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Fig. 1. Vanin-1 mRNA expression in mouse liver with steatosis induced by the high-fat diet. (A) Relative expression of vanin-1 in normal chow-fed
and high-fat diet-fed mice. The values shown are the mean (SEM) (n = 5); ***p<0.001 by analysis of variance compared with the normal diet. (B)
Relative expression of mouse vanin-1 induced by the high-fat diet during the first week (Day 1-Day 7). “Day 3 + 4” indicates a normal diet was fed
for 4 days after feeding a high-fat diet for 3 days. The data were normalized to the value of 185 rRNA. The values shown are the mean (SEM) (n = 5);
**%1<0.001 by analysis of variance compared with Day 0 (prior to induction by high-fat diet).

Table 1. Effects of the high-fat diet condition on physiological and biochemical parameters

Parameter Day 0 Day 1 Day 3 Day 7 Day3+4
Body weight (g) 22605 23.6+0.8 25.5+0.5* 25.3+0.5% 23.6+0.7
Liver weight (g) 1.26 +0.05 1.34+0.06 1.52 +0.05* 1.44 +0.05 1.24 £0.07
WAT weight () 0.24£0.04 0.34+£0.05 0.46 + 0.04* 0.44 +0.06* 0.28 +£0.02
Blood sugar (mg/dL) 17515 155+ 6 195+6 180+ 13 1797
Total Protein (g/dL) 5.1+0.1 55+0.2 5.1+0.1 5.0+0.1 4.6+0.0
Albumin (g/dL) 23+0.1 24+0.1 22100 2.2+0.1 2.2+0.0
T-Cho (mg/dL) 79+3 120 £ 3*** 197 £ 4%%* 178 + 8*** 77+2
HDL-C (mg/dL) 44 +2 71 £ 3%%% 103 £2%** 91 £ 6%** 42 £1
LDL-C (mg/dL) 60 11 £0%* 16 + 1%%% 17 £ 1*%* 6+0
Triglyceride (mg/dL) 46 +7 107 £12 51+16 94 +25 71%9
FFA (mEg/l) 0.88+0.11 2.06 £ 0.14%** 1.51+0.15 1.50+0.22 0.92 +£0.05
GPT (U/l) 12+£2 9+1 9+0 12+2 4+ 1F*

The data are expressed as mean + SEM (n = 5). *p<0.05, **p<0.01, and ***p<0.001 vs the controls. “Day 3 + 4” indicates a normal diet was fed for
4 days after feeding a high-fat diet for 3 days. WAT indicates white adipose tissue; T-Cho, total cholesterol; HDL-C, high density lipoprotein
cholesterol; LDL-C, low density lipoprotein cholesterol; FFA, free fatty acid; GPT, glutamic-pyruvic transaminase.
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Fig. 2. Vanin-1 mRNA expression in ob/ob mouse liver. (A) Results of the H&E staining of tissues from 14- and 32-week-old wild-type and ob/ob
mice. (B) Relative expression of vanin-1 in the wild-type and ob/ob mice. The data were normalized to the value of 18S rRNA used as an endogenous
control. The values shown are the mean (SEM) (n = 5); ***p<0.001 by analysis of variance.
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Fig. 3. Distribution of vanin-1 mRNA in steatotic liver tissues of ob/ob mouse. (A) In situ hybridization of tissues from wild-type and 32-week-old
ob/ob mice. An antisense probe was used to detect vanin-1 mRNA and a sense probe was used as the negative control. (B) Right panels are high-
magnification images of liver sections of ob/ob mice.
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Fig. 4. Oleic acid (C18:1)-induced vanin-1 mRNA expression during the course of lipid accumulation in HuH-7 cells. (A) Immunofluorescence to
show lipid accumulation (green) and nuclei (blue) in human hepatoma cell line HuH-7. After 24-h induction with 0 (control), 0.01, 0.1, 1, and 2 mM
oleic acid, HuH-7 cells were fixed and observed by confocal laser-scanning microscopy. Note the absence of green fluorescence at oleic acid
concentrations of 0.01 and 0.1 mM. (B)-(D) Relative expressions of vanin-1 (B), PPARa (C), and ADRP (D) in HuH-7 cells with the same doses of oleic
acid. The values shown are the mean (SEM) (n = 6); ***p<0.001 by analysis of variance compared with the controls.

in inducing the same (Fig. 4A). Vanin-1 mRNA expression was  sion when compared with the expression in control cultures
significantly upregulated with concentrations of oleic acid (Fig. 4C), indicating that oleic acid act as a mediator to increase
>0.01 mM when compared with the controls (Fig. 4B); however, PPARa mRNA expression in HuH-7 cells. The mRNA expression
lipid droplets were not observed at oleic acid concentrations of of ADRP increased at oleic acid concentrations of 1 mM and
0.01 and 0.1 mM. Oleic acid upregulated PPARa mRNA expres-  above (Fig. 4D), which is consistent with the results shown in
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*%%0<0.001 by analysis of variance compared with the controls.

Fig. 4A. Additionally, lipid droplet formation was induced by
oleic acid (C18:1) and linoleic acid (C18:2), but not by octanoic
acid (C8:0), decanoic acid (C10:0), lauric acid (C12:0), myristic
acid (C14:0), palmitic acid (C16:0), and stearic acid (C18:0)
(Fig. 5A). Further, when compared with the control cultures, the
upregulation of vanin-1 mRNA was extremely significant with
octanoic acid (C8:0), decanoic acid (C10:0), lauric acid (C12:0),
and linoleic acid (C18:2), and moderately significant with stearic
acid (C18:0), but insignificant with myristic acid (C14:0) and
palmitic acid (C16:0) (Fig. 5B). Meanwhile, all FFAs used in this
study upregulated PPARo. mRNA expression when compared
with the expression in control cultures (Fig. 5C). These results
suggested that the regulation of vanin-1 mRNA expression
depended on chain length and nature of bonds in the FFAs.

Discussion

In the present study, we demonstrated that levels of vanin-1
mRNA in mice on a high-fat diet increase within a day and that
vanin-1 mRNA expression is more prominent around lipid droplet
formations in the liver. Although vanin-1 expression did not
change with the age of the mice with liver steatosis or grade of
liver steatosis, the appearance of vanin-1 upregulation before the
onset of liver steatosis suggests a definite role of vanin-1 in the
progression of fatty liver disease.

