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macrophages and TNFa" cells. To establish if OPN could limit LPS availability and its

fects in the liver, binding studies were performed. OPN showed affinity for LPS and

prevented macrophage activation, reactive oxygen and nitrogen species generation
oduction. Treatment with milk OPN (m-OPN) blocked LPS translocation in vivo and
scted:from early alcohol-induced liver injury. Conclusion: Natural induction plus forced
sion of OPN in the liver and treatment with m-OPN protect from early alcohol-

er injury by blocking the gut-derived LPS and TNFa effects in the liver.
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ajor cause of morbidity and mortality worldwide. The spectrum of disease ranges
le fatty liver to steatohepatitis, progressive fibrosis, cirrhosis and hepatocellular
a. In developed countries, ALD is a major cause of end-stage liver disease that
requ ransplantation. Although some current interventions such as administration of
ds are beneficial for patients with ALD, identifying key mediators that could prevent

> disease progression is critical for understanding its pathogenesis and to improve the

quality of life from these patients.

1ages are particularly relevant for the onset of ALD. When enteric Gram-negative
long with bacterial products like LPS translocate into the portal circulation they

G

activate hlapatic macrophages. Furthermore, ethanol exposure sensitizes macrophages to

y LPS via toll-like receptor-4 (TLR4) triggering pro-inflammatory signaling pathways,
reactive oxygen (ROS) and nitrogen (RNS) species and enhancing the production of
TNFa, all of which lead to steatosis and hepatocyte injury (1, 2).

oluble cytokine and a matrix-associated protein present in the majority of tissues and

, studies using an acute colitis model (14, 15) showed exacerbated tissue
destruction and reduced repair in Opn” compared to WT mice nevertheless administration of
us OPN protected Opn™ mice from the adverse effects of experimental colitis (16). In

crophages isolated from aging WT mice, with higher OPN expression than those

from young mice, are less responsive to LPS stimulation (17). Since the concentration of OPN
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ilk, colostrum, umbilical cord, newborns and infants’ plasma is very high compared

und in tissues or in adults, it is possible that OPN could have beneficial

ral induction of OPN in the liver does not appear to suffice to protect from ALD, we
d that increasing OPN expression in the liver above the physiological levels could

PN secretion into the plasma and/or excretion into the biliary system, target the gut-

sed OPN in hepatocytes; and second, to analyze if the enhanced secretion of OPN

lasma and/or excretion into the bile could block the increase in circulating LPS, hepatic

alcohol-induced liver injury.
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NTAL PROCEDURES

L/6J WT and Opn” (B6.Cg-Spp7™""1J) mice were purchased from Jackson
s (Bar Harbor, ME). Opn™" Tg mice were generated and donated by Dr. Satoshi
aitama Medical University, Japan) (20) and were crossbred with the same strain and

iber of C57BL/6J WT listed above.

Human m-OPN binding to LPS. MaxiSorb plates (Nunc, Rochester, NY) were coated with 100
I LPS (Escherichia coli serotype 055:B5, Sigma, St. Louis, MO), blocked with 2%
m albumin (BSA) followed by incubation with 250 or 500 ng of native biotinylated

human m-OPN (m-OPN¥) in a total volume of 100 ul of TBS containing 0.05% (v/v) Tween-20

°C. Competitive inhibition experiments were performed with 100-fold molar excess
of ul ed m-OPN or BSA. Plates were washed three times, incubated with HRP-conjugated

and developed with TMB-one substrate (KemEnTec, Windsor, CT).

nalysis of the binding of recombinant OPN (rOPN) to LPS. Binding experiments
on the IAsys Plus (Affinity Sensors Ltd., Cambridge, UK). Reactions were
an lAsys resonant mirror biosensor at 25°C using planar hydrophobic surfaces.

oiety of LPS was immobilized onto the hydrophobic cuvette surface dissolved in 10

h%ydrochloric acid. Results were analyzed with |Asys Fastfit software (Affinity Sensors

alculate the association equilibrium constant for each protein.

Hepatology

— 146 —



Hepatology Page 8 of

ice were sacrificed 2 h later, tissue was collected and plasma was drawn to measure

by spectrofluorimetry.

Please, see Supporting Material and Methods for additional information.
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Opn™® Tg mice fed 7 wks either the control or the alcohol Lieber-DeCarli diet.
n mRNA increased by ~15-fold in Opn" " Tg compared to WT mice and ethanol
fing further enhanced Opn mMRNA in both groups of mice (Fig. 1A). Analysis by
immunohistochemistry (IHC) showed a 5-fold increase in OPN" staining in hepatocytes from
compared to WT mice and alcohol feeding elevated OPN expression in both groups
Fig. 1B-1C). There was a ~2-fold increase in plasma OPN in Opn" " Tg compared to
WT mice and further enhancement by ethanol feeding in both groups of mice (Fig. 1D).
ere was OPN" staining in the luminal side of bile ducts (Fig. 1C), we evaluated if
be excreted into the bile. OPN was significantly higher in bile (Fig. 1E) and in feces
Opn"&" Tg compared to WT mice and alcohol feeding further increased OPN levels
th gr ups of mice. Thus, alcohol intake increases OPN expression, secretion and excretion
enerally, OPN expression and levels were higher in Opn"®" Tg compared to WT mice;
er natural induction and/or natural induction plus forced OPN expression in

