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Abstract

Obliterative bronchiolitis (OB) is the most common cause of morbidity and mortality 

following clinical lung transplantation affecting around 50% of patients at 4 years. It 

is characterised by small-airway inflammation and occlusion by fibrous tissue. The 

aetiology of OB is still unclear. Various factors have been implicated such as lack of 

bronchial circulation or lymphatic drainage, infections and allograft rejection. Chronic 

rejection has been identified as the most likely cause of OB in several clinical reports 

and animal studies. More recently, different growth factors have been implicated in 

the pathogenesis of OB particularly the ubiquitous Transforming Growth Factor-beta 

(TGF-p). The aims of the thesis were to establish a reproducible animal model for OB 

and to study the effect of different immunosuppressive agents on OB, identifying the 

role of TGF-p in the pathogenesis of OB in the animal model. The final part of the 

thesis is to assess the influence of the new immunosuppressive agent Mycophenolate 

Mofetil (MMF) on TGF-p, basic fibroblast growth factor (bFGF) and epidermal 

growth factor (EGF) expression in lung transplant patients and its relation to acute 

rejection and OB in a randomised clinical trial.

A heterotopic tracheal transplant rat model with omentopexy was set up at Manchester 

University, Immunology Department. The experimental work was divided into 3 parts 

(or chapters). In the first part (chapter 2), a reproducible rat model for isografts and 

allografts was designed and established. It consisted of 30 PVG-RT111 recipient rats. 

These rats received tracheal implants in their greater omentum from donors across 

defined genetic barriers. Nine tracheal segments were isografts (PVG-RT1U donors). 

The recipient animals were sacrificed at 7, 14, and 28 days. Six tracheal segments 

were harvested from 3 AO donor rats that share MHC antigens but are diverse in the 

minor antigens compared with the recipient. The recipients animals were sacrificed at 

14 and 28 days. Six tracheal segments were harvested from 3 PVG/c donors rats that 

share minor histocompatible antigens but are MHC incompatible. The recipients rats 

were sacrificed at 14 and 28 days. Finally 6 tracheal segments were harvested from 3 

donor Lewis rats that are diverse at both minor and MHC antigens. The recipient rats 

were sacrificed at 14 and 28 days. Retrieved tracheal segments were sectioned, stained 

with haematoxylin and eosin (H & E) stain and assessed by two independent
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observers, one of whom was a Consultant Histopathologist. The epithelial integrity, 

obliterative aiiway disease (OAD), submucosal fibrosis (SMF), and mononuclear cell 

(MNC) infiltrate were graded.

The next study (chapter 3) established the influence of a range of immunosuppressive 

agents on OAD, SMF, MNC infiltrate and epithelial regeneration. Work reported in 

chapter 4 was designed to assess the role of TGF-P in the pathogenesis of OAD and to 

test the hypothesis that TGF-p is over-expressed in OAD. In this chapter, 

immunohistochemical staining of tracheal biopsies was earned out on all biopsies. 

Chapters 3 and 4 are part of the same animal experiment. It consisted of forty two 

recipient PVG-RT11' rats transplanted with tracheal segments from 21 male PVG 

Lewis rat donors. The recipients were divided into 7 groups consisting of 6 animals in 

each. The recipient groups were: controls, Mycophenolate Mofetil (MMF), 

Cyclosporine (CyA), Tacrolimus (Tac, FK), combination of MMF and CyA, MMF 

and FK groups. Finally 6 animals were treated with Vitamin E. The animals were 

sacrificed at 14 days and 28 days. Tracheal segments were assessed for epithelial 

integrity, OAD, submucosal fibrosis and MNC infiltrate. In addition, all tracheal 

sections underwent immunohistochemical staining for TGF-pi (chapter 4).

Work in the fifth chapter of the thesis was to establish the potential beneficial effect of 

MMF on OAD/OB and acute rejection in the clinical setting and whether it is 

moderated, directly or indirectly, through suppression of growth factors particularly 

TGF-p. To achieve this aim, we studied all biopsies from 17 lung transplant patients 

who formed part of an “International randomised study of MMF versus Azathioprine 

in lung transplantation” in patients receiving Cyclosporine based immunosuppression. 

Biopsies from these patients were assessed for acute rejection and OB as well as 

stained for three growth factors, TGF-p, basic fibroblast growth factor (bFGF) and 

epidermal growth factor (EGF).

In chapter 2, results from the animal model confirmed normal epithelial regeneration, 

minimal mononuclear cell infiltrate and absence of OB and fibrosis in isografts at 14 

and 28 days. Animals receiving grafts from AO or PVG/C donors showed 

moderate/severe OAD as well as abnormal epithelial regeneration, significant fibrosis 

and moderate MNC infiltrate.

In chapter 3, no treatment (control) groups developed complete epithelial loss, severe
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OAD (complete obliteration) and extensive MNC infiltration. Vitamin E groups 

developed almost complete epithelial loss, moderate-severe OAD, moderate MNC 

infiltrate and moderate submucosal fibrosis (SMF). Immunosuppressive treatment 

with MMF alone had moderate OAD, MNC infiltrate, SMF and epithelial 

regeneration. CyA, Tac and their combination with MMF seemed to give good 

epithelial regeneration with normal or near normal epithelium, no OAD, 

mild/moderate MNC infiltration, and mild SMF.

In chapter 4, TGF immunohistochemical staining showed that TGF-p 1 was severely 

over-expressed in controls, moderate in Vitamin E, mild/moderate over-expression in 

CyA animals groups. TGF-P was only mild in Tac, MMF, MMF+CyA, MMF+Tac 

groups.

It is clear from this study that prevention of acute rejection is a veiy important 

component in the control of OAD. Hence adequate immunosuppression must be used 

to prevent the development of OAD in allografts. On the other hand, the relationship 

of TGF-P 1 over-expression with OAD, fibrosis and epithelial regeneration is rather 

complex. In the CyA group, there was minimal OAD and well developed epithelial 

lining despite mild/moderate TGF-p 1 staining. By contrast, in controls high TGF-p 1 

over-expression was associated with complete epithelial loss and severe OAD.

In chapter 5, the clinical study further supported the findings from the previous 

chapter. The results suggested that MMF reduced the incidence of acute rejection and 

probably that of OB. The MMF group showed no significant reduction in the intensity 

and distribution of TGF-p 1 and EGF expression in lung biopsies when compared with 

azathioprine treated patients. However, there was a significant reduction in bFGF 

expression. This reduction was particularly in the distribution of staining of bFGF in 

lung biopsies.

Based on data from the clinical and the animal studies, it appears that acute rejection 

is a significant risk for OB or OAD, and TGF-P overexpression is important in the 

pathogenesis of OB. MMF when combined with CyA (or Tac) has an additive or, may 

be, a synergistic effect that seems to result in superior and more balanced 

immunosuppression, with better control of acute rejection. For the first time, 

inhibition of growth factor over-expression was observed with MMF therapy. 

Inhibition of TGF-p overexpression was seen in the rat tracheal biopsies and in the
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expression of bFGF in the lung biopsies. It is still not clear yet whether this is a direct 

or an indirect effect. This effect on growth factors may, at least in part, play an 

important role in the prevention of OB, particularly in cyclosporine treated patients.
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Introduction



21

l.i Lung transplantation:

Li.a: Histoiy and development:

The first successful human lung transplant with long term survival was achieved by 

Reitz and associates in 1981 (1).  Since then, lung transplantation has been 

successfully used world-wide. The advances in the surgical techniques particularly in 

single and bilateral sequential lung transplantation, improvement in recipient and 

donor selection and management, advances in immunosuppressive therapies with 

development of new dings, and improvements in diagnosis and treatment of infection 

with more potent antibiotics, anti-viral and anti-fungal therapies have improved 

results dramatically. The operative mortality for lung transplants is around 10 percent. 

The 1,3, and 5 year actuarial survivals for all transplants are 71%, 60%, and 46% , 

respectively (2) (figure 1).

The eighteenth official registry report of the International Society for heart and lung 

transplantation (ISHLT) have shown that a total of 15475 lung transplants were 

performed world wide (2).  There were 7201 single lungs, 5419 bilateral lung 

transplants and 2855 heart and lung transplants (figures 2 and 3). Despite the rapid 

expansion of lung transplantation in less than 2 decades, problems remain, most 

notably chronic lung rejection which manifests itself as small airway obstruction 

which is well recognised and has been named obliterative bronchiolitis (OB) or 

Bronchiolitis Obliterans Syndrome (BOS) (3).

I.i.b. Clinical lung transplantation:

The first successful clinical lung transplant was carried out by Hardy and associates in 

1963 (4).  Despite the short lived success of this pioneering procedure as the patient 

died on the 18th post operative day, it demonstrated the surgical feasibility of single 

lung transplantation (SLT). Also it generated interest in pulmonary transplantation 

world-wide.

Despite the initial euphoria and wide spread interest in lung transplantation, the 

number of procedures in the next 20 years were very small. A total of sixty procedures 

were earned out in that period. The main reason was lack of long term survival in 

those early patients (5 , 6). In 1983, the first long term single lung transplant
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survival was achieved by Cooper and associates in Toronto (7, 8 ). By then, the 

first hmnan lung transplant long term survivor was already achieved by Bruce Reitz in 

March 1981 when he earned out a successful heart and lung transplant on a 45 year 

old patient (9 , 10) .

The success of heart /lung transplantation(HLT) was attributed to the good healing of 

the tracheal anastomosis due to cononary-tracheal collaterals, contrary to the poor 

bronchial healing of SLT. Hence the indication for HLT expanded from being 

exclusively used in patients with pulmonary vascular disease, particularly those with 

pulmonary hypertension secondary to congentital heart disease (Eisemnenger 

syndrome) to include intrinsic lung disease like emphysema (11).

Double lung transplantation (DLT) as well as bilateral sequential lung transplantation 

(BSLT) was introduced to clinical practice by the Toronto group in the late Eighties 

{12, 13) .  BSLT superseded DLT because bronchial healing at the anastomotic site 

was becoming more successful following the introduction of omental wrap and 

telescoping anastomotic techniques. These advances reduced serious bronchial 

complications drastically. Tracheal healing in DLT on the other hand, remained a 

major problem despite improved surgical techniques and this procedure was 

ultimately abandoned. Currently, SLT and BSLT have become the established 

modalities for the management of end stage lung disease (14).

I.i.c: Physiology o f  the transplanted lung:

1. The early post-transplant lung function'.

Ischaemic and reperfusion injury are the main causes of early post transplant graft 

dysfunction. This is manifested clinically by hypoxaemia, pulmonary oedema, raised 

mean pulmonary artery pressure and raised airways pressure. Radiologically, it 

manifests itself as pulmonary oedema, pulmonary infiltrate, hilar flare and pleural 

effusion (15) .  Reperfusion injury is worse in patients with pre-existing pulmonary 

hypertension (16).

Functional changes following lung transplantation are partly caused by impaired
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surfactant function dining re-implantation as a result of high levels of inhibiting serum 

proteins and low level of phosphatidyl choline (17).  This results in atelectasis and 

pulmonary oedema (18).

Infection is a major problem post transplantation. This can be related to factors such 

as the transmission of donor pathogens during transplantation. Recipient factors may 

include a constant source of contamination like chronic infection in the nasal sinuses 

or upper airways (Cystic fibrosis) or infective foci in the contralateral lung. It is 

important to remember that impaired bronchial mucociliary clearance by the 

transplanted lung is a major predisposing factor to increased infection incidence 

(19) .  It is also worth noting that the lung is the only transplanted organ that is in 

continuity with the atmospheric environment.

The cough reflex is absent following lung and heart lung transplantation due to vagal 

denervation (20) .  The lymphatic drainage is also severed during transplantation with 

lymphatic leak into the pleura. It is estimated that lymph drainage of the lungs is 

around 15% of total thoracic duct lymph (21).  This may cause prolonged pleural 

drainage following transplantation.

2. Ventilation and perfusion :

In single lung transplantation, the blood flows to the lung with lower pulmonary 

vascular resistance (PVR). Hence, the blood flows preferentially to the transplanted 

lung as it has a lower PVR. It has been demonstrated that over 95% of blood flow is 

into the transplanted lung in patients with pulmonary hypertension who undergo SLT 

(22).  This will result in a significant decrease in the mean pulmonary artery pressure 

and subsequent reduction in right ventricular afterload that eventually leads to a 

decrease in right ventricular dilatation and tricuspid incompetence (23).

With regal’d to ventilation, there is less preference of ventilation to the transplanted 

lung compared to native lung. This may result in some ventilation/perfusion 

mismatch. Symptomatic severe V/Q mismatch may develop if the bronchus of the 

transplanted lung is occluded by retained secretions.

In SLT for emphysema, hyperinflation of the native lung may occur. This is due to 

poor compliance of the transplanted lung compared to native lung particularly in the 

early post-operative period (24).
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I.ii: Immunology of the transplanted lung:

The immune system plays a vital role in the survival of individuals. It has the ability 

to recognise “self’ from “non self’ and is able to destroy “non self’ through a variety 

of mechanisms. In order to have a successful transplant (without immunosuppression), 

the organ has to have an identical genetic code to that of the host. The host immune 

system will then recognise it as “self’ and hence does not mount an immune response. 

This is the scenario in transplantation between identical twins (isograft). 

Transplantation between unrelated individuals (allografts) will result in immune cells 

recognising that these cells are “non self’ and begin the process of destruction of that 

organ. This process is summarised as “rejection” which ultimately ends with the 

destruction of the graft unless the immune system is circumvented or suppressed 

(25) (figure 4). The initial work on transplant immunology was carried out by Sir 

Peter Medawar and colleagues who in a series of experiments identified the “laws of 

transplantation” and showed elegantly that rejection is a systemic process governed by 

lymphocytes (26,  27) .

The initial studies on mouse skin grafts led to the identification of the Major 

Histocompatability Complex (MHC) antigens. MHC binds the processed antigens and 

presents them to T lymphocytes (28) (figure 5). T cells recognise antigens as 

peptides, derived from processed intracellular proteins that are bound to the cell 

surface and presented at the cell surface by the MHC glycoproteins (29,  30) .  

Antigen presentation is central to the process of immune recognition that triggers the 

activation of helper and cytotoxic T lymphocytes (31,  32) .  The helper T cells have 

a regulatory function. They produce mediators called cytokines or lymphokines.

These agents deliver messages to the effector cells helping to orchestrate the 

immunological response. Helper cells are also essential for the differentiation of B 

lymphocytes into antibody producing cells such as macrophages.

Cytotoxic T lymphocytes, on the other hand, are effector cells that can directly kill 

specific cells that are infected by a vims or other pathogen. This process is triggered
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by the recognition of “non self’ on the target cell surface (figure 6).

It is recognised that both helper and cytotoxic T cells use the same mechanism of 

antigen recognition via similar receptors (33).  The reason behind differential 

activation of helper and cytotoxic T cells resides in the properties of the antigen 

presenting MHC molecules (34) .  It is generally accepted that many cytotoxic T cells 

recognise antigens as presented by class I MHC molecules while most of helper T 

cells are restricted to class II MHC molecules (34).  Class I restricted T cells subsets 

are CD8 positive while class II restricted T cells subsets are CD4 cells. These subsets 

have distinctly different surface protein markers. They recognise specific sites of 

corresponding MHC molecules (35).  Although class I and Class II have many 

structural and genetic similarity, there are marked differences in tissue distribution, 

regulation of surface expression and peptide binding dynamics (36).

I. ii.a. Transplant rejection:

The activation of the naive and memory recipient T cells is the main mechanism of 

acute rejection (figure 4). The initial phase is sensitisation of the immune system by 

passenger leukocytes in the graft being recognised by the recipient CD4+ T 

lymphocytes. The effector phase of rejection starts when activated CD4 cells (helper 

cells) are stimulated to produce lymphokines/cytokines (figure 7). This initiates a 

cascade of responses which involves activation of antibodies as well as activated 

lymphocytes and macrophages, resulting in cellular infiltration into the allograft, 

inflammatory process leading to tissue injury and ultimately to graft destruction 

(37).

Allograft rejection is a process that involves activation of antigen presenting cells, T 

helper cells, release of pro-inflammatory cytokines or interleukins: IL-1, 2, 6, 

interferon-gamma, and tumour necrosis factor-alpha (figure 7). Alternatively, other 

cytokines may be released that suppress graft rejection such as IL-4, 5, 10, and 

transforming growth factor beta (TGF-(3) (38).

In summary, cytokines play an important role in the co-ordination and regulation of 

transplant rejection. The process of rejection is a systemic inflammatory process, 

involving pro-inflammatory cytokine stimulation. Donor epithelial cells may actively 

participate in the host response by producing chemokines and other inflammatory 

mediators.
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I.ii.b. The human major histocompatability complex'.

The major MHC antigens known in humans as human leukocyte antigens (HLA) are 

glycoproteins encoded by the major histocompatability complex located on the short 

arm of chromosome 6 (39).

MHC molecules are of two isotypes: Class I which include HLA-A, HLA-B, HLA-C 

and class II which includes HLA-DR, HLA-DP, HLA-DQ (figure 8). The class III 

region lies between class I and II regions and contains genes related to the 

complement system particularly C2 and C4 and the tumour necrosis factors. Class I 

and II molecules are cell surface antigens. Class I antigens are expressed on the 

surface of almost all nucleated cells in the body while Class II antigens are expressed 

on the surface of antigen presenting cells (APC). These include B-lymphocytes, 

macrophages and dendritic cells (33,  40) .  MHC class I and class II loci are highly 

polymorphic and as allogenic cells can express different MHC molecules, this 

enhances the ability of T cells to recognise foreign MHC antigen derived from the 

donor organ (41).

lii.c . The activation o fTcells  :

T cell activation occurs by 2 distinct pathways (42) (figure 9). The first is the direct 

pathway, in which T cells recognise donor MHC antigen molecules, class II peptide, 

expressed on the surface of donor APCs. The second is the indirect pathway in which 

peptides derived from the catabolism of donor molecules, including allogenic MHC 

molecule, are presented to the T helper cells by the MHC molecules on host APCs.

The direct pathway may be responsible for the immune responses in acute rejection 

while the indirect pathway may have a major role in chronic rejection as donor APCs 

in the graft will be replaced by host APCs gradually.

In the direct pathway, T cells can recognise donor APCs in the graft or in the recipient 

spleen (43) .  While in the indirect pathway, donor antigen recognition may occur in 

the graft or in the recipient lymphoid tissue (44).

Activation of T helper cells by either mechanism will result in the release of different 

cytokines that can stimulate macrophages and B-lymphocytes. Activated B- 

lymphocytes produce alloantibodies while activated macrophages and helper cells will
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contribute to graft rejection by the delayed type hypersensitivity response. In addition, 

cytokines can act as growth and activation factors for cytotoxic T lymphocytes 

resulting in the destruction of the graft by lysis of donor cells (45).

I.ii.d. Chronic rejection:

Chronic rejection in lung transplantation is manifested as small airway disease 

resulting in inflammation and later fibrosis or obstruction, a typical pathological 

feature of obliterative bronchiolitis (OB). It has also been described in lung 

transplantation as bronchiolitis obliterans syndrome (BOS). The incidence of OB 

following lung transplantation is common and estimated to be around 40-50% in long 

term survivors (46,  47) .  Initially, It was thought that OB was restricted to HLT 

and would not occur in isolated lung transplants. However, a few years later, this 

complication was reported in SLT and BSLT (48-50) .  The pathological picture in 

the active phase of OB demonstrates injury of the bronchiolar epithelium with 

submucosal lymphocytic infiltrate. The subsequent development of granulation tissue 

occurs with acute and chronic inflammatory cells, eventually leading to formation of 

scar tissue. In severe cases this may eventually result in total occlusion of the entire 

lumen of the bronchiole (51,  52) (figure 10).

Immimologically, acute lung injury due to acute lung rejection is manifested by 

increased infiltration with recipient MHC class II cells in the perivascular, 

peribronchial, interstitium and alveolar spaces. Furthermore, expression of class II 

antigens is induced on donor bronchial epithelium and vascular endothelium. This is 

found as early as two days post-transplant. The intensity of class II antigen expression 

on the bronchi and pulmonary vasculature of the graft increases with the progressive 

deterioration of rejection ( 53-58) .  The severity of rejection correlated well with 

biochemical markers in the bronchio alveolar lavage (BAL) fluid obtained at the time 

of bronchoscopy. These markers include tumour necrosis factor alpha (TNF-a), 

gamma interferon (IFN-y), interleukin 2 (IL-2) and soluble IL-2 receptors (sIL 

2R) ( 59- 61) .  The abnormal expression of class-II antigens on the vascular 

endothelium and bronchial epithelium, as well as abnormal increase in cytokines 

levels of the BAL fluid taken from the rejecting lung, can be suppressed by 

cyclosporin A (CyA) treatment (58,  61,  62).  Once the bronchial epithelium and
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vascular endothelium become positive for MHC class-II antigens, they are likely to be 

targets for immune injury resulting in low grade rejection which may ultimately result 

in the development of BOS and small vessel vasculopathy (63).

The presence of OB following lung transplantation is a clinical diagnosis based on 

lung function test. As it is essentially a disease of the small airways, changes in forced 

expiratory volume in first second (FEV,) is the most commonly used marker. Forced 

expiratory flow (FEF) is also a useful marker. As OB progresses, the patient becomes 

more breathless and their FEV\ and FEF 25%-75% decline to 50-75% of normal value 

for that patient (64).

Histologically, OB can be diagnosed by transbronchial biopsy (TBB). Usually 

numerous biopsies are required from each lobe to establish the histological diagnosis. 

The sensitivity of transbronchial biopsy for obliterative bronchiolitis is poor with a 

high incidence of false negatives (46).

In addition to OB, chronic lung rejection can occur as chronic vascular rejection.

Here, there is fibromyxoid thickening of the sub endothelial zones of arteries and 

veins. This thickening is due to proliferation of smooth muscle cells, fibroblasts and 

myofibroblasts. The presence of accelerated graft atherosclerosis is difficult to 

identify on TBBs but can readily he seen on post-mortem histology sections from the 

pulmonary graft (65).

I.iii: The operative procedure and post-operative period.

I.iii.a. Patient selection:

Patients with end-stage lung disease who have the best opportunity for long-term 

survival with a capacity for full rehabilitation are considered for lung transplantation 

(66).  Careful consideration of the type of transplant procedure, deemed suitable for 

different individuals with a specific disease entity, has been elucidated ( 67-70) .

I. Hi. b. Indications for different transplant procedures:

Heart and lung transplantation: This is the procedure of choice for patients with 

pulmonary hypertension and severe right ventricular dysfunction due to uncorrectable 

congenital heart disease (Eisenmenger Syndrome) (71),  primary pulmonary
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hypertension with ventricular dysfunction and severe concurrent cardiac and 

pulmonary disease (71).

Single lung transplantation is the procedure of choice for patients with pulmonary 

fibrosis, older patients with emphysema, patients with sarcoidosis or asbestosis with 

end stage pulmonary disease and for selected patients with primary (PPH) and 

secondary pulmonary hypertension with good left ventricular function and easily 

correctable congenital defects (13,  7 2- 75 ) .  It also seems to be the most

commonly used procedure for a re-transplant in patients who have previously had 

HLT orBSLT ( 76 -7 8) .

Bilateral lung transplantation (BSLT): The primary indication for BSLT is a septic 

lung condition. Cystic fibrosis is the most frequently encountered condition in this 

categoiy (14).  Emphysema (in younger patients), bronchiectasis and PPH are less 

common indications.

1.111.c. Post-operative management:

Ventilatory management post transplant is based on the principles of prevention of re­

perfusion injury, positive end expiratory pressure (PEEP) and lowest adequate 

inspired oxygen. To reduce lung trauma, ventilatory pressure should be the minimal 

necessary to provide normal oxygenation.

Fluid management is of paramount importance. The transplanted lung has a tendency 

to trap excess fluids hence the fluid management is based on adequate diueresis and 

blood or colloid infusion. Patients are extubated as early as possible if they have a 

clear chest X-ray and normal oxygenation (79).

1.111.d. Infection and rejection:

Despite aggressive immunosuppression, acute rejection is a common and troublesome 

problem following lung transplantation. When symptomatic, it presents with 

breathlessness and hypoxaemia. Acute lung rejection can be a very rapidly progressive 

process and can lead to a marked deterioration in the patient's clinical condition within 

a few hours (80,  81) .  Apart from breathlessness, patients may have low grade 

fever, leukocytosis, perihilar or interstitial infiltrate on the chest X-ray (58,  63).  

This clinical picture is typically seen in the first 3 weeks post transplant. Furthermore,
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a similar clinical picture can be seen in acute pulmonary infection that is common in 

the early post-transplant period because of augmented immunosuppression and the 

likelihood of donor transmitted infection (82-84) .  Taking the clinical picture alone 

into consideration, it is usually difficult to differentiate between infection and acute 

rejection. Furthermore, both processes can occur concurrently. Therefore special 

investigations are required which include, in addition to haematological and 

biochemical profiles and plain chest radiograph, CT scans and fibro-optic 

bronchoscopy, bronchioalveolar lavage (BAL) and transbronchial biopsy (TBB). The 

latter is the most useful tool for the histological diagnosis of rejection (85) and 

assessment of its severity using the International Society for Heart and Lung 

Transplantation grading system (86).  TBB is also an invaluable tool that can 

differentiate infection from acute rejection (87,  88).  BAL has not been a useful 

diagnostic tool for the diagnosis of rejection, but it is extremely important in the 

diagnosis of opportunistic infections which are fairly common in immunosuppressed 

patients.

Transbronchial lung biopsy is the gold standard for the diagnosis of acute rejection in 

lung transplantation. The typical histological appearance is that of a perivascular 

lymphocytic infiltrate (figure 11), TBB was reported to have a specificity of 100% 

and a sensitivity of 84% (85).  Multiple biopsies are required from each lobe and on 

average 16 biopsies are taken per session in order to avoid false negative results 

(85).  TBB and BAL are carried out routinely following transplantation and 

according to a specific protocol, specific for individual units. TBB is an invasive 

procedure that carries a small risk of complications including pneumothoax and 

bronchial haemorrhage. Careful attention to a clotting disorder prior to biopsy reduces 

the incidence of this complication (89).

I.iii.e: Chronic rejection and obliterative bronchiolitis (OB):

Obliterative Bronchiolitis (OB) is the most common late pulmonary complication 

among lung and heart-lung transplant recipients (3 , 47, 90, 91).  It remains the 

most common cause of morbidity and mortality following clinical lung transplantation 

affecting around 50% of patients at 4 years (92).  The aetiology of OB is still 

unclear. Lack of bronchial circulation or lymphatic drainage (93) ,  infections (94) 

and rejection (95) are possible causes. Chronic rejection, however, has been
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identified as the most likely cause of OB in several clinical reports (96,  97) and

animal studies (98-101) .

Recently, growth factors (102-104)  are thought to play a central role in the 

pathogenesis of OB particularly Transforming Growth Factor Beta (TGF-p). TGF-p is 

a potent cytokine that promotes fibrosis by enhancing the synthesis of extracellular 

matrix components (104,  105).  The repair process following lung allograft injury 

replaces lung parenchyma with fibrous tissue, leading to pulmonary dysfunction. 

TGF-p has a major role in co-ordinating tissue repair, hence its over-expression may 

result in exaggerated or aberrant tissue repair processes which may ultimately result 

in tissue fibrosis (104) .

