Primer Extension Assay

Ten micrograms of total RNA with 0.5 pmol oligodeoxynucleo-
tide primer that was conjugated with either AlexaFluor®488 or
fluorescein (FAM) was heat denatured for 1 min at 957°C,
TFollowing a 10 min hybridization step at 437C, reverse transerip-
tion was carried out in a buffer containing 200 units of M-MLV
reverse transcriptase (Promega, USA) in the presence of either
I mM dNTP or 0.004 mM dN'IP. For the sequencing reactions,
dideoxynucleotides  were added to a final concentration of
0.06 mM. ¢cDNA products were ethanol precipitated and primer
extension products were resolved on a denaturing gel (6%
polyacrylamide and 8 M urea) and visualized by scanning using
a ‘T'yphoon Analyzer (Amersham). For sequencing ladders, a
control rRNA gene sequence wag obtained by PCR amplification
of C57BL/6]J genomic DNA with specific primers for the U50-sites
(from 2537 bp to 2662 bp of the 285 rRNA gene), and the PCR
product was cloned to a TA vector (Promega, USA). The
primers that were used are listed in Table S2.

Real-time gqPCR

RNA samples were treated with DNase 1 (Invitrogen), and then
converted to ¢cDNA using an oligo-d’l" primer and the Super-
Script® First-strand synthesis system for RT-PCR (Invitrogen).
qPCR was carried out using TaqMan® gene expression assay (ABI
Inc., USA) and SYBR Green I® PCR Master Mix (ABI) with a
Prism 7000 Real-time PCR  System (ABI). Three technical
replicates were run per sample. For the SYBR-based qPCR
analysis, we tried several scts of PCR primers for each gene. The
efficiency of each primer set was tested with serial dilutions of
¢DNA, and the combination of primers that yielded the best single
amplified product was selected by checking for a single sharp peak
in the dissociation curve of each product. The cycle threshold
value (Ct) of each target gene was normalized relative to the
reference genes (see below). All primer sets, except those for the
TaqMan® assays, were designed using Primer3 via the NCBI
webpage (http://www.ncbinlm.nih.gov/tools/primer-blast/) and
are listed in Table S2.

To select appropriate reference genes for the survey of gene
expression in various organs, we used the RefGenes tool from the
Genevestigator platform [44] and selected the three top-ranking
genes, Theld25, Budl3, and K81 (Iig. S5A). Microarray analysis
confirmed that these genes were expressed equally in wild-type
and AmU501.1, mice and that their signal intensities were at
adequate levels but not as high as the signal intensity of the house-
keeping Acth gene (Fig. S5B). We failed to obtain optimal
amplification conditions for K81, but qPCR analyses showed
that both Tbc/d25 and Bud13 yielded comparable expression levels
(a reciprocal number of Ct value) among the eight organs analyzed
(Iig. S5C). Based on these findings, we used Tbc/d25 as a reference
in all the gPCR analyses in this study.

PCR-SSCP

The ¢DNA library was constructed using a miScript system
(QIAGEN, Germany) according to the manufacturer’s instruction.
Control plasmids containing individual mU50 variants were
cloned into a pGEM-T easy vector (Promega). PCR primers for
the mU50 sequence (forward, 5'-TCTATGATGATCC-
TATCCCG-3'; reverse, 5'-ATCTCAGAAGCCAGATCCGT-
3') were labeled with either AlexaFluor®647 or 6-carboxyfluor-
escein (6-FAM) at the 5'-ends. In the PCR reaction, 2 ng of
template cDNA was used and amplified for 30 cycles. The PCR
product was diluted to 1:125 with a loading buffer (96% deionized
formamide containing 10 mM EDTA, 0.01% bromophenol blue),
denatured at 95°C for 10 min, and applied to an acrylamide
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sequencing gel (10% native PAGE (aacbis = 19:1) in 1 ' TBE). The
gels were run at 1000V (25V/em) for 190 min at 22°C and
scanned using a Typhoon scanner (GE Biosciences).

DNA Microarray

Microarray analysis was performed at the core facility of Cell
Innovator Inc. (Fukuoka, Japan). Total RNA from splenic B-cells
(23 weceks old; three samples per genotype) was purified with
RNeasy Micro kit (QIAGEN). The quality of the RNA was
assessed by monitoring the absorbance at 260 and 280 nm and
rRNA fragmentation was measured using a Bioanalyzer {(Agilent
T'echnologies, USA). Concentrations of purified RNA samples
were determined using a Nanodrop spectrophotometer (ND-1000;
Thermo Scientific, USA) and equal amounts of the three RNA
samples were mixed. cRNA was hybridized to a GeneChip®
Microarray (Mouse Expression 430 2.0 Array, Affymetrix, USA)
containing 45,101 probes that cover more than 20,000 mouse
genes. The expression value and detection calls were computed
from the raw data following the procedures outlined for the
Affymetrix Microarray Suite software version 5.0. A complete
gene list of the microarray analyses was built using GeneSpring
software version 7.3.1 (Silicon Genetics Inc., USA). Because
arranged immunoglobulin (Ig) genes could not be distinguished in
the mixed samples, we omitted the probes for lg genes from the
analysis.

Data Deposition

The microarray data have been deposited and are available
online in the Gene Expression Omnibus (GEO) database (http://
www.nichinlmnih.gov/geo/) under the accession number
GSE41164.

Supporting Information

Figure S1 Structural bases of mU50 snoRNA. (A)
Computer-assisted prediction of the secondary structure of
mU50 snoRNA variants. The k-turn structure that might possibly
be formed by box C and D motifs was not taken into account for
the prediction. Note that the all three variants exhibit the identical
structure at the most stable energy states. (B) Sequence similarity
among human and mouse U50 snoRNAs. Human U50A and
U50B snoRNAs (formerly U50 and U50" in [17]) are compared
with the mU50 snoRNA sequence. Conserved box motifs are
indicated by rectangles. Antisense elements to 285 rRNA are
indicated by broken lines. The four U residues in the U50A
snoRINA (shown in red and underscored) are where a genomic
T'T-deletion has been reported in prostate and breast cancers
[18,19]. (C) Schematic representation and nucleotide sequences of
the mU50 snoRINA target sites (in orange) on the rRNA gene in
five organisms. The segments down-stream of the mU50-sites
(gray rectangles) are variable having expanded in size through
insertions and/or duplications during the evolutionary process. A
further comparative genomic data analysis indicated that the U50-
sites are highly conserved from archaea to vertebrate. Referring to
a previous report of the 7. thermophilus 23S rRNA structure [32],
the conserved site for the mU>50-sites is subject to form the loop 62
which participates in the formation of the inter-subunit bridge.
(PDF)

Figure 82 Nucleotide sequences of the modified
mU50HG-b gene in comparison with the original se-
quence in wild-type. The sequence starts from the intron 3
which contains an mU50 snoRNA sequence (upstream) through
the intron 4 where another mU50 sequence (downstream) resides.
mU50 snoRNA and exon sequences are shown in blue and black
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background, respectively. Nucleotides unaltered upon the recom-
bination are connected with asterisks. The upstream mU50
sequence is completely replaced with a non-coding sequence
derived from pBluescript I plasmid, and the downstream mU50
sequence is replaced with residual nucleotides of the loxP-Neo'-
loxP cassette after the Cre-lox recombination. Note that the sizes
of the modified introns are identical to those of wild-type.

