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Chemoprotective mechanisms of a protein from the
Laver( Porphyra yezoensis) on acetaminophen-induced

liver injury

Hye-Jung Hwang

Department of Food and Life Science, Graduate School,

LPukyvong National University

Abstract

Seaweeds have received increasing attention because these
traditional food sources can both contribute to the maintenance of good
health by providing nutritional benefits and be used to treat disease.
Some seaweeds contain high amounts of proteins, vitamins, and
minerals, and several-polysaccharides found in-Seaweeds have diverse
biological activities;- including effects ‘on the 1mmune system and
cancer. Some marine algae, for example, contain large amounts of
polysaccharides,such as alginate, fucoidan, carrageenan, and agarose.
Porphyran, a polysaccharide produced by the red alga ZAPorphvra
wmnbilicalis, is produced in large amounts in South Korea and has been
shown to decrease cholesterol levels and to have antibiotic and
anticancer effects, while fucoidan is known for its anticoagulant and
antioxidant effects. In this study, we extracted a 14-kDa protein from
the marine alga ZPorpiyvravezoensis and examined its biological effects

mn vitro and 77 vivo.



Acetaminophen (AAP) is a safe and effective analgesic when
used at therapeutic levels. An overdose of AAP, however, can induce
severe hepatotoxicity in experimental animals and in humans. Recent
advances suggest that reactive metabolite formation, glutathione
depletion, and alkylation of proteins, particularly mitochondrial proteins,
are key initiating events in AAP toxicity. As in other types of liver
injury, the roles of oncotic necrosis and apoptosis in AAPinduced liver
damage have been debated. When AAP causes extensive ATP
depletion, ATP depletion—dependent- necrotic cell death results.
However, when fructose and glycine are used to prevent ATP
depletion, necrosis is blocked and caspasedependent apoptosis increases.
MPT occurs under both fructose and glycinedeficient and sufficient
conditions.  The addition of cyclosporin A decreases necrosis and
apoptosis. Thus, AAP toxicity 1s an example of "necrapoptosis,” in
which necrosis and apoptosis represent alternate outcomes of the same

mitochondrial death pathway.

We cultured Chang liver and HepG2 ecells inEagle’s minimum
essential medium (MEM) - containing ' glycine (0.0075g/L) to block
necroticcell death. AAP treatment and caspase-3 activation induced
DNA fragmentation, indicating that the cells underwent apoptosis.
However, DNA fragment results were not consistent with DNA
laddering, a characteristic of apoptosis, although some DNA smearing,
a feature of necrosis, was observed. Thus, we concluded that the
mode of AAP-induced cell death was necrapoptosis because both

necrosis and apoptosis apparently occur.



Oxidative stress—induced cell death is a mitochondria-independent
pathway of AAP cytotoxicity. Early investigations into the mechanism
ofoxidative stress—induced cell death identified glutathione (GSH) as a
critical factor in the detoxification of the reactive metabolite of AAP.
While this initial breakthrough resulted in novel therapeutic strategies
in the clinic, the mechanism of cell injury and liver failure is still not
completely understood. In particular, the role of reactive oxygen
species (ROS) in the pathophysiology of liver damage continues to be

debated, despite three decades of research.

Studies using a variety of experimental models have established
that severe’ hepatocellular injury can lead to. intracellular,
mitochondriaderived oxidant stress. Elevated hepatic and mitochondrial
GSSG levels are indicators of mitochondrial ROS formation, and
AAPinduced cell death may be a result of oxidative cytotoxicity.
Recent studies have shown that both endogenously produced and
exogenously ‘added ROS can-regulate the activity of mitogen—activated
protein kinase (MAPK) pathways that may ~be involved in cellular
responses,such as proliferation, differentiation, -and apoptosis. Three
major MAPK Kkinase types existiextracellular signal-regulated kinases
(ERKs), p38 kinases, and c-Jun N-terminal kinases (JNKs). These
kinases have several isoforms generated by alternative splicing of
preemRNA. ERKs are generally activated by mitogenic and
proliferative stimuli,such as growth factors involved 1in cellular
proliferation and differentiation. JNKs and p38 kinases are primarily
activated by extracellular stresses, such as UV irradiation,
inflammatorycytokines, heat, and arsenic trioxide. Activation of these

protein kinases causes a varlety of cellular responses, depending on



the cell type. In our experimental system, AAP induced ERK
activation, but not JNK or p38 kinase activation. Thus, AAP-induced

oxidative stress involves ERK activation.

To further examine AAP-induced oxidative stress, we evaluated
glutathione levels in a hepatocyte culture model of AAP-induced injury
and in Sprague - Dawley rats. The results clearly demonstrated that
AAP acted to decrease GSH levels, suggesting that AAP-induced
injury involvesoxidative stress. We also examined whether a protein
from 2 yezoensis (PYP) could protect against AAP-induced injury.
Ourresults indicate that co-treatment with - PYP and “AAPcausedcells to
recover from AAP-induced injury sz wvivoSpecifically, AAP increased
caspase-3 activity and DNA fragmentation, decreased GSH levelin liver
tissue, and increased GOT/GPT levels in serum. However, when PYP
was  coadministered,  caspase3 = activity recovered, and DNA
fragmentation, GSH levels, and GOT/GPT levels did not differ from
those of the controls. Thus,~PYP protected cells against AAP-induced
liver injury. Furthermore, in the hepatocyte meodels, using Chang liver
and HepG2 cells, AAP administration induced sub-G1 cell cycle arrest
and decreased cell proliferation and GSH levels, while increasing
caspase-3 activity, DNA fragmentation, and poly(ADP-ribose)
polymerase (PARP) cleavage. This AAP-induced liver injury was
reversed by the coadministration of AAP and PYP. That is, AAP plus
PYP co-treatment induced cell proliferation, increased GSH levels, and

inhibited PARP cleavage induced by AAP treatment.



Insulin-like growth factors (IGFs) are synthesized in both fetal
and adult hepatocytes and secreted into the extracellular fluid. Their
interactions with the type-I IGF receptor (IGF-IR) play pivotal roles in
the proliferation of a variety of cell types, control of the cell cycle
progression in Gl, regulation of the early phases of tumorigenicity,
maintenance of the tumorigenic phenotype, andprevention of apoptosis.
The variety of ways in which apoptosis can be induced suggests that
wild-type IGF-IR and its ligands have widespread anti—apoptotic

effects on several death signals.

The binding of IGEF-I to the IGF-IR activates multiple signal
transduction cascades. One of these involves the MAPKs, a family of
serine/threonine protein <kinases activated. by many stimuli, including
IGF-IR. A key MAPK pathway contains ERK1/2. Upon IGF-IR
autophosphorylation, the protein She 1s recruited to the receptor and
becomes phosphorylated on tyrosine residues. Activated Shc then binds
the adaptor protein Grb2 in-an IRS-1-independent manner, leading to
activation of the Ras=ERK pathway. This IGF-IR signaling pathway
is most closely associated -with cell differentiation and migration, but
can also regulate the machinery of apoptosis in some cases, as in the

detachment-induced death, or anoikis, of fibroblasts.

Among the two dominant IGF-I signaling pathways, PI3-K and
MAPK, members of the MAPK family, which include the ERK, JNK,
and p38 Kkinase subgroups, play important roles in cell proliferation,
apoptosis, and differentiation. Interestingly, these three family members
also have roles iIn oxidative stress. Signaling through JNK 1is a
proximal component of the cell death pathway and oxidative stress

also activates JNK signaling, while the ERK pathway regulates cell



growth and differentiation. Oxidative stress-induced ERK activation
has been reported to function as an anti—apoptotic signal in
homeostasis. Treatment with AAP induced ERK1/2 activation, and the
addition of IGF-I to AAP-treated cells resulted in enhanced ERK1/2
activation. Nevertheless, IGF-1 protected cells against AAP-induced
cell death, as shown by the results of the MTS assay and PARP
cleavage levels. We propose that ERK activation is pivotal in inducing
the protective effect of IGF-I. Further study is required to clarify the

mechanism.

Both IGE-IR and PYP protected cells. against AAP
cytotoxicity.We hypothesized that PYP affected the IGF-IR signaling
pathway and thus appeared to provide protective effects against AAP
cytotoxicity.  In Chang liver cells, AAP decreased IGF-IR
phosphorylation, while PYP and AAP co-treatment reversed it.
Furthermore, AAP decreased the electrophoretic mobility of IRS-1,
IRS-1 protein expression, and binding of the p85/pll0 complex to
IRS-1. In contrast, “these changes were reversed after AAP and PYP
co-treatment.Furthermore,- -PYP heightened the decrease in Shc
phosphorylation and binding of Grb2 to Shc by AAP. Thus, PYP
inhibitedAAP cytotoxicity through two IGF-I signaling pathways:
activation of the PI3K pathway and the MAPK pathway. In HepG2
cells, AAP treatment slightly inhibited IGF-I and IRS-1
phosphorylation. Furthermore, binding of IRS-1 and p85 markedly
decreased after AAP treatment AAP blocked the PI3K pathway,
leading to cell death. In contrast, PYP heightened the decrease in
phosphorylation of IGF-I and IRS-I, and binding of p&5 to IRS-1 by
AAP. Furthermore, PYP enhanced the binding of Grb2 to Shc. Thus,



PYP apparently inhibited AAP cytotoxicity via the PI3SK and MAPK

pathways in Chang liver and HepG2 cells.

Finally, to mimic the metabolic process in the body, we
hydrolyzed the 14-kDaPYP with pepsin. In amino acid sequencing, we
detected a sequence of 21 amino acids that had high homology with
the cytochromec sequence in /2 wnbilica/ts and synthesized a peptide
with this sequence (Pep2l). We measured the effects of the pepsin
hydrolysate and Pep2l on AAP cytotoxicity using the MTS assay in
which both the hydrolysate and Pep2l protected against AAP

cytotoxicity.

Taken  together, these results suggest that AAP induces liver
injury via oxidative stress sz wviro and 7 vivo. AAP and PYP
co-treatment inhibited AAP cytotoxicity zz wvwo, as shown by the
recovery in caspase-3 activity, and glutathione, GOT/GPT, and DNA
fragmentation levels similar to those of the controls. /7 wvitro,
co-treatment with AAP and PYP resulted in<increased glutathione
levels, cell viability, and .PARP cleavage. We also demonstrated that
growth factors inhibitedAAP cytotoxicity. For example, IGF-I protected
against AAP cytotoxicity, apparently via ERK activation. The
protective effect of PYP also involved the ERK pathway. Our findings
suggest that a protein extracted from the marine alga /2 yezoersis

(PYP) may be effective in protecting against AAP-induced liver injury.
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7}A] = necrapoptosisol 2] & Aoyt

—

5

o

necrosis®} apoptosise =7
ttar 3 = Qo (Malhi er @/, 2006). ¥ AT = 0.0075 g/l glycine©]
¥ minimum essential medium eagle(MEM)E Al&3F9 o, o)<}

< st A= old Pl AlEALE ol dojueAE ¥R okt

R

e

Acetaminophen AlX542] T tt& 7| A T2 styrt GSH #H Aol 9
gk Abst A ol 7] M7l S AFel A E AAP HES A B o

H285 JAAZI=H (GSH7F 2440 JES o= Aol tFEEold

tje

o7t = AFA 2 om 4P ARA o]t (Jaeschke and Mitchell,
1989). Acetaminophen ¢ 4A]%F o] o A A4 FA A KO GSSG &
L7 F7}(Jaeschke, 1990; Knight er @/ 200152 & A7 ~Ef A&
& Aol Ay 8% H(Rogers es @/, 2000). FH <+ &
1d = EdAs WA A & A T (reactive oxygen species ;
ROS)o] AEF2, &3} AlE So] 3o]d+= mitogen—activated protein
kinases (MAPKs) pathwaysE Z 4%ttt X 31359 v (Sano e @/, 2001;
Jang er a/, 2002). Mitogen-activated protein kinases©ol+ extracellular
signal-regulated kinase (ERK), p38 kinase®} c-Jun N-terminal kinase
(JNK)7F vt 1 5 ERKe AExEdy T2 #&ste AdAx=1
ofs) ZAstEM MEFA FE3te]l Bl A, INKOF p38 kinase
T2 UVEAN 9%, cytokines w9 Axe A= o3 dAsdr
(Kyriakis and Avruch, 2001; Chung ez @/, 2003; Kang ez a/, 2003). ©]
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 auido] FAsH AEo] wel thgI AXu wEESe] yEhdTh
B oo o 9o Aus AAPO o3 A FEAlY A= FdolE]Y
& F71A A EEE(Chang liver 2 HepG2 Al ¥)S 7141 1 Al E5 32
4& 2P A6, SDA BA] AAPE Fo @

T+ Z2AY GSH 5% 2 caspase-3 FA=SAS =& & AL

o
i)
o\
©
=
~Z
)
v}
—

Insulin-like growth factors (IGFs)= adult hepatocytes®} infetal
hepatocytesol A/ 34, v =, #u]H IGF-I°] type-I IGF receptor
(IGF-IR)¢} ZAgstAl H W vzt Al A AxFA % AxF7] g
R x7] FEAYA Aot o Qo= AFEAD A AES UEWA
Ak A EZAE A4S AH i wildstype IGF-1IR9 1 #1t=7F A%
< AExgEAs s dis] AEARE AEdE UEadeE S ¢
2l th. Catherine er @/ (2004)-& doxorubicin®] 2} °9FE S HepG2 Al
Fol AFP L wl apoptosis7t FrEHRAOH oju] IGF-1S A g o zH
oFZ ol 9k apoptosis7} @HE] A H AT HuFI G ET o5
doxorubicin®l - & 3 Al FAEe] ERK1/27} #oddttta sF9th. Ryoji er
al (2006)> 9 7}A AlA oI A S (IGF-1, - IGF=<II; hepatocyte growth

)

S

factor, and epidermal “growth = factor)= ~SV40-transformed human
corneal epithelial Al X o &3t A S wl AMEZF23 A ZAE o A & 3o
e BastdA, olg AAAAES Al 7HA A58 ERFe7E 53
o I FoA IGF-12 M X5
& AFEAIE S A, Akt 24 E FE=F k. IGF-I°] IGF-IR$ 2 gst
Hoggd A AdEAAE dAdstdn. 15 syl serine - threonine
protein kinases ¥ %9 MAPKs=Z UThS3 A EEoA AMEAE S 43
Y (Dews es @/, 2000). IGF-IR7} &4 s} W, Shce] IGF-IRe Eo]A
HA] tyrosine &7]E0] AAtstE T, Q14EstE Shew IRS-1 Hl9EA O =2

1>
o

ZZ1 A1 7] 2L sodium nitroprusside©l] 2]
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adaptor protein¢l Grb2¢} A Ts}o] Ras - ERK pathwaysS &4 A 714 H
T Aottt o] IGF-IR Ao dEH 2= AMEE
71 SFA "t fibroblaste] 74-$- Al -

sty 7 7FA 8% IGF-1 2ladeg74d =2 (PI3-K ¥ MAPK pathway)
% 1<l MAPK pathwayel &= ERK, JNK, p38 subgroups©] o3}t
olg Al 7HA AAEZ AEFTA, AHE, 3ol TaeA #HEIT. S
FAE el Axd AF Zo] ol Al JHA JAAEL AHIA EA A

o o= dAEold. INKe AlEALE F=2 2§ot=d 434

T
Ac)
~
M
g
5
i}
i)
rot
)
ri
-5
X0

e
1r

2@ AZAY 5& 2=
%

22 AAP SA¢] A =d ERK-1/-2 &3}/ oj9A 283=A 0l
Ve Ay E A sk gl

N

Aol g3} IGF-10] 257 AAP 54835 A 7|22 Aoy o
AAP 254 A Z37t IGE-IR AZAGA =9 Bdo] 9S Ao
74 & M itk Acetaminophen T, 52 AAPS fwhuld wef ] A
IGF-IR A d27 27t of®A Wt =X #&steo Auuzde] AAP
D54 A aRE IGF-IR AT d = +Ase] 2 7| 1S Ao Egk

=

i
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1. A=

1) At 2 As

B oAgel g8 Pe A

flo

ditd e o=

oY

FA A FAT A
Z(P yezoensis)E AF-&3FtE Chang liver ¥ HepG2 Al 9ol A}
£ 3+ Fetal bovine serum (FBS)-2 Gibco BRL (Life Technologies, Gibco
BRL., Gaitherberg, MD., ~USA) #¥<S AF83% 2™, Minimum
Essential Medium Eagle(MEM), sodium bicarbonate, ®j*]-& 384,
bovine serum- albumin(BSA), trypsin, protease inhibitor, detergent,
MAPK, PD98059, LY294002, Z-VAD-FMK, IGF-I, HGF, EGF+ Sigma
Chemical Co.(USA)el A F4stdtt. Western blotel  AF8$%  protein
standard marker+= rainbow high, low molecular marker (Amersharm
Pharmacia bioscience, England ; RPN756, RPN755, RPN800)E A}-&3A
1 detection reagent®+ SuperSignal West Pico Luminol/Enhancer
Solution¥ SuperSignal West Pico Stable Peroxide Solution¥} A X ¢
A2 =457 938 BCA Proteint Assay Kit (PIERCE, USA)E Al&
3k tl. Western blot¥} immunoprecipitation®] AF&3F  antibodyE-&
Santa Cruz (USA)$ Cell Signaling(USA)Al &= AF&stth Al ZAAEE
< FA43719d  MTS/PMS  solution  (CellTiter 96  AQueous
Non-Radioactive Cell Proliferation Assay Kit)< Promega©ol A <3}
t}. Cell cytotoxicity &S Y3 Cytotoxicity Detection Kit (Roche,
Mannhein, Germany)S AF£3A 0 mEZ =g ol vl Ay A Ez o
A& #3571 98 Mitochondria Isolation Kit (PIERCE)E +d A A}
43l H k. Caspase-3 &4 S 54317 #1381 CaspACETM Assay System

(Promega)S T+ AFE3AT. Al Ewkg culture dish, 6-/12-/96-
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well plate, corning tube, scrappert= Corning (USA)¢} Falcon (Becton
Dickinson Labware, USA)A &+ S Al&33 1, #7958 agarose:s
SeaKem LF agarose (BMA, USA)E A}&3tth 100 bp DNA laddere
Bioneer (Bioneer Co., Korea)oll Al F¢3t9low, 1 ¢ DNA 23§ A
k=S molecular biology &2 2  SigmaolX T AFEd AT Flow
cytometry Ao A}83F Cycle TEST PLUS kit, Annexin V kit, mesh
filter~= Becton Dickinson®ll 4] ¢ 3} %1 th.

