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INTRODUCTION

NAFLD/NASH epidemiology.

Non-alcoholic fatty liver disease (NAFLD) is becamithe most common form of liver injury
worldwide in relation to the diffusion of overweitgand obesity. Indeed, obesity is considered one
of the main causes of the so ‘called metabolic sym@’, a cluster of related clinical features that
include insulin resistance, dyslipidemia and hygeston which is the major risk factor in the
development of type 2 diabetes and cardiovascussades (1). NAFLD is chemically defined as
fat accumulation in the liver exceeding from 5%-10% organ weight or by histological detection
of more than 5% of hepatocytes containing visiblteaicellular triglycerides as single large droplet
or as smaller, well-circumscribed droplets admixath cytoplasmic contents (2, 3). Due to the
growing diffusion of obesity, NAFLD is considereldet most frequent hepatic lesion in western
countries and its prevalence ranges from 3 to Ib®%a general population, but reaches up to 70%
among overweight individuals. Even if hepatic ste& is often benign, about 15-20% of patients
affected by NAFLD develop non-alcoholic steatoh&gafNASH), characterized by hepatocellular
damage and lobular inflammation that often evobeekepatic fibrosis, cirrhosis and hepatocellular
carcinoma (4).

Mechanisms leading to hepatocyte injury in NASH

A critical aspect in studying the pathogenesis &fFFND/NASH is determined by the incomplete
understanding of the mechanisms responsible foptbgression from simple steatosis to NASH.
This aspect is very relevant because parenchymmbagea and inflammation typical of NASH are
the factors determining the evolution to fibroarsl cirrhosis. The clinical and social relevance of
NAFLD and NASH and their continuous growth worldeidave stimulated a number of studies to
clarify the mechanisms leading to the disease tergit to develop effective treatments able to
block the evolution of the disease (5).

Several studies indicate that fat accumulation iwithepatocytes is determined by insulin-
resistance. Indeed, subjects with NAFLD are instdisistant at the level of: muscle because they
have reduced glucose uptake; liver because thelpieximpaired suppression of hepatic glucose
production; and adipose tissue because they shgtv lipolytic rates and increased circulating
FFAs (6). The latterby flowing through the portal circulation, reachethver, where promote
triglycerides synthesis within the hepatocytBenetheless, additional factors can contribute to
steatosis, in particular an increased dietaryritdkie, an enhanced de novo lipogenesis (DNL), a
decreased FFAs oxidation and an impaired hepapic liransport through very-low density
lipoproteins (VLDL) (1). Furthermore, NAFLD subjscexhibit changes in the adipokine pattern
that influence lipid metabolism as leptin and résistimulate FFAs oxidation and favour hepatic
fat, while adiponectin has an anti-inflammatoryinatt and improves insulin sensitivity. This
imbalance promotes hepatic fat accumulation (73ulin resistance and FFAs and cholesterol
accumulation within the hepatocytes cause mitochahdysfunction characterized by increased
mitochondrial dimensions, presence of crystallimeusions and impaired electron transport chain
enzyme activity.Furthermore, alterations in the mitochondrial elatttransport chain are an
important source of reactive oxygen species (R@8turn, ROS-dependent lipid peroxidation
promotes a self-sustaining loop that leads to &rtimitochondrial damage and causes
mitochondrial DNA (mtDNA) mutations (8).

In the recent years, increasing evidences indiaatele for the direct toxicity of circulating free
fatty acids (FFAs) and their metabolites in causamgloplasmic reticulum (ER) stress and cell
death, a phenomenon known as lipotoxicity (9, Iijeed, hepatocyte incapability to esterify such
an excess of FFAs triggers endoplasmic reticulumesst and JNK1/2 activation (10, 11)
Accordingly, JNK activation is evident in liver lgsies from NASH patients and pharmacological
or genetic JNK inhibition prevents lipotoxicity witro and ameliorates steatohepatitis in rodent



models of NASH (11, 12). Thus, up to now, oxidatseess, ER stress, mitochondrial dysfunctions
e JNK1/2 activation are considered important factor the pathogenesis of liver injury during
NASH.

