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Lay Statement

The complex control of inflammation in alcohol induced liver disease
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Overview

The figure above shows how complicated the control of liver inflammation and scarring is in

alcohol induced liver disease. We believe that the interplay between three cell types

(hepatocytes, Kupffer cells and stellate cells) is critical. This interplay is controlled by soluble

factors (cytokines) released by cells which cause activation (or reduce activation) and

recruitment of other cells which cause liver damage and enhance the scarring process. The

interactionsoutlinedin red have been described or confirmed for the first time by our group over

the last three years with the aid of the funding from The British Liver Trust, British Gas and The

StoneFoundation.The project has significantly increased our knowledge,and may in time lead

to new methodsof the preventionand treatment of alcoholic liver disease.

Work over the last year

The underlying theme of the project has been to understand the control of inflammation in liver

disease, with a view to deeper understanding of how alcohol causes liver inflammation. In the

first part of our work we were able to confirm that the spectrum of cytokines controlling

inflammation in the liver are quite different in alcohol induced as opposed to other types of liver

disease, with hepatocytes producing the cytokines IL-8 and GRO which specifically attract



neutrophils, reflecting the unique appearances seen under the microscope. Over the last year

we have done further work to confirm these findings by examining the production of a whole

range of different chemotactic cytokines in liver tissue from human patients with both alcoholic

and other forms of liver disease in order to see how specific these changes are. In the course

of this work it has become clear that the stellate cell, the major cell responsible for causing

scarring within the liver, also unexpectedly produces a large range of inflammatory proteins

including also a protein (Interleukin 10) which naturally decreases inflammation. It has previously

been assumed that the liver cell responsible for the production of nearly all the important factors

which control inflammation was the liver macrophage or Kupffer cell. We believe that the stellate

cell may also playa vital role in regulating inflammation in addition to the Kupffer cell. These data

have implications for the treatment not only of alcohol induced liver disease but the whole range

of liver diseases. The funding from the British Liver Trust will expire over the course of the

coming year, but we will continue to explore the exciting results that have come out of this study,

by studying the biological role of stellate cell cytokines, by exploring the control of their production

at a genetic level and by exploring the genetic factors which may predispose heavy drinkers to

develop liver disease.



Scientific Statement

Introduction

This is the thirdprojectreport,in the previoustworeportswe detailed how we had completed the

workdetailedinthe originalgrant application.Over the last year we have developed the themes

that have emerged from these studies. The original grant from the British Liver Trust was unusual

in that as the Trust were unable to fund the award in full, a lump sum of £75,000 was made

available. With the consent of the British liver Trust, by supporting consumable costs from

another grant (Alcohol Education and Research Council) and using the BLT grant to support only

salary costs, we have been able to extend the period of the grant. The remaining sum left in the

grant will be used to support a post-doctoral research fellow for a further year with help from

other funds.

Project details

Expression of chemokine protein in human liver tissue.

In our previous report we detailed how we had established a methodology for

immunohistochemistry of chemokine protein in formalin fixed paraffin embedded human liver

tissue. We were thus able to use an invaluable resource of clinical material for research

purposes. We aimed to explore the hypothesis that hepatic inflammation is to some extent

determined by the spacial expression of chemokines within the liver, with patterns of distribution

independent of the underlying disease pathogenesis.

Results and conclusions

Representativeresults are illustrated in figures 1-3

Figure 1

Illustrates chemokine expression in the portal bile ducts. Out of the 9 chemokines studied, portal

bile ducts express only MIP-1a (this MIP-1a expression is relatively specific to the bile ducts,

and does not occur to any great extent in other areas of the tissue). MIP-1a expression in the

bile ducts occurs irrespective of disease aetiology, and is demonstrated in both disease cases

and non diseased controls. In addition the graph illustrates that production of MIP-1a protein

is up regulated in all the disease cases compared to the non diseased controls.

Figure 2

Illustrates chemokine expression in portal inflammatory cells. Inflammatory cells are already



known to express many of the chemokines studied, to a lesser or greater extent. It was

therefore surprising how little chemokine expression was seen in the portal tract areas in many

disease states.

Figure 3

Illustrates chemokine expression in the portal endothelial cells. Endothelial cells produce MIP-1

alpha, MIP-1 beta. MCP-3, IP-10. IL-8, and IL-8 receptor A. The striking finding here was that

MCP-3 was strikingly expressed on vascular endothelium compared to other chemokines.

We were able to show overall that individual chemokines exhibited characteristic patterns of

expression that recurred consistently in all positively stained slides, with certain chemokines

expressed by specific cells irrespective of the disease process. The only disease with a very

characteristic pattern of chemokine expression was the expression of IL-8 by hepatocytes in

alcoholic hepatitis. further supportive evidence for our hypothesis that IL-8 is a key mediator of

this disease. Hepatocyte and stellate cell derived chemokines are likely to be of importance in

both the initiation and maintenance of hepatic inflammation. and may prove to be important

targets in the manipulation of inflammatory responses.

