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7] Wel o AL 2 S F4% Aoz A7Eia vt oW ""‘i:r'*‘ﬂl/‘i 37} ok
e e Bl EAEEES clonidined} ASAHEES 2- E
stel Mz e Al A e 2l dAAZE AT F AT ZAA A2
Azpe] g HAs A xe] FA 3} vlwstath

SAEES AT AbFe] AE7IA £el4 SIRTIL, 2,3, 2] 32 7 mRNAS] &2 4843 o] & F71813)
o, SIRT| Ffoll wet 571 A7 zbel7h weh 5A43gES 223 AE7|4 24 SIRTL, 2, 3, 212

I 7mRNAS] &2 2] 96A|7be] Avpd X7 A Mze| wa Foz 7r4slglch

o) A7E Fa AWENEE SASYAGEY Lnitrofluorenes] Folt AE7NES) Aol A3 E

sirtuin®] M| wle] 7]A e ©)d 7beAlE A A gk

dozjct WA S Tt ¥ A7l W} sirtuinl, 2, 3, 7 mRNA2] W Hil= fA54 32 v f354
) o] A FRHG. F WFEAL ALET|HEAAN Fof Z7]e] sirtuin

ok 4 Slek o] AT A SN 2 AEIAE) A A9}

o2 7| &2t : Sirtuin, AFEA|H}Z7| A £, 2-nitrofluorene, clonidine

M =2 okl yeaste] A& AAsI=d Fost Tl 3 A,

silencing information regulator2. g X&%¥d ¥ Z4

Sirtuins®= NAD*™-9|&A &4 F 0z thosl A FrelM = 77}7<H 7455 A (homologs) o] 7 = St
matael 4ARAe] AEHos Hejsps Aoz o (3 SIRTIS A4 w8y} A%ep] o Tojn e o
214 gleh(1]. Sirtuins: =3}2H8-& 2AF B opzr =3} I él%‘r—% Wolsks d&E 3 [4]. iRl
) Ate] SFAA (metabolic homeostasis)2] 52l = 7‘5.11/\ A sirtuing} G=F A3 Alo] & H] (o]3} CR) &3} Ab

o> o>

Al dAgte dirh o] EASL ok A7 EAAS oo d#{AE FHT A
°

£ SIRT3¢| 272 FalA
YA ARE 5 ool AW ATEY] WYL % Ak =8 SIRT3: CRE 5% Fabalahgel] Fad
Z] =

40z wlelal= Aoz oA lTH2]. Ags 3= Aoz g QloH[5]. =39 A3E
SIRT2: dkZFS A 3H3}e] (calorie restriction) H & zA-3te=d 2H8-5l= SIRT39] #H st o Flo]

ROS®| Mz Fxo} #-o] 9lFS Be| FUH6,7]. =,

AR B TR FHEE ozl 5
AR o AT Bsted olaBASL Ge-e HHEI
AR S (A st o)) 8 et wAl)

sirtuin AZe] YA g WHS) AR glo
g o, o Abshg st A GRS 2Ased F97 o
g 3 ek 53] e oA FFAelA A=
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236 XA, olxY, HEs, deEh 4 @
FIEE 293N 8% 54 /1% =x 24

o} 2 7]ell we} wlo}=7]| A Z (embryonic stem cell)
¢} XA =74 3% (adult stem cel) 2 F-EE} A Z7)
M ZzE gefst Nz 2318 4 qlon, o A&
& dE 54 7 e =3E9AY &4 =
A& A Eshet F3F Hel gldh ey
AE7|M 22 B3eHe EAde] LAY A AE
Ho| 2AHA 4> A9, o TS 2 AL F
A7F B 2 Qle FAIF ] i) o] e} vidj 2 2wt
Z7H Z wlE] welET M ZE MlZo|A A A=
HAAL ukgolvt &E|HQl FAle} 2 o7 1A
FAAE 7RI sle] GAFA A8l HE sHAE v
A3 sle 8] AAE7IMEE wiotEr M 2s £3F
S2E AT AAE SRR S8 b Ak
528 AT Q) il B4 2Ael Azz ¥3)
& 5 Qe 5L AT AO). Te e A7)
Az 2 A B F< 243 s)he Ak
Agahed] Bojstod, AAeAel Y 34, 21 0
TN S BN EA PP P
< 5ol DA o|eH[10,11].

