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Abstract

The role of Nrf2-ARE pathway on the Sestrin2 gene regulation

Bo Yeon Shin

Advisor : Prof. Sung Hwan Ki, Ph.D.
College of Pharmacy,

Graduate School of Chosun University

The Sestrin2 (Sesn2) gene encodes a conserved antioxidant protein that is induced on oxidative
stress and protects cells against reactive oxygen species. NF-E2-related factor-2 (Nrf2) is an
essential transcription factor that regulates expression of a variety of antioxidant genes via binding
to the antioxidant-response element (ARE), but the role of Nrf2 in Sesn2 gene expression has not
been elucidated yet. The present study investigated whether the Nrf2-ARE pathway regulates Sesn2
gene expression and the identification of the molecular mechanism. The Nrf2 activators, fert-
butylhydroquinone (t-BHQ) and sulforaphane (SFN), up-regulated Sesn2 expression in a dose- and
time-dependent manner in hepatocytes. Also, t-BHQ increased Sesn2 mRNA and luciferase gene
activity, whereas the levels of Sesnl and Sesn3 mRNA were not affected by t-BHQ treatment. The
specific role of Nrf2 in Sesn2 induction was verified by using Nrf2 overexpression plasmid and
Nrf2 knockout or knockdown cells. In silico analysis of the 5' upstream region of Sesn2 gene
identified a putative ARE sequence. Deletion of the putative ARE demonstrated that the ARE from
-550 to -539 bp in the human Sesn2 promoter was critical for the Nrf2-mediated response.
Moreover, SFN injection increased Sesn2 mRNA and protein levels in the livers of mice.
Knockdown experiments with Sesn2 siRNA showed that Sesn2 is required for the Nrf2-mediated
cytoprotective activity against hydrogen peroxide. Our results suggest that the Nrf2-ARE pathway

is critical for Sesn2 gene expression and might protect against oxidative stress.



HEgt A ALFROS)S o] 7HA AW #do] glow, FE A TFe
FAHE R mEZEgotoA] AakEo] A o Y 2 9 O AE s FReA
8% s vt [1]. HE3 ROSw Fudt @AksE wo] Zlde] oaf Al elA
SAl A A" Sulfiredoxin(Srx) Al 81 IAESE Peroxiredoxin(Prx) 2] cysteine sulfinic
acid &€ FvlE S8 Prxs ABAGSAFA FAakst oo Fogh TS HIeta
Tk Sestrin(Sesn) 5= A AEH|QD Y a4 S 7HAH, dAkst g 2

HrstE AZE A HZol gAY [4]

Hi9s% &elxl Sesm2t= F710] AAMAT, DNA &7, Abshz] AE Ao whg-éfo]
W E = PA26 s AR WS AATE [5]. Sesn28] R #AFSE Prx] A sHE
gl AL e FANES e gokd AEH A dish AXRS ddS
zb=t} [5]. Sesn2®] WS ps3 @ HIF-1 oA o2 ZAHAY [56]. H<- Budanov®
A el oshi Sesn2i= =T ROS Al ofal &4 vEZE=g oS mTOR
NZE AAFOEA autophagys frEste] Bt a8 02 AAT 5+ Ut [7.8].

Z7Fe ROS % X AFA= antioxidant response elements(AREs)®] /315 F3
Aol Fakst FHAES fFEeth ARE WSl Az 2dS FE O bzIP
HAARRIALS] cap’n’collar 3] 2] Al Nrf2ell 2J8] FHEw, ©]i= glutathione S-
transferaseA1/2, hemeoxygenase 1, UDP-glucuronosyl transferase 1A, NAD(P)H:quione reductase,

-glutamyl cysteine synthetase & 3X33sF T2 A4S a4 WHHS Fds= I
AAL Q24olth [9]. N2 thekst 223 AlE f3 o] dAste] B, A4

AEY A #AAEE Ao oe] 7] HTI|EA FS sk [10] A W
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of vlof] ARE¥E T} [11]. Nrf2 Knockout WH$-~= ofA| Eolu] -9
SEFS o] AEHAC s vheARG Hle) o e A S Zhev [12] ol
HT AT Aye] mEw AsE AEf A HEd wE2 AbslE AEYAZREH

