & & Utk

22 0 JRe] ¥ BE Fu} Selalr] ARtk agilen
= 2010; Rojas = 2011). SACE X5 daAtmae] gEo] %
HEm-S xjhste] 3l oxidative stress T | Alo A
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HE Al 8421 GPx(glutathione peroxidase), GR(glutathione
reductase), SOD(superoxide dismutase), CAT(catalase)2] S
I EAA &S H3lstthAshafaq 5 2012). ojuff S &
o glo] SACYE Fofdt -2 A A g4 AAgE 3} vl st
H Ak}t a4 B R0l FoR Gl itk ok
SAC Foigt 9] &3t HALA A K97t 20153, H
AE 240] ZolSelom, A4 PEaAe 5L 7}
Agkcka sich HE8A AFSHR-E] 7] (reactive oxygen species)
&A1 9] © 7)+= hydrogen peroxide(H,0,)2 & 2| gt A1 A3
oAl SACE $-9Jst 414 BR& a7} 992™, Alzheimer’s
disease model miceo|A] A1RFAIFT AL H Q3 pre-synaptic
proteinQ] synaptosomal associated protein(SNAP)2} synaptophysin
228 2717 HRay 5 2011).

3HH, AdE 53 S8 £7) A% (mesenchymal stem cells,
MSC)E SACE A 26 thE2] ASkEAFAQl 2Hitska
25 Atz 2o Blstq PE&Z FsHA 2E
sl om, FALSkrA o) 2]3t catalase, superoxide dismutase,
glutathione peroxidase AJAF] down regulationS A3} TH
(Park RS 2009). T3t 55 Apcksto] U3t X358 &
AEEo A aHAEsH b Ax(catalase, SOD, Glutathione reducatase,
GPx)9] ¢Fo] 43| Fadh=tl, SACT7} o] 3Hitst aasS
Sol51A) x| Tk Ashafag 5 2012)

Az % AL F @ WREAS] digh A3 A,
a3 AZEEE BT 49 FFolch &4 T2 A
Z3, B APFEC] SAC Fo 3 ¥R 4kf2)7]
S, BT HLE FEGTH: 2L SACH AZ ] $4
A 5% % DNAC] st QoA A2 e Hu7l RNAR
AHE]IL, RNAOA] RS S A= S d-E AAks]
Al27)59 ¥t dojubA €k I3 E 2 SACY e
A IKbioactive effect) S FL3}7] Y= B} 2EH =&
& AR profiles A7 B a/do] A7 = Uk

Z7) M| E(stem cells)= SUSH E7|A|EE self-renewal (R}
7FsA)she T8I S Al e £k 7=
ok AZAIEY g7 A2 F HRES A ES] olv| &
T3 7152 sH=E A JATL E7AMZ= 3R A7t
A BHE AT E W] Aol A, BIE A gt
(NIH 2001). 57t E71AZ= AHR Y] HiRhoA w3 4
A BT o e AZE2A, A4S T 4 o, A
A|3E, ZAE, AZA|3E, smooth muscle cell 522 E3lst=
E440] &R o (Pittenger MF 5 1999), BE A €& MSC
= 2EE FARIAE Ailsto], AfE = 20| WIS
=g ) 2R E7M| 28} A 25 FA 58T I
S 3ttH(Deans & Moseley 2000).

ol = SACH H,0,9] A E/d-E catlase, SOD, gluta-
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& A E R FE A
thione peroxidase 5 FHAFS} Tl A o] QS Z751A L western
blots}e AR T E(Park RS 2009, 2011)3} ] 2RO =
AE9) T o] AEe] A 40| WRE SR 4
S, Ak FAHLE of| frAte] 2ol wsl
7127 Belstnat shgck ohs i BeE s
AL dovle AR #3kY profile HASE7] i,
olo]Z JAR}IE oxidation stress, anti-oxidants, cell death, ageing,
apoptosis, proliferation £ 77222 FE5}TE SACH H,O
£ MSCof| £ogt &, o] F4% LEdY] copy 5 SHY

4= 9l+= real time PCR(ZZ PCR, polymerase chain reaction)

