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Anti-cancer Effects of ILuteolin and Its Novel
Mechanism in HepG2 Hepatocarcinoma Cell

Jin Taek Hwang* and Hye Jung Yang

Biogeron Research Group, Korea Food Research Institute, Songnam 463—746, Korea

Abstract In this study, we investigated the ability of luteolin, a plant derived flavonoid on hepatocarcinoma cell growth using
HepG2 cell culture system. We found that luteolin increased the Smac/DIABLO releases, a mitochondrial protein
that potentiates apoptosis. Luteolin also induced either transcriptional activity or expression of PPAR-gamma, a
target of cancer growth that PPAR-gamma agonist sensitizes to apoptosis in certain cancer types. To find the
possible upstream target molecules of PPAR-gamma activated by luteolin treatment, we used compound C, a
specific inhibitor of AMP-activated protein kinase. Pre-treatment of Compound C significantly restored the activation
or expression of PPAR-gamma stimulated by luteolin. This result indicated that AMPK signaling might be involved in
the activation or expression of PPAR-gamma signaling pathway stimulated by luteolin. Moreover, we also found that
luteolin inhibited the insulin-stimulated Akt phosphorylation as well as AICAR, a specific AMPK activator. These
results propose that luteolin significantly induces cancer cell death through modulating survival signal pathways
such as PPAR-gamma and Akt. AMPK signaling pathway may be an upstream regulator for survival signal pathways
such as PPAR-gamma and Akt stimulated by luteolin.

Keywords: Luteolin, Anti-cancer, PPAR-gamma, AMP-activated protein kinase, Akt.
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o Fdsh= A TR o]E59] agonistS-2 UFl
A Gd XBA|Z 220)a Qt} FZol= PPARYZ} tumor
progression?} @EHholl Tt e A A STt [2,3].
I T2 gohna oAl Akt Ul ME A=
A2 A MEY survival EHAES] THS FXlstaL
HHHE apoptosisfr= THEES] IS AAIsH tumord]
FHE STHIPIE AR dHA vt [4.5]. WA B
7399 Al Eo] AktE B E AE glom
ol dAlH ez ge 7S Yeha k. Akte} TlEo,
AMP-activated protein kinase:= M|322] ANUA|E 7X|5}]
S FAANTIE t3EAQ RN HE oY FF

AL ol 848EE0] o] dNEAS BPIOE o
A 28-S Ueili= Zlo] BarEa Sl [6.7]. FEEow
=7} atod, 919 AAE o2 7R ¢
3t & AA) k= E HAEAA
frEfE oy 7] @PEEE g A7 3] o] Fo
A frefl SAEE-S FdokEel nlis)
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ofof| A Z}gkr Qlom HAE Fo) SAEEEL THE]
e eksl R ZA 0]%—3— 3 U2 oy 7].;<] xgg]

24e et [8.9].

2o Fo] HAE f FHEZ Tl FH2H (Luteolin)
qu@u?l flavonoidZA] Y, oFx] 9] B ’%Eoﬂ
?:Lﬂoi Ao gt gAeiA], IS Y ‘:} st A28t

TS Yepdta Baiso] Qt} [8-10].
olof] B Aqoll= FHIE UL 71 ML Sl 9t &
JM‘:‘E ERIE]AL o]of] gl o]E5e] ofufst AsY A=

E3l] gotane JehexE AEsas) ).
Mz A U
M=o o T2

HepG2 cell American Type Culture Collection (Manassas,
VA, USA)olA 4319 tE A= RPMI1640 (HepG2 cell)
Y+ Dulbecco’s modified Eagle’s medium (HEK293 cell)
o] 10%2] fetal bovine serum (Life Technologies Inc.,
Gaithersburg, MD, USA), 100 U/ml penicillin, 100 pg/ml
streptomycin (Sigma Chemical Co., St. Louis, MO, USA)
< A7l 5% CO, L%HIOIEH 37°Cx100 A v el
t}h Acetyl-CoA carboxylase ser’”, Akt ser'”, Akt, 2 B-actin
antibody+ Cell Signaling Technology (Danvers, MA, USA),
Luteolin, Insulin, AICAR % compound C= sigma©iA]
T-918k53T} (St. Louis, MO, USA). Smac/DIABLO ELISA
kit= R&D systemso| A 743t (R&D Systems, Inc.,
Minneapolis, MN).

