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Several previous cross-sectional and longitudinal studies have
investigated whether MetS increases the risk for atherosclerotic
diseases in subjects without apparent impairment in glucose
metabolism. A prospective population-based study of Finnish men
showed that MetS was associated with higher mortality from coro-
nary heart disease in men without impaired fasting glycemia [16].
Wilson et al. reported that MetS was associated with increased risk
for cardiovascular disease in those without diabetes [17]. Leoncini
et al. reported that MetS was associated with carotid atheroscle-
rosis in non-diabetic hypertensive individuals who attended an
outpatient clinic in Italy [18]. Kawamoto et al. analyzed Japanese
inpatients and found that MetS increased the risk for carotid
intima-media thickening in non-diabetic subjects [19]. Tzou et al.
reported that the presence of MetS increased the composite of
carotid intima-media thickness of >75th percentile of enrolled
subjects in non-diabetic young aduits [20]. These results support
the notion that the presence of MetS will increase the risk for
carotid atherosclerosis even in non-diabetic populations; how-
ever, caution should be paid in interpreting these results, as these
results were not always adjusted for each component of MetS.
The present results showed that MetS was associated with carotid
plaque and intima-media thickening in men in subgroups 1, and 2
after adjustment for age, TC, and smoking status, although statisti-
cally significance would be lost after further adjustment for MetS
components.

We found that in the absence of hypertension (subgroup 3),
the association between MetS and carotid plaque or intima-media
thickening was no more statistically significant after adjustment
for only age, or even when no adjustments were made. These
data collectively suggested that the presence or absence of hyper-
tension, but not an abnormality in glucose metabolism, is crucial
to determine whether the presence of MetS would increase
the risk for carotid atherosclerosis, A recent study showed that
Met$ significantly increased all-cause mortality in hypertensive
community-based French individuals with a hazard ratio of 1.40
(95% C1 1.13-1.74), but not in non-hypertensive individuals, during
a mean follow-up period of 4.7 years [21), which was consistent
with the idea of major role played by hypertension.

This study has several limitations. First, due to the cross-
sectional nature of the study, we cannot deterrnine whether there
is a causal or resultant relationship berween the MetS and pres-
ence of atherosclerosis. Second, among 8048 individuals who were
not taking anti-diabetic medication, we excluded 4144 individuals
who did not undergo OGTT. The mean age of the 3904 individuals
who underwent OGTT and those 4144 who did not were signif-
icantly different (55 10 years versus 58+ 10 years, respectively,
P<0.001); therefore, it could be said that there had been some
selection bias, though, again, the type of health screening was not
decided or recommended by the physicians.

In conclusion, we showed that MetS was associated with carotid
plaque and carotid intima-media thickening in non-diabetic indi-
viduals; although, this relationship did not remain statistically
significant after adjustment for MetS components, In non-diabetic
non-hypertensive individuals, the association between MetS and
carotid plaque or carotid intima-media thickening was not statis-
tically significant when adjustment was made for only age or even
when no adjustment were made. These data collectively indicate
that presence or absence of hypertension, but not an abnormal-
ity in glucose metabolism, is crucial to determine the relationship
between MetS and carotid atherosclerosis.
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ABSTRACT

Accumulation of lipids in the heart may cause cardiac dysfunction in various disorders, such as obesity and
diabetes. In the current study, we have investigated whether administration of angiotensin Il or
norepinephrine induces accumulation of lipids and/or changes in the expression of genes related to lipid
metabolism in the rat heart. Lipid deposition was found in myocardial, vascular wall, and perivascular cells of
the angiotensin ll-infused rat heart, and superoxide generation was increased in these lipid-positive cells. By
contrast, intracardiac lipid deposition was not found in the heart of norepipephrine-induced hypertensive

Angiotensin |1 rats. Triglyceride content in the heart tissve of angiotensin ll-infused rats increased more than 3-fold as
Lipid accumulation compared with untreated controls. Losartan completely, but hydralazine only partially, suppressed the
Lipotoxicity angiotensin ll-induced intracardiac lipld deposition and increase in tissue triglyceride content. Administra-
Gene expressian tion of angiotensin [1 upregulated the mRNA expression of sterol regulatory element-binding protein-1c and
fatty acid synthase, but downregulated that of uncoupling protein 2 and 3, in a manner dependent on the
angiotensin AT, receptor. Collectively, these results suggest that angiotensin Il may be involved in
modulating both intracardiac lipid content and lipid metabolism-related gene expression, in part via an

angiotensin AT, re and pressor-i dent mechanism.
© 2009 Elsevier BV, All rights reserved.
1. Introduction administration of two different pressor agents, angiotensin Il and a

Accumulation of lipids in non-adipose tissues can occur in certain
disease conditions, including aging, over-nutrition. obesity, and
diabetes, and may play a crucial role in the pathogenesis of tissue
damage (Schaffer, 2003), a phenomenon referred to as lipotoxicity
(Unger, 2002). Inappropriate accumulation of free fatty acids and
neutral lipids can also be observed in the myocardium; this
accumulation may result in both functional and morphological
damage, such as systolic andfor diastolic dysfunction of the left
ventricle (Chiu et al, 2005, Zhou et al, 2000), ventricular wall
hypertrophy (Finck et al., 2003, Horiuchi et al., 1993), and interstitial
fibrosis (Lee et al, 2004). In previous studies, we found that
administration of angiotensin 1l to rats causes deposition of lipids
in tubular epithelial and vascular wall cells in the kidney (Ishizaka
et al, 2006, Saito et al., 2005), where cellular proliferation may be
promoted. In the current study, we have investigated whether
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catecholamine, causes intracardiac accumulation of lipids, and
modulates the expression of genes related to lipid metabolism.

2. Materials and methods
2.1. Animal models

The experiments were performed in accordance with the guide-
lines for animal experimentation approved by the Animal Center for
Biomedical Research, Faculty of Medicine, University of Tokyo.
Angiotensin ll-induced hypertension was induced in male Sprague-
Dawley rats (250 to 300 g) by subcutaneous implantation of an
osmotic minipump {Alza Pharmaceutical) as described previously
(Ishizaka et al, 1997). Briefly, Val®*-angiotensin Il (Sigma Chemical)
was infused at doses of 0.7 mg/kg/day. Norepinephrine (Sigma
Chemical) was infused at a dose of 2.8 mg/kg/day for 7 days using
the same system. In some angiotensin ll-infused rats, angiotensin AT,
receptor antagonist, losartan (25 mg/kg/day), or the nonspecific
vasodilator, hydralazine (15 mg/kg/day) (Sigma Chemical), both of
which normalized the blood pressure of angiotensin ll-infused rats,
was given in the drinking water (Ishizaka et al., 2002).
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Tablel protein (UCPJ2, UCP3, Nox1, and Nox4. The forward and backward

Oligonucicotide primers used in this study primers used are described in Table 1.

Gene GenBank no. Forward primer Reverse primer

PPAR-ac  NM_D13196 GTGGCIGCTATAATIIGOTG  TGAAGGAGTTTIGGGAAGAG  2-5. Statistical analysis

PPAR-y  NM_D13124 ATCAGCTCTGTGGACCTCTC  AGGCTCTACTTTGATCGCAC

msmlt ummgm CIGATGGAGACAGGGAGTTC Mmmwm1 Data are expressed as the mean+S. E. M. We used ANOVA followed
CTGGAACGTGAACATGATCT  TTCACCAGCAGGAT! b : ;

: CACNCTTACAATCTGTATGATC  CTTCCAGAGCTAR y a multiple comparison test to compare raw data, before expressing
Hmm MY el 5 the results as a percentage of the control value using the statistical
P11 NM_031559 ATCGACCGCCATCICTIC CTCAAAGTCAAAGAGCTCCAC  analysis software StatView ver. 5.0 (SAS Institute). A value of P<0.05
T2 NM_D12930 TGACCAAAGAAGCAGCCAT  TTGTGGTTCATCTGCTGGTA was considered to be statistically significant.

