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: Dietary fat is one of the most important environmental

factors associated with the incidence of obesity. In the
first year study, the antiobesity effects of Mulberry leaf
extract (MLE) and Mulberry leaf polyphenol extracts (MLPE)
were investigated. The results showed that intake of MLE
and MLPE can be beneficial for the suppression of HFD-
induced dyslipidemia, hepatosteatosis, and obesity.
Moreover, the MLE and MLPE induced 3T3-L1 adipocytes
apoptosis and inhibited on the differentiation of
preadipocytes. In the second year, we assayed the effect of
MLE on inhibiting hepatocarcinigenesis promoted by obesity.
HepG2 cells were cultured in no serum DMED contained 15%
conditioned medium (CM) obtained from 3T3 -L1 cell
cultured medium. The results indicated that MLPE inhibited
proliferation of HepG2 cells induced by CM via TNF-«a
regulating NF kB but not p38 MAPK/ APlsignaling. The
decreased expression of pStat3/Stat3 and TNF-a and IL-6 in
MLE treated cells was also investigated. In conclusion,
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MLPE, the functional ingredient of MLE, could inhibit the
proliferation of HepG2 induced by CM from 3T3 cells through
suppressing TNF-a and IL-6 activation. Further animal
study showed that MLE reduced TNF-a and IL-6 expression,
increased antioxidant enzymes activation, thereby lessened
DEN-induced hepatocarcinogenesis promoted by high fat diet
(HFD). In the third year, We first established an ER stress
microenvironment inducing resistance to chemotherapeutic in
HCC. Based on this mimicked ER stress microenvironment and
then exposed to doxorubicin in HepG2 cells. The discovery
provide important new insights that ER stress may improve
resistance to doxorubicin-mediated HepG2 cell cytotoxicity
by co-treatment with MLPE. It significantly decreased the
levels of COX-2 and p38 associated with ER stress. MLPE can
increase the sensitivity of doxorubicin-induced apoptosis
in human hepatocellular carcinoma cells. It is needed to
explore the molecular mechanisms. These findings will help
us to further evaluate the potential for the development of
new hepatocellular carcinoma therapy.

Mulberry Leaf Polyphenoic Extract; Non-Alcoholic Fatty
Liver; Obesity; Lipogenesis; Adipocyte Apoptosis;
Differentiation; HCC; Inflammation; Antioxidation; drug
resistance; ER stress; doxorubicin
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Abstract

Dietary fat is one of the most important environmental factors associated with the
incidence of obesity. In the first year study, the antiobesity effects of Mulberry leaf
extract (MLE) and Mulberry leaf polyphenol extracts (MLPE) were investigated. The
results showed that intake of MLE and MLPE can be beneficial for the suppression of
HFD-induced dyslipidemia, hepatosteatosis, and obesity. Moreover, the MLE and
MLPE induced 3T3-L1 adipocytes apoptosis and inhibited on the differentiation of
preadipocytes. In the second year, we assayed the effect of MLE on inhibiting
hepatocarcinigenesis promoted by obesity. HepG2 cells were cultured in no serum
DMED contained 15% conditioned medium (CM) obtained from 3T3 —L1 cell
cultured medium. The results indicated that MLPE inhibited proliferation of HepG2
cells induced by CM via TNF-a regulating NFxB but not p38 MAPK/ AP1signaling.
The decreased expression of pStat3/Stat3 and TNF-o and IL-6 in MLE treated cells
was also investigated. In conclusion, MLPE, the functional ingredient of MLE, could
inhibit the proliferation of HepG2 induced by CM from 3T3 cells through suppressing
TNF-o and IL-6 activation. Further animal study showed that MLE reduced TNF-a
and IL-6 expression, increased antioxidant enzymes activation, thereby lessened
DEN-induced hepatocarcinogenesis promoted by high fat diet (HFD). In the third
year, We first established an ER stress microenvironment inducing resistance to
chemotherapeutic in HCC. Based on this mimicked ER stress microenvironment and
then exposed to doxorubicin in HepG2 cells. The discovery provide important new
insights that ER stress may improve resistance to doxorubicin-mediated HepG2 cell
cytotoxicity by co-treatment with MLPE. It significantly decreased the levels of
COX-2 and p38 associated with ER stress. MLPE can increase the sensitivity of
doxorubicin-induced apoptosis in human hepatocellular carcinoma cells. It is needed
to explore the molecular mechanisms. These findings will help us to further evaluate
the potential for the development of new hepatocellular carcinoma therapy.
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Abstract

Keywords: Mulberry Leaf Polyphenoic Extract; Non-Alcoholic Fatty Liver; Obesity;

Lipogenesis; Adipocyte Apoptosis; Differentiation

Dietary fat is one of the most important environmental factors associated with the
incidence of obesity. In this study, the antiobesity effects of Mulberry leaf extract
(MLE) and Mulberry leaf polyphenol extracts (MLPE) were investigated. C57BI/6
mice were divided into normal and obese groups, and obese rats were fed a high-fat
diet (HFD) containing 20% lard oil and 2% cholesterol. Then, MLE was given as a
supplement to obese mice at doses of 0.5% and 1.5%, respectively, for a period of 6
weeks. The results showed that body, liver organ, and adipose tissue weights of
peritoneal and epididymal fat pads in the HFD + 0.5% MLE and HFD + 1.5% MLE
groups were significantly decreased as compared to those in the HFD group. Serum
lipid profiles were significantly decreased in the HFD + 0.5% MLE and HFD + 1.5%
MLE groups as compared to those in the HFD group. Hepatic triacylglycerol and
cholesterol levels were significantly decreased in the HFD + 0.5% MLE and HFD +
1.5% MLE groups as compared to those in the HFD group. MLE markedly lowered
fatty acid synthase, HMG-CoA reductase and SREBPs, the enzymes of lipid synthesis.
Moreover, the MLE and MLPE induced 3T3-L1 adipocytes apoptosis and inhibited
on the differentiation of. These results demonstrate that intake of MLE and MLPE can
be beneficial for the suppression of HFD-induced dyslipidemia, hepatosteatosis, and

obesity.
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3-4. %3t %

HepG2 ¥ % 3*MEM (HyClone®) % ;%% (pH7.3) > & %% ¥ 3 10 % fetal
bovine serum(FBS) ~ 1 % glutamine (200 mM) ~ 1 % non-essential amino acids~2.2 g/l
sodium bicarbonate #21 % sodium pyruvate(100 mM/ml) - iz % {s #& 3 % 437 C >
5%CO2 2 %o+ X Pkt Poks 873 k2 wep R #HepG2
mPe £ & Y culture dish » & w22 A 8L B B {5 > 4 ~ 0.5 mM & f&(oleic acid, OA)
E* 16 24 ) PEF e g i 0 B EE AT EBSA REES 5 F 0 4
* A Rk B chd EE B4 (MLE) ~ & ¥ 5 (MLPE) » %37 CHEEE % 4 ¢
24 | o2 (545 Ciks %> T UPBS Eikiwmrel~3 X {S B FIUT A TR o
3-5. @ &% ¢ (Oil red staining)

Oilred & - ¥ T Ep Mirlhz A fI* 3 d BERDEFI F plhw
N ¢ g iang B oo #pr 4 ¢ chimbe UPBS i i%2~3 = o 4t ~ 4%
paraformaldehyde %1 /] FF>4c ~Oil Red &3 mg/ml)z 8™ %4 15 » 45 >
218 B R AR > BE Hmie N JF ~ 5 3FPBS 0 1L R 2 SN B AcdLdp R
3-6. R B¢ vz g #% (Nilered staining and quatitation)

FEARTEFTETRS LI T AGTHERET g s gk ¥
ki A AT R FRAE R F plwre hP 1Rk g & o gk § dhimte 11PBS
#2~3 = > e » 4 % paraformaldehyde & =1 | pF > 12 PBS#f¥Nile red % (1
ng/ml) BT >k > A E5 Ao 2 (s K5 AL SRS 5 AE H e F
~ o 2EPBS 0 2 %] 0 E 54488 nm R BLE o TR RSB 1 N e ik R w
R kR e

3-7. Py F A PHEEF]F+ £ 45 (Reverase transcriptase RT-PCR)
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B £ fe fWhexane : isopropanol (3 : 2, v/v) 1% 0 g2 3 A 0 4e > edR4F el
e o FETRIL IF PRI FRIGCERE > FRp AR i B
R 1200 2Fisopropanol w3 o & 4F fm P Betotal RNA(S pg/pl) & H4F » 4e » R &%
(5X RT-buffer » dNTP > oligo dT - revers transcriptase) » i& {7 & &4k o F 4k 0% £
242°C1 /] pF > 99°C 104 45 - 4°C 30 4 45 - CDNA ¥ 17 £ #p 15 >0-20°C - &
¥ > 325 ul cDNA 22 p £ A F]primer > 4e » 2 £ 7% (10X PCR-buffer » dNTP >

Tag DNA polymerase - DEPC-H20) & FPCR ¥ J& - primer 5 7 [4cT

Gene Forward primer Reverse primer

FAS TACAT CGACT GCATC AGGCA GATAC TTTCC CGTCG CATAC

ACCal | TGAAG GCTGT GGTGA TGGAT CCGTA GTGGT TGAGG TTGGA

HMGCR | AGGTT CCAAT GGCAA CAACA GAAG | ATGCT CCTTG AACAC CTAGC ATCT

LDLR CAATG TCTCA CCAAG CTCTG TCTGT CTCGA GGGGT AGCTG

GAPDH | CGGA GTCA ACGG ATTT GGTC GTAT AGCC TTCT CCAT GGTT GGTG AAGA

3-8. MLE #r#]7g%:5%2 37 il 3o 255

BEhH e G B#L6 2 Ch7BL/6 &5k o R g MRrF ke P o By
0% B 4w S d > %5 Purina Lab Chow 44k & » AR K& * 2 4] » &
Fiesh- SAREREZ LR T H 6 T o #BCE5TBLI6 A 24 2o &

220 & 5 7 u] X BB A 4T

High fat diet 0.5 % 1.5%
Group Control (C)
(HFD) (MLE) (MLE)
Protein (%) 23 23 23 23
Lard (%) 0 20 20 20
Cholesterol (%) 0 2 2 2
MLE (%) 0 0 0.5 1.5
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FTH6 T ARBHFTHI2 L RR BN REREIE
SRR BRI T A P AT
39. G2 MRETAA

& % J (TG~ TC~LDL-C % HDL-C) - s #&(glucose) ~ »+3* it (GOT ~ GPT) ~
T # it (BUN ~ CRE) ~ % f2 5 (Na~ K)2jpl 2 Hipl= > 2 > % pEd (5% 220 4
RITRIL AT Ehh e e r B AL ARERI W EFRAE TR TRKE
Bt it BT REA T o YL L 2 R ik B free fatty acid
Quantification Kit(Biovision)gLp? & 4 77 4 1% « Bv ) (FiplHR & g d (£ 210 4
BlTRIL > 4e r PIRGEAF Bl ) PRS0 AL K570 Nm TR Rk B o 4453
BHP FHRELFE SN REFRSFER -
3-10. "R REABfr= BN ELH

FP0.1g PR EHIZE 2 18 > 4 » 2ml chloroform/methanol (2/1, viv) - &

FLopprts - Hoo o ok A TRE P REF D DA B e~ D
TR PN FRIR S UEEE TF BRI RIL 0 Ao » PREFFR R R
B = pa b fo ) TEA 0 e kB R AL £ 500 nm TR sk B 453
FEP FRE2FE N BE SRR e R ERARL T E
3-11. MLE 4rMLPE #r4]% 55 % fm% (3T3-L1)A f* 2 (0387 ¥ dm oo /=

#-w0 7y ¥ fm Pz preadipocytes 3T3-L1 32 & & DMEM 3 % L¢ & 710 % FBS »
4 mM L- glutamine > 1 % penicillin-streptomycin > ¥ m?z & 7% {£48 h> 4 » MDI 3
H12 % % (day 0)(DMEM # 310 % FBS ~ 0.5 mM 3-isobutyl-1-methylxanthine » 1
uM dexamethasone % 1 ug/mlinsulin) 48 h-2_{s { ##2 % & (day 2)(DMEM & #=1
ug/mlinsulin) 44 3= %48 h {s(day4)> = & = { #%2 % £A(DMEM ¢ 7 10 % FBS)

%14 R 2> mie o Almie s LB ARESEHE8 X 5 et 2 R FIER
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MLE 4vMLPE > I gL $r 4] g 3% fm#2 chk iv o ¢ 3500l red stain(> i 1-5) ;
triglyceride assay(~ ;= 1-10);western blot analysis 4 47 3-v 1% > & 3£ G3PDH -~
PPARy ~ C/EBPa ~ CD36 ~ SREBP-1c ~ FASN ~ BCL2 ~ Bax -~ caspase ~ p21 ~ p27

24

% » I 1 Flow cytometry (FACScan) 4 47 ‘m#2 3¥ #p & ‘mP2 /= o
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(4) BE A%

C57BL/6 | R4r%6 8 B> & ndofpr2 £ & WEATH § BB BT WL R
B HB W ARERERDI FARL  GokinE F o RREERS L R
etk e b - B Lt @R DI HE R A L e E R L b
foo e ERRE R P Ak F 0 FRA05%-1.5% MLE 2 ¥ B £ 3 4
g B HofHFD 2 > %6 ¥ 5 b > HFD 2 f € %1 % 5 31.19% » @ 0.5%
fr1.5% MLE ‘&4 %] 5 20.78% ~ 19.46% > %+ MLE § 418 #3953 #2 | &

F H 40 (p<0.05) » & ek BUER P16 P IUF5E « B sl 3 A Bk
Foes o BE KA PEL AT ERREL o d HEM T LHFD 3 RN

0.5% MLE ‘e ch3F%zad s (& ¥ 59424 ) w4k & 1.5 MLE 2 5 %% 4

ET

TR e B E R RE R L P LA P RIPTRGEE R 0 5
FRERLEBSFOTPREEIRLL > RL B BFITERRME ST I ik
FZ Ao KHFDF Feh@ it V7 HP B ~ BSR4 8 g § 3 4o VR =
et b fia ~ PEFIBR R R o 2k W fa § AR Y (Fig2) wRCEAM L £ 4
M2 A% 515% MLE 2 & &% enie® (p<0.05) d AP 385% 4 % 3EF MLE
FEF R SR 2 S 2 oo RTBETET B F R UL F 2 RS A
1o LB nre Ry FREAF R0 2 L T 2§ £ % oFigure 3 AT
HFD # % ap v Ly ¢ 752 NI arFimee v 3aff etz ¢ & 9% (central
vein) % Fl& 2 & > @ 0.5% MLE 2z %% 2#HFD ®4pi7>15% MLE ‘v ¢
FE A A P R PR 0T S BT R T A G BRI
B RS E R LT LA ey oFig.4 B 5y vk

Ao BEER e Ry o B e A
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(1.91+ 048 %) » 2% %+ 05% MLE 4 & 2{-1.5% MLE 4 & 282X 5 L%
PIrg ke shp b cnd gt > 15% MLE § & & i (Fig.d) o 8P #73 Hff c7g 9
B MY b o FMd fateh 5 £ onERipdk (Table 2) - &% e
i ® > 1105%MLE %215%MLE 2 %2 %p 7 £ (101.11+£9.75> p<0.05;
81.37 + 8.11 > p<0.05) ; = At + 4 fin (42.11 + 8.84 > p<0.05; 32.75+5.75 > p<
0.05); 4y " (6.52+0.17p<0.05;5.57 % 0.92>p<0.05) > ¥5% & %% i1 o
BENT O REZPPFTERL Y 2 BN PEFIRR SRR AR S
(Table 2) -