=

H fdlaBH EXE

i
>
o
W

Z}7}+9] M|3EE ice-cold phosphate-buffered saline (PBS)
o] 5 ¥ washing3}3t}, 1 % lysis buffer (50 mM Tris-HCI
[pH 7.4], 1% NP-40, 0.25% sodium deoxycholate, 150 mM
NaCl, 1 mM EDTA, 1 mM PMSF, ImMsodium orthovanadate,
1 mM NaF, 1 ug/mL aprotinin, 1 ug/mL leupeptin, and
1 pg/mL pepstatin) S ©]-83l] AXEE T 5 40 ugd] ©
W28 SPS AZ buffers} 4331 5357} heatingdle] SDS-
polyacrylamide (10%) gel Q7195 ANtk A718F

] € % gel 2 nitrocellulose membrane (NC membrane)
2 0] &3} 100 volt ZZ0A] 1A]ZF E<t transfer 3+ 3 NC
membrance= 5% nonfat dry milk in TBST (25 mmol/l Tris
(pH 7.5), 150 mmol NaCl, 0.1% Tween 20)& ol-83}] gk
A7t E<F blockingdFt. 1 & pnmary antibody (Acetyl-
CoA carboxylase ser”, Akt ser'”, Akt, & B-actin antibody)
Z 4 CxNA overnight Q154 0]AH-S OI-S’\?\J_, membrane-2
TBSTZ 3§+ AJ7F 59 59 washingS 2A1819 T} washing
o] £+ & horseradish peroxidase-conjugated rabbit ©]X}

A2 3 AIXF E2F membraneS Q1FH| o)A 3 :?“ =5
TBSTZ g AlZE &< oAl W& washingdlith 1 & 22t
o] whilE Wel-S- Chemiluminescent detection kitZS AR&-3}
of =239tk (Amersham Pharmacia Biotech, London, UK)

RT—PCR

M EZ Trizol& ©]-&3F total RNAE B3 & o]F
1 pgs o83l cDNAE 3I9tE 1 % 2 pge] cDNA
£ 0|83} 95C for 5 min, 94°C for 1 min, 58°C for 1 min,
72°C for 1 min, 25 cycles 7194 PCRS &3l PPARY
9 beta actinS SZ3}aL 1% agarose gelS ©]-8-3l] 217]
GE stz 7o) BES UvslellA #Eslit) AREE o
Z Primer 2712 o3 £tk
- PPARY

Sense 5'-ATG ACC ATG GTT GAC ACA GAG-3'

anti-sense 5'-GCT TCA ATC TGA TTG TTC TCC-3'
- beta actin

Sence 5'-CCA GGC ACC AGG GCG TGA TG-3'

anti-sense 5'-CGG CCA GCC AGG TCC AGA CG-3'

PPARZIO} MAEHYEH

M|3ZEE= PPAR-Y, RXRo, B-galactosidase and o luciferase
reporter plasmid, PPAR response element (PPRE)%} 3”71]
transfectiond}AT}. 24A17F o, AL E 242} A5 A &
lysisd}o] Cell lysateE Luciferase assay reagent (Promega,
Madison, WI)2} mix3}th. Luciferase activity= ELISA
= S48

Statistical analysis

B Agex] T2E Nfggq% SPSS (v.12.0)Z&2 184S
olg3tol Aestgt), 2 APFe FeHE B
(ANOVA)S AAIBIATE L & p values < 0.055700 A
Duncan’s multiple range testZ 73} T}.

