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with 4% formaldehyde for 10 min and then stained with Oil Red O
for 1 h followed by washing with 60% methanol and PBS. Cells
were photographed by using a phase-contrast microscope equipped
with a digital sight camera system (DS-5M-LI, Nikon, Japan).

Statistical analysis. Morphometrical and densitometric analyses
were performed with Scion Image (version Beta 4.0.2, Scion,
Fredrick, MD). Data were expressed as means * SE. Statistical
differences between means were determined by Student’s t-test,
one-way analysis of variance (ANOVA), or Kruskal-Wallis
ANOVA on ranks followed by an all-pairwise multiple-
comparison procedure (Student-Newman-Keuls method) as appro-
priate. P < 0.05 was selected before the study to reflect signifi-
cance.

Fig. 3. Effect of acetaminophen on apoptotic cells
death in the liver in KK-AY mice. Apoptotic cells in
the liver 6 h after a single injection of 600 mg/kg
acetaminophen were detected by terminal deoxynu-
cleotidyl transferase-mediated dUTP nick-end label-
ing (TUNEL) staining. Representative photomicro-
graphs of the liver from C57BI/6 mice saline con-
trols (A), KK-AY mice saline controls (B), C57BI/6
mice treated with acetaminophen (C), and KK-AY
mice treated with acetaminophen (D) are shown
(original magnification X 100). Number of TUNEL-
positive hepatocytes was counted, and average per-
centages of TUNEL-positive cells from 5 different
animals are plotted. More than 500 cells per 1
animal were counted (E). *P <0.05 vs. C57BV/
6-+acetaminophen by ANOVA on ranks and Stu-
dent-Newman-Keuls post hoc test.

ACETAMINOPHEN TOXICITY IN KK-AY MICE

RESULTS

Acetaminophen causes severe liver injury in KK-A* mice. At
first, we evaluated the sensitivity to acetaminophen-induced
hepatotoxicity in KK-AY mice by injecting two different doses
(300 or 600 mg/kg) of this drug intraperitoneally. Mild liver
steatosis was observed in 12-wk-old KK-AY mice without
administration of acetaminophen as expected (Fig. 1B). A
single injection of the lower dose of acetaminophen (300
mg/kg), which did not affect liver histology in C57B1/6 mice
(Fig. 1C), caused mild necrotic liver injury with infiltration of
inflammatory cells predominantly in pericentral area at 6 h
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(Fig. 1D). A higher dose of acetaminophen (600 mg/kg), which
induced mild liver injury even in C57Bl/6 mice (Fig. 1E),
caused extremely severe necrosis in the liver in KK-AY mice
(Fig. 1F).

Serum ALT levels were not changed in C57BI/6 mice 6 h
after treatment with 300 mg/kg acetaminophen (24 = 1 IU/)
and increased significantly to 47 = 4 IU/l in KK-AY mice (Fig. 24,
left, P < 0.05). A higher dose of acetaminophen (600 mg/kg)
elevated serum ALT levels to 3,281 * 513 IU/l in C57BV/
6 mice, whereas the levels were increased significantly to
8,707 = 1,400 IU/l in KK-AY mice (Fig. 2B, left, P < 0.05) as
expected. Furthermore, the ratio of acetaminophen-induced
increases in ALT levels vs. control values in each strain was
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plotted (Fig. 2, A and B, right). Elevations in serum ALT levels
were potentiated significantly in KK-AY mice by both lower
and higher doses of acetaminophen, indicating that KK-AY
mice are more susceptible to acetaminophen-induced liver
injury.

To determine whether apoptotic cell death is involved in
hepatocyte injury caused by acetaminophen, TUNEL staining
was performed (Fig. 3). A few TUNEL-positive cells were
observed in the liver in C57BI/6 mice 6 h after treatment with
600 mg/kg acetaminophen (Fig. 3C), where the percentage of
TUNEL-positive hepatocytes were 5.7 = 0.7% (Fig. 3E). In
KK-AY mice after acetaminophen, the percentage of TUNEL-
positive cells and necrotic cell death increased in the area
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Fig. 4. Effect of acetaminophen on lipid peroxidation and
glutathione content in the liver in KK-AY mice. Hepatic expres-
sion of 4-HNE was detected by immunohistochemistry. Repre-
sentative photomicrographs from C57Bl/6 mice (A) and KK-AY
mice (B) treated with 6 h after a single injection of 600 mg/kg
acetaminophen are shown. Malondialdehyde (MDA)/4-hy-
droxyalkenals (4-HAE) levels in liver homogenates were mea-
sured colorimetrically (C); n = 5, *P < 0.05 by ANOVA on
ranks and Student-Newman-Keuls post hoc test. Glutathione
(GSH) levels in liver homogenates were measured colorimetri-
cally (D); n = 5, *P < 0.05 by ANOVA on ranks and
Student-Newman-Keuls post hoc test. Values are normalized by
total protein concentrations in the homogenates.
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Fig. 5. Effect of acetaminophen on activation of JNK in the liver in KK-AY
mice. Expression of JNK and phospho-JNK (p-JNK) in hepatic tissue 6 h after
injection of 600 mg/kg acetaminophen was detected by Western blotting.
Representative photographs of 46 kDa and 54 kDa bands for p-JNK and JNK
are shown (A). The ratio of densitometrical values of specific bands for p-JINK
to JNK are plotted (B); n = 5, *P < 0.05 vs. C57BI/6+acetaminophen by
ANOVA on ranks and Student-Newman-Keuls post hoc test.

around central vein (Fig. 3D) and the percentage of TUNEL-
positive cells was increased significantly to 16.9 + 2.4% (P <
0.05).