2. A

1) A5 A

2005 1€l HepEE 9= AFHIAA FHT mtE AP
vezoensr)s THlEI] 60 AR AE &, ALY (FE 39%, 49
36.1%) 80 g= A3l 37 ZEh==
o A 3AZFEE ksl H A, &9 e, AHetd] F¥Y Z2di7E o3
ShAtTh o Ao 3uf FI o oet&S Hrhste HAH TS F
712 AAsL RS FHel #AESetAtk A7 HFEE 80%7 ¥
L% ammonium sulfateE F7}g 9 4ColA 24413+ wytet
= FFAFAT. 4T, 8,000 rpmol A 20%3F AR st HFe AAS

g Aol F2E ammonium sulfateE 9 20 me] ©o]&

j_’
g wWeEol oA F4359 v (Spectra/Por membrnae MWCO 3,500).

TA & A8 sephadex G-750% 49 Zrdo] £4Y3dlo] PBSE &%
Al o 280 nmel A FHEE SAste] Hd#HS UEde Ia2E g

°1(Fig. 18)stxx &dd FELS AFF=3sted 01% Trifluoroacetic acid
(TFA)7} i@ Eo]230] o] HPLCE AAE AT, HPLCZ A3

721 & Reverse-phage Asahi-Pak C4P column (4.6 mm x 250 mm, 5
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um particle size, Asahi Chemical Inc., Japan)o]™¥, 280 nmol A YE}=
g 535 g9 § 0.1% TFAW acetonitriles =5 0~50%7F%]
£ F9 08 m/min 522 3087 EEAH Y (Fig. 18).
Aol Al v A5 &A= 2 AAEE 125% SDS-PAGE=Z 7]

%3 3 Wi=Z= Commassie blue staining¥ Silver staining® = &<l3s}

A7l & 1 M NaOHZ 50 ul/mls == &7ksba 100CoNA 1087 714
shd k. 4T, 12,000 rpme. 2 3% AAEFs o] 4FS FHs) 560 nmeol
A I FEE =243 F AAP 540 gk a3= A ESA.

18] 3 pepsin ¢ PYP = 1 :109] Hl&& 412 F 37ColA 4A1 7 dE3-&
7

14 kDa #dWde] A7|d FA4A3 49 cytochrome ¢ 5493

A7 D e B

=

—

st om, O 97|49 (Pep2l sequence ;s R.LVDEDIE-
DAANYVLSQSEK.G)S dAlslol AAP =Alo wisk 235 23},

¢

2) A %

Aol AHA HEAHoA fl® Chang liver AlZ o} A EF9I
HepG2 Al X+ American Type Culture Collection (ATCC, USA)ol Al
Astgith. ¥ AE BE 10% FBS7F @58 MEMMIAE Al4ste] 37C,
5% CO27} A H =S wjefatdtt. oju) mAE9 S doly F45 oA
3719138 penicillin (100 units/ml)¥} streptomycin (100 ug/mD-S  #l #] o
A7rsta. AxE7E 80% A= dishE& YWOowW  phosphated-buffered
saline-EDTA (PBS-EDTA)Z A &3 % trypsinA glste] A o6 a3
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ow WA= 48A17tvitt agke} Gl

3) EEANA A=

AE+= 10% FBSE @t MEM HjA| o] 4] confluent monolayer7}
g wj7}A] v oke thd serum free MEM WiA| 2 n3k3sle] 24A17F ) oF
Ak 2473 A F M EZE serum free MEM Hl Ao &4 A ) A
(PD98059, Z-VAD-FMK)E 20 uM®] sXx= A gsto] 1A7E <t vl st
3 IGF-T ¥ AAPE 24X 7t 59t Al st 2143814 cell lysategs 34
Bl

olr

4) MTS assay

Acetaminophen, growth factor, AT Ao] ZFAME o] F2]o] 1A=
AL dolwrl ¢ 96-well platedll 5x10 cells/well2 A ¥ S 233
T AEZHAS e 244 % vl Fstal, Phenol red free-MEM i #] 2 24
Az 9 e kg the- AAP, ‘growth factor, Ut A& F Al A
i 2wkttt MTS/PMS solution (Promega Co., USA)E #H7}aha
37Co A 1A 7F ¥vF3Al 71 T_ELISA plate reader® 490 nmol A S3 ==
=4kl

5) Western blot

(1) Total cell lysate F=

Acetaminophen, A& A IGF-T°] Axu g Ao v x= o
S olr 7] el $A total cell lysateE F st th. PBSE 23] A 3
Ml EZE, protease inhibitor (1 mg/ml aprotinin, 1 mg/ml leupeptin, 1

mg/ml pepstatin A, 200 mM Na3VO,; 500 mM NaF, 100 mM

_17_



Pphenylmethylsulphonylfluoride)”} £ RIPA lysis buffer (1% NP40,
0.25% sodium deoxycholate, 1 mM EGTA, 150 mM NaCl, 50 mM
Tris-HCI, pH75)2 MAXE FH3 b5 47T, 12,000 rpm= Y4 =2 A 71T}

AZ=dE He BCA protein assay kit®= @iz =22 =339t}

A EE PBSE A &3 F trypsinz glste] =2 2, 2500 rpmol A 5
T dAEYA F B PBSE AEES AlFS AT 2500 rpmel Al 5
7 AR5 Fe pelletoll lysis buffer (100mM Tris-HCl, pH 7.5,
5 mM MgCl, 0.05% (v/v) Triton X-100)5 #7}slo} MEE BFRAH
ok 4T A 12,000 rpm & = 153 At g st T2 pelletd] 3] %
T3 %o pH 74, 10 mM Tris-HCl /5 mM MgCLE #H7FslA pellet
< FHAAT o7 Fde &9 1 M NaCl/10 mM Tris-HCl(pH
74)/4 mM MgClLs 7ke ta d&sdolA 3023 WAjskdt. 4TolA
12,000 rpm&E 15+%3F U4 & s U2 Asds A 80%
glycerols H<FTF%E  20%7} A7tslde. didess F4

Western blotS 2A] &%) o}

Y

Al

2]
5=

(3) Western blotting

J:r,

gl d FEE 50 ug/lanel® FU3sHA FHSe] SDS-PAGE=Z 77|93
%3 t}e PVDF membrane (Millipore, USA)°o 2 27t} ol ZFE=}
2L rainbow molecular markerE At&3t8G . E8d @ E 2 Super
Signal West Pico Chemiluminescent Substrate (PIERCE, Biotechnology,
Inc., USA)E o] &3ste] dwad 2y Slstdth. 0.1% bovine serum
albumine(BSA)¥} Tween 20°] <+ Tris-buffered Saline (10 mM
Tris-HCI, 150 mM NaCl, pH 754 24759t blockingAl 71t &
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TBS-T (Tris-buffered saline containing 0.1% Tween 20)% 15%3F 23]
Al ek th. Al 2 & membraneo] 12+ A& TBS-Tell 1:5000.% 3] 43}
of 4TColA ¢ Rk A Y. TBS-TE 1583 23 AHAZ
membraneS 22+ A (1:10,000) 2 2417+ 23 A 71 F thA] TBS-T=Z
158 7F 23] A& g}, Super Signal West Pico Stable Peroxide Solution
¥} Super Signal West Pico Luminol/ Enhancer solutions A}-& 3}¢]
KODAK X-ray Z 5o #FH3AAT}. X-rayZ2E5S A3 T scannings}
o Yy w=29 7}FEE Science Lab 2005 (Fujifilm, Japan)E ©]-83d}¢]

) 32 4 3} 9}

6) Immunoprecipitation

Acetaminophen, AAP+PYPE A &lgt AEZE PBS-EDTA=E 23] A
3t RIPA bufferg 2ol €& $1olAl A&SHA cell lysates 353151
th 35 g cell lysatew 12,000 rpmol Al 102%F A4l EEste] A5 a9 o

A SSsn gNd g SAsAt 4 Jeuz ves Y

o,
ol
2
X
iz

= cell lysate] anti-IGF-IR B-F 4l = anti-IRS-1 A& A s}l
(1:300) 4CoA &}FRE HES- A 71 3 protein A-Sepharose (Sigma Co.,
USA)E 2ol 4Tl A 1AL B A 8kaL 12,000 rpmoll Al 10323 4 22
sto]l Ao} ZAge IGF-IR9F IRS-1 @ A& A-Sepharoseo} 7 =
A Al At Protein A-Sepharose: RIPA buffer®= 3 wkE-3lo] A& sl

0.1 M DTTE &-&3t= 1xLaemmli sample bufferS @i 10827 #9 &

sample buffer?t A=A 3 Fsted  75% gelol FH7|FFda

membrane®. 2 %%t Membrane= anti-phosphotyrosine & ] (1:500,
mouse monoclonal antibody)® 4Tl A &F% w3 A7 & 23 A&
+= anti-mouse IgG-conjugated horseradish peroxidase (1:10,000)& Al-&
lo] Ao A 1A 7F WA ZH k. TBS-TZ A& % chemiluminiescence

substrates A}g83%lo] X-ray ZEo #FA 7 dAAE] IGF-IRY
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15tk 2tstE A3 E membrane

stripping3t¢] IGF-IR9 protein 5 HEA A&3t7] $35}o] stripping

OlA

protein 4tst AHEE gl

buffer (100 mM 2-mercaptoethanol, 2% sodium dodecyl sulphate, 62.5
mM Tris-HCl, pH 6.7 50CA 30%%F strippingd t2,
anti-IGF-IR B-8A(1:500) &2 4Tl A 5w WA 71 & ECL western

blot ¥ o2 IGF-IRY ©¥4 wd $22 MR HA3tg

A Edo AxTAAAELA7F Al EAFE (apoptosis)oll &7 AJAE
Golr 7] 93] DNA @ stE #Zsth. PBS-EDTAZ 23] Al 23 A
EZE FHsl 2,000 rpmel A 57 HAZE AT H2 pelletel] extraction
buffer (50 mM Tris—-HCL pH 7.5, 20 mM EDTA, 1% Nonidet P-40)<
Yl 4T A 247 FE3FAT. 2 & sodium  dodecyl sulfate
(SDS)E 1%7} ¥ == ¥ 4Co A 242k, 055 mg/mle] proteinase K
= Y 42ColA 2A%F incubationstit. & %2 phenol-chloroform-
isoamylalcohol (25:24:1)& Hal 2 < dAE st DNAZF X gHE
of &= FFNE AU DNAE ¥ J5 ¢ 0182 3 M sodium
acetate?} 25912 100% ethanols 29 DNA pellets I AAZ & 70%
ethanol® Al #3ta AxAZTH Az 2 470l E Tris-EDTA (TE)
buffer (20 mM Tris, 1 mM EDTA)°| 9o 260 nmolA TFH=E =H
3ol A=k T 1% agarose gelol A7 9%

<+ EtBrz @Asto] 2ol ides o] &5kl wEsth

2
Mo

feis)

8) MELA

6-wellel et Axs 2x¥2 2435 A §F PBSE 23 A A
sttt 10% formaldehyde& ) o7 2o A 10& 7+ 12A 11 PBSE 2
3] MR 02% Triton X-10022 224 10&3F HA 3 o3 o



Al PBSE 23] A& &t 2 ng/ml Hoechst 33342 A7F & 548 24
A Ao 3083 WA PBSE 23 A F, Sug/ml
propidium iodide(PI)% 7} & A oA 10&7F WX % PBSZ 23] A%
stAth 100% EtOHZ 23 v F3dvdos #adei.

9) Flow cytometry

AEZF7IEE =0 v A= AAPS Adwde] g2 dotrr] 3
Cycle TEST PLUS kit (Becton Dickinson, San Jose, CA, USA)S A}-&
AT EA2S AP AEES trypsinA & & TS PBSE H A T}
4T, 3,000 rpmelAl 5ixF dAE@etod F> pellets kit *2FH
5}tk Cycle TEST PLUS solution A % BE

Ao Z+Zt 1084 Al the Cyele TEST PLUS solution C& #
7Fste] 4CoA 30+ &S GASA Y. o] & nylon meshZ AXE 3ot
A B2 A7l & DNA flow cytometry (Becton Dickinson, San Jose, CA,
USA)el H4AA 4 Wk3o] wE histogramS ModiFit' LT (Becton

Dickinson, USA) ZT 213 o7 FA59t}.

buffer solution& & A #

10) Al X ol A2 GSH assay

GSH &&=+ glutathion assay kit (Sigma, USA)S o] &3l =A%
th WA HEZE PBSE 23 AlFHe = 5x10° cellsE 1.5 ml tubeo] 23}
Atk YA RGeS FE& AE pelleto] 5% sulfosalicylic acid (SSA) &
NS H7bstar AA A9 37C water bathE o] g3l 52, 5 23
HEESFA T 4Tl A 587 WA £ 12,000 rpmel Al 1023 9422 sk
FTds FA& GSH =5 SA4sA. A5 A4S 96-well plateol] 3 &t
o] 710 assay kitW] E ¥ working mixtureE #7}slo] Ao A 57

HEg A7tk 58 % NADPHE Y ¥3log &3 & 412 nmolA 5

i

Fj\iiﬂ

At
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11) A E AN A caspase-3 EARZA

Caspase-3 &4 < =43}7193] CaspACE™ Assay SystemZ o] &3}
Att. 96-wellol 2x10" cells/well® A XS EF3 F AHE
I EAE FE/AIPE AErE 23 oy PBSE Al HE AT &2
kitol Edxo]9l= DEVD-pNA substrateE ¥ il 37C, 4A 7FF¢F wt

SAA 405 nmolA FFE=E =AU

i)
tlo
2l
ACH
O]
ol

il
g

o,
=

AT GHAol Az A ESREL2 455 9] Sparague Dawley 7
=# (AF, 100£10g)E At&stgd. 242k 10uz]® Al Z2F  (control,
AAPT, AAP+IE I AR) o2 o] Afld AbSA oA ¥ 7d3E
o] A A H A2 ST ol u AlSAZE (22:17T), F% (50£10%) 2
B 12417k, 08:00~18:00)% FA3] x4ttt A duAtsS A3

o]

T, AVARS B L GHEA

=

(controli ¥ AAP+H)¥ &M= (100 mg/keg)S 47 F o35k tt. DMSO
o] 39 700 mg/kg AAPS E7o w2 Fojd & 2447+ 5 ©F35to] A
3} , 2 AN gEE W Tl 1417 e T AR (3,000

rpm, 15 min, 4C)3}4
Abgstlth. 1Elal gH%

2 Aty 25 A3 S HE Bouing® @ (picric acid : formalin : glacial

acetate = 15 : 5 : 1)ol] A3} ¢t}

(1) @3%F9 GOT/GPT &4
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Reitman-Frankel®] WHo] wa} AlZw"  Glutamic oxaloacetic
transaminase (GOT) % Glutamic pyruvic transaminase (GPT) &4 &4
4 ¥4 transaminase 744 kit (X1 %38, Korea)s MWA E3434=7
(Ultraspec 2001 pro. Amersham Phamacia biotech, England)Z 505 nm

AN FF=E S48

=

i~
>
oot
o
e,
il
>
>
_t[o
rot
rlo
N
o,
™
o
N
N
tlo
g

ol o] g4 a5 7

of P AAFAL dgxA Y¥T Avsel 05 m A

127
X
X

-
i)
oo
o
=
=)
k-
o
oo
o
oY
(@)
=
@]
Q
e
[oN

. formalin : glacial acetate = 15 : 5

317 N S AL-g-3lod 24A1 7F otel tissue capsuled] 2

H
-
=

MK
ol
Q‘L
kl
o
e,

o,
ol
ol
32
o

. o8 FA A%E A F 7] (autotechnicon)ol ¥ o &3}
T3l xylenel 2 F9W3SAlZ v}, Embedding center©l A
tissue capsule®] paraffins 5 A #A 2Ewdf(embedding)dte] blockl = 1k
=2t} Rotary microtomel & blockS 5 mF7 = vl Asto] RL{ &
Zo A FES HA LS & F 7T slide glasse] Az, 1™
&, slide glass9} =A4dH S s H2AAAT7] 8)lA 60CHES

