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positive for CD11b and negative for CD90 (Fig. 3b, d).
Only 0.047% of cultured cells were CD-90-positive and
CD-45-negative, consistent with MSC characteristics
(Fig. 3d). Flow cytometric analysis showed that mainly
macrophage fractions were increased in the cultured system;
these cells were subsequently used in our study.

Improvement in serum albumin after BMC and cultured
BMC infusion

Serum albumin was lower in the CCl, injury group (group
A) but was significantly higher in the BMC-treatment group
(group B) and the cultured cell-treatment group (group C).
No significant differences were apparent between groups B
and C (Fig. 4). These results showed that the improvement
of liver function was similar between primary BMC and 1/
10 the amount of cultured BMC. Except for the serum
albumin levels, no significant differences were observed in
other blood data (e.g., alanine aminotransferase, total biliru-
bin; data not shown) between the three groups.

Improvement in liver fibrosis after BMC and cultured BMC
infusion

Liver fibrosis was evaluated by Sirius-red staining. As com-
pared with the CCly injury group (group A), the fibrosis area
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Fig. 4 Serum albumin (4/b). After 8 weeks of treatment with CCl,
(4 weeks after BMC/cultured cell administration), mouse blood was
collected and analyzed. CCl, group (4), CCl, + BMC group (B), and
CCly + cultured cell group (C). *P<0.05 (N.S. not significant)

was smaller in the BMC-treatment group and cultured-cell-
treatment group (Fig. Sa-d). In groups B and C, GFP-positive
cells were mainly observed in the portal region (Fig. Se-h). In
addition, MMP-9 expression was significantly elevated in
groups B and C (Fig. 5i-l). Immunohistochemical analysis
showed a few F4/80-positive cells around the liver in groups
A and B (Fig. 6a, b). On the other hand, in group C, many F4/
80-positive cells were mainly observed in the portal region
(Fig. 6¢). Double-immunostaining revealed that a few F4/80/

Fig.3 Cellular characterization
of cultured BMCs by flow
cytometric analysis.
Representative flow cytometric
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Fig. 5 Sirius-red staining;
immunohistochemical analysis
of GFP and metalloproteinase-9
(MMP-9) expression in liver.
After 8 weeks of treatment with
CCly (4 weeks after BMC/cul-
tured cell administration), livers
from all mice were resected. a-d
Sirius-red staining. a CCly
group. b CCl, + BMC group. ¢
CCly + cultured cell group.
Magnification x40. d Image
analysis of the Sirius red-positive
area. CCly group (4), CCly +
BMC group (B), CCly + cultured
cell group (C). *P<0.05 (V.S. not
significant). e~h Immunostaining
for GFP. e CCl, + BMC group.
Magnification x100. f Magnified
view of e. Magnification x200. g
CCly + cultured cell group.
Magnification x100. h Magni-
fied view of g. Magnification
%200. il Immunostaining for
MMP-9. i CCl, group. j CCl, +
BMC group. k CCl4 + cultured
cell group. Magnification x200.
1 Image analysis of the MMP-9-
positive area (4-C as in d).
*P<0.05 (V.S. not significant).
Bars 100 pm (a—c, e-k)

Fig. 6 Immunohistochemical
analysis of F4/80 expression in
liver. After 8 weeks of treatment
with CCl, (4 weeks after BMC/
cultured cell administration),
the livers from all mice were
resected. a—¢ Immunostaining
for F4/80 (red arrows F4/80-
positive cells). a CCl, group. b
CCl, + BMC group. ¢ CCly +
cultured cell group.
Magnification x100. d—f BMC-
treatment group (BMC treat-
ment group). d GFP (green). e
F4/80 (red. £ GFP (green), F4/
80 (red), GFP and F4/80 (yel-
low). Note the GFP/F4/80
double-positive cells (white
arrows). Magnification x200.
g—i Cultured-cell-treatment
group (Cultured cell treatment
group). g GFP (green), h F4/80
(red. i GFP and F4/80 (vellow).
Note the GFP/F4/80 double-
positive cells (white arrows).
Magnification x200. Bars

100 pm (a—c), S0 um (d-i)
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GFP double-positive cells were present in group B, whereas
numerous F4/80/GFP-positive cells were observed in group C
(Fig. 6d-i). These results showed that a higher number of F4/
F80 cells had repopulated into the cirrhosis liver after cultured
BMC infusion.

In order to characterize GFP-positive cells in the
liver, we performed double-immunostaining. In the
BMC-treatment group, numerous cells with co-
positivity for GFP and MMP-9 were seen (Fig. 7a-c)
but cells with co-positivity for GFP and «-SMA were
not observed (Fig. 7d-f). In the cultured-cell-treatment
group, the results were similar (Fig. 7g-1). These find-
ings suggest that MMP-9 was mainly secreted from the
migrating infused GFP-positive cultured cells. In addi-
tion, a few cells were co-positive for vimentin and GFP,
thus indicating graft survival of mesenchymal cells in
the liver (Fig. 7m-o0).

Fig. 7 Double-immunostaining
(BMC group vs. cultured cell
group). After 8 weeks of
treatment with CCly (4 weeks
after BMC/cultured cell
administration), the livers from
all mice were resected. a—f
BMC treatment group. a MMP-
9 (ved). b GFP (green). ¢ MMP-
9 (red)/GFP (green)/GFP and
MMP-9 (yellow). Note the co-
positive cells (short white
arrows). d a-SMA (red). e GFP
(green). f x-SMA (red)/GFP
(green). Magnification x100.
g—o Cultured-cell-treatment
group. g MMP-9 (red). h GFP
(green). i MMP-9 (red)/GFP
(green)/GFP and MMP-9 (yel-
low). Note the co-positive cells
(short white arrows). j a-SMA
(red). k GFP (green). 1 a-SMA
(red)/GFP (green)/o-SMA and
GFP (yellow). m Vimentin
(red). n GFP (green). o Vimen-
tin (red)/GFP (green)/vimentin
and GFP (yellow). Note the co-
positive cells (long white ar-
row). Magnification x100. Bars
50 pum (a—0)

Discussion

In this study, we cultured bone-marrow-derived cells by
using serum-free medium and analyzed their ability to im-
prove liver cirrhosis. Several studies of cultured bone-
marrow-derived cells have been reported (Wu et al. 2005;
Zheng et al. 2006; Fang et al. 2004; Zhao et al. 2005; Oyagi
et al. 2006) but the culture of bone-marrow-derived cells
from GFP-transgenic mice has been difficult, because of
their decreased proliferation potential (Peister et al. 2004).
In addition, in a previous study conducted with cultured
murine BMCs, numerous macrophages were reported
(Tropel et al. 2004). Employing a previously reported
GFP/CCl, model, we first improved the culture methods to
obtain cultured cells efficiently. In standard culture proto-
cols, BMCs are seeded at a density of 1x10>®/ml but the
proliferation rate is insufficient (Soleimani and Nadri 2009).
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By increasing the cell density for primary culture to 1x107/
ml, we found that BMCs could be grown more efficiently.
Serum and fibroblast growth factor are usually added to the
medium (Zheng et al. 2006) but because of the possibility of
clinical application, we used serum-free medium and GMP-
grade reagents (Agata et al. 2009). As shown in Fig. 2, by
2 weeks after cultivation, a sufficient number of cells was
obtained. Moreover, the administered fraction had a high
percentage of cells positive for CD11b and CD45 (Fig. 3).