Oxidative stress following acetaminophen treatment is po-
tentiated in KK-AY mice. Next, we evaluated lipid peroxidation
in liver tissue of both strains after treatment with acetamino-
phen. Immunohistological staining revealed that 600 mg/kg
acetaminophen induced a much higher amount of 4-HNE in
liver tissue of KK-AY mice compared with C57Bl/6 mice (Fig. 4B).
The localization of 4-HNE expression denoted the same ten-
dency of localization as the area of necrotic and apoptotic cell
death. To further evaluate oxidative stress in the liver quanti-
tatively, the amount of MDA plus HAE was measured colori-
metrically. Interestingly, the amount of MDA plus HAE in the
liver from KK-AY mice was significantly higher than C57Bl/6
mice consistent with higher basal levels prior to acetaminophen
treatment in KK-AY mice. Although hepatic expression of
MDA plus HAE was increased in both strains after treatment
with acetaminophen, it was further enhanced in KK-AY mice as
expected (Fig. 4C). These findings indicated that the levels of
lipid peroxide following acetaminophen treatment were higher
in KK-AY mice than in C57Bl/6 mice.

Interestingly, the hepatic content of reduced GSH, one of the
most important physiological radical scavenger, before and 6 h
after administration of acetaminophen was measured. Reduced
GSH was decreased significantly in the liver of KK-AY mice
compared with C57Bl/6 mice in basal levels before adminis-
tration of acetaminophen (P < 0.05). Reduced GSH in the liver
was dramatically decreased after treatment with acetamino-
phen in both strains (Fig. 4D).

ACETAMINOPHEN TOXICITY IN KK-AY MICE

Acetaminophen-induced activation of JNK is enhanced in
KK-AY mice. Since previous studies indicated that activation of
JNK is involved in acetaminophen-induced liver injury (10,
39), we measured phosphorylation of JNK in liver tissue after
treatment with acetaminophen by Western blotting. Although
acetaminophen treatment increased significantly expression of
hepatic phospho-JNK, expression was enhanced more than
twice in KK-AY mice compared with C57B1/6 mice (Fig. 5).

Hepatocytes from KK-A* mice are more susceptible to oxi-
dative stress-mediated cell death. To evaluate the direct effect
of acetaminophen on hepatocytes, hepatocytes were isolated
from liver of both strains, cultured, and exposed to 10 mM
acetaminophen. The viability of isolated hepatocytes was not
different between both strains and was more than 87%. In
hepatocytes isolated from C57Bl/6 mice, basal levels of di-
chlorofluorescein diacetate (DCF) fluorescence after 5 h were
624 £ 19% over the initial levels, whereas DCF fluorescence
was increased to 1,017 * 104% in the presence of 10 mM
acetaminophen after 5 h as expected. In contrast, cells from
KK-AY mice, which contained obvious lipid droplets in cyto-
plasm (Fig. 6A), demonstrated higher basal increment (1,135 *
21%) as well as enhanced elevation in DCF fluorescence to
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Fig. 6. Effect of acetaminophen on oxidative stress in primary-cultured
hepatocytes from KK-AY mice. Viability of hepatocytes isolated from both
strains was confirmed by Trypan blue staining (A) (original magnification
X100). Ovemnight-cultured hepatocytes were incubated in Krebs-Ringer-
HEPES buffer supplemented with 10 uM CMH>DCFDA for 30 min, and then
exposed to 10 mM acetaminophen. Oxidative stress was evaluated by the
increment of dichlorofluorescein diacetate (DCF) fluorescence. Values repre-
sent the average of total cell fluorescence expressed as the percentage of basal
fluorescence before addition of acetaminophen (B); n = 4, *P < 0.05 vs.
C57Bl/6 control, #P < 0.05 vs. C57BI/6+ acetaminophen by ANOVA on
ranks and Student-Newman-Keuls post hoc test.
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Fig. 7. Dose dependency of acetaminophen and effect of JNK inhibitor on
acetaminophen-induced oxidative stress in primary-cultured hepatocytes from
KK-AY mice. To determine the effect of fatty accumulation on acetaminophen
toxicity, hepatocytes were isolated from KK-AY mice 8 and 12 wk old (8W and
12W, respectively). Fatty accumulation was visualized by Oil Red O staining
(A) (original magnification X100). Dose-response curve of acetaminophen on
oxidative stress after 5 h of acetaminophen in isolated hepatocytes from
C57BI/6 mice 12 wk old and KK-AY mice 8 or 12 wk old (0); n = 4, *P <
0.05 vs. C57BI/6+acetaminophen by ANOVA on ranks and Student-Newman-
Keuls post hoc test. Some cells were treated with 20 uM JNK inhibitor (JNK
inhibitor 11, Calbiochem, San Diego, CA) for 30 min before acetaminophen.
The oxidative stress after 5 h of acetaminophen in isolated hepatocytes from
KK-AY mice 12 wk old was measured by increment of DCF fluorescence (D);
n =4, *P < 0.05 vs. KK-AY control by ANOVA on ranks and Student-
Newman-Keuls post hoc test.

1,974 £ 19% 5 h after addition of acetaminophen (Fig. 6B).
Acetaminophen induced oxidative stress in hepatocytes from
KK-AY mice in dose-dependent manner whereas acetamino-
phen did not increase oxidative stress to hepatocytes isolated
from KK-AY mice as young as 8 wk old (Fig. 7B). The
treatment with a JNK inhibitor transiently prevented acetamin-
ophen-induced oxidative stress in hepatocytes from KK-AY
mice in earlier time points up to 4 h but finally lost inhibitory
effects at 5 h (Fig. 7C).