B AT s LA AR B B A B oM AR B ek~ YR b FAUEE S YR
ZEF o AF L BIFHENE R A F 4 T o WHFD &S 64 5
WBERP B2 (155.22 +£29.23 > p<0.05) > 120.5% MLE (91.00 + 6.12 » p<0.05)
#1.5% MLE # & (70.62+8.12>p<0.05) & x #iE ’K" PERE HrthEl
F " A i (Table2) - d Table2 v g s » o @ LDL JER %1 > Bk B
0.5%% 1.5% MLE 4 &2 15 » H A% E P M3 R &2 " M (6866 7.76 > p
<0.05;43.25+4.50° p<0.001) > ¥ ¢+t fan JJ%HDL ER > AHFD e wp) v
4 3 40 elFA5 (68.88+20.28 » p<0.05) > @ A EMLE gk e %' il
(33.11 £ 3.06 » p<0.05; 33.75 + 4.30 > p<0.05) » # sc &_d ** B jd Pq 48 & H 4 28,
MEERE Bkt %k o fied YHFD 22 HDL 7 £ VA H 2 HhB 0 FHERPE

LDL/HDL ratio &% & » 5] & 2 'T}d\ &

i)
B
it
,‘m
i\,
s}
o0
]
gt
R
ki
_\g_.
(dn
sl
AR
X
(
=

R A
d 3w R %% %P MLE 2 MLPE & 405 5 #rdl?q AP B 36 2 17 % >
e R R EE Y AR R %A A o d Fig 4 %% #@4 HFD 2y

PR P B2 2% 9 (FAS, HMGCR, LDLR, A-FABP) % 3 > 87 B ¥ 4%
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G K 6 MURAFRE T A L A B9 2 £ 0 1205% MLE % 1.5% MLE 4 &
C57BL/6 /| E16 ¥z {5 » it oo AMP A W30 RE 5 il o 2 F k2 B
P AEL G It ARG AR A4 0 P T A EMLE 5z i
fin fo i " e B fg 2 (% 54 F M -Figure5 &7 ACC %9 AHFD 2 M5 %
(202 &) @ 0.5% MLE (1.08 )% 1.5% MLE % (0.92 ®) # L&' i » £
F E4r4]ACC 2 B - LBAMPK EE% v « AMPK &HFD ‘i g™ i
(0.89 ) A EAS ERES L LB (096 2101 &) Lp-AMPK 3
6 i LR 515% MLE £k & 4 B A3 4c > 5535 8 p-AMPK/AMPK ratio 14 %
B> AMPK &1 4 BeawE 21.5% MLE 4 & e p ag v = » (L HFD # ez 2

i+ (Fig.5,p<0.05) o pt 5% faipl » 1 EE B bke & B b %34 & 2 C57TBLI6 /|

E—"

1% iEE P AMPK TR i B A A E T A S e chA R .
& ED G A S F 4]V o A% 3 Fr 4] # 4 FISREBPL - SREBP2 ~
PPARy 3% F A=t %> 1% ¢ &4k §CE7BL/6 | B2 458 » % » 3
7.SREBP1 % i<.%0.84 (0.5% MLE) 4-0.81 # (1.5% MLE); SREBP2 *% i<
1.19 % (0.5% MLE) 41.07 # (1.5% MLE);PPARy *# £ %1.00 (0.5% MLE)
1r0.91 & (1.5% MLE)- 2 p & £ £ 4 Frd|fg 2 4T 5 RPN s 27
¥ 7 dose-dependent A%t > pt IR % 2 lmre Bk 4p ¢ & (Fig.5) ©

FLR3T3-L1 "m0 2 EX P2 AR A P 0 AT 18 wmie 2%
Er R BB o d Fig. 6 7 2 %% ¥ U @4 MLE 22 MLPE %> & i &

,\.

3T3-L1 # %y wsimie ¥ @ R~ 4 Mo #1372 AR 4p % £ (1IC50 > 4 mg/mL) »

—

F9 %% 1~2mg/mL 2 MLE & MLPE R|iE * 0.25~ 0.5 mg/mL 2 #| &
d Fig. 7 h&% ¢ ¥ @40 MLE ©MLPE % & § 4415 % dmoe A (b 2_ iF

¥ oo A MAE GSMLE TV #r4]32%nim e o i 5 R Renfg iRm0 @ i g A E
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SIMLE scdk { 5B F 0 £ 7 83%adrd|scsk o 4p > MLE » MLPE » F 2
FoArE] g s kn e A it 2 TE o B KA R POMLPE RTS8 0 F R K42% Fy
B it o @ R A E HMLPE £ RZ2Z T 0 T OB AEE MT4A% 7 ke
AREIE

32 1;%;%_? Frd g dpimie o (b 2.3 N T 5 iR RAE g e 2 0 B a
MR s m e o Tt 2 P oo AP ERF R e kAT 0 s d MLE & MLPE
e d2 15 8T-L1 e ko A F g 2 lwe 2 k= > B 5 F R AMLE g2 T
FEF € H3T-L1 rq9p iz 4% e k= «hik % (apoptosis) > ¥ 7 dose-dependant
384 (Fig. 8) o Ap 12 g % >+ IR A MLPERJZ B 1 «him 2 $k » MLPE &1v {
K@ E % T o TT E e = T d > plBLA3T-L1 g ikimie A A (L 2w
# I (Fig. 6) » 47 MLE &2 MLPE 73 $eimie k= (8% & 5y 4 4fe &4 b 2 7y
e > L H P il Fie- By REp o

APHEF G B AT R A g R AR B AR BRI
MLE £ MLPE 7z 7 ridrd]fg 5 hme cha v 0 B 353808 i 4p M & 5]+ ehd
T o itd B Rmie 2 o IR oA AL e A T B By e A T
WAL P T AAR G £ & & i £ TS 4 TR B 3 ALSREBPL > & £ PPARy >
122 ALK-7 % € £ FIMLE 2 MLPE G JZiffs » @ R F-9 AIMEF 71 1

(Fig.9) » z.p MLE 22 MLPE & 7 14| 5y 5 imbe chis L (5% > ig @ 5 4
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() %

EEA T BRI Tk ho £ TR T s 2 R ALY 2
Bibe FIARA A WAL EEEL (RBFEFRE G B S PRETEEF
Fend &> 07 S enW L 2 SRR AR S 2 A Flo kPR kR S &

ZEFABTSIR AR S AT G Pz BEa ST A Ao m P Bt

=

J

¥ b A S AR B ARG 0 T3 R s AP ARR e R Ko AT T g i S

FZERFI P2 I oo B N2 SRS chrt s fg H TR A Py
AL GO ATHRTD DL AHEETERS L A AR R A

P Ea ARl B R e MBS B A ARER g o
AORE LR R EE R T LG 0 Kk R R T8 R 2 gl v
e AR GRS - RS E R 2P L oR(Fig0) - ¢ @ T
B2 ABEr m G ERL DY R S EACE A AT RS AT

PR PR FEREIE- TLEFARF 27 HHES > 2 EAE o
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Mulberry 1-Deoxynojirimycin Pleiotropically Inhibits
Glucose-Stimulated Vascular Smooth Muscle Cell Migration
by Activation of AMPK/RhoB and Down-regulation of FAK
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Mulberry Leaf Extract Inhibits the Development of Atherosclerosis in
Cholesterol-Fed Rabbits and in Cultured Aortic Vascular Smooth
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Mulberry leaf polyphenol extracts reduced hepatic
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lipid accumulation involving regulation of
adenosine monophosphate activated protein
kinase and lipogenic enzymes
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Figure 1. The HPLC chromatogram of MLPE. (A) HPLC chromatogram of nine
kinds of standard polyphenols. Peaks: 1, gallic acid; 2, protocatechuic acid; 3,
catechin; 4, gallocatechin; 5, gallocatechin gallate; 6, caffeic acid; 7, rutin; 8,
quercetin; 9, naringenin. (B) HPLC chromatogram of free polyphenols from MLPE.
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Table 1. Body weight change of C57BL/6 mice fed basal laboratory diet or high

fat diet during the 6 weeks feeding period.

Weeks
Group 0 2 4 6
21.5511.54 22.6371.69 24.5611.39 25.5741.38
C
(5.05%) (14.09%) (18.79%)
21.80T1.26 22.7311.93 2596115 28.60z1.7%
HFD
(8.87%) (19.08%) (31.19%)
21.65T70.47 23.0270.69 24 8311.09 261511 01¢
MLE 0.5%
(6.32%) (14.68%) (20.78%)
22.5010.66 23.7970.71 25.3310.69 26.8710.71¢
MLE 1.5%
(5.75%) (12.58%) (19.46%)

()=((week X —week 0) / week 0)x100 %
b, p <0.05 compared with the ND group.
¢, p < 0.05 compared with the HFD group.
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Table 2. Biochemical

experimental diets.

characteristics of C57BL/6 mice after

6 weeks on

HFD

Variable C — 0.5% 1.5%
GOT (U/L) 16.2213.07 279.28t116.61° 28.55%12.94 ¢ 24.1246.38 4
GPT (U/L) 10.33%1.12 60.66112.45 14331745« 13.5044.00¢4
BUN (mg/dl.) 30.98%7.39 29.7012.04 299473 41 21.6315.00
CRE (mg/dL) 0.24%0.04 0.54+0.12 0.33+0.08 0.3020.12
GLU (mg/dlL.) 70.00%8.5 155.22+29.23¢% 91.00%6.12¢ 70.6218.124
Na (mEg/L) 143.00x3.35 1452213 31 147221291 144.75x3.73
K (mEa/L) 4.92+0.24 4.90+0.21 4.7310.25 4.8810.17
TCHO (mg/dL) 71.66%7.43 157.33+38.58¢® 101.1129.75¢ 81.3748.114
TG (mg/dl.) 29.0015.61 125.77+t34.95¢ 42.1118.84 = 32.7515.754
HDL (mg/dl.) 16.6612.35 33.8812.28%h 33.1113.06¢ 33.75%4.304d
LDL (mg/dl.) 45.8814.04 70.33+12.7b 68.6617.76¢ 43.2514.504
LDL/HDL-C 2.8010.47 2.3410.27¢® 2.07£0.19¢ 1.30£0.224
Ketone body (mmol/L)  0.51+0.37 0.77+0.27 0.77+0.29 0.68+0.18
Free fatty acid (nmol) 6.42+0.51 6.8910.44° 6.5210.17¢ 5.57+0.924

HFD group were maintained on a high-fat diet containing 20% lard oil and 2%
cholesterol for 6 weeks (n=10). C, normal group; HFD, high fat diet without MLE
group; 0.5% MLE, C57BL/6 mice fed high fat diet with 0.5% MLE powder; 1.5%
MLE, C57BL/6 mice fed high fat diet with 1.5% MLE powder. All data are expressed
as the meantSD. C, control; HFD, high fat diet; GOT, Glutamic-oxaloacetic
transaminase; GPT, Glutamic-pyruvic transaminase; BUN, blood urea nitrogen; CRE,
serum creatinine; GLU, glucose; Na, sodium; K, potassium; TCHO, total cholesterol;
TG, triglyceride; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

b, p<0.05 for HFD group versus Control

¢, p<<0.05 for 0.5% MLE-treated group versus HFD

d, p<0.001 for 1.5% MLE-treated group versus HFD
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Figure 2. MLE reduced hepatic triglyceride and cholesterol content in HFD-fed
C57BL/6 mice. Relative amounts of liver triglyceride (A) and cholesterol (B)
contents in C57BL/6 mice (n=10). Lipids were extracted from liver tissue obtained
from four group mice and analyzed by spectrometry. C, control; HFD, high fat diet;
MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder; MLE-1.5%,
C57BL/6 mice fed high fat diet with 1.5% MLE powder. #, p < 0.05 compared with
the control group. *, p < 0.05 compared with the HFD group.
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Figure 3. Histologic features of lipid accumulation in livers of C57BL/6 mice.
HFD group were maintained on a high-fat diet containing 20% lard oil and 2%
cholesterol for 6 weeks (n=10). C, normal group; HFD, high fat diet without MLE
powder; MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder;
MLE-1.5%, C57BL/6 mice fed high fat diet with 1.5% MLE powder.
Paraffin-embedded sections of liver from C57BL/6 mice were stained with
hematoxylin and eosin. Representative photomicrographs are shown. (100x). CV,

central vein
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Figure 4. MLE suppressed lipogenic protein expression of liver in HFD-fed
C57BL/6 mice. HFD group were maintained on a high-fat diet containing 20% lard
oil and 2% cholesterol for 6 weeks (n=10). Protein expressions were detected by
Western blot analysis. C, normal group; HFD, high fat diet without MLE powder;
MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder; MLE-1.5%,
C57BL/6 mice fed high fat diet with 1.5% MLE powder. The data were shown as
means £ SD from three replicates per treatment.
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Figure 5. MLE attenuated total fat tissue in HFD-fed C57BL/6 mice. HFD group
were maintained on a high-fat diet containing 20% lard oil and 2% cholesterol for 6
weeks (n=10). Total fat tissue content epididymal fat, perirenal fat, inguinal fat and
subcutaneous fat tissue. C, normal group; HFD, high fat diet without MLE powder;
MLE-0.5%, C57BL/6 mice fed high fat diet with 0.5% MLE powder; MLE-1.5%,
C57BL/6 mice fed high fat diet with 1.5% MLE powder. #, p < 0.05 compared with
the control group. *, p <0.05 compared with the HFD group.
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Figure 6. The cytotoxicity effect of MLE or MLPE on 3T3-L1 preadipocyte cells.
3T3-L1 preadipocyte cells were incubated with various concentrations of MLE (1 or 2
mg/mL) or MLPE (0.25 or 0.5 mg/mL) at 37°C for indicated time. Cell viability was
measured by MTT assay. The data were shown as means + SD from three replicates

per treatment.
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Figure 7. MLE and MLPE inhibited the fat accumulation in mature adipocyte
cell. Postconfluent 3T3-L1 mature adipocytes were treated with MLE or MLPE.
3T3-L1 cell were stained with O oil red (top, A) Nile red (medial, A) and flow

cytometry (bottom, A). The fluorescence was quantified by flow cytometry (B). The
data were shown from three replicates per treatment.
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Figure 8. MLE and MLPE induced apoptosis in mature adipocyte. Postconfluent
3T3-L1 mature adipocytes were treated with various concentration MLE or MLPE.
3T3-L1 cell were stained with Annexin V/PI then analysed by flow cytometry (A).
The lower-right phase is the early apoptotic cells. The fluorescence was quantified by
flow cytometry (B). PI: propidium iodide. The data were shown from three replicates

per treatment.
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Figure 9. MLE and MLPE inhibited mature adipocyte differentiation. MLE and
MLPE reduced the expression of adipocyte differentiational markers SREBP1,
PPARy and ALK7. Postconfluent 3T3-L1 mature adipocytes were treated with MLE
or MLPE. The proteins isolated from cell were analyzed via Western blot with
anti-SREBP1, PPARy and ALK?7 antibody. The detailed method is described under
"Experimental Procedures.” The indicated arrow on the right side represents indicated
protein. All data are expressed as a fold relative to control untreated cells. The data

were shown as means + SD from three replicates per treatment.
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Figure 10. Schematic model of the MLPE ameliorate obesity. MLPE were shown
to be capable of inhibiting hepatic lipogenesis through the mechanism, attenuation of
SREBP1/FASN/triglyceride pathway and SREBP2/HMG CoA reductase /total
cholesterol pathway. MLPE also reduced peripheral lipid accumulation by inducing
mature adipocyte apoptosis and suppressing adipocyte differentiation. These results
suggested that MLPE can be beneficial for the suppression of high-fat-diet-induced

dyslipidemia, hepatosteatosis and obesity.
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Abstract

Keywords: Mulberry Leaf Polyphenoic Extract; Obesity; Hepatocarcinoma;

