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APPLICA TION FOR THE DEWAR RESEARCH WORKERS PRIZE

Principal author: Dr HELEN REEVES

Supervised by Association members: Professor OFW JAMES, Dr CP DAY

The si2nal transduction oathwavs involved in the activation and oroliferation of

heoatic stellate cells -the orincioal effectors of liver fibrosis.

A. Introduction

1. Liver fibrosis and the HSC

Cirrhosis of the liver is a major cause of death in many parts of the world, and the
.'

mortality in this country has risen significantlyover the last twenty to thirty years. In the

United Kingdom alone liver fibrosis accounts for approximately 6000 deaths annually.

Surprisingly, there is little tteatment available for patients with progressive liver fibrosis.
. .

In deed, the only successful therapeutic intervention currently available for patients with

end-stage disease is liver transplantation.

Liver fibrosis is characterised by both an increase in the amount of extracellular matrix

(ECM), and a change in it's composition, with an excess of type I collagen over the type

IV collagen that predominates in normal liver. This accumulation results in scarring and

distortion of normal liver architecture, which cijsruptscell function and eventually leads to

portal hypertension and liver failure. ~

The principal cell type responsible for the development of fibrosis is the hepatic stellate

cell (HSC). In normal liver these cells are quiescent and contain lipid droplets comprising

the body's major store of vitamin A. They are relatively sparse, and reside in the space of

Disse - the space between the hepatocytes and the endothelial cells lining the hepatic

sinusoids. In response to liver injury or inflammation these cells transform ('activate')

from their quiescent phenotype into highly proliferative myofibroblast-like cells which



express the cytoskeletal protein a-smooth muscle actin (a-sma), and produce type I

collagen and other ECM components.

HSC are difficult to study in whole liver tissue, as they are not easily distinguishable from

the numerous other cell types in the liver on light microscopy. However an in vitro

culture model of HSC transformation/activation has been established that has enabled the

study of the transformation process. Quiescent HSC can be isolated from the livers of

normal rats' following digestion with pronase/collagenase. Their high lipid content

subsequently facilitates their separation from other liver cells by density centrifugation.

When plated onto plastic culture dishes HSC spontaneously transform from their quiescent

to their activated phenotype over a period of 1-2 weeks. This process can be delayed by

culture on a physio~ogical basement membrane-like matrix such as 'matrigel', and

accelerated by culture on a pathological matrix such as type I collagen. The simplest way

to assess the rate of transformation of HSC in vitro is to quantify the expression of the

cytoskeletal protein, a-sma, since this is not present in quiescent cells, but increases in a

linear manner as HSC transform.

In view of their importance in liver fibrosis the HSC have recently become the subject of

intense research, with attention particularly directed at understanding the cellular

mechanisms underlying their activation and proliferation. Thus far, factors shown to

promote their transformation in vitro include the cytokines tumour necrosis factor-a

(TNFa) and transforming growth factor-~ 0fGF~), and oxidative stress. Conversely,
~

antioxidants such as vitamin E delay the transformati<?npro.cess. Once the cells have

transformed, several other growth factors have been shown to promote their proliferation.

These include platelet derived growth factor (PDGF), which stimulates a 5-6 fold increase

in proliferation, and transforming growth factor alpha (TGFa), which stimulates a 2-3

fold increase in proliferation. However, the precise intracellular signaling mechanisms,

leading activation and proliferation, that are initiated by these factors are largely

unknown. Clearly, the activation ofHSC is potentially a key 'target' for the development

of new treatments for liver fibrosis, since prevention of activation will prevent the



development of fibrotic liver disease, including cirrhosis. However, since most patients

with liver disease will already have some degree of fibrosis when they present, the ideal

therapy would not only inhibit the activation of quiescent HSC, but would also inhibit the

proliferation of already transformed collagen producing HSC. I set out to characterise in

vitro the signal transduction pathways involved in HSC activation and subsequent

proliferation, with the overall aim of developing novel therapies for liver fibrosis based on

their manipulation.

2. Signal transduction - the MAP kinase family

Many signalingpathwaysare known to exist within cells, and it is the balancebetween

these different pathways that determinesa cell's state of activity - the genes being,

transcribed within it's nucleus and subsequently it's phenotype, it's stage in the cell cycle,

and ultimately it's programmed cell death (apoptosis). The first step in transmission of

extra-cellular signals to the nucleus usually involves the activation of a receptor at the cell

surface membrane by, for e~ample, the binding of a growth factor or hormone. This

trigger sets up a cascade of events within the cell, often involving amplification of the

signal with each successive step. One group of cascades that have recently been well

characterised in several cell types are those involving members of the mitogen-activated

protein kinase, or MAP kinase, family. Each member of this kinase family is activated by

phosphorylation and subsequently translocates into the cell nucleus. Once in the nucleus, it

phophorylates and activates transcription fact~rs, ultimately resulting in the transcription
..

of specific genes. There are three established MAP kinase cascades in mammalian cells:

first, the ERK (Extra-cellular Regulated Kinase) cascade, which is known to be important

in the proliferative responses of many cell types to classical mitogens such as PDGF or

TGFa~ second, the JNK (Janus N-terminal Kinase) cascade~and third, the p38 pathway.