HhH o 2 o 1algirh

HiH
S H

|

T

1. MSCe| 22| I H{SF
At o] FOlE dol, AL AW A AHE-23 ol Eat
AN A5 ol ARgsHTh AHES A2
4] DPBS(Dulbeco’s Phosphate Buffered Saline)2 53 3]4]5}
1, 15 ml cornical tubeo]] H]Z0] 1.0772] Ficoll-Paque™ Plus
6 mME B8 § 5 IJ4Y 9 mE HIFHaL 750 g 30+
B AARoA AR ste] dEN| 23S Ejstict £elE
A ZE DMEM/Low glucose 7] 28} X]¢f| FBS(Fetal Bovine
Serum) 10%2 H7}3t vz o] 28313, 6 wello]] welld 1x107
25 55t 1797t wigstaL, ¥R A2 A At
I A2 v E 71t 5% CO, w7 ol Al B st
F2E A|3zof 3~4Y 7+ e g2 wiAE wesf FHA MSC
colony7} B1=H 0.25% Trypsin-EDTAS A 2|3} 25 onf vl
oF ZotAag A 2415193, 70~80% confluenceS o]
W75 o Setade] §4 FEe ke ZAskth
22 E7|A1Z27} i F87] HollAl confluenceE o] FH
Trypsin-EDTAR A 2|5t} FE{A|7|IL FAIRE & A48t
FA A= sk, 14 t(passage, P)haL st 1/5%2
AR FBETL, YRl 1x10° cell/ml) s BF5}1, o
A%t A Zof 28R 10% DMSO(Dimethyl Sulfoxide)7}
7+el FBS 0.5 M2 F-13-5to] AA|Davgao] Hastrtrt
AR o] ARE-SHTE AHE MSC= " EA A= gl 2
T} CD29, 4, 105 Ao 2 MSCYU-S 151 tHPark RS 2009).

=
i

2. 22|t MSCQ| H|CHE Y SM0f| [IE F&

MSCE Adiejdstas 48 AEE Ztzte] 274
(passage)o| A e F4lo] Wi W7 EE S48 Wyt
2 H7tA JH, AlSstaL o) 1 ZEA T AHEA
of wha} oF sAhef| A F4]0] H3= Quiescent(Q) type, <F 10
O] Aol A H 3= Moderate(M) type, 20A| T o]/l Al F
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Alo] &kt Rapid(R) typelZ FE3}EH T Automatic cell
counter(ADAM-MC Digital-Bio, Korea)E ©]-&3}o] A|Z52}

RAEES At

3. MIZ Al2(Apoptosis) ZAHIAY

EA3Q, M, R type?] MZREGN 0.5 ml(5x10° cell/ml)
1,000 g, 587t AAso] wjgFA-E AAsL, T2 49
PBSZ E-G3l3 A3t &, binding buffer?} $H7 Annexin
V-FITC(Fluorescein Isothocyanate)S A 7}stch dlo] s
AFOIA] 1587 B AI) F AU AAT T 2L
buffer2 583t & propidium iodide 10 WE A7}sla, do]
At @ Aol A 10823t vES & FaAnH(EHF
2 EPFFANNA)CE AE AHE HA=E BT

4. SAC?} H,0, HEZE Z#HE

A of AMEE uFsAE SAC(CHINOSS, Hntbk, L&)
o) WAEEE W] 9okel 6 well WEE7]o] M types]
717)(8 passage, 8P) A|ZE- triplicate 2 1x10* cell/well 2 B=
g 1,000 #M, 100 #M, 10 oM FE 9] S| AS 7U7F 23] &
ofsto] wjekstal FAE AZE FRlskich HOx(Sigma
Co, USA)= M type 8PE SF o 2 HEF3}1, over nights}o]
3 AIZ1 2 500 #M, 50 #M, 5 M, 0.5 #MO] FER 24
7H B9k A} FAlE T AL AR B 27}
2 797k 23] WS TeSRA vjoFE 5 AT} TS
& Talsgct

5. ®¥XL FHl+E FH5H| 28 Real-time(H2) PCR

RO $EFAAE AZEE §442 9lo] AFH 772
22 e th2, 5% RocheAte]] 212+ 259 E43%
DNA @7|A 82l probeE2] labelingS FEstth Ag o
AH8E MSCE M type?] 8 PE 353t & 37C, 5% CO, ¥
Shh. 24 wello]l SAC EE H0,S HA5g.0om, B Ao
AbstA AEF Ao THE FARES S Z spot check
skt

