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terns were similarly found in age, platelet count, and
v-GTP level. Accordingly, this study cohort had no
specific bias and seems toreflect the natural background
of the patients according to the HCV variance. In this
study, the impact of HCV core aa substitutions on the
virological response were evaluated by multivariate
analysis, in order to resolve the bias of patient back-
ground factors among the groups classified according to
the core aa substitution patterns. Recently, Abe et al.
[2010] reported that the human genotype of the

" rs8099917 SNP at the IL28B locus was associated with .

lower y-GTP level and viral wild type of core aa 70 and
91. Possibly these differences of IL28B genotype may

influence the difference of patient background factors.

Further studies are needed to clarify the relationship
between human genetic variation and HCV core amino
acid substitutions. _ '

The HCV core protein has been reported to have an
effect on a variety of cellular functions [Lai and Ware,
2000; Joo et al., 2005; Ariumi et al., 2007; Waris et al,,
2007; Osna et al., 2008]. Currently, aa substitutions in
the HCV core region has been thought to be related
with outcome of antiviral therapy [Akuta et al., 2005;
Donlin et al, 2007] and also the development of
hepatocellular carcinoma [Akuta et al., 2007a; Hu
et al, 2009]. Importance of core aa substitutions,
especially at aa 70 and 91, comes to be recognized, and
the new method to detect these substitutions easily
has been proposed [Nakamoto et al., 2009]. As for the
mechanism of antiviral activity on core aa substitutions,
Tkeda et al. [2010] showed that core aa substitutions
were not associated with intracellular antiviral re-
sponse to IFN-alpha by in vitro analysis. The mecha-
nism of antiviral activity and hepatocarcinogenesis
on core aa substitutions has not been elucidated enough,
so far. Further in vitro studies will be needed to clarify
this.

Previous studies showed that patients with substitu-
tion of core aa 70 often had slow or no decrease in HCV
RNA levels during the early phase of IFN-alpha treat-
ment [Akuta et al., 2005, 2007b,c; Donlin et al., 20071
Consistent with these reports, multivariate analysis in
this study revealed that substitution of core aa 70 could
be independently associated with insufficient viral
decline during the first 12 weeks after the treatment
(decline of <1log from baseline at week 4, <2 log at week
12). This suggests that patients with substitution of core
aa 70 are likely to fail to have a sustained virological
response. On the other hand, dose exposure of Peg-IFN
during the first 4 weeks of treatment was also inde-
pendently linked to a minimal decline in HCV RNA
(<1log) at week 4 in this study. This suggests that
maintaining the dose of Peg-IFN as high as possible
until the disappearance of HCV RNA can help avoid
treatment failure [McHutchison et al., 2002; Oze et al.,
2009], especially in patients with substitution of core aa
70. On the other hand, substitution of core aa 91 was
independently associated with detectable HCV RNA
at week 24. This suggests that patients with substitu-
tion of core aa 91 are likely to achieve non-sustained
virological response even if they had a >2 log decline in
the HCV RNA level at week 12. The reason for the
difference of the impact on virological response is not yet
clear.

Multivariate logistic regression analysis also showed
that the dose exposure of ribavirin during the full
treatment period and having late virological response
were independently associated with relapse. As for
ribavirin exposure, it has been previously demonstrated
that the relapse rate among patients responding to the
treatment showed a decline in relation to the increase in
the dose of ribavirin [Hiramatsu et al., 2009]. In this
study, relapse rates were also decreased from 36% to
13.3% with increasing dose exposure of ribavirin among
patients with end-of-treatment response. These results
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confirm that maintaining a sufficient dose of ribavirin
during the full treatment period could reduce the
possibility of relapse, and that an extended duration of
therapy for patients with late virological response could
increase the chance of achieving sustained virological
response, regardless of core aa substitution patterns
[Berg et al., 2006; Pearlman et al., 2007; Ferenci et al.,
2010].

In this study, the COBAS Amplicor HCV Test v2.0,
with a lower limit of detection of 50 IU/ml, was used to
assess the serum HCV RNA. Recently, real-time PCR-
based HCV RNA assays with a higher sensitivity,
COBAS TagMan HCV assay (Chugai-Roche Diagnos-
tics), with a lower limit of detection of 151U/ml, have
been introduced. Sarrazin et al. [2010] compared
virological response rates that were originally tested
by COBAS Amplicor assay with those retested by
COBAS TagMan assay, using the same cohort. Among
genotype 1 patients, complete early virological response
and sustained virological response rates were similar
when virological responses were defined as <50IU/ml
by Amplicor assay (77% and 87%) and <15IU/ml by
TagMan assay (76% and 88%). Therefore, measuring
HCV RNA by the Amplicor assay in this study would
have little affects on the results. :

In conclusion, the results have demonstrated that
substitution of core aa 70 could be independently
associated with an insufficient decline in HCV RNA
level during first 12 weeks, and substitution of core aa 91
was independently associated with detectable HCV
RNA at week 24, all of which were considered to be
important negative predictors of attaining sustained
virological response in patients with HCV genotype 1
treated with Peg-IFN plus ribavirin. On the other hand,
only dose exposure of ribavirin and no complete early
virological response was independent predictors of
virological relapse among patients with end-of-treat-
ment response, not substitution of core aa 70 or 91. The
aa substitution patterns of the HCV core protein can be
an important pretreatment predictor for non-response
in patients with HCV genotype 1 treated with Peg-IFN
plus ribavirin, but not for relapse after the completion of
therapy. ‘
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ARTICLE INFO ABSTRACT

The mechanisms underlying the pathogenesis of immunoglobulin A (IgA) nephropathy (IgAN) are not
well understood. In this study, we examined gene expression profiles in kidneys obtained from mice with
high serum IgA levels (HIGA mice), which exhibit features of human IgAN. Female inbred HIGA, estab-
lished from the ddY line, were used in these experiments. Serum [gA levels, renal IgA deposition, mesan-
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Keywords: gial proliferation, and glomerulosclerosis were increased in 32-week-old HIGA mice in comparison to ddY
IGFBP-1 animals. By microarray analysis, five genes were observed to be increased by more than 2.5-fold in 32-
'sge':uﬁwamy week-old HIGA in comparison to 16-week-old HIGA: these same five genes were decreased more than
Mesangial cell profiferation 2.5-fold in 32-week-old ddY in comparison to 16-week-old ddY mice. Of these five genes, insulin-like
1GE-1 growth factor (IGF) binding protein (IGFBP)-1 exhibited differential expression between these mouse

lines, as confirmed by quantitative RT-PCR. In addition, serum IGFBP-1 levels were significantly higher
in patients with IgAN than in healthy controls. In patients with IgAN, these levels correlated with mea-
sures of renal function, such as estimated glomerular filtration rate (eGFR), but not with sex, age, serum
IgA, C3 levels, or IGF-1 levels. Pathologically, serum IGFBP-1 levels were significantly associated with the
severity of renal injury, as assessed by mesangial cell proliferation and interstitial fibrosis. These results
suggest that increased IGFBP-1 levels are associated with the severity of renal pathology in patients with

IgAN.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Human immunoglobulin A (IgA) nephropathy (IgAN), an im-
mune-complex-mediated glomerulonephritis, is the most common
primary chronic glomerulonephritis worldwide, with a high preva-
lence in Japan and Asian countries. It is characterized by deposition
of predominantly IgA antibodies over the glomerular mesangium
[1]. The prognosis of patients with IgAN is poor, with 10-40% of pa-
tients developing end-stage renal failure and becoming hemodialy-
sis-dependent [2]. It has been reported that antigenic variation,
genetic factors, abnormalities of the [gA1 molecule, and various
inflammatory mediators play important roles in the onset and pro-
gression of IgAN [3]. The mechanisms underlying the pathogenesis
and development of IgAN, however, are not well understood; thus,
specific treatment on a molecular basis has not been developed.

High serum IgA (HIGA) mice, which were established from ddY
mice, exhibit features seen in IgAN, such as high serum IgA levels,

* Corresponding author. Fax: +81 99 264 3504.
E-mail address: hirouto@m2.kufm.kagoshima-u.acjp (H. Uto).

0006-291X/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbrc.2010.07.032

IgA deposition in the glomerular mesangium, and mesangial
expansion [4]. HIGA mice comprise an appropriate animal model
in which to conduct gene expression analysis to identify genes in-
volved in the progression of renal diseases. Several microarray
analyses using kidneys or isolated glomeruli from these mice have
been reported [5-7]. In HIGA mice, however, no renal abnormali-
ties manifest until approximately 10 weeks of age; serum IgA lev-
els begin to increase dramatically thereafter, becoming markedly
elevated by 25 weeks of age [4,6]. Histological alterations become
marked by 40 weeks of age. Thus, the time points at which tissues
or cells are obtained affect the results of microarray analysis. Con-
sequently, we evaluated serum factor levels and pathological fea-
tures of HIGA mice over time, focusing on the gene expression
profiles in the kidney at 16 and 32 weeks.