DGAT-1  NM_053437 TCTTCCTACCGGGATGTCAATC  TCCCTGCAGACACAGLTTTG

PGC-la  AY237127  TCATTACCTACCGTTACACCT  CATACTTGCTCTTGGTGGAA 3. Results

ucr2 BCD62730  TGGTCGGAGATACCAGAG GTCTGTCATGAGGTIGGCT

ez} AFDI5973  GTCCGATTTCAAGCCATGAT  CTTGTGATGTTGGGCCAAGT

Nox1 MN_053683 TGGACGAATTAGGCAAACCG 3.1. Characteristics of experimental animals
Noxd AY027527  AACACTGGTGAAGATTIGC  CTGAGGGATGATTGATTACTG

PPAR-,MWLI‘.‘PMMM mmm}m
dehydrogenase.

22 Measurement of lipid contents in the serum and the heart

Serum levels of total cholesterol, triglycerides, and nonesterified
fatty acid were measured by enzymatic methods (SRL). Contents of
trigivcerides. total cholesterol, and free cholesterol in the heart tissue
were measured from homogenate extracts by enzymatic colarimetric
determination using Triglyceride-E Test. Cholesterol-E Test, and Free
cholesterol-E Test Wako, respectively (Wako Pure Chemicals).

2.3, Histological analysis

0il red O staining was performed on sections of unfixed, freshly
frozen heart samples (3 pm in thickness). The areas of lipid deposition
were calculated by using the image analysis software, Photoshop
(Adobe), and semiquantification of the lipid deposition was performed
as described elsewhere (Ishizaka et al, 2006). Staining with the
axidative fluorescent dye dibydroethidium (DHE) was performed as
described previously (Saito et al, 2004). Images were obtained with a
fluorescent microscope BX51 (Olympus), and the fluorescence
intensity, obtained from at least five fields for each section, was
presented as the percentage of that of untreated control.

2.4. Western blot analysis

Western blot analysis was performed as described previously
{Aizawa et al., 2000). Antibodies against total and phosphorylated
forms AMP-activated protein kinase (Cell Signaling), sterol regulatory
element-binding protein (SREBP)-1 (Santa Cruz Biotechnology),
SREBP-2 (Santa Cruz Biotechnology), ATP-binding cassette transporter
subfamily A1 (ABCA1) (Novus Biologicals), scavenger receptor class B
type 1 (SR-B1) (Novus Biologicals), and mitochondrial superoxide
dismutase (mt SOD) (Upstate) were used ar a dilution of 1/1000.

2.5. Real time reverse trunscription-polymerase chain reaction (RT-PCR)

Expression of lipid metabolism-related gene mRNA was analyzed by
real time quantitative PCR performed by LightCycler together with
hybriprobe technology (Roche Diagnostics). Expression of target genes
was normalized to the mRNA expression of endogenous control,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH). The target genes
were as follows: peroxisome proliferator-activated receptor (PPAR)-ac
(Nihon Gene Research Lab's Inc.. Sendai. Japan), PPAR-, SREBP-1c, fatty
acid synthase (FAS), 3-hydroxy-3-methylglutaryl coenzyme A reductase
(HMG-CoAR), carnitine palmitoyltransferase (CPT)-1, CPT-2, diacylgly-
cerol acyltransferase (DGAT}-1, PPAR-vy coactivator (PGC)-1cx, uncoupling

The hemodynamic parameters in each group have been reported
elsewhere (Aizawa et al, 2000). Angiotensin Il and norepinephrine elevated
the blood pressure to a similar extent. and both hydralazine and losartan
completely suppressed the blood pressure elevation induced by angio-
tensin IL Angiotensin I1, but not norepinephrine, significantly increased the
serum levels of triglycerides and non-esterified fatty acids. and these
increases were inhibited by losartan, but not by hydralazine (Fig. 1A-C).

3.2. Mssue contents of lipids

The tissue content of triglycerides, total cholesterol, and free
cholesterol was found to be increased in the heart of angiotensin [l
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Fig. 2. Accumulation of lipids in the heart. A, D, E. Heart section from a control rat. B, €, F-H. Heart sections from angiotensin 1| (Ang l{}-infused rats. |, |. Heart section from a rat given
both angiotensin Il and hydralazine (Hyd). K. Heart section from a rat given both angiotensin 1l and losarian (Los). L Heart section fram a rat given norepinephrine (NE), Fand G are
serial sections. A-G. |-L 0il red O staining. H. H ylin eosin { HE) stai Lipid drog were not observed in the myocardium or vascular regions (A, D, E) of conitrol rats. Lipid
droplets were present in both the myocardium (B, C. F) and perivascular regions (G) in the heart of angiotensin [l-infused rats. Lipid droplets in the myocardium (1) and perivascular
regions (J) were observed In the heart of rats given both angiotensin Il and hydralazine, but not in the heart of rats given angiotensin Il plus losartan (K) or those given norepinephrine
(L). Original magnification, =100 (A-C). and =200 (D-L). Scale bars indicate 50 pm. M. Semiquantification of the oil red O-stained area. Shown is 4 summary of data from 5-7

experiments in each group.

infused rats, but not norepinephrine-infused rats (Fig. 1). Hydralazine
only partially suppressed the angiotensin ll-induced increase in
intracardiac triglyceride content, but it completely suppressed the
increase in intracardiac total cholesterol and free cholesterol content
(Fig. 1D-F). Losartan suppressed the angiotensin [l-induced increase in
all three lipid fractions tested. Administration of losartan alone or
hydralazine alone did not significantly alter the lipid content of the
heart (losartan: triglycerides, 1.53+0.12 pg/mg. n=4; total cholesterol,
116+0.07 pgfmg, n=3; free cholesterol, 0.53+0.04 pg/mg, n=4;
hydralazine: triglycerides, 1.4040.14 pg/mg. n=4; total cholesterol,
1094014 pg/mg, n=4; free cholesterol, 0.43+0.04 pg/mg, n=5).

33. Staining for lipids
0il red O staining of heart sections showed no apparent lipid

deposition in the heart of untreated rats (Fig. 2A, D, E). By contrast,
accumulation of oil red O-stainable lipid was observed in the

Ang I Oil red O

myocardium as well as the arterial wall of angiotensin [l-infused
rats (Fig. 2B, C, F, G). In the angiotensin Il-infused rat heart, lipid
accumulation was also observed in perivascular regions, especially
where remodeling of perivascular regions was apparent (Fig. 2G, H),
and in granulation regions (data not shown). Lipid deposition
remained present in the heart when angiotensin ll-infused rats were
concomitantly treated with hydralazine (Fig. 21, ]). On the other hand,
lipid deposition was not apparent, or was very minor when present, in
heart sections from rats treated with both angiotensin Il and losartan
or from rats treated with norepinephrine infusion (Fig. 2K, L)
Semiquantitative measurements of the oil red O-stained areas are
summarized in Fig. 2M.