(PDF)

Figure 83 Phenotypes of the mU50-deficient animals.
(A) Weight gain of female and male AmU50¢.1) and wild-type
mice (n=14 per genotype). A plot of AmU50yc.,) mice was
always lower than that of the wild-type mice throughout the
observation period, although this difference was not statistically
significant. Error bars=1. S.D. (standard deviation) (B) Average
tissue weight (% body-weight) in wild-type and AmU50yc.1
mutant mice at 10 weeks after birth (n = 7 per genotype). Although
some organs such as heart, liver, and testis of AmU50¢.,) mice
were lighter than the same organs in wild-type, no prominent
differences were found in their morphology and histology (data not
shown). Error bars=1 S.D. *P<0.05. (C) Age-associated changes
in the number of peripheral lymphocytes (n=4 per genotype) in
AmU50416.1) and wild-type mice. Fitted curves for AmU50q56.1)
(broken line) and wild-type (solid line) are indicated. (D)
Proliferation activity of splenocytes i vitro. For cell culture,
2x10° of isolated splenocytes from individual genotypes were
grown on 6-well plates (BD Falcon, USA) in the presence of
1.0 pg/ml of lipopolysaccharides (Sigma, USA) as a stimulus. The
numbers of cells were counted with a hemocytometer. The
number of cells 24 h after inoculation was designated as 100%.
Error bars=1 S.D. from three independent assays.

(PDF)

Figure S4 Representative data of qPCR validation of
relative gene expression in splenocytes between wild-
type and AmUS50ygy) mice. The threshold value was
normalized by the beta-actin gene (dcth) according to the AACt
method. Error bars=1 S.D. for three biological replicates.
#*P<<0.05; WT: wild-type; A: AmU50136.,) mice.

(PDI)

Figure S5 Selection of ¢PCR reference genes for
assessment of organ-dependent gene expression pat-
terns. (A) A result view of RefGenes platform [44] on inquiry for
appropriate reference genes for qPCR survey to eight organs. The
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Aim: Liver fibrosis is a common pathway leading to cirrhosis.
Cilostazol, a clinically available oral phosphodiesterase-3
inhibitor, has been shown to have antifibrotic potential in
experimental non-alcoholic fatty liver disease. However, the
detailed mechanisms of the antifibrotic effect and its efficacy
in a different experimental model remain elusive.

Methods: Male C57BL/6) mice were assigned to five groups:
mice fed a normal diet (groups 1 and 2); 0.1% or 0.3% cilostazol-
containing diet (groups 3 and 4, respectively); and 0.125%
clopidogrel-containing diet (group 5). Two weeks after feeding,
groups 2-5 were intraperitoneally administered carbon tetra-
chloride (CCl,) twice a week for 6 weeks, while group 1 was
treated with the vehicle alone. To investigate the effects of
cilostazol on hepatic cells, in vitro studies were conducted
using primary hepatic stellate cells (HSC), Kupffer cells and
hepatocytes with cilostazol supplementation.

Results: Sirius red staining revealed that groups 3 and 4
exhibited a lesser fibrotic area (2.49 + 0.43% and 2.31 £+ 0.30%,

respectively) than group 2 (3.17+0.67%, P<0.05 and
P <0.001, respectively). In vitro studies showed cilostazol
dose-dependently suppressed HSC activation (assessed by
morphological change, cell proliferation, and the expression
of HSC activation markers), suggesting the therapeutic effect
of cilostazol is mediated by its direct action on HSC.

Conclusion: Cilostazol could alleviate CCl-induced hepatic
fibrogenesis in vivo, presumably due, at least partly, to its
direct effect to suppress HSC activation. Given its clinical
availability and safety, it may be a novel therapeutic interven-
tion for chronic liver diseases.
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INTRODUCTION

IVER FIBROSIS, A precursor to cirrhosis, is a

common consequence of almost all types of chronic
liver injuries, including viral, alcoholic, autoimmune,
metabolic and drug-induced liver diseases.! Fibrosis
results from excessive accumulation of extracellular
matrix (ECM) components, such as collagen type I. Left
untreated, fibrosis can progress to liver cirrhosis and
ultimately lead to organ failure and death. The activation
of hepatic stellate cells (HSC) in response to liver injury
is considered to be an essential event underlying hepatic
fibrogenesis.>* The activation of HSC refers to the trans-
differentiation of quiescent HSC into proliferative and
contractile myofibroblast-like cells. These activated HSC
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secrete excess ECM proteins and contribute to the devel-
opment of hepatic fibrosis. Several types of growth
factors, cytokines, chemokines and their cognate recep-
tors are associated with HSC activation. Among these,
transforming growth factor (TGF)-f1 and platelet-
derived growth factor (PDGF) are probably the most
important.>” HSC play a key role in liver fibrosis,
thereby restraining the activation of HSC may attenuate
liver fibrosis. Thus, numerous studies have attempted to
suppress HSC activation in order to develop new treat-
ment strategies for hepatic fibrosis.*'" Cilostazol (OPC-
13013 [6-]4-] 1-cyclohexyl-1H-tetrazol-5-yl [butoxy]-3,4-
dihydro-2[1H]-quinolinone]) is a synthetic vasodilator
and an antiplatelet agent. It was approved in 1988 in
Japan for the treatment of symptoms related to occlusive
peripheral arterial disease (Pletaal; Otsuka Pharmaceuti-
cal Co., Ltd,, Tokyo, Japan) and subsequently in 1999 in
the USA and in 2001 in the UK (Pletal; Otsuka America
Pharmaceutical, Inc., Rockville, MD, USA and Otsuka
Pharmaceutical Europe Ltd., Uxbridge, UK) for the treat-
ment of intermittent claudication symptoms.'”** Over
the past 20 years, it has been widely used as a potent
inhibitor of platelet aggregation and thrombosis."~'® It
has also been shown to inhibit PDGF secretion in vitro."
The antiplatelet activity of cilostazol is attributed to its
inhibition of cyclic adenosine monophosphate (cAMP)
phosphodiesterase (PDE). Recent studies have identified
11 different families of PDE. Of these, cilostazol selec-
tively inhibits PDE3, which is predominantly expressed
in platelets, vascular smooth muscle cells, cardiac myo-
cytes and hepatic cells.”*?' Recently, increased intracellu-
lar cAMP has been shown to inhibit HSC activation,**-*
although little is known about the effect of cilostazol on
liver fibrosis. Furthermore, cilostazol was shown to have
an antifibrotic potential in experimental non-alcoholic
fatty liver disease.”® However, the precise mechanisms of
the antifibrotic effect and its efficacy in a different experi-
mental model are elusive. This study was designed to
investigate the effect of cilostazol on carbon tetrachlo-
ride (CCly)-induced hepatic fibrogenesis in mice and to
clarify its mechanism of action by pathological exami-
nation and analysis of primary cells derived from the
mice.