In this study, we focused on insulin-like growth factor binding
protein (IGFBP)-1, which was differentially expressed in HIGA mice
kidneys in comparison with ddY mice kidneys. The insulin-like
growth factors (IGFs) are growth-promoting peptides that circulate
in plasma complexes with IGFBPs. Six IGFBPs have been isolated
and characterized, which share ~35% sequence identity with each
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other, but differ in their binding specificity [8]. IGFBPs are pro-
duced by a variety of biological tissues and found in various biolog-
ical fluids and may directly contribute to the development of
glomerulosclerosis [9,10]. The molecular mechanism by which
IGFBP-1 contributes to the pathogenesis of IgAN, however, has
not been elucidated. This study provides novel insights into the
role of IGFBP-1 in the pathogenesis of IgAN.

2. Materials and methods

2.1. Animals

Animal experiments utilized female inbred HIGA and ddY mice
(Japan SLC, Inc., Hamamatsu, Japan). Mice were allowed free access
to standard mouse chow and tap water. All animal experiments
were approved by the Institutional Animal Care and Use Commit-
tee guideline of Kagoshima University.

2.2. Patients

Between 2006 and 2008, we enrolled the 58 patients diagnosed
with IgA nephropathy by renal biopsy. This study was approved by
the Kagoshima University Hospital and by Nanpuh Hospital. Writ-
ten informed consent was obtained from all participants in the
study. :

2.3. Biochemical examination

Serum blood urea nitrogen (BUN) and creatinine levels in mice
were measured using SPOTCHEM™ II SP-44 assay system (ARK-
RAY, Inc., Kyoto, Japan). Serum IgA levels were measured using
an enzyme-linked immunosorbent assay (ELISA) according to the
manufacturer's instructions (Bethyl, Montgomery, TX).

Serum and urine samples from patients were obtained at time
of renal biopsy. Common biochemical parameters, including BUN,
creatinine, fasting plasma glucose (FPG), IgA, C3, glycohemoglobin
(HbA1c), peripheral blood hemoglobin, and urinary protein levels,
were determined using standard laboratory methods. Estimated
glomerular filtration rate (eGFR) was calculated as described by
the modification of diet in renal disease (MDRD) study:
eGFR = 0.741 x 175 x Age~%2% x Cr~1154 (if femnale: x 0.742).

2.4. Histological examination

For light microscopic studies, kidneys were isolated from HIGA
and ddY mice at 16 or 32 weeks of age and fixed in 10% neutralized
formalin buffer solution. Samples were then embedded in paraffin
and sliced at a thickness of 2-3 pm. Slices were stained with hema-
toxylin and eosin (HE), periodic acid-Schiff (PAS), Masson's tri-
chrome, and periodic acid-silver methenamine (PAM).

All biopsy specimens from patients, obtained by needle biopsy,
were stained with HE, PAM, PAS, and Masson-trichrome stains, and
were examined by light, immunofluorescence, and electron
microscopy. Mesangial cell proliferation was classified by light
microscopy as follows: no hypercellularity, score 0; fewer than
four mesangial cells in the peripheral mesangial area, score 1; four
or five mesangial cells in a part of the mesangial area, score 2; six
or seven mesangial cells in that area, score 3; more than eight mes-
angial cells identified in the mesangial area, score 4. The severity of
mesangial cell proliferation in each case was evaluated using an in-
dex of mesangial proliferation [11]. To evaluate for adhesion, inter-
stitial fibrosis, interstitial infiltration, tubular atrophy and arteriole
hyaline change, we determined the proportion of the area in each
section comprised by each abnormal structure. In addition,
glomerulosclerosis was evaluated by the proportion of number of

glomerulosclerosis in total glomerulus, and intimal thickness was
evaluated by rate of thickness in intima/media.

For immunofluorescence microscopy, kidney tissues were
embedded in Tissue-Tek OCT compound (Sakura Finetechnical
Co., Ltd., Tokyo, Japan) and snap frozen in a dry ice-acetone bath.
Cryostat sections, 4 pm in thickness, were stained directly with
FITC-labeled goat anti-mouse IgA antiserum (Santa Cruz Biotech-
nology, Santa Cruz, CA), goat anti-mouse IgG or IgM antiserum
(Sigma-Aldrich Inc, Saint Louis, MO), and goat anti-mouse comple-
ment C3 antiserum (Cappel Research Reagents, Costa Mesa, CA).

2.5. Gene expression profiling

Total RNA was extracted from the total renal tissue of 16- and
32-week-old mice using TRIzol Reagent (Invitrogen Life technol-
ogy, Carlsbad, CA) according to the manufacturer’s instructions.
The pooled total RNA from five mice was subjected to expression
profiling using an Affymetrix Genechip Mouse genome 430 2.0 ar-
ray according to the standard protocol (Affimetrix, Santa Clara, CA).
The resultant expression profiles were normalized using Gene
Spring 7.3.1 software provided by Agilent Technologies (Santa
Clara, CA). Genes of interest were selected by comparing the
expression intensities seen in 16- and 32-week-old HIGA and
ddy mice.

2.6. Quantitative RT-PCR for the detection of IGFBP-1

Template cDNA was synthesized from 1 pg total RNA using a
PrimeScript™ RT reagent Kit (Takara Bio Inc., Shiga, Japan). mRNA
expression levels of IGFBP-1 (Mm00833447), acyl-CoA thioesterase
2 (MmO00506625), Plasminogen activator urokinase (Mm0044
7054), acyl-CoA synthetase medium-chain family member 2
(MmO01137661) were analyzed by quantitative real-time PCR using
a TagMan Gene Expression Assay kit (Applied Biosystems, Foster,
CA) on an StepOnePlus™ Real-Time PCR System. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (Mm99999915) mRNA levels
in each sample served as a reference gene to standardize the quan-
tities of the experimental mRNAs.

2.7. ELISA for serum IGFBP-1 level in patients with IgAN or in mice

The serum levels of ICFBP-1 in patients with IgAN or in mice
were determined using a RayBio Human IGF-BP-1 ELISA kit (Nor-
cross, GA) or mouse IGFBP-1 ELISA kit (Boster Biological Technol-
ogy, Wuhan, China), respectively. Twenty subjects were also
examined as healthy controls.

2.8. Statistical analysis

Results are expressed as the means + standard deviation (SD).
Statistical analyses were performed using STATVIEW (version
5.0; Abacus Concepts, Berkeley, CA) or SPSS (SPSS Inc., Chicago,
IL) software programs. The frequencies or means were compared
between groups using Chi square test, Fisher's exact test, or
Mann-Whitney U-test as appropriate. Pearson’s correlation analy-
ses were performed to evaluate the relationships between the var-
ious parameters. A P-value less than 0.05 was considered to be
statistically significant.

3. Results

3.1. Biochemical and histological examination in HIGA mice

At 16 weeks of age, serumn IgA levels in HIGA mice [mean * SD;
220.1 + 144.0 mg/dl (n = 10)] did not differ from those observed in
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ddY mice [208.6 + 163.7 mg/dl (n =4)]. These levels, however, in-
creased significantly in HIGA mice at 32 weeks of age [498.1 %
245.5 mg/dl (n = 9)] in comparison to both in HIGA mice at 16 weeks
of age and ddy mice at 32 weeks of age [203.0 + 113.1 mg/di(n = 5)].

Histologically, there has never been evidence of severe glomer-
ular lesions in ddY mice at either 16 or 32 weeks of age (Fig. 1A).
Although IgA deposition was seen in mesangial lesions in HIGA
mice at 16 weeks of age, there were no severe glomerular lesions.
By contrast, mesangial cell proliferation, matrix expansion, and
glomerulosclerosis were readily apparent in HIGA mice at
32 weeks of age (Fig 1B), despite being absent from 16-week-old
HIGA mice.