IL-8 receptors

IL-8 receptor expression was, as expected, demonstrated in inflammatory cells. which are known

to respond to C-X-C chemokine binding by chemotaxis and activation of effector functions. It is

interesting, however, that we were able to demonstrate up regulated expression of the interleukin

8 receptors on several non inflammatory cell types, including hepatocytes. It is known that

hepatocytes are able to produce IL-8. The presence of IL-8 receptors on hepatocytes may

represent an autocrine mechanism whereby hepatocyte derived chemokines bind to the

hepatocyte IL-8 receptors and initiate further cytokine release.

IL8R expression was also up regulated in the fibrous bands. The presence of the IL-8 receptors

on hepatic stellate cells within fibrous bands may represent a means of regulating HSC collagen



production. The C-X-C chemokine GRO, which binds the IL-8 receptor has been shown to down

regulate fibroblast collagen production in other models of fibrotic disease. Further studies to

examine the significance of IL8R expression on parenchymal cells will be continued in a fourth

year student project commencing in September.

Stellate cell chemokine production

The further study of stellate cells as sources of chemokines was examined by Seleena Haque,

a medical student performing an intercalated SSc supervised by Nick Sheron and Cathy

Haycock. Seleena confirmed our preliminary findings from last year that stellate cells, the major

source of fibrotic proteins in the liver synthesise a range of chemokine mRNA's. Initial studies

using immunohistochemistry, and western blotting found no evidence of production of MIP 1

alpha an important CC chemokine despite using a range of antibodies from various sources.

However having set up the more sensitive technique of immunoprecipitation we were able to

demonstrate that hepatic stellate cells in addition to MCP synthesise MIP 1 alpha protein. These

chemokines are important human macrophage chemokines, and suggest an active role for

stellate cells in the perpetuation of the inflammatory component of scar tissue which

distinguishes active from inactive cirrhosis. This role was formerly thought to be exclusively the

property of tissue macrophages and lymphocytes, and may have important consequences for the

therapy of inflammatory disease. Furtherdevelopment of these ideas is now dependant upon

grant funding. These findings also have important implications for diseases outside the liver

involving myo-fibroblast activation and macrophage recruitment, for example ischaemic heart

disease.

Stellate cell synthesis of suppressor cytokines

Perhaps the most important finding of our work so far have been the discovery that hepatic

stellate cells in addition to the production of pro-inflammatory mediators synthesise the

suppressor cytokine interleukin 10. The following abstract is from the paper provisionally

accepted by Hepatology.



The transfonnation of quiescent hepatic stellate cells to a myofibroblast phenotype may be initiated by the

products of activated macrophages, with this process central to the pathogenesis of fibrosis. The cytokine

interleukin-10, produced by lymphocytes and macrophages, has profound inhibitory actions on cells which

regulate inflammation and fibrosis, including macrophages and myofibroblasts. We hypothesised that

activated myofibroblasts may synthesise interleukin 10 providing a feedback mechanism regulating both

inflammation and fibrosis. Normal rat and murine hepatic stellate cells (HSC) which differentiate in-vivo,

and in-vitro, to activated myofibroblasts were isolated by enzyme perfusion, density centrifugation +/-

centrifugal elutriation, confirmed by vitamin A autofluorescence and positive immunostaining for the

myofibroblast markers desmin and smooth muscle actin. In highly purified preparations of rat hepatic

stellate cells (HSC) mRNA for IL-10 was detected by reverse transcription - PCR, from the time of isolation

to up to 120 days culture on plastic. Long tenn cultures of unstimulated murine HSC secreted IL-10 protein

as detected by Western blotting and ELISA. IL-10 protein was undetectable by immunohistochemistry in

murine HSC for the first three days in culture. Following this, the percentage of IL-10 positive cells

increased to 45% at day 7 and 100% by day 14, expression of IL-1 0 continued in long term cultures of up

to 120 days. The expression of1L-10 by the stromal cells which govern the fibrotic process in the liver may

have important implications for the regulation of inflammation and fibrosis in the liver.

Transcriptional regulation of IL-10 and chemokine synthesis in hepatic stellate cells

Our work over the last three years has led to an increasing body of evidence in favour of our

overall hypothesis that liver parenchymal cells may play a very important and hitherto

unrecognised role in the control of liverinflammation.It is becoming increasinglyclear that the

hepatic stellate cellplaysa keyrole not onlyin fibrosis, but in the inflammatoryprocesses which

underlie the development of fibrosis. In order to understand how hepatic stellate cells become

activated to control these processes we aim to examine intracellular events determining the

activation of both stellate cells and macrophages. Over the last six months much of our research

activity has been concentrating on developing the tools needed to examine these questions. In

collaboration with Derek Mann and Mick Arthur we have developed techniques of stellate cell and

macrophage transfection. We have obtained a series of human IL-10 promoter reporters and



cloned the murine genomic IL-10 promoter in order to construct a series of murine luciferase

reporter vectors with which we can determine how IL-10 is transcriptionally regulated within

stellate cells and macrophages. These aspects of our research program will be developed over

the next year with the aid of the remaining BLT grant funds. This program of research will be

continued with the aid of a The Wellcome Trust Clinical Training Fellowship and a Medical

Research Council PhD studentship.
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Figure 2

Paraffinembedded human liver
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Figure 3

Paraffin embedded human liver
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