The clinical presentation of chronic rejection is primarily a form of obliterative 

bronchiolitis with a fall in the forced expiratory volume in the first second of 

expiration (FEVj) which proceed dyspnea, the clinical presentation commonly seen in 

these patients. Although the pathological hallmark of chronic rejection is actually OB, 

sometimes the terms are used interchangeably. This is misleading as it may be that 

most chronic lung rejection is presented as OB, not ALL OB cases are of 

immunological aetiology, as other factors such as aspiration or chronic infection may 

result in OB (10 6 - 108) .  Because of the heterogeneity in the causation of OB, a 

consensus conference sanctioned by the ISHLT gave a new terminology to chronic 

allograft dysfunction as bronchiolitis obliterans syndrome (BOS) (10 9, 110) .  This 

obviously will focus on the clinical observations like sudden or gradual progressive 

reduction in FEV, rather than based purely on histology.

Treatment strategies for BOS are of limited success and based on augmentation of 

immunosuppression using a variety of agents. Corticosteroids are generally used as a 

first line. More recently other modalities such as total lymphoid irradiation 

(TLI) (1 1 1 ), cytolytic therapy (112),  MMF (113, 114) and tacrolimus (1 1 5 - 

117) have been used. In end stage OB retransplantation is the only option available 

(76,  77,  118) .

/. iii.f Infection post lung transplantation:

Infection in the lung transplant patients is fairly common and is the major cause of 

morbidity and mortality (64).  The lungs are the only transplanted organs with direct
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communication with the atmosphere hence infections from the surrounding hospital 

environment, as well as infection from upper airways and nasal sinuses is common, 

particularly in cystic fibrosis patients. Moreover, contamination can be transmitted by 

donor lungs. The commonest infectious organisms are bacteria (64) followed by 

viruses, most notably the cytomegalovirus (CMV) (82,  84,  1 1 9 -1 22 ) .  Protozoa 

like pnemnocystis pneumonia (PCP) is less common since most units use septrin 

prophylaxis. Toxoplasma, another protozoa, can also be transmitted by donor tissue.

In patients with mismatch to toxoplasma, i.e serologically are donor positive and 

recipient negative, prophylaxis is generally given using pyrimethamin for 3 months to 

prevent active infection. Finally fungi are encountered more commonly in lung 

transplantation particularly Candida Albicans. Less commonly seen but much more 

difficult to treat is Aspergillus infection which seems more common with more 

aggressive immunosuppressive regimes.

I. iii.g. Immunosuppression:

Most clinical lung transplant programs use the standard triple immunosuppression 

therapy of cyclosporine, azathioprine and prednisolone ( 123-126) .  Cyclosporine, a 

calcineurin inhibitor, is the mainstay immunosuppressive agent that acts primarily by 

inhibiting IL-2 synthesis and expression of IL-2R on T helper cells (figure 12). It is 

given in doses ranging from 5-10 mg/kg/day in 2 divided doses and its main side 

effect is nephrotoxicity. Azathioprine is given in doses ranging between l-2mg/kg/day 

in one single daily dose. It acts by inhibiting the division of rapidly multiplying cells 

like lymphocytes through the inhibition of purine synthesis. It is primarily a bone 

marrow depressant (REF). Corticosteroids, have wide ranging immunosuppressive 

properties, given at doses of lgm IV at surgery followed by reducing oral dose, 

starting at lmg/kg/day to be reduced to 0.2mg/kg/day at 3 weeks post operatively. 

Newer immunosuppressive agents have been introduced to lung transplantation 

primarily tacrolimus which, like cyclosporine, is a calcinurin inhibitor (figure 12). It 

has had some success as a primary as well as a rescue agent in lung transplantation 

(116, 117, 127) .  The other new agent is mycophenolate mofetile (MMF), 

which acts by inhibiting nucleic acid synthesis, hence inhibiting T and B lymphocyte 

proliferation. It is primarily used to replace azathioprine in CyA or tacrolimus based
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immimosuppression regimes (113, 128,  129).  It has been shown to improve 

one year survival in lung transplant patients in a randomised trial against azathioprine 

(130).

I.iv: Lung fibrosis and Obliterative Bronchiolitis:

I. iv. a. Lung fibrosis:

Fibrosis is the final pathological process that occurs in most allografts including, 

heart, kidneys, liver and lungs. The process is complex and has three overlapping 

stages. The first is the inflammatory stage which follows tissue injury such as 

rejection, infection or ischaemia. The second is the healing stage, the formation of 

granulation tissue. The final stage is the re-modelling stage, the formation and 

remodelling of extracellular matrix (131).

The fibrotic process as described is similar to normal wound healing where 

parenchymal cells infiltrate the wounded tissue, leading to extracellular matrix 

deposition. This results in the growth of normal granulation tissue and ultimately scar 

formation (132) .

Lung fibrosis can be caused by certain disease processes, the aetiology of which is 

sometimes known (e.g. asbestosis), or it can be of unknown cause (133) .  The 

vascular endothelial cells are the first cells to be affected, then the type I pneumocytes 

with basement membrane are involved. This tissue injury can be accompanied by 

local inflammation. The inflammation begins as infiltration with polymorphonuclear 

leukocytes or neutrophils (PMN) which lasts a few hours to a few days. These cells 

are replaced by a mononuclear cell infiltrate (monocytes and macrophages or MNC) 

which lasts few a days to a few weeks. The inflammatory process is essential to the 

healing process initially by amplifying and disrupting the normal architecture caused 

by the local injury and by the accumulation of mesenchymal cells in the local milieu 

(132).  The inflammatory process of the vascular endothelium causes alteration in 

capillary permeability leading to a rapid leakage of inflammatory cells, platelets and 

serum proteins into the interstitial and alveolar' spaces (134).

Cytokines can be produced and released from inflammatory cells and platelets as well 

as mesenchymal cells. These cytokines play a major role in the fibrotic process by
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recruiting more inflammatory and mesenchymal cells and by promoting proliferation 

and migration of smooth muscle cells to the alveoli. Recruitment of mesenchymal 

cells leads to accumulation of the extracellular matrix. This leads to progressive 

deposition of collagen, elastin, fibronectin and proteoglycans resulting in excessive 

formation of granulation tissue that leads to tissue fibrosis (132).

In the lung transplant setting, the graft is exposed to multiple injuries caused initially 

by ischaemia and re-perfusion injury, acute rejection and infection. This injury, as 

mentioned above, will result in injury to vascular endothelium and pulmonary 

epithelium which initiates the cascade, ultimately leading to graft fibrosis (135).

I.iv.b. Cytoldnes and growth factors:

Cytokines are soluble polypeptides molecules which are secreted by activated T- 

helper lymphocytes (CD4), macrophages and other cells and tissues (figure 13). 

Cytokines act by binding to high affinity receptors on the surface of target cells and by 

inducing biochemical signals within those cells that have profoundly been affected by 

their behaviour. The term cytokine, was used initially to differentiate a group of 

immunomodulatory proteins, also called immunotransmitters, from other growth 

factors that modulate the proliferation and bioactivities of non-immune cells. 

However, this clear-cut distinction cannot be maintained and may not be meaningful 

altogether (136).  Some cytokines are produced by a rather limited number of 

different cell types while others are produced by almost the entire spectrum of known 

cell types. The initial concept "one producer cell, one cytokine, one target cell" has 

been falsified for almost every cytokine investigated more closely (13 6, 137) .

Recently the term cytokine is used as a generic name for a diverse group of soluble 

proteins and peptides, which act as humoral regulators at nano- to picomolar 

concentrations and which, either under normal or pathological conditions, modulate 

the functional activities of individual cells and tissues. These proteins also mediate 

interactions between cells directly and regulate processes taking place in the 

extracellular environment (138,  139) .  The biological activities of cytokines are

similar to those of hormones produced in specialised glandular tissues. Some 

cytokines behave like classical hormones as they act at a systemic level.

In general cytokines act on a wider spectrum of target cells than hormones. The
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important characteristic that distinguishes cytokines from hormones is that cytokines 

are not produced by cells that are organised in specialised glands, i. e. there is not a 

single organ source for these mediators (138,  139).

Cytokines can be divided into different subgroups, these are: Growth factors, 

lymphokines and interleukins, colony stimulating factors (CSFs), transforming growth 

factors (TGFs), tumour necrosis factors (TNFs), interferons (IFNs) and chemokines. 

Cytokines have different functions, such as the control of cell proliferation and 

differentiation during embiyonic development and in later life, regulation of the 

immune response to foreign antigens and invading organisms, defence against viral 

infection and other intracelluar pathogens. They play an essential role in cellular 

regeneration and wound healing, regulating the development of cellular and humoural 

immunity and mediating the inflammatory response. Alteration in the production or 

action of cytokines can be responsible for different diseases. Advances of technology 

and a better understanding of the role of cytokines in humans may help in using them 

as therapeutic agents against some inflammatory diseases and even some forms of 

cancers as well as better control of acute and chronic allograft rejection (140) .

I.iv.c. T-helper CD4+ lymphocytes:

T-helper lymphocytes can be divided into two functional subsets, T-helper 1 (TH1) 

and T-helper 2 (TH2) categorised by the profile of cytokines they produce (141).

TH1 cells produce IL-2, IFN-y, TNF-a, IL-12, TH1 cytokines tend to promote cell 

mediated responses by inducing cytotoxic T cells and the delayed type 

hypersensitivity reaction that is mediated by macrophages. On the other hand, TH2 

lymphocytes produce IL-4, IL-5, IL-10, IL-13. TH2 cytokines are responsible for B- 

cell activation and antibody mediated immune responses. A third pattern of cytokine 

production is attributed to THO cells that are the precursor cells that can fully 

differentiate to TH1 and TH2 (figure 13). The differentiation of the naive ThO cells 

can be affected by the environment and in-vitro studies show that the early presence of 

IL-4 induces differentiation towards the TH2 subset while the presence of IL-12 

promotes the differentiation towards TH1 cells (14 2). It is interesting to note that 

IL-4 and IL-10 have the ability to inhibit the expression of Th-1 cytokines whereas 

IFN-y and IL-12 can inhibit the expression of Th-2 cytokines.
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Cytokines can play an important role in the development of lung allograft fibrosis.

This is either by recruitment of mesenchymal cells and increasing intracellular matrix 

production, or by contributing to the inflammatory reaction. Different cytokines play 

different roles. IFN-y and TNF-a could be described as inflammatory cytokines 

while, transforming growth factor-P (TGF-p) and platelet derived growth factor-p 

(PDGF-p) can enhance the synthesis of the extracellular matrix components.

Human IFN-y is a 20 kilo Dalton (kDa) cytokine that plays a central role in the 

cellular immune response (14 3). It can be produced by a number of T-lymphocytes 

that include T helper cells, cytotoxic cells and natural killer (NK) cells (14 4,

145) .  IFN-y has been shown to increase the expression of MHC class I and class II 

molecules on the surface of different cells such as macrophages, epithelial and 

endothelial cells which may be vital in the initiation of an inflammatory response 

(14 6). It can also augment the infiltration of inflammatory cells into injured tissue 

by enhancing the re-organisation of endothelial cell basement membrane (147).

In addition to its pro-inflammatory action, IFN-y can modulate fibroblast collagen 

matrix deposition by increasing the expression of the cell surface receptor for collagen 

(14 8 ). IFN-y can also increase the expression of the cell surface marker (CD40) on 

the surface of mesenchymal cells including fibroblasts. Fibroblasts can interact with 

T-cells through this surface marker leading to the activation of both cell types. This 

process is important for normal wound healing process but, if left unchecked, can be 

pathogenic and may result in exuberant tissue fibrosis (14 9).

I.iv.d. Tumour necrosis factor-alpha:

This is a pro-inflammatory cytokine composed of a 26 kDa peptide. It is mainly 

produced by monocytes and macrophages. TNF-a has the ability to activate 

endothelial cells and macrophages (15 0). It can also induce the expression of MHC 

class I molecules on endothelial cells but it does not seem to stimulate the release of 

class II antigens. The activation of endothelial cells can also result in expression of 

adhesions molecules like ELAM-1, VCAM-1 and ICAM. It also enhances the 

expression of IL-8 and other chemokines (151, 152).  This expression results in 

the binding of granulocytes and monocytes to the vascular endothelium leading to 

enhanced migration of leukocytes to the site of inflammation which enhances the
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development of the inflammatory state. TNF-a may play a major role in immuno- 

regulation by enhancing the proliferation of T-lymphocytes (153).

I.iv.e. Platelet-Derived Growth Factor:

Platelet-Derived Growth Factor (PDGF) is a polypeptide growth factor that was first 

identified in the serum. It is secreted from the a-granules of platelets during the 

process of clotting. It can also be secreted from the smooth muscle cells, endothelial 

cells, and macrophages (154).  Functional PDGF is secreted as a dimer with two 

chains, A and B chain (PDGF-AA, PDGF-AB, PDGF-BB) and it can be bound by two 

distinct receptors, a  and p (155).  PDGF is a powerful mitogen for connective tissue 

cells including dermal fibroblasts, arterial smooth muscle cells, epithelial and 

endothelial cells (15 6 - 158 ) .  In addition to its mitogenic properties, PDGF is a 

chemotactic agent for fibroblasts and smooth muscle cells (15 9). In addition, PDGF 

can stimulate formation of type V collagen (160) and stimulate collagenase activity 

3 fold (161) .  In summary, PDGF is mitogenic and chemotactic for fibroblasts 

smooth muscle cells, also has the ability to stimulate and degradate matrix proteins. 

PDGF can be involved in the wound healing process as well as in pathological 

processes like fibrosis, inflammatory arthritis, atherosclerosis and tumour growth 

(162).

I. iii.f. Basic fibroblast growth factor (bFGF):

Fibroblast growth factors are polypeptide growth factors that include acidic FGF 

(aFGF or FGF-1) and basic FGF (bFGF or FGF-2) molecules. Its main function is an 

inducer of growth and a chemoattractant for the migration of smooth muscle cells 

(SMC) (163) .  Both aFGF and bFGF are prototypic members of a family of 

structurally related molecules (164).  They act as potent mitogens for mesodermal 

derived cells in vitro and potent hormonal inducers of angiogenesis in vivo (165,  

166) .  The biological activity of FGF involves productive cell surface interaction with 

high affinity specific receptors such as FGFR-1, FGFR-2, FGFR-3 and FGFR-4 

(167,  168).

Prototypic FGF proteins were identified initially in neural tissue (169).  They were 

later identified, isolated and characterized in the bovine kidney (17 0).

Apart from their role as inducers of neurogenic repair, they has been associated with
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glomerular as well as vascular lesions in chronic renal transplant rejection (171) .  

They have also been associated with angiogenesis, growth enhancement and 

chemoattraction of smooth muscle cells, fibroblast as well as promoting angiogenesis 

in area of intimal hyperplasia associated with cardiac and renal allograft vasculopathy 

(172).

In lung transplantation, high levels of bFGF have been detected in the 

bronchioalveolar lavage of patients with OB compared to non OB patients. This 

suggests that bFGF may play a significant role in the pathogenesis of OB. Cytokines 

such as bFGF can mediate lung allograft injury by being directly toxic to the tissues. It 

may enhance the rejection processes by stimulating the proliferation of T lymphocytes 

and other immimocytes. In chronic lung rejection, where bronchiolar as well as 

vascular rejection occurs, there is fibro-intimal hyperplasia and scar formation. The 

participation by proliferative growth factors is extremely likely. Previous studies have 

suggested a significant role for bFGF in the pathogenesis of OB {52). This is 

probably due to its mitotic activity for fibroblasts, vascular endothelial cells, 

myoblasts and smooth muscle cells (173).  bFGF can also modulate pulmonary 

mesenchymal and fibroblast cell migration, replication and granulation tissue 

deposition (52).  It is very likely that bFGF may also act directly or indirectly as an 

angiogenic promoting factor (17 4).

I. iii.g. Epidermal growth factor:

Epidermal growth factor (EGF) is a polypeptide cytokine with fibrogenic property 

(17 5 ). It is a growth-promoting peptide (17 6) which has a potent chemoattractant 

property for vascular endothelial cell line (RHEC) in human as well as rats (177).  

Many studies indicated that EGF-like factors may function in vivo to control, in part, 

the angiogenic events that occur during tissue repair (17 7 ). Epidermal growth factor 

(EGF) and transforming growth factor-alpha (TGF-alpha), strongly decreased IL-18 

mRNA expression in HaCaT keratinocytes (178).  Other studies suggested that EGF 

and TGF-alpha play an important role in the implantation process by directly 

stimulating trophoblast development (17 9). EGF may also play a role in the 

maintenance and repair of aiiway epithelial cells in adult humans, and whether EGF 

receptor (EGFR) is expressed in these cells (180).

The role of EGF has been investigated in the kidney (17 5, 176,  181 , 182) .  It
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has been suggested that it may have a possible role in chronic renal damage. EGF is 

also involved in tubular regenerative responses to injury. On the other hand, EGF 

does not appear to contribute to the development of injury in chronic renal rejection. It 

may instead exert a protective effect on tubular structures.

EGF is a growth-promoting peptide that is synthesized in the distal tubules of the 

kidney and excreted in mine. It may play a role in repair after renal tissue damage, as 

well as in compensatory growth of the remaining kidney after uninephrectomy. 

Compensatory increase of around 30% in urinary EGF excretion from the remaining 

kidney occurs after uninephrectomy in healthy humans. Whether EGF plays a role in 

the adaptive processes in the remaining kidney or whether changes in EGF excretion 

are merely of a secondary nature is still uncertain (17 6).

The role of EGF in tubular regeneration after ischaemia has been investigated to 

identify its role in post-ischaemic repair. There was a reduction of EGF immuno- 

staining and disappearance of EGF receptors during the mitogenic response (182).

In kidney transplantation, the urinary excretion of epidermal growth factor (EGF) was 

studied in 15 patients. Urine creatinine increased prior to the increase in mine EGF. 

Patients who received cyclosporine immunosuppressive treatment excreted little or no 

EGF during the first month, while patients who received prednisone and azathioprine 

excreted EGF as early as four days post- transplantation (181).

EGF has been found in different parts of the GI tract. It has been implicated in the 

control of gastrointestinal tract growth, maturation, and protection (183) .

In the heart, EGF acts as a potent chemoattractant for human as well as rat heart 

vascular endothelial cell lines. Human EGF and TGF-alpha have been shown to be 

active as chemo-attractants for these cells. This indicates that EGF-like factors may 

function in vivo to control, in part, the angiogenic events that occur during tissue 

repair (17 7 ). In a model of rat allograft aortic transplantation between major and 

minor histoincompatible rat strains, levels of epidermal growth factor, insulin-like 

growth factor-1 (IGF-1), and PDGF in grafts from angiopeptin-treated recipients were 

35% to 75% of levels in grafts from nontreated recipients. SMC in the media and 

intima was reduced by 30% to 90% and intimal thickening by approximately 50%. 

This suggests that growth factors like EGF play a role in the vascular response and 

interference in the growth factor response may be one way of reducing or preventing
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vascular injury (184).

In heart transplant patients, Hosenpud and colleagues suggested that growth factors 

including EGF may upregulate cell mediated activation of vascular smooth muscle 

cells resulting in stimulation of smooth muscle cell proliferation and migration to 

intimal sites (185).

In the lung, the role of EGF in the maintenance and repair of airway epithelial cells in 

adult humans was investigated using immunohistochemical staining. EGF receptor 

(EGFR) expression in these cells was also investigated. Lung biopsies from thirteen 

adult patients with lung carcinoma were examined for the expression of EGFR in 

peripheral lung tissue and bronchial tissue. The study concluded that EGFR is not 

expressed, at least at an innnunohistochemically detectable level, by aiiway epithelial 

cells of adult humans, not only in the quiescent state but also under conditions in 

which epithelial cells are stimulated to replicate. Thus, it appears unlikely that the 

EGF/EGFR system plays an important role in either maintenance or repair of aiiway 

epithelial cells in adult humans (18 0).

In patients with obliterative bronchiolitis, anti-HLA antibodies development has been 

shown to play an important role in its pathogenesis. However, the nature of non-HLA 

antibodies developed after lung transplantation and their role in OB pathogenesis have 

not been determined. Antibody-positive samples were tested for induction of 

proliferation and growth factor production in two selected aiiway epithelial cell 

(AEC) lines. Results from this study indicates that anti-AEC antibodies may play a 

role in the immunopathogenesis of OB in the absence of anti-HLA antibodies (18 6).

I.v. Transforming Growth Factor-Beta:

I.v.a. Introduction:

Transforming growth factor-p is a multifunctional polypeptide growth factor (figure 

14) which was identified in the late 1970’s and early 1980’s (187).  It is a cytokine 

with potent chemoattractant properties for fibroblasts. In addition, it is a regulator of 

their growth potential. It also upregulates transcription and translation of matrix 

components to promote the healing of inflamed tissues. Recently, TGF-p has been 

shown to accelerate the healing process of incisional wounds and to cause extensive 

mononuclear cell infiltration as well as accumulation of fibroblasts with enhanced
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collagen deposition (18 8). Because TGF-P has a specific enhancing effect on wound 

healing, it has been suggested that it also contributes to certain fibro-pro liferative 

diseases, such as kidney sclerosis in which high levels of TGF-B were reported

(189).

Many cells can synthesise TGF-P and all of them have specific receptors for this 

peptide. It has been accepted that TGF-p acts by both autocrine and paracrine 

mechanisms to regulate the behaviour of almost all cells in the body (190) .  TGF-p 

is present in five different isoforms TGF-p 1,2,3,4 and 5. All isoforms share similar 

biological activities in certain established cell lines (191).

The normal healing process is characterised by an ordered accumulation of acute 

inflammatory cells (neutrophils) and platelets, followed by macrophages and 

lymphocytes and later on fibroblasts at the injury site (192).  It is interesting that 

subcutaneous injection or even topical application of TGF-B produces a similar' 

histological pattern to normal healing with inflammatory cell recruitment, fibroblast 

accumulation and micro vascular growth (132,  188,  193).

It is well known that the pathological process of chronic lung rejection (OB) 

following lung transplantation is similar to the effect of TGF-P on lung healing after 

lung injury. This is characterised by an inflammatory cell infiltrate, fibroblasts and 

collagen deposition which ultimately result in pulmonary fibrosis. OB, which affects 

around 40% of long term lung transplant patients, is characterised by excess fibrous 

tissue mainly in the small air-ways resulting in aiiway obstruction and graft failure. It 

is logical to assume that TGF-p may play a key role in this process ( 19 4-1 98) .

Lv.b. Structure:

The structure of TGF-P 1 is similar to other isoforms (figure 15). It is synthesised in a 

latent form (199) as a 251cDa di-sulphide linked dimer and has 390 amino acids, 

while the active form of TGF-p is a cleavage product of two identical chains of 112 

amino acids, which correspond to the mature bioactive form. Each chain is 

synthesised as a C-terminal domain of a 390 amino acid precursor that has also N- 

tenninal secretory signal polypeptides and a long precursor segment (200) .  The C- 

temiinal region is cleaved from the remaining precursor segment following a series of 

four basic amino acids (201).  There are three N-linked glycosylation sites in the 

precursor and nine conserved cysteines in the 112 amino acids chain, eight of which
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form intramolecular disulphide bonds, and the last cysteine residue from each chain 

forms an intramolecular disulphide bridge (200) .  TGF-|31 is stored in platelets as a 

latent complex which also contains a 125-190 kDa glycoprotein, the function of which 

is unknown (202) .  The amino acid sequence of human TGF-p 1 is around 71% 

homologous to that of TGF-{32 and 77% homologous to TGF-|33, while TGF-J32 is 

approximately 80% homologous to TGF-|33 (203).

The active forms are very highly conserved over evolutionary time. The general 

genomic structures, including the regulatory regions, of the TGF-p genes are 

conserved too, although each isofonn differs somewhat in its transcriptional control. 

Lv.c. Sources o f TGF-p:

TGF-p 1 is synthesised in a latent form. Many sources have been identified but one of 

the main sources in humans is platelets. It is released from the a-granules and is also 

released by lymphocytes, monocytes, macrophages, endothelial cells, fibroblasts, bone 

matrix, kidney, placenta and some tumour cell lines (204).

As mentioned earlier, TGF-p 1 is activated by cleavage of the C-terminal from the 

precursor form. The activation, in vitro, can be triggered either by change in ionic 

strength, acidification or by the action of certain proteolytic enzymes such as plasmin 

or cathepsin-D (205) .In vivo, the mechanism of activation of latent TGF-P 1 is not 

known but is very likely to be mediated by plasmin or cathepsins (206) .  The 

activation may take place at cell surfaces where the precursors bind to mannose-6 

phosphate receptors (207).  The active TGF-pi binds to various extracellular matrix 

components such as biglycan, thrombospondin, decorin, fibronectin and other 

collagens. The binding may cause sequestration of the active form (208) .  TGF-P 1 

can rapidly be cleared following activation. This process is induced by binding of the 

active form to a2-macroglobulin (209).

I. v. cl Biological function ofTG F-fl :

As described earlier, TGF-p is produced by many cell types, including lymphocytes, 

monocytes, macrophages and other inflammatory cells (210).  It has a wide range of 

functions that mainly involve the control of the proliferation and differentiation of 

many cell types (190,  211 , 212) .  These effects are related to cell type and their 

differentiation, growth conditions and presence of other growth factors (213) .  More 

recent studies suggest important roles in different situations like immune cells,
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connective tissue cells, epithelial cells, wound healing, extracellular matrix and others 

(213).

I.v.e. Effect on cell proliferation'.

TGF-p 1 is a strong inhibitor of cellular proliferation. This is achieved by limitation of 

the supply of mitogen and by the action of negative growth factors (214) .  This 

growth inhibitory function can affect a variety of cells that include bronchial epithelial 

cells, T and B lymphocytes, embryo fibroblasts, keratinocytes, and haemopoietic cells 

(215 -2 19) .  TGF-p 1 can cause inhibition of cell proliferation by opposition to 

specific mitogens such as EGF in keratinocytes, lymphocytes, IL-2, IL-1 and IL-3, 

GM-CSF and CSF-1 (220).  TGF-p 1 can inhibit proliferation by inhibiting cell cycle 

progression. This inhibition is caused by stopping the cells from entering the S phase 

of the cell cycle and the cells are arrested at the G1 phase (221).

Despite this, TGF-P 1 is generally considered an inhibitor of cell proliferation, it can 

sometimes stimulate cell proliferation, for example, of NRK-49F rat fibroblasts 

cultured in semi-solid medium (187).

I.v.f Effect o f Immune cells'.

TGF-p 1 is a regulatory agent for immune cells. It can suppress the proliferation of T 

and B lymphocytes and at the same time it can enhance monocyte function (217).  

The inhibitory function of TGF-P 1 on immune cells makes it a powerful 

immunosuppressive factor. TGF-p 1 also suppresses the proliferation of thrombocytes 

(222) and natural killer cells (NIC) (223).  It can also inhibit both lymphokine- 

activated killer cells (LAK) and allospecific cytotoxic T lymphocytes (224) .  In 

addition, TGF-p 1 can inhibit the production of Interleukins IL-1, IL-2, IL-3 (2 2 5 ). It 

also been shown to suppress the effects of IFN-y on MHC class II antigens (226) .

It has also been shown that TGF-p 1 can inhibit the secretion of immunoglobulin G 

(IgG) and immunoglobulin M (IgM) by activated B-lymphocytes (218) but at the 

same time, it can it can upregulate the secretion of immunoglobulin A (IgA) by 

splenic lymphocytes. This upregulation can be inhibited if treatment with TGF-p 1 is 

continued (227) .

TGF-p gene "knockout" mice (genetically unable to make TGF-P) always die at 3-4 

weeks of age from a diffuse inflammatory syndrome involving massive mononuclear 

cell infiltration of the lungs and other vital organs (228,  229) .  It appears that
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under some circumstances TGF-p is a regulator of inflammation and therefore may be 

of use in the treatment of autoimmune disease, transplant rejection or ischaemic 

damage after myocardial infarction.