Our macrophage fractions taken from mouse bone mar-
row increased by simply seeding them onto plastic in the
presence of serum-free medium and GMP-grade reagents.
With the administration of GFP-transgenic mice bone-
marrow-derived cultured cells, we confirmed GFP-positive
cells in the liver and like the GFP/CCl4 model that we had
previously reported, serum albumin increased and fibrosis
improved in the treated mice (Figs. 4, 5a-d). Moreover, for
this improvement effect, the number of administered cells
was 1x10* cells/body, i.e., only 1/10 the usual amount,
whereas the effects, as compared with conventional bone
marrow administration, were not inferior.

In addition, double-immunostaining was performed to
characterize the GFP-positive cells in the liver. Similarly,
as we have earlier reported, there was co-expression of
MMP-9 but cells co-expressing x-SMA were not observed
(Fig. 6a-1; Sakaida et al. 2004; Higashiyama et al. 2007).
The presence of GFP-positive cells co-expressing F4/80 was
confirmed (Fig. 6) and, whereas GFP-positive cells co-
expressing vimentin were also found, their number was
low (Fig. 7m-o; Fang et al. 2004). These findings suggest
that numerous cultured macrophages and some MSCs had
repopulated the liver. As shown in Fig. 3, we infused mainly
a macrophage fraction from our culturing system. Hence, we
consider it reasonable that more F4./80/GFP-positive cells
were found in the cultured BMC group than the primary
BMC culture groups. In this mice study, we believe that the
macrophage fraction mainly improved liver fibrosis.
However, we need to examine which of the fractions are
more effective for liver regeneration therapy.

We used a StemPro MSC Xeno Free medium to expand
the mouse BMCs. Under these conditions, many macro-
phages were obtained and these macrophages contributed
to the observed liver regeneration. On the other hand, in
humans, MSCs are expanded under similar conditions. The
reason for this might be attributable to species differences.
Further studies will be required to understand the mecha-
nism of this difference.

In the present study, bone-marrow-derived cells cultured
with a serum-free medium clearly had an effect on repairing
liver fibrosis. These results are important for translational
research on cultured bone-marrow-derived cell therapy for
liver cirrhosis. Issues for further investigation include an
examination of the most effective cell fraction for improving

@ Springer

liver fibrosis and whether the present system can reliably
yield cultured cells from human BMCs. Studies analyzing
the possibility of using human BMCs for cell therapy in
liver cirrhosis are urgently needed.
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Purpose: We previously developed medaka non-alcoholic steatohepatitis (NASH) model. The model
showed similar histology with human NASH so we analyzed the effect of drug using medaka NASH activ-
ity score (MNAS). In this study we analyzed the effect of ezetimibe, a small intestine cholesterol trans-
porter inhibitor, on NASH.

Keywords: Methods: Medaka NASH model showed steatohepatits with infiltration of D-PAS positive inflammatory
NASH b cell. In this study we induced medaka NASH and compared the effect of ezetimibe on medaka NASH

Results: As compared with the HFD group, ezetimibe reduced total cholesterol and triacyglycerol in the
blood. But concerning with liver quantity of fatty acids in the liver were significantly decreased by
ezetimibe. Genes related with fatty acid metabolism in liver was also decreased by ezetimibe administra-
tion. On histological observations of the liver, increases in the number of inflammatory cells and MNAS

Inflammation

were inhibited. With this decrease of fatty acid in liver, medaka NASH was improved by ezetimibe.
Conclusion: Ezetimibe was clarified as a useful drug to improve NASH.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Non-alcoholic steatohepatitis (NASH) is a disease concept first
reported by Ludwig et al. in 1980 [1]. The disease state resembles
alcoholic liver disease, even though alcohol consumption is not
noted in amounts sufficient to cause liver damage. It progresses
from simple fatty liver to steatohepatitis and cirrhosis, and finally
to hepatocarcinogenesis [1]. The number of patients with NASH
is currently increasing worldwide, with the most widely supported
theory on the cause of NASH being the two-hit theory proposed by
Day et al., in which fatty liver occurs first (first hit), followed by a
transition to steatohepatitis (second hit) [2]. However, the specific
onset mechanisms of NASH have not yet been adequately eluci-
dated. The thinking to date is that the first hit of fatty liver occurs
against a background of symptoms including hypertension, dyslipi-
demia and glucose intolerance, comprising so-called metabolic
syndrome, which then progresses to NASH as a result of unknown
factors [2]. NASH further progresses to cirrhosis, and finally to
hepatocarcinogenesis.

There are currently no established effective treatments for
NASH, and the mechanism of the progression from simple fatty
liver to NASH has not been completely elucidated either. Mice, rats

* Corresponding author. Fax: +81 836 22 2303.
E-mail address: terais@yamaguchi-u.ac.jp (S. Terai).

0006-291X/$ - see front matter © 2012 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.bbrc.2012.04.087

and other rodents have been widely used in basic studies on NASH,
but small fish, such as zebrafish, have also come to be recognized
as useful model animals.

Medaka are small fish similar to zebrafish that are native to
many parts of Japan and Asia. In Japan, there are numerous pure line
species used as animal models [3]. Furthermore, in comparison
with rodents, medaka reproduce prolifically, mature rapidly and
are small; thus, little space and cost are required for breeding.
The medaka genome project has also been completed, and methods
have been established for the generation of transgenic and knock-
out animals, thereby fulfilling the necessary conditions for animal
models [4]. Past reports on models with liver fatty changes in small
fish include zebrafish mutants (foie gras mutants) [5], mutant me-
daka identified via genetic screening by N-ethyl-N-nitrosourea
(ENU) treatment (Kendama mutants) [6], and a zebrafish model
with liver fat accumulation due to expression of HBx protein [7].
In these reports, however, the models were prepared using mutants
or genetic manipulation, and as of this writing, the only model
exhibiting a profile resembling human NASH through feeding
wild-type medaka a high-fat diet is our previously reported medaka
NASH model [8].

After developing this human-like medaka NASH model [8], we
demonstrated that it presents a pathological condition similar to
human NASH, and that n-3 polyunsaturated fatty acid is very
important in NASH pathology [8]. We have also demonstrated that
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telmisartan, which has angiotensin Il type 1 receptor-inhibiting
and PPAR-y-stimulating actions, inhibits liver macrophage infiltra-
tion and inhibits the accumulation of liver fat, thereby improving
the pathological condition of the medaka NASH model [9]. In the
present study, we administered ezetimibe, a small intestine cho-
lesterol transporter (Niemann-Pick C1-Like 1) inhibitor, to the me-
daka NASH model, and clarified the effects of ezetimibe in this
model.

2. Materials and methods
2.1. Animals

Himedaka strain Cab (an orange-red variety of medaka, Oryzias
latipes) aged 8 weeks were used for most experiments. Fish were
maintained at a stock level of 10 fish per tank in tap water with
aeration. All 10 fish in a given tank received a daily ration of
200 mg of the diet prescribed for that group, and this was con-
sumed completely within 14 h. All fish were maintained in accor-
dance with the Animal Care Guidelines of Yamaguchi University.
Medaka were divided into three groups: those fed HFD only
(HFD group), control normal diet and those given HFD containing
ezetimibe (HFD + ezetimibe group).