7 Fom Ui §H459 $@E Helstnd Ya
H,0,, SACH2] A|ZEL 4=85}] high pure RNA isolation
kit(Roche Co, Germany)=Z RNAE $Z3}3l, RNase inhibitor
20U 718l Aol AFE3IETE 247412 cDNAsynthesis kit
O] AoA] WHHO|Z oligodT(2.5 £M)Q} random hexamer primers
(60 LM)E T3 T tubeo]] 3, transcriptor reverse transcriptase
(10U/1) Z7FskaL 25°ColA 10827t BEG-AIFTE 50 TCollA] 60
E7F cDNAE g3t 5 real-time PCR-E master mixtures(Tag
polymerase, buffer, ANTP mix 3Z3He} 7 probe7} EX|EH
platee]] 21 Light Cycler 480(Roche)ol| A ZFzHe] AZ-2- pre-

AT} BAkEgAe] o3 E71AE

$A7 wE g 865

incubation 13], amplification(95C, 10 sec/60C, 30 sec/72°C, 1
sec) 403], cooling 13]3}o] FZ5 genomic DNA copy 5
spelstor.

6. S4

SACE} hydrogen peroxide 23 =& AL 23t Ag o)A
2242 triplicated}o] meantS.D. X2 T E I1FHOH,
Alsh §o4-e A ek 2 Agle] o] SAC
hydrogen peroxide 2 F-E=%= A4 @Y tf=ry &
& setslt] U] el S} rhuide) AR 23
2 2310 AAA AWSHL, 7L meantS DA R 5
Atk AR AAsfof & FAATE W] ol AN FAR
Fudeol fely AFEhs 23] 2T Fmsel 2 ) 5
7t B Q7S BAISHAT 2 AR olA= 28 ol F
Pk 9L 204 7huls W] gupt gl oz B
chslch AA| 247119) SAAELS 96 well plateo]] 3719 2
I GARe} A Y11, g2 hydrogen peroxidewt, SAC:
S Z2e AYS 23] WHESA E2 3K target gene) 7+
4 HHZES meantSDE H A3 TS reference genes(ACTB,
HPRT13} GAPDH)ZHO.2 U+0] normalized}s, xpo]7} 2
HES A= vk} anti-logogte 2 A 2|sto] T2}
22 Ayt

fo o rir

N

2

1. MSC 4| FaY SEfars AT ME AlY 24

Z4 f3ol whek TR Q type, M type, R type & A=
AV eI AE 2719 Astel A o) A A
sfoll whe AZ AP Gae] R AHolzk qlglom(Fie.
1), FAZAAE B 2ol7}h UgitkFig. 1B). 4]
LA ot P BHUR Q type EYAT B
sl ZolA 9Iglom, AE APE AL amexin V-FITC
(annexin, | ZH] W3} PR 27]9) A ADS Holx
Lo HAo2 @ajo] H, propidium iodide(Pl, 89| W3t
B 2 AZ S BT PHOE oA Uzt
ao] Moz Gajo] Bt Q ype A AT A=
Aol FMOR Galo] H, o Ao Ht NEFo|
SITh. R type 16PE =R AN| BN P34 AESo|
WAsto] Aok Felvh VAL, AE AE G P4
o= ol AEL 24¢Eh M type 8P R typelth 4]
Z WYE7} Wolw, AE APE GH) A FHOE Hol
AlmSo] o Bgkeh. Hsha, MSCE Al 7] BHIQ M, R)
M2 gowth kineticsRM-Q)SF AE] vt} FEQMR)7H
ggou, AT AE GUAHE 22te A FEt Q
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Fig. 1. Changes of morphology and apoptosis level according to growth kinetics on human UCB MSCs. (A) Morphologic
change of three different Q, M, and R type of MSC at magnification of x100 for upper pictures, x400 for lower pictures.
(B) Apoptosis stain of the types. P is initial letter of passage. X axis presents passage and Y axis presents folds of cell

proliferation. Value represent mean+S.D. of data from triplicated experiments.

annexin®l| 90% ©]4}, PI 60% o]/4<] S Vel M2
annexin®]] 30% AZ2} PIof 10% A X 0] 21, R annexin
ol 10% ©]3}, PIof| 1% o]3t= Eg3tA -8 = A chFig. 1A).