T2 FA3%E slide warmer®ll WAlsETh mpxjeko 2 A E o wjd

of 2
17
i
-
Mo &

ofl

=
2
a2
E
oty
et
29
N
4o
gl_‘l
td
rln
BN
Y
i)
¢ =
tlo
=)
H
=
Rl
i
tlo
-4
ME
%
o)
il
-

5000 pmel A 1083 AdELstel FF4e ARk FF A% GSH

assay KkitW standard solutionS 96-well plateo] ztzh EF3 t}S ol 7]
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o] working mixtureS F7}sto] A oA 587 HES A7l & NADPHE

93 Fgor EFST 412 nmol A 5% NA0R FREE A

(4) r3F %A F9 caspase-3 TA =3A

b4 2 2S5 protease inhibitor7} E3§HE lysis buffer (25 mM HEPES,
pH 75, 5 mM EDTA, 2mM DTT, 0.1% CHAPS)Z #Z&3A7 tL
4T, 12,000 rpmo. 2 A E A AT, A5 dES s BCA protein assay
kit® @ d FreE FAs] 80 ugd WM HES 96-welld ¥l o 7]

DEVD-pNA substrateE %< 3 37C, 4275k w3217 405 nmoll A

AP FAARE A R Hid EFHA (meantS.D)E AL
43to] ®m7lslden, HE A5 E Window s SPSS 213 (Statistical
Package for Social Science,~SPSS Ine., Chicago, IL, USA)S o] &3} o]
A s, wEEAd. 9k ANOVA test?} Duncan’s multiple range

tests A &stAvt. ofdl, B= TAH Fo= T p<0.0504 Ao
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Acetaminophen<> 7 AAIAH o2 wWo] AlLHT Q& MFTAZ, A

2 Bads u Alzs 1+ &AL of7e A FErh. welbA Acetaminophen
of o of7lE = FEA WAUES retal, 2=/ hEAS o

2 FE7He AY AFEo] g Hof gkvh(Cathleen er @/, 2005;
Tamara ez a/, 2003; Sidhartha es @/, 1999; Francisco ez a/,2005). u}e}
A, B AT A e dA-AAPY gk tEA Wz SS HdES A, 9

A4+ Y FAR SUFS o5l AAPY o A oA
MU ES AESEANA BAsgen, T AR AARS PHu AL
ATFFINA 7 GhE FUAGA N A2 A E AEstaa Bt

1. Acetaminophen®] ZFAE Ald 7] A

1) AIZXF A v X&E AAPY 93

w A

o

of AFES M EE AA A Ao A ;S Chang liver
Aot QA3 HepG2-A 2 & Ab&ster, AAPE 77 0, 5, 10
220 mM FE=Z 2447 2 48] A d = tetrazolium compound$?!
MTSE Fofstar dAAZHESE vl sttt vl dst= &% MTS= A%
W mEIZ=golo A A4 = succinate dehydrogenaseol 9f 3l -84 <]
formazano. = W3dtil o] #H A WA E formazane] %S 490 nmol A o] 3
Sy SAst] AEo FAE st

MTS #+4] A3} (Figure 1), Chang liver A X2} HepG2 Al X E ol A
AAP &% oEAoR AX AEEo] daHe AoR Uesiow, 244
AR REE T A AE EFd 60%9] AEAAEES BHoFAT
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2 A e 60% AEES UEIU = AAPY FEE 7|2 =2 Chang
liver AlEo+= 10mM (60.88£0.09 %), HepG2 AXol+= 20mM
(59.1+10.1%)E 24A1 5t A sto] o] % AHS sttt

2) XY m A= AAPY 9T

Figure 2+= Chang liver Al X 9} HepG2 AlX o] AAPE FLEWHZE 244
A PE wl AEZFEHE Hoechst 333422 A A slo] 3 3dn] 7ol A
Azet Aolv), agolA B vhel o] Chang liver Al <9} HepG2 Al
X RFolA AAP AP A vk ogEAoE MEFHI W EHJAoH, A

FoEG gARE Ao dehdth ot YoM AW RgGE MTS
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Fig. 1. Effect of AAP on cell viability.

Chang liver(A) and HepG2(B) cells were incubated with AAP in
the indicated concentrations for 24 hrs and 48 hrs. The results
indicated mean = S.D. in three independent experiments.
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control 5 mM AAP 10 mM AAP 20 mM AAP

-

corol

10 mM AAP 20 mM AAP
Fig. 2. Effect of acetaminophen on cell morphology.

Chang liver(A) and HepG2(B) cells were incubated with AAP
in the indicated concentrations for 24hr and stained with
Hoechst33342(x200).

_28_



3) AEAE 71 A v A= AAPY 4%

MEANA A AAHH, AAPA g M ZAE Fado s w2 =
FSo] wxEPoy, AAM7AE apoptosis®t necrosisAbo] oA 9] 7 o]

T2 5tth. Figure 32 A w7b#] 918z AAPo| o3 Ax &7 ol
(Harmeet er a/, 2006), AAPol 93 IFAEZ SA7|HALS HEY

glutathion TX& FAAIA AEe] XA 4sd &4 dodl+= A
7} AAP9 thA} A A =<2 N-acetyl-p-benzoquinone imine(NAPQI)2] =+
Go g3 mEZ=goly 7]Fo] HyPozHN dojups A XEAE 27}

om, o] F 7hA AE7F ks wEE AL ofuth XA EFREe AAP
283 A¥Y  glucuronyltransferaseo] ¢l & glucuronic acid¢t
AAP7} 235t HEFoly o= o]l FdtAY, &2 sulfotransferase?l
o5 sulfate®t AAP7} A9 35t HH Ex d#Ho= olFste AE&E Y
B A gk, B RS Al Adl pd50e] e]s]l NAPQIZF A H= Aot
NAPQI:= AXuU GSHe ¥&3te] GSH 55 #AaA7lA dd. GSH
7V ZAaEa U g NAPQIZE Al ©hala 3 Agksto] 19 ol A ¢
Zol MEZE=golr s FolE dovle Aot S #Y Y NAPQIVY
AZY dld TN E "53] 1 EZEgol
g ol E34 & W3} (mitochondrial membrane permeability transition
; MPT)A 71 A Bk (Jollow e @/, 1973). mEFZ=golut FijA Ho] 2
nEZCgol2 HE Axd=z 1500 daltono] st &2 9] o] o] dojrti
Hid 2 hEA < Ro] cytochrome 9 Ca’ o]t} 1% cytochrome =
caspase-32 #4339 apoptosis® F =81, Ca”
proteases < ZAIJAIA MIEAE S FE3A @9 (Ray er @/, 1990).
ol g My AFo 7x35t, & AFdAE 21 T vEZ=ol 7T
ofell ofs] MEZF AMEEE ARE WA AHR IR 5

Y= Ca” -independent
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T

NAPOI

ATPase

v l I— Fructose
Orxidative stress Cyto C

Membrane — Glycine
Caspase-3 Y

I I
v v

Apoptosis = Necrosis

Fig. 3. Sequence of events leading to AAP-induced
hepatotoxicity. MPT, mitochondrial membrane permeability
transition ; GSH, reduced glutathione ; cyto ¢ cytochrome c
NAPQI  (N-acetyl-p-benzoquinone imime) _.converges on
mitochondria . to <nduce membrane permeabilization. After
membrane permeabilization, cytochrome ¢ is released to the
cytosol and activates caspase-3. With severe and pervasive
mitochondrial dysfunction, ATP decreases in part due to
activation of the mitochondrial uncoupler-stimulated ATPase.
With ATP depletion, caspase activation 1is blocked, and
necrosis  occurs instead. Fructose, an ATP-generating
glycolytic substrate, and glycine, a cytoprotective amino acid,
prevent membrane failure and necrotic cell death.

Reproduced from Harmeet ez @/ (2006), Hepatology 43, 31-44.
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(1) AIEAE 7] Ao nx= AAPS 93
D Caspase-3 &4 39 PARP @™ Ao Ra {2

Chang liver Al HepG2 Al ¥l Z+7F 10 mM3}F 20 mMe] AAPE
24X 2 Aed T mEZE=EgolE e A ZANE AA O Hoste dEA
ol @Al caspase-39 A3 PARP F A E=ZS =AYt Chang
liver M 2] 4% Figure 4°] YelH A3 o] caspase-3 A o] AAP

TE ogEHoZ FUFE Y. Caspase-39 tix Aol 7]l
PARP v+l =& AHE A3 (Figure 4B), AAP T % &% =2 PARP
Z el At HepG2 Al X974 %% Figure 49
Ao A H caspase-3 FAlo] AAP FE oEFH oz FUlEYoH
PARP #3l% 22 A& Ye U Aok (Figure 5B). ZLHET™HE AAP| 9
St A EAFE O] caspase-3 o]EA A EALEAAE 517 9 E caspase
-3 inhibitorl Z-VAD-fmkE AAP®} 7 AHglste] AAPHAol ojw
& X =45 AHE A3 Figure 6942 #Zo] Chang liver Al X
oA AAP AR E  1274+#5.18% 7k F7tE QAW caspase-3 &4 ¢]
caspase-3 inhibitor (D) & & 65.8+7.7% % A5 o1}, A EZFA o =
caspase-3 inhibitor (58.0+2.3%)7} AAPA gl 2}t A ¥ F2](54.4+3.6%)
g9 E AAATA &= HoR LES T B9 HepG2 Al Eo A% AAP
28] Al F7}8F caspase-3 FA (136.5t4.1%)°] caspase-3 inhibitor#] 2]
2 91.3+3.0%%] caspase-3 &4 o] YElWT. 28y, Chang liver A &}
2], HepG2 Al X A= caspase-3 inhibitor (9016.6%)7} AAP2] A
FEAPE AR (81.9145%)s FEAom AT = AoRE YERT. 2 A
ol A AFR3F F71A A Eo A9 Caspase-3 &4 3 PARP &3] %4 o]
24 desten, ol Al wWE Aold Hom AzZHET
Caspase-3 &4 3 PARP #3l, 28la A EALH thaf] =4, 52 4

oEA Uig =50 BRuHA AxEs T4, YA, apoptosis

ME
o
N
-~
ne
T
rlr
A
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S therd e 75 S 7H2 cytokine?! TGF-Bo] #3 A4 (Derynck
and Balmain, 2001; Massagu es @/, 2000; Schuster and Krieglstein,
2002)°1 A1 TGF-Beol ¢]3t apoptosisA| caspase-3 & E&A1/H]2]&EA PARP
237 dojyp, DNA w#H3}lo] caspase-37F 98-S v XA i=tha
st A (Yang es @/, 2004). ®=3F Boleth lymphoblastoid Al¥o| A JI=&
of 9]3] apoptosis7} =™ o]u] caspase-3/-8 inhibitorE  7}3}t 2}
T M EAE O] A H R oo n g L= Fo 98 apoptosisit caspase
-3 o EA/MYgEA AR o dojdrta A (Coutant er @/,
2006). HepG2 Al E A= AAP ] Al caspase-3 &4 o] AAP & ©°

Ho g F71E Q0™ caspase-3 inhibitor7} AAPe] 2] A EAHS
FEHoz2 AGAAZ  wEH, Chang liver AlXZoA= AAP Hg =
caspase-3 ‘&Alo]  AAP &R oEHow FU}EJOY, caspase-3
inhibitorZ A 2|8t 3= ‘@l AAPol o3k A|ZEALE O] A H A Fgtrh. 2
H o2 HepG2 A oAl AAPol &8 A EAE Aol caspase-37F #

o] 3= WA Chang liverd] ol A= caspase-3 & &4 /v &4 A EALE

I

BE7L TAE Ao2 Az
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Fig.4. Caspase-3 activity (A) and PARP cleavage (B) after AAP
treatment in. Chang liver cells.
Cells were “treated..with . AAP for 24 hrs and -collected for

enzyme activity(A) and western blotting(B). Caspase-3 activity
were measured as described in materials and methods, and data
shown are mean += S.D. expressed and came from at least three
independent experiments. Samples significantly different from
control ; * »<0.05, b 2<0.01. PARP cleavage were presented one
representative gel from three separate experiments and the

quantitative analysis based on densitometry of each.
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Fig. 5. Caspase-3.activity (A) and PARP cleavage (B) after AAP
treatment in-HepGZ2. cells.
Cells were treated with- AAP-for 24 hr and collected for
enzyme activity(A) and western blotting(B). Caspase-3 activity
were measured as described in materials and methods, and data
shown are mean +* S.D. expressed and came from at least
three independent experiments. Samples significantly different

" £<0.01. PARP cleavage were

from control ; * p<0.05,
presented one representative gel from three separate
experiments and the quantitative analysis based on

densitometry of each.
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caspase-3 activity (%)

Fig.

cell viability(%

11

b
SFM 10mM AAP AD SFM 10mM AAP A+D

6. Caspase-3 activity and cell viability after AAP or AAP

and caspase-3 inhibitor (D) co-treatment in Chang liver
cells.

A. Cells were treated 10 mM AAP alone or AAP and
caspase-3 inhibitor (D) for 24 hrs, and collected for caspase
activity assay. B. Cells were seeded on 96 well plate and
incubated for 24 hrs. Then, media was.changed with serum
free media. “After 24 hrs incubation, ‘cell- were treated with
sample, and “incubated = for— 24  hrs. Cells  were
measured by MTS assay as described in material and

methods.
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Fig. 7. Caspase-3 activity and cell viability after AAP or AAP
and’ caspase-3 inhibitor(D) co-treatment in HepGZ2 cells.
A. Cells were treated 10 mM AAP alone or AAP and
caspase-3 inhibitor (D) for 24 hrs, and collected for caspase
activity assay. B. Cells were seeded on 96 well plate and
incubated for 24 hrs. Then, media was changed with serum
free media. ‘After 24 hrs incubation, cell were treated with
sample, and 1mcubated for 24 hrs:- Cells were measured by

MTS assay as described in material -and methods.
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@ DNA @ H3}o] did AAP2] 4

Acetaminophenel 2] & A ZAE T =7} apoptosis€ A necrosis$ A &
SHelst7] 91sl DNA @ stE 49 B ottt Figure 8ol vebd Zaboll A &
4 91%09], Chang liver Al HepG2 A X EFoA AAP v % 9 =74
S 2 DNA ©H37h doju= Aoz a#EHT. a2 #Zd DNA
@A 3 = apoptosis A 8A] dojrli= laddering®] ©o}d  smearing & =
necrosis® 54 & YEWAT. Bax % tBid®] PEFZ=got2 9] o]F, 7
EZ= g o2 5 H cytochrome ¢ 4], PARP #3], DNA 3] T34 <&

apoptosis®}  necrosisAlolol FHRE = AT HGIHAHo]  EAEE=E
apoptosis®} necrosisES FE3ste] A A Helst7l= o] @Yk (Zhang e
al, 2000 ; Jaeschke and Bajt, 2005).0# ol AAPES HFojst & 1 +xZ

a2 AA1 % TUNEL labeling® DNA laddering 4 ¥} ol A1 apoptosis
S Yetddtts 27k A" ¥ (Ray ef @/, 1996 ; El es a/, 2003),
AAPo 93 ZFAE AFE Al apoptosisiE ¢ =EA @HAsY F=2
necrosisol] ¢ 3k A}d o] FEolgtes Ru%x Ay (Gujral e o/,
2002). Kon era/(2004)2 AAPo| 23t A XEAHEL apoptosis®t necrosis
of 93 dojudria B ekgirt.  Acetaminophen<  ATPE 7FA Al A A
energy’} Z 23 apoptosiss  JA, L ZAI} odYA7} §lo] dojy=
necrosisE do7Ith. 12y fructose®} glycines AFE3tH ATP7F #Ha
H A o2 =Z necrosis7t doUA] 53l caspasedl 2] apoptosis7t &
7bek Al Ak wEbAd AAPo] 9 A EZAFE S necrosis®t apoptosisd E
A<= E5F 7FA+= necrapoptosis©l ols] dojdtvia & 4 dvk(Malhi es
al, 2006). = AFol = 0.0075 g/l glycineo] ¥ MEMZE A3
om, 1 Ay AAP AHYF apoptosis? EA caspase-3 A 3o}
DNA ©#sts #4238 5 ddo. 29y %27 #2323 DNA dd=52

DNA laddering©] o} smearing®® #zEg o2z DNA @Az =34
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Aol = necrosis® YUWEFWETH wEbA B Ao A= AAPol 93 A
IAEREZ ok AHE 2 apoptosis® necrosise] EAES BF 7R

necrapoptosis@} iz Ay z+E o}
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B. M 0 5 10 20mM

Fig. 8. Effect of AAP on DNA fragmentation.
Chang liver(A) and HepG2(B) cells were incubated with AAP
in the indicated concentrations for 24hrs and extracted DNA as

described in materals and methods. The extracted DNA was

loaded on 1.8% agarose gel. M is DNA marker.
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Q@ AMEF7I W3 AAPY FF

DNA binding dye¢l PI 94 E3) AXTF715 #&35A 0. Figure
9ol el vEe} o] AAPE sub-Gl arrest® Yo7 Ao Z eyt
t}. Sub-G1 peakt DNA ©@#H37F dojuyr wh=+= peakol™, o] A}
+ DNA o33 23 (Figure 8)¢ dAstF . Sub-Gl arrest AEE
table 19 e} RITE. Chang liver Al X ¢ HepG2 Al Eol A Z+zF 10 mM
7 20 mM<e AAPE A3 Z3IF}, Chang liver A XANAME 4.85%
(controDoll Al 11.9% (10 mM AAP)=, HepG2 A ¥4 991%
(control el A 16.4% (20 mM AAP)Z sub-G17]17F-Z 715 2t}

oY A= = w, AAPe]l 9% AJEALE Al Chang
liver M9 HepG2 AlEelA = =5 ©E A9 AME HEs vebigl
. HepG2 A XA caspase-3 A8 PARP #3ll7F dojwtod
caspase-3 inhibitor * 2] 2 AAPo| &3 A ¥ AldHo] HEHo T x| FH
21 o1 Chang liver Al £ oA = caspase-3 inhibitor # 2] & AAPe°] 23k
A ZAPE ] AE AR gtom g oA AFPUA F A AAP B4
7145 v mEZE=Lolzis FolE Fd AEESY WItUS o9
MEZE=dotets Fud vE At EYS- =4 Ve A S AANE ¢ 3l
o F7FA A EZ e A apoptosis A 3EF 9] LRl caspase-3 €4 &H7t

AAP A& FE5do. DNA @ #3398 o] necrosis =S UEF
=

o
of\
xdt
ol

S B2 apoptosis® necrosis F 7FA 5A L EF ZYE ) necrapoptosisoll
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Fig. 9. Effect of AAP on cell cycle in Chang liver cells.