2.2. Diet

The proportions of protein, fat and carbohydrate, as well as the
fatty acid compositions, of the control and HFD that were used in
this study were as previously reported [8]. Ezetimibe was pulver-
ized into a powder and mixed with HFD to give a dose of
0.01 mg per day, and was administered.

2.3. Histology

Euthanized fish were slit open from the anal vent to the gills, and
the entire body was fixed with 4% paraformaldehyde in 0.1 M phos-
phate buffer (Muto, Tokyo, Japan). The liver was dissected, dehy-
drated in alcohol, and embedded in paraffin in accordance with
standard procedures. Serial sections were cut and stained with
hematoxylin and eosin (H&E). Liver macrophages were assessed
by diastase-pas staining (DPAS staining). Five x 400-power fields
were photographed in random locations on individual liver speci-
mens stained with DPAS, and the number of DPAS-positive cells
in each field was counted. In addition, a medaka NAFLD activity
score (MNAS) [9] was determined based on human NAFLD activity
score [10], and the tissue of individual livers was scored based on
this. Trends in NASH severity were then quantitatively evaluated.

2.4. Blood analysis

Blood samples were analyzed as described [9]. Cholesterol
and TG profiles in total lipoproteins were analyzed using a
dual-detection HPLC system with two tandem-connected TSKgel
Lipopropak XL columns (300 x 7.8 mm; Tosoh, Japan) by Skylight
Biotech (Akita, Japan). The results were shown in Table 1A and B.

2.5. Measurement of triacylglycerol content and fatty acid in liver
tissue

At 8 weeks after the start of the experiment, triacylglycerol con-
tent and fatty acid fractionation in liver tissue were measured in
individual fish. Triacylglycerol in liver tissue was extracted using
the method described by Folch et al. [11]. Fatty acids were methyl-
ated with boron trifluoride and methanol. Methylated fatty acids
were analyzed as described [9].

Table 1

Blood lipid test results for the Control group, HFD 8 weeks group, and HFD + ezetim-
ibe 8 weeks group (A and B). In each group, serum from 20 animals was collected and
measurements were performed.

Total ™M VLDL LDL HDL
A
Serum cholesterol concentration (mg/dL)
Control 2233 1.6 78.8 28.6 114.3
HFD 8 weeks 2455 64.3 125.7 25.7 29.8
HFD + ezetimibe 8 weeks 132.0 21.7 62.3 13.8 34.1
B
Serum triglyceride concentration (mg/dL)
Control 509.6 6.6 2485 45.2 2094
HFD 8 weeks 24334 5725 1187.7 2652  408.0

HFD + ezetimibe 8 weeks 1202.5 2024 553.2 94.1 352.8

2.6. Real-time RT-PCR analysis

Quantitative real-time RT-PCR was performed as described [12].
Primer sequences are listed in Supplementary information (Table S1).

2.7. Statistical analyses

Numerical data are expressed as means = S.D. Student’s t-test
was performed in order to assess the statistical significance among
the groups of medaka. P values less than 0.05 were considered to
be significant.

3. Results
3.1. Changes in morphology, body weight and body mass index

On gross observations, abdominal distention (Fig. 1A) and
whitish liver color (Fig. 1B) were seen in medaka of the HFD group.
In the group given ezetimibe, abdominal distention improved
(Fig. 1C) and liver color changed from white to dark red
(Fig. 1D)(For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.).
Body length and body weight of each medaka were measured at
the start of the experiment and after 4, 8, and 12 weeks on the
respective diets. Body mass index (BMI) was calculated based on
these measurements. In the HFD and HFD + ezetimibe groups, no
differences were seen in changes in body weight or BMI through-
out the entire experiment (Fig. 1E and F).

3.2. Ezetimibe ameliorated dyslipidemia in serum medaka NASH
model

At 8 weeks after the start of the experiment, blood lipid tests
were performed in the HFD and HFD + ezetimibe groups. The
HFD group had higher total cholesterol and triacylglycerol levels
than the Control group (total cholesterol: Control group,
223.3 mg/dl, HFD 8 weeks group, 245.5 mg/dl; triacylglycerols:
Control group, 509.6 mg/dl, HFD 8 weeks group, 2433.4 mg/dl).
Meanwhile, the HFD + ezetimibe group had lower total cholesterol
and triacylglycerol levels than the HFD group (total cholesterol:
HFD + ezetimibe 8 weeks group, 132.0 mg/dl; triacylglycerols:
HFD + ezetimibe 8 weeks group, 1202.5 mg/dl) (Table 1). These re-
sults suggested that ezetimibe decreased high cholesteral and tria-
cylglerol induced by HFD in serum.

3.3. Ezetimibe inhibited fatty acid accumulation in the liver in medaka
NASH model

Next, the amount of fatty acid in the liver was measured, and at
8 weeks after the start of the experiment, the HFD group had
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Fig. 1. Change in morphology after HFD for 12 weeks. Abdominal distension was observed (A). Liver showed a whitish color (B). Abdominal distention was reduced (C). Liver
showed a brown color (D). Changes in body weight from the start to study completion in the HFD group and HFD + ezetimibe group (E). Change in body mass index from the
start to study completion between the HFD group and HFD + ezetimibe group (F). Liver fat contents in the Control group, HFD 8 weeks group, and HFD + ezetimibe 8 weeks
group (G). Liver fatty acid contents in the liver in the Control group, HFD 8 weeks group, and HFD + ezetimibe 8 weeks group (H). Data are means + SD. n.s., no significant
difference. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

markedly higher triacylglycerol and fatty acid levels in the liver
than the Control group (triacylglycerols: Control group, 5.5 * 2.
8 mg/g; HFD 8 weeks group, 126.6 £ 20.3 mg/g (p <0.01); fatty
acid: Control group, 6.5+ 2.5 mg/g, HFD 8 weeks group, 36.5 +
6.6 mg/g (p <0.01), and the HFD + ezetimibe group had lower lev-
els of liver fatty acid than the HFD group (liver fatty acid: HFD
8 weeks group, 36.5 6.6 mg/g, HFD + ezetimibe 8 weeks group,
9.4+ 4.3 mg/g (p<0.01) (Fig. 1G and H).

3.4. Ezetimibe improved MNAS with decrease of infiltration of
inflammatory cells in medaka NASH model

The HFD group had higher inflammatory cell infiltration in the
liver at 8 and 12 weeks than the Control group (Control group,
0.6 + 1.1/HPF, HFD 8 weeks group, 3.6 + 3.0/HPF (p<0.01), HFD
12 weeks group 7.9 +3.9/HPF (p <0.01). At 4 and 12 weeks, the

HFD + ezetimibe group showed inhibition of inflammatory cell
infiltration in the liver, as compared to the HFD group (HFD 4 weeks
group, 0.9 + 1.6/HPF, HFD + ezetimibe 4 weeks group, 0.2 + 0.6/HPF
(p<0.05); HFD 12 weeks group, 7.9 + 3.9/HPF, HFD + ezetimibe
12 weeks group, 1.5 + 2.2/HPF (p < 0.01) (Figs. 2, 3A).