uld be protective or noxious in early alcohol-induced liver injury needed further

ession of OPN in hepatocytes could protect from alcohol hepatotoxicity, several
param e of liver injury where analyzed. Opn"™" Tg mice fed either diet showed similar liver-

to-body weight ratio; however, alcohol feeding increased the liver-to-body weight ratio by ~35%
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by ~42% in Opn” mice compared to their respective controls (Fig. 2A). Serum ALT

on in all alcohol-fed mice indicating that the genotype did not affect alcohol

(Fig. 2D). All groups of ethanol-treated mice showed comparable cytochrome P450
ilar ethanol metabolism (Supplementary Fig. 1A-1D).

; we'evaluated if natural induction and/or natural induction plus forced expression of OPN in
s could prevent steatosis. Serum triglycerides (TG) remained unchanged in all
ice (Fig. 2E, left). There was a decrease in liver TG in ethanol-fed Opn"™& Tg yet TG
in ethanol-fed WT and more in Opn™ mice (Fig. 2E, right). Hepatic low-density
teins (LDL) plus very low-density lipoproteins (VLDL) were slightly increased by ethanol

g and in WT compared to Opn™ mice (Fig. 2F).
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11

and eosin (H&E) staining (Fig. 3A) and the activity scores (Fig. 3B-3D) revealed

significant protection from alcohol-induced liver injury in Opn™®" Tg compared to WT followed by
The scores for inflammation (Fig. 3B), hepatocyte ballooning degeneration (Fig.
atosis (Fig. 3D) were lowest in ethanol-treated Opn"=" Tg compared to WT followed
ice. Oil red O staining for neutral fat and morphometric analysis further confirmed
west macro- and microvesicular steatosis by ethanol-treatment occurred in Opn™®" Tg

mice (Fig. 3E-3F). Because ethanol causes insulin resistance which could drive hepatic

steatosis, we determined whether this could condition steatosis in our model. Since H&E

adipose tissue showed similar number of crown-like structures and adipocyte size
ntary Fig. 2A-2C), no changes in serum glucose and insulin levels were observed

(Suppleméntary Fig. 2D-2E) and similar changes in hepatic insulin signaling (i.e.

tion of insulin receptor substrate-1 (IRS1) and Akt) (Supplementary Fig. 2F) were
in all the ethanol-fed mice; thus, the extent of steatosis under alcohol consumption in
was unlikely due to differences in insulin resistance among the ethanol-fed mice.
xpression of o-Smooth muscle actin (aSMA), a marker of hepatic stellate cell
"(Supplementary Fig. 3A-3B), and Sirius red/Fast green staining for collagenous
pplementary Fig. 3C) remained similar in all ethanol-fed mice. Overall, natural
rced overexpression of OPN in hepatocytes protects from early ethanol-induced
/ and steatosis whereas natural induction of OPN does not suffice to confer full

These findings were also validated using the chronic-plus-single-binge ethanol

expression. IHC and morphometric assessment demonstrated that the number of TNFa* cells
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\ around the portal vein, key location for LPS entry into the liver, was similar in OanEP

by gRT-PCR analysis (not shown), which proved the lowest liver and plasma TNFa

on in control and in ethanol-treated Opn" " Tg mice. Last, to identify whether the
er of TNFa* cells in ethanol-treated Opn"" Tg mice resulted from less macrophages
the liver, IHC for F4/80 and morphometric analysis was performed. Alcohol feeding
the number of F4/80" cells in Opn" " Tg while it increased in WT and more in Opn™

4C-4D). Macrophages were identified as the main source of TNFa since there was

the increase in liver TNFa expression. These results suggest that natural induction
overexpression of OPN in hepatocytes but not natural induction of OPN only limits

r of infiltrating macrophages and TNFa expression contributing to prevent early

between OPN and LPS could occur. First, using human m-OPN* we observed a
endent binding of m-OPN* to LPS coated on plastic wells. The binding was disrupted

when plates were incubated with an excess of non-biotinylated human m-OPN whereas an
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SA did not out-compete the binding of m-OPN* (Fig. 5A, top). Second, using

asmon resonance, the lipid A moiety of LPS was immobilized onto a hydrophobic
the monolayer was incubated with increasing concentrations of rOPN, LBP (positive
co m-OPN or BSA. Binding to lipid A (not out-competed by BSA) occurred dose-
in all cases and the association equilibrium constant was 2.34, 6.67, 2.18 x 10° M
ctively (Fig. 5A, bottom); hence, the binding ability of rOPN and of m-OPN to LPS
d 33%, respectively, from that of LBP. Third, to dissect if the protective effects of OPN
ss efficient LPS binding to macrophages, RAW 264.7 cells were incubated with FITC-