& Sk Nrf2-ARE o|=4 ARE §8of, Sesm29t 7]so] AR Srx19
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2 AFo|AE Nrf2-ARE A 27} Sesn2 32 & 24 oF W #2474 74
T etk ATE Nrf2 A 3FA| 7 7HA| Eol A Sesn2 WIS &
Knockout H+= Knockdown A2} Nrf2 3d ZetAvn|=E AFE5lo] Nrf22] Sesn2
o] the S HFEth Adrt Sesm2 LR TE M FH ARE MES
wAste] A4 E=AWol FxE AASEY] Sesn2 ZEEE | Nrf2-ARES] &

THEAth E3 TE RdUoAT N2 FAE7F Sesm2E RS sttt
npAuk o 2 Sesn27F ZEA O T Nrf2 WA AME A AE#HA 9E AR Q4 EHE



I.

[I.A3AE 2 49

LAl R A=

Nrf2o]] th3t d4:= Santa Cruz Biotechnology (Santa Cruz, CA)°lA &3St} Sesn2
A= Proteinteck(Chicago, IL)ZHE LAt} tert-Butylhydroquinone (t-BHQ), hydrogen
peroxide, dimethyl sulfoxide (DMSO), actinomycin-D ¢} B-actin &A= Sigma Chemicals (St.
Louis, MO)olA %133t} Sulforaphane(SFN)->- LKT A2 (St. Paul, MN)°lA

2. AMEujeF

HepG2 ¢ H4IIE M35+ ATCC(American Type Culture Collection, Manassas,
VA)ZFE T8t Nrf2 Knockout ¥ wild-type MEF Al 3£1= Dr. MK Kwak (Catholic
University, Korea)ZH-E] A &wrottt. Al¥EE 6well plateo] welld 1x 100 O &
aFaklar, 70~80% AR EIEE zhe Aol Addsklch AEE 10%

Bl & A (fetal bovine serum), 50 units/ml FHYAH 2 50 pg/ml streptomycin®] FFHF-%

i
o*

Dulbecco’s modified Eagle’s medium (DMEM)A] 37C % 5% CO, =7 3lelA
Hje¥&k Tl +-BHQ (1-30 uM) 2 SFN(30 pM):= DMSO°] &aiA|Zth AES A7) A
A7k PBSE AZE 7 W AlH S

3. RNA #3 % AXNZF JAA 2854 A4 98- (Real-time RT-PCR)

ofj

RNA<= Trizol(Invitrogen, Carlsbad, CA)= AFg-3to] A=Al A He whet
=3tk 1 pug® RNAZ o] oligo(dT)y = AFE3sIe] I AAMAA cDNAE
Sth cDNAT 1175 cDNA 4 kit(Bioneer, Daejon, Korea)?} thermal cycler(Bio-Rad,
Hercules, CA)E AFg3Fo] T3 A]FTE Real-time PCR-> SYBR green premix(applied
Biosystems)2} STEP ONE(Applied Biosystems, Foster City, CA)S ©]&3}o] #|zA}9)
A el wel F3Egitt. Zefolv = Bioneerol A A AAEHAG. A g

-3-



glyceraldegyde-3-phosphate dehydrogenase(GAPDH) 2] gt &l o=z A st3 T}

AHE 9] 5ol 2 melting curve w412 F8Fo] EQ1EHSI T

o[\
I
it}

SENSE 5’-CTTCTGGAGGCAGTTCAAGC-3’
human Sesnl

ANTISESNSE | 5>-TGAATGGCAGCCTGTCTTCAC-3’

SENSE 5’-CAAGCTCGGAATTAATGTGCC-3’
human Sesn2

ANTISESNSE | 5>-CTCACACCATTAAG- CATGGAG-3’

SENSE 5’-GTTCACTGTATGTTTG- GAATCAGG-3’
human Sesn3

ANTISESNSE | 5-GGGTGATACTTCAGGTCAAATG-3’

SENSE 5’-TAGCCTGCAGCCTCACCTAT-3’
mouse Sesn2

ANTISESNSE | 5> TATCTGATGCCAAAGACGCA-3’

