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Lay Summary 

8 a) Research aims 

Inflammation is the process whereby the body recruits immune cells (white blood cells, lymphocytes etc.) to sites of 
tissue damage in order to neutralise infections or toxins, and also initiates the process of tissue repair. Most diseases 
that affect the liver cause inflammation, but in most cases the inflammatory infiltrate is short lived and resolves 
without damaging delicate liver tissue. Inflammation can be very destructive, and may cause extensive tissue damage. 
Moreover, if inflammation is allowed to persist then cells that repair damage (fibroblasts) produce so much scar 
tissue that the liver becomes fibrotic and eventually cirrhotic. This kind of persistent inflammation is sometimes 
described as chronic inflammation.  
We don’t really understand why on some occasions inflammation goes away without scarring, and in other situations 
it persists leading to massive tissue damage. Recent advances in science have suggested that sometimes it is the repair 
cells (fibroblasts) that are actually to blame. In repairing tissue, it is possible that fibroblasts ‘programme’ the liver 
wrongly; instead of telling immune cells to go away they leave signals that make them stay and prevent them from 
being destroyed (in a process known as apoptosis). This confusion leads to an excessive accumulation of 
inflammatory cells, increased liver damage and extensive scarring.  
My project seeks to better understand the messages and commands that regulate inflammation within liver tissue, so 
we can design drugs and therapies that will allow us to prevent unnecessary tissue damage and arrest the process of 
cirrhosis. 

b) Results  

My project has developed methods that allow us to isolate and grow fibroblasts from the liver, spleen and skin. We 
have also used fibroblasts taken from joints and bone marrow as comparators for some of these experiments. In 
addition we modified a technique that has allowed us to grow hepatic stellate cells, HSC, which are regarded as 
immature fibroblasts. Thus in our experiments we have been able to make comparisons between cells from different 
sites, diseases and stages of maturity.  
Our studies demonstrated that fibroblasts secrete a wide variety of chemical messages and growth factors that affect 
order, position and function of immune cells in the liver. Interestingly these signals seemed to increase as we stressed 
the fibroblasts and as they became more mature – precisely the sort of conditions you see in diseased liver. In 
addition to secreting chemical messages, fibroblasts also express adhesion molecules on their surface as they get 
more activated and mature. These proteins have the effect of making the fibroblasts ‘sticky’, drawing inflammatory 
cells close, and allowing them to bind to their surface and engage in further complex signalling pathways which 
instruct the immune cells to enter liver tissue. We were able to show that blocking these adhesion molecules on the 
fibroblasts reduced migratory adhesion of inflammatory cells to 20% of basal levels.  
So, why is this important?  Fibroblasts are responsible for making all the protein scaffolding that supports liver 
tissue. If fibroblasts alter the liver microenvironment through changes to these proteins, secreting different chemical 
signals and increasing expression of adhesion molecules, then this will have far-reaching effects on by-stander cells. 
Our laboratory experiments showed that fibroblasts and stellate cells support survival of highly mature (time-
expired) lymphocytes, which would otherwise die. Liver fibroblasts were able to prevent inflammatory cells from the 
liver from being destroyed, which prevents the body from ‘turning off’ the inflammatory process and leading to 
chronic (or long-lived) inflammation.  
Taken together, these results suggest that liver fibroblasts can recruit and retain inflammatory cells and prevent them 
from being destroyed. This supports our contention that under certain circumstances fibroblasts inappropriately 
programme liver tissue to maintain inflammation and prevent tissue restitution. Once we understand the complex 
interplay of signals that promote inflammation it will allow us to design specific therapies that will prevent 
unnecessary damage to liver tissue.  
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9a) Introduction and Aims 

Injury to the liver leads to an inflammatory reaction, resulting in the recruitment of inflammatory cells such as 

macrophages, neutrophils and lymphocytes to the site of injury. In many cases, such as hepatitis A, this 

inflammatory response is self-limiting and does not cause structural damage to the liver tissue. Chronic liver disease 

differs in that these disorders become associated with a persistent inflammatory infiltrate which associates with 

regions of tissue fibrosis. The relationship between inflammation and liver fibrosis is of vital importance, as it may 

explain some of the mechanisms that allow inflammation to persist. Recent work suggests that fibrosis is driven by 

subsets of effector T-cells which constitute the chronic inflammatory infiltrate(1). The disordered 

microenvironment of liver fibrosis may provide the conditions this fragile cell population needs for survival, 

illustrated by the observation that apoptosis of pro-fibrotic Hepatic Stellate Cells (HSC) precedes resolution of the 

inflammatory infiltrate(2). Moreover fibrosis only occurs clinically in the context of a liver injury that provokes a 

persistent chronic inflammatory response.  