SIRT19] 7% HNZ 2E# e st vks-g A3}
31 DNA B0 Zesl= Hloz odefx 9lvh[12,13].
Z| SIRT1e] & WS fr=shes A= Heo| HiF
a1 Qlth B3] F o] A7 ®A Z3 (neuroblastoma) 23
oAA oF A Ex13 FH o] glowm, fukse Al obA|
Z A FA2E v EEte R oF S A5,
ZHeFell M = SIRT1 FA42ke] Wl o] Zrishe= ® vt
QloH[14,15].

SIRT6:= M| Z9] HAE 2T o=z H & A3
w, A4 A|Z] 7% metabolic reprogramming¢] F243}
A Z7ksted §F S S7HA1Z19[16]. SIRT62] Wl
o] F7It 7= Ak WAse] Aol Ao
[16]. =38t SIRT62] uta-S- Eaf bAM| 2] apoptosis
7t F7VeHA "ok [17]. §ke] Aol Qle] & sirtuins
o] dgtx deyz| 3 9)o}. SIRT2¢} SIRT7 HA] gF Wb
AL Az Aoz oA itk SIRT2 2 F oA
frafetrat zhske] A o] FHISH[18,19]. 12t o]
D AskEel 9T ARD AL ok Bk
ke

AAZ7IME] dFA AUE7|HZS sirtuin}2]
Aol T e obd vl Aok ohie] QT
AE7 A2 ook simuingte] gl W3 A3)E
wushe o FeEe] Qewd, sinin g Hge) vl3-

O

Fo% 4¥¢ s Aoz nwHgc
#7054 WEAL DNA 4 Wk A2 A

& AzAdel B4 BT fEshe dow U
o, v)§AHEA WrEA L oxidative DNA 52
YA Akl whgahm, Ml 2F7] K R e} A Aol o &t
3ol ¥hg3h= o] 1 EAetH[19].

meba] B dFelMe w3 AETIAZe] dEdd
Arre] AE7|A Ze] F44 EEAQ] 2-nitroflu-
orener (2-NF), B]-§-4A wolE2 2l clonidine (CND)S-
ARistel Ao 44 WIE BAAGD. =R VLR
Ze]l °J&t sirtuin mRNA2] W&le] Wstg IHFsazt
stk & AEAY] x=FF AMFET|AE7} sirtuin
o W FuF o) 2228 Wolshs Aol Akl

1. AEE7 M= FE H i

Argte] AgE )RS TAl S 3eE o8
T84 21919 3] (IRB)2] 591& wrol o4 f<d

o] g 9] AA AR FES)de FET A
PEAE AUNGSE ol gsted 30 A F A
el w31, 719 = o} AA A F 0.1% collagenase
B g3l AYEA G 37°C Gzl A 0¥ 5
2488 AF . 593 oFe] DMEM-10% FBS §-<4-&
A7 F 260 x gol A T FE QA BeJshe] Heky
o WA =& >35edd ©hA DMEM-10% FBSel
S AIZ] F 260 x gol|A] TH Ft AA AR F
ey PAEe AR 249 FAEE 0um
IHE o] &3t MEZzAA7S AT F 10% FBS, 10
ng/mL EGF, 2 ng/mL bFGF, 1% penicillin-streptomycin
< x33}l= DMEM/F12 wj#] &Mejr] 5% CO,2 =
A 37°C wef71ell A wheFatsdet i eF 19 5 vl ok
Aol 2gshe AEEE AR WAl 22
A Aehe AEEW Aol wpsiel or, oyl e
290el] 3 4 mRAET FHAlL) oF 80% A= A
2 o 0.25% trypsin-EDTAS A}43}e] 1:3 v]E&=
s eFahedet.