4. EZAVE Az 9 EH fAA4 4

Human Sesn2 X 25 E 7|HF luciferase 73 pGL4-phSESN2+ National Bio-resource
Project of MEXT, Japans %3 RIKEN BRColl ]3] &3 %3ttt Murine Nrf27}F &% 8}%
pCDNA-mNrf21= Dr. Yamamoto=F-E] 50 W3ht} [14]. Sesn2 A4 EAWo] L2 TE-
luciferase & 2FA~1| = pGL3-phSESN2- ARE°|A] ARE®] A|Ai= PCRel| 7]x3t W e
&l whEolxlth mdAMo] EgAv|EE F% PCR 7| % pGL3 7]& ZepAv|Eof
ligationd}o] A FT} (Promega, Madison, WI). T7F& 2 DNA A ¥E ABI7700 DNA
cycle sequencers ©]-&3Fo] AMGRA S sto] FAFTE Sesn2 TERE FRO S
o]F 9] luciferase 2]2E F4 A|AES AFE-sto] &RISHATE (Promega). HepG2 Al 3E
L2wellell Aujekato] whA k= Aar, 6 A F<t A-ndsiglon dAFow

24712 Sesn2 X REEE]  luciferase TEZEI pRL-SV ZEAU|E(FHAFY] S

T
s

AAsteki=dl AFE¥E+=  Renilla  luciferase 7Y ZEFAU|E)E lipofectamin
Al 9¥(Invitrogen, San Diego, CA)oll Z3alo] 3 A|ZF 9] W 172 * 6 A7F &3t t-
BHQ® =ZA1HT AX f3lEA]  firefly % Renilla luciferase &>
luminometer(Promega, Madison, WI)E Al&ato] 5743kl th. firefly luciferase®] €74
luciferase 2] AleF II (promega)S Al FAMY] A AW wpe} Y1 4315 2™, renilla

luciferase WH5<> Stop & Glo A]eF (Promega, Madison, W)= H7}go = 7fA it
-4



T luciferase A A firefly luciferase ¢l Renilla luciferase® AM& 33t
AR AFM, M ¥E:= lipofectamin(Invitrogen)= AF-E-3F9 luciferase | 3XE A AF9}t
ZA%%¥ pCDNA-mNrf2 % pRL-SV40$} 35 AFTUAZE. FAFHE AE2zsE 1%
¥ DMEMel| 24 AJZF t©] wHjeFste]  Gal=olA  luciferase S

3k
o]
golstitt. T+ AX= & ZEAvE pCDNA3.I(mock FAFIE FLH

SDS-polyacrylamide gel electrophoresis (SDS-PAGE) %! W& 22 o] dof w50zl
Azate] weba AT [14]. 53 Ax 30 dud = 3 FE2ES 7.5%
2% A A7]olwel s | E AL, nitrocellulose A o] 7] -5
o] &3sfo] HMolAIF ). nitrocelluloseX] = 1% A2} HH-SA|Z] F ©]ojA] Horseradish
peroxidase(HRP) 2} A st# 22 Al (Zymed Laboratories, San Francisco, CA)2} WH&-A] 7] 3L
ECL iluminescence detection kit(Amersham Biosciences, Buck-inghamshire, UK)= A}-&3}%
PG T, gald o] FAdsk 2ok A O] Ponceau S FA E Actin 0.2 FISHI T

Sesn29] #¥ o] W3l= densitomety A7M-S F3l| 2l

6. siRNA Knockdown 23

A3+ Lipofectamine 2000 AFE-3lo] H|EZA thZ+- siRNA(100 pmol/ml)2} Nrf2
= Sens2o thdt A A< siRNA(ON-TARGETplus SMARTpool, Dharmacon Inc.,
Lafayette, CO)S 24 Al7F &b A Z2AS] A AJE W o] wha} =918kt