I nflammatory mechanisms in the progression of NASH.

Inflammation, along with hepatocyte damage, isrfan feature of the progression from simple
steatosis to steatohepatitis through molecular am@sms closely linked each other. Several factors
have been proposed to contribute to the onset ftdmmatory responses. Pattern-recognition
receptor, including Toll-like receptors (TLRS), ¢tobute to the pro-inflammatory responses in fatty
livers (13). TLRs responses can be activated hy #atids and lipid peroxidation products and, in
turn, the signal pathways associated to TLR stitrarlaactivate NF-kB-mediated production of
TNF-o and IL-6 by hepatocytes that trigger Kupffer cétisecrete inflammatory mediators, which
recruit to the liver other phagocytic cells (14).

Although many observations indicate that severadipflammatory mechanisms operate in NASH,
the overall picture is still rather confused. Inrtpaular, the reason why only a fraction of the
subjects with steatosis develops chronic hepati@imation remains unclear. Inflammatory
reactions result from the interplay between innatel adaptive immunity. The first comprises
physical and chemical barriers, humoral factoranf@ement and interferop), phagocytic cells
(neutrophils and macrophages) and lymphocytic ¢eligural killer and natural killer T cells) that
recognize invading pathogens as well as tissueyinguoviding a rapid response that recruits
immune cells to sites of infection and activates #pecific response of the adaptive immune
system. Adaptive immunity is activated when theatenor non-specific immune system cannot
efficiently destroy the foreign organism. There e types of specific immune response: humoral
mediated by B cells that are able to produce adi@sorecognizing antigens and cellular mediated
by T lymphocytes (15). Available evidence sugg#séd adaptive immune responses are prevalent
in NASH and mainly involves macrophages. In thismgry, the factors that control macrophage
recruitment and activation are considered importantunderstanding the disease evolution.
Nonetheless, a possible role of adaptive immurstglso emerging and might have an important
role in driving macrophages responses.

Macrophage responses represent an important fiackohASH evolution as they are the main source
of pro-inflammatory and pro-fibrogenic mediatorsattlstimulate liver infiltration by circulating
monocytes. Resident liver macrophages, also kn@nkupffer cells, represent about 20% of non-
parenchymal cells in the liver. Upon activation ligcterial antigens, such as lipopolysaccharide,
Kupffer cells modulate the activation of variousnmme cells including dendritic cells, T
lymphocytes and neutrophils. It is well known thia# behaviour of macrophages is heterogeneous,
depending on the different environmental settirg).(Their activation ranges between two separate
polarization states: the “classically activated’oqmflammatory M1 and the *“alternatively
activated” anti-inflammatory M2 states (17). Prdammatory mediators (TLR ligands and IFiN-
induce M1 polarized macrophages; they have I'9121-23"9" |_-10'°" phenotype, they secrete
pro-inflammatory cytokines, such as THF{L-6, IL-12 and activate iINOS (inducible nitrixioe
synthase) and they participate as inducers andteftein polarized Thl responses. M2 polarized
macrophages are induced by IL-4, IL-13, immune dewgs and glucocorticoid hormones and are
characterized by the production of anti-inflammgtoytokines, as IL-10, and the enhancement of
arginase-1, an enzyme with iNOS blocking properfidgsey have an IL-12%, 1L-23 "%, |L-10 Migh
phenotype and participate in polarized Th2 reastias well as in promoting the killing and
encapsulation of parasites. M2 polarized macrophae also involved in tissue repair and
remodelling and have immunoregulatory functions§) (1

Under physiological condition, Kupffer cells displa prevalent M2 differentiation and some
evidences suggest that a M2/M1 polarization shifjhtnoccur in the liver during the evolution
from NAFLD to NASH. Indeed, inducing NASH in mice lbeeding for ten days methionine and
choline deficient (MCD) diet, Kupffer cells get m@ted releasing TNk- and promote a



subsequent infiltration of pro-inflammatory CD1Mby6C" monocytes (18). Lipid accumulation
within Kupffer cells is associated with a cascadepm-inflammatory events leading to the
initiation of the inflammation. In fact, the targdtletion of scavenger receptors in the macrophages
reduces hepatic inflammation, lipid oxidation aitmtdsis, without affecting steatosis (19).