3.4. Co-localization of lipid deposition and superoxide

As compared with untreated controls, DHE staining-positive signals
were increased in the heart of angiotensin ll-infused rats, and

Fig- 3. Lipid and superoxide staining of the heart section. A-E. F-|. Heart sections from angiotensin ( Ang) l-infused rats. F. Heart section from a control rat. A, C. F. G, | Dihydroethidium
(DHE]) staining. D. Phase contrast (PC) microscopic image overlaid with DHE staining image. B, E. H. J. Oil red O staining. C and D are the same section, € (=D)-E, G-H, and -] are serial

sections. Some cells with intense DHE staining {armowheads in G and 1) contai

Scale bars indicate 50 pm,

d lipld deposits (arrowheads in H and )). Original magnification, 100 (A-C), 200 {C-H), and »400{l J)
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Table 2
MRNA levels of genes related to lipid metabolism
Gene Control Ang 1l P Ang fi+Hyd 3 Ang U+los P NE 3
(n=6) (n=5) {n=5) (n=6) (n=7) A
PPARt 12017 188034 0.030 2892064 0.005 1412020 0080 Z0020.18 0001
PPAR-y 12017 3302098 ooa 425:113 0032 083+009 LELE 3561044 <0.001
SREBP-1¢ 14024 366¢1.02 0.008 267£0.96 009 0712012 LAC 077207 ox
FAS 12017 2972032 <0.001 3462100 <0.001 1302047 0.18 1282013 018
HMG-CoA reductase 12020 229:030 <0001 2501066 0.009 099:023 049 0882033 0.48
CPT-1 1£0.06 0.5520.09 <0,001 1084029 0395 0821015 0,154 0165003 - <DoO
P12 1:0.04 0532006 <0.001 0674010 <0.001 056:0.06 <0.001 0671005 <0.001
DGAT-1 12004 1202012 0071 0582018 0.003 0.60+004 <0.001 0872012 04
PGC-1ax 1£0.09 0522006 <0.001 0.59+0.18 <0.005 0541018 0.395 1342031 o
ucr2 140,08 0512008 <0.001 039:0.08 <0.001 0.8020.09 0.055 153:0.79 027%
uce3 1006 075009 0020 050£0.11 <0.001 0742014 0.037 2104049 0.038
Nax1 1£021 3312061 0.006 4872182 0.026 090019 0.378 1472042 0367
Need 1£0.21 5254222 0.047 0724010 0.093 117£012 0199 117+0.14 0.206
P values are versus untreated control. Ang II. 1I; Hyd, hydralazine: Los, losartan; and NE, norepinephrine. Other abbreviations were same as Table 1.

semiquantitative measurements showed that the DHE-stained area was
significantly greater after angiotensin Il infusion (control 100£37%, n=5,
versus angiotensin Il 342:125%, n=5: P<0.05), In the heart of
angiotensin [infused rats, some myocardial cells that had increased
superoxide staining were found to be pasitive for lipid depaosition (lower
magnification in Fig. 3A, B, and higher magnification in Fig. 3C-D).
Similarly, some vascular wall and perivascular cells with increased
superoxide staining were found to contain lipid deposits (Fig. 3G-]).

3.5. Regulation of genes related to lipid metabolism

Next, we examined the expression of lipid metabolism-related
genes after infusion of the pressor agents (Table 2). mRNA expression
of PPAR-ce, PPAR-v, SREBP-1c, FAS, and HMG-CoAR was found to be
increased in the heart of rats that received angiotensin Il infusion. Of
the genes tested, mRNA expression of PPAR-c and PPAR-y was also
increased in the heart of the norepinephrine-infused rat. The
expression of PGC-1a, UCP2 and UCP3 was decreased after angiotensin

Control Los  Angll A+?.%s!l

AMPK 50 s e gt s s

AMPK (iconio)

P-AMPK e .
(Thri72) #4 o s DI s
SREBP-1 o .

B-Actin

Fig. 4. Western blot analysis of AMP-activated protein kinase (AMPK], phosphorylated (actl
Summary of data frem 4-6 experiments in each group. Abbreviations are same as Table 1.

11 infusion, but not after norepinephrine infusion, The angiotensin [
induced regulation of these genes (PPAR-x, PPAR-y, SREBP-1¢, FAS,
HMG-CoAR, PGC-1ax, UCP2, and UCP3) was suppressed by losartan, but
not by hydralazine. On the other hand, mRNA expression of CPT-1 and
CPT-2 was downregulated by angiotensin 1. We found that the
angiotensin ll-induced CPT-1 downregulation was suppressed by
depressor agents, and that norepinephrine also downregulated CPT-1
mRNA expression; therefore, the angiotensin Il-induced CPT-1 mRNA
downregulation might be induced by hypertension per se. Angiotensin
11 increased the mRNA expression of two components of NAD(P)H
oxidase, Nox1 and Nox4.

Angiotensin Il did not alter the protein expression of AMPKa;
however, it increased the levels of phosphorylated AMPKa, and this
increase was inhibited by either depressor agent (Fig. 4). Protein
expression of matured SREBP-1 was increased by angiotensin I, and
this increase was suppressed by losartan, but not by hydralazine.

We also examined the expression of several other lipid metabo-
lism-related proteins. In the heart of control (n=4) and angiotensin 1l-

f@,,::g

vated) form of AMPKa (P-AMPK), and SREPB-1. A, E. Representative blots. B-D, F-H,
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Control Angiotensin Ii

Flg. 5. Western blot analysis of proteins related to lipid metabolism. Shown are the
results of the expression in the heart of control and angiotensin ll-infused rats of the
following proteins: Sterol v element-binding protein (SREBP)-2, ATP-binding
cassette i bfamily A-1 [ABCA1), scaveng
mitochondrial superoxide dismutase (mt SOD),

receptor class B type 1 (SR-B11

infused (n=4) rats, the expression of these proteins was, respectively
(% control): SREBP-2: 100417 versus 78+ 14 (P=NS); ABCA1: 100£10
versus 17247 (P<0,001); SR-B1: 100+17 versus 12718 (P=NS); mit
S0D: 10045 versus 110+ 18 (P=NS) (Fig. 5).

4. Discussion

In the present study, we showed that administration of angiotensin
1, but not catecholamines, caused accumulation of lipids in myocar-
dial, vascular wall, and perivascular cells in the rat heart. Such
angiotensin ll-induced lipid deposition, as well as the increases in
tissue triglyceride content in the heart, was suppressed completely by
losartan, but only partially by hydralazine. These findings collectively
indicate that the accumulation of intracardiac lipids induced by
angiotensin 1l was, at least in part, independent of the pressor
properties of angiotensin Il

Intracardiac lipid accumulation, which is sometimes designated
‘cardiac steatosis’ (McGavock et al., 2007), is known to occur in humans
in certain diseased conditions, such as diabetes and heart failure
(McGavock et al., 2007, Sharma et al., 2004). By means of genetic
engineering, several animal models showing an amount of intracardiac
lipids have been generated: these models include mice with cardiac-
specific overexpression of acyl CoA synthase (Lee et al., 2004), fatty
acid transport protein 1(Chiu et al, 2005), and PPAR-o (Finck et al.,
2003), and mice with cardiac-restricted deletion of PPAR-delta (Cheng
etal., 2004). The observation that accumulation of excessive fatty acids
aggravates, whereas reduction of cardiac lipid content ameliorates, the
structural and functional damage in these madels supports the notion
that accumulation of excessive lipid may indeed be cardiotoxic. In our
previous studies, we found that administration of angiotensin 1, but
not catecholarnines, caused marked accumulation of neutral lipids in
the kidney (Ishizaka et al., 2006, Saito et al., 2005). leading us to
investigate whether these two pressor agents affect cardiac lipid
content differently in the current study.