2. Fd3tet=

werEd o] E7)A 2ot ohMl 2] FA2F e 1)
A ke AR SlEke] vHA SAEES &
A5 FES MY FASAdgERE 2-
nitrofluorene (2NF)& A3} 17, v] G414 =A]38HE-
2 X clonidine (CND)E A}l&-3l9ith & =
Sigma-Aldrich (USA)3| A= 2E] F-9)3}elc)
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3. MzHfet H =d=tel=E A2

AFE7)M = 6-well v oF Aol 2 x 10* cells/well
o W=z 37°Ceol|A] 353t 5k SR Algl>
Y= (CON), F-H5A3gE X2l 2NF), v]44d%
331HE A2+ (CND)oz %319l om, 2NF X2]+
£ 78 uM, 2NF= 2])3}4 1, CND A2 Zo= 600
uM, CNDS- 24| 7}, 48|17k, 72417 2 96|17 223}
Aot SAEES] A= £35S Z2A7] 938ked Dok-
torova TY S-¢j| 2]3} carcinogen ¥]|@ B 1E 7|Fo=
2NF2] 7% 39uM, 78 uM, 117 uyME FoJ3}93 32, CND
o] 72 300 uM, 600 UM, 1200 uME Eolste] 4] Z.2]
A7E vl fEste] ZA s [19].

4. MEAT 24

Az AaE EM37] $8ked 6-well plate s ©]&-
3led 1x10°cells/welld] =2 9Fx] F3F ujokl 3}
T ek 2702 MEZE Mokl dEEHE 2
7ol whet AIE 24X)7E, 48A17E, T2 7E, 96| kel M| 2
£ 0.4% trypsin-EDTA §-4-& o] §-3}e] A ZE vl FA
Aol A B-2]3}aL, 0.4% trypsin blue solutionS- ©]-§-}]
QA3 & hematocytometerE o]-£-3lo] M Z£Q] 5 =

L

24h
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Fig. 1. Morphology of cultured human adipose tissue-derived stem cells (hnADSCs) is changed by treatment with carcinogenic compund,
2NF (78 uM) and CND (600 uM) for 24 hours, 48 hours, and 72 hours ( X 100).
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Fo)A] sirtuin mRNA2S] W&ol m|X= o3k
7] 9)3ted % RNA (total RNA)Z TRIzol £
gen, USA)S o] &3} F=3}9it) 3% RNAE 1.2%
agarose gel Aol A A7) ES AA|5t9l o ethidium
bromide 2 g3l & RNAQ =55 =A 3T}

2 RNA<2] oA A= Superscript III Reverse Transcrip-
tase kit (Invitrogen, USA)E A}2-8}5ic). ¢4 3uge] =
RNAE 10 mM dNTP 1 uL, random primer 2 uL., DEPC
water 4 uL9} 412 F 65°CellA] 5E F<F HHeAIF -
10x RT buffer 2 ul, 25 uM MgCl, 4 uL., 0.1 M DTT 2 uL,
RNaseOUT Rnase inhibitor 1 L, 28] 32 SuperScript III
Reverse Transcriptase 1 uL2] E3FE& Hl-Soleo)| >
F 50°Cell A 5048, 85°Coll A 58 E<F uk-2-A]7# cDNA
£ FAsAT 4" cDNA 3ulel| =Zgjeo|n| E3HE
2 uL¢} Platinum PCR SuperMix (Invitrogen, USA) 5 uL
E EFT F 04°CollA 5 53 uESAIZL F, 94°Cell
Al 30z, 57°CollA] 30%, 72°Coll A 30x2] 7H4 o= 27
cycle HHE- Wl A Zo}h HEE- wl-e Fg Z 72°Col|A] 7
5t HEEAI R

PCR WHg-& 13 §AA} Ho]H zelo|mE o5
2

ZA}a)