Inflammation; Antioxidation

Dietary fat is one of the most important environmental factors associated with the
incidence of obesity. In the first year study, the antiobesity effects of Mulberry leaf
extract (MLE) and Mulberry leaf polyphenol extracts (MLPE) were investigated. The
results showed that intake of MLE and MLPE can be beneficial for the suppression of
HFD-induced dyslipidemia, hepatosteatosis, and obesity. Moreover, the MLE and
MLPE induced 3T3-L1 adipocytes apoptosis and inhibited on the differentiation of
preadipocytes. In the second year, we assayed the effect of MLE on inhibiting
hepatocarcinigenesis promoted by obesity. HepG2 cells were cultured in no serum
DMED contained 15% conditioned medium (CM) obtained from 3T3 —L1 cell cultured
medium. The results indicated that MLPE inhibited proliferation of HepG2 cells
induced by CM via TNF-a regulating NF«B but not p38 MAPK/ AP1signaling. The
decreased expression of pStat3/Stat3 and TNF-a. & IL-6 in MLE treated cells was also
investigated. In conclusion, MLPE, the functional ingredient of MLE, could inhibit the
proliferation of HepG2 induced by CM from 3T3 cells through suppressing TNF-a and
IL-6 activation. Further animal study showed that MLE reduced TNF-o and IL-6
expression, increased antioxidant enzymes activation, thereby lessened DEN-induced
hepatocarcinogenesis promoted by high fat diet (HFD). Next, we will clarify the related
targets using proteomic research.
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(ZHF2RF W3 AL B 2 AL B AR
(1) #3 ~FL 0 o 2 Pt

1. 2LiFpE 1475 9% (non-alcoholic fatty liver disease, NAFLD)
1-1. 5w ik ;tk,;ﬁ;]sa‘- M7y 55 F

ARk b AR e DR iR ) B SRR AT A 0 (A & B Z R B fig)
TERB2IFREE T A 2T A AARBE AL e F R T
R % @ 3 2 o 2LFPH 1475 9% 575 (non-alcoholic fatty liver disease, NAFLD)
EFY FRFL O CRFLEEFE LS AP RBA G R X SR
A0 BF Lo g g B RR 2§k 7 [1] - NAFLD Lp #5735 § &
P R s R B R X - & ¢ 0 @ NASH(non-alcoholic
steatohepatitis)=f» J**NAFLD ch- fak % - £ 5§ ¢ > NAFLD JmAz ¥ chvg i %
t2 doorfird S NASH hE & Ropis@E p 5 & 2 (P f2 0 & 5 54 DR
Day ¢2James[2]4% 1% § % #i(insulin resistance » IR)12 2 7 BT i § it i® % $3+
fote R T H o FERVFERG AR REE S LEF BB S SR A
Tz Rwmie Bl R R R LR E R o FROFRE- HE A
B lrrzgan m[ﬁa%‘ °

1-2. NAFLD ;‘v’(:ﬁ,%ﬁ

[

IRER A RN HE R B o - LT TG 1 07 R (X A A

|

Bt b fig) e Fimie B R R A AE[3] o 3k o d At BHIEDE F B
HEA G T ERB e R~ Fawrr & XFFA A d UK A S Z fe g
B4 ~FFA BiFmre e AP 5 M2 1% FF R a @RI @Y WA~ d 0

VIDL & & & e » a ERZEH B fREEF 2 RE > $5hhesnz
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Mo [ ety b R e 5 A 5 1R Mmte ¥ chz B 0 fig ¢ o 2 P 2 BT
A MR Fa BRZ YW AT R B RS A 0 BRI R
[4] -
2. Obesity promoted hepatocellular carcinoma

ek RN L - BRI DER TR HEL SRR S RHIUE FF
MR SR TR 8 F R SRR PR L AR ek
Z— Bz HehHCC g FIR[S] » 47 1 3 &0 0 # PR s (7 ol o) Tofs

3B 2 B ehth e iE% 0 HBY S HCV #§74 % a5 b ' 8257 o g o

teAZE100 B [6] o P7 it (R iR EARE 0 ¢ 5% 5 F Ao % 2 AR
5 - B P2l R g 0 oNAFLD eNASH » 35k s it > il i % o
@A R eh i 5 i foNAFLD ¥ 3 $9fm 5 chif 78 0% 10| B3] ¥ v im e
kS R ERT 0 R A > W o oA L [T7]
. AEFE

CPFIFIREFRENFES LKL @FFE iy a4 [89] -
£ araF i 4 [0, 11] 5 (D)l de rR AL o [12] 5 (c) FokkAom[L3, 14] 5 (d)
g L[10] 5 ()4 g iwsk[15] 5 (f) #r#4lA & ¢ % [16] - & £ i § »x#r4]DOPA
oxidase frantityrosinas =& [17]c P m A iFe F e B3 MR EZ 1 23

b g & Pl B o %R B2 g [18-21] -
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(2 F 1%

¥ &t MLE 4oMLPE $r$7; 95 m% A 1 33 % i (CM) 2 BIE ¥R (£ %

- Second Year -

Mature adipocyte

o

C D) Condition medium

.r-l :p)\‘ —
DEN (o G@) | rosiom
/ dperctn,
HFD x 950

g

*g_.‘?.
v test ? <\> é: -ﬁ In vitro test
n vivo tes
by | ‘ SDrat Humanhepatomacell

HCC developmeent model Proliferation assay
Histological analysis (MTT, cell count, ECIS)
-steatosis, inflammatory cell, foci Migration assay

(boyden chamber, wound healing,

Serum lipid profiles change
Liver lipid content change
IHC analysis

ECIS)
Invasion assay

Relative protein expression
-GSTPi foci, PCNA _stat3, NF-kB, MMP

Relative protein expression
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(3) =% ik

3-1. 3# %3T3-L1 4 i 2 Conditioned medium(CM)#| &

FEIT3-LL 2 %14 2 22 A 3 inmie 12 4 w248 h Y2 & 7y kb
Yo 5 R R B 15 B b F iR fECM o 25k i ve HepG2 cell 32 & »tFBS-free media:
CM=1:1 a0t 5|8 & 12 % HepG2cell 48 h gt ™ e 2k -
3-2. CyQuant for cell proliferation assay

#-HepG2 cell rwZmedium 2% ~CM 2% - CM+MLE % % 2 CM+MLPE
f2 %] 32200 pl CyQuant GR kit 4 45wz 3 24 152 o
3-3. Wounding assay % ECIS assay

FEd Yellow tip s & ¢ 10— 3 47 G0 0 7R R R e B i
4 o g 4r x ¥ medium &% ~CM (% » CM+MLE ‘2% 2 CM+MLPE 2 %)
BITPE B FETER (A% E0-12-24-48~72 /) &) #wmre 5>
BACHL B 400X TRE G v £ 60iFA) S S gp R R iE ¢ i #ic® o ECIS
assay A E A1 T H SHcen it R we dbi el B s R R FE
w4 B R E o
3-4. Invasion assay

#tramswell insert % F - & matrix gel > (53§24 448 /| pFenk PR {2 0 )
*iE] 2 B 400X TRLBR e f E AR P il § 0 ehimie i S B B T
- %] °
3-5. Quantitative real time PCR (QRT-PCR)

F1* Q-PCR %7 Ip %2 TNF-ao £21L-6 2 mRNA £ & -

3-6. Western blot
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2 SDS-PAGE 4 +7 3-v eh& 3 - ¢ FFAMPK, ACC, FASN, MMPs, TIMP1,
p-p38, p-Stat3, NF-kB, MAPK % » ¥ it — # &7 v FHA 45 o
3-7. 1L-6 and TNF-a antibody depletion

#W3T3-LL A v @ keHCM 32 4 &2 pg/ml anti-mlL-6-antibody = £_1gG1
(R&D Systerms) - B~ % 7:CM £ HepG2 cells— 4= & 1 #dnvasion~migration
western blot % ¢ 5 - ;ﬁ "% IL-6 % TNF-a %% 3 # ~invasion~migration 1%
F e
3-8. MLE #r#]57 2ig s DEN 3R ¥ i€ #

3-8-1. Animal and diets

FP g s 2 T 7 e w(N=8): Group 1:1+ ¥ ¥+pe %> &5 I § 4 & Purina
Lab Chow % it ¥ 4x-k; Group 2: HFD % > Purina Lab Chow (78%), lard oil (20%),
cholesterol (2%); Group 3:% % % > HFD+0.5% MLE; Group 4: % %% » ,HFD+1%
MLE - 4 812 ¥ s ddr » 5 3P0 7 M H14~16 | PF > 75745 B o 2
T PR R THE Stain s 39 4472 AR EFA BT R RBpRERE . ¢
% steatosis, inflammatory cells(per mm?), ballooning degeneration of hepatocytes °
3-8-2. Immunohistochemical staining (PCNA and P-GST foci)

K-z & menk s 8 orufresh xylene jZie5min2 = v & {7 B o 2 F £ 1
100% EtOH %/ 5 min-95% EtOH %/25min1 =% -85% EtOH /%/¢5minl =< >
70% EtOH Z=/¢5 & 481 =X > ddH,O &5 min 1l = » P &35 rehydration - 3%
Bt T e B 2 2 * sodium citrate buffer (0.1 M citrate buffer, 0.1 M sodium
buffer in ddH,0) % /15 min > < ¥ 8 p R4 4r > £ * 1% H,O, &5 min {812
PBS %3 =t » * 3% FCS (fetal calf serum) blocking 20 min » #-gt & i AL » =3

% 4 c0FCS - 12 primary antibody (PCNA %2 P-GST antibody) =% 8 1% 1 h {5 » 12
51



PBS j#=5min2 =t » & 4c » secondary antibody (biotin labeled) 1 : 500 »* % g~
% 1 h t& PBS 75 min2 = » 4 » ABC solution (Kit) i * 45 min {12 PBS
Febmin2 =% > £ * DAB *t g g T @k~ & 5min {5 Tris GrikgciE o £ ¥
hematoxylin % ¢ » kw Z2F20 & » MHO x4 % 4L H > ddHO Z725 min
1 =t »70% EtOH %;22minl =t > 85% EtOH Z;#2minl =% > 90% EtOH =z
2minl =% >100% EtOH Z=;#2min1l =% >xylene %;22 min 3 =t » & {$ 12 aqueous
mounting medium i 7 4 5 o ST EEACEL R TR o
3-8-3. Quantification of cell apoptosis

i & {J* Terminal dUTP Nick End Labeling (TUNEL) assay ™ f *#5%g 5 ¢
B dhimie o B-F e I FRT e ey B R RS 0 * 100 mM sodium citrate
buffer & /20 min > % {& % >73% HyO, &2 15 min 4 fris » #3557 & 4o »
TMR-dUTP 4-TdT (Roche Diagnostic) #37°CT™ k1 h» >3 sk R ficdr ™ LR ‘w
% e 1t o
3-8-4. Hepatic lipid peroxidation

A& AR EAFH Y hfg T § 1 4 malondialdehyde(MDA) - & * % e ik
& 1,1,3,3- tetramethoxypropane (TEP) 1% 5 #5-3j% & & I 4R 38 o &1 > 38 {7 979585 B
Wy T EARR o PFRL0 B A 5% 200 pl TCA buffer (tricholoroacetic
acid);® & ¢4 > *+4°CT gz (1000 rpm ~ 30 min) s » B~ F 3% 200 ul £ 4c » 200 pl
TBA buffer (thiobarbituric acid);® & 75 » >*95°CT 4 # ¥ sk £ 40 A 4875 > 14
¥ ek & 2 4532 nm/600 nm T Bl E_e
3-8-5. 375 ¢ fi§ L pE R 2 BT

$5 P IsE F 1 RS 124 47 (glutathion peroxidase activity) 2 HyOp% < > %

H,O, £ GSH (glutation) 1% * pF » GPx ¢ #-GSH fLi- = F it 3] s % 3 25
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(oxidized glutathione, GSSG) » m GSSG 41| * GR (glutathion reductase) ¥ NADPH
R rj-f‘u? B R = GSH » #20j £340 nm T iR ek R if‘u? "R e R GPX
Bl o AZF 4R it fRE M A 47 (superoxide dismutase activity) §1* pyrogallol
GHGHTERT ERAAF L Ier o A A pF e pipyrogallol ¢ F A
purpurgallin> ¥ & F feri-H § A2 <~ Eedg§ A d A > e § § 5 SOD PR
¢ H#Agy pd Auit o a frqlpyrogallol p o itiE o At g d g3k B SOD
s e EE Y@ fEE s 7 (catalase activity)

catalase £ 7 4 f&H,0, it 4 > 2,2 H,0 £20;,° @ H0, it £240 nm ™
B R E s e 3 fecatalase RIH,Op vk k@ € iR bR 0 0 AT E U S d
ok g i EEE I ERaE N .
3-8-6.3F5K ¥ 24 fE & Bl T

#1533 £-80°C ek BUSFHEE~ 1) > 4o » if £ 2 homogenization buffer » 12 % 5

4

FLEAS (T30 #3015 m s 5 40C 1239000 rpm 330 A 4E 0 BB

)

_6‘\2-\‘

¥
ﬁ“

T 5 F TR R

% 2_ % P~;% » 1.5 mL GSH substrate buffer % 1.5 mL CDNB

e

4

substrate buffer ¥ » # & ¢ ¢ > £ 4 »20pL 2 FPR > R £3593 5 &340 nm

(&

T F B3 s4mo Tp|TOD BRI N A g

l“‘b

3-8-7.0 ¥ F X F|F 2Rl

AR BT TR =PRI Z 4K 4 7 (quantitative sandwich enzyme
immunoassay, RayBio® Rat TNF-a ELISA Kit and RayBio® Rat I1L-6 ELISA Kit):?]
iz ® TNF-a or IL-6 ehjE B o A 479 96 34 A~ i ¥ ¢ & & < '
anti-TNF-o.  and IL-6 2 ¥ jk$d > &% @ HTNF-o or IL-6 ¢ &2 & 4745 ¢ el
PRI & 0 B2100 pl o R e R S PR 5 A MO 4A°C T R B12~16 ) PERS

AL g bk aiBsed k3 o ¥ R 4 2~ 100 pl a2 TNF-acor IL-6 &
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& chH Rl (biotinylated antibody) » %8 & &1 | FFiS - A £ Rl § i
AAEY k3 o B4 ~100 pL F § fEE g Srbiotin A% F A PFMpE S K L
4 «rstreptavidin solution » 3 /8 & &45 A 4ais - AR EfMPEZ S 6 E i
FEEARP 2 0 FF 4 ~ 100 b pE % X 48 (TMB One-Step Substrate Reagent) & ¢
¥k F 30 44818 0 Bofe 450 pub ¥ oF j(stop solution) ¥ ik ¥ & F K 0

BEASONMT Rl H ek B i o F w g P chTNF-acand IL-6 4% 5 pF > Pkl fx %

gt

LRSS RTNF-aor IL-6 244745 ¢ H P2 S & 8P ¢ 34 > S PFEE 3
BEF o B d EANF > TR I &g TNFaorll-6 3 £ 524 ¢
3-8-8. & ¥ FERLF|I 2 Rl

AR HRET TR =P e RIEOEEE LA 4 7 (quantitative sandwich enzyme
immunoassay, RayBio® Rat Leptin ELISA Kit and AssayPro Rat Adiponectin ELISA
Kit) )ip] & =« ;% @ Leptin and Adiponectin ek B o pt 2477 96 3 a7 dii® o B 4

= Eanti-Leptin or antiadiponectin 2 ¥ tk4<48 - « ;% ¢ Hleptin or adiponectin ¢

S50 B PR & 0 B100 b i R R A A R 5 4 F40C TR
12~16 /| B 5 » A% & e [T ¢ Gk eniBAz Y k3 > 7 bR 4~ 100 pl A 2

Leptin or adiponectin % & ¥ $x#=48 (biotinylated antibody)’ % 8 ¥ &1 /| FFis >

KL P B EAEY o 4~ 100 ul # ¢ S2biotin 45 % 3

\

MAcH U iR % % & B costreptavidin solution > 2 F 45 A4S 0 A B & T
WA A S SR ¢ ffkiiny 24 > 3% 4~ 100 L %% < #(TMB One-Step
Substrate Reagent) & ¢ > &k £ &30 4 4575 0 B8 1450 pb % ak j% (stop solution)
BhpEE RS R o YA E450 nm TRl H ek B o § XL ¢ aileptin or

adiponectin 4% % p¥ > PlFiREpE £ % & 48 5d o % Leptin or adiponectin £2 & 47 %

-



# anti-Leptin or antiadiponectin ¥ tkfdliz & & #cp ¢ W4 > P EREEETS
PR ¢ gAxF > wE S B R Leptinor adiponectin 7 £ & &+ b o
3-9. Proteomic analysis