3.5. Ezetimibe slowed progression of medaka NAFLD activity scores in
medaka NASH model

The HFD group had significantly higher medaka NAFLD activity
scores (MNAS) than the Control group at 8 and 12 weeks (Control
group, 0.4+0.5, HFD 8 weeks group, 4.0+2.2 (p<0.05), HFD
12 weeks group, 5.8+ 1.5 (p<0.01), while the HFD + ezetimibe
group had significantly lower MNAS than the HFD group at
12 weeks (HFD 12weeks group 5.8+1.5, HFD +ezetimibe
12 weeks group, 2.0 £ 1.0 (p < 0.05) (Fig. 3B).
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Fig. 2. Fat deposition in the liver at 8 weeks in the HFD. HE staining (A); DPAS-positive cells in the liver at 8 weeks in HFD (Arrow indicated). D-PAS staining (B); balloon-like
changes in liver cells (C); DPAS-positive cells in this state (Arrow indicated) (D); liver after 8 weeks in the HFD + ezetimibe group (E); decreased fat deposition in the liver at
8 weeks (F). Measurements were performed in each x400-power field. Data are means % SD. n.s,, no significant difference.

3.6. Changes in expression of lipid-related genes in liver

Investigation of lipid-related gene expression in liver revealed
markedly decreased expression of PPAR alpha, AC03, MCAD,
ACC1 and APoB in the group administered ezetimibe (Fig. 3C-I).
These results indicated that gene related with fatty acid synthesis
and oxidation were decreased.

4. Discussion

We previously developed and reported a medaka NASH model as
an effective new model for drug screening for NASH [8]. The present
study involved evaluation and analysis using ezetimibe in the meda-
ka NASH model. Ezetimibe is a novel sterol absorption inhibitor that
blocks Niemann-Pick C1-Like 1 (NPC1L1) - mediated cholesterol
enterocytes [13]. It has already been reported, among other things,
in animal experiments that ezetimibe improves dietary obesity
[14,15], improves liver fatty change [14-17], and improves insulin
resistance [16]. Using medaka NASH model, we also reported that
telmisartan, which has angiotensin II type 1 receptor-inhibiting
and PPAR-y-stimulating actions, inhibits liver macrophage infiltra-
tion and inhibits the accumulation of liver fat, thereby improving
the pathological condition of the medaka NASH model [9].

The effect of ezetimibe is quite different from telmisartan, In
this study, however ezetimibe improved the abdominal distention
caused by the high-fat diet and fat deposition in the liver (Fig. 1A-
D), but ezetimibe did not produce major changes in BMI or body
weight (Fig. 1E and F). However, ezetimibe decreased the amount
of triacylglycerol and fatty acid in serum (Table 1A and B). More-
over the amount of fatty acid in the liver was significantly sup-
pressed (Fig. 1G and H). When diagnosing the histopathological
picture of NASH in humans, NAFLD activity score (NAS), which
numerically quantifies the three factors of steatosis, inflammation
and ballooning, is widely used [10]. We created the medaka NAFLD
activity score (MNAS), and showed in analyses conducted with our
medaka NASH model that the score increased as the pathological
condition progressed with time. In recent studies, the increase in
the number of macrophages infiltrating adipose tissue is reported
to be related to obesity [18]. A comparative analysis of the HFD
group and Control group looking only at inflammatory cells
showed that, similar to MNAS, the number of inflammatory cells
had increased after 8 and 12 weeks of HFD administration. These
results indicated that inflammatory cells serve an important role
in the progression of the NASH condition, (Fig. 2A-D), but ezetim-
ibe group we could not find D-PAS positive cell (Fig. 2E and F).
These results indicated that ezetimibe significantly inhibited the
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Fig. 3. Changes in DPAS-positive cells (A). Changes in MNAS (B). Trends in liver medaka NAFLD activity score in the HFD group and HFD + ezetimibe group. 4, 8 and 12 weeks
data was presented. Scoring and quantification were performed for individual livers. Changes in gene expression of PPAR alpha (C), ACO1 (D), ACO3 (E), LCAD (F), MCAD (G),
ACC1 (H) and ApoB (1) in the liver in the HFD group and HFD + ezetimibe group at 12 weeks.. Data are means * SD. n.s., no significant difference.

infiltration of inflammatory cells in a medaka liver and MNAS was
improved (Fig. 3A and B).

In medaka model, as shown in Fig. 3C-I, the amount of gene
expression related to fat metabolism in liver tissue was decreased.
Fatty acid synthesis and oxidation was decreased (Fig. 1H). Thus,
ezetimibe administration was shown to decrease lipid synthesis
activity in the liver. Numerous reports have ruled out the possibility
that ezetimibe inhibits fatty acid absorption, although it has been
reported that the expression of fatty acid transport protein 4 is de-
creased and fatty acid absorption is inhibited when NPCIL1 is
knocked out in mice [19]. In addition, there have been no reports
clarifying how fatty acids are absorbed in the small intestine of me-
daka. In this model, ezetimibe decreased the amount of triacylglyc-
erol and fatty acid in serum and decreased the fatty acid in liver. This
ezetimibe effect was quite effective for improvement of MNAS.

Moreover, according to a reported gene expression analysis in
the liver of human NAFLD patients, the expression of genes related
to fatty acid cleavage and fatty acid binding, lipolysis, macrophage
migration and inflammation are elevated in NAFLD patients [20].
The infiltration of inflammatory cells, such as monocytes and mac-
rophages, plays an important role in the progression of metabolic

syndrome, and inflammatory cells are conjectured to serve impor-
tant roles even in NASH, which is thought to be an expression of
metabolic syndrome in the liver [18,21]. The present results con-
firmed an obvious decrease in inflammatory cells together with
the decrease in the amount of fatty acid in the NASH liver.
These results also showed that ezetimibe had an effect on anti-
inflammation associated with metabolic syndrome.

In the present investigation, the results indicated that in the group
administered ezetimibe, fat deposition in the liver was improved, and
this was accompanied by an improvement in inflammation. There-
fore, ezetimibe may have the potential to improve the inflammatory
state that occurs in the body in association with metabolic syndrome.

In conclusion, we were able to observe the pathological changes
resembling human NASH by administering a HFD to medaka. In
this model, ezetimibe was effective in improving the pathological
condition.
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Granulocyte Colony-Stimulating Factor and Interleukin-1§
Are Important Cytokines in Repair of the Cirrhotic Liver After
Bone Marrow Cell Infusion: Comparison of Humans and Model Mice
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We previously described the effectiveness of autologous bone marrow cell infusion (ABMi) therapy for patients
with liver cirrhosis (LC). We analyzed chronological changes in 19 serum cytokines as well as levels of specific
cytokines in patients after ABMi therapy and in a mouse model of cirrhosis generated using green fluorescent
protein (GFP)/carbon tetrachloride (CCl,). We measured expression profiles of cytokines in serum samples col-
lected from 13 patients before and at 1 day and 1 week after ABM:. Child-Pugh scores significantly improved
in all of these patients. To analyze the meaning of early cytokine change, we infused GFP-positive bone marrow
cells (BMC:s) into mice with CCl,-induced L.C and obtained serum and tissue samples at 1 day and as well as at 1,
2,3, and 4 weeks later. We compared chronological changes in serum cytokine expression in humans and in the
model mice at 1 day and 1 week after BMC infusion. Among 19 cytokine, both granulocyte colony-stimulating
factor (G-CSF) and interleukin-1pB (IL-1B) in serum was found to show the same chronological change pattern
between human and mice model. Next, we examined changes in cytokine expression in cirrhosis liver before and
at 1, 2, 3, and 4 weeks after BMC infusion. Both G-CSF and IL-1B were undetectable in the liver tissues before
and at 1 week after BMC infusion but increased at 2 weeks and continued until 4 weeks after infusion. The
infused BMCs induced an early decrease of both G-CSF and IL-1B in serum and an increase in the model mice
with LC. These dynamic cytokine changes might be important to repair liver cirrhosis after BMC infusion.