W. Motomura et al.

Our findings indicate that serum FFAs derived from a high-fat
diet may act as regulators of vanin-1 mRNA expression. Normally,
high plasma FFA levels may either increase hepatic FFA uptake or
at least maintain a normal rate of hepatic FFA uptake, despite
increased hepatic FFA levels.?» Therefore, in our study model,
the vanin-1 mRNA expression in hepatocytes may have been
upregulated by the increased rate of hepatic FFA uptake caused
by elevated plasma FFA levels.

In general, FFAs are continuously metabolized and oxidized in
hepatocytes. Oxidative products generated during these processes
give rise to oxidative stress.***> Vanin-1 gene expression is
reportedly upregulated by oxidative stress caused by H202 and y-
irradiation through 2 antioxidant response-like elements in
thymic-sorted cells.!" Interestingly, we observed that following
the administration of high-fat diet, the increase in vanin-1 mRNA
levels (seen as early as Day 1 after high-fat diet) preceded the
onset of lipid accumulation, the hallmark of NAFLD (seen at 2
weeks after high-fat diet). Oleic acid, in particular, at concentra-
tions of >0.01 mM was able to significantly upregulate vanin-1
mRNA expression in vitro when compared with control cultures
(Fig. 4B); however, lipid droplets were not observed at oleic acid
concentrations of 0.01 and 0.1 mM. Hence, it is possible that
oxidative stress produced through beta oxidation of FFAs in the
hepatocytes contributes to the induction of vanin-1 gene, and
marks an early stage of NAFLD. The pantetheinase activity of
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vanin-1 hydrolyzes pantetheine, an intermediate metabolite of
coenzyme A, into pantothenic acid (vitamin BS) and cysteamine,
a potent antioxidant.®® Pantothenic acid, pantothenol, and other
derivatives are known to protect cells and whole organs against
peroxidative damage by increasing the content of cellular gluta-
thione.?”? Therefore, the upregulation of vanin-1, leading to
increased levels of cysteamine, may be an adaptive mechanism
against hepatic oxidative stress induced by high-fat diet.

Previously, it has been reported that hepatic vanin-1 mRNA was
upregulated in hepatic steatosis.’? Further, PPARc is a major
coordinator of fatty acid oxidation in the liver.®® FFAs increase
PPARo mRNA expression, and its activation regulates several
key genes involved in fatty acid uptake and B-oxidation.®>9 We
have previously shown that a high-fat diet induces the mRNA
expression of ADRP,®D which is a reliable lipid droplet marker in
fatty liver condition.®? Furthermore, it has been reported that
vanin-1 mRNA is upregulated by PPARa activation.®>39 In the
present study, we observed that PPARa, but not vanin-1, is
upregulated by all types of fatty acids. Hence, it is appealing to
speculate that in addition to PPARa, vanin-1 is regulated by
another upstream factor, whose expression/activity is controlled
by the uptake of FFAs, and which may play a role in lipid
metabolism in the liver.

NAFLD is characterized by fatty infiltration of the liver in the
absence of alcoholic consumption, and currently affects approxi-
mately 30% of the adults and 10% of the children in the United
States. It ranges from simple steatosis to NASH, which can
progress to end-stage liver disease.®*?® The development of
NAFLD is closely associated with obesity and type 2 diabetes.©
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% -0 OEBRLTHEFHERILA PV ACEET
HBHA, O AANY T ¥ —TH bsuperoxide
dismutase (SOD) % catalase, glutathione peroxi-
dase A ROSHEE I EELEBEELHE-oTWnB, 7
VO VETHRERENE, MESERZ
FEEEHFLTVEIEPE L, INLBEDNE
BAETL, HEBEOHEIATS L5
LG, i, WEFSAEE, BHREM
WIS S BEOMUREFELESIRLTEY, &
DEILBETEBVW TS ERREIC LS ET
THNWEENMRES N, FERFSSLIENTS
bDLEZLNS.

ALDIREEIC 11 3 $BRIDHE]

ALDIZBWTBRKIBOBFE ST TR, &
fE L CE RGN D Db mE L EA S
TV A, KIBFRALD O JFEMAE O FFIER Lo
BELSY — R EELE FTEEERY A7 D
FHIEFICRoTWwE, 2F Y, EFa—
PERREHTERTIE B (NAFLD) & [F#RICALD O fFER RS
1bid “firsthit” TH 0§, & F &E % “second hit”
T A ORBRSER A L ThBREE V5.
“second hit” IZIZBAMAEREZ F 2 0
EA, BESEFRESLTWALEZ LT
5.
ALDTRIFANSKEEO LN D 1, SKEE{LA
b L RICE B FFEEDOERATRIE S LT WY,
COEER, TV EEOBRNES TS
€ 7 )V (Tsukamoto model) % v THET
5 &, FFASEOREM, FREA%L, e
%z R toRESREN, g Tva—n
DAHFENRIZ L BEILA b L ADMMATSEH X
nen, 3 LIRS L RVOBRETTIR T Vv a—
VA Kupfferfifa D& E% LH 3¢, NFxB%
EHA L L, TNFoEE 2 RE S, 60k
ONFxBY 7PN ERETH LI s Licdo
TR E & R LR RET D Z LR
N, Fie, TUD—VEFOHRRILY AT A
THLIVIFF LRV EFETEEED, &
BRI ZOTNI—NVICE BRIV FF
BEORLE SOIRETAIEPRESNT
vy % 9) .

55 815

[ 7= 1

THES

M1 7Aa—LERSLIT L SREREBRESE
FLI-AOREEEDT & 7V T FOREE
A ML AICE > CIRPEMAME L, TRIBHESHES
n, RS OTHESSOR Y AADPTHET 5.