3% E3T3-L1 4 i+ @ kehCM 335 % >0 3% 0% w7z HepG2 cell 48 h » Jx v o
Al B - R A150 ug hd R o it 2 BoR{oiR f23T 2 7 Murear 2 M thiourea
2 % CHAPS > 0.002% bromophenol blue » 2% IPG buffer (pH 3-10 linear)§=65 mM
DTE 2z rehydration 7% - L #-4k 5*% » holder » » £ #&#<2% » strip gel » #x T_
stripgel TaEE®F 2 0 Bfs B E LY S Ecoveroil > i akstrip Fod o EF @
IPGghor % 7 % &k s » 1230V #-strip rehydration 12 h » i strip % ; 100V »
0.5h;4000V-0.5h;8000 V/ ] - FIEF & & #strip 12 = = -k e 3 “5 cover
oil » &£ 7SDS T /A& 47 °
B: %= 32§ A (SDS-PAGE): #-3f & % % 45 ¢1SDS % % B~ 1 » dstrip % »+ 2 50
mM Tris-HCI pH 8.8 > 6 M urea> 2 % DTT {-2.5 % iodoacetamide 2. bromophenol
blue z. T 715 A 45 > (7% A A 47 o &4+ & 2z > SDS running buffer » £
astrip> wAEFEF K@ 0 # Gi running buffer 120.5 % agar :& {7 4% ¥ @ strip
FE_o TR AR K 212 % acrylamide gradient gels »* 24 mA/gel iE £ T 7 &
5h o £ F &% 808 7434 > 2 ImageScanner #&F: o
C:zaq Al g2 3o FELEF P -kfE22 MALDI-TOF B3 ik~ 47 #-p &
-0 ' Bj<polyacrylamide gel *» 1} » SDS-PAGE *# 2 3-¢ B rutrpsinZl j# 12 » 1
100 pl z 50% acetonitril§=25 mM ammonium bicarbonate pH 8.0 2 & ik * %2
&= iF* 15 A48 0 121100 pl 100%2_ acetonitrile i+ — = > £ 3% o 5% %%
5 4~ 10 pl 725 mM ammonium bicarbonate 7 0.1 pg trypsin (Promega,

Madison, WI, USA) » £ rsiiconized blue stick 3 #2232 % >*37°C% > 16 h - 727%
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#4150 pl £150% acetonitrile 5% trifluoroacetic acid % B~ 1 % {5 £ = 5% o

PR3 % 1210 ul 90.1% trifluoroacetic acid £ f 5 £ 3 B2 ul # 53
> sample target F o 0.2 pl P£P%R fr g 4o > 0.2 pl matrix > p z 20 mg/ml
a-cyano-4-hydroxycinnamic acid - standard peptide BSA fragment Fr
adrenocorticotropic hormone fragment 2 p 1% o iz 4 48 £ 2 Ultraflex TM 57 3%
ik (Bruker Daltonics, Bremen, Germany) it~ 47 o jp| & 4 ¥ 8. % £ 12 Swissport

database z_. EXPASY #1# i=4-Mascot 3F 4255 k wUp| B A 47 o
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(4) 'a‘-ﬁv‘}vﬁ

BT3-LL % 7 e dmoe A 11 5 7 9 ¥

3T3-L1 # %y 0pimve B % Slehi- N2 A risimie P > Afdl B 4wy
ARG A e 3T B mre > P wEF Y RATY Mgk g B foig v N B
(adipogensis) Fim?z th2 — o 3T3-L1 7w fg i lmPe f A A it H 25 fi foid 2 27
A e 4P "‘;ﬁjl‘ fvw 8 4 i #|0.45 pM rosiglitazone (RSG)~1 pg/ml insulin
0.25 uM dexamethasone (DEX)% 0.5 mM isobutylmethylxanthine (IBMX). 5 iE14
TenA b2 (8o e N g A A Z PR b g b JF SRR 0 e AR € d Baik
ZBaR me IR e A RACB AT T %E'Fi I e b UF ke AR
(Fig. 1A-1B) > Figure 1C @41 * b =4 ¢ Rkfainiapmie 2 %% > d B¢ ¥
Rimbe Fp b Fiafpz Mg (HEordpiod 304 3 W F) -
3T3-L1 g% imve 3 WAtk mre 3 2

#-Hep-G2 im#e (5x10° celliwell) 33 % *+ 5 10% FBS % # 3 x iF(serum free)
z24well & ¥ > %30-5-10~15+~20~25%+d *y3%m*e & 52 CM > B2
24 -] pF o d Figure2A B % # M A% § & FiE 22 T %5 CM > Hep-G2 'm %

4 BB 4 T % (p<<0.05): @ % 10% FBS e w7 | 4 i 2 2. CM> Hep-G2

énh)

CEER SRR F L AN L AR R S PV AR S R A

F_‘-

P

,‘H,b

/ ~ Jﬂ_tﬁﬁ ]‘ ’ F;F rj—é‘ ‘/;I'% ¢m}§élf¢¥_rf]_+ 'é‘

1\“‘

TR o & RECM P e ek (T a0 0 Ft E PR TR e 2
2T % o fe 45 ehisHep-G2 amre (5x10% celliwell) 2 %% § i 224 well 33 %
x® > %550~5~10+15-20 - 25%+d P imkmeE fr e a2 CM 0 224 % 48 )

FEis > S % B or HepG2 ‘ez w3 P AW A chA IR I ¥ R 4o 15%0%; A B e
57



et (L2 CM e & ¢ chHep-G2 ‘¥ 3 4 B L A ¥ > B rdlledn it it
%1.26-1.30 & (p<0.05)(Fig. 2B) -
R E TP I iore i TR mre 3 2

#-HepG2 wmPz 2 %57 bk B ehd £ 5 5% (0.5 mg/ml - 4.0 mg/ml MLE) ®
fer 75 15% 3T3-L1 "% m* e CM % 3 & @ o /2 DMEM % F S
B 281624 %248 (] pF{S > MWST-1 & 47 > B %8148 /s > CM ¢

Bl yrdliedpt plmre i A g H s R EREEF 0 QS ipdlelb B 7
PLISEE A8 ] PEeNpE R BE G OF B 0E o d2 ¥ B-le R I 2 chHepG2 e 4e » 7
ek B ehd F 3B (1.0 mg/ml - 4.0 mg/ml MLE)s2 8 ~ 16 ~ 24 % 48 /| pris %
B> HepG2 mPe 3 4 g4k drd| 7 > ¥ SEFMLE B & 3 4v > Fra| gl §» 4%
BE 5 BR T & E X BOr (MLE)F #7470 95 im e 3 - HepG2 fmve 3 4 2 (v % o
MLE#r$1 %5 % 3w % 35 % i 3 % 2 HepG2 % erif 3 £.55d TNF-a 2 IL-6 ¢h
R Al

CATPadRm e A A2 B AR E 45T — B W e i E o 4oll-1-IL-6~TNF-a
1% MCP-1 % % oa TNF-a % IL-6 /& BL S g & W9 mie 3 4 chd &2 T

T RS B g (MLE) S5 dr 4] 5 s 5 12 % % 973 2 MR e B 4 2 iF

g AP A HTNF-o 2 IL-6 &7 iF1 B AR e g » S RERFAT -
TNF-a % it 3 4577 #p38 MAPK/ AP1(c-jun/c-fos) §4jx 2 NFkB g% > o Figure.
AA %% E Wi kB kA4 mg/ml MLE hie* T 5 p38 grc-jun 3¢ £ R
324 L FIMLE 2§58 o @ ¥ wie g2l ~ 2 2 4 mg/ml MLE » NFkBA ¥

£33 bk BEMLE chdrd] » 2 Fod £ IR 5 X9% ~ 18%% 47% - Bifs it IkB 2

Fov ZIRH AN pdlEanl22 35136 B %224 B od i g% #aMLE v
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1% 9P e 3 & it 4T W2 TR e 2 2 RS TNF-o T P22 NFKB B AE
7 #:p38 MAPK/ APL K -

L6 = PSMat3 i R S e B 2 BT e R sy e 58 A
B HepG2 ‘w12 £ 48 -] pF2 15 > pStat3/Stat3 vt Bl Et i g L 1.2 ©
(P<O.0) « ¥ -y ime 33 i #2 7 3k 2 2 MLE o A48 | 52 5 - &

S EREBFORESFIR § wEad2l 2 2 4mg/ml MLE H pStat3/Stat3 ) 5 1.23

%

~1.12 £221.03 & (P<0.05) (Fig. 4B)- K,ﬁ% PR NS - S ’y?“" ip Y1HGF, IGF,
IL-6 TNF-0. & 2 & F]+ 7= ¢ 153575 (* PISK/AKL B2 82 58l fm P2 2 3 4 o 34
G- PIBK/AKL T 2 -9 2 FF 2 R BZ A B FFRCM ¢ 5 iE
PIBK/AKY/MTOR B /= % & HepG2 ‘m®# e 4 » § ‘w2 g21~2 % 4 mg/ml MLE
H pAkt/Akt #ipc i v B 5 5 115% ~ 100% £292% (P< 0.05) ; pmTOR/MTOR +*
7.5 5 100% ~ 88% £290% (P< 0.05) - PI3K/Akt ™ % ¥ - .= GSK3B v # L
Rl 7 % 7|z 0 B2 55(Fig. 4C) o 2 P4 ¥ 4 * anti-hIL-6 £ anti-TNFo &k F& 3% %% fm
P2 B AR RATEE, A FEWLEE 0 FRHepG2 w4 o uE 3 &
B2 18 RISTAT3 39 eh& 3 » o Figure 5A ¢ % % I HepG2 ‘w* i d2CM {8
pStat3/Stat3 =t i@ 5 Fr4) 20121 B 0 EJZanti-hlL-6 {4 pStat3/Stat3 it &
BICM b 2. TRV 1T% 0 gl ek LE 4piT o Figure 5B it & & T
HepG2 m#e g2 CM (s NF-xB & 35 #r4)2601.22 & » ad2anti-TNFo s
NF-kB % 3% 5 24 piT o @ § % dZCM & > plkB/IkB a0t g 5
Fr#lwmen1.22 & 0 Aaanti-TNF-o #plkB/IkB st ER]F 4 w4 chfhm o g

b 3uipm B HepG2 w¥e id®4.0 mg/ml MLE ¥ 4v » 2 5 15% 3T3-L1 *5%% m¥e

~

CM £

<5

% i F2 DMEM £ % &P o & 4 » anti-hIL-6(10 pg/ml) &

anti-TNF-o (1 ng/ml) >0~ 24 ~48 2 72 |- prz 15 WST 4 F sie (7 4 4 o
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FEF RHepG2 % 22CM £ R £T72 | PF2 18 > w3 4 5 i) 21,63

& 5 d24.0 mg/ml MLE &2 CM shfewdpdz. T > fmie 3 4 55 32% 5 F FF P e
72 MLE #£anti-hIL-6 ¢ anti-TNF-a B m%e 3 4 » %] 5 36%2235% > @ H e
4.0 mg/ml MLE £ fr p¥ g2 MLE franti-hlL-6 s anti-TNF-o e B pdi2. T &
RPFF VA AP RELR o 287 MLET #7493 m e 3 HHepG2 mre 3 4 2 1%
* 516 BTNF-o & i3 4 7% (Fig. 5C) -

‘lr#

ﬂﬁi

o PSR Tk X (MLE)HTNF-0 % IL-6 /&% &5
prdlzo 5% 5 & ¢ HTNF-a -~ IL-6 2 % & 1 # [ZPIBK/AKUMTOR » £ 7 4p
S| (T * > BE T & F 5 Bg (MLE) 2358 #7417 TNF-a % IL-6 /& (v 32 /5 »
@ & 18 P VR e 3 & R i 2 HepG2 me cng 4 4 At g 7 (Fig. 6) o
MLE #r#)] 9w s ig g 7 g 4 2 15

CREEDT L e L4 AT @RI Go P h L ek BE RATH
EERRE K R BRI E LS 540% 29 (beeftallow) HHFD 4sflék & 3 <
REER A2 R PR EMERTZ NI FAPEHBE T FESH2
Yoo WA 2 2 VA 2 4SD < B 4t kP 7 0.01% DEN 2z
R R DREFE SR FEAL TR F R E12 AR

?JE’#’i— /k‘V nfs—\

15\\3

RHET O BEPRASHER I HFD P oAS
HAex AMMEFQ 7)) Br A v S RAA Wb g > AUy

DEN 2% # £ &2 2 HCC a8 ™ ,%ﬁu’_‘l‘_,—- LE i Y ﬁ'r’fzj Ii‘gﬁuq’—;&.g 4 % o
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(high glucose 4.5 g/L) (45uM) | (0.25uM) | (0.5mM) | (1 pg/ ml)
10% FBS Non serum

A + - + + + +

B + - - - - +

C + : . - ; -

D - + = , - -

Table 1. Induce of adipogenic differentiation from preadipocytes (3T3-L1).
Adipose differentiation of 3T3-L1 preadipocytes was induced as described in
Materials and Methods.
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Figure 1. Adipose differentiation of 3T3-L1 preadipocytes. (A) Mouse
preadipocytes, 3T3-L1 cell line showed a fibroblast-like shape. (B) The preadipocytes
were induced into adipogenic differentiation by differentiation-inducing media. (C)
Adipose differentiation of 3T3-L1 preadipocytes evaluated by Oil-red-O staining of
lipid droplets. The adipogenic-differentiated cell showed positive staining for
Oil-red-O. Red-colored expression indicated lipid droplet of differentiated adipocyte.

71



(A)

140

*
130 * *
*
*
120
é 110 A
:'? 100 A
3
S 90
3
O 804
70 4
—a— 10% FBS+CM
60 - —0— serumfree +CM
50 T T T T T T
C 5 10 15 20 25
CM (%)

Cell vibility (%)

—a— 24hr
80 ]
70 T T T T

C 5 10 15 20 25
CM (%)

Figure 2. Cell proliferation of HepG2 cells induced with a dipocyte-conditioned
medium (CM). (A) 5x10* HepG2 cells were treated with different percentage CM (5
- 25%) in with or without 10% FBS medium for 24 h. Cell viability was analyzed by
the MTT assay. (B) HepG2 cells were treated with different percentage CM (5 - 25%)
in serum free culture medium for 24 h and 48 hr. Cell viability was analyzed by the
MTT assay. The result represents an average of four independent experiments + SD. *,
P < 0.05 and **, P < 0.005 compared with the control. The four independent

experiments were significantly different according to a one-way ANOVA.
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Figure 3. Inhibition of adipocyte-conditioned medium (CM) induced cell
proliferation by MLE in HepG2 cells. 5x10* HepG2 cells were induce with
adipocyte-conditioned medium and treated with MLE under different concentration
(1- 4 mg/ml) for 8, 16, 24 and 48 hours. Cell proliferation was evaluated by the WST
assay. The result represents an average of three independent experiments + SD. #,
P<0.05 compared with the control. *, P < 0.05 and **, P < 0.005 versus CM group.
The three independent experiments were significantly different according to a
one-way ANOVA.