On top of resident macrophages, new macrophagebecaacruited from circulating monocytes at
the onset of NASH and infiltrate the liver. Onceiad to the liver, macrophages reside within the
sinusoidal vascular space and differentiate togoerfspecialized functions, such as phagocytosis,
antigen processing and presentation; they alsoupmdaytokines, prostanoids, nitric oxide and
reactive oxygen intermediates. In mice as in humaisulating monocytes can be distinct in
different subsets on the basis of antigens andptere exposed on the cell surface. The widest
group consists on Ly8®" (Gr1"9 monocytes that are distinguished by CE®R2CX3CR1Y
expression; they are called ‘classical’ or ‘inflammory’ monocytes due to the extensive capacity of
secreting pro-inflammatory mediators (TNF4ANOS, IL-12, IFNy) and migrating to inflamed
tissues. The human counterpart of this populato@D14*CD16 (20, 21). The second subset of
monocytes has the following phenotype: LYQGr1°") CCR>" CX3CR1"", They are called
‘non-classical’ or ‘resident’ monocytes’ and coperd to human CDI€D16" monocytes. Tacke
and colleagues have demonstrated that the iniilyagnd inflammatory Ly6C" monocytes
present in liver diseases rapidly down-regulate @ ygirface expression upon transmigration into
the liver (21). Nonetheless, the actual functioh€¥sCR1"" monocytes during the evolution of
hepatic injury is still poorly understood.

Recent studies have pointed out a possible invadveraf hepatic dendritic cells. Liver DCs are a
heterogeneous population of specialized bone madenved cells responsible for antigen
presentation to lymphocytes. DCs are sparselyibligegd through the liver, and they are primarily
found in the portal regions and occasionally in pa@enchyma (22). In healthy livers, dendritic
cells represent a small fraction of non-parenchycedls and have a predominant tolerogenic
phenotype (23), but a dramatic expansion occursglwhronic liver diseases in combination with
a stimulation in their antigen presenting activitye release of pro-inflammatory cytokines and an
increase in their cellular lipid content (24). Unitmately, a single surface marker that can be used
to unequivocally identify DCs has yet to be determi, and distinguishing DCs from other cell
types, such as monocytes and macrophages contimiresa challenge (24). In mice and humans
DCs can be identified as CD45cells that constitutively express high levels ofajon
histocompatibility complex 1l (MHCIl) and the usd additional markers, such as the high
expression of CD11c, can be also useful in ideimghDCs. Experiments using the MCD model of
NASH have evidenced that hepatic DCs expand andrenat the early phases of the disease and
acquire an immune-stimulating phenotype (25). Sactivation likely relates to the activation of
both humoral and cellular immune response in NAZH).( However, the specific features of
NASH-associated DCs have not been characterizddtails.

Factorsinvolved in NASH evolution to hepatic fibrosis

Unresolved inflammation promotes pathologic repdimis progressive fibrosis and cirrhosis
represent the outcomes of NASH. NASH-related filsrdevelops primarily in the pericentral areas,
where thin bindles of fibrotic tissue surround grswf hepatocytes and thicken the space of Disse
(6). The main cell type responsible for extracaltuinatrix deposition are hepatic stellate cells
(HSCs), which, under the local influence of TGE-(transforming growth factor betal), PDGF
(platelet-derived growth factor) and CCL2, tranSedentiate to myofibroblast-like cells producing
collagen and other extracellular matrix compong®g). In addition, decreased hepatic matrix
degradation due to a reduced production of matexaftoproteinases (MMPs) and/or an increased
production of matrix metalloproteinase inhibitorsght also contribute to collagen accumulation
(27). Accordingly, recent work has recognized that NASH the development of portal
inflammation and fibrosis is a marker for progreesilisease (6).