TIA-NMI L BHEESTFRREE
BN L HAHES
1. PAO=INERTLIXT 1Y) EOBRYA
HTTHE ‘

ALDDfFHE#IZ BV T, FFEEME~DED
EEVPBDON L. BN~ OELY AHD
WBEAENTIE N T 27 2) VEEETR) %
ALTRIAS, TIRICE S FEE MBI ET
ZTIRT EJPRFRIVICREE L TR v —
ELTOEREZTAHTIR2O 25E@NH 5. BFE
DREOFHIICIETIRUTIZE AERELTY
S, ALDOJFRE CIRTIRIOFEER ML
TEY, TRIZANLTHE S DR AATHE
PWHEINTVEY, 7l a—)il L ATRIE
BT OHEE IR L Cldiron responsive element
(IRE)/ iron regulatory protein (IRP) binding as-
sayll & o T7 A I — WA EWACHIC & 5L
A b L ASIRPIEM: % LITTIRIOFEH 28NS+«
TR I ERRHUENTHEY(H 1),

2. 7II—NVEHRBMBFRTFAT YO0

EEER

BEEAEZ7OY P =Y RAZBNT, 208
RERETFOEELEFR L LAGRBRTILS
RFFEHEFAT YV v ORBREELHML T
L. ThI—- VL HEEREDCTREIZBNT
b, SONTVIVORBEEVFETHIL
AREN, ThVa—VEBRBEAe L ORER
AL RIS 225 5,

ok, RGBT s8RRIE~ a7 —
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1k 2 A R M55k FeE

7i3a—-l

T T

BRI LR

2 7Zia—enTdy I RERE
T3 =)V DOROSEE & 2EER-FC/EBPaNRBBET e ML AT IV
SEHETHFPNOREITEAFET 2 2 LI X o TIBSHB A, S QSR < 2
277 —=Ih0OFRMENEE LIFRSERH S 25,

VIZEBANETOE D) FA T NVRTHY,
FRCHT o THRED 5 OHBNATNE Y
HEHSEN LA VAT APBRENRTVS,
LoT, OBREPRZFEERVELIEC, B
B, PO, PREE, WA, BELR O
7o ERRAR DA L CERU R AT, WIS
ENTVS, FOHEORGTRFIFHEIETE
EENEANTL T THBR, ATYIVidhE
W< ru 7y —VICRETAEE LT v AK—
4 —ferroportinl (FPN) D& H 2 #8145 2 L1
$oT, TZHREFLOEMBIRRE 70T 7—
VhrLoHEETHE L, EF0HRBEAD
FENWHEG TS, NS U VEET, SAH,
MEORE, KE, BKBIE2ECORRTERT
L, KEEFA VIS4V THESA VI —TA4F
>~-6(IL-6), bone morphogenetic protein (BMP)
BHLZTTFVCERNFES K, F0OBE,
NP LOBERNETI QT 77— bDH%D
BB AR 29, R ZIRETIAT DY
YORFITETL, #hd & dINGOFPND
BEVTHEL, SRBAHEMT 5.
Ta—VERIC L D, EEED S ORI
DIET 2 ZERHLPLIRE SN T2,

FOWFIEIRETH o 7. ALDICBIT 5 FFAL:
BREROUOF L LT, bhbhig~nry
PYDREHEMETLTWAI L E AR LTWA.
ALDBEOMER T OANT Y I VBB OWT
ELISARETRE Lk 25, ALDEZOME /O
NT YT VBEREEANCHERTETHERTCH -
W, BHIT, ¥UA, Ty bERWATLI—
NVEEY € T VR R~ D LY /=L
BIMETFNIZBNTD, ANT T oS
PREE SRz, TR EEANTI VU5
IO 7 V2 — b2 L AROSEE D
B A TFCCAAT-enhance-binding protein o.{C/
EBPo) DEHET 2 ML TRE TS LHES
NTCWBEE, T &7 a— L ErEEE
TN TR DK F IR B A hypoxia inducible
factor (HIF)-1o, HIF-204% C/EBPaMiEEEKT %
ALTANT TPV EBERH L Tnad LHES
NTWaM(F2)., LHL, —FT, ALDBEED
NTLTVPEIBET LTSI Th R,
ROSTD U & 2 TH B HOIKIBRE TR 7TV
O LRDIL6F 7-IIBMPORRS E M LT, ~T
VIVVORBEFETELITHY, THVI—
MABHC B AT VY &4 LS BRE
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7V a— & iE LI

XY o 2 EERE L B

K #H # W "B &

%ﬁl)

BE  VIO-)VEREEOREE LY/ —IURBICLOFREOE RN SHBREZRL,
FrigRsft. BMEX MUR, BEEBERBEOBETRIE. #7399, AR CTIIEEREICEbEOIBERH
D& UICUBESR, B UADEBRAANZXLZHHRU, SOICBEA N/ AE{EET 2BE
HFCHLOIBBENBREEDREE, FEEICNTDARBEEXTRY v IIERE S OEM - BEHDRIC
BUTHRRS.

HFEAE : V hIOAP450 2E1 (CYP2EY), HEBieisEg (free fatty acid ; FFA), sterol regulatory

element-binding protein 1¢ (SREBP-1c¢), tumor necrosis factor o. (TNFe), B{EA MR

2L ®IC

T aA— VSRR THE S TWw AT
T, A NVARE, AMPIGROMBEIZd —&
EhoTnhb, TORKGEEADICBNWTTV
I MRGEESTROFE PP SYT, T
VENBEZ L L-AREROBENSBEL
ToTwb, 74 WARFROBEST IR Y
O0HABIE, HAEICBVTHBEFERICL
HETNIA-VMERBEL G2 ERL LT
N — VR R B O ENE AL T Z
EBFEENDL, LrbWEBRLIRHRELE
HECEHL, CHERKBEHIIFSFTLH
0, ThOBEHTI2EREIRRLENS S
¥y,

ThVI—-NVEFEEHEA Y=L, T
a—WREE ERIC & D ) ERERIS OB
b, WEOKEIRBRE LREREMLTS
ECwa, ¥, KERBEYAZ IBREREED
BEETF 20k, REBEOBETZEOR

D BINERAFNEE NS - DEEENHAREs S

Metabolic syndrome and chronic alcohol consumption
Takaaki OHTAKE and Yutaka KOHGO"

BLEETHH LB bAL RoTVE, —F
TETEASRY) v 7 ERHORECSZ D8
BUrEHLTRIHALREANE Y, ABFTEAFIR
Uy 7 EEEE L RO BEEEICE LT v a— N
HFEEOREL LB L T L.