METHODS

Animals

ALE C57BL/6] MICE aged 4 weeks were purchased
from Japan SLC (Shizuoka, Japan). After an
acclimation period of 7 days, the mice were randomly
assigned to the five treatment groups (n = 10 per group)
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in a single-blinded fashion (Fig. 1). The mice were
maintained on standard chow and allowed free access to
food and water. The protocol for animal handling was
reviewed and approved by the Animal Care and Use
Committee of Kyoto University.

Mouse model of liver fibrosis

Two weeks after assignment to treatment groups, the
mice were treated with CCl, (2 pl/g bodyweight diluted
1:4 in corn oil) by intraperitoneal (i.p.) injection twice a
week for 6 weeks. The mice were sacrificed 4 days after
the last injection.

Drugs and drug treatment

The antiplatelet drug cilostazol was a gift from Otsuka
Pharma (Tokushima, Japan). Clopidogrel was pur-
chased from Sanofi-Aventis (Tokyo, Japan). Each drug
was administrated in standard pellet food (Oriental
Bio Service, Kyoto, Japan) containing cilostazol (0.1%
w/w), cilostazol (0.3% w/w) or clopidogrel (0.125%
w/w). Oral treatment with cilostazol at 0.1% and
0.3% w/w, and clopidogrel at 0.125% w/w of chow is
equivalent to the clinically used doses.”’”” The alterna-
tive antiplatelet drug clopidogrel was used as a control.
To raise and stabilize the plasma concentration of the
drugs, the animals were pretreated with the drugs for 2
weeks. All animals were closely observed for 2 weeks
after the dietary change, and then received CCl, injec-
tions for 6 weeks. The food intake and bodyweight
changes were monitored throughout the experimental
period for 8 weeks. Blood samples were collected from
the inferior vena cava of the mice, and liver weights were
recorded at death.

Histological examination and
immunohistochemistry

For histological evaluation, the right lobe of the liver of
each mouse was collected at death and fixed in 4%
paraformaldehyde (PFA). In order to assess fibrosis,
paraffin-embedded sections were stained with picro-
sirius red (Sigma, St Louis, MO, USA).* Expression
levels of a-smooth muscle actin (0-SMA) and F4/80
were immunohistochemically determined in paraffin-
embedded sections as described previously®' using a
monoclonal antimouse o-SMA antibody (1:300, clone:
1A4; Dako, Glostrup, Denmark) or anti-mouse F4/80
antibody (1:100, clone: BMS; eBioscience, San Diego,
CA, USA), respectively.

Sirius red-positive areas, o-SMA-positive areas and
F4/80-positive areas were quantified from 10 random
x100 fields from each animal (n=10 per treatment

© 2013 The Japan Society of Hepatology
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Figure 1 Experimental protocol. Male adult C57BL/6] mice were fed pelleted food containing 0.1% or 0.3% cilostazol or 0.125%
clopidogrel, or fed a control diet. Liver fibrosis was induced by i.p. injection of CCl, twice a week for 6 weeks. Mice were killed 4
days after the last injection. CLZ, cilostazol; CPG, clopidogrel; CCl, carbon tetrachloride. (n = 10). {}, vehicle i.p.; §, CCly, 0.5 uL/g

bodyweight i.p.

group) using image processing software (BZ analyzer;
Keyence, Osaka, Japan). Data are presented as the per-
centage area positively stained for Sirius red, a-SMA or
F4/80.

Measurement of hepatic collagen content

For measurement of liver fibrosis, the specific amino
acid of collagen type I, hydroxyproline, was quantified
in liver tissue. The hepatic hydroxyproline content was
measured as previously described.*? In brief, liver tissue
was homogenized in 900 UL of ice-cold distilled water.
Subsequently, 125 UL of 50% trichloroacetic acid was
added, and the homogenates were incubated on ice for
20 min. Precipitated pellets were hydrolyzed for 18 h at
110°C in 6 N HCI. After hydrolysis, the samples were
filtered and neutralized with 10 N NaOH, and hydroly-
sates were oxidized with chloramine-T (Sigma) for
25 min at room temperature. The reaction mixture was
then incubated in Ehrlich’s perchloric acid solution at
65°C for 20 min and then cooled to room temperature.
Sample absorbance was measured at 560 nm in dupli-
cate. Purified hydroxyproline (Sigma) was used as a
standard. The hydroxyproline content was expressed as
nanograms of hydroxyproline per gram of liver.

© 2013 The Japan Society of Hepatology

Immunoblot analysis

For analysis of 0-SMA protein expression, immunoblot-
ting was performed with whole liver lysates (20 pg/lane)
using standard techniques. Immunoblotting was per-
formed using a polyclonal antigoat glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) antibody (1:200;
#sc-20357; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) as an internal control, a polyclonal antirabbit
0-SMA antibody (1:200; #ab-5694; Abcam, Cambridge,
UK) and horseradish peroxidase-conjugated secondary
antibodies (Santa Cruz Biotechnology) as described in
the manufacturer’s protocol.*® Antibody staining was
visualized with an enhanced chemiluminescence system
(GE Healthcare Biosciences, Little Chalfont, UK) using
Lumino-image analyzer (LAS-3000 mini; Fujifilm,
Tokyo, Japan). Band density was quantified from digital
images using Image] software.

Isolation and culture of hepatic cells

Primary HSC, Kupffer cells and hepatocytes were iso-
lated from the mouse liver as described previously.**-*
In brief, HSC and Kupffer cells were isolated from
mice by two-step collagenase-pronase perfusion fol-
lowed by three-layer discontinuous density gradient
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centrifugation with 8.2% (w/v) and 14.5% (w/v) Nyco-
denz (Accurate Chemical and Scientific, Westbury, NY,
USA) to obtain HSC and Kupffer cell fractions. HSC
were collected between the 0% and 8.2% (w/v) layer.
Kupffer cells were collected between the 8.2% and
14.5% (w/v) layers and purified by differential plating.
HSC and Kupffer cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Sigma) supple-
mented with 10% fetal bovine serum (FBS) and antibi-
otics. Hepatocytes were cultured in William’s medium E
supplemented with 10% FBS and antibiotics on the
collagen-coated dish. Hepatic cells were cultured in a
CO; incubator at 37°C.

Cilostazol treatment

Cilostazol was dissolved in dimethylsulfoxide and
diluted in DMEM supplemented with 10% FBS and
antibiotics. Complete medium containing final concen-
tration of 0 pM (control), 5 uM and 15 uM cilostazol
was added to cultures 1 day after isolation.