3.2. Expression of IGFBP-1 in mouse kidneys evaluated by cDNA
microarray and RT-PCR

Gene expression profiles of whole kidneys from HIGA and ddY
miice at 16 and 32 weeks of age were evaluated using an Affimetrix
mouse GeneChip. Of the differentially expressed genes, 127 genes
were increased 2.5-fold or greater in HIGA mice at 32 weeks of age
in comparison to 16-week-old HIGA mice. Similarly, 325 genes were
decreased by more than 2.5-fold in ddY mice at 32 weeks of age in
comparison to levels seen at 16 weeks. Among these genes, five
genes (IGFBP-1, acyl-CoA thioesterase 2 [Acot2], plasminogen acti-
vator urokinase {Plau], acyl-CoA synthetase medium-chain family
member 2 [ACSM2] and transcribed locus) were paradoxically ex-
pressed between HIGA and ddY mice. In addition, expression of
mRNA encoding IGFBP-1 was confirmed to be significantly higher
in HIGA mice in comparison to ddY mice at 32 weeks of age,
although the levels did not differ between HIGA and ddY mice at
16 weeks of age using quantitative RT-PCR (Fig. 1C). Although serum
IGFBP-1 levels in mice could not be evaluated extensively because of
sample limitations, serum IGFBP-1 levels tended to be higher in
HIGA mice [mean £ SD; 15.0 £ 6.8 (ng/ml) (n = 3)] in comparison to
those in ddy mice (9.3 + 3.5, n = 3) at 32 weeks. In contrast, expres-
sion of mMRNA encoding three other genes, including Acot2, Plau, and
ACSM2, were not significantly higher in HIGA mice in comparison to
ddY mice at 32 weeks of age. Unfortunately, another gene could not
be examined.

IGFBP-1 relative
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3.3. Clinical significance of serum IGFBP-1 levels in patients with IgAN

Sex, age, serum BUN, serum creatinine, eGFR, and FPG were not
statistically different between patients with IgAN and healthy con-
trols (Table 1). Serum IgA and complement component C3 levels,
however, were significantly higher in patients with IgAN in com-
parison to healthy controls. Serum IGFBP-1 levels were also higher
in patients with IgAN [mean £ SD; 23.4 +31.1 (ng/ml)] in compar-
ison to healthy controls (6.5 + 8.6) (Fig. 2A). In addition, serum IGF-
1 was mildly, but significantly, increased in patients with IgAN
over healthy controls [685.1 +456.1 (pg/ml) vs. 415.0 + 361.0].

We compared patients with high IGFBP-1 levels (high IGFBP-1
group) greater than 23 ng/ml, which is the average seen in patients
with IgAN, to patients with low IGFBP-1 levels (low IGFBP-1 group)
(Table 2). Serum BUN was higher, while eGFR and fasting blood su-
gar were lower in the high IGFBP-1 group than the low IGFBP-1
group. Positive and negative correlations were also observed be-
tween the serum IGFBP-1 levels and serum BUN (r=0.61,
p<0.001) and eGFR (r=-0.47, p <0.001), respectively. Although
urinary protein levels did not differ between these two groups, ser-
um IGFBP-1 levels were higher in IgAN patients with proteinuria
greater than 0.5 g/day as compared to those in IgAN patients
whose urinary protein levels were less than 0.5 g/day [31.2 +38.2
(ng/ml) vs. 13.6 £12.9, P=0.02].

Histologically, we observed a positive correlation between mes-
angial cell proliferation and serum IGFBP-1 levels (Fig. 2B). In addi-
tion, interstitial fibrosis and infiltration, renal tubular atrophy, and
arteriole hyalinosis were apparent in the high IGFBP-1 group to a
much greater extent than in the low IGFBP-1 group. In contrast,
the amounts of glomerulosclerosis, adhesion, and hypertrophy of
the arterial intima in renal tissue did not differ between the two
groups (Table 2).

4. Discussion

In this study, we observed that IGFBP-1 mRNA was upregulated
in the kidneys of HIGA mice by 32 weeks of age in comparison to
16 weeks of age, but was downregulated in 32 week-old ddY mice
in comparison to the same mice at 16 weeks of age. In addition, we

121 p<0.01
,E 104
g g p<0.05
§ 6
2 24
0
16 32 16 32
(weeks) (weeks)
ddy HIGA

Fig. 1. Histopathological findings (A and B) or the relative expression levels of IGFBP-1 mRNA (C) in kidney tissues from HIGA or ddy mice. Although no evidence of severe
glomerular lesions was observed in ddY mice at 32 weeks of age (A), mesangial cell proliferation, matrix expansion, and glomerulosclerosis were apparent in HIGA mice at
32 weeks of age (B). In addition, IGFBP-1 mRNA expression tended to decrease in ddy mice at 32 weeks of age in comparison to that seen at 16 weeks, although this difference
was not significant. In contrast, IGFBP-1 mRNA expression increased significantly in HIGA mice at 32 weeks of age in comparison to 16 weeks of age. At 32 weeks of age, the
expression of IGFBP-1 mRNA was significantly higher in HIGA mice in comparison to ddY mice. (A) and (B), PAS staining (x400). (C), the relative expression levels of IGFBP-1
mRNA in mouse kidneys were evaluated by quantitative real-time PCR. Determined values were normalized to GAPDH levels as a reference gene (n= 15 for each groups).
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Table 1
Clinical characteristics in patients with IgA* nephropathy.
IgA nephropathy (n = 58) Healthy control (n = 20) P-value

Fernale/male 33/25 11/9 0.88
Age (years) 33.26+£1343 32451649 0.78
Serum BUN® (mg/dl) 14.82 £+ 4.06 13344266 (n=15) 0.25
Serum Cr® (mg/dl) 0.84 +0.41 0.76+0.17 (n=15) 097
eGFR? (ml/min/1.73m?), 86.82 + 29.69 83.24 £ 16.08(n = 15) 0.59
FPG*® (mg/di) 93.22+10.15 100.10+18.84 (n=10) 033
Serum IgA? (mg/dl) 339,08 +120.53 255.46 £ 68.68 (n=13) 0.02
Serum C3f (mg/dl) 107.15 £20.25 92.85+11.86 (n=13) 0.02
HbAlc (%) 5.07 £0.39 (1= 44) - -
Hemoglobin (g/dl) 1338+1.83 - -
Proteinuria level (g/day) 0.90+£0.91 - -

Data are expressed as mean + standard deviation. p-value were obtained by a Student’s t-test, or the Mann-Whitney U-test.

* Immunoglobulin A.
5 Blood urea nitrogen.
¢ Creatinine.

9 Estimated glomerular filtration rate (eGFR) are calculated in modification of diet in renal disease (MDRD) study as follows;

eGFR = 0.741 x 175 x Age™02% x Cr=11%% (female: x0.742).
¢ Fasting plasma glucose.
! Complement component C3.

Classification by cellularity

score
severe (>7 cells) 3
moderate (6 or 7 cells) 2
mild (4 or 5 cells) 1

no hypercellularity (<4 cells) 0

* Index of mesangial cell proliferation
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Fig. 2. Serum IGFBP-1 levels in patients with IgA nephropathy. Serum IGFBP-1 levels were significantly higher in patients with IgA nephropathy in comparison to healthy
subjects (A). Boxes indicate the median + 25th percentile. The lower and upper bars represent the 10th and 90th percentiles, respectively. In addition, the serum IGFBP-1

levels were associated with mesangial proliferation in patients with 1gA nephropathy (B).

The proliferation of mesangial cells in each glomerulus was scored from 0 to 3. The

average for all glomeruli was calculated and registered as the index of mesangial proliferation. NO to N3 = numbers of glomeruli showing changes of grade 0 to 3, respectively.

N, NO + NT+ N2 + N3,

observed that serum IGFBP-1 levels are higher in patients with
IgAN than in healthy subjects. We also demonstrated a passible
relationship between serum IGFBP-1 levels and the pathological
findings of human renal tissues in IgAN.