Cells were treated AAP 1in the indicated concentrations for
24hrs, and analyzed cell cycle as indicated in the material
and methods.

_41_



Counts

O 100 200 300 400 SO
=
=

control

§ o
? i}
§ §
§§ W 88 7]
% ® T

3
g_i.'{ ; m‘
N Mo W 4 & & W

¥ A2A
SmM AAP 10mM AAP 20mM AAP
Fig. 10. Effect of AAP on cell cycle in HepGZ2 cells.

Cells were treated AAP in the indicated concentrations for
24hrs, and analyzed cell cycle as indicated in the material

and methods.
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Table 1. Increase of sub-Gl1 cell population by AAP treatment
in Chang liver and HepGZ2 cells

subG1
Chang cdll HepG2 cdl
SFM 4.85% 9.91%
SmM AAP 8.51% 17.13%
10mM AAP 11.90% 16.4%
20mM AAP 17.20% 55.73%

_43_



(2) 2A3t3 &7 A A= AAPY 9%

Acetaminophen©l] 92 7+ %7 £AL A3 A 2E# 20 93tE
AL oln 2 A ARA o] th(Nelson, 1990 ; Mitchell er @/, 1973).
Figure 3= AAPo| 3t Atsta &4 tial A E<Q NAPQIZF HAH X
e dode NS =43t e Aolvh. Acetaminophen> ¥gFo] ofdl
A8 FEZ2 A7 P v+ glucuronyltransferaseo] 93] glucuronic
acid®} ZA¥3sto] glucuronied AAP7F A4 (Nelson, 1990)% 1L o] A&
Mrp2e] & @F o=z &9 3 AYUXiong es @/, 2000), Mrp3° & o
Bo 7 o]%dvH(Zamek-Gliszezynski er @/, 2005). 1#1} 399 AAP
S AHAAL o= CYP2ELIY 28 NAPQIZF A A =1ar(Nelson, 1990),
Figure 3| el vle} ol GSHE} #HEZ-35Fo], MXE U GSH §%2& 7
A 21 (Mitchell es @/, 1973). Acetaminophen<= ¥} Yo% & 833 o}
W nEZ =2 o} U peroxynitriteZt A E ] MEU A3 A &S do
71t GSH7F °] peroxynitriteE A|AstE 9 &S st = AAP Iu &
402 M¥XU peroxynitrite’t S7FE 3 FAA GSH %271 #AFE=R

Ahst A o] Y o] ki= A o]t} (Jaeschke and Bajty 2005).

k
o

b
o

O MEH GSH %= "A= AAPS 4%

Acetaminophne°ll &gt Az o] Abstd E4S gl A AlE
GSH =% & =3A39 ) (Table 3). A3} Chang liver Al Eo A= AAP
Az GSH F%=7F #ass Aoz ueutoy, HepG2 AlE 744,
AZW GSH wk=col W37E Udvh o] A& HepG2 AlxEol A s AAP

FE(5~20 mM)ZE GSH ¥ =8 W74 &S Ax9 AgEs A
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Table 2. GSH levels in Chang liver cells treated AAP

AAP conc.(mM)

GSH levels(%)

5 1167 = 1.7°
10 75.7 + 7.74°
20 581 + 147

Data were represented % of control(100%). Values are the
meantS.D. Values different alphabet are significantly (p<0.05)
among the group by Duncan’s multiple range test (a>c>b).
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@ Mitogen—-activated protein kinase AT A G 7 2] vl x= AAPS
o s

i

T ATFEAA AbstA EFel o g AlxEAFE ] MAPKs pathway 7t
= ARl B AT, o] MAPK pathwaye AES2, &3}

28 A
apoptosisel #H#EF oA tH(Sano e @/, 2001 ; Jang er al, 2002).

rod

Mitogen-activated protein kinase pathway©ol 37}#] kinaseS, &
extracellular signal-regulated kinase (ERK), p38 kinase, c¢-Jun N-
terminal kinase (JNK)7} ¢low o]l% ERK+ UtheFst A AAx =0 ot
MzEgoly F2A e #Hostil JNKeF p382 UV, & 59 AxEe ~EF
2o tfs] ZA 3} ¥ o} (Kyriakis and Avruch, 2001 ; Chung e @/, 2003 ;
Kang ez a/, 2003). o] ZAEo] FASIHW Al xo| wet b s =
| Yetvr=dl, JNKe 49, apoptosis, transformation, T & uF$-o 3¢
2R AR, mety B Ao = AAPTE AHstH &
delglomz Absta &7
2 AExJ G AJTERK, p38, JNKO 2AAHLEE AHR
Chang liver M9 HepG2 Al EZol| A, Z+7F 10 mMY 20 mM<e] AAP A
2l 2 p38¥ pJNK= W37k glglot, pERK7F S7EE Stk = A gl A}
43 F AExEdg A FFHoZ AAP ot PAE EAA] ERK 94F
7 4o A5kt ERKe M2 AE #Aodstes o=z &
HA o, H dxd 2 A =F 504 ERK QIAFSE Al ZAFE o
fFredves B2iaso] AUTh. Bhat e @/ (1999)> MEK inhibitor$l
A A AT Y, Ha020 &3 Al ZAE o] oA &
Aok AT S HuO00 o gk AlEARE] ERK Q1AHs7F #ofghot=
Aoltt. Wang er @/ (2000), Lesuisse er @/ (2002), Pavlovic er .

o

o st
to rlf
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A3 sttt Busdu. web 2 Aol E= AAPO] o A
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FAEo] ERK QIAFsHZE #oet=AE FAstA Qa7 s MEK
inhibitor?l PD98059E Al-§3dto] pERK ZdAE GSH AHYAEE &
H B (Figure 11 ¥ 12). 2 Z3}, Chang liver Al ¥4 = PD98059
A= pERK 2ddo] ZAHom olé tjEo] AEXY GSH ¥+ U
Zorroz IEHJT WbH HepG2 Al EZolA = UA Axpe} 2o,
AAP Hglolgs AEZW GSH wsxol Wart glolern, of7le] ERK
inhibitorE * €] 3}, Chang liver Al %9} m 3742 GSH %

st o= YEerY ERKZ7F A2 W] GSH 5% 24 #8S I

ol el AiE L FRNE W, F /A AEEAAERK AREI A

’

¥ GSH wEx4dS5 T8 AAPol o3 AxE4 w7y Fol F a5t
a
o
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Chang liver cells HepG2 cells

AAPconc. 0 5 10 20mM 0 5 10 20mM
pEIk

pINK

p38

B-actin

Fig. 11. Effects of AAP treatment on oxidative. stress-related
protein expression by western blotting in Chang liver
cells and HepG2 cells.

Cells were treated with. AAP for 24hrs and Ilysated for
western blot. Data were presented one representative gel

from three separate experiments.
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Fig. 12. Effects of MEK inhibitor, PD98059, on-AAP cytotoxicity
in Chang liver (A) and HepG2 (B) cells.

Cells were treated with SFM, 10mM AAP, and AAP and
PDI98059 for 24 hrs. After 24 hrs, 5x10°cells were collected
and assayed as indicated in material and methods. Data were
represented % of control(100%). Values are the mean+S.D.
Values different alphabet are significantly (p<0.05) among
the group by Duncan’s multiple range test.
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4. Insulin-like growth factor-I (IGF-1)°] AAP SA 9| u|X+= 43

1) Acetaminophen® IGF-1 W3 A8 A AXF 2 v 2= F3F
Acetaminophenel] gt FAEZ AFELS A A 7]7] $3] endotherial
growth factor (EGF), IGF-I, hepatocyte growth factor (HGF)E AAP<}
W Agste] MTS 40w AEZFH vAe JFS ARG
(Figure 13). ¥ A do] AF83 Chang liver Al ¥ ¢ HepG2 A X R 5ol A
Al 7FAl growth factorEeo]l EF AESTAS T7HAH LW, 1 FoA 5
3] A4 ZFAIEZQ Chang liver AlXEoA AAP 54 oAlg&37F & Ao
= yed IGF-T (100 ng/mh o & ol F Ad= ARt (Figure 13).
IGF system2 & F9] ~E# 2 52 Zyo] BASH MIAES o
AsteE FE3 A2 G A ok o] IGF7F o9 A MEAES FEd)
of #3 AFE SHIGFY AW AEEAE 7T F U5 Aol
GF-12 9] =4 =47 3} % (amyotrophic lateral sclerosis) %
Fz7)ol o5 dwste A7 e Aer B Atk(Vincent and
Feldman, 2002). Alexia et @/ (2004)= doxorubicins HepG2 A 3o *
2 5ko] apoptosis7t =¥ e ojul IGF-I= A 2lstd of=o] 9%
apoptosis7t 43| A= At st Ryoji el @/ (2006)> F 7HA|
A AES 283 SV40-transformed human corneal epithelial A X ]
Mo AESA FEet Abd JAET s BEausdoh Zeu dAE
7b obd ARz 2 AAAEAM e IGF-19] Az &l W A7
urg AAolrk webA 2 APeM e A FxAANA FAE Chang
liver Al X9} hepatocyte?l HepG2 A X ZE o] &3] AAPo] 93 AxX&
4 A IGF-19] dAlads dotrazt 3l

2
Ll
il
=
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Chang liver cell HepG2 cell

120 120
3 BIGF.I a e |BIGFI
wo . . dc Y o oo al., |oEoF
5 w0 T ¢ [ 2 % |DHGF g 50 cc cte e BHGF
= o
£ b = 60
Z 6 a
T 4@ @ 40
20 1)
0 ]
BAP O 10 10 10 10 10 10 (mM) AAP O 20 20 20 20 20 20 (mM)
GF 0 0 625 125 25 50 100 {ngfml) GF 0 0 6256 125 25 50 100 {ng/ml)

Fig. 13. Chemoprotective effect of growth factors against AAP
cytotoxicity.
Cells were incubated with AAP and growth factors(GF) at the
indicated concentrations for 24 hrs and analysed by MTS
assay. Data were represented % of control(100%). Values are
the mean+S.D. Values different alphabet are significantly
(p<0.05) among the group by Duncan’s multiple range test.
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2) Acetaminophen 54 °| W3 IGF-19 A Z43 ERK 43}
oA GSH Aol ok AFst4 &4 Al MAPKs pathway7l #of g
ta s o, Al 7kA MAPKs % ERK ¢14tsl7t AAPol| 9@ Z71F]
AL s, ol AL ERK-1/-2 signaling©] HepG2 A X<}
Huh-7 A3z A kA apoptosis7t &= uf #ojgtrisr 3 Catherine
et al(2004)°] Ao} dA e} IGF-1 AzdGd=2E IA F 7HA
(PI3-K pathway % MAPK pathway)E & 4 9+, L35 oA ERK,
INK, p38¥% #& MAPKE°| #93st+= MAPK pathway7b AlZ 52
apoptosis, w3}o] #osl= Aoz Ay v, JNKo| 93 AlsAde
A EALE 3 B etel A&skm AFstA E4 Al JNK signalingo] 274 3}
Hrh ¥, ERK pathwayts A XA 235 2484 = =d 43ty
+4 A ERK7F #4s3tg® olFde. F3AHS FAc7198]  anti-
apoptotic signal® #4383+ Ao 2 4 A Aot (Nair ez @/, 2004).
 =EodAe AAP A2lZ ERK QIitsl7F fFEsglorma of7]d
IGF-T (100 ng/mD< W& A2 &A= wW ERK A4Fst7F AlZ 523 2
34 2E# 2o wAE dFS Ay BT Figure 14 (Chang liver
cells)¢} Figure 15 (HepG2 cells)oll WEFH whe} o] F 712 ME EF
oA AAP ©=A e 2 ERKL/2 1487t e H2lom, of 7)o IGF-1&
WA @S W ERK1Z2 9487 55 SokH = Ao deud, &=
¢ PARP #3le IGF-1 HaAe=2 ZAHAa oL *4d MTS 23
of dAst= Adolth o2 M IGF-12] AAP 54 A # 8 ERK 4t
g7 #osta B 4 9tk Sinha er @/ (2004)+= w29 renal
epithelial celll A 470 2E& AFA7]1%W ERK 14F38H7F k=531, ERK
A AAATIE AEHE] FEHER o] 4 f-ol= ERK ¢I2ts7}
MIFAE S FE3IE Aotk vbA | Alexia ef @/ (2004)+= HepG2 Al 3¢}
Huh-7 A% doxorubicine # &35 W ERK 437 f=¥m o 7]
of IGF-T& A#g&de=xn ERK U437 t5 F7Fs o] doxorubicinl

o AMEEFl ABAGT Sk o] AL B =g Ak At

rr



AomA o=l os ERK SI4st7F =% Av7F IGF-142 & ERK
A7 v S 2N AEAE] FREE, 5 AAP AP A=

g3t ERK7F IGF-18 HEFgoazn AZAES fFEdhe
A& & & 9tk o€ ERK: MEZAEY Aldolgte T 7kx ARk

o°
IGF-Te] =L &A% ZAFstd g3 JsddRAo] dojyrz

ERK ¢l2F3} 71 o] 9]o] X th& pathway’} IGF-19] oA 2&o] o
& teAE AAE k. F dE £9, PI3K pathway7} &4 8= o
IGF-1¢] AAz34E YeEAY, =2 MAPKs pathway$¢ PI3K
pathway”} W sto] gddsidoan A ays e

T om oo g ATt P ojof & RAo= AZE T

v

e E AN
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Erk activation

AAP -+ o+ 4
IGFI - - o+ -

PDS805S - - - +

< p-Erk-1
- e PO

«~— Erk-

e

p-Erk-1/-2 1 15 40 11
(-fold vs. control)

PARP cleavage

AAP S T TR &
IGF-1 - -+ -
PDSBOSS - - -+
"
« 116 kDa
" < 85kDa
PARP Cleavage 10 15 10 20

(-fold vs. eontrol)

Fig. 14. IGF-1 protection effects of Chang liver cells from AAP-
induced cell death.

Monolayers-of.cells were untreated (control) or treated with
10mM AAP, AAP +.IGF-I (100 ng/ml), or AAP + PD98059
(20uM). Whole-cell extracts were prepared and analyzed by
Western blotting using anti-PARP, anti-phospho-ERK1/2, and
anti-pan ERK antibodies. One representative gel from three
separate experiments 1s resented and the quantitative analysis

based on densitometry of each.
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cell viabilits(%s,

Fig.
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w60
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0

SFM 10mM AAP A+ SFM 10mDB AAP A+l

Effects of IGF-I on cell proliferation and glutathione
depletion in Chang liver cells.

Cells were treated with 10mM —AAP or AAP +
IGF-1.(100 ng/ml), and cell proliferation and the GSH level
were measured as described in the materials. and methods
section. The GSH reading was normalized to. the protein
concentration.. The data shown represent four separate
expeirments.
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Erk activation

AAP -+ o+ 4
IGF-I - - + &
PD98059 - - - +

«pErk-1/-2
" e === cDEIk1/2

—Erk-1/-2
=
pErk-1/-2 1 30 68 16

(-fold vs. control)

PARP cleavage
AAP =+ o+ T+
IGF-1 Y
PD9S8059 - - - +

<116kDa

< 85kDa

PARP cleavage
(-fold vs. control)

14 1.1 11

Fig. 16. IGF-1 protection effects of HepGZ2 cells from AAP-
induced cell death.

Monolayers of cells were untreated (control) or treated with
20 mM AAP, AAP + IGE-1 (100-ng/ml), or AAP + PD98059
(20uM). Whole-cell extracts were prepared and analyzed by
Western blotting using anti-PARP, anti-phospho-ERK1/2, and
anti-pan ERK antibodies. One representative gel from three
separate experiments 1s resented and the quantitative analysis

based on densitometry of each.