resence or absence of rOPN and the binding was monitored by flow cytometry. The

FITC-LPS to bind RAW 264.7 cells was partially blunted by co-treatment with rOPN

ing to LPS prevents macrophage activation, ROS and RNS generation and
IFa levels. Because LPS drives macrophage activation, ROS and RNS generation
Fa increase promoting steatosis and liver damage '(24); next, we measured

e ROS, RNS, Tnfa mRNA and TNFa protein in a time-course experiment. The

under LPS treatment but were blunted time-dependently by co-incubation with rOPN
F, top) or with m-OPN (not shown). A decrease in TNFa protein was also observed in

Kupffer cells (Fig. 5F, bottom). In aggregate, binding of rOPN (or of m-OPN) to LPS
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patoprotective by decreasing macrophage activation, ROS plus RNS generation and

d with FITC-LPS and with m-OPN or with BSA (control). Mice were sacrificed and

sma FITC-LPS levels were evaluated. Fig. 6A shows less green fluorescence in the

could have therapeutic potential. H&E staining (Fig. 7A) showed more inflammation, hepatocyte

degeneration and steatosis (Fig. 7B) in ethanol plus BSA-treated than in ethanol plus
m-OPN eated mice. Furthermore, m-OPN lowered the increase in serum ALT activity (Fig. 7C)

and in LPS (Fig. 7D) caused by ethanol. Collectively, these findings indicate that oral
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ion of m-OPN has therapeutic potential by lowering LPS hence preventing early

uced liver injury and steatosis.

Hepaiology

— 154 —



Hepatology

16

. gto the biliary system could target the gut (16). Thus, in this model and as expected,

used natural induction of OPN expression in WT mice and natural along with forced

assessed if natural induction or natural induction plus OPN overexpression in

s could protect from early alcohol-induced liver damage. Overt steatosis and

blunted in Opn" " Tg mice suggesting that natural induction plus forced
sion of OPN in hepatocytes is necessary to protect from alcohol hepatotoxicity
creting sufficient concentration of OPN into the plasma and/or by excreting OPN

and feces to positively target the gut and as a result protect the liver.

hanced translocation of Gram-negative bacteria or of LPS itself from the gut into the
Zlation, leads to increased LPS levels and stimulates macrophages to produce ROS,
a and other pro-inflammatory mediators providing pivotal noxious effects on other
and particularly on hepatocytes; hence, it is a central mechanism contributing to
\:uced liver injury (25, 26). Our study showed that serum LPS levels remained at

baseline in ethanol-fed Opn"™ Tg but were elevated in WT and in Opn” mice and that hepatic
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ve bacteria 76S rRNA, an indicator of bacterial translocation, was lowest in ethanol-
Tg mice compared to WT and Opn” mice. In addition, measurement of enteric
ative bacteria 16S rDNA in feces demonstrated that the differences in serum LPS
)ng mice likely resulted from translocation of LPS and enteric Gram-negative bacteria
! from differences in bacterial growth. Furthermore, oral administration of m-OPN

he ability of OPN to blunt serum and liver LPS in vivo.

d Opn"™ " Tg mice showed less F4/80"TNFa" cells and were thus protected from liver
ince TNFa is a pro-inflammatory cytokine driving hepatocyte injury in ALD (27, 28), to
whether the decrease in TNFa in ethanol-treated Opn™®" Tg mice also resulted from

inability of LPS to activate macrophages, we analyzed if interaction between OPN and LPS

r and as a result prevent downstream events participating in macrophage activation.

ral strategies, we demonstrated that binding of OPN to LPS occurs and proved that

g with Tnfa mRNA and TNFa protein were lesser in macrophages co-treated with
than in those challenged with LPS alone. In aggregate, binding of OPN to LPS
by decreasing macrophage activation, ROS plus RNS generation and TNFa

‘urthermore, oral administration of m-OPN prevented ethanol-induced liver injury and

The gr ' st impact of forced hepatocyte overexpression of OPN may be due to sustained
availability in the portal circulation either due to efficient OPN binding to LPS prior to
translocation from the gut into.the portal blood or to binding of portal' OPN to LPS preventing

subsequent macrophage activation in the liver. We believe that part of the mechanism whereby
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ver and how they change or are physically distributed as disease progresses since
in residue enrichment and mass spectrometry analysis has not been carried out so

far and simple IHC approaches do not suffice to address this enigma.
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potential by lowering LPS. Due to limitations from the duration and the extent of liver

n the Lieber-DeCarli and the chronic-plus-single-binge ethanol feeding models, the

ary and fecal OPN levels may be necessary to promote its immunomodulatory

effects in the gut-liver axis.
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