73



. - % o

) ‘( RS, p %oo

T3 3 1 1 [Nt

: 02

(K13 | ———— -
Actin | c— e c— a— — T

v [ D D W w— :

pes —

- < i T o

IHDHH

c 4

MLE (mgiml)

(B)
C CM 1.0 2.0 40 (mg/ml)

PSTATS [ —" ———

STAT3 | S S S S—

Actin C— — — — —

Phospho-Stat3/Stat3 ration
o
«©

c o 1 2 s
MLE (mg/ml)




(©)

PI3K T TS SE—— SE—— SE— 21 S S

pAkt

DGSK3 5 | S
MLE (maiml)

A A Y F
PIMTOR | S — — — w—

mTOR [T S— — — o—
Actin | ———

GSK3p

=

FPhospho-mTOR! m TOR

c : I M-E:mgimll
Figure 4. Effects of adipocyte-conditioned medium (CM) induced cell
proliferation by MLE on the protein levels of TNF-a/IL-6 signaling related
proteins in HepG2 cells. HepG2 cells were induced with adipocyte-conditioned
medium and treated with MLE under different concentration (1- 4 mg/ml) for 48
hours. (A) Quantification of phosph-p38/p38 and phosph-IkB/IkB. (B) Quantification
of phosph-Stat3/Stat3. (C) Quantification of phosph-Akt/Akt, phosph-mTOR/mTOR
and phosph-GSK3p/GSK3p. The graph represents mean values of three independent
experiments, and error bars represent the means = SD of these experiments. # P<0.05
compared with the control. *, P < 0.05 and **, P < 0.005 versus CM group. The three
independent experiments were significantly different according to a one-way
ANOVA. C, control; CM, adipocyte-conditioned medium.
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Figure 5. Inhibition of adipocyte-conditioned medium (CM) induced cell
proliferation by anti-hlIL-6 and anti-hTNF-a in HepG2 cells. (A) and (B) HepG2
cells were induced with adipocyte-conditioned medium and treated with anti-hIL-6 or
(10 ul/ml) anti-hTNF-a (1 ng/ml) for 48 hours. (C) HepG2 cells were treated with or
without adipocyte-conditioned medium and the HepG2 cells were presence MLE 4

mg/ml with anti-hIL-6 or anti-hTNF-a for O, 24, 48, and 72 hours. Proliferation was

measured by the WST assay. All the experiments were performed thrice in triplicates.

#, P < 0.05 versus control group and *, P < 0.05 versus CM group The three

independent experiments were significantly different according to a one-way
ANOVA. C, control; CM, adipocyte-conditioned medium.
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Figure 6. Proposed scheme for the role of mulberry leaf extracts in
adipocyte-conditioned medium (CM) induced hepatocyte proliferation. This
graph shown MLE suppression of PI3K/Akt/mTOR and Stat3 signaling. MLE also
increase kB degradation and inhibited NF-xB activation. Therefore, MLE inhibition
of adipocyte-conditioned medium (CM) induced cell proliferation via the TNF-a
/IL-6 signaling in HepG2 cells.
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Figure 7. The effect of MLE supplement on body weight, liver appearance and
liver weight in the DEN with HFD-fed rats. (A) The body weight change, (B) liver
appearance and (C) liver weight in DEN-induced rats. SD rats fed on normal diet
without DEN water (control). HFD, SD rats fed on high fat diet without DEN water.
DEN, normal diet with DEN water. HD, HFD with DEN water. Data are shown as the
means  SD. #, p < 0.05 as compared with the DEN group; *, p < 0.05 as compared
with the HFD+DEN group.
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Figure 8. MLE supplement improved the formation and the incidence of HCC in
DEN with HFD-fed rats. (A) The sections were stained with H&E and examined by
microscope at 100x. N, normal hepatocyte; T, tumor. (B) The incidence of
Hepatocellular carcinoma in DEN-induced Rat. Livers from SD rats fed on normal
diet without DEN water (control). HFD, SD rats fed on high fat diet without DEN
water. DEN, normal diet with DEN water. HD, HFD with DEN water.
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Figure 9. MLE supplement ameliorated the biomarkers expression of hepatic
injury in DEN with HFD-fed rats. The biomarkers being quantitated were (A) AST,
(B) ALT and (C) GT level in plasma from DEN-induced rats. SD rats fed on
normal diet without DEN water (control). HFD, SD rats fed on high fat diet without
DEN water. DEN, normal diet with DEN water. HD, HFD with DEN water. Data are
shown as the means + SD. #, p < 0.05 as compared with the DEN group; *, p < 0.05
as compared with the HFD+DEN group.
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Figure 10. MLE supplement ameliorated the serum lipid and hepatic lipid in
DEN with HFD-fed rats. The biomarkers being quantitated were (A) total
cholesterol, (B) total triglyceride level in plasma from DEN-induced rats. (C) Total

cholesterol and total triglyceride level in liver from DEN-induced rats. (D) The levels

of TBARS formation in liver was quantitated by spectrophotomic analysis. SD rats
fed on normal diet without DEN water (control). HFD, SD rats fed on high fat diet
without DEN water. DEN, normal diet with DEN water. HD, HFD with DEN water.
Data are shown as the means + SD. #, p < 0.05 as compared with the DEN group; *, p

< 0.05 as compared with the HFD+DEN group.
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Figure 11. MLE supplement reduced the obesity factors in DEN with HFD-fed
rats. The obesity factors being quantitated were (A) leptin, (B) adiponectin, (C)
TNFa and (D) IL-6 level in plasma from DEN-induced rats. SD rats fed on normal
diet without DEN water (control). HFD, SD rats fed on high fat diet without DEN
water. DEN, normal diet with DEN water. HD, HFD with DEN water. Data are
shown as the means + SD. #, p < 0.05 as compared with the DEN group. *, p < 0.05
as compared with the HD+DEN group.
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Figure 12. MLE supplement enhanced the activation of antioxidant enzyme and
GSTs in liver in DEN with HFD-fed rats. (A) The levels of GSH, GPx, SOD and
catalase activity of liver from DEN-induced rat. (B) The levels of GST- ., GST-p,
and total GST enzymatic activity of liver from DEN-induced rat.Enzyme activity was
quantitated by spectrophotomer analysis. The crude extracts of liver obtained from
DEN-induced rats. SD rats fed on normal diet without DEN water (control). HFD, SD
rats fed on high fat diet without DEN water. DEN, normal diet with DEN water. HD,
HFD with DEN water. Data are shown as the means + SD. #, p < 0.05 as compared
with the DEN group; *, p < 0.05 as compared with the HFD+DEN group.
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Figure 13. Proposed scheme for the role of mulberry leaf extracts inhibits obesity
promoting in DEN-induced hepatocellular carcinoma in rat. This graph shown
MLE suppressed the release level of leptin, IL-6 and TNFa. MLE also decreased
ROS and liver inflammation in DEN-induced rats. Our results demonstrate that
obesity enhanced DEN-induced HCC development and MLE could inhibit it. These
findings will help to further evaluate the potential for the development of new
hepatocellular carcinoma therapy.
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Abstract

Keywords: MLPE; HCC; drug resistance; ER stress; doxorubicin;

Hepatocellular carcinoma (HCC) ranks second among leading cause of cancer-related
deaths for many years in Taiwan. It is difficult to observe the HCC patients at the
early stage, which usually been diagnosed at middle or late-stage. For those who
cannot receive the operations, the HCC patients are mainly taken chemotherapy to
remedy their disease. However, it is limited the effects of the treatment. Therefore, the
development of improving the drug resistance and novel strategies which aimed at
improving the chemotherapeutic effects of hepatocellular carcinoma is significantly
important. Recently, there are many studies have demonstrated that the natural
extracts could be a successful cancer treatment. Mulberry leaf, the leaf of Morus alba,
the main chemical component containing DNJ (1-deoxynojirimycin), Flavonoids,
polyphenolic acid and GABA (y-aminobutyric acid) etc. Mulberry leaf have many
kinds of Flavonoids and polyphenolic acid that can inhibit invasion, proliferation and
metastasis of tumor cells. This study is trying to investigate whether MLPE can
reverse the chemotherapy induce drug resistance in HCC. We first established an ER
stress microenvironment inducing resistance to chemotherapeutic in HCC. Based on
this mimicked ER stress microenvironment and then exposed to doxorubicin in
HepG2 cells. The discovery provide important new insights that ER stress may
improve resistance to doxorubicin-mediated HepG2 cell cytotoxicity by co-treatment
with MLPE. It significantly decreased the levels of COX-2 and p38 associated with
ER stress. MLPE can increase the sensitivity of doxorubicin-induced apoptosis in
human hepatocellular carcinoma cells. It is needed to explore the molecular
mechanisms. These findings will help us to further evaluate the potential for the

development of new hepatocellular carcinoma therapy.
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b e 45§ MR A AT ES0R[6] c SR A RE - BKFER G TR RIEL
FRMES R E hiF s PF o EEE RCATUR LB R DAL R
(hepatitis delta virus) ~ % B3] 5% {54 £ % BA|* X z F]3]C (genotype C) % [7-8]
2CAPF X p4 R T pE M L4 0 CAPFUF R E e & F Rl 5 L
PECAPF A R AR 5153 20 [9] o CAIPF R B K b g 3 4R 0R G &

HlRAMOERS ST B LR RS HIV)ABAPFLE HE 2 - &
TR e 4§ B[10-11] o 30 R& B F X HE~ 605 1 b FE) 1 K B
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H(NASH) : ¢ i 2 MR A b o 3¢ 20 A 2 o« 7.8 8 F1 2 @ @1 4B
it # (hemochromatosis) ~ al-#u% § F-v fvdt 2 g ~ A B L B 70 B g o

fo e 7 5 AR AR S BT G B o P R WA ) ADTR B G5 2 5 5
ek 9 FREDPERIPE AT FEHGE ¥ A S 2 S FR 1IN
fant YTEURUI SR BER S E S SR USET N RIS R SEE S SR G E
B RMm G AT G i B E i g ehf| (T 2 3R m e g
Te R AT A AoIp AP o

32, RTEA FF SR
TRR b TR s R ik & 3RS R 2EE s (R R S P IS S T 8

%%%%5“ﬁﬁﬁi)wmﬁi%%W&&ﬁﬁﬁﬁ@ﬁmﬁﬁaﬂﬁh%,
P ARG R IR B RREASF IR AN S TR R E g
T T PO E AP S QAT AL - g RS
B G R AR LRELR R A R b 2RI B e 15-20% o 458 E 4 £
LTk p b0 A F T ER R ICRRE L F R A AR E - RN
AR S RN ORBRBH S L AL FRPZBA O 2P TR
B B A v — 7 s o

Tkt ¥ LavFkt e 7 1og4a(Cisplanting (g d #0545 % 5 ¢ p3k DNA
B dmie 2 o A - A ere 4 b AR R E B DR s 1 R 2 4 [16]
2.Doxorubicin: % Topo Il e » (5% A% & DNA» Frd|Pift & = > B iLid
* AR R DY B s 0 S TR k& (anthracycline) g4 4 £ [17] -
Paclitaxel: F# it m%e & Jfrit wmie ¥ ¥ % & G2/M # - 4Mitomycin C: 3

alkylating 24| > E #r4] DNA & & ~ % 4 %] 5 4 [18] - 5. 5-fluorouracil (5-FU)
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¢ #r#4] thymidylate & =fx » #r4] DNA & = » @ e 27 & S #[19] -
ThBE* P Fin R Ll PREESL 3 7 LHE - AL HFZ o 2k
7 [20] o & A AIFHAEF ER SN T A B LR F SN ad
F[21-22] ) 12 ST A e E R IE N I TROERA AT LW 5 R
& R[23]  F G B FlF s TaHIek G 2 AIRBE e 0L iR ERR
AL AFE M T o T BV R 0 @ MR % 3 R (portal hypertension) €
3% 5K IR Ao s (splenic sequestration) #r7 k ee w IR [ AE L 0w Foag iR
# 5@ 2 ap 42 - 6.50rafenib 1 A 3 Rde S f 0 - fA T PR/ A F cfi' 3 A (tyrosine
kinase inhibitors)» & § $uim®e 3 4 frdin g3 4 > 3 XL R Fli ARG
AR EHIFH GG AT o A M 5 2-3%[24] -

3-3. FEApALE LA ML B
H-T—&m);‘? ﬂ\j/%h —) %;}mgﬁt%qy m H'T—‘mﬂff%]ld /<1’5‘&// ;)}IJ)}" ‘{mﬂé F\ E’f‘j%%ﬁtﬁ&

7
I B B chiT R E R R D b R e e chi S 3] o
Ban e Seen ST A S8 R dn sl chPLE I 2 A B S ] 3
3-3-1. Wz %= (Apoptosis)

fmie = Edplwie 2 {73 - H fhehm = (programmed cell death, PCD)- fm %2 /%
= e A R E A RR] S e RS A S e A < R A d REk A ﬂﬂ/ﬂ
#_ ~ DNA Z jiz ~ phosphotidyl-serine (PS) ¢ & !m?z %op & # I fw e Wo0h & 5 fw¥e
P B o et T RdE R BN B fS B € A5 &= -] Rl (apoptotic body) ¥ 4 &
i & A e wr,,giuf[zs 27]) o d *rimre v B AFH R AW A fRL G A PR
FPEFEA A F A gl ARF UL owie B RS RT A G2 MR
j& (intrinsic pathway) 2 #F 4 4 g% i< (extrinsic pathway)[28-29]: 1.0 2 {4 enfmPe &= .

BN R A RS M[30] o E ATAES T e A N T R B G AR AT
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Frradd PR e p Feli e eFp ABf- LR BRpg
ed g wre = [31] 5 & A %R A M il i 4 (mitochondrial membrane
permeabilization, MMP) » ,‘fﬁ“ d Bcl-2 ®2% 39 -~ cardiolipin f= mitochondrial
permeability transition pore (PTP) 2= i ig 3t JF [32] - MMP i = R T =
(AYm)™ "% » @ 3w k= ]+ > 4o cytochrome ¢ ~ apoptosis inducing factor
(AIF) ~ endonuclease G (Endo G) ~ Second mitochondria-derived activator of caspase
(SMAC)/DIABLO % i& » fm¥e & @ [33] - # ¢ cytochrome C & #5884 22 3] w
g {115 > € £ apoptotic protease activating factor-1 (Apaf-1) ~ pro-caspase-9 ~ dATP
i £ 352 apoptosome- & @ & F-v -k % pro-caspase-9 7 = /& i+ fix caspase-9[34-35]
caspase-9 f & it T #encaspase-3 0 -6 E2-7 & F AW e k= [36-37] 0 ¥ b &
P FL R enimre ¢ W o S d AU MR 0 @ AIF fr Edo G i~ e p
S e k= H ik DNASTA ~imve 4 & R0k S50 50 o B /27 caspase /& B [38] -
2.0h A M inlmre 2 X fLG S XHES 0 e kg hrv 2 XA e 35 CD95 -~
tumor necrosis factor receptor 1(TNF-R1) - TRAIL-R1 (DR4) ~ TRAIL-R2 (DR5) %
[39] c § fmredrt e SRMEHRMELELE > EXXHARE > Ba x5 T
#-v Fas-associated Death Domain (FADD)= = death induced signaling complex
(DISC) » 7% iv T 25 &h procaspase-8 » & H Aj = ;& it 4] &0 caspase-8[40-41] -
caspase-8 =it s € 31w S fAN L @ik eapn T ¥ - AEL/T 5 Caspase-8 /& it T
75 procaspase-3 7} = caspase-3[42]- % caspase-3 i& » ¥z $% 5 € iF % 3 inhibitor
of caspase-activated DNase | (ICAD)#? caspase-activated DNase | (CAD) » # 3
ICAD %] f2 8 xd) CAD & * %1 DNase | > &5 #- DNA 4 f£[43] ; % = 3|8
fz ¢ caspase-8 ¢ ¢ Bid 7 22} = truncated Bid (tBid) - ¥ 27} 51 48 -5 Bax {r Bak

% & > ¢ cytochrome c 4§z D] tmre F P » 343 e k= [44] o fw¥e k= 54
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AR R EFE LG M TR S F I RRES S ;‘gr} TR LEL e .
BT 0 R e 2 LA R ehp R [45-47] o
3-3-2. p B4 (ERstress)

