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Abstract

Previously, we reported that an extracellular matrix protein, osteopontin (OPN), is involved in various autoimmune diseases
using a neutralizing polyclonal antibody against OPN generated in rabbits. However, the antibody cannot be used for long-term
mouse models of chronic inflammatory disease because of the induction of antibodies against anti-OPN rabbit IgG. In this study,
we generated a new antibody, anti-mouse OPN mouse IgG (35B6). 35B6 inhibited the cell adhesion of mouse and human OPN to
Chinese Hamster Ovary (CHO) cells or CHO cells expressing o4 or «9 integrin. It was reported that OPN is highly expressed and
has an important role in a chronic liver disease, non-alcoholic steatohepatitis (NASH). 35B6 injection twice a week for 8 weeks
attenuated liver inflammation and fibrosis in a NASH mouse model, suggesting 35B6 is beneficial for the treatment of NASH.
35B6 was preferable to the rabbit anti-OPN antibody for investigating the in vivo function of OPN in mouse models of long-term

disease.
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Abbreviations
CDAHFD  0.1% methionine on a high fat diet background

collal type I collagen 1 chain
CHO Chinese Hamster Ovary
ECM extracellular matrix

HE hematoxylin-eosin

HSC hepatic stellate cells
RGD arginine-glycine-aspartate
NAFLD non-alcoholic fatty liver disease
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Introduction

Osteopontin (OPN) is a secreted glycoprotein that mediates
cell-matrix interactions and cellular signaling through integrin
binding domains including arginine-glycine-aspartate (RGD)
motif and SVVYGLR sequences (Yokosaki et al. 1999; Barry
et al. 2000a; Denhardt et al. 2001). An important feature of
OPN is the presence of a thrombin cleavage site (Denhardt
et al. 2001). The non-thrombin cleaved form of OPN binds to
RGD motif-recognizing integrins, such as 531 and av(33
integrins, expressed by various cells, including fibroblasts,
endothelial cells, smooth muscle cells, and tumor cells
(Barry et al. 2000b; Helluin et al. 2000; Denhardt et al.
2001). In contrast, the thrombin-cleaved form of OPN exposes
a cryptic epitope, SVVYGLR, which preferentially binds to
«9B1 and x4 1 integrins expressed by leukocytes (Yokosaki
et al. 1999; Bayless and Davis 2001; Ito et al. 2009). By
binding to these various integrins, OPN induces diverse ef-
fects including cell adhesion, migration, immune regulation,
angiogenesis, prevention of apoptosis, and tumor
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development (Uede et al. 1997; Denhardt et al. 2001; Weber
2001; Mazzali et al. 2002; Rangaswami et al. 2006). Previous
studies revealed that OPN is involved in various disease con-
ditions such as multiple sclerosis (Chabas et al. 2001,
Shinohara et al. 2008), allergic airway disease (Xanthou
et al. 2007; Takahashi et al. 2009), hepatitis (Diao et al.
2004; Kon et al. 2008), and rheumatoid arthritis (Yamamoto
et al. 2003; Yamamoto et al. 2007).

To examine OPN functions in vivo, OPN deficient mice,
recombinant proteins, or neutralizing antibody can be useful.
However, there are several difficulties in using OPN deficient
mice and recombinant proteins because the genetic back-
ground of mice and endotoxin contamination in recombinant
proteins affects OPN functions (Blom et al. 2003; Konno et al.
2005). Therefore, neutralizing antibodies against OPN are a
preferable approach to elucidate the functions of OPN. We
previously generated a neutralizing antibody against mouse
OPN (M5) (Yamamoto et al. 2003; Diao et al. 2004).
However, polyclonal M5 antibodies produced in rabbits have
the disadvantages of not being applicable for mouse models of
disease that require long-term study such as chronic inflam-
mation, because anti-rabbit antibody against M5 emerges.
Therefore, additional approaches are needed to analyze OPN
functions in vivo. To overcome this problem, we developed a
monoclonal antibody (clone 35B6) generated in mice immu-
nized with the VDVPNGRGDSLAY GLR peptide, the peptide
used to generate the M5 antibody. The use of 35B6 allows the
study of OPN functions in chronic inflammation.