7. Invivo

T EATL Institutional Animal Use % ZAthstw o] Care Committee 2] A 3ol whe}
SFTE 10% polyethylene glycol 400 £-3fAZ1 SFN (90 mg/kg/day)< ©l5 &<t
mice(N=4)°l ZFFo] st =T mice (N=4)& 274 polyethylene glycol 400%F
Fo gt Mice= HFAA = 12 Algkel ol 22 MES AAUTE Sesn2 @ Z 9l

mRNA - 7+ FA Mo A =75}

-5-



8. AT FE 59 &4

AEEA Z4L HepG2 AEE 96-well plateo] well @ 5x10° WEZ ZolFar
7 siRNA T+ Sesn2¢] th$h siRNA(100 pmol)E hpofectamme 2000 24 A|ZF FoF
ARe] A Aol whel F]1eklth A= SENS A A 5 30uM, 1 AIRE A AR
tro] 2y kst (500 uM, 12 ARbhe AASAT. AA § AlE= MTT
A19K(0.2 mg/ml, 4 AlTH o2 ST} A= A AL formazan crystal A/d =2 200
ul®] DMSOE Holgo] gl H Tt &35+ ELISA microplate reader’] & AF&-3}o]
570 nmel A S A2 AEFHS vAY HAEZ] Audos Aot

[BESEH% DEZ)=100x (M2 WZ2 THAEVHEZY 535

9. TAAH

One-way analysis of variance (ANOVA)E ©|&3lo] X513tk A2 fF-240]
A Iwell tislA = Newman-Keuls test® “155%F H+S v sttt dolH &= S
+S.DE X7l er BAA 4L p<0.05, p<0.01S 7]F o2 &Fgith.



1. A48 23

1. Sestrin228] Fde] glo] Nrf2 EA3HAS &7
B oA Ao o]He A= t+-BHQZF FE Nrf29] @A 3A]7]11 AREC] A 3td
Nrf29] Aghe F& dAaks FEzbe] Hd S SIS BT [15]. HepG2 Al E
of oj2] Fx8 t-BHQE A XA slo] Sesn29] & <] W3tE &lslit) (fig. 1A). t-BHQ
of 98 Sesm2: FE FH O R F7FE QAL t-BHQ 10-30 pMo Al 23 #lo] Hoj =
Z7vetelth 30 uM t-BHQO 9] 8h Sesn2 S thokst AlzkelA] Eelstelth (Fig. 1B).
Sesn2®] Walo] t-BHQ A= § 3 AIZHFE] 12 A3F Fol T7FE 1™ -BHQ 24 A3t
A2 Al Sesn29] v HWEEA Fokrh
SFN-> 798k Nrf2¢] EA3tE Fal 24 sl &
A A 3k= phytochemical -2 3}8hoq ¥} 2} Ao|t}, [16]. SFN %] W3+ HepG2 A%
o A Sesn2 &S F7FAIFATE (Fig. 1C). HepG2 M EZA Nrf2 EHAo] f 25+
Sesn2 Walo] tE T FAEFONN HWHEEAES HANE = AXFE ARESH]
Sesn2 25 V3T Nrf2 B4 314191 -BHQO 23 Sesn2 =& HAIE A EF]
A% FYsHA YERSETE. (Fig 1D).
Nrf2 43 A7F A 02 Sesm2E k=4 o5 Sesns®] mRNA Hd 2% 3}

_4

Jt
[
i
:{o
HQL‘
|o
i
%
o
o
i

e,
flo

o] B Z3 A F Real-time PCR #4] © & Sesn2 mRNA #'#o] +-BHQO ol& #-2atA =
7FE 5o] #EQlE el 12y +-BHQ # *| | Sesnl¥} Sesn3 mRNAE 25 A ¢kqto
] (Fig. 2A), ©]& Nrf2 &4 3A17} A 02 SesnlF} Sesn3= o Sesn2 -7 &}t
S AgRor FE3S AAFSHE Sesn2 B EE FHAF 42 HepG2 AlZef Sesn2
EZEE -112991A4 +192 bp Y9GS L& A EE AFE olE AX YR
HAE st AT A =YY A FEo t-BHQES A=A § A3} pGLA-phSESN2 2]
luciferase & o] F28HAl S7FE AT} (fig. 2B). AAF A A|Q] Actinomycin-DE t-BHQ
AAet7] 30 & AAAFFO]  Sesn2o] =M I mRNAS HHS FHSA