2
Smac/DIABLOS| &l cHEt RE|S2le] &2}

FHEHS 1S E;:lt:;_ o] 7HA] oF Aol Al
o APEE aHoZ FEE 4 dgo] BaEo] Qlt) Lee
HJ et al.&] X109 UJr $— ]&a}g Z¥F M|3E2] apoptosis
£ a9 TT‘:Q T Ue= Basiied], 2o 43
27401"’1]"1 FHILHo] 71MAIES] apoptosisE =
V=AE Smac/DIABLO assay2 Bafo] Lol g} [11].
Smac/DIABLOE WEZSa]ole] ZAH= Thla A A
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9] apoptosisT= Al cytosol 2 HH|HT} [12]. FH-&HQ]
Smac/DIABLO 0| W|x|= F3kS dolrr] 9J3ed, HepG2
WF ME Tl FEIEHS 22 = 4RAIRFEt 28
3 & A ZE 33 3 Smac/DIABLOS] WEZC otz
B cytosolZ9] releasesE ELISAE ©|-&3}o] S35 t)
Fig. 104 Hofa= v} o] FHEHL v &=
Smac/DIABLO®] release S 57 IF. 02 TRMAIEL] apoptosis

& fri=she s o8 5 Ao
1.5 1
)L
| I
0
50 100 200  400uM

None

Smac/Diablo expression
(Fold induction)

Luteolin

Fig. 1. The effects of luteolin on Smac/DIABLO expression in
HepG2 hepatocarcinoma cells. HepG2 cells were treated
with luteolin in a dose dependent manner. After 48 h,
Smac/DIABLO expressions were measured by ELISA kit.

PPARY2| & A HAIEYol et REISES ZX A
AMPK 2ixixlofl 2|2t oI Fate| x|

H 7o b= PPARY agonist’} o3& 7}A] SAMEL] &
s AL Asol BarEA=] [13], Patel L2 1
FE5ATA =29 tumor cellollA] PPARY 2] agonist=
Akte] S RSl AE S AT F S B
BT [14], Farrow B.3 5F397A}ol] w2 PPARY
o] 432 AEIAMEANX PTENS] expressions 57 Ftal
AMaze] 7S AAIgtaL =8kt [15]. L flol® o7
A7AEol 2J3)] PPARY Y E4d0] dBHE YERE &=
o] BaEQltk [16,17]. ol tha0 2 f2le Fel&™
©] PPARY 9] agonistZ2A] 283 4= l=A] 18]ar B3k
o152 AMPK = Bk 39t el g o] E4dof| <3
2849 F JSAE golrr] 9lste] PPARY HARMIS

4313t Fig. 2(a)olA Eeukel 2o] PPARY S| XAL
S FHEHO] ol 71 A7I= Zo® veaL

0]A¢] Z7h= AMPK inhibitorel]l &J&j 9JA] H& Aeg
A2E ek BlEo] AMPK 9] inhibitors FH|LE] o3
PPARY 2] mRNA levelZ7} B3 AT ACE e}
Utk (Fig. 2(b)). ©159] A7z 43 & & = ARle Z

g5
%
w2
bqr

IH= PPARY 2] ZIAIEHA] Al wkslo] 1=
ylol] 9lo] AMPK 7} upstreame] A}
AATE.
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Fig 2. Luteolin significantly induces PPAR gamma transcriptional
activity or expression and is inhibited by AMPK inhibitor.
HepG2 cells were co-transfected with PPAR-g expression
vector and the PPRE-luc vector. After 24 h, cells were
exposed to luteolin (100 pM) for 6hour in absence or
presence of compound C, an AMPK inhibitor. Luciferase
activity was measured with luciferase assay kit (Promega)
(A\). Cells were exposed to luteolin (100 pM) for 6 hin absence
or presence compound C. After collection of total RNA,
RT-PCR was performed with PPAR-gamma or beta actin
primer (B). * Significant differences were compared with
None, as control at p < 0.05; ** Significant differences were
compared with Luteolin treated group at p < 0.05.