Aim of the study

Despite these information allow to understand saspects of the evolution of the disease many
guestions remain open. What is less clear is heer lnacrophages behave during the progression
of NASH, particularly in relation to the developnieof fibrosis. Studies using different mice
models of chronic liver injury have shown that linéiting macrophages in injured livers derive
from Ly6C/CD11b-expressing circulating monocytesl dhat these cells not only contribute to
sustain inflammation, but also promote fibrosis &ymulating hepatic stellate cells (HSCs)
activation and angiogenesis. However, the phenotypeacrophages responsible for the evolution
of chronic liver diseases, including NASH, arel stitompletely characterized.

During the first year of Doctorate, | focused mieation on studying morphological and functional
changes occurring in liver infiltrating monocyterded macrophages during the progression of
NASH taking advantage of a mouse model of the disdémsed on the feeding with a methionine-
choline deficient (MCD) diet.

EXPERIMENTAL PROCEDURES.

Animal and Experimental protocol. Eight weeks old male C57BL/6 mice were purchasech
Harlan-Nossan (Corezzana, Italy) and fed for 4 are@ks with either methionine-choline deficient
(MCD) or control diets (Laboratorio Dottori Piccioisessate, Italy). In some experiments, 4 weeks
MCD-fed mice received NaHS (1mg/kg body wt) daity further 4 weeks while continuing on
their deficient diet. The experimental protocolgevapproved by the Italian Ministry of Health and
by the University Commission for Animal Care follmg the criteria of the Italian National
Research Council.

Biochemical analysis. Plasma ALT and liver triglycerides were determirdspectrometric kits
supplied by Radim S.p.A. (Pomezia, Italy) and Sigagnostics (Milano, Italy), respectively.
Circulating TNFe as well as liver IL-12 levels were evaluated bynogercial ELISA kits supplied
by Peprotech (Milano, Italy) and R&D Systems (Aldng, UK), respectively.

Histology and immunohistochemistry. Steatosis and lobular inflammation were scorethdbl
according to Kleiner et al. (28) in hematoxilin/gostained sections. Necro-inflammatory foci and
apoptotic cells were counted as reported in (28)laGen deposition was evidenced by Sirius Red
staining. Liver macrophages and activated hep#gitate cells were evidenced in formalin-fixed
sections using, respectively, anti-mouse F4-80de@ence, San Diego CA, USA) anesmooth
muscle actin ¢-SMA) polyclonal antibodies (Labvision, Bio-Opticililan, Italy) in combination
with peroxidase-linked goat anti-rat IgG and haisdish peroxidase polymer kit (Biocare Medical,
Concord, CA, USA).

MRNA extraction and Real time PCR. Liver RNA was retro-transcripted with High CapggaDNA
Reverse Transcription Kit (Applied Biosystems HalMonza, Italy). RT-PCR was performed in a
Techne TC-312 termalcycler (Tecnelnc, Burlington, NlBA) using TagMan Gene Expression
Master Mix and TagMan Gene Expression probes fouseolTNFe, IL-12p40, CCL1, CCL2,
CXsCL1, iNOS, arginase-1, MGL-1, CCR2, CCRS, {CR1,al-procollagen, TGP, a-SMA and
beta-actin (Applied Biosystems Italia, Monza, Jalpll samples were run in duplicate and the
relative gene expression calculated 4S'@vas expressed as fold increase over control sample

Isolation and purification of liver macrophages. Liver macrophages were isolated from the livdrs o
either controls or MCD-fed mice by collagenase yp&dn according to Froh et al. (30) and purified



using biotinylated anti-F4-80 antibodies (eBiosces)y San Diego CA, USA) and streptoavidin-
coated magnetic beads (Miltenyi Biotec, Germanyll @urity, as estimated by flow cytometry
following immunostaining for CD45 and F4-80, wasoa® 85%. The cells were processed for
MRNA extraction using ChargeSwitch® Total RNA Qeil (Invitrogen, Frederick, MD, USA).