What would be the mechanism underlying angiotensin [l-induced
intracardiac lipid deposition? We found that angiotensin 1l upregu-
lated the expression of SREBP-1c, FAS, and HMG-CoAR, and down-
regulated that of UCP2, and UCP3; in addition, the pattern of
regulation paralleled intracardiac lipid accumulation. It has been
reported that angiotensin [l upregulates the expression of SREBP-1¢
and FAS, resulting in increased lipogenesis in adipocytes in vitro (Jones
et al, 1997, Kim et al., 2001). In addition, although the physiological
functions of UCP2 and UCP3 are not well-established, downregulation
of these new UCPs may augment the production of reactive oxygen
species and decrease the catalysis of transported fatty acids (Affourtit
et al, 2007). We also found that angiotensin Il upregulated PPAR-cx
mRNA expression. Overexpression of PPAR-o in the heart may also
cause lipotoxic cardiomyopathy (Finck et al., 2003, Vikramadithyan

et al, 2005), suggesting that PPAR-o upregulation might be an
underlying mechanism linking angiotensin Il administration and
cardiac lipid deposition.

Several previous studies have shown that PPAR-oc activator may
ameliorate myocardial damage induced by angiotensin 11 (Fujita et al.,
2008, Ichihara et al,, 2006). In the current study, we also found that
PPAR-tx expression was increased by norepinephrine infusion, which
did not cause apparent cardiac lipid accumulation, indicating that
upregulation of cardiac PPAR-a may not solely account for lipid
accumulation in the heart. Whether or not PPAR-«x activator acts to
enhance or to suppress angiotensin ll-induced lipid accumulation in
the heart should be examined in future studies,

Activation of AMPK may resuit in the phosphorylation of acetyl
CoA carbaxylase, followed by the reduction of malenyl CoA and the
subsequent activation and upregulation of CPI-1, leading to the
stimulation of fatty acid oxidation (Affourtit et al, 2007). In the
current study, we found that angiotensin Il activated cardiac AMPK;
however, it downregulated CPT-1 mRNA expression. Tian et al. (2001)
have recently reported that pressure overload-induced cardiac
hypertrophy causes a significant increase in AMPK activity in the
heart that is, unexpectedly, accompanied by a downregulation of CPT-
1 expression. They presumed that, unlike short-term activation,
prolonged activation of AMPK might result in a downregulation of
the enzymes that would be critical to farty acid oxidation. With regard
to this, it may be of note that, in the current study, both AMPK
activation and CPT-1 downregulation by angiotensin 11 were sup-
pressed not only by losartan, but also by hydralazine, and that CPT-1
mRNA downregulation was also induced by norepinephrine-induced
hypertension, suggesting that these events were induced not in an
angiotensin [I-specific manner, but rather by hypertension itself.

It has been reported that UCP2 may reduce the generation of ROS,
and conversely, downregulation of uncoupling proteins may increase
the generation of ROS (Arsenijevic et al,, 2000), On the other hand,
enhanced oxidative stress or increased amounts of ROS may activate
or upregulate SREBP-1 and FAS (Furuta et al, 2008, Gharavi er al,
2006). In addition, CuZn-SOD deficiency has been reported to increase
lipid accumulation in the liver (Uchivama et al., 2006). We found in
our previous study (Saito et al, 2005) and the current one that
superoxide is histologically co-localized with lipid deposition in the
heart and kidney of angiotensin ll-infused rats. Taken together, these
findings may collectively suggest that angiotensin Il-induced deposi-
tion of lipid in the heart may be evoked, at least in part, by enhanced
oxidative stress (Fig. 5). This hypothesis should be examined in future
studies (Fig. 6).

In conclusion, administration of angiotensin Il to rats induced
intracardiac lipid accumulation in regions where superoxide
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Fig. 6 g hypothesis on angi ll-induced altered lipid homeostasis.
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production was found to be increased. The angiotensin Il-induced
accumulation of intracardiac lipids, in addition to regulation of the
expression of several lipid metabolism-related genes (SREBP-1c, FAS,
HMG-CoAR, PGC-1cx, UCP2, and UCP3), events that were not mimicked
by catecholamine infusion, were found 1o be dependent on the
angiotensin AT; receptor. The physiological significance of angiotensin
Il-induced cardiac lipid accumulation and the role of enhanced
oxidative stress on this phenomenon await further investigation.
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ABSTRACT

Background/Aims: We investigated a relationship
hetween the risk factors for metabolic syndrome,
such as obesity, diabetes mellitus, hypertension,
and hyperlipidemia, and the pathogenesis and out-
come of hepatocellular carcinoma (HCC).
Methodology: One hundred twenty four patients
who underwent curative resections for HCC were
classified into 3 groups: those patients who were
positive for hepatitis B surface antigen (group B),
those positive for antibody to hepatitis C virus
(group C), and those negative for both of them (non-
B non-C) (group NBNC). The preoperative laborato-
ry data, risk factors for metabolic syndrome, history
of alcohol abuse, and outcome after surgery were

investigated. The presence of non-alcoholic
hepatitis (NASH) was also evaluated. et
Results: The incidence of diabetes mellitus, hyper-
lipidemia, and aleohol abuse, and the serum level of
triglyceride were significantly higher in group
NBNCt.hnnmgmupaBorC.Theriak[wwnfur
meuh;obc syndrome tended to lower the survival
mm::im?erBdC.butminmpN'BNC.

e 37 non- - i 1
T'Eueeed il non-C patients were associat-
Conclusions: It is suggested that the i
of non-B non-C HCC may be more ﬁ?m
ed with the risk factors for metabolic syndrome than
that of hepatitis virus related HCC.

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the
most common cancers, and its incidence has
increased worldwide (1). Epidemiological studies and
recent molecular biological investigations have
revealed that hepatitis B virus (HBV) and hepatitis C
virug (HCV) infection are major causes of HCC, and
henee numerous basic and clinical studies have been
conducted from the view point of hepatitis virus
infection (1-6). On the other hand, little attention has
been paid to HCC in patients without both hepatitis
B surface antigen (HBsAg) and antibody against
H(‘:V (HCVAD), possibly because of the small popula-
bﬂn of these HCC patients (7-12). However, the num-
ber of HCC patients without apparent hepatitis virus
infection has been increasing, and the so-called non-
B non-C HCC has been the subject of investigation in
recent years (10,11).

Recently, other factors such as obesity and type 2
diabetes mellitus, which were regarded as risk factors

Hepato-Gastroenterology 2008; 55:609-614
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of metabolic _lyndrome (MS) (13), have been implicat-
ed in stentoem and fibrosis of the liver, and HCC (14-
18). In addition, although the natural histories of non-
aleoholic fatty-liver disease (NAFLD) or nonalechalic
steatohepatitis (NASH) have remained controversial,
they have been considered to be one of the possible
causes of cryptogenic cirrhosis of the liver and HCC
(19-25), However, the relationship between HCC and
NASl'l. u.wall as the incidence of HCC developing in
the liver in response to NASH, has not been well
understood. Moreover, the relationship between risk
factors for MS, such as hyperlipidemia and hyperten-
sion, and HCC still remain unclear,

. Based on this point of view, the present study
!nw;lhgabad the participation of risk factors for MS
in the pathogenesis and progression of HCC, and the
outcome a.f!m' surgical treatment. Evidence will be
presented indicating that non-B non-C HCC is more
closely related to those diseases with risk factors for
MS than HCC associated hepatitis virus infection.
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METHODOLOGY

A total of 124 patients who underwent curative
resections for HCC from April 2000 to March 2005
were enrolled in this study, and their medical records
were reviewed retrospectively.