Measurement of Intracellular cAMP

The intracellular cAMP level was measured as described
previously’” using the cAMP-Glo max assay kit
(Promega, Madison, WI, USA). Briefly, 1 x 10* cells were
seeded in a 96-well plate with or without cilostazol in
culture medium containing 10% FBS and incubated at
37°C for 24 h. The cAMP detecting solution was added
to each well and incubated at room temperature for
20 min. The Kinase-Glo reagent was added to each well.
The plate was shaken for 1 min at room temperature
and incubated at room temperature for 10 min. Finally,
the luminescent signal was measured by a plate reader
(Arvo; Perkin-Elmer, Waltham, MA, USA).

Time-lapse recording and cell counting

For the observation of morphological changes, HSC
were placed in a Lab-Tek plastic four-well chamber slide
(Nunc, Naperville, IL, USA) and maintained at 37°C
in 10% CO,. Time-lapse images were taken using an
inverted microscope (BZ9000; Keyence, Osaka, Japan)
over 6 days following cilostazol treatment. Cells were
counted in four random %200 fields on each chamber
using BZ analyzer image processing software.

Cytochemical analysis

Primary HSC in each chamber were fixed in 10%
formalin/PBS for 10 min blocked with Dako Protein
Block (#X0909; Dako, Glostrup, Denmark) for 1h,
incubated overnight with a polyclonal antimouse
a-SMA antibody (1:200; #A2524, Sigma) in a blocking
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solution, washed with PBS, and incubated with Alexa
Flour 594 goat antimouse immunoglobulin G (1:600;
#A-11005; Invitrogen, San Diego, CA, USA) secondary
antibody and 4’,6’-diamidino-2-phenylindole dihydro-
chloride (DAPI) nuclear stain for 1 h. Finally, HSC were
washed and observed with an inverted fluorescence
microscope, BZ9000 (Keyence).

Reverse-transcriptase quantitative
polymerase chain reaction (RT-gPCR)

For gene expression analysis, total RNA was extracted
from liver tissue, HSC or Kupffer cells using TRIZOL
reagent (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol. DNase-treated RNA was
reverse transcribed using the Omniscript RT Kit (Qiagen,
Hilden, Germany) according to the manufacturer’s
protocol. RT-qPCR was performed for 55 cycles of 15 s
at 95°C and 60 s at 60°C using SYBR Green [ Kits for
the LightCycler 480 instrument (Roche Diagnostics,
Mannheim, Germany). The relative abundance of
target genes was calculated using a standard curve
normalized to a-tubulin or 18S. Probes and primers for
0-SMA (NM_007392), collagen ol (I) (NM_007742),
PDGE-B (NM_011057), PDGF receptor (PDGFR)-B
(NM_008809), TGF-B1 (NM_011577), TGF-BR1 (NM_
009370), tumor necrosis factor (TNF)-a (NM_
013693), interleukin (IL)-1f (NM_008361), monocyte
chemotactic protein (MCP)1 (NM_011333), F4/80
(NM_010130), 18S (NR_003278) and o-tubulin (NM_
011653) were designed by and purchased from Life
Technologies (Cartlsbad, CA, USA).

Statistical analysis

Results are reported as mean + 95% confidence intervals
(CI). Statistical comparisons were made using Student
t-test or two- or one-way ANOVA followed by Bonferroni's
post-hoc test. P < 0.05 was considered to be significant.

RESULTS

Cilostazol alleviated fibrous change in
the liver

N ORDER TO validate the antifibrotic efficacy of

cilostazol, we utilized a widely used experimental
mouse model of liver fibrosis induced by CCl, injections
(twice a week for 6 weeks; Fig. 1). Based on the pharma-
cokinetic data of the plasma concentration of the drugs,
0.1% and 0.3% cilostazol and 0.125% clopidogrel were
used as clinically equivalent doses. Collagen deposition,
a marker for liver fibrosis, was assessed by Sirius red

© 2013 The Japan Society of Hepatology
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Figure 2 Cilostazol alleviated fibrous changes in the liver. (a) Sirius red staining of liver sections in each group. CCl, treatment for
6 weeks remarkably increased the fibrotic area. CCls-treated liver in the control or clopidogrel-administrated group showed
bridging fibrosis. Cilostazol decreased the fibrotic area among CCl.-treated mice (original magnification x100). (b) Quantification
of liver fibrosis area stained by Sirius red. CCls-induced fibrous areas in the 0.1% or 0.3% cilostazol-administrated groups were
significantly decreased compared with that in the control group. (c) Hydroxyproline assay was performed to measure the total
collagen content. Administration with 0.3% cilostazol reduced tissue hydroxyproline levels compared with control. The box plots
present the median and 25th-75th percentiles. Upper and lower lines represent the minimum and maximum values (n=10).
*P <0.05; tP<0.001 vs CCls-treated control. CCly, carbon tetrachloride; CLZ, cilostazol; CPG, clopidogrel.

staining (Fig. 2a). Sirius red staining of the liver in the
0.1% and 0.3% cilostazol-administrated groups (2.49%;
95% CI=2.18-2.80; and 2.31%; 95% CI=2.10-2.52)
was significantly lower than in the control group
(3.17%; 95% CI=2.70-3.65; P<0.05 and P<0.001,
respectively), however, clopidogrel had no effect
(Fig.2a,b). This was reflected by hydroxyproline con-
tent, which was significantly reduced in the 0.3%
cilostazol-administrated group (317 ng/mg liver; 95%
CI =289-346) compared with that in the control group
(371 ng/mg liver; 95% CI=344-398; P<0.001;
Fig. 2¢). Thus, p.o. administration of cilostazol reduces
hepatic fibrogenesis at clinical doses. During the 8-week
experimental duration, no significant difference in
bodyweight change or peripheral platelet count was
observed among treatment groups (Fig. 3a,b), indicat-
ing minimal toxicity of the drugs. Moreover, there was
no apparent difference in CCls,-induced hepatocyte
damage among the groups, as assessed by peripheral
blood aspartate aminotransferase and alanine ami-
notransferase levels (Fig. 3c,d) and hematoxylin-eosin
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staining (Fig. 3e). We also observed no morphological
change in cultured primary hepatocytes supplemented
with cilostazol (Fig. 3f).

