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lipid peroxidation products. As shown in Fig. 3a, b, the
immunostaining intensity of 4-HNE in tissues from
patients with NAS > 5 (Fig. 3A-c and -d) was signifi-
cantly greater than that seen in patients with NAS < 2
(Fig. 3A-a) and patients with NAS of 3-4 (Fig. 3A-b).
Spearman’s correlation analysis showed that the immu-
nostaining intensity levels of 4-HNE ‘had a signifi-
cant negative correlation with hepatic SMP30 levels
(p = —0.649, P < 0.01; Fig. 3c).

We investigated serum lipoprotein profiles in the
patients with NAS < 2 (n = 15) and those with NAS > 5
(n = 20). As shown in Fig. 4, levels of large VLDL and
very small LDL in patients with NAS > 5 were signifi-
cantly higher than those in patients with NAS <2
(5.6 £ 1.3 vs. 4.5 &+ 1.2 mg/d], P = 0.008 and 20.4 £ 5.4
vs. 17.0 & 4.0 mg/dl, P = 0.047, respectively). There was
no significant difference in the other lipoprotein subclass
levels between patients with mild and advanced NASH.
Both large VLDL and very small LDL levels were corre-
lated negatively with hepatic SMP30 levels (r = —0.379,
P =0.024 and r= —0.357, P =0.035, respectively;
Fig. 5).

Fig. 2 a H&E staining in liver
tissue from a patient with mild
NASH. Many large fat droplets
are noted around the central
vein. b Oil Red O staining in
liver tissue from a patient with
large fat droplets. a, b x200

HNE (intensity)

Discussion

In the present study, we have demonstrated for the first
time, by both ELISA and immunohistochemical studies,
the significant reduction of hepatic SMP30 levels in a
stage-dependent manner in patients with NAFLD. An
additional noteworthy finding of this study is that the
hepatic SMP30 level was strongly and inversely correlated
with the grade of immunohistochemical staining of 4-HNE,
which is an aldehydic end product of lipid peroxidation in
hepatocytes. Furthermore, we also demonstrated that
hepatic SMP30 levels were significantly and positively
correlated with the platelet count, and were significantly
and inversely correlated with HOMA-R, serum emLDL,
and serum type IV collagen 7S. It is well known that
increased lipotoxicity and oxidative stress in the liver play
a critical role in the progression of NAFLD. Accumulated
reactive oxygen species (ROS) activate nonparenchymal
cells, including Kupffer cells and hepatic stellate cells [23].
By way of a paracrine mechanism, activated Kupffer cells
release transforming growth factor (TGF)-f, a known
profibrotic factor that has been implicated in the activation

<2

Fig. 3 A Immunostaining of 4-hydroxynoneral (4-HNE) in liver
tissues from patients with a NAFLD activity score (NAS) <2, b
NAS = 3-4, and ¢, d NAS > 5, x200. B Hepatic 4-HNE intensity in

C
P=0.011
60
P=0.041 2 p =-0.629
g 07 ° P <0001
o °
e, 40 1
I I
T E ® o 0
ot [ 4
& 201 (]
E <
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0
34 >5 0 1 2 3
NAS score HNE intensity

the three patient groups classified according to the NAS scores.
¢ Spearman’s correlation between hepatic SMP-30 and 4-HNE
intensity
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of other neighboring hepatic cells, including hepatic stel-
late cells [24]. Recently, Tomita et al. [25] reported that
hepatic expression of TGF-f1 was enhanced at both early
and late fibrotic stages of NASH, and that elimination of
hepatic ROS accumulation in the liver decreased hepatic
TGF-f1, whereas enhancement of ROS in the liver
increased TGF-f1 mRNA levels. It has also been reported
that 4-HNE stimulates procollagen type I synthesis in
human hepatic stellate cells [26, 27]. SMP30 maintains

Subclass name 0 10 20 30 40 50
(Particle di :nm) - . = - . -

large VLDL

(44.5 - 64.0)

60
- (mg/dl)

7] P=0.0085

medium VLDL
(36.8)

small VLDL
(31.3)

large LDL
(28.6)

medium LDL
(25.5)

small LDL
(23.0)

very small LDL
(16.7-20.7)

7] P=0.0443

very large HDL
(13.5-15.0)

large HDL
(12.1)

medium HDL
(10.9)

small HDL
5.8)

very small HDL
(7.6 - 8.8)

Fig. 4 Comparison of the levels of each lipoprotein subclass grouped
according to particle size. The open columns represent data from 15
patients with NAS < 2 and the closed columns represent data from 20
patients with NAS > 5. VLDL, Very low-density lipoprotein; LDL,
low-density lipoprotein; HDL, high-density lipoprotein

calcium homeostasis by activating the calmodulin-depen-
dent Ca®*-pump, and has gluconolactonase activity. Sev-
eral functional studies of SMP30 have demonstrated that
SMP30 plays a role as an antiapoptotic protein and anti-
oxidant [15, 17-20, 28, 29]. Therefore, our findings
strongly suggest that the reduction of hepatic SMP30 is
associated with the progression of hepatic fibrosis through
increased oxidative stress in the liver. In our preliminary
study, hepatic SMP30 was significantly decreased in hep-
atitis C virus (HCV)-infected patients with cirrhosis (data
not shown). It is suggested that hepatic SMP30 is decreased
in cirrhotic liver by other etiologies as well as NAFLD.
However, it is not known whether decreased hepatic
SMP30 is a result or a cause of cirrhosis. Further studies
are needed to clarify this point.