29 (Invitro-

SIRT1; F-GAGCTTCTTGGAGACTGTGATG
R-CGCCTACTAATCTGCTCCTTTG
SIRT?2; F-TCGCAGAGTCATCTGTTTGG
R-TCGCTCCAGGGTATCTATGT
SIRT3; F-GCTGTACCCTGGAAACTACAA
R-CAACCACATGCAGCAAGAAC
SIRT7; F-ACTGCTTCAGAAAGGGAGAAG
R-CACTGCAGGTTCACGATGTA
GAPDH; F-GGGTGTGAACCATGAGAAGTAT

R-AGTAGAGGCAGGGATGATGT
GAPDH%: control #£2]2t2 A}8-3}9] o, PCR A Al

E-2 ethidium bromideS 233}l 1.2% agarose gel A}
ANl A7]dFell 2l Feldte] FAstw A7]F%
AR APz EA37] $9)3te] Fluorchem HD2
(Alpha Innotech Co., USA)E ©]8-3}o] &3}l density

£ 2456, A9 W TRYE v A

I
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o4 RSHC}.
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Fig. 2. Growth rates of hADSC are decreased prominently by treat-
ment with 2NF (78 uM) for 24 hours, 48 hours, and 72 hours.

&<l CND (600 uM)$} -4 =54
(78 uM)E- 24A17F, 48A17E, T2A|17F 53t A&7 |A|l =
o A2jsted Al=ze] e HEsde
A& 7|H £ 2NFo} CNDE A& 5 2447 W
o MERFe] dlztell wls) v 7hex ZA&3 e
= gAs] W3lelglet (Fig. 1). =31 o) 223 CNDA| 2]
Z2 4827k W} Fol wheFAlel <k 80% ©]4) 100%
A=7kA] ZA13 A9 2NF A 2] &2 o 60% A= F4]
B A A Ao 244 Ak 0 A
2 72A)7} ekl E¢t YlxZ3} CND Ha)E »
B} *ﬂi Alo] A= glem, CND 22| HA 94l
= si=t (Fig. 2).

2. =d=lEt=0] olet XALET[MZ0|AM SIRTH

b 2t =A313HEo] A WHE7)Al 2] SIRTI mRNA
Wel] w2 ok AWEEY) 918l fA 5SS
E<l 2NF (78 uM)$} ¥l 54 313HE<l CND (600
uM)E 24A]7F, 48471, 72%]# 9 96A17F EgF A|HpE
71 Zo| 28k & SIRTI mRNA2] 3 W3}= RT-
PCR& AJ3j3le] b9t

SIRTI mRNA®S] HH8le 8- =4 315+Ee] INFZ A
2]gk 48A17F FHE] AWE7 A Z A 2zt Frlslg o
), 72A7ke] BE F FHdlz2 F7FsFsAT) 964]7te] &
& W oA 24417 A Ml Ee} FARE ek
9tk CND 2] & SIRTI mRNAS] w3 ofAke ONF
= A A9 Al en, 48412 & Fsle]
T2A17F Folle Hul2 sy oA FA ZFa
st e} (Fig. 3).



2-nitrofluorene 2} clonidine} X|4+=

no treat_24hr
2NF_24hr
CND_24hr
no treat_48hr
2NF_48hr
CND_48hr

lane 1 :
lane 2 :
lane 3 :
lane 4 :
lane 5:
lane 6 :

2.5

lane 7 : no treat_72hr
lane 8 : 2NF_72hr
lane 9 : CND_72hr
lane 10 : no treat_96hr
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Fig. 3. Representative gel electrophoresis and analysis for determining sirtuinl
treatment of carcinogenic compounds for 72 hours.
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Fig. 4. Representative gel electrophoresis and analysis for determining sirtuin2
treatment of 2NF and CND for 48 hours.
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Z=7|MIZO0|A sirtuin mRNAS]

lane 11 : 2NF_96hr D\é
' & X X & X &
lane 12 : CND_96hr 'ée”b S {5\0 »ééb S (5\0 .&@ S 0_\0 ,ée.'b S 6\0
® <° ® <