| T/ —-WREEFIVI-LVEFEBEED

REEA B A

Tha—VERFEE (ALD) OBEA S =X
Ahikzy 7 —)v (EtOH) Rz & 2 FllaoL
LRy - BBEREL» ST 5. FEH L, B
CAMVA, FREBBEL 7TV FEF
(AcH) BHEPEELEREL> TV,

1. 7o — BRI O RRE

HE MBI ) ko — V=Y VB (G3P)
DIZATFTWVAERISECTEEEN/ MY FY LY F
(TG) &M ¢ 5. BBRARBEEETFOR
BT sterol regulatory element-binding protein
c (SREBP-lc) #HE( X - TIRIMEA B % B,
Bl € < #E B W F ® peroxisome proliferator-

1) Division of Gastroenterology and Hematology/ Oncology, Department of Medicine, Asahikawa Medical University
Corresponding author : K% 2B (totake@asahikawa-med.acjp)
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activated receptor o (PPARw) #HIC & - T B
B b2 384 L, wEpEERIEE (free fatty acid : FFA)
EWMEES. FROEDIAFIALEIGIZE - T
TG A3, A<, BELEY REHA (very low
density lipoprotein ; VLDL) Ml 24§ 5.
IS RROEFNEIC L o TT I =
YERIFDSBET 5.

2. V Iy 7 AREBELORH~DEE
EtOHZ2 5 AcHZ A L TEEBRICAH# I I 5
EtOH f£8h3, 70 a— Bk FEEEFE (alcohol de-
hydrogenase ; ADH), ¥ F 7 © A P4502E]
(CYP2EL) %F& Lz ay—Aaxsy s —i
#4LR (microsomal ethanol oxidizing system :
MEOS), 77t FEHAKEEZ (aldehyde dehy-
drogenase ; ALDH) ® 3 DDA 5% 5. ADH
& ALDH R 2 0B LG ICBWT=aF 7 3
F75¥F=vVR 2145 F (NAD) &@BEERL
LTHEAYT A0, Bl CiigLi NAD"
A L, BEE NADH 23 2 & v 5 i
ROV Fy 7 ZREDOE{D B E %, NADH/
NAD Ho8hmd AR - BERABIZB®ROE
T 5. HEHENEEIN, FTVBY( 7 vok
Bo7u—3gish, 7eF0V CoAdss b
A - IBIFR G ERAER S h, JRIFEEA A
15 MAT, VFy 7 ZREOZIIIEHERO
B ML MEI¢ 5. NADH/NAD HoiEimid G3P
PEADBNT S, KEZINOLDOAH =X L%
DT TGHEEMBEHEML, FRBEICEBWT TG
ERERES TS,

3. PPARc #IHI{EH

EtOH & PPARa %4 L CIRIFEEER(LIZ & 8
2LTW5. PPARIZFFICBIIZI b VY
7, IZaV—A, RVEFEYY—AOIRHES
{LRORAHHERTFTH S, EBEICKIES PPARa ©
DNA BBl L, BIigRtEEoREDL
S UBEEEZIH L, MEAOFFAREY L
F I3 T3, EtOH HohHAHEDLCH S
AcH2SPPARe#MHlfEH 2 F T 5 & 3hTw
5Y,

4. TG B EE(L

73— MERRIERF S B v CRE A o8,

(28)

BAMILRRERME $100% £9%

I RAT VARG OB AT, TG HHBEOR
B IFHIREN TG BERINCEE L CTwb. B
Felhiit VLDL OB CHRBMEFICKIBE SN 5,
BT Vo — VER TR OBEEESIR s
5. TOAHZARZHS P TEAWY, TP
BARPEES L TWS, AcH B ED o F 2 —
T VIHEEL, COEEERETLIDLEIN
Twhb FLEOHETGCE 7 RKY FEHB
(apoB) 76 VIDLH FREICHES T ABES
raYV—A M) YY) FEREE (microsomal
triglyceride transfer protein : MTP) %3 & #1
fLTBY, ol ed TCHREIPHICHE LT
vy %2).

5. 7N a— EIETFFIC B 5 TNFo

ALD TREERENY 7 OBBEEI X -
THRALEZY FFF3 U2k oT o v /8=
DRI SN TNFo 2 FE L, FRORLIE - B
{LORBIZHEG T 5. TNFo i35 208 o B8 1 I
DERBICHEE L TWwh, TNFalZ X 5 FIRK
LD A 5 =X A1k MTP O3B HF], SREBP-1c
OREPFE, T4 RRAZF L ORBWHIC L
B, TT 4RI 7F PN PPARe 54 O W
LBILTWAE,

6. EKIBIC X % A F 4 = AU & /MR R

LA
B E o TCHREVAFA VEAFTZVRE
29 % methionine synthase IZ¥#PHIS NG, K€
YATA VMR NEEA b L AR A L CEIRE
16, TUINA—RRIEWC ST 5. Sl
mRNA S OBRICLZ2EHERE, FOHIE,
HERBBHICHES LTwa, MUKIZBIT2EH
ARBENEES N, unfolded protein 2SI
%, FEHIREIE unfolded protein DEM 2R T 5
TeOMOEHAREAHL, FHlRET7 R -
AFBEOFMZAT S, MEZTHREVYATAL VIC
X B/ Ktk A 1 AL SREBP-1c ORHZFE L
TEHBERETORRAZENSES., Z0kH
BB L BAREVATA YIMEGDREEX P VX
2 LT ALD REIFS T 57
Il ALD BB TR EOEE

AIDICBWTBHKBEIC L I2BEZT TR
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L, BELTELFREEDO D 0L HELENL
EgTWa. RBEROBMEEHEIZS VT ALD
DR ORI LORBE L /35 — v 2
L FEEREY) X7 OFUEFIIR DL 2 LR
EENTWSE, 2F ), 7N a— VR
BB (NAFLD) & FARIC ALD OFFIEHH4LIE “first
hit” THH, SFEEEL “second hit" KHTH
FoOBRSHEEELTWAREL WL S, “second
hit" ICRBRMEHEEL S F Y, BEE
FOMOBILA N VA, RBERELREPELLR
5. 72 2 - REFTRIFROY 8BRS
EAEIL TS, EEFCRIBRIFOY ¥ /3
BRomERLY, THRE BMR, 75290 F
95— (NK) #ifa& FF 29 1% 5T (NKT)
Wik % < &t B~ Y X ORI Gt NKT
PRFICRAS LT b, 7 a— viElEHFoO
EFNVTRAHTH LD, NRHIAITIEOREERSE
REZTCOALTEREIRZLS.
M ALD OBERA L X