_56_



120 r a

ac
b
S0 f
o8t
60t
40 F
0t
‘ ‘ 0

20mM AAP AMIGET SFM 20mM AAP AHGFI

%%

cell viability(©4
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Fig. 17. Effects of IGF-1 on cell proliferation and glutathione
depletion in HepG2 cells.
Cells' were  treated with 20 mM AAP . or AAP +
IGF-T (100 ng/ml), and cell proliferation and the GSH level
were measured as described in the materials and methods
section. The GSH reading was normalized to the protein
concentration. The data shown represent four separate

expeirments.
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HAa olo g AF(Morrice ef a/, 1983; Matosuo ez a/, 1993;
Kayama ez @/, 1983)7} &s] d = 9oy, 1 gif-Fo] Ao 3f
d oEaud sl 33 =wo] tF oItk (Lee ef @/, 1996; Lee ef
al, 2002). webA 2 AFolM = g AFIIMA RS AT AEEA
| 3rE EFE obd 14kDa EAES 7hx @A S 7o) A5
ERZRE FE5 1 FE=0] ofH 245 YEWEAE AR

kA AAPe 9ld of|Ee 2hEA Mt SS AH RSk, of
IGF-1¢] AAP 574 JAEZHRE A9
7198 oy E=EESo] WrEEIth. Cathleen e @/(2005) wl-$-20
AAP FolAl o] AEZAE d4 T 5ul PARP &4o] Yttt Wi
3t o™, Tamara e @/(2003)> AAP7ZF ZtolAx A AFAA3sE doHA 7h
£S5 of7|e g WastYtH(Tamara e/ «/, 2003). Sidhartha ez
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a@/(1999) w20 A EERFZ=ZQ] proanthocyaniding 74 75 o] 31 %

S uw] AAPO] 93t TFAHEALE S ot ®alEksl 0o Francisco e

@l(2005)&  Frol A mzkaW oz il Alg¥ ol protium

heptaphyllum & Folg A3, AAP] o3 1hEAS ARd 5+ 3

v Baststh o]d E ATFoAE A EFF
3

=
kDa #2t% & 71z @ d & AAPS 97 WA AT A3 AAPSEA =

= o]
=95

W, omE AW SRS 39%, wuge
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S Hed #FYE=3 vhS, ammonium sulfateE H7bsto] F A7 o
S FAGL & FAA(FE 98%) T ©uFL 1.72% (A& o3
86% )9 o™, o] NS Sephadex G-75 Z#H 3 HPLCZ AHAste] =1 v =
& 3dg Ao] Figure 18°th. HF o= UYL Az #&EE BCA oY
A A ofo g Beld A of 87%<9] wl A} 8% o, 18 5%7F

Lo HAo EAZ YEY:
Yol A/ Y& Are EAHFL 125% SDS-PAGE=Z H7|d &9 = W
= Commassie blue staining¥ Silver staining © = 2913 Ay} oF 14

kDa 9140 @ yl=g A ov] B dye AF&E ol
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Fig. 18 Purification of protein from FP. yezoensis on

Sepadex G-75 column chromatography (A), HPLC of
fraction containing protein from Sephadex G-75 on a
reverse phage Asahi-Pak C4P-50 C4 column (B).
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M 1 2 M 1 2
== ——
——
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- —14kDa —"

M

a. Silver staining b. Comassiea blue staining

Fig. 19. SDS-PAGE bands of P. yezoensis’ protein.
Extract was loading with SDS-PAGE, and then stained with

comassiea blue staining and silver staining. M is marker, 1

and 2 lane is band of Porphyvra yezoernsis” protein.
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4. Acetaminophen®l 93 Sparague Dawley rat® 2t £4 2

AxFrEed AddWE o AAP XS54 AR

1) Acetaminophen @5/ WA Yy Fort AF W3t 7 FA
X = F g

Acetaminophen =4 ¥ g Aol g5 #Zsr] Hs IAHAE vz

9
Fa, A dd B Fogel= wid 100 mg/kgel A @A S saline
of ol AT Fofakdnt. st r] 24A1%F el 700 mg/kgl AAPE
Edom FAtstal 24X 300 gAY A AT s, G-l T T
T s A= 3k FAE SAsSATE Table 30 yebdl npo} Fo]

2 Q% A ®Ihg FAe Ada 118 fFoAd A
ol YEA egkt}. Valentovic e @/ (2004)2 C57BL/6 vF-$-2=of 500
mg/kg®] AAPE Foldtal 423k ojdfel] A F 2 W7k gl oy A
7F S7FE A9 B ol AAP o] 158 Ao S-adenosylmeth ionine (SAM)
= T 5, 3 FACE gl AR EHAYL AT Lee ef o/

(1998)> SDA 3 Al 3,000 mg/kgel AAPE Folg & 3 A4, vjA

o TS ZAS A3 1 FAL F AR Aot KA £F

0% FARAL wkov, A% L vFe] FKelt obrd Wt Y
Wy T

tta 3l Acetaminophen¥ whZ7Fx] 2 AAP9F
T AfdE AF Hel 1k FAVE dxdd YA AolE HolA
=
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Table. 3. Body and liver weight following AAP or AAP + PYP

co—treatment

Control AAP AAP + PYP.
Initial body 02+4.4 87+0.1 04+4.8
weight(g)
Final body 294442 2994149 281+15.5
weight(g)
Body weight | 0 ¢14 94 205.07+14.7 186.87+15.5
changes(g)
Liver 9.414+0.6 10.864+0.9 9.5+0.9
weight(g)

Values represent mean = S.D. with =10 per group.
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control

AAP AAP+PYP

Fig. 20. Photographs of liver after AAP alone or co—treatment
with AAP and PYP.

Arrows appear liver Demage : its color changes into light
brown, compared to control. In contrast, AAP+PYP
co-treatment group was not detected any change.
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3) Acetaminophen 95 9 aWA wWPRort A Fo GOT/GPT W
slol] v x]= dF

44.83+11.7 karmen, Al W& AL 30.22+6.6 karmeno.Z GOT
Ao} A A IS Yeb Aok (Figure 22). =, GPT A3 = 1o
= t}.

4459 GOT/GPT+A7t #43% 7
AttE Bk AAet (Cho e a/, 2004 ; Cho er al, 2003 ; Kim et al,
2003). L 9ol = AAP-F g2 QA% 1t &4 A E8AHSFY GOT/GPT &+
Zbel ek Bzt ol (Lee e @, 1998 ; Gujral ez a/, 2002). u}&}
A, A dol AAP Foj= Q% &S Huste GOT/GPT $%&

Hadegos dade ¢ 5

>~
=

32

A2 o4 T

b
o
2,

>
gk

)
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Fig. 22. Effect of P. yezensis protein (PYP) on GOT/GPT level of
rats (n=10) exposed to AAP.
Animals were fed with 100 mg/kg PYP for 2 weeks and
administrated AAP(700mg/kg). After 24hrs, blood and liver
tissue were collected. The rats serum GOT/GPT were
determined as indicated with materials and methods. Values

are the mean+S.D. b ; significantly different from control,

p<0.05.
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4) Acetaminopen &5 9 ZAGuwd WYL A7} 7+ 22 Fo GSH &% W

shol vAE

Acetaminophen M Z =28 714 F 9 d1}7} GSH 7ol o3 A3t
A EAolth. AFAZ AFEsa = AAPE Hol A diAbE o] 1 tiARAl
2 NAPQIZF AAHAT. o tiAt=S AAFY AAPE 5859,
GSH7} S&¢ A foles 5ol mx2 wjdE AR AAP Hrf 5807
A4 El NAPQIE= GSH9F WES-3lo] GSH-adducts 3AS ¥ HFo=
wHHEEE AAPE It 583 A9 GSHZF #rasEw, &8 Alxy @
Nd, aFAME S wEZ=eo @A -Hgeto] nEZ =g o}
s s do7lA dvkMitchell es @/, 1973, Hartmut es @/, 2003). Al
W GSH7F A %W glutathione disulfide(GSSG) s =71 57}k A € o).
Acetaminophen ¢ 4A]ZFo] %o AL FA X EQd GSSGFE7F T
7F(Jaeschke, 1990 ; Knight ez @/ 2001)&H 22 4315 ~E#f 2= 7+
Aol delgr R A¥ela st (Rogers er @/, 2000). SV F A
L, 9F5o® EHHE GSSGE #EE F jlor, i GSSGE v
EZc oo FAET, dAHZ AAPFS AP 559 vMEZEZoLs
A Esto] GSSGEEE SAMNEY I w7k vwls E A YERUE, o] A o]
Aol S48t GSSGY- AR oy ARk g FEoleh= Hart 9l
(Jaeschke, 1990 ; Knight ez @/, 2001). &, AAP= V|EZ =g o} A9
g ot A¥FEd GSHE AWz F
ot wl AAPel o3 &40l AdAHAH, AEFT] GAE F3
Al 71t = Ba7E 9l th(Knight et al., 2002). AFsta &7 #-d
S A == eyl A AFE AHHEW, IGF-1(Jaeschke erf a/,
2006),
et al, 2006), sylimarine(Nenchini es @/, 2006), 53 2Z& EdEZo] i
Folt}, 2T oA, IGF-1, sylimarine, DMSO %2 GSH% %

o024 AAP SA4E JAA 7= ¥, melatonined GSHFE Zol &= ol F#

X FP>

demethylsufoxide(DMSO)(Yoon ez @/, 2006), melatonine(Matsura
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FFs FA Fevha st webA B AFoAE AAP T x4
<9 GSH &3 dawd WyfFola ojus JFS mA=AE Lo}
wnr7l9jel =459 GSH &%FS S48 A th(Fig. 23). GSH &2 =
T (100%)°l Hl&l, AAP @5 F o]t (85.4+4.8%)0l A F Al Has
Bl o o] AAP FoA] A FY GSH, =+ GSH/GSSGH], GST
S AHE 98 =559 Ao XA (Lee er @, 1998 ; Jaeschke
et al, 1990). ¥+ AAP o5 Fojatel Hls, AAPS Aol d S w8
2ol dt 7ol ThA]l 92.16+6.36% 2 Z7bE= Aoz et & AAP

of s A GSH gaol Fghujde] os F719S A grh

o
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Fig. 23. Effect of P. yezoensis protein (PYP) on GSH of rats (n=10)

exposed AAP.

Animals were treated with saline or 100 mg/kg PYP for 2
weeks, and administrated with 700 mg/kg AAP. After 24hrs,
liver tissue was collected and measure GSH level as
indicated in material and methods. Values are the mean+S.D.
Values different alphabet are significantly (p<0.05) among
the group by Duncan’s multiple range test (a>c>b).
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4) Acetaminophen® R GdWMA Fof7t v 22 F9 caspase-3 ZA

%2 DNA @838 v 9%

i

Apoptosis =& ZAAs= AAEN= o8 7HA7F doeH, O F
caspase—-3i= apoptosisd ZA A A% apoptosis F YA &

fol
!
utt
i
i)
o

Astdth wheba B Aol A= AAPOl o g 3
3719138l caspase-3 A4S FAIT. 1 A3, AAP Fo2 Ux
(100%)°] ®]&l 143.38€10.25% % caspase-3 &Ao] F7tE o, o]
Ao Mg 2 112.21+#11.52% = 745 vk (Figure 24). o]+ AAP
o] Al caspase-37} A3} E A o} AAPel o3 M EAE RV}
apoptosis7} o} necrosisetil F=H ¢ thE =& 5 (Lawson e/ @/, 1999
y Gujral er af, 2002)¥+= ARtdle] Z23E Bo FY. a2y, o549
A= B caspase @A 0o] ol Western blotol A 2 dW= ZA3pvks
7FA 3L caspase A 37F doytR] kvl FAE T webA AAPO
% rxAEZA AAEAEETL apoptosisghs AR S SRl 93,

x4 ¢ DNAE F=8 9¥sses &y Eux skl (Figure 25).
a2 A3, iz v AAP. S Fo oA 43 DNA d#istE &
g o dna, RS AAP+A @ W el o A= DNA TH 3}
o2 uYgwrk 2y o] DNA ©Ast siEs Hd
laddering©]  ©o}Y, smearing©- & necrosis® EAL R FUT}
Acetaminophen®ll &g 3+ &4 A 2 AFEE =] tigh ool Z&E T}
+H(Cohen and Khairallah, 1997 ; Pumford ez @/, 1997), & ol wx ¥
x5l A = apoptosisol g Fojgt= AdEol Beol Hoea Un
(Ferret er a/, 2001 ; Kanno ef a/, 2000 ; Ray ef a/, 1996 ; Zhang es
al, 2000). 252 ZHAMIEL 40% ©]/de] apoptosisel o AtHS Lo
Aolgt 7tA U HRay e a/, 1996 ; Ray and Jena, 2000). Ray es a/
(1993)% 777 vivo A d o)A apoptotic cell death®] & ¢l DNA ©#H 3} A
DNA laddering, 1¥] i PARP #3ll7F dojdtty Bustgom 1 9o

WA AEAES B

Hoore
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% TUNEL assayelA] DNA o] #ald e #A#A37|= 33Tt
(Lawson ez a/, 1999). 2128131 Ray er @/ (1996)3} Ray and Jena (2000)
= AAdAW A BZol A apoptosis® 5 7F A EZALX S A A6
T A Wb Gujral e @/ (2002)2 AAP Fo] A apoptosisE A F
oyt tiF-<Eo]l necrosis7t AT st Malhi e @/ (2006)
AAP7F ATPE #aAZ o2 M necrosisE Yo7 AT A EZAF
Al w AT el fructose®t glycines FH7bstH ATP7F HAEA Fom=z
necrosis7} ¢} Al ¥ a1 Wk caspaseo] 9] 3 apoptosis7t F7FsHAl "l
stk wElbA AAPOl 93 Al FEAFE-S necrosis®t apoptosise] &7

X% 7FA = necrapoptosise] 93} dojdtrii &4 Qlth(Malhi es «/,
2006). & AFolA = o2l 7FA apoptosistt onecrosis Y E FoA L
HEAA 54 caspase-3. 2447 DNA @z S HuEozH AAP7F
oW AEREES T3 FAS UBW=AE dolr stk A AAE A
ZAPA 00075 g/l glycineo] ¢+ MEM= Ab&3dtiom, 1 23
AAPA 2] 3 apoptosis® =9l caspase-3 A 3}7F dojytia DNA ©
Hs}l e o] DNA laddering©] ©}d smearing® = #ZF%lo 2 DNA
@3t A yelA = necrosis® YUEG T kA 2 =Fol A= AAPO] 9
o A ALY R =S obA Hm e g2 apoptosis b necrosise] 5 S ZF
7}% necrapoptosis2til A, ol AL sz oo A HAMNE sLI Aot

Uetwton 2 oA AAIg AEZAE ZAaE svbileta o

e
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Fig. 24.
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Effect of P. yezoensis protein (PYP) on caspase—3 activity
of rats (n=10) exposed AAP.

Animals were treated with saline or 100 mg/kg PYP for 2
weeks, and administrated with 700 mg/kg AAP. After 24hrs,
liver tissue was collected -and measure caspase-3 activity as
indicated in material and methods. Values are the
meantS.D. Values different alphabet are significantly
(p<0.05) among the group by Duncan’s multiple range test
(a>c>h).
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Fig. 25.

M 1 2 3 4 5 6

DNA fragmentation after AAP alone or co-treatment
with AAP and PYP co-treatment.