ZE|S2Uat AMPKEAIS] QI&EI0) of5t Akt 1Akl
thst o4l

Akt= PFH O Z ALSEE ksl dAle] F2o] He=
A2 A o] Tl 3} ke oF Mo o)) FAoF
oAl =} [6,7]. ©loll ¥ A7 vix|Eto g T2
o] Akte] EAdol FFE F=AIE Gokry] 3l vt
2o AHS A3PEISTE HepG2 THMAIEFol| 214dS &
glate] Akte] XIS S7MIR] F FEHISHES AEEIHe
o], Fig. 3(a)ollA] Henle) o] I&Ed2 Akte] SAikels
S7MAZIA HaL o] Z7ke ilkshes FEIEH o8] 1A
3= Ao = Jehgth 2 A3t A AMPK 9] substrate
¢l ACCY Slisk= S7ist 3is #Ed & AL, ol
FHLY dExFd] st Akt 12kl H|X|= ke
ATk viAEo 2 AMPK 7} QlEdol o3k Akt Uikt
o &S vX|=A] o dAE &I =], Fig. 3(b)ollA
HEne} o] QlEdo| oJs) SV Akt 1iksl= AMPK
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ZAAIS) AICARO oJ3)) 7Hadhs Aos vehdth uebA

AMPK ] &45h= Akte] QSIS AR 7FsAde] S-S

g o UM o5 BE 2HE /5 5 e
q

N

o
2 FHEYS AMPKE €493} A]7]a1 PPARY S| 4357
T Akt AIE Fotod o Mz APES sk A
oz Alg®ch

b

P-Akt
Akt
p—actin
(b) None Ins Ins+tAICAR
P-ACC —
P_ Akt A

pB-actin ﬁ

Fig 3. The effect of luteolin on insulin-stimulated Akt phosphorylation.
Cells were treated with luteolin (100 uM) for 3 h in presence
or absence of insulin 100 nm and then cells were lysed with
cell lysis buffer. Western blotting was performed with specific
antibodies (A). Cells were treated with insulin 100 nm for 3 h
in presence or absence of AICAR, an specific AMPK activator
(500 pM) and then cells were lysed with cell lysis buffer.
Western blotting was performed with specific antibodies (B).

AAAERY SHERELS 25 EH Tt Aed
oS HERIT L Havt Eof a1 glon o] AlE
Wt TG A2E Y T oA FoH 55

I glo] Algsle] BaEa QUok [18-20]. & 4

FEHSAY] MM E Uit g9 E5S A5,
FHETS 7R ML FollA] s g 855 YRS
o o]529] 858 AMPK, PPARY H+= Akte] A5 =23
o ofsl] Yehh= 2 & 4= IQItk PPARY = & HITE =
g Tl Ao R & duiA led], HE Bare osha
PPARY 9] agonist5©] FAIES] S48 AT = S-S &
4= At} thiazolidinediones (TZDs)& F=H o] X|FA|Z A
PPARY 9] agonist?1tl] o] AL Fied, WAt 2 o<t

AlEEe] F2E AT 4= Qlgo] Ba= A [21].
A FE|22-2 PPARY 9] agonistZ2A] Z-g3l= A
I AAT} (Fig. 2(a), (b)). 2= FHSZL PPARY S
S FAAI, & AEL] APES fEsIdET, o] 2
HuE ZFEXY PPARY Y &4 F3lo] o MEAPES
=g & dvks 2o}l dxshs A & 5 Uk [14-16].
ool Tisleq & A7zl FHE¥o] PPARY S &4 =
S ST QA 1A upstream ZEAPT F9]
012 HF3l7] Yoty 4R detas e AMPK )
AAAE AFEEIATE HT AMPKE H9E<] 93 3ok
Aol A Fa3k gpzlle] Ho] B R|ar dTt [18-20].
& 5o 5o Wo| giElo] = Resveratrol-S 73 gH
ot G5S Yeh=dl o] A& AMPK S 848 sk
Aoz 2 d#A gr} w3 EGCGAA] thkst AJe) ek
= 3pokgs w3l ¥ uEa 9JEE EGCGE AMPK 9
S F= T Ueo] Haxo] Aot [18-20]. $-8l9] 2
o] A HejFA5=0] AMPK 9] JAA= Fe|&do| o3k
PPARY Q] B = S48 7HAA7IE A2 YERTh
(Fig. 2(a), (b)). ©] ZH=2 75 5 J= A FHSHY
PPARY Ol T3t G5 AMPKY} #odsa LS <k 4= 9
Aok olZA FElL gt G590 oA Hoj= AMPK
o] syt a3 & S-S AT = A HAUok