Key words: Autologous bone marrow infusion (ABMi); Cytokine; Liver regeneration; Cell therapy;

Chronological change

INTRODUCTION

Liver transplantation is presently the only radical
therapy for liver failure, but the scarcity of donors and
highly invasive surgery remain formidable obstacles.
Cells in the bone marrow might differentiate into hepa-
tocytes was reported (1,23,24). This suggested that bone
marrow could serve as a new source of cells to regener-
ate the liver of patients with liver cirrhosis (L.C) (22). To
develop autologous bone marrow cell (BMC) infusion
(ABMi) therapy, we analyzed the effects of green fluo-
rescent protein (GFP)-positive BMC infusions into car-
bon tetrachloride (CCl,)-induced cirrhosis mouse model
(GFP/CCI, model) (20,21). From this GFP/CCI, model,

we found that liver function, fibrosis, and survival rates
were improved by BMC infusion (15,18-21). From
these basic studies of the GFP/CCl , model, we therefore
developed ABMi therapy and have clinically applied it
to treat LC since 2003. We reported that liver function
obviously improved in nine patients in terms of total
protein, serum albumin, and Child-Pugh scores after
6 months of long-term follow-up (18). Furthermore,
long-term follow-up clarified the value of ABMi (22).
Since then, clinical studies have verified our findings
regarding the effectiveness of ABMi therapy (18), and
others have also reported that ABM; therapy is effective
against liver cirrhosis in patients (8,14,17). Recently,
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the effectiveness of autologous bone mesenchymal stem
cell transplantation into liver failure patient was also
reported (13).

Several recent reports have described the therapeutic
effects of BMC transplantation upon nonneoplastic con-
ditions such as autoimmune diseases, ischemic heart dis-
ease, and heart failure (4,5), and that cytokines might be
involved in tissue repair and cell differentiation. However
we previously analyzed a molecular analysis for GFP/
CCl, model using DNA chips to identify molecules and
factors involved in local liver regeneration after bone
marrow cell infusion (12), but the expression profiles of
cytokines in serum have not been confirmed. The present
study examines changes in the early expression profiles
of serum cytokines that have so far been impossible to
determine in human and mice model. We investigated
chronological changes in serum cytokines that are asso-
ciated with the ability of infused BMCs to repair the
liver of patients with LC. Serum cytokines were compre-
hensively measured, and chronological changes in their
expression were compared between serum samples from
patients and from the mouse GFP/CCI, model mice to
determine the kinetics of those involved in liver repair
induced by BMCs. We calculated logarithms and cor-
rected individual differences for comparisons to define
only the degree of chronological change at each time
phase for individual cytokines.

Thus, instead of differences among simple measure-
ments, we determined chronological changes in cytokine
kinetics and investigated differences to identify target
cytokines. We extracted target serum markers by compar-
ing degrees of chronological change in several cytokines
in multiple dimensions after BMC infusion. We then ana-
lyzed candidate cytokines that were important for repair-
ing the cirrhotic liver after BMC infusion.

MATERIALS AND METHODS
ABMi Therapy Protocol

Eligible patients were aged between 18 and 75 years
and clinically diagnosed with LC. We enrolled those
with LC with total bilirubin (T. Bil)<3.0 mg/dl, platelets
(Plt)< 5 (10'%/L), and no visible hepatocellular carcinoma
on computed tomography (CT) or magnetic resonance
images. Patients were excluded if their conditions also
involved organs other than the liver, such as the heart
or lungs. Data are from patients who were followed up
for 6 months. The protocol was the same as that in our
previous study (17). To date, 19 patients have undergone
ABMi for LC, and no major adverse effects have been
identified in Yamaguchi University. Among 19 patients,
we could analyze serum cytokine for 13 patients (Table 1)
of whom we were able to follow their progress with
sufficient samples. All protocols were approved by the

MIZUNAGAET AL.

ethics committee of Yamaguchi University, and written
informed consent was obtained from all patients to par-
ticipate in the study.

Statistical Analysis

The changes in laboratory data (Child-Pugh score) from
baseline (before BMC infusion) to 1 or 6 months after the
BMC infusion were analyzed. Values are shown as means +
SE. Data were analyzed using an analysis of variance with
Fisher’s projected least significant difference test.

GFP/CCI, Model

C57BL6/Tgl4 (act-enhanced GFP) OsbYOl mice
(GFP-Tg mice) expressing GFP in various tissues and
cells were provided by Masaru Okabe (Genome Research
Center, Osaka University, Osaka, Japan) (11). Six-week-
old female C57BL/6 mice (Japan SL.C, Shizuoka, Japan)
were intraperitoneally injected with 0.5 ml CCl /kg body
weight twice each week for 4 weeks to induce persistent
LC. Immediately after 4 weeks of CCl, administration,
1 x10° GFP-positive BMCs were injected into the tail
vein (15,21). The BMCs were obtained from GFP-Tg
mice as follows. The limbs were removed from sacrificed
GFP-positive mice, and then BMCs were flushed from
the medullary cavities of the tibias and femurs using a
25-gauge needle containing PBS culture medium. The
GFP-positive bone marrow cells were previously shown
to express one or more of CD11b, CD44, and CD90
(6,15). The same dose of CCl, was injected twice each
week after BMC infusion. Individual mice were killed at
24 h after the initial CCl, injection and once each week
after the BMC infusion for 4 weeks. All procedures
including surgical steps proceeded in accordance with the
guidelines for experiments involving animals and recom-
binant DNA at Yamaguchi University.

