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Synopsis

Alcoholic liver disease is characterised by infiltration of the liver with leucocytes;
alcoholic hepatitis is characterised by a neutrophil infiltrate whilst both hepatitis and
cirrhosis are characterised by monocytic and lymphocytic infiltration. Chemokines are
chemoattractant molecules that regulate leucocyte adhesion and migration at sites of tissue
damage. In this thesis I studied the hypothesis that chemokines regulate the leucocyte
infiltration and tissue damage characteristic of alcoholic liver disease and thereby
determine the nature of the liver damage.

Immunohistochemical and in situ hybridisation demonstrated increased expression of
several chemokines in alcoholic liver disease. The neutrophil chemokine IL-8 and the
lymphocyte and monocyte chemokines MCP-1, MIP-1a and MIP-1pB were present
throughout the hepatic acinus in patterns corresponding to the severity of infiltration with
these leucocytes. Chemokine mRNA was mainly localised to non-parenchymal cells
including sinusoidal cells, fibroblasts and infiltrating leucocytes. In patients with alcoholic
liver disease, circulating serum levels of the chemokine MCP-1 were raised compared to
healthy controls and in proportion to histological severity of liver disease. Peripheral
mononuclear cell secretion of both MCP-1 and MIP-1a were raised in alcoholic hepatitis
with evidence for both liver-derived and circulating monocyte-derived synthesis.

In vitro studies with radiolabelled chemokine protein demonstrated uptake of chemokines
into isolated hepatocytes from surrounding culture medium, with uptake increased by the
addition of alcohol or the pro-inflammatory cytokine TNF-a. Uptake was predominantly
by low-affinity receptors but immunohistochemical studies suggest that specific receptors
may nevertheless be up-regulated in alcoholic liver disease. Secretion of the chemokine
MCP-1 from peripheral mononuclear cells and hepatocytes in vitro was diminished by
alcohol or acetaldehyde with a dose-dependent effect. However, an ex vivo study in
healthy volunteers showed that mononuclear cell secretion of MCP-1 may be increased
when alcohol is ingested together with a balanced meal.

An uncontrolled pilot study of the xanthine-derivative pentoxifylline in subjects with
severe alcoholic hepatitis, together with in vitro studies of its effect upon chemokine
secretion, showed that this agent may have a role in the treatment of the disease.

In a controlled study examining genetic predisposition to symptomatic alcoholic liver
disease, we examined two TNF-o. promoter polymorphisms and HLA haplotypes DR3 and

DQ2; however we failed to show any associations between these markers and the disease.
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Introduction



Alcoholic Liver Disease: General Considerations

Alcoholic liver disease is a major and increasing burden on healthcare resources
throughout the western world. Its incidence is consistently related to per capita national
consumption of alcohol (Rush 1986, Schmidt 1977), and in the United Kingdom the
recorded incidence of deaths due to alcoholic cirrhosis has risen from approximately 30
per million in 1965 to approximately 60 per million in 1991 in keeping with a
proportionate increase in overall alcohol consumption (Smart 1998). In a typical district
general hospital in the United Kingdom, alcoholic liver disease is the commonest liver
disease encountered by a gastroenterologist (Kingham 1997), and the healthcare burden of
alcoholic liver disease is amplified by the fact that the most severe clinical complications,
including ascites, variceal haemorrhage and portosystemic encephalopathy are difficult to
treat and frequently require prolonged hospitalisation. The duration and amount of alcohol
ingestion required to cause significant liver disease varies according to individual
susceptibility and gender; a mean daily intake of around 19 units (190 mls) for men and 14
units for women over several years was recorded in patients with alcoholic cirrhosis in one
study (Saunders 1981), whilst in another it was estimated that a daily intake of as little as
4-6 units may lead to cirrhosis in susceptible subjects (Anderson 1993).

Alcoholic liver disease encompasses a spectrum of characteristic pathological changes in
the liver (International Group, 1981). Fatty liver is probably the earliest (and most
consistent) lesion resulting from alcohol abuse (Rubin 1968), and whilst usually held to be
relatively benign this may progress to cirrhosis if alcohol abuse is continued over several
years following diagnosis (Teli 1995). Alcoholic hepatitis refers to hepatocyte ballooning
and necrosis in association with a polymorphonuclear leucocyte infiltrate; this is usually
accompanied by hyaline material in the form of Mallory bodies within hepatocytes. When
present, these changes reflect recent alcohol consumption and are usually reversible with
sustained withdrawal. Alcoholic fibrosis tends to develop in a characteristic pericellular
pattern in the centrilobular zones and with sustained alcohol abuse this leads eventually to
cirrhosis, which is characteristically micronodular and by definition irreversible. Alcoholic
cirrhosis, when ‘active’, is accompanied by a dense mononuclear cell infiltrate which is
localised to fibrous septa and portal tracts, and if alcohol is withdrawn over at least several

months this frequently becomes ‘inactive’ with disappearance of the cellular infiltrate. It is
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usually assumed that alcoholic cirrhosis develops alongside and perhaps as a sequel to
hepatitis (International Group, 1981). The two conditions frequently co-exist, although the
belief that alcoholic hepatitis is a necessary prerequisite to development of cirrhosis
remains unproven and there is evidence from a baboon model of alcoholic liver disease
that cirrhosis may develop without intervening hepatitis (Lieber 1975) which has recently
been supported by human pathological studies (Reeves 1996).

The prognosis of alcoholic liver disease is clearly linked to the continuation or otherwise
of alcohol consumption, although a well recognised but poorly understood feature of
alcoholic hepatitis and cirrhosis is that the clinical and pathological manifestations of the
disease frequently progress despite sustained withdrawal from alcohol (Powell 1968,
Orrego 1987, Chedid 1991). In the latter study, 5 year survival in patients with pure
alcoholic hepatitis (without cirrhosis) was 60%, with mortality being significantly worse in
those who continued to consume alcohol after presentation compared to those who did not.
In contrast, 5 year survival in patients with cirrhosis (with or without hepatitis) was lower
(35% and 50% respectively), and in this group continued alcohol consumption was
surprisingly not a significant risk factor in subsequent mortality (although level of
previous alcohol consumption was), suggesting that liver injury continued despite alcohol
withdrawal. Similarly, patients with clinically severe alcoholic hepatitis have a high risk of
mortality that may be delayed by several weeks despite withdrawal from alcohol and
intensive supportive therapy in hospital (Maddrey 1990). These observations suggest that
the direct toxicity of alcohol and its metabolites cannot be solely responsible for the
pathogenesis of alcoholic liver disease, and other factors must contribute. Thus there is
widespread interest in the myriad of nutritional, biochemical and immunological disorders
that probably contribute to its pathogenesis (Lieber 1994). In particular, in recent years,
there has been considerable interest in delineating the immunological mechanisms that
underlie the hepatic inflammation characteristic of alcoholic liver disease (Isracl 1988,

Paronetto 1993).
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Alcoholic Liver Disease: Role of Inflammatory Mediators

Since alcoholic hepatitis and active alcoholic cirrhosis are characterised by marked
leucocytic infiltration of the hepatic parenchyma, it follows that activation of the immune
system must be an integral part of alcoholic liver disease. In recent years interest has
developed firstly in the role of pro-inflammatory cytokines in alcoholic liver disease and
secondly in the stimuli for expression of these cytokines. Cytokines are relatively small (<
30 kD) soluble inflammatory mediators produced from many nucleated cells, particularly
monocytes (including Kupffer cells), endothelial cells and fibroblasts, and which have a
diverse range of effects including ‘activation’ and proliferation of leucocytes with
enhancement of phagocytic and cytotoxic functions. Whilst cytokines are necessary for an
appropriate immunological response to tissue injury and/ or infection, and are also
important in promoting regeneration of injured tissue, excess secretion may lead to tissue
damage by promoting an excessive immunological response (Tracey 1995). There is now
abundant evidence for raised levels of several pro-inflammatory cytokines including
interleukin-1 (IL-1), IL-6, and tumour necrosis factor-alpha (TNF-a) in alcoholic liver
disease and these cytokines are implicated in the pathogenesis of alcoholic liver disease
(Bird 1990, Khoruts 1991, McClain 1993). The precise delineation of the pathways
leading to increased expression of these cytokines in alcoholic liver disease is not clear
and there are probably at least 2 major pathways involved. Firstly, lipopolysaccharide
(LPS, also known as endotoxin) is a stimulus for cytokine production in many cells and
circulating levels are increased as a result of alcohol ingestion (Bode 1987, Persson 1991).
Secondly, the metabolism of ethanol to its highly reactive intermediary acetaldehyde, and
thence acetate, results in formation of several reactive oxygen species including
superoxide, peroxide and hydroxyl radicals which alter the cellular ‘redox state’
(Nordmann 1994, Clot 1995). Excessive intracellular reactive oxygen species leads to
peroxidation of cellular lipids, whilst excessive intracellular acetaldehyde binds
irreversibly to intracellular proteins. It is likely that the altered redox state and possibly the
presence of altered cellular proteins and lipids stimulates transcription and expression of
proinflammatory cytokines (Schreck 1991, Jaeschke 1991).

The metabolism of ethanol to acetaldehyde in the liver occurs via 2 principal metabolic
pathways; firstly, alcohol dehydrogenase (ADH) which normally comprises the major

route of metabolism, and secondly the microsomal ethanol oxidising system (MEOS), a
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descriptive term for the part of the hepatic cytochrome P450 (‘CYP’) enzyme system
metabolising ethanol. This enzyme has now been characterised and termed CYP 2El
(Lasker 1987). The enzyme, unlike ADH, is inducible and with chronic alcohol abuse
becomes a major route of ethanol metabolism. Metabolism with CYP 2E!l is much more
likely to produce reactive oxygen intermediaries than is metabolism via ADH (Dai 1993).
Thus chronic alcohol ingestion will lead to a greater propensity for oxidative injury
because of induction of CYP 2E1 (Lieber 1994). The mechanisms by which ethanol

metabolism may therefore lead to cytokine production are summarised below in figure 1.1.

Ethanol metabolism and
ALD - overview

Ethanol

ADH CYP2E]
Reactive oxygen

... . species (0y, H,0,)

Acetaldehyde
Acetate - Protem adducts
’,b » _ Lipid peroxidation
Hepatocyte injury and « =
cytokine release DNA injury

Figure 1.1 Summary of ethanol metabolism via hepatic alcohol dehydrogenase (ADH) and cytochrome P450
2E1 (CYP2ELI), and the ways in which this may promote hepatocyte injury and release of cytokines.
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Chemokines: Categories and Characteristics

Chemokines are a family of relatively small (8-10 kD) structurally related chemotactic
cytokines that are secreted by a wide range of cells including leucocytes, platelets,
fibroblasts, endothelial and epithelial cells. More than 50 different human chemokines
have been demonstrated, the majority of which may be divided into 2 groups according to
their structure (Baggiolini 1994). These groups have a highly conserved 4 cysteine motif
in the active part of the chemokine molecule: alpha (also known as CXC) chemokines
contain an amino acid group between the first 2 cysteine residues in their active domain
(hence the term CXC), whilst the beta (also known as CC) chemokines do not contain this
group between the corresponding residues (figure 1.2). Two recently characterised
chemokines do not fall into either category; lymphotactin has only 2 corresponding
cysteine residues in total, without an intervening amino acid (Kelner 1994), and fractalkine
has three amino acids between the cysteine residures (‘CXXXC’) (Bazan 1997).

The structural distinctions in the cysteine configurations are associated with the ability to
act on particular leucocyte subsets. Thus, interleukin-8 (IL-8), the prototype alpha or CXC
chemokine, is chemotactic for neutrophils predominantly, whilst monocyte
chemoattractant protein-1 (MCP-1), the prototype beta or CC chemokine, is chemotactic
for mononuclear cells such as monocytes predominantly. However, the leucocyte subset
specificity within the alpha chemokine family is also dependent upon the presence or
absence of a glutamine-leucine-arginine (ELR) sequence near the N-terminal, which
confers specificity for neutrophil chemotaxis. Thus the prototype alpha chemokines
including IL-8 and growth-related oncogene-alpha (GRO-a) possess this sequence whilst
other alpha chemokines such as interferon-inducible protein of 10kD (IP-10) and
monokine induced by interferon-y (MIG) do not possess this sequence, and are
chemotactic for lymphocytes. Some examples of chemokines and their target cells and
actions are shown in table 1.1. Chemokines are expressed at low levels in the resting state,
but are rapidly up-regulated upon activation; secretion is typically induced by pro-
inflammatory cytokines such as IL-1, IL-2, TNF-a, y-IFN and the bacterial product
lipopolysaccharide (LPS) (Baggiolini 1994) and may also result from disturbances in the
intracellular redox state (Schreck 1991, Xu 1996).
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The discovery and characterisation of chemokines followed the discovery of adhesion
molecules and cytokines in the mid-1980’s; it was found that avidity of adhesion molecule
binding was subject to modification by other soluble factors (Butcher 1991) which in turn
lead to the discovery and characterisation of a diverse family of chemokines, so called
because some chemokines had previously been described as chemotactic cytokines.
Chemokines regulate leucocyte recruitment in at least two related ways: (i) They induce a
conformational change in leucocyte adhesion molecules which enhances adhesion to other
cells expressing the corresponding ligands; (ii) They induce cytoskeletal changes that
result in increased motility (Luster 1998). These actions enhance leucocyte recruitment
and then migration respectively; leading to ‘directional migration’. More recently, further
roles for chemokines have been discovered including enhancement of cytolytic activity of
leucocytes, and promotion of angiogenesis (Strieter 1996). The principal steps involved in

leucocyte adhesion including the role of chemokines are illustrated in figure 1.3.

IL-8 MCP-1

Figure 1.2 Diagramatic representation of structure of the prototype alpha (CXC) chemokine, IL-8, and
prototype beta (CC) chemokine, MCP-1. The configuration of cysteine residues in the central part of the
molecule is highly conserved between different members of the chemokine family; in alpha chemokines the
2 central cysteine residues are separated by another amino acid (hence the term CXC) whilst in beta
chemokines the corresponding cysteine residues are immediately adjacent (hence the term CC). The
carboxyl (COOH) portion of the molecule tethers the molecule to the extracellular matrix, whilst the amine

(NH,) portion activates the chemokine receptor.
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The action of chemokines is mediated via specific cell surface receptors that are members
of the rhodopsin superfamily of seven transmembrane-spanning G-protein linked
molecules (Kelvin 1993, Luster 1998). The intracellular domain of these receptors acts as
a phosphorylation site for signal transduction. Eight human CC receptors (CCR1 to CCRS)
and four CXC receptors (CXCR1 to CXCR4) have been characterised. The CXCR and
CCR groups are specific for alpha and beta chemokines respectively (table 1.2). However,
within these groups chemokine-receptor interactions are of variable specificity; for
example the CXCR1 and CCR2 receptors are relatively specific for IL-8 and MCP-1
respectively, whilst CCR1 and CXCR2 receptors bind multiple alpha and beta chemokines
respectively. A non-specific ‘promiscuous’ receptor, the Duffy antigen receptor complex
(DARC) is present on red blood cells; this binds all chemokines without known

physiological effect and may act as a ‘sump’ for circulating chemokines (Horuk 1993).

Immobilised chemokine

Rolling
Firm adhesion
r\ Extravasation
*K
Activated
endothelium
Interstitium Lymphocytes _
follow a hierarchy Proinflammatory
cytokines

of chemokines

00

H

Interstitial cells

Figure 1.3 Illustration of steps involved in leucocyte adhesion. Leucocyte (in this case a lymphocyte, shown
here as large circular nucleated cell) ‘rolls’ on activated endothelial surface and is tethered by selectins. Firm
adhesion is then effected by integrin molecules which are ‘triggered’ by chemokines (shown here as small
black circles) bound to the endothelium. The lymphocyte then migrates towards the interstitium along a
gradient of chemokines, and the presence of cytokines (shown here as larger pale circles) will then help

induce its effector functions. (Reproduced with kind permission of Professor Adams)
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CHEMOKINE TARGET CELLS BIOLOGICAL ACTION IN VITRO

o chemokines: containing ELR sequence

IL-8 Neutrophils Chemotaxis, superoxide / granule release
T cells, NK cells Chemotaxis
Basophils Chemotaxis, histamine release
Endothelial cells Angiogenesis

GRO a.B,y Neutrophils Chemotaxis, adhesion, activation
Endothelial cells Angiogenesis

a chemokines: not containing ELR sequence

IP-10 T cells, NK cells Chemotaxis, adhesion, cytolysis
Endothelial cells Inhibits angiogenesis
MIG T cells, NK cells Chemotaxis, adhesion, cytolysis
B chemokines
MCP-1 Monocytes Chemotaxis, adhesion, superoxide release
T-cells Chemotaxis
Mast cells / basophils Chemotaxis, histamine release
Stem cells Inhibits colony formation
MIP-1a Monocytes Chemotaxis
T-cells Chemotaxis, tumour cytotoxicity
B cells Chemotaxis
Mast cells/ Basophils Chemotaxis, histamine release
Eosinophils Chemotaxis, cationic protein release
RANTES Monocytes Chemotaxis
T-cells Chemotaxis, adhesion
Eosinophils Chemotaxis, cationic protein release
Basophils Chemotaxis, histamine release

Table 1.1 Selected chemokines: Target cells and actions. Abbreviations: ELR, glutamine-leucine-arginine;
IL, interleukin; GRO, growth-related oncogene, IP-10, interferon-inducible protein of 10kD; MCP,
monocyte chemoattractant protein; MIG, monokine induced by interferon-y; MIP, macrophage
inflammatory protein; RANTES, regulated upon activation normal T-cell expressed and secreted.
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Receptor Chemokine

CXCRI1 IL-8

CXCR2 IL-8, GRO-a

CXCR3 IP-10

CXCR4 SDF (stromal cell-derived factor)
CCR1 RANTES, MIP-1a, MCP-2,3
CCR2 MCP-1,2,3,4

CCR3 Eotaxin, RANTES, MCP-2,3,4
CCR4 RANTES, MCP-1, MIP-1a,
CCRS MIP-1a, MIP-1B, RANTES

Table 1.2 Some chemokine receptors and their corresponding ligands

Chemokines and Leucocyte Recruitment

Recruitment of leucocytes to sites of tissue inflammation is critically dependent upon
interactions between the leucocytes and vascular endothelium. Firstly, ‘rolling’ of
leucocytes is induced by the presence of tethering molecules (principally selectins),
protruding into the vascular lumen from the endothelial surface. Secondly, chemokines
present on the endothelium may engage and activate the corresponding leucocyte
chemokine receptors. This induces conformational change in integrin adhesion molecules
and triggers ‘strong adhesion’ of leucocytes by binding of integrins their counter-receptors
such as the intercellular and vascular cell adhesion molecules (ICAM and VCAM
respectively) expressed on endothelial cells (Shimizu 1992). Examples of this process
include the role of IL-8 in promoting binding between the integrin leucocyte function
associated antigen-1 (LFA-1) on neutrophils with its counter-receptor intercellular
adhesion molecule-1 (ICAM-1) on endothelial cells (Kuijpers 1992, Baggiolini 1994).
Similarly, macrophage inflammatory protein-1 beta (MIP-1B) promotes T-cell adhesion
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via interactions between LFA-1 and ICAM-1 and between the integrin very late antigen-4
(VLA-4) and vascular cell adhesion molecule-1 (VCAM-1) (Taub 1993, Tanaka 1993).

In addition to promotion of strong adhesion, chemokines induce rapid cytoskeletal changes
that facilitate migration of leucocytes into the subendothelial stroma. The leucocyte may
then undergo a sequence of adhesion-detachment steps influenced by local chemotactic
factors, which together with rapid cytoskeletal changes allow it to traverse a concentration
gradient of chemokine immobilised within the extracellular matrix; this process is known
as haptotaxis (Springer 1994). The effects of chemokines in recruiting leucocytes are
localised by their binding to proteoglycans in the endothelial glycocalyx, and, following
migration of leucocytes, retention is promoted by chemokines bound to extracellular
matrix. These mechanisms promote the concentration and retention of leucocytes at the
site of chemokine secretion, which would corresponding to the site of tissue injury (Ebnet
1996). These steps are summarised earlier in figure 1.3

The composition of the leucocytic infiltrate at sites of inflammation will be determined by
a number of complementary factors which will include the local chemokine composition
in addition to the adhesion molecules expressed on leucocytes and endothelium, as
discussed above (Springer 1994). The local chemokine composition will determine the
nature of the leucocytic infiltrate by virtue of chemokine receptor specificity; however the
subset-specificity of most chemokines for particular leucocytes is only relative and is
subject to a large degree of overlap due to promiscuity of some of the chemokine receptors
(see table 1.2). Thus there is likely to be a large degree of redundancy within the
chemokine families, which may be advantageous in evolutionary terms, given the essential

role of chemokines in the overall inflammatory response (Strieter 1996).
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Chemokines and Leucocyte Activation

In addition to promoting leucocyte recruitment, chemokines also activate leucocyte
effector functions. For example, IL-8 enhances neutrophil phagocytosis, superoxide
generation and granule release (Baggiolini 1994). Similarly, other leucocyte subsets may
be activated by appropriate chemokines, as shown in table 1.1. This role also extends to
enhancement of lymphocyte proliferation via increased production of IL-2 from activated

T-cells under the influence of MIP-1a. (Taub 1996).

It follows from the discussions above that chemokines, like other cytokines, are likely to
play a central role in most acute and chronic inflammatory diseases; in addition to the
evidence for physiological stimuli for and modes of actions of chemokines that have been
described, evidence is now also accumulating for the role of chemokines in many such
diseases. Roles for beta chemokines have been shown in viral (Cook 1995) and
mycobacterial (Zhang 1995) respiratory infections, in autoimmune diseases such as
rheumatoid arthritis, psoriasis and glomerulonephritis (Furie 1995), allergic disorders such
as asthma (Lukacs 1996), degenerative diseases such as osteoarthritis (Kunkel 1996) and
atherosclerosis (Ross 1993), and in rejection of transplanted organs (Adams 1996). In
some of these examples the role of chemokines will clearly be beneficial whilst in others
such as autoimmune diseases or allergy, their effects will probably be unwanted.
Interestingly it is also now recognised that some viruses such as HIV encode chemokine-
like proteins that may engage chemokine receptors, leading to chemotaxis of leucocytes to
sites of viral replication and thus contributing to the pathogenesis of the viral disease

(Weissman 1997).
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Chemokines in normal and diseased liver

1. Tissue expression

Some studies have recently begun to characterise the expression of chemokines in normal
liver and in inflammatory liver disease. Alpha and beta chemokines can be seen in normal
liver tissue by immunohistochemistry and in-situ hybridisation (Adams 1996). The alpha
chemokine IL-8 is present on leucocytes, vascular endothelium and biliary epithelium,
whilst the beta chemokines MCP-1, MIP-1a and MIP-1§ are restricted to leucocytes and
the vascular endothelium. Synthesis of these proteins appears to take place in leucocytes
and vascular endothelial cells, as judged by the presence of mRNA. The alpha chemokines
IL-8 and GRO-a, and the beta chemokines MCP-1, MIP-1a. and RANTES are all
detectable in normal human liver tissue homogenates (Maltby 1996). These are the
chemokines that have been studied the most in normal liver although there is likely to be
synthesis and expression of other chemokines within the liver in view of the wide range of
chemokines that have been discovered. The expression of chemokines in normal liver is
presumably responsible for leucocyte trafficking that occurs in normal health.

In carbon tetrachloride-induced toxic liver injury in rodents there is increased expression
of MCP-1 (Czaja 1994), and in rodent alcoholic liver injury there is increased expression
of MIP-2 (Bautista 1997). In alcoholic hepatitis and other inflammatory liver diseases in
humans there is evidence for increased expression of the alpha chemokines IL-8 and GRO-
o and the beta chemokine RANTES,; studies on tissue homogenates show that expression
of these chemokines correlates with clinical and biochemical indicators of disease severity
and histological degree of leucocyte infiltration (Sheron 1993, Maltby 1996). There is also
evidence for increased expression of MCP-1, correlating closely with monocyte infiltration
in chronic viral liver disease (Marra 1998) and recently there has been demonstration of
increased expression of the lymphocyte chemokines Mig and IP-10 in hepatitis C cirrhosis
(Shields 1999). Together these studies suggest that a range of chemokines are likely to be

expressed in alcoholic and other inflammatory liver diseases in humans.
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2. Circulating levels

The chemokines IL-8, MCP-1 and MCP-2 are detectable in the circulation in healthy
subjects (Hill 1993, Bossink 1995). Several groups have found raised circulating levels of
IL-8 in alcoholic liver disease, with serum levels reflecting the degree of active
inflammation (Sheron 1993, Hill 1993, Masumoto 1993). Serum levels correlate with
other laboratory indicators of disease severity such as serum bilirubin, creatinine,
prothrombin time, peripheral white blood cell count, tumour necrosis factor and soluble
tumour necrosis factor receptor (Sheron 1993), whilst the serum levels of IL-8 in alcoholic
hepatitis slowly fall over a period of months following recovery from the acute illness
(Masumoto 1993, Hill 1993). Subjects with alcohol dependency but without overt liver
disease also have raised levels, and interestingly IL-8 levels have been shown to rise in the
period following hospitalisation for detoxification (Masumoto 1993). There have
previously been no published studies concerning circulating levels of beta chemokines in
alcoholic liver disease, although levels of MCP-1 and MCP-2 are elevated in sepsis in
humans (Bossink 1995). The source of circulating chemokines has not been defined in
these studies but presumably results in part from release from circulating and/or tissue-
bound mononuclear cells. In alcoholic liver disease this may reflect activation within the
liver but may also result from the increased circulating levels of endotoxin that

characterise alcoholic liver disease (Bode 1987).

Cellular Sources of Chemokines Within the Liver

The hepatocyte is the main target of cellular damage from reactive intermediaries in
alcoholic and other toxic liver injury; however, evidence from in situ hybridisation studies
and in vitro experiments with cultured liver cell isolates suggests that, whilst hepatocytes
may produce chemokines, other ‘non-parenchymal’ cells are the principal sources of
chemokines (and other cytokines) during hepatic inflammation (see below). These
observations have been largely based on studies with rat hepatocytes, although studies in

humans including in situ hybridisation suggest that similar mechanisms operate.
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Several liver cell constituents have been shown to produce chemokines under appropriate
conditions, including primary hepatocytes (Shiratori 1993, Maher 1995), sinusoidal lining
cells (McNab 1996), biliary epithelial cells (Morland 1997), Kupffer cells (Maher 1995,
Bautista 1995), and stellate (fat-storing or Ito) cells (Marra 1993, Czaja 1994). Kupffer and
stellate cells are probably the most important sources during hepatic inflammation.
Kupffer cells have been shown to be potent sources of TNF-a, transforming growth factor-
B (TGF-B) and chemotactic intermediaries after experimental liver injury and in alcohol-
fed rats (Armendariz-Barunda 1990, Maher 1995, Bautista 1997). Stellate cells were
shown to be the principal source of MCP-1 after carbon tetrachloride-induced liver injury
in rats (Czaja 1994). In contrast, sinusoidal lining cells were more potent sources of
interleukin-8 compared to Kupffer cells and primary hepatocytes in cultured rat cells
(Ohkubo 1998). Is likely that interaction between different liver cell constituents is

important in enhancing production of chemokines (Maher 1995, Zickus 1998).
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Chemokines and Alcoholic Liver Disease

The mechanisms governing the orchestration and release of chemotactic factors from
hepatocytes and the surrounding non-parenchymal cells in inflammatory liver diseases
remain poorly defined. In alcoholic liver disease, expression of chemokines may be
expected to occur as a direct consequence of ethanol or its metabolites, since, like other
cytokines, chemokine expression is redox-sensitive (Marui 1993, Schreck 1991) and may
thus be up-regulated in response to the the oxidative stress resulting from alcohol
metabolism (Bachem 1992, Marra 1993). In practice, however, most workers have found
that in vitro ethanol directly down-regulates chemokine secretion in the same way that it
down-regulates cytokine secretion (Nelson 1989, Maher 1995). Thus the dynamics of
ethanol-induced redox alteration and consequent stimulation of cytokine or chemokine
secretion remain poorly understood. However, as described earlier, Kupffer cells are
potent sources of chemokines and one possible mechanism is that the presence of
acetaldehyde or hydroxyethyl-modified proteins on the membrane of hepatocytes may, in
the presence of other co-stimulatory factors, engage Kupffer cells and trigger an immune
reaction that could lead indirectly to release of chemokines and other cytokines. This
might also lead to T-cell activation if a subset of memory T-cells were able to recognise
altered proteins presented from Kupffer or dendritic cells, and studies in mice have
suggested a possible model for this mechanism (Willis 1997). A further possible trigger
for the release of chemokines from Kupffer cells may be the presence of increased
circulating lipopolysaccharide resulting from enhanced gut permeability induced by
alcohol (Persson 1991, Bautista 1997). However, the duration of this enhanced gut

permeability is not known and it may be only a transient consequence of alcohol.