2. SACet H09| HEZZL AlE0| A& MSC
passage?| ZA

4 5400 uet Yo FE3H Q type] MSCE= F4]o] &
23 5P F=ofA A7t 53171 wjiZ el hydrogen peroxideo]]
9J3} reactive oxygen stresso]] Z|oFsltia TS}, R type
220 P oA = FA]o] & 7] wfjFof dHitshpa SA4do)
A2 535 B 23 7HsAd0] YolA M types AR
AR o, B 10Pof|A] Ad7o] HEG7] wjZel 8 P7}
SACY H,0,9] F3FS #4871 Agsirta wetsto] 8 P
9] MSCE ARAIZ=E 3ttt SACE H:0,E dose dependent
3 &2 Fostal gRIgt A, oF 20% W9 F4S F e
gk SAC 100 £ MI} A|ZE 9F 50% A= At H0, 50 «M

16
14
12 A

10 -

cell proliferation (x10* cells)

‘ s | s | = | s
H202(uM)

SAC(uM)

Fig. 2. Determination of optimal concentration of SAC
and H,O; on M type MSC 8P. Value represent mean+S.D. Y
axis means cell number. Data came from triplicated experiments.

2 4Pl AH8T A% FE2 2HsATHFe 2)

3. SAC EEE= Hydrogen peroxide2 fFE8t oxidative
stress genes2| sl

MSC8PY| A|ZE o]-gsto] Absta] AEF A0 WAE
FAAE(SODI1, CAT, GPX1)9] @] u|X|= SACY| FaF
SAH o= g1k A3 M typedt wild type] 8P &
SACT-Z tjzto] Hlste] AkStA AEg Ao HE 44
A BE7F fosA AA LAstgickFig. 3).

4. SAC®} Hydrogen Peroxide2 X X8t FAX} gH&i9|

1=

H0

Fig. 39] ou] A3 Aol M type 8PF ©]-83t 1) oxi-
dative stresso]| THE §HAE(SOD1, CATS} GPX1)¥#t of

18

BsOD1
16 OCAT

BGPX1
14

1z

10
*kk

* P<0.04

T/R Cp scale

CONT (M 8P) H202 SAC

Fig. 3. SAC treatment reduced expression of oxidative
stress genes of M type 8P of MSC. SAC 100 #M treatment
suppressed expression of SOD1, CAT and GPXI1 significantly.
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Uz}, 2) anti-oxidants(COQ2, ATOX1} PRDX3), 3) cell death
(MADD, FAS®} STATS5a), 4) anti-apoptosis@}anti-aging¥} 33
& ROS pathway(ROS1, NOXO13} MAPK1), 5) anti-proliferation
(WNT3a, GLI1Z} GNL3), 6) cell proliferationo]] THojsh= 54
AE(STAT1, GTF3a2} NFE2L.2)9] ¥H&-& o fd A 2|7} 9l
= dE2 dH] O, T3} SAC Foi7t 7+ HEghs
reference genes(ACTB, HPRT13} GAPDH) gt 2 U] nor-
malized}til x}o]7} 2 ZHES A2 ¥ W3} 1A} anti-login gk S
2 APt =455k irhFig 4).

HO:Zol A el Hstel el 4847 over
expression| 910 Lk, SACZOAI = thi-Eo] Al siek SAC
T2 HO, 27} v wahd oF 147]2] 8- A2(SO0D1, CAT, GPX1/
ATOX1/ MADD, FAS, STAT5a / ROS12} MAPKI1/ GLI12}
GNL3/STATI1, GTF3a, NFE21.2)ES 3314 AAISHETH
SACE A3 AEH|Aof BAE -F-HZHSODI, CATS}F GPX1)
WES £o]al, ATOX] 4 HdS E3F anti-oxidant=, cell
death(MADD, FAS, STATSa, MAPK1), aging(ROS12} MAPK1),
apoptosis(GLI1, GNL3), anti-apoptosis(STAT1, GTF3a2} NFE2L2)
of #AE FAAES JASHATH