Exposure to 20 pM tert-butyl hydroperoxide (:-BuOOH),
which induces NAD(P)H oxidation and mitochondrial reactive
oxygen species (ROS) generation (4), led to cell death in 52%
of primary cultured hepatocytes from KK-AY mice, whereas it
did not cause any cell death in cells from C57Bl/6 mice (Fig. 84).
Exposure to -BuOOH (20 wM) for 30 min induced a 1.4 times
higher oxidative stress response in hepatocytes from KK-AY
mice compared with cells from C57Bl/6 mice (Fig. 8B). These
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findings indicated that hepatocytes from KK-AY mice are more
susceptible to +-BuOOH-induced oxidative stress and subse-
quent necrotic cell death than cells from C57Bl/6 mice.

DISCUSSION

KK-AY mice spontaneously develop steatohepatitis due to insulin
resistance, which resembles the pathophysiological features of human
NASH (32). Our data in the present study demonstrated that KK-AY
mice are more susceptible to acetaminophen-induced liver injury
involving both necrosis and apoptosis of hepatocytes (Figs. 1-3)
compared with C57Bl/6 mice. These findings clearly indicated that
steatohepatitis associated with insulin resistance increases the suscep-
tibility to acetaminophen hepatotoxicity.

In acetaminophen-induced liver injury, the sequence of
events leading to injury in hepatocytes is based on metab-
olism of acetaminophen, which precedes an inflammatory
response involving the activation of the innate immune
system and subsequent regenerative response of the liver (3,
10, 23). Oxidative stress caused by the reactive metabolite
NAPQI is a key element in the early phase of acetamino-
phen-induced liver injury (16, 17). In the present study, after
treatment with acetaminophen lipid peroxides content in the
liver was higher in KK-AY mice than in C57BI1/6 mice (Fig.
4, A-C), indicating that increased oxidative stress caused
severe necrosis in the liver of KK-AY mice. Recently,
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Fig. 8. Effect of rerr-butyl hydroperoxide (+-BuOOH) on necrotic cell death
and oxidative stress in primary-cultured hepatocytes from KK-AY mice. Over-
night-cultured hepatocytes isolated from both strains were incubated in KRH-
buffer supplemented with 30 WM propidium iodide for 30 min and exposed to
20 pM -BuOOH. Necrotic cell death was detected by the increment of Pl
fluorescence (A); n = 4, *P < 0.05 vs. C57Bl/6 +1-BuOOH by ANOVA on
ranks and Student-Newman-Keuls post hoc test. Hepatocytes were exposed to
20 M +-BuOOH, and oxidative stress was evaluated by the increment of DCF
fluorescence (B), n = 4, **P = 0.01 vs. C57Bl/6+-BuOOH by 1-way
ANOVA and Student-Newman-Keuls post hoc test.
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increasing attention has been suggested for the role of
phosphorylation of JNK in the pathogenesis of acetamino-
phen-induced liver injury (10). JNK in hepatocytes is
thought to be activated by oxidative stress and stimulates the
cell death pathway (5, 12). It has been reported that a JNK
inhibitor blocks acetaminophen-induced Bax translocation
from cytosol to mitochondria and prevents death of mouse
hepatocytes (10). In the present study, phosphorylation of
JNK in the liver was more enhanced in KK-AY mice than in
C57BI/6 mice (Fig. 5). Next, we examined the direct effect
of acetaminophen to isolated hepatocytes from both strains.
As expected, acetaminophen induced greater oxidative
stress in primary-cultured hepatocytes from KK-AY mice,
which shows a close similarity to results in vivo (Fig. 6B).
Collectively, the results demonstrated that enhanced oxida-
tive stress followed by phosphorylation of JNK in hepato-
cytes causes exacerbation of acetaminophen-induced liver
injury in KK-AY mice. Acetaminophen did not induce oxi-
dative stress in hepatocytes with few lipid droplets from
younger (8 wk old) KK-AY mice (Fig. 7, A and B). This
finding suggests that fatty accumulation in hepatocytes con-
tributes to the increment of oxidative stress in hepatocytes in
KK-AY mice. Furthermore, a JNK inhibitor transiently pre-
vented acetaminophen-induced oxidative stress in hepato-
cytes from KK-AY mice (Fig. 7C), supporting the hypothesis
that JNK plays a role in acetaminophen-induced oxidative
stress in the early, regulated phase, whereas the latter phase
of enhanced oxidative stress is independent of JNK.

Interestingly, basal expression levels of hepatic MDA plus
HAE were higher in KK-AY mice compared with C57Bl/6 prior
to acetaminophen exposure (Fig. 4C). Furthermore, isolated
hepatocytes from KK-AY mice showed a greater increase in
DCF fluorescence intensity during incubation without acet-
aminophen compared with cells from C57B1/6 mice (Fig. 6B),
which reflects increased ROS generation in hepatocytes (37).
Taken together, these data indicate that constitutive ROS
generation in the untreated state is potentiated in steatotic
hepatocytes in KK-AY mice. Importantly, KK-AY mice showed
a significantly lower content of reduced GSH in the liver. This
lower level in the untreated state sets the stage for susceptibil-
ity for injury since it is well known that GSH is one of the most
potent natural ROS scavengers (21) (Fig. 4D). Thus the mech-
anisms underlying basal increases in hepatic ROS in KK-AY
mice most likely involve both enhanced production of ROS
and impairment of ROS scavenger system. These findings are
consistent with recent studies showing that ROS generation is
increased in the liver of NASH patients (34, 36). It has also
been reported that the livers of NASH patients contain less
GSH compared with healthy persons (24) or have an alteration
in GSH metabolism (2). These findings indicate that increased
generation of ROS on a routine basis and decreased GSH
content contribute to the enhanced oxidative stress in the liver
of KK-AY mice.