Actinomycin-DS *] %] A] t-BHQ®| 2J& F+E¥ Sesn22] w2 2 mRNAS F7H71 &

-7-



HetA Fashgitt (Fig 20). o]9 22 A= -BHQO o $ Sesn2 F%=7F HAMA =

2. Sestrin2 43 A Qlo] Nrf2 843 FAHF 9T
o yobrtb Sesn22] d el QlojA Nrf29] oS AH
AU EE A el =kl Nrf22] RS Ses

9] luciferase TAL Z7HA A S Z M Nrf27} Sesn2
(Fig. 3). th=22 Nrf29] A<o] -BHQe| & =%+ Sesn2el 3¢S v A=A&
H 73k ek Wild Type MEF Al oA = Sesn2 & o] Z7bek whdol, Nif27F 4
Nrf2 Knockout MEF A|XEFo A= Sesm2E F%3F+= t-BHQS| 7]&5©°] €3] 2etE gl
t}. (Fig. 4A). ¥ Yol7l Sesn2 f-%0] Nrf2e] 9 &8-S <lst7] &) $-2l+= siRNAS
AF-3Fo] Nrf2 Knockdown %71 &Foll A +-BHQO 2%+ Sesn2 23S ##3}9lth. Fig. 4B
i siRNAC] ]38k Nrf2 Knockdown©| t-BHQ °]&% Sesn2

o] Nrf2¢] Knockdown> Nrf2 & & A3 "AdFEAH o2 It} o9 e 24
#=2 BHQO 23 Sesn29] %ol Slo] Nrf29] @437 AR o79S 9wt
t}.

ﬁ;ﬁm
mmm
i)
m?L"E
mlo?j
£ o+
o
T35
o 0
KNS

-l\"l

3.Sestrin2 TZ R HA 7|53 ARES &<l

human Sesn2 A5 99S AM3S] £243F0] Sesn2 ZZHE oA AREEZ FHH &=
o]-& 29kt}. ARE [5°-G(/ A)TGAC(/G)NNNGCA(/C)-3°] &= o] d4r3l fAxte] =4S
2] 8k cis-acting 2.4°]™ [17], human Sesn2 A% $ 39 in silico %4 © &% human
Sesn2 L Z R E oA FFa}# ARE Hoé—% LZ3k3ith o] ARE AL A9 5500014 -
539 bp7kAl EZEAE T2 RE JAo] $HTh o F2 Sesn2 TZREY in silico
oA AREZ F4 5= F97F murine Sesn2 A &S] -65701A4] -646 bpoll A 7 =]
ST (Fig. 5A). -2l Sesn2 R FEoA 7hsA Sl AREE A A3F, Sesn2 - &k
FEo14 AREQ 7|54 &S #AFAEA T Sesn2 ALY L2 RE G oA AREY]
AE2 Nrf2 02 QI3 lucifearse & X E &S oA Th (Fig. 5B). ol& s 4
= 97} &3 Sesn2 EZFE|Q] ARE7} AA| 752 st o] Nrf27} Sesn2 W

-8-



Fdxdel dF4dE veRdo

4. In vivo ¥

Nrf2 & 3bell st Sesn2 T 717F vh-AolA] PR EHEAE dolH LT Sesn2 WHE
S7FARE 2 A A% SFN AA F 12 ARF FH E H9 FrelM wEEelth vk
b 22 WA A A3} Sesn2 T Ho] SFN Fojo] oa] dA A F7HE AT
(Fig. 6A). T3 A A2 RT-PCR ol &J3l] Sesn2 WS A3 HSITE Sesn2 mRNA &8 -2-
SFN Fojof ate] = Hl F7}5 lth(Fig. 6B).

il
b

5.Nrf2 "7 MERE g7 9loJA] Sestrin28] S &

slstef i)} B2 SFN A X = Nrf2 8435 Fsto] ohafst ~ i}-5- 5]
8]. Bl=ol, Sesn2 + Hatsleisl B HAgEC uldh Ax
o] Aol #ost= Zo® RIEHTE [5]. Sesn2 7F Nrf2 2} w7l E A3 Ao

[
o
[>
BN
N
=2

us)

rr

SEEA AARE B7ksy] fEl, 12 Al Eoh HAEe RS ARl A A ko] MTT
A& Shglrh 30uM SEN & A A Al ofde] Raldl withE SpAkSh A g
friesle A Eds 3938 LR [19]. 28] Sesn2 siRNA 9] A2 U} =942

2]
SFN of 93t #Alald4o] tigt AlE BT 552 FoFoz oAz} (Fig. 7A).