Animals. were treated with saline or 1000 mg/kg PYP for 2
weeks, and administrated with 700 mg/kg AAP. After 24hrs,
liver tissue was collected and measure DNA fragmentation as
indicated in material and methods. Results from liver tissue
treated with 1~2 lane ; control, 3~4 lane ; 700mg/kg AAP,
5~6 lane ; AAP + PYP co-treatment. M is marker.
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o718t Al FH+= Aolth(Benner es @/, 1997 ; Rao er a/, 1997). FEX =

A RAsE B4 NAUE Fo syt Zajeve o@ Sagel,
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1999). wehAl ojE Mz o= T we AY

Z 9l Chang liver A2 & o] &3fo] oA F=3 7 whul
Aol 54 RE sk on, 21 g% hepatocyteo] 71 sFA RF A F 7
Az EAL 71W HepG2 A FEANAE Az o) AlFF 2o nxx=
s AHETY. MTS #4437 (Figure 26), £ A g0 A& T
(6.25~100ng/me) o -3 el o] oM = A EHTo] WA= @
AoR Yepygom g Mixsidoe] NE Aoz 3tFate] AdS AL X9

39k,
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cell viability (%)
cell viability (%

M £.25 125 b 50 100 0 6.23 123 13 30 100

cane (ugfml) cone.(ug/ml)

Fig. 26. Effect of /£ protein (PYP) treatment on the cell
viability in Chang liver (A) and HepG2 cells.
Cells were seeded in 96-well plate and incubated for 24 hrs
and media was changed with SFM for 24 hrs. Cells were
treated with PYP at the indicated concentrations for 24 hrs.
and measured cell viability with MTS assay kit as
manufacturer’s instruction. Data weére represented % of
control (100%). Values are the mean+S.D. Values different
alphabet are significantly (p<0.05) among the group by

Duncan’s multiple range test (a>c>b).
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2) Acetaminophenol 2@ A EXE5Ao v A GWdo oI

Figure 27 Chang liver A% ¢ HepG2 A% ZAuwWAS Fxw
(6.25, 12.5, 24, 50, 100 pg/m)= Z+zF 10 mM¥ 20 mM AAPE s A]
Al F AlESAFol oW FFS vA=AE AHE Aolrt. adel o
Bl whe} o], Chang liver AlEol A= Aok d Azl2 AAPo] o3
AAEJAE M EFA(37.45+1.28%)0] A5 =(6.25 ug/ml ; 56.62+3.69%) 0
ME IEEes ZAox2 yeyorn Ho s% 100 pg/mlelA = 76.30+
291% = MEFA o] F7FE AT, WHH, HepG2 Al EZo|A & asE<Qd 100
ug/mlsEol A 69.844.1% = U ERY, Chang liver A3zl H|3] 15k 9
AaWAol AAPY HA4 S dAAE & e AOE YER

off

Ao dol AAP A3 Axe FHo vx= o9
Figure 28, 29¢ 302 Z+Z} Chang liver Al ¢} HepG2 Al ¥4 AAP
o Adwd Ay A AEFATG AEFEHES A= Aok, 1y o]

AAPOl o3 AIEQEEE) AAH AW, MIFE P&, A5 £7 @

2 o Ay 2y AdMA S A Ay Ay, AEFTE S
[e2]

A3 HeEFE FaHAE ol ol Aeku ol AL A AAPY] o
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48P
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Fig. 27. Effect of P. yezoensis protein (PYP)-on the cytotoxicity
by AAP in Chang liver (A) and HepG2 (B) cells.
Cells were seeded in 96-well plate and incubated for 24 hrs.
and media was changed with SEM for 24 hrs. Cells were
treated with SEM, AAP, or AAP+PYP at the indicated
concentrations for 24 hrs. and measured cell viability with
MTS assay kit as manufacturer’s instruction. Data were
represented % of control(100%). Values are the mean+S.D.
Values defferent dlphabet are significantly (p<0.05) among the

group by Duncan’s multiple range test (a>c>b).
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Fig. 28. Hoechst 33342 staining of Chang liver cell treated with
AAP and P. yezoensis protein (PY P)

Cells were treated. with SEM for 24 hrs. Cells were treated
with ‘AAP or AAP+PYP at the indicated concentrations for 24
hrs. and stained with Hoechst 33342 as described in materials
and methods.
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control 20mM AAP
AAP+500ug/ml PYP AAP+100ug/ml PYP

Fig. 29. Hoechst 33342 staining of HepG2 cell treated with AAP
and P. yezoensis protein (PY P).

Cells were treated with SFM for 24 hrs. Cells were treated
with AAP or AAP+PYP at the indicated concentrations for 24

hrs. and stained with Hoechst 33342 as described in materials
and methods
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i
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iih)

FAEAQ PI A& HAAste] 72 Alxo] At DNAYS S48
24 1 F71E5 FAsE FACS #4& A A8 th(Figure 30 % 31). %
A AAPA ol o AEF7] E4 Aol AAP7F AIZF7]ol 4
F718 o sub-Gl71 & F7FA171E RAoE YEYT 1 auds A

S wfoll = A, 2o YERH ve} o] Chang liver Al 9} HepG2
A E BFol A Al 5710 JFS F71EH = sub-Gl arrestE YWEW =
Aoz Vel o™ olE Table 40 B AT xoll WveERA npep ol
Chang liver Al¥ o= AFE(6.25 g/ml, 6.97%)0 A58 AMEAES o
AANZIE Roe Jebdow, HepG2 AlEAE va4 A= 125 1
g/ml (19.3%)°ll A 2Fa¥7] Al &ste] 100 ng/méel A1 10.39%¢] #F4&E
Bl AT ol A HAAF MTS 239 A A% vetie=z, 3

i o] AAP SAYAE RS o AT & U9tk
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Fig. 30. Effects of acetaminophen(AAP) and Porphyra yezoensis
protein (PYP) co-treatment on Chang cells’ cycle

Cells were treated with SFEM for 24 hrs: Cells were treated
with SFM, AAP or. AAP+PYP at the indicated concentrations
for 24 hrs and stained with propidium iodide (PI) for cell
cycle assay.
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Fig. 31. Effects of acetaminophen(AAP) and Porphyra yezoensis

protein (PYP) co-treatment on HepG2 cells’ cycle

Cells were treated.with SEM for 24 hrs. Cells were treated
with SFM, AAP or AAP+PYP at the indicated concentrations
for 24 hrs andsstained with propidium~iodide (PI) for cell
cycle assay.
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Table. 4. Inhibitory effect of P. yezoensis protein (PYP) on
the increase sub-(G1 cell population by AAP treatment in
Chang liver and HepG2 cells

subG1
Chang cells HepG2 cells

control 4.85% 9.91%
AAP 10.77%? 55.73%P
+ 6.25ug/ml PYP 6.97% 57.69%
+12.5ug/ml PYP 7.12% 19.30%
+ 25ug/ml PYP 7.74% 15.78%
+  50ug/ml PYP 8.54% 12.42%
+ 100ug/ml PYP. 7.41% 10.39%

2 js 10mM AAP treatment, ° is 20mM AAP treatment
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3) Aol AAP g MEZAE7| A v X = FF
(1) AW do] AAP og MEAE7| Ao v X= 33

A do] AAPY 3 EA W7MUE T MEIZEYo Ve s
e AMEAE 1o oW PEgFS uw A =4 Chang liver AlX
HepG2 A X oA caspase-3 &4 ¥} PARP EdA == 2y Bt} (Figure
32 % 33). Figure 33°] YEW ZA A7 Chang liver AlZ A= AAPo
o F7FE ARG caspase-3 Aol 100 pg/mé A WAL A S
f 1474+89% = U= F7lete A o= yErwth Fr 2% Z2 Chang
liver AlXZolA 7 w9 de] caspase-3 A S T/ A TN = EF3t2
caspase-32] F¥. 7] A<l PARPE AAPdl o3 #alwdcist 1 @A
A Al dxzT FFELE T EA FAE UEUJATE RS A &

WA A2 Al caspase-3.Z4 2 SUMESIL Y, PARPE 7IZ=E & Al

i

=

A Al FE Y FEZ O R caspase-3 A o]
of caspase-3 @Al 37} #Wojdtia & O} caspase-3 inhibitor # & ol
T ETstar AAPol o AEANEO JAIH A F}oBEFZ AAP AE=
Zkgo caspase-3. oJ=A/MEA A =7E S Aojuk. At Ho] o3
caspase-3 &AL F7FE Mo, 1 7] ERITPARP il #HAHAL
AAPel ot A EAEE oA =t o] 21& AML-12 AlZ o4 TGF-B
1ol 2] & apoptosis X3 Al dojir}= PARP # 37} caspase-39+ F 33}
A dojdttal 3 Yang e /9 239 A3t} (Yang er d., 2004).
Yang er a/> TGF-Blel] 2|3t apoptosis %18 A] caspase-3/-7°] 1 5 o]
Hog wgds= aaAHAd Z-VAD-fmke} = E caspaseo| thaf yk$
st= EAAEAIQ] BD-fmkE A stH, Z-VAD-fmkel tisir = TGF-
Blell gk MEAEo] FiEAoZ A AT, PARP 3= ¥t ¢l
o, BD-fmkoll el TGF-Blol 28 AEZAELS 43 A 53
o1} PARP## = Z-VAD-fmke wh7bA 2 w37t gldvhal &b

s
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3#, Coutant et al. (2006)2 lymphoblastoid cellol A Z}=H-o 23
apoptosisA] caspase 9EA/MAEA AEAZE AASAY.
caspase-39} caspase-8° W3 G A A|AZS A stH PARP E3le <
A=A, SH=go] o AEAEL ¥t ot 59

o| e AFNES T A, AAPAHE A % 2oF£4 0 & caspase-3
Aol F7tEEE AAP AlEE5 48| caspase-3 A4 37F wol e A vH
caspase-3 inhibitorE A &ol%= &332 AAPO &g AxEAHo] o

il
Mo

A A eEkrh, e 7 duld WA o] o3 caspase-3 FA4 F7F
HAou, 1 714 PARP sl & A AL, AAP] o3 AlEAE =
e A E A w2k, PARP Zal oF AAPol o) AEZAE 2 2% o
Aol 7 SHAIRE caspase-3 €/ 3= AAPO o AE=ZE] A
FFS FHA @ Aoz AZHEY. £33 AAP, 52 AAP + PYP H ¥
2] Al YElY = PARP 3] %8 % caspase-39= F#3 Aoz Az
L=

Uk HepG2 Al FEolA = AAP 98] =715 9 caspase-3 A
(136.5+5.1%)°] 50 pg/me, 100 npg/mé WA A2 =2 ZF2F 126.1+1.9%,
131.0+4.2% = kA FhA ¥ v}, Caspase-3¢- dl& A< 7] 220 PARP
Ao A cleaved form= #Z& F7F 1Ot T intact formo = H| F
olH ol AAP #8] o]F caspase-3 A3l <os] #sjxE AW PARP7}
A 9w M2 intact band’} T7FE B2 PARP 387 A =S
S ¢ F Uk A B o E=EdA A g FobA AExERdE F
Chang liver A|lEoAE= FAuwge AAP ME=2E A g+
caspase-39}= FHSHA Aoy, o]let= tEA HepG2 Al EZAA = A

il A o] AAPo| 93k M ¥E£A A ZEo caspase-37F FEAHoRE A
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caspase-3 activitsy(¥h)
2 & 22 2 28

¢
b
b l
a I I

=

SEM 10l AAE B+SIRTP A+O0PTP
B.
PARP |*== ‘htlﬁk Da
83kDa
B-actin -

SFM 10A  5¢ 100 ugfmi

Fig. 32. Effect of PYP on caspase-3 activity and PARP cleavage
induced by AAP in Chang liver cells.
Cells were treated. with 10 mM AAP, or AAP and PYP at
indicated concentrations (ug/ml). (A) ;-caspase-3 activity, (B)
; PARP cleavage. . Whole—cell extracts were prepared and
analyzed by Western blotting wusing anti-PARP. One
representative gel from three separate experiments is

presented.
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Fig. 33 Effect of PYP on caspase-3 activity and PARP cleavage
induced by AAP in HepGZ2 cells.

Cells were-treated ~with 100 mM AAP, or AAP and PYP at
indicated concentrations (ug/ml).(A) ; caspase-3 activity, (B)
; PARP cleavage. Whole-cell extracts were prepared and
analyzed by Western blotting wusing anti-PARP. One

representative gel from three separate experiments is
presented.
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(2) AW dol AAPA o3 2tst3 &4 v
go= AAP A2 Al X W GSH #4a= Add 2hs A
HAsto] oAl oA 248 A HgTE Figure 342 GSH Z2 &
W Chang liver AlX 9 745, AAPo s Z4AFHAY GSH (89.42+
54%)% 50 ng/me, 100 pg/mt F=o AdMA WMz 77
98.64+3.2% 9 134.54+7.0% % F7F= At o] A= Al g o] AAP
4 gAETR FH Y99 GSH FE=%57t e Aoz FFHHT)
H, HepG2 A EZ Y 4%, AAP A2 (107.16£9.7%)° &3 GSH
A A gskoy, Aduld WXy ® 50 ng/ml, 100 pg/meol Azt

N
iy

&

odt

b

::1‘
&

}2)]'

.

£

off
i
N
)

7t
107.84+12.8%, 120.94+89% = 100 pg/méolAl o2& ez F7lst e 4F
34 ~E# 26 9@ apoptosis pathwayel #e AF7F A+ 2 d &

oF AFEH oY%, Shen er a/ (2001)= HepG2 Al XA superoxide
radical®] apoptosisE fFE3thal &1 e, Mates and Sanchez-Jimenez
(2000)2  apoptosisr] ROS7F S8 stA #ZA&scty ®Hausodrt, whd,
Sakon ez a/. (2003)< tumor necrosis factor (TNF)oll ¢]& necrotic cell
deatholl 23] ROS7} A8 €thal sttt Abska &4 Al A2, &3,
apoptosis®l #-83l= MAPK pathway”’} #o]dt} (Sano er @/, 2001 ;
Jang et a/, 2002). SN ®W A g 2 AAP o) & FAFEHAW GSH
TR ShEAd o m R Aumdo] AkshA B4 vdEd ol o] kg
of oW g WAE=AE AHRVZ It Figure 353 360 E}
W Z A7 Chang liver Al3xolA = AAP A g2 MAPKE % p38% JNK
AAst= WEy glloey ERK A4S =7 st Hle) Srbelk=
=

i
=)

of 71o] AetwldE H7lstd pERK= A do] o) F7lst= v,
pJNK®} pp38& #AaH+«= o= e T HepG2 Al of A

s ERK ¢14tst= F7HH 1o, p38olut INK ¢l4tstell = W37t gl 2l
ow o7l Aowd WA w2 ERK Axtstrt FrbE Ak FoEA Al

=
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AP =484 ERK 9437 Z7990m oz e
oo A e ele ¢ pERK+ T
W F7Fe ERK 1AFste= IGF-T19 8 A 2 9

9} Rt R AEAES FEdted e Aoy, olwf GSH7F
#old Aoz AZrEn}. vhde] pp38y pJNK&= 47 ZHAg o 2H A
FA Ho] ofjd & o2 wksko] nly Aolgl & 4 ).

# < pERK7F A Z AL AbE, o] 5 7hA] Aubd s o] RS 3o
Frs Haso] e v AFEAYS Rt B
ERK inhibitor& A A AEZAES FEAZ Bl th(Alessi e o/, 1995 ;
Favata e a/, 1998). & Kim er a/ (2005)> AZUW I AL E o] §35}¢
ERK pathway7} AZAIE S fFEdcha skt 252 active MEKE

transfectionA] 1~ M 3o A H.Oz0] 28 apoptosis7zk T7Fd  wHH,

& YRRl

i
et
iy

A

dominant-negative MEKZ transfectionA| ZI Al E o A += A X AFE o] A
HAoka st & HeO-0l ¢ 3 apoptosis A ERK7} ¢14+s7 5 a3
A 2ZHgstg = Toltl. Goillot ef @/ (1997)-2 dominant negative MEK1
S transfectionA]# & W MEK pathway”} *¢ % o] death receptoré!
FasE %3 apoptosisZzbe A ATt st ol Fol A dE & =585
2 pERK7} apoptosisZL Al 7 8.8 A ettt = 3S THI =
ol o]AL B AHoA A3 Chang liver Al ¥E9F HepG2 Al E o) A
AAP7} Al ZAME S fr=3st=d pERKSIAFS 7Y S7hE vk -89 23

=0

_

M
il

_

oF A3l Fio
a8y, o]9Es W E, pERK AZAES F %

%t Irving e @/ (200003 Namura er &/ (2001)2> Z+Z} ischemic

rSL

o= Hy s

injury 7} 91+ rat9} focal cerebral ischemia’} 91+ mouse®l A neuron?y
Fo| ERK-1/2 Q14317 Z7b€icta shdvh. % pERK-1/2 Q1 43h% 7}
2 MEAAE] FEHATE Aottt pERKY apoptosis & A 7] 5ol #3],

Gonzalez-Zuluet ez a/ (2000)2 cortical neuron®| A ischemic tolerance&
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U el =9 Ras/ERK cascade &4 37l 834 #&evta 39t w
ghA] B Ao AMgS Zdwd WA el 2 Chang liver Al X9} HepG2
A A pERK 14Fs7E S7FE 1o, AAPO] ol ZAaEdd GSHE =

T /AT E RS Admde] AAP 54 9 A48 pERK ¢14Hskrt

gadgn @ 4 v ol2A ERK Q4szsel oa) AzAE, Fo
AZAEl e A3 e F AX AR e Re AEH Agudel

U 2o Aojm 1F ZAiE wojxin,
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Fig. 34. GSH levels in AAP alone or AAP and /. yezoensis
protein(PY P) co-treatment in Chang liver (A) and HepG2

cells.
Cells were treated with AAP alone or AAP and /2. yvezoensis

protein(PYP) co-treatment. After 24hrs, 5x10%ells were
collected and measured GSH levels as described in material
and methods. Values are the meantS.D. Values defferent
alphabet are.significantly (p<0.05) among.the group by

Duncan’s multiple range test (a>e¢>b).
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Fig. 35. Effect of PYP on MAPK pathway regulators expression

in Chang liver cells.

Cells “were treated with 10mM AAP, or AAP and PYP at
indicated concentrations “(ug/ml) for 24hrs. Whole-cell
extracts were prepared and analyzed by Western blotting
using anti-phospho-ERK1/2, anti-pan ERK, anti-phospho
p38, anti-phospho JNK, and anti-actin antibodies. One
representative  gel from three separate experiments is
presented.
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Fig. 36. Effect of PYP on MAPK pathway regulators expression
in HepG2 cells.

Cells were treated with 10mM AAP, or AAP and PYP at
indicated  concentrations (ug/ml) for 24hrs. Whole-cell
extracts were prepared and analyzed by Western blotting
using  anti-phospho-ERK1/2, anti-pan ERK, anti-phospho
p38, anti-phospho JNK, and anti-actin antibodies. One
representative  gel from three separate experiments 1is
presented.