IGFBPs play an important role in stabilizing and regulating the
activity of IGF-1 and IGF-1I, but also have other functions in the ab-
sence of IGFs [12]. All six IGFBPs are found circulating in a free
form or as part of binary or ternary complexes with IGFs [8].
IGFBP-3, the most abundant circulating IGFBP, is associated with
the progression and metastasis of certain cancers, such as ovarian
cancer and colon cancer {13,14}. IGFBP-5, present at about 10% of
the concentration of IGFBP-3, is also known to affect the progres-

sion of both lung and skin fibrosis [15,16]. The function of IGFBP-
1, however, has not been fully elucidated. In this study, we demon-
strate that serum levels of IGFBP-1 were significantly higher in pa-
tients with IgAN in comparison to healthy subjects. Previous
studies have demonstrated that serum levels of IGFBP-1 are upreg-
ulated in aging or the presence of elevated plasma glucose and are
downregulated by hyperinsulinemia [17,18]. Although insulin lev-
els were not examined, age was not associated with serum IGFBP-1
levels in our study; blood glucose levels were lower in the high
IGFBP-1 group in comparison with the Low IGFBP-1 group (Table
2). In addition, serum IGFBP-1 levels exhibited a negative correla-
tion with IGF concentration in normal individuals and patients
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Table 2
The characteristics with high IGFBP-1* group and low IGFBP-1 group.
High (n=16) Low (n=42) P-

value

IGFBP-1(ng/ml) 58.74 £ 41.64 10.00 £6.27 <0.001

Female/male 9/7 18/14 0.95

Age (years) 3744+134 3167+£13.25 0.15

Serum BUN®(mg/d!) 17.27 563 13.88 £2.84 0.04

Serum Cr<(mg/dl) 1.06 +0.66 0.75+0.23 0.13

eGFR? (ml/min/1.73m?) 7247132.82 92.29 £ 26.84 0.02

Serum IgA® (mg/dl) 35848 +144.88 331.69%11097 0.75

Serum C3/(mg/dl) 98.68 +17.28 110.37 £ 20.38 0.05

Serum IGF-18 (pg/ml) 573.29+365.85 717.79+478.29 044

FPG"(mg/dl) 884+7.62 95.22 +10.48 0.02

Proteinuria level (g/day) 1.38+1.37 0.72+057(n=41) 013

Histopathological findings

Glomerulosclerosis 0.24+0.21 0.15+0.03 0.12

(number/total)

Adhesion' 0.08 £+0.11 0.08 £0.12 0.90

Interstitial fibrosis' 2.06+1.12 1.31+0.81 0.04

Interstitial infiltration’ 1.81£1.05 1.07£0.75 0.03

Tubular atrophy' 1.75+1.00 1.07 £0.75 0.02

Arteriole hyaline change 7/16 5/42 0.01

(number)
Intimal thickness’ 1.13:0.96 0.64+£0.93 0.06

* Insulin-like growth factor binding protein-1.

® Blood urea nitrogen.

¢ Creatinine.

9 Estimated glomerular filtration rate.

¢ Immunoglobulin A.

! Complement component C3.

% Insulin-like growth factor.

" Fasting plasma glucose.

! Proportion of injury area: >50%, 4; 25-50%, 3; 5-25%, 2;<5%, 1; no, 0.
I Rate of thickness in intima/media: >50%, 3; 25-50%, 2;<25%, 1; no, 0.

with diabetes mellitus [19]. Serum IGF-1 levels, however, were not
different between the high and low IGFBP-1 groups. In previous
studies, IGFBP-1 has been negatively correlated with creatinine
clearance and positively correlated with the duration of diabetes
in patients with type 2 DM [20]. Several studies in non-diabetic pa-
tients demonstrate a significant relationship between increases in
IGFBP-1 levels and chronic renal failure (CRF) [21,22]. Increases in
IGFBP-1 plasma levels in nephrotic patients have been reported
[23]. Our study indicates that serum IGFBP-1 levels were signifi-
cantly associated with elevated BUN and eGFR values in patients
with IgAN, even in the absence of CRF or diabetes mellitus. Serum
IGFBP-1 levels were also higher in IgAN patients with proteinuria
(=0.5 g/day) in comparison to those with lower urinary protein
levels (<0.5 g/day), even in the absence nephritis. Furthermore, ele-
vated serum IGFBP-1 levels in patients with IgAN were associated
with poor histological findings, including increased mesangial cell
proliferation and interstitial fibrosis within renal tissue. We do not
claim that the observations presented here are peculiar to IgAN,
because of a lack of other human glomerular diseases. Regardless,
these results suggest that IGFBP-1 serum levels may serve as a bio-
marker of decreased renal filtration, even in the absence of signif-
icant renal injury or proteinuria.

IGF-1 is a major component of the broader GH system, which also
includes IGFBPs; this wide variety of growth hormones exhibits both
independent and interdependent effects on cell function, growth,
motility, and adhesion [24]. Perturbations in the GH systemare asso-
ciated with renal disease, including age-associated nephropathy,
diabetic nephropathy, and end-stage renal disease [25]. Multiple
studies, however, have identified conflicting effects of the GH sys-
tem on renal function. Experimental data have sugges'ted that GH
may have a detrimental effect on kidney growth, scarring, and
chronic kidney disease (CKD) progression [26]. IGF-1 transgenic
mice display glomerular hypertrophy without glomerulosclerosis
[27]. In contrast, GH therapy appears to be beneficial in reducing

the morbidity and mortality of CKD [28]. Transgenic expression of
IGFBP-1 selectively in mouse liver results in glomerulosclerosis
without glomerular hypertrophy [10]. Our results demonstrate that
serum IGFBP-1 levels were associated with more severe histological
findings, including increased mesangial cell proliferation and tubu-
lar atrophy, in patients with IgAN, but not with glomerulosclerosis.
Serum IGFBP-1 levels did not correlate with serum IGF-1 levels in
patients with IgAN. Although this study did not analyze the entire
GH systemn, our results suggest that IGFBP-1 affects the early stages
of renal injury, which may lead to glomerulosclerosis without glo-
merular hypertrophy [10,29]. Thus, IGFBP-1 appears to be associ-
ated with renal injury independent of IGF-1 activity.

IGFBPs are produced by a variety of biological tissues and found
in a multitude of biological fluids [30]. IGFBP-1 is produced primar-
ily by hepatocytes [31]. Tonshoff et al. determined that hepatic
production of IGFBP-1 in conjunction with decreases in renal filtra-
tion contribute to the elevated serum IGFBP-1 levels seen in pedi-
atric patients with CRF [32]. In this study, IGFBP-1 gene expression
was upregulated in the kidneys of HIGA mice at 32 weeks of age in
comparison to similarly aged control ddy mice without increased
production of IGFBP-1 in the liver (data not shown). As the analysis
of human samples, such as hepatocytes and renal tissue, has been
limited, the IgAN mouse model should help provide insight into the
mechanisms by which high levels of serum IGFBP-1 function in the
development of renal disease. We attempted to identify genes in-
volved in disease progression by identifying paradoxically-ex-
pressed genes. The gene expression profiles of HIGA mice and
their parental strain, ddy, may differ at a young age, such as at
16 weeks, even when the pathological findings are similar. A com-
parison of gene expression between HIGA and ddy mice at
32 weeks may be biased by genes that were differentially ex-
pressed at 16 weeks that may not be associated with IgAN disease
progression. Far this reason, we speculated that paradoxically-ex-
pressed genes may be associated with disease progression.

In this study, the paradoxical expression of IGFBP-1 in the kid-
ney was confirmed by immunohistochemical analysis (data not
shown). In ddy mice at 16 weeks of age, but not 32 weeks,
IGFBP-1 immunostaining was observed in the renal tubular epithe-
lial cells near the glomerulus. In contrast, IGFBP-1 was not detected
in HIGA mice at 16 weeks old, but could be detected in renal tis-
sues from HIGA mice at 32 weeks of age. IGFBP-1 has been re-
ported to be expressed in several nephron segments, including
the glomerulus, but not in the renal tubular epithelial cells near
the glomerulus [33]. Studies examining the spatial distribution of
the IGF system throughout the nephron have been performed pre-
dominantly in rats; available data from human kidneys suggest
species differences [33,34]. In addition, IGFBP-1 mRNA expression
in 16 week-old ddY mice was widely variable, HIGA mice were
originally established from the ddY mouse line, which is quite het-
erogeneous. We speculate that the increases in IGFBP-1 expression
in 32 week-old HIGA mice in comparison to that seen in 16 week-
old HIGA mice is associated with the features of IgAN. An addi-
tional time-course examination of mRNA expression and staining
in isolated early nephron segments and glomeruli from human kid-
ney biopsy tissues will be needed.

In conclusion, serum IGFBP-1 levels are higher in patients with
IgAN in comparison to healthy controls. These increased levels are
associated with the severity of renal tissue injury in patients with

IgAN.
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Identification of a novel biomarker for oxidative stress
induced by hydrogen peroxide in primary human
hepatocytes using the 2-nitrobenzenesulfenyl chloride

isotope labeling method

Yoichiro Takami,"? Hirofumi Uto,' Tsutomu Tamai,' Yuko Sato,? Yo-ichi Ishida,?
Hiroyuki Morinaga,? Yoichi Sakakibara,>* Akihiro Moriuchi,' Makoto Oketani," Akio Ido,’
Tomoaki Nakajima,® Takeshi Okanoue® and Hirohito Tsubouchi’

'Department of Digestive and Lifestyle-related Disease, Health Research, Human and Environmental Sciences,
Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima, *Miyazaki Prefectural
Industrial Support Foundation, *Research Institute, Unkai Shuzo, “Department of Biochemistry and Applied
Biosciences, Faculty of Agriculture, University of Miyazaki, Miyazaki, "Molecular Gastroenterology and
Hepatology, Graduate School of Medical Science, Kyoto Prefectural University of Medicine, Kyoto and,
*Department of Hepatology, Saiseikai Suita Hospital, Osaka, Japan

Aim: Oxidative stress is involved in the progression of non-
alcoholic steatohepatitis (NASH). However, there are few
biomarkers that are easily measured and accurately reflect
the disease states. The aim of this study was to identify novel
oxidative stress markers using the 2-nitrobenzenesulfenyl
(NBS) stable isotope labeling method and to examine the clini-
cal utility of these diagnostic markers for NASH.