These last two kinases are collectively termed the ~tress Activated ~rotein Kinases, or

SAPKs, as they are activated by a number of diverse 'stress' stimuli such as osmotic

stress, oxidative stress, pro-inflammatory cytokines such as TNFa, and ultra-violet light.

The biological role of the SAPKs has not been as well characterised as that of the ERK



pathway, but as well as being essential for the cellular physiological response to stress,

they are known to play an important role in the regulation of cell growth, particularly

proliferation and apoptosis.

B. Experimental Results

I. Signal transduction pathways involved in HSC activation

Since HSC activation and SAPKs appeared to be induced by similar stimuli (TNFa,

oxidative stress) I hypothesised that SAPKs may be involved in the activation process of

HSC. To test this hypothesis, first I studied SAPK activity in quiescent HSC two 'days

after isolation from n~rmal rat livers and compared this to the activity seen in transformed

2 week old HSC. I found that the constitutive activity of both JNK and p38 was 4 or 5

higher in transformed compared to quiescent cells, suggesting that these SAPKs become

activated as cells transform. I then went on to show that TNFa not only stimulated a 10

fold increase in baseline activity in quiescent cells, but also that this stimulation could be

dramatically reduced by the presence of an anti-oxidant in the culture media. Finally, I

examined the effect of a specific p38 inhibitor (SB202190) on HSC activation, quantified

by expression of a-sma. SB202] 90 reduced a-sma expression by greater than 50%,

implicating p38 as an important 'player' in the activation process. Thus, using 3 different

approaches, I have established that the JNK and p38 stress activated kinase pathways are

involved in the activation of HSC and have identified both pathways as exciting potential.,
targets for antifibrotic therapies. The results with the p38 inhibitor are particularly

encouragingin this respect.

2. Signal transduction pathways involved in transformed HSC proliferation.

To investigate which particular signal cascades are important in the proliferation of

transformed HSC, I used three different strategies. First, I compared the effects of the

two established mitogens PDGF and TGFa on different cascades. As PDGF is a more



potent mitogen, comparing the responses of various signaling pathways to these two

cytokines could provide insight into which are most important in proliferation. My second

strategy was to block specific signaling pathways, enabling me to re-assess the effect of

mitogens in the absence of a particular cascade and attribute any reduction in proliferation

to the inhibited pathway. My third strategy was to examine the effect of another cytokine,

Interferon-a (IFNa) on both the proliferative and signaling responses to PDGF. IFNa is

thought to possess antifibrogenic properties, and determining it's site of action in the

proliferative' response in HSC could provide clues as to which particular signaling

cascades are most important in HSC mitogenesis.

In these experiments the classical MAP kinase, or ERK, cascade was the obvious starting

point. It is well esta~lished to be of major importance in the proliferative responses to

mitogens in numerous other cell types, including collagen producing fibroblast cell lines.

A comparison ofPDGF and TGFa stimulated ERK activity showed a similar magnitude of

response and although the PDGF response was slightly greater and more prolonged, this
. .

was not thought enough to account for the large difference in the proliferative response

seen between these two cytokines.

I went on to examine the effect of a specific inhibitor of the ofERK pathway, PD098059,

on the proliferative response to PDGF and TGFa. I found that the TGFa stimulated

proliferative response was largely obliterated by the inhibitor, suggesting that the

proliferative response to TGFa relies almost 'entirely on the ERK cascade. In contrast,
~

PDGF-induced proliferation was only inhibited in the o~der of 50%, suggesting a role for

at least one other signaling pathway in the response to PDGF. As possible 'candidates'

for the 'additional pathway' I went on to examine the effect ofPDGF and TGFa on JNK

and p38 MAP kinases. Although both were stimulated by PDGF, TGFa produced a

similar response, suggesting that they were not responsible for the difference between

PDGF and TGFa stimulated proliferation.



In light of these results with the MAP kinase family, I went on to examine alternative

signal transduction pathways potentially involved in HSC proliferation. I focused

particularly on cascades involvinggeneration of lipid second messengers. The lipid second

messengers phophatidic acid (PA) and diacylglycerol (DAG) can be generated from

membrane phospholipids by the activation of the enzymes phospholipase D (PLD) or

phospholipase C (PLC) in response to receptor binding of some mitogens. PA is a well

established mitogen in fibroblast cell lines, and is therefore another potential mitogen in

HSC, while DAG is an activator of protein kinase C (PKC), an enzyme critically important

in the proliferation and differentiation of other cell types. I stimulated transformed HSC

with both PDGF and TGFa., and observed a significant increase in both PA and DAG in

response to PDGF, but not to TGFa.. I went on to study the effect of a specific PKC

inhibitor (R0318220) ,on the stimulated proliferative responses of the two mitogens, and

confirmed that while the TGFa. stimulated response was not affected, the PDGF

stimulated activity was significantly reduced. This suggests that the DAG-PKC cascade

may be the 'other' signaling pathway responsible for PDGF but not TGFa. induced HSC. .

proliferation.