In addition to its effect as an immunosuppressive agent, it contributes to the 

inflammatory process, being a powerful chemotactic agent for monocytes and 

fibroblasts (230,  2 31).  At the inflammatory site, TGF-P 1 activates monocytes 

which in turn causes the release of several growth factors such as fibroblast growth 

factor (FGF), IL-1, TNF-a and TGF-p 1 itself (232,  2 3 3).  As soon as monocytes 

are differentiated into macrophages, TGF-P 1 can inhibit cytotoxicity by suppressing 

the production of hydrogen peroxide (H202) (2 3 4). The above observations reflect 

the major role of TGF-P 1 in coordinating the response to injury and its contribution at 

the site of repair and inflammation.

I.v.g, The role o f TGF-p 1 in fibrosis:

TGF-P 1 plays a central role in the processes of tissue repair and fibrosis. It initially 

acts as a chemotactic factor for acute and chronic inflammatory cells like neutrophils, 

lymphocytes, monocytes, and fibroblasts at the site of injury. Then, it promotes the 

deposition of extracellular matrix components. The accumulation of matrix in the 

tissues will lead to the pathological picture of fibrosis which is the hallmark of certain 

diseases (235).

I.v.h. Controlling effect ofTGF-pl on the extracellular matrix:

TGF-p 1 promotes the accumulation of extracellular matrix proteins and cell responses 

to those proteins following tissue injury. It has three effects (figure 16): It activates 

gene transcription and increases synthesis and secretion of tissue matrix proteins. It 

decreases the synthesis of proteolytic enzymes and stimulates protease inhibitors. It 

also augments the transcription and translation of cell receptors that bind to those 

extracellular matrix proteins (198).  The effect of TGF-p 1 on tissue matrix has been 

shown in different fibroblastic cell lines and with different animal models. It has been 

shown to increase the synthesis of type I, III, IV, and V collagen and fibronectin 

( 236-238) .  It is thought that the mechanism responsible for this effect could be the 

accumulation of mRNA for type I, III, IV, V collagens and fibronectin (237).

The other important effect of TGF-p 1 is its regulation of gene expression which 

control the degradation of the synthesised matrix protein. This can occur in two ways:
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TGF-P 1 inhibition of biosynthesis and the secretion of proteases such as thiol 

protease, serine protease, and metalloproteinases by altering the mRNA level of the 

affected gene. The second is by increasing the expression of the gene encoding 

protease inhibitors such as plasminogen activator inhibitor (PAI) and tissue inhibitors 

of metalloproteinases (TIMPS) (191).

Another effect of TGF-p 1 is to increase the interaction of cells with extracellular 

matrix (239) .  This is done by increasing the cell membrane receptors for cell 

adhesions. These receptors named integrins consist of 2 subunits a  and p (240) and 

the expression of these subunits may be regulated by TGF-P 1 (2 41) .  Through this 

regulatory process, TGF-p 1 promotes and enhances adhesion to fibronectin and 

collagen in different cell types (239).

I. v. i. TGF-/31 receptors:

This cytokine binds with specific receptors to a wide variety of cell types (2 4 2 ). A 

number of proteins have a high affinity to TGF-p 1 which include cellular matrix 

proteins and cell surface receptors (243).  The most widely distributed receptors with 

high affinity to TGF-p on the cell surface are type I, II, III receptors. The cloned type 

II receptor has affinity for TGF-P 1 and TGF-P3 (244).  The TGF-p type II receptor 

is a member of the transaminase family, serine / threonine kinase, which include many 

type II activin receptors. It forms a heteromeric complex with the type I receptor 

which has proved to be essential for the signal transmission of TGF-p receptors

(245) .  TGF-P receptor type I is again a transmembrane serine/threonine kinase that 

shares conserved sequences in the extracellular as well as intracellular domain with 

type II receptors (245) .  TGF-p receptors type I and II are components of the TGF~p 

receptor signalling complex. They are involved in two other distinct signalling 

pathways triggered by TGF-p, These are: growth inhibition and gene regulation

(246).  The TGF-p type III receptor is a transmembrane proteoglycan with a highly 

conserved cytoplasmic domain that lacks an apparent signalling motif (247).  The 

cell surface expression of type III receptors modulates the binding of TGF-p to the 

type II receptor (248).
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I.vi. Aims and Objectives:

Obliterative Bronchiolitis is the most common late pulmonary complication among 

lung and heart-lung transplant recipients. Although chronic rejection is considered to 

be the most likely cause of OB, the exact aetiology and pathogenesis of OB remain 

uncertain. TGF-p is a potent, pro fibrotic cytokine that promotes fibrosis by enhancing 

the synthesis of extracellular matrix components (104).  In this work, we 

hypothesised that following lung injury, excessive expression of TGF-P and other 

growth factors in the allograft lungs may result in exaggerated or exuberant tissue 

repair. This may result in the lung parenchyma being replaced by fibrotic tissue 

leading to OB. We also suggest that periodic lung injury caused by recurrent acute 

rejection is a major predisposing factor to the development of OB.

Based on the above hypothesis: The study was designed with the following objectives:

1. To set up a reproducible small animal obliterative airway disease (OAD) model to 

test the above hypothesis.

2. To establish that OAD in this model can be triggered by the rejection process.

3. To assess the effectiveness of different, newer, clinically available 

immunosuppression regimes on the prevention of OAD.

4. To assess whether TGF-P is over-expressed in OAD by performing detailed 

immunohistochemical analysis of tracheal biopsies.

5. To correlate TGF-P tissue expression with each immunosuppressive treatment.

6. Finally, to compare the effect of two immunosuppressive regimes on the expression 

of TGF-p as well as bFGF and EGF in a randomised clinical trial and correlate it with 

rejection and OB in lung biopsies.

The demonstration of a relationship between TGF-p over-expression and OAD, and 

the effect of modem immunosuppressive agents on OAD and TGF-P expression will 

assist in developing a more effective immunosuppressive strategy to avoid or delay 

OB in long term lung allograft recipients.
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Obliterative bronchiolitis, histological features

Figure 11 
Acute pulmonary rejection



Calcium-dependent 
signaling pathway: 
TCR to cytokines

Ca++
CSA/cvclophillin M i . ,
PK -506/F K B P

. T ranscrip tion  factors: KFA  1 p
C ytokine

DAG

i
p k c

promoter   f
* im . ifn-t r i c  I X  ;

I ranscri prion

Cytokine receptor 
signalling pathway: 
receptor to cell cycle

C ytok ine  eg,11.-2 , ' -tf
Translation 

' •
C .vtokine receptor 
a .  [T Y chains

R P M /F K B P —  C U D  ra h -  i 
I

p70S 6 kinase
p 3 3  etik i 

p 3 4  tilt 2

G 1 * \

; Cell cycle ;

M t;

Hi puK lu ti.il th ro u g h  th e  couru-vi o t l ) r  P h ilip  I H .iilor.m . D e p a rtm e n ts  ol M til i i  itu- :iiul 

Im m u n o lo g y , U n iversity  of Alhcria% E d m o n to n . A lberta . ( .a n a d a .

Figure 12
The molecular mechanisms for the immunosuppression effect of cyclosporine,

tacrolimus and rapamycin 
(adapted from “ H andbook o f  transplant Im m unology 1995”)



Proliferative signals 

Inh ib i to ry  signals

: A ntigen  s t im ula t ion

11.-2 p ro d u c t ion  

IL-2

IL-4
T ' H O  iF N y  

IL-10

i

IL-3
G M C S L

1’NFa
I1.-5

IL-2
P ro d u c t io n  inh ib ited

Inh ib i t ion  

of IL-12

secretion

Figure 13
Differentiation of T cells into TH1 and TH2 with different 

profile of cytokine production

(adapted from “ H andbook o f  transplant Im m unology 1995”)



TG F-(5 m o le c u le s  (C y to k in e  w e b  site )

Cih'cxwlaiion Site 

Mature Segment 

latent TQP'-pBinding 

Protein

Dixulphidt Ronti 

I Precursor Segment

Figure 15

Structure of the secreted TGF-p 1 latent complex
(Adapted from Gitelman and Derynck 1995)



TGF-p Increases 
Transcription

TGF-p Stimulates 
Matrix Synthesis

TGF-p Increases 
Transcription

Genes for a  p 
integrin subunits

TGF-p Increases 
Processing

V

Fibronectin,other 
Matrix Proteins 

A

Genes for Collagen, Serine, Thiol, and
Fibronectin

& V

A Metalloproteases

TGF-p Inhibits 
Matrix ©©gradation

TGF-p Decreases 
Secretion of Proteases

Amino Acids, 
Small Peptides

TGF-p Increases 
Secretion of Protease 
inhibitors (PAl, TIMP)

Figure 16

The three stages of the fibrotic process
(adopted from Rajendra 1991)



60

CHAPTER II

Establishment of the rat heterotopic tracheal allograft model for 

obliterative airway disease (OAD)
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Il.i: Introduction:

Obliterative bronchitis is the most common late complication among lung and heart 

lung transplant recipients (4 7 ). It is the commonest cause of morbidity and late death 

(91) .  Clinically, it manifests itself as worsening dyspnea with progressive airflow 

obstruction. The pathology of OB is that of fibro-proliferative disorder that seams to 

be restricted to the respiratory and terminal bronchioles. There is mucosal and 

submucosal fibrous thickening and scarring that in severe cases occludes the lumen of 

the entire bronchiole, the hallmark of OB (95).  The aetiology of OB is still unclear. 

Various factors have been suggested as possible causes but recurrent acute rejection 

and chronic rejection seems to be the most likely causes (249,  2 5 0).  In the swine 

lung transplant OB model (101) ,  a study was designed to assess the effect of acute 

rejection on the development of OB. This was achieved by tapering the 

immunosuppression at 3 months post transplant over one month and discontinued for 

2 months. TBB and BAL were obtained regularly. TBB showed severe 

peribronchiolar lymphocytic infiltration and BAL showed an increase in CD8 cells. 

Histology of the lung after sacrifice (6 months) showed progressive fibrous 

inflammatory occlusion of the bronchus. This clearly suggests that OB can be caused 

by inadequate immunosuppression (101).

A new concept in the pathogenesis of OB was suggested in a recent clinical study by 

El-Gamel and associates. In that study, OB was associated with an increased 

expression of TGF~p in lung biopsies (102) .  TGF-p is a major cytokine/growth 

factor which seems to orchestrate the process of healing through its effects on 

recruitment of inflammatory cells and fibroblasts to area of injury as well as to 

stimulate the synthesis of extracellular matrix (105) .  TGF-p over-expression has 

been associated with exuberant tissue repair resulting in fibrosis. Studies of human 

lung diseases as well as animal research suggest that the initiating factors for OB are a 

combination of pulmonary injury and the recruitment of inflammatory cells, mainly 

macrophages. TGF-p has been found in the injured lung. It is also produced by 

inflammatory cells removed from the lung. In an animal model of pulmonary fibrosis, 

TGF-p production is increased prior to collagen synthesis and is mainly produced by 

tissue macrophages. In idiopathic pulmonary fibrosis, extensive TGF-p deposition can
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be detected by inmiunohistochemical staining, mainly in epithelial cells in areas of 

lung regeneration and remodelling. This would strongly suggest that the pathogenesis 

of the progressive lung fibrosis may be an aberrant repair process (10 4 ). In order to 

test our hypothesis and confirm the association between OB, lung rejection and TGF- 

P in standardised laboratory conditions, we designed and tested a reproducible 

heterotopic rat obliterative airway disease model at the Immunology research 

laboratory, Manchester University.

Il.ii: The Animal Model:

The pathogenesis of OB is still poorly understood and there is no effective therapy 

yet. Clinical investigations are hampered by the limited amount of biological material 

obtained from patients and the small number of patients in each centre. The clinical 

set-up is complex with large number of variables. Hence, the development of a 

reproducible animal model for OB is highly desirable. These studies allow the 

sequential study of the fibroinflammatory processes in the airways, the assessment of 

possible aetiological factors and the testing of promising new therapies.

A number of animal models have been designed to reproduce obliterative 

bronchiolitis. Most of these models are based either on orthotopic lung transplantation 

or heterotopic tracheal implantation. The orthotopic lung transplant model has been 

successful in large animal models like pigs and dogs (101,  2 51) .  In small animals, 

Jochmn Prop and Charles Wildevuur from the University Hospital, Groningen 

pioneered and popularized the technically difficult model of rat orthotopic left lung 

transplantion (95,  250,  252) .  This model was very promising as it reproduced 

many characteristic changes of OB. However, it suffered from 2 major limitations; 

firstly it required specialized microsurgical equipment and techniques, limiting its 

applicability. Secondly, the coexistence of severe vascular and paranchymal injury 

complicate the study of airway pathology which is the main lesion in OB.

The second type of model is based on the heterotopic implantation of the donor 

tracheal/ bronchial tissue into the subcutaneous tissue (98) or more commonly into 

the greater omentum of recipient animals. This seems to be successful in rat and 

mouse models (99,  2 5 3) as well as in larger animals such as canine models 

(254) .  This type of model offers the advantages of simplicity, control of MHC
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disparity, and lower cost. It replicates the histopathological features of OB 

independently of other pulmonary lesions. Furthermore, the evaluation of tracheal 

viability is independent of the pulmonary to bronchial retrograde circulation.

Because of these factors, we used the heterotopic tracheal rat model with omentopexy 

in this study. It is a model of rapidly progressing obliterative aiiway disease (OAD) 

with histological features characteristic of OB in lung allograft recipients.

Il.iii: The aims of the study:

1. Design a suitable heterotopic tracheal transplant rat model in which a tracheal 

segment was taken from a donor rat and implanted into the greater omentum of a 

recipient rat.

2. Assessment of tracheal isografts to confirm normal epithelial regeneration and the 

presence or absence of obliterative aiiway disease (OAD). Histological assessment of 

tracheal allografts to assess the severity and magnitude of OAD at different MHC 

disparities (between donor and recipients). To define the appropriate time intervals 

between implantation and explantation. Also to confirm the reproducibility of the 

model.

3. Assess the most suitable donor and recipient rat strains for the next phase of the 

study based on the most severe immunological and OAD responses.

4. The choice of appropriate rat strains for the study will be based on their suitability, 

MHC characteristics as well as availability. For all recipients, the PVG RT1U strain 

was used.

For donor, the following strains were used:

Isografts: PVG RT1U

Allografts 1: AO which have the same MHC antigens, but differ in minor antigens 

Allografts 2: PVG/c which have the same minor histocompabability antigens, but 

differ in MHC antigens i.e. class I and II antigens.

Allografts 3: PVG Lewis rats. This stain is diverse at both major and minor 

histocompatability antigens.

Il.iv: Material and methods:
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The heterotopic tracheal transplant rat model with omentopexy was used. All 

procedures were earned out using inbred rats obtained from the biological services 

unit (BSU), Manchester University, Manchester UK. Recipient procedures were 

carried out on 27 male (200-3OOg) inbred PVG RT111. Complete tracheal segments 

were harvested from a total of 14 donor rats, divided into two segments and were 

implanted into the greater omentum of 27 PVG RT1U recipient rats. Nine segments of 

donor tracheas were harvested from five (each trachea was divided into two segments) 

PVG RT1" animals (isografts) for use in nine recipient animals. Six tracheal segments 

were harvested from three AO male and were implanted in 6 PVG RTI11 recipients. 

Six tracheal segments were harvested from 3 PVG/c male rats and were implanted 

into six PVG RT1U recipient rats. Finally, in order to have maximum immunological 

desparity, six tracheal segments were harvested from three 250-300gms donor Lewis 

rats and were implanted into six PVG RT111 recipient rats.

The experimental animals were divided into 4 groups as follows:

Group 1: Nine isografts were divided into 3 subgroups depending on the timing of 

the sacrifice procedure:

Subgroup a: Three animals sacrificed at 7 days.

Subgroup b: Three animals sacrificed at 14 days 

Subgroup c: Three animals sacrificed at 28 days.

Group 2: Six AO allografts sharing MHC antigen only.

Divided into two groups:

Subgroup d: Three animals sacrificed at 14 days.

Subgroup e: Three animals sacrificed at 28 days.

Group 3: Six PVG/c allografts sharing minor antigens only (diverse in MHC).

Divided into two groups:

Subgroup f: Three animals sacrificed at 14 days 

Subgroup g: Three animals sacrificed at 28 days.

Group 4: Six Lewis allografts across both MHC and minor antigens. Divided
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into two groups:

Subgroup h: Three animals sacrificed at 14 days.

Subgroup i: Three animals sacrificed at 28 days.

No active treatment was given to any animal group.

All animals received humane care in compliance with the "Principles of Laboratory 

Animal Care" formulated by the National Society for Medical Research, the "Guide 

for the Care and Use of Laboratory Animals" and the "Guide to the Care and Use of 

Experimental Animals" formulated by the Home office. The experimental protocol 

was approved by Manchester University, Department of Immunology. Project and 

personal licences were granted by the Home Office.

ILiv.a: Donor Procedure (figure 17)

Donor rats were anaesthetised using inhaled anaesthetic ether in an induction 

chamber. The chest and upper abdominal wall were prepared by shaving the area and 

cleaning of the skin using 95% ethanol. In a surgically clean environment, the neck 

and the chest were opened using a midline incision with division of the sternum. The 

trachea was exposed to its bifurcation using combined sharp and blunt dissection. The 

whole length of the trachea was excised and flushed with 5-10ml isotonic saline 

solution. The trachea was then divided into two 1-1.5 cm segments and stored in cold 

(+4°C) normal saline ready for implantation into two recipients.

IIJv.b: Recipient Procedure (Figure 18)

PVG.RT111 rats were anaesthetised in an induction chamber using ether. This was 

followed by continuous ether anaesthesia with spontaneous ventilation. The upper 

abdomen was prepared for surgery by shaving and cleaning of the skin with 95% 

ethanol. An upper midline abdominal incision (1-2 cms) was earned out, the greater 

omentum was identified, the tracheal segment was wrapped in greater omentum and 

then secured with two 8-0 Prolene (Ethicon UK Ltd)® sutures. The peritoneum and 

abdominal musculature were closed in one layer using a 4-0 Surgisilk® (Sutures Ltd,



66

Vauxhall Industrial Estate, Ruabon, Clwyd U.K.) continuous suture, and the skin was 

closed with a continuous 4/0 silk suture.

Il.iv.c: Retrieval o f transplanted tracheas:

After 7, 14 or 28 days, recipient rats were anaesthetised in an induction chamber with 

anaesthetic ether, followed by continuous ether anaesthesia with spontaneous 

ventilation. Using a midline abdominal incision, the tracheal segment and surrounding 

omentum were excised. The recovered tracheas were divided into 2 equal sections, 

one fixed in 5% acetic acid/95% methanol, and the other stored at -80°C.

II.v: Histological techniques:

ILv.a. Tissue Processing:

Tracheal segments retrieved from the recipient rat omentum at the sacrifice operation 

were processed at the Immunology Laboratory, Manchester University to produce 

stained microscopic slides for pathological diagnosis. The rest of the specimens were 

coded and stored for future experiments.

Il.v.b. Specimen Accessioning

Tracheal specimens retrieved at the sacrificed operation were divided initially into 2 

segments, one stored at -80°C, the other was fixed. Both segments were labelled 

clearly describing time and date of procedure, the animal number, and experiment 

code. The specimens were accessioned by giving them a number identifying each 

specimen for each experiment.

II.v.c. Fixation

Fixation is earned out in order to preserve tissues permanently in life-like state. 

Fixation is earned out as soon as possible after removal of the tissues to prevent 

autolysis. There is no perfect fixative and formaldehyde is the closest. A variety of 

fixatives are available for use, depending on the aldehydes including formaldehyde 

and glutaraldehyde. Tissue is fixed by cross-linkages formed in the proteins. This
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cross-linkage does not harm the structure of proteins greatly and the antigenicity is not 

lost. Formaldehyde is good for immunoperoxidase techniques. It penetrates tissue 

well, but is relatively slow. The standard solution is 10% neutral buffered formalin. A 

buffer prevents acidity that would promote autolysis and cause precipitation of 

formol-heme pigment in the tissues.

ILv.d. Tissue Processing:

Once the tissue has been fixed, tracheal segments embedded in paraffin, which is 

similar in density to tissue, can be sectioned at anywhere from 3 to 10 microns, 

usually 6-8 routinely. The technique of getting fixed tissue into paraffin is called 

tissue processing. The main steps in this process are dehydration and clearing.

Wet fixed tissues cannot be directly infiltrated with paraffin. First, the water from the 

tissues must be removed by dehydration. This is usually done with a series of 

alcohols, say 70% to 95% to 100%. Sometimes the first step is a mixture of formalin 

and alcohol.

The next step is called "clearing" and consists of removal of the dehydrant with a 

substance that will be miscible with the embedding medium (paraffin). The 

commonest clearing agent is xylene. Finally, the tissue is infiltrated with the 

embedding agent, almost always paraffin wax. Paraffins can differ in melting point, 

depending upon the way the histologist likes them and upon the climate i.e. warm or 

cold.

The above processes are usually automated using an instrument that moves the tissues 

around through the various agents on a pre-set time scale. Tissues that come off the 

tissue processor are in cassettes and are manually put into the blocks by a technician 

who must pick the tissues out of the cassette and pour molten paraffin over them. This 

"mounting" process is very important, because the tissues must be aligned, or 

oriented, properly in the block of paraffin.

Il.v.e. Sectioning

Once the tissues have been embedded, they must be cut into sections that can be 

placed on a slide. This is done with a microtome (figure 19). The Microtome is a knife 

that has a mechanism for advancing the paraffin block across it. Usually this distance 

can be set, for most paraffin embedded tissues at 6 to 8 microns. Sectioning tissues is
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a rather difficult process that require skill and practice. Sections with common 

artefacts including tearing, ripping, "Venetian blinds", holes and folding were 

excluded. Once sections are cut, they are floated on a warm, water bath that helps 

remove wrinkles. Then they are picked up on a glass microscopic slide. Each slide had 

4 section of the biopsy. The glass slides are then placed in an oven at 37°C, overnight 

to help the section adhere to the slide.

I lv . f  Haematoxylin and Eosin staining:

The embedding process must be reversed in order to get the paraffin wax out of the 

tissue and allow water-soluble dyes to penetrate the sections. Therefore, before any 

staining can be done, the slides are "deparaffinized" by running them through xylenes 

to alcohols to water. There are no stains that can be done on tissues containing 

paraffin.

Haematoxylin and eosin (H&E) staining were used to assess the tracheal pathology, 

cell infiltration, OAD and presence and severity of fibrosis. Haematoxylin will not 

directly stain tissues, but needs a "mordant" or link to the tissues. This is provided by 

a metal cation such as iron, aluminum, or tungsten. The variety of haematoxylins 

available for use is based partially on choice of metal ion used. They vary in intensity 

or hue. Haematoxylin, being a basic dye, has an affinity for the nucleic acids of the 

cell nucleus. A progressive haematoxylin staining was used. The slide was dipped in 

the haematoxylin until the desired intensity of staining was achieved.

Eosin on the other hand is an acidic dye with an affinity for cytoplasmic components 

of the cell. Eosin is much more forgiving than haematoxylin and is less of a problem 

in the lab. The only potential problem encountered is overstaining, especially with 

decalcified tissues.

II.vi. Histologic Assessment:

We attempted to quantify the viability of the heterotopic allografted trachea by 

measuring epithelial thickness and by subjectively assessing and evaluating the 

epithelial and submucosal layers histologically. The magnitude of the mononuclear 

cell infiltrate (MNC) was measured using counting squares. The presence and severity
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of fibrosis was assessed by measuring submucosal thickness (SMF). Microscopic 

slides were made from transverse sections of the explanted trachea and stained with 

hematoxylin and eosin. Assessment was carried out by two blinded observers one of 

whom was a Consultant Histopathologist.

Epithelial thickness and epithelial regeneration: The thickness of the epithelial layer 

was measured between the basement membrane and the lumen. The OAD score was 

as follows: 0 = no OAD, 1 = 1-5pm (mild), 2 = 5-1 Opm (moderate), 3 = 10-20pm 

(moderate/severe), and 4 = >20pm (severe, complete obliteration).

The epithelial cell lining was scored according to an established grading system 

(253) as follows: 0, no epithelium, single nonconfluent epithelial cells; 1, confluent 

single layer nonciliated epithelium; 2, confluent multilayer nonciliated epithelium; 

and 3, normal mucociliary epithelium.

The intensity of the mononuclear cell infiltrate was counted within the mucosa, 

submucosa and muscularis using cell counting chambers or squares. The grading was 

based on the number of cells/chamber. It was graded from 0 to 4+: grade 0= no cells, 

grade + = 1-5 cells/chamber, grade ++ = 5-10 cells/chamber, grade +++ = 10-15 

cells/chamber grade ++++ = <15 cells/chamber.

The presence and intensity of fibrosis was assessed using an empirical score based on 

the thickness (in p) of the submucosal frbrotic layer and graded as follows: l-5p = 

mild, 5-1 Op is moderate, 11-19 is moderate/severe and >20p is severe.

Il.vii: Results: (see table 1)

All 27 recipient animals survived the transplant operations. There was 100% survival 

throughout the follow-up period and until the sacrifice procedure. No intra-abdominal 

sepsis was encountered in any of the groups. Obliterative Airway Disease (OAD), 

epithelial lining, mononuclear cell (MNC) infiltrate and submucosal fibrosis were 

graded, for each group, on H& E stained donor trachea.

OAD was absent in isografts (group 1) at 7 days, 14 days (figure 20) and 28 days 

(figure 21). It was moderate in group 2 (figure 22), moderate-severe in group 3 (figure 

23 ) and severe (complete obliteration of the lumen) in group 4 (figure 24 and 25). 

Epithelial regeneration: The epithelial layer was absent (grade 0) in groups 3, 4 at 

14/28 days of sacrifice (Figure 23. 24. 25). Subgroup la, lb, and lc  animals showed
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complete regeneration with normal epithelial lining (figure 20-21) i.e. epithelial score 

of grade 3 at 7/14/28 days. Subgroup 2d and 2e, had an epithelial score of 1. 

Mononuclear cell infiltrate: There was some degree of MNC infiltrate in all sections 

in the mucosa, submucosa and muscularis layers, it was mild in subgroup lb and lc, 

moderate in subgroup la. It was moderate-severe in groups 2, 3, and 4 animals (figure 

22).

Fibrosis: The thickness of submucosal fibrous layer varied between the groups being 

mild in group 1 (less than 5 j_i), moderate/severe in groups 2 (10-20jf) and severe in 

group 3 and 4(>20p).

Il.viii: Discussion:

In this study, we successfully designed a reproducible heterotopic tracheal transplant 

rat model with omenotexy using the above mentioned rat strains. This model 

replicated the histopathological lesions obliterative bronchiolitis seen in clinical lung 

transplantation and has several attractive features. The donor and recipient operations 

are technically simple and can be carried out without the need for special equipments 

or expertise. The model was designed to transplant across major and minor 

histocompatability antigens which will facilitate studies of immuno-pathogenesis.

In this study, we have been able to assess the model with different rat strain 

combinations diverse in their MHC antigen compatibility in an attempt to select the 

most suitable combination for future experiments as well as to understand the role of 

the major MHC and minor antigens on OAD and other immunological processes. 