Although acetaminophen is oxidized by CYP2E]I in partic-
ular and is changed to a reactive metabolite, we previously
confirmed that the basal expression levels of CYP2E]1 mRNA
are not different between C57BlI/6 and KK-AY mice (32).
Therefore, we hypothesized that hepatocytes of KK-AY mice
are more sensitive to oxidative stimuli. To test this hypothesis,
we evaluated the effect of --BuOOH, an oxidant chemical, on
hepatocytes isolated from KK-AY mice. In general, -BuOOH

ACETAMINOPHEN TOXICITY IN KK-AY MICE

at concentrations over 100 pM induce NAD(P)H oxidation,
increase mitochondrial Ca>" uptake, and elicit mitochondrial
ROS production (4, 30), which subsequently cause the mito-
chondrial permeability transition, thus leading to cell death in
isolated rat hepatocytes (14). In the present study, we used
concentrations as low as 20 pM -BuOOH to induce minimal
generation of mitochondrial ROS in hepatocytes isolated from
C57BI/6 mice. In contrast, the same amount of -BuOOH
induced severe oxidative stress and necrotic cell death in
hepatocytes from KK-AY mice (Fig. 8). These findings indicate
that hepatocytes from KK-AY mice produce more oxidative
stress by ROS-inducing stimulation (i.e., --BuOOH) compared
with those from C57B1/6 mice. Recently, increasing lines of
evidence have indicated that oxidative stress is involved in
progression from simple steatosis to NASH (8, 9, 27). There-
fore, it is hypothesized that enhanced sensitivity to ROS-
inducing chemicals such as acetaminophen in steatotic hepa-
tocytes participates in the pathophysiology of NASH as one of
the second hits (7).

In conclusion, acetaminophen causes enhanced oxidative
stress and phosphorylation of JNK, thereby inducing more
severe liver injury in diabetic KK-AY mice. Steatotic hepato-
cytes in these mice appear to be more susceptible to ROS-
generating stimuli including acetaminophen and +-BuOOH, in
part through significant decreases in reduced GSH. Our exper-
imental data suggest that metabolic syndrome-related hepatic
steatosis is a potential risk factor for acetaminophen-induced
liver injury.
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BOHEOSFEBENECBRESULTVDSEER
515 (B1).

XORUw oY RO—LICEBED NASH
THEMROFHEERRIDANZILELT
(&, XTHHBRICHITDIE - BERFLEICED
BB ML ABADGIFOND. SEHHFE
(reactive oxygen species ; ROS) —#{tz
F (NO) BRONIVAFITABSA RBRED
TU—=SINIBEAKRBHERBZEILUHETD
BLOEBNRRICEVWTEERRIZRIZLT
V2D, BRGELA L R - HEES%
[C1EAT 3. NASH T, IRILF—BEaFP
BARRERESCEERL), TEXFRE TR
ARUVADEUTREERICE<EASULTVDS.
=PIV RUPHEERBICEERDOBFmERD
S5SOBFREY, ZO0V—LRKEHRDF KD
O—L P450 (CYP) RIRFBICKDATHRA
TO ROS BRIESEICHZ T, Kupffer fifa0i2
BUTCERYPERBEOREMBENL S E
NADPH 7+ 4 —PaARDE ROFISI N
ILHESE - REEN, MEESHICERALTV
. FORBIZEU D malondialdehyde (MDA)
1o 4-hydryxy-nonenal (4-HNE) R &E DB E
tiEE(E, EMIROIS T VELEFIENEED
ZEPHENTWVD. £z, FHEEHRRED
NADPH #F>49—EERIRUT ROS ZELL
THED, HAUSIDILEEBICA—ROUVE
BHREOT, MBI N v OREEER
ESEDRBICTEDTND.

O RILERICH ITIHANBRRERDES

NASH X ZDREBZNFHOH RS T, fRARE
SBOERINSE P IV I—)VLEESE D@
HNRBENTWND. 7ILI—IUHEFFEZE0REEIC
& BAMBDFEOIY R+ (lipopoly-
saccharide ; LPS) DOFIRMPADFRAICEE
85 Kupffer fBfSMH LN E OO TERRKE
ZERIZULTWVSD, 5 NASH THERHRD X B
“ZALDBESNTWVD. &L U7 Kupffer
fBf (X TNF-a 1> ROS ZEE U TEERA KL 0/
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TEHR ; S>7% HRERONE
TERM—XFHE
174 b= 2488 IRAET 7R |
R |7# k= 2R
FE#R FFE#
B2 BERRRERCARIECL AREOHIREE TERRESNDABAREEICE
R ERONIE (sterile inflammation) (&, BFER
Kaplier B e £ g B{E 2 R RCE 58S FEIEEN S RENE

TNF-a_~ &

RS LR

EEMRESET R B0, TGF-BEEEL
THEMBE S L LS 5 RETDEER
5h3 (B2). BRREZOEEICEELO tol
BEEHK (TLR) HPLiREEELTNRD,
TLR EBE OV R B E DERAS ERET
BOHBST, BEESFEEOOENLEEE
3% (DNA, RNA, BEBERHFHE) EUHY
RELTERIET S, COLSICHRREAICEST
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RSN 2DBREHRBLEDIEDE L TREFBEE
Nd. ¥z, INFraBRETERSNDAHER 7
RE—=YRE7 R b= ANMED Kupffer #8582
UFEMIENDERDIAH (engulfment) BREXE
NTUTHREELFEICRESID (KM2). —7A, F
EMRICHETIROEENZEOS N, LPSH
TLR4 =/ U CHEMRDMBIRE LICRIRL TN
2R TGF- B RB% banbi DREIRZIMHIL, #
DIER TGF- BICH T DR MENTIE L THRIE
(HIBEICS ST R ENRESINTLSD .