Intrahepatic mononucleated cell isolation and flow cytometry analysis. Liver mononucleated cells
were isolated from the livers of naive and MCD-fedce and purified on a density gradient
(Lympholyte®-M, Cedarlane Laboratoires Ltd. Burliog, Canada) as described in (31). Cells
were then washed with Hank’s medium and incuba@ohi® with de-complemented mouse serum
to block unspecific immunoglobulin binding. The Iselvere then stained with fluorochrome-
conjugated antibodies for CD45, CD11b, Ly6C, CD1M¢{CII (eBiosciences, San Diego CA,
USA), F4-80 (Invitrogen, Abingdon, UK) and G&BR1 (R&D System, Minneapolis, MN, USA)
and analyzed with a FACScalibur (Becton Dikinsorarklin Lakes, NJ, USA) flow cytometer.
Intracellular staining for TNk and IL-12, was perfomed using specific fluorochesoonjugated
antibodies supplied by (eBiosciences, San DiegoT34).

Data analysis and statistical calculations. Statistical analyses were performed by SPSS stalist
software (SPSS Inc. Chicago IL, USA) using one-wdOVA test with Tukey’s correction for
multiple comparisons or Kruskal-Wallis test for pparametric values. Significance was taken at
the 5% level. Normality distribution was prelimigaassessed by the Kolmogorov-Smirnov.

RESULTS

The progression of NASH is associated with functional and morphological changes in liver
macrophages.

Feeding mice with a methionine-choline deficientGD) diet for either 4 or 8 weeks, resulted in a
progressive worsening of steatohepatitis as ewadudlly a time dependent increase in a liver
triglyceride accumulation, transaminase release lsmhtic inflammation. Although the hepatic
MRNAs for pro-fibrogenic markers-1 procollageng-smooth muscle actirni{SMA) and TGFB1
were significantly up-regulated already after 4 keeeof MCD diet, appreciable fibrosis, as
evidenced by collagen staining with Sirius Red, ar®MA-positive activated hepatic stellate cells
(HSCs) were evident in more advanced disease aftgeeks of treatment. In parallel with the
progression of NASH, flow cytometry showed a timependent increase of F4-80 positive intra-
hepatic macrophages (Fig. 1). However, while matage M1 activation markers inducible NO
synthase (iINOS) and IL-12p40 sub-unit were up-ratga in the early phases of NASH (4 weeks of
MCD diet), a significant decline in both INOS ant-12p40 expression was evident upon
extending the treatment up to the eight week (RigR). The same pattern was also evident by
evaluating INOS and IL-12p40 mRNAs in macrophagetated from the livers of mice at different
disease stages and confirmed by measuring ciregléii12 levels (Fig. 2C, D, E).
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Figure 1. Time dependent variations of hepatic injury and infammation during mice feeding with a
methionine/choline deficient (MCD) diet.

Wild type C57BL/6 mice received the MCD diet for tip 8 weeks. (A, B) Liver histology was evaluated i
hematoxilin/eosin (EE) stained sections by couniivijgmmatory foci as reported in (29) and in cga Picro-Sirius
Red (SR) stained sections from control or MCD-feihels (magnification 200x). (C) Alanine aminotrierase
(ALT) release was determined by enzymatic meth¢B$. TNF-o. mRNA was measured by Real Time PCR and
expressed as fold increase over control values aftenalization to th@-actin gene. The values refer to 5-6 animals
per group and the boxes include the values witlsifh @nd 79 percentile, while the horizontal bars represest th
medians. The extremities of the vertical bars"(@0" percentile) comprise the eighty percent of thauesl (E, F)
Intrahepatic F4-80 positive macrophages were eteduby flow cytometry of liver mononucleated cafislated at
different time points. Data are from 4-6 animals geup.
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Figure 2. The evolution of NASH is associated with down-modulation in the hepatic expression of maophage M1

activation markers.