BALA b L ARBEITHMREAN OEEBEE (e
active oxygen species ; ROS) BEANHNELEIER
B2 BB LR ThH 5. BEGEE BT
HROSEMFERIFMBEOI Zay—a o
CYP2El, 3 ba¥ FV) 7EFEER, FEA—

B LB H A NS (inducible nitric oxide syn-

thase ; INOS), 7 v 23—HMifgk & CHh 5. ALD
DFERCEETHEEELONEBRILY I
ROS, A——FF v FEAA Y (- 07), B
BAibk#HE HO) e FaFs Vs Vs
(+OH), v FOFYIFNVSTVANTHL. B
{EA P VA & o THIRIED ) RE B E 04 1M
TEOFINERHEER S OIRE BRI B &, RIE, &
MEALB X U RBRISIC2RAS. ALD REICE
WTEMEA b U AB X IR ABREORBRE & FFRE
EDREZHET 5.

BOBETCI 7 uy — AR EABLES %
BT+ ZRROSZHELET L. FDIEEA
EiZ MEOS & CYP2E1 CEA SN 5. REBEER
EtOH % AcH I, €D %, BEE 1L § 5.
CYP2El i3 EtOH R#t 2 4 20l e Fu ¥
VIFAGITHINVEFELESRS, REIZLST

1537

CYP2E] OEFMFHEE S, ROS EALHEML,
FRE AL - ZEDVELT L LW ALD BRED
B ThDH T, IRIFEE, 4 - v4Ed CYP2EL
DEETHY, Bt - BRERCL > THE~D
FFA AT 5 &, ROS BEEPHET. 3
PV N TEFEERTIREOHAHFTED
% NADH OBBAL D 7= DEMEBET V7 VsE
HEERAB TNFoixIbavFUTBEFEER
O ROS EABICHEH . £/, ALD T3 b
¥ P 7 OBNEER{LBE, I a7
DEALA bV ACHEE LT 5. —BLEZE (NO)
X3 b MY TREOEBRFC, Yhroa
CEUBERICRAL, ROSAEZMEMSES. ¥
7z TNFo. i3 NF«B &1 0 INOS S8R F 8 & 2
LTEBLA ML ARBMT 5. 7 v -z
YEMEYVIERT BRI E LT TNFo % 4
THMIZ, 7V —F VA NPEEE LTALD @
WEICHE 5. ‘

IV ALD OHEMb¥REES
RIEEAEERBRILREZRET S, BILR
FUABOZ VY FE Y (GSH) EEEFOD
HERAKRD S 7T YV AF 4=y (SAMe) &
EWEETAAFF = VEREESE & methionine
adenosyltransferase (MAT) @ ¥ #] i & »
THWNDSAMe & GSHO WA BB &2, 7
PV FYT7TOGHMMAEE L, HHlo
TNFa 20§ 5 B E e ¥ LT ALD 25 #47$
b, BEOPFETIIGH V<AV LY, S
adenosylhomocysteine (SAH) /SAMe b B &
PO TNFo REZFHICEREE ShTwb,
Z OB T R b~ AFE O caspase-8 i MEA L&E
LTwh LEZ NS, KBFRIZMBILEE GSH
peroxidase {HHEIC LB 2 MBI METE L L
v, MBS IVA C E 2T VHFEALAQ
PRELTWA. 24 5 QMK 3
Ny FUTHBCHESREEL 7 -5V H

CVIBEATF T, AEISERIALZOME T

(29)

BTERd EhTws.
V ZEMZLTER
AcH 3 %4 ® EtOH L H W T ALD B D
PO RERZSD. ACHIEZTV T IV, A
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suvy, REERE 25-7v, 37uV—
ABER, Fa—TUrERAERAL, SRR
KL, FOEEBEICEETL. BMNEOES,
BEEEOXBRAHIER ST 5. AcHIX
SREBP-lc ® 2 L A 7 O — VEBBENEEHE
##%C, unfolded protein &/MRER + L X %24
LTCIVATFUR—E2EMEYTs F/:, GSH
R L, SAMe AR Z R &8, =¥ Fi*
Y URIBEEO 7 v N —Hfa A 5 D TNFo 35 &M
BEEICHTIRENTECIFS LT A,
VI ALDDEBEA ML XACHTIBREDS
&
IRIFEREFRE~OEIEREZBZEL,
TBILIcH 5§ 578, BMHSRIE TR DIR
Bo@eiE L, M FFABREY ER S5, &
O FFA BFBICEY AETNTTCARD DD
HEL LA, SHIRBEFFAZTGABRORE
EBETHY, RAT7rFIVBERY YBILL

T YN e — VEEL 2T % phosphati-

date phosphohydrolase (PAP) OEEZFEMHE L
2 ek oTCTGHREIRET S, BILA b
VARRETLRERTCH 2RI ALD 0
BILEHSTAZ L DIoTWE, v bD
EtOH &€ 7 NV CIZFIRIFCIHEE RSk <,
D= TR, REFOY - VERE L O
PREE . Ad ROSH 6 0EBIZEET
FEELBLSE5. SMAEARESITEE %
RETHEEZOLNED, ALD BT AHLMAR
SIFRIRNG D REEARE A H = X LGSR &
nTCwiv, CYP2EL BEFHE L BERLIEE DK
MAHEESLTwaEEZILNTWEY, £/, £
WAERRH ISR REAT I -5 —TH 5
T4 a4 FORBERTHE. a4 F
BEICHEES A FERE I 7 utF I 5y —¥2
(COX-2) By FbF¥ ¥, INFollk-TH
WMENBILHhH ALD OREICHIES LTS
WHEESZEZ oML, ZOXHZEBILA ML RS
w0 5 EEFEFIRIFLOERICFES LTV
CERELSHTH B, FORMEDENILILST
KIE - B LT L b oL DB L ALDAN
DOFRBICHFSTIUREFIRARINLTNS, F

(30

OAMRSHPAMEE B100% $95

7z, BSOS T ORESBRILEIED 7V
Fe Ry Fray s MERRMS SRy, &
WEFF VRBAEB L AF NV FF — SAMe @
WAL o TEBILA + VAR T 2 & iR
ELUBTHREOMELH B, —RICKBER
INEFF Y, LY, ALVFLAQLREN
REPERA LR R HE - B L Tw 5.