Methods: Proteins extracted from phosphate buffered
saline- and hydrogen peroxide-loaded human primary hepa-
tocyte were labeled with the ['*C]- and ['*C]-NBS reagents,
respectively. Pairs of peaks with 6-Da differences in which the
["*C]-NBS labeling was more intense than the [C}-NBS label-
ing were detected by MALDI-TOF/MS and identified by MS/MS
ion searching.

Results: Four pairs of peaks, miz 1705-1711, m/z 1783~
1789, m/z 1902-1908 and m/z 2790-2796, were identified as

cytochrome c oxidase VIb (COX6B), liver carboxylesterase 1
(CES1), carbamoyl-phosphate synthase 1 (CPS1) and superox-
ide dismutase (MnSOD), respectively. Furthermore, serum
MnSOD protein levels were significantly higher in NASH
patients than in simple steatosis (SS) patients. The serum
MnSOD levels tended to increase in parallel with the stage of
fibrosis.

Conclusion: The NBS labeling technique was useful to iden-

tify biomarkers. Serum MnSOD may be a useful biomarker
that can distinguish between SS and NASH.

Key words: 2-nitrobenzenesulfenyl, oxidative stress,
MnSOD, non-alcohalic steatohepatitis

INTRODUCTION

N SEVERAL LIVER diseases, including non-alcoholic
steatohepatitis {NASH) and chronic hepatitis C
(CHC), oxidative stress is a major pathogenetic event.
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Lipid peroxidation, free radical generation, CYP2E1
induction and mitochondrial dysfunction are known to
induce oxidative stress and contribute to the progression
of NASH and CHC.* Therefore, oxidative stress
markers should be biomarkers that reflect the pattemn
and strength of oxidative stress and disease progression.
Several oxidative stress markers for liver diseases includ-
ing 8-hydroxy-2’-deoxyguanosine (8-OHdG), superox-
ide dismutase (SOD) and thioredoxin are well known.
However, the clinical significance of these markers
has not been fully evaluated.** Thus, oxidative stress
markers that accurately reflect disease states and

© 2010 The Japan Society of Hepatology

244 -



Hepatology Research 2010; 40: 438-445

can be easily measured are necessary to accurately diag-
nose NASH or CHC.

In recent years, proteomic techniques, including 2-D
gel electrophoresis (2-DE), have been commonly
used to explore novel biomarkers. However, traditional
2-DE-based proteomic approaches are tedious and have
several limitations, including reduced sensitivity and
lack of quantitative results. Isotope-coded affinity
tagging (ICAT) and isotope tagging for relative and abso-
lute quantitation (iTRAQ) are the most commonly used
chemical isotope labeling methods and can be used to
address many of the limitations of 2-DE. In this report,
we examined a novel stable isotope labeling method, the
2-nitrobenzenesulfenyl (NBS) labeling method devel-
oped by Kuyama etal.” The NBS labeling method is
based on the specific binding reaction of the NBS reagent
to tryptophan residues within a protein, and the 6-Da
mass difference between ['?C]-NBS-labeled and [“C]-
NBS-labeled peptides generates a mass signature for all
tryptophan-containing peptides.”®

Here, we explored novel oxidative stress marker can-
didates using the NBS labeling method and identified
four candidate oxidative stress markers in human
primary hepatocytes including MnSOD. Furthermore,
we verified the clinical significance of MnSOD as a diag-
nostic marker for NASH.

METHODS

Chemicals and materials

HE 'CNBS® STABLE isotope labeling kit-N was pur-

chased from Shimadzu Biotech (Kyoto, Japan).
Human primary hepatocytes (a monolayer of human
long-term hepatocytes), which were isolated from a
77-year-old woman, were purchased from Biopredic
International (Rennes, France). 4-Hydroxycinnamic
acdd (CHCA) was obtained from Bruker Daltonics
(Bremen, Germany) and 3-hydroxy-4-nitrobenzoic acid
(3H4NBA) was purchased from Sigma Chemical (St
Louis, MO, USA). Sequencing-grade modified trypsin
was from Promega (Madison, W1, USA), and the pro-
tease inhibitor cocktail set III was from Calbiochem
(Darmstadt, Germany).

Cell culture, NBS labeling and identification
of NBS-labeled peptides

Human primary hepatocytes were cultured in a long-
term culture medium.’ Confluent human primary hepa-
tocytes (~2 x 10° cells/12.5 cm? flask) were incubated
for 24 h with phosphate buffered saline (PBS) or
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200 M hydrogen peroxide (H,0,).'"" Cells were
washed and homogenized in 50 mM phosphate buffer,
pH 8.0, containing 1% protease inhibitor cocktail set
IIl. The NBS labeling was performed as previously
described.'?'® Briefly, both cell lysates (100 pg) treated
with PBS or H,0, were labeled with [*C]- or ['*C]-NBS
under acidic conditions, respectively. After labeling,
the two respective conditioned protein mixtures
were denatured with urea and reduced with tris(2-
carboxyethyl)phosphine (TCEP) followed by alkylation
with iodoacetamide. NBS-labeled proteins were
digested with trypsin and eluted through phenyl
sepharose using a stepwise gradient of increasing aceto-
nitrile (10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%
and 50%) containing 0.1% trifluoro acetate. Next, the
NBS-labeled peptides were ionized by a combined
application of CHCA and 3H4NBA as described.'*'® The
mass spectral data were obtained by MALDI-TOF-TOF-
MS, Autoflex II TOF/TOF (Bruker Daltonics) in positive-
ion and reflectron mode. Pairs of peaks with a 6-Da
difference were identified by MS/MS ion searching using
tandem MS. The data set from the MS/MS ion was ana-
lyzed using the database search engine, Mascot (www.
matrixscience.com), to find the closest match with
known proteins/peptides in the database from the
Swiss-Prot website.

Western blot analysis

Equal amounts of cell lysates from human primary
hepatocytes (4 pg) were run on sodium dodecylsulfate
polyacrylamide gels and electroblotted onto polyvi-
nylidene fluoride membranes. The blots were probed
with anti-cytochrome ¢ oxidase VIb isoform 1 (anti-
COXG6B), anti-liver carboxylesterase 1 (anti-CES1),
anti-carbamoyl-phosphate synthase [ammonia] mito-
chondrial 1 (anti-CPS1) and anti-MnSOD antibodies.
After incubating the membrane with the appropriate
horseradish peroxidase-conjugated secondary antibody,
the reactivity was visualized using an ECL chemilumi-
nescent detection kit (GE Healthcare Biosciences,
Tokyo, Japan).

Real-time reverse transcription polymerase
chain reaction (RT-PCR)

Total RNA was extracted from cells using ISOGEN
(Nippon Gene, Toyama, Japan) according to the manu-
facturer’s instructions. Samples were reverse-transcribed
using the PrimeScript RT reagent Kit (TAKARA Bio,
Shiga, Japan). Synthesized cDNA was amplified using
SYBR Premix Ex Taq II (TAKARA Bio) and analyzed by
StepOnePlus Real-Time PCR Systems and StepOne
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Table 1 Identification and quantification of 2-nitrobenzenesulfenyl-labeled peak pairs

Accession no.  Protein name Peak pairs Identified sequences
(IJC_lJC‘ m/z)
P14853 Cytochrome ¢ oxidase subunit VIb isoform 1 1705-1711 NCWQNYLDFHR
P23141 Liver carboxylesterase 1 precursor 1783-1789 FTPPQPAEPWSFVK
P31327 Carbamoyl-phosphate synthase [ammonia], 1902-1908 GAEVHLVPWNHDFTK
mitochondrial precursor
P04179 Superoxide dismutase [Mn], mitochondrial precursor ~ 2790-2796 FNGGGHINHSIFWTNLSPNGGGEPK

Bold and underlined characters highlight the tryptophan (W) residues in the identified peptide sequences.