Expression Profiles of Cytokines Determined Using
Bio-Plex Suspension Arrays (Human and Mouse Sera)

Human study: We obtained serum from 13 patients
with LC before and at 1 day and 1 week after starting
ABMi therapy. Model mouse study: Mice were continu-
ously injected with CCl, after the BMC infusion. We then
measured concentrations of interleukin (IL)-1B, IL-2,
IL-4, IL-5, IL-6, IL-10, IL-12(p70), IL-13, IL-17, granu-
locyte colony-stimulating factor (G-CSF), granulocyte
macrophage colony-stimulating factor (GM-CSF), fibro-
blast growth factor (FGF)-basic, interferon-y (IFN-v),
monocyte chemoattractant protein (MCP)-1, macrophage
inflammatory protein (MIP)-1ct, MIP-18, regulated upon
activation T-cell expressed and secreted (RANTES),
tumor necrosis factor o (TNF-at), and vascular endothelial
growth factor (VEGF) in duplicate in at least 11 samples
of mouse serum collected at 1 day and 1 week after BMC
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PROFILES OF CYTOKINES AFTER BONE MARROW INFUSION

Table 1. Patients’ Characteristics
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Patient No. Age (years) Gender Etiology Child-Pugh Score Medication/Therapy (per day)

1 69 M HBV 9 AminolebanEN 1 pack
Livact 3 packs
Furosemide 40 mg

2 59 M HBV 8 Livact 3 packs/day

3 69 M HCV 8 AminolebanEN 1 pack
Furosemide 80 mg
Spironolactone 50 mg

4 63 M HCV 9 AminolebanEN 2 packs
Furosemide 30 mg
Spironolactone 50 mg

5 60 M HCV 9 AminolebanEN 2 packs
Spironolactone 25 mg

6 61 M HCV 9 Livact 3 packs
Spironolactone 25 mg

7 58 M HCV 7 Livact 3 packs
Furosemide 20 mg

8 62 F HCV 6 Livact 3 packs
Furosemide 20 mg

9 62 F HCV 7 Livact 3 packs
Furosemide 20 mg
Spironolactone 25 mg

10 67 M HCV 11 Furosemide 20 mg
Spironolactone 25 mg

11 73 M HCV 8 -

12 54 M HCV 9 Furosemide 20 mg
Spironolactone 50 mg

13 69 F HCV 7 Spironolactone 25 mg

Median 63.5 8.2

M, male; F, female; HBV, hepatitis B virus; HCV, hepatitis C virus.

infusion. Concentrations of all tested cytokines were Cytokine Data Analysis

simultaneously evaluated using multiplex bead-based
sandwich immunoassay kits (mouse and human 19-plex;
Bio-Rad Laboratories, Tokyo, Japan) according to the
manufacturer’s instructions. In brief, 19 distinct sets of
fluorescently labeled beads were loaded with capture
monoclonal antibodies specific to each tested cytokine.
Samples or standards (both 50 pl/well) were incubated
with 50 pul of premixed bead sets in wet 96-well micro-
titer plates. The plates were washed, 25 pl of fluorescent
detection antibody mixture was added for 30 min, the plates
were washed again, and the samples were resuspended
in assay buffer (Bio-Rad Laboratories, Tokyo, Japan).
Standard curves for each soluble factor ranged from 0.2 to
3,200 pg/ml. The formation of different sandwich immuno-
complexes on distinct bead sets was quantified using the
Bio-Plex Suspension Array System (Bio-Rad Laborato-
ries, Tokyo, Japan). Fluorescent signals from =100 beads
per region (chemokine/cytokine) in 50-ul samples from
each well were evaluated. Values with a coefficient of
variation (CV) of >10% were discarded before the final
data analysis.

Cytokine data from human ABMi samples (13 cases)
and mouse samples for each time point (n=11 per time
point) were analyzed using Bio-Plex Manager software
version 3.0 (Bio-Rad Laboratories).

Analysis of Chronological Changes in Serum Cytokines
From Humans After ABMi and From Model Mice

The concentrations of 19 cytokines at each time point
were measured in all human and mouse serum samples
using the Bio-Plex suspension array system.

Serum was separated from blood samples collected
from patients before and at 1 day, 1 week, and 1 month
after ABMi. Serum and liver tissue samples were col-
lected from model mice before isogenic GFP-positive
BMC infusion and during the early phase (1 day and
1 week after infusion). The degree of chronological
changes in the cytokines before and after BMC infusion
was determined in all serum samples.

The results from each cytokine generated from serum
samples of the 13 treated patients were analyzed as fol-
lows based on the assumption of normal distribution.
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Firstly, cytokine values considered as outliers were
removed based on mean and standard deviation infor-
mation. Secondly, we used the logarithm function repre-
senting the degree of change in each cytokine between
two consecutive time points such as from before to 1 day
or from 1 day to 1 week after ABMi therapy to determine
degrees of chronological changes (12). The value of the
logarithm function indicates the degree of chronological
changes in one cytokine, which becomes the axis value of
the corresponding cytokine. Finally, we found cytokines
with similar chronological changes between the two mod-
els and/or larger chronological changes. Means (i) and
standard deviation (SD) were calculated, and values out-
side L (means)+2SD were excluded. The means for each
of the 19 cytokines before and 1 day and 1 week after
ABMi therapy are defined as x, x,, and x,, respectively,
in each of the 13 serum samples collected from patients.
Using the same method for the model mouse samples
(n=11 per time point), x is defined as the average value for
each of the 19 cytokines at each time point for the group
infused with BMC, and x,, x,, and x, are defined as before
and 1 day and 1 week after BMC infusion, respectively.
The degrees of chronological changes in each cytokine
from before to 1 day after (f,) and from 1 day after to 1
week after BMC infusion (f,) were calculated as follows:

f;=log,(x,, /x), i: 1,2 and the base of logarithm: 2.

When x, ,=x, the value of f becomes 0. That is, the
value of frepresents the degree of chronological change
of a cytokine. Visualization by vector representation
allows effective focus on the degree of change in cyto-
kines between two consecutive time points.

Vector (F)) comprising f, and f, was defined as follows
to represent chronological changes in cytokine j:

=l f).

The degree of chronological changes in cytokines for
the BMC infusion group is displayed in a two-dimensional
plane. In general, as the norm of the above vector F,
increases, the degree of chronological changes in cytokines
also increases. Moreover, the distance between cytokines
with similar chronological changes in the two-dimensional
plane is less than that between cytokines with different
chronological changes. Therefore, we examined cyto-
" kines with similar chronological changes and extracted
those with similar changes between patients and model
mice. F (h)j and E(m), (where j=1, ..., 19) respectively
indicate vectors for a chronological change in cytokine j
in the patients and in the mouse model.

The time courses of chronological changes in 19
cytokines for the patients who received ABMi and for the
model mice infused with BMCs were analyzed, and cor-
relations were further investigated (Fig. 1A).
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Comparison of Cytokines in Control Model Mice
(Injected Only With CCl ) and Those Infused With BMCs

We examined cytokines with synchronized chronolog-
ical changes in the ABMi model and CCl, control model.
Serum cytokines were compared at the same time points
in the mice that were infused with BMCs and those that
received only CCl, to determine whether levels changed
with the BMC infusion.

The mice that received CCl, for 4 weeks were ran-
domly divided into two groups (Fig. 1B). One group was
infused with BMCs (GFP/CCI, model), and the other con-
tinued to receive CCl, twice weekly without BMC infu-
sion (control). We defined X, as the time point before the
BMC infusion and X as the same time in control group
before the BMC infusion on Figure 1B. We defined X,
as the time point at 1 day after BMC infusion and X, as
the same time as X, in the control group. We examined
chronological changes in the patients and in two mod-
els of mice until 1 week after BMC infusion. Thus, X,
and X’ were defined as the time points at 1 week after
BMC infusion and as the same time point as X, in the
control group, respectively (n=10 per group). We simul-
taneously compared serum concentrations of cytokines
extracted from each group and X'2 with X, and X, and
X’ using a t test.