Non-alcoholic steatohepatitis (NASH) is a progressive
non-alcoholic fatty liver disease (NAFLD) with an unmet
medical need (Chen et al. 2018). The features of NASH in-
clude excessive fat accumulation, inflammation, and fibrosis
of the liver (Papatheodoridi et al. 2019). OPN is upregulated
in the blood and liver of NASH patients as well as NASH
mouse models and it is an exacerbation factor of inflammation
and fibrosis in NASH models (Sahai et al. 2004; Syn et al.
2011; Coombes et al. 2016). Here, we demonstrate that 35B6
suppresses hepatic inflammation and fibrosis in mice fed a
choline-deficient, L-amino acid-defined, high-fat diet
(CDAHFD).

Materials and methods
Production of monoclonal antibody against OPN

A synthetic peptide VDVPNGRGDSLAYGLR correspond-
ing to the internal sequence of mouse OPN (Yamamoto et al.
2003; Diao et al. 2004) was coupled with thyroglobulin and
used to immunize mice. Spleen cells were harvested and fused
with X63-Ag8—653 cells. One clone (35B6; IgG1) was
obtained.
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Solid-phase binding assay

OPN proteins, synthetic peptides, fibronectin, vitronectin, or
laminin (Sigma-Aldrich, St Louis, MO, USA) were coated
onto 96-well plates at a concentration of 5 pg/ml at 4 °C
overnight, then blocked with 0.1% BSA in PBS containing
0.05% NaNj; at 37 °C for at least 1 h. The plates were washed
twice with PBS and incubated with 35B6 (2 pg/ml) at 37 °C
for 1 h. After a further three washes, a 1:5000 dilution of
peroxidase conjugated anti-mouse IgG antibody (Jackson
ImmunoResearch, Cambridgeshire, UK) was added to each
well at room temperature for 30 min. Bound protein was quan-
tified by a colorimetric assay using tetramethylbenzidine as a
substrate for 15 min at room temperature. Plates were read ata
wavelength of 450 nm.

Cell adhesion assay

The 96-well plates were precoated with human or mouse
OPN N-half/GST protein (Ito et al. 2009) (5 pug/ml) at
37 °C for 1 h, followed by treatment with 0.5% BSA in
PBS for 1 h at room temperature. Cells in the presence or
absence of various concentrations of 35B6 or control an-
tibody (5A1) (Kon et al. 2002) were suspended in DMEM
containing 0.25% BSA and 200 pl of a cell suspension (at
a cell density of 5 x 10* cells/well) was applied to 96-well
plates and incubated for 1 h at 37 °C. The medium was
removed from the plates, and all wells were washed twice.
Adherent cells were fixed and stained by 0.5% crystal
violet in 20% methanol for 30 min. All wells were rinsed
three times with water, and adherent cells were then lysed
with 20% acetic acid. The resulting supernatants from
each well were analyzed by an immunoreader.

Analysis of mRNA expression

Total RNA from livers was extracted by Trizol (Thermo
Fisher, Hanover Park, IL, USA). The specific primers used
are shown in Table 1. Quantitative real-time PCR analysis of
mRNA expression was performed using a LightCycler Fast
Start DNA Master SYBR Green I System (Roche Diagnostics,
Indianapolis, IN, USA). The expression of mRNA was calcu-
lated by LightCycler Software, version 3. Data were standard-
ized to G3PDH.

Elisa
OPN concentrations were measured using ELISA kits accord-

ing to the manufacturer’s instructions (Immuno-Biological
Laboratories, Gunma, Japan).
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Table 1 Real-time PCR primer sequences
Gene Sequence of primers
OPN 5'- CCCGGTGAAAGTGACTGATT-3
5'- TTCTTCAGAGGACACAGCATTC-3
o4 integrin - 5- TGGAAGCTACTTAGGCTACT-3’
5'- CTCCCACGACTTCGGTAGTAT-3’
a9 integrin ~ 5- AAGGCTGCAGCTGTCCCACATGGACGAAG-3’
5'- TTAGAGAGATATTCTTCACAGCCCCCAAA-3’
a-SMA 5'- CTCTCTTCCAGCCATCTTTCAT-3"
5'- TATAGGTGGTTTCGTGGATGC-3’
TNF- 5'- TCTTCTCATTCCTGCTTGTGG-3’
5'- GGTCTGGGCCATAGAACTGA-3’
Collal 5'- CTCCTGGCAAGAATGGAGAT-3’
5'- AATCCACGAGCACCCTGA-3’
G3PDH 5’-ACCACAGTCCATGCCATCAC-3’