Software ver. 2.0 (Applied Biosystems, Foster City, CA,
USA). The cycle conditions were as follows: one cycle at
95°C for 30 s followed by 35 cycles each at 95°C for 5 s
and 60°C for 34 s. To normalize the amount of total
RNA present in each reaction, the glyceraldehydes
3-phosphate dehydrogenase (GAPDH) gene was used as
an internal standard.

Serum samples and MnSOD enzyme-linked
immunosorbent assay (ELISA)

Serum samples were obtained from 20 healthy subjects,
15 simple steatosis (SS) patients and 29 NASH patients
after a thorough clinical evaluation. Signed informed
consent was obtained from each patient. The patients
were diagnosed at University Hospital, Kyoto Prefectural
University of Medicine (Kyoto, Japan) and Kagoshima
University (Kagoshima, Japan). The study protocol was
approved by the Ethics Committee of the Kagoshima
University Hospital, the Kyoto Prefectural University
of Medicine and the Miyazaki Prefectural Industrial
Support Foundation. Serum MnSOD levels were mea-
sured by a Human Superoxide Dismutase 2 ELISA
(ADFRONTIER, Seoul, Korea).

Statistical analysis

Differences among three groups were evaluated using
Kruskal-Wallis test followed by Dunn’s multiple com-

parison test. Correlation coefficients were calculated
by Spearman’s rank correlation analysis. A receiver-
operator curve (ROC) was constructed by plotting the
sensitivity and specificity (100 - specificity) for each
value.

RESULTS

HE NBS-LABELED peptides from human primary

hepatocytes were analyzed by MALDI-TOF/MS, and
73 pairs of peaks with 6-Da differences were detected in
all mass spectra. Among these pairs of peaks, 44 pairs had
a greater signal intensity in the H;O,-loaded sample
compared to the PBS-loaded sample (data not shown).
Among these 44 pairs of peaks, four peak pairs, m/z
1705-1711, m/z 1783-1789, m/z 1902-1908 and m/z
2790-2796, were identified as COX6B, CES1, CPS1 and
superoxide dismutase (Mn), mitochondrial (MnSOD),
respectively, by MS/MS ion searching (Table 1). The MS
spectrum of the m/z 2790-2796 pair and the MS/MS
spectrum of 2796 m/z (["*C|-NBS labeled; MnSOD) are
shown in Figure 1(a,b), respectively. Western blotting
and real-time RT-PCR revealed that the protein and
mRNA expression for each of these molecules increased
in human primary hepatocytes after H,O, loading
(Fig. 1c-e).

.

Figure 1 Typical MS spectrum and MS/MS spectra from a proteomic analysis. (a) MALDI-TOF/MS spectra of a pair of peaks,
2790-2796 m/z, and the relative intensities of the [*C}-2-nitrobenzenesulfenyl (NBS)-labeled peak compared to the [**C]-NBS-
labeled peak. Relative intensities are the means of two independent values analyzed by Autoflex II TOF/TOF. (b) MS/MS spectra of
2796 m/z ([13C]-NBS-labeled). From the detected MS/MS spectra, superoxide dismutase (Mn) mitochondrial was identified. (c)
Equal amounts of cell extracts (4 pg) from human primary hepatocytes loaded with 200 uM hydrogen peroxide (H;0,) for 24 h
were separated by sodium dodecylsulfate polyacrylamide gel electrophoresis and then immunoblotted with cytochrome ¢ oxidase
Vb isoform 1 {COX6B)-, liver carboxylesterase 1 (CES1)-, carbamoyl-phosphate synthase (ammonia), mitochondrial 1 (CPS1)-,
superoxide dismutase {Mn], mitochondrial (MnSOD)- or B-actin-specific antibodies. {(d) Quantitative representation of the western
blot data. The results have been normalized to f-actin levels and are expressed as the levels relative to untreated cells. The data are
the means of duplicate cultures. (e) The mRNA expression levels of COX6B, CES1, CPS1, MnSOD and glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) were measured by real-time polymerase chain reaction. The results have been normalized to GAPDH and
are expressed as the levels relative to untreated cells. The data are the means of duplicate cultures. PBS, phosphate buffered saline.
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Table 2 Characteristics of study subjects

Hepatology Research 2010; 40: 438-445

Simple steatosis NASH P-value
(n=15) (n=29)
Age (years) 43.2+14.0 60.8+14.9 <0.001
Sex (male/female) 11/4 11/18 <0.05
Height (cm) 162.5+11.2 156.5 + 8.7 (28) 0.05
Bodyweight (kg) 69.3+11.8 69.2+15.2 (28) 0.58
BMI (kg/m?) 26.3+3.6 28.1+4.4 (28) 0.23
Diabetes (yes/no) 5/10 13/15 (28) 0.52
Hyperlipidemia (yes/no) 10/5 16/12 (28) 0.74
Hypertension (yes/no) 4/11 10/18 (28) 0.74
Hb (g/dL) 15.1+1.8 144+£15 0.07
Plt (x10%/uL) 23.8+75 18.8+7.0 <0.05
AST (IU/L) 41.6£20.2 69.4%46.5 <0.05
ALT (IU/L) 83.1+53.1 94.6+96.0 0.89
¥-GTP (U/L) 75.3+52.4 155.6 £303.1 0.40
ChE (1U/L) 417.9+£97.5 352.8 £135.5 <0.05
¥-Glob (g/dL) 1.27£0.40 1.50£0.44 (24) 0.06
Total cholesterol (mg/dL) 209.2+45.8 204.8+52.1 0.97
Triglyceride (mg/dL) 168.3 £65.8 184.8+168.3 0.45
BS (mg/dL) 119.1+48.5 112.3%+343 0.61
Ferritin (mg/dL) 190.0%112.7 (14) 239.8+234.3 (22) 0.75

Values represent means * standard deviation for the indicated number of subjects. Significant differences between the mean values
(P < 0.05) were assessed by Fisher’s exact probability test (sex, diabetes, hyperlipidemia and hypertension) or Mann-Whitney's U-test

(other items).

Values in parentheses indicate the number of samples. Bold characters highlight statistically significant P-values.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; BS, blood sugar; ChE, choline esterase; y-Glob,
v-globulin; y-GTP, y-glutamy transpeptidase; Hb, hemoglobin; NASH, non-alcoholic steatohepatitis; Plt, platelet count.

The clinical characteristics of the §S and NASH groups
were not significantly different except for the average
age, platelet count (Plt), aspartate aminotransferase
(AST) and choline esterase (ChE) (Table 2). We exam-
ined the serum MnSOD levels in healthy subjects
(n=20), SS patients (n=15) and NASH patients
(n=29). There were no significant differences in
MnSOD serum levels between healthy subjects and
SS patients (Fig. 2a). In contrast, NASH patients had
significantly higher serum MnSOD levels than both
healthy subjects and SS patients (Fig. 2a). In addition, as
shown in Figure 2(b), the serum levels of MnSOD
tended to increase in parallel with the fibrosis stage. In
contrast, there was no correlation between the levels of
MnSOD and the activity grade of NASH (Fig. 2c). ROC
of MnSOD levels were constructed to distinguish NASH
(29 patients) from SS (15 patients) (Fig. 2d). The serum
MnSOD threshold level that was used to predict NASH
was calculated to be 71.8 ng/mL. At this threshold, the
sensitivity was 69.0% and the specificity was 80.0%. The
area under the ROC (AUC) for serum MnSOD levels was
0.760 (P = 0.010). The ROC curves for Plt, AST and ChE,

© 2010 The Japan Society of Hepatology

which were significantly different between SS and NASH
(Table 2), were also constructed. As a result, the AUC
(P-value, threshold, sensitivity [%)], specificity [%]) for
Plt, serum AST and ChE were 0.733 (0.012, 19.4, 65.5,
86.7),0.726 (0.015, 42.0, 65.5, 73.3) and 0.687 (0.044,
317.5, 48.3, 86.7), respectively.

DISCUSSION

N THIS REPORT, we used the NBS labeling method to

identify novel oxidative stress markers in hepatocytes
that can be used as diagnostic markers for NASH and
identified four candidate markers, COX6B, CES1, CPS1
and MnSOD, that were upregulated with H,O, loading
(Table 1, Fig. 1). Several recent studies have reported
novel approaches that combine the NBS labeling
method with 2-DE, high-performance liquid chroma-
tography (HPLC) and lectin column chromatographic
techniques.’®' In our present study, we identified only
four proteins, indicating that it may be necessary to
modify the current method by 2-DE and column chro-
matographic techniques to identify additional NBS-
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Figure 2 Clinical significance of serum MnSOD levels. (a) Serum MnSOD levels in healthy subjects and patients with $S or
non-alcoholic steatohepatitis (NASH). Serum MnSOD levels were measured by enzyme-linked immunosorbent assay. (b) Com-
parison between serum MnSOD levels and the fibrosis stage in SS and NASH patients. (c¢) Comparison between serum MnSOD
levels and the activity grade in SS and NASH patients. (d) Receiver-operator curve for MnSOD. The differences among three groups
were evaluated using Kruskal-Wallis test followed by Dunn’s multiple comparison test. Correlation coefficients were calculated by
Spearman’s rank correlation analysis. Bars indicate the median in the respective groups. AUC, area under the curve.

labeled peptides. In addition, further studies are needed
to identify novel biomarkers by other proteomic
techniques using serum samples from SS and NASH
patients.