Cilostazol attenuated the activation of HSC
in the liver

Chronic liver injury can lead to unrestrained HSC acti-
vation, resulting in excessive production of extracellular
matrices and hepatic fibrosis. Thus, we assessed the
activation status of HSC in the liver, by immuno-
histochemical staining of o-SMA, a marker of HSC
activation (Fig. 4a). Similar to the Sirius red staining
data, the 0-SMA positive area in the liver of the 0.1%
(4.16%; 95% CI=3.17-5.15) and 0.3% (2.61%; 95%
CI=2.17-3.05) cilostazol-administrated groups was
clearly reduced in a dose-dependent manner compared
with the control group (7.13%; 95% CI=4.10-10.2;
P<0.05 and P<0.001, respectively; Fig.4b) and
clopidogrel-administrated animals. This result was also
reflected by immunoblotting experiments in which
0-SMA protein expression was significantly reduced in
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Figure 3 Bodyweight change, periph-
eral platelet counts, hepatocyte damage
and aspartate aminotransferase (AST)/
alanine aminotransferase (ALT) did not
differ among the CCl,-treated groups.
(a) Bodyweight change during the
8-week experimental duration. Mice
without CCIl; treatment showed the
highest gain, however, no significant
differences were observed among
groups. (b) Peripheral platelet counts
at death were not different among
CCly-treated groups. (c,d) Serum AST
and ALT levels at death were not
different among CCl,-treated groups.
(e) Hematoxylin-eosin staining of liver
sections from each group (original
magnification x100). No obvious dif-
ferences in hepatocyte damage existed
among CCl,-treated groups. (f) Mor-
phology of hepatocytes supplemented
with cilostazol for 1 day was observed
under a phase contrast microscope
(original magnification x200). The
morphology was unaffected by cilosta-
zol supplementation. On line plots,
each plot represents the mean of
measurements (n=10). The box plots
present the median and 25th-75th per-
centiles. Upper and lower lines repre-
sent the minimum and maximum
values (n = 10). CCl;, carbon tetrachlo-
ride; CLZ, cilostazol; CPG, clopidogrel.
-, CCl; (-)+control diet; -,
CCly (+) +0.3% cilostazol; %, CCl4
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the 0.3% cilostazol-administrated group (0.44%; 95% Cilostazol directly and effectively

CI =0.29-0.60) compared with that in the control inhibits the activation of HSC but not of
group (1.14%; 95% CI=0.55-1.72; P<0.05; Fig. 4c). Kupffer cells

These results indicate that cilostazol has potent activity

to attenuate HSC activation in the liver through To reveal the possible mechanisms underlying these in

unknown mechanisms.

vivo observations, we performed in vitro studies in
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Figure 4 Cilostazol attenuated the expression of 0-SMA protein in the liver. (a) 0-SMA immunostaining of liver sections in each
group. Treatment with CCls for six weeks remarkably increased o-SMA expression. Among CCl,-treated groups, the liver in
cilostazol-administrated groups has a reduced o-SMA-positive area compared with that in the control diet or clopidogrel-
administrated group (original magnification x100). (b) Quantification of the a-SMA positive area in each group. Cilostazol-
administrated groups had significantly decreased a-SMA positive areas compared with control diet and clopidogrel-administrated
groups. (c) Measurement of o-SMA protein in the liver by immunoblotting. Administration of 0.3% cilostazol reduced o-SMA
levels in CCls-treated mice. The box plots present the median and 25th-75th percentiles. Upper and lower lines represent the
minimum and maximum values (n = 10). *P < 0.05; tP < 0.001 vs CCl,-treated control diet group. a-SMA, a-smooth muscle actin;
CCly, carbon tetrachloride; CLZ, cilostazol; CPG, clopidogrel; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

primary cultures of HSC. Generally, isolated HSC
undergo autonomous activation in culture, and the acti-
vation is associated with a depletion of retinoid drop-
lets, morphological change, cell proliferation, and
expression of several activation markers such as a-SMA
and collagen o1 (I). During 6 days of culture, control
HSC gradually lost retinoid droplets and showed
myofibroblast-like activated morphology, whereas
cilostazol-supplemented HSC maintained retinoid
droplets and retained quiescent morphology (Fig. 5a).
In addition, cilostazol suppressed HSC proliferation in a
dose-dependent manner, without showing cell toxicity
(Fig. 5b). The expression of a-SMA protein was dose-
dependently suppressed in the presence of cilostazol
(Fig. 5¢). Because Kupffer cells have been shown to be
implicated in liver fibrosis as well as HSC,''?%* we
examined the effect of cilostazol on Kupffer-cell activa-
tion in vivo and in wvitro. Pathological examination
revealed a weak tendency for decrease in the F4/80 posi-
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tive (Kupffer cell) area in the liver of cilostazol-
administrated mice, however, we could not detect
significant changes in our experimental setting
(Fig. 5d,e), and no significant change was observed in
mRNA levels of tissue TNF-o. and TGF-B1 in the liver by
cilostazol treatment (Fig. 5f). In fact, cilostazol did not
affect the mRNA expression of F4/80 in isolated Kupffer
cells (Fig. 5g), suggesting the minimal effect of cilosta-
zol in vivo may be simply explained by the secondary
effect of the resolution of fibrosis. Likewise, cilostazol
exhibited an insignificant effect on the Kupffer cell pro-
duction of TNF-o, IL-13, MCP1 and TGF-f1 (Fig. 5g).
These data together propose the notion that the in vivo
therapeutic efficacy of cilostazol is mediated, at least in
part, by its direct effects on HSC. If so, why did HSC
respond well to cilostazol? One possible explanation is
that HSC are more sensitive to cilostazol than other cell
types (e.g., Kupffer cells). Actually, cilostazol-induced
cAMP accumulation, which is an indicator for cilostazol
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Figure 5 Cilostazol suppressed the proliferation and activation of HSC, but did not affect Kupffer-cell activation. (a) Morphologi-
cal changes in HSC from 0-6 days were viewed on a phase contrast microscope (original magnification x200). HSC supplemented
with 15 uM cilostazol resulted in visible short cytoplasmic dendritic processes and perinuclear vacuoles containing retinoids. (b)
HSC proliferation was determined by direct count of the cell numbers. Cilostazol supplementation slowed the increase in cell
numbers compared with control. (¢) Immunofluorescent staining of «-SMA (red) in HSC on the second day of culture (original
magnification x200). The protein expression of o-SMA was decreased in cilostazol-supplemented HSC in a dose-dependent
manner. (d) F4/80 immunostaining of liver sections in each group. (original magnification x100). (e) Quantification of the
F4/80-positive area in each group. Cilostazol-administrated groups tended to show fewer F4/80-positive areas than the control, but
no significant differences were observed among CCl,-treated groups. (f) mRNA expression levels of TNF-ao and TGF-B1 in the liver
were not affected by cilostazol. (g) Expression of Kupffer cell marker (F4/80) and inflammation-related genes (TNF-o, IL-1B, MCP1
and TGF-B1) in primary Kupffer cells on the second day of culture was not altered by cilostazol. (h) Accumulation of cAMP in
primary cultured HSC and Kupffer cells. Cilostazol supplementation significantly elevated the cAMP level only in HSC. The box
plots present the median and 25th-75th percentiles. Upper and lower lines represent the minimum and maximum values (n = 4).
*P<0.05; 1P <0.001; P < 0.01 vs control group. a-SMA, a-smooth muscle actin; cAMP, cyclic adenosine monophosphate; CCly,
carbon tetrachloride; CLZ, cilostazol; DAPI, 4/,6’-diamidino-2-phenylindole dihydrochloride; HSC, hepatic stellate cell; 1L-18,
interleukin-1f3; MCP1, monocyte chemotactic protein-1; TNF-¢, tumor necrosis factor-o; TGF-B1, transforming growth factor-1.
-e—, control; , 5 uM CLZ; -, 15 pM CLZ.
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inhibition of the PDE3 enzyme, was significantly higher
only in HSC supplemented with cilostazol (2.283; 95%
Cl=1.45-3.12; P<0.01) but not in Kupffer cells
(1.363; 95% CI = 0.4374-2.289; Fig. 5 h).