In the present study, we found that emLDL was signifi-
cantly increased in an NAS-dependent fashion. Similarly,
using lipoprotein profile analysis by HPLC, we also found
that in patients with NAS > 5, serum levels of both large
VLDL, which corresponds to VLDL1 (Svedberg flotation, Sf
60-400), and very small LDL were significantly higher than
those in patients with NAS < 2. A noteworthy finding is that
these lipoproteins were significantly and inversely correlated
with hepatic SMP30. Griffin and Packard [30] and Packard
[31] have demonstrated that large VLDL1 is a precursor of
small dense LDL, and VLDL1 is preferentially produced in
the liver during the development of insulin resistance. Adiels
et al. [32, 33] have reported that hyperglycemia stimulates
VLDL1 production in type 2 diabetes, and that overpro-
duction of VLDL. is significantly correlated with increased
liver fat and plasma glucose in patients with type 2 diabetes.
Previously, we reported that accumulation of cholesterol in
the livers of SMP30-deficient (SMP30Y/—) mice was
markedly higher than that in age-matched wild-type mice
[16]. In the SMP30Y/— mice, mitochondrial damage and
many fat droplets were observed in hepatocytes by electron
microscopy [16]. Our present findings, taken together with
these findings in the SMP30Y/— mice, lead us to speculate

Fig. 5 Pearson’s correlations A 38 B 30
between a hepatic SMP-30 and L
serum large VLDL (particle size 7] ’ e oo r=-0.357
44.5-64.0 nm) and b between P=0.0241 = 26 P=0.0347
hepatic SMP-30 and serum very g a e
small LDL (particle size 16.7- ) E ) .. ®
20.7 nm) § 2 21 > 2
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Fig. 6 Schematic diagram
depicting disease progression of
NAFLD according to the two-
hit hypothesis, showing
involvement of hepatic SMP30.
FFA, free fatty acid; SREBP,
sterol regulatory element-
binding proteins; TNF, tumor
necrosis factor

esasansans First hit

Q=== === Second hit

| Decreased SMP30

ROS T
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— " 4
Genetic factor |=s==
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that steadily decreasing hepatic SMP30 levels are associated
with the progression of hepatic insulin resistance.

In conclusion, the two-hit theory proposed by Day and
James [9], in which the initial trigger is the hepatic accu-
mulation of excessive fat, followed by the second hit of the
development of oxidative stress, is widely advocated as a
pathogenic mechanism for NASH. Therefore, our findings
in the present study strongly suggest that SMP30 plays an
important role in the pathogenesis of NAFLD (Fig. 6), and
that increasing levels of SMP30 in the liver will serve as a
promising target in the treatment of NASH.
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[Summary]

FE7 IV — JUMRERART % (NASH) ORIERF L 1st hit & LT
DOFFAEAOIEFOERICMA T, BEX L XERLELS
ond hit’MbH B EICE>TRET I EHEEN TV S, BIE
Z ML ZOERE U THERAEE, REMTIMHI, T2
Fhx22, PRARIA, EEPHIFSN D EOFEMIC
DWTIRAELEESS . NASHIZHWTME R E&TORE
LR L AT—H—DEEETRT EDHRENER SN B HHL
ENABHDEBFEELLEL,. NASHOEEE L THEMEEEDE
AMrfESh, E4ICERROEEIZLDT—2PER
ShiBH TV, SHES L2 KRBMEHERILETH 3.
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(nonalcoholic fatty liver disease; NAFLD) (Zid, Bif
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5#F % (nonalcoholic steatohepatitis; NASH) #¥& h
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TR E BRI hEROEEZRE L, FEMAIE (hepa

tic stellate cells; HSC) #&M L L, 377 rEAZRE
#3125 M/ R R IE5E R F (platelet-derived growth
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FFA: free fatty acids, HSC: hepatic stellate cells; IKK/3: inhibitor kappa kinase
beta, JNK: Jun N-terminal kinase, NF- K/3: nuclear kappa beta transcriptional fac-
tor, ROS: reactive oxygen species, TGF-/3 - transforming growth factor beta, TIMP-
1: tissue inhibitor of metalloprotease-1, TNF-« & tumor necrosis factor alpha

25, BAMEHEOZ Y F MY Y23TNF-a, IL-6,
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—MHE &5, TNF-alZc-Jun N-terminal kinase (JNK)
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NASH CEfE4 R L, NAFLD activity score & Bif %
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X ) TNF-a ©—5#%# (TNF-« position-1031C % L
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WEBRELTWAY, FIL-60ImA, FFMML NIV
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SS: simple steatosis, HNE: 4-hydroxy-2-nonenal, MDA: malondialdehyde, 8-OHdG: 8-hydroxy deoxyguanosine, TRX: thioredoxin, GSH: glutathione, NO: nitric
oxide, TBARS: thiobarbituric acid-reactive substances, SOD: superoxide dismutase, GSH-Px: glutathione peroxidase, GR: glutathione reductase
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86(274)

B b A b L ASERFEOFMIZSH S SICHBIZENSX
XBETH 5.

NASH B E (CHITIBMEX N L AY—H— (X0)

& DG & B EE {4 Td 5 malondialdehyde (MDA),
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