Mice were fed a methionine/choline deficient (MC®J)er an 8-weeks time period. (A, B, C , D) The esgion of the
macrophage M1 activation markers inducible NO-sga¢h(iNOS) and IL-12p40 were evaluated by Real THRGR in

mRNA extracted from whole liver and isolated mat¢rages of either control or MCD-fed mice. (E) Ciatig IL-12

protein levels were determined in the same aninfdle.Real Time PCR values are expressed as foldase over control
values after normalization to tifeactin gene. Data refer to 6-8 animals per groupthr boxes include the values within
25" and 79 percentile, while the horizontal bars represeet tiedians. The extremities of the vertical bars"@@"
percentile) comorise the eiahtv nercent of the &s

Ctr

MCD 4W

16%

7% 23%

.
10?
Fdig0

. T
102 1 of
F430

.
10!

[ Controldiet ] MCD diet

LyB6c+ macrophages B
40 = 0.05
T pOO1 e
(&)
+ 30
n
3 20 =
U - -
° 10
=

Cont MCD 4w VIGD 8w

C LivercoLt mrnA D Liver ccL2 mRNA
6 & -
<0.01
o 5 L ? | 001
& 4 © 6
: . T
g3 < 44
2 =0.C1 <001 o |
s T ] o T
0 z . : { ===
Cont MCD 4w MCE 8w Cort  MCD4w MCD 8w

Figure 3. The evolution of NASH is associated witla down-modulation in the hepatic expression of cheokines

recruiting Ly6C *monocyte-derived macrophages.

Mice were fed a methionine/choline deficient (MCBjer an 8-weeks time period. (A, B) The relativevyalence of
Ly6CM/F4-80 subset was evaluated by flow cytometry of livemmaucleated cells isolated at different time poibtata
are from 4-6 animals per group. (C, D) The expmssif monocyte chemokines CCL1 and CCL2 were evatuby Real
Time PCR in mRNA extracted from whole liver. Thelues are expressed as fold increase over conttoksaafter
normalization to thd-actin gene. Data refer to 6-8 animals per grouptha boxes include the values withirf"2&nd 7%'

percentile, while the horizontal bars represent edians. The extremities of the vertical bars™(@0" percentile)

comprise the eighty percent of the values.



The progression of NASH is associated with a decline of Ly6C"9" macrophages.

Previous studies have reported that infiltratingcrophages in injured livers derive from
Ly6C/CD11b-expressing blood monocytes. Accordinglye observed that the peak of M1
activation was associated with the prevalence &d"§"/CD11/F4-80 cells, but their frequency
declined in advanced NASH in parallel with an ims®e in a sub-set of Ly macrophages (Fig.
3). In a similar manner, the liver expression ofnmoyte chemokines CCL1 and CCL2 as well as
that of their respective receptors CCR8 and CCRega(dot shown) peaked at 4 weeks and declined
thereafter. Further characterization of LYy8Cmacrophages accumulating in advanced NASH
showed that these cells were CD11b positive angelprCX3CR1 negative. Furthermore, they
produced appreciably less IL-12 than those LY8CFig. 4A). On the other hand, the macrophage
expression of the M2 polarization markers arginhsmd galactose-type C-type lectin-1 (MGL-
1/CD301) was not appreciably affected during NAStdgpession (Fig. 4B, C), indicating that
Ly6C'® macrophages might originate from a phenotypic cdwiof Ly6C"9" cells and their
prevalence might account for the decline of M1 po&d responses in advanced NASH.
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Figure 4. Changes in the hepatic recruitment of Ly6"9" inflammatory macrophages during the progression of
NASH.

Mice were fed a methionine/choline deficient (MC@J)er an 8-weeks time period. (A) LyBChepatic macrophages
were characterized for the relative distributiorGii11b and C¥CR1 and for the expression of IL-12. One experiment
representative of three. (B, C) The expressiothefM2 polarization markers galactose-type C-tygmtih-1 (MGL-1)
and arginase-1 were evaluated by Real Time PCRRNAnextracted from whole liver. The values are egged as
fold increase over control values after normal@atio thep-actin gene. Data refer to 6-8 animals per group the
boxes include the values within ®%and 7% percentile, while the horizontal bars represemt thedians. The
extremities of the vertical bars (1:@0" percentile) comprise the eighty percent of theiesl



An increase in CX3CR1 expressing monocyte derived dendritic cells is associated with the
progression of NASH.