_95_



9 Aemd 5RaEs FAE AZ D AAP 54 oA &

A F7 A 14 kDagl e do] AAP 52840 ofwl e v XA
o #3 1 MNAS ARG, AAZ AdANA thabE o] A A
Gy 7| 74A o] RS arelsto], A ARRE A A @A S pepsinS =
w35t Pepsin : PYP = 1 :109] v &2 42 §F, 37ColA 443 wt
=& A2t 4A3F & 1 M NaOHE 50 ul/mls== H7Fsta 100TC, 10
B2 7hd@. 4T, 12,000 rpmoZ 383 AR AEFS FHF
560nmel A 1 sxE SAHT §F Ao AHRsEAH

14kDa 3 @A - A7| A2 2 el A 2107
eI (Table 5). 7L, # 9] cytochrome ¢t o] =2 2170
o oirjxtto® H AVMAS ek, 1 97149 R.LVDEDIED
AAN YVLSQSEK.G)Z @4 ate] Pep2lolet W= @ 5 AAP =4 o
& AAE eAEY

AW 728 = (hydrolysate) % 84 = (Pep21)2] AAP =289
ek FFS MTS 24 02 HEsSAth(Figure 37). 7teiel= 2 AHA

o AAAE FAGAAN FA b5 RANES HoHAAD pepsin]

7
Aal
i
o
%
hu
[
]

pepsin, bovine serum albumin (BSA), 7[=&EHELS 472 =33 & &
TR ufH o] o 24AZF A 2l dhe] A EAE
ol FAHE EFoA AAP 5282 A= A

o] 4ol Al 14kDa2] AwmM Aol AAP 5245 AAAZE EHE 7}
A, 2 w7t Fel del FEek AT BE, 2 Z AR
ZAAP =48 g AL AdS5S GelEsn. &
ol oy mAYUEE Fil AAP H2E&E A=A #HAAE o

g A7t 28% dow A4y,

i
[o
>

,

(e

i

&

o
fru
i
Auj
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Table 5. The amino acid sequence of PYP

Hit Protein Peptide
1 gil117931 R.LVDEDIEDAANYVLSQSEK.G
2 gil89201741 K.VVASLTIMGGALFSTESLNVK.A
3 gil89343072 KIVDGPMAGLLGRAVVVVDGDGK.V
4 gil6531520 R.QAPGXGLEWVAVISHDGRGA,F
5 gil71157534 RALTSTNPLLAVAGDLLDLAGGR.V
6 gil73600097 RALMSSNMQRQAVPLSQSEK.C
7 gil61806033 K.VIIIDEADNTTDVQLLLR.A
8 gil61806330 K. VLIDEADNTTPDVQLLLR.A
9 21139576025 R.LVIEDNLGNVTRQIPVTEK.K
10 gil91079979 K.INPDFPLEASTLPSHIDEKK.A
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Fig. 37. Effect of hydrolysate and synthetic molecules (Pep21) on

AAP cytotoxicity in Chang liver cells.

Cells were treated with pepsin, pepsin and bovine serum
(BSA),
(PYP) “and .synthetic molecule (Pep2l). -After 24 hr incubation,

albumin hydrolysate of ZPorp/nvra yvezoernsis protein

effects of molecules on' cell proliferation were measured by

MTS assay. Values are the mean+S.D. Values defferent

alphabet are significantly (p<0.05) among the group by

Duncan’s multiple range test (a>c>b).
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38. Effect of hydrolysate and synthetic molecules (Pep21) on

AAP cytotoxicity in HepG2 cells..

Cells were treated with pepsin, pepsin and bovine serum
albumin (BSA), hydrolysate of ZPorp/nra yezoernsis protein
(PYP).and synthetic molecule (Pep2l). After 24 hr incubation,
effects of “molecules on. cell proliferation were measured by
MTS assay. Values are the mean+S.D. Values defferent
alphabet are significantly (p<0.05) among the group by

Duncan’s multiple range test (a>c>b).
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6. WAMA ] [GF signaling pathway<} FAS A 71H

Insulin-like growth factor-1 (IGF-I)-= A& =29 k=0 s3] 3t
= HET AAY A9 BE 2HA T HEH F& AT ES
P = Aokl Ao AFAEF AES wiste fetel=d AAUA
olt}. IGF-12 Wi/l = 48 A (IGF-1I receptor, IGF-IR)¢} 6709 ZAgot
Wl 2 (IGF binding proteins, IGFBPs)ell 9 & 4% =4, IGF-IR°| IGF-I
o] 4A3A ZAgeA ™ IGF-IRW tyrosine ZH7]o A 25 2Akstr o
oA FAE7F o] Foy A A " o] FEA Y QUAE = dAolo] IRS-1
o GA43E xdetA Ha, ol& Tl F /A -dEAQ AsAdE A=
2l PI3-kinase (PI3K)®} MAP kinase (MAPK) 425 A AEXZ2 4
w3, AlxolE, AlFEAE A S 53 22 A=Y AEo] dojuA
. 53 AxAd A4S AvEY wild-type IGF-IRF IGF-12+9] 2
F= tFEY AEAEY #AdHE Adesdy Fd=E5 AdstA €@
Alexia et a/ (2004)2 doxorubicin®]2t= 9FE S HepG2 Aol A8 IS
Al EALE Ol FrEE A O, IGF-Te Ao mn o ofEel o3 A%
Atd o] ghds) A H LS WRE o} oW, IGF-Iol 93 ERK <2143}
7h #rofgvhar RAgpgitho] Qo= A X EAI st IGF-I
I 2 AR 93 PIBK =& MAPK 437l #tojsitta H g
H7b oy (Alexia er @/, 2004), 474 AAre} Bkl AAPo| 93 A
245 A TI= dHel #odets AsHdd dEe ez v gl
A ogtH e mkel ol I @Ay IGF-IL 7 7FA HA o T A A
st = A%, IGF-I9l 93 ERK ¢4tstE T34 AAPY AE=SAHS 7

AA AT w2 =&olA = IGF-I°] AAPY #A8& =
Ao wel, AAP Ao o IGF-19 Aaded 428 AyHEi,
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1) IGF-IR 14}3}

IGFsell 9] A&t 2482 1 F8A5 T 2435 0] Yeyy,
{422 IGF-I2 IGF-1 849 w&sta, IGF-TIx= IGF-II 84
IGF-IIR) ¢} 4F$-& A 2 (Centrella ez @/, 1990; McCathy ez a/, 1992), &
A FE A o5 2Rt=of F8A 0o Aol FEAoR wArt Ao
w1} (Centrella er @/, 1990; LeRoith ez a/, 1995).

o

rlo
FY

—~

flo

IGF-II &4+ IGF-1 &8 AX 500~1,0008] AHEe =2 3
o% IGF-T9h AdAow Agsts, d&dds AFehs gt W
IGF-1 &A% IGF-IL-%% ohlel Azdde 488 4 AAD

IGF-11¢t o] b2l 2~159), l&d ool Hehe] L 10008 A== 7]
ol AE l tjAbe} #H e IGFY #8482 T2 IGE-1 +8A& &3
WAl E o (Mottola and Czech, 1984; Furlanetto e/ @/, 1987; Ullrich and

A

Schlessinger, 1990; Jones and Clemmons, 1995, Torres ez @/, 1995;
Khandwala ez @/, 2000).

IGF-IR= 2709 2 bE A a-S9aA e} Axue] A B-T9 4
A S ¥ 33} transmembrane heterotetrameric T2 E3A = A 2 3¢
A IGF-1# ¢ A3t 9ofs) <Ql4ksts] ™ (Steele=Perkins e «/, 1990,
Kato er a/, 1994) €73 3st9 IGF-IR®| <ls} IRS-1¢ <4t 7t F == o
dHY AEUY MEHE cascade’t 7NA] €t (Beato, 1989; Blakesley er
al, 1996). WA AAP Aol 93 IGF-1 2Al&add A2E vosl7] $ 3|
A IGF-IR QIAFSt & A E i, Adawas AAPY ®a Az Al 4
g dol AAPe]l 9% IGF-IR QIAtstE o9 A WstA7]=A Ao E Sk
k. ¢F 90% confluent® Chang liver Al X9} HepG2 Al ¥ Z}ZF 5 mM
7} 10 mM9] AAPE 24417 Al g o2 A AAP 9 AEXsAS 4%
g o5, AIZPE 2 IGF-IE Fofsto] IGF-IR QtstewS A9 H gkt
(Figure 39 % 43). SFM A g Ao+ IGF-1 o & 5%o] 33 g u
of IGF-IR {14ts}7b Al#Fs] o, IGF-1 Fo] % 20¢] A%E w7pA A

=
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e AT 22y, AAP A" Al IGF-Id 93 IGF-IR 214HsH7)
SFM A zglol w8 Zas Ak AAP 9& #Z4® IGF-IR ¢l4tst=
G gAY el dEod vt FEoR 3&EHo IGF-I
of & 5ol BHAUZ W A4S} whgo] YEhUT] AlFHEke] 204 0] 7B g
Tol= AZ%£FATE. =, Chang liver Al¥EolA AAP+= IGF-Io <3
IGF-IR U4F8tE 2710 aA7l= vhd, Aadm a2 AAPel o) zHa
# IGF-IR =& a3 v3 502 F7HA A

HEH HepG2 Al X ol 4l = chang liver Al vlz7FX 2 SFM A 2] A
IGF-T Fo % 5%¢°] ZA#esls wel IGF-I19 9§ IGF-IR <¢14kst7h
Al ZLE] o] 20+ 0] AvkE w7k A A& A tH(Figure 43). AAP A Al
T IGF-1 %o % 5&°] A4S "ol IGF-IR 437 A 2 e ¢l o
Al Zkol Aboll met IGF-Iel gk IGF-IR 14tst7F A A8 2Haw A
ol¢t= & Aduwdz AAP Wl A 2] Aol IGF-I 79 ¥ 10&°] 74
HPE el AAPo] & A IGF-IR ¢l4kst FEo] A& o
2, A e] AAP ¢gt IGF-IR &St E AAA 7= Aoz A7t
2l

Hm BN

¢

2) IRS-1 A4+3}

IRS-1> =¥ 84 7] & (insulin receptor substrate) =4 ¢l<& ¥}
ded FEAY AP g distE SAsEAN ded Jadd
of9le] oy v & Au AgASGE A= vk webA, IRS-10 & A
3t tyrosine ZH7]19] QAbsl= dEd F8A ¥yl olygl IGF-IR, EGF
2 PDGF¢ #2e u st A3daE59 F8AE SlAAE ol Foxn
(Johnston er @/, 1995, Wang er @/, 1995; Yin e? @/, 1995, Platanias er
al, 1996). 143t ¥ IRS-12 SH2 E=dWdS ¥ ge 2Jadd dde
HAEy Agett (Pawson and Gish, 1992; White and Kahn, 1994). ¢l
2F3tel IRS-1°] PI3KS p8&5 regulatory subunite] SH2 =l %3
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A%stAl H¥ SR s HdIGAEA AKT £+ PDK 55 @A 7L
2 PI3-kinase A= dEA7F &4 8t a1, Grb2e] SH2 =wla} 293}
A W p21 Ras7t FA 3 Eo] G @l d e w7 £23= MAP kinase Al
SAGAV AP FE I Luo ef @/, 1999; Ogawa er @/, 1998, Whitehead
et al, 2000). A F FF9 FHAEQ Chang liver Al X9} HepG2 Al 3E o
Al 24A17EE Y AAPE #H7bste] WA S, IGF-I9 9% IGF-IR9]
A7t FAaE A, IGF-1 Fo4% 200 w7t A& A ek,
Wb Aedid s AAPE WEAE Ae=, AAPol os &
T 200] AR A & E]
of 9 FFo o2 AL &AT F AT A3, AAP =&
AAPS} ekl WA go] wel IGF-TIol 9% IGF-IR ¢4t3} 5o
sl B 5AA AAPe 98 £4%8 IGF-IR A axdgd AAES dowdy
FFowA FEALD F de ZheAS AAsAr. wdA, Heoew
AAP B2 Fo IGF-IR &4 3}
of & IRS-1 I4tste] W E Ay Hkty WA, Chang liver A3 ol A
SFM A g Alef &= IGF-IR &4 3¢ & o
gl IRS-10] IGE-1 %ol % 20%t¢] 7478 wf7p4 A<= 9l vh(Figure
40). 12d, AAP A olli= SFMS Aegeh Aol FdstA IGF-1
of & 5ito] A Suol IRS-1 AAFsH7F vreld A 1042, 20+ ©]
FetH A HApA o7 A B oby g, IRS-1
o} BEo] IRS-1 U4Hs M=y 92 olFd AL & 4 o wvbd 7
G A AAP WA g Al = AAP A= s olsdd WME=rF SFM
AgA et F9T A Z A ol Fad on, IRS-1 A4S Eg IGF-T +
of 3 Algbo] At wet FriEAd. Aadgn ddE @A
tyrosine %k o}lUz} serine/threonine ¢ 715 ¥33s1 o =
°of A%¥E ST FE tyrosine UASIE Aoy} FA o] FrhE= v,

serine/threonine Zt7]oll A A5l 7F dojy= 9= HFE Aadd 4

ma)

b

ox
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IRS-1 912tstE = shA = =d, B Aol yeld Ay}l vizrA 2

IRS-19] %4 tyrosien ¢14F3}7} 7433 band shift7t WebUE o 7)

serine Zt7]e] QlAtstg XS HASS & 5 Aduh. ¥k olyE A&
%_

ek A g

&

dd AFAY A=

i

i)
1 ek tyrosine #719 QAstE Atdsto 2 ol

zA37]1 %= tH(Greene e @/, 2006). o]xH AAP

ofr

serine 214+3l=

%
A g A A

tlo

of 9% IRS-19 <Atst H A 3o A
IRS-19] serine ¢12F37F S =5 o), IGF-13} &3 A Adgdo] A% vl
W 7gw A 8 e A= IGF-VIGE-IRY 93 IRS-1 4tsE A

F3A o2 AAPOl o8 E4dE dsdd BEE IJEAIE Aow

¢, HepG2 AlXZoAl+= AAP =& AWy AAP B Ag A
IGF-T ool % IRS-1 %14ts} Aol StA Figure 44904 e
IGF-IR ¢14ts}t sid 3 Sd3 F3dFS YAt 5 dHEdolA IRS-I
AAFE7E 5EFE F7hek7] Al Fel o 20w 7k A& RbE, AAP A €

A sEel FAARGA Sl ArRRL, A-GuA Az gxw

2L

subunits (p85 regulatory subunit®} pll0 catalytic subunit)®. % ©]F ]
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g =4, IGF-I/IGF-IR°l 93 PI3K &A 3= IRS-13¥ p85 regulatory
subunite] Z&3le] pll0 catalytic subunite] PI3Ke] A& A9 45
EFUH A Akte] @A 3tE F=35HA ©rk =, IRS-191% p&5 regulatory
subunit} AT 4= JdE Z=dele] EAT ¥k ol tyrosine 14tz
7F dojuyA =W, p8&5 regulatory subunit® SH2 = elS =& ZAgsf
A Ak 22y A A yEbd mkel o] PI3KS S+ 7FA] subunits &
p85 regulatory subunit PI3K®S] &4 & A5+ Wb pd&set pll0e]
Agte] 9&] AA PI3K &AL pll0 catalytic subunite] 23]3FA Fo}
(Dew et @/, 2000 ; White, 1998). 1e} 2 =2, PI3K7} &4 3t=7] s+
F 7FAl subunits®] 2§ (p&5¢t pll10)Z p85 regulatory subunitel] 2%k
o] AgAe o)Fo] HasdlH, IGF-Id <% PIBK &A 3= <itstd
IRS-1°l p85/p110¢] A 7Aool wel A4 Hrt.