Thus, I have established that the three MAP kinase cascades are all stimulated by both

PDGF and TGFa., and that the ERK pathway is largely responsible for TGFa. stimulated

mitogenesis. The proliferative response to PDGF however, probably involves a

combination of ERK/MAP kinase stimulation and the release of phospholipid second

messengers and PKC activation. Clearly, tMrefore, either of these pathways might be..

targets for therapeutic intervention.

My final strategy was to investigate the mechanics of the apparent antifibrotic effect of the

cytokine IFNa.. Histological studies in patients treated with IFNa. for chronic hepatitis C

have suggested that whether or not patients clear the virus, there is significantly less

fibrosis in the liver biopsies of patients who have been treated with IFNa. compared to

those who have not. Therefore I studied the effect of IFNa. on proliferation of

transformed HSC, and found that in serum free conditions there was little effect.



However, when I examined the effect of IFNa on PDGF stimulated proliferation, I found

that this was significantly inhibited. Preliminary signaling studies using myelin basic

protein as a non-specific MAP kinase substrate suggested that one of the MAP kinase

pathways was also inhibited by IFNa. More specific assays of the MAP kinase family

revealed that although the PDGF stimulation of both the ERK and INK cascades was

unaffected by IFNa, PDGF stimulated p38 activity was significantly reduced. This may

contribute to the antiproliferative effect of IFNa.

3. Conclusion

In conclusion, I have established an important role for the SAPKs, particularly p38, in the

activation ofHSC. I qave shown that antioxidants can inhibit the stimulation of SAPKs by

the proinflammatory cytokine TNFa, providing a rationale for their use in patients with

liver fibrosis. In addition I have also identified two signaling pathways involved in the

proliferative responses of tr~nsformed HSC, which might be targets for therapeutic
intervention. However, combining the p38 results in both quiescent cells, where I have

shown that a specific p38 inhibitor inhibits the activation of quiescent HSC, and

transformed cells, where I have shown that the antiproliferative effect of IFNa may result

from inhibition of p38 activity, strongly suggests that the p38 MAP kinase cascade is a

key pathway for both activation and proliferation of HSC, making it an ideal target for the

development of therapies directed at both the prevention and treatment of progressive

liver fibrosis. \



ADDITIONAL REMARKS

In 1993, as a medical Senior House Officer, I approached Professor James regarding a
research project. I had some previous laboratory experience, including cell culture
techniques, gained whilst completing a BMedSci project as a student. My clinical
interest had always been in liver disease, but I was very keen to do a more protracted
laboratory based research project, hopefully combining my previously acquired skills
and clinical interests, as the first step toward a career in academic hepatology.
Professor James was very positive, and offered me a two year University contract, in
which time I supervised and recruited patients with liver disease for a pharmaceutical
company tri81,but also had ample opportunity to set up a laboratory based project of
my own. The capital I raised in the pharmaceutical trial was not only sufficient to pay
my salary for 2 years, but also covered the laboratory running costs of the project I
subsequently initiated.

Professor James arranged introductory meetings with a number of colleagues for me,
and I finally chose to work on the signal transduction mechanisms involved in the
development of liver 'fibrosis under the supervision of Professor Alistair Burt and Dr
Christopher Day. The former is an eminent pathologist who has an excellent
reputation in the field of fibrosis, and he arranged for me to visit Professor Michael
Arthur's laboratory in Southampton to acquire the skills necessary to isolate the cells
responsible for liver fibrosis ITomthe livers of rats -an accepted in vitro model for the
study of liver fibrosis. Dr .Chris Day is a Senior Lecturer in the Department of
Medicine at Newcastle University. His main clinical interest is the susceptibility to,
and the development of, alcoholic liver disease. His thesis was based on the
biochemistry of alcoholic fatty liver, but he was keen to use his knowledge of cell
signaling in another field - that of liver fibrosis - and act as a co-supervisor. Dr
Loranne Agius, a Reader in the Department of Medicine, who had extensive
experience in hepatocyte culture, generously agreed to act as a collaborator and
provided the laboratory space and access to equipment necessary for my research
project to begin in earnest. After setting up the in vitro model, my preliminary

experimental results were accepted for pre~entation at a number of international
meetings, and this resulted in my successful application for a Wellcome Trust Clinical

Training Fellowship, which has funded my research for ~nother 2 years.

After a total of 4 years of research I am now writing up my PhD thesis. The work
which I have started is being continued by a new lecturer in the Department of
Pathology. A research technician has also been recently appointed to take over the cell
isolation and culture.