The chemokine fractalkine (GKL1) has recently been implicated in regulating ropbage
survival and differentiation. In our hands, the d&p MRNAs for CXCL1 and its receptor
CX3CR1 steadily increased with the progression of NABId. 5A, B). Interestingly, in mice with
more advanced disease the decline of 'NB(CD11 inflammatory macrophages was combined
with a tenfold expansion of F4-8€D11b" cells expressing GCR1 (Fig. 5D). Further analysis of
these cells showed that they expressed the dendeiti (DC) markers CD11c and MHCII (Fig. 5E,
F).

A )
Liver CX3CL1 mRNA B Liver CX3CR1 mRNA
31 15
o — p<0.001 o p<0.001
@ 21 - % 10 1
o p<0.01 Q
5 - 5 p<u.uuT
£ =
2 é 1 <005 £ L p<C05
0 T T T 0 T T r
Cont MCD 4w MWMCD 8w Cont MCD 4w  MCD 8w
C D F4-80+/ CD11b+/CX3CR1+ cells
. Cont . MCD 4w . MCD 8w n 25 1 p<0.01 p<0.05
= 2 2 ] _—
o 201
e 4 04 +
_ _ B 3 151
ge ge gy =
g g 87 O 10 1
EE 21 =] k5]
- u~\°‘ 5 - |;|
M) Dgto" R e cém” ] 0

Fasu Fiq%u

Cont NMCD4w MCD 8w

T

[ 1F4-80/CX3CR1"=" | F4-8O/CX3CR1Vw

wd M

320 400

10%

\2‘{0 300
R T

Counts
120 180
Leaa

Cx3CRI

160 240

60
i

=
4

0

o

104

Figure 5. The progression of NASH is characterizedby the increase of CXCR1-positive monocyte-derived
cells.

Mice were fed a methionine/choline deficient (MC@J)er an 8-weeks time period. (A, B) The hepaticreggpion of
CX3CL1 and CXCR1 was evaluated by Real Time PCR in mRNA extchftem the liver of control or MCD-fed
mice. The values are expressed as fold increagecomérol values after normalization to thectin gene. Data refer
to 6-8 animals per group and the boxes includevéiees within 2% and 7% percentile, while the horizontal bars
represent the medians. The extremities of the cadrbars (10-90" percentile) comprise the eighty percent of the
values. (C, D) The relative prevalence of F4/8D11h/CXs:CR1" cells was evaluated by flow cytometry of liver
mononucleated cells isolated at different time toiata are from 4-6 animals per group. (E, F8B4C€X;CR1"
and F4-80/CX3CR1°¥ cells were characterized for the relative distitou of CD11b, Ly6C, CD11c and MHCII.
One experiment representative of three.



Recently Henning and co-workers reported that tieebof NASH in MCD-fed mice is associated
with an expansion in hepatic CDIP¥"YMHCII* dendritic cells (Fig. 6A). We confirmed these
observations, but we also observed that the expansi DCs in NASH involved a pool of
CD11d"Mint cells, wich were positive for both MHCII and F4-@8ig. 6B). These cells were also
by more than 85% C3CR1*, while in control livers CD1T¥""YMHCII* dendritic cells were
largerly F4-80 negative (Fig. 4). Altogether, theda&ta suggested that the expansion of F4-
80"/CX3CRI1' cells occurring in advanced NASH might involveubset of cells with features of
monocyte-derived inflammatory dendritic cells (maf)CAn elevated production of inflammatory
mediators, including TNIe; is a feature of moDCs (32,33). In line with thiage observed that F4-
80"/CX3CR1/CD11¢"9" " cells had an enhanced production of TANRFig. 6C) and that
CX3CRI'/ TNF-o" cells accumulated in the liver of 8 weeks MCD-feite.
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Figure 6. CXsCR1-positive monocyte-derived cells associated withdvanced NASH show features of monocyte-
derived dendritic cells.