Imunohistochemical Staining of Model Mouse
Liver Tissue

We investigated G-CSF and IL-1J expression in
4-um sections of paraffin-embedded blocks of mouse
liver samples by immunohistochemical staining using
the standard avidin—biotin—peroxidase complex (ABC)
method. Sections were dewaxed in xylene, dehydrated
in a graded alcohol series, and heated in a microwave
oven for 6 min to activate antigens. Endogenous peroxi-
dase activity was blocked by immersing the sections for
30 min in 0.3% hydrogen peroxidase in methanol. The
sections were washed with distilled water, incubated in
PBS containing rabbit serum for 20 min to block non-
specific antibody binding, and then incubated with goat
anti-mouse G-CSF (diluted 1:300; Santa Cruz Bio-
technology) and goat anti-mouse IL-1f (diluted 1:300;
Santa Cruz Biotechnology) antibodies overnight at 4°C.
The sections were incubated with biotin-conjugated
secondary antibody in PBS for 60 min at room temper-
ature and reacted with ABC for 30 min. Positive reac-
tions were developed for about 3 min in PBS containing
hydrogen peroxidase and 3,3’-diaminobenzidine (DAB).
We captured five areas (200x) and calculated G-CSF
and IL-1B-positive expression rates at each time point
(before and 1-4 weeks after the BMC infusion). Values
are shown as mean+SD. Data were analyzed with the
ANOVA with PLSD test. A value of p<0.05 was consid-
ered statistically significant.
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Figure 1. Definition of cytokine measurement points in patients and in model mice. (A) Chronological changes in each cytokine from
before to 1 week after (f) and from 1 day to 1 week after (f,) bone marrow cell (BMC) infusion were calculated as f,=log,(x,, /x),
i: 1,2, and base of logarithm: 2. Vectors comprising f, and f,(F) are defined as F =[f,, f,] to investigate chronological changes in each
cytokine. ABM, autologous bone marrow cell infusion; CCl,, carbon tetrachloride. (B) Comparison between the control group (CCL,)
and BMC infusion group. Model mice received (CCl,) for 4 weeks and were then randomly assigned to either a group that continued to
receive only CCl, twice weekly (control) or another that was infused with BMCs as green fluorescent protein (GFP)/CCI,. We defined
X, as the time point before the BMC infusion and X as the same time in control group before the BMC infusion on (B), each time
point in each group was defined as X,,: 1 day after BMCs and X: same time as X, in the control group. Similarly, X,: 1 day after BMCs
and X: same time as X, in control group.
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RESULTS
ABMi Therapy Improved Liver Function in 13 Patients

Therapy with ABMi continued, and the present study
examined for total of 13 patients (Table 1). Child—Pugh
scores (Fig. 2) showed that liver function improved after
ABMi therapy (p<0.05).

Changes in Serum Cytokines in Patients After ABMi

Figure 3A plots the chronological changes in each
cytokine from the patients on a two-dimensional plane.
The x component of a vector from the origin to a plotted
point (f) indicates chronological changes from before
to 1 day after BMC infusion, and the y component (f,)
indicates chronological changes from 1 day to 1 week
after infusion. The quadrant of each vector and the
magnitude (distance) of each vector [\/([ I+ fP)] are
presented. A larger distance between vectors means a
greater difference in the degree of change over time for
the patients. Table 2 shows that, among the 19 human
cytokines, the distance between time points was the
greatest for G-CSF>IL-6>IL-1f (3.3119, 2.2181,
and 1.2531, respectively), confirming differences in
degrees of chronological change. Human G-CSF (F),
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IL-6, and IL-18 were located in quadrants 2, 4, and 2,
respectively.

Comparison Between Patients and Model Mice

We plotted f, on the x-axis and f, on the y-axis and indi-
cated chronological changes in cytokine levels in patient
and model mouse sera as vectors on the x—y plane, as
shown in Figure 3B. Cytokines with large differences in
degrees of chronological change at each time point were
examined and those with similar chronological changes
between the patients and mice were identified.

Vectors were also calculated for the GFP/CCI, model
mice, and Table 3 shows the results along with data from
the patients, which allows straightforward comparisons
of changes in each cytokine between the two. Thus, we
could identify important factors involved in liver regener-
ation after BMC infusion.

Cytokines between two models with similar chrono-
logical changes were plotted on a two-dimensional plane
to calculate the magnitude of vectors for each cytokine
in each model. If vectors for both models were found in
the same quadrant, then we assumed identical kinetic
chronological changes for that cytokine.
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Figure 2. Evaluation of liver function in 13 patients after autologous bone marrow cell infusion
(ABM:). Child-Pugh scores indicate significantly improved liver function at 1 and 6 months after

ABMi compared with before (*p <0.05).
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Figure 3. (A) Two-dimensional vector representation of chronological changes in human cytokines. Degrees of chronological changes
in human cytokines are plotted on two-dimensional plane. Degree of chronological change from before to 1 day after BMC infusion is
indicated as x component of vector from origin to a plotted point (f,); that from 1 day to 1 week after infusion is indicated as y component
(). Quadrant and magnitude (distance) of each vector [\/(] .+ )] are shown. (B) Comparison of chronological changes in human and
mouse G-CSF, IL-1p, and IL-6. Infusion with BMCs exerted significantly different chronological changes in human G-CSF, IL-1B, and
IL-6 expression. These fluctuations are compared with those in mice by two-dimensional vector representation. Yellow and white boxes,
mouse (M) and human (H) values, respectively. G-CSF, granulocyte colony-stimulating factor; IL, interleukin.
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Table 2. Specific Cytokines in Patients After ABMi

Human F(h)j
Human Cytokine £ b Quadrant Vector Magnitude
G-CSF —2.4287 2.2516 2 3.3119
IL-6 1.3305 -1.7747 4 2.2181
IL-1B -0.9222 0.8484 2 1.2531
MIP-1ea 0.3429 -0.8326 4 0.9004
IL-13 0.2023 —-0.6583 4 0.6887
IFN-y 0.2492 -0.5971 4 0.6470
VEGF —-0.3146 0.5521 2 0.6355
IL-12(p70) -0.4281 0.1504 2 0.4537
MIP-18 —-0.2894 0.2531 2 0.3845
GM-CSF 0.1542 0.3453 1 0.3782
RANTES -0.1275 0.3248 2 0.3490
IL-10 0.1694 -0.2668 4 0.3161
FGF-basic -0.1191 0.2437 2 0.2712
1L-4 -0.2107 -0.1227 3 0.2438
L2 —0.1960 -0.1164 3 0.2279
IL-17 -0.1996 -0.0065 3 0.1997
TNF-o -0.0170 -0.1838 3 0.1846
IL-5 0.1300 -0.0905 4 0.1584
MCP-1 -0.0604 -0.1179 3 0.1325

G-CSF, granulocyte colony-stimulating factor; IL, interleukin; MIP, macrophage inflammatory
protein; IFN, interferon; VEGF, vascular endothelial growth factor; GM-CSF, granulocyte macrophage
colony-stimulating factor; RANTES, regulated upon activation, T-cell expressed and secreted; FGF,

fibroblast growth factor; TNF, tumor necrosis factor; MCP, monocyte chemotactic protein.