Twenty-six of the 124 patients had already under-
gone prior treatments including surgery, tran-
scatheter arterial (chemo) embolization, and/or abla-
tion therapy for HCC before being referred to our

TABLE 1 The Backgrounds of the 124 Patienls

B c NBNC __ p
N 19 68 a7
Age 56.9:11.3 67.8:6.6 _ 67.7:8.4_<0.0001*
Gender ‘emale 16/4 49/19 0/7
Child-Pugh_ NS.
A 18 58 35
B 1 10 1
C_ 0 0 1
Stage’ NS.
1 1 13 2
1 5 16 12
m 7 27 17
IVA 8 12 6
Normal liver 2 1] 7
_Chronic hepatitis 8 31 17
_Liver cirrhosis 8 a7 13
Surgical procedure’ NS.
Hr0 4 3 12
HrS 8 14 8
Hrl 2 12 9
Hr2 5 10 B
Hr3 0 1 0
i of trea t 3 18 5
* Stage and surgical dure were defined according to the general rules

for the clinical and pathological study of primary liver cancer, 4th edition.
Hr 0: partial resection; Hr S: subsegmentectomy; Hrl: segmentectomy;
Hr2: liver resection of 2 segments; Hr3: liver resection of 3 segments.
N.S.: Not significant; *: B vs. NBNC and C;% NBNC vs. C

TABLE 2 Preoperative Laboratory Data

B c NBNC _ p

AST ( TUL) 58.4:580  67.0:376 36.7+185 <0.001*
ALT ( TU/L) 47.8426.3 65.65¢46.4  34.1¢19.5 <0.001*
PLT (< 104/mm?) 15.5£5.6 13.7¢7.7 19.6+12.2 <0.01*
Total Cholesterol 174 3 152.1+35.9 180.1+39.1 <0.01*
Triglyeeride (mg/dL) 76.0+ 33.3 95.4 + 43.9 1383 + BL.6 <0.001*

. NBNC vs. B and C; % NBNC vs. C; * NBNC and B vs. C

TABLE 3 Associaled Condilions

B C__NBNC _p

N 19 68 37
Mass Index (kg/m?) 22.0+31 228+3.2 24.134.1 NS
BMI 2 25 +/-___ 4/16 __12/56 11/26 NS.
Disbetes mellitus * . 1718 15/53 17/20 <0.01*
Hypertension +/. 3/16  32/36 19/18 003"
Hyperlipidemia +1- 3716 11/57 14/23 003
Alcohol abuse _ +/- 6/13  13/55 16/21 003

BMI: Body mass index; N.S.: Not significant; a: NBNC vs. B and C;
= B ys. NBNC and C; =: NBNC vs. C
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department.

The patients were divided into 3 groups: groups
B, C, and NBNC. Those patients who were positive
for HBsAg but negative for HCVAb were classified
into the group B, and those who were nepative for
HBsAg but positive for HCVAb were classified as
group C. The NBNC group was composed of the non.
B non-C patients. In the non-B non-C patients, the
antibody against hepatitis B surface antigen
(HBsAb) and the antibody against hepatitis B core
antigen (HBcAb) were also measured.

We examined the platelet count (PLT) and serum
levels of asparate aminotransferase (AST), alanine
aminotransferase (ALT), total cholesterol (TC), and
triglyceride (TG) preoperatively. In addition, we
investigated the body mass index (BMI), any history
of alcohol abuse and risk factors for MS, which con.
sisted of diabetes mellitus, hypertension, and hyper-
lipidemia (fasting plasma level of TC2220mg/dL
and/or TG2150mg/dL), in each patient. All of the
patients with diabetes mellitus and/or hypertension
had already been diagnosed and treated before con.
sulting us. Being overweight was defined as a BMI of
25kg/m? or more. A daily ethanol intake of 86g or
more for 10 years was regarded as alcohol abuse.

The liver histology as well as the presence of
NAFLD and NASH was evaluated in the resected
specimens microscopically, especially in those
patients without a history of alcchol consumption
(daily alcohal intake within 20g) in the NBNC group.
If there was moderate to severe macrovesicular
steatosis, hepatocellular ballooning, lobular inflam-
mation with necrosis of the hepatocytes and perisinu-
soidal fibrosis, we considered that NASH was present.
The stage of the HCC was defined according to the
Japanese general rules of primary liver cancer (28).

After surgical treatment, all of the patients were
followed as out patients, and none of the patients
underwent adjuvant therapies. Tumor markers such
as alpha-fetoprotein and protein induced by vitamin
K antagonist-Il were measured every month, and
ultrasonography, enhanced computed tomography,
and/or magnetic resonance imaging were performed
every 3 months. If an intrahepatic recurrence was
suspected, computed tomography with angiography
was performed to confirm.

We calculated the cumulative overall and diseas¢
free survival rates in each group, particularly for
those patients with and without risk factors for MS.

The data are expressed as means  standard devi
ation. Statistical analyses were performed by a one
way analysis of variance for parametric data, and by
a Kruskal-Wallis test for categorical data among the
three groups. If there was a significant difference 0
the Kruskal-Wallis test, a further analysis was per
formed by the Mann-Whitney test with Bonferron*
correction. Both the cumulative overall survival
disease free survival rates were calculated using the
Kaplan-Meier method, and comparisons were
by using the log-rank test. A p-value of less than 0.05
was considered statistically significant.
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RESULTS

Of the 124 patients, there were 94 men and 30
women, and the mean age was 65.9+9.0 years (range
30-82 years). The median postoperative follow-up

.od was 18.5 months (range 1-58 months).

The number of patients in groups B, C, and
NBNC were 19 (15.3%), 68 (54.8%), and 37 (29.8%),
respectively. In the NBNC patients, 17 (45.9%) of
patients were positive for HBeAb and 16 patients
were negative for HBcAb. Four patients were not
examined for their HBsAb and/or HBeAb status. The
background of these patients is summarized in
Table 1. The mean age was significantly younger in
group B than in groups C or NBNC (9<0.0001). The
preoperative Child-Pugh scores were not significant-
Jy different among the 3 groups, but there was signif-
icant difference in liver histology (p=0.03); the inci-
dence of chronic hepatitis and liver cirrhosis was sig-
nificantly higher in group C than in groups B or
NBNC. Both the stage of the HCC and the surgical
procedure performed were decided based on the
Japanese rules for HCC (26), and were not signifi-
cantly different among the 3 groups.

Table 2 shows the preoperative laboratory data.
Serum level of ALT was lower and the PLT was sig-
nificantly higher in the NBNC group than in group C.
The serum TG level was significantly higher in the
NBNC group than in groups B or C.

The BMI and number of overweight patients were
not significantly different among the three groups, as
shown in Table 3. The frequency of diabetes mellitus
was significantly higher in the NBNC group than in
either group B or C. The incidences of both hyperlipi-
demia and alcohol abuse were significantly higher in
the NBNC group as compared with group C,

Moreover, we made the same comparisons using
those patients without aleohol abuse to exclude the
influence of alcohol intake (Table 4). Consequently,
we found that the laboratory data were not affected
by alcohol abuse, whereas ratios of having associated
conditions, such as diabetes mellitus, hyperlipi-
{iemin. and hypertension, became statistically
insignificant among the 3 groups.