COX6B, CPS1 and MnSOD are mitochondrial pro-
teins, and therefore may be indicators of mitochondrial
disorders that are induced by oxidative stress. CPS1 is

expressed primarily in the liver and small intestine and
is involved in the urea cycle.” In galactosamine-induced
rat acute hepatitis, plasma concentrations of CPS1
increase up to approximately 100-fold for 24 h after
treatment.’® This may indicate that secreted CPS1 is a
serum marker for acute hepatitis. CES1, which is respon-
sible for detoxification of exogenous compounds such

© 2010 The Japan Society of Hepatology
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as esters, amides and thioesters, is also known to exist in
the serum. Therefore, CES1, like CPS1, may be a serum
oxidative stress marker.”>?® Additional studies are
needed to further evaluate the serum levels of these
identified proteins.

MnSOD primarily exists in the mitochondrial matrix
and eliminates reactive oxygen species (ROS) by cata-
lyzing the dismutation of superoxide radicals and
hydrogen peroxide.” Furthermore, MnSOD expression
was previously shown to increase after exposure to
hydrogen peroxide in rat hepatocytes.”’ In addition,
obese mice were previously reported to have increased
hepatic H,0, levels and necrosis following an imbal-
ance between increased MnSOD, which forms H,O,,
and decreased glutathione activity, which detoxifies
H,0,.2 We found that MnSOD is potentially a novel
diagnostic marker of NASH that can be used to distin-
guish between SS and NASH. One of the mechanisms
contributing to increased MnSOD serum levels in NASH
might be the discharge of MnSOD from necrotic
hepatocytes. On the other hand, in the liver, several
pro-inflammatory cytokines, such as tumor necrosis
factor-o, interleukin-6 and interleukin-18 can act as
common inducers of NASH.??¢ Such pro-inflammatory
cytokines have been shown to induce MnSOD expres-
sion in liver tissues.”® Furthermore, pro-inflammatory
cytokines induced the expression and secretion of
MnSOD in several cancer cell lines including hepatoma
cells.?*?” In our present study, the origin of MnSOD
produced in NASH and the precise mechanism of
increased serum levels of MnSOD in NASH patients
remain unclear. However, these reports may partially
support the mechanism of MnSOD production in
NASH. Further elucidation is necessary to clarify the
mechanism of MnSOD expression and production in
NASH.

Several reports have shown a relationship between the
enzymatic activity of MnSOD and non-alcoholic fatty
liver disease, NASH, liver cirrhosis and hepatocellular
carcinoma.”®-*’ Ono et al. showed that MnSOD serum
levels were significantly increased in patients with
primary biliary cirrhosis compared to patients with
other liver diseases.?> However, the serum protein levels
of MnSOD in liver diseases have not been fully evalu-
ated. In addition, the enzymatic activity of serum
MnSOD was not different among the three groups and
this activity did not correlate with serum MnSOD levels
in our study (data not shown). The reasons for these
results are unclear. However, as shown in Figure 2(b),
serum MnSOD levels increased in parallel with the stage
of fibrosis in NASH. The increase in serum MnSOD

© 2010 The Japan Society of Hepatology
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levels also significantly correlated with the serum AST
levels (data not shown). These results indicate that
serum MnSOD might be a biomarker that reflects
hepatitic and fibrotic pathology. In addition, although
MnSOD levels should increase in patients with other
diseases including CHC, ROC analysis revealed that
serum MnSOD may be a more sensitive biomarker than
Plt, AST and ChE. We concluded that serum MnSOD is
a useful biomarker that can distinguish SS and NASH.
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Proanthocyanidin derived from the leaves of Vaccinium
virgatum suppresses platelet-derived growth
factor-induced proliferation of the human hepatic stellate

cell line LI9O
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Aim: Hepatic stellate cell (HSC) proliferation plays a pivotal
role in liver fibrogenesis, and agents that suppress HSC
activation, including platelet-derived growth factor (PDGF)-
induced HSC proliferation, are good candidates for antifibro-
genic therapies. In this report, we use the LI90 HSC line
to elucidate the antifibrogenic effects of proanthocyanidin
derived from the leaves of Vaccinium virgatum.

Methods: Proanthocyanidin (PAC) was extracted from the
leaves of blueberry V. virgatum (BB-PAC), grape seeds
(GS-PAC) and Croton lechleri (CL-PAC). These extracts were
examined for their effects on PDGF-BB-induced LI90 cell pro-
liferation and DNA synthesis. Extracellular signal-regulated
kinase (ERK) and Akt phosphorylation and PDGF receptor-8
(PDGFR-B) expression were evaiuated by western blot
analysis.

Results: BB-PAC potently suppressed PDGF-BB-induced
proliferation and DNA synthesis of LI90 cells. BB-PAC also

suppressed PDGF-BB-induced DNA synthesis in primary cul-
tured rat HSC. Moreover, GS-PAC and CL-PAC suppressed
PDGF-BB-induced DNA synthesis in LI190 cells. In contrast, the
monomeric PAC catechin and epicatechin and dimeric PAC
procyanidin B2 only slightly suppressed PDGF-BB-induced
DNA synthesis. Western blot analysis showed that BB-PAC
completely or partially inhibited PDGF-BB-induced ERK and
Akt phosphorylation, respectively. In addition, BB-PAC par-
tially inhibited the PDGF-BB-induced degradation of PDGFR-B.

Conclusion: Our results suggest that BB-PAC suppresses
activated HSC by inhibiting the PDGF signaling pathway. In
addition, these results provide novel findings that may facili-
tate the development of antifibrogenic agents.

Key words: Akt, extracellular signal-regulated kinase,
hepatic stellate cell, platelet-derived growth factor-§,
platelet-derived growth factor, proanthocyanidin.

INTRODUCTION

EPATIC STELLATE CELLS (HSC) play a pivotal
role during liver fibrogenesis. After hepatic
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damage from viral infection, cholestasis, metabolic dis-
eases, persistent alcohol abuse or autoimmune liver dis-
eases and others, HSC proliferate and transform from
quiescent HSC into activated myofibroblasts. These cells
produce excessive amounts of extracellular matrix com-
pounds and matrix degradation inhibitors, which can
result in hepatic fibrosis and ultimately cirrhosis, the
end stage of fibrosis."? The functions of HSC are modu-
lated by several cytokines and growth factors including
platelet-derived growth factor (PDGF), which is a
potent mitogen for HSC that is primarily produced by
specialized liver macrophages known as Kupffer cells.?
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PDGF-induced HSC proliferation plays a critical role in
hepatic fibrogenesis. Therefore, agents that suppress
PDGF-induced HSC proliferation are potential candi-
dates for antifibrogenic therapies.

Recent research has focused on identifying naturally
occurring antifibrotic compounds that target PDGF-
induced HSC proliferation or the production of collagen,
transforming growth factor (TGF)-B and matrix metallo-
proteinases. A diverse range of natural products obtained
from foods, including polyphenols, alkaloids and terpe-
noids, have been suggested to have an inhibitory effect
on HSC,*” and these products may provide novel thera-
peutic agents for hepatic fibrosis without side-effects.
Proanthocyanidins (PAC) are naturally occurring
polyphenols that are comprised of complicated mixtures,
consisting primarily of polymers of flavan-3-ols such as
catechin, epicatechin, gallocatechin, epigallocatechin,
epigallocatechin-3-gallate (EGCG) and their dimeric
and trimeric compounds. These PAC are derived from
common foods such as tea, grapes, cranberries, almonds,
chocolate and cacao beans.'*-'* Furthermore, it has been
reported that drinking tea and coffee decreases the risk of
clinically significant chronic liver disease.’ In addition,
EGCG, one of thegreen tea flavan-3-ols and acomponent
of PAC, was previously shown to have a potent inhibitory
effect on HSC proliferation.*'* However, the effect of
other PAC components on HSC proliferation has not
been fully elucidated.