Sens2 °] Knockdown <& Sens2 5°]% EAE Fgste] wWHstH FEXo o3



A
o3t waxz d4#HA At [20]. Prx & ElZo] EFH FHmAltolA 9 Bl
sigee] & glew wrE oy AM7EA] 5 ddEo ME Be AES
UEbd T [21,22]. Prx = #AFSHE S opbd AL wakstE S £38Ho] ROS/RNS Sl 285
AT Wk opyet [23.24], AR EA3 AE S A gk AbskA AEHA
AXZA 715 st [25]. 28y 12559 ROS &= Prx 9 peroxidase 7| 5= %H+
cysteine = cysteine sulfinic acid (Cys-SO:H)Q] FHE|Z IAF3A] 710, o]&  <Ql3|
peroxidase 2] 7]5°] B&A3} @t} [26]. Srx & FuFES ATP 2 Mg2+o] o]&4
k2] © 2 gulfinic Prx & 7FAAIZITE [27]. E3F Budanov ® A7 A 3}of 2]3}, Sesn2 =
Prx o] AAHQD &34ke] gk SAdaAE 7HA 1L

Sesns = A|Z UolA thefFst AEd Ao FH AXE Bt 3 /]2 o]/ A o]
Uk X1t} Sesnl(PA26) GADD(DNA-?:—’:}—% FET F v A2 AT AH) L
p53 9l 9& walo] AT} [28]. Sesn2 (Hi95):= PA26 AEA 2 dejFom Arkis,
DNA &4, Absha] AEg Ao & @do] ¥t} [5]. Sesn3 = PA26 A 7%
BAE Fa AHER PA26-¥H FAAR A o™ [29], ©]Z2 FOXO HARRIA |
olal] ZdHET} [30]. sulfinyl SAaE Ao et Sesn2 o] &3 =29 ofA7} glont
[31], ¥Akskd Prx fﬂ Agdsts T3l s a e gandy 22 gokst
AEHA Ao tiEte] AXHES S-S HoFUTH [5]. Sesn2 + mTOR AZE

l

a9

A st A oA ROS Ao o8] £4e v EZ=2]o}E autophagy & - 5E35H
Hoy a&802 AASY [7.8]. ol¢t &2 Ays=E HAiksieidd & fFRHe

A AbEel] Qlo] Sesn2 o] o] 22 HE-E FAEGItt. kst Al od R AE
AbEo] SEN A x| &3] dASHA oA|E Ao, o] G3i= siRNA & AFE-3F Sesn2
Knockdown 71 shof|A] HEAESITh (Fig. 7A).

Nif2-ARE A2 AIE B3dFn, G f42 23S S o sx AkgHA

-10-



AE# 2 st A4 Ax AEHES SV 28 Sesn2 AR T
Qo] Nrf2 & &2 obz] wa|x]x] ¢ttt 2 AGro A= Sesn2 HH FHe] glo] Nrf2-
ARE A|&®lo] FFAQl 9abs st AS AFo® d5ath N2 &A=
Sesnl % Sesn3 & #|2|gk Sesn2 2] mRNA ZHRES 5o]A o2 FI7IAFT o] A=
Sesnl 2 Sesn3 X ZHEo] ARE & F4 ¥+ © 89 in silico w4
AA ATt o] ATFelA t-BHQ M F 6 AlZ7kA] Nrf2 o oz 9] 9
ARE 791919 Agto] F7FESlom [14,15], o= +-BHQ A A F 24 A3+ A|€Jgh 3
AIZPRE 12 ARI7EA] Sesn2 AT 7R AASH T tlEo] Nif2 o] E4d3h= Sesn2
e S F7FAIF O L Nrf2 Knockout 5=+ siRNA o 23t Nrf2 Knockdown A 3o A= t-
BHQ A Aol &3] 5% Sesn2 Hdo] &3] b= Qo) vh-2e SFN & 7
T FellA Sesn2 FEE #Estel A U Nef2 54 Sesn2 o S Eelst
(Fig 6).