Cilostazol suppressed PDGFR expression
in HSC

To further delineate the effect of cilostazol on the acti-
vation of HSC, we characterized the cilostazol-affected
gene expression profiles during the activation phase of
HSC. First, to confirm the direct effects of cilostazol on
the gene activation mechanism of HSC, we examined
the a-SMA and collagen ou (I) gene induction. As sug-
gested by the previous data (Figs 2,4,5), mRNA induc-
tion of a-SMA was lower in cells supplemented with
5 UM cilostazol (0.555; 95% CI=0.085-1.024) and
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15 UM cilostazol (0.221; 95% CI =0.086-0.356) when
compared with the control (2.53; 95% CI = 1.01-4.05;
P<0.01; Fig.6a). Similarly, collagen o1 (I) mRNA
expression was lower in cells supplemented with 5 uM
cilostazol (0.411; 95% CI=0.010-0.833) and 15 uM
cilostazol (0.059; 95% CI = 0.042-0.159) as compared
with the control cells (2.20; 95% CI=0.31-4.08;
P<0.01; Fig. 6b). Then, to gain further mechanistic
insight into the action of cilostazol on HSC, the mRNA
expression of PDGF-B, PDGFR-B and TGF-BR1, an
important cytokine and cytokine receptors for HSC acti-
vation, was determined. The expression of PDGF-B, one
of the most important mitogens for HSC, was un-
affected by cilostazol treatment (Fig. 6¢c), however,
PDGFR-B mRNA expression in the 5uM cilostazol-
supplemented cells (0.282; 95% CI = 0.104-0.460) and
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Figure 5 Continued.

15 uM cilostazol-supplemented cells (0.336; 95%
CI=0.036-0.636) was significantly decreased com-
pared with that in control cells (0.749; 95% CI = 0.290-
1.210; P<0.001; Fig. 6d). In contrast, TGF-BR1 mRNA
expression was not affected by cilostazol treatment
(Fig. 6e). These results indicate the possibility that cil-
ostazol attenuates the activation-induced proliferation
of HSC through the abrogation of PDGF-autocrine

signaling by limiting the receptor (PDGFR-f) signaling
regardless of the ligand (PDGF) availability.

DISCUSSION

HE P.O. ADMINISTRATION of cilostazol effectively
prevents the development of CCls-induced liver
fibrosis in mice. In agreement with the previous study,
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Control ~ 5uM 15 uM Control 5 uM 15 uM tively). The expression of (c) PDGF-B
(© CLz CLz CLz CLzZ and (e) TGF-BR1 had no difference
e between control and cilostazol-
- - supplemented HSC. The box plots
&10 present the median and 25th-75th
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o 5 T mum values (n=7). 0-SMA, a-smooth
(u._-', muscle actin; CLZ, cilostazol; HSC,
o 0 hepatic stellate cell; PDGF-B, platelet
. i . growth factor-B; PDGFR-B, platelet
Control 5uM 15 uM growth factor receptor-f; TGF-BR1,
CLz CcLz transforming growth factor-p receptor 1.

cilostazol was not toxic to HSC as indicated by the
morphology and proliferation of the cells (Fig. 5a,b).
It is noteworthy that unlike many other candidate medi-
cations, cilostazol is already widely used as an antiplate-
let agent in clinical practice with proven long-term
safety. For this reason, cilostazol holds potential to
become an antifibrotic agent for chronic liver diseases in
humans.

In the present study, we employed clopidogrel as
an alternative antiplatelet agent for the comparison.
Although both cilostazol and clopidogrel showed
minimal side-effects (Fig. 3), only cilostazol attenuated
liver fibrosis (Figs 2,4), suggesting that cilostazol may
have distinct antifibrotic mechanisms apart from its
antiplatelet action. This notion is consistent with the
results of the present in vitro study in which the treat-

© 2013 The Japan Society of Hepatology

ment of primary HSC with cilostazol attenuated the
HSC proliferation (Fig. 5b) and the expression of a-SMA
and collagen ol (I) (Figs 5¢,6), indicating the direct
effect of cilostazol on HSC. On the other hand, our in
vitro and in vivo studies showed only a minimal effect of
cilostazol on Kupffer cells (Fig. 5d,e,gh), and no signifi-
cant change was detected in inflammatory and fibro-
genic genes (such as TNF-o. and TGF-B1) by cilostazol
administration (Fig. 5f). These results lend support to
the concept that cilostazol exerts its antifibrotic effect(s)
via the suppression of HSC activation in vivo.

As reported,®**!' PDGFR- was absent in quiescent
HSC, but was upregulated in an early stage of liver
injury. Activating factors from autocrine or paracrine
sources such as TGF-B1 stimulate the transcriptional
induction of PDGFR-B in quiescent HSC, thereby
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rendering them responsive to PDGE-B chain molecules.
Among several activating pathways, the autocrine
loop exerted by PDGF-PDGER signaling is regarded
as one of the most potent mitogenic pathways for
HSC.*? Although PDGEF itself seemed unaffected in our
study, our quantitative analyses showed that cilostazol
significantly suppressed PDGFR-B in HSC (Fig. 6¢,d).
Because the PDGF-PDGFR signaling not only pro-
motes myofibroblast proliferation but also participates
in other fibrogenic actions, including stimulation of
collagen production and promotion of cell adhesion, it
has been speculated that the activated PDGF-PDGFR
signaling pathway is a candidate target for antifibrotic
therapy in liver diseases.”* Indeed, focusing on PDGFR,
recent studies have shown attenuation of hepatic fibro-
sis by a PDGFR tyrosine kinase inhibitor.**¢ In the
same sense, a blockade of the autocrine loop of PDGF-
PDGEFR signaling by cilostazol may also have multiple
benefits for preventing the development of hepatic
fibrosis.

Cilostazol is a selective inhibitor of PDE3, and PDE3
inhibition in platelets exhibits antithrombotic effects by
preventing platelet aggregation. Recently, increased
intracellular cAMP levels and activation of protein
kinase A (PKA) were reported to reduce PDGEF-
stimulated cellular proliferation.*”*® Interestingly, cil-
ostazol has been shown to be effective against the
development of non-alcoholic fatty liver disease
through the activation of the cAMP/PKA signaling
pathway in vivo.*® Although the exact mechanism
remains to be determined, there may be a link between
PDGFR downregulation and cAMP/PKA signaling in
HSC.