02 3hAS Z PPARY S} tEO] 2 de7 dekAlY &
Z elAo] g Akte] W) i3k FE| S G52
ERIEITE Barol] oJahA AktE AE] AL 4] 2 A=
of 4] TAEA] W o FollA WEo] F7= o
At} 5719 Akt= Bax, Bad 5 AEQ APES fEdl=
A So] vkeS- AA||slar, HIHE A|FE2] survivalol] T
Sk Wl Rl Bel-252] HAS Z7IAA GHIEL APES
JAlele Aow deA Act [22,23]. Wb B 749
ARIAEo] o] Akt THG HRE HHOZ sl /L g
1 9o Akte] JAAEL s I 28-S YeRdth
o] FHo] ATl ofshH AMPK= AktS] upstream regulator
ZA AL F ol RuHAed], FEet AlzelA
adiponectin®l] 23] &43lE AMPKE Akt €14k E
B3l invasions Al RS sttt [24]. o1& 2
= AMPK7} F M|3Eell A Akt2] upstream regulatorZ Z;
88 F A2 7S 5 IA s AHZA, Fig 3914
HolFSo] £HLHS AMPKE 43} & & glat o] &
A3l AMPK = insulin®l] 2] Akte] 8438 a5 o =g
A= Ae BET 5 AT olol Hsle] AMPKE]
direct3F E4AQ1 AICARSA] FHISAT} vpzriA =2 <)
sdol| o) 7= AktY JAHsLE a9y o=z oAs)
= o= #AFAEYE wepA] FHEH ofg THAE
o] AP E IR o] 7HK] Bksl 713 ol Foj= AMPK ]
Gdslel] W= PPARY Q] 43571 2 Akt Ao oJst
717o] Xg=o] FES & 4 AL

£ AollA FEIL-] A9t 28l 2loix] PPARYEA]
3} 9 AMPK 4371543 12]at Aktoll tigt oA 71s43S
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YW= E3lal, oJ9A AMPK7} PPARYE =3
3h=A] 18]al AMPKE o9 AktE ZHsF=AE v
WA Eginh 5 Aol Felee] gt mol QlojA
whild 5 7o) Eket 27| HkeA] BhExof & A
ol B = Ut FHILH] 39t G52 Fo= PPARY/
AMPK/Akte] ZHo] JQ3s & 4 Tk

2 B

=
e

FEIE-Ho] T MEF] APdl] wX= FEkS
3k Ay g5y} 22 2ES A9k
O FEHEHS HepG2 AR H] Qlo EapH o0 Z A
x| APEE fdith
@ FHIEHY] PAETY 2712 AE Ay A|tiAke
IS4 Tl AMPK o] €4ds7} B Q3lal o= PPAR
Zhvle] g4 2 WS gylFo g FUPAIRICh
@ FHSAL PA9] 327 Al Akt] LHS a7
©2 A5k AICAR(AMPK Z43A) 53 Akto] HalS
aHow A gk
olide] Az FHIZHU UM E oiA FdEaT
& Holw AMPK ] 433}, PPARZIVIY] 49381 2 Akt
o] JAE B3t o]FolFS & & Tk

a Al

o] A= S2IEATAS] ARIATH] E Korea Science
and Engineering Foundation (KOSEF) for Biofoods Research
Program, Ministry of Science & Technology 2] A]¥-S Hlo}
SF ATAAR olo] ZAR=HUT

- :2010@ 9€ 139, ARSI 2010 12¢€ 3Y
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