Liver fibrosis is characterised by the emergence of a population of highly activated liver fibroblasts which are 

derived from a variety of sources including HSC, portal tract MF and bone marrow. Matters are complicated by the 

heterogeneity of the fibroblast population, with fibroblasts from different sites and disease states showing 

phenotypic differences that are stable and imprinted(3;4). Work in other tissues has demonstrated that fibroblasts 

are a heterogeneous population of cells that possess site and disease specific variations(5).  

We aim to show that fibroblasts from chronically inflammed liver possess mechanisms to recruit and inappropriately 

retain inflammatory cells within the liver, and prevent normal resolution of the inflammatory infiltrate. 

Hypothesis: The activation of HSC drives the microenvironment within the liver to support the switch 

from acute resolving to chronic persistent inflammation. 

 

9b) Methods 

Full methodology will be sent as an attachment with this report; the following is a brief summary of the 
techniques used in this project. 
1) Cell isolation. All tissue samples were sourced from the Queen Elizabeth Hospital, Birmingham 

Children’s Hospital and the Royal Orthopaedic Hospital (all Birmingham, UK). Hepatic Stellate Cells 
(HSC), Hepatocytes and sinusoidal endothelium were isolated using a enzymatic perfusion technique 
from a liver wedge of 100-150g. The relevant cells were selected using density gradients and cultured in 
appropriate media. A collagenase based non-perfusion technique was used to isolate liver 
myofibroblasts, which were then purified by immunomagnetic bead selection. Skin, synovial and bone 
marrow fibroblasts were gifts from Prof. Buckley. 

2) Peripheral blood lymphocytes were prepared using proprietary kits, and cultured in RPMI-10%FCS 
prior to use. CD4 CD45Ro lymphocytes were generated from peripheral blood lymphocytes by 
negative selection using immunomagnetic beads and appropriate antibodies. These lymphocytes were 
used at passage 5 and cytokine deprived for a week prior to use. Liver infiltrating lymphocytes (LIL) 
were isolated from sections of liver and frozen prior to use. Frozen LIL were defrosted and rested 
overnight in RPMI-10% FCS prior to use. 

3) Histological staining, immunohistochemistry and immunofluorescent staining were performed using 
documented techniques. 



4) Sandwich and cell-based ELISA was performed using documented techniques. 
5) Flow cytomety was used to demonstrate cell surface and intracellular targets. Fixed volume counting on 

the flow cytometer used a protocol that accurately counted the number of cells in 20uL out of a total 
volume of 400uL. Dead cells were excluded from analysis by gating on forward and side scatter 
properties. 

6) Lymphocyte survival assays. Assays for survival, apoptosis and proliferation were run in parallel to 
minimise any variability in environmental conditions. Fibroblasts were seeded into 96 well plates at 
8x104 cells per well and grown to confluence over 3 days. Lymphocytes were added at a known 
concentration and co-cultured for 3-4 days. Lymphocytes were counted within the live gate on the flow 
cytometer, and survival expressed as a percentage of the original population. Caspase3 staining was 
performed in replicate wells, with CD3 co-staining used to gate on the lymphocyte population.  

7) Static adhesion assays were performed with HSC and fibroblasts grown to confluence in 12 or 48 well 
plates with or without cytokine stimulation. Peripheral blood lymphocytes were incubated with the cells 
for 30minutes at 37oC, then gently washed and fixed in methanol. Fibroblasts were also incubated with 
anti-VCAM or anti-ICAM antibodies prior to co-culture with the lymphocytes, and in both 
experiments lymphocyte adhesion was measured by counting 10 replicate fields of cells (x20mag). 

8) Chemotaxis assay. I have adapted the classical chemotaxis model of Boyden for use with lymphocytes 
under real time. Fluorescently labelled lymphocytes were placed into light-proof invasion chambers 
containing 4μm pores. Lymphocytes migrated towards the chemotactic signal in the mother well, and 
the fluorescent signal was detected by a plate reader as they passed through the lightproof membrane. 
Experiments were adapted by growing endothelium and fibroblasts on both sides of the insert to 
measure transendothelial migration.  

 

9c) Results 

 I have not detailed any of the results from the first year of my project as they have been described in detail 

in my interim report. In brief, the first year of my project was concerned with the isolation and phenotypic 

analysis of the cells used in my studies. I established that fibroblasts secreted a variety of inflammatory 

cytokines and chemokines that allow them to contribute to shaping the local inflammatory response and 

that secretion increases as fibroblasts mature in culture.  