5’-TCCACCACCCTGTTGCTGTA-3’

Ethical approval

Mice were provided food and water ad libitum. Every effort
was made to minimize suffering during injections, and all
surgery was performed on humanely sacrificed animals. All
animal experiments were performed in accordance with the
guidelines of the Bioscience Committee of Fukuyama
University and were approved by the Animal Care and Use
Committee of Fukuyama University.

Anti-OPN antibody concentration in blood

M5 antibody or 35B6 (300 pg/mice) were intraperitoneally
injected into mice every 7 days for 4 weeks and serum was col-
lected on days 1, 3 and 6 after antibody injection. Antibody con-
centration was calculated by a solid-phase binding assay. Serum
collected after antibody treatment was added to immunogen pep-
tide (VDVPNGRGDSLAYGLR peptide)-coated 96-well plates.
After 1 h incubation, peroxidase conjugated anti-mouse IgG anti-
body for 35B6 or M5 antibody was added as described above.
Purified M5 antibody or 35B6 was used as a standard.

Concanavalin A-induced hepatitis model

C57BL/6 mice were injected intravenously with 10 mg conca-
navalin A (ConA) (Sigma-Aldrich) per kilogram of body weight,
dissolved in pyrogen-free PBS. M5 or 35B6 (400 pg) was intra-
peritoneally administered to mice 15 h before ConA challenge.
After 24 h, blood samples were collected for ALT and livers were
removed for HE staining. The plasma ALT levels were measured
by using a standard clinical autoanalyzer (DRICHEM 5500 V;
Fujifilm, Tokyo, Japan). Necrotic areas were measured in each
section by using Imagel] Software (version 1.52; National
Institutes of Health). Necrotic areas were measured in a double-

blind manner. For each tissue, data were obtained using six high
power fields (x100).

NASH model

Seven-week-old male C57BL/6 mice were divided into two
groups. One group was fed a choline deficient diet supple-
mented with 0.1% methionine on a high fat diet background
(CDAHFD) (A06071302, Research Diets, New Brunswick,
NJ, USA) for 8 weeks. The second group was fed a
CDAHFD and intraperitoneally injected with 35B6 twice a
week for 8 weeks. After 8 weeks, blood samples were collect-
ed for ALT and OPN ELISA, and livers were removed for HE
and Sirius-red staining. Collagen content was quantified using
Image] Software by assessment of the area of liver tissue that
was stained positively by Sirius-red. For each tissue, data were
obtained using six high power fields (x100). The areas were
quantified in a double-blind manner. The expression of colla-
gen | was assessed by anti-collagen I antibody ab34710
(Abcam, Cambridge, MA, USA). Sections of paraffin-
embedded liver tissues were processed for immunohistochem-
istry according to the manufacturer’s instructions.

Evaluation of the extent of resultant NASH was scored using
scaling scores (Brunt et al. 1999). Briefly, steatosis was graded
according to the following scale: 0 = normal; 1 = < 33% affect-
ed hepatocytes; 2 = 33%—66% affected hepatocytes; and 3 =>
66% affected hepatocytes. Ballooning was graded a score of 0—
3 based on severity: 0 =none; 1 =rare or few; 2 = moderate;
and 3 = many. Lobular inflammation was graded a score of 0—
3 based on inflammatory foci per %20 field: 0 =none; 1 =2
foci; 2 =7 foci; and 3 =>4 foci/x20 field.

Western blot analysis

Livers were homogenized in a lysis buffer (50 mM Tris-HCI
(pH 7.4), 150 mM NacCl, 1% Triton X-100, and 1x Complete
Mini protease inhibitor mixture (Roche Diagnostics). Lysates
were fractionated by SDS-PAGE and transferred to a
polyvinylidene difluoride membrane (Merck Millipore,
Billerica, MA, USA). The filters were then immunoblotted
with anti-OPN antibody (O-17), (34E3) (Immuno-Biological
Laboratories), or anti-f-actin (Wako, Osaka, Japan).
Immunoreactive proteins were visualized using an ECL detec-
tion system (PerkinElmer, Boston, MA, USA).