Sesn2 -2k W& ps

3
A7 Agge B z49

o2
12
o)
2

_I.L4

o1 gk

32
ks

ok

2 HIF-1 & X35 929 AARIATF 2 HE oo
thar deEA Stk of7]ellA AEO] Sesn2 ZEEE 2
ARE 90| Sesn2 4 & #do] Fs HEE FYIATh Axzel Nrf2
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Fig. 1.
The effect of Nrf2 activator on the expression of Sesn2 in hepatocytes. A) The effect of varying

concentrations of tert-butylhydroquinone (t-BHQ) on Sesn2 induction in HepG2 cells. Sesn2
protein was immunoblotted in the lysates of cells incubated with 1, 3, 10 or 30 uM of t-BHQ for 12
h. Data represent the mean £ SD of three separate experiments; the statistical significance of
differences between each treatment group and the control (**P < 0.01). B) The time courses of
Sesn2 expression in cells treated with t-BHQ (30 uM). Immunoblot analyses for Sesn2 were
carried out in cells treated with 30 uM t-BHQ for 3-24 h. Data represent the mean = SD of three
separate experiments; the statistical significance of differences between each treatment group and
the control (**P < 0.01). C) The effect of sulforaphane (SFN) on Sesn2 induction in HepG?2 cells.
Data represent the mean +SD of three separate experiments; the statistical significance of
differences between each treatment group and the control (**P<0.01). D) The effect of t-BHQ on
Sesn2 induction in the other hepatocyte-derived cells, H4IIE cells. Data represent the mean +SD of
Three separate experiments; the statistical significance of differences between each treatment group

and the control (**P < 0.01, *P < 0.05).
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Fig. 2.
The effect of Nrf2 activator on transcriptional regulation of Sesn2. A) Real-time RT-PCR analysis.

HepG?2 cells were treated with t-BHQ for 6 hours. The transcripts of Sesn2 (upper), Sesnl (middle)
and Sesn3 (lower) genes were analyzed by real-time RT-PCR assays, with the mRNA level of
GAPDH used as a normalizing reference. Data represent the mean +SD of four separate
experiments; the statistical significance of differences between each treatment group and the
control (**P < 0.01, NS; not significant). B) Increase in Sesn2 transactivation by t-BHQ. Sesn2
luciferase assays were performed on the lysates of cells exposed to 10 or 30 pM t-BHQ in HepG2
cells. Data represent the mean £ SD of four separate experiments; the statistical significance of
differences between each treatment group and the control (**P < 0.01). C) The effect of
actinomycin D (Act-D) on the Sesn2 induction by t-BHQ in HepG2 cells. The cells were treated
with Act-D in the presence and absence of t-BHQ. The relative level of Sesn2 protein and mRNA
were monitored after 12 h and 6 h t-BHQ treatment, respectively. Data represent the mean = SD of
three separate experiments; the statistical significance of differences between each treatment group

and the control (**P < 0.01).
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Fig. 3.
The effect of ectopic expression of Nrf2 on Sesn2 gene induction. A) HepG2 cells were transfected

with plasmid encoding Nrf2 and the cell lysates were immunoblotted. An equal amount of empty
plasmid was used for mock transfection (Mock). The results were confirmed by three separate
experiments; the statistical significance of differences between mock- and Nrf2-transfected cells
(*P < 0.05, **P < 0.01) B) Sesn2-luciferase transactivation was determined from the lysates of
HepG?2 cells transfected with Nrf2 for 24 hours. Data represent the mean + SD of four separate
experiments; the statistical significance of differences between mock- and Nrf2-transfected cells