I have shown that fibroblasts up-regulate the adhesion molecules ICAM-1 and VCAM-1 in response to 

pro-inflammatory cytokines and following activation in culture (Fig.2). These adhesion molecules allow 

HSC and fibroblasts to support cell-cell adhesion within tissue and facilitate transmigration of lymphocytes 

across confluent fibroblast monolayers. Liver fibroblasts express VCAM-1 and ICAM-1 under normal 

circumstances, and so favour lymphocyte transmigration, which is upregulated following pre-treatment with 

pro-inflammatory cytokines (Fig 3), and significantly reduced by pre-incubation with anti-CD106 and anti-

CD54 antibodies (Fig 4).  

 

I investigated the capacity of fibroblast supernatants to promote chemotaxis in peripheral blood 

lymphocytes. Supernatants from confluent fibroblast monolayers that had undergone pre-treatment with or 

without cytokine stimulation were used to promote chemotaxis. Lymphocyte chemotaxis was significantly 

increased in response to fibroblast conditioned supernatant, and increased further in supernatant derived 

from fibroblasts pre-treated with TNFα and TNFα+IFNγ (Fig 5). Maximal chemotaxis is surprisingly rapid 

and occurred within 45minutes of starting the experiment. TNF stimulation of the fibroblast monolayers 



increased the rate and magnitude of the chemotactic response (Fig 6). The experiments were repeated, with 

HSC and HSEC seeded into the inserts. Growing HSEC in HSC conditioned media increased 

transendothelial migration of lymphocytes (not shown), as did growing a double sandwich of HSEC or 

HSEC/HSC. In the light of these findings experiments were repeated with HSC seeded onto the underside 

of the lightproof insert. Transmigration across the fibroblast monolayer was increased in rate and 

magnitude by pre-treatment of the HSC monolayers with TNFα (Fig 7). Co-culture of HSC and HSEC 

increased trans- endothelial migration of lymphocytes when compared to transmigration across 

endothelium alone, and increased the rate of migration significantly above basal migration to endothelium 

alone (Fig 8&9). The ability of HSC to promote lymphocyte migration across endothelium was increased by 

pre-treating the HSC monolayers with pro-inflammatory cytokine (Fig 8). This increased the magnitude and 

rate of the observed transmigration compared to un-stimulated HSC (Fig 10). To assess whether the 

observed effects were dependent on some secretory mechanism, experiments were repeated with fixed 

HSC, and pertussis blocked lymphocytes. Fixing HSC prevented secretion of cytokines and chemokines 

that otherwise ‘condition’ the overlying endothelium by becoming ‘posted’ or stuck onto the overlying 

endothelial cells. Migration across HSC was reduced following cell fixation, and reduced by blocking G-

protein linked signalling in lymphocytes, consistent with the absence, or an inability to respond to, a 

secreted component produced by the HSC. 

 

One of the features of chronic inflammation is the ability of highly differentiated lymphocytes to persist in 

a tissue. Effector and memory T-cells require very precise environmental conditions to survive. Clearance 

of inflammation is either a passive process whereby micro-environmental signals that maintain the cellular 

infiltrate are lost as the tissue recovers, or active, as inflammatory cells are removed by ligation of specific 

receptors such as FAS. It is thought that inflammation persists when either of these processes becomes 

subverted in some way, allowing cells that are otherwise destined to die to survive in the disordered 

microenvironment of chronic liver disease. Liver infiltrating lymphocytes differ from the pool of 

lymphocytes in the peripheral blood by virtue of that fact that the majority of them are antigen experienced 

effector or effector memory T-cells. I have shown that liver infiltrating lymphocytes (LIL) are susceptible 

to FAS induced apoptosis in a dose dependent manner (Fig 12A&12B). Caspase 3 activation is the point at 

which a cell irreversibly commits to apoptosis.  Increasing concentrations of FAS result in increased 

expression of activated caspase-3 in LIL, consistent with increased apoptosis (Fig 11B). LIL rely on 

environmental signals to remain viable, and will apoptose if these survival factors are removed. I have 

shown that LIL die in a time dependent manner when deprived of appropriate survival signals, and that 

killing is increased by ligation and cross-linkage of the FAS receptor with an appropriate antibody (12C). 

These cells become lost from the ‘live-gate’ on the FACS scattergraph, as the cells condense, becoming 

smaller and less granular. Although LIL are destined to die in the absence of appropriate micro-



environmental signals, FAS ligation significantly increases killing (Fig 12D), and is associated with increased 

expression of activated Caspase-3.  

We were interested to see whether liver derived fibroblasts can support lymphocyte survival in co-culture, 

as a similar observation has been reported as a potential mechanism to explain chronic persistent 

inflammation in rheumatoid arthritis(6;7). Lymphocytes isolated from peripheral blood were re-stimulated 

(5 cycles) so that they predominantly expressed the phenotype CD4+CD45ROBrightRBDull. These cells are of 

particular interest as over many cycles of division T-cells gradually progress from a CD45RODullRBBright 

state to the terminally differentiated CD45RObrightRBdull state found in many inflammed tissues. This 

transition from RBbright to RBdull is paralleled by the gradual loss of Bcl-2, increased Fas expression and the 

inability to synthesise IL2, making them highly susceptible to apoptosis in the absence of exogenous IL2(8).  