Theoretically, disparity of MHC antigen i.e. both class I and class II MHC loci will 

result in severe rejection and the worst outcome with severe OAD, extensive 

inflammatory cell infiltration, epithelial loss and extensive fibrosis. These histological 

findings were confirmed in this study. It is also worth noting that all the histological 

assessment of the tracheal allografts was significantly worse in the PVG RT1U/Lewis 

combination (mismatched at both MHC class I and II loci as well as minor antigens) 

which strongly suggests an immunological pathogenesis to OAD. As expected, 

isografts i.e.transplant between animals within the same strain resulted in no rejection 

and no OAD at all, normal epithelium and minimal MNC infiltrate. This have been 

noticed in other heterotopic isografts models (98).
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The only potential problem with isografts is ischaemia following implantation of the 

trachea into the greater omentum. Hence part of the study was aimed to identify the 

appropriate duration of follow-up after implantation to achieve normal epithelial 

regeneration and reversing the effects of ischaemia completely. It has been suggested 

that tracheal revascularization without surgical reconnection of the bronchial 

circulation will take between 12-15 days (255).  In addition, other experimental work 

has clearly shown that implantation for 3 days resulted in residual ischaemia with 

ecchymosis in the graft mucosa. The findings at 7 days were similar to 3 days, while 

at 10 and 14 days the grafts were intact and had normal mucosa (98,  256) .  The 

most detailed well conducted study addressing effect of ischaemia on allografts and 

isografts was carried out by Boehler and associates from Toronto (257) who, on a 

similar rat model, earned out detailed analysis of isografts as well as allografts in 

order to characterise the evolution of transplant induced fibrous airway disease. They 

also studied time course effect on isografts and allografts. In brief, their results 

suggested that ischaemia affect epithelial integrity in isografts and allografts in a 

similar fashion, this usually last 72 hours. Epithelial regeneration is then evident but 

by seven days, isografts have almost normal epithelium which is complete by 14 days 

and continue to show normality up to one year, while allograft without 

immunosuppression showed, by 7 days, severe lymphocytic infiltration associated 

with epithelial oedema, exfoliation, thrombosis and vasculitis. This process involved 

the epithelium as well as the peritracheal connective tissue. Epithelial loss was 

complete by day 14 and was associated with the appearance of granulation tissue. This 

replaced the epithelial layer and this resulted in reduced patency of tracheal lumen. 

Airway obliteration was progressive between the second and third week and by day 

21, the lumen is almost obliterated with fibrotic tissue with minimal cells. The 

lumenal granulation tissue become less cellular and vascular with increasing collagen 

deposition over the next few weeks ultimately developing a picture of obliterative 

airway disease similar to OB in humans. The results from this study showed 

remarkable similarity to these published in that, subgroup la  (isografts at 7 days 

sacrifice, see results) had mild MNC with almost complete epithelial regeneration on 

histological examinations that seemed to improve with time. Hence tracheal segments 

removed from isografts and examined at 14 and 28 days post implantation have



72

normal tracheal histology with mild/minimal MNC infiltration. The results in 

allografts without immunosuppression was equally similar in that OAD as well as 

mucosal and submucosal fibrosis, expensive mononuclear cell infiltrate was seen on 

14 days and complete obliteation was evident by 28 days. Following results from this 

study, we decided that in the next experimental phase, the duration of tracheal 

implantation until sacrifice operation will be 14 and 28 days in all transplant groups 

hence minimising the effect of early ischaemia and at the same time allowing for the 

development of the rejection process in allograft transplants to be well established.

It was interesting to note that the groups in which the disparity was in minor 

histocompatability antigens only (PVG RTF/AO) showed minimal epithelial 

regeneration with moderate OAD but less MNC infiltrate compared with the PVG 

RTF/Lewis combination. This observation suggests that transplantation even across 

minor antigen barriers without immunosuppression may result in severe rejection and 

ultimately OAD. Thus minor antigens may play a significant role in acute and chronic 

rejection in clinical lung transplantation. It was rather unexpected to find the outcome 

of transplant between strains diverse only in minor histocompatable antigens have 

severe OAD although the intensity of the rejection process and the OAD was less than 

other allograft groups. This may indicate that localised antigens on vascular 

endothelium and bronchial epithelium plays a major role in the rejection process and 

that all minor antigens may have a veiy important immunological influence post 

transplantation.

The group with disparity in MHC class I and II ( PVG RTF/P VC) showed histological 

features of OB manifested as lack of epithelial regeneration, moderate/severe OAD 

and moderate MNC infiltrate. However, these changes were similar (slightly less 

severe) to the PVG RTF/Lewis group in whom desparity is for both MHC and minor 

antigens. This is not surprising for two reasons. Firstly, it is known that OAD relies on 

a host T-cell response that includes CD8+ cells, directed against allo-class I-bearing 

donor cells within the graft (258) .  Secondly, disparity in MHC, particularly in class 

II antigens, causes OAD with severe immunological responses. This is because the 

bronchial epithelium, as well as vascular endothelium, are known to express class II 

antigen. Furthermore, animal experiments suggested that MHC class II antigen 

expression could be induced on the bronchial epithelium and vascular endothelium of
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lung allografts during acute rejection. As the bronchial epithelium and vascular 

endothelium of lung allografts become MHC class Il-positive, they are likely to be the 

targets for low-grade T-cell mediated rejection, resulting in the development of 

bronchiolitis obliterans and occlusive vascular disease in lung allografts (58) .  

Similarly, some reports have suggested that OB following heart-lung transplantation 

is a form of chronic allograft rejection that is related to augmented expression of class 

II major histocompatibility complex antigens on the aiiway epithelium and mediated 

by activated T cells (63).
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Chapter II: Tables

Table (1) Summary of results.

Groups OAD Epitli SMF (p) MNC

group 1:

subgroup a 0 3 4 ++

subgroup b 0 3 5 +

subgroup c 0 3 5 +

group 2:

subgroup d 1 1 12 » i i-1 1 1

subgroup e 2 1 14 +++

group 3:
subgroup f 3 0 20 1 l ' i ’

subgroup g 3 0 21 +++

group 4:

subgroup li 4 0 22 +++
subgroup i 4 0 24 | | | |

Abbreviations for tables 1 and 2 

Obs 1 = observer 1, obs 2 = observer 2

OAD = Oblitertive Airway Disease: 0= no OAD, 1= mild, 2= mild/moderate, 3= moderate/severe, 4 

severe

Epith = epithelium grade (see methods)

SMF = submucosal fibrosis: Mild=l-5p, moderate 5-1 Op, moderate /severe=10-20, severe= >2Op 

MNC = mononuclear cell infiltrate: see methods
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Table (2) Scoring results of Individual animals (both observers)

Groups OAD Epith SMF (ju) MNC

obs 1 obs 2 obs 1 obs 2 obs 1 obs 2 obs 1 obs 2

group 1: 

al 0 0 3 3 4 5 + + + +

a2 0 0 3 3 5 5 +++ ++

a3 0 0 3 3 5 4 +++ ++

bl 0 0 3 3 5 5 ++ +

b2 0 0 3 3 5 4 + +

b3 0 0 3 3 4 5 ++ +

cl 0 0 3 3 4 4 + +

c2 0 0 3 3 5 5 ++ +

c3 0 0 3 3 5 4 + +

group 2: 
dl 1 2 1 1 12 14 + + + +-H-

d2 2 1 1 2 11 11 l j | ++

d3 1 2 1 1 10 12 H—1 h j j |

el 1 2 1 2 15 14 H 1 1 b 1 | |

e2 2 2 1 1 14 13 ++ +++

e3 1 1 2 2 15 12 -|-|-| , H—

group 3: 
fl 3 3 0 0 20 18 +++ ++

12 3 4 0 0 20 22 +++ +++

13 3 3 0 0 21 20 +++ +++

gl 3 4 0 0 18 19 + ++ ++

g2 3 3 0 0 21 22 + ++ ■l"l' I1

g3 3 3 0 0 22 21 ++ +++

group 4: 
hi 4 4 0 0 22 20 +++ 1 1 11-

h2 4 4 0 0 23 20 ++++ +~H~

h3 4 4 0 0 21 22 +++ ++++

il 4 4 0 0 20 22 +++ ++++

i2 4 4 0 0 23 21 i i i i .j | | |-I "i1 I I

i3 4 4 0 0 18 24 i i i ii i i i i i i i



/  vj

Chapter II: Figures (17-25)

Figure 17: D onor operation. The w hole trachea o f  Lewis donor rat is exposed ready
resection

for

Figure 18: Recipient operation



Figure 19: Tissue sectioning 
U sing m icrotom e
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Figure 20: Isograft 14 days (LP)

Section o f  trachea show ing normal 
Epithelial healing

Figure 21: Isograft 28 days (HP)



Figure 22: AO-PVG R T lu  allograft 

Extensive M NC infiltrate and epithelial degeneration

Figure 23: PVC-PVG R T lu  allograft 
N ote extensive O A D  and extensive M NC infiltrate



Figure 24: Lewis-PVG R T l u  allograft (LP) 
N ote com plete obliteration o f  tracheal lumen

Figure 25: Lewis-PVG allograft (HP) 
C om plete obliteration o f  tracheal lumen
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CHAPTER III

Tracheal allograft transplantation in rats: the role of 

immunosuppressive agents on development of obliterative airway 

disease

I presented material from this chapter at the International Transplant meeting 

at Florence, Italy in 1998.

This paper was subsequently published in Transplantation Proceedings, 1998, 

Volume 30, Issue 5, PP 2207-2209.
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Ill.i. Introduction:

Obliterative Bronchiolitis (OB) is the most common late pulmonary complication 

among lung and heart-lung transplant recipients (47,  259).  Early pathology of OB 

demonstrates injury of the bronchiolar epithelium with submucosal lymphocytic 

infiltrate, and the subsequent development of granulation tissue with acute and 

chronic inflammatory cells, which eventually leads to formation of scar tissue. In 

severe cases this eventually result in total occlusion of the entire lumen of the 

bronchiole.

The aetiology of obliterative bronchiolitis in lung transplants is still uncertain.

Various factors have been implicated as possible causes, among which are lack of 

bronchial circulation and lymphatic drainage (93),  infections (91) and rejection 

(94).  Chronic rejection has been considered to be the most likely cause in several 

clinical reports (96,  97) and animal studies (95).  The clinical studies, however, 

are not conclusive regarding the aetiology of obliterative bronchiolitis because of the 

large number of confounding variables.

We used a technically simple heterotopic tracheal transplant model that was also 

successfully used by other units (98,  100,  260) .  This is a model of rapidly 

progressing obliterative airway disease (OAD) in rats with histological features 

characteristic of OB in human lung allograft recipients. As rejection is considered to 

be the most likely cause of OB (261) ,  this study was designed to assess the efficacy 

of different, clinically available immunosuppression regimes on the prevention of 

OAD. We also performed detailed histopathological analysis in order to assess the 

severity of OAD in each treatment group.

Ill.ii. Material and Methods:

The heterotopic tracheal transplant rat model with omentopexy was used (chapter II). 

Recipient procedures were carried out on male (300g) inbred PVG RT1'1 rats 

(Biological Services Unit, Manchester University, Manchester UK). Complete 

tracheal segments were harvested from Lewis rats, divided into two segments and 

implanted into the greater omentum of PVG RT1" recipient rats.
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IILii.a. Donor Procedure

See donor procedure, chapter II; page 65.

I l l  ii. b. Recipient Procedure

See recipien t procedure, chapter II; pages 65-66.

Illii.c. Animal Groups and Drug Administration:

There were seven experimental groups consisting of six animals each as follows: 

Group 1 No immunosuppression (served as a control)

Group 2 Mycophenolate Mofetile (MMF) 40 mg/kg/day by gavage

Group 3 Tacrolimus (TAC) 0.1 mg/kg/day injected subcutaneously

Group 4 TAC and MMF in combination (Tac plus MMF), using the same dose

for each drug as in groups 2 and 3 when used individually.

Group 5 CyA 5mg/kg/day injected subcutaneously

Group 6 CyA and MMF in combination (CyA plus MMF), using the same 

doses of drugs as in groups 2 and 5 drugs when used individually.

Group 7 Vitamin E supplement at a dose of lOOmg/kg/day orally

In each animal group of 6 rats, the experiments were terminated at 14 and 28 days of 

drug treatment (subgroups a & b) apart from animals in group 7, those were treated 

with Vitamin E for 28 days.

Drug administration:

Cyclosporin A  (iv solution, Novartis© Pharma, UK) was diluted to 10 mg/ml and 

given subcutaneously (SC) at a dose of 5mg/Kg/day.

Tacrolimus (Prograf, IV preparation, Fujisawa® UK) was diluted to 1 mg/ml and was 

given SC at a dose of lmg/kg/day. Both CyA and tacrolimus were freshly prepared 

before use and injected SC daily, beginning on the day of the operation and 

continuing until the animals were sacrificed at either 14 days (3 animals) or 28 days (3 

animals).

Mycophenolate mofetile (Roche® UK) was administered by gavage at 40mg/kg/day 

for 14 days (3 animals) or for 28 days (3 animals). In groups where recipients were
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treated with combinations of agents, in groups 4 (CyA plus MMF in 6 animals) and 6 

(TAC plus MMF in 6 animals) were carried out using similar regimes as for the 

individual drugs.

Finally, one group of 6 rats had treatment using oral Vitamin E at lOOmg/kg/day for 

28 days. No antibiotics were given to recipients.

Ill.ii.d. Retrieval o f transplanted tracheas:

See retrieval o f transplanted tracheas, chapter II, page 66.

Illii.e. Histologic Assessment

See histological assessment, chapter II; pages 68-69.

Ill.iii. Results: (see tables 3 and 4)

All 42 recipient animals survived the transplant operations. There was 100% survival 

throughout follow-up period and until the sacrifice procedure. No intra-abdominal 

sepsis was encountered in any of the groups. Obliterative Aiiway Disease (OAD), 

epithelial lining, mononuclear cell (MNC) infiltrate and submucosal fibrosis were 

graded, for each group, on H& E stained donor trachea.

OAD and epithelial lining: OAD was severe (score 4) in the no immunosuppression 

group (figure 26), moderate/severe (score 3) in Vitamin E (group 7, figure 36), 

moderate (score 2) in the MMF treated recipients at 14 and 28 days (group 2, figure 

33) and was absent in the rest (figures 27, 28, 29, 30, 31, 32).

The epithelial layer was completely degenerated (grade 0) in no treatment controls 

(figure 26), Vitamin E and MMF groups (figures 33 and 36). Grade 1 (cuboidal 

epithelium) in group 3a (treated with TAC for 14 days)(figure 31), and in the TAC 

plus MMF animals (group 4 a & b, figures 29 and 30). Normal ciliated pseudo­

stratified columnar epithelium (grade 3) was seen in recipients treated with CyA 28 

days(group 5b, figure 34), Tac 28 days (group 3b, figure 32), and in the CyA plus 

MMF (groups 6 a & b, figures 27 and 28) recipients.

Mononuclear cell (MNC! infiltration: MNC infiltration was most pronounced (++++) 

in controls (groups 1 a & b), was moderately severe (+++) in the Tac group 3b and
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MMF (group 2a). Moderate (++) in the CyA group 5a, MMF group 2b), CyA plus 

MMF group 6a and Tac plus MMF group 4a and Vitamin E (group 7) transplants.

Mild (T) infiltration was observed in the Tac group 3a, CyA group 5b , CyA plus 

MMF group 6b and Tac plus MMF group 4b.

Submucosal fibrosis; The intensity of fibrosis was assessed by measuring the 

submucosal fibrous layer. It was severe (>20 p) in controls, moderate /severe (15-20 

l i)  in the Vitamin E group , moderate (10-15 p) in both MMF only groups, 

mild/moderate (5-10p) in Tac 14 days (3a), Tac+MMF 14 and 28 days (4a & 4b)and 

CyA+MMF 28 (6b), mild (1-5 p) in Tac 28 (3b), CyA 14 & 28 days (5a & 5b) and 

CyA+MMF 14 (6a) group, (see table 2)

Ill.iv. Discussion:

Obliterative Bronchiolitis remains the most common cause of morbidity and mortality 

following clinical lung transplantation (Ltx), affecting nearly 50% of patients at 4 

years (47,  90) .  Although a variety of factors have been implicated as possible 

aetiological factors for OB, immunological factors are considered to be the most likely 

causes. We used this simple, well tested animal model to tiy to understand the role of 

different, clinically available immunosuppressive agents on the incidence, 

development and severity of OAD.

Acute rejection has been shown by various studies to be extremely important for the 

development of OB in clinical Ltx (2 62).  In this study, we have shown that adequate 

immunosuppression regimes using CyA or tacrolimus, in doses similar to that used 

clinically and given regularly, resulted in almost complete regeneration of the lining 

epithelium, absence of OAD, minimal fibrosis and MNC infiltrate.

Subclinical rejection has been considered to be a likely cause of OB in long term lung 

and heart/lung transplant recipients and in order to exclude subclinical rejection some 

authors have advocated a regular lung biopsy protocol. However, the lack of adequate 

rejection diagnosis with routine transbronchial biopsy (TBB) due to the low 

diagnostic yield (263) resulted in less stringent TBB protocols for follow-up lung 

transplant patients, so the majority of follow-up protocols rely on domiciliary 

spiromerty parameters. It is possible that the difficulty in diagnosing subclinical acute
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rejection in stable patients may result in a persistent rejection that, with the passage of 

time, may cause immunological injury to the respiratory epithelium ultimately 

resulting in OB.

The optimum level of immunosuppression in Ltx is not known. Due to the 

nephrotoxicity associated with long term CyA therapy, the tendency is to reduce the 

doses of CyA and accept lower levels during the follow-up period. Furthermore, there 

are no data regarding the appropriate dose and level for CyA in lung transplant 

follow-up. Consequently, differences in level of immunosuppression during follow-up 

among different centres make it impossible to correlate incidence and outcome of OB. 

In addition, infection has been implicated as a cause of OB and unscrutinised 

augmentation in immunosuppression may cause deterioration rather than 

improvement in the grade of OB.

In this study, it was interesting to note that CyA and Tacrolimus in appropriate doses, 

used individually or in combination with MMF, were effective in preventing OAD 

while MMF alone was rather ineffective. A similar observation was noticed by the 

Stamford group (100) .  MMF treatment using the similar dose of 40mg/Kg/day 

orally resulted, at 28 days of therapy, in 63% airway narrowing compared 96% 

narrowing in the no treatment group.

Vitamin E (a- tocopherol) has been shown to have a protective effect against fibrosis 

most likely related to its antioxidant effect. It has also been suggested that it may have 

a net inhibition of Transforming growth factor-(31 (TGF-pl) and a2(I) procollagen 

mRNA levels. TGF-(31 is known to play a major role in connective tissue healing and 

remodelling following necrosis and inflammation through the synthesis of 

extracellular matrix components (232,  264) .  Vitamin E may also down-modulate 

basal levels of TGF-[31 mRNA suggesting that it may potentially interfere with the 

initiation and progression of the fibrosclerotic process (2 65). In this study, it was ' 

interesting to find poor epithelial regeneration, mild MNC infiltrate and significant 

OAD in animals on Vitamin E supplement, but submucosal fibrosis score was less 

severe compared with control animals, suggesting that down regulation of TGF-pl 

may have played a part in reducing the severity of the fibrotic response.

We used 14 and 28 days regimes in order to counteract the theoretical risk of 

incomplete regeneration of epithelium after de-vascularisation at 2 weeks (2 5 3). It
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was interesting that none of the grafts showed deterioration in epithelial regeneration, 

or increased severity of OAD, and in one group (tacrolimus alone), the additional 2 

weeks resulted in improvement in epithelial regeneration from cuboidal/squamous 

metaplasia to normal epithelium. We can conclude that in the context of this 

experiment, one protocol with 3-4 weeks treatment is adequate.

In similar experiments (253) surgical steel wires were used to keep a normal length 

of tracheal segments. It was perceived that the trachea shrink to half their normal 

length exposing the surface to high percentage of cartilage which is thought to inhibit 

epithelial regeneration. On the other hand, implanting a foreign body in the omentum 

will potentially create a more intense inflammatory reaction with intense 

angiogenesis. It may also result in a higher rate of infection that may interfere with the 

interpretation of results and outcome. In this study, we did not use steel wires and 

none of the animals had abdominal sepsis (despite using no prophylactic antibiotics 

and clean rather than a sterile surgical technique). All animals survived the duration of 

the experiment. Furthermore, we noticed excellent epithelial regeneration within 2 

weeks of implantation and the epithelium was normal ciliated columnar epithelium in 

a number of experiments indicating that stenting of the trachea is probably 

unnecessary.

In summary, The results of this study are compatible with the notion that an ongoing 

rejection response contribute to the development of changes charasteristic of OB and 

that adequate immunosuppression with Tacrolimus or CyA alone or in combination 

with MMF can control these changes. The major implication is that some lung 

transplant recipients are under immunosuppressed because of the potential 

nephrotoxicity of agents currently used. The use of agents in synergistic combinations 

should be explored.



Table (3) Histology score for individual animal’s trachea by each observer.

Animal OAD(l) OAD(2) Epithl Epith2 SMF(l) SMF(2) MNC(l) MNC(2)

la l 4 4 0 0 21 19 4+ 4+

la2 4 4 0 0 20 23 3+ 3+

la3 4 4 0 0 20 18 4+ 4+

lb l 4 4 0 0 22 20 4+ 4+

lb2 4 4 0 0 19 20 3+ 4+

lb3 4 4 0 0 17 18 4+ 3+

2al 2 3 0 0 12 12 3+ 3+

2a2 3 2 0 0 12 11 2+ 3+

2a3 3 2 0 0 11 12 3+ 3+

2b 1 2 1 0 0 10 10 2+ 1+

2b2 2 2 0 0 10 11 1+ 2+

2b3 2 2 0 0 11 10 2+ 2+

3al 0 0 2 2 7 6 1+ 1+

3a2 0 0 3 3 6 6 2+ 1+

3a3 0 0 2 3 6 5 1+ 2+

3b 1 0 0 3 3 4 3 3+ 3+

3b2 0 0 3 2 2 3 2+ 3+

3b3 0 0 2 3 5 4 3+ 2+

4al 0 0 2 1 6 6 1+ 1+

4a2 0 0 1 2 7 6 2+ 2+

4a3 0 0 2 2 4 5 1+ 0+

4b 1 0 0 2 2 10 9 1+ 1+

4b2 0 0 2 1 7 8 1+ 1+

4b3 0 0 1 2 9 8 2+ 2+

Sal 0 0 1 1 4 3 1+ 1+

5a2 0 0 1 1 5 4 2+ 2+

5a3 0 0 2 2 4 5 2+ 2+

5b 1 0 0 2 3 3 2 1+ 1+

5b2 0 0 3 3 4 3 1+ 1+

5b3 0 0 3 3 3 5 0+ 0+

6a 1 0 0 3 2 5 6 2+ 2+

6a2 0 0 2 3 5 5 1+ 2+

6a3 0 0 3 3 4 3 2+ 3+

6b 1 0 0 3 3 7 6 1+ 1+
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6b2 0 0 3 3 8 7 1+ 2+

6b3 0 0 3 3 5 6 2+ 1+

7al 3 4 0 0 18 16 1+ 1+

7a2 3 3 0 0 19 17 2+ 3+

7a3 3 3 0 0 15 15 2+ 2+

Abbreviations:

Animals: Code for individual animal 

OADl= Score for observer 1, OAD2 score for observer 2. 

OAD2 Score code is summarised in methodology. 

Epithl= score for epithelial regeneration by observer 1 

Epith2= Score for epithelial regeneration by observer 2 

Epithelial score is summarised in methodology.

SMF(1)= Score for submucosal fibrosis by observer 1. 

SMF(2)= Score for SMF by observer 2.

SMF score is summerised in methodology.

MNC(1)= Score for mononuclear cells by observer 1. 

MNC(2)= Score for MNC by observer 2.

MNC score is summarised in methodology.

Animal groups: 

la  = Control 14 

lb  -  Control 28 

2a = MMF 14 

2b = MMF 28 

3a = Tac 14 

3b = Tac 28 

4a -  Tac+MMF 14 

4b = Tac+MMF 28 

5a = CyA 14 

5b = CyA 28 

6a = CyA+MMF 14 

6b = CyA+MMF 28 

7 = Vitamin E
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Table (4)

Summary of the results for the 7 groups.

Groups Drug Regime OAD Epithelium SMF MNC

la Control 14 yes (4) A grade 0 22 4+

lb Control 28 yes (4) A grade 0 20 4+

2a MMF 14 yes (2) A grade 0 12 3+

2b MMF 28 yes (2) A grade 0 10 2+

3a TAC 14 no (0) SM grade 2 6 1+

3b TAC 28 no (0) N grade 3 3 3+

4a TAC+MMF 14 no (0) SM grade 2 6 2+

4b TAC+MMF 28 no (0) SM grade 2 9 1+

5a CyA 14 no (0) N grade 1 4 2+

5b CyA 28 no (0) N grade 3 3 1+

6a CyA+MMF 14 no (0) N grade 3 4 2+

6b CyA+MMF 28 no (0) N grade 3 6 1+

7 Vitamin E yes (3) A grade 0 16 2+

OB = Oblitertive bronchiolitis, SMF submucosal fibrosis (p), MNC mononuclear cell 

infiltrate, A = absent, SM Squamous metaplasia, C= cuboidal epithelium, n = normal 

epithelium.



Chapter III: Figures (26-36)

Figure 26 

N o treatm ent allograft group, 28 days 

Loss o f  epithelium  and severe OAD, extensive SM F and m oderate M NC infiltrate

Figure 27

C yclosporine-M M F treatm ent at 14 days 

N orm al epithelial regenration with m oderate M NC infiltration
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Figure 28
C yclosporine and M M F treatm ent at 28 days 

N orm al epithelium , no OAD, norm al SM L and minimal M NC infiltrate

Figure 29 

Tacrolim us and M M F at 14 days 

N ote normal epithelial layer with m oderate M NC infiltrate
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Figure 30 

Tacrolim us and M M F at 28 days 

N orm al epithelial layer, no O AD with mild M NC infiltrate

Figure 31 

Tacrolim us at 14 days 

Cuboidal epithelium , no OA D , m inim al SM F and mild M NC infiltrate



Figure 32 

Tacrolim us 28 days treatm ent group 

No OA D . norm al epithelial degeneration, m oderate/severe M NC infiltrate

Figure 33 

M M F treatm ent group day 28 

M oderate OA D , loss o f  epithelium  and minimal M NC infiltrate
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Figure 34

C yclosporine 28 days treatm ent group 

N orm al epithelium , no OAD, mild M NC infiltrate

Figure 35

C yclosporine 14 days treatm ent group 

N orm al epithelium , no OAD, m oderate MNC infiltrate
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Figure 36 

Vitam in E group at 28 days 

M oderate OA D , absent epithelial layer, m oderate SM F and m ild/m oderate M NC infiltrate
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CHAPTER IV

TGF-p, Immunosuppression and Obliterative Airway Disease in the 

Heterotopic Tracheal Rat Transplantation model.

Tracheal Allograft Transplantation: The impact of different 

immunosuppressive regimes on Transforming Growth Factor beta 

expression and development of obliterative airway disease.

Material from this chapter was submitted as a manuscript for publication in the 

Journal Transplant Immunology August 2002.
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IV.i. ABSTRACT

RTlu Rats were transplanted with tracheal allografts from Lewis rats and treated with 

immunosuppressive agents for 14 or 28 days. The histological appearance of the grafts 

at these times and the presence of transforming growth factor-beta (TGF-p) were 

scored.

Increased TGF-J3 expression was noted in tracheal biopsies with severe obliterative 

aixway disease (OAD) compared with biopsies that had no or mild OAD. It was 

evident that mycophenolate mofetil had a beneficial effect on OAD. It was associated 

with reduced expression of TGF-p in the graft as well as reduced fibrosis score and 

reduced development of OAD, especially when combined with tacrolimus or 

cyclosporine. This combination immunosuppression may be of benefit in the 

prevention of OB in clinical lung transplantation.

IV.ii. INTRODUCTION

Obliterative bronchiolitis (OB) is the most common late pulmonary complication 

following clinical lung transplantation among lung and heart-lung transplant recip­

ients (3 , 90) causing morbidity and mortality affecting around 50% of patients at 4 

years (92).  The pathological changes of OB includes injury to the bronchiolar 

epithelium with submucosal lymphocytic infiltration. Granulation tissue subsequently 

develops, with the presence of acute and chronic inflammatory cells, eventually 

leading to formation of scar tissue. In severe cases this may culminate in total 

occlusion of the entire lumen of the bronchiole (93).