The cumulative overall survival rates at 1 and 3
years in groups B, C, and NBNC were 88.1% / 66.1%,
77.8% / 58.9%, and 85.5% / 69.8%, respectively (Fig-
ure 1), There were no significant differences among
the three groups (p=0.46). The disease free survival
Tates at 1 and 3 years in groups B, C, and NBNC
were 48.5% / 29.1%, 56.5% / 22.5%, and 73.8% /
21.6%, respectively (Figure 2). Although the NBNC
BToup tended to be higher, the differences in the dis-
fase free survival rates among these three groups
""“_’ not significant (p=0.12). In addition, to estimate

influence of risk factors for MS on survival after
Surgery, we compared the cumulative overall (Fig-
Ure 3 and disease free (Figure 4) survival rates
those patients with vs. those without risk

th for MS in each group. In groups B and C,
£re was a trend that the survival rate was better in
patients without risk factors for MS, On the

TABLE 4 Laboratary Data, Liver Histology, and Associated Condilions in Patignls
wilhoul Alcohol Abu
B C NBNC P
N 13 65 21
AST (IUIL) 69.0:4673 686380 883+184  0.01°
ALT (UL) 52.6427.1  63.92453  30.0:215 <005
PLT (x10*/mm 16.3£6.5 13.1+7.9  21.6t14.0 <0.01*
Total Cholesterol (mgidl) 173.1£54.2 151.7:30.0 1846385 <0.01*

124.169.7 < 0.0

Liver histology 0.001*
Normal liver 1 0 5
Chronic hepatitis 5 20 11
Liver cirrhosis 7 35 5
Disbetes mellitus _ +/- 0/13 11744 7114 NS
Hypertension +/- 3/10 27/28 9/12 N.8.
Hyperlipidemia ___ +/- 4/9 8/47 6/156 N.S.
N.S.: Not significant; *: NBNC vs. B and C; *: NBNC vs. C
other hand, the survival rate was slightly better with
risk factors for MS in the NBNC group. However,
there were no significant differences between the
groups. In groups B and C, the disease free survival
rate was almost same with vs. without the risk fac-
tors for MS, and they were not significantly different
in each group. In the NBNC group, the disease free
survival seemed to be better in those patients with
the risk factors for MS, but again there was no sta-
tistically significant difference (p=0.24).
Moreover, in the NBNC group, the overall
(p=0.50) and disease free (p=0.15) survival rates were
not significantly different between the two subgroups
FAGURE1
1 4 Curmnulative overall
survival curves for
21 HCC after surgery.
The bold Cne, dotted
6 ine, and thin line
denole groups
4 NBNC, B, and C,
respectively. There
3 wene no significan
diferences In the
0] overall survival rates
P & .o & & among s 3 groups.
0 10 20 30 40 50 60 Momhs
FIBURE 2
1 Disease-free survival
curves fer HCC after
B surgery. The bold
Ene, dotted Gne, and
6 thin lne dengle
groups NBNC, B,
4 and C, respectively.
There were no
i "
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e e = = : - disease-free survival
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with or without HBeAb (data not shown).

Seven out of the 37 patients from the NBNC
Mvnﬁwndegmaoffattychanmintheirﬁm
histn:log:,r.Amnngtl:.cm.t’.pnti«.nr.uwhodi:!noum‘,,,,a
history of alcohol abuse were strongly suspected to
have NASH (8.1%). The clinical features of thegs 3
patients with HCC associated with NASH are shogy,
in Table 5. We estimated both the necroinflammag,,
ry grade and the fibrosis score according to the defip,.
itions proposed by Brunt e al. (27). The BMIs of thes
three patients were 23.1, 24.8, and 24.4, respectively,
Mﬁmwmnﬁﬂﬁnthanumﬂmngemm
to western standards but are considered to be gver.
weight by Asian standards (28). Two of the 3 patients
had associated diabetes mellitus, and 1 patient had g,
risk factors for MS.

DISCUSSION

In this study, the background and associated con.
ditions of patients with HCC who underwent surgery
in relation to viral markers was investigated, and
then compared to determine participation of risk fac.
tors for MS in the development of HCC, in particular
non-B non-C HCC. At first, the prevalence of chronic
hepatitis and liver cirrhosis in non-B non-C HCC was
confirmed to be almost the same as in group B, and
was significantly lower than in group C, although
there were no differences in the preoperative Child-
Pugh classifications among the 3 groups.

One of the eurrent topics in this field is the rela-
tionship between obesity and HCC (15,18). In this
study, the mean BMI was less than 25kg/m? in all 3
groups, and there were no significant differences
among them. However, the NBNC group showed the
highest ratio of patients with a BMI greater than
26kg/m?, suggesting the possible participation of obe-
sity in non-B non-C HCC.

This study also demonstrated that patients in
NENC group had a significantly higher prevalence of
both diabetes mellitus and hyperlipidemia, and their
mean serum TG was significantly higher than groups
B and C. This result showed that non-B non-C HCC
may be strongly associated with metabolic or insulin
resistance syndrome, as suggested in other reportis
(16,20). Diabetes mellitus has been recognized as a
risk factor of not only chronic liver disease, but also
HCC (14-17). Bugianesi et al. (20) reported that the
prevalence of diabetes and the plasma levels of both
TC and TG were significantly higher in those
patients with HCC associated with cryptogenic cir-
rhosis than in patients with alcohol and hepatitis
virus infection related HCC. However, in this study,
the prevalence of alcohol abuse was significantly
higher in the NBNC group than in group C. There:
fore, we performed an additional analysis after
excluding those patients with aleohol abuse. Based
on that analysis, no significant difference in the
prevalence of diabetes mellitus and hyperlipidem
among the 3 groups was found, although the serum
TG and TC levels were still higher. In contrast t¢
these results, some studies have indicated that alco-
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Table'S5 Three.cases of HCC associated wilh NASH

Case 3

79

Male

244

+
-
ST (UML), 58
ALT (TU/L) 23 46 76
PLT (<10Ymm?) 15.6 16 11.8
Total Cholesterol (mg/dL) 212 217 207
Triglvceride (mg/dL) 70 95 205
Steatosis’ mild moderate te
Degeneration of hepatocyte’ mild ballooning and Mallory bodies and
jdophilic bodi idophilic bodi

In inar infllamma cells’ microabscess many microahscess microal
Porial inflammation” mild moderate to severe moderate to severe
Necroinflammatory grade’ 1 2 3
Fibrosis stage’ 3 4 4

*Definitions according to Brunt et al. (27)

hol intake was associated with a lower prevalence of
MS (29,30). In the patients studied here, however,
chronic liver disease, risk factors for MS, and alcohol
abuse might all participate in the carcinogenesis of
HCC in a very complex fashion.

More recently, NAFLD including NASH has been
considered to be one of the causes of chronic liver dis-
ease (15,81) and HCC (19-25). Although the preva-
lence of NASH in HCC patients remains unknown, in
the literature, HCC has been observed in 2.4-13% of
NASH patients (21,23,24). Bugianesi et al. (20) report-
ed that among 641 cirrhosis-associated HCCs, 44
patients (6.9%) had cryptogenic cirrhosis which was
associated with NASH. On the other hand, Yano et al.
(12) stated that there were no non-B non-C patients
with HCC in whom NASH was thought to be the
cause. However, it is difficult to clearly determine the
participation of NASH in the pathogenesis of HCC
associated with cryptogenic cirrhosis, because the
steatosis might decrease or disappear when the
NASH progressed to cirrhosis (17,18,20,23,31). In the
present study, 3 patients were judged to be associated
with NASH based on microscopic findings of moder-
ate to severe macrovesicular steatosis, hepatocellular
ballooning, lobular inflammation with necrosis of the
hepatocytes, and perisinusoidal fibrosis. Although
there was some discussion about the histopathological
findings in NAFLD (19), macro-vesicular steatosis,
Mallory's hyaline, ballooning, lobular inflammation,
and perisinusoidal fibrosis were considered to be his-
tological features in general (19,31,32).