In conclusion, orally bioavailable cilostazol attenu-
ates HSC activation, possibly through the suppression
of PDGFR expression in HSC, and thereby alleviates
hepatic fibrogenesis. Further studies may yield a future
intervention strategy against liver diseases.
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SUPPORTING INFORMATION

DDITIONAL SUPPORTING INFORMATION may
be found in the online version of this article at the
publisher’s web-site:

Video Clip S1-83 Time-lapse motion pictures of cul-
tured hepatic stellate cells (HSC) with or without cil-
ostazol treatment.
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Objective: Liver fibrosis and subsequent cirrhosis is a major cause of death worldwide, but few
effective antifibrotic therapies are reported. Whey-hydrolyzed peptide (WHP), a major peptide
component of bovine milk, exerts anti-inflammatory effects in experimental models. A WHP-
enriched diet is widely used for immunomodulating diets (IMD) in clinical fields. However, the
effects of WHP on liver fibrosis remain unknown. The aim of this study was to investigate the
antifibrotic effects of WHP in a rat cirrhosis model.

Methods: Progressive liver fibrosis was induced by repeated intraperitoneal administration of
dimethylnitrosamine (DMN) for 3 wk. Rats were fed either a WHP-enriched IMD (WHP group) or a
control enteral diet (control group). The degree of liver fibrosis was compared between groups.
Hepatocyte-protective effects were examined using hepatocytes isolated from rats fed a WHP diet.
Reactive oxygen species and glutathione in liver tissue were investigated in the DMN cirrhosis
model.

Results: Macroscopic and microscopic progression of liver fibrosis was remarkably suppressed in
the WHP group. Elevated serum levels of liver enzymes and hyaluronic acid, and liver tissue hy-
droxyproline content were significantly attenuated in the WHP group. Necrotic hepatocyte rates
with DMN challenge, isolated from rats fed a WHP-enriched IMD, were significantly lower. In the
DMN cirrhosis model, reactive oxygen species were significantly lower, and glutathione was
significantly higher in the WHP group’s whole liver tissue.

Conclusion: A WHP-enriched IMD effectively prevented progression of DMN-induced liver fibrosis
in rats via a direct hepatocyte-protective effect and an antioxidant effect through glutathione
synthesis.

Keywords:
Whey-hydrolyzed peptide
Immunomodulating diet
Liver fibrosis

Cirrhosis

Antifibrotic
Hepatocytes-protective

© 2014 Elsevier Inc. All rights reserved.

Introduction

Liver cirrhosis is the end stage of chronic liver injury resulting
from various causes, such as viral or alcoholic hepatitis, and non-
alcoholic steatohepatitis [1]. It is histopathologically characterized
as the loss of hepatocytes with interstitial fibrosis [2]. Progression
of fibrosis and subsequent cirrhosis lead to life-threatening liver
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failure and carcinogenesis [ 1,3]. Despite extensive research on liver
cirrhosis, there are few medications (without adverse side effects)
proven to be clinically useful for prevention or slowing the pro-
gression of liver fibrosis [4,5]. Therefore, new antifibrotic agents
with less toxicity are needed for the management and prevention
of liver fibrosis [6].

Continuous hepatocellular damage caused by virus and
alcohol introduces an inflammatory response with release of
inflammatory cytokines, such as interleukin (IL)-6, tumor
necrosis factor (TNF)-a, and IL-10. These inflammatory cytokines
promote remodeling and macrophage phagocytosis of necrotic
hepatocytes. Subsequent activation of hepatic stellate cells
(HSCs) by transforming growth factor (TGF)-f promotes
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DMN; 1 mL/kg i.p.

for 3 consecutive d/wk

Acclimat-
ion chow
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K. Jobara et al. / Nutrition 30 (2014) 1195-1207

Sacrifice
in chronic phase

Control enteral diet (control; DMN+, n = 10/ CN; DMN-, n = 3)

or

WHP-enriched IMD (WHP; DMN+, n = 10 /WHPN; DMN-, n = 3)
ad libitum

5 wk

Sacrifice in acute phase
Control (n=6), WHP (n=6)

Fig. 1. Experimental protocols in vivo. CN, control diet without DMN as negative control for DMN; DMN, dimethylnitrosamine; IMD, immunomodulating diet; WHP, whey-
hydrolyzed peptide; WHPN, whey-hydrolyzed peptide diet without DMN as negative control for DMN.

production extracellular matrix and leads to liver fibrosis [7,8].
Reactive oxygen species (ROS) are involved in liver injury, and
antioxidants may protect hepatocytes and prevent following
liver fibrosis [9]. Moreover, hepatocellular damages and inflam-
matory cytokines interact with each other.

Recent nutritional studies demonstrated that bovine milk
proteins have many effects for health benefits, such as prevent-
ing weight gain and enhancing bone architecture [10]. Whey-
hydrolyzed peptide (WHP) is a major peptide component of
bovine milk. A WHP-enriched diet is one form of immunomo-
dulating diet (IMD) that has been widely used for nutritional
support in patients with malnutrition or insufficient oral intake.
A WHP-enriched IMD exerts antioxidant, anti-inflammatory,
immunomodulating, and antibacterial effects in some experi-
mental models [11-15]. The clinical utility of this novel
WHP-enriched IMD has been documented, mainly at the peri-
operative period [16-18]. Previous research has indicated that a
WHP-enriched diet exerts an anti-inflammatory effect, and may
have therapeutic potential [11].

The present study investigated the antifibrotic effects of WHP
in a rat liver cirrhosis model with progressive fibrosis. We also
discuss the therapeutic potential of WHP against progressive
fibrosis and possible mechanisms during liver cirrhosis pro-
gression from a literature review.

Materials and methods
Rats

Male Sprague-Dawley rats (6 wk old) were purchased from Japan SLC, Inc.
(Hamamatsu, Japan). Rats were cared for according to the Institutional Guidelines
for Animal Welfare. All experimental procedures were approved by the Institutional
Animal Care and Use Committee of Kyoto University (Protocol ID: MedKyo12521).

Immunomodulating diet

Rats were fed conventional chow as a control enteral diet (MEIBALANCE;
Meiji Dairies Co., Tokyo, Japan) or a WHP-enriched IMD (MEIN; Meiji Dairies Co.)
ad libitum throughout the experiments (Fig. 1). The compositions of the two diets
were almost identical, except for the protein source as summarized in Table 1
(casein in the control diet, and WHP in the WHP-enriched IMD).

Liver cirrhosis model rats

One week after starting diets, rats were intraperitoneally given dimethylIni-
trosamine (DMN; 1% dissolved in saline; 1 mL/kg; Tokyo Chemical Industry Co.
Ltd., Tokyo, Japan) consecutively for 3 d each week for 3 wk to induce progressive
fibrosis and subsequent cirrhosis [19,20] (Fig. 1).