(**P < 0.01).
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Fig. 4.
The effect of t-BHQ on the expression of Sesn2 in Nrf2-deficient cells or Knockdown cells. A) The

effect of t-BHQ on Sesn2 induction in wild-type (WT) and Nrf2 Knockout (KO) MEF cells. Sesn2
was immunoblotted from the lysates of WT or Nrf2 KO MEF cells treated with t-BHQ for 12 h.
Both short exposure (S.E.) and long exposures (L.E.) are shown. Nrf2 in nuclear fractions (nNrf2)
was used as a positive control. Data represent the mean = SD of three separate experiments; the
statistical significance of differences between each treatment group and control in WT and Nrf2
KO MEF (¥*P < 0.01). B) Role of Nrf2 Knockdown in Sesn2 induction by t-BHQ. HepG2 cells
were transfected with control (Con) siRNA or Nrf2 siRNA for 24h, and then treated with t-BHQ
for 12 h. Nrf2 in nuclear fractions (nNrf2) was used as a positive control. Data represent the mean
+ SD of three separate experiment; the statistical significance of differences between each

treatment group and control in Con siRNA- and Nrf2 siRNA- transfected cells (**P < 0.01).
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Fig. 5.

The role of antioxidant response element (ARE) on the induction of Sesn2 promoter-luciferase gene
by t-BHQ. A) Sequence of the sesn2 promoter region containing the ARE. B) The effects of
deletion mutation of putative ARE on the induction of luciferase activity by Nrf2 overexpression.
Dual luciferase reporter assays were performed on the lysates of HepG2 cells that had been
cotransfected with pCMV-mNrf2 (or empty plasmid) and pGL3-phSESN2- AARE. Activation of
the reporter gene was calculated as a change in the ratio of firefly luciferase activity to Renilla
luciferase activity. Data represent the mean = SD of four separate experiments; the statistical
significance of differences between luciferase activity of Nrf2- and MOCK-transfected cells (¥*P <
0.01; N.S., not significant); the statistical significance of differences between luciferase activity of

pGL4-phSESN2 and pGL3-phSESN2-AARE in NRf2-transfected cells (##p < 0.01).

-21-



A) Vehicle  SFN B) 25
Sesn2 | = == w— o 2.0 *4
T
Beactin  me | - — - ﬁi 1.5 1
o <
g
NNM2 - —_— = Z 1.0
T E
3 ® 05
E E %k 0
3 3 2] Vehicle SFN
o S
=9
&2 1
o =
o
B

Vehicle SFN

_02-



Fig. 6.

Role of Nrf2 in the induction of Sesn2 by SFN in mice. A) Representative immunoblot analysis for
Sesn2 in the homogenates of liver tissue. Mice (N = 4, each group) were injected with vehicle or
SEN (90 mg/kg/ body weight) dissolved in 10% polyethylene glycol 400 for 2 consecutive days,
and the levels of Sesn2 and nuclear Nrf2 (nNrf2) were measured in the livers of the animals 12 h
after last treatment. Data represent the mean = SD of all treated mice; the statistical significance of
differences between SFN- and vehicle-treated mice (**P < 0.01). B) The mRNA level of Sesn2.
The levels of mRNA of Sesn2 were analyzed by real-time RT-PCR assays, with the mRNA level of
GAPDH used as a normalizing reference. Data represent the mean + SD of all treated mice; the

statistical significance of differences between SFN- and vehicle-treated mice (¥*P < 0.01).
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Fig. 7.
The role of Sesn2 on Nrf2-mediated cytoprotective effect. A) The effect of Sesn2 on hydrogen

peroxide-induced cytotoxicity. HepG2 cells were transfected with control (Con) siRNA or Sesn2
siRNA and the effect of hydrogen peroxide (500 uM, 12 h) in the presence or absence of SEN (30
UM, 1 h pretreatment) on cell viability was assessed using MTT assays. Data represent the mean +
SD of four separate experiments; the statistical significance of differences between treatment group
and control in each siRNA-transfected cells (*P < 0.05, **P < 0.01); the statistical significance of
differences between Con siRNA- and Sesn2 siRNA-transfected cells in each treatment group (##P
< 0.01); N.S., not significant. B) Schematic diagram illustrating the mechanism by which Nrf2

regulates Sesn2 expression.
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