In this study, the cumulative overall and disease

3-year survival rates for HCC in the non-B non-
C patients after surgery were 69.8% and 27.6%,
respectively, and there were no significant differ-
ences in both the cumulative overall and disease free
survival rates among the B, C, and NBNC patients.
Although this study population contained 26 patients

who had already underwent some treatment for
HCC, these results were considered to be almost the
same as with previous studies (8,10,11,33). HCC in
the non-B non-C patients has been reported to have
a worse prognosis than HCC due to other causes.
With respect to the influence of the risk factors for
MS on survival, the interesting result was obtained
that these risk factors might exhibit an adverse effect
on the survival of hepatitis virus related HCC
patients, but not on non-B non-C HCC patients,
although their survival rates did not show any sta-
tistically significant differences because of the small
number of cases studied. One could speculate that
the risk factors for MS had a positive impact on the
oceurrence of non-B non-C HCC, but may exert a neg-
ative impact on the prognosis of hepatitis virus relat-
ed HCC patients.

In conclusion, the prevalence of diabetes mellitus,
hyperlipidemia, and the plasma triglyceride level
were all significantly higher in non-B non-C HCC
patients as compared with those with HCC related to
both HBV and HCV infection. This suggests that the
pathogenesis of non-B non-C HCC was more closely
associated with the risk factors for MS than viral
related HCC. However, alcohol abuse affected the
pathological mechanisms at least in part. With
respect to the participation of NASH, 3 out of 37 non-
B non-C HCC patients were clearly associated with
NASH from the viewpoint of their clinical and histo-
logical analyses. The prognosis of patients with posi-
tive viral markers tended to be worse in those
patients who also had risk factors for MS than those
without. On the other hand, there was no such ten-
dency in the non-B non-C patients, To our knowledge,
this is the first report of its kind on HCC patients
with and without hepatitis virus markers, and the
findings presented here may be informative in a clin-
ical setting.
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Emerging attention has been paid to metabolic syn-
drome. which comprises several metabolic disorders
including visceral obesily, diabetes mellitus, dyslipid-
emia. and hypertension. Whether the severity of each
disease is mild to moderate, the comorbidity of these
metabolic disorders has a serious impact on the devel-
opment of atherosclerosis. Nonalcoholie fatty liver
discase (NAFLD) is the major hepatic disorder in
patients with metabolic syndrome, and indeed it is the
must common cause of abnormal liver function tests in
the working population in industrialized countries. In
recent years, it has become recognized that NAFLD is
no longer just a trnivial disease, and a rather considerable
proportion of the patients develop liver crrhosis.
Furthermore, chronic infection of hepatitis C virus also
develops a pathological feature of steatohepatitis, and
extended hepatic steatosis has a serious impact not only
on the progression of hepatic fibrosis but also on the
antiviral efficacy of interferon therapy. Emerging lines
of studies indicated that insulin resistance. abnormal
lipid metabolism. and dysregulation of cytokines/adipo-
kines (e.g.. tumor necrosis factor-alpha, adiponectin.
and leptin) are profoundly involved in the pathogenesis
of NAFLD. This review aims to integrate the reported
evidence and to provide the current point of view for
comprehensive understanding of the pathophysiology
of steatohepaltitis.

Key words: metabolic syndrome. nonalcoholic fatty
hiver discases, nonalcoholic  steatohepatitis.  chronic
hepatitis O, pegvlated interferon. ribavirin. sustained
viral response
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Introduction

In Japan in recent years. the Western lifestyle has
become common. and the morbidity rates of obesity.
diabetes mellitus, dyslipidemia, and hypertension have
gradually increased. Generally. the metabolic disorders.
which are basically characterized by insulin resistance.
have been recognized as risk factors for cardiovascular
disease. Even 1f the severity of each disease is only
moderate, it is most likely true that the comorbidity of
these metabolic disorders has serious impacts on the
development of atherosclerosis. From this point of view,
metabolic syndrome has become a new hot topic, and
suddenly many related papers have been published.™
Moreover. it is a matter of interest that metabolic syn-
drome is closely associated with some gastrointestinal
discases as well.”

On the other hand, the liver is one of the most impor-
tant organs associated with digestion, detoxification.
production. and storage. Nonalcoholic fatty liver disease
(NAFLD) has been noted as the most common cause
of abnormal liver function.’” and had. however. previ-
ously been recognized merely as a relatively benign
discase mostly observed in some obese patients. In
1980, Ludwig et al. reported nonaleoholic steatohepati-
tis (NASH) as a novel liver disease entity. which is his-
tologically characterized by zone 3-dominant hepatic
steatosis with hepatocellular ballooning. lobular inflam-
mation. zone 3 perisinusoidal fibrosis. and cirrhosis”
‘This notion indicated that NAFLD is no longer just a
trivial disease. but rather potentially develops imo liver
cirrhosis.

Al the same time. the number of obese patients
steadily increased. and consequently obesity became
one of the major causes of morhidity and mortality in
the United States in the 19908™ Also. obesity is also
one of the most important risk factors for fauy hver
discase. For this reason, the report of Ludwig e al. had
a great impact on the management of patients with

=8 U/ e



s10

NAFLD in the late 19908 In Japan. the increase in the
number of people with obesity caused the same health
problems. [ullowing after the Western countries with a
lag of a decade. Therefore. the metabolic abnormalities:
so-called metabolic syndrome and fatty liver discase,
have now become an important health issue in Japan as
well.

Some recent studies have been trying to describe
how liver diseases are closely associated with metabolic
syndrome. because this is useful to elucidate the
background and pathophysiology.” "' The aim of this
review is to integrate the reported evidences of liver
diseases and metabolic syndrome and find a way to
establish a rational medical treatment of the metabolic
disorders,

Nonalcoholic steatohepatitis (NASH) and
metabolic syndrome

Pathological features of NASH/NAFLD

Nonalcoholic steatohepatitis (NASH) is currently rec-
ognized as an important disease that polentially pro-
gresses Lo cirrhosis and liver-related death. In 1980,
Ludwig et al. first reported liver biopsy findings that
resemble alcohol-induced liver disease pathologically
but develop in patients without alcohol abuse.” Since
the 1970s. the number of people with obesity gradually
increased at a steady state. and in the 1990s. some
obesity-related diseases became a serious problem in
Western countries. On that occasion, Day et al, hypoth-
esized the “two hit theory™ as the pathophysiology of
steatohepatitis in 1998, The review article noted that
fat accumulation in hepatocytes. induced by insulin
resistance and some other factors, is the “first hit™; and
after that, cell injury induced by oxidant stress and free
fatty acids is the “second hit.""* Additionally. the title
of the review was so catchy that the “two hit theory”
spread guickly through the world. In 1999, Brunt et al.
proposed the grading (1-3) and staging (0-4) system
of the histological lesions in patients with nonalcoholic
steatohepatitis” Although the system is only for
NASH. it is a useful and semiguantitative evaluation
that s now popular among pathologists and clinical
physicians. About that time, Matteoni ¢t al. evaluated
the entire spectrum of NAFLD by using comparative
analysis. pathologically: type 1. fany liver alone: type
2. fat accumulation and lobular inflammation: type 3.
fat accumulation and ballooning degeneration: and
Iype 4 fot accumulation. ballooning  degencration.
and cither Mallory hyaline or fibrosis In fact, the poor
outcomes. including cirrhosis and liver-related death,
were more frequent in patients in whom biopsies show
ballooning degeneration and Mallory hyvaline or libro-
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sis* This pathological evaluation system is valuable
because 1t 1s most likely true that there was a positive
association between the types of the pathological
classification and the outcome i the patients with
NAFLD.