5. H:0,, SAC T2e| &KX} W&O| fold changes

HO,, SAC A 2|7} MSC 42} o] w|X|= F3FS reference
SARES HEZES 7|E S 2 nomalize$t target Cpgh(crossing
point, ZAHA|EF &2 249 Light Cycler Hi7¥ x)o=

10000 -

Anti-leg,, scale

uhs3 FAksead] o3t E7AE

SRR U g 867

Aol W o] Z7to] ghzA] EAISHYTHTable 1),

0, Aol O3] hRZHTF 2718 Holt §AkE 329
] ROS1(C-ros oncogenel)T} 1.6218}2] fas(TNF receptor super-
family 8), 1.58]2] ATOX1(ATX1 antioxidant protein 1) -3-A =}
Solth SAC AA = BE FAAE] t2ol Hste] WA
HEAE AT B0t SAC v vlaste] B 71 w2 57}
£ Hole= A AlZEga 7)o BE E2F8(11.58))
[E2F transcription factor 8] -F-AA}2}, CCNB(5.318])[cyclinB1]
FZAE L) Oxidative stress, antioxidants, cell death, antiapoptosis
@} antiaging, cell proliferation I/ -FAA = B5F ZHASIH O
™, GLII(5.384] &), ATOX1(2.54u) 74, FAS(2.464) 7+
2)¢] &M g

M

a

A= G = macronutrients2} micronutrients-2 F5}Ho] AY
o) 7)) AES) 7)e BAMOR RAA 420
&-4-& E3) transcription, translation 132 Z3 AAHE a4

e zlo] g Qloth nHEe] AGE A& 5 7P &3E 3
2, gro] ZEE Y 9l SACTF S 53} 9SS W2
H1Eo] ¢J=3}a A THColin-Gonzalez 5 2012; Amagase
H 2006), MSCof| m|2]= G 53] A} =0l gt w3t
o o= BuE =R 4492 n(Geng 5 1997; Tobon-
Velasco 5 2012), £3] SAC A X & th2o] S 4}9] profile

o

gk

mCONT

Fig. 4. Profile of genes expression of control, H,0,, and SAC group of MSC. H,O, group showed over expression of

eleven genes out of twenty-one genes, in contrast SAC group inhibitedexpression of eighteen genes comparing with those

of control group except ROS1 gene. Genes suppressed by SAC appeared to be related with oxidative stress (already confirmed
in Fig. 2, SOD1, CAT and GPX1), cell death (MADD, FAS and MAPK1), aging (MAPK1) and apoptosis (GLI1, GNL3,
STATI1, STATSa, GTF3a and NFE2L2), cell proliferation (STAT1 and STAT5a) and anti-oxidants (COQ2 and PRDX3) The
diagram displayed results from control, H,O,, and SAC group. Values of target gene expression were normalized by dividing
with 3 referencegenes (ACTB, HPRT1 and GAPDH) in duplicated experiments.
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Table 1. Summarize of gene profile expressed on SAC against H,O,
L Mean of T/R Cp
Groups Genes Description
H,0, SAC Folds P value
SOD1 Superoxide dismutasel 1.13 0.76 v1.50 0.035
Oxidative stress CAT Catalase 0.93 0.51 v1.82 0.023
GPX1 Glutathione peroxidasel 1.19 0.78 v1.53 0.037
CcoQ2 Coenzyme Q2 0.83 0.78 v1.06'* 0.653
Antioxidants ATOX1 ATX1 antioxidant proteinl 1.50 0.59 v2.54 0.003
PRDX3 Peroxiredoxin3 1.00 0.70 w1.42'% 0.081
MADD MAP-kinase activating death domain 1.46 0.66 w221 0.008
Cell death FAS TNF receptor superfamily6 1.62 0.66 v2.46 0.004
STAT5a Signal transducer & activator of transcription5a 0.89 0.62 v1.44 0.039
ROS1 C-ros oncogenel 3.29 1.60 v2.06 0.021
Antiapoptosis and . . 2
fiagi NOXO1 NADPH oxidase organizerl 0.00 0.00 ND™*
antiagin;
- MAPK1 Mitogen activated protein kinasel 1.39 0.75 v1.85 0.006
WNT3a Wingless-type MMTV integration3 0.00 0.00 ND™*
Cell proliferation GLI1 GLI family zinc fingerl 1.29 0.24 v5.38 0.004
GNL3 Small nucleolar RNA 1.26 0.54 v2.33 0.004
STAT1 Signal transducer & activator of transcriptionl 0.75 0.57 v1.32 0.134
Cell proliferationvia L
] ] GTF3a General transcription factor3a 0.83 0.64 v1.30 0.159
antiapoptosis
NFE2L2 Nuclear factor (erythroid-derived 2) like2 1.26 0.62 v2.03 0.008
E2F8 E2F transcription factor8 0.04 0.46 AllS 0.332
Cell division . . .
& ovel MKI67IP  MKI67 interacting nucleolarphosphoprotein 1.29 0.86 vls5 0.012
cycle
4 CCNBI1 CyclinB1 0.13 0.69 A531 0.003