Co-culture of CD4 CD45Ro lymphocytes with Myofibroblasts (MF) derived from normal and diseased 

liver prevented T-cell death over a 3-4 day period (Fig 13A). Similarly HSC from diseased livers were able 

to support survival of CD4 T-cells, and prevent them from dying (13B). Liver derived HSC and MF were 

able to support survival of T-cells in a similar manner to fibroblasts derived from synovium and bone 

marrow tissue (Fig 13A). This increased survival was mirrored by decreased expression of activated 

Caspase3 in T-cells that had been co-cultured with fibroblasts, implying that the interaction of fibroblasts 

and T-cells was able to prevent apoptosis in this highly differentiated cell population (Fig 13D). This ability 

to support the survival of T-cells in this way is shared by fibroblasts from a variety of tissues (Fig 14), and it 

may be that one of the features of stromal cells is the ability to provide the survival signals necessary to 

maintain the local cellular population. Experiments were repeated with LIL co-cultured with HSC (Fig 15) 

with and without CD95. HSC significantly increased survival of LIL over a 72 hour period in a manner 

analogous to the studies using CD4CD45Ro T-cells, and more significantly, protected LIL against FAS 

induced apoptosis. Both survival from cytokine deprivation, and reduction in activation induced cell death 

were associated with an appropriate reduction in activated Caspase-3 expression, implying that the 

interactions between HSC and LIL prevented LIL from becoming committed to apoptosis (Fig 16 A&B).  

Survival of LIL is dependent on a secretory process as co-culture of LIL with HSC that had been fixed in 

methanol resulted in a reduction in survival (Fig17). Similarly activation induced cell death was reduced in 

LIL co-cultured with fixed HSC, but not to the degree seen with live cells. Pooled data from 6 replicate 

experiments using different isolates of MF/HSC and LIL indicate that both HSC and MF reduce apoptosis 

in LIL with and without FAS activation (Fig 18). Interestingly, pre-treatment of MF/HSC with pro-

inflammatory cytokines did not increase survival. Fixed MF/HSC still confer some protection to LIL and 

reduce activation induced cell death in liver T-cells but not to the same degree as vital cells 

 



Conclusions  

Stromal cells within the liver function to maintain and modify the extracellular matrix in response to 

changes in environmental conditions. Another feature of these cells is the ability to interact with and 

modify the behaviour of local inflammatory cells. Liver fibroblasts contribute to the positioning and 

retention of inflammatory cells within the stroma by supporting adhesion and secreting chemokines and 

cytokines that provides directional signals for local infiltrating inflammatory cells. Moreover activated HSC 

can up-regulate recruitment of inflammatory cells through sinusoidal endothelium, maintaining and 

perpetuating the inflammatory process. Cells recruited to the liver are maintained through interactions with 

stromal cells, and appear to protected from biological clearance mechanisms such as activation induced cell 

death. The net result of these processes is to maintain inflammation, preventing clearance of inflammatory 

cells and modulating a switch from acute resolving to chronic persistent inflammation. 
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Sept 2003 –   BASL, London, UK; Poster presentation 

Oct 2003 –    AASLD, Boston, USA; Poster presentation 

Sept 2004 –   International Symposium for the study of Cells of the Hepatic Sinusoid (ISCHS), Bilbao, Spain;  

  Oral presentation 

Sept 2004 –     BASL, Cambridge, UK; Oral presentation 

Mar 2005 –   BSG, Birmingham UK; Poster presentation 

April 2005 –    EASL, Paris; Oral Presentation (Awarded Young Investigator Award) 

 

1. Hepatic Stellate Cells modulate the switch from acute to chronic inflammation by promoting lymphocyte 
recruitment, retention and survival. A. P. Holt, A. Filer*, P. F. Lalor, C. D. Buckley1, D. H. Adams GUT 
2005;54:A328 

2. Activated HSC may drive chronic inflammation by promoting the recruitment and survival of highly 
differentiated CD4+ Lymphocytes. A. P. Holt, A. Filer*, P. F. Lalor, C. D. Buckley1, D. H. Adams Oral 
Presentation J.Hepatology 2005 Suppl No2 Vol 42 13;28  

 
I am hoping to start work on my first paper in the latter part of this year. I am presently working on a 
review paper and have several abstracts in submission.  
In April of this year I was awarded a Clinical Research Training Fellowship from the MRC which will 
allow me to continue the project.  
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