NEREE e p AR S TS R D By - BE R R e
RS by OO N PR e e A FRET
P Ap TR AHREIEFE AT 2ORY FH PN FTRRS
[48-49] - e p Frgeaitt > 5 = 3 & (R FRR 4 -9 > double stranded
RNA (PKR)-like endoplasmic reticulum kinase (PERK) -~ inositol-requiring enzyme 1
(IRE1) ~ activating transcription factor 6 (ATF6) o it % i& (Fehp T > &= f
Fov T F s 22 GRPT8 B & o gt pE L A G IR AE[B0] e F N R AR ek
Fhe AT 2R Ba R €51 TR tEi2F & (endoplasmic
reticulum-associated -associated degradation, ERAD)£? & 374 3-v ' & J&(Unfolded
protein response, UPR) 4 % ¢ ‘m?z % 3| if & [51-52] - ERAD iy #-45 3% £ A 3740
= >ehd-e FEE I mi Y o I 26S F-0 F %48 (proteasome)feii -] 48
(Lysosome)#-H & fz 4 4 * > & UPR # 12 %c} #-PERK gt i+ eukaryotic initiation
factor 20 (eIF2a)# ik 1 » FF 44 i > F—d Fehg = IREL e i iR ¢ X-box binding
protein(XBP1) mRNA %' *» » 2 4 & 3 /& hspliced XBP1(XBP1s) mRNA » & £
it ea XBP1 ¢ % & ER stress response element 2 UPR element /% it chaperones
F Fl e b o M L BIE T e P [53] 5 ATF6 ff AL REAZpLE o hig ~
wig ph Y g BT R 4 F R H 2 (endoplasmic reticulum stress response element,
ERSE).% & » #{4c 39 & = » &4 PDIA4 ~ endoplasmic oxidoreductin-1 like
protein(EROLL) ~ unspliced XBP1 (XBP1u)[53] © ig#t F-v /e it ¢ 3 e Jv F 47

e AT Y AR A D B A S RE DR N TR R 4 [54-55] -
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(pro-survival)# % @58 ' ?z /¥ = (pro-apoptosis)[56-58] o p & /R 4 H 3k chlm e
= a & § % d CCAAT/enhancer-binding protein homologous protein (CHOP)~B-cell
lymphoma 2 (Bcl-2) #2%# Caspase-4 > m CHOP ~ # & % Bim A F|eh& > ©

p38 MAPK ~ c-jun N-terminal kinase (JNK)» 3%¥ 23 322 CHOP 77 12[59-61] - + %

Al K Flh FATA PR kA R B B K e B KL F LT A
Pk L s F R pH 0 2 UPR[62] - Tl R RS $a R A
Ren> 2 H Y GRP78 chZ MEH e H o B 28 7 M [63-64] - GRP78 im4
B EAL TV eRE BT TR I oRafrgd S Kwe il T4 2
% 14[65-66] -

3-4. FFRFF LR M By
3-4-1. P-g& #-% (P-glycoprotein)

RER TR AC TR LR - 0§ Rwe A2 BB PR
BEh O FL O Fene ke MR BERE F A R E S A H - wme i Ep
(cytotoxic drug)eig * -5 & - H & ¥ 2 4 § £ % [ (multidrug resistance,
MDR)[67] - % £+ &+ 223 4 MDR ¢ ABC @i & s 372273 M (ATP binding
cassette superfamily) 3 & [68] - A& R FlAd N wme gt P-pF v
(P-glycoprotein, P-gp)c:E & # > H ~» F £ 5 170kDa[69] © 5 ABC & & 5L 3e
Y g b iE %]}n » 2 F14] 5 mdrl[70] > P-gp 1 * ATP it fé_iﬁéﬁﬁﬁl? #F
AR R EFE IR A R ES Lwre ) R B2 E T E

Horh g dmve e e w [T1] 7 4b > )t v & 52

S
s
‘g;
fi
(&N
A
i
P

- [72] -
FBTRAE T4 N R B R AR P-gp cm 4 R B R A R 4 SR

A [73] ) 1T & KT g Mg i E B H 5 3-v 5 Annexin A3 (ANXA3) > &
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WG 2~ BB B G gy £ iT¥ [74] -
3-4-2. Caspase

Cysteinyl aspartate-specific proteinases (Caspase) #2% v » flmfe k= ¢ ik
FER & S[75]c A ¥ HIRT o €147 5 A pro-caspase i BT ) oo Af
B e h= ApMALL 1 e N Fed T ehaspartate 2 (8 b0 B4 A

-

g i d H i eoprotease @ AL iE it 514 Caspase cascade » i fmPe k= 4|4k

4

& f
Fx#:[76-77] - Caspase & £ 7 ix ¥ & & = fasg4]: 1. initiator caspase: 233 5 4m
ek R MR 0 BRI R 4 B B %ﬁr_‘ BT
eneffector caspase #-‘m % /&= 2 4, @iET 4 » i]4ecaspase-2+-8+-9~-10 2 12[78] -
2. effector caspase: 7 ’m?e &= chugAe® o AT EaA PR R o i d  initiator
caspase £ proteases ¥ * {5 4 ¥ 4% it > effector caspase /& it {5 ¢ ## | e %
¢S4 d R et 5 B)4e Caspase-3 ~ -6 % -7[79-80] - Caspase-3 i ‘w% k=
TR w0 R8N 4 M4 B aime k- BT [81] - Procaspase-3 Ak s i
f$2;= caspase-3 > ¢ i& » F|imz {% 4 poly ADP-ribose polymerase (PARP) -
mouse double minute-2 (MDM2) ~ actin & 4] % > HRkw%e £ 3 0 § 5 it m B¢ o
e B {7 imPe k- [82-83] 0 fiF ST Y P B IM A SEF U @ procaspase-3 €
MiERE A E B P 4L R SR YR % [84-86] - Inhibitors of Apoptosis (IAP)
FIEF0 0 LA andrd e k- [87]F R e IAP 2% 3¢9 5 XIAP-~Survivin>
Ac ] caspase s 2 0 Flt A FEAE do e k- g 4 [88-89] o

3-4-3. B-cell lymphoma 2 (Bcl-2) 2% 3-v

Bel-2 #2% 3-v ¥ k45 2 # it &2 Bel-2 homology (BH) A 7 % 38 4 = = 4 »

& %ﬁd AR Ba A k- [90] 0 F - A rflwie ke 0 B

3 BH1~BH2~BH3 - BH4 F 7| % 2 g k{2 C =4 transmembrance domain » &
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4v Bcl-2~Bel-xL 2 Mcl-1 % - # ¢ Bcl-2/Bcl-xL ¢ #r+] voltage-dependendent anion
channel (VDAC) % 15 1 f2 ik cytochrome ¢ 78 2<[91] -}t 47 39 a1 * & i BH
Bl EA S 8L B frititins = G1BCl-2 36 750 BH3 A AR B
& o omrdlimie - [92] - % Z #F G WiE e A= > %3 BH1 - BH2 {v BH3 &
%2 TM &gk C = blde Bak fr Bax o i&8fh3-v ¢ 5 R EMW > @ &

A SR el s b A5 3l ap i & cytochrome ¢ ~ AIF ~ Smac/DIABLO % 2% = eng-
0GR A D e HT Y 0 i@ A 1 T 5 caspase 1R fw e = [93-94] - Bax
APk EE A FG [95]o % = s H R 5 BH3 A 7% 0 b4rBad -
Bim 4 Bid % o pt#F g T il 4 P2 p 2 B s BB = 4 ehid
YE[96] - Bel-2 R2EF-v fp FRBRA rFE e k- BRI EE DR
30 [97] - 2 ¢ Bid B & st o € prd] Bel-2 chd R0 @ LR e
k= [98] o Bel-2 3% Fov chiRiEim®e = B drd|imie A= chko B E B
mE e E o RaF AT RN R Fls ke k- Bdrdllete k-
o AV HAR o ERwE DR FH L 0 L gR A FEMEDE 2 [99-101] -
3-4-4. Mitogen-activated protein kinases (MAPKS)

MAPKSs Z_f =t serine/threonine 3-v j§cfis 71252 — » flwie gl & @9 3

AFERDES > Blherfd AT S F T2 ek F o § e X D R

v €% 1 imre 0 MAPKSs g & 3 3£[102] o Arf fedgimre ¢ 0 MAP s A L
£ Lz %3 &4 ERK -~ INK/SAPK(C-Jun N-terminal Kinase/ Stress-Activated
Protein Kinase)¥2 p38 j#f#[103] o 28 @ & fw e x| ¢ | % Fe a2t 4 &% ] jgcps >
€517 e MAPKS 2 3080 /2 [104] - 2 P § e X P 3 2 B RS BF > ¢
7% 1 INK fr p38 jcfiz » iem 38 wre A= @ ERK g% 3 F 22 fmve chsf 4 2

e WA P E G AP M[105] o B oA G 3F F aFT 7w TR P38 jkefiF ¢ 18iE Bax i~
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R ARE @ A e k= [106] 5 INKBREL i € drdldid = F-v Bcl-2 e i+ [107]
o W Bel-2 kg o @ ERK $rfline i 7 m%e = [108] 0 a4 < e
B ERK 3 7 fm#e e 4 21 30 4 & Bkt fmoe e 3] 22 ERK & 1 ez & [109] -
3-4-5. Phosphoinositide 3-kinase (PI3K)/AKT
PIBK/AKT 2t & @yEia /o i By imme b ~ 4 £ ~ (N2 #8374 [110] -

PIBK Z_J§ >+ lipid kinase family » 2 % % =t # ~ p85 % pl10- # # pll0 ¥ _E ¢
it % H = it #- phosphatidylinositol-4,5-bisphosphate (PIP2)#ifi4 i+ = phosphatidyl-
inositol-3,4,5-trisphosphate (PIP3) - PIP & - B = & i@#zfn s » v 3 4, @yE 3 ™
PEEEL T 0 ® AKT ARSI i~ $liwfe F[111] - AKT * F 5 Protein Kinase B
(PKB) > % serine-threonine kinase » &2 & & ‘m?z crad 4 ~ 57540 B [112] - 5 AKT
BREE Y18 > € AT PFihime = 3 > bl4e Bad ~ Caspase-9 0 i@ drd]imie A
= R 4w e ey B [113] o FIH 0 R4 3F 5 e g g AKT e it S e o
B ® BB iR P [114]0 £ % chRT 5 4 R PIBKIAKT 28 $o B /= 67a 14 20 o
it BN R o fr R BN G A [115-116] o

35 2E2LFBAE
& E(Morus alba L)E* & FFEF A > S 242084 - F LR

B2 > 42iF 1000 4&FE - 2@+ IRa 35453 L& (Morus bombycis) ~ B L&
(Morus alba) %2 & % (Morus multicaulis)= f& - )3 10 fa & f& A~ # *t 4 L s g og
BPRoOH? P EE R ASFER[ILT]) A S % AA F 3533 1500 & 2 11T en
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=
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A

&= 4 > 4o DNJ (1-deoxynojirimycin) ~
%% fr v & $~ (flavonoids) ~ GABA (y-aminobutyric acid) % [118-119] - B & & F 3
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seendrd] = sps (DOPA oxidase)fr fit #=fk ¥ (antityrosinas) @ & > 2. ¢ % 4 =
[120] c 2" i 4% : R E X B3 ¥ 13 § BEA » ¥ Frd] o-glucosidase &1+ - @ &
T & A2 34 5x[121-122] © 3.% 5 Py id E E B

fof et o

AR O A RN EIU©)
¥¢ % %A 0 (HDL) ek 3 % & %5 3-d (LDL)eng £ » £ 4 d
QAL RS2 o E S e SRR TR 4

§ ok P ok d e 2x[123-124] ~ 4.3 4B 1% £
£ o FLA R quercetin € #r] LDL chF it i3 &5 (% > F]a@ e

0% AT A
& i * [125]. 54§ it it

SREE B 1 & $o doti /L Bk (Quercetin) ~ =
P it % (isooquercitrin) & F #LF 1 i

ﬁb’;’

= % H (rutin)
i F *;:,—;{—K!f 42 3 Flap 3 [126-127] -
b BATE RAUB R L P SR PR &P G aenIE P & AR [128-129] 1
GREIL ELSE R oA

Py ,g g{aq‘—& LI [130]
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) =g it
HEZH2 44 (preparation of MLE)

100g sz & E4e » BLEBSE-RAE > KRS EAPF40 2 48> 3p > 1
o A g 2 Mf B B Rleg iR «F@z&‘fﬁﬂ%—i “,/f VAN WARE XN B
BEA R EFARE  TELR AT LA EERS AL e d 2
o AN A R R e TS MLE 3R 15 0 F 48 0.22 pm filter 164 Fjie

X o F-
HE 52 9% (preparation of MLPE)

—_
44

B~ 100 g §% MLE 4 » 300 mL ® g+ 50°C -k is $3~ 3 [ p s » @i » fc
Bt F REP 35 O BkSREGCE 2 0 £ 02 500 mL = ok v g FB
Fooder200mL e I A RBELIREBSI S AR FERR  REK
Bidie o L 4er 180mL ¢ fhz Fa X Btk Y cnd s s FE R B
PR 0 £ RF P35 0 U RRRSRICE 4 0 Bfsi3 o 250 mL = =k o
EWEZAFIEERTE LR AL R E I A A F R T U EDR
¥ R i3 B0%IEpH A R 16 F 5B 022 pum filter :‘@;’/,E“,’Tf A~ s 2 EIpRERR
(MLPE)it {7 2 9 5% o
s k32 & (cell culture)

Rk p A KDFROER A (4 24 2 9 0 v (HepG2 » ATCC HB-8065) -

HepG2 32 % *+ RPMI-1640 32 %% @ (pH 7.3) » 32 %% 5 10% FBS ~ 200 mM

glutamine » 1% penicillin- streptomycin - ‘m#z 32 % % 5% CO, > 37°C 2 2 £ 4 ¢ -
% & % (MTT assay)
MTT (3-(4,5-dimethylthiazol-zyl-)-2,5-di-phenyltetrazolium bromide) #_- f& &

¢ LA o A e TS T S d B R Y succinate dehydrogenase & & =
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¥ ¢ mformazan ¥ * KigB|we 3 EE 4 R gt 2dwell nmrer R x
fr Ax 10w > 2 %3550 C0O, 0 37°C 2 2% H° > Blpme BE > {37
¥ % & F X% doxorubicin (DOX, 0~10 pug/mL) ~ tunicamycin (TM, 0~6 uM) #2
% I MLPE z_ kB &£ (0~4mg/mL) » & B & & = €48 « LB EIL 24 | PFis » 4o
~ MTT solution ** 3 %45 4 [ PF > "ERE#9TF B X 7R3 oo g 4o Imb
isopropanol ¥k 10 4 45> #- isopropanol = I fic# 3.« ¢ ¢ 3.~ 1000 rpm 5 min >

v £ 563 nm Rl E kB o LR W 5T o
% A- & ¥7 (apoptosis detection assays)

Propidium iodide (P1) & &2 +%p&(¢ 7 DNA 2 RNA) % &> 2§ &4k 488 nm

AR T VRN e p Ry ke q R e R R R A R e B

i1

Hikehe Flz TREHFRI] 0 2@ ET HRMTF 04 F Sk REE D 488 nm
Ak mie o g ikimiz 7 R AF A A4 R Rl KR 8k
ATk 90 BBl = ¥ RwEL (617 nm) s ¥ @ plimre ¥ 4+ PI
e DNA 7 & o

44 BTV fm %tk HepG2 (2 x 10° cell/100 mm dish) 4c » TM & MLPE {% 8
P £ e r 10 UM ch DOX AJE 16 | pF 15 0 0t PBS ifikdic= - £ 1+ 0.5%
typsin-EDTA & imPe (% » @ w2032 £ w g > o 3 n,%; Gk o TR I e
o BE TR iS4 2 ImL £ A E G -20°C 0 70% ¢ fiEE w0 ke
b 12~16 o) o AT LAk HAL G 4k e 0 12 PBS ik g (8
$r oo d-imve 44T EC > 40 » 1 mL ¢h Pl 2 #](20 ug/mL PI, 20 pg/mL RNase A, 0.1%
triton-X 100) > ** 2B TR L ¢ 15 44w > 145N fmre ik (flow cytometry) 2 47 o
B MLPE 23 2§ 345 HepG2 fm¥s 2 m e sk W it 4 o 3 tnre 11 Rl

M= AR s e i DNA A = 5 B e DNA P B st imbe ik
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him?s E ) Bl ¢ R & GO/GL phase 2% - f£2 & subGl phase > #z % i #

b BLRT A S B RJE (S him e 2. sUbGL phase % 14 K3 G e B = A o
g * L gLz (Western blot analysis)