VIl FFREECH T 2B & EREOBEM -

RHR

HEZ SO - BEEOEHECITAREICL
BB - ERORSHEE 2o THY, KBEE MR
ARSI N Tw5. BRTE - FEF— =28
TVa—=VERBEDOY) AZEHTFIW R > T
7. iz, BB L R - MR O - A1
MBEFRBEERTVEY. BROBHARIIBY
TNAFLD iZ 1 A7 ) ©fl EtOH R & 2% 20
gPTTHY, ALDR70g L EE 2o TWwA.
COFRICH I RE~FREOKHEEDBRE
W, HEROEETHERFHEICETR, 20X
BIEARHTH 7. #2CRBLVENLHRE
DHBE2ERIIRELTECHBEEEZONLIE
BECHEENLEOBRERET 20HAET L
Wiz, 2011 FECEB SR B ARGLSMEES
AR (JDDW 2011) OFSBI4H [FEKER Y —
Ham BPECBTAEBECHELEOERRA
] BwWTiE, BEZEH 5 WITHEEDN L,
PERGE T E 2 3810 L B C©, SEE D
EtOHER 1 H 20g %6 70g FCTHHT, FE7 N
a— VMR % (NASH) T3 Zirhid ALD
Khe b wHEOBREL [IRIFMEFEE] &L
THRELZ.

KA T, 6999 ER DIEB Ik C L ER A
ZExh, T — VHES51%, NASHEE
145%, FLTC7 A I—AEE NASHORR®
HEBTHL2EHEILT»25% LAFEELE
ot (Figarel). FHENOE LI, 7W
T ¥k 7.12, NASH 077, BBt 686 T3 b,
T 2=k BRI B O R E . E
ERFNE NASH 6695, 7NVa— #6035, I8
Btk 642 T, 72— ViE<JREFBE<NASH
DIETEETE { & o 72. body mass index (BMI)
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REHE 5 oMt FERYE Tl
0.8%

0.6% 02%  02%

AlH

6.83%
Foto
RS ot
0.8%

PBC

8.0%
BeliE
25%

(n=6999)

Figure 1. 3E B3 CHHZE ORISR : JDDW 2011
# 15 i B RIFRFER R ERFIAE [EERZ Y &
RAEFEICBITL2HEBIECHUEEOTERE] 6099 AD
WE (GO 10 X B B1E).

Table 1. NASH « 725 — vt - FRBPEIFERZE O BMI
(Xt 10 X 9 51AD)

fg
43

S
0% 269+42
)* * *
Fra—HE 234564 [ 23067 [ 223%39 |%
)
0=

270=44

NASH 27,

)

253+37 229%25

ipi1iyes 37

% p<<0.001.

25

EEfiE - lBEREE - K% (DM - IGT) @
APHCE LTI, BMIIZNASH 27kg/m? 7V
o — Pk 284kg/m’, BB 25kg/m? &, 7L —
WHE<JE T HE<NASH @ IEIZ & » - 72 (Table
1. BIEOSHEEERF NASH 52% 237V a—
W 28% LRI 35% L D Ed ol IRERY
SEDOSBEIEIE NASH 25% & JRIHYE 29% 537
Va— i 14% £ D E L, DM - IGT D& ¥4
Bd NASH 63% &Faihith 57% 437 v o — ik
31% L hEdho/ LY, BIFEOREKS
WNASH 7L IV EOHBOBKRELEL
TwbEWnisd, Lal, #0OHEESIZEEEL
TV EWIFERTH o 729 (Figure 2).
VI B - BBRR - BERREORE

BERTRE 72— VHBE L OHBERE
BEaNTn5H%, HE, FHEETEIHEL T
WAROHEHE L CRRBEOMINOEEIVRIE S

(31)
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Figure 2. NASH - 72— 4% - IEIEFRED X ¥
Ry 7 BEAH%E GO 10 X 9 51H).

hTws, B ALD DEELY A Z7EFLiE
BEINTHEY, FTREIVBEEBERFCBNTR
M, AZRY v 7 EEE (MetS) OREIIRE
BNTWBY, /-, B0y 4 7 CIEEE K
TR L B ORME CH A%, WEEL & IEOH
MAEH2Z LEBBESNTEY, LUBREY X
7R TR EINTWESE~PTRECHKEBEICE
BERIIHTAREDRRIZVEVIHEDL D
2% —HT, BBZBEIIBVWTR, #HI E
o R EORIEZITFHREE & ) SIEREST
OMetSHETLOBERFETIZ2LENRTE
e Ltk SEKE LB - MetS & O MWENRE
WELIHOPILENRLI EPLEEEZ N
5.
Bhiic
ALD ORBI BT LB EE & B - MetS

EOMBMI L CEN L. ABICBV T

ALDH2 BERIEHOREL T b AOREIE W
ZEhB LY PEBOSECHMREECY LR
ZHELSTHEEEZONS, TORICEHT
B, MetS OB EELR)AIEFERD
A, HHIOGICIOHEBOMFEOLERFLEE
EZ bbb,
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~ Summary

ZIWI—-ILDR#EEZDERE

aE W

PWA-boEFRRBETIVLI-WEKRESR (ADH), ¥ o 0OL P50 2E1
(CYP2ED), Hh&5—¥, 7ILFE REOKEER (ALDH) ORIBICEST, 7EMFIL
Fe R (AcH) ZRETEBECAHMSNS. PILO-ILREBOBETEESNDEEERE
(ROS), FERAVHEREZSORREES. INSHBBRCIEETESENGD, B
FREECREL, UENORENEROHT PHESEEREDAES, EAELLOTNS.