A AT ube} 2ol IGF-Iol olsf <l4kste IGF-IR¢ IRS-1&
AAP Aol o Zasdov fduwmAste] B2 st Ao
=, IGF-1 FoJo ols)] s}% & whul & o] tyrosine ¢J4Hs7 AAP 3
A Ay AAP B A de] o8 2dHEB= o5 WML Axd W o
Al sk A=l PIBKe &3 wdstel AFA @A (complex
formation)oll & oW 3G kS A=A A EGoh A AT v 2
°], PIBK7} &4 & dehiZl-®sixle A2 el A p85/pl10 A gHA 7}
FAgslofor 3, o] AFAE p8S regulatory subunitel <3} ks
IRS-1°0 2 o]F | ofwt pl10 catalytic subunite] &A% dAlo] d3] F ),
ade=) olFg p85/plloe]l ZA7stA stoiet = QIAkstEl IRS-192
o] 53l x ¢rom A pll0 catalytic subunit< PI3KS A S e A
Ztth, wEbA FEA] ZEA O A AAP 2 A9l E v AAP W e A g
Al p85/pll0 AFA 7} Ql4tstE IRS-10.2 ol F3ste do ouwst o FS
n 2 =2 A 7] Y, IRS-17 p&5 regulatory subunit®] ZFAEES
Ayt alrh Figure 4101 Wi whep o], AAP S-& Awdwdat AAP
el el Al IGF-Tol 9 g IRS-1 UAstrt 2H o= E435tal, &

(i

EK
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jueil
My

o A ¢lat3stel IRS-13 p85 regulatory subunite] 79 %4 3}A
tel Wsk7E gladd

p&5 regulatory subunit< T% Wol SH2 = el®¥ul olyZ} tyrosine
27178 S Eol 7] wiiEel pllOeo] AdshA 2 AH, =
S YEI A EalE 2AddAE gdEo R SH2 EHWdS E3) iksid
ol Aol wet oz p8&/pllo A¢A A¢S wWel s
PIBK EAE& JAA7I7I%= grh o] A& Dxdkar, Hrkskzte] 7§
IRS-19] serine?lAH3}7F F7Fetar, F Aol p85 subunite] F7He WAl p85
subunit monomer®} pll0 subunitE-A 7} IRS-10] Z&35}7] B th+= p&5
subunit monomer”} -IRS-1¢] Z&3d o &4 PI3K-signaling pathway”}
oJAlE L g Draznin (2006)9] Z2#9F A X% th. Draznin (2006)2 W E
Z=gol 7% AofE sl serinel kinases@ o] F7FEO IRS-19
serine¢12Fs} 7} dojuy 2 o= JNK, PKC, IKKB, TNFa % °]
IRS-19] serine?4H3tE R &8tk 1 FolX INKe AW
A 2Eds dF, sl os 243550 IRS-19 serinedl At E e
3t Ao 4z T (Hirosumi e @/, 2002 ; Gao er a/, 2004 ;
Nguyen es a/, 2005 .; Bandyopadhyay ez @/, 2005). o]u] JNK&A 3=
AAA o2 R A B Akl o3 A EEAFOL QA H N (Gao er a,
2004). ¥4k oy g}, JNK-=1 knockout mice®] 735 2 o]A H|gtolu} Q&
duld o] A=tk ®arE o (Hirosumi es @/, 2002).

gyrR AdzAS 48 S Wl Chang liver Al E oA+ IRS-1
9} p8&5 regulatory subunit®] ZA@AH Eof ofFH Wyt v Wil
p85/p110 A3} IRS-1/pll0e] A2FAEE AHEFo=ZH AAP &2 Aot
WA AAP Bl A g Alel p85/pll0 A A7 A4tstEl IRS-10.2 o]F
st dHe 9@ vA=AES AR 5
A o] Aol AAPAHE = @iﬂﬁ—o—ﬁ], %2
o= yetytth webA AAPE IRS-19

Absl 91x] EE serinel® HFETHO

TSI 12
s
ol

A

o4

i
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ot
et
o
DX
>
Y
M
2

(e}
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T
=
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pathway & =447 & Zelekslth.

HepG2 AlEol A= SFM A Al IGF-1 7o % 5&0¢] 43435 u
oketAl AFA FAo] o]FolA, 107l AH}sHAE IGF-Io g
IRS-1/p85 ZFA =7t S7Fet . 28, AAP A2 Aloli= SFM # ¢
Al IGF-Tel 9 & IRS-1/p85°] F7tet= we IGF-1 Fo% AJzte] 743
ol whel IRS-1/p859 ZA o] F7hshAl eskoew o1 APAHrE =3 o
A3l AastA o (Figure 44). ol ¢+ €, Ao A3 AAP H 3§ A 2] A o]
© SFM HgA ol Td3d AgFo g IGF-1 FoF 5ol AygSuo
IRS-1/p85 Aol UE Algkel A= F7hsto], AAPOl o3 A9
Ao e 52 Fart AdHd WelAge o AiAEE & F oAU
=3

ol AFNE T, FrAF A XL AAP AYE AETEAHS =
H, IGF-19 st IRS-1/p85 =2 p&5/pll0, IRS-1/pl10 53 #2 AT
A Gl AAEE vhE, Adeeds) WA e] Ald = IGF-1 7
g AA P o]l FrRskel wel IGE-Idl &g AAFAD Als A
b @43 §= oz Az

il

1o

4) MAP kinase 12389 A =2

IGF-Toll ©]gt M| u} kinase cascade % IGF-IRY 3}
MAP kinase 4 2% IGF-1¢ AMx F2 #Z&o dolA =
AAZA 3FF< MAP kinase subfamily7} £33t U4 AFA%
ERKe T2 AX T4 3 Ax AbE Wol7ldy o] e wbdd,
INKe} p382 AxAE Frof #AHAHo ti(Graves er o/, 1996;
Kawasaki ez @/, 1995; Xia ez a/, 1995). <ol ZA3}(Figure 14~17)0] A,
AAP Aol 98 ERKZA 37} IGF-1 #7k2 98] T71ske]l AAPe] <%
AEZEmA o] AstgS e wel AAP 52 Aduwld W] Al IGF-1
of ¢g Erk stE AIZPERE AW E o2, AAPY AX=A 9 =44

4z
o
i
2
9‘_13
rir

I

ol

ko
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| Eoel #AY IGF-1 A3 dY 422 79Ystas o)

Fol'

ofr

@© Shcddset Grb2 2%

IGF-12] Fo2 <& IGF-IRE X g3 2Modd AAHS Hou,
IGF-IR®9 cytoplasmic tailel A IGF-Iol ©]3} tyrosine ¢14F3}e] A]zFo

IRS-1°]4 She, Grb2 53 #2 docking proteinel 2]a] &2 Al
sl vyetdth IGF-IRel 9§ MAPK 7 2+ IGF-IR7} She @94
¥ Ay Agete] s A HgE EH Grb2ete] Z¥S f
G438t A 7] A, IGF-IR/She A% e°] ofd ~IRS-1/Grb2 Z
MAPK 425 @43 A2 % vk She @¢¥d 2 IGF-1+ 8¢ o
Gk A AR ALo] ETFQL =& Aol 98] tyrosine $14ks} whE-o 7]1H
2 AZ8-3hcH(Pelicei ef aly 1992 ; Rozakis ef a/, 1992). g|7t= Ao =
o015 Shc ©wj A o] <l4ksl& ™, [RS-19]4 PISK p8&5 regulatory subunit
I mpR7EA 2 SH2 =wls Eehek el Agtel A Hed, 1 di
o] w4 o] Grb2o] tH(Matuoka ef @/, 1992). L& }, She &2 o
T 2227 Qlitstd 8 olyEl SH2 T=vlele xgsle] Qitsld thE
g A s Agke] 7kgdlH, Shce SH3 =#le] Rasyt SOS 59
proline-rich motifel]l ZA3teo) wa} AF ) 2L =277 % a1 A
571 = stth(Aronheim ef @/, 1994). dEE5W, Kim e @/ (2005)2] A
T Aol A yErd uEe} o] Fg o] A3 nude miceol A She/Grb29]
BEARS AADoZAN T Aol dAlHE= Ao® Hob, Shedt
Grb2 52 = F84 9 tyrosine kinase®} A= 23 &
A=ZMA Raset 2 G @@ A9 MAPK cascadeo| #HoJgS <&
tH(Songyang ef @/, 1994 ; Downward, 1994).

kAl Chang liver Al X o] AAPE A& gtol wet IGF-IR 24tst a4
5ol = =7stal ERK1/29] ¢4tst= S7hA 1z ow, Ak da) ¥
Al Alel= AAPE 37 AgdLd= EFsta IGF-I 9 IGF-IR

-

all
%2

o
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(o,
[

§7h fEwel A%Hgon, do hE HEAEA ERKI/29 4

, s A AsdE B4 She @d 9 <

ot
i

3 SRR

FU

=
2r3tel She/Grb2 M3 A3 ALEE A Y H v (Figure 42). 1 A3}
Chang liver AlXo]A = SFM A7 Ao+ IGF-1E7F 5233 E Sheol
Add Grb27b F7ksk7] AlAteke]l 1 o] S 4E HAask o AAP A
Alell = She/Grb2 w2 o] 20& ] #HAE YEHH L
g Aol 5B F7Fsl7] Al #sko]l 1070l w4 El
FEH #AE Bngonz AAP AAE She/Grb2 5

AR g do] She/Grb2 2 S 77l A2 YENS HH(Figure

ol
H
T
(@}
o,
D
[\
' 2
3
=2,
>
p
o=
o=
)
ot
flo
o
aV)
=
i)
&
ok

g Al IGF-TIel
g IGF-IR% IRS-19 ®14st7 4 22 F7hEl e ofo H]a)
She ¢xtsteE dA 3 ®stE ATk, 5 SEMo|y Aawd waxe A
IGF-1 %o § 5&o] ZA#43%S wiShe AAtst7t F7HE 7] A=A 10
ol B34 wel: AFHAJAG. Y o]gt= 22l AAP AP A=
IGF-I 7o 5 % Shc JALs7k AAIH S oW 10& 0] B wole
oFat Al ZHAsh7) Al &Sl oh(Figure 45).

HepG2 Al Lo A~ AAP &2 ekl d W8 = lof uwfe} IGF-To 2%
Shc 91%t3le] wWislE Ayroron g 0lxsle She w9 A3 Grb2
dite] Fs A% L3 She Q14kster #ste] A= AE ARG
Figure 420] Yelbd npel o] AAP A Al IGF-Iol 93 Shc/Grb2
de ATl tha Aad % Holy, She 94bsle WEelE thE/A RE
APzl A IGF-1oll 9% She/Grb2 452
M 24A17HERE FEA A AAP W ]
anti-She @A 9k SH3 =w|QlS A 8= anti-Grb2 FA 9k w3A21 A
ojtt, 1B R, AAP ©5 52 AowiAd weHe A IGF-I] o
She/Grb2 5 A% e] ofFd WsE YElUA g Aoz nol o& 4
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3ol Srcolyt She 5 22 tyrosine kinase QlAMslel+= F#EH Grb2
°] SH3 =wele& AAP 52 A wWaixe Al She 9487 =44
o A e IGF-1 Aladd AA 244 J3Fe w
= A

Chang liver AlEZ 9} HepG2 A X W] Figure 469 o]2tol A -2
ARES oz Agdwdoe] IGF-1 AladgAAe #Asted AAPSA
< A= WSS =243 k9. S Chang liver AlZoA &
AAPel 9 IGF-IR <QI4bste] W37 U o5 Azdgd=49
IRS-19] QIAtstFFo] FHAamAS WRE ok} serine¢l A s 7 fFE5W
A IRS-T8HF Al axdgdagoel &A= Aoz vyttt E3 Chang
liver Mol Ax= AAPAHE 7} She/Grb2 4 Adde] 9FS T4 ZUA

gh A do] She/Grb2 A& T7FAIZIE A o= dErEH. oA A

lo

N
'1-‘
rlr
po)
(o

[U

W49 AAPEA 748 ERKASEE wholdotis A sHalstg
omz 1 4945098 A9 She/Grb2 A% F71e] o3 ERKS14 57}
SR E AP Tk 1

o Aod 2 IGF-IRSI4Fs 7 AAPo 218 2latsl JdAE Ao
A 71e Aoz Jebwkrh IRS-1 1xksl Al IGF-IRS SAMsE AegS o

Eluigl oz =z AAPl 93] IGF-IR ¢A4FsHH 4w FHo] IRS-14 o
F& vH oz AZHEr. IRS-1 FAZAGE

subunit?® IRS-1#t¢] ZAgto] AAPe| 93] F43 #Ha¥Jdom=z AAP
of o&) o] ALl PIBK AMudGHA2rt &4gozn AEAL
= Azttt Acetaminophen #1# A] IGF-IR ¢lAF
¢ ERK ¢4tst 75 dAZdst7ia] & w ke She d4kst=
&=l AAaE Qo WEH She/Grb2 A2 AAPO < g-& wHA]

=
Aoz yYelygornz [GF-IR Ao dgdAAd AAAQA JegFs v
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IP : IGF-IR

AAP+PYP

SFM AAP

Time(min) 0 5 10 20 0 5 10 20 0 5 10 20

180
im

g 1.40 i
§133 %
210 /
= 080 /
i 080 g
::;0.40 %
£02 g

0.0o0

Fig. 39. Effects of AAP or AAP+PYP treatment on IGF-IR

almin
a5min
®10min
@20min

SFM AAP  AAP+PYP

phosphorylation in Chang liver cells.

Cells were cultured for 24hr in SFM, 5 mM AAP,
AAP+100 ug/ml PYP after preincubation with SFM for 24hr.
Cell lysates were immunoprecipitated with anti-IGF-IR
antibody, and the immune complexes were then analyzed by

electrophoresis and immunoblotting. with anti-phosphotyrosine,

or anti-IGF=IR antibody.
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IP : IRS-1
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Fig. 40. Effects of AAP. or AAP+PYP treatment on IRS-1

phosphorylation in Chang liver cells.

Cells were cultured for 24hr in SFM; 5 mM AAP, AAP+100
ug/ml PYP or -AAP+rapamycin after preincubation with
SFM for 24hr.-Cell lysates were immunoprecipitated with
anti-IRS-1 antibody, and the immune complexes were then
analyzed by electrophoresis and immunoblotting with
anti-phosphotyrosine, or anti-IRS-1 antibody.
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IP : IRS-1 IP : IRS-1
SFM AAP AAP+PYP SFM AAP AAP+PYP

e e e O e e ] 15 : 25 e P [ ——]m:p10
|--—--”-o—\ " M a—'—‘|IB:IRS-1 mp—---”“--4 IB: IRS-1

Time(min) 0 51020 0 510 20 0 5 10 20 Time(min) 0 510 20 0 510 20 0 5 10 20

.

4

=]
31.2 *E 35
i S 3 —
g o 35 o m?n
s 08 = | Smin
E e 2 ]
s 0B & B 10min
o = 1.5 -
ﬁD.d o i ¥ 20min
oW =
202 = (1]

0 1]

SFM AAP AAP+PYR SEM AAP AAP+PYP

Fig. 41. Effects of AAP or AAP+PYP treatment on binding

p85/pl10 complex to IRS-1 in Chang liver cells.

Cells were cultured for. 24hr in SFM, 5 mM AAP or
AAP+100 ug/ml PYP after preincubation with SFM for 24hr.
Cell lysates © were Immunoprecipitated with anti-IRS-1
antibody, and the immune complexes were then analyzed by
electrophoresis- and immunoblotting with anti-p85, anti-pl10
or anti-IRS-1 antibody.
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IP : Shc IP : Shc

SFM AAP AAP+PYP SFM AAP AAP+PYP
[eme B = S~ =W e [=« I[ I = ] mB:em2
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Fig. 42. Effects of AAP or AAP+PY P treatment on Shc

phosphorylation and Shc/Grb2 complex formation in
Chang liver cells.

Cells were cultured for. 24hr in SFM, 5 mM AAP, or
AAP+100 ug/ml PYP after preincubation with SFM for 24hr.
Cell lysates were immunoprecipitated with anti-Shc antibody,
and the immune. complexes were then analyzed by
electrophoresis- and immunoblotting with anti-phosphotyrosine,
anti-Shc-or anti-Grb2 antibody.
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IP : IGF-IR
SFM AAP AAP+PYP

[ DS wS®| BPS| x: e
| e peoee |- @@ | ;:crR

Time(min) O 5 10 20 0 5 10 20 0 5 10 20

3 O0min

mEmin
' M
0 n ’
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| 10min
@20min
Fig. 43. Effects of AAP or AAP+PYP treatment on IGF-IR
phosphorylation in HepGZ2 cells.
Cells were cultured for 24hr in SFM, 10 mM AAP, or
AAP+100 ug/ml PYP after preincubation with SFM for 24hr.
Cell lysates' were immunoprecipitated with anti-IGF-IR

phospholGF-IR levels(fald vs.contarl
o

AAP4PYP

antibody, and the immune complexes were then analyzed by
electrophoresis and immunoblotting with anti—-phosphotyrosine,
or anti-IGF=IR antibody.
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phospholRS-1 levelsifald vs.contraly

Fig.

IP : IRS-1

SFM AAP AAP+PYP
I-—-g: ” L e e e ” —z::J IB : PY99
| | [ -.._J 1B : p85
i | i |t | 18 : 1RS-1
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SFM ALP AAPAPYR

SFh AAP AAPHPYP

44. Effects of AAP or AAP+PYP treatment on IRS-1

phosphorylation and binding p85 to IRS-1 in HepG2
cells.

Cells “were ~cultured for 24hr in SFM, 10 mM AAP or
AAP+100~ug/ml .PYP after preincubation with SFM for 24 hr.
Cell Ilysates ~were immunoprecipitated with anti-IRS-1
antibody, and the immune complexes were then analyzed by
electrophoresis and immunoblotting with anti—-phosphotyrosine,
anti-IRS-1 or anti—p85 antibody.
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Fig. 45. Effects of AAP or AAP+PYP treatment on Shc

phosphorylation and binding Grb2 to Shc in HepG2 cells.
Cells were cultured for 24hr in SFM, 10 mM AAP, AAP~+100
ug/ml or AAP+rapamycin PYP after preincubation with SFM
for 24hr. Cell. lysates were immunoprecipitated with anti-Shc
antibody, and the immune complexes were then analyzed by
electrophoresis and immunoblotting- with anti—-phosphotyrosine,
anti-Grb2 or anti-Shc antibody.
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Fig. 46. The proposed model of PYP’s protection mechanism on
IGF-1 signaling pathway in Chang liver and HepG2 cells
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