Numerical value indicates decrement (W) and increment (A) in the fold of gene copy expression. ND meansgene could not be detected in

the design of this experiment. T means target genes and R for reference genes.

& A7 =Re ozl ol Yk

SACe]| 2Jal E2F83 CCNBl1& A 2Jgt A2 BE §7A}9]
o] FAE Hole= Y02 SACY} transcription®] Yot
Lo 7 83 98-8 3}= NF-kB(nuclear factor kappa
B)&/d& dose dependentstA| AA|sI T Bzl & AY
9] A3E FEFFTHHo 5 2001). MSCel HLO,S A A|3HH
reactive oxygen species©] 2]t £Alo] BHAEE, o5 A AT
7] 13k SOD, GPX1 &4:7} 2718t o, olo] ujg 421
2} @go] tha F718tg o, SAC EoZ-2 oxidative stress
RS AeAA B0, Fo] fjof 25 o] F ek
59 AGEY SACE hydrogen peroxideS 2 A|ASH= 7)
52 7k 9J20] I FthIde & Lau 2001).

MSCO| BEEL 50%7HA] HA2A7|= &34 H0, &9
o A= oxidative stress T2 GHAREL & Z0F HESHK]
UUE o= TE AlxZST 2 AFY MSCE in vitroo]|
] oxidative stress2] ROS & RNS(reactive nitrogen species) S
A As= 53] 2197 ulE(Valle-Prieto & Conget 2010)°]

2 #2550

H000 osto] oF 15819 $7Hs R 4Y Antioxidant 1
(ATOX1)+= trans-Golgi networko]|4] SODe| copperE A5}
L+ 7)%-& 7} copper chaperone S8+ 3ttt wrebA SOD=
copper2} ATOX19] transcription factorol] 2J8}] positive regulation
kol gekItoh 5 2009). THA] ZshH ATOX1 3271 5
7¥stH SOD F-AA 7tk & 4= itk

H0, AZ]= MSC| Al AFES Y27]31, NFkB &/0]
dojup NZ Abdat e MADD #-742L MAPK1 -4
Z} 9 FAS §-AA} @3 0] Z71= MAP kinase-activating death
domain(MADD) protein®] A= 11, o] TlZ-2 type 1 tumor
necrosis factor receptor®} AF&ZH2-3}H, mitogen-activated
protein kinaseMMAPK)S &AJSIA|7Ith= H 31(Schievella 5
1977)¢} G251, MADDS} MAPK1 -3 7H0] ool
AAEE Aoz Holth FASE 9o 9124 tumor necrosis
factor receptor?] superfamily member 6(TNFRSF6)2, programmed
cell death(apoptosis)7} F3Y == A|Z o] FH|| Y& == death
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receptor(apoptosis antigen 1, APO-1)Z, M| Z APE3} W31
wE o] ekl Frei(Maheshwari 5 2009).