F/z, FROBAREREUTIE, NKiBlRD
RONKTHBIRbEER®REZIBOTWVDN,
NK fiR2FHF 207 R ~—Y RAFBZN LT
FRIEEDINFBNUHREICE ST DI EDREN
TW2. NKT {BRORFfRECICH T DIERICD
NWTIRWVWERERBORNZWND, RaHhNHNE
NKT f@fan =& %ICRIELTNSD CO1d /v D
PORROATFA P LY I RICKDFFHRELED
FULENWCEZRELTHD, NKT #BRHFFD
REDKURMIDERICBENICERLTVST
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REMEDNTEREND.

@7 5 1 KA1V IC KD LERDHIE

NASH TlRIEBC DEEN S, BN D
W DRRLDT T« RN Y HREFEALICR B8
5UTCWVWSIENRASNDDHSD. LIFVE
EROREROBEERLUNCERCDEREMH
ERETDIENNSNTED, TR TGF-
BRIZF G LT 2MiaDBIERER & UTH
ISHHERENICERT D EHRSDICETNTL
% (E3)>Y.

—7, PT+RROFVDRFORE DR
BEHHITDTEEDNTRESN TS0 FESNT
Wa. PTFaRROFYD/ Y ITFTIRIDAT
[FOOBIEERRIC K DR L DMBIRT D EHHR
sanrez®. bhbnldk Bl MREEEEZE
REETD KK-Ay Y DR TIREF T RROF
VMELCEEBRVNIUY - AFFZIYRZ
(MCD) RBFICKDEMUFRIBRL, A
LR BBRELTVDIEZRSDICUL
129 FEZKK-AYYORATREEOHBESRSE
HRHEN, ZOBERICHEP T RRIF VM
EICEDHBD INF-aRIRFREY, SUTF VM
EICEBBD JAK-STAT RV I FIVREDER
MBS LTV TR REE Nz (R 4)°.
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DEDIC NASH DfREEER XA H Z X LICIEATE
SR ESOERBBBEERGEORENBESLT
BO, BEDERDED—BREUTHUEMNITD
TENTEDR. £z, PTra4RRIOFUVICKDR
HE( D RAEENEB LS AT 21BN\ DE &
ERBESLTLS. B, HEMRICEY T~
RROFIUBBHENRBULTHD, in vitroDFR
TE7P T« RROF VN EMROEIER L ZL
HFBRIEBENBSHIIETNTNDE . NS
OHEND, EPF 1 RRxoFVMEL NASH
DS ERDBRRETFE U TEERREIZR
LTV OREEDEL. :
QBHRMWBRBIVL-Y - PYIAF VIR

& NASH DOFFgR#tE

BERWRRFARECICERRREENDD, X
AR NASH DIBBARFICHRo>TWLDT
BEMNRIBEND. FEMIRICE7 RUFUVE
BURSENRRLTHD, FEMRO;EMEP
in vivo CORFRE(EN a1-T 0w A—THHI=
NBAZENDS, XRABRARDIEEIC K DRI
{EMEET R ENHRAIENSD. Rz, 2R
FPvIATFVIVI (ATI) type 1 RBHEZE
RIBLTHD, ATIHFFEMRE0OE M LZ{RE
UCH BRI EDBERFICHD. R PYIA
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FibroTest- FlbroSURE
NTrTOE

y-GTP
BeEUILE >
7RIUKRES A1

NAFLD Fibrosis Score F#4

(Angulo P, et al., BMI

Hepatology 2007) =SME /EREDEE
AST/ALT tE
M/ iRE
TIVTI

IMREDE T, PIRETTEIC KD BREERETE,
FFREEETICEHRD FNOYIRIRT IF VEER
T, AUIMRINGGEERICE R DM/ IRRZRRE
[CRDED, mMARED 10 5/ul LIFTHEBZ
NOBITOREBEND. F2, MBEVEIS—4
Y, eZ)IOVE, 473 7035—45">-N-
NTF R (P3P) BEDRMIET—H—HBE
BRRCERTEARETHD. CNSDILRBEICN
A, MB7ZITZVEPIVUYIRTS—BED
BT, 70MOYEYRBLERSEF#EETO
HRERDONE, FFBZEISEL, BLLIETTIC
FEZEICEO>TVAINEDIHDFRICHENS S
Thd. BBIEERV UPEOF R D SR
JENEDINEWVDRT, Stage 1~2 DIEFIT
FINSDMBY—H—E8IRT (FAREEE DK
V. UTehi o CHHSMEEIDRBICBE L TIE,
BRERTET VAU ViERAE (HOMA-IR), 7T
UF VB BRECRPAREZBRICUT, B
BICIHRIBEBEHICERQZDE IR, TERK
KT, BHOMBEY—H—DHEHEDE THE
HIEDIZE % F BT D FibroTest-FibroSURE
(%2 HAEWLSN, NAFLD/NASH TH& Bt
MRESTNTVS 2. £/, Angulo SHES,
MI, ZEEERFIMAB/fBRB/DERE AST/ALT L,

MAREBEOPILTSVENSX—5EURE

NAFLD Fibrosis Score (%2) #IELTWL
%) 11).