Analysis of G-CSE, IL-18, and IL-6

Chronological changes in human G-CSF, IL-1j, and
IL-6 expression significantly differed after BMC infusion,
so we investigated their time course in the model mice.

Model mouse IL-1 lay in quadrant 2, and G-CSF lay
on the x-axis at the borderline between quadrants 2 and 3.
The two human cytokines also plotted in quadrant 2, thus
suggesting that chronological changes after BMC infusion
were the same in humans and mice. However, human
and mouse IL-6 lay in quadrants 4 and 3, respectively.
Thus, the profiles of chronological changes in human and
mouse G-CSF and IL-1P were identical, whereas those of
IL-6 were not.

Both human and model mouse G-CSF and IL-1p lay
in quadrant 2, where the vectors indicated a “decrease”
in f, and an “increase” in f,. The two-dimensional vec-
tor for G-CSF was primarily located on the x-axis, thus
clarifying that the chronological change from before
to 1 day after BMC infusion was negative and that
the degree of change tended to decrease. The chrono-
logical change was small from 1 day to 1 week after
infusion. Levels of human and mouse IL-1P decreased
from before to 1 day after but increased from 1 day to
1 week after BMC infusion (Fig. 3B). Thus, the com-
parable chronological changes in serum G-CSF and

IL-18 in humans and mice suggested a high degree of
similarity between the two models.

Comparison of G-CSF and IL-1J Between
Model Mice Injected With CCl, (Control) and
Those Injected With CCL, and Infused With BMC

Both G-CSF and IL-1B chronologically changed in a
synchronized fashion in the GFP/CCI, mouse model and
in the patients after ABMi. We compared the concentration
of each cytokine in the control mice and the BMC-infused
mice at the same time point (1 day and 1 week after BMC
infusion) to determine whether the BMC infusion altered
cytokine concentrations. In addition, we performed the
t test on two groups, control group (X}) and the group
before the BMC infusion (X,) on Figure 1B, and we con-
firmed that there is no significant difference between the
two groups, which they divided at random, X; and X1'
We defined the two groups, X] and X, as equal groups
(Fig. 4a, b). We thought that the difference between the
two groups (control group and BMC group) from before
BMC infusion to 1 day after BMC infusion is due to the
BMC infusion. And since the time from X to X in the
control group is only a day, we thought that each group
at these two time points are approximately equal groups.
We measured serum levels of each cytokine in two groups
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Table 3. Similarity of Specific Cytokines in Patients and GFP/CCl, Model Mice

Human £ (h)j Mouse F (m)j Human—Mouse

Distance Between

Cytokine S 5 Cytokine A A Vectors Quadrant
IL-17 -0.1996 —0.0065 IL-17 —-0.2059 -0.0384 0.0325 ° 3
MIP-1o 0.3429 —-0.8326 MIP-1o 0.2296 —-0.6016 0.2573 ° 4
MIP-13 -0.2894 0.2531 MIP-18 -0.3760 0.5482 0.3075 ° 2
1L-2 -0.1960 -0.1164 IL-2 -0.3625 —0.3845 0.3156 ° 3
IL-1B —-0.9222 0.8484 IL-1B -0.6928 0.5160 0.4039 ° 2
IL-13 0.2023 —0.6583 IL-13 0.4010 —1.2143 0.5905 ° 4
MCP-1 —-0.0604 -0.1179 MCP-1 -0.0762 —-0.7288 0.6111 ° 3
IFN-y 0.2492 -0.5971 IFN-y 0.2111 —~1.6748 1.0783 ° 4
IL-4 -0.2107 -0.1227 IL-4 -0.2206 —1.4229 1.3002 ° 3
G-CSF —2.4287 2.2516 G-CSF -0.4817 —-0.0077 2.9825 ° 2
IL-12(p70) -0.4281 0.1504 IL-12(p70) —-0.2821 —0.0988 0.2888
RANTES -0.1275 0.3248 RANTES 0.1634 -0.2337 0.6298
IL-5 0.1300 —0.0905 IL-5 —-0.4830 -0.3512 0.6661
TNF-a -0.0170 —0.1838 TNF-a 0.2263 —0.9883 0.8405
FGF-basic -0.1191 0.2437 FGF-basic —-0.2857 -0.7817 1.0389
IL-10 0.1694 -0.2668 IL-10 -0.2616 —1.2358 1.0605
VEGF -0.3146 0.5521 VEGF —1.0580 -0.5955 1.3673
GM-CSF 0.1542 0.3453 GM-CSF 0.0555 —1.0354 1.3843
IL-6 1.3305 -1.7747 IL-6 —-0.6642 -0.1497 2.5729

The circles indicate that the two vectors F(h)/. and F(m)j, which correspond to a cytokine j, are located in the same quadrant. This means that, in the
cytokine, the chronological change pattern of human and mouse are the same.

at each point using the ¢ test. Serum concentrations of
G-CSF and IL-1p in the BMC-infused group at 1 day after
BMC infusion and in the control group tended to decrease
with a significant difference (p<0.05) (Fig. 4c, d) but
did not significantly differ at 1 week after BMC infusion
(Fig. 4e, 1).

G-CSF and IL-1b Expression on Mouse Liver Tissue
After BMC Infusion

Although the key factors involved in the liver repair
mechanism of BMC infusion were identified, therefore,
we immunostained liver tissues to investigate the expres-
sion of G-CSF and IL-1B, which might be regulated at the
early phase after BMC infusion. Liver tissues from model
mice apparently did not express G-CSF before and at
1 week after BMC infusion, but the ratio of the stained area
was significantly greater at 2 weeks thereafter (Fig. 5a—e).
The rates of expression became relatively stable and
were significantly higher at 2, 3, and 4 weeks after BMC
infusion than before and at 1 week thereafter (»p<0.01)
(Fig. 5f). The results were the same for IL-1P (Fig. 6a—e)
(p<0.01) (Fig. 60).

DISCUSSION

Here, we comprehensively compared chronological
changes in serum cytokines after BMC infusion between

humans and mice and clarified the importance of early-phase
changes in the kinetics of G-CSF and IL-1f, both of
which are involved in liver regeneration.

To the best of our knowledge, the present study is the
first to comprehensively measure chronological chan-
ges in cytokines during liver repair after BMC infusion
in humans and mice. Substantial differences in chrono-
logical changes at each time period were found for
G-CSF, IL-6, and IL-1P. Furthermore, IL-1B and G-CSF
chronologically and similarly changed between model
mice and patients with LC after BMC infusion. With
respect to the F(h)j for human G-CSF and human IL-1B
(vectors indicating chronological changes), Table 2
shows a decrease for f, (two-dimensional x component)
and an increase for f, (two-dimensional y component).
Human serum G-CSF and IL-1fB levels decreased from
before to 1 day after ABMi, but IL-1B increased from
1 day to 1 week after ABMi, whereas G-CSF levels did
not change. These results indicate that ABMi transiently
downregulated G-CSF and IL-1§ at 1 day after infusion
in both patients and model mice and that infused BMCs
repair the cirrhotic liver by suppressing the early expres-
sion of these cytokines. G-CSF and IL-1f in sera of LC
patients without ABMi therapy were not changed 1 week
after admission (data not shown). However, proving that
the BMC infusion caused these cytokine changes in the
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