7L 3—IUBksREESE (ADH)
¥ bo0O4 P40 2ET (CYPRED)

BT

FU®IC

il O TERE Ny -V (EtOH) I,
Be OBROMBERIBIC Lo THEENS. e b
TIEE - AEHED LRI E 7z EtOH & Fi
WEL, BbIFBICBWTT Vo — VKK
% (alcohol dehydrogenase : ADH), ¥ b7 A
P450 2E1 (CYP2El) #F: Liz37ny—Ax
% 7 — VB L% (microsomal ethanol oxidizing
system : MEQS), # % 9 —¥, 7Lk FlAkE
B#% (aldehyde dehydrogenase : ALDH) @56
Ko, 7R MFAFEF (AcH) % CHER
A S LD, BEBRIZ X 6T U A VR B BE
(tricarboxylic acid cycle : TCA H#) BT,
KEZBERZFCHBERBY (B1). /-
EtOH 2 22 7 VEER T 2RO FAET 5. WIS

ZoOV—-LIY/—)VEER
FILT e REKFRER (ALDH)

N7z BtOH 3§ AR CRE S a9, #
O EIOH KM OFE B2 284121 EtOH
RES LR L, BREVRREL 2 5. EtOH HIREMR
TR P IEAEIISER 25 D, SEERICL -
TR - ERBROWF O2HPFEIRE S, 1
AECIKEEOIMAF EtOH BEAH 0.05~0.1% Th
D, BREEIL0.4%ETH L. TEHIRE L BUE
BENEFICEEL WA Z L5, EtOH i3
HaThAICdrrb o 2khHEORREND
BILEEBRICANTBILENHS. /2, &
Bz b/ 2 BEOMKIEE, BHMRREDAL
LT ha—VHEFEELZR LD L LeF R
BEEORERE LY, Tho6TRTEFOTCTIV
- VHEERLEL IR,

* OHTAKE Takaaki, KOHGO Yutaka/h8) || ERARARSHEEHLE - [RBEHRIEAEE DS

G. L Research vol. 20 no.4 2012

13 (287)

— 414 —



e

BUE, PIa—)NEE LSRR

A
NAD  NADH :i NAD

MEOS (CYP2E1)

e . m

iz H H20+CO2 }
A

--------------

NADH

MEQS (CYP2E1)

O2+NADPH  H20+NADP  O2-+NADPH  H20+NADP

1 7ra—iRE

ADH,. MEOS, ##% 5—+¥, ALDH ORFEHIMET 5.

1 | ZIbO—IUEHKsREESR (ADH)

ADH W4 D7V a— V3 BLLTT7 V7L
FRTHRIG*#MIETS. L MNMIER5 75 AD
ADH %5 5. 75 A T idFMIcS < RBL
EtOH R OO EZE TS, 79 A1
IERED EtOH fUBHCEE L, 77 A MIZRH
FhI—-NR o BHBORBICHES, 952N
B EEREEICSSRBEL, 7 7 A VIEEE D
o TN,

ADH i EtOH 2 BML T A BBICEF % 2 5T
v, fBECHLIBME =T Y TIFTT
UVZ71FFF (nicotinamide adenine dinucleo-
tide : NAD) (2213 L, BTE (reduced NAD:
NADH) &Z#T 5. L4t T, EtOH 28 ADH
o THBRE IS &, NAD/NADH 3%,
L¥ 5 BYERIECIAIFLN NAD/NADH HAtE
HHICELL, NAD 2B R LT 2EEHOH
RICBE T 2 EAWEEEOREEE 2o T 5aY.

2 | 7IL7k FEDKSEESR (ALDH)

ALDH i, EtOH O HAHEY TH 5 AcH
RHERRICAOR T AN R T AR CTH 5.

14 (288)

ADH & HRIC NAD ##HiBEE & LTw 3,
ALDH i 1~10 ST T, MEEICEA
LTws ALDH]I B&EBED AcH R#IHS
L, 3ba Y 7IEHLT»5 ALDH2 3K
WRED AcH ORBICHE LT3, AcH IXEEEE
KB L& N8, 7EF IV CoA & LT TCAM
Bof#shst,

3IHOHH%§§%®%E¥%¥®
e

79 A1 ADH ® ADHIB iz —IEEZ W (sin-
gle nucleotide polymorphism : SNP) 7% 2% it d
v, 3EEHOHEET % ADHIBL, 1B2, 1B3 &
I, TYTATIRIBZAEL, AATEIBLA
Z\w. 1B2 13 1B1ICHE L € EtOH fR#IYE<,
BIEESIH S MRFEEICZ I I{ v a3ty
5. —7, 1Bl ZKEHO AcHIEED LAFE
Wiz, AcH HEERICERT 2 LBl H 5.
£ 7., ADH7 @ SNP S LR LERORBEL B
BHB L) HRD|ME SR T2,

ALDH2 D 87T HFBOT7T I JBO I VI I ¥
/Y EAbR BET A SNPAH Y, ALDH2”
1 & ALDH2*2 L@y 8T 5. Complemen-

G. L Research vol. 20 no.4 2012
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tary DNA (cDNA) ® 1,510 FH OB ® G/A
LA EET, A Y% —4&% (ALDH2*1) @ GG
M2 F—A"TUDAGEIBLIFVA F—FE
(ALDH2*2) @ AABINBHR%, <4 F—~FH
Th AcH RBENEHIZA Y v — K B0 1/16 BE
DEEH LD, <4 F—RETEABTLEA S
b Twab, AcH BHEEAR, BENFERT
5, BHEALE, B, Tl ek, HlkoFiE
JERAE S, B, ZHRWORRE 25, Lo
T ALDH2"2 O AN BERERE L BET 5
&, AMEEPTHEELRL. 351, AcH M
TROER, BE, DNA EE LER S, Mk
P VI T ORREREE, PRSI OMESR &k
AL THBREENDERL L. v/ F—FTDOA
BEoEPROBAEKETHHY, <A F—
ANTFEONIHKBEFTERTH S, v[ F—~F0T
BTN VRFHEC 2 5 2 2132 %S, i
OV AcH BRI RRICLEE S
B, Tha—-VHRBFEED NS YR IBEICRS
WEEAH 5. ERCABEFRECBNT, A
CEORIEL#ELGETD, HEWHE KB
BOT N2 — VHEBEOEENRL 5. A
ETEHAAN BADIELAL? ALDH2'L Th b
DL, 7YT7ATIR ALDH2*2 k2R S /-
EAFuROENREL, O LFDLIEICE
BT V- VEERREEOERLBENT R
EoTwnbEinizsY —%, ALDH2*1®IT
B7ha—VIEKIEED ) A 7 BRIEE 2b 2 b
%75,