Statistical analysis

Data are presented as the mean + SEM and are representative
of at least three independent experiments. The statistical sig-
nificance of differences between groups was calculated using
a two-tailed Student’s ¢ test or nonparametric Wilcoxon
Mann—Whitney U-test where applicable. Differences were
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considered significant when P was less than 0.05 (*) or 0.005

Results
Generation and characterization of 35B6

We generated a monoclonal antibody (35B6) by immunizing
mice with the VDVPNGRGDSLAYGLR peptide, the same
peptide used to generate the M5 antibody previously. To char-
acterize the 35B6 epitope, we tested it within the
VDVPNGRGDSLAYGLR antigen peptide. The peptides
used in this study are shown in Fig. 1A. Epitope mapping
revealed that 35B6 preferentially bound to the
GDSLAYGLR peptide in a solid-phase binding assay (Fig.
1B). Because the antigen peptide contains RGD, a common
integrin-binding sequence of extracellular matrix proteins
(ECMs), we investigated the binding ability of 35B6 to
RGD-sequence containing ECMs and found that 35B6 did
not recognize fibronectin, vitronectin or laminin (Fig. 1C).
Of note, 35B6 recognized mouse and human OPN.

Identification of a mouse a4f1 and a9p1
integrin-binding sequence

The SLAYGLR amino acid sequence was reported to be in-
volved in binding to o431 and 931 integrins (Yamamoto

et al. 2003; Uede 2011). However, it is unknown whether the
SLAYGLR sequence has binding ability. Therefore, we exam-
ined whether the SLAYGLR peptide bound to 431 and
a9 1 integrins using a cell adhesion test with CHO cells
expressing mouse o4 integrin or mouse «9 integrin
(Kanayama et al. 2009; Kouro et al. 2014), because CHO cells
express RGD-recognizing integrins but not o4 or x9 integrins
(Tto et al. 2009). The SLAY GLR sequence showed weak bind-
ing ability for a4f1, but not a9 1, integrin. The
GDSLAYGLR sequence, an epitope of 35B6, exhibited sig-
nificant binding to «931 and o431 integrins (Fig. 2), indicat-
ing the SLAYGLR sequence is not long enough for «431 and
«9f1 integrin binding, and that the GDSLAYGLR sequence
is the binding sequence for «431 and x93 1 integrins.

35B6 Inhibits cell RGD, a41 and a9f1
integrin-dependent cell adhesion to mouse
and human OPN

We examined whether 35B6 had an inhibitory function using
a cell adhesion test. We used the amino-terminal half of OPN
(OPN N half) because it was shown to be a ligand of RGD-
recognizing o431 and x93 1 integrins (Yokosaki et al. 1999;
Barry et al. 2000a; Ito et al. 2009). CHO cells or CHO cells
expressing mouse &4 integrin or mouse 9 integrin were used
when mouse OPN was used as a coating protein, and CHO
cells or CHO cells expressing human «4 integrin or human «9
integrin (Ito et al. 2009) were used when human OPN was

Thrombin cleavage site
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Fig. 1 Characterization of mAb 35B6. A. Mouse OPN structure and
synthetic peptide. The position of the thrombin cleavage site (between
R'53 and R'**) and seven peptide sequences used for solid-phase binding
assay are indicated. B-C. The synthetic peptides (5 pg/ml) (B), human
OPN (hOPN), mouse OPN (mOPN), or fibronectin and vitronectin
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(5 pg/ml) (C) were coated onto 96-well plates. 35B6 at 2 pg/ml was
added to protein-coated 96-well plates and the bound antibody was
quantified as described in the Materials and Methods. Data are expressed
as the mean of triplicate experiments
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Fig. 2 Identification of mouse x4f31 and «9f31 integrin-binding
sequences. Cell adhesion test results using BSA, SLAYGLR, or
GDSLAYGLR peptides (5 pg/ml) with CHO cells or CHO cells

used. 35B6 successfully inhibited the cell adhesion of mouse
and human OPN to CHO cells or CHO cells expressing o4 or
a9 integrin (Fig. 3A and B). 35B6 did not affect cell adhesion
on the irrelevant substrates, fibronectin and vitronectin (Fig.
30), indicating that 35B6 specifically inhibits OPN function.
Cell adhesion inhibitory analysis revealed that 35B6 inhibited
RGD-dependent cell adhesion as well as a431 and x9f31
integrin-dependent cell adhesion, although the epitope of

expressing mouse o4 or o9 integrins. Data are presented as means +
SEM. *, P<0.05; **, P<0.005