Mice were fed a methionine/choline deficient (MC®Jer an 8-weeks time period. (A) The relative plenee of CD11c
*IMHCII* dendritic cells was evaluated by flow cytometrylisér mononucleated cells isolated from controdl &MCD-

fed mice. Data are from 4 animals per group. (B)IC&YMHCII* hepatic dendritic cells were characterized for the
relative distribution of F4-80 and GRR1. One experiment representative of three. (@) rElative prevalence of TNé-
producing F4-80/MHCII* cells was evaluated by flow cytometry of liver moncleated cells isolated from control and

MCD-fed mice. Data are from 4 animals per group.



DISCUSSION

The results presented above indicate that NASHuéeol is characterized by complex changes in
the differentiation pattern of the cells derivednfr monocytes infiltrating the liver. In particular,
upon the disease evolution to fibrosis, hepatic roftage responses are more diversified, as
Ly6C"9" macrophages decline in parallel with the down-niatitbn of M1 activation markers,
whereas a subset of monocyte-derived cells exprg€3k:CR1 and showing features of monocyte-
derived dendritic cells become prevalent. Thesagés involve in one side the switch from LY6c
inflammatory macrophages into a LyBphenotype that characterizes the re-modulatidmepftic
inflammation during the progression of NASH to @bis. These cells show an intermediate
phenotype between that of inflammatory and “atypicalls and might share similarities with
CD14/CD16" macrophages observed during the progression oahuwifnronic liver disease.

On the other side, NASH progression is associatid tve monocyte differentiation to GER1-
expressing inflammatory DCs. These cells not omly contribute to stimulate immune responses
(26), but also directly sustain hepatic injury amdlammation through an elevated TNf-
production. These results are consistent with rieeeilences indicating that under inflammatory
conditions, infiltrating monocytes can differenéianto a special sub-set of inflammatory dendritic
cells (moDCs), characterized by the co-expressiobodh dendritic and monocyte/macrophage
surface markers and by high production of inflanomamediators combined to an efficient antigen
presenting activity (33).

Future per spectives.

In agreement with the involvement of fractalkineXdCL1) in regulating macrophage survival and
differentiation, with future experiments we plan lhetter characterize its role in regulating the
macrophage Ly6®"-Ly6C"°" switch. To this end, a recent study has shown ithabacrophage
cell lines stimulated with interferon-gamma or [yodysaccharide, ¥& significantly inhibited
CX3CR1 and CX3CL1 expression by modulating PPAR+ganand NF-kB pathway. Based on
these results, we want to investigate whether nreatment with the H2S donor NaHS might
influence macrophage differentiation to §&2R1" monocyte-derived DCs in MCD-induced NASH.
In this contest, we will evaluate the expressiotigpa of chemokines/cytokines, pro-inflammatory
and pro-fibrogenic mediators, and the evolutiofiva@r injury after the treatment.

Since two recent papers have reported thaGR4 genetic deficiency exacerbates hepatic injury
and fibrosis induced by chronic GQteatment and bile duct ligation, we don’t plaruse CXCR1
knockout mice (34, 35). In addition, since we ofedrthat about 60% of DCs in the livers of
controls animals constitutively express §OR1, is possible that genetic ablation of fractaki
receptor might affect a population of immune-retpia hepatic DCs, enhancing damage-
associated inflammation.

Nonetheless, further studies are required to beléne the relative contribution of constitutive
versus monocyte-derived G&ER1-expressing DCs during the evolution of chrdiver diseases.
To this end, should be interesting to performvitro functional studies to assess the pro-
inflammatory phenotype of the moDCs subset or tiregb further functional properties, evaluating
the expression pattern of chemokines/cytokinesymed by this cell population.
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