As discussed earlier, hepatic stellate cells are also a potent source of chemokines in
inflammatory liver disease and the stimuli for release of chemokines from stellate cells
may be similar to those operating for Kupffer cells, although stellate cells are not antigen
presenting cells. It thus seems more likely that induction of chemokine secretion from
these cells will result from soluble factors derived from either primary hepatocytes or

Kupffer cells, along with perhaps a direct effect of ethanol-induced altered redox state.
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Summary

Alcoholic liver disease is characterised by activation of the immune system including
infiltration of the liver with leucocytes, and this is probably results directly or indirectly
from the presence of reactive ethanol metabolites. Chemokines are of profound importance
in regulating leucocyte recruitment and activation in inflammatory diseases. It is therefore
likely that chemokine expression will play a crucial role in the pathogenesis of alcoholic

liver disease.

Hypothesis

Chemokine expression is increased in alcoholic liver disease and the patterns of
chemokine expression determine the inflammatory response to alcohol in this disease.
Furthermore, intrinsic or extrinsic factors (other than alcohol) that influence chemokine

expression may alter the risk of and natural history of alcoholic liver disease.

Aims of this Thesis

e To characterise the expression of alpha and beta chemokines in alcoholic liver disease.

e To determine the cellular source of chemokines within the liver.

e To measure circulating levels of the beta chemokines MCP-1 and MIP-1a in relation
to disease severity in alcoholic liver disease.

e To investigate directly the role of alcohol upon chemokine secretion.

e To investigate a possible role for pentoxifylline, an immunomodulatory agent, in
alcoholic liver disease.

e To investigate the possibility that genetic variation in the immune response may

influence risk of developing alcoholic liver disease.
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Chapter 2

Hepatic Chemokine Expression in

Alcoholic Liver Disease
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INTRODUCTION

The development of alcohol-induced liver injury is likely to be determined, in part, by the
immunological/inflammatory response that alcohol stimulates (Paronetto 1992). Alcoholic
hepatitis is characterised by the presence of neutrophils amongst leucocytes infiltrating the
hepatic parenchyma, whereas in alcoholic cirrhosis the leucocytic infiltration is with
mononuclear cells only (International Group 1981). Although alcoholic hepatitis is
frequently associated with cirrhosis, it can present as a distinct clinical syndrome that, in
its most extreme form, causes liver failure and has a high mortality (Maddrey 1987).
Whilst the reasons for these different responses to alcohol are not known, factors that
regulate leucocyte recruitment to the liver will be crucial in determining whether patients
develop acute inflammation, hepatocyte damage and alcoholic hepatitis or a chronic
response with cirrhosis. Chemokines play an integral role in determining the nature of the
leucocyte recruitment to sites of tissue injury. Thus the composition, distribution and
duration of an inflammatory infiltrate in alcoholic liver disease are likely to depend to
some extent upon the combination of chemokines present in the local microenvironment
(Adams 1997).

It has been suggested that alpha chemokines are important in the recruitment of
neutrophils in alcoholic hepatitis because circulating and tissue levels of IL-8 and GROq,
are elevated in acute alcoholic hepatitis (Hill 1993, Maltby 1996) and some of the
histological features of alcoholic hepatitis can be reproduced in rats by transfecting
hepatocytes in vivo with an IL-8 gene vector (Maher 1996). These studies focussed upon
the role of alpha chemokines, but the expression of the beta chemokines may be equally
important as these are potent chemotactic factors for monocytes and lymphocytes, and
likely to be involved in establishing the chronic inflammatory response to alcohol.
Furthermore, little is known about either the local distribution of chemokines or the cells
responsible for their synthesis in alcoholic liver disease. It is against this background that
we investigated the expression of four chemokines MCP-1, MIP1-a, MIP-13 and IL-8 in
patients with alcoholic liver disease. The aim of this study was determine whether
chemokine expression is increased in alcoholic liver disease, and whether particular

patterns of chemokine expression reflect the different manifestations of the disease.
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METHODS

Patients
(a) Patients with histologically proven alcoholic hepatitis, who had undergone transjugular
liver biopsy (N=6). Surplus biopsy material was used for this study after informed consent
had been obtained from each patient. All patients had clinically severe alcoholic hepatitis
and a discriminant function value > 32 (Maddrey 1978; see page 44). Four of the six
patients had histological features of cirrhosis in addition to alcoholic hepatitis and the
remaining 2 patients had mild-moderate fibrosis.
(b) Patients undergoing liver transplantation for end stage liver failure due to alcoholic
cirrhosis (N=10). Material from the hepatectomy specimen was used for the study; all
hepatectomy specimens had characteristic histological features of cirrhosis and six of these
had additional features consistent with an alcoholic aetiology (i.e. Mallory’s hyaline and /
or ballooning degeneration of hepatocytes).
(c) Previously healthy organ donors whose liver was being used for transplant purposes
=6). Tissue was obtained from surgical liver reduction where the liver was being used
for paediatric transplantation. Liver disease in the donor liver was excluded biochemically

and histologically.

Specimen processing
Tissue specimens were divided and either snap frozen in liquid nitrogen for
immunohistochemistry, or fixed in 4% paraformaldehyde and prepared for in situ

hybridisation as described in appendix 3. Specimens were stored at -70°C prior to analysis.

Immunohistochemistry

Immunohistochemistry was performed on snap frozen tissues as described previously by
Adams (1991) and summarised in appendix 1, using polyclonal rabbit antibodies specific
for IL-8, MIP-1a,, MIP-1B3, MCP-1 and TNF-a, and a monoclonal antihuman fibroblast

antibody. In 3 patients with alcoholic hepatitis, 2 with cirrhosis and 2 normal donor livers,
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dual staining was carried out with antibodies to TNF-ao as well as anti-chemokine

antibodies.

Localisation of chemokine mRNA by in situ hybridisation
In situ mRNA hybridisation was done using paraformaldehyde fixed tissue as described

previously by our laboratory (Adams 1996), and summarised in appendix 2.

Histological assessment and scoring

Sections were assessed blind using a semi-quantitative system that our laboratory had
previously validated by confocal microscopy (Adams 1989). Staining was scored
according to intensity and distribution on a five-point scale from negative to ++++, where
negative = no staining or positive hybridisation relative to control sections, + = weak
positivity, and ++++ = maximum positivity. The following structures were assessed:
Portal vessels (hepatic arterioles and portal venules); hepatic venules; sinusoidal cells
(Kupffer cells and sinusoidal endothelium); bile ducts, hepatocytes and infiltrating

leucocytes.
Measurement of chemokine mRNA by RNAse protection assays

Quantitative assessment of chemokine mRNA for MIP-1a and 3 was carried out using an

RNAase protection assay summarised in appendix 3.
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RESULTS

Chemokine expression in non-diseased liver

Immunohistochemistry demonstrated that MIP-1c,, MIP-13, MCP-1 and IL-8 chemokine
protein was present in non-diseased liver tissue. Staining was weak and confined to the
vascular endothelium, sub endothelial stroma and occasional inflammatory cells (figures
2.1a and 2.1b and table 2.1), whilst hepatocytes were negative. In situ hybridisation
localised chemokine mRNA to occasional inflammatory cells and areas surrounding the
vascular endothelium, indicating that low level chemokine gene transcription was

occurring even in the absence of active inflammation (figures 2.1c and 2.1d and table 2.1).

Chemokine protein and mRNA expression in alcoholic liver disease

Alcoholic hepatitis: All four chemokine proteins examined were detected in ballooned
hepatocytes at sites of active inflammation in severe alcoholic hepatitis. Variable staining
ranging from moderate to intense was also observed in vascular and sinusoidal
endothelium, intrahepatic bile ducts and inflammatory cells (figure 2.2a and table 2.1). In
situ hybridisation demonstrated greatly increased chemokine transcription in areas of
inflammation, where positivity could be seen in inflammatory cells, vascular endothelium
and sinusoidal lining cells, particularly in areas of pericellular fibrosis (figure 2.2c and
table 2.1). Intrahepatic bile ducts did not show evidence of chemokine transcription. The
cellular distribution of chemokine mRNA was similar for all chemokines and was
associated with areas of active fibrosis as determined by immunohistochemical staining for
fibroblasts (figures 2.2¢ and 2.2f).

Alcoholic cirrhosis: Chemokine proteins were detected in alcoholic cirrhosis without
active hepatitis. All chemokines were detected in inflammatory cells, intrahepatic bile
ducts, vascular endothelium and, in particular, within fibrous septa. Unlike alcoholic
hepatitis, no chemokine protein was detected in either hepatocytes or sinusoids (figure
2.2b and table 2.1). mRNA for each of the chemokines studied was present throughout the
fibrous septa, with MCP-1 and IL-8 transcripts also detected in vascular endothelium and

vessel walls (table 2.1). As with alcoholic hepatitis, mRNA expression was strongly
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associated with the presence of fibroblasts, particularly at the interface of septa and

adjacent liver (figure 2.2f).

Expression of chemokine and TNF-a in alcoholic liver disease

In normal liver TNF—a protein was restricted to vascular endothelium, occasional
inflammatory cells and sinusoidal lining cells, and staining was generally weak. In
alcoholic cirrhosis a similar pattern was observed but the staining was stronger. In
alcoholic hepatitis there was strong staining in vascular endothelium, sinusoidal lining
cells and intense staining associated with inflammatory infiltrates in the parenchyma
(figures 2.3a and 2.3b). Dual staining revealed co-localisation of chemokines and TNF-a

to areas of active inflammation (figures 2.3c and 2.3d).

Detection of chemokine mRNA by RNAse protection assays

The RNAse protection assay confirmed that chemokines were present in normal and
diseased tissue. Expression was low in normal tissue. In cirrhosis, MIP-1f3 was modestly
increased although increase in MIP-1a. was less convincing, whilst in alcoholic hepatitis
expression of both MIP-1a and MIP-1f was increased at least 2-3 fold. These data are

summarised in figure 2.4.
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Figure 2.1 Localisation of chemokine protein and mRNA in non-inflamed liver tissue from organ donors.

MCP 1 (panel A) and IL-8 (panel B) chemokine proteins were detected by immunohistochemistry in normal
human liver tissue in portal veins (marked PV), hepatic arterioles (HA) and occasional inflammatory cells.
Panels C and D show MCP 1 and IL-8 mRNA expression respectively in normal tissue. Positive

hybridisation was confined to perivascular areas (portal tracts and central vein).
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Figure 2.2 Chemokine protein and mRNA expression in alcoholic hepatitis and alcoholic cirrhosis.

The left-hand panels (ax.e) show alcoholic hepatitis and the right hand panels (b.d.f) show alcoholic
cirrhosis for direct comparison. Panel (a) and (b) show iminunohistochemical staining for IL-8 chemokine
protein. In alcoholic hepatitis (a) there is strong staining in hepatocytes (marked h) and inflammatory cells
(marked ic) whereas in alcoholic cirrhosis (b) staining is confined to portal tract endothelium (marked cn),
intrahepatic bile ducts (marked bd) and inflammatory cells (marked ic) in portal tracts and peri-septal
areas. Panels (¢) and (d) show IL-8 and MIP-If) mRNA localisation (representative results, other
chemokines were similar). In alcoholic hepatitis mRNA is expressed in portal tracts and sinusoidal cells
(marked sc) within the parenchyma whereas in alcoholic cirrhosis expression is confined to portal tracts
(marked pt) and septal areas. Panels (e) and (0 show iminunohistochemical staining for fibroblasts in

patients with alcoholic hepatitis (¢) and alcoholic cirrhosis (0 respectively.
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Figure 2.3 Iniinunolocalisalion of TNF-a and chemokine protein in alcoholic hepatitis.

Panel (a) shows immunolocalisation of TNF-a using an alkaline phosphatase/fast red substrate in a patient
with alcoholic hepatitis and cirrhosis demonstrating positive staining in vascular endothelium (marked en)
and areas of inflammation in periseptal regions and within Kupffer cells in hepatic sinusoids in areas of
stcatohcpatitis (marked Kke). Panel (b) shows immunolocalisation of the chemokine MIP-Ifl using a
horseradish pcroxidasc/DAB substrate in severe alcoholic hepatitis. There is strong expression of
chemokine protein in ballooned hepatocytes (marked h). Panels (¢) and (d) show dual immunostaining for
TNF-a (red/pink stain) and MIP-la (widespread parenchymal brown stain) confirming that both cytokines

are present in areas of inflammation and tissue damage.
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Figure 2.4 RNAase protection gel showing MIP-la and 3 mRNA expression in normal, alcoholic hepatitis

and alcoholic cirrhosis tissue extracts respectively.

Gel track 1-9: M IP-la and (3actin (protected fragment sizes 307 and 273 bases respectively) Gel track 10-

18: MIP-113 and P-actin (protected fragment sizes 331 and 273 bases respectively)

<307b

Control non hybridised MIP-la and P-actin probe mixture.

Probes hybridised with RNA from normal non inflamed liver tissue.
Control probe cocktail pre-digested with RNAse.

Control non-hybridised M IP-la and P-actin probe mixture.

Probes hybridised with RNA from severe alcoholic hepatitis.

Probes hybridised with RNA from end stage alcoholic cirrhosis.

Control MIP-ip and P-actin probe cocktail predigested with RNAse.

Control non-hybridised MIP-1 P and P actin probe mixture.

Probes hybridised with RNA from normal non inflamed liver tissue.
Control non-hybridised MIP-1 P and P actin probe mixture.

Probes hybridised with RNA from severe alcoholic hepatitis.

Probes hybridised with RNA from end stage alcoholic cirrhosis.
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Protein mRNA

Chemokine Distribution Normal Alchep Alccirr Normal Alchep Alccirr
MIP-1a inflam.cells +/++ +H+ ++ + +H+ -
sinusoidal cells - +— - - +++ -
biliary epithelium - +++ =+ - - -
vasc. endothelium  +/++ +H+ +H+ - +++ -
hepatocytes - ++ - - - -
fibrous septa np +i+ ++ np +++ +++
MIP-1 inflam.cells +/H4+ +H+ ++ + =+ -
sinusoidal cells - ++ - - ++ -
biliary epithelium - +H+ ++ - - -
vasc. endothelium  +/++ ++ +H+ - ++ -
hepatocytes - ++ - - - -
fibrous septa np ++ +++ np +H+ ++
MCP 1 inflam.cells +++ ++ +H+ + + -
sinusoidal cells - + - - +H+ -
biliary epithelium - ++ ++ - - -
vasc. endothelium  +/++ ++ +H+ ++ ++ ++
hepatocytes - +H+ - - - -
fibrous septa np ++ +++ np ++ +HH+
IL8 inflam.cells +/- +H+ ++ + +H+ -
sinusoidal cells + ++ +/- - ++ -
biliary epithelium  +/- + +/- - - -
vasc. endothelium  ++ -+ + ++ ++ +H
hepatocytes +/- ++ - - - -
fibrous septa np ++ +/- np +++ ++
TNF-a inflam.cells +/- ++ ++
sinusoidal cells +/- ++ ++
biliary epithelium - + +/-
vasc. endothelium +/- ++ ++
hepatocytes - + -
fibrous septa - + +

Table 2.1 Chemokine protein and mRNA expression in normal liver, alcoholic hepatitis and alcoholic
cirrthosis (TNF-a expression is also summarised for comparison). Sections were scored according to

standard criteria (see methods). np = not present.
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DISCUSSION

The findings of this study suggest that locally secreted chemokines are important factors in
determining the nature and distribution of the inflammatory response to alcohol.
Chemokines expressed in the sinusoids in alcoholic hepatitis would promote the
recruitment of neutrophils, monocytes and lymphocytes to the parenchyma, whereas
chemokines expressed in portal areas and fibrous septa during chronic inflammatory
responses of alcoholic cirrhosis would promote recruitment of inflammatory cells at that
location. Our findings also suggest that the presence of chemokine protein alone is
insufficient for leucocyte recruitment in vivo because IL-8, which acts predominantly on
neutrophils, was detected in normal liver and in alcoholic cirrhosis in the absence of a
neutrophil infiltrate. This may indicate that insufficient IL-8 was present for detectable
neutrophil infiltration but also suggests that other factors in addition to chemokines are
probably required for leucocyte migration into tissues, including sufficient expression of

particular endothelial adhesion molecules (Burra 1992, Adams 1994a).

Chemokine mRNA was expressed not only by infiltrating leucocytes but also by liver
endothelium and sinusoidal cells, implying that the liver itself is involved in the regulation
of leukocyte recruitment in alcohol induced liver injury. Many cell types have been shown
to produce MCP-1 and IL-8 when stimulated in vitro including biliary epithelial cells,
hepatocytes and sinusoidal endothelium, and these cells may all contribute to the local
levels of chemokines within the liver (McNab 1996, Morland 1997). In severe alcoholic
hepatitis, but not cirrhosis, IL-8 mRNA was expressed strongly throughout the sinusoids
and lobular regions in both inflammatory and sinusoidal cells. Other studies have also
shown that hepatocytes secrete chemotactic factors in response to alcohol and its
metabolites, implying a central role for hepatocyte derived factors in generating the
inflammatory response of alcoholic hepatitis (Maher 1995). The contribution made by
hepatocytes to chemokine synthesis in humans is not known but our results suggest they
contribute relatively little because, despite the presence of all four chemokine proteins in
ballooned hepatocytes, no chemokine mRNA was detected. This finding suggests that

hepatocytes take up or sequester chemokines synthesised and secreted by other cell types,
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a process that could increase the local concentration of chemokines in the parenchyma in
alcoholic hepatitis. A similar process for chemokine sequestration in endothelial cells has
been proposed and confirmed; the the binding of chemokine glycosaminoglycan-binding
sites to proteoglycans in the endothelial glycocalyx followed by endothelial intracellular
sequestration allows chemokines to be retained at sites of inflammation in vivo (Tanaka
1993, Witt 1994 , Middleton 1997). This mechanism could help explain why we detected
MIP-1la and MIP-18 chemokine protein on vascular endothelium in the absence of

detectable mRNA.

Activated stellate cells or fibroblasts may be particularly important contributors to
chemokine secretion in alcoholic liver disease because we found a striking co-localisation
of chemokine mRNA with the distribution of fibroblasts in both alcoholic cirrhosis and
alcoholic hepatitis. Smith and co-workers have proposed a role for chemokines in
fibrogenesis based on their observations that the administration of antibodies to MIP-1a
decreases cellular infiltration and fibrosis in an animal model of interstitial lung fibrosis
(Smith 1995). Fibrogenesis involves complex interactions between leucocytes, fibroblasts
and sinusoidal cells and chemokines are likely to play a central role in this process by
recruiting and maintaining inflammatory cells at sites of active fibrosis (Adams 1994b,
Marra 1998).

In normal tissue, all four chemokine proteins were detected on endothelium and in
inflammatory cells around blood vessels. These observations suggest that low level
chemokine secretion occurs in normal liver and could be important for the regulation of
leukocyte recruitment during physiological immune surveillance. Alternatively, because
the “normal” liver came from organ donors who probably had an acute systemic
inflammatory response by the nature of their illness, it is possible that the expression of
chemokines in these patients reflected the presence of cytokines (and possibly endotoxin)
in the portal blood. In normal liver IL-8 and MCP-1 mRNA were detected in vascular but
not sinusoidal endothelium. Previous studies have reported differences in adhesion
molecules between sinusoidal and vascular endothelium (Steinhoff 1993) and the
observations reported here provide further evidence that sinusoidal endothelium differs

from portal and hepatic vascular endothelium.

38



Because in situ hybridisation cannot quantify mRNA, we used RNAase protection assays
to provide a semi-quantitative assessment of chemokine mRNA. Chemokine mRNA was
markedly elevated in alcoholic hepatitis compared with cirrhosis, consistent with the
increased inflammatory damage in alcoholic hepatitis. It has been proposed that increased
production of TNF-a stimulates the inflammatory response in alcoholic hepatitis and
TNF-a is a potent stimulus for chemokine release from several cell types in vitro including
Kupffer cells and human biliary epithelial cells (Morland 1997, Ohkubo 1998). Although
increased secretion of TNF-a by blood monocytes has been reported in alcoholic hepatitis,
the cellular origin of TNF-a within the liver is not known (McClain 1993). We
demonstrated co-localisation of chemokine and TNF-a proteins in areas of inflammation
in alcoholic hepatitis suggesting the existence of a paracrine network in which TNF-a.,
produced by inflammatory cells, stimulates local secretion of chemokines in alcoholic

hepatitis.

The findings of our study imply that leucocyte recruitment to the parenchyma and portal
tracts are controlled by different mechanisms. The expression of MCP-1 on portal vascular
endothelium could promote the influx of monocytes and lymphocytes into portal tracts,
which, in the presence of other appropriate stimuli, activate fibrogenesis. In contrast,
infiltration of the parenchyma, which is seen in alcoholic hepatitis, requires a more potent
inflammatory stimulus to induce chemokine secretion from sinusoidal cells. This could be
provided by high local levels of TNF-a (and possibly other pro-inflammatory cytokines)
but may also result from the effect of alcohol and/ or its metabolites directly. Studies

illustrated later in this thesis will examine this phenomenon further.

39



Chapter 3

Serum Levels and Peripheral Secretion of
the Beta-Chemokines MCP-1 and MIP-1a

in Alcoholic Liver Disease
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INTRODUCTION

The studies illustrated in chapter 2, along with those of other workers, showed that
chemokine expression correlates with clinical disease severity and histological
inflammatory activity within the liver in alcoholic and other inflammatory liver diseases
(Maltby 1996, Marra 1998). Although chemokines are localised to sites of inflammation
by binding to proteoglycans in the glycocalyx (Tanaka 1993) they can also be detected in
the circulation, and serum levels of interleukin-8 (IL-8), the prototype alpha chemokine,
correlate closely with clinical, histological and laboratory indicators of severity in
alcoholic hepatitis (Hill 1993, Masumoto 1993, Sheron 1993, Huang 1996). However,
alcoholic hepatitis and active cirrhosis are also associated with a marked mononuclear cell
infiltrate including mononcytes and lymphocytes and the studies illustrated in chapter 2
showed that hepatic expression of the beta chemokines MCP-1, MIP-1a. and MIP-1f3
correlates with intensity of infiltration with these mononuclear cells in alcoholic liver
disease. Serum levels of beta chemokines have not been studied in inflammatory liver
diseases, although MCP-1 levels are elevated in human sepsis (Bossink 1995). For these
reasons we studied circulating levels and peripheral secretion of MCP-1 and MIP-1a in
alcoholic liver disease. The aims of this study were to determine (a) whether levels of
chemokines in the peripheral circulation reflect disease activity and (b) whether
chemokine secretion is restricted to the liver or is part of a systemic inflammatory

response.
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PATIENTS AND METHODS

Patients

We studied 51 patients with biopsy-proven alcoholic liver disease. All patients had
consumed around or more than 80g alcohol daily for more than 10 years and other
potential contributing causes of liver disease had been carefully excluded by
comprehensive clinical, radiological and serological analysis. Patients were managed with
nutritional supplementation but not corticosteroids or other immunosuppressives. Patients
with active sepsis (i.e. microbiologically proven or clinically suspected) or recent
gastrointestinal haemorrhage (i.e. within 5 days) were excluded from the study. Patients
were subdivided using histological criteria into those with severe alcoholic hepatitis
(ballooning hepatocyte degeneration, Mallory’s hyaline and dense leucocytic infiltration
including neutrophils, N=24), mild-moderate alcoholic hepatitis (with ballooning
hepatocyte degeneration and Mallory’s hyaline and absent or light leucocyte infiltration
but no neutrophils, N=15) and inactive cirrhosis (without histological stigmata of alcoholic
hepatitis, N=12). The majority of patients with alcoholic hepatitis (18/24 with severe and
11/15 with mild-moderate hepatitis) also had cirrhosis, and all remaining patients had
fibrosis of at least mild to moderate severity.

In addition to histological features of disease we recorded routine clinical and laboratory
laboratory data for each patient; these are summarised in table 3.1. For comparison we also
studied patients with acute seronegative hepatitis (N=8), fulminant liver failure due to

paracetamol poisoning (N=11), and healthy volunteers (N=12).

Serum sampling

Serum samples obtained from peripheral venous blood were analysed for all subjects.
Some of the patients with alcoholic liver disease and coagulopathy underwent transjugular
biopsy for clinical indications and in these patients we took the opportunity to sample
blood from the hepatic vein. In a further 5 patients with alcoholic liver disease,
transjugular intrahepatic portosystemic shunts (TIPSS) were inserted radiologically for
control of ascites or because of previous problematic variceal haemorrhage; in these

patients we took blood samples from peripheral, hepatic and portal veins. Blood was
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collected into tubes containing clot activator and serum separated within 30 minutes by

centrifugation and stored at -70° C prior to analysis.

Peripheral blood mononuclear cell (PBMC) chemokine secretion

MCP-1 and MIP-1a secretion from cultured PBMC’s was measured in selected patients
with severe alcoholic hepatitis (N=12) and healthy controls (N=12); isolation and culture
of PBMC’s is described in appendix 5. Supernatants were collected by aspiration and

purified by centrifugation, then stored in aliquots at -70° C prior to analysis.

Chemokine measurement

MIP-1a and MCP-1 levels were measured using commercially available enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, Abingdon, UK) according to the
manufacturer’s instructions. For measurement of PBMC secretion of MCP-1 we developed

a customised ELISA which is described in appendix 6.

Analysis for PBMC chemokine mRNA

Chemokine mRNA in peripheral blood leukocytes was determined by in situ hybridisation
of cytospin preparations of PBMC’s isolated as described above. Freshly isolated PBMCs
were resuspended and mounted onto poly-L-lysine coated slides, fixed in 1%
paraformaldehyde and stored at -70° C prior to analysis. Chemokine mRNA hybridisation

was done with a probe for MIP-1a using the technique described in appendix 3.

Statistical analysis. Tests for non-parametric data (Mann Whitney U test, Wilcoxon Rank
Sum and multivariate linear regression) were done using SPSS statistical software. A p
value of <0.05 was considered significant. This study was approved by the Research
Ethics Committee of the University Hospital Birmingham NHS Trust and patients gave

informed consent before participation in the study.
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RESULTS

Serum chemokine levels in alcoholic liver disease

Peripheral vein MCP-1 levels (pg/ml, mean + SD) were higher in alcoholic hepatitis
(severe, 640 + 285; mild 435 + 110) compared to cirrhosis (355 + 105) or healthy controls
(325 + 120) (severe alcoholic hepatitis vs. healthy controls, p<0.01; severe alcoholic
hepatitis vs. inactive cirrhosis, p<0.01; mild alcoholic hepatitis vs. healthy controls,
difference not significant, Mann-Whitney U-test) (figure 3.1a). MCP-1 levels showed
significant positive correlations with serum AST (p<0.01), serum creatinine (p<0.01) and
serum bilirubin (p<0.01), and a significant negative correlation with serum albumin
(»<0.05) (table 3.2). Linear regression analysis showed that serum AST (p<0.01) and
creatinine (p<0.05) were independently associated with MCP-1 levels. There was a non-
significant trend towards higher MCP-1 levels in non-survivors compared to survivors
(mean levels 763 and 565 ng/ml respectively, p=0.12, Mann-Whitney U-test). In the
alcoholic hepatitis group, there was no difference in MCP-1 levels between those with and
those without cirrhosis (mean levels 654 and 678 pg/ml respectively, difference not
significant).

Peripheral vein MIP-1a levels were below the lower limit of detection of the assay (i.e.

<46 pg/ml) in all healthy controls and in all disease patients tested (N=32) except one.

Other disease groups

Serum levels of MCP-1 were also raised in fulminant liver failure due to paracetamol
poisoning (2380 + 1355 pg/ml) and in seronegative hepatitis (1245 + 1425) pg/ml),
confirming that MCP-1 secretion is also a feature of other inflammatory liver disease
(figure 3.1b). In the group with seronegative hepatitis the highest values were recorded in
two patients who developed encephalopathy. MIP-1a levels were below the lower limit of
sensitivity of the assay in all patients with seronegative hepatitis tested (N=8) except one.
However, detectable levels were found in 7/ 11 patients with paracetamol poisoning

(median level 69 pg/ml, range 51-102).
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TABLE 3.1 Summary characteristics of patients with alcoholic liver disease, categorised as severe
alcoholic hepatitis (AH), mild/ moderate AH and quiescent cirrhosis as defined using histological
criteria (see text). Abbreviations: AST = aspartate transaminase; PT = prothrombin time; PSE =
portosystemic encephalopathy (defined where clinically obvious).