35B6 was GDSLAYGLR not GRGDS. This may be caused
by steric hindrance because the GRGDS sequence is adjacent
to the 431 and 931 integrin-binding sites.

To confirm that 35B6 persisted in the blood, we injected
MS5 or 35B6 into mice once a week and monitored the
serum concentration of each antibody. 35B6 remained in
the blood for at least 4 weeks, whereas the M5 antibody did
not increase in concentration after the third injection
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Fig. 3 35B6 inhibits the binding of OPN to CHO cells expressing
integrin receptors. The inhibitory effects of 35B6 were assessed by cell
adhesion assay. Cell adhesion inhibitory effect of 35B6 for mouse OPN

antibody concentration (ug/ml)

(A), human OPN (B), or fibronectin and vitronectin (C) with CHO cells
or CHO cells expressing o4 or o9 integrins
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(Fig. 4), indicating that 35B6 can be used to inhibit OPN in
long-term studies.

35B6 Inhibits ConA-induced hepatic injury

To confirm 35B6 has inhibitory effects on OPN function
in vivo, we investigated whether 35B6 inhibited ConA-
induced hepatitis because we previously reported that M5
protected mice from ConA-induced hepatitis (Diao et al.
2004). 35B6 treatment significantly ameliorated ConA-
induced hepatitis as determined by the level of plasma ALT
(Fig. 5A) and liver histology (Fig. 5B, C). The inhibitory
effect of 35B6 was comparable with M5. Thus, 35B6 can be
used to evaluate the in vivo function of OPN.

35B6 Inhibits the infiltration of inflammatory cells
and fibrosis in NASH livers

A characteristic of NASH is the presence of hepatic inflam-
mation and continued inflammation in the liver is thought to
drive the development of fibrosis. It was reported that OPN is
upregulated in the blood and liver and is involved in hepatic
inflammation and fibrosis in NASH (Sahai et al. 2004; Syn
et al. 2011; Coombes et al. 2016). However, whether NASH
can be inhibited by blocking OPN function with an antibody is
unknown. Therefore, we investigated whether 35B6 affected
NASH progression in mice. To induce NASH, a CDAHFD
was fed to mice for 8 weeks. Before antibody treatment, we
analyzed OPN expression in NASH livers. OPN mRNA
tended to be increased in livers (P =0.052) by real-time
PCR and OPN production was significantly upregulated in
the liver by ELISA (Fig. 6A). Upregulated OPN expression
was re-confirmed by western blotting (Fig. 6B). Of note,
thrombin-cleaved OPN was detected by western blotting
using antibody against thrombin-cleaved OPN. We next eval-
uated the expressions of a931 and x431 integrins because

1004 ¥ ¥ ¥

80 [

60 [

af

20 [

Ab conc in serum (pg/ml)

0 7 14 21 28
day

Fig. 4 Antibody concentration in serum after anti-OPN antibody
injection. M5 antibody or 35B6 (300 pg/mice) were injected into mice
every 7 days for 4 weeks. Arrows indicate antibody injection days. Sera
were collected on days 1, 3 and 6 after antibody injection. Antibody
concentration was tested by a solid-phase binding assay using an
immunogen-coated plate coated with antigen peptide
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thrombin-cleaved OPN binds to a4 and «9 integrins. Real-
time PCR revealed that &4 integrin was significantly upregu-
lated and 9 integrin tended to be increased (P =0.096) in
NASH livers (Fig. 6C).