4 | ¥ bo0OL P450 2ET (CYP2ET)

¥ b7 u s P450 (CYP) 13KBEILEEE 7 7 3
Y—T, S3EIFLEELARBTS. WHHEHICE
WTRIBEHEEZBIRIBRTHL. ZO¥T Ty
3 —o CYP2EL i EtOH 24 LEWEM %
d%, ADH & E#IC EtOH # AcH Icf#iL, %
7o, AcH #ERBRICEML¢ 2 RUS DM 2. BT
[lcBiF A CYP X 5 EtOH @bz 3 7y —

G. I Research vol. 20 no.4 2012

FIA-LoRBEFORE

AZhHbT EhS MEOS L vwbh T, 20
50% %% CYP2EL, %% Y 25%3° 2% CYPLAZ &
CYP3A4 2HoTwd, Zhe CYPRIEMCT
EFTI TV ERLDE LEL DR
HETHIEhh, 8RIELEMBIROM IR X
BEETHAH. CYPELIZZOBLEISD & &,
BECETHREATIL=aFrTIFT TV
VI VFFFRA7 2—}+ (NAD phosphate :
NADPH) & W CEEDORBLRS T 2.
Zn k&, NADPH (Biul!) »S NADP' (BRfbR)
WERIND.

EtOH ofRBHc B 2 EHEEFRIE ALDH Th
D, ZOW/EICLYIETH, Bvivio S
EUS —F, BEHRLIEICLoTHEicH R
BLwiHELHY, THIFEOHBEEIZL-T
CYP2El OEETFRBIFEINDLZ LITL 5.
CYP2E] > EtOH B33 ADH L D % 5 2°
BUHKNT CEBROEBFTEIRI Y, B
MRS,

5 | Z0itED EtOH {X81%

B T—BERNVEF TV~ AOBET, #EE
1bAkFE (H0,) %HWT EtOH % AcH i@1bd
5. WICBWCEEL EtOHR#HETHS. J§
B rF v X5 VY v ¥ —¥ 1k BEtOH % fg il
B F L A7 VIR T ABERT, DBy
TEELZRBERL ERTHS.

6 I 7L a—JUE EETBRARTL - BRE
ABLA - BRBERG

TN 2= VERFEEOREL, PR T 5.
IEEEBE OMM/Z )Tk {, EtOH IZ X % sterol
regulatory element binding protein 1c (SREBP-
lc) BHEFBEE A LR AKRY, Peroxisome
proliferator activated receptor (PPAR) - ¥ %
S L7z BBACOMEP, YRR A S ORI X
L UEERRE BRI L, ¥72, NAD/NADH MK
Tt 7y eu— V=1 YEOBINC X Sk

15 (289)
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BUE, 7O EHILSBRR

IVREbFYY

2w )\—HEEa
HlE

B2 PAI-NVEREEBCETSRERY M PIA Y TNFa

/_
- SREBP-1c B3, 75 (K=o
FURTHECK DR

CE IV RUPEEICELD TR
h— XFEE

- ROS EATTEC K HIRE

FEMIEETICED
BRHETTIE

BbIZ7 v /-l TEALE NS TNFa 1k SREBP-1c 2 FHE, 77« KA+ &Ml L TR
bz RS TS, FAROSEELHML, HHBOBERE - 7R —Y22BHTE,. SHCK

Bl Ebl, Rl REses,

IEEEE R OTOE, L TR S oRBKLEY
AREH (very low density lipoprotein : VLDL) &
HMOBETIC & o TIHEH LS ETT 5.

ST N — RSN IEE, IS
WCHRET 2 ) 2 CREREIC X 2BEA b LA
M, JEMEBEETE (reactive oxygen species : ROS)
B, KIEMFA AL VHE I par YT
e E, MEDARAA N VAFEFEETH 5.
TN A= VRBOBREKDO AT v 7T ROS IEEE
N5, CYP2El EOBRILA F L X, ROS &
BECESTABETHYY, EROBVEEAH
Y AcH 358l 2816 A b L X £ b ROS B4
ZHET 5. BUKEIC X > TBILA L AIHE
Wizt &, AFNTEHRRILETF2FHE T 2%
¥ nuclear factor (erythroid-derived 2)-like 2
(Nrf2), hypoxia-inducible factor 1 (Hif-1) #%k
B 1k & 1= F # © NADPH quinine oxidoreduc-
tase-1 (NQO1), heme oxygenase-1 (HO-1),
glutathione S-transferase (GST) OBEEEEE S
HT, BHZFETH. LyrL, ThibflEo
HBLERORDZBZ KBRS RSL L
ROS iZfREABRLGERE I L, &A - BENM
i (7¥7 by #EEL, HEESLTTVIE

16 (290)

SREBEET A T/, ROSELV Fvy 7y AR
HRIEE Y 7PV EEHLL, REEYA P A A
CVEERHEL, RHEEELREIT.
EBYOEILGEME Y 7 2EE LAY
BL, WS PR~ OBAZEL.
BALEZY FEFFY VR, LWy vy 3—#lD
LM O F 02 R4E CDI4 & Toli-like recep-
tor 4 (TLR4) ##M#$ 53", HH@LLZhoo
Mg Ck, BB EREF (tumor necrosis factor :
TNF)-a, 4 ¥%—uA %y (IL)-18, IL-6 D%
WA b4y, -8, IL-17T DT ERL
YHELEEN, FHOFHREBCEST 5.
TNF-a 2 E& U7 RIEEFA A4 0k, FFiE
Bt %483 U, ROS sEA: %0850, TRl beakRe
O, THEF-VAREE FFEMREIIEK
SNBRHELILIEE L, FRRRHERE, M E~DOERIC
H#57 5% 74 RR T F SRR AE £
TAPREWRR T4 =5 —TH 5D, BUEHE
TRTTFARAFVEEFEESLS (H2).

BOLIC

TN 2= VRHDOEFE~DEEE ROS, AcH
W BBEA P L AZHGICEH L T a—
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