mRNA expression show increased levels in hADSC with

mRNA expression show increased levels in hADSC with

3. SAIBHEIR0| I8t X|WSI|MEOIAM SIRT2 4. =AIE1EH20] of5k X|wEI|MZO|M SIRTS

mMRNA gt51 B3} mMRNA gt54 B3}

SIRT2 mRNA2] 8o & =X 31512< INFS ] =43}52 8] & SIRT3 mRNAS] %3S INF=
G 4BA7 F APEIAEANN ZAhskd et o F M 482 A} glent 12476 FAS
ThA] Apasted, 96417ke] F BHA] 24417 Ae] AlEs) %ﬂaﬂqowfqnvaAﬂi7L1%4me
ks wraleke Btk CND2 A2g & SIRT2 = 23t & SIRT3 mRNAS] urge 72x)7F & 34
MRNAS] 9l opAhe ONFE Hq A99 448 sl Z7hskelom, 1 o F Al A4 e A= 3
48N F 2SI om, T o vha) A4 R A askde(Fig. 5).

72340} (Fig. 4).
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Fig. 5. Representative gel electrophoresis and analysis for determining sirtuin3 mRNA expression show increased levels in hADSC with

treatment of 2NF and CND for 72 hours.
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Fig. 6. Representative gel electrophoresis and analysis for determining sirtuin7 mRNA expression show increased levels in hADSC with

treatment of 2NF and CND for 48 hours.

5. Sd=et=E0] ofgt X|UEY
MRNA 25 B3]

|M|Z0|AM SIRT7

48 X1 71|
ZJ A}

SIRT7 mRNAS] ®W& 2 2NFE g3 =
FAA 27ksrgl0n), 72417ke] if—— F oh %
222 7HA4steoh B4 = 5l
A|17ke] 73 3hol] w2 SIRT7 mRNA<S] —Jfﬂ oFAF-2- 2NF
T AU A9 A 8A% F F
stod o, 72417k o] F Al AAF W SR E ZRAs)
%ot (Fig. 6).

SIRT7 mRNA =45gtee) Ao WA

K

ol AR s Molom, M2 & Hubdeow Z
7Vt eh. 18y 96AI7 el = EE Al Eo A SIRTT
mRNAS] o3o] 2447k 2] M=z} FARE AHfs
By
LA~

g2 AFE 59 sirtuin YA Ee] @2 A3E =
of, @5 AAtel A, A S, A1 A E 31 g SellA] 9
AHel 2HdAEA Hgste Aoz AZEa gle
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ol RiAA gk ol v

Metabolic reprogramming2] ,Jrzé] o] oAz e] Fast
QA ole}. AAFA QL Aol A M2t 3t o w3t
2ol Ak Bl RS 9A Hed, we Age
sk bzl A% elycolysis7h 274EE Aoz o
A Sk o) e Bl AzEo] el BT b
S& AzEel AYST sk Aoz ojaisha Uk
o]al #4}S SIRT37} ROSO| 24 7142 =3 HIF-
las] BbAE o Fe] vml, A} Hgo] vl
E 9% 7] wEo|ob[20,21]. SIRT37} #hs ==
735 olEgt Al HZke] AA|EH o] Hs F3
SIRT37} ¢ wHAY, 53] faist vy JAshs Ao
2 AZbsta 9)ob[22]. SIRT1L] 7% M =ze 7182 &~
Ed el A3 wke-& 24k, DNA Bl defshs
Aoz oA Qle[12]. =3k HIF-las} 2H8-38le] §F
WA H RS A gk [23].