To analyze the effect of 35B6 in NASH progression, 35B6
was injected twice a week during CDAHFD feeding (8 weeks)
(Fig. 7A). There was no difference in body weight between
control NASH and 35B6-treated mice (Fig. 7B). Plasma ALT
levels in 35B6-treated mice tended to be lower than in control
NASH mice (P =0.12) (Fig. 7C). Histochemical staining, and
HE staining and Sirius-red staining, of NASH livers demon-
strated that 35B6 treatment attenuated the infiltration of in-
flammatory cells and fibrosis, respectively (Fig. 7D, G),
whereas there were no obvious differences in the degree of
steatosis and ballooning between control NASH and 35B6-
treated mice (Fig. 7E, F). Attenuation of fibrosis in 35B6-
treated mice was confirmed by immuno-histochemical analy-
sis using anti-collagen I antibody (Fig. 7D). Collagen content
was quantified as the percentages of Sirius red-positive areas
and we found that 35B6 significantly reduced the degree of
liver fibrosis compared with control NASH mice (Fig. 7H).
Furthermore, expression of the type I collagen «1 chain
(collal) analyzed by real-time PCR was significantly de-
creased in 35B6-treated mice compared with control NASH
mice (Fig. 71). Finally, we analyzed the mRNA expressions of
TNF-a and x-SMA, which are inflammation or fibrogenic
mediators, respectively. TNF-oc and «-SMA mRNA expres-
sions were significantly decreased in the livers of 35B6-
treated mice, compared with control NASH (Fig. 7J).

Discussion

There have been many reports of the pathological roles of
OPN in inflammatory disease, fibrosis, or tumor develop-
ment, using OPN deficient mice. However, the genetic
background of deficient mice affects the development of
various disease models especially immune diseases in-
cluding collagen-induced arthritis or experimental autoim-
mune encephalitis (Blom et al. 2003). Therefore, the use
of a neutralizing antibody is a preferable approach to an-
alyze the function of OPN in vivo. To date, two neutral-
izing antibodies against mouse OPN have been reported:
AF-808 antibody by R&D Systems (Xanthou et al. 2007;
Murugaiyan et al. 2008) and M5 (Yamamoto et al. 2003;
Diao et al. 2004). However, these polyclonal antibodies
are generated in goats (AF-808) or rabbits (M5) and do
not persist in the blood to inhibit OPN function over long
periods because an anti-idiotype antibody against anti-
OPN polyclonal antibody is induced. Indeed, Fig. 4 indi-
cates that the antibody concentration of M5 was main-
tained for only 2 weeks in mice. In this study, we gener-
ated a mouse monoclonal antibody in mice and confirmed



Neutralizing antibody against osteopontin attenuates non-alcoholic steatohepatitis in mice

229

Fig.5 Inhibitory effect of M5 and
35B6 on the development of

a

ConA-induced hepatitis. C57BL/
6 mice were intraperitoneally
treated with M5 or 35B6 antibody
(400 pg/head) at 15 h before
ConA injection. Plasma ALT
levels (A) and HE staining (B) at
24 h after ConA injection are
shown. Dotted line denotes ne-
crotic area. Necrotic areas per
liver section were quantified by o
Image] software. Data are pre-
sented as means = SEM. *,

P <0.05; **, P<0.005. Bar =
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that the antibody titer of 35B6 in the blood was main-
tained for at least 1 month by treatment once a week.
Furthermore, 35B6 recognized human OPN and inhibited
the binding of mouse and human OPN to OPN receptors,
and RGD-recognizing o4 and «9 integrins, indicating it

35B6

35B6

might help elucidate the role of OPN in the pathogenesis
of disease in humans and various animal models.
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease, and some patients (approxi-
mately 10%—20%) develop NASH, which has a high risk for
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Fig. 6 Expression of OPN in NASH livers. A. Expression of OPN in
NASH analyzed by real-time PCR (upper panel) and ELISA (lower
panel). B. Expression of OPN and thrombin-cleaved OPN in NASH by

western blotting. C. Expression of a4 (upper panel) or «9 integrins
(lower panel) in NASH analyzed by real-time PCR. Data are presented
as means + SEM. * P<0.05; **, P<0.005
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Fig. 7 35B6 protects mice from NASH progression. A. Protocol for
NASH with anti-35B6 treatment. B. Change in body weight. C. Plasma
ALT levels at 8 weeks after feeding with CDAHFD. D. Representative
liver histology of mice treated with 35B6, control NASH mice, or
wildtype mice. Livers were obtained at 8 weeks after feeding with
CDAHFD and 35B6 treatment. Liver sections were stained with HE,
Sirius Red, or anti-collagen I antibody. Original magnification, x40