The aetiology of obliterative bronchiolitis in transplanted lungs is unclear. Various 

factors have been implicated such as lack of bronchial circulation or lymphatic 

drainage (94) ,  infections (121) and rejection (52,  95, 96).  Chronic rejection 

has been identified as the most likely cause of OB in several clinical reports (97,  

24 9, 266) and animal studies (98,  99).

More recently, different growth factors (102,  104,  267,  268) have been

implicated in the pathogenesis of OB, particularly the ubiquitous transforming growth 

factor-beta (TGF-(3). TGF-|3 potently promotes fibrosis by enhancing the synthesis of
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extracellular matrix components (103).  The repair process following lung allograft 

injury whether it is due to ischaemia, rejection or infection replaces lung parenchyma 

with fibrous tissue leading to pulmonary dysfunction (104).  TGF-p has a major role 

in co-ordinating tissue repair, hence its over-expression may result in an exaggerated 

or aberrant tissue repair process which ends ultimately in tissue fibrosis (10 4).

In this study we used a technically simple tracheal allograft transplant model (99,  

260,  2 69).  This is a model of rapidly progressing obliterative airway disease

(OAD) in rats with histological features characteristic of OB in lung allograft 

recipients. The aim of this study was to investigate the role of growth factors, 

particularly TGF-p, in the pathogenesis of OB. Because the immunological processes 

of acute and chronic rejection are considered to be a major contributor to OB (96,  

2 4 9),  we investigated the influence of immunosuppressive agents currently in 

clinical use on the development and severity of OB. We performed detailed 

immunohistochemical analysis of TGF-p expression in tracheal biopsies in order to 

assess the influence of this growth factor on the incidence and severity of OB and to 

correlate TGF-P expression with immunosuppressive drug treatment.

IV.iii. MATERIAL AND METHODS: (See chapter III, page 82)

The heterotopic tracheal transplant rat model with omentopexy was used. Adult 

(300g) male rats of the PVG.RT111 and Lewis (RT11) inbred strains, supplied by the 

Biological Services Unit (BSU) Manchester University, were used. Complete donor 

tracheal segments were harvested from Lewis rats, divided into two segments and 

were implanted into the greater omentum of PVG.RT111 recipient rats. In this 

combination the donor and recipient are different at both major and minor 

histocompatibility loci.

IV.iii.a. Donor Procedure.

See donor procedure, chapter II; page 65.

IViii.b. Recipient Procedure.

See recipient procedure, chapter II; pages 65-66.



100

IV.iii.c. Animal Groups and Drug Administration:

See animal groups and drug administration, chapter III; pages 83-84.

IV.iii.d. Retrieval o f Transplanted Tracheas 

See chapter II, page 66,

IV.iii.e. Histologic Assessment:

See histological assessment, chapter II; pages 69-70.

IV.iv. Immunohistoclienucal Staining procedure:

TGF-p imnumoperoxidase staining of rat tracheal transplants was earned out on all 

sections.

IV.iv.a. Immunohistochemical staining for TGF-/3:

Innnunohistochemistry was performed on paraffm-wax embedded heterotopic 

allograft tissues. 7.5p thick sections were mounted on poly-L lysine coated slides 

(Menzel-Glaser, Germany). Slides were de-waxed, rehydrated in alcohol, immersed in 

3% hydrogen peroxide in methanol for 10 minutes to block endogenous peroxidase 

activity and then incubated in 10% normal rabbit serum for 20 minutes. Mouse anti­

human TGF-P antibody (Serotec Ltd, Oxford, UK) was diluted in 0.1% bovine serum 

albumin (BSA, Sigma, Poole, Dorset, UK) at a concentration of lOpg/ml overnight at 

4° C. After washing the slides 3 times in Tris buffered saline (TBS), a secondary 

reagent, rabbit anti-mouse horseradish peroxidase conjugated antibody (Dako, High 

Wycombe, UK) was added and incubated for 2 hours at room temperature in a 

humidified box. Slides were washed 3 times in TBS and developed in 0.05% 

3,3’Diaminobenzidine (Sigma, Poole, Dorset, UK) in TBS plus 0.002% hydrogen 

peroxide, washed in tap water then counter stained in Harris’s haemotoxylin for 1 

min. Slides were then washed in running tap water, dehydrated in alcohol and 

Citroclear before being mounted in DPX (Raymond Lamb, London, UK).

IV.iv.b. Assessment o f TGF-f staining.

The standard semiquantitative method for evaluating immuno-histochemical staining
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described previously (270) was used. The grading was carried out by two 

independent observers one of whom is a Consultant Histopathologist. Both observers 

were blinded to treatment identity. The grading of TGF-p staining was carried out on 

each section on the basis of the distribution of TGF-p stain as well as the intensity of 

staining of the cells and matrix. Most of the positive staining was in the thickened 

mucosa, submucosa and was mainly intracellular. The intensity of the staining was 

graded as follows: 0 being absent, 1 considered mild, 2 mild/ moderate, 3 moderate, 4 

moderate/severe and 5 was severe. The distribution of staining in the lung biopsies 

and as follows; <5% score 0, 5-20% score 1, 20-49% score 2, 50-75% score 3 and 

>75% score 4.

Prior to staining the tracheal biopsies, positive control slides from human tonsillar 

tissue for TGF were stained at the same session (figure 49). All the slides then 

compared to the positive control. The scoring of TGF was earned out by two 

independent observers, one of whom is a Consultant Histopathologist, and was carried 

out on sections from all the animals in the study (table 5 )

IV.v. RESULTS (See summary of results, table 6)

All recipient animals were healthy and survived the experimental procedures without 

any evidence of intra-abdominal sepsis during the experiment. Tracheal sections were 

stained with H&E and immunohistochemical staining for TGF-p. The scores for the 

epithelial lining, mononuclear cell infiltrate, fibrosis and obliterative airway disease 

(OAD) are seen in the results section, chapter III and are summarised in tables 4, page 

90 and table 6, page 108.

TGF~p staining: Summarized as follow: also see (table 1)

Normal controls: No TGF staining (figure 37)

No immunosuppression groups la&lb: The TGF staining was severe in intensity 

(score 4) as well as distribution (score 4). Total 9 (figure 38)

MMF 14 (2a): Distribution was >20% (score 1), intensity was mild/moderate (score 

2). Total 3 (figure 47).

MMF 28 (2b): Distribution was>20% (score 1), intensity was mild/moderate (score
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2). Total 3. (figure 40)

Tac 14 (3a): Distribution was around 40% (score 2), intensity was mild (score 1). 

Total 3

Tac 28 (3b): Distribution was 45% (score 2), intensity was mild/moderate (score 2). 

Total of 4 (figure 41)

Tac+MMF (4a): Distribution was 40% (score 2), intensity was mild (score 1). Total 3 

Tac+MMF (4b): Distribution was 10% (score 1), intensity was mild (score 1). Total 2 

(figure 44).

CyA 14 (5a): Distribution was 60% (score 3), intensity moderate (score 3). Total 6 

(figure 42).

CyA 28 (5b): Distribution was 60% (score 3), intensity was mild/moderate (score 2). 

Total 5 (figure 43).

CyA+MMF (6a): Distribution 10% (score 1), intensity was mild/moderate (score 2). 

Total 3 (figure 46).

CyA+MMF (6b): Distribution was 5-10% (score 1), intensity was mild (score 1). 

Total 2 (figure 45).

Vitamin E (7): Distribution was 40% (score 2), intensity mild/moderate (score 2). 

Total 4 (figure 48).

IV.vi. Discussion:

Immune mediated damage to lung allografts, and the subsequent induction of growth 

factor expression, in particular TGF-p, has been implicated in the development of OB 

(102,  2 71) .  In this study, using a reproducible animal model of transplant OB, the 

transplantation of tracheal segments was used to examine the relationship between 

immunosuppression, the expression of TGF-P and the development of OB.

Untreated isografts showed normal histological features 14 and 28 days after 

transplantation. By contrast, untreated allografts rapidly developed OAD, were 

denuded of living epithelium, were heavily infiltrated with mononuclear cells and had 

submucosal fibrosis, associated with the presence of significant TGF-P staining (Table 

1, groups la  and lb).

The administration of MMF alone reduced but did not prevent the development of
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OAD or the loss of epithelium. However, the intensity of the mononuclear cell 

infiltrate was reduced, and submucosal fibrosis was only moderate. In the MMF 

treated recipient rats, we observed a lower expression of TGF-p (Table 1, groups 2a, 

and 2b) compared to controls. The effect of MMF monotherapy at 40 mg/kg/day on 

OAD was noticed previously (100,  2 60).  In those studies, there was a 47-63% 

airway narrowing compared with 98% in the untreated controls. Thus MMF on its 

own failed to prevent acute rejection or to abolish OAD but it reduced the severity of 

OAD.

MMF is a new antimetabolite immunosuppressive agent that is rapidly metabolised to 

the active form mycophenolic acid (MPA) in the liver. MPA inhibits purine synthesis 

through the classical pathway by inhibiting the enzyme inosine monophosphate 

dehydrogenase (IMPDH). This inhibitory effect is more effective on the proliferation 

of T and B lymphocytes (272).  MMF induces apoptosis of activated T-lymphocytes 

hence reducing T lymphocyte populations responsible for graft rejection and OAD. It 

also suppresses the expression of adhesion molecules by depleting guanosine 

nucleotides. This may decrease the recruitment of lymphocytes and other cells into the 

site of rejection. It has also been shown that MMF therapy has a suppressing effect on 

the production by iNOS of nitric oxide (NO), hence reducing the tissue damage 

mediated by peroxynitrites (272) .  MMF has an inhibitory effect of fibroblasts 

proliferation (273) .  This is relevant to its action in reducing the severity OAD and 

interstitial fibrosis as fibroblasts are pivotal to the process of fibrogenesis.

In regard to the association between MMF therapy and reduced expression of TGF-p 

in tracheal biopsies, it is uncertain whether this is a direct or an indirect effect (cause 

or a result). MMF may possess a direct inhibitory effect, on the other hand, it may be 

related to its suppressive effect on fibroblasts, T and B lymphocytes and smooth 

muscle cells, or even due to its effect on reducing the incidence and severity of acute 

rejection (acute rejection augments TGF-p expression). Future studies assessing the 

molecular effect of MMF on TGF-p, other cytokines and growth factors is warranted. 

CyA monotherapy has shown to be extremely effective in reducing acute rejection as 

well as OAD. This has been seen in other similar studies (260).  Normal epithelial 

lining was observed as well as reduced mononuclear infiltrate and minimal/mild 

fibrosis scores (table 6). The only drawback to CyA monotherapy was that the



104

observed TGF-{3 score was higher when compared with Tacrolimus monotherapy and 

combination regimes. This may be relevant in the clinical scenario as other factors 

that cause tissue damage such as ischaemia, infection or even reperfusion injury may 

be present and may augment TGF production or activation in that environment, 

triggering aggressive OB. It was interesting that in the combined CyA/MMF groups, 

the effect of CyA on TGF-P expression was neutralized. It is also worth noting that, 

in this study, MMF is most effective when used in conjunction with the calcineurin 

inhibitors CyA or Tac as their combined effect has been additive without 

demonstrable increase in toxicity (274).  This suggests that combining MMF with 

CyA in clinical lung transplantation may be most beneficial in reducing the incidence 

of OB, not only through reduction of the incidence of acute rejection (which is a 

major risk factor for the subsequent development of OB), but also by counteracting 

the known effect of CyA in augmenting TGF-P expression in allografts by several cell 

types (275,  27 6). There is some clinical evidence suggesting that this

combination may reduce the incidence of acute rejection and clinical OB (128).  

Recent clinical studies suggest that MMF in combination with other agents has some 

beneficial effect against acute rejection and OB with some improvement in long term 

survival (113, 129,  130,  277).

In this study, Tac alone or in combination with MMF was effective in preventing OB 

and at the same time was not associated with a significant increase in expression of 

TGF-p. As the majority of lung transplant patients have, until recently, received CyA 

as the primary immunosuppressive agent, data from patients on long term Tac therapy 

is not available. Tacrolimus use has been focused on patients with established OB 

(rescue therapy) in which it seems to be marginally beneficial (1 1 5 -1 1 7 ). The 

results of treatment of OB with augmented immunosuppression using other agents 

like ATG (112) have, however, been generally disappointing. The development of 

OB is a slow and irreversible process that can, at best, only be contained and very 

rarely reversed. This may explain why Tacrolimus rescue has only been marginally 

beneficial in the clinical setting. It is possible that the primary use of a Tacrolimus- 

based immunosuppressive regime in lung transplantation, particularly if combined 

with MMF (to widen its immunosuppressive properties) has some theoretical 

advantages. However this has yet to be established, although some emerging reports
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do suggest a significant benefit (27 r 278,  279).

Vitamin E was included in the study because it was shown to reduce fibrosis in other 

experimental models possibly acting as a potent TGF-p antagonist (265) .  In this 

study, Vitamin E administered alone offered no protection against the development of 

OAD or epithelial cell loss, but there was some reduction in submucosal fibrosis and 

TGF-p expression (Table 1, group 7). Thus Vitamin E may be a useful adjunct to the 

suggested combination of MMF/CyA or Tacrolimus immunosuppressive regimens. 

The optimal level of immunosuppression in lung transplantation has not been 

determined. CyA and Tacrolimus therapy, potentially, have serious, life threatening 

side effects such as nephrotoxicity, infection and malignancy. In clinical practice there 

is a tendency to reduce the dose of these agents in long term patients without routine 

monitoring for acute rejection with transbronchial biopsy (TBB). However, no 

monitoring carries the risk of missing subclinical rejection, a process that is now 

considered to be a major cause of OB. This has led to a call for more aggressive lung 

biopsy protocols. However, TBB is less effective in diagnosing lung rejection than 

cardiac biopsy is in discovering heart transplant rejection, due to (a) the patchy nature 

of lung rejection and the difficulty in obtaining representative samples and (b) the 

difficulty in differentiating rejection from other causes of lung injury. As a result, 

most transplant units have adopted less stringent biopsy protocols for long term 

follow up of lung transplant patients.

An alternative to a more aggressive diagnostic approach would be to define the most 

effective immunosuppressive protocols and ensure that all patients receive adequate 

and balanced immunosuppression. In that regard, it appears from this study that 

protocols combining either Tacrolimus or CyA with MMF are likely to provide a 

better protection of lung allografts against acute rejection and OB. Supplementation 

with Vitamen E may have a further protective effect.
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Table(5): TGF Scores for each animals by observers 1 & 2.

Animal T G F-D (l) TGF-D(2) T G F-I(l) TGF-I(2)

la l 4 4 4 4

la2 4 3 4 4

la3 3 4 3 4

lb l 4 4 4 3

lb2 4 4 4 4

lb3 3 3 4 4

2al 1 1 2 2

2a2 2 1 3 2

2a3 1 2 2 3

2b 1 2 2 2 1

2b2 1 1 1 2

2b3 1 2 2 2

3al 2 2 1 1

3a2 3 2 2 1

3a3 2 2 1 2

3bl 2 1 1 1

3b2 1 2 2 2

3b3 3 3 1 2

4a 1 2 1 1 1

4a2 2 2 1 1

4a3 2 2 1 1

4b 1 1 1 1 2

4b2 2 1 2 1

4b3 1 1 1 1

5al 3 2 3 3

5a2 2 3 2 3

5a3 3 3 3 2

5b 1 2 3 3 2

5b2 3 3 2 2

5b3 3 2 1 2

6al 1 1 2 2

6a2 1 1 2 1

6a3 2 1 1 2
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6b 1 1 0 1 2

6b2 2 1 1 1

6b3 1 1 2 1

7a 1 2 2 2 3

7a2 3 2 3 2

7a3 2 3 1 2

Abbreviations: Animals: individual animal in each experiment

TGF-D1: Distribution score for TGF-P staining by observer 1 based on scoring system (see 
methods, chapter 5).
TGF-D2: Distribution score for TGF-P staining by observer 2
TGF-I(l): Intensity score of TGF-P in biopsies by observer 1. (see methods in chapter 5). 
TGF-I(2): Intensity score of TGF-p in biopsies by observer 2.

Animal groups: 

la  = Control 14 

lb  = Control 28 

2a = MMF 14 

2b = MMF 28 

3a -  Tac 14 

3b = Tac 28 

4a = Tac+MMF 14 

4b = Tac+MMF 28 

5a = CyA 14 

5b = CyA 28 

6a = CyA+MMF 14 

6b = CyA+MMF 28 

7 = Vitamin E
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Table (6) Summary of histology and immunohistochemical staining score of treated 

tracheal allografts.

Grou­

ps

Drug Regime1 OAD2 Epithelium3 SMF4 TGF-p5

Distrib.
TGF-p6

Intensity
MNC7

la Control 14
4 Absent/0 21 4 4 17 ++++

lb C ontrol 28 4 Absent/0 20 4 4 15+++-F

2a M M F 14 2 Absent/0 12 1 2 12+++

2b M M F 28 2 Absent/0 10 1 2 11++

3a TA C  14 0 SM/2 6 2 1 3 +

3b TA C  28 0 Normal/3 3 2 2 7 ++

4a TA C +M M F 14 0 SM/2 6 2 1 2 +

4b T A C +M M F 28 0 SM/2 9 1 1 4 +

5a C yA  14 0 Normal/3 4 3 3 2 +

5b C yA  28 0 Normal/3 3 3 2 0

6a C yA +M M F 14 0 Normal/3 4 1 2 10++

6b C yA +M M F 28 0 Normal/3 6 1 1 5 +

7 V itam in  E 3 Absent/0 18 2 2 10++

Abbreviations:

1) Drugs. MMF= Mycophenolate inofetile. TAC= Tacrolimus. CyA= Cyclosporin A.

2) OAD= obliterative ainvay disease, (see score in material and methods)

3) Epithelium: Absent= epithelium completely destroyed. SM= squamous metaplasia. NormaN normal 

pseudo-stratified columnar ciliated epithelium.

4) SMF= Submucosal fibrosis (pm) (see text).

5) TGF= Distribution of staining based on % of stain in slide.

6) TGF = Intensity of staining, graded 0-5 (see material and methods).

7) MNC= mononuclear cell infiltrate, no. of cells/chamber(see text).



Chapter IV: Figures (37-48)

Figure 37 

Tracheal section, normal control

Figure 38 
No immunosuppression 14 days.

TGF score: distribution grade 4, intensity grade 5
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Figure 39

No treatment group. Note complete obliteration of tracheal lumen

Figure 40

Treatment with MMF at 28 days 
TGF Staining score: distribution grade 2, intensity grade 1



Figure 41

Treatment with tacrolimus at 28 days 
TGF staining score: distribution grade 2, intensity grade 2

Figure 42

Treatment with cyclosporine at 14 days 
TGF staining grade: distribution score 3, intensity grade 3



Figure 43

Cyclosporine treatment 28 days 
TGF staining score: distribution grade 2, intensity grade 2
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Figure 44
Treatment with tacrolimus + MMF at 28 days 

TGF staining grade: distribution score 0, intensity grade 0



Figure 45

Treatment with cyclosporine and MMF 28 days 
TGF staining score: distribution grade 1, intensity grade 1
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Figure 46

Treatment with cyclosporine and MMF 14 days 
TGF staining: distribution grade 2, intensity grade 1



Figure 47

Treatment with MMF 
TGF staining: distribution grade 2, intensity grade 1

Figure 48

Treatment with Vitamin E at 28 days 
TGF staining: distribution grade 3, intensity grade 2
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Chapter V:

In a randomised double blind multi-institutional clinical study of 

Mycophenolate Mofetile (MMF) versus Azathioprine (Aza) in lung 

transplantation, does Mycophenolate Mofetile have any beneficial 

effect on acute and chronic rejection/OB? Does MMF has a 

suppressive effect on TGF-|3 and other growth factors?
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V.i. Introduction:

It is a common fact that chronic rejection/OB is the leading cause of morbidity and 

death following lung transplantation with a reported prevalence of 30-60% in the first 

three years ( 92, 107) .  This fibro-proliferative disorder is believed to be a 

manifestation of chronic rejection with chronic decline in lung function in most cases 

(91,  280,  281) .  Its early histological manifestation is characterised by 

lymphocytic bronchitis and eosinphilia (102,  282) .  This results in submucosal 

fibrous thickening, extensive inflammatory cell infiltrate and mesenchymal cell 

accumulation. The epithelium becomes necrotic and this attracts fibroblasts and 

connective tissue products causing fibro-collagenous occlusion of the respiratory and 

terminal bronchiole (93,  283,  284) .  This inflammatory/healing process results 

in increased expression of TGF-p in the tissue which in turn causes further 

recruitment of inflammatory cells and fibroblasts to the bronchioles, TGF-p also 

stimulates the synthesis of extracellular matrix (105).  This will finally cause an 

exaggerated/intense healing process and more fibrosis. Current management strategies 

are largely ineffective after the fibrosis is established (285).

Treatment of OB has been based on augmentation of immunosuppression. With the 

recent advances of immunosuppressive therapies, newer drugs have been investigated 

using established OB models (51,  269,  274,  2 8 6 ) . An increasing number of 

lung transplant centres have earned out non randomised studies (12 8, 129,

2 7 8, 2 7 9) as well as randomised clinical studies (130,  287,  288) .

Successful outcomes have been reported using traditional immunosuppressants like 

cytolytic therapy (112) and methotrexate (2 8 9 ), as well as newer agents like 

T acrolimus (115 , 116 , 288) and MMF (114,  130) .  Some of these studied 

have shown a halt in the decline of the pulmonary function tests with stabilisation of 

clinical symptoms of OB. Recently, our unit’s policy has been to switch the patient to 

the Tacrolimus/MMF combination when early signs of OB become apparent or the 

patient developed early acute rejections.

An update from the large multicentre randomised trial of MMF versus Azathioprine 

(130) showed improved intermediate tenn survival in the MMF patients. Animal 

studies of OB models (260,  269,  274) has also suggested that MMF has been
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beneficial in the prevention of OB particularly in combination with calcineurin 

inhibitors. MMF is a newer antimetabolite immunosuppresive agent. It is rapidly 

hydrolysed into its active form mycophenolic acid (MPA) which is known to inhibit 

inosine monophosphate dehydrogenase hence selectively inhibiting the proliferation 

of T and B lymphocytes (290).  Our most recent animal study (chapter 3, manuscript 

submitted for publication) suggested that in the MMF therapy group, there was less 

severe OAD and that was mirrored by other animal studies (100,  260) .  However, 

in our animal model, we found an association between MMF therapy and reduced 

expression of TGF-p in the tracheal biopsies which may, at least in part, be the 

mechanism by which MMF reduces the severity of OAD in this model.

This current study was carried out on a subgroup of patients who have taken part in 

the MMF versus azathioprine randomised clinical study in lung transplantation and 

were transplanted at this centre. The aims of this project is to assess the effect of 

MMF on the expression of different growth factors and in particular TGF-p in the 

lung biopsy sections taken routinely and urgently post lung transplantation. We also 

aimed to compare the histological and immunohistochemical observations with the 

clinical data of these patients.

V.ii. Patients and methods:

Seventeen patients were enrolled into the “multicentre randomised study comparing 

MMF versus azathioprine in primary lung transplantation” from the Wythenshawe 

transplant centre and they all were included in this study. Informed consent was 

obtained from the Patients as well as Permission to use biopsy material and data from 

these patients case notes were obtained from Roche Pharmaceutical (Roche® UK). The 

clinical data collected included demographics of donors and recipients, ischaemic time 

(IT), number of rejection episodes/patient, number of biopsies/patient, infection 

episodes/patient, latest FeVl, presence or absence of OB, duration of follow-up and 

mortality.

V.ii.a. Immunosuppression Protocol

In the study protocol, recipients were treated with triple immunosuppression therapy 

consisting of cyclosporine, azathioprine or MMF, and corticosteroids,
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All lung transplant recipients had 500x2 mg of methylprednisolone per-operatively. 

All patients received a short induction course(3 days) of rabbit antithymocytic 

globulin (RATG, Institute Pasteur-Merieurx, France) starting from day one. 

Postoperative steroids were given at a dose of 125mg tds in the first 24 hours and then 

oral steroid therapy started at a dose of lmg/kg/day tapered to 0.3 mg/kg/day at the 

3rd week. Acute rejection episodes were treated by pulse steroid therapy (10 

mg/kg/day for 3 days). Cyclosporine was started on day one orally or IV aiming to 

achieve a trough level of 250-350 ng/ml in the first 3-6 months. The level was reduced 

depending on rejection history and renal function aiming at a level between 150-300 

ng/ml.

The study was a randomised double blind double dummy multi-institutional trial. 

Study medication consisted of either Aza at dose of 2mg/kg/day tailored to patients 

white blood count level or MMF at a dose of 2gms per day. Study medication (MMF 

or Aza) was started as soon as possible within the first 72 hours post-transplant. The 

protocol of the study was adhered to throughout the study period (3 years).

V.ii.b. Immunohistochemical staining for TGF, EGF and bFGF:

Rehydrating and Dehydrating paraffin embedded tissue on slides.

A. Rehydrating:

1. Sections were placed in square staining racks. First, they were placed in 

Citroclear for 10 minutes until all the wax has dissolved then moved to fresh 

Citroclear for 1-3 min.

2. The rack was drained onto a paper towel to avoid carry over into alcohol.

3. Then the sections were placed in 100% Alcohol for 1-3 min. (agitated gently to 

ensure all slides were washed) then the process was repeated in the fresh 100% 

alcohol, then 90%, 70%, 50%, respectively.

4. The sections were washed quickly in distilled water. They were not allowed to 

dry out if performing Immunochemistry (submerged in PBS or TBS).

5. Slides were then ready to be stained.

After performing staining, slides were dehydrated so that they could be mounted with 

a cover slip. This enabled the slides to be stored for future analyses.
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B. Dehydrating:

1. The slides were washed quickly in distilled water.

2. They were placed in 50% alcohol for 1-3 min (agitated gently to ensure all slides 

were washed) and then the process was repeated through to 70%, 90%, 100%, and 

100% alcohol.

3. The rack was drained onto a paper towel to avoid cany over into Citroclear.

4. Then, it was placed in a fresh Citroclear for 1-3 min.

5. Each slide was drained separately and mounted with a cover slip by adding a drop

of DPX mountant onto a cover slip and slowly lowering the slide to avoid air bubbles. 

The DPX was allowed to set overnight and then the slides were ready to be viewed 

under the microscope.

Stock solutions: DAB (Diaminobenzadine) Stored in fridge To make up : 1.5g DAB 

in 200ml TBS aliquot in 20mls. Store in freezer.

Lung biopsy staining using immunohistochemistry 

Antibodies used:

Mouse anti human TGF-beta monoclonal antibodies (clone MCA797) 1mg/ml. 

(Serotec Ltd.)

Working solution of 1/ 200 (5pg/m)

Monoclonal anti-epidermal growth factor (EGF) antibody clone EGF-10 2mg/ml 

(Sigma- Aldrich Ltd.)

Working solution of 1/400 (5pg/ml)

Rabbit anti-basic fibroblastic growth factor (FGF-2) polyclonal antibody (lot no. 

19102369). 1mg/ml (Chemicon International)

Working solution of 1/100 (lOpg/ml)

Swine anti rabbit peroxidase conjugated secondary antibody ( Dako Ltd) use at 1/50 

of stock.

Goat anti swine peroxidase conjugated secondary antibody (Dako Ltd) used at 1/50 of 

stock.