A L2RE G B DNA £45 0 @
semo)zye] AsEcky deid g 53 44
S43HES AL Welx DNAZ £4A74 S
kel U 42

Ez‘sﬂ Ed¥H o)z}

°l7P Azl el Y mE z 3
e ey, TR o WS R 4 e
[24,25]. Z2=ivt fA A3 HAd Abelo] dAtA]e] 3t
4 AT AL ot BlSeo] WA AlERdE
ZIMNNAY AZAPE S JAIA 7= b4 54
7146l QslM = ik 9l [26,27).

o] ATl AETIH ] EAH ]S s
SAA =A35HEel 2NFe} v $-A =A13)3tE
CNDE A3l EdrelE f=slolt o] 5 53l
7\ M Z A sirtuing E3F vlo] 71" o] 2HEsl= %]
ARstodet. §A%4 SA3HE vHAH 5435
A|9pE7| M Zo 4 SIRT mRNA "ol 1 -]b oJ5ke
B3 Agfoa] = 22 =AIEIE = AR A
ZFe] A &= SIRT mRNAS] #3S _57}4;;;}_ 15
0y WEte] AZEE sirtuinel] Ffell wel =g
Apol7} wiek HAHFES] F/ol W Aol A=k
o] Axl= §HEA] HA glo] HAI3}EEo| sirtuin
ulg e ewdl 7oz AAEW uelr] =A15E
Eol| 93 sirtuing] WL A XS A= W FE]
g Z}7H2H] (autocrine) ] UF o7 AY7HET)

‘F

l-N i r& r

T

P

Lo

Su|EA = Alzbel] whE sirtuin mRNAS] WHale] 5f
A olgt: Aol HA3ES] Fof X7 sirtuin
o] Whgle] F7lekel om, BE sirtuinod] e} HAEHgt
E AE F 96A|zke] HH 7] WY $X 2 Eolgprh
A4 SA43EES v A SA4EES 2R A
HE7H 2o A ZF7]8] L5 FFAA7|H, X
Az 7k ask @ 4 Ak 53] 5
S312<) INF7} e DNA <iboll B8 who] 44
9] dF 02 sirtuine] Fodl= Aoz AZEL T8
o} Alzke] Aneka A|&Hel ko] balAIR A
Abde] whet sirtuin®] W3] A=) AadE Aoz
Ay 7ahe),

e Ao Sirtl®] 73-$¢- proto-oncogeneq]l Myc-
oA Weol JAIE F3l o WAL Az Aoz
F353kar gl (28], 53] sirtle] Wal o] FrbslH 3
o} AR gFe] WS A ZIGT el lHH[29]

F| 29| sirtuin®] M-S A FAETA 7]
Aol &S ksl Ap=e] FodAlel dsirE=
Be Q7 Aws} wusged, o shlsa gk
¢ro 2 sirtuin®] W3 o) /‘1]34 84 = ZelA] A
2o Qe fmehe A oA 2o} Ael <

o=z A7 5]\:]- 3+ 77}A)9] sirtuin g+

LR ol A= B - w3 ef
B 701 Sl 21 2 A e
@01 o2 Hghel| df3t wre7|HE B3k AARIA], ofy

W oY ZEA]] 71" e] ExfEe AR HE o
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Abstract : Sirtuins (SIRTs) are involved in multiple cellular processes. And they are involved in cellular path-
ways related aging, cancer, and a variety of cellular functions including cell cycle, DNA repair and proliferation.
Also they modulate life span. Stem cells have the ability to self-renew for unlimited proliferation and differentiate
into various cell types. It has been a little known that the mutation of undifferentiated stem cells in tissue may re-
sult in the development of cancer cells by genotoxic carcinogens. Therefore, this study investigated whether some
carcinogenic compounds can modulate the expression of sirtuin mRNA on human adipose-derived stem cells.

Adipose-derived stem cells (ADSC) were exposed to genotoxic carcinogenic compound (2-nitrofluorene, 2NF)
and non-genotoxic carcinogenic compound (clonidine, CND) for 24 hours, 48 hours, 72 hours and 96 hours. The
expression of SIRT1 mRNA increased on 72 hours. Expressions of SIRT2 and SIRT7 mRNA increased robustly
on 48 hours. But all of SIRTs decreased to a level before a treatment of genotoxic compound on adipose-derived
stem cells.

These results demonstrated that a treatment of genotoxic compound induced the expression of SIRT mRNA only
in the short time. But their level returned to untreated cells on 96 hours. They suggest that the possibility that the
sirtuins can retard the carcinogenesis of adipose derived stem cells.
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