cirrhosis or hepatocellular carcinoma (Chen et al. 2018;
Papatheodoridi et al. 2019). CDAHFD feeding in mice is a
well-established NASH model with similar histological fea-
tures to human NASH patients including hepatic inflamma-
tion and pericellular fibrosis (Matsumoto et al. 2013). It was
reported that OPN levels were upregulated in the liver tissues
and blood of NASH patients and in NASH mouse models
(Sahai et al. 2004). Furthermore, the loss of OPN function
reduced liver inflammation and fibrosis in mouse models of
NASH (Syn et al. 2011; Coombes et al. 2016). In this study,
we confirmed the reduction of inflammation and fibrosis in
NASH livers using 35B6. These results implicate RGD-
recognizing integrins such as av33, a4, or &9 in NASH pro-
gression, which is an hypothesis requiring specific testing in
blocking the relevant integrins. ocv[33 integrin is expressed on
hepatic stellate cells (HSC) and is involved in the activation of
HSC (Li et al. 2015), and has important proinflammatory
functions such as inducing the production of proinflammatory
cytokines and activation of leukocytes at sites of inflammation
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wild NASH NASH+35B6 wild NASH NASH+35B6

(upper panel) or x100 (lower panel). Scale bar = 100 pm. E. Scale scores
of steatosis (E), ballooning (F) and inflammation (G). H. Quantification
of Sirius Red stained images by ImageJ software. Relative mRNA
expression levels of collal and col3al (I), and TNF-« and «-SMA (J)
analyzed by real-time PCR in livers obtained after 8 weeks of treatment.
Data are presented as means = SEM. *, P <0.05; **, P<0.005

(Kahles et al. 2014). x431 and 931 integrins are expressed
on neutrophils and macrophages (Uede 2011). Neutrophils
generate reactive oxygen species (ROS) that cause lipid per-
oxidation and HSC migration; thus facilitating cellular injury
and fibrosis (Casini et al. 1997). Macrophages produce a va-
riety of cytokines such as TNF-« and TGF-f3. Livers contain
many natural killer T (NKT) cells. We previously reported that
NKT cells express «431 and 931 integrins (Diao et al.
2004). In that report, OPN secreted from NKT cells augment-
ed NKT cell activation and M5 antibody suppressed conca-
navalin A (Con A)-induced hepatitis. NKT cells were reported
to accumulate and promote fibrosis progression in NASH
(Syn et al. 2010).

35B6 treatment showed a partial inhibition of inflammation
and fibrosis in NASH livers, which might be associated with
the involvement of other integrin ligands in the integrin fam-
ily. Further studies will be directed at understanding the mech-
anism by which interactions between integrins and integrin
ligands including OPN affect NASH progression.
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In this study, 35B6 suppressed hepatic inflammation and
fibrosis in mice fed a CDAHFD. However, our study had
some limitations. It was reported that a choline deficient diet
model, such as the MCD model, does not reflect human
NASH pathogenesis (Li et al. 2018) where the metabolic con-
text is distinct between a choline deficient diet model and
human NASH. Therefore, further investigations are required
to elucidate the role of OPN in NASH pathogenesis by using
clinically relevant models such as the high-fat-fed,
streptozotocin-induced model (Fujii et al. 2013).

In conclusion, we generated an anti-mouse OPN
mouse monoclonal antibody, 35B6, which recognizes
mouse and human OPN and blocks the adhesion of hu-
man and mouse OPN to OPN receptors. Moreover, 35B6
concentrations were maintained at high levels over a
long duration by repeated antibody injection. Thus,
35B6 is a powerful experimental tool to clarify OPN
function in the development of various diseases. In this
study, we showed that 35B6 treatment suppressed in-
flammatory cell infiltration and fibrosis in a mouse mod-
el of NASH. Therefore, 35B6 might be a useful antibody
for the prevention and treatment of hepatic inflammation
and fibrosis in NASH.
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