Severe AH Mild/ mod AH Cirrhosis
(N=24) (N=15) (N=12)
AST median 64 50 36
(U/L) (range) (21-405) (20-113) (13-61)
Bilirubin median 232 100 54
(mM/L) (range) (45-1050) (14-313) (11-550)
PT median 23 21 19
(secs) (range) (17-43) (14-39) (15-30)
Discriminant median 65.2 40.5 28.4
function ' 2 (range) (29.6-151) (5.6-138) (9.8-111)
PSE 13 4 2
Transplanted 3 2 3 3
Deaths* 10 4 2
Notes

1. After Maddrey (1978), where discriminant function = [(prolongation in PT x 4.6) plus (serum bilirubin /

17)]. A discriminant function of > 32 is indicative of a risk of mortality of at least 50%.

2. Severe AH vs. mild/ mod AH, p <0.05; severe AH vs. quiescent cirrhosis, p <0.05; mild/ mod AH vs.

quiescent cirrhosis, p <0.05 (Mann Whitney U-test).

3. Occurring within 3 months after serum sampling. All deaths were directly related to liver disease.
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Figure 3.1 (a) Serum MCP-1 levels (ng/ml) in patients with severe alcoholic hepatitis (AH) or mild-
moderate AH, inactive alcoholic cirrhosis and controls. Thick horizontal bars represent mean values. Levels
in severe AH were significantly higher than cirrhotics or controls (p<0.01, Mann-Whitney U-test).
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Figure 3.1 (b) Serum MCP-1 levels (ng/ml) in patients with alcoholic liver disease, as for figure 3.1(a),
shown on a larger scale in comparison with patients with paracetamol overdose-induced fulminant liver

failure (POD) and acute seronegative hepatitis (seroneg).
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TABLE 3.2 Correlation of laboratory indices of disease severity with serum MCP-1 levels in patients with
alcoholic liver disease, using Spearman’s rank test. Linear regression analysis identified serum AST
(p<0.01) and creatinine (p<0.05) as significant independent variables. Scatterplots of AST and log creatinine
are shown below.

Laboratory index r value p value
Serum AST +0.47 <0.01
Creatinine ' +0.36 <0.01
Bilirubin ' +0.35 <0.01
Albumin -0.33 <0.05
Prothrombin time increase +0.15 NS
Peripheral leucocyte count +0.18 NS

Note

1. Values transformed logarithmically for statistical analysis
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Peripheral and hepatic vein chemokine levels in alcoholic liver disease

In all the patients with severe alcoholic hepatitis in whom paired hepatic and peripheral
veins samples were available, MCP-1 levels were higher in hepatic compared to peripheral
venous blood (mean values 647 and 600 pg/ml respectively, p<0.01, Wilcoxon rank sum),
whilst in patients with mild to moderate alcoholic hepatitis or inactive cirrhosis the hepatic
and peripheral vein levels were similar (mean values 293 and 301 pg/ml respectively,
difference not significant). In the 5 patients undergoing TIPSS insertion, the highest MCP-
1 levels were found in the hepatic veins, with the lowest levels occurring in the portal
veins (mean levels in the hepatic, peripheral and portal veins were 437, 421 and 402 pg/ml
respectively; hepatic vein vs. portal vein, p=0.07, Wilcoxson rank sum). Hepatic vein
MIP-1a levels were below the lower limit of detection of the assay (as for peripheral vein

levels) in all patients with alcoholic liver disease.
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Figure 3.2
Paired hepatic and peripheral vein (HV and PV) MCP-1 levels (pg/ml) in patients with severe alcoholic

hepatitis (AH) compared with mild/ moderate hepatitis or cirrhosis. For severe AH patients, HV levels were

higher than PV levels (p<0.01, Wilcoxon rank sum).
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PBMC chemokine secretion

Spontaneous secretion of MCP-1 and MIP-1a from cultured PBMC’s was higher in
patients with alcoholic hepatitis compared to healthy controls (figures 3.3a and 3.3b). In
alcoholic hepatitis MCP-1 secretion was 13.13 + 11.34 ng/ml and for controls 5.27 + 4.77
ng/ml (p=0.015, Mann-Whitney U-test); MIP-1a secretion was 1.98 + 1.78 ng/ml in
alcoholic hepatitis and 0.84 + 1.10 ng/ml in controls (p=0.04, Mann-Whitney U-test). For
patients with alcoholic hepatitis there was a significant positive correlation between
PBMC secretion of and serum levels of MCP-1 (r=0.68, p<0.05, Spearman’s rank test),
and between PBMC secretion of MCP-1 and serum AST (r=0.60, p<0.05). However, there
was no significant correlation between PBMC secretion of MIP-1a with MCP-1 secretion

or serum AST.

Identification of chemokine mRNA
In situ hybridisation of PBMC cytospin preparations using the probe for MIP-1ao mRNA
showed positive staining (mainly localised to monocytes) in patients with alcoholic

hepatitis (figure 3.4).
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Figure 3.3 Spontaneous PBMC secretion of (a) MCP-1 and (b) MIP-1a in patients with severe alcoholic
hepatitis (AH) and healthy controls. Thick horizontal bars represent mean values. Chemokine secretion was

higher in both groups compared to controls (p<0.05, Mann-Whitney U-test).
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Figure 3.4 PBMC cytospin preparation hybridised with cDNA for MIP-la chemokine mRNA (A, antisense
probe; B, sense probe). Positive hybridisation is represented by dark granules (arrow), which are seen

mostly in association with monocytes (M) whilst lymphocytes (L) are mostly negative.
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DISCUSSION

The results of this study suggest that secretion of MCP-1 reflects disease activity in
alcoholic liver disease. These findings complement our previous observations of
chemokine up-regulation in the liver in alcoholic liver disease and suggest a role for
chemokines in recruiting mononuclear cells to the liver following alcohol-induced toxic
injury. Previous reports of circulating IL-8 in alcoholic hepatitis emphasised the
importance of neutrophils in the pathogenesis of alcoholic hepatitis. However, whilst a
neutrophilic infiltrate is the characteristic hallmark of alcoholic hepatitis, the inflammatory
infiltrate includes mononuclear cells which play a vital role in inflammation and
fibrogenesis (Marra 1998). Thus beta chemokines such as MCP-1 are likely to play a
central role in mediating these processes in alcoholic liver disease. We were unable to
demonstrate increased serum levels of the beta chemokine MIP-1a in alcoholic liver
disease despite demonstrating enhanced PBMC secretion; it is possible that circulating
levels were increased but below the range detectable by the assay (it is noteworthy that
PBMC MIP-1a secretion was quantitatively around fivefold lower than MCP-1 secretion).

Furthermore, chemokines released into the circulation are likely to be sequestered to some
extent, thus reducing detectable levels, by binding to the Duffy antigen receptor complex.

The findings of significantly higher levels of MCP-1 in acute seronegative hepatitis and
paracetamol-induced fulminant liver failure, and of detectable levels of MIP-1a in the
latter disease, probably reflect the more intense hepatic inflammation in these diseases.
High levels of pro-inflammatory cytokines characterise fulminant liver failure (Sekiyama
1994) and thus high levels of circulating chemokines might also be expected in this

disease. These findings may be deserving of further study in themselves.

The significance of raised circulating levels of MCP-1 remains unclear and whilst this may
simply reflect increased tissue synthesis of MCP-1, circulating MCP-1 may also have
immuno-modulatory effects including increased expression of adhesion molecules on
circulating monocytes and promotion of pro-inflammatory cytokine secretion, thus
amplifying the inflammatory cascade (Jiang 1992). Furthermore, circulating IL-8 has been

shown to enhance neutrophil sequestration into the liver and MCP-1 may play a similar
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role in enhancing hepatic uptake of mononuclear cells (van Zee 1992). However, the
dynamic effects of a sustained increase in circulating chemokines are not clear and it is
possible that persistent ligand occupancy of leucocyte chemokine receptors from
circulating chemokines may actually inhibit transendothelial migration (Gimbrone 1989).

Our finding of a positive correlation between MCP-1 levels and serum creatinine probably
reflects in part the renal excretion of chemokines; by virtue of its relatively small protein
size, some excretion of MCP-1 is likely to occur from the kidneys. Measurable amounts
are present in the urine of most healthy subjects (data given for 37 healthy subjects in
MCP-1 assay handbook, R&D Systems Inc.) and following this study we found high
levels (1.34 and 1.36 ng/ml respectively) in the urine of 2 patients with severe alcoholic
hepatitis (and without renal failure), corresponding to at least twice the upper limit of
normal urinary values. Renal failure is therefore likely to increase circulating MCP-1
levels by a reduction in urinary excretion; however in addition renal failure itself may

promote synthesis of MCP-1 and other cytokines including from intrarenal sources

(Akahoshi 1995, Abdullah 1997),

Increased secretion of MCP-1 from circulating monocytes, and increased MCP-1 levels in
hepatic compared to peripheral (and portal) veins, suggest that MCP-1 synthesis is
increased both peripherally and within the liver respectively in severe alcoholic hepatitis.
Whilst we found hepatic vein levels to be only modestly higher than peripheral levels, this
difference was nevertheless significant and is remarkable in that patients were sampled in
a ‘steady state’ in the absence of any hepatic insult other than the ongoing inflammatory
process. The increase in hepatic vein levels therefore suggests synthesis within the liver.

These observations support a direct role for MCP-1 in disease pathogenesis, presumably
by recruiting and retaining monocytes and activated lymphocytes within the liver in severe
alcoholic hepatitis. The fact that circulating monocytes showed increased spontaneous
secretion of MCP-1 in alcoholic hepatitis suggests that recruitment of these cells into the
liver in response to hepatic MCP-1 would further elevate local levels and act as an
amplifying signal to enhance liver inflammation. The circulating monocytes might have
been activated within the hepatic circulation during transit through the hepatic sinusoids or

directly by soluble circulating factors such as TNF-a or IL-1 (Baggiolini 1994).

53



The stimulus for chemokine production in alcoholic liver disease is not known but is likely
to involve several signals. Proinflammatory cytokines (such as TNF-a and IL-1) and
lipopolysaccharide are potent inducers of MCP-1 and all of these factors have been
reported to be increased in the circulation in alcoholic hepatitis (Khoruts 1991, Bode
1987). The stimulus within the liver might be local TNF-a, the expression of which is
increased in severe alcoholic hepatitis as shown by ourselves and others (Sheron 1993,
McClain 1993), or the direct effects of alcohol metabolites or alcohol-induced reactive
oxygen mediators. Synthesis of the chemokines is likely to occur predominantly from
Kupffer and stellate cells within the liver (Czaja 1994, Armendariz-Borunda 1991). Most
workers have found that alcohol itself is unlikely to act as a direct stimulus since this
normally decreases cytokine or chemokine secretion (Maher 1995) although others have
shown that in vitro rat hepatocytes may secrete homologues of the human chemokines IL-
8 and GRO-a following stimulation with alcohol. Furthermore, toxic alcohol metabolites
may induce a ‘rebound’ increase in cytokine synthesis following withdrawal of alcohol

(Masumoto 1993).

The further evidence we provide of a role for chemokines in the pathogenesis of alcoholic
liver disease has therapeutic implications, particularly in light of observations that
mortality in severe alcoholic hepatitis remains high even after withdrawal of alcohol
(Orrego 1987). If, as we propose, MCP-1 plays a central role in this process then treatment
aimed at preventing MCP-1 secretion or inhibiting its effects might present an opportunity

to alter the clinical course of this devastating disease.
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Chapter 4

Chemokine Uptake by Human Hepatocytes
and the Role of Ethanol and TNF-a
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INTRODUCTION

The studies described in chapter 2 show that several chemokines are expressed in alcoholic
liver disease, with the pattern of chemokine expression reflecting the nature of the
leucocyte infiltrate. Histological assessment of diseased liver tissue showed that the
principal site of chemokine synthesis, as determined by detection of chemokine-specific
mRNA, appears to be within non-parenchymal cells (principally leucocytes and vascular
endothelial cells), whereas the distribution of chemokine protein is more widespread. In
alcoholic hepatitis this is principally within hepatocytes, particularly in areas of ballooning
degeneration. This large discrepancy in distribution of chemokine mRNA and protein
suggests that chemokines are taken up and possibly sequestered by hepatocytes. This may
be relevant to the pathogenesis of alcoholic liver disease. Uptake of chemokines by
epithelial cells has not been well studied previously, although similar mechanisms have
been proposed for endothelial cells (Tanaka 1993, Middleton 1997), and so we examined
this possibility in closer detail by further studies to address the following questions:

(1) Are chemokine proteins taken up by hepatocytes ?

(2) If so then is uptake mediated via specific or non-specific receptors ?

(3) Is chemokine uptake influenced by other soluble factors, in particular alcohol or
cytokines ?

(4) Are the known (high-affinity) chemokine receptors expressed in diseased liver tissue ?
To address these questions we did in vitro studies using cultured hepatocytes and

radiolabelled chemokine protein, and we also used monoclonal chemokine receptor

antibodies to study expression in liver biopsy material and isolated liver cells.
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METHODS

Isolation and culture of hepatocytes and peripheral circulating leucocytes

Primary human hepatocytes were isolated and cultured from normal human liver as
described in appendices 7 and 8. Hep G2 (human hepatoblastoma) cells were cultured as
described in appendix 8. L190 cells, a human liver-derived neoplastic cell line showing
considerable phenotypic similarities with activated stellate cells, were cultured as
described in appendix 8 (Murakami 1995). Peripheral blood mononuclear cells (PBMC’s)

and neutrophils were obtained from healthy donors as described in appendix 5.

Incubation of cells with radiolabelled IL-8 or MIP-1a

1257 4
Todine as

Radiolabelling of recombinant human IL-8 or MIP-la was done with
described in appendix 9. Primary hepatocytes were investigated as follows: cells were
incubated for 16 hours overnight with the usual culture medium or with medium
containing TNF-a (10 ng/ml) or ethanol (100mM, equivalent to 460 ng/dL). After

overnight culture, medium was refreshed with similar medium (i.e. with the corresponding
concentrations of TNF-a or ethanol) but also containing additional 12L_radiolabelled IL-8

or MIP-1a (1x 10° counts/ well) for 4 hours. At the end of this period culture supernatants
were collected and centrifuged to remove cell debris, and the cells remaining in the culture
wells were lysed with non-ionic detergent (Igepal, Sigma, UK). The incorporation of
radiolabelled chemokine into the cell lysate was then calculated by radioactivity counts of
cell lysates and supernatant fractions respectively using a gamma counter. In some cases
the integrity of the chemokine protein in these fractions was determined by SDS-
polyacrylamide gel electorphoresis (SDS-PAGE). Similar experiments were also done
with differing concentrations of ethanol (10mM and 100mM) and with acetaldehyde
(500puM), and with Hep G2 cells, L190 cells and freshly isolated human peripheral blood
leucocytes to examine chemokine uptake and the influence of TNF-a and ethanol.
Experiments examining IL-8 and MIP-1a uptake into human hepatocytes with TNF-a and
ethanol were done in triplicate and on 2 different occasions; other experiments were done

in triplicate on one occasion only.
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Evaluation of binding affinity for IL-8 (Scatchard analysis)

Separate experiments were done to determine whether chemokine uptake was mediated by
high-affinity receptors, using the method described by Scatchard (1949), which
characterises the affinity of cell surface ligand binding. Briefly, hepatocytes were

incubated with increasing concentrations of radiolabelled IL-8 in the presence or absence

of a 1000-fold molar excess of non-labelled IL-8 for one hour at 4° C in hepatocyte culture
medium containing 0.2% sodium azide and 5pg/ml cytochalasin B. Cell pellets and
supernatants were then separated after centrifugation (14,000 rpm for 1 minute) and
freezing for 1 hour with an equal volume of a phthalate oil mixture (3:2 butyl-phthalate/
isocytyl-phthalate oil) following a technique previously described by this laboratory
(Chamba 1991). The specificity and characteristics of binding were determined by analysis
of binding curves, whereupon saturable binding is demonstrated if increasing
concentrations of radiolabelled chemokine do not lead to linear increases in radioactivity

uptake into cell pellets.

Localisation of chemokine receptors using immunohistochemistry and flow cytometry

We did immunohistochemical analysis of liver tissue sections from patients with alcoholic
liver disease to study the high-affinity alpha chemokine receptors CXCR1 and CXCR2
(also known as IL-8RA and IL-8RB respectively) and the beta chemokine receptor CCRS.
The alpha chemokine receptor CXCR1 is relatively specific for IL-8 whilst CXCR2 is
more promiscuous and will bind other alpha chemokines. CCRS is a receptor for MIP-1a.,
MIP-1 and RANTES. The same antibodies were used for flow cytometry analysis with
the addition of the alpha chemokine receptor CXCR3 (receptor for interferon-inducible
protein-10, IP-10). The antibodies used are summarised in appendix 1; the
immunohistochemical and flow cytometric methods are summarised in appendices 2 and
10 respectively. Flow cytometry was done with primary hepatocytes, human biliary
epithelial cells (isolated using a technique established in this laboratory, Joplin 1992) and
L190 cells. These cells were analysed in comparison with ‘positive controls’ consisting of
human lymphocytes (isolated as described in appendix 5 and stimulated by 14-day culture

in the presence of human recombinant IL-2 and phytohaemagglutinin) and freshly isolated
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human neutrophils (appendix 5). To examine for the possibility of induction of chemokine
receptors, primary hepatocytes and L190 cells were also examined with and without pre-
incubation with TNF-a (10 ng/ml), lipopolysaccharide (LPS, 1 ng/ml) ethanol (100 mM)
and acetaldehyde (500 pM), using 1 day’s preincubation for primary hepatocytes and 5
days’ for L190 cells.

Statistical analysis

Results of radioactivity incorporation into cells are expressed as mean +/- standard
deviation for experiments that were done in triplicate and repeated on 2 different
occasions; for other experiments (done in triplicate on one occasion only) results are
expressed as median values. Statistical analysis was done with SPSS software, using the

Wilcoxson Rank Sum test for matched pairs.
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RESULTS

Uptake of radiolabelled chemokine (figures 4.1-4.4)

The uptake of IL-8 and MIP-1a into primary human hepatocytes is summarised in figure
4.1; there was spontaneous uptake of both chemokines after 4 hours’ incubation and this
uptake was enhanced in the presence of ethanol (p=0.25 for IL-8 and p<0.05 for MIP-1a,
Wilcoxson rank sum) or TNF-a (p<0.05 for both chemokines) with further enhancement
of uptake in the presence of both agents combined (p<0.05 for both chemokines, when
compared with control wells). In a separate (single) experiment chemokine uptake into
primary human hepatocytes was greater in the presence of 100mM compared to 10mM
ethanol and was also slightly increased in the presence of 500pM acetaldehyde (figure
4.2). SDS-PAGE of cell lysates suggested that the incorporated radiolabelled chemokine
was intact (figure 4.3). In further experiments we found that Hep G2 cells took up IL-8 to
a similar extent to primary human hepatocytes; these also showed enhanced uptake in the
presence of TNF-a or ethanol. L190 cells and isolated human peripheral leucocytes also
took up chemokines spontaneously but with more variable uptake in the presence of TNF-
a or ethanol (figure 4.4). Incorporation of chemokine under basal conditions appeared to
vary substantially between the different cell types studied and to a certain extent between
different human hepatocyte isolates; this was likely to be at least in part a manifestation of

differing culture density and differing viability percentages for different isolates.
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Uptake

Control Ethanol TNF Ethanol
100mM 10ng/ml + TNF

Figure 4.1 Uptake of radiolabelled IL-8 and MIP-la by primary human hepatocytes and the effect of co-
incubation with TNF-a or ethanol. Results are expressed as a percentage of radioactivity incorporated after
4 hours incubation (mean of 6 measurements + standard deviation, from 2 triplicated experiments). Results
demonstrate spontaneous uptake of radiolabelled chemokine which is enhanced in the presence of TNF-a.

ethanol, or both agents combined (see text for full statistical evaluation).

Uptake

Control Ethanol 10mM Ethanol 100mM Acetaldehyde
0.05mM

Figure 4.2 Uptake of radiolabelled IL-8 and MIP-la by primary human hepatocytes and the effect of co-
incubation with acetaldehyde and differing concentrations of ethanol (results given are the median of 3

measurements from a single triplicated experiment).
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Figure 4.3 Autoradiograph of polyacrylamide gel electrophoretic strip of radiolabelled IL-8. Supernatant
samples have been loaded on the left side and cell lysate pellets on the right side of the gel (3 wells each,
labelled ‘6s’ and ‘6p’ respectively). The predominant signal is from the supernatant samples, whilst a faint
but discrete band is seen for the cell lysate - this has a similar molecular weight to the supernatant band,

suggesting that chemokine protein incorporated into the cell fraction was intact.
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% uptake
o Control
HiEthanol 100mM
HTNF 10ng/ml
HepG2 L190 PBMC's Neutr

Figure 4.4 Uptake of radiolabelled IL-8 by other cell types. Hep G2 = hepatoblastoma cell line; L190 =
neoplastic human cells derived from mesenchymal liver tumour and with phenotype similar to activated
stellate cells; PBMC’s = freshly isolated human peripheral blood mononuclear cells; Neutr. = freshly

isolated human peripheral neutrophils (results given are median of 3 measurements from a single triplicated

experiment).
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Analysis of binding affinity

Scatchard binding curve analysis of radiolabelled IL-8 uptake into primary human
hepatocytes over a range of concentrations suggested that most of the uptake was not
mediated by high-affinity receptors, since uptake was not significantly diminished in the
presence of a 1000-fold molar excess of non-labelled IL-8 (figure 4.5). Thus uptake was

probably predominantly mediated by either non-specific (‘scavenger’) receptors or by

passive diffusion.
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Figure 4.5 Competitive IL-8 uptake assay (Scatchard analysis); graph showing IL-8 uptake over a range of
concentrations with and without ‘cold’ (non-radiolabelled) IL-8. Uptake was not significantly altered by the
addition of a 1000-fold molar excess of ‘cold’ IL-8, suggesting that most of the binding was non-receptor

mediated.
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Immunolocalisation of chemokine receptors in human liver tissue (table 4.1 & figure 4.6)

Staining for both alpha and beta chemokine receptors was weak in normal liver tissue.
CXCRI1 staining was modestly enhanced in alcoholic hepatitis, mainly in areas of
inflammatory cell infiltrates, biliary epithelium and venous endothelium. CXCR2 staining
was strongly enhanced in both hepatitis and cirrhosis, with staining mainly localised to
ballooned hepatocytes (in hepatitis), inflammatory infiltrates and biliary epithelium (the
latter principally within proliferating bile ducts). Staining for the beta chemokine receptor
CCRS was modestly enhanced in cirrhosis and hepatitis, and was mainly localised to

venous endothelium and areas of inflammatory cell infiltration.

1. Alcoholic Hepatitis

Chemokine Vascular Biliary Inflammatory =~ Hepatocytes
Receptor endothelium epithelium cells

CXCR1 + + + +

CXCR2 + ++ + +

CXCR3 - - + i

CCRS + + + +

2. Alcoholic Cirrhosis

Chemokine Vascular Biliary Inflammatory ~ Hepatocytes
Receptor endothelium epithelium cells

CXCR1 - - + -

CXCR2 + + + -

CXCR3 - - - -

CCRS - - + .

Table 4.1 Expession of Chemokine Receptors in Alcoholic Liver Disease

Notes

CXCR = CXC (alpha) chemokine receptor; CCR = CC (beta) chemokine receptor (see methods
section for chemokine receptor specificities).
+ = weak staining; ++ = strong staining, - = no staining
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IL8RB

Figure 4.6 Immunolocalisation of chemokine receptors in human liver tissue (positive staining shown in
red). IL8RB (CXCR2) staining is shown in the left hand column in normal liver (A) and alcoholic hepatitis
(B). CCRS5 staining is shown in the right hand column in normal liver (C) and alcoholic hepatitis (D).
Staining patterns show that expression of these chemokine receptors is weak in normal liver tissue, with
positivity mostly in portal tracts (PT), but expression is up-regulated in alcoholic hepatitis, particularly in
association with inflammatory cells (IC), proliferating biliary epithelial cells and in some areas of

ballooning hepatocyte degeneration (H).
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Analysis o fchemokine receptor expression usingflow cytometry’

We were unable to demonstrate any significant positive staining for alpha or beta
chemokine receptors on freshly isolated primary hepatocytes, biliary epithelial cells or
L1190 cells by flow cytometry. In contrast, human leucocytes showed positive staining as
expected with lymphocytes positive for CXCR3 and CCRS5, and neutrophils positive for
CXCR1 and CXCR2 (figure 4.7). Further analysis of primary hepatocytes and L190 cells
after pre-incubation with a variety of agents including TNF-a, LPS, ethanol or

acetaldehyde in vitro did not appear to alter chemokine receptor expression.

100
% positive
o CXCR1 DCXCR2
75
o CXCR3 aCCRS5
50
25
Neutrophils PBMC'’s Primary Biliary L190 cells

hep's cells

Figure 4.7 Chemokine receptor expression on various cell types analysed by flow cytometry. Results show
percentage of cells staining positive for individual chemokine receptors. CXCRI-3 = CXC (alpha)
chemokine receptors 1-3; CCRS5S = CC (beta) chemokine receptor 5. Neutrophils = freshly isolated human
peripheral neutrophils; PBMC’s = human peripheral blood mononuclear cells stimulated by prolonged
culture in phytohaemagglutinin; human hep’s = freshly isolated primary human hepatocytes; biliary cells =
freshly isolated human biliary epithelial cells. Results demonstrate that peripheral leucocytes showed
positive staining as expected but none of the liver derived cells showed significant staining for any of the
chemokine receptors analysed. Repeat analysis of liver derived cells after prolonged culture in TNF-a or
lipopolysaccharide did not lead to any alteration in staining for chemokine receptors (data not shown).

Sample flow cytometry histograms are shown in appendix 10.
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DISCUSSION

Our experiments demonstrate that chemokine protein is readily taken up by hepatocytes in
vitro, and these observations suggest a possible mechanism for the sequestration of
chemokines seen within hepatocytes by histological examination in alcoholic liver disease.
The failure to demonstrate high-affinity binding suggests that the majority of this uptake is
non-receptor mediated and may be due to fluid-phase endocytosis or pinocytosis (Ganong,
1991). Other workers have shown that the pro-inflammatory cytokines TNF-a and IL-1
are also predominantly taken up by low-affinity but high capacity binding in vitro
(D’Souza 1994). Our finding of enhanced chemokine uptake in the presence of TNF-a or
ethanol and its metabolites may also at least partly account for sequestration of
chemokines into hepatocytes in alcoholic liver disease, since increased amounts of
circulating pro-inflammatory cytokines (and self-evidently alcohol) characterise this
disease (Khoruts 1991). TNF-a leads to increased cell membrane permeability which
would facilitate the passive diffusion of proteins (Marcus 1996) and it is likely that this
may represent the principal mechanism by which TNF-o led to increased uptake of
chemokines in our experiments, whilst it is also possible that there may be increased
expression of ‘scavenger’ protein receptors (Martinez 1995). TNF-a leads to increased
expression of membrane-bound regulatory G proteins and adhesion molecules (Marcus
1996, Brett 1989); thus TNF-o. might also lead to increased expression of specific
chemokine receptors in vivo; a similar increase in expression of these receptors has been
observed with the cytokine IL-2 (Sozzani 1997). We were unable to demonstrate up-
regulation of chemokine receptors by flow cytometry in the cells that we studied in vitro
and this contrasts with our earlier finding of significant uptake of chemokines into cultured
hepatocytes and leucocytes; nevertheless histological assessment of biopsy material did
suggest increased expression of chemokine receptors on hepatocytes (particularly in areas
of ballooning degeneration) in ALD. Therefore increased expression may only be apparent
after protracted hepatocyte injury or alternatively may be more difficult to stimulate under
in vitro conditions.

Enhancement of chemokine uptake in the presence of ethanol or acetaldehyde is probably
a reflection of facilitated passive diffusion in the presence of these agents rather than

induction of chemokine receptors, since ethanol (at least) leads to increased membrane
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permeability in epithelial cells (Goates 1994, Worthington 1978). The possibility of an
osmotic effect of ethanol contributing to increased chemokine uptake remains but other
workers have reported that hyperosmolality, when induced by sucrose, does not alter such
‘fluid phase’ endocytosis of proteins by hepatocytes (Casey 1995).