#- HepG2 cell (1x10%well)> A 4 >+ 10 cm dish # > 27 % |k & 7 TM 22 MLPE
A2 > &2 DOX fligenim®e > 12 trypsin-EDTA #-fm®2 d 2% 477 » 1 PBS
# % 4v ~ RIPA buffer (15 mM NacCl, 1% NP-40, 0.5% deoxycholic acid, 0.1% SDS,

7
-~

f

PN

50 mM Tris-base, pH 7.5) » »* 7k + & F 30 » 45> B~ KR T & v o #-T

|k

v B 50 pg o PERE B2 TSR R AR E(sample) 0 4 x X E 0
Sample Buffer (2 mL 0.5 M Tris-HCI pH 6.8, 1.6 mL Glycerol, 3.2 mL 10% SDS, 0.8
mL 2-B-mercaptoethanol, 0.4 mL 0.5% bromophenol blue) » 12 95°C 4c#% 10 4 44 >

WaE 3 o~ k¥ A gr s g 4648 spin down {8 £ loading & T AR S H A

owell # > b s 80 RgF o T 11 100 KRB AR A FRAR R ERY
{7 v B gk 3 Nitrocellular paper o % = 3 7F {5 2 5% g 2 4o 8T
i# {7 blocking 1 - B¥ » 12 washing buffer (TBS with 0.5 % tween-20):* ;& 3 =& » #-
NC paper # % *+ 4°C k45 ¥ 224~ %88 F Ji overnight & 2 washing buffer * ;&
I fs UL BE S B RET E R L PF £ 2 washing buffer i+ 3 =% >

B & 4v » Western Blot Chemiluminescence Reagent Plus ~ J& 1 4 4&fs » 34 k¥

o

Sk e i B s 47 ik (LAS-4000 plus system) &g 8/ gL % 1 %

Ik

Su3t 4 47 (statistical analysis)

FBFHICEFZ A P75 ey FoRL 1 SigmaPlot 2 % #c48iE 7 student

t-testm:t & > i EmRF2Z LR > P30 0.05 —'F,’z SERVEYIE -
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4) B %2

FFERTRBRA 7 %K DOX #r 3R ehm e § =

= 0 FRF N B R4 (ER stress)endg v 0 ALTFE € TR A SR e pRE T I
BEHF R LR o F AP A3 F F4 doxorubicin (DOX) £2 4 i 4 s 5
B~ 4 (MLPE) & p 1% & 37 %% s %% R (HepG2) e 5k 5 #| £ (ICso) » HepG2 ‘wm¥e
td® DOX 53 24 - pFr2_ 18 » 7 5] ICs * *t 10 pg/mL (Fig. 1A) = & ket efic
;T 5 HepG2 fm¥e t 5 i MLPE &2 24 /| pF2 15 » ¥ 12 {8 3] ICs 5 1.57 mg/mL
(Fig. 1B) - iz _# MLPE 1 mg/imL ‘5§ 24 -] PFEJE 2 T fw%2 i % 5 » 7% 80%
r + (Fig. 1B) - 12452 /gJe:};q & snve pTE Tunicamycin (TM) ez 16 > € p %
t2 A& 4 ERstress e ¥ 2 {]* TM {1 HepG2 w2 8 -] pF2 { » £ 4 » DOX
FJL e > L% DOX #13° HepG2 im e cnd M ie* § F 5 7:a% « %8 Mm -
HepG2 iwm*e & 5 TM fikc2 18 > st S P B "% i< DOX eim®e & B i®* > 35 3
W i v ey 6 5 (Fig. 2) o @ 5 4e TM e £ (515 uM F] 6 uM)= &5 43 3 4o 9+
T w72 ¥ DOX 4 3 B 4 0 @3 pmie iz a5 5 P L 2 auigf
(Fig. 2) > 3. TM #1734 % e ER stress ¥ 3 37 fm e $430 1 & % H» DOX 2 2
- AR P FLITF (resistance) v i W L ITR e A v = o

¥ - 25 > ApJ* N mre kA 47 HepG2 chim e xR 1t > § W IR
¥z % = (apoptosis) ey i o dmie g NI < B ETH S DNA R B FEd 3k LA
T2 160 ¢ NI A GO/GL phase 2 % » £z 5 subGl phase o & % % 3 > HepG2
fore BT DOX d2 ™ > Mg Pz € < E 7 subG1 phase (20.64%, Fig. 3B) - &
¥ _HepG2 e & TM % 12, T £ (=i DOX AJT {4 » W m " chsubGl #

PR € P A % 1< 40% (12.76%, Fig. 3B) o 3PP " fmfe e dk w0 ;sﬁﬂj ™ #li A
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4 ER stress & > it 53 7 »xd g DOX #7E 3 chfwfe 3 BIT* > % 3 DOX

AT RS M o i F AP B caspase 3 % i 2 F (cleaved caspase 3) b i ix DOX 4

i

ARt vz S7ig & ehapoptosis A2 & £ F € % 3] ER stress e o o % T U F
' DOXFER € i = HepG2 iw¥z & 2 cleaved caspase 3 3 " ‘w ¥z 4_w /&~ (Fig.
3C) @ TM hrd2 ™ B ¢ &f %+ *% X cleaved caspase 3 /% it (Fig. 3C) » 3. ¥
LAFRpime ¢ ER stress € iR imie 01 F E 5 DOX A 4 Ef ity

(resistance) @ ¥ ¢ " wie 4w 5t = o
MLPE *# % ER stress #t¥t#. DOX thlm® 3 ¥ it ?

BEFAPHFF X ARE PP MLPE £_F it 49 :c & ER stress 4+ % DOX #1 & 4 e
resistance o Ap fr ;8 T o AL TM 18- HepG2 % » fe pF 4 ~ MLPE >
EiB 8 PFFis o £ 4 » DOX 3 HAFJg e 4w apoptosis o &% F I > TM e
€ & HepG2 wre ¥t DOX end it * F 4 F s hufd 3 f "l lw e 4_% 7
= (Fig. 3A) » #5 @ frtc » MLPE b ¥ EJE chf 2. T » MLPE $ »cd % i< TM #7
FEA A BT > L g 8 MR e 5 =2 IR % (Fig. 3A) o T ig E 3 4
MLPE ] 8 » ¥ 1 gL 3 4p i crag % (Fig. 3A) © 24 i — 4 J] % Ji N dm e ik 4
17 MLPE %+t ER stress *7 & 2 ch#fdapbuiv® » IR MLPE /29 7 M jp % TM
S N R LT > AR R = F) L DOX g Ea 4w = (22%,
Fig. 3B)- T#ﬁ-«%‘\ i & caspase 3 & ¥ LRI e i MLPE cheg? ™
x g = s i A caspase 3 (cleaved form, Fig. 3C) - 3. MLPE /29 7 11 R %
ER stress #1 & 4 en#E e 3T 5 @ b PFAJIZ MLPE 22 TM ¥ 3% 3 "F% o

% $0 (L B 3 DOX e A& (Fig. 3) -
COX2 %21 & ER stress ]84 3+t % 343w DOX #1738 H ehim % & =

BEFAP LT TM 973, EehER stress 5 47 B Fev & £ 80 A4 >
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kif P4 DOX enfm e 3 BT 45 iE 2 mw; 3 I e i TM 2. T
COX2 #2 GRP78 ¢ # “rec % o Fp* & P % & TM Tl HepG2 ‘m e 1 8 ] p 2
i o COX2 &2 GRP78 chig-v H & o S % F B L F TM adZpF F csif 40 > GRP78
hgd RIEL F o7 > @ GRP78 * E_ERstress i 4% ¢ ~ £ % IR enbf 4 3
v o ¥ AR 5 %_ER stress ek % (a hallmark of ER stress, Fig. 4A) o ¥ ¢k » ey 2
3 HepG2 in*s & TM AL 4 | ¥ > 367 1R 5] COX2 ehiev & TRE H 4
AREL > ¥ TM ST ehpE P ae £ > COX2 ehdev £ B 4 13¥ + 2 (Fig. 4A) -
fo pERF 5 AL 3 AR e HepG2 i TM fjk™ » € i 4w ¥e 38 BT
(survival pathway)p i 3¢ i g » 2 i gL 5| PISBK/AKt pathway e 3-v gt
Lo R TM 2 e 4o m § 1+ 2 epa g (Fig. 4C) « ig it ficdip 7 v 3 4y
Mo e b TM flE2. ™ € 3 Fmie A 4 ERstress» & & f* dmfe 4 35 (5% 4p
MBS de chdE > 7 COX2 4 22 aH VP o

Flet i ) * COX2 F-v e (Celecoxib) ## COX2 1+ ER stress # it
B &y DOX inlnie 3 M IE* ¥ friifend & o g o Ll 3R F %7 F R
4e » COX2 #r4)#(Celecoxib) s » Fa g it 39 % DOX #1738 = enfme F B IT* >
T & L3 4 DOX 3| £ (10 pg/mL) - Celecoxib » it 53 3% B HepG2 ‘m¥e e i &
(Fig. 5A) - @ d Figure 5B 1’ % ¥ 12 z# " > Celecoxib 727 # 14 % i< HepG2 ‘w7
R COX2 3ov LB » i m $rd] COX2 ehit o ¥ 30 p 4] % i mee A
1795 fm 56 chim e TR H) 1L > 35 I COX2 #r4| %% K COX2 ehi-v 4 Tis » o
fo 79 B2 55 ER stress $3t DOX ehZ f» #5421% * (SubG1 5.46%) > 3 4r HepG2 ‘w2
o DOX ehagps B id & ¥ fm % k= (subGl 11.56%, Fig. 5C) o k¥ >
Celecoxib 788 # & F] % ER stress m "% 4% (L chicaspase 3> & — = F] 5 DOX

el jgm 5 i (cleaved form, Fig. 5D) » } it enig & P > $r4] COX2 eh4k IR >
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r2pE b ER Stress #id = enEE F K i 0 AR ke X F) 5 DOX dhimie & R IE
* @ A .M COX2 & ER stress chi# it * ¢ I E 404 £ & 1

£ 4 o
P38 %7 & ER stress £-$ DOX #7ig & eh@Ef i puit® § ¢

Foobos A i MAPK 328 d-d himie b f F 4035 5 e 2 W ikw 5 &
7 fm¥e 4 13 (survival) > fm® 4 £ (proliferation) ¥ % ¥ _‘m®z 2= ¥ * (apoptosis) » 7
AP RN T o AP F T p38 MAPK 3-v § %2 & TM #73 # e ER stress iF
* F ¢ (Fig. 4B) o & TM {5 imre 4 [ PE{s > T 7 3 3| p38 ehis it & %
TM @ enpr B 4em + 2> @ BT 25ad-d c-dun » 3 Fe ka4 (Fig. 4B) - 31
Pop38 .~ %2 4 TM #7134 ¥ n ER stress it # § ¢ o F]pt a4 % p38 crder |
SB203580 & ¥ 7 p38 A_TF % ERstress & # cn#E 4 4nie® ¢ “iiigend & o
Ao Blwe FiEFE%K T FIR o 4o~ p38 Fr4]&|(SB203580) {8 o P &g ' i< DOX
“rik A i & BE* (Fig. 6A) 0 f BE > Al 4 DOX ¢h# £ (4 0.63 ug/mL 7|
10 pg/mL) > SB203580 ~ it #3 7 »x & % HepG2 lw¥z ci3 i 5 (Fig. 6A) o £ d
Figure 6B ' % ¥ ZE P » SB203580 #x§ ¥ 1 "% i HepG2 w¥® p\ p38 sigific i
Ze o Fr| p3B erE it o g F A A SN ke R A TR R entm e S B
2 I p38 e A E M p3B e 1 1804 FEF At 59 B BN ER stress ¥t i & # 3 DOX
FhiE Jr JS LI * (SUDGL 5.46%) > #i v HepG2 im*e $4* DOX st B i & W
m?e % = (subGl 10.59%, Fig. 6C) o I~ #k 3 > SB203580 /¢ ¥ 'k i ~ F] 5 ER
stress @ '# M5 it errcaspase 30 £ - =t DOX {krm & 5 % 1 fk (cleaved form,
Fig. 6D) o } it enis & P #r4] p38 e/ 1+ » ¥ ULk ER stress #rid = en#E {3
I IR me X Fl i DOX enfmie 3 B iF* & 4w 7= >4 3P p38 & ER

Stress cHZE 4 bt * ¢ I FF4pd £ &8 ehd d o
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MLPE % i§#r4] COX2 & p-p38 % Hecf ER stress & 2 ehE it ?
Pk e R WP o % M COX2 hi-v £ IE ¢ K m% N ER stress T

* 5z X ERstress 3 DOX A 4 chi S s oo FIr A PR EEa > 2§
> 5 B4 MLPE 2% it $9#r4] COX2 ch4 3 » i p3BE i o d HET

118 5e > HepG2 ‘m#e i TM &2 8 /] PFis » € i& = m*e N 1 ER stress & 4 >
# ER stress erpth3-v GRP78 ek ME H{4c > A 7@ HepG2 im*e fule p¥ fdl
MLPE 2_ #5 /89 7 11 ic ¥ ¥ ) 1ER stresss ' < GRP78 éhj-v % £ (Fig. 7A)
o pERF VT UELETD R e e TM cad®2 ™ COX2 shi E 3 #7+ 2 »
e £ H 4 34 ¢ 4 MLPE #r4r4](Fig. 7A) > 3P MLPE & § ¥ 123 i '8 X COX2
14 B 0 A & ER stress eni®* o

Foeb— g ooz me FF p38 cE it ¢ B ER stress eni® #* o F]pt A
S LB IR e 2 MLPE 2™ o 52 F € #rd] TM #7324 ¥ :Hp38 pathway 7= it o
d 2% ¢ #F R > MLPE 7 # 8% Maifs it «h p38 > @ H T e c-dun s it
Bd F T L - @ P MLPE cwe ™ 12 4] p38 BT ch i@ v (Fig. 7B) -

FpE o MR mie b MLPE AR enfin™ > i ¥ 00 Mimre 4 35 (7%
(survival)z_ 4p B 3-¢ 1% 3 o HepG2 ‘m¥e & TM enfi 2. © > 14 & PIBK &2 2
T AKL FE T o - R A e E S 0 @ w2 3 MLPE F ReniRT
MLPE #z§ $#r#1| PISK/AKt crgifa i % 3> 71 MLPE ek PIBK/AKL § /5 e

i ¥£(Fig. 7C) -
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Wbk K LBz - 0 XA BB F R HE S AT Bk
% i o - B 5% # 4 Doxorubicin € BT me 4w mie k- 0 L E X g F 5
Ty fm e MR ST G DN R B A FhiE Y et RS o Rk

Fad gt B F e L HREF YRR L2 S EpT[132]

¥

BAW ST BT SRR L LA AR RS AP

N

-\-\\..

e

N

[133-134]  ie R igdo i R 5P & 2 P IL 10 24 R A S fUAR R 5 BT 4 1
FARZBLELBRE DR RPN FTRAE PN FRES[48-49] 0 FRBR4 ¢ ER
AP BE B A Y o 3 e B FTATAD Ao R AT B9 A R AR e
BTN P T RR A [B485] B4 2 Y REP T § A2 P FRR
(ER stress) » i H_ & $FH 8 it #F 4 Cisplatin » + i¢ 49 (R Jjpfmve > ¥ 4L 0F
g bw®e 3w Cisplatin #73 w2 &= 7% [135] - @ ER stress & 4 & 4
T >3 2 WA HepG2 § ¢ » &l # 7 b a3 0% w2 $k SMMC-7721~Hep3B
vy BIRE Fli GRP78 ek if & H 4 0 A5 ERstress v ki 3 % R v o
RERELDE BRIEY > @4 e me = 2 4[136] -