@2=rovaJyr = 4467xlogm[a2 77!:1'7137 U /(g/l)J—
1.357 Xlogwo[NT +TAE - (g/D)]+
1.017Xlogio[ y-GTP (IU/1)]1+0.0281 x [E# (&)] +
1.737 xlogio[E VIV E > (umol/))]1—1.184 x [ApoAi (g/l)] +

0.301 x5 (ZtE=0, BE=1)—-554

NALFD fibrosis score=—1.675+0.037 x £ (&%) +
0.094 X BMI (kg/m?) + 113X IFG/HERKB (B=1, &=0)+
0. 99><AST/ALT H—0.013x /¥ (x 109/1) —
066X 7L 73 > (g/dl)

@ HIRZHA

ek, BB US, CT, MRIAREDBEIREHIE
FREZORUNAEZEITDHDOLIN, USMHAT
RIEEORBICEFEABENZLLWEZZ SN TV
1Zh, EF, BREREHELHBUIZIEREENA
RO DRBRENTNS. BHTD,
RHEEDOFMICHELEEDD 1 DELT, b
SYIIVhK-ISANIST+— (Fibros-
can, EchoSens#t) HM'd(Fond. XEE S
O— TN SRESNDURIREDTIBREDEL
[CROTHBDE=ZTFHTDHETHD. IRKE
R, FHREENET U TBRENMBE I FORLE
BSNaDT, FRDGRZBERCEML TR
BOELEBITT DI EICKD, g tO2E
EHRTEDS. NAFLD [CBFBAEDE BMIC
DT, WO DHREHHD 2. Z/z,
MRl ZRVZBESEE (MR) ISR IS D1 —
BHRESNTNDS.

HHOIC

NAFLD/NASH DEZ&ICHWNT, AFRiELED
NRRFBEEDHTEETHIICHENHDD
T, VWEEZOFHMERE T2 ICEIZLTOAL.
K2, ANZXLICIBUIZFHSEEDOTHS - 38
BICELTE, BMRBRCORTBRAMEICH U
KT —YDERIEVEERTHTHD, ROFEIC
REEWVWDDHRRTHD. FIFHBBROBRIFRMEA L
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FEADREINIZIEETIVEMME AWEBITFI AR X TH 3. IELS
MFAZEATETILELTIE, BHAER, BRAREDEEETF
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TWw3?, ZnZehs, BRBEIIFMEOPPAR y&
HAELX N LB =R4E SEATREIRE SIS,

2. XFAZ-OYIRZBEBEETIV

TUART v MIAFA=-a) YRZE(MCD) x5
25 LRI, RESBLORHEIER SN, (Toml
B33 Y ERROBELRE Lk, 3 YHAEH
HICERSNBUERBEXZTH DA, & MIEATIY) >~
EEMTAIENTESLD, T YRIEIZDES
ZESITe PTIRAE LR, ) YFFMREATO ) VB
BERICUETH A0, I VREEBTTIRY VIRE
EERAEEINDZLIZE ) VLDLAWEEL &/2L, F
MEMICIEEMRE$5%Y. £/, VU UIREREKRAD
[ E L T AT ELYETH A0, BEEE A
INEEOBBRELZEX T LICLVBEELERT 5.
) Y OARDRZTHIEMRRAIERSINDA, Thb
DEACIAF A=V DFIIRZTHEEREND. AFF
ZVEATPH 62 bMWD S-TF /) YV AFF=2 (SAM)
EERNTAF VSR E LTERL, ) VIRERI VY
FF Y DERBLUNEER L AELES LTWA
&, AFAZVRZIZFERILA P LARDRAEA P L ADHE
REMLTHMREBELHETLEEZLONS. 7,
MCD & #I & o THADIERBE DI D AL AT 5
IEDRINTEY, ThdMCDEIZLBEHMEF£D
BELRBFOVEDEEZLNEY,

MCD &8I & hRESEMIZIde FONASHIZEML
7R R DB EEL, HMEER,DFERICESE
BRI THERETRLD, WX SNETVI—VEDIE
R LEFVE LTEAShTWAYY, —7, MCD&
BEGT TRERERDRPERRB TELLICLVKE
PRATHIER, 4 R YERBIERESATELA
WEEMICREIERE, AYR) v 2y Fu—u%kH
RETHE PONASH OIFRRE L ITREMICR L 5.
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BREEDEBEFEREZHIHET/LEMY

1. ob/ob<R"IRAB KU Zucker(fa/fa) 5w bk
L7F Y BLULTF U ZH4E (ObR) DBIEZFERE,
BEICE B, HEEREBLIV, FHLEHFZ &
FTIEFMONT WA, ob/ob=T AL, VI/FUYERD
L oo IBIEHRFHE~ 7 A THY, Ry ATidob#
BEFOERIECLTFUHARBLTHEY., 72, ObR
RABEIM & LTIE, db/db~ AB L Zucker (fa/fa)
Gy SN TWAE Y, ObRIZERTIA ¥ v I D&
WIWCEBMBEDOT AV 74— 05V, db/db< AL
long form DHEFEMEZTBRTH 5 ObRb DHIFLA F X A ~
WERZH T 5)%short form D ObRalZIEFHIZRHEL T
WBEDIZH L, Zucker 7 v FTIEObRDT A V7 4 —24
FTRTUFET HMAE F AL VIEREET 5.
bhbhidF 4715 3 F(TAA) FRS v MR
EFNEHWT, EECFEMIEYSn vivoTLTF v &
EETHILEEOMILEY. E72, ob/ob¥ I ATIE
TAABRSIZL > THIRMELIIFR SN2 VDS, LT TF
CHAHES TICTAARER1T L rBoon®
Zucker 7 v b TH TAAHEEIZ L B FMELAER S
QI enlhs?, FEMBA AOELSNLLTF R
FFRAECIARERNAER T A2 &AL, F/2, LT
F EFERNE MR 7 v =B D TGF-f 1 DRI
BRI A, EEMICFEMEELAEET LI EPHS
Motz (B@)Y. TDLSiob/obTIABLL
Zucker 7 v MIBERDBEDATEEDORIIF% &7
LEEAERSAPT VI LML, L7F & 0bROE
HEMATICERTH Y, NASHOEFVEM & LTSI
T&7. —F, FREEAE LBV EBIY, LTI
L7F 0% LObRERBELTWAY —AZEHLDOTHT
bY, TTARNA VORGP ANRRDI LR ED
MEETLH 5. ‘