Prolonged alcoholic injury in vivo leads to impairment of receptor-mediated uptake of
proteins (including cytokines) by hepatocytes in animal models (Camacho 1993, Fawcett
1993, Tuma 1991) and it has been suggested that impaired hepatic clearance may therefore
lead to increased circulating levels of cytokines such as TNF-a in ALD (Tuma 1996). This
suggestion contrasts with our own observations. However, other workers have found that
an acute alcohol load will increase clearance of radiolabelled cytokines in vivo, including
enhancement of uptake into the liver (Deaciuc 1996). Whilst our own experiments only
included short-term exposure to ethanol under in vitro conditions, our findings are
consistent with the latter study and would suggest that in vivo chemokine distribution may
still be considerably influenced by (non-receptor-mediated) hepatic uptake.

It remains unclear whether non-receptor mediated or low-affinity sequestration of
chemokines is of any physiological consequence, or is merely a reflection of passive
uptake of locally released chemokine protein. The liver may act as a clearing site for
circulating or ‘free’ chemokines as occurs for other cytokines (Andus 1991); thus the
tissue distribution of secreted chemokine protein in ALD is likely to be influenced by
several dynamic factors. Since the biological activity of chemokines is principally
mediated by interaction with specific membrane-bound receptors, it is possible that non-
receptor mediated uptake of chemokines, and their presence within the cytosol, will have
no biological effects. However, it is also possible that this may be a mechanism for local
concentration and sequestration of chemokines; a similar mechanism has recently been
demonstrated for endothelial cells (Middleton 1997). Furthermore it has previously been
recognised that Mallory bodies, which characterise alcoholic liver injury and contain
aggregated intracelluar protein, are chemotactic (Jensen 1994). Thus our demonstration of
intracellular sequestration of intact chemokine protein suggests that chemotactic activity of
Mallory bodies may be at least partly attributable to the presence of chemokines.

The role of non-receptor mediated internalisation of chemokines is deserving of further
study, and it may also be helpful to examine whether upregulation of chemokine receptor

expression can be demonstrated in vitro under appropriate conditions.
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Chapter 5

Secretion of MCP-1 from Human

Hepatocytes and Leucocytes
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INTRODUCTION

The histopathological studies described in chapter 2 demonstrated increased expression of
alpha and beta chemokines in tissue sections of human liver in alcoholic liver disease, and
studies described in chapter 3 demonstrated increased circulating levels of the prototype
beta-chemokine MCP-1 in proportion to histological severity of disease. Several types of
cells within the liver may produce chemokines in response to an appropriate stimulus.
Histological and cell culture studies suggest that non-parenchymal cells including stellate
cells, Kupffer cells and infiltrating leucocytes are the principal sources of chemokine
secretion in toxic liver injury (Marra 1993, Czaja 1994, Adachi 1994, Bautista 1995).
However, hepatocytes, the main target of alcoholic liver injury, also secrete a range of
chemokines in vitro with appropriate stimulation (Shiratori 1993, Maher 1995, Rowell
1997) and may therefore contribute to recruitment of leucocytes in alcoholic liver disease.

Whilst increased expression of chemokines in ALD has been demonstrated convincingly,
the precise mechanisms leading to increased expression are not understood. It is known
that pro-inflammatory cytokines, such as TNF-a and IL-1, and bacterial
lipopolysaccharide (LPS) are potent stimuli for chemokine secretion (Sylvester 1993,
Morland 1997, Rowell 1997), but it is not clear whether ethanol or its metabolites are
direct stimuli for chemokine secretion since some workers have found direct release of
chemokines from hepatocytes exposed to alcohol (Shiratori 1993) whilst others have not
(Maher 1995, Ohkubo 1998). We therefore conducted experiments with cultured
hepatocytes and leucocytes to determine the effect, if any, of ethanol and its metabolite
acetaldehyde on chemokine secretion from these cells. We also conducted experiments to
assess MCP-1 secretion from leucocytes isolated from human volunteers before and after
alcohol ingestion. The hepatocytes studied were primary human hepatocytes (from fresh
human liver tissue) and the Hep G2 cell line (derived from a human hepatoblastoma). We
also studied L190 cells, a human liver-derived neoplastic cell line which has considerable
phenotypic similarities to activated stellate cells (Murakami 1995). We studied these cells
because there is considerable evidence that activated stellate cells play a central role in
chemokine release and fibrogenesis in alcoholic liver disease (Mak 1988, Maher 1994a,

Sprenger 1997). We studied isolated human peripheral blood mononuclear cells (PBMC’s)
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because circulating monocytes might reflect the behaviour of hepatic Kupffer cells, which

themselves play a central role in pathogenesis of alcoholic liver disease as outlined above.

METHODS

Culture of hepatocytes and leucocytes

Primary human hepatocytes were isolated and cultured from surplus normal human donor
liver tissue as described in appendices 7 and 8 respectively. We also used Hep G2 cells
and L190 cells as described in appendix 8. All cultures were subconfluent at the time of
experimentation (figure 5.1). Freshly isolated human peripheral blood mononuclear cells
(PBMC’s) were obtained from 5 healthy donors and cultured as described in appendix 5.
Cells were cultured for 24 hrs. prior to collection and separation of supernatants.
Preliminary experiments were done by adding TNF-a (10ng/ml) or LPS (1 pg/ml) to
culture medium for 24 hours in order to verify whether MCP-1 production could be
stimulated in these cells. Thereafter experiments were done with or without ethanol (1-
1000 mM; Fisher Scientific Ltd, UK) or acetaldehyde (0.05 - 50 mM; Sigma, UK) added
to culture medium for 24 hours. Cell culture supernatants were collected by aspiration,
purified by centrifugation and then stored at -70° C prior to MCP-1 level measurement.
Cell viability was assessed at the end of experiments by trypan blue exclusion (hepatocytes
were separated by trypsinisation prior to this analysis) and by measurement of lactate
dehydrogenase (LDH) levels in supernatants using a commercial colorimetric assay
(Sigma, UK) based on LDH-dependent reduction of NAD. In order to examine the rate of
metabolism and/or evaporation of ethanol from tissue culture medium, we measured
ethanol concentrations at intervals during the 24-hour incubation period, using similar well
plates with the same quantity of culture medium but without hepatocytes as a control.
Ethanol levels were measured by Dr. R. Cramb in the department of biochemistry, Selly

Oak Hospital, by a commercial colorimetric alcohol dehydrogenase-based assay.
The effect of alcohol and food ingestion on PBMC chemokine secretion

Four human volunteers were studied before and after (i) a heavy meal consisting of

approx. 1800 kcal (of which 35% of the calories were derived from fat, 45% from

71



carbohydrate and 20% from protein), (ii) a similar meal taken with 1ml/ kg alcohol (i.e. 1
unit per 10 kg bodyweight), and (iii) ingestion of 1 ml/ kg alcohol alone. In each case, the
meal and/or alcohol were taken over a period of approximately 1 hour after a period of at
least 6 hours’ fasting. Blood samples were taken for isolation of PBMC’s immediately
before the meal and/or alcohol and 2 hours (for alcohol alone) or 4 hours (for food +/-
alcohol) after ingestion. PBMC’s were isolated and cultured as described in appendix 5,
with separation of culture medium after 24 hours for MCP-1 measurement. We also
cultured some of the PBMC’s separately in the presence of lipopolysaccharide (LPS,
Salmonella abortus equi, Sigma, UK) at 1pg/ml.

In the experiment involving alcohol ingestion alone we measured serum endotoxin levels
before and after alcohol at the same time as drawing other blood samples. Endotoxin was
measured by Dr Tom Worthington in the Department of Micobiology, Queen Elizabeth
Hospital, using a commercial assay (Limulus Amoebocyte Lysate assay, Chromogenix
AB, Sweden).

MCP-1 assays were done using a customised ELISA as described in appendix 6. All
hepatocyte and PBMC culture experiments were done in triplicate, and MCP-1 assays
were done in duplicate. MCP-1 levels were taken as the mean of the 2 (duplicated) values
obtained by ELISA, and the final result for each cell culture was taken as the median of the
3 wells. In vivo experiments assessing the direct effect of alcohol and acetaldehyde on
secretion of MCP-1 from cultured PBMC’s are expressed as the mean + SD for the 5
subjects studied, and ex vivo experiments assessing the effect of prior food and/ or alcohol

ingestion on cultured PBMC’s are expressed as the mean + SD for the 4 subjects studied.

Statistical analysis of results was done using SPSS statistical software; for experiments
measuring the effect of progressive concentrations of ethanol or acetaldehyde on
hepatocytes the one-factor repeated measures ANOVA test was used; for similar
experiments with cultured PBMC’s Friedman’s ANOVA test (for non-parametric data)
was used and for ex vivo experiments assessing the effect of prior food and/ or alcohol
ingestion on cultured PBMC’s the Wilcoxson rank sum test was used. This study was
approved by the local research ethics committee and informed consent was obtained from

each volunteer before participation.
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Figure 5.1 Hepatocytes in culture as used for in vitro experiments. Panel A = Hep G2 cells; panel B =
primary human hepatocytes; panel C = L190 cells. Hep G2 cells and primary human hepatocytes are shown

at subconfluent growth, whilst L190 cells are shown following recent passage.
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RESULTS

MCP-1 secretion from hepatocytes

There was spontaneous secretion of MCP-1 from primary human hepatocytes under basal
conditions and this increased with TNF-a or LPS, but not with ethanol or acetaldehyde at
concentrations of 100 mM or 500 pM respectively (figure 5.2). There was also
spontaneous secretion of MCP-1 from HepG2 under basal conditions (figure 5.3);
secretion was reduced with ethanol in a dose-dependent manner in the range of 1-1000
mM (p<0.01, one-factor ANOVA) whilst acetaldehyde led to a slight increase in secretion
at doses of 0.05 and 0.5 mM but reduced secretion at doses of 5 and 50 mM (p<0.01, one-
factor ANOVA). Trypan blue analysis suggested that Hep G2 cells were near 100% viable
under basal conditions and without discernible alteration in the presence of 1000 mM
ethanol or 5 mM acetaldehyde. LDH levels in culture supernatants from hepatocytes
showed a possible toxic effect of ethanol at 100mM (LDH level in c.ontrol specimen, 55
ng/ml and with ethanol, 77 ng/ml). However (in a separate experiment) there was no
apparent effect of acetaldehyde (LDH level in control specimen, 114 ng/ml and with 50,
500 and S, 000 uM acetaldehyde respectively levels were 84, 109 and 129 ng/ml).

L190 cells also secreted MCP-1 under basal conditions (figure 5.4). There was no
apparent response to ethanol in the ranges of 10-100mM, but reduced secretion at 1M
(differences not significant). There was progressive reduction in MCP-1 with increasing

doses of acetaldehyde in the ranges of 500 uM - 50 mM (p<0.05, one-factor ANOVA).
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Figure 5.2 MCP-1 production from cultured primary human hepatocytes and the effect of TNF-a (TNF),
LPS, ethanol (Eth) and acetaldehyde (Acet). Values shown are median of 3; different shaded columns

correspond to 2 different experiments.
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Figure 5.3 MCP-1 production from cultured Hep G2 cells and the effect of ethanol and acetaldehyde. Values
shown are median of 3. Lower limit of sensitivity for MCP-1 assay was 0.125 ng/ml (¥ = result below lower

limit of sensitivity of assay). Effect of both ethanol and acetaldehyde, p<0.01, one-factor ANOVA.
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Figure 5.4 MCP-1 production from cultured LI190 cells and the effect of ethanol and acetaldehyde. Values
shown are median of 3. Eeffect of alcohol; differences not significant, effect of acetaldehyde; p<0.05, one-

factor ANOVA.
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Alcohol levels in culture supernatants
Analysis of sequential alcohol concentrations in hepatocyte tissue culture medium showed
a progressive fall over 24 hours that was similar for both hepatocyte culture supernatants

and control samples (figure 5.5), suggesting that evaporation (rather than metabolism from

hepatocytes) was the principal reason for progressive reduction in levels.
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Figure 5.5 Sequential ethanol concentrations in wells containing cultured hepatocytes and control wells.
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MCP-1 secretion from PBMC'’s

A preliminary experiment confirmed spontaneous secretion of MCP-1 from cultured
PBMC’s from 2 healthy volunteers under basal conditions, with measurable MCP-1 in
culture supernatant from 6 hours onwards (but not before); mean levels at 6, 12 and 24
hours were 1.75, 2.35 and 5.68 ng/ml respectively. The substantive experiments then
showed that secretion of MCP-1 after 24 hours was suppressed by ethanol in a dose-
dependent manner (figure 5.6); the mean level for 5 subjects was 7.66 +/- 4.50 ng/ml, and
mean levels with 1, 10, 100 and 1000mM ethanol were 6.80, 5.97, 4.71 and 0.16 ng/ml
respectively (p<0.01, Friedman’s test). There was a trend towards increased MCP-1
secretion in the presence of 0.05 mM acetaldehyde (mean level 8.35 ng/ml, difference not
significant), but at higher doses there was progressive reduction in secretion (mean levels
with 0.5, 5 and 50mM were 5.1, 1.54 and 0.16 ng/ml respectively, p<0.01, Friedman’s
test). Trypan blue exclusion analysis suggested that the PBMC’s remained near 100%
viable in the presence of 10 or 100 mM ethanol, but only 5% viable with 1000 mM
ethanol. They were near 100% viable in the presence of 0.05 or 0.5 mM acetaldehyde, but
only 50% viable with 5 mM and 25% viable with 50 mM. However, LDH levels in culture
supernatants were below the lower limit of sensitivity of the assay (< 25 ng/ml) in all

samples.
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Figure 5.6 MCP-1 secretion from cultured PBMC’s from 5 healthy volunteers and the effect of ethanol and
acetaldehyde (values shown are mean +/- SD) (effects of both ethanol and acetaldehyde,//<0.01, Friedman’s
test). Asteriks above columns indicate cell viability, expressed as percentage using scale on right hand y

axis, as assessed by trypan blue exclusion at end of 24 hour incubation period.
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MCP-1 secretion from PBMC'’s and the effect of food and/ or alcohol ingestion

Analysis of levels of MCP-1 secretion from cultured PBMC’s before and 2 hours after
ingestion of a heavy meal did not show any apparent effect of the meal ingestion upon
MCP-1 secretion (mean MCP-1 secretion 10.1 ng/ml before vs. 10.8 ng/ml after,
difference not significant). When a similar meal was taken with alcohol however, there
was a clear trend towards increased secretion following ingestion (mean MCP-1 secretion
7.9 ng/m] before vs. 15.2 ng/ml after, p=0.07, Wilcoxson rank sum). In contrast, when a
similar quantity of alcohol was taken alone, there was a clear trend towards decreased
secretion after ingestion (mean MCP-1 secretion 10.2 ng/ml before vs. 5.4 ng/ml after,
p=0.14, Wilcoxson rank sum). Each of these findings was similar when PBMC’s were
cultured in the presence of 1 ug/ml LPS (figure 5.7).

Serum endotoxin levels before and after ingestion of alcohol alone gave values below the
limit of detection for the assay (<0.2 endotoxin units/ml) in all 4 subjects. We did not

measure endotoxin levels following ingestion of food and alcohol taken together.
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Figure 5.7 MCP-1 secretion from cultured PBMC’s from 4 healthy volunteers before and after ingestion of
food (1800 kCal meal) only, food + alcohol (1 ml/kg), or alcohol only (a, unstimulated culture; b, LPS-
stimulated culture). The left-hand point of each line represents values immediately before ingestion, and the
right-hand point 2 hours after ingestion (food alone; differences not significant, food + alcohol; p=0.07,
alcohol alone; p=0.14, Wilcoxon rank sum).
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DISCUSSION

Whilst expression of MCP-1 and other chemokines is increased in alcoholic liver disease,
this expression (as demonstrated histologically) persists long after alcohol has been
withdrawn, suggesting that factors other than alcohol itself are necessary to sustain hepatic
injury. The present studies suggest that alcohol is unlikely to act as a direct stimulant for
chemokine synthesis or release, raising the questions of how these experiments relate to
the pathogenesis of alcoholic liver disease in vivo and how alcoholic injury leads to
amplification of the inflammatory cascade. Chemokine synthesis is stimulated by
oxidative injury and is thus likely to be increased in the presence of acetaldehyde since this
alters the cellular redox state (Nordmann 1994, Maher 1994b, Xu 1996). Our own
experiments suggested that whereas small concentrations of acetaldehyde may lead to
enhanced MCP-1 secretion (although this increase did not reach statistical significance),
higher concentrations suppress secretion. It is likely that acetaldehyde will have toxic
effects including interference with protein trafficking (Zhang 1992), and this may help
explain the reduced MCP-1 secretion seen with increasing concentrations of acetaldehyde.
The concentrations of alcohol encountered in vivo will be nearer to the lower range of
concentrations that we used in vitro and it is unlikely that the higher concentrations of
alcohol or acetaldehyde that we used will ever be encountered in the circulation in vivo,
although tissue levels reached within the liver are unknown and we studied the higher
concentrations to verify whether or not direct toxicity could be confirmed. The response of
the different cell types to escalating doses of ethanol appeared broadly similar except that
the MCP-1 secretion from L190 cells was less affected by ethanol than were the other cells
studied. Likewise the response to acetaldehyde was similar for different cells except that
L190 cells appeared more sensitive to the effects of low concentrations of acetaldehyde in
reduction of MCP-1 secretion. Our observations on the effects of alcohol on hepatocytes
are similar to those of others (Maher 1995, Ohkubo 1998) although similar experiments
with acetaldehyde or using L.190 cells have not been reported previously.

Trypan blue analysis confirmed toxicity leucocytes at high concentrations of ethanol or
acetaldehyde but appeared an unreliable guide to hepatocyte toxicity, and likewise LDH

analysis appeared to be an unreliable guide to toxicity with our experimental protocol and
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assay. However the lack of any apparent direct toxicity at lower concentrations suggests
that the reduction in chemokine secretion at these concentrations would result from altered
chemokine synthesis or release rather than cell death. Other workers have also found that
ethanol reduces MIP-1a secretion in vitro (Standiford 1997). It is uncertain why ethanol
itself should reduce chemokine secretion; several potential mechanisms have been
proposed including alterations of signal transduction, altered membrane structure, altered
G-protein activity and decreased binding of the nuclear transcription factor NFxB
(Mandrekar 1997, Spitzer 1998). Some of these inhibiting effects may be due to ethanol
metabolites including acetaldehyde (Zhang 1992, Clot 1995), although the observed
decreases may reverse within a 24-hour period after exposure to ethanol (Spitzer 1998).
We did not determine whether acetaldehyde was produced from ethanol in our
experiments. Metabolism of ethanol would require the presence of alcohol dehydrogenase
(ADH) which was not measured and whilst serial concentrations of ethanol in tissue
culture medium did not suggest any substantive ethanol metabolism from hepatocytes,

ADH is likely to have been expressed at least in small quantities in this culture system
(Maher 1995).

The experiments confirmed that each of the cell types studied secreted chemokines with
appropriate stimulation, and the increase in secretion observed with TNF-a and LPS is
relevant to alcoholic liver disease since serum levels of both are raised in this disease
(Bode 1987, McClain 1989). It is possible that some of the chemokine secretion measured
from primary human hepatocytes was actually derived from contaminating non-
parenchymal cells, although quantitatively this contribution will have been small since the
hepatocyte preparations are consistently > 95% pure (Strain 1991). In vivo it is likely that
interactions between these cell types leads to amplification of chemokine secretion and
leucocyte recruitment (Thornton 1991, Armendiaz-Borunda 1991, Maher 1995). It is
interesting to compare our results with rodent experiments done by other workers, who
have found that isolated liver cell constituents from repeated alcohol-fed rats with liver
injury show clear enhancement of expression of activation markers and cytokine secretion
(Bautista 1995, Pennington 1997). These studies would support the notion that hepatic

inflammation is perhaps inhibited during the presence of alcohol itself but delayed
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stimulation may then occur after withdrawal of alcohol; further evidence for this notion is
provided by observations in alcohol-abusing humans who had a transient rise in serum IL-
8 levels immediately after hospitalisation and withdrawal of alcohol (Masumoto 1993).

Since release of chemokines in vivo following alcohol ingestion is likely to depend on
factors other than the prevailing plasma or tissue concentration of ethanol encountered, we
extended our studies to human volunteers in an attempt to replicate the actual net effect of
alcohol ingestion. The results of these studies are nevertheless difficult to interpret because
different effects on PBMC secretion of MCP-1 were seen according to whether or not food
was taken along with alcohol. The reduction in MCP-1 secretion observed after alcohol
was taken alone would be in keeping with our other (in vitro) data showing reduced
secretion from isolated cells in the presence of alcohol. Furthermore, this also supports
other studies showing reduction in LPS-induced cytokine secretion following infusion of
alcohol in rat models of alcoholic injury (D’Souza 1989, Nelson 1989). However it was
noteworthy that, in contrast, MCP-1 secretion was increased when the alcohol was taken
with food and there are several possible reasons for this: (i) chemokine secretion may vary
at different timepoints after alcohol ingestion and food will delay the kinetics of alcohol
absorption (Persson 1991); (ii) the dietary fat intake is an important factor in governing the
severity of alcoholic liver injury in human and experimental alcoholic liver disease (Lieber
1970, Matsuoka 1990). Thus the presence of circulating lipids after a large meal may
potentiate the secretion of chemokines, perhaps via the presence of oxidised lipids
(Matsuoka 1990); (iii) finally endotoxin levels may have been raised after the alcohol had
been taken with food; we were unable to confirm this possibility as we did not make the
appropriate measurements; however we did confirm the absence of any rise when the

alcohol was taken alone.

It appears unlikely from our experiments that food alone would have altered chemokine
secretion significantly in the absence of alcohol. However, it is recognised that alcohol
ingestion itself leads to decreased secretion of TNF-a and IL-1 from PBMC’s ex vivo
(Nair 1994, Szabo 1996). This is presumably due to a direct effect of alcohol rather than
via other mediators such as lipopolysaccharide, because alcohol leads to increased

intestinal permeability which in turn leads to increased plasma lipopolysaccharide
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(Bjarnason 1984, Persson 1991) and the latter would presumably act as a stimulus to
cytokine or chemokine secretion. Another group has reported the presence of circulating
cytotoxic proteins generated by alcohol ingestion that could presumably influence the
spontaneous secretion of cytokines from circulating leucocytes (Wickramasinghe 1987).
Thus the net effect of alcohol ingestion on chemokine secretion is likely to be the result of
several interacting factors, and it is noteworthy that one group has found that after an
initial suppression of cytokine secretion, alcohol ingestion leads to a delayed increase

(Szabo 1994).

The possibility of enhanced chemokine secretion from hepatocytes and other cells
following exposure to low concentrations of acetaldehyde is deserving of further study
since this is likely to have implications for the pathogenesis of alcoholic liver disease.
Furthermore, the possibility of increased chemokine secretion from circulating leucocytes
after exposure to alcohol and food is of potential importance since these leucocytes are
likely to enhance hepatic inflammation on passage through the liver. Further studies
should aim to confirm these findings and perhaps examine the possibility of altered levels

of chemokine secretion at different timepoints following alcohol ingestion.
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Chapter 6

A Pilot Study of Pentoxifylline in

Severe Alcoholic Hepatitis
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INTRODUCTION

Pentoxifylline (PTX, also known as oxpentifylline) is a xanthine derivative which was
initially characterised as a haemorrheological agent (i.e.altering blood viscosity), and is of
demonstrated value in the treatment of peripheral vascular disease (Aviado 1984, Ciuffetti
1991). However, PTX also inhibits the intracellular enzyme phosphodiesterase, resulting
in increased levels of the intracellular ‘second messenger’ cyclic AMP. In recent years this
mode of action has been found to modify release of cytokines via inhibition of mRNA
transcription (Bessler 1986, Navarro 1996, Doherty 1991). This inhibitory effect appears
particularly pronounced for the pro-inflammatory cytokine TNF-a, with a lesser effect
upon IL-1p and IL-2 secretion, and little or no effect upon IL-6 and IL-8 (Bienvenu 1995,
Benbernou 1995, van Furth 1995, Rieneck 1993). The mechanism of action of PTX is
summarised in figure 6.1.

Clinical studies with PTX at oral dosages of 1200-2000mg daily show a significant effect
in suppressing TNF-a release from cultured mononuclear cells (Neuner 1994, Bauditz
1997, Bianco 1991). These studies have also shown that PTX inhibits production of the
immuno-modulatory cytokines interferon-y, IL-4 and IL-10, which may theoretically
counteract the anti-inflammatory effect of PTX in clinical usage. Nevertheless, the net
effect of PTX administration appears to be an immunosuppressive one and PTX is of value
in a range of disease states which are characterised by increased levels of circulating TNF-
a including graft versus host disease (Attal 1993, Bianco 1991), cancer-related cachexia
(Dezube 1993) and AIDS-related cachexia (Landman 1994). However, some studies have
failed to show any effect where suppression of TNF-a might be expected to be beneficial
including septic shock (Zeni 1996) and severe Crohn’s disease (Bauditz 1997).

PTX therapy is well tolerated in most subjects. Potential side effects include nausea,
vomiting, diarrhoea, agitation, headache, sleep disturbance, flushing or hypotension.
Hypersensitivity reactions such as pruritus or rash are said to be rare (data contained in
product information leaflet, Hoechst Marion Roussel Ltd.).

Since alcoholic hepatitis is characterised by increased levels of circulating and hepatic
TNF-a and other proinflammatory cytokines (Bird 1990, Ohlinger 1993, Khoruts 1991),
we hypothesised that PTX therapy may be beneficial for this disease. Furthermore, we
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hypothesised that PTX may suppress chemokine secretion directly, since transcription of
mRNA for chemokines such as MCP-1 and MIP-1a is sensitive to NF-kB activation
(Tsukamoto 1996) which may be inhibited by PTX (Navarro 1996). We therefore carried
out an uncontrolled pilot study of PTX in severe alcoholic hepatitis and did in vitro studies

to determine the direct effect of PTX on PBMC chemokine secretion.
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Figure 6.1 Mechanism of action of pentoxifylline. Inhibition of phosphodiesterase leads to accumulation of
cyclic AMP which in turn leads to protein phosphorylation via protein kinase A. Further ‘downstream’

effects are poorly understood but this leads to inhibition of cytokine mRNA transcription.
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PATIENTS AND METHODS

Patients

We studied patients with clinically validated and biopsy-proven severe alcoholic hepatitis
as defined by (i) a history of sustained substantial alcohol consumption (around or more
than 80g daily) over several years corroborated by close relatives, (ii) characteristic
histological features of active alcoholic hepatitis on liver biopsy (International Group
1981) and (iii) a discriminant function [i.e. (increase in prothrombin time in seconds x 4.6)
+ (serum bilirubin in uM divided by 17)] approaching or greater than 32 (a value of 32 or
more indicates a 50% risk of mortality within 2 months, Maddrey 1978). All patients had
consumed alcohol within 3 months of inclusion into this study and were referred to our
unit for specialist management of their liver disease. All patients had biopsies
(percutaneous or transjugular) for clinical purposes within 14 days of commencing PTX,
and we excluded patients who had serological or histological evidence of other
contributing causes of liver disease (e.g viral or autoimmune hepatitis, alpha-1-antitrypsin
deficiency or haemochromatosis). We also excluded any patients with active
microbiologically-proven sepsis or recent gastrointestinal haemorrhage. Patients were
otherwise managed conventionally with nutritional support, thiamine and other B vitamin
supplementation, but without corticosteroids. Portosytemic encephalopathy occurring
during the study was managed with lactulose and empirical antiobiotic therapy, and

variceal haemorrhage was managed with sclerotherapy.