After these reports. as the more extended term. non-
alcoholic fany liver disease (NAFLD) acquired a new
meaning and became accepted to cover the wide spec-
trum of metabolic fatty liver disorders" More recently,
a NAFLD activity score (NAS) was proposed for
NAFLD and NASH with reasonable interrater repro-
ducibility. Actually. the scoring system seems 1o be
somewhat complicated and difficult 1o approach for
some clinicians: however. it is useful to evaluate the
semiquantitative and reproducible activity score. Le.
steatosis (0-3). lobular inflammation (0-2). hepatocel-
lular ballooning (0-2). and fibrosis (0-4). An NAS
greater than 5 is correlated with a diagnosis of NASH.
and biopsies with scores of less than 3 were diagnosed
as "not NASH.™"

Clinical features of NAFLIVNASH and
metabolic syndrome

Focused on the prevalence of NAFLD, a recemt
population-based cohort study revealed that 34% of
the adult population; included an age range of 18-65
years in the United States. has fatty liver mostly
without excessive alcohol abuse.'” Furthermore. another
population-based cohort study described the natural
history of nonalcoholic fatty liver disease (NAFLD).
It was shown that mortality among NAFLD patients
was higher than the general population. Liver-related
death was the third most common cause and accounting
for 13% of all deaths: however. the absolute risk
was low." From the other point of view, the result of
the study has still been controversial because of
the inevitably implicated sclection bias in the study.
Even though. it could be believed that the report has
a great impact on regarding NAFLD as a critical
disease.

On the other hand. metabolic disorders such as
obesity. hyperglycemia. hypertriglyceridemia, and hyper-
tension were reported as risk factors for NAFLLDY/
NASH."™ = Recently. a clinical study revealed the
close  relationships  between  Japanese  patients
with metabolic syndrome and NAFLD detected by
abdominal ultrasonography.™ The limitations  of
the report were msufficient examination to detect
NAFLD and inappropriate estimation of central obe-
sity 1o defined metabolic syndrome so far. Although
the concept has become believed that NAFLD is a
manifestanion of metabolic syndrome, it seems obvious
that the background of cach entity 15 necessarily
overlapped.
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Experimental facts related to obesity,
metabolic disturbances. and NASH

The experimental data indicated that ingestion of a
high-fat diet promotes obesity and the development of
metabolic disturbances in rodents™ ™ A homozygous
defect of obese gene in the mouse (ob/oh mouse) pres-
ents an obese phenotype as well.” Further. homozy-
pous mutations of the leptin receplor gene have been
identified both in mice (i.e.. db/db mouse) and in rats
[Zucker (fa/fa) ra1). which are also associated with
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obesity.”

Pathophysiology of NASH: insulin resistance, free fatty
acids, and cytokines

Although it is not yet fully understood what is the
pivotal cause of whether simple hepatic steatosis or ste-
atohepalitis occurs. it is most likely true that insulin
resistance and increased free fatty acids in the liver are
highly associated with NASH.' Insulin resistance
leads to fat accumulation in hepatocytes by lipolysis and
hyperinsulinemia.

Recently, the cytokine—-adipokine interaction related
1o NAFLD is increasingly drawing greal atlention o
clucidate the underlying mechanism. Insulin resis-
tance is thought 1o be regulated by proinflammatory
cvtokines. such as TNF-w (tumor necrosis factor-
alpha). 3nd some adipokines. e.g.. adiponectin and
leptin,™”

TNF-a and NAFLD/INASH

TNF-a is an important inflammatory cytokine that is
overexpressed in the adipose tissues of rodent models
of obesity.™ Clinically. enhanced TNF-u expression was
shown in patients with NASH compared with patients
with simple steatosis.” Experimental data described
that free fatty acids induced production of TNF-a
through promoting hepatic lipotoxicity.” Moreover, it
was shown that antibody-mediated neutralization of
I'NF-a improves NAFLD in ob/ob mice.™ Taken
together. these findings indicated that TNF-a is one of
the eritical factors for occurrence and progression of
NAFLD/NASH.

Adiponectin und NASH

There is a noteworthy adipokine. adiponectin, which is
one of the important properties for antimflammation.
insulin sensitization. and antiatherosderosis. Adipose
tissue 1s the major site of endogenous adiponectin pro-
duction. It s well known that hypoadiponectinemia s
observed in patients with visceral obesity and insulin

511
resistance, especially NASIL and  atherosclerosis ™™
FFurthermore, Hui et al. showed that hypoadiponec-
tnemn s # feature of the NASH independent of insulin
resistance.™

Additionally. the experimental data suggested that
adiponectin and TNF-wz suppressed each other’s synthe-
sis locally in adipose tussue and suppressed each other’s
function remotely in muscle in adiponectin-deliaient
mice.” These data indicated that adiponectin has a key
role in neutralization of TNF-w Interestingly. adipo-
nectin considerably alleviated hepatomegaly. steatosis.
and abnormal liver function in nonaleoholic obese ob/
ob mice as well ™

Leptin and hepatic fibrosis

Leptin, an obese gene product mainly produced from
adipocytes. is also a cytokine-type hormone that regu-
lates food intake and fat metabolism through actions on
the central nervous system.” Leptin receptors (Ob-R)
have originally been shown in hypothalamic neurons.
through which leptin regulates food intake and body
weight® In the late 1990s. Potter et al. described that
the activated stellate cells in culture during hepatic
fibrosis can express leptin.® The findings lead 10 the
hypothesis that leptin plays a pivotal role in profibro-
genic responses in the liver caused by hepatotoxic
chemicals.

Endogenous lepun and hepatic fibrosis

First, we demonstrated that administration of recombi-
nant leptin augments profibrogenic responses in the
liver caused by xenobiotics [i.e.. carbon tetrachloride.
thioacetamide (TAA)] in mice.” After that. to investi-
gate whether endogenous leptin promotes  hepatic
fibrogenesis, we utilized ob/ob mice: which lack leptin
because of naturally occurring disruption of the leptin
gene. Interestingly, ob/ob mice demonstrated extremely
poor profibrogenic responses against Xenobiolic treal-
ment. [t was shown that leptin appears lo promole pro-
librogenic responses in the liver. in part. by upregulation
of transforming growth [actor-beta (TGE-B). suggesting
that leptin is one of the key regulators of hepalic
fibrogenesis ™"

Second. we evaluated that role of Ob-R in hepatic
fibrogenesis using  Zucker rats, which  lack  func-
tional Ob-R as a result of a missense mutation in the
common. extracellular domain.™ Zucker rats presented
extremely poor profibrogenic responses i the liver
caused by chronic thioacetamide (TAA) treatment
as comparcd 1o their lean littermates. indicating that
Ob-R is involved in the profibrogenic responses in the
liver.
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