2w ) \—H#ikg

FEAIE MR
ICAM-1

SRR

YEQNASH

Wil

A VAU VERMSNE

LIFEs
' SE LR
e ~ g
S HﬁﬁknL
: v (P
MO FRICHHLTF > O
2. KK-AYYOXAEO0LETFS v b h=9 ZoZehs, TALMEAYRY vy 2Ly Fo—

KK-A"< > 213, THERRE -4 v 2 VEIEERL
RS 2BMERIFETNE LTHWONTELKK <Y

CIEHEETFA R EALT, L) RO RER
RERETHLOIURENLDTHE. 4 YR VK
HIZMRA TL7F VIR T 74 R4 F U MER L,
LRDAZERY w7y Fa—All &b THEL L7:HEE
FETHIEDDL, PRUONEIREIDOTTAZHNT
NASH DFREIZDWTH 4 DIET 217> TWwAh. KK-AY
Y ATBEOEE LA VTHE L CHBEEORHTER %
2925, BETEAEN CIBEDIENL L RELE
Esh, MCDEAM T £ oBELEE LS
ETHEONRENFRETE LI L ZHLMILTELY,
72, KK-A" T RIZT06 IR 24T 9 & T 0FERERIC
BOTEEDOHBANEIRDOONED, ThERKIZE
TT74 KRR FVIEICHE) TNFoBHITESR, BL7F
YIFEIZHE D JAK-STAT R Y 7 FIVRZEORENFBE S
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LT ORFBAERIEOEIZES LTS REMEATRIEE S L
72 (R@). & 5612, KK-AY <7 2 TRIGIHEIF & DRiE
BRI TFNKTHRAPMEEL, a- 7727 b LtT
I FICEANKTHIFEHEEY A M #4 » (IL-4, IFNy) ®
FEDRIT L TVB I ERALII L. BIRIEWT 1T,
AR YEHBNEETHLT TV T FEROY A
TNV ERETHILIZE > TR AN ET S
LB, FEALRECNKTHBEOETIRETALZ &
2B L, NASHIZXH§ 2GSRI OERLET
WEEZ LIS,

Otsuka Long-Evans Tokushima Fatty (OLETF) 5 v
ME, 7u—XFau=—dLlong-Evans 7 v 225, 2
BIBERIRRRE R E LT SN DTH D, HI4FR
BAHELEOIL VA MV AZERORIZTFERIRE
hTBh, FREBGFOVLDEEZON TS, 28IE
RWETVE LCTHA SNA13h, BT E PEEORIE
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P T4 A1V ORRRE
Eaﬁﬁ%ﬂﬁ

JAK/STATRY I INGEORE

#2L, MCDAEEW CTREDHEBERLHMELEZELL L
PENASHEFIVE LTHEHE STV AT,

3. FLS-0b¥ DX

Fatty Liver Shiongi (FLS) ¥ 7 A&, FEEZRDOAIN
YAV —HORRRADT A v HFELT HBETER
RESNZEFIF 22T 2R TH2 Y. EFEMMIIIE
ELIEE THERBORE ROV, HART TIHM
RIS 22 BB E (F ) 7 &) F) ORBRENVZRD S
n, €0k, FOEREEYSKEOEHEAHER LT
4 B &I SR oM BEREE CHRmT 5 L 1
b, 24BEEE V-7 ICITAEREE AL L TRIRREL
RS LR DY, FOBRIREN LA VR YWD
BIC Lo T48ERMEE TICHARERT L. 48BKEN
5 YRR ERRIMEGPTED LA ZRDL L)1k 5
25, FLS=7 ATIIHEENRE LA SNV, FLS<Y
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FFEARRIF Y |
LQJU??/T

E?ﬁ%&?ﬁd)ﬁﬁﬁm I:

2w )\—Ala

o »ﬁﬁi*%
-e h%ﬁﬁxl%ﬁéﬁﬁi?é

ADL )V EODOFBIIFESFOBRRETH ), £kl
#ER/T# % 5 hepatocellular adenoma (HCA),
lular carcinoma (HCC), hemangiosarcoma ( HeS) ,
hemangioma (He) 2333 5. ZOFLS~< X1ZC57BL-
ob¥ 7 ZADobRIZF A EA L THER S N7=DHFLS-0b <
YATHY, FLSYT AL BB, A&, SIEMIE,
ERRE G, FATIIER 2B 0L : TR
EEE, PR ERAE L2 a0, FFREMED I hER
BRI END, FIINASHERET NV E LTORERED
mEshTna”.

hepatocel-

"‘}J
‘—ﬂb

BIEFRETIRETIL

1. FHERERIRMNPTEN /v O 7D MY DR
Phosphatase and tensin homolog (PTEN) (313t A &



FTTOMITIZFEIR T R HHE(ZFTH 4. Phosphatidy-
linositol-3,4,5-triphosphate (PIP3) # & H & 345K A7 7
% —+¥Ts»1Y, phosphatidylinositol-3-kinase (PI3K) @
BEERICHEL TS, PIP3IEtY) - ALF=rFF—
‘tprotein kinase B (PKB/Akt) OIEHIL % /- L THE5E -
CTAR - AERHE, BEeR#EICES LTHY, PTEN
DRIQIIIENE - £7F, L, RBREEHRERIEEDT
#Hx &7, PTENOERITTIZZV AT IR b=,
FEMRRE, BIREZEZ D MVEREBE TRESNT
B, HHEETIZIDNALNLVTOERIIALL DD,
EHL ANV TIZED50% DBE TRBET RHEEIRDS
N E®ESNTNBY,