Pentoxifylline dosage and monioring

Since PTX is metabolised within the liver and its half-life is increased at least two-fold in
the presence of severe hepatic impairment (Rames 1990), we selected a lower dosage than
has previously been used in clinical studies of PTX therapy for non-hepatic disease. Thus
patients were given 400mg twice daily by mouth for 4 weeks, commencing therapy on an
in-patient basis and then continuing as an out-patient if appropriate. Compliance was then
verified by asking patients to return their medications and counting the remaining tablets.
In all patients we measured ‘trough’ concentrations of PTX in serum 24 hours after the

first dose (i.e.12 hours after the second dose) in order to determine the early levels of PTX.
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Thereafter in 2 patients, after 14 days of therapy, we also monitored serial serum
concentrations of PTX and its principal metabolites pre-dosage and then 1, 2, 3, 4, 8 and
12 hours after PTX was given at the usual dosage. This was done to evaluate the
pharmacokinetic profile of PTX after treatment had been fully established and stabilised.
Measurement of PTX and its metabolites was kindly done by Dr.T.Bryce at the Hoechst
Marion Roussel Drug Development Laboratories, Milton Keynes, UK, using a gas
chromatographic method established in that laboratory (Bryce 1989). We recorded serum
levels of PTX and of its principal metabolite M1 or hydroxy-pentoxifylline, which has

similar pharmacological activity to the parent compound (Ambrus 1995).

Clinical and laboratory follow-up

During therapy we monitored the following clinical and laboratory variables on a weekly
basis: Haemoglobin concentration, peripheral white cell count, platelet count, serum
bilirubin, aspartate transaminase (AST), albumin, electrolytes and creatinine, prothrombin
time; mean arterial blood pressure, presence of ascites and presence of encephalopathy.
We also aimed to measure MCP-1 secretion from PBMC’s (isolated and cultured as
described in appendix 5) in study patients prior to and on completion of 4 weeks’ therapy.
We also assessed for any recognised or other potential side-effects of therapy and recorded

any other major clinical events during the study period.

Pentoxifylline and PBMC chemokine secretion in vitro

To examine the effect of PTX upon chemokine secretion in vitro, we did experiments
using PBMC’s from 4 healthy volunteers isolated and cultured for 24 hours as described in
appendix 5. PBMC’s were cultured in the presence or absence of lipopolysaccharide (LPS,
1 pg/ml and with or without PTX (kindly provided by Hoechst Marion Roussel Ltd.) at
concentrations from 1 to 100 pg/ml. Culture supernatants were purified by centrifugation,
aliquoted and stored at -70° C until analysis. MCP-1 and IL-8 were measured using
customised ELISA’s described in appendix 6. Statistical analysis of these results was done

with SPSS software using the Wilcoxson rank sum and Friedman’s ANOVA test.

This study was approved by the Research Ethics Committee of the University Hospital

Birmingham NHS Trust and patients gave informed consent before participation.
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RESULTS

Patients and clinical course during therapy

Eight patients were recruited to the study; 4 male, 4 female; median age 46 (range 35 to
55). Alcoholic hepatitis was verified histologically by transjugular biopsy in 7/8 patients
and by percutaneous biopsy in the remaining patient. All patients except one had
associated cirrhosis; the remaining patient had severe fibrosis. At the time of recruitment
into the study, median values for liver function tests (with range in brackets) were as
follows: serum bilirubin 328 uM (52-850), AST 113 U/L (31-235), albumin 26 g/L (18-
35), prothrombin time 18s (15-20). Median serum creatinine value was 104 pM (80-202)
and median discriminant function value was 48.2 (24.7 - 68.4). All patients except 2 had
clinically detectable ascites but only one patient had clinically detectable hepatic
encephalopathy which was mild and fluctuant.

The course of therapy following commencement into the study is summarised below:

PENTOXIFYLLINE THERAPY: 8 patients

/

Withdrew (1) Defaulted (2) Died (2) Completed therapy (3)
(on first day of (both after at least (after 10 & 18 days’
therapy with nausea) 1 week of therapy) therapy respectively)

The patient who withdrew did so because of nausea after the second dose of PTX. Of the 2
defaulting patients, the first was a recently bereaved woman who was discharged from
hospital after commencing therapy and did not appear to be experiencing any adverse
effect on review after one week of therapy; however she did not attend for follow-up
review the following week and did not respond to our attempts to contact her thereafter.
Some weeks after the end of the study period she was found to have relapsed into

alcoholism and was found dead in her own home. The second patient was also discharged
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from hospital (to an alcohol rehabilitation clinic) after commencing therapy and was
progressing well at the first weekly follow-up but did not return thereafter; he was
admitted 3 weeks later in an intoxicated state after relapsing into alcoholism. The 2 deaths
in the study period both occurred in patients who developed variceal haemorrhage during
the study period; in both cases this was complicated by circulatory failure and death within
3 days; both patients were complying with therapy at the time of variceal haemorrhage
(one was an in-patient throughout the study). The 2 patients who died during therapy had
amongst the highest discriminant function values at entry into the study (57.1 and 59.4
respectively) of all patients. The 3 remaining patients completed therapy without apparent
complication and all survived for at least 6 months after the study period.

Serial weekly recordings of discriminant function, serum AST and creatinine during
therapy are illustrated in figures 6.2a - 6.2c. There were no significant alterations in full
blood count indices during therapy. No patient developed new encephalopathy whilst
taking PTX therapy other than the 2 patients who died after variceal haemorrhage, both of
whom became encephalopathic only after haemorrhage. There was no apparent
exacerbation of ascites during therapy in any patient and no discernible effect upon mean

arterial pressure (median 80 mmHg at onset and 85 mmHg at completion of therapy).

6.2(a) Weekly Discriminant Function
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6.2(b) Weekly AST
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Figure 6.2 Serial laboratory indices during the 4 week study period of pentoxifylline therapy in 7 patients
who continued therapy for at least 1 week (N=7). (a) Discriminant function (DF) values; (b) serum aspartate

transaminase (AST) values; (c) serum creatinine values (see page 41 for explanation of DF value).
Keys: O = patients completing 4 weeks of therapy; X = patients defaulting during the study period; ¢ =

patients dying during the study period.
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Ex vivo PBMC secretion of MCP-1 following PTX therapy

We analysed ex vivo production of MCP-1 from PBMC’s before and after 4 weeks of PTX
therapy in 2 patients who completed the study. There was no significant reduction in
secretion; levels at the onset of therapy were 3.24 and 2.62 ng/ml respectively and

corresponding levels at the end of the study were 3.10 and 2.54 ng/ml.

Pharmacokinetic monitoring

After the first 24 hours of therapy the median serum PTX level in 7 patients analysed was
125 ng/ml (range 106-280) and median level of the metabolite M1 was 524 ng/ml (range
272-857). The serial levels of PTX and M1 measured inbetween 2 doses midway during
the course of the study period are illustrated in figure 6.3.

I Pentoxifylline and M1 values J

Time (hours)

Figure 6.3 Serial levels of pentoxifylline (PTX) and its principal active metabolite hydroxypentoxifylline
(M1) over a 12-hour period midway during the 4-week study period in 2 patients

Key: O = PTX; ¢ = M1; shaded data series = patient 1; unshaded data series = patient 2.

Note; PTX concentrations of 1 pg/ml have previously been shown to reduce inflammatory cytokine

secretion in vitro (Reimund 1997). The pharmacological potency of PTX and M1 is similar (Ambrus 1995).
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In vitro PBMC chemokine secretion and PTX

The effect of PTX on secretion of MCP-1 and IL-8 from PBMC'’s is illustrated in figures
6.4a and 6.4b. There was a serial reduction in MCP-1 secretion in both unstimulated and
LPS-stimulated culture with increasing dosage of PTX (figure 6.4a). With unstimulated
culture mean MCP-1 secretion (+ SD) was 5.57 + 0.43 ng/ml, reducing to 4.61 + 1.00
ng/ml with PTX at a dosage of 1 pg/ml (p=0.07, Wilcoxson rank sum). With higher doses
of PTX the reduction in secretion became more marked (p<0.01, Friedman’s test). The
findings were similar with LPS-stimulated culture.

In contrast, there was no consistent effect of PTX upon IL-8 secretion with unstimulated or
LPS- stimulated culture (figure 6.4b). With unstimulated culture, mean IL-8 secretion (+
SD) was 8.98 + 1.36 ng/ml, which actually rose to 11.86 + 2.93 ng/ml with PTX at a
dosage of 1 pg/ml (p=0.14, Wilcoxson rank sum). With higher doses of PTX, however,
IL-8 secretion was reduced (difference not significant, Friedman’s test). Likewise there

was no apparent alteration of IL-8 secretion with PTX in LPS-stimulated culture.

95



6.4 (a) WICP-1 secretion
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Figure 6.4 Peripheral blood mononuclear cell (PBMC) secretion of (a) MCP-1 and (b) IL-8 from 4 healthy
volunteers with or without lipopolysaccharide (LPS) at 1 pg/ml and with or without pentoxifylline (PTX) at
serial concentrations of 1, 10 and 100 pg/ml; values shown are mean +/- SD (effect of PTX on MCP-1

secretion; p<0.01, effect of PTX on IL-8 secretion, difference not significant, Friedman’s ANOV A test).
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DISCUSSION

Our pilot study suggests that further studies of the role of PTX in treatment of severe
alcoholic hepatitis are merited. One such study was in fact presented whilst our own was
in progress; this was a large randomised controlled trial of PTX in alcoholic hepatitis
(Akriviadis 1997). The study had similar entry criteria to our own but used PTX at a larger
dosage of 400mg by mouth thrice daily. Forty-eight patients were treated in each
(treatment and placebo) arm, and the groups appeared well-matched at randomisation with
mean discriminant function values of 44.0 and 43.6 respectively. After therapy a clear but
non-significant trend towards reduced mortality was seen in the active treatment group
(11/48 vs. 20/48); this reduction appeared largely attributable to a significant reduction in
the incidence of deaths due to hepatorenal syndrome (5/48 vs. 18/48, p<0.01). These
findings may suggest a beneficial role for PTX in preventing the onset of hepatorenal
syndrome, perhaps by reducing secretion of the vasoactive mediators (including pro-
inflammatory cytokines) that are implicated in the pathogenesis of the syndrome (Moore

1997).

Our own study was too small to draw any meaningful conclusions regarding clinical
benefit of PTX in alcoholic hepatitis, and was designed to assess the tolerability of this
agent whilst ensuring that the clinical outcome in treated patients was at least no worse
than would have been expected otherwise. No patient refused to take part in our study
although it was disappointing that 1 patient withdrew at any early stage because of nausea,
a recognised side-effect of PTX. It was my impression that this patient had some difficulty
coming to terms with the potentially stigmatising disease label of alcoholic hepatitis; no
other patient reported onset of nausea during the study period. It was also disappointing
that 2 patients defaulted from follow-up and relapsed into alcoholism; this highlights the
difficulties of securing full compliance with therapy in alcoholic liver disease patients
generally. The 2 deaths that occurred during compliant therapy were entirely consistent
with the expected mortality rate and were partly predictable by poor prognostic indices at
entry into the study.
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The pharmacokinetic studies suggested that sustained ‘steady state’ levels of PTX were
achieved in plasma within a few days of commencing therapy, and the relative lack of
inter-dose variability in levels presumably reflects the prolonged half-life of PTX and its
metabolites in hepatic insufficiency (Rames 1990). Whether a more frequent or higher
dosage regime than the one we used would be clinically advantageous is uncertain.

The in vitro studies of PTX supported our hypothesis that this agent may alter secretion of
chemokines. The effects of PTX observed in vitro at a concentration of 1 pg/ml may
correlate roughly with the effects of PTX in vivo at the dosage used in our patients, since
the sum of the concentrations of PTX and its metabolite M1 (which are of roughly
equivalent potency) tended to approximate to 1 pg/ml after steady state concentrations had
been reached. However, if tolerable, it seems likely that higher dosages would be required
to exert a more potent ‘immunosuppressive’ effect. Interestingly, in vitro secretion of
MCP-1 was reduced in a clear dose-dependent fashion but there was no clear effect upon
IL-8 secretion. Reduced secretion of MIP-1a with PTX has been reported previously
(Burgmann 1995), whilst reports of its influence on IL-8 are conflicting (Neuner 1994,
Reimund 1997). Thus the effect of cyclic AMP accumulation upon chemokine secretion
may differ for alpha and beta chemokines although it is also possible that PTX may
influence chemokine secretion in other ways.

Whilst PTX may lead to reduced secretion of some chemokines, the absolute benefit of
this reduction in the setting of alcoholic hepatitis and the possible diminution of this effect
by counter-balancing actions upon ‘immuno-modulatory’ cytokines remains speculative.
An analogous situation may be drawn with corticosteroid therapy, which, despite reducing
TNF-a secretion (Vane 1987), is of debatable value in alcoholic hepatitis (Christensen
1995).

PTX may additionally have a potentially beneficial role in alcoholic hepatitis (and other
liver diseases) via haemorrheological effects; a significant increase in hepatic blood flow
was reported in patients with cirrhosis following an intravenous bolus of 200mg PTX
(Koppenhagen 1979) and PTX was reported to reduce portal venous pressure in a rat
model of cirrhosis (Sanchez 1997). The latter study contrasts with the effects of steroids in

the study by Maddrey (1978) in which no reduction in wedged hepatic venous pressure
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gradients was found in patients given corticosteroids compared to those given placebo for

severe alcoholic hepatitis in a 4-week randomised controlled study.

In summary, we found that PTX therapy did not cause apparent symptomatic side-effects
in most patients with alcoholic hepatitis at the dosage that we used, although tolerability
was difficult to assess because of small numbers of patients completing therapy. The
dosage that we used led to sustained levels of parent compound and its active metabolite in
vivo which could be expected to have beneficial effects in alcoholic hepatitis via reduction
of cytokine and chemokine synthesis, and perhaps via other vascular effects. Other
workers have shown a beneficial role for PTX in alcoholic hepatitis when used at a higher
dosage and further independent confirmation of this benefit could establish a clear role for

PTX in this disease.
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Chapter 7

TNF-a Promoter Polymorphisms and
HLA-DR3 and DQ2 Haplotypes in

Alcoholic Liver Disease
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INTRODUCTION

It is well recognised that genetic factors play an important role in determining individual
susceptibility to alcoholic liver disease (Devor 1989, Lumeng 1994), and these are
assumed to account for at least some of the wide variation in severity of liver injury in
individuals consuming excessive amounts of alcohol (Derr 1990). Genetic factors that
influence the development of the disease include polymorphisms for the enzymes
metabolising alcohol that lead to accelerated formation of its reactive metabolites,
including alcohol dehydrogenase (Sherman 1993), aldehyde dehydrogenase (Enomoto
1991) and the cytochrome P450 enzyme 2E1 (Pirmohammed 1995). There are also
possible genetic associations in individuals possessing the HLA haplotypes A2, B8, B13,
DR2 and DR3 with alcoholic liver disease (Saunders 1982, Devor 1989); whilst the
mechanism of these associations is unknown, they do suggest the possibility that genetic
variation in immune mechanisms may influence the development of alcoholic liver
disease.

Since the recognition and characterisation of increased expression and circulating levels of
pro-inflammatory cytokines in alcoholic liver disease in the late 1980°s and 1990’s
(McClain 1993), interest has developed into whether genetic variability in expression of
cytokines may influence risk of developing the disease. Variations in expression of TNF-a
in alcoholic liver disease are of particular interest since this cytokine plays a vital role in
activating leucocyte effector functions and in upregulating expression of other cytokines
(including chemokines) in this disease as discussed in the earlier chapters of this thesis.
The TNF-a promoter gene lies on chromosome 6 near to the HLA histocompatibility gene
complex and is a candidate gene for genetic variation in TNF-a expression. Two
polymorphisms in the TNF-o promotor region have been described, including a
substitution of guanine by adenine at base pair position -308 (-3085_,), referred to as the
TNF1/ TNF2 allele polymorphism (Wilson 1993), and a substitution of guanine by
adenine at base pair position -238 (-238;.,) (D’Alfonso 1994). The TNF2 allele is closely
linked to the presence of the HLA Al, B8, DR3 haplotype, suggesting co-inheritance by
linkage disequilibrium (Wilson 1993). Possession of this allele has been described as an

independent risk factor for death from cerebral malaria (McGuire 1994) and severe sepsis
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(Stuber 1996). Prior to the discovery of this polymorphism it was recognised that inducible
TNF-a production was higher in subjects possessing the HLA DR3 and DR4 alleles
compared to those possessing the DR2 allele (Jacob 1990), and this may now at least
partly be explained by the discovery that the TNF2 allele leads to more avid transcription
of TNF-a. activity compared to the more common TNF1 allele (Wilson 1997), which also
suggests that excessive TNF-a transcription may be a risk factor for more severe disease
under some circumstances. However it remains unclear whether the association of certain
HLA haplotypes (including HLA Al, B8, DR3) with inflammatory diseases occurs
because of the co-existence of higher transcription of TNF-a activity, or whether the
reverse association is true, i.e. the TNF2 allele being associated with higher mortality in
some diseases because of its association with these HLA haplotypes. The TNF -238.4
allele may also lead to higher transcription of TNF-a since it occurs within a putative
regulation box of the TNF-a promotor region, similar to HLA class II promoter regions
(D’Alfonso 1994). It has been shown that possession of this allele is a significant risk
factor in susceptibility to pulmonary tuberculosis in Africans (Ruwende 1996).

It has been suggested that inheritance of TNF-a promoter polymorphisms may influence
the risk of developing alcoholic liver disease. Allott (1996) found a weak but significant
association between the TNF2 allele and clinically evident alcoholic cirrhosis. Grove
(1997) failed to corroborate this association but found another weak but significant
assocation between the TNF -238;_, allele and the presence of hepatic steatohepatitis in
biopsy-proven alcoholic liver disease.

We have examined the hypothesis that one or other of the 2 described polymorphisms in
the TNF-a promoter region may be associated with a higher risk of alcoholic liver disease
in our own patient population. If confirmed then any such association would strengthen the
likelihood of other immunoregulatory genetic polymorphisms, including those for
chemokine transcription, playing a role in the development of alcoholic liver disease. We
also did haplotyping for the HLA alleles DR3 and DQ?2 in order to (i) verify a previous
study suggesting an association between HLA DR3 with alcoholic liver disease, (ii) extend
this study to include the DQ2 allele, (iii) confirm and explore the reported independent
associations between these TNF-o polymorphisms and HLA haplotypes and (iv)

determine which provided the stronger association with alcoholic liver disease; TNF-a
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polymorphisms or the HLA haplotypes studied. Our study was done only in patients with
clinically severe liver disease and was done in conjunction with Dr. Munir Pirmohammed
at the Department of Pharmacology and Therapeutics, Royal Liverpool University
Hospital, as part of a larger collaborative study. The results presented here are only those
of the patients from our own centre; the results from the patient group at Liverpool have

been published previously (Allott 1996).

PATIENTS AND METHODS

Patients

We studied a total of 136 patients (male 90, female 46; median age 50 years, range 26-70).
128 patients were white caucasians and 8 were from the Indian subcontinent. Patients were
only included in the analysis if they had clinically decompensated liver disease (i.e.
presenting with any combination of ascites, variceal haemorrhage and jaundice with serum
bilirubin >100 pM), and a history of prolonged alcohol abuse, and where other likely
causes of liver disease had been excluded by blood tests (e.g. absent serum markers for
viral hepatitis, autoimmune liver disease, haemochromatosis, a-1 antitrypsin deficiency
and Wilson’s disease), radiological imaging and, where possible, histological analysis of
liver biopsy or explanted liver tissue. Liver disease was confirmed histologically (and
other liver disease excluded) in 103/136 (76%) of cases (percutaneous biopsy; 34,
transjugular biopsy; 43, explanted liver; 26), although in 17 cases the full histology reports
were not available for critical review for this study as biopsies had been done at other
centres. Of the 86 cases with histological review, 73 had cirrhosis and 13 were non-
cirrhotic (but all with some degree of fibrosis), with 49/86 (57%) showing additional
steatohepatitis (defined here as fatty change, ballooning degeneration and parenchymal
leucocyte infiltration). Twenty six patients had undergone liver transplantation at the time
of analysis and 15 patients had died from complications of liver disease before or in the

absence of any consideration towards transplantation.
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Control subjects (N=137) consisted of spouses of affected patients or members of the
hospital workforce (male 63, female 74; median age 42 years, range 20-85). Of the control

subjects, 126 were white caucasians and 11 were from the Indian subcontinent.

DNA extraction and analysis

The methods for extracting DNA are summarised in appendix 11; this was done in our
own laboratories and samples were stored at -20°C prior to being sent to the Royal
Liverpool University Hospital in batches. Analysis for the promoter polymorphisms was
done by Dr. Pirmohammed’s team by restriction fragment length polymorphism using the
techniques described by Mansfield et al (1993) for the TNF1 / TNF2 (-3085.4)
polymorphisms; this technique involved PCR amplification of flanking regions and
enzymatic digestion with the restriction enzyme Ncol, allowing identification of the
polymorphic alleles by polyacrylamide gel electrophoresis and ethidium bromide staining.
The techniques described by D’Alfonso et al (1994) were used to identify the TNF -2385_,
polymorphism; briefly this was determined using oligonucleotide probes designed to
detect the appropriate genomic variation by dot blot analysis of amplified DNA material.
Tissue typing for the HLA haplotypes DR3 and DQ2 was done at Dr. Pirmohammed’s
laboratory using a polymerase chain reaction-based technique with commercially available

DNA restriction enzymes and primer sequences for the alleles in question (Olerup 1992).

Statistical analysis was done using Chi-squared test and Spearman’s rank correlation
where appropriate. A p value of <0.05 was used to indicate statistical significance. This
study was done within the auspices of our ‘leucocyte recruitment and alcoholic liver
disease’ project which was approved by the South Birmingham Health Authority Local

Research Ethics Committee.
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RESULTS

TNF-a polymorphisms

The frequency distribution of these polymorphisms amongst patients and controls is
summarised in tables 1 and 2. The overall gene frequency for the TNF -3085., gene
mutation was 19.5% in alcoholic liver disease subjects and 17.2% in healthy controls
(difference not significant), whilst the gene frequency for the TNF -238 ;_, gene mutation
was 4.4 % in alcoholic liver disease subjects and 7.9% in healthy controls (difference not
significant).

When both patients and control groups were combined, the overall sex-related frequencies
were similar for both mutations (males 19% and females 17% for the TNF -308;_, gene,
and both males and females 6% for the TNF -238;.4 gene). Amongst Asian subjects
(N=18), gene frequencies for the TNF-308; 4, and TNF-238;_, genes were similar to the

overall population at 17% and 11% respectively.

In patients with biopsy-proven alcoholic liver disease (N=103), the gene frequencies of the
TNF-308;., and -238_, mutations were similar to the frequencies for the disease group as
a whole, at 18.5% and 5.3% respectively. If patients were compared for presence (N=49)
or absence (N=37) of steatohepatitis, then there was no excess in the gene frequency of the
TNF-308;_4, mutation (20% in patients with steatohepatitis vs. 22% without) or the TNF-
238;., mutation (1% with steatohepatitis vs. 8% without).

If patients who died (N=15) or were transplanted (N=26) for alcoholic liver disease were
combined into one group (N=41), then gene frequencies of the TNF-308;4 and -238; 4
mutations in this group were similar to the disease group as a whole, at 19.5% and 4.9%

respectively.

DR3 and DQ?2 haplotypes
The frequency of these haplotypes is shown in tables 3 and 4; in both cases there were

non-significant trends towards higher frequencies of these haplotypes in alcoholic liver
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disease subjects versus controls (DR3 positive, 34% vs. 27%, 0.1<p<0.5; DQ2 positive,
54% vs. 44%, 0.05<p<0.1, Chi-squared test).

When both patients and control groups were combined, the overall sex-related frequencies
were similar for both haplotypes (males 29% and females 32% for DR3 positivity; males
51% and females 48% for DQ2 positivity). Amongst Asian subjects (N=18), frequencies
of DR3 and DQ2 positivity were similar for the groups as a whole at 26% and 42%

respectively.

In patients with biopsy-proven alcoholic liver disease (N=103), the frequencies of DR3
and DQ2 positivity were similar to the frequencies for the group as a whole, at 35% and
56% respectively. If patients were compared for presence (N=49) or absence (N=37) of
steatohepatitis, then there was no excess in the frequency of DR3 positivity (36% in
patients with steatohepatitis vs. 42% without) or DQ2 positivity (54% with steatohepatitis
vs. 61% without).

If patients who died (N=15) or were transplanted (N=26) for alcoholic liver disease were
combined into one group (N=41), then frequencies of DR3 and DQ2 positivity were

similar to the disease group as a whole, at 29% and 51% respectively.

When all disease subjects and controls were analysed together, there were strongly
positive correlations between DR3 and DQ2 haplotypes, and between these haplotypes and
TNF-a polymorphisms as follows:

Combination p value (Spearman rank correlation)
TNF2 (-308G-A) - DR3 <0.001

TNF2 (-308G-A) - DQ2 <0.001

TNF (-238G-A) - DR3 <0.05

TNF (-238G-A) - DQ2 0.10

DR3 - DQ2 <0.001

TNF2 - TNFA 0.33
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(a) TNF-o._-308 .4 polymorphism (b) TNF-a -238 4. polymorphism

TNF 1 = G at position -308 TNF -238 ;= G at position -238

TNF 2 = A at position -308 TNF -238 , = A at position -238

Subjects ALD Controls Subjects ALD Controls
(N=136) (N=137) (N=136) (N=137)
N (%) N (%) N (%) N (%)

TNF1/TNF1 90 (66) 92 (67) TNF -238 ¢/ g 125 (92) 116 (85)

TNF1/TNF2 39 (29) 43 (31) TNF-238G,4 10 (7) 21 (15)

TNF2 / TNF2 7(5) 2(2) TNF -238 4/ a 1(1) 0

(Gene frequency) (Gene frequency)

TNF1 81% 83% TNF -238 91% 92%

TNF2 19% 17% TNF -238 5 9% 8%

(c) DR3 haplotype distribution (d) DQ2 haplotype distribution

Subjects ALD Controls Subjects ALD Controls
(N=136) (N=137) (N=136) (N=137)

DR3 + ve 46 (34 %) 37 (27 %) DQ2 + ve 74 (54 %) 60 (44 %)

Table 7.1 Distribution of TNF-a -308 G-A (7.1a) and -238 G-A (7.1b) polymorphisms, and DR3 (7.1c) and DQ2
(7.1d) haplotypes in alcoholic liver disease (ALD) subjects and controls. None of the differences in TNF-a
polymorphisms or HLA haplotypes between ALD subjects and controls reached statistical significance.
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DISCUSSION

This study does not support the hypothesis that TNF-a promoter polymorphisms at the
-238 or -308 loci influence the risk of alcoholic liver disease. As with some of the
previously published studies concerning genetic associations in this disease, our study
could be criticised on methodological grounds. Owing to the nature of our practice, our
patients were from diverse geographic backgrounds, whilst control subjects were
predominantly local and not specifically matched to patients. Nevertheless, the gene
frequency of the genetic mutations studied in our control subjects was similar to
previously published series for both the -238 and -308 loci; Wilson et al (1993) and Allott
et al (1996) found gene frequencies of 16% and 15% for the TNF2 (-308;.,) mutation in
controls, compared to our finding of 17%, whilst Grove et al (1997) found a gene
frequency of 7% for the TNF -238_, mutation in controls, compared to our finding of 8%.
Our alcoholic liver disease group was potentially flawed by design in that some patients
did not have biopsy-proven disease; however the validity of this group was substantiated
by having otherwise secure inclusion criteria and in our practice it is very unusual to find
histological evidence of unexpected liver disease if a history of sustained alcohol abuse is
obtained and other diseases have been excluded by careful clinical, serological and
radiological analysis. Furthermore the inclusion criterion of clinically severe liver disease
will by definition exclude those with otherwise milder or covert alcoholic liver disease and
might therefore be expected to provide the most ‘informative’ group of patients for a study
of this nature.

Whilst the possibility of the TNF2 (-308;_,) allele as a risk factor for alcoholic liver
disease as suggested by Allott (1996) was not excluded by our study, since there was a
small trend towards this association, the most striking finding was the contrast with the
findings of Grove (1997) in our failure to demonstrate any association between the TNF -
238G.4 gene mutation and steatohepatitis. Those conclusions were based upon a relatively
small number of patients with alcoholic liver disease carrying this mutation (only 13/ 150
patients were heterozygote carriers for the mutation, with no homozygotes being found,
and 9 of the 13 heterozygote carriers had steatohepatitis). Those conclusions may therefore
have been subject to a type 1 error (false-positive association). Furthermore, when

stratifying patients for the presence of steatohepatitis it is important to consider that this
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lesion is likely to diminish with sustained abstinence from alcohol (as evidenced by the
rarity of steatohepatitis in explanted livers from patients undergoing transplantation for
alcoholic liver disease at our centre), and this phenomenon will confound studies that
attempt to identify genetic risk factors for steatohepatitis unless concurrent alcohol abuse
is used as an inclusion criterion.