Reagents used

3% Hydrogen peroxide, H20 2 (Sigma)
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Proteinase —K 2mg/ml (Sigma)

1% Bovine Serum Albumin,BSA ( Sigma)

Phosphate Buffered Saline, PBS (Sigma)

Tris Buffered Saline, TBS (Sigma)

Normal Rabbit Semin NRS ( Sigma)

Normal Swine Serum NSS (Sigma)

Normal Human Serum NHS (Sigma)

DAB (Diaminobenzadine) (Sigma)

Positive control tissue for TGF-beta and EGF -  Human Inflamed Tonsil.

Positive control tissue for bFGF -  Human Ovarian Cancer.

V.ii.c. Histological examination and diagnosis o f acute and chronic rejection (OB)

All transbronchial biopsies were reviewed by one of the three consultant 

histopathologists in the Department of Pathology, Wythenshawe Hospital to assess 

rejection, infection and the development of OB. Biopsies were classified according to 

ISHLT guidelines (86).  This latest classification takes into consideration the 

relative activity of the inflammatory infiltrate in the TBB. In those cases of co-existent 

acute and chronic rejection, the pathology report will reflect these processes. 

Bronchiolitis obliterans as a pathological term refers to dense eosinophilic hyaline 

fibrous plaques in the lamina propria of the terminal and the respiratory bronchioles 

which cause partial or complete luminal compromise in the bronchioles of the lung 

allograft, (figure 10). This fibrous tissue may be associated with disruption of the 

smooth muscles and may also extend into the interstitial layer. Foamy histiocytes are 

frequently present in the distal airspaces. The study duration was three years. Long 

term follow-up of these patients was essential for evaluating the effect of MMF on 

incidence and severity of OB as OB is essentially a long term sequel of lung 

transplantation and is usually seen after the first year following transplantation, 

although occasionally it has been seen earlier (291).

Routine and urgent trans-bronchial biopsies (TBB) were stained with H & E staining 

for histological diagnosis and with immunohistochemical staining for expression of 

three different growth factors. We analysed the expression of TGF-P, fibroblast 

growth factor (FGF) and epidermal growth factor (EGF). The slides were coded
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before evaluation. Assessment of staining was earned out using a semiquantitative 

method for evaluating immunohistochemical staining described previously (270,

2 92).  The standard immunohistochemical grading was carried out by two 

independent observers and in a blinded fashion. It was based on the presence and 

absence of TGF-p, FGF and EGF staining, its extend (distribution) and intensity of 

positive staining for each specimen. The intensity of the staining was graded on a 

scale from 0 (negative) to 5 (strongly positive) (intensity grade 5 for TGF, figures 51 

and 52 ). The distribution of staining in the lung biopsies was measured in percentage 

terms and as follows; <5% score 0 (for TGF, figure 54), 5-20%, score 1, 20-49% score 

2, 50-75% score 3 and >75% score 4 (for TGF, figure 53).

Prior to staining, a positive control slide from human tonsillar tissue for TGF and FGF 

(figures 49, 59) or ovarian tissue for EGF were stained at the same time. Negative 

controls slides were carried our for TGF (figure 50) and bFGF (figure 60). All the 

slides were then compared to the positive control.

V.ii.d. Statistical Analysis:

Clinical data from each group were analysed using non-parametric testing. The 

variables were age, sex, diagnosis, type of lung transplant, number of biopsies, acute 

rejection episode/100 patient days, infection episodes/patient, incidence of OB, 

duration of follow-up and mortality between the two groups.

A SPSS statistics package licensed through University of Manchester was used in this 

thesis. Statistical analyses were earned out using non-parametric tests, continuous 

variables using the Mann-Whitney test, categorical variables using X2 or the Fisher 

exact test. Survival analysis was carried out using the Kaplan Meier methods. Similar 

statistics were used for immunohistochemical data. A positive result was considered 

when thep- value was 0.05.

V.iii. Results:

Demographic data of donor and recipients characteristics, ischaemic time (IT), 

rejection data, infection data, type of procedure are summarised in table ( 8 )

There were no significant differences between the MMF group versus Aza groups 

regarding age, sex, and infection episodes. Regarding to type of procedure, there were
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more bilateral lung transplants in the MMF aim (4/8 vs 0/9, p=NS). Also ischaemic 

time was longer in the MMF group with lower number of rejection /patient, lower 

incidence of OB. The difference did not reach significance. There was slightly higher 

FeVl value in the MMF group (p=NS). Survival data from the 2 groups were similar. 

Data of the immunohistochemical analyses of biopsies stained with TGF-p, bFGF 

and EGF were as follows: (summarised in tables 10 and 11)

TGF-P: Lung Biopsies showed no significant difference in the distribution or 

intensity of TGF-p staining score between the MMF group and the AZA group. 

The mean score=3.6(d) and 3.7(i) vs 3.4 and 4.0. Figures 51, 52, 53 and 54). 

bFGF: MMF group: There was a significant reduction in the distribution of bFGF 

staining as well as its intensity compared to the AZA group (figures 57 and 

58). The mean score= 3.4(d) and 1.4(i) vs 4.6 and 2, p=0.01 and 0.04.

EGF: MMF group: There was a non-significant reduction in the distribution of EGF 

staining but NOT in its intensity when compared to the AZA group (figures 55 

and 56). The mean score= 2.4(d) and 1.3(i) vs 3.1 and 1.3. (p=NS)

V.iv. Discussion:

Obliterative bronchiolitis is the commonest cause of morbidity and mortality 

following lung transplantation (249).  The principles of management of OB are 

based in general on the strategies of prevention, stabilisation and reversal. With regard 

to prevention, it is vital to have a clear understanding of the aetiology of OB to plan a 

prevention strategy. However, the aetiology of OB is still not precisely known. Early 

acute rejection and lymphocytic bronchitis are considered to be the strongest known 

risks (102,  249,  262,  283) .  CMV infection is also considered to be an 

aetiological factor (91,  293) but a systematic review in a recent publication 

suggested that the role of CMV and other infections and HLA matching was less clear 

and requires further studies (249).  Based on the currently available evidence, the 

prevention of acute rejection seems to be the most logical strategy for preventing OB. 

This strategy has not been investigated in a large randomised clinical trial. With the 

advent of newer immunosuppressive agents, some encouraging small studies 

suggesting reduced or delayed incidence of OB in lung transplant patients have
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emerged (127,  294) but none have yet been confirmed in a large randomised 

clinical trial. The only large international study to date is the MMF vs Azathioprine 

study. This study completed recruitment in 1999 and interim one year analysis was 

presented and published recently (130).  Meaningful long term results are awaited.

In as far as stabilisation of pulmonary function is concerned, a number of reports have 

suggested some success using a variety of immunosuppressive agents. Cytolytic 

therapy using ATG, used to treat intractable acute rejection, has also been used with 

some success in OB. A study of 15 patients with OB treated with ATG showed that 

nearly half the patients were stabilised on treatment and in 2 patients (13%) reported 

an improvement (112).  Aerosolised cyclosporine was also successfully used in 9 

patients with established OB resulting in stabilising pulmonary function (295) .  Total 

lymphoid irradiation (TLI) (111, 296) ,  methotrexate (289) as well as steroids 

(297) have also been successful in stabilising some OB patients in small clinical 

studies. Newer agents have also been used successfully in halting the progression of 

BOS is small clinical studies, most notably tacrolimus (115, 116 , 279) and 

MMF (113 , 277) ,  while Rapamycin (Sirolimus) has been shown to be effective in 

experimental studies (51,  260) .

With regard to reversal of lung function and improvement of airflow obstruction, this 

has not yet been achieved consistently with any form of drug therapy.

As discussed earlier, in order to identify the agent most likely to succeed in prevention 

of OB, we need to understand the basic aetiology and pathogenesis of OB at the 

cellular/molecular level. Then the chosen agent must be tested in a basic animal model 

of OB without the complexity of clinical lung transplantation where a number of 

variables, known and unknown, are interacting. Finally it is important to identify 

whether this agent is effective through the suggested or hypothesised mechanisms.

In the previous study (chapter IV), we have identified that acute rejection and 

increased TGF-P expression is the most likely aetiological factors for OB in a basic 

rat model (269) as well as a large clinical study (102).  For the purpose of 

prevention, MMF was chosen in this study based on its effectiveness in reducing acute 

rejection incidence in a variety of solid organ transplants including lungs (277) ,  

hearts (298) ,  kidneys (299) and liver (300) as well as in animal models (with or 

without calcineurin inhibitors). MMF is rapidly metabolised to its active form
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mycophenolec acid (MPA), in the liver. MPA inhibits purine synthesis through the 

classical pathway by inhibiting the enzyme inosine monophosphate dehydrogenase 

(IMPDH). IMPDH is a rate limiting enzyme in the de novo synthesis of guanosine 

nucleotides. This inhibitory effect is more pronounced in T as well as B lymphocytes 

as these cells are more dependent on this pathway than any other cell type (272).  

MPA can induce apoptosis of activated T-lymphocytes hence reducing a T 

lymphocytes population responsible for graft rejection. It also suppresses 

glycosylation and expression of adhesion molecules by depleting guanosine 

nucleotides. This may decrease the recruitment of lymphocytes and other cells into the 

site of rejection. Depletion of guanosine nucleotides may also deplete 

tetrahydrobiopterin, a co-factor for inducible nitric oxide synthase (iNOS). MPA also 

suppresses the production by iNOS of nitric oxide (NO) leading to reduced tissue 

damage mediated by peroxynitrites (272).  Finally, in the OAD rat model (chapter 

V), MMF was associated with reduced expression of TGF-p in tracheal biopsies, 

although whether this was a direct cause or an indirect effect is not yet clear. MMF is 

most effective when used in conjunction with calcineurin inhibitors like CyA or Tac 

as their combined effect is additive without demonstrable increase in toxicity (274).  

Chronic rejection is emerging as the major limiting factor for long term survival of 

most solid organ transplant patients. In heart, kidney and liver, it is usually associated 

with proliferative and obliterative arteriopathy of the graft and is thought to be due to 

proliferation of arterial smooth muscle cells and recruitment of lymphocytes and other 

mononuclear cells. It usually starts in small and medium size arteries and arterioles 

and finally affect the whole arterial tree (301).  Chronic rejection in renal allografts 

is also associated with glomerulosclerosis and interstitial fibrosis. A similar picture of 

chronic rejection in lung allografts prevails: vascular changes are associated with 

lymphocytic bronchitis and bronchiolitis with fibro-proliferative lesions affecting the 

bronchioles. The epithelium becomes necrotic and this attracts and stimulates 

fibroblasts, and the production of procollagen and other connective tissue products 

causing fibro-collagenous occlusion of the respiratory and terminal bronchioles (93,

2 83) ,  the ultimate feature of OB.

The pathogenesis of chronic rejection is complex, probably mediated by both cellular
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and humoral mechanisms. Genes for several growth factors including TGF-p are 

expressed in the arterial wall (301,  302) .  Activated epithelium as well as other 

factors stimulate smooth muscle proliferation in the neo-intima. There is some 

collagen deposition in the arterial wall as well as interstitial sites. Collagen formation 

is associated with proliferation of fibroblasts and increased expression of TGF-p and 

FGF that in turn induce procollagen gene expression. Therefore the inhibition of TGF- 

P, FGF and EGF expression as well as suppression of proliferation of fibroblast is 

desirable. It is important to remember that CyA as well as tacrolimus and rapamycin 

augment TGF-P expression by human lymphocytes and probably other cell types 

(275,  303,  304) .  With regal’d to smooth muscle cell proliferation, CyA does not 

inhibit the proliferation of smooth muscle cells and fibroblasts while MPA in modest 

concentrations, suppresses the proliferation of arterial smooth muscle cells and 

fibroblasts. This has been demonstrated in humans (305,  306) as well as rat 

smooth muscle cells (307) .  The inhibition of fibroblast proliferation by MMF 

(273) is relevant to the prevention interstitial fibrosis as fibroblasts are pivotal to the 

process of fibrogenesis. It is interesting to note that TGF-p is a potent fibroblast 

chemo-attractant as well as a stimulator of fibrogenesis (194,  308- 312)  and it is 

possible, at least theoretically, that MMF may possess directly or indirectly a 

suppressive effect on TGF-p expression. This may explain our finding in the rat 

model (see chapter 3).

An interim analysis of data from the multi-institutional, randomised study of MMF 

versus azathioprine in lung transplantation in which 317 patients received MMF or 

azathioprine in randomised blind fashion was published. This one year analysis 

suggested improved survival in the MMF ami of about 10% compared to the AZA 

group. The incidence of OB was low in both groups (3.8 in AZA vs 3.1 in MMF: 

p=NS). With regard to reported rejection episodes, it was 51.3 in the AZA group 

against 50.9 in the MMF group (p=NS). The final analysis will be at end of the third 

year (130).

Clinical data from our study at Wythenshawe from 17 patients are summarised in the 

results section. The 2 groups are similar regarding donor and recipient characteristics 

apart from more CF patients in the MMF arm. This is the main reason why more 

bilateral lung transplants were in this arm. These differences did not reach
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significance because of small sample size.

What was interesting among those 17 study patients was that although the number of 

biopsies were the same in each group, there was a strong trend towards more rejection 

episodes in the AZA arm (p=0.06). This is contradictory to the interim analysis data 

from the whole 317 study population at one year (130).  The possible reason for this 

discrepancy, in my view, is that rejection episodes in this study were based on 

histological assessment of TBB biopsies while in the main study, rejections were 

based on either the clinical or histological picture (or both). Lower incidence of acute 

rejection has been reported with MMF therapy. Zuckermann and associates reported 

significantly lower rejection episodes (10%) in the MMF patients against 43% in the 

AZA patients (p=0.001). In that study, freedom from rejection in MMF group was 

17/21 while in the AZA group was 3/17 (277).  This is comparable to the study 

where 3/8 MMF patients had any rejection compared to 7/9 in AZA group.

With regard to OB, this is a small study and the results need to be interpreted with 

caution. However, this is one of the few studies that has 3 year follow-up data. 

Survival was similar in the 2 groups but incidence of OB was higher in the AZA (4/9) 

compared to MMF group (1/8) p=NS. It was also interesting to note that all patients 

with OB had at least one episode of acute rejection in the first 3 months. This also 

supports the concept that acute rejection is a major risk factor for OB and that OB is 

an immunological phenomenon.

In the previous chapter, we found a correlation between OAD and intensity of TGF-p 

staining. This finding confirmed previous clinical observations correlating TGF-P 

expression with lung fibrosis and OB in clinical lung transplantation (102,  271,

2 9 2).  In this clinical study, we aimed to investigate a previous observation (chapter 

IV) that MMF may inhibit growth factors and in particular TGF-P as part of its 

suppressive effect on fibroblasts, epithelial cells and smooth muscle cells (305,

3 0 6).  In this clinical study, there was no significant difference between the groups 

with regard to the intensity and distribution of TGF-p and EGF staining. By contrast, 

the distribution and to a lesser extent, the intensity, of staining of bFGF was reduced 

in the MMF group compared to the AZA group. The inhibition of distribution of 

staining of bFGF was more pronounced than its intensity. Only data from bFGF 

distribution was found to be statistically significant. The discrepancy between the
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animal study and these findings was not surprising as the clinical scenario following 

lung transplantation is rather complex with many conflicting variables compared to 

the controlled conditions of the animal experiment. Furthermore, the dose of MMF in 

the rat model(40mg/kg/day) was nearly twice that used in the clinical study. Those 

may explain why no significant inhibition of TGF-P expression was found in this 

study. It is also important to remember that there were other associated factors such as 

ischaemia, rejection or infection in the biopsies of the lung transplants, which are 

known to influence the expression of growth factors including TGF-p. Hence, it is 

impossible to exclude the effect of factors such as infection on the expression of these 

growth factors in the clinical setting. If biopsies associated with infection or rejection 

were excluded in this study, the sample size would become too small which makes 

statistics less meaningful.

In regard to the inhibition of bFGF, MMF may have a direct inhibitory effect, or it 

may be an indirect suppressive effect on this growth factors expression through its 

suppressive effects on fibroblasts, epithelial cells and T and B lymphocytes. These 

cells are the main source of cytokines and growth factors at the area of inflammation, 

ischaemia, infection and rejection (302).

The effect of bFGF on OB in lung transplantation is not known. However, bFGF has 

been shown to be a potent mitogen for fibroblasts, airway smooth muscle cells and 

endothelial cells {313).  It promotes cellular proliferation and differentiation. It has 

also been implicated in experimental arterial atherosclerosis (314,  315) .  Although 

there are no data to relate bFGF and lung transplantation, chronic rejection or OB, its 

known action in asthma and atherosclerosis may well suggest a significant role in the 

pathogenesis of chronic rejection or OB. This new finding is very interesting and 

worth further experimental as well as clinical studies.



1 2 8

Table (7)

MMF versus AZA in lung transplantation 

Recipient characteristics and results.

Na

me

Sex AGE TxDate OP

*

Mort

Date

Re

j

Bx last

FeV

Rand Alive/

days

cause o f  

Death

O

B

Infection

CI=**

LM F 54.7 13/11/97 s 13/06/98 1 2 0.3 aza 212 infection,

OB

1 Cl

DG F 57.7 05/12/97 sx2 09/09/99 0 3 0.58 mmf 643 hyperinflat­

ion, bleed

1 none

RS M 22.6 21/12/97 d 01/06/98 2 3 4.1 mmf 162 infection

(cap)

0 B.capacia

JG M 51.9 28/12/97 s 2 2 1.87 aza 1509 well 0 none

CK F 50.9 24/02/98 s 0 2 2.37 mmf 1451 well 0 none

PW M 54.1 28/03/98 sx2 26/01/99 2 2 0.8 aza 304 OB 1 Cl

JD F 47.8 05/05/98 s 25/05/99 0 1 1.29 aza 385 ca o f lung 0 none

KB M 31.7 22/05/98 d 14/03/99 1 5 1.19 mmf 296 infection 0 appendex

WT M 47.4 24/05/98 s 0 1 1.6 mmf 1362 well 0 sinusitis,Cl

JS F 60.1 11/06/98 s 3 3 1.08 aza 1344 well, OB 1 none

EM F 53.7 07/07/98 s 4 4 0.79 aza 1318 OB 0 Cl,OB

SN M 55.6 28/08/98 d 0 2 2.36 mmf 12 66 well 0 pacreatitis

VW M 61.8 28/10/98 s 1 1 2.93 aza 1205 well 0 PE,none

MO F 21.5 04/12/98 d 2 4 2.44 mmf 1168 well 0 CMV

BC M 60.5 23/03/99 s 24/05/99 0 2 1.33 mmf 62 stent/bleed 0 Cl,stent

PF M 62.6 31/03/99 s 12/10/99 1 3 0.4 aza 195 poor graft, 

OB

1 Cl

JT M 55.6 31/03/99 s 13/09/00 0 1 0.84 aza 532 Pancost

tumour

0 Cl

Abbreviations:

* = OP: operation, s for single lung, Sx2 single lung carried out twice, d is for bilateral sequential lung 

transplant

** = Chest infection
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Table (8)

MMF versus AZA Study. Demographic data

Age Sex IT Procedure:

SL/BL

Diagnosis

AZA 55.3 5/4 4.28 9/0

IPF=4 

Emphy=5

MMF 43 5/3 4.95 4/4

IPF=2 

Emphy=3 

CF=3

Aza: Azathioprine, MMF: Mycophenolate mofetile.
IT: Ischaemic time.
SL: Single lung transplant, BL: bilateral sequential lung transplant 
IPF: Idiopathic pulmonary fibrosis 
Emphy: Emphysema 
CF: Cystic fibrosis

Table (9)

MMF versus AZA study. Summary of results

No of 

Biopsies

No of Rej 

= >1 a

A/D OB (y/n) FEV,(L) Infective

episode

Survival

(days)

AZA 21 14 4/5 3/9 1.14 3/9 778

MMF 22 4 4/4 1/8 2.0 5/8 802

No of rej => la: number of rejections greater than la

A/D: alive/dead

OB: Obliterative bronchiolitis.
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F E V | : Forced expiratory  volum e in first second.

Table 10:

Intensity and distribution scores for TGF, EGF and bFGF in all lung biopsies. 
Biopsy Rand1 TGF/D2 TGF/I3 KGF/I)1 EGF/15 FGF/D6 FGF/I7

B98/4891 M 3/4(3) 4/4(4) 1/2(1) 1/1(1) 4/3(4) 1/1(1)

B98/2436 M 4/4(4) 4/4(4) 1/2(2) 1/1(1) 3/4(4) 2/3(3)

B98/2740 A 4/5(4) 4/5(4) 1/2(2) 1/1(1) 5/5(5) 4/5(4)

B98/265 A 4/5(4) 3/4(3) 3/4(4) 1/2(2) 4/5(5) 4/4(4)

B98/2123 A 4/4(4) 2/3(2) 1/2(1) 1/2(1) 4/4(4) 2/1(1)

B98/1802 M 2/3(3) 3/4(4) 2/3(3) 1/2(2) 3/4(4) 1/2(2)

B98/586 M 4/4(4) 3/4(4) 3/4(4) 1/2(1) 4/5(5) 1/1(1)

B99/41 M 3/4(4) 2/3(2) 4/5(5) 2/2(2) 4/5(5) 2/3(3)

B98/2435 A 4/5(4) 4/4(4) 1/2(2) 4/4(4) 4/4(4) 2/3(2)

B98/5214 M 4/4(4) 4/3(4) 2/2(2) 1/1(1) 1/2(2) 1/1(1)

B 99/2421 A 4/4(4) 4/3(4) 5/5(5) 2/3(2) 5/5(5) 2/3(3)

B98/5213 M 3/3(3) 4/4(4) 1/1(1) 1/2(1) 2/3(3) 2/2(2)

B99/2683 A 4/5(4) 4/4(4) 4/5(4) 2/3(2) 5/5(5) 3/4(3)

B98/3966 A 3/3(3) 3/4(3) 1/1(1) 1/2(1) 3/4(3) 2/3(2)

B97/7753 M 4/4(4) 4/3(4) 4/4(4) 2/3(2) 4/4(4) 3/4(4)

B98/7561 M 3/4(4) 4/4(4) 2/3(3) 1/1(1) 2/3(3) 3/3(3)

B 99/1131 M 4/4(4) 3/4(4) 1/0(0) 0/0(0) 3/4(4) 2/2(2)

B98/58 M 4/4(4) 4/5(4) 2/3(3) 3/3(3) 3/4(4) 4/4(4)

B98/1708 A 3/4(3) 3/4(3) 5/5(5) 1/1(1) 4/4(4) 3/4(3)

B98/3083 M 4/4(4) 4/3(4) 2/1(2) 1/1(1) 3/3(3) 2/3(3)

B98/506 A 4/4(4) 4/4(4) 4/5(4) 1/2(2) 5/5(5) 4/5(4)

B98/243 A 5/5(5) 4/4(4) 5/495) 3/4(3) 5/5(5) 4/4(4)

B98/4119 A 4/4(4) 4/3(4) 2/3(2) 1/1(1) 4/5(4) 4/4(4)

B98/206 A 4/4(4) 4/5(4) 1/2(2) 2/2(2) 5/5(5) 4/5(4)

B98/5238 A 5/5(5) 4/5(4) 2/3(3) 1/1(1) 5/5(5) 3/4(3)

B97/7463 A 4/4(4) 4/5(4) 5/5(5) 1/1(1) 5/5(5) 3/4(3)

1 Randomisation: A  = azathioprine, M = MMF.

2 TGF-p/D; Distiibution: Percentage o f staining per slide, (see metliodology)

3 TGF-p/I; Intensity: The intensity o f  staining per slide, (see metliodology).

4 EGF/D; Distribution: same for TGF-p .

5 EGF/I; Intensity: same for TGF-P .

6 bFGF/D; Distiibution: same as for TGF-p.

7 bFGF/I; Intensity: same as for TGF-P .
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Table 11:

TGF, bFGF and EGF Staining score for individual lung biopsies.

Lung Biopsy Code TGF EGF Rej/B FGF

B98/4891 M +++14 + 11 1/5 + + + + 1 2

B98/2436 M ++++14 ++I1 2/3 ++++13

B98/2740 A ++++14 + 11 0/1 +++++13

B98/265 A ++++13 + + + + 1 2 2/4 +++++14

B98/2123 A + + + + 1 2 + 11 2/2 + + + + 11

B98/1802 M +++14 +++12 2/3 ++++12

B98/586 M + + + + 1 4 + + + + 1 2 0/3 +++++14

B99/41 M + + + + 1 2 + + + + + 1 2 2/4 H—i—1—1—h 13

B98/2435 A ++++14 + 11 2/2 + + + + 1 2

B98/5214B M ++++14 ++I1 0/2 + + 11

B99/2421 A ++++14 + + + + + 1 2 0/1 + + + + + 1 4

B98/5213 M ++++14 + 12 0/1 +++I2

B99/2683 A ++++I4 + + + + 1 2 1/2 +++++13

B98/3966 A +++13 + 11 3/3 + + + 1 2

B97/7753 M H—1—H—h 14 + + + + 1 2 0/3 +++++14

B98/7561 M + -I -+ +  14 + + + 1 1 2/4 ++++13

B 99/1131 M +++++14 no section 1/5 ++++13

B98/58 M ++++14 + + + I3 2/3 + + + + 14

B98/1708 A + + + 13 + + + + 14 + + + + 13

B98/3083 M ++H—b 14 + + + 11 1/5 + + + + 13

B98/506 A + + + + 14 + + + + 12 2/2 + + + + + 14

B9 8/243 A + + + + + 14 + + + + + 13 +H—b + +  14

B98/4119 A + + + + 14 ++I1 2/4 + + + + 13

B98/206 A + + + + 14 + + I1 2/2 + + + + + 14

B98/5238 A + + + + + 14 +++I1 2/4 + + + + + 13

B97/7463 A - I -+ + +  14 ++++I1 1/2 + + + + + 13

K E Y +++++ High proportion of the tissue section stained (large distribution through 

tissue)

+ Low proportion of the tissue section stained (only small areas in tissue) 

14 Strong dark brown Peroxidase Staining of tissue (intensity of staining

high)

II Paler brown Peroxidase staining of the tissue (intensity staining Low)



Chapter V: Figures (49-60)

A '

Figure 49
Positive control for TG F-P, tonsillar tissue

Figure 50
N egative control for TG F, tonsillar tissue



Figure 51
Lung biopsy with positive TG F staining. Intensity grade 5 (xlO )

Figure 52 
TG F staining intensity, grade 5 (x40)



Figure 53

Lung biopsy show ing TG F staining. 
D istribution o f  grade 4 (75-100% )

m b

Figure 54

TG F distribution grade 0 (less than 5%)



Figure 55

EGF distribution grade 3 (50-75% ) 
EGF staining intensity grade 5
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Figure 56

EGF staining (X 40) show ing intensity o f  grade 3 
and distribution o f  grade 3
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Figure 57

FGF staining (x40) show ing positive distribution o f  grade 4 
(50-75% ) and intensity o f  grade 4

Figure 58
FGF staining show ing distribution grade 4 (75-100% ) 

and intensity o f  grade 5



Figure 59

Positive control for bFGF (ovarian cancer)

. '  

.  '

Figure 60

N egative control for bFGF (tonsilar tissue)
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Chapter VI

General Discussion and Conclusions
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L ung transplantation is an established therapy for end stage pulmonary failure

(110).  It offers a significant improvement in the quality of life, as well as 

prolongation in survival. However, long-term survival of lung transplant patients is 

hampered by the development of bronchiolitis obliterans syndrome or BOS (10 9, 

316) which is the main cause of long term mortality and morbidity. The incidence of 

OB is between 30-60% in the first 3 years (91,  92, 107).  Despite the 

improvement in the management of acute rejection and pulmonary infections in the 

last decade, the incidence of OB has remained more or less unchanged. There are no 

preventive therapeutic strategies yet that have reduced, significantly, the incidence of 

OB or reversed its pathology once it has started. This work was designed to unravel 

some aspects of the cellular and molecular processes that take place in the bronchioles 

of patients with OB and in the transplanted trachea of the OAD rat model. In so doing 

it was hoped to establish an improved immunosuppressive regime that may prevent or 

reduce the incidence of OB.