FrfsEMPTEN / v 2 7 + (KO) w7 RAix 758
B CEBIIIIELZ, 209 b2/ MBI EET 545,
FALIZEZBETE FNASHIZE b THEU L-ELEE
THIEDNG, NASHOLOREBEETVE LTOFRME
MWREIND., TbL108KBIT hoF0EREAE
1€, HREEREP ORRIRE B O MR 2/ S 2 BRI O
EZ RO, 4088 A IIKEERIFO%REET 512
C, =) —/MER IR E B ke L, ) > oSER BT
RERE B E L NERNSENMREZRDS L5127k
D, HEEOTT AREORENBDOLNS. T5EKT
RO oML FFHEREIET X TREOHFNORET S I LT
fEshTwa®, ZnX )iz, PTEN-KO < RI3HEH;
HHROERDPOFEBEOIAONDL AT, £ FONASH®
RHEENEBLSEUT A2 EFVEVZ S, LL, PTEN-
KOV ATI3A ¥ A1) VEEHIIL LATTELTE), B
WREEMED ASNBWET, A¥KR)y sy Fo—
LDTRREL IR RBERIZT 5.

2. RARa-DN hSVRYIZWINDR

TEYIVABIUVERLEWTHH LT/ A FIEAL
AL B L CORFRBICBS LTRY, R
DEFEIZERLF /4 P52 LX) FROR
RO RBIIF SN L T2 HED CHFEMROEE(LIC
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FHEONASH

BE5T2EVIMEYIZILF /1 FOFREICBILZEE
HERLTWA, LF /A FIMERNTLF ) A4 VBRI S
ENBY, TOZERTHLRAROBEX FIF Y M A
71747 (DN) EBEFEHRIC L H RiEH b L7z Alb-RARa-
DN YAV 2=y 7 (Tg) ¥ 7 AL, A#d»
H B NEHIER AT L 8TEt, SREORERER %
AL, FOHRABIELIIONTIHENRAZBDL LS
2%, & PNASH L OEUMA B SN T05® . Alb-
RARa-DN Tg~ 7 2 &R 2 LTI BT 22T 5
2%, FORERBFICBVTI bary FYTICEITS L
EHENET, "VAFTV—20 FBALIEOTLELR SO
12370V —ATOwBLOTELREDRENRDLN
INOIZEBIENBEZRESAS LU DNA B LEED R
5 L CwaATMEEEITRENTWS, FIh60% ki
LF /A VBERERSIZE > THRT A LSRR SNT
¥, NASHEEOWFIIBITALF /4 Y BEOBEED
HEEREATHEL TV,

(FomFELS ORRIFEFT X TSI

XTART v MIEFPRL, BAR—ATHEI W
BEDRA) v bBHB. —HTNASHETFVOVERIZSH
2o T, BREEMN &IV ZISELRFEOB Y = H\ 72
DIEHWLEEEEZZ) L Vo R EPDLELRY,
Y3 Lb e PNASH ERIBRORELZZE L TW5 EEETS
T HEFTVEIZCZZVOPIRKRTHS. Otokawa b
BRI HBIREILGEEFVE LTHWSRTE B
- &aLATu—VAERS ML) Edke FNASH
EFNTHBE LTEORERZRIL T2, EhEH-
maLVRATU—NVERS T FEERIGES A ~ R VK
MR HT B L & ISR L-RRRAILE 2108 BIIRREL
HREZEL, ¥Ry oy Fo—atENORES:
ET5ETVTHD. 122 RO BARE 74X IE IR -
BaALA7Tu—-VEZABKE L2, FEEICE
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WCIEFFMilE~ DO/ MERRE DL E, FROKELLZ v
2N—HREE, PIRERE B ORMELITRD 5TV 525,
23k FNASH & 2 BEOMABKFENHEEEIH S, M
1% - FF# R O@BBLAEE (LPO) O EMRICBIT 5
NLFF VT F—EIDORBRTTENP S, EHFEOBRILA b
VADHERIN TV LRI RSN, ZORRODED
E LT v —HIR~DERLIRIEEITR SN TN A,

EolI=—2bDELTIE, A¥HEHWZNASH
ETNVOAEEDBHITH NS (FEMIEBFRZER) . Matsumoto
Hi38BEDCab X ¥ A B &% 12 8Mix535 L,
EILEE, ®TGHE, HALTEE & HIEHFFBES
i, AR OREAMRE L EMIZRE % &t F NASH
CEMLREGRET AL ERELTWEY. Z0E
TIVIEETH DI LA TEANR—RATOFHE A G
THY, SHIBEERFNEORENBEHTHAI END,
FRICNASHISH T 2 EEEY DR 7 1) —= ¥ 7 ~DF Fitk
PHfE STV 5.

BHIZ

Pk, HENASHDERMAEICH VLR TWAREN
ZEMETVICOWTES L72. & PNASHOREX TS
CERT2HWETNVISOL ZAFERET, RITOET
VEIIZIZENERRA) v bEFRAY » bAHAB. LTz
MoT, EFNVEW R/ NASH OFREMATIZIE, Zh
ZNOEETVORERER % L (EB L L TORE
AREBROBRIFETH .
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