The increased incidence of the DR3 and DQ2 haplotypes in alcoholic liver disease subjects
in our study group was slightly more convincing, although still not statistically significant.
As with the TNF-a promoter polymorphisms, far greater numbers of patients with
alcoholic liver disease may need to be studied in order to confirm or refute a significant
association. Another approach using a different control population, which is considered
more scientifically robust, is to use the transmission disequilibrium test (TDT) for genetic
linkage whereby both parents of any affected individual are studied and used as the
controls. Any excessive incidence of the target mutation in the patient group compared to
the parental group can then be used as evidence for linkage (Spielman 1996). This test has
been used to refute the possibility of mutations in the serotonin transporter gene (‘HTT),
which had previously been proposed based upon population-based studies, acting as a risk
factor for alcohol dependence (Edenberg 1998). In any event, in the case of the TNF-a.
promoter polymorphisms that we have studied, the lack of any definite conclusions from
studies carried out so far suggest that these genetic factors are likely to be of limited
importance in influencing the risk of alcoholic liver disease in any individual subject.

This study could suggest that the raised tissue and circulating levels of TNF-a occurring in
alcoholic liver disease are therefore purely the result of ‘upstream’ activation occurring as
a consequence of alcohol abuse, rather than a result of genetically determined excessive
production. Alternatively, if the TNF2 (-308_,) mutation and/ or the HLA-DR3 and DQ2
haplotypes do have a true association with susceptibility to alcoholic liver disease, then
since these genes are inherited in linkage disequilibrium it is possible that they are simply
markers for another, more important, risk factor for disease that is also closely linked to
the same area of the genome. The area of chromosome 6 where these genes are located is
also interspersed with numerous promoter regions between the TNF-o. promoter region
and the HLA-D loci, including complement system components and cytochrome P450
enzymes. Thus the search should and will continue for other candidate immunological

genes conferring susceptibility to alcohol liver disease.
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Chapter 8

Conclusions and Future Directions
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ALCOHOL, CHEMOKINES AND THE PATHOGENESIS OF ALCOHOLIC LIVER

DISEASE

The studies illustrated in this thesis have shown that chemokine expression is an integral
feature of alcoholic liver disease and these studies have important implications for the
pathogenesis and therapy of this disease and for liver disease in general. Since the
inception of the studies described in this thesis, the appearance of several prominent
review articles has testified to a wider appreciation of the integral role played by
chemokines in inflammatory disease (Adams 1997, Luster 1998, Baggiolini 1998).

Whilst we demonstrated that several liver cell subtypes express chemokines after
appropriate stimulation, our studies suggest that alcohol itself is unlikely to act as a direct

stimulant for chemokine secretion, and several important questions remain:

1. Are alcohol and its metabolites solely responsible for inducing the inflammatory and
destructive lesions of alcoholic liver disease, or are other nutritional/ metabolic factors
necessary for its pathogenesis ?

2. What is the role of lipopolysaccharide in the pathogenesis of alcoholic liver disease ?

3. Is the effect of cytokines and chemokines solely deleterious in alcoholic liver disease, or
do these factors also play a role in liver regeneration and repair ?

4. What are the differences underlying the large variation in individual susceptibility to

alcoholic liver disease ?

It will remain difficult to determine the answers to these questions by in vitro studies
because of the difficulty in reproducing the complex interplay of inflammatory
mechanisms associated with alcoholic liver disease in vitro. However, available evidence
suggests that the pathogenesis involves an interplay of pro-inflammatory mediators that
are released as a consequence of alcohol metabolism and possibly circulating
lipopolysaccharide. Alcohol itself may (at least initially) inhibit these processes via several
mechanisms which have been reviewed recently by Spitzer (1998). These include
including altered signal transduction of protein kinases and transcription factors, altered G-

protein function and altered membrane structure. There is now emerging evidence for a

111



‘rebound’ enhancement of inflammatory activity after alcohol is withdrawn or is fully
metabolised which is likely to be of profound importance in disease pathogenesis (Szabo
1994, Enomoto 1998). In the former study, subjects admitted with acute alcohol
intoxication had diminished monocyte production of TNF-a within 3 days of admission,
but this was followed by a delayed increase up to 9 days thereafter, whilst in the latter
study, acute administration of alcohol to rats led to an initial diminution of TNF-a release
from Kupffer cells (i.e. a 50% reduction at 4 hours) which was followed by a delayed
increase (100% increase at 24 hours) compared to baseline values.

In addition to the role of leucocyte activation that I have focussed upon in this thesis, a
substantial part of the liver injury of alcoholic liver disease is likely to be induced by the
toxicity of acetaldehyde and other reactive metabolites in interference with cellular protein
trafficking and also peroxidation of lipids, DNA injury and possibly other regulatory
processes. In addition to this direct toxicity, modification of hepatocellular proteins may
also enhance leucocyte-derived destruction of hepatocytes via recognition of
‘neoantigens’; this process would be expected to continue long after withdrawal of alcohol

even though the generation of new reactive metabolites may have ceased.

A proposed model for the pathogenesis of alcoholic liver disease, with particular reference
to the role of chemokine secretion, is summarised in figures 8.1 and 8.2.

Figure 8.1 emphasises the likely role of lipopolysaccharide in the pathogenesis of the
disease. Circulating alcohol will increase intestinal permeability with a consequent
increased absorption of lipopolysaccharide into the portal circulation. The presence of
increased circulating lipopolysaccharide after alcohol ingestion and also in subjects with
alcoholic liver disease suggests that lipopolysaccharide may either accelerate or facilitate
the development of the disease, particularly when considering the known effects of
lipopolysaccharide upon cytokine and chemokine secretion as suggested by studies
described in and cited earlier in this thesis (Sylvester 1993, Enomoto 1998).

In figure 8.2 the local effects of alcohol within the liver are illustrated. The presence of
reactive oxygen species, along with increased levels of lipopolysaccharide from within the
portal circulation, will trigger the synthesis and release of chemokines. The expression of
acetaldehyde-modified proteins (‘neoantigens’) on the hepatocyte membrane may engage

Kupffer cells and circulating monocytes which, in the presence of other co-stimulatory
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Schematic representation of role of alcohol and lipopolysaccharide in systemic chemokine expression
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signals including circulating pro-inflammatory cytokines, will secrete (further) cytokines
and chemokines (Le 1989, Taub 1996). Stellate cells may also become activated both by
the presence of alcohol intermediaries and by soluble Kupffer cell-derived factors
including TNF-a and TGF-; this will lead to further chemokine synthesis and induce
transformation into a myofibroplastic phenotype with subsequent collagen release and
fibrosis (Bachem 1992, Marra 1993). The presence of increased levels of local cytokine
and chemokine expression may lead to a self-perpetuating ‘paracrine’ cycle and activation
and recruitment of other circulating leucocytes which will amplify tissue injury (Bachem

1992, Marra 1997).

These inflammatory mechanisms will be similar for both alcoholic hepatitis and cirrhosis
but will presumably have to be more sustained in order for cirrhosis to develop. In practice
patients frequently have a combination of both hepatitis and cirrhosis but occasional
patients may have severe liver failure and death from a ‘pure’ alcoholic hepatitis whilst
others may have a ‘pure’ cirrhosis despite active alcohol abuse up to the time of
presentation. As shown in chapter 2 of this thesis, synthesis of both alpha and beta
chemokines probably occurs from the same sources within the liver although with
different intensities according to the severity of the stimulus, and so pure alcoholic
hepatitis is likely to result from predominant secretion of alpha, and pure cirrhosis from
beta, chemokines. The factors regulating expression of chemokine genes presumably allow
for differential expression of the different chemokine families; pro-inflammatory cytokines
such as TNF-a and transcription factors such as NFxB are likely to be implicated (see
below) but these factors are involved in regulation of both alpha and beta chemokines and

it is not yet known how such differential expression would be regulated.

A further chemokine-related factor which may alter the phenotypic expression of alcoholic
liver disease relates to the expression of specific chemokine receptors and development of
a “T helper 17 (Thl) or a “T helper 2” (Th2) lymphocytic response; the former is
associated with a more aggressive and pro-inflammatory tissue reaction whilst the latter is
less aggressive and induces a predominantly antibody-mediated inflammatory response. It
is now recognised that the chemokine receptors CXCR3 and CCRS are preferentially
expressed on Thl cells whilst CCR3 and CCR4 are preferentially expressed on Th2 cells,
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and CXCR4 and CCR2 are common to both types. Thus, for example, expression of MIP-
lo, MIP-1B and RANTES would allow preferential recruitment of Thl lymphocytes
whilst expression of SDF-1 and MCP-1 would allow recruitment of both Thl and Th2
lymphocytes (Sallusto 1998).

Finally in considering the role of chemokines in the pathogenesis of alcoholic liver
disease, it is possible that they will play a role not just in facilitating inflammatory liver
damage but also in promoting liver regeneration. Such a role has already been described
for the ‘proinflammatory’ cytokine TNF-a (Bruccoleri 1997). One way in particular in
which chemokines may promote regeneration is via promotion of angiogenesis; this role

has been demonstrated for CXC chemokines displaying the ELR motif (Strieter 1995).

The mechanisms of alcoholic liver disease that we have described will clearly only
account for histologically evident liver disease; how these processes are regulated and
inflammatory damage minimised or avoided with more modest or limited levels of alcohol
consumption is not clear, but will presumably be dependent upon sufficient host
antioxidant and hepatocyte regenerative capacity to limit the toxic effects of ethanol. It has
long been believed that nutritional depletion is an important factor in precipitating
alcoholic liver disease (Patek 1949), and supplementation with the natural antioxidant
precursor S-adenosyl methionine and / or polyunsaturated lecithin (an essential fatty acid)
has been shown to protect against development of alcoholic liver disease in non-human
primates (Lieber 1994), whilst other studies have shown that depletion of natural

antioxidant vitamins may occur in, and thus perhaps predispose to, alcoholic liver disease

(Bjorneboe 1988).
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FUTURE DIRECTIONS

Intracellular signalling and regulation of chemokine genes

Whilst it is known that proinflammatory cytokines and stimuli such as lipopolysaccharide
and reactive oxygen species induce chemokine gene transcription, the signal transduction
pathways involved remain a focus of much current research. Transcription factors such as
nuclear factor-kappa B (NFkB) are probably involved; this agent is responsible for rapid
induction of many cytokines (Barnes 1997) and is up-regulated in tandem with expression
of chemokines in liver injury (Tsukamoto 1996); pharmacological blockade of NFkB has
been shown to reduce chemokine gene expression in endothelial cells (Ebnet 1997). NFxB
may in itself be upregulated by stress-activated protein kinases (SAPK’s, also known as
mitogen-activated protein kinases, MAPK’s). This group of protein kinases includes
extracellular-signal-regulated kinases (ERK), c-Jun N-terminal kinases (JNK) and
p3 gMAPK “and may be activated by engagement of proinflammatory cytokine receptors with
their appropriate ligand or by oxidative stress. They have been implicated in the activation
of hepatic stellate cells (Reeves 1998) and directly in stellate cell expression of MCP-1
(Marra 1997). Thus, a clarification of the signalling pathways involved in alcohol-
mediated liver injury and chemokine expression would greatly enhance our understanding

of the pathogenesis of alcoholic liver disease.

Genetic determinants of chemokine gene and chemokine receptor gene expression

The possibility of genetic polymorphisms in TNF-o. expression influencing the risk of
developing alcoholic liver disease was addressed in chapter 7. Whilst our data did not
support a role for the polymorphisms studied, other genetic polymorphisms for pro-
inflammatory cytokine gene expression are recognised and could be associated with an
increased risk of liver disease. It will be interesting to see whether polymorphisms for
chemokine promoter genes are determined since this could be another useful area for
exploring genetic risk for alcoholic liver disease. At present there have not been any
genetic polymorphisms for chemokine genes described; however there has been intense
research into polymorphisms for chemokine receptor genes since it was realised that these

influenced the risk of contracting HIV infection and developing AIDS in subjects exposed
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to the virus. The first mutation determined to alter risk of HIV infection was a deletion
(A32) in the CC-chemokine receptor 5 (CCRS5) gene, which protects the individual from
HIV infection since the virus uses the (wild type) CCRS as a portal of entry into the
leucocyte, and presence of the A32 mutation reduces the avidity of HIV-CCRS binding
(Samson 1996). Since this discovery was made, further mutations have been characterised
including a polymorphism for the CCRS promoter region, which also protects against HIV
infection presumably from reduced transcription of the CCRS gene (McDermott 1998). In
addition to the role of chemokine receptor genes in HIV infection, the importance of the
chemokine receptors in leucocyte recruitment has been determined in CCR2 knockout
mice, which lack the receptor for MCP-1 and have severely impaired monocyte migration
(Boring 1997). This animal model will allow the role of MCP-1 in fibrogenesis to be
further investigated in vivo, and it will also be of great interest to determine whether
polymorphisms in chemokine receptor genes or promoter regions play a role in

determining susceptibility to other inflammatory diseases including alcoholic liver disease.

Therapy for alcoholic liver disease

Approaches to the pharmacological therapy of alcoholic liver disease may involve
attempts to ameliorate the metabolic disturbances of the disease (including repletion of
antioxidant vitamins and minerals), or to reduce the extent of immune injury directly with
immunosuppressive or anti-inflammatory therapy. The latter approach could include non-
specific immunosupressive therapy with corticosteroids, which has been explored
extensively, or therapy targeted at specific immune mediators, which has not.
Corticosteroid therapy reduces expression of pro-inflammatory cytokines and chemokines
(Xu 1996) and has been evaluated in numerous clinical studies in alcoholic hepatitis over
the past 20 years. Whilst 2 of the most recent studies showed a benefit in outcome
following 4 weeks’ therapy (Carithers 1989, Ramond 1992), a recent meta-analysis of
several published studies has suggested no overall benefit with this treatment (Christensen
1995). There are no published studies of therapy with other conventional
immunosuppressive agents; however as discussed in chapter 6, a recent study suggests that
pentoxifylline, which reduces expression of many pro-inflammatory cytokines and

chemokines, may be beneficial in alcoholic hepatitis (Akriviadis 1997). Furthermore,
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inhibition of pro-inflammatory cytokine and chemokine gene activation with proteasome
inhibitors, which block the induction of NFxB activity, reduces activation in cultured
hepatic stellate cells and may be a useful therapy to explore in vivo (Hellerbrand 1998).
However, as with other ‘pro-inflammatory’ cytokines, the widespread involvement of
NFxB in many vital cellular processes casts doubt on the potential benefit of such
pharmacological blockade (Taub 1998). Nevertheless monoclonal antibodies to TNF-a
have been shown to be beneficial in inflammatory conditions including rheumatoid
arthritis and Crohn’s disease; this approach may theoretically be beneficial in alcoholic
liver disease and has been shown to reduce hepatic chemokine expression and
inflammation in a rat model of the disease (Ilimuro 1997).

Our own studies suggest that specific blockade of chemokine expression or function may
be a useful approach in the therapy of alcoholic liver disease. Although not evaluated in
inflammatory hepatic diseases, pharmacological blockade of the beta chemokines MCP-1
and RANTES with monoclonal antibodies has been shown to inhibit development of
crescent formation and fibrosis in a murine model of nephritis (Lloyd 1997). However, an
equally attractive and possibly preferable approach would be to block chemokine receptors
since there is less redundancy amongst this family of receptors compared to the numerous
chemokines described (Baggiolini 1997). Chemokine antagonists have been synthesised
by truncation of the amino terminal of the chemokine molecule, resulting in a competitive
agonist without biological effect (Clark-Lewis 1991, Gong 1995), and use of an inactive
MCP-1 analogue synthesised this way has been shown to reduce disease severity in a
mouse model of inflammatory arthritis (Gong 1997). Further research into the strategy of
chemokine receptor blockade is likely to come from the AIDS field since such blockade
may provide a potentially important means to inhibit viral replication (Baggiolini 1997).
We look forward enthusiastically to further exploration of the role of immune modulators

in the management of alcoholic liver disease.
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Appendix 1: Antibodies used for immunohistochemical / flow cytometric analysis

1. Polyclonal (rabbit anti-human) antibodies

Antibody Working Dilution Source

MIP-1a 1:100 Dr.U. Siebenlist, National Institutes of Health, USA
MIP-1j3 1:100 Dr.U. Siebenlist, NIH, USA

MCP-1 1:100 Genzyme Diagnostics, Massachusetts USA

IL-8 1:50 Dr SL Kunkel, University of Michigan, USA

2. Monoclonal (mouse anti-human) antibodies

The following antibodies were used:

Antibody Clone Ig Isotype Source

TNF-a Serotec, UK

Fibroblast ' Dianova, Hamburg, Germany

CXCR1 5A12 IgG2b Dr. Qin, Leukosite, Massachussetts, USA
CXCR2 6C6 IgGl “

CXCR3 1C6 IgGl «“

CCR5 2D7 IgGl «“

Note 1. This antibody reacted with a 35kD epitope expressed exclusively on the cell
membrane of human fibroblasts was used at a dilution of 1:200. This antibody was not
found to show any positive staining with cytospin preparations of isolated hepatocytes,

biliary epithelial cells, liver endothelial cells or leucocytes.
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Appendix 2: Immunohistochemical methods

6um cryostat sections were brought to room temperature for 30 minutes then fixed in
absolute acetone for 10 minutes before incubation with the primary antibody. Binding of
primary rabbit antibodies was detected using an alkaline phosphatase labelled swine anti-
rabbit immunoglobulin secondary antibody at a dilution of 1:100 (Dako Ltd., High
Wycombe, Bucks. UK) and fast red substrate (Sigma Diagnostics, Poole, Dorset, UK).
Detection of mouse monoclonal primary antibodies was carried out using rabbit anti-
mouse immunoglobulin at a dilution of 1:25 (Dako) followed by mouse alkaline-
phosphatase/anti-alkaline phophatase (APAAP) complexes at a dilution of 1:60 (Dako)
and fast red substrate. All incubations were carried out for 45 minutes at room temperature
and sections were washed for 5 minutes with 2 changes of Tris-buffered saline (TBS, pH
7.4) between incubations. In negative controls the primary antibody was substituted with
non-immune serum.

Composition of reagents: all reagents were obtained from Sigma Chemical Co. Ltd.,

Poole, UK and made up as follows:

Tris-buffered saline (TBS, 0.05M), pH 7.4 Alkaline phosphatase substrate stock solution

Tris 30.35¢g IM levamisole 50ul

NaCl 40.50g TBS pH 8.2 49ml

Distilled water 5L Napthol-phosphate AS-MX 10mg

(pH adjusted to 7.4 with conc. HCI, approx. N,N,-dimethylformamide 1Iml

16mls) (The napthol-phosphate AS-MX was dissolved in
N,N,-dimethylformamidein a glass container

Tris-buffer, pH 8.2 before TBS pH 8.2 was added, followed by

Tris 6.05¢g levamisole)

Distilled water 1L

(pH adjusted to 8.2 with conc. HCI, approx.
7mls) Alkaline phosphatase / Fast Red working solution

This was prepared freshly by dissolving 50mg of
Fast Red TR in 50mls of the above stock

solution, and filtering before usage.
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Appendix 3: In situ hybridisation analysis

Tissue preparation: Tissue samples were fixed for 6-24 hours in freshly prepared 4%

paraformaldehyde in RN Aase-free phosphate-buffered saline (PBS), then fixative was exchanged
for 15% sucrose/ 0.01% sodium azide in PBS for 24 hours. Sections were then mounted in Cryo-
M-Bed medium, snap-frozen in liquid nitrogen, and stored at -70°C. Thereafter, 4 pm tissue
sections were mounted onto poly-L-lysine coated slides and stored dessicated at -70°C until the

in-situ hybridisation assay.

Probe preparation: S uridine triphosphate-labelled antisense or sense cRNA probes were

synthesised from chemokine specific cDNA sequences. The cDNAs for MIP-1a and B were 307
bp and 331 bp respectively ligated into an Eco R1/BamH]1 restriction site of the plasmid vector
Bluescript KS+/-. The ¢cDNA for IL-8 (a gift from Dr.P.Watson University of Sheffield,
Sheffield, UK) was a 300 bp PCR-generated cDNA sequence ligated into Pst 1 restriction site of
the plasmid pCR II. In each case the S ¢cRNAs were characterised prior to use using
polyacylamide gel electrophoresis to ensure that both sense and antisense transcripts were

comparable in size and specific activity.

Tissue hybridisation: Tissue was permeabilised with 1pg/ml proteinase K in tris/f EDTA buffer

for 15-20 minutes. This reaction was stopped by washing in glycine/ PBS for 5 minutes then
cells were refixed for 3 minutes in paraformaldehyde and washed again x2 in PBS. Sections were
then acetylated in 0.25% acetic anhydride/ triethanolamine (pH 8.0) for 10 minutes and washed
in diethylpyrocarbonate (DEPC)-treated water then air dried at 37°C. The diluted probe was then
added to sections under siliconised coverslips and hybridised overnight in a sealed humidity
chamber at 50°C. The next day coverslips were removed in 2x standard sodium citrate (SSC)/
0.1% sodium dextran sulphate (SDS), washed x2 in 2x SSC/ 0.1% SDS with 10mM
dithiothreitol (DTT) at room temperature and then washed x2 at 50°C. They were then washed x2
in 2xSSC, incubated for 15 mins at 37°C with 10ug/ml RNAase A, then washed x2 in 2xSSC
and dehydrated through graded ethanol. Sections were then dipped in K5 photographic emulsion

and exposed for 5-28 days then developed and counterstained with haemotoxylin.
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Appendix 4: Chemokine mRNA measurement by RNAse protection assays

Total RNA was prepared by guanidium thiocyanate extraction from freshly collected liver tissue
that had been snap frozen in nitrogen and stored at -70 °C. Approximately 20pg of total RNA
was hybridised with **P CTP labelled cRNA probes generated from the templates described in
appendix 3 (in situ hybridisation). To control for RNA loading, samples were simultaneously
hybridised with a 32p CTP labelled beta actin antisense cRNA generated from a commercially
prepared template (pTRI-B-actin obtained from AMS Biotechnology UK Ltd., Witney, Oxon.
UK). Control hybridisations substituting sample with yeast tRNA (Sigma Chemicals Poole,
Dorset UK) were set up in parallel. Following hybridisation overnight at 45°C, samples were
digested with 20 pg/ml RNAse A (Boehringer Mannheim, UK) and 250 U/ml RNAse T1 (Gibco,
UK) for 30 minutes at 37°C. Samples were then digested with 20 pL of 10mg/ml proteinase K
(Boehringer Mannheim, UK) for 20 minutes at 37°C prior to phenol chloroform extraction in the
presence of carrier yeast tRNA (1.5uL of 10mg/ml stock). Samples were then redissolved in
buffer and denatured at 90°C for Smins and subjected to electrophoresis on a 4%
polyacrylamide/8M urea sequencing gel. Gels were autoradiographed, developed (approximately

1-7 days later) and assessed using laser densitometry.
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Appendix 5: Isolation and culture of peripheral blood mononuclear cells (PBMC’s) and

neutrophils

PBMC’s were isolated from citrated venous blood by density gradient centrifugation with
ficoll/hypaque (Lymphoprep, Nycomed, Oslo, Norway). Under sterile conditions, blood was
mixed with an equal volume of phosphate-buffered saline then 10mls of the resulting mixture
was layered onto 10mls of Lymphoprep in a 20ml universal container then centrifuged for 30
minutes at 1600 rpm. The cell layer was then aspirated and washed twice in Hank’s balanced
salts solution (with re-centrifugation for 10 minutes at 1600 rpm inbetween washes) and counted
by haemocytometry. Any visible erythrocyte contamination was lysed between steps with sterile
red cell lysis buffer (comprising 0.144 M NH,Cl and 1 mM NaHCO; in distilled water).

Cells were then cultured in 1ml. aliquots at a concentration of 10° cells/ ml. For most
experiments, cells were cultured for 24 hrs at 37°C at 10° cells/ml in Rose Park Memorial
Institute (RPMI) medium containing 10% foetal bovine serum, glutamine (2 mM/L), and
antibiotics (penicillin (100 U/ml) and streptomycin (100 mg/ml) without additional stimulation;
where additional agents were added to culture medium this is highlighted in the appropriate

chapters.

Neutrophils were isolated from citrated venous blood by density gradient centrifugation using
Percoll. Firstly, a two-tiered gradient of Percoll solutions in phosphate-buffered saline was
created in 15ml conical tubes, with 2.5ml 54% Percoll overlying 2.5ml 77% Percoll. Under
sterile conditions, blood was mixed with an equal volume of phosphate-buffered saline and
10mls of the resulting mixture was layered onto the Percoll gradient, then centrifuged for 30
minutes at 1250 rpm. Cells were then washed twice in phosphate-buffered saline and counted by

haemocytometry prior to analysis.
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Appendix 6: Measurement of MCP-1 and IL-8 levels using customised ELISA’s

MCP-1: 96-microwell plates were coated using mouse monoclonal anti-human MCP-1 (500
ng/ml, R&D Systems, Oxon, UK) in carbonate/ bicarbonate buffer (pH 9.6) layered onto
immunosorbent wells (Nunc) and incubated overnight at 4°C. Plates were then washed with
phosphate buffered saline (PBS) + tween (100 pL/L), and non-specific binding blocked with
0.1% bovine serum albumin (BSA) in PBS tween. Test and reference samples were then added
for 2 hrs at room temperature. Rabbit anti-human MCP-1 (2.5 pg/ml, Peprotech EC Ltd,,
London, UK) was added for 1 hour, followed by swine anti-rabbit antibody conjugated with
horseradish peroxidase (1.3 pg/ml, Dako Ltd., Cambridge, UK) for a further hour, with washing
inbetween each step. Bound antibody was detected by colorimetric analysis using tetramethylene

blue (TMB) liquid substrate which was stopped with 1M sulphuric acid after 20 minutes.

IL-8: 96-microwell plates were coated using mouse anti-human IL-8 (1 pg/ml, Peprotech EC
Ltd., London, UK) in carbonate/ bicarbonate buffer (pH 9.6) layered onto immunosorbent wells
(Nunc) and incubated overnight at 4°C. The wells were then washed with PBS tween and non-
specific binding was blocked with 1% BSA in PBS tween for 1 hour. Test and reference samples
were then added for 2 hours after room temperature. After washing, rabbit anti-human IL-8
(kindly provided by Steve Kunkel, Michigan, USA) was added at a concentration of 50 ng/ml for
1 hour, followed by swine anti-rabbit antibody conjugated with horseradish peroxidase (1.3
mcg/ml) for a further hour, with washing after each step. Bound antibody was then detected by

colorimetric analysis using TMB liquid substrate as above.

For both ELISA’s, optical density was measured with an MRX electronic microwell plate reader
(Dynatech Labs) reading at 450 nm, and values were analysed with Revell software. Standard
curves were made using reference samples consisting of serial dilutions of recombinant human
MCP-1 or IL-8 (Peprotech EC Ltd., London, UK).

The working ranges for these ELISA’s were 0.125-6.667 ng/ml for MCP-1, and 2-20 ng/ml for
IL-8. For the MCP-1 ELISA, intra- and inter-assay variability were measured at 5.1% and 10.3%
respectively, and for the IL-8 ELISA, corresponding figures were 4.5% and 7.6% respectively.
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Appendix 7: Preparation of primary adult human hepatocytes

This technique was described by Strain (1991). Normal human liver tissue was obtained from
segments surgically removed from adult donor organs before reduced-graft transplant into
paediatric recipients. Tissue was stored at 4°C for 12-24 hours prior to cell isolation. Hepatocytes
were isolated by enzyme perfusion; two exposed vessels on the single cut surface of 100-200g
segments were cannulated with 3mm internal diameter tubing. Other major vesels were sutured
and the tissue was perfused at 50 ml/minute sequentially with 750 ml Ca>*/Mg*"-free Krebs
ringer bicarbonate buffer containing 10mM Hepes (KRB), 1500 ml 0.5mM EGTA in KRB and
750 ml KRB. Perfusates were allowed to run to waste. Finally, 200ml enzyme solution (0.05%
collagenase, 0.05% hyaluronidase, 0.1% dispase, 0.005% DNAase containing 5SmM CaCl,) was
perfused with recirculation and enzymatic digestion continued for 30-45 minutes until the liver
was judged to be substantially softenend. The tissue was then minced with scissors in 500ml
KRB, containing CaCl, and 10% foetal bovine serum (FBS), stirred for 10 minutes, and the cell
suspension filtered through 60 pm nylon mesh. Cells were washed x3 in KRB/CaCl,/10% FBS
by centrifugation at 50g, and viability and yield assessed by trypan blue exclusion and
haemocytometer counting. All solutions were supplemented with 100 U/ml penicillin and 100

ug/ml streptomycin, were pregassed with 95% O,/ 5% CO,, and maintained at 37°C throughout.
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Appendix 8: Culture of hepatocytes

Primary human hepatocytes

Cells were isolated as described in appendix 7 (Strain 1991) and were plated onto rat-tail tendon
collagen-coated 35mm tissue-culture dishes in 2 mls of KRB/CaCl,/10%FBS at a density of 10°
cells/ well. After 1 hour, attached cells were washed x2 in phosphate-buffered saline and then re-
fed with culture medium consisting of Williams E medium supplemented with 5.5 uM (2ug/ml)
hydrocortisone, 100 nM (0.124 IU/ml) insulin, 10 ng/ml hepatocyte growth factor, 2mM
glutamine, 100 U/ml penicillin and 100 pg/ml streptomycin. Thereafter, cells were washed with

PBS and culture medium was replaced daily.