The fruits and leaves of Vaccinium virgatum (blue-
berry), a member of the Ericaceae family, contain abun-
dant levels of PAC that has a high ratio of polymerized
PAC.'"'® Therefore, patients with liver diseases such as
hepatic fibrosis can easily consume these PAC by eating
a diet rich in blueberries and other PAC-containing
foods. However, it has not been reported whether the
polymerized PAC found in natural foods such as blue-
berries also effectively prevent hepatic fibrosis and HSC
proliferation.!*?® Therefore, we extracted polymerized
PAC from blueberry leaves (BB-PAC) and examined its
effects on HSC proliferation and the DNA synthesis
induced by PDGF-BB using the LI90 human HSC line
and primary cultured rat HSC. Furthermore, we investi-
gated the mechanism by which BB-PAC inhibits LI90
cell proliferation and DNA synthesis.

METHODS

PAC fractionation

LYOPHILIZED POWDER of fresh V. virgatum
iton leaves was kindly supplied by Unkai Shuzo
(Miyazaki, Japan). The lyophilized powder (10 g) was

© 2010 The Japan Society of Hepatology
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sequentially extracted three times with n-hexane, ethyl
acetate, and 100% methanol (100 mL, 30 min). The
methanol extract was concentrated under reduced pres-
sure to yield 3.5 g of extract. The extract (500 mg) was
dissolved in 60% methanol, applied to a Sephadex
LH-20 column, and successively separated with 60%
methanol, 100% methanol and 70% acetone. The
70% acetone extract yielded approximately 100 mg of
BB-PAC."? Grape seeds (Gravinol from Kikkoman,
Chiba, Japan) and Croton lechleri (Sangre de Drago from
Raintree Nutrition, Carson City, NV, USA) were
extracted three times with 100% methanol (100 mL,
30 min), and then prepared as described above to yield
GS-PAC and CL-PAC, respectively. Thiolysis was per-
formed to characterize the polymerization states of
these three PAC, including the mean degree of polymer-
ization and the catechin composition.! EGCG and cat-
echin were purchased from Kurita Analysis Service
(Ibaragi, Japan). Epicatechin was purchased from Sigma
(St Louis, MO, USA), and procyanidin B2 was pur-
chased from Bio Chemika (Buchs, Switzerland).

Cell culture

The LI90 cell line was obtained from the Human Science
Research Resources Bank (Osaka, Japan) and cultured in
Dulbecco’s minimal essential medium (DMEM; Sigma)
supplemented with 10% fetal bovine serum (Medical
& Biological Laboratories, Nagoya, Japan), 100 IU/mL
penicillin and 50 mg/mL streptomycin. Cultures were
incubated at 37°C in a humidified atmosphere with 5%
CO,, and the medium was changed weekly. We used
LI90 cells with passage numbers between 20 and 26 for
all experiments.

Isolation and culture of primary rat HSC

Hepatic stellate cells were isolated from male Sprague-
Dawley rats (bodyweight, ~500 g) using collagenase
and pronase as described previously.” HSC were iden-
tified by their typical star-like morphology under a
light microscope, vitamin A-specific autofluorescence,
and cellular expression of a-smooth muscle actin
(0-SMA) detected using western blotting with o-SMA-
specific antibodies. HSC were incubated in DMEM
supplemented with 10% fetal bovine serum,
100 IU/mL penicillin and 50 mg/mL streptomycin. The
medium was changed after 3 days and every 48 hours
thereafter. Differentiated myofibroblasts generated
after reseeding 14- to 18-day-old primary HSC were
used in the experiments.
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Measurement of cell proliferation, DNA
synthesis and apoptosis

The 3-(4,5-dimethylthialzol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay was performed as described
previously.?® Briefly, 5 mg/mL MTT was added to the
culture in 1/10 the media volume. After a 2-h incuba-
tion, extraction buffer (12.8% sodium dodecylsulfate
(SDS), 0.41 M acetate buffer at pH 4.5, and 32% N,N-
dimethylformamide) was added, and the samples were
incubated overnight at 37°C. The optical densities of
the samples were measured at 570 nm using a plate
reader. To evaluate DNA synthesis in LI90 cells, a
5-bromodeoxyuridine (BrdU)-specific enzyme-linked
immunosorbent assay (ELISA) was performed using a
5-Bromo-2"-deoxy-uridine Labeling and Detection Kit
III (Roche Diagnostics, Tokyo, Japan) according to the
manufacturer’s instructions. Briefly, L190 cells that had
been cultured under various conditions were incubated
for 4-6 h with BrdU to allow incorporation into cellular
DNA. Next, the cells were fixed in chilled 0.5 M ethanol/
HCI fixative. Cellular BrdU incorporation was detected
with peroxidase-conjugated anti-BrdU antibodies and
quantified using a plate reader following the manufac-
turer’s instructions. To evaluate DNA fragmentation in
LI90 cells, DNA- and histone-specific ELISA were per-
formed using Cell Death Detection ELISA™ kits (Roche
Diagnostics) according to the manufacturer’s instruc-
tions. Briefly, cellular lysates were transferred into
streptavidin-coated plates. Cellular histone and frag-
mented DNA were detected with biotin-conjugated
anti-histone antibodies and peroxidase-conjugated anti-
DNA antibodies, and quantified using a plate reader.

Western blot analysis

LI90 and primary rat HSC lysates were quantitatively
examined using the Lowry method with bovine serum
albumin as a standard. Equal amounts of cell lysates
(5-10 pg) were separated on 8% or 10% SDS polyacry-
lamide gels (SDS-PAGE) and electroblotted onto poly-
vinylidine fluoride membranes. The blots were probed
with antibodies specific for phospho-p44/42 mitogen-
activated protein kinase (MAPK) (Thr202/Tyr204),
phospho-stress-activated  protein  kinase/c-Jun  N-
terminal kinase (SAPK/JNK) (Thr183/Tyr185), p44/42
MAPK, phospho-Akt (Ser473), Akt, or PDGF receptor-B
{Cell Signaling Technology, Danvers, MA, USA), a-SMA
(DAKO, Carpinteria, CA, USA) or B-actin (Sigma). After
incubating the membrane with horseradish peroxidase-
conjugated secondary antibodies, reactivity was visual-
ized using a Chemi Doc XRS-J digital densitometer
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(Bio-Rad Laboratories, Hercules, CA, USA) and electro-
generated chemiluminescence western blotting detec-
tion reagents (GE Healthcare Bio-sciences, Tokyo,
Japan). Densitometric analysis was performed using
Quantity One Software (Bio-Rad Laboratories).

Statistical analysis

All results are expressed as the means + standard devia-
tion (SD) of at least three independent experiments.
A one-way ANOVA followed by Tukey’s multiple com-
parison test was used to evaluate differences between
groups.

RESULTS

PAC polymerization states
ROANTHOCYANIDINS FROM THREE different
sources, BB-PAC, GS-PAC and CL-PAC, were pre-

pared, and the polymerization states were analyzed by

thiolysis. The results showed that the mean degree
of polymerization for BB-PAC, GS-PAC and CL-PAC
was 8.4, 14.4 and 8.3, respectively (data nat shown).

BB-PAC contained more epicatechin than GS-PAC and

CL-PAC. On the other hand, GS-PAC and CL-PAC had

higher levels of catechin than BB-PAC (data not shown).

In addition, the BB-PAC sample contained approxi-

mately 10-30% dimeric and trimeric PAC, whereas

these PAC forms were undetected in GS-PAC and

CL-PAC (data not shown).

BB-PAC inhibits PDGF-BB-induced
HSC proliferation

To determine the effect of BB-PAC on LI90 cell prolif-
eration, LI90 cells were incubated for 96 h with 0.1-
10 pg/mL BB-PAC, and viable cells were counted using
the MTT method. BB-PAC decreased the viability of LI90
cells at concentrations greater than 3 pg/mL (Fig. 1a).
LI90 cells were also incubated for 96 h with varying
concentrations of BB-PAC, ranging 0.1-10 pg/mL, in
the presence or absence of 10 ng/mL PDGF-BB. BB-PAC
completely blocked PDGF-BB-induced cell proliferation
at a concentration of 1 pug/mL (Fig. 1a). A BrdU-specific
ELISA was used to determine whether 1 pg/mL BB-PAC
inhibited the PDGF-BB-mediated enhancement in DNA
synthesis. BB-PAC at 1 ug/mL completely inhibited
PDGF-BB-induced DNA synthesis, whereas it did not
affect DNA synthesis in the absence of PDGF-BB
(Fig. 1b). In addition, 1 ug/mL BB-PAC significantly
inhibited PDGF-BB-induced DNA synthesis in primary

© 2010 The Japan Society of Hepatology

254 -