Previous experimental work studying the cellular and molecular processes implicated 

in OB and fibrosis have suggested an association with various cytokines and growth 

factors (235,  317 - 319 ) .  These studies were based on models for lung injury and 

OAD as well as human lung transplant patients. These studies aimed at identifying the 

pathological processes that take place in response to lung injury, and the resulting 

complex biological processes that lead to pulmonary fibrosis and ultimately OB. 

Recently, El-Gamel and associates from this unit and in collaboration with 

Manchester University reported an important observation when he demonstrated a 

correlation between increased TGF-P expression in lung biopsies and pulmonary 

fibrosis and OB in lung transplant recipients (102,  135,  292) .  From his

extensive work on different aspects of OB and lung fibrosis in lung transplant patients 

he concluded that the risks of lung allograft fibrosis were increased with frequent 

acute rejection episodes, pulmonary eosinophilia, homozygous recipient TGF-p high 

producer genotype and the use of cardiopulmonary bypass. The risk for developing 

OB was associated with recurrent acute rejection, lymphocytic bronchiolitis, 

pulmonary eosinophilia and heavy expression of TGF-p in lung biopsies. It was 

interesting to note that TGF-p positive staining preceded the histological confirmation 

of OB by 6-18 months. He also found that 2 mismatches at the HLA-A locus was a
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risk factor for OB. He reported elevated concentrations of plasma TGF-p levels in 

lung transplant recipients, particularly in those with fibrotic lung diseases in 

comparison to a normal population. The increased expression of TGF-p in lung 

transplant recipients was related to homozygous Arginine/Arginine at codon 25 of the 

TGF-P gene leader sequence, which is associated with high TGF-p producers. 

Individuals with homozygous Arginine/Arginine at codon 25 were associated with 

marked pre and post transplant fibrosis, when compared with those of the 

Arginine/Proline genotype (low TGF-P producers) (292).

In order to further investigate the role of TGF-P in OB, I set up a heterotopic 

transplant OB rat model in order that this hypothesis could be tested under 

standardised experimental conditions. Furthermore, I aimed to test two newer 

immunosuppressive agents individually and in combination, and Vitamin E 

supplements, on OAD and expression of TGF-P in tracheal biopsies.

OB is considered as a form of chronic rejection (50).  Chronic rejection is a well 

established entity in solid organ transplantation and has been extensively researched in 

other organs (302,  320 - 32 2) .  The histological features of chronic rejection in

general include persistent perivascular and interstitial inflammation that lead onto 

fibrosis, thinning of the tunica media, intimal injury that leads to intimal thickening 

and smooth muscle proliferation which ultimately leads to allograft atherosclerosis. 

This process affects arteries of most transplanted organs, like the coronary arteries in 

the heart, arteries of the kidneys and liver (320).

In addition to the general picture, there are organ specific changes. In the kidneys, 

these changes consist of interstitial fibrosis, tubular atrophy and glomerulosclerosis 

(323).  The changes in the liver are typically hepatocellular ballooning and vanishing 

bile ducts (3 21) .  In the heart, it manifests itself typically as vasculitis affecting large 

and small arteries as well as veins (324,  325) ,  the typical clinical picture of

accelerated coronary artery disease and interstitial fibrosis leading clinically to 

myocardial ischaemia/ infarction with systolic and diastolic cardiac dysfunction. In 

the pancreas, it manifests as vascular changes, acinar cell loss, fibrosis, the presence 

of foamy cells and glycosaminoglycan deposition (322).

In the lungs, in addition to the picture of vasculitis seen in other transplanted organs, 

the immunological response is directed mostly against the donor airway epithelium.
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There is an increase in the expression of MHC class II antigens 011 bronchiolar 

epithelium and the presence of lymphocytic infiltration of the allograft (53,  101,

2 61).  From the histological perspective, this fibro-proliferative disorder results in 

airway ulceration (252) ,  lymphocytic bronchitis and eosinophilia (102,  282) .

There is, in addition, submucosal fibrous thickening, extensive inflammatory cell 

infiltrate and mesenchymal cell accumulation. Peripheral lymphocytes show a distinct 

phenotypic profile characterised by disappearance of CD-19 B cells, a decrease in the 

CD4/CD8 ratio and an increase in cytotoxic effector cells (32 6). The necrotic 

epithelium will attract fibroblasts and connective tissue products causing fibro- 

collagenous occlusion of the respiratory and terminal bronchioles (93,  283,

28 4).  This inflammatory/healing process results in an increase in growth factor 

expression in which TGF-p is pivotal to the inflammatory/healing processes in the 

tissues. Augmented TGF-P expression in turn leads to further recruitment of 

inflammatory cells, fibroblasts and mesenchymal cells to the bronchioles. TGF-P also 

stimulates the synthesis of extracellular matrix and inhibits its degradation (105).  

This eventually causes an exaggerated/ intense healing process and more fibrosis. The 

healing of inflamed bronchioles attracts chronic inflammatory cells, fibroblasts and 

certain cytokines and growth factors. This milieu may promote fibrosis and scar 

formation. In severe cases this will result in total occlusion of the bronchioles leading 

to OB or BOS.

Although the exact cause of OB is still uncertain, there is substantial evidence to 

suggest an immunological cause as acute rejection and lymphocytic bronchitis are 

considered the strongest risk factors (249).  The potential strategies for the 

management of OB are generally based on prevention, stabilisation and reversal. 

Prevention clearly is the best strategy as treatments for OB are largely ineffective after 

the fibrosis is established (285) .  Prevention, however, relies on understanding the 

actual cause of OB and its pathogenesis 01* identifying the patients at most risk. Based 

on current evidence, a preventive strategy has to be based 011 prevention of acute 

rejection and reduction of the pathological processes that take place during the 

development of OB. Conclusions obtained from this study as well as other recent 

scientific work suggest that the new immunosuppressant MMF combined with 

calcineurin inhibitors offers the multiple advantages of better and more effective
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control of acute rejection, wider immunosuppressive activity with its effects on T and 

B lymphocytes and macrophages, and its direct or indirect suppressive effect on 

vascular smooth muscle cells, suppression of activated fibroblasts and adhesion 

molecules as well as suppression of growth factors such as TGF and FGF.

It was interesting that our second experiment showed a correlation between TGF-P 

expression in the tracheal biopsies and OAD. This relationship proved to be more 

complex when immunosuppression agents were used to control rejection and OAD. 

This was not surprising as growth factors particularly TGF-p are ubiquitous molecules 

that have complex functions that vary depending on the local environment and the 

stimuli that they are subjected to. There is evidence that TGF-p is overexpressed in 

the tissues during rejection. TGF-P has an immunosuppressant property and its 

expression by several cell types is augmented in CyA therapy (275) as well as by 

Tac and rapamycin (303).  On the other hand TGF-p promotes collagen, pro­

collagen and fibroblast migration and its suppression in allografts is desirable to 

prevent or dampen the intensity of chronic rejection. Hence in the experimental 

model, there is complex relationship between acute rejection and OAD which 

represents chronic rejection. To the recipient, TGF-p is beneficial in acute rejection 

and harmful in chronic rejection, so that the addition of agents like CyA has 

complicated the eventual immunohistochemical picture. Hence, in the rat experiment, 

TGF-p was moderately overexpressed in the CyA treatment group despite adequate 

control of acute rejection and OAD. By contrast, in the no treatment group TGF-P 

over-expression was rather severe while it was mild in MMF + CyA and Tac groups 

with or without MMF. I suspect that if the CyA treatment were earned out for a longer 

duration in the experimental model (>28 days) and the transplanted trachea was 

subjected to another insult (like CMV infection), this scenario (infection 

+immuno suppression) may result in an accelerated cascade of local inflammation. 

This would result in an inflammatory cell infiltrate with fibroblasts, smooth muscle 

cells, procollagen and tissue matrix in addition to the release of a number of 

cytokines, growth factors and adhesion molecules. In that milieu, the over-expression 

of TGF-p in the affected tissues will result in exaggerated/ aberrant healing that 

results in vasculitis, fibrosis and OAD.

A well known method of assessing the role of TGF-P in the experimental rat model is



143

to treat a group of animals with anti-TGF-(3 antibody and assess the outcome in the 

same way in our experiment. This is an avenue for further exploration in the future 

development of research is this important area of chronic rejection and OAD.

One of the important outcomes of our study is identifying the effect of MMF on TGF- 

(3 and OAD. When the study was earned out, MMF was a new, novel

immunosuppressant and very little was known about its effect on acute rejection as

well as on chronic rejection and OB. Since then a number of human as well as animal 

studies have shown its efficacy in both acute as well as chronic rejection (99,  113, 

129,  130,  260,  277,  2 98 - 30 0 ,  327) .  Recently, an extensive review was 

carried out by AC Allison and EM Eugui on mechanisms of action of MMF, which in 

summary suggests that, as an inhibitor of IMPDH, it selectively inhibits the

proliferation of T and B lymphocytes. It induces apoptosis of activated T

lymphocytes, it suppresses the formation of NO by inhibition of iNOS, it suppresses 

primary antibody responses, it suppresses fibroblasts, arterial smooth muscle cells, 

adhesion molecules and possibly some growth factors (272).  Finally, although on its 

own it was less effective than CyA in control of rejection and OAD (99,  2 60,

2 69),  the combination with CyA achieved both control of acute rejection as well as 

reduced TGF-(3 over-expression which is vital in the control of chronic lung rejection, 

fibrosis and OB. The combination with a calcineurin inhibitor is additive with more 

efficacy and lower toxicity for both agents (274).  Some authors even suggest a 

synergistic effect between CyA and MMF (328).  In summary, our findings in the 

animal study as well as an extensive literature search suggests that MMF and a 

calcineurin inhibitor is the ideal immunosuppressive combination for the prevention 

of OB following lung transplantation.

The randomised clinical study (chapter V) is interesting despite the small number of 

patients enrolled from this centre. The results clearly shown that there was less 

rejection in the MMF arm when compared with the standard AZA arm of the study. 

This was nearly significant(p=0.06) despite the small number of patients and biopsies. 

There was also a trend toward less OB in the MMF arm. Although there was no 

significant difference in the intensity of TGF-(3 and EGF staining between the groups, 

there was a significant difference in the expression of bFGF which was a new 

unexpected finding. This was mainly in the distribution of the bFGF staining rather



144

than in its intensity. There has been no published work to correlate bFGF to chronic 

lung rejection and OB. The basic fibroblast growth factor (bFGF) was found to 

increase in BAL of patients with atopic asthma with further increases occurring in 

response to acute allergen exposure (313).  This was thought to support the 

hypothesis that bFGF is implicated in airway modelling in asthma in which a chronic 

structural change occurs which includes subepithelial fibrosis, airway smooth muscle 

hyperplasia/hypertrophy and angiogenesis. bFGF is implicated because it is a potent 

mitogen for fibroblasts, airway smooth muscle cells and endothelial cells. bFGF was 

associated with arterial atherosclerosis in experimental human studies (329) as well 

as animal studies (314,  315, 330,  331).  bFGF is known to have a potent

mitogenic effect on endothelial cells and smooth muscle cells, promoting cellular 

proliferation and differentiation. It has also been implicated in adaptive arterial 

remodelling (332) and in promoting angiogenesis during wound healing. A recent 

study suggested that it is essential to the mediation of the stimulatory effect of 

lipoprotein (a) and LDL on endothelial cell migration and proliferation (333) .  In 

experimental arterial grafting, it has been shown to play a major role in the 

proliferation of smooth muscle cells (SMC) at anastomotic sites with bFGF blockers 

inhibiting myointimal hyperplasia (334).  Kohno and associates suggested that SMC 

migration is inhibited by bFGF neutralising antibodies and not neutralising antibodies 

for TGF-p. They concluded that migration of SMC in atherosclerosis, at least in part, 

is through the release of bFGF and this can be inhibited by bFGF neutralising 

antibodies and Vitamin E (335).  In experimental studies on aortic PTFE 

interposition grafts, the bFGF level increases and that leads to myointimal hyperplasia 

and smooth muscle cell proliferation at anastomotic sites which can be blocked by 

bFGF blocking agents (314).  It has also been suggested that thrombin induced 

myointimal hyperplasia through bFGF and PDGF production by smooth muscle cells. 

Most interestingly, Cucina and colleagues suggested that bFGF and TGF are regulated 

by nicotine and they suggest that this is the key role in the development and 

progression of atherosclerosis in smokers (330).

The above evidence strongly relate bFGF to arterial atherosclerosis as well as 

bronchial myo-proliferative disorder which are both similar processes to chronic 

rejection in the allograft vasculature as well as bronchial obliteration. This may be a
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very important observation that for the first time links bFGF with bronchiolitis 

obliterans.

With regard to EGF, MMF did not suppress this growth factor significantly when 

compared with azathioprine. Yet there have been no known relationships between 

EGF and chronic pulmonary rejection. However, from the elegant work of Pekka 

Hayry and associates on chronic rejection (302),  it seems that the role of individual 

growth factors is rather complex and interrelating. The authors believe that TGF-p 

have a central role as it acts as a master switch. It initially up-regulates IL-1, TNF, IL- 

6, bFGF and PDGF. As the activated macrophages are downregulated by TGF-p, the 

resulting pattern is one of switching off activated cells and switching on resting cells. 

TGF-p also has a direct stimulatory effect on PDGF and an inhibitory effect on EGF 

(2 64) hence it is believed that TGF-P function is stimulatory in the early phase of 

allograft atherosclerosis when PDGF is up-regulated (301,  307) but it is

inhibitory later when EGF is produced (336).

The inhibitory effect of MMF on growth factors could be explained via its 

suppressive effect on fibroblast proliferation in the area of inflammation. 

Alternatively, it could be a possible direct effect. Whether the effect is direct or 

indirect, it indicates that MMF has a specific suppressive function on chronic rejection 

by suppressing fibrogenesis. Future studies are necessary to investigate the direct and 

indirect effects of MMF on all growth factors and more particularly on TGF-p, PDGF 

and bFGF. Contrary to the animal experiment, the clinical study indicated that there 

was no significant difference in the TGF-P expression between the MMF and AZA 

groups. However, the results of the clinical experiment need to be interpreted with 

caution because, firstly the number of patients and biopsies were small so firm 

conclusions should not be drawn. Secondly, the MMF dose used clinically was lower 

than that used in the animal model. It is a known fact that the MMF effect on 

fibroblasts and other dividing cells is dose dependent. Thirdly, there were also other 

accompanying pathologies in the clinical study (but not the animal study) like 

rejection and infection that were present in the lung biopsies. This will have a 

significant effect on TGF-p expression regardless of MMF use. Finally, in the clinical 

setting, there are a number of confounding variables, known and unknown that can 

complicate the cellular, molecular and the immunohistochemical picture.



146

References:

1. Reitz BA, Wallwork JL, Hunt SA, et al. Heart-lung transplantation: successful 

therapy for patients with pulmonary vascular disease. New England Journal of 

Medicine 1982;306(10):557-64.

2. Hosenpud JD, Bennett LE, Keck BM, Boucek MM, Novick RJ. The Registry 

of the International Society for Heart and Lung Transplantation: eighteenth Official 

Report - 2001. Journal of Heart Lung Transplant 2001;20(8):805-15.

3. Heng D, Sharpies LD, McNeil K, Stewart S, Wreghitt T, Wallwork J. 

Bronchiolitis obliterans syndrome: incidence, natural history, prognosis, and risk 

factors. Journal of Heart & Lung Transplantation 1998;17(12): 1255-63.

4. Hardy JD. Human organ replacement-then and now. Trans-Stud-Coll- 

Physicians-Phila 1985;7(3): 159-76.

5. Blumenstock DA, Lewis C. The first transplantation of the lung in a human 

revisited. AnnThorac Surg 1993;56(6): 1423-4.

6. Dalton ML. The first lung transplantation. Ann Thorac Surg 1995;60(5): 1437- 

8 .

7. Cooper JD. Lung transplantation: a new era. [editorial]. Ann-Thorac-Surg 

1987;44(5):447-8.

8. Munro DD. Canada's first human lung transplantation: the untold story, with 

an update. Can J Surg 1994;37(5):432-7.

9. Jamieson SW. Combined heart and lung transplantation. West-J-Med 

1985;143(6):829-33 issn: 0093-0415.

10. Dark J. Transplantation update. Practitioner 1992;236(1512):275-7.

11. McGregor CG, Jamieson SW, Baldwin JC, et al. Combined heart-lung 

transplantation for end-stage Eisemnenger's syndrome. J-Thorac-Cardiovasc-Surg 

1986;91(3):443-50.

12. Cooper JD, Patterson GA, Grossman R, Maurer J. Double-lung transplant for 

advanced chronic obstructive lung disease. American Review of Respiratory Disease 

1989;139(2):303-7.

13. Kaiser LR, Pasque MK, Trulock EP, Low DE, Dresler CM, Cooper JD. 

Bilateral sequential lung transplantation: the procedure of choice for double-lung



147

replacement. Ann-Thorac-Surg 1991 ;52(3):438-45; discussion 445-6.

14. Cooper JD, Pohl MS, Patterson GA. An update on the current status of lung 

transplantation: report of the St. Louis International Lung Transplant Registry. Clin 

Transpl 1993:0890-9016.

15. Sleiman C, Mai H, Andreassian B, Pariente R. Single-lung transplantation in 

pulmonary emphysema, [letter; comment], N-Engl-J-Med 1990;323(8):551-2.

16. Mancini MC, Borovetz HS, Griffith BP, Hardesty RL. Changes in lung 

vascular permeability after heart-lung transplantation. J-Surg-Res 1985;39(4):305-9.

17. Erasmus ME, Petersen AH, Oetomo SB, Prop J. The function of surfactant is 

impaired during the reimplantation response in rat lung transplants. Journal of Heart 

& Lung Transplantation 1994;13(5):791-802.

18. Veldhuizen RA, Lee J, Sandler D, et al. Alterations in pulmonary surfactant 

composition and activity after experimental lung transplantation. Am-Rev-Respir-Dis 

1993;148(1):208-15.

19. Herve P, Silbert D, Cerrina J, Simonneau G, Dartevelle P. Impairment of 

bronchial mucociliary clearance in long-term survivors of heart/lung and double-lung 

transplantation. The Paris-Sud Lung Transplant Group. Chest 1993;103(l):59-63.

20. Iber C, Simon P, Skatrud JB, Mahowald MW, Dempsey JA. The Breuer- 

Hering reflex in humans. Effects of pulmonary denervation and hypocapnia. American 

Journal of Respiratory & Critical Care Medicine 1995 ;152(1):217-24.

21. Ruggiero R, Muz J, Fietsam R, Jr., et al. Reestablishment of lymphatic 

drainage after canine lung transplantation. Journal of Thoracic & Cardiovascular 

Surgery 1993;106(1):167-71.

22. Koemer SIC, Veith FJ. Hemodynamics of transplanted lungs. Chest 

1971;59(5):531-4.

23. Kramer MR, Valantine HA, Marshall SE, Stames VA, Theodore J. Recovery 

of the right ventricle after single-lung transplantation in pulmonary hypertension. 

American Journal of Cardiology 1994;73(7):494-500.

24. Yonan NA, el-Gamel A, Egan J, Kakadellis J, Rahman A, Deiraniya AK. 

Single lung transplantation for emphysema: predictors for native lung hyperinflation. 

Journal of Heart & Lung Transplantation 1998;17(2):192-201.

25. Krensky AM, Clayberger C. Transplantation immunology. Pediatric Clinics of



148

North America 1994;41(4):819-39.

26. Medawar P. A second study of the behaviour and fate of skin homograft in 

rabbits. Journal of anatomy 1945;79:179.

27. Keenan RJ, Zeevi A. Immunologic consequences of transplantation. Chest 

Surgery Clinics of North America 1995;5(1): 107-20.

28. Mamion RB, Coffman TM. Immunologic mechanisms of transplant rejection. 

Current Opinion in Nephrology & Hypertension 1992;l(2):230-5.

29. Accolla RS, Adorini L, Sartoris S, Sinigaglia F, Guardiola J. MHC: 

orchestrating the immune response. Immunology Today 1995; 16(1):8-11.

30. Ivanyi P. Biological meaning of the MHC. Folia Biologica 1995 ;41 (3-4): 178- 

89.

31. Forquet F, Danilczyk U, Lang Y, Delovitch TL. Interactions between peptides 

and major histocompatibility complex molecules during antigen processing and 

presentation. Chemical Immunology 1993;57:63-87.

32. Gill RG, Wolf L. Immunobiology of cellular transplantation. Cell 

T ransplantati on 1995 ;4(4):361 -70.

33. Trowsdale J. Genomic structure and function in the MHC. Trends in Genetics 

1993;9(4):117-22.

34. Wade WF, Davoust J, Salamero J, Andre P, Watts TH, Cambier JC. Structural 

compartmentalization of MHC class II signaling function. Immunology Today

1993; 14(11):539-46.

35. Warrens AN, Lombardi G, Lechler RI. Presentation and recognition of major 

and minor histocompatibility antigens. Transplant Immunology 1994;2(2): 103-7.

36. Watschinger B. How T cells recognize alloantigen: evidence for two pathways 

of allorecognition. Nephrology, Dialysis, Transplantation 1995; 10(9): 1556-8.

37. Duquesnoy RJ, Trager JD, Zeevi A. Propagation and characterization of 

lymphocytes from transplant biopsies. Crit Rev Immunol 1991;10(6):455-80.

38. Gaston RS. Cytokines and transplantation: a clinical perspective. 

Transplantation Science 1994;4(Suppl 1):S9-19.

39. Spring B, Fonatsch C, Muller C, et al. Refinement of HLA gene mapping with 

induced B cell line mutants. Immunogenetics 1985;21:277-291.

40. Bodmer JG, Marsh SE, Albert ED, et al. Nomenclature for the HLA system.



149

Tissue antigen 1994;44:1-18.

41. Dyer PA, Martin S, Simiott P. Histocompatibility testing for kidney 

transplantation: an update. Nephrol Dial Transplant 1995;10:23-28.

42. Sayegh MH, Watschinger B, Carpenter CB. Mechanisms of T cell recognition 

of alloantigen: the role of peptide. Transplantation 1994;57:1295-1302.

43. Larsen CP, Moms PJ, Austyn JM. Migration of dendritic leukocytes from 

cardiac allografts into host spleen. J Exp Med 1982;171:307-314.

44. Benichou G, Takizawa PA, Olson CA, McMillan M, Sercarz EE. Donor major 

histocompatibility complex (MHC) peptides are presented by recipient MHC 

molecules during graft rejection. J Exp Med 1992;175:305-308.

45. Sayegh MH, Turka LA. The role of T cell costimulatory activation pathways 

in transplant rejection. N Engl J Med 1998;388:1813-1821.

46. Kramer MR, Stoehr C, Whang JL, et al. The diagnosis of obliterative 

bronchiolitis after heart-lung and lung transplantation: low yield of transbronchial 

lung biopsy. J Heart Lung Transplant 1993;12(4):675-81.

47. Sundaresan S, Tmlock EP, Mohanakumar T, Cooper JD, Patterson GA. 

Prevalence and outcome of bronchiolitis obliterans syndrome after lung 

transplantation. Washington University Lung Transplant Group. Annals of Thoracic 

Surgery 1995;60(5): 1341-6; discussion 1346-7.

48. Reichenspumer H, Girgis RE, Robbins RC, et al. Obliterative bronchiolitis 

after lung and heart-lung transplantation. Annals of Thoracic Surgery 

1995;60(6): 1845-53.

49. De Hoyos AL, Patterson GA, Maurer JR. Pulmonary transplantation. Early 

and late results. The Toronto Lung Transplant Group. J Thoracic Cardiovasc Surg 

1992;103:295-306.

50. LoCicero J, Robinson PG, Fisher M. Chronic rejection in single -lung 

transplantation manifested by obliterative bronchiolitis. J Thorac Cardiovasc Surg 

1990;99:1059-62.

51. Reichenspumer H, Huang X, Shorthouse R, Adams B. Pathogenesis and 

treatment of obliterative aiiway disease after heterotopic tracheal allografts and 

Xenografts transplantation. Surgl Fomin 1995;46:456.

52. Al-Dossari G, Jessumn J, Bolman RMr, et al. Pathogenesis of obliterative



150

bronchiolitis: possible roles of PDGF and bFGF. Transplantation 1995;59:143-5.

53. Taylor PM, Rose ML, Yacoub MH. Expression of MHC antigens in normal 

human lungs and transplanted lungs with obliterative bronchiolitis. Transplantation 

1989;48(3):506-10.

54. Romaniuk A, Prop J, Petersen AH, Nieuwenhuis P, Wildevuur CR. Increased 

expression of class II major histocompatibility complex antigens in untreated and 

cyclosporine-treated rat lung allografts. J-Heart-Transplant 1986;5(6):455-60 issn: 

0887-2570.

55. Romaniuk A, Prop J, Petersen AH, Nieuwenhuis P, Wildevuur CR. Class II 

antigen expression on bronchial epithelium in rat lung allografts is prevented by 

cyclosporine treatment. Transplant-Proc 1987;19(1 Pt 1):218-9 issn: 0041-1345.

56. Milne DS, Gascoigne AD, Wilkes J, et al. MHC class II and ICAM-1 

expression and lymphocyte subsets in transbronchial biopsies from lung transplant 

recipients. Transplantation 1994;57(12):1762-6.

57. Ibrahim L, Dominguez M, Yacoub M. Primary human adult lung epithelial 

cells in vitro: response to interferon-gamma and cytomegalovirus. Immunology 

1993;79(1):119-24.

58. Chang SC, Hsu HK, Pemg RP, Shiao GM, Lin CY. Increased expression of

MHC class II antigens in rejecting canine lung allografts. Transplantation 

1990;49(6): 1158-63.

59. Jordan SC, Kondo T, Prehn J, Marchevsky A, Waters P. Cytokine gene

activation in rat lung allografts: analysis by northern blotting. Transplant Proc 

1991 ;23(1 Pt l):604-6.

60. Chang SC, Hsu HK, Pemg RP, Shiao GM, Lin CY. Usefulness of cytokines in

early detection of canine lung allograft rejection. Transplant Proc 1992;24(4): 1498-9.

61. Chang SC, Hsu HK, Lin CY. Usefulness of bronchoalveolar cell profile in 

early detection of canine lung allograft rejection. Immunol Lett 1991;29(3):265-70.

62. Chang SC, Hsu HK, Pemg RP, Shiao GM, Lin CY, Significance of 

biochemical markers in early detection of canine lung allograft rejection. 

Transplantation 1991 ;51 (3): 579-84.

63. Burke CM, Glanville AR, Theodore J, Robin ED. Lung immunogenicity, 

rejection, and obliterative bronchiolitis. Chest 1987;92(3):547-9 issn: 0012-3692.



151

64. Paradis IL, Williams P. Infection after lung transplantation. Seminars in 

Respiratory Infections 1993;8(3):207-15.

65. Yousem SA, Paradis IL, Dauber J. Vascular abnormalities in long term heart - 

lung transplant recipients. Transplantation 1989;47:564-569/.

66. McCarthy PM, Kirby TJ, White RD, et al. Lung and heart-lung 

transplantation: the state of the art. [see comments]. Cleveland Clinic Journal of 

Medicine 1992;59(3):307-16.

67. Higenbottam T, Otulana BA, Wallwork J. Transplantation of the lung. 

European Respiratory Journal 1990;3(5):594-605.

68. Dark J, Cooper JD. Transplantation of the lungs. Br-J-Hosp-Med 

1987;37(5):443-5 issn: 0007-1064.

69. Dark J, Corris PA. The current state of lung transplantation [see comments]. 

Thorax 1989;44(9):689-92.