Hep G2 cells
These cells were obtained from the Centre for Applied Microbiology and Research, Salisbury,

UK. Cells were cultured in uncoated 35mm tissue-culture dishes in RPMI-based medium as for

PBMC’s (appendix 5).

L190 cells

L190 cells are a human liver-derived neoplastic cell line showing considerable phenotypic
similarities with activated stellate cells (Murakami 1995). These were kindly provided by
Professor Matsuura, Jikei University, Tokyo, Japan). Cells were cultured in uncoated 35mm
tissue-culture dishes in Dulbecco’s Modified Eagle’s Medium (DMEM) with 10% foetal bovine

serum (FBS) and glutamine, penicillin and streptomycin as for PBMC'’s.

Splitting and reseeding of Hep G2 and L190 cells cultures: These cells have doubling times of

approximately 24 hours and 72 hours respectively. When confluent, cells were incubated in
trypsin/ EDTA solution (1ml per well) for approximately 5 minutes or until detached from plates.
A solution of 50% FBS in PBS was then added (1ml per well) to neutralise trypsin and then cells

were washed twice in PBS prior to reseeding at approximately 1:5 density.
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Appendix 9: EIodine-radiolabelling of MIP-1a and IL-8

1257 4
Iodine

Recombinant chemokines were obtained from Peprotech EC Ltd., London, UK and
sodium (100 mCi/ml) was obtained from the University of Birmingham biochemistry

department.

Chemokines (2 pg of IL-8 or 9ug of MIP-1a) were incubated with 3 pl (300 pCi) of "»odine
sodium, 50 pul of 0.1% chloramine T' and 50 pl of 0.25% sodium metabisulphite2 for 15 seconds.
This mixture was then made up to a total of 260 ul with a solution of phosphate-buffered saline /
3% bovine serum albumin / 5 mM potassium iodide. Iodinated chemokine protein was separated

from free iodine on a sephadex column® and stored at 4°C.
For IL-8 and MIP-1a this yielded specific activities of 5x 10° dpm/ pg and 6.3x 10° dpn/ ng
respectively. Confirmation of radiolabelling was done with SDS polyacrylamide gel

electrophoresis (PAGE) and autoradiography which confirmed pure signals with proteins of the

expected molecular weights.

Notes

1. Chloramine T made up freshly in 0.05 M phosphate buffer (pH 7.5), containing 0.5 M sodium
chloride.

2. Sodium metabisulphite in 0.5 M phosphate made up freshly in 0.05 M phosphate buffer (pH
7.5), containing 0.5 M sodium chloride.

3. Sephadex G10 column (approx. 10cm x 0.5cm) equilibrated in phosphate-buffered saline /

bovine serum albumin (as above) and volume determined was voided with dextran blue.
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Appendix 10: Labelling of cells for flow cytometry

Single cell suspensions were made with lymphocytes, neutrophils and hepatocytes obtained as
described earlier. Cells were suspended in normal human immunoglobulin (to block Fc
receptors) for 20 minutes at 4°C. Approximately 0.5 x 10° cells were then incubated with 5ul of
the optimal concentration (between 10 and 50 pg/ml) of the primary antibody in 100 pl FACS
medium (phosphate-buffered saline with 1% foetal bovine serum and 0.1% sodium azide) for 1
hour at 4°C. The cell suspensions were then centrifuged and washed in FACS medium (two
cycles) and incubated with fluorescein isothiocyanate (FITC)-conjugated F(ab), fragments of
rabbit anti-mouse immunoglobulin (Dako, UK) at 1 in 20 dilution for a further 1 hour. Cells were
then washed twice in FACS medium and incubated with normal mouse serum to saturate free
binding sites on the FITC-conjugated F(ab), fragments. After a further 2 washings, cells were
fixed in 1% paraformaldehyde and stored in sealed opaque containers at 4°C prior to flow
cytometric analysis.

Irrelevant mouse isotypes IgGl and IgG2a were used as control antibodies. Flow cytometry
analysis was kindly done by Roger Bird in the University of Birmingham Medical School with a
FACS 440 analyser (Becton-Dickinson), with appropriate gating to exclude dead cells and
debris. At least 10,000 cells were analysed in each sample.

Examples of flow cytometry histograms for CXCR2 antibody staining on PBMC’s, neutrophils

and hepatocytes are given on the following pages.
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Appendix 11: Preparation of purified DNA

10mls of ethylenediamine-tetra-acetic acid (EDTA)-preserved blood were obtained from each
subject and transferred to universal containers then centrifuged at 2500 rpm for 10 minutes. The
‘buffy coat’ (white cell layer) was then aspirated, transferred to 15ml conical tubes and mixed
with red cell lysis buffer for 10 minutes. White cell pellets were then purified by centrifugation and
stored at -20°C prior to preparation of DNA which was done in batches of 12-24 samples. This
was done by mixing the white cell pellet with 3 mls nuclear lysis buffer, resuspending the pellet
several times then adding 200pL SDS and 125pL proteinase K solution (Boehringer Mannheim)
to each tube. The tubes were incubated at 42°C in water baths overnight for 18 hours. The
following day, DNA was separated by adding 1ml of 6M NaCl to each tube, agitating vigorously,
adding 2mls chloroform and agitating again, then centrifuging for 30 minutes at 3000 rpm. The
DNA layer was then aspirated and precipitated in 95% ethanol, then washed twice in 70%
ethanol. Pellets were then decanted into Eppendorf tubes and centrifuged for 30 seconds at 14000
rpm, then drained, air-dried, and finally dissolved in 300uL sterile water and stored at -20°C.

Reagents
Proteinase K stock buffer
Red cell lysis buffer 1% w/v sodium dextran sulphate (SDS)
1.44M NH,CI 2mM Na,EDTA, pH 8.0
10mM NaHCO, (prepared in distjlled water)
(prepared in distilled water)

Proteinase K working solution

Nuclear Ivsis buffer 2mg/ ml Proteinase K diluted in 10mls stock buffer

10mM Tris-HCI, pH 8.2
0.4M NaCl

2mM Na;EDTA, pH 8.0
(prepared in distilled water)
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1. Afford, S.C,, Fisher, N.C,, Neil, D.A.H., Fear, J., Keogh, A., Brun, P., Hubscher, S.G. and
Adams, D.H. (1998). Distinct patterns of chemokine expression are associated with leucocyte

recruitment in alcoholic hepatitis and alcoholic cirrhosis. Journal of Pathology 186, 82-89.
2. Fisher, N.C,, Neil, D.A H., Williams, A. and Adams, D.H. (1999). Serum levels and peripheral

secretion of the beta chemokines MCP-1 and MIP-1a in alcoholic liver disease. Gut 45, 416-
420.
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DISTINCT PATTERNS OF CHEMOKINE EXPRESSION
ARE ASSOCIATED WITH LEUKOCYTE RECRUITMENT
IN ALCOHOLIC HEPATITIS AND ALCOHOLIC
CIRRHOSIS

SIMON C. AFFORD!*, NEIL C. FISHER!, DESLEY A. H. NEIL!, JANINE FEAR!, PAOULA BRUNZ, STEFAN G. HUBSCHER3 AND
DAVID H. ADAMS!

1Liver Research Laboratories, Institute of Clinical Research, University of Birmingham, Edgbaston, Birmingham B15 2TH, UK.
2Division of Gastroenterology and Histopathology, University of Padova, Italy
3Department of Pathology, University of Birmingham, Edgbaston, Birmingham B15 2TT, U.K.

SUMMARY

Alcoholic Liver disease is associated with three histologically distinct processes: steatosis (parenchymal fat accumulation), alcoholic
hapatitis (characterized by parenchymal infiltration by neutrophil polymorphs), and alcoholic cirrhosis (in which chronic inflammation
and fibrosis dominate). Chemokines are cytokines that promote subset-specific leukoycte recruitment to tissues and could therefore play
a crucial role in determining which leukocyte subsets are recruited to the liver in alcoholic liver disease. This paper reports that
chemokine expression is increased in the liver of patients with alcoholic liver disease and, moreover, that distinct patterns of chemokine
expression are associated with the different inflammatory responses to alcohol. Interleukin-8 (IL-8), monocyte chemoattractant
protein-1 (MCP-1), macrophage inflammatory protein-la (MIP-1a), and MIP-1§ were all detected in the parenchyma at sites of
inflammation in alccholic hepatitis, whereas in alcoholic cirrhesis, chemokines were restricted to inflammatory cells and endothelium in
the fibrous septa and portal tracts. In alcoholic hepatitis, chemokine transcription was localized to sinusoidal cells, leukocytes, and
fibroblasts in areas of parenchymal inflammation, but hepatocytes, despite staining strongly for chemokine protein, were negative. In
alcoholic cirrhosis, chemokine mRINA was detected in portal tract endothelium, leukocytes, and fibroblasts. Thus, alcoholic hepatitis and
alcoholic cirrhosis are associated with distinct patterns of chemokine expression that are likely to be important factors in determining
whether a patient. develops acute parenchymal inflammation and alcoholic hepatitis, or chronic septal inflammation and alcoholic

cirrhosis. © 1998 John Wiley & Sons, Ltd.

KEY WORDS—alcoholic liver disease; leukocyte recruitment; chemokines; inflammation

INTRODUCTION

The development of alcohol-induced liver injury is
determined, in part, by the immunological/inflammatory
response that alcohol stimulates.}-3 Three histologically
distinct processes may be observed: steatosis, charac-
terized by parenchymal fat accumulation; alcoholic
hepatitis, in which infiltration of the parenchyma by
leukocytes, particularly neutrophils, is associated with
hepatocyte damage; and cirrhosis, associated with
chronic inflammation and fibrosis. All three mani-
festations may be present independently or in combi-
nation.** Although alcoholic hepatitis is frequently
associated with cirrhosis, it can present as a distinct
clinical syndrome that, in its most extreme form, causes
liver failure and has a high mortality.57 Although
the reasons for these different responses to alcohol are
not known, factors that regulate leukocyte recruitment
to the liver will be crucial in determining whether
patients develop acute inflammation, hepatocyte
damage and alcoholic hepatitis, or a chronic response
and cirrhosis.??
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Leukocyte recruitment from the circulation into
tissues requires the presence of local chemotactic
cytokines (chemokines) that are localized at sites of
inflammation, where they activate subsets of leukocytes
via specific cell surface receptors to undergo migration
into tissue.1%!! Immunohistochemical studies have dem-
onstrated chemokines on the luminal aspect of blood
vessels in hepatic endothelium in allograft rejection,!2
but little is known about the distribution and expression
of chemokines in alcoholic liver disease. There are over
30 known human chemokines that can be divided into
three sub-families, based on their structure.!3-14 These
structural distinctions are important in determining
the cell specificity of the chemokines;!%-13 thus, many
a-chemokines, of which interleukin-8 (IL-8) is the
prototype, act on neutrophils, whereas f-chemokines,
such as monocyte chemoattractant protein-1 (MCP-1),
macrophage inflammatory protein (MIP)-1a and MIP-
18, act on lymphocytes and monocytes.!> The compo-
sition, distribution, and duration of an inflammatory
infiltrate in alcoholic liver disease will therefore depend
on the combination of chemokines present in the local
micro-environment.10.13.15,16

It has been suggested that a-chemokines are import-
ant in the recruitment of neutrophils in alcoholic
hepatitis, because circulating and tissue levels of IL-8
and GROa are elevated in acute alcoholic hepatitis and
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some of the histological features of alcoholic hepatitis
can be reproduced in rats by transfecting hepatocytes
in vivo with a-chemokines.!20 These studies have con-
centrated on a-chemokines, but the expression of the
p-chemokines may be equally important, as these are
potent chemotactic factors for monocytes and lym-
phocytes, and likely to be involved in establishing the
chronic inflammatory response to alcohol. Furthermore,
little is known about either the local distribution of
chemokines or the cells responsible for their synthesis in
alcoholic liver disease. It is against this background that
we investigated the expression of the four chemokines
MCP-1, MIP-1a, MIP-18, and IL-8 in patients with
alcoholic liver disease, in order to determine whether
particular patterns of chemokine expression are associ-
ated with the different manifestations of alcoholic liver
disease. -

MATERIALS AND METHODS

Sample collection and processing

Liver tissue was obtained from (a) patients with
histological evidence of alcoholic hepatitis (transjugular
liver biopsy specimens, n=6). All six patients had clini-
cally severe alcoholic hepatitis (defined as liver failure
and a discriminant function above ‘17 as described by
Maddrey® and Chendid et al.2). Four of the six patients
had histological features of cirrhosis in addition to
alcoholic hepatitis; (b) hepatectomy specimens from
patients with end-stage alcoholic cirrhosis who had
abstained from alcohol for 6 months (#=10). All
hepatectomy specimens had characteristic histological
features of end-stage alcoholic cirrhosis;5 (¢) non-
diseased liver (n=6) obtained from organ donors in
whom the liver had been surgically reduced for paediat-
ric transplantation. Liver disease was excluded bio-
chemically and histologically. Tissue specimens were
divided and ecither snap-frozen in liquid nitrogen for
immunohistochemistry or fixed in fresh 4 per cent para-
formaldehyde, and snap-frozen in Cryo-M-bed mount-
ing medium to be used for in situ hybridization (ISH)
studies.!2 All specimens were stored at — 70°C until
analysis.

Immunohistochemical studies

Immunohistochemistry was performed on snap-
frozen tissues as described previously,22-25 with the
following primary antibodies: (a) Polyclonal rabbit anti-
bodies specific for MIP-1a or MIP-18 (a gift from Dr U.
Siebenlist, NIH, U.S.A.) were used at a dilution of
1:100 for 1h at room temperature.?223 (b) Polyclonal
rabbit antibodies to MCP-1 (Genzyme Diagnostics,
Cambridge, MA, U.S.A.) were used at a dilution of
1:100. (c) Polyclonal rabbit anti-IL-8 and anti-MCP-1
(gifts from Dr S. L. Kunkel, University of Michigan,
U.S.A.) were used at a dilution of 1:50.26 (d) Anti-
tumour necrosis factor-alpha (anti-TNF-a) was supplied
by Serotec, U.K. (¢) A monoclonal anti-human fibro-
blast antibody that reacted with a 35kD epitope

© 1998 John Wiley & Sons, Ltd.

expressed exclusively on the cell membrane of human
fibroblasts was obtained from Dianova, Klein Fontenay
1, Hamburg, Germany and used at a dilution of 1:200.
The latter antibody was found to be negative against
cytospun preparations of isolated hepatocytes, biliary
epithelial cells, liver endothelial cells, and leukocytes.

Binding of primary rabbit antibodies was detected
using an alkaline phosphatase-labelled swine anti-rabbit
immunoglobulin secondary antibody at a dilution of
1:100 (Dako Ltd, High Wycombe, Bucks, U.K.) and fast
red substrate (Sigma Diagnostics, Poole, Dorset, U.K.).
Detection of mouse monoclonal primary antibodies was
carried out using rabbit anti-mouse at a dilution of 1:25
(Dako), followed by mouse alkaline-phosphatase/anti-
alkaline phosphatase complexes at a “dilution of 1:60
(Dako) and fast red substrate. In negative controls, the
primary antibody was replaced by non-immune serum.
In three patients with alcoholic hepatitis, two with
cirrhosis, and two donor livers, dual staining was carried
out with antibodies to TNF-a (Serotec, U.K.) as well as
anti-chemokine antibodies.

Localization of chemokine mRNA by in situ
hybridization

In situ mRNA hybridization was done using
paraformaldehyde-fixed tissue as described previously.!2
Briefly, 35S uridine triphosphate-labelled antisense or
sense CRNA probes were synthesized from chemokine-
specific cDNA sequences.?2 The cDNAs for MIP-1a and
MIP-18 were 307 and 331 bp respectively, ligated into an
EcoR1/BamH1 restriction site of the plasmid vector
Bluescript KS+/—. The cDNA for IL-8 (a gift from
Dr P. Watson, University of Sheffield, Sheffield, U.K.)
was a 300 bp PCR-generated cDNA sequence ligated
into the Pst 1 restriction site of the plasmid pCR Il
In each case, the 35S cRNAs were characterized prior
to use, using polyacrylamide gel electrophoresis to
ensure that both sense and antisense transcripts were
comparable in size and specific activity. Sections were
developed and examined for positivity after 7-14 days’
autoradiography.

Histological assessment and scoring

Sections were assessed blind using a semi-
quantitative system that we had previously validated
by confocal microscopy.252¢ Staining was scored
according to intensity and distribution on a five-point
scale from negative to ++++, where negative=no
staining or positive hybridization relative to control
sections, +=weak positivity, and ++++ =maximum
positivity. The following structures were assessed:
portal vessels (hepatic arterioles and portal venules);
hepatic venules; sinusoidal cells (Kupffer cells and
sinusoidal endothelium); bile ducts; hepatocytes; and
infiltrating leukocytes.

Measurement of chemokine mRNA by RNase protection
assays

Quantitative assessment of chemokine mRNA for
MIP-1a and MIP-18 was carried out using an RNase

J. Pathol. 186: 82-89 (1998)
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Fig. 1—Localization of chemokine protein and mRNA in non-inflamed liver tissue from organ donors. MCP-1 (panel A) and IL-8
(panel B) chemokine proteins were detected by imrnunohistochemistry in normal human liver tissue in portal veins (PV), hepatic
arterioles (HA), and occasional inflammatory cells. Panels C and D show MCP-1 and IL-8 mRNA expression in normal tissue.
Positive hybridization was confined to perivascular areas (portal tracts and central vein)

protection assay described in detail elsewhere.27 Briefly,
total RNA was prepared by guanidium thiocyanate
extraction from freshly collected liver tissue that had
been snap-frozen in nitrogen and stored at —70°C.
Approximately 20/tg of total RN A was hybridized with
32P CTP-labelled ¢cRNA probes generated from the
templates described above (see in sifu hybridization).
Samples were simultaneously hybridized with a 32P
CTP-labelled /7-actin antisense cRN A generated from a
commercially prepared template (pTRI-b-actin obtained
from AMS Biotechnology U.K. Ltd, Witney, Oxon,
U.K.). Control hybridizations substituting yeast tRNA
(Sigma Chemicals, Poole, Dorset U.K.) for sample were
set up in parallel. Following hybridization and RNase
digestion, samples were redissolved in buffer, denatured
at 90°C for 5 min, and subjected to electrophoresis on a
4 per cent polyacrylamide/8 m urea sequencing gel. Gels
were autoradiographed, developed (approximately 1-7
days later), and assessed using laser densitometry.

RESULTS

Chemokine expression in non-diseased liver

Imrnunohistochemistry demonstrated that MIP-la,
MIP-1/?, MCP-1, and IL-8 protein could all be detected
in non-diseased liver tissue. Staining was weak and
confined to the vascular endothelium, sub-endothelial
stroma, and occasional inflammatory cells (Figs 1A and
IB and Table I); hepatocytes were negative. In situ
hybridization localized chemokine mRNA to the

© 1998 John Wiley & Sons. Ltd.

occasional inflammatory cells and areas surrounding the
vascular endothelium, indicating that low-level chemo-
kine gene transcription was occurring even in the
absence of active inflammation (Figs 1C and ID and
Table I).

Chemokine protein and mRNA expression in alcoholic
liver disease

All four chemokine proteins were detected in bal-
looned hepatocytes at sites of active inflammation in
severe alcoholic hepatitis. Variable staining ranging
from moderate to intense was also observed in vascular
and sinusoidal endothelium, intrahepatic bile ducts, and
inflammatory cells (Fig. 2a and Table I). In patients with
alcoholic hepatitis, ISH demonstrated greatly increased
chemokine transcription in areas of inflammation, where
positivity could be seen in inflammatory cells, vascular
endothelium, sinusoidal lining cells, and particularly in
areas of pericellular fibrosis (Fig. 2c¢ and Table I).
Intrahepatic bile ducts were negative. The cellular distri-
bution of chemokine mRNA was similar for all chemo-
kines and was associated with areas of active fibrosis
as determined by immunohistochemical staining for
fibroblasts (Figs 2e and 2f).

Chemokine proteins were detected in tissues obtained
from patients with end-stage alcoholic cirrhosis without
active alcoholic hepatitis. All chemokine proteins were
detected in inflammatory cells, intrahepatic bile ducts,
vascular endothelium, and, in particular, within fibrous
septa. Unlike alcoholic hepatitis, no chemokine protein

J. Pathol. 186: 82-89 (1998)
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Table I—Chemokine protein and mRNA expression in alcoholic liver disease. This table summarizes the ex‘pression of chemqkir_le
protein and mRNA in normal liver, alcoholic hepatitis, and alcoholic cirrhosis. Sections were scored according to standard criteria

(see Materials and Methods)

Protein . mRNA
Chemokine Distribution Normal Alc. hep. Alc. cirr. Normal Alc. hep. Alc. cirr.
MIP-la Inflam. cells +/++ +++ +++ + +++ -
' Sinusoidal cells - +++ - - +++ -
Biliary epithelium - +++ +4++4 - - -
Vascular endothelium +H++ +++ +++ - +++ -
Hepatocytes - +++ - - + -
Fibrous septa - . np +++ +++ np - +++ +4+4+
MIP-18 Inflam. cells +++ +++ +++ + +++ _
Sinusoidal cells - +++ - - +++ -
Biliary epithelium - +++ +++ - - _
Vascular endothelium +/++ +++ +++ - +++ -
Hepatocytes - +++ o= - + -
Fibrous septa np +++ +++ np - +++4 4+
MCP-1 Inflam. cells +/++ +++ +++ ++ +++ -
Sinusoidal cells - +++ - - +++ -
Biliary epithelium - +++ +++ - - -
Vascular endothelium +/++ +++ +++ +4 4+ +4++
Hepatocytes - +++ - - + -
Fibrous septa np +4+ ++4+ np +++ +++
IL-8 Inflam., cells + - +++ ++ ++ +++ ++
: Sinusoidal cells + +++ +/ - - +++ -
Biliary epithelium +/— +++ ++ - - -
Vascular endothelium ++ ++++ +++ ++ +++. +++
Hepatocytes +/— +++ - - - —
Fibrous septa np +++ +/ - np +++ +44

np=not present.

was detected in either hepatocytes or sinusoids (Fig. 2b
and Table I). mRNAs for all chemokines were present
throughout the fibrous septa, with MCP-1 and IL-8
transcripts also detected in vascular endothelium and
vessel walls (Table I). mRNA expression in alcoholic
cirrhosis was again strongly associated with the presence
of fibroblasts, particularly at the interface of septa and
adjacent liver (Fig. 2f).

Expression of chemokine and TNF-a in alcoholic liver
disease

In normal liver, TNF-a protein was restricted to
vascular endothelium and the occasional inflammatory
cells and Kupffer cells; the staining was generally weak.
In alcoholic cirrhosis, a similar pattern was observed,
but the staining was stronger. In alcoholic hepatitis,
there was strong staining in vascular endothelium, sinu-
soidal lining cells, and intense staining associated with
inflammatory infiltrates in the parenchyma (Figs 3a and
3b). Double staining revealed co-localization of chem-
okines and TNF-a to areas of active inflammation (see
Figs 3c and 3d). :

Detection of chemokine mRNA by RNase protection
assays '

The RNase protection assay confirmed that chemo-
kines were present in normal and diseased tissue.

© 1998 John Wiley & Sons, Ltd.

Expression was low in normal, non-inflamed tissue and
modestly increased in established cirrhosis without
hepatitis. Chemokine mRNA was elevated substantially
(two- to three-fold on average) in alcoholic hepatitis,
confirming the observations in tissue sections. These
data are summarized in Fig. 4.

DISCUSSION

Alcoholic liver disease is associated with two distinct
inflammatory responses: alcoholic hepatitis, character-
ized by parenchymal infiltration by monocytes, lym-
phocytes, and large numbers of neutrophils; and
alcoholic cirrhosis, where fibrosis and chronic inflam-
mation with monocytes and lymphocytes are centred on
portal tracts and fibrous septa. Qur results suggest that
locally secreted chemokines are important factors in
determining the nature and distribution of the inflam-
matory response to alcohol. Chemokines expressed in
the sinusoids in alcoholic hepatitis would promote the
recruitment of neutrophils, monocytes, and lymphocytes
to the parenchyma,*?! whereas chemokines expressed in
portal areas and fibrous septa during chronic inflam-
matory responses of alcoholic cirrhosis would promote
recruitment and retention of inflammatory cells at that
location. Our findings also demonstrate that chemokine
expression alone is insufficient for leukocyte recruitment
in vivo, because IL-8, which acts predominantly on

J. Pathol. 186: 82-89 (1998)
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Fig. 2—Chemokine protein and mRNA expression in alcoholic hepatitis and alcoholic cirrhosis. The left-hand panels (a, c, ¢) show
alcoholic hepatitis and the right-hand panels alcoholic cirrhosis for direct comparison. Panels a and b show immunohistochemical
staining for IL-8 chemokine protein. In alcoholic hepatitis (a), there is strong staining in hepatocytes (h) and inflammatory cells (ic),
whereas in alcoholic cirrhosis (b), staining is confined to portal tract endothelium (en), intrahepatic bile ducts (bd), and
inflammatory cells (ic) in portal tracts and periseptal areas. Panels ¢ and d show IL-8 and MIP-1/? mRNA localization
(representative results; other chemokines were similar). In alcoholic hepatitis, mRNA is expressed in sinusoidal cells (sc) within the
parenchyma, whereas in alcoholic cirrhosis, expression is confined to portal tracts (pt) and septal areas. Panels e and f show
immunohistochemical staining for fibroblasts in patients with alcoholic hepatitis (¢) and alcoholic cirrhosis (0, respectively

neutrophils, was detected in alcoholic cirrhosis in the
absence of a neutrophil infiltrate; this suggests that other
factors in addition to chemokines are required for
leukocyte migration into tissues. In light of our previous
reports of distinct patterns of endothelial activation in
alcoholic hepatitis, these [factors] almost certainly
include the presence of particular endothelial adhesion
molecules.89

Chemokine mRNA was expressed not only by infil-
trating leukocytes, but also by liver endothelium and
sinusoidal cells, implying that the liver itself is involved
in the regulation of leukocyte recruitment in alcohol-
induced liver injury. Many cell types have been shown to

© 1998 John Wiley & Sons, Ltd.

produce MCP-1 and IL-8 when stimulated in vitro,
including biliary epithelial cells, hepatocyte, and sinusoi-
dal endothelium,28-30 and these cells may all contribute
to the local levels of chemokines within the liver. In
severe alcoholic hepatitis, but not cirrhosis, IL-8§ mRNA
was expressed strongly throughout the sinusoids and
lobular regions in both inflammatory and sinusoidal
cells. Overexpression of CINC (the rat homologue of
IL-8) in rat hepatocytes in vivo results in a neutrophilic
hepatitis and other studies have shown that hepatocytes
secrete chemotactic factors in response to alcohol and its
metabolites, implying a central role for hepatocyte-
derived factors in generating the inflammatory response

J. Pathol. 186: 82 89 (1998)
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Fig. 3—Immunolocalization of TNF-a and chemokine protein in alcoholic hepatitis. Panel a shows immunolocalization of TNF-a using an alkaline
phosphatase/fast red substrate in a patient with alcoholic hepatitis and cirrhosis demonstrating positive staining in vascular endothelium (en) and areas of
inflammation in periseptal regions and within Kupffer cells in hepatic sinusoids in areas of steatohepatitis (kc). Panel b shows immunolocalization of the
chemokine MIP-1/? using a horseradish peroxidase/DAB substrate in severe alcoholic hepatitis. There is strong expression of chemokine protein in
ballooned hepatocytes (h). Panels ¢ and d show dual immunostaining for TNF-a (red/pink stain) and MIP-la (widespread parenchymal brown stain)
confirming that both cytokines are present in areas of inflammation and tissue damage

128 4 56789 10111215 14 1516 17 1819

*307b <35b

273b

Fig. 4—RNase protection gel showing MIP-la and MIP-I/I mRNA expression in normal, alcoholic hepatitis, and alcoholic cirrhosis tissue
extracts, respectively. Gel left to right tracks 1-9=MIP-la and yS-actin (protected fragment size=307 and 273 bases, respectively); tracks
10-19 =MIP-1/? and /Tactin (protected fragment size 331 and 273 bases, respectively). 1=control non-hybridized MIP-la and /?-actin probe
mixture; 2, 3=probes hybridized with RNA from normal non-inflamed liver tissue; 4=control probe cocktail predigested with RNase; 5=control
non-hybridized MIP-la and /?-actin probe mixture; 6, 7=probes hybridized with RNA from severe alcoholic hepatitis; 8, 9=probes hybridized
with RNA from end-stage alcoholic cirrhosis; I0=control MIP-1/J and /?-actin probe cocktail predigested with RNase; ll=control non-
hybridized MIP-1/? and /?-actin probe mixture; 12, 13=probes hybridized with RNA from normal non-inflamed liver tissue; 14, 15=control
non-hybridized MIP-I/T and /?-actin probe mixture; 16, 17=probes hybridized with RNA from severe alcoholic hepatitis; 18, 19=probes
hybridized with RNA from end-stage alcoholic cirrhosis

© 1998 John Wiley & Sons, Ltd. J. Pathol. 186: 82-89 (1998)
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of alcoholic hepatitis.8:3! The contribution made by
hepatocytes to chemokine synthesis in humans is not
known, but our results suggest that they contri-
bute relatively little because despite the presence of all
four chemokine proteins in ballooned hepatocytes, no
chemokine mRNA was detected. This finding suggests
that hepatocytes take up or sequester chemokines syn-
thesized and secreted by other cell types, a process that
could increase the local concentration of chemokines in
the parenchyma in alcoholic hepatitis.