ROS1-2 C-ros oncogenel 2] 23] o|m, A A= tyrosine kinase
receptor(E] 241 $1413t=8-A)) &) f7Ako]th Hydrogen peroxide
o &3 MAPK7} &/d3}%]= % 2+ tyrosine kinase ©]&3}
7] wfZ(Tabet 5 2005)0f & A4 H0, ZZ|ZF MSCe]| A
ROS1 W@o] F71eh2 FAgt do|w, MAPKI, MADD &
9] F7H= of7]¢) AAE ] Utk SAC Fol= H0, Hr} oF
28 A= 7F4A3FE T Hydrogen peroxide= & 7]A3Z 2] DNA
of el o] F3ke nH E7IAZ7F BA| AeolA 23kt
AR So7HA W] E7IMZY 24L& 7HM A= life
span®]] G- Frtal 3cHLiu & Finkel 2006). Tto 5(2004)-2
hydrogen peroxide®] scavenger?l N-acethl-L-cysteine(NAC) A
Az 2ER £7)4229 752 IEsctr Bustgich

ANZ AbE Ao Bt A 220 5 NOXOl1
WNT3a 5827} H0, A XU SAC A 2] EFofl A & =]
AATE 0= A SARTHE Al APET BA7L QL7
ool F EAY ol Tofst= WNT 83 HA =R &
7F5Ad o] &=tk H,0,7} organogenesis ¥ carcinogenesis 9} T+
AL WNT A28 ojAaiths Hiv} o & s 23
oltkShin S 2004). E3F Ho S(2001)0] RT3+ Hje} 7ho
SAC= transcription factor@l NF-kBE A|sl= 7]59] 7]
2ol SA] WNT F-42; ddo] HEE A gkt ok
NOXOI1-& NADPH oxidaseS Ht== S-Fxloln, F2 24
Alzzof| A w8 E-& Asfidhe hydrogen peroxide T+ superoxide
£ YA 98-S 3H=T|(Takeya & Sumimoto 2006), & A1
AoflA= FAF 27 LEskA] Qkth 1 o= SACE Al
2 GFYSIA7|TL MSCE B3 7152 S g Bote why
A7} ofYaL, H:0o= HA1 HHE Zo] oyt Al A
B o] Wko 2 MSCE A=31%7] wizoll NOXO 34 I
A= Ag7F Wrpa Al

NZ Bdat NEZ 7)o B2 E2F8(E2F transcription
factor 8) & CCNBI(cyclin B1)& H,0, HX|o) AL 2o A
9 gle AHG e, SAC FollM= tizte] Hlste] RA|gt
o] Adidos F7HHESS & o ok 28y di2
Heop 22 9@ o)7] oo A9 ou|E Fojshr=
ot

Q0w #=

A wE mIb 2 LR i) fE4ES Sallyl
cysteine(SAC) I} reactive oxygen species A2 thxz E2
3l hydrogen peroxide7} AE 2 F7HH E71HZMSC)
9] oxidation stress, antioxidant, cell death, antiapoptosis 2 antiaging

s bS] ot E7IHE AR T | 869

5o BAE $24 YR Zeujelg JIH PCR o
2 Aste] Oy, SAC v Hlasto] 2170 432 W=
o oz2n vmstdh 27 AR AL} AT
A G H=E Hole MSCHIEM type)E o835t 50%
AL NEZE Fol= 50 M H,0,¢} SAC 5=+ 100 ME
gt

Hydrogen peroxide A %]g MSCE= <ol H|ate] 11719
A7} g o] Z718FAAIR, SAC M A FoAE 217 4
2} 2 187) CAR7F AR E YTk SAC & SODI, CATS}H
GPX 5 AF8} AEeso] s $2% BAL FLAR
ot SAC= ATOX1 &a #4S F3l anti-oxidant2A H&=
3}a1, cell death, aging, apoptosis & -FAAL THS 7HAA]
Atk SACH H,0, AA|ollA = AlZ7F ST iyt S9A|
ZoA & 5 U= WNT3aet BRAAIZ oA & 4 Sle
NOXO19] W@E 4% 4 gsich

olbe] A2 THEAIHR) SACO| AbshA AEd|se)
2219 H0,E At 2aolt BF) Fast Gl 7
Al 27}, B WY 528 Yol MSC §44 7]
9] fold WEHE UosT 9l Sk ¥ ATE F
sto] gHAkst antrl QIR H AlE9 fAx Z2ukdof gt
ATLFEHE AL, o AN 2 A= HIF
o2 By G4 182 AEste) 10, £40] et SACY]
H5aag A+ Aotk

ZHAle =

2 A7E SololRrEia SedTue SuHgeone
A=Y,
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