Histopathologic assessment

Liver specimens were fixed in 4% paraformaldehyde, embedded in paraffin,
serially cut into thin slices (3 pm thick). Slides were stained with hematoxylin

Table 1
Diet composition*

Control WHP-enriched IMD

Proteins (g) 5.0 5.0

Protein (% kcal) 20.0 20.0
Protein sources Total milk protein Whey peptides
Na caseinate Fermented milk

Carbohydrates (g) 153 14.5
Carbohydrates (% kcal) 575 55
CHO sources Dextrin Isomaltulose
Dextrin
Lipids (g) 2.50 2.80
Lipids (% kcal) 225 25.0
MCT (g) - 0.59
EPA, DHA (g) - 0.060
w-6/w-3 3.2 2.0
Vitamins
Vitamin A (g RE) 60.0 150
Vitamin D (g) 0.50 0.75
Vitamin E (mg) 3.0 5.0
Vitamin K (g) 5.0 34
Vitamin B1 (mg) 015 0.25
Vitamin B2 (mg) 0.20 0.30

Niacin (mg) 1.6 3.0

Vitamin B6 (mg) 0.30 0.30
Vitamin B12 (g) 0.60 0.60
Folic acid (g) 50 50
Biotin (g) 15 7.5
Pantothenic acid 0.60 12
Vitamin C (mg) 16 50
Choline (mg) 1.8 9.2
Carnitine (mg) - 15
Minerals
Sodium (mg) 110 70
Potassium (mg) 100 80
Calcium (mg) 70 80
Magnesium (mg) 30 20
Phosphorus (mg) 70 70
[ron (mg) 1.0 1.0
Zinc (mg) 1.0 1.0
Copper (mg) 0.050 0.050
Manganese (mg) 0.230 0.175
Chromium (g) 3.00 2.96
Molybdenum (g) 2:5 2.5
Selenium (g) 6.0 5.0
lodine (g) 15 9.7
Chloride (mg) 110 80

CHO, carbohydrate; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid;
IMD, immunomodulating diet; RE, retinol equivalent; MCT, medium chain tri-
glyceride; WHP, whey-hydrolyzed peptide; (-), no additives

* The major difference between WHP-enriched IMD and control enteral
diet used in this study is the protein composition; the WHP-enriched IMD
contains whey peptides and fermented milk product as the protein sources,
whereas the control enteral diet contains total milk protein and sodium
caseinate.
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Hepatocyte Medium Medium Cell staining
isolation change change for rates of necrosis
-15h -12h 0h 3h
1
B
Hepatocyte Medium Medium Cell staining
isolation change change for rates of necrosis
-15h -12h 3h

I Whey or casein (500 pg/mL) or no peptide I

DMN (100 pM)

Fig. 2. Protocol for analysis of the hepatocyte-protective effect. (A) Protocol for analysis of the hepatocyte-protective effect in vivo for isolated hepatocytes from rats fed a
WHP diet. (B) Protocol for analysis of the hepatocyte-protective effect in vitro for hepatocytes with WHP-added medium. DMN, dimethyInitrosamine; WHP, whey-hydrolyzed

peptide.

and eosin and Mallory-Azan stain for histologic analysis of fibrosis. The degrees
of liver fibrosis and histologic activity in native livers were scored according to
the Metavir scoring system [21].

Immunohistochemistry

After blocking, sections were incubated with a primary antibody for -
smooth muscle actin (¢-SMA) (ab5694; Abcam, Cambridge, UK) and then with a
labeled polymer (Envision System/Horse radish peroxidase; Dako, Tokyo, Japan).
Sections were examined after incubation with diamino benzidine (Liquid Dia-
mino Benzidine Substrate Chromogen System; Dako). The ¢-SMA staining was
analyzed using quantitative software (BZ-Analyzer; KEYENCE, Osaka, Japan),
with detection thresholds set to the brown color (diamino benzidine color).
Images of five non-overlapping fields were selected at random and captured per
section at x200 magnification. The degree of labeling in each section was
determined from the area within the color range divided by the total area. For
collagen I, we used primary antibody against collagen I (NB600-408; Novus Bi-
ologicals, Littleton, CO, USA) with biotinylated antibody-recognizing rabbit
immunoglobulin G (BA-1000; Vector Laboratories, Burlingame, CA, USA). The
positive areas of the staining were analyzed by quantitative software in the same
way as o-SMA staining.

Hydroxyproline determination

For collagen quantification in the liver, hydroxyproline (the specific amino
acid of type I collagen) was measured using the standard biochemical method
described previously [22] Hydroxyproline was then quantitated photometrically
at 558 nm from a standard curve generated using purified hydroxyproline
(Sigma, Tokyo, Japan).

Conrol

Hepatocyte isolation

Hepatocytes were isolated fromratlivers as previously described [23,24]. Briefly,
rat liver was perfused for 15 min with 0.03% collagenase (Wako, Kyoto, Japan). After
collagenase perfusion, the cell suspension was centrifuged at 50g for 1 min.

Cell culture

Isolated hepatocytes were cultured on six-well plates coated with type |
collagen at a cell density of 1 x 10° cells/well with serum-free Medium 199 Earle’s
liquid (Invitrogen, Tokyo, Japan), 100 U/mL penicillin, 100 pg/mL streptomycin,
and 0.25 pg/mL of amphotericin B at 37°C.

Propidium iodide Hoechst ratio calculation for degree of hepatocyte necrosis

Cultured hepatocytes were stained with Hoechst 33342 (Nacalai Tesque,
Kyoto, Japan) and propidium iodide (Calbiochem, San Diego, CA, USA) for DNA
staining to evaluate cell viability. Double staining with propidium iodide (for
dead cells) and Hoechst 33342 (for dead and viable cells) was used to differen-
tiate necrotic cells from normal cells with a fluorescent microscope. Images of
five non-overlapping fields at x200 magnification were selected at random, and
cells were automatically counted (BZ-II Analyzer; KEYENCE). The propidium
iodide-positive ratio was calculated as the percentage of propidium iodide-
positive cells among Hoechst 33342-positive cells [24].

Inflammatory cytokines in serum
Serum concentrations of IL-6, TNF-u, IL-10, and interferon (IFN)-y were

measured using conventional assay kits (Cytometric Bead Array Kits; Becton
Dickinson Co., Franklin Lakes, NJ, USA).

Fig. 3. Antifibrotic/cirrhotic effects of WHP in macroscopic findings of livers in the DMN-induced cirrhosis rat model (chronic phase). In the control group, a granular liver
surface and remarkable atrophy were observed. Livers from the WHP group showed near normal findings and a non-damaged appearance. DMN, dimethylnitrosamine; WHP,

whey-hydrolyzed peptide.