Fibroblasts express chemokines in vitro®® and
activated fibroblasts may be particularly important con-
. tributors to chemokine secretion in alcoholic liver dis-
ease, because we found a striking co-localization of
chemokine mRNA with the distribution of fibroblasts in
both alcoholic cirrhosis and alcoholic hepatitis. Smith
et al. have proposed a role for chemokines in fibrogen-
esis based on their observations that the administration
of antibodies to MIP-1a decreases cellular infiltrates and
fibrosis in an animal model of interstitial lung fibro-
sis. 3233  fibrogenesis involves complex interactions
between leukocytes, fibroblasts, and sinusoidal cells, and
chemokines are likely to play a central role in this
process by recruiting and maintaining inflammatory
cells at sites of active fibrosis.3*

In normal tissue, all four chemokine proteins were

detected on endothelium and in inflammatory cells

around blood vessels. These observations suggest that
low-level chemokine secretion occurs in normal liver and
could be important for the regulation of leukocyte
recruitment during physiological immune surveillance.
Alternatively, because the ‘normal’ liver came from
organ donors, who were on intensive care units prior to
organ removal, it is possible that the presence of endo-
toxin and cytokines in the portal blood accounts for this
low-level expression. In normal liver, IL-8 and MCP-1
mRNA were detected in vascular but not sinusoidal
endothelium. Previous studies have reported differences
in adhesion molecules between sinusoidal and vascular
endothelium® and these present observations provide
further evidence that sinusoidal endothelium differs
from portal and hepatic vascular endothelium. The
endothelium can also sequester chemokines secreted by
other cells. The ability of proteoglycans in the endo-
thelial glycocalyx to bind glycosaminoglycan-binding
sites on various chemokines allows chemokines to be
retained at sites of inflammation in vive.23:36-38 This
. mechanism could explain why we detected MIP-1a and
. MIP-1§ chemokine protein on vascular endothelium in

‘the absence of detectable mRNA.

Because in sifu hybridization cannot quantify mRNA,
we used RNase protection assays to provide a quanti-
tative assessment of chemokine mRNA. Chemokine
mRNA was markedly elevated in alcoholic hepatitis
. compared with cirrhosis, consistent with the increased
inflammatory damage in alcoholic hepatitis.>-2! It has
- been proposed that increased production of TNF-a
. drives the inflammatory response in alcoholic hepatitis
*and TNF-a is a potent stimulus for chemokine release
from several cell types in vitro, including Kupffer cells
and human biliary epithelial cells.?®:31  Although

increased secretion of TNF-a by blood monocytes has

© 1998 John Wiley & Sons, Ltd.

been reported in alcoholic hepatitis, the cellular origin of -

TNF-a within the liver is not known.!3:3 We demon-
strated co-localization of chemokine and TNF-a pro-
teins in areas of inflammation in alcoholic hepatitis,
suggesting the existence of a paracrine network in which

TNF-a, produced by inflammatory cells, stimulates local -

secretion of chemokines in alcoholic hepatitis. Further
evidence for the importance of TNF-a in alcoholic

hepatitis comes from reports that patients who are '

genetically high TNF-a producers have an increased risk
of alcoholic hepatitis.*°

The findings of our study imply that leukocyte recruit-
ment to the parenchyma and portal tracts is controlled

by different mechanisms. For instance, the expression of

MCP-1 on portal vascular endothelium would promote
the influx of monocytes and lymphocytes into portal

tracts and in the presence of the appropriate stimulus .

activate fibrogenesis. In contrast, infiltration of the
parenchyma, which is seen in alcoholic hepatitis,
requires a more potent inflammatory stimulus to induce
chemokine secretion from sinusoidal cells. This could be

provided by high local levels of TNF-a. Therapeutic .

reduction of chemokine expression or function should .

thus reduce hepatic inflammation and prevent fibrogen- |

esis in alcoholic liver disease. The recent development of

chemokine receptor antagonists*! will provide reagents
to allow us to test this hypothesis in vivo. If effective,
these reagents will have broader applications in other

types of inflammatory liver disease and cirrhosis. How-
ever, the widespread and diverse effects of chemokines .

mean that such approaches will need to take into

account the potentlally deletenous effects of 1nh1b1tmg -,

chemokine function in vivo.??
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Abstract :

Background—Alcoholic liver disease is
associated with increased hepatic expres-
sion of monocyte chemoattractant protein
1 (MCP-1) and macrophage inflamma-
tory protein 1a (MIP-1a).

Aims—To determine whether concentra-
tions of chemokines in the peripheral cir-
culation reflect disease activity, and
whether chemokine secretion is restricted
to the liver or is part of a systemic inflam-
matory response in alcoholic liver disease.
Patients—Fifty one patients with alcoholic
liver disease and 12 healthy controls.
Methods—Peripheral vein (and hepatic
vein in patients undergoing transjugular
liver biopsy) chemokine concentrations
were measured by ELISA. Chemokine
secretion and transcription in isolated
peripheral mononuclear cells were as-
sessed using ELISA and in situ hybridisa-
tion in patients with severe alcoholic
hepatitis.

Results—Serum MCP-1 concentrations
were higher in alcoholic hepatitis com-
pared with cirrhosis or healthy controls.
MIP-1a concentrations were below the
assay sensitivity in most patients. Serum
MCP-1 concentrations correlated signifi-
cantly with serum aspartate aminotrans-
ferase and creatinine. In severe alcoholic
hepatitis, MCP-1 concentrations were
higher in hepatic compared with periph-
eral veins; in mild alcoholic hepatitis there
was no difference. Mononuclear cell se-
cretion of both MCP-1 and MIP-1a was
higher in severe alcoholic hepatitis com-
pared with healthy controls, and chemo-
kine mRNA was identified in monocytes.
Conclusions—Serum MCP-1 concentra-
tions are raised in alcoholic liver disease
and reflect severity of hepatic inflamma-
tion. Monocyte secretion of both MCP-1
and MIP-1a is increased in severe alcoholic
hepatitis. Both intrahepatic sources and
peripheral mononuclear cells contribute to
the raised serum MCP-1 concentrations.
(Gut 1999;45:416-420)

Keywords: alcoholic liver disease; chemokines;
monocyte chemoattractant protein 1; macrophage
inflammatory protein 1o

Alcoholic hepatitis is characterised by an
intense leucocytic infiltradon of the liver
combined with hepatocyte damage and a

variable degree of fibrosis.! While the key hepa-
totoxin underlying alcoholic liver disease
(ALD) is self evident, the cascade of immuno-
logical events leading to inflammatory damage
is complex and the variation in inflammatory
response between individuals consuming simi-
lar amounts of alcohol is not understood.”? We
and others have previously shown that the
expression of chemokines, a subgroup of
cytokines with chemoattractant activity, corre-
lates with clinical severity and inflammatory
activity within the liver in alcoholic and other
inflammatory liver diseases.*” The prinicipal
role of chemokines is in the recruitment of leu-
cocytes to sites of inflammation and they play a
vital role in a variety of infective and inflamma-
tory diseases.? ° Chemokines can be subdivided
according to their structure into subgroups, of
which the largest are the CXC, or alpha, and
CC, or beta groups defined by the presence or
absence respectively of an additional amino
acid (“X”) between the first two cysteine
residues in a conserved four cysteine motif.’
The alpha chemokines are further subdivided
according to the presence or absence of a
glutamine-leucine-arginine (ELR) amino acid
sequence near the active terminal; those pos-
sessing this sequence are potent chemoattract-
ants for neutrophils while those that do not are
chemotactic for lymphocytes. Interleukin 8
(IL-8) possesses an ELR amino acid sequence
and is the prototypic alpha cheémokine, being
exclusively chemotactic for neutrophils. The
beta chemokines are exclusively chemotactic for
mononuclear cells; the prototypes of this group
are monocyte chemoattractant protein 1
(MCP-1) and macrophage inflammatory pro-
tein 1o, (MIP-1a), both of which are monocyte
and lymphocyte chemoattractants.

Although the effects of chemokines are
predominantly localised to sites of inflamma-
tion by binding to proteoglycans in the
glycocalyx,' they can also be detected in the
circulation, and serum concentrations of the
alpha chemokine IL-8 have been shown to cor-
relate closely with clinical, histological, and
laboratory indicators of severity in ALD.'*"
However, alcoholic hepatitis and active cirthosis
are also typically associated with a mononuclear

Abbreviations used in this paper: ALD, alcoholic
liver disease; MCP, monocyte chemoattractant protein;
MIP, macrophage inflammatory protein; PBMC,
peripheral blood mononuclear cell; IL, interleukin;
ELR, glutamine-leucine-arginine; TIPSS, transjugular
intrahepatic portosystemic shunt; AST, aspartate
aminotransferase.



Table 1 Summary characteristics of patients with severe alcoholic hepatitis (AH), mild to
moderate AH, and quiescent cirrhosis, as defined histologically

Severe AH Mildimoderate AH Cirrhosts
(n=24) (m=15) m=12)
AST (UM
Median 64 50 36
Range 21405 20-113 13-61
Bilirubin (pmol/l)
Median 232 100 54
Range 45-1050 14-313 11-550
PT (s)
Median 23 21 19
1743 14-39 15-30
Discriminant function*
Median 65.2 40.5 28.4
Range 29.6-151 5.6-138 9.8-111
PSE . 13 4 2
Transplantedf 2 3 3
Deaths} 10 4 2

*After Maddrey,'® where discriminant function = [(prolongation in PT x 4.6) + (serum bilirubin/
17)]. A discriminant function of >32 is indicative of a risk of mortality of at least 50%.

1Severe AH versus mild or moderate AH, p<0.05; severe AH versus quiescent cirrhosis, p<0.05;
mild to moderate AH versus quiescent cirrhosis, p<0.05 (Mann-Whitney U test).

" $Occurring within three months after serum sampling. All deaths were directly related to liver dis-

ease.

AST, aspartate aminotransferase; PT, prothrombin time; PSE, portosystemic encephalopathy
(defined where clinically obvious).

cell infiltrate including monocytes and lym-
phocytes, and the hepatic expression of the
chemokines MCP-1 and MIP-1a correlates
with intensity of infiltration with these mononu-
clear cells in ALD.® Serum concentrations of
beta chemokines have not been studied in
inflammatory liver diseases, although MCP-1
concentrations are elevated in human sepsis.™
For these reasons we studied circulating con-
centrations and peripheral secretion of MCP-1
and MIP-1a in ALD in order to determine: (a)
whether concentrations of chemokines in the
peripheral circulation reflect hepatic disease
activity; and (b) whether chemokine secretion is
restricted to the liver or is part of a systemic

“inflammatory response.

Patients and methods
PATIENTS
We studied 51 patients with biopsy proved
ALD. All patients had consumed at least 80 g
alcohol daily for more than 10 years and other
potential causes of liver disease had been care-
fully excluded by comprehensive Cclinical,
radiological, and serological analysis. Patients
were managed with nutritional supplementa-
tion but not corticosteroids or other immuno-
suppressants. Patients with active sepsis or
recent gastrointestinal haemorrhage were ex-
cluded from the study. Patients were subdiv-
ided by histological criteria' into those with
severe alcoholic hepatitis (ballooning hepato-
cyte degeneration, Mallory’s hyaline, and dense
leucocyte infiltration including neutrophils;
n=24), mild to moderate alcoholic hepatitis
(with ballooning hepatocyte degeneration,
Mallory’s hyaline, and absent or light leucocyte
infiltration without neutrophils; n=15), and
inactive alcoholic cirrhosis (without histologi-
cal stigmata of alcoholic hepatitis; n=12). The
majority of patients with alcoholic hepatitis
(18/24 with severe and 11/15 with mild to
moderate alcoholic hepatitis) also had cirrho-
sis, and all remaining patients had fibrosis of at
least mild to moderate severity.

In addition to histological features of disease
we recorded routine clinical and laboratory

laboratory data for each patient (table 1). For
comparison we also studied 12 healthy volun-
teers.

SERUM SAMPLING

Serum samples obtained from peripheral venous
blood were analysed for all subjects. Some of the
patients with coagulopathy underwent trans-
jugular biopsy for clinical indications and in
these patients we took the opportunity to sample
blood from the hepatic vein. In a further five
patients, transjugular intrahepatic portosystemic
shunts (TIPSS) were inserted radiologically for
control of ascites or because of previous
problematic variceal haemorrhage; in these
patients we took blood samples from peripheral,
hepatic, and portal veins. Blood was collected
into tubes containing clot activator; serum was
separated within 30 minutes by centrifugation
and stored at —70°C prior to analysis.

PERIPHERAL BLOOD MONONUCLEAR CELL (PBMC)
CHEMOKINE SECRETION . ]
MCP-1 and MIP-1a secretion from cultured

PBMCs was measured in selected patients with
severe alcoholic hepatitis (n=12) and healthy
controls (n=12). PBMCs were isolated from
citrated venous blood by Ficoll/Hypaque den-
sity gradient centrifugation for 30 minutes at
1600 rpm; cells were then washed twice in
Hank’s balanced salt solution, counted by
haemocytometry, and cultured in 1 ml aliquots
at a concentration of 10° cells/ml. Cells were
cultured for 24 hours at 37°C at 10° cells/ml in
RPMI containing 10% fetal bovine serum,
glutamine (2 mM/1), and antibiotics (penicillin
100 U/ml and streptomycin 100 pug/ml) with-
out additional stimulation. Supernatants were
collected by centrifugation and stored at
—70°C prior to analysis.

CHEMOKINE MEASUREMENT

MCP-1 and MIP-1o concentrations were
measured using commercially available ELISA
kits (R&D Systems, Abingdon, UK) according
to the manufacturer’s instructions. The lower
limits of sensitivity for these assays were 31 and
47 pg/ml respectively. For measurement of
PBMC secretion of MCP-1 we developed a
customised ELISA. Ninety six microwell plates
were coated with mouse monoclonal antihu-
man MCP-1 (500 ng/ml; R&D Systems, Oxon,
UK) overnight at 4°C. Plates were then washed
and non-specific binding blocked with 0.1%
bovine serum albumin before adding the test
sample for two hours at room temperature.
Rabbit antihuman MCP-1 (2.5 pg/ml; Pepro-
tech EC Ltd, London, UK) was added for one
hour, followed by swine antirabbit antibody
conjugated with horseradish peroxidase (1.3
pg/ml, Dako Ltd, Cambridge, UK) for a
further hour, with washing between each step.
Bound antibody was then detected using
tetramethylene blue liquid substrate and
colorimetric analysis. Reference samples con~
sisted of serial dilutions of recombinant human
MCP-1 (Peprotech EC Ltd, London, UK).
This ELISA gave reproducible results with
values within 10% of the commercial ELISA,
with both intra-assay and interassay variability



Figure 1 Serum monocyte
chemoattractant protein 1
(MCP-1) concentrations in

tents with severe or mild
to moderate alcoholic
hepatitis, tnactive alcoholic
cirrhosis, and controls.
Thick horizontal bars
represent mean values.
Concentrations in severe
alcoholic cirrhosis were
significantly higher than in
cirrhotics or controls
(9<0.01, Mann-Whitney
U test).
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of less than 5% and with a lower limit of sensi-
tivity of 250 pg/ml.

ANALYSIS FOR PBMC CHEMOKINE mRNA

Chemokine mRNA in peripheral blood leuco-
cytes was determined by in situ hybridisation of
cytospin preparations of PBMCs isolated as
described above. Freshly isolated PBMCs were
resuspended and mounted onto coated slides,

' fixed in 1% paraformaldehyde, and stored at

—70°C prior to analysis. Chemokine mRNA
hybridisation was done with a probe for
MIP-1¢  using  techniques  described
elsewhere.* Briefly, S uridine triphosphate
labelled antisense or sense CRNA probes were
synthesised from a cDNA sequence specific for
MIP-1a, which was ligated into an Eco
R1/Bam H1 restriction site of the plasmid vec-
tor Bluescript KS+/—. The *S cRNAs were
characterised prior to use by polyacrylamide
gel electrophoresis to ensure comparable size
and specific activity. These were then hybrid-
ised with cytospin preparations and developed
after 7-14 days of autoradiography.

STATISTICAL ANALYSIS

Tests for non-parametric data (Mann-Whitney
U test, Wilcoxon rank sum, and multivariate lin-
ear regression) were done using SPSS statistical
software. A p value of less than 0.05 was consid-
ered to indicate statistical significance. This
study was approved by the Research Ethics
Committee of the University Hospital Birming-
ham NHS Trust and patients gave informed
consent before participation in the study.

Results

SERUM CHEMOKINE CONCENTRATIONS
Peripheral vein MCP-1 concentrations were
higher in alcoholic hepatitis (severe, 640 (SD
285) pg/ml; mild, 435 (110) pg/ml) compared

Table 2 Correlation of laboratory indexes of disease
severity with serum monocyte chemoattractant protein
(MCP) 1 concentrations in patients with alcoholic liver
disease, using Spearman’s rank test

Laboratory index r Value p Value
Serum aspartate aminotransferase  +0.47 <0.01
Creatinine* +0.36 <0.01
Bilirubin* +0.35 <0.01
Albumin -0.33 <0.05
Prothrombin time increase +0.15 © NS
Peripheral leucocyte count +0.18 NS

*Values transformed logarithmically for statistical analysis.
Linear regression analysis identified serum aspartate amino-
transferase (p<0.01) and creatinine (p<0.05) as significant
independent variables.

with cirrhosis (355 (105) pg/ml) or healthy
controls (325 (120) pg/ml) (severe alcoholic

hepatitis versus healthy controls, p<0.01;

severe alcoholic hepatitis versus inactive cirrho-
sis, p<0.01; mild alcoholic hepatitis versus
healthy controls, NS; Mann-Whitney U test; fig
1). MCP-1 concentrations showed significant
positive correlations with serum aspartate
aminotransferase (AST) (p<0.01), serum cre-
atinine (p<0.01), and serum bilirubin
(p<0.01), and a significant negative correlation
with serum albumin (p<0.05) (table 2). Linear
regression analysis showed that serum AST
(p<0.01) and creatinine (p<0.05) retained
independent associations with MCP-1 concen-
trations. There was a non-significant trend
towards higher MCP-1 concentrations in non- '
survivors compared with survivors (mean con-
centrations 763 and 565 ng/ml respectively,
p=0.12). In the alcoholic hepatitis groups,
there was no difference in MCP-1 concentra-
tions between those with and those without
cirthosis (mean concentrations 654 and 678
pg/ml respectively, NS). Peripheral vein
MIP-1a concentrations were below the lower
limit of detection of the assay (that is, less than
46 pg/ml) in all healthy controls and in all ALD
patients tested (n=32) except one.

PERIPHERAL AND HEPATIC VEIN CHEMOKINE
CONCENTRATIONS

In patients with severe alcoholic hepatitis in
whom paired hepatic and peripheral vein sam-
ples were available, MCP-1 concentrations
were higher in hepatic compared with periph-
eral venous blood (mean values 647 and 600
pg/ml respectively, p<0.01, Wilcoxon rank
sum), while in patients with mild to moderate
alcoholic hepatitis or inactive cirrhosis the
hepatic and peripheral vein MCP-1 concentra-
tions were similar (mean values 293 and 301
pg/ml respectively, NS; fig 2). In the five
patients undergoing TIPSS insertion, the high-
est MCP-1 concentrations were found in the
hepatic veins, with the lowest concentrations
occurring in the portal veins (mean concentra-
tons in the hepatic, peripheral, and portal
veins were 437, 421, and 402 pg/ml respec-
tively; hepatic vein versus portal vein, p=0.07,
Wilcoxon rank sum). Hepatic vein MIP-1a
concentrations were below the lower limit of
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Figure 2 Paired hepatic and peripheral vein (HV and
PV) monocyte chemoattractant protein 1 (MCP-1)
concentrations in patients with severe alcoholic hepatitis
compared with mild to moderate hepatitis or cirrhosis.



Figure 3 Spontaneous
peripheral blood
mononuclear cell secretion
of (A) monocyte
chemoattractant protein 1
(MCP-1) and (B)
macrophage inflammatory
protein la (MIP-la) in
patients with severe
alcoholic hepatitis and
healthy controls. Thick
horizontal bars represent
mean values.
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detection of the assay (as for peripheral vein
concentrations) in all patients with ALD.

PBMC CHEMOKINE SECRETION

Spontaneous secretion of MCP-1 and MIP-la
from cultured PBMCs was higher in patients
with severe alcoholic hepatitis compared with
healthy controls (fig 3). In alcoholic hepatitis
MCP-1 secretion was 13.13 (11.34) ng/ml and
for controls 5.27 (4.77) ng/ml (p=0.015,
Mann-Whitney U test); MIP-la secretion was
1.98 (1.78) ng/ml in alcoholic hepatitis and
0.84 (1.10) ng/ml in controls (p=0.04, Mann-
Whitney U test). For patients with alcoholic
hepatitis there was a significant positive corre-
lation between PBMC secretion of and serum
concentrations of MCP-1 (r=0.68, p<0.05,
Spearman’s rank test), and between PBMC
secretion of MCP-1 and serum AST (r=0.60,
p<0.05). However, there was no significant
correlation between PBMC secretion of
MIP-la with MCP-1 secretion or serum AST.

IDENTIFICATION OF CHEMOKINE mRNA

In situ hybridisation of cytospin preparations
using the probe for MIP-la mRNA showed
positive staining (mainly localised to monocytes)
in patients with alcoholic hepatitis (fig 4).

Discussion

Our results suggest that secretion of MCP-1 is
associated with disease activity in ALD. These
findings complement previous observations of
chemokine upregulation in the liver in ALD
and suggest a role for chemokines in recruiting
mononuclear cells to the liver following alcohol
induced toxic injury. Previous reports of circu-
lating IL-8 in alcoholic hepatitis have high-
lighted the importance of neutrophils in the
pathogenesis of alcoholic hepatitis"1¥ how-
ever, while a neutrophilic infiltrate is the char-

Figure 4 PBM C cytospin preparation hybridised with
cDNA for macrophage inflammatory protein la (MI1P-la)
chemokine mRNA (A, antisense probe; B, sense probe).
Positive hybridisation is represented by dark granules, which
are seen mostly in association with monocytes (M);
lymphocytes (L) are mostly negative.

acteristic hallmark of alcoholic hepatitis, the
inflammatory infiltrate includes mononuclear
cells which play a vital role in inflammation and
fibrogenesis.17 Thus beta chemokines such as
MCP-1 are likely to play a central role in medi-
ating these processes in ALD. We were unable
to show increased serum concentrations of the
beta chemokine M IP-la in ALD despite show-
ing enhanced PBMC secretion; it is possible
that circulating concentrations were increased
but below the range detectable by the assay.

The significance of raised circulating con-
centrations of MCP-1 remains unclear and
while this may simply reflect increased tissue
synthesis of MCP-1, circulating MCP-1 may
also have immunomodulatory effects, includ-
ing increased expression of adhesion molecules
on circulating monocytes and promotion of
proinflammatory cytokine secretion, thus am-
plifying the inflammatory cascade.’6 Further-
more, circulating IL-8 has been shown to
enhance neutrophil sequestration into the liver
and MCP-1 may play a similar role in enhanc-
ing hepatic uptake of mononuclear cells.T7
However, the dynamic effects of a sustained
increase in circulating chemokines are not clear
and it is possible that persistent ligand
occupancy of leucocyte chemokine receptors
from circulating chemokines may inhibit their
transendothelial migration.8

Our finding of a positive correlation between
MCP-1 concentrations and serum creatinine
probably reflects in part the renal excretion of
chemokines; by virtue of its relatively small pro-
tein size, some excretion of MCP-1 is likely to
occur from the kidneys. Measurable amounts
are present in the urine of most healthy
subjectsDand following this study we found high
concentrations (1.34 and 1.36 ng/ml respec-



tively) in the urine of two patients with alcoholic
- . hepatitis (but without renal failure), correspond-
ing to at least twice the upper limit of normal
renal values. Renal failure is therefore likely to
increase circulating MCP-1 concentrations by a
reduction in urinary excretion; however, in
addition renal failure itself may promote synthe-
sis of MCP-1 and other cytokines, including
from intrarenal sources.” ?

Increased secretion of MCP-1 from circulat-
ing monocytes, and increased MCP-1 concen-
trations in hepatic compared with peripheral
(and portal) veins, suggest that MCP-1 synthe-
sis is increased both peripherally and within the
liver, respectively, in severe alcoholic hepatitis.
While we found hepatic vein concentrations to
be only modestly higher than peripheral
concentrations, this difference was nevertheless
significant and is remarkable in that patients
were sampled in a “steady state” in the absence
of any hepatic insult other than the ongoing
inflammatory process. Thus, the increase in
hepatic vein concentrations suggests synthesis
within the liver.-

Our observations support a direct role for
MUCP-1 in disease pathogenesis, presumably by
recruiting and retaining monocytes and acti-
vated lymphocytes within the liver in severe
alcoholic hepatitis. The fact that circulating
monocytes showed increased spontaneous se-
cretion of MCP-1 in alcoholic hepatitis suggests
that recruitment of these cells into the liver
would further elevate local concentrations and
act as an amplifying signal to enhance liver
inflammation. The circulating monocytes might
have been activated within the hepatic circula-
tion during transit through the hepatic sinusoids
or directly by soluble circulating factors.

The stimulus for chemokine production in.

ALD is not known but is likely to involve
several signals. Proinflammatory cytokines
(such as tumour necrosis factor a (TNF-a) and
I1L-1) and lipopolysaccharide are potent induc-

ers of MCP-1; all these factors have been .

reported to be increased in the circulation in
alcoholic hepatitis.”? # The stimulus within the
liver might be local TNF-q, the expression of
which is increased in severe alcoholic
hepatitis,® ** or the direct effects of alcohol
metabolites or alcohol induced reactive oxygen
mediators. Synthesis of the chemokines is likely
to occur predominantly from Kupffer and stel-
lIate cells within the liver.®® Alcohol itself is
unlikely to act as a direct stimulus as this nor-
mally decreases cytokine or chemokine
secretion®®; however, toxic alcohol metabolites
may induce a “rebound” increase in cytokine
synthesis following withdrawal of alcohol.'? ¥
The further evidence we provide of a role for
chemokines in the pathogenesis of ALD has
therapeutic implications, particularly in light of
observations that mortality in severe alcoholic
hepatitis remains high even after withdrawal of
alcohol.”® If, as we propose, MCP-1 plays a
central role in this process then treatment
aimed at preventing MCP-1 secretion or
inhibiting its effects might present an oppor-
_tunity to alter the clinical course of an
otherwise devastating disease.
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