Tunicamycin 1% * §_Fr4] glucosaminyl-1-phosphate transferase @ Fe it F-v &
N =hpE it F & » 25 N-glycosidic protein-carbonhydrate » & 3-v & & 2 47§ 7 &
SNBSS 2 o &K% Tunicamycin (TM)3% 3 " w7 $h 2 4 ER stress
et > I H s ERstress 3 f 4~ F (dithiothreitol, DTT) 1514 <71 ER stress » %
F DTT AJ® crph [ e 40 > 20 DTT AR et 2 FALEF 7 1% MO8 o
Fl o (o E e cht]gen Ao e = iR [136] o £ P ER stress /& f ¥ Y

i 4o VR ve I LI R o
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7S v)]%guﬂg v B R A Rz R P ER stress 0 € iE it T 2539 CHOP >
WRBpmie 4w 7= k4137, 138] - e £ A K #F I TM #1735 # 2 ER stress
B € R e > g DOX endlem 7= o g B S IR ¥ i 2.7 5 ER
stress AR 7 e ERAPM I FHFLER A A 2 2 ERE DEFE
o g Kmeagd o Sd AL BE S R Fwed 22 T
(pro-survival)# % m?z /¥ = (pro-apoptosis) - m % # &4 Wang C By ¥_Dai R
FEEEY FHET ERstress s € RBpwied e me k= > R RE Y
Eg E‘_hij*u? YU TR Fe R T F_2 Tunicamycin (TM)3% % & m¥2 $k 2 4 ER stress »
REARFHRTATMEAAPEFR & IR E E ARG TR0 97 7 3Rl etk 5
#EERstresshg 4 ¢ AREANFA eSS R r*‘]fj*u ot erid O G ER stress

FHER A 0 L AR AR P ER stress it § BB w4 e 3 b2 T

COX-2 5%k3 s> i Machlesd ¥ @ &R > L7 # IR COX-2 § &

W e € X BARE T Fp > COX-2 3 0Migard § £ & chP M & £/ -
£ FATA R B Frimre ihik = [139] o A ene fgvﬁf Foo pFRERA A GER

Fe w4k MCF-7 + £ th4 i COX-2[140] » @ % A %5 % 8 ‘w7 tk HepG2 » %
RFRR A A d g3 COX-2 % £ end [141] - {I4FE R AT 4 ) R

2 COX-2 § £ELefphl o AR FAT P FIRTM ¢ 8" K w2 HepG2
COX2 # E 3 4 > A) = ERstress » "% M Ffgm? 3w w2 k= #ch o @ APL
1 * COX2 enpr4|#| celecoxib crard|scsd T » ZHF " 1 COX2 ch# > ¥ 1
Se iR e ¥4 DOX AT B o £ 0P COX2 ¥ iy 222 & ER stress 23 373+ ‘m
e B K BUIT T F P o

W E kAT F R CHOP 4 /B4 € fmve dw % k= N B g
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oo B4 S me k= BT ¢ 75 1© PERK #2432 5 3v CHOP> 3 CHOP
ER AT A P = 3d Bol-2 58 = R Bims i dme 4w k= [142]

P R 7 $ doxorubicin Aph FARERA T o KA E SR AT € 54 CHOP

34

PRSI e B EA P AR EFTREF TS e o R E SRR ARE

w2 RE R OAHLTRE R o
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Figure 1. Effect of doxorubicin and MLPE on cell viability in HepG2 cells.
HepG2 cells were pretreated with doxorubicin (0, 0.63, 1.25, 2.5, 5 and 10 ug/mL) or
MLPE (0, 0.5, 1.0, 2.0, 3.0 and 4.0 mg/mL) for 24 hr. Cell viability of HepG2 cells

was determined by the MTT assay. Data are expressed as the mean + SD of three

independent experiments. a, p < 0.05, compared with HepG2 cells treated without

doxorubicin. b, p < 0.05, compared with HepG2 cells treated without MLPE.
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Figure 2. Tunicamycin reduced the cell toxicity induced by doxorubicin in
HepG2 cells. HepG2 cells were treated with tunicamycin (0, 1.5, 3 and 6 pM) only
for for 8 hr then exposed to different concentrations of doxorubicin (0, 0.63, 1.25, 2.5,
5 and 10 pg/mL) for 24 hr. Cell viability of HepG2 cells was determined by the MTT
assay. Data are expressed as the mean + SD of three independent experiments.
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Figure 3. Effect of co-pretreatment with MLPE and tunicamycin on apoptosis

induced by doxorubicin in HepG2 cells. HepG2 cells were treated with 1.5 uM

tunicamycin for 8 hr, either in the absence or the presence different concentrations of
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MLPE (0.5 and 1 mg/mL) and then exposed to doxorubicin (10 ug/mL) for 24 hr. (A)
Cell viability of HepG2 cells was determined by the MTT assay. (B) Apoptosis was
analyzed as the sub-G1 fraction by flow cytometry. Cell and percentage of apoptotic
cells in subG1 phase was examined by flow cytometry. C: Untreated HepG2 cells as
control; TM: HepG2 cells pretreated with tunicamycinr; DOX: HepG2 cells treated
with doxorubicin alone; TM+DOX: HepG2 cells pretreated with tunicamycin, and
then exposed to doxorubicin; TM+MLPE+DOX: HepG2 cells co-pretreated with 1.5
uM tunicamycin and 0.5 mg/mL MLPE and then exposed to 10 mg/mL doxorubicin.
(C) Cleaved caspase-3 as an apoptotic marker was measured by western blot using
specific anti-caspase-3 antibody. 3-actin in the same HepG2 cells extract was used as
an internal control. Data are presented as mean + SD for the three independent
experiments. a p < 0.05, compared with HepG2 cells alone, b, p < 0.05, compared
with HepG2 cells treated with doxorubicin for 24 hr, ¢, p < 0.05, compared with
HepG2 cells pretreated with tunicamycin for 8 hr and then exposed to doxorubicin for
24 hr.
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Figure 4. Tunicamycin treatment induced the ER stress related protein
expression in doxorubicin-induced cells. HepG2 cells were treated with 1.5 uM
tunicamycin (TM) for 0 (control), 4 and 8 hr. Equal protein amounts of cell lysates
were subjected to western blot assay using specific antibody as described in material
and method. B-actin in the same HepG2 cells extract was used as an internal control.
Optical density reading values of the specific protein versus the loading control
protein B-actin are represented as fold of the control values. a, b, ¢, p < 0.05,
compared with HepG2 cells alone.
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Figure 5A. Effect of co-pretreatment with tunicamycin and celecoxib on cell
toxicity induced by doxorubicin in HepG2 cells. HepG2 cells were pretreated with
1.5 uM tunicamycin for 8 hr, either in the absence or the presence of celecoxib (50
uM) and then exposed to doxorubicin (10 pug/mL) for 24 hr. Cell viability of HepG2
cells was determined by the MTT assay. Data are expressed as the mean + SD of three
independent experiments. a, p < 0.05, compared with HepG2 treated with doxorubicin
for 24 hr; b, p < 0.05, compared with HepG2 pretreatment with tunicamycin for 8 hr
and then treated with doxorubicin for 24 hr.
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Figure 5B. Effect of co-pretreatment with tunicamycin and celecoxib on COX2
expression in HepG2 cells induced by doxorubicin. HepG2 cells were treated with
1.5 uM tunicamycin for 8 hr, either in the absence or the presence of 50 uM celecoxib
and then exposed to doxorubicin (10 pg/mL) for 24 hr. Cleaved caspase-3 as an
apoptotic marker were measured by western blot using specific anti-caspase-3
antibody. B-actin in the same HepG2 cells extract was used as an internal control.
Data are presented as mean + SD for the three independent experiments. a, p < 0.05,
compared with untreated HepG2; b, p < 0.05, compared with HepG2 treated with
doxorubicin for 24 hr; ¢, p < 0.05, compared with HepG2 pretreatment with
tunicamycin for 8 hr and then treated with doxorubicin for 24 hr.
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Figure 5C. Effect of co-pretreatment with tunicamycin and celecoxib on
apoptosis induced by doxorubicin in HepG2 cells. (A) HepG2 cells were treated
with 1.5 uM tunicamycin and 50 uM celecoxib for 8 hr, either in the absence or the
presence of 1 mg/mL MLPE and then exposed to doxorubicin (10 png/mL) for 24 hr.
Apoptosis was analyzed as the sub-G1 fraction by flow cytometry. (B) Cell and
percentage of apoptotic cells in subG1 phase was examined by flow cytometry. C:
Untreated HepG2 cells as control; TM: HepG2 cells pretreated with tunicamycin
alone; Celecoxib: HepG2 cells pretreated with celecoxib alone; DOX: HepG2 cells
treated with doxorubicin alone; TM+DOX: HepG2 cells pretreated with tunicamycin
and then exposed to doxorubicin; TM+celecoxib+DOX: HepG2 cells co-pretreated
with tunicamycin and celecoxib and then exposed to doxorubicin. Data are presented
as mean + SD for the three independent experiments. a, p < 0.05, compared with
HepG2 cells alone, b, p < 0.05, compared with HepG2 cells treated with doxorubicin,
c, p < 0.05, compared with HepG2 cells pretreated with tunicamycin, and then

exposed to doxorubicin.
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Figure 5D. Effect of co-pretreatment with tunicamycin and celecoxib on caspase
3 activated induced by doxorubicin in HepG2 cells. HepG2 cells were treated with
1.5 uM tunicamycin for 8 hr, either in the absence or the presence of 50 uM celecoxib
and then exposed to doxorubicin (10 pg/mL) for 24 hr. Cleaved caspase-3 as an
apoptotic marker were measured by western blot using specific anti-caspase-3
antibody. B-actin in the same HepG2 cells extract was used as an internal control.
Data are presented as mean + SD for the three independent experiments. a, p < 0.05,
compared with untreated HepG2; b, p < 0.05, compared with HepG2 treated with
doxorubicin for 24 hr; ¢, p < 0.05, compared with HepG2 pretreatment with
tunicamycin for 8 hr and then treated with doxorubicin for 24 hr.
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Figure 6A. Effect of co-pretreatment with tunicamycin and SB203580 on cell
toxicity induced by doxorubicin in HepG2 cells. HepG2 cells were pretreated with
1.5 uM tunicamycin for 8 hr, either in the absence or the presence of SB203580 (20
uM) and then exposed to doxorubicin (10 ug/mL) for 24 hr. Cell viability of HepG2
cells was determined by the MTT assay. Data are expressed as the mean + SD of three
independent experiments. a, p < 0.05, compared with HepG2 treated with doxorubicin
for 24 hr; b, p < 0.05, compared with HepG2 pretreatment with tunicamycin for 8 hr
and then treated with doxorubicin for 24 hr.
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Figure 6B. Effect of co-pretreatment with tunicamycin and SB203580 on p-p38
expression in HepG2 cells induced by doxorubicin. HepG2 cells were treated with
1.5 puM tunicamycin for 8 hr, either in the absence or the presence of 20 uM
SB203580 and then exposed to doxorubicin (10 ug/mL) for 24 hr. Cleaved caspase-3
as an apoptotic marker were measured by western blot using specific anti-caspase-3
antibody. B-actin in the same HepG2 cells extract was used as an internal control.
Data are presented as mean + SD for the three independent experiments. a, p < 0.05,
compared with untreatd HepG2; b, p < 0.05, compared with HepG2 treated with
doxorubicin for 24 hr; ¢, p < 0.05, compared with HepG2 pretreatment with
tunicamycin for 8 hr and then treated with doxorubicin for 24 hr.
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Figure 6C. Effect of co-pretreatment with tunicamycin and SB203580 on
apoptosis induced by doxorubicin in HepG2 cells. (A) HepG2 cells were treated
with 1.5 uM tunicamycin and 20 uM SB203580 for 8 hr, either in the absence or the
presence of 1 mg/mL MLPE and then exposed to doxorubicin (10 ug/mL) for 24 hr.
Apoptosis was analyzed as the sub-G1 fraction by flow cytometry. (B) Cell and
percentage of apoptotic cells in subG1l phase was examined by flow cytometry. C:
Untreated HepG2 cells as control; TM: HepG2 cells pretreated with tunicamycin
alone; SB203580: HepG2 cells pretreated with SB203580 alone; DOX: HepG2 cells
treated with doxorubicin alone; TM+DOX: HepG2 cells pretreated with tunicamycin
and then exposed to doxorubicin; TM+SB203580+DOX: HepG2 cells co-pretreated
with tunicamycin and celecoxib and then exposed to doxorubicin. Data are presented
as mean = SD for the three independent experiments. a, p < 0.05, compared with
HepG2 cells alone, b, p < 0.05, compared with HepG2 cells treated with doxorubicin,
c, p < 0.05, compared with HepG2 cells pretreated with tunicamycin, and then

exposed to doxorubicin.
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Figure 6D. Effect of co-pretreatment with tunicamycin and SB203580 on caspase
3 activated induced by doxorubicin in HepG2 cells. HepG2 cells were treated with
1.5 puM tunicamycin for 8 hr, either in the absence or the presence of 20 uM
SB203580 and then exposed to doxorubicin (10 ug/mL) for 24 hr. Cleaved caspase-3
as an apoptotic marker were measured by western blot using specific anti-caspase-3
antibody. B-actin in the same HepG2 cells extract was used as an internal control.
Data are presented as mean + SD for the three independent experiments. a, p < 0.05,
compared with untreatd HepG2; b, p < 0.05, compared with HepG2 treated with
doxorubicin for 24 hr; ¢, p < 0.05, compared with HepG2 pretreatment with
tunicamycin for 8 hr and then treated with doxorubicin for 24 hr.
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Figure 7A. Effect of co-treatment with MLPE and tunicamycin on the expression
of COX-2 and GRP78 in HepG2 cells. Whole cell lysates from HepG2 cells with

M tunicamycin (TM) in either the absence (control) or the

treatment with 1.5 p

indicated concentration of MLPE (0.5 and 1 mg/mL) for 8 hr were subjected to
western blotting analysis. B-actin in the same HepG2 cells extract was used as an
internal used as an internal reference. Optical density reading values of the specific
protein versus the loading control protein B-actin are represented as fold of the control
values. #, p < 0.05, compared with untreated HepG2 cell. a, b, p < 0.05, compared

with HepG2 pretreatm

ent with tunicamycin for 8 hr.
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Figure 7B. Effect of co-treatment with MLPE and tunicamycin on the expression

of p-p38 and p-Jun in HepG2 cells. Whole cell lysates from HepG2 cells with
treatment with 1.5 uM tunicamycin (TM) in either the absence (control) or the
indicated concentration of MLPE (0.5 and 1 mg/mL) for 8 hr were subjected to
western blotting analysis. B-actin in the same HepG2 cells extract was used as an
internal used as an internal reference. Optical density reading values of the specific
protein versus the loading control protein B-actin are represented as fold of the control
values. #, p < 0.05, compared with untreated HepG2 cell. a, b, p < 0.05, compared
with HepG2 pretreatment with tunicamycin for 8 hr.
140



(©) ™ - - + + -

MLPE - 1 - 05 1
p-PI3K — e — D —— ~—
PI3K ) s e ammSe | ——
o e

Akt — S e C— ——
Facting | o c— e e— e

N
o
1

EE pPI3K/PI3K #
[ pAkt/Akt

[

3
H

8]

[y
o
1

3
1

Protein expression fold (as compared to controls)
O

o
o

™ - - + + +
MLPE - 1 - 0.5 1

Figure 7C. Effect of co-treatment with MLPE and tunicamycin on the expression
of p-PI3K/p-Akt in HepG2 cells. Whole cell lysates from HepG2 cells with
treatment with 1.5 uM tunicamycin (TM) in either the absence (control) or the
indicated concentration of MLPE (0.5 and 1 mg/mL) for 8 hr were subjected to
western blotting analysis. B-actin in the same HepG2 cells extract was used as an
internal used as an internal reference. Optical density reading values of the specific
protein versus the loading control protein B-actin are represented as fold of the control
values. #, p < 0.05, compared with untreated HepG2 cell. a, b, p < 0.05, compared
with HepG2 pretreatment with tunicamycin for 8 hr.
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Figure 8. Our results demonstrate that MLPE reverses ER stress—induced resistance to
doxorubicin in human hepatocellular carcinoma cells by targeting COX-2 mediated
inactivation of PI3K/Akt pathway. These findings will help to further evaluate the
potential for the development of new hepatocellular carcinoma therapy.
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