70. Dark JH. Lung transplantation. Transplant-Proc 1994;26(3): 1708-9 issn: 0041- 

1345.

71. Bonser RS, Fragomeni LS, Jamieson SW. Heart-lung transplantation. 

Investigative Radiology 1989;24(4):310-22.

72. Geiran O, Lindberg H, Froysaker T, et al. Single lung transplantation as 

treatment of terminal lung diseases. Tidsskr-Nor-Laegeforen 1991;111(3):306-10 issn: 

0029-2001.

73. Egan TM, Cooper JD. Surgical aspects of single lung transplantation. Clin- 

Chest-Med 1990;11(2): 195-205 issn: 0272-5231.

74. Griffith BP, Hardesty RL, Annitage JM, et al. A decade of lung 

transplantation. Ann-Surg 1993;218(3):310-8; discussion 318-20 ISSN: 0003-4932.

75. Peters SG, McDougall JC, Scott JP, Midthun DE, Jowsey SG. Lung 

transplantation: selection of patients and analysis of outcome. Mayo Clinic 

Proceedings 1997;72(l):85-8.

76. Novick RJ, Andreassian B, Schafers HJ, et al. Pulmonary retransplantation for 

obliterative bronchiolitis. Intermediate-term results of a North American-European 

series. Journal of Thoracic & Cardiovascular Surgery 1994;107(3):755-63.

77. Novick RJ, Schafers HJ, Stitt L, et al. Seventy-two pulmonary 

retransplantations for obliterative bronchiolitis: predictors of survival. Annals of



152

Thoracic Surgery 1995;60(l):lll-6.

78. Bye MR, Ewig JM, Quittell LM. Cystic fibrosis. Lung 1994;172(5):251-70.

79. Heritier F, Madden B, Hodson ME, Yacoub M. Lung allograft transplantation: 

indications, preoperative assessment and postoperative management. European 

Respiratory Journal 1992;5 (10): 1262-78.

80. Cooper DK, Novitzky D, Rose AG, Reichart BA. Acute pulmonary rejection 

precedes cardiac rejection following heart-lung transplantation in a primate model. J- 

Heart-Transplant 1986;5(l):29-32 issn: 0887-2570.

81. Cooper JD. Current status of lung transplantation. Transplant-Proc 

1991 ;23(4):2107-14 issn: 0041-1345.

82. Arbustini E, Morbini P, Grasso M, et al. Human cytomegalovirus early 

infection, acute rejection, and major histocompatibility class II expression in 

transplanted lung. Molecular, immunocytochemical, and histopathologic 

investigations. Transplantation 1996;61(3):418-27.

83. Brown MJ, Miller RR, Muller NL. Acute lung disease in the 

immunocompromised host: CT and pathologic examination findings. Radiology 

1994;190(l):247-54.

84. Dauber JH, Paradis IL, Dummer JS. Infectious complications in pulmonary 

allograft recipients. Clin Chest Med 1990; 11(2):291-308.

85. Higenbottam T, Stewart S, Penketh A, Wallwork J. Transbronchial lung 

biopsy for the diagnosis of rejection in heart-lung transplant patients. Transplantation 

1988;46(4):532-9.

86. Yousem SA, Berry GJ, Cagle PT, et al. Revision of the 1990 working 

formulation for the classification of pulmonary allograft rejection: Lung Rejection 

Study Group. Journal of Heart & Lung Transplantation 1996;15(1 Pt 1):1-15.

87. Turlock EP. Management of lung transplant rejection. Chest 

1993;103(5): 1566-76.

88. Higenbottam T, Stewart S, Penketh A, Wallwork J. The diagnosis of lung 

rejection and opportunistic infection by transbronchial lung biopsy. Transplant-Proc 

1987;19(5):3777-8 issn: 0041-1345.

89. Stewart S. Pathology of heart and lung rejection. Transpl Immunol 

1994;2(2): 123-7.



153

90. Sundaresan S. The impact of bronchiolitis obliterans on late morbidity and 

mortality after single and bilateral lung transplantation for pulmonary hypertension. 

Seminars in Thoracic & Cardiovascular Surgery 1998; 10(2): 152-9.

91. Bando K, Paradis IL, Similo S, et al. Obliterative bronchiolitis after lung and 

heart-lung transplantation. An analysis of risk factors and management. Journal of 

Thoracic & Cardiovascular Surgery 1995;110(1):4-13; discussion 13-4.

92. Valentine VG, Robbins RC, Berry GJ, et al. Actuarial survival of heart-lung 

and bilateral sequential lung transplant recipients with obliterative bronchiolitis. 

Journal of Heart & Lung Transplantation 1996;15(4):371-83.

93. Yousem SA, Burke CM, Billingham ME. Pathologic pulmonary alterations in 

long-term human heart-lung transplantation. Human Pathology 1985;16(9):911-23.

94. Burke CM, Theodore J, Dawkins KD, et al. Post-transplant obliterative 

bronchiolitis and other late lung sequelae in human heart-lung transplantation. Chest 

1984;86(6):824-9.

95. Uyama T, Winter JB, Groen G, Wildevuur CR, Monden Y, Prop J. Late

airway changes caused by chronic rejection in rat lung allografts. Transplantation

1992;54(5):809-12.

96. Yousem SA, Dauber JA, Keenan R, Paradis IL, Zeevi A, Griffith BP. Does 

histologic acute rejection in lung allografts predict the development of bronchiolitis 

obliterans? Transplantation 1991;52(2):306-9.

97. Scott JP, Higenbottam TW, Sharpies L, et al. Risk factors for obliterative 

bronchiolitis in heart-lung transplant recipients, [published erratum appears in 

Transplantation 1991 Aug;52(2):388]. Transplantation 1991 ;51(4):813-7.

98. Hertz MI, Jessurun J, King MB, Savik SK, Murray JJ. Reproduction of the 

obliterative bronchiolitis lesion after heterotopic transplantation of mouse airways. 

American Journal of Pathology 1993; 142(6): 1945-51.

99. Huang X, Reichenspumer H, Shorthouse R, Adams B, Berry G, Morris RE. 

Heterotopic tracheal allograft transplantation: A new model to study the molecular 

events causing obliterative aiiway disease (OAD) in rats. J Heart Lung Transplant

1995; 14:549.

100. Morris RE, Huang X, Reichenspumer H, Shorthouse R, Adams B, Berry G. 

Tracheal allograft transplantation: A model of obliterative aiiway disease (OAD) and



154

its treatment with new immunosuppressive drugs. J Heart Lung Transplant 

1995;14:565.

101. al-Dossari GA, Kshettry VR, Jessurun J, Bolman RM, 3rd. Experimental 

large-animal model of obliterative bronchiolitis after lung transplantation. Annals of 

Thoracic Surgery 1994;58(l):34-9; discussion 39-40.

102. El-Gamel A, Sim E, Hasleton P, et al. Transforming growth factor beta (TGF- 

beta) and obliterative bronchiolitis following pulmonary transplantation. Journal of 

Heart & Lung Transplantation 1999; 18(9): 828-3 7.

103. Amento EP, Beck LS. TGF-beta and wound healing. Ciba Foundation 

Symposium 1991;157:115-23; discussion 123-9.

104. Khalil N, Greenberg AH. The role of TGF-beta in pulmonary fibrosis. Ciba 

Foundation Symposium 1991;157:194-207; discussion 207-11.

105. Noble NA, Harper JR, Border WA. In vivo interactions of TGF-beta and 

extracellular matrix. Progress in Growth Factor Research 1992;4(4):369-82.

106. Siddiqui MT, Garrity ER, Husain AN. Bronchiolitis obliterans organizing 

pneumonia-like reactions: a nonspecific response or an atypical form of rejection or 

infection in lung allograft recipients? Human Pathology 1996;27(7):714-9.

107. Wahlers T, Haverich A, Schafers HJ, et al. Chronic rejection following lung 

transplantation. Incidence, time pattern and consequences. European Journal of 

Cardio-Thoracic Surgery 1993 ;7(6):319-23; discussion 324.

108. Spector NM, Connolly MA, Garrity ER, Jr. Lung transplant rejection: 

obliterative bronchiolitis. American Journal of Critical Care 1996;5(5):366-72.

109. Cooper JD, Billingham M, Egan T, et al. A working formulation for the 

standardization of nomenclature and for clinical staging of chronic dysfunction in lung 

allografts. International Society for Heart and Lung Transplantation. Journal of Heart 

& Lung Transplantation 1993; 12(5):713-6*

110. Cooper JD, Patterson GA, Trulock EP. Results of single and bilateral lung 

transplantation in 131 consecutive recipients. Washington University Lung Transplant 

Group. Journal of Thoracic & Cardiovascular Surgery 1994;107(2):460-70; discussion 

470-1.

111. Diamond DA, Michalski JM, Lynch JP, Trulock EPr. Efficacy of total 

lymphoid irradiation for chronic allograft rejection following bilateral lung



155

transplantation. Int J Radiat Oncol Biol Phys. 1998;41(4):795-800.

112. Kesten S, Rajagopalan N, Maurer J. Cytolytic therapy for the treatment of 

bronchiolitis obliterans syndrome following lung transplantation. Transplantation 

1996;61(3):427-30.

113. Whyte RI, Rossi SJ, Mulligan MS, et al. Mycophenolate mofetil for 

obliterative bronchiolitis syndrome after lung transplantation. Annals of Thoracic 

Surgery 1997;64(4):945-8.

114. Speich R, Boehler A, Thurnlieer R, Weder W. Salvage therapy with 

mycophenolate mofetil for lung transplant bronchiolitis obliterans: importance of 

dosage. Transplantation 1997;64(3):533-5.

115. Ross DJ, Lewis MI, Kramer M, Vo A, Kass RM. FK 506 'rescue' 

immunosuppression for obliterative bronchiolitis after lung transplantation. Chest 

1997; 112(5): 1175-9.

116. Kesten S, Chaparro C, Scavuzzo M, Gutierrez C. Tacrolimus as rescue therapy 

for bronchiolitis obliterans syndrome. Journal of Heart & Lung Transplantation 

1997;16(9):905-12.

117. Homing NR, Lynch JP, Sundaresan SR, Patterson GA, Trulock EP.

Tacrolimus therapy for persistent or recurrent acute rejection after lung 

transplantation. Journal of Heart & Lung Transplantation 1998;17(8):761-7.

118. Novick RJ, Kaye MP, Patterson GA, et al. Redo lung transplantation: a North 

American-European experience. Journal of Heart & Lung Transplantation 1993; 12(1 

Pt 1):5-15; discussion 15-6.

119. Dummer JS, White LT, Ho M, Griffith BP, Hardesty RL, Bahnson HT. 

Morbidity of cytomegalovirus infection in recipients of heart or heart-lung transplants 

who received cyclosporine. J-Infect-Dis 1985;152(6):1182-91 issn: 0022-1899.

120. Ettinger NA, Bailey TC, Trulock EP, et al. Cytomegalovirus infection and 

pneumonitis. Impact after isolated lung transplantation. Washington University Lung 

Transplant Group. American Review of Respiratoiy Disease 1993; 147(4): 1017-23.

121. Fend F, Prior C, Margreiter R, Mikuz G. Cytomegalovirus pneumonitis in 

heart-lung transplant recipients: histopathology and clinicopathologic considerations. 

Human Pathology 1990;21(9):918-26.

122. Lemstrom K, Kallio E, Krebs R, Bruggeman C, Hayry P, Koskinen P.



156

Cytomegalovirus infection accelerates obliterative bronchiolitis of rat tracheal 

allografts. Transplant International 1996;9(Suppl l):S221-2.

123. Cohen DJ, Loertscher R, Rubin MF, Tilney NL, Carpenter CB, Strom TB. 

Cyclosporine: a new immunosuppressive agent for organ transplantation. Ann-Intem- 

Med 1984;101(5):667-82 issn: 0003-4819.

124. Goldberg M, Lima O, Morgan E, et al. A comparison between cyclosporin A 

and methylprednisolone plus azathioprine on bronchial healing following canine lung 

autotransplantation. J-Thorac-Cardiovasc-Surg 1983;85(6):821-6 issn: 0022-5223.

125. Judson MA. Clinical aspects of lung transplantation. Clinics in Chest 

Medicine 1993;14(2):335-57.

126. Modiy DL, Oyer PE, Jamieson SW, et al. Cyclosporine in heart and heart-lung 

transplantation. Can-J-Surg 1985;28(3):274-80, 282 issn: 0008-428x.

127. Keenan RJ, Kawai A, Paradis IL, et al. Clinical trial of Tacrolimus versus 

Cyclosporine in Lung Transplantation. Annals of Thoracic Surgery 1995;60:580-85.

128. Speich R, Boehler A, Zalunardo MP, Stocker R, Russi EW, Weder W. 

Improved results after lung transplantation - analysis of factors. Swiss Med Wkly 

2001;131:238-245.

129. Ross DJ, Waters PF, Levine M, Kramer M, Ruzevich S, Kass RM. 

Mycophenolate mofetil versus azathioprine immunosuppressive regimens after lung 

transplantation: preliminary experience. Journal of Heart & Lung Transplantation 

1998;17(8):768-74.

130. Corns P, Glanville A, McNeil K, et al. One year analysis of an ongoing 

international randomized study of mycophenolate mofetile (MMF) vs azathioprine 

(AZA) in lung transplantation. J Heart Lung Transplant 2001 ;20(2): 149-150.

131. Rajendra. R. The role of transforming growth factor -beta in repair and 

fibrosis. Chest 1991:61S-65S.

132. Vaillant P, Menard O, Vignaud JM, Martinet N, Martinet Y. The role of 

cytokines in human lung fibrosis. Monaldi Archives for Chest Disease

1996;51(2): 145-52.

133. Crystal RG, Bitterman PB, Rennard SI, Hance AS, Keough BA. Interstitial 

lung diseases of unknown cause. N Engl J Med 1984;31:154-161 and 235-244.

134. Thet LA, Parra SC, Shelboume JD. Sequential changes in lung morphology



157

during the repair of acute oxygen-induced lung injury in adult rats. Exp Lung Res 

1986;11:209-228.

135. El-Gamel A, Awad M, Sim E, et al. Transforming growth factor-betal and 

lung allograft fibrosis. European Journal of Cardio-Thoracic Surgery 1998;13(4):424-

30.

136. Dickson MC, Martin JS, Cousins FM, Kulkami AB, Karlsson S, Akhurst RJ. 

Defective haematopoiesis and vasculogenesis in transforming growth factor-beta 1 

knock out mice. Development 1995; 121 (6): 1845-54.

137. Dinarello C, al. e. The physiological and pathological effects of cytokines.

New York: Liss, 1990. (al. DCe, ed.

138. Balkwill. FR. Cytokines A practical approach. Oxford: IRL Press, 1991. (FR 

B, ed.

139. Oppenheim JJ. The molecular and cellular aspects of cytokines and 

pathophysiological and therapeutic roles of cytokines. New York: A. R. Liss, 1990.

(al OJe, ed.

140. Paul WE, Seder RA. Lymphocyte response and cytokines. Cell 1994;50:537- 

544.

141. Mosmann TR, Coffman RL. TH-1 and TH-2 cells: Different patterns of 

lymphokines secretion lead to different functional properties. Annu Rev Immunology 

1989;7:145-173.

142. Seder RA, Paul WE. Aquisition of lymphokine-producing phenotype by CD4+ 

T cells. Annu Rev. Immunology 1994;12:635-673.

143. Gray PW, Goeddel DV. Structure of human immune interferon gene. Nature 

1982;298:859-863.

144. Paliard X, de Waal Malefijt R, Yssel H, et al. Simultaneous production of IL- 

2, IL-4, and INF-gannna by activated human CD4+ and CD8+ T cells clones. J 

Immunology 1988;141:849-855.

145. Vileek J, Gary PW, Rinderknecht E, Sevastopoulos CG. Interferon gamma: a 

lymphokine for all seasons. Lymphokines 1985;11:1-32.

146. Farrar MA, Schreiber RD. The molecular cell biology of interferon-gamma 

and its receptor. Annu Rev Immunology 1993;11:571-611.

147. Stolpen AH, Guinan EC, Fiers W, Pober JS. Recombinant tumor necrosis



158

factor and immune interferon act singly and in combination to recognise human 

vascular endothelial cell monolayers. AM L Pathol 1986;123:16-24.

148. Clark JC, Dedon TF, Wayner EA, Carter WG. Effect of interferon-gamma on 

expression of cell surface receptors for collagen and deposition of newly synthesized 

collagen by cultured human lung fibroblasts. J Clin Invest 1989;83:1505-1511.

149. Sempowski GD, Chess PR, Phipps RP. CD40 is a functional activation antigen 

and B7-independent T-cell co-stimulatory molecule on normal human lung 

fibroblasts. J Immunol 1997;158:4670-4677.

150. Sidhu RS, Bolton AP. Tumour necrosis factor activities and cancer therapy: A 

prospective. Pharmacol Ther 1993;57:79-128.

151. Pober JS, Cotran RS. The role of enothelial cells in transplantation.

T ransplantation 1990;50:537-544.

152. Strieter RM, Kunkel SL, Showell HJ, et al. Endothelial cell gene expression of 

a neutrophil chemotactic factor by TNF-alpha, LPS, and IL-1B. Science 

1989;243:1467-1469.

153. Yokota S, Geppert TD, Lipsky PE. Enhancement of antigen and mitogen 

induced humal T lymphocytes proloferation by tumour necrosis factor- alpha. J 

Immunol 1988;140:531-536.

154. Ross R, Raines EW, Bowen-Pope DF. The biology of platelet - derived growth 

factor. Cell 1986;46:155-169.

155. Helden C, Westermark B. Platelet-derived groth factor: A family of isoforms 

that bund to two distinct receptors. Br Med Bull 1989;45:453-464.

156. Brewitt B, Clark J. Growth and transparency in the lens, an epithelial tissue, 

stimulated by pulses ofPDGF. Science 1988;242:777-779.

157. Rutherford RB, Ross R. Platelet factors stimulate fibroblasts and smooth 

muscle cells quiescent in plasma serun to proliferate. J Cell Biol 1976;69:196-203.

158. Ross R, Glomset JA, Kariya B, Harker L. A platelet-dependent serum factor 

that stimulate the proliferation of arterial smooth muscle cells in vitro, proc Natl Acad 

SciUSA. 1974;71:1207-1210.

159. Grotendorst. G. Growth and transparency in the lens, an epithelial tissue, 

stimulated by pulses ofPDGF. Cell 1984;36:279-285.

160. Narayanan AS, Page RC. Biosynthesis and regulation of type V collagen in



159

diploid human fibroblasts. J Bio Chem 1983;258:11694-11699.

161. Chua CC, Deiman DE, Keller GH, Ladda RL. Induction of collagenase 

secretion in human fibroblast cultures by growth promoting factors. J Biol Chem 

1985;260:5213-5216.

162. Antoniades HN, Williams LT. Human platelet-derived growth factor:

Structure and function. Fed Proc 1983;42:2630-2634.

163. Esch F, Baird A, Ling N, et al. Primary structure of bovine pituitaiy basic 

fibroblast growth factor (FGF) and comparison with the amino-terminal sequence of 

bovine brain acidic FGF. Proceedings of the National Academy of Sciences of the 

United States of America 1985;82(19):6507-11.

164. Opalenic SR, Shin JT, Wehby JN, Mahesh VK, Thompson JA. The HIV-1 

TAT protein induces the expression and extracellular appearance of acidic fibroblast 

growth factor. J Biol Chem. 1995;235:442.

165. Folkman J, Klagsbrun M. Angiogenic factors. Science 1987;235(4787):442-7.

166. Burgess W, Maciag, T. The heparin-binding (fibroblast) growth factor family 

of proteins. Annu Rev Biochem 1989;58:575.

167. Zhan X, Hu X, Friesel R, Maciag T. Long term growth factor exposure and 

differential tyrosine phosphorylation are required for DNA synthesis in BALBc 3T3 

cells. J Biol Chem 1993;268:9611.

168. Johnson DE, Williams LT. Structural and functional diversity in the FGF 

receptor multigene family (Review). Adv Cancer Res 1993;60:1.

169. Gospodarowicz D. Purification of a fibroblast growth factor from bovine 

pituitary. JBiol Chem 1975;250:2515.

170. Gautschi-Sova P, Jian ZP, Frater-Schroder M, Bohlen P. Acidic fibroblast 

growth factor is present in non neural tissue: isolation and chemical characterization 

from bovine kidney. Bio-chemistry 1987;26:5844.

171. Kerby JD, Verran DJ, Luo KL, et al. Immunolocalization of FGF-1 and 

receptors in human renal allograft vasculopathy associated with chronic rejection. 

Transplantation 1996;62(4):467-475.

172. Zhao XM, Yeoh TIC, Frist WH, Porterfield DL, Miller GG. Induction of acidic 

fibroblast growth factor and full length Platelet-derived growth factor expression in 

human cardiac allografts. Circulation 1994;90:679.



160

173. Thomas ICA. Fibroblast growth factors. FASEB Journal 1987;l(6):434-40.

174. Smith SK. Angiogenesis and implantation. Human Reproduction 

2000;15(Suppl 6):59-66.

175. Stein-Oakley AN, Tzanidis A, Fuller PJ, Jablonski P, Thomson NM. 

Expression and distribution of epidermal growth factor in acute and chronic renal 

allograft rejection. Kidney International 1994;46(4): 1207-15.

176. Jorgensen PE, Kamper AL, Munck O, Strandgaard S, Nexo E. Urinary 

excretion of epidermal growth factor in living human kidney donors and their 

recipients. European Journal of Clinical Investigation 1995;25(6):442-6.

177. Grotendorst GR, Soma Y, Takehara K, Charette M. EGF and TGF-alpha are 

potent chemoattractants for endothelial cells and EGF-like peptides are present at sites 

of tissue regeneration. Journal of Cellular Physiology 1989;139(3):617-23.

178. Kampfer H, Muhl H, Manderscheid M, et al. Regulation of interleukin-18 (IL- 

18) expression in keratinocytes (HaCaT): implications for early wound healing. 

European Cytokine Network 2000;11(4):626-33.

179. Machida T, Taga M, Minaguchi H. Effects of epidermal growth factor and 

transforming growth factor alpha on the mouse trophoblast outgrowth in vitro. 

European Journal of Endocrinology 1995;133(6):741-6.

180. Kitamura H, Inayama Y, Ito T, Nakatani Y, Maehara T, Ogawa N. Expression 

of epidermal growth factor receptor in adult human aiiway epithelium — application 

of AMeX method. Nihon ICyobu Shikkan Gakkai Zasshi. Japanese Journal of 

Thoracic Diseases 1992;30(ll):1957-62.

181. Kvist N, Nexo E. Epidermal growth factor in mine after kidney transplantation 

in humans. Urological Research 1989;17(4):255-8.

182. Toubeau G, Nonclercq D, Zanen J, Laurent G, Schaudies PR, Heuson- 

Stiennon JA. Renal tissue expression of EGF and EGF receptor after ischaemic 

tubular injury: an immunohistochemical study. Experimental Nephrology 

1994;2(4):229-39.

183. Jaeger LA, Lamar CH. Immunolocalization of epidermal growth factor (EGF) 

and EGF receptors in the porcine upper gastrointestinal tract, American Journal of 

Veterinary Research 1992;53(9): 1685-92.

184. Hayry P, Aavik E, Myllamiemi M. Blockade of growth factor synthesis and



161

growth factor action: two possible sites of interference in allograft vessel disease and 

coronary bypass or balloon injury. Metabolism: Clinical & Experimental 1996;45(8 

Suppl 1): 101-3.

185. Hosenpud JD, Morris TE, Shipley GD, Mauck KA, Wagner CR. Cardiac 

allograft vasculopathy. Preferential regulation of endothelial cell-derived 

mesenchymal growth factors in response to a donor-specific cell-mediated allogeneic 

response. Transplantation 1996;61(6):939-48.

186. Jaramillo A, Naziruddin B, Zhang L, et al. Activation of human aiiway 

epithelial cells by non-HLA antibodies developed after lung transplantation: a 

potential etiological factor for bronchiolitis obliterans syndrome. Transplantation 

2001;71(7):966-76.

187. Roberts AB, Anzano MA, Wakefield LM, Roche NS, Stem DF, Sporn MB. 

Type-B transforming growth factor: A bifunction regulator of cellular growth. Proc 

Natl Acad Sci USA 1985;82:119-123.

188. Fleisher TA. Immune function. Pediatrics in Review 1997;18(10):351-6.

189. Beck LS, Chen TL, Mikalauski P, Ammann AJ. Recombinant human 

transforming growth factor-beta 1 (rhTGF-beta 1) enhances healing and strength of 

granulation skin wounds. Growth Factors 1990;3(4):267-75.

190. Spom M, Roberts AB, Wakefield LM, Assoian RK. Transforming growth 

factor-Beta: Biological function and chemical structure. Science 1986;233:532-534.

191. Spom MB, Roberts AB. Transforming growth factor-Betas. In: Spom MB, 

Roberts eds. Peptide Growth Factors and Their Receptors I. Springer-Verlag, Second 

Edition. 1991.

192. Adzick NS, Lorenz HP. Cells, matrix, growth factors, and the surgeon. The 

biology of scarless fetal wound repair. Aim Surg 1994;220(l):10-8.

193. Konig A, Bruckner-Tuderman L. Transforming growth factor-beta promotes 

deposition of collagen VII in a modified organotypic skin model. Laboratory 

Investigation 1994;70(2):203-9.

194. Martinet Y, Menard O, Vaillant P, Vignaud JM, Martinet N. Cytokines in 

human lung fibrosis. Archives of Toxicology. Supplement 1996;18:127-39.

195. Pawelec G, Rehbein A, Schlotz E, Friccius H, Pohla H. Cytokine modulation 

of TH1/TH2 phenotype differentiation in directly alloresponsive CD4+ human T cells.



162

Transplantation 1996;62(8): 1095-101.

196. Roberts AJ, Skinner MK. Transforming growth factor-alpha and -beta 

differentially regulate growth and steroidogenesis of bovine thecal cells during antral 

follicle development. Endocrinology 1991;129(4):2041-8.

197. Roberts AB, Spom MB. Differential expression of the TGF-beta isofomis in 

embryogenesis suggests specific roles in developing and adult tissues. Molecular 

Reproduction & Development 1992;32(2):91-8.

198. Roberts AB, McCune BK, Sporn MB. TGF-beta: Regulation of extracellular 

matrix. Kidney Int 1992;41:557-559.

199. Nunes I, Kojima S, Rifkin DB. Effects of endogenously activated transforming 

growth factor-beta on growth and differentiation of retinoic acid-treated HL-60 cells. 

Cancer Research 1996;56(3):495-9.

200. Gitelman SE, Derynck R. Transforing growth factor -Beta In: Nicos AN ed. 

Guidebook to Cytokines and Their Receptors. Second Edition. Oxford university 

Press 1995.

201. Ban*. PJ. Mammalian subtilisins: The long-sought dibasic processing 

endoproteases. Cell 1991;66:1-3.

202. Massague. J. The transforming growth factor-beta family. Annu Rev Cell Biol 

1990;6:597-641.

203. Derynck R, Lindquist PB, Lee A, et al. A new type of transfomiing growth 

factor-Beta, TGF-b3. EMBO J 1988;7:3737-3743.

204. Meager. A. Assays for transfomiing growth factor-Beta. J Imm Med. 

1991;141:1-14.

205. Lyon RM, Gentry LE, Purchio AF, Moses HL. Mechanism of activation of 

latent recumbinant transfomiing growth factor-beta by plasmin. J Cell Biol 

1990;110:1361-1367.

206. Harpel J, Metz C, Kojima S, Rifkin D. Control of transfomiing growth factor- 

beta activity: Latency versus activation. Prog Growth Factor Res. 1992;4:321-325.

207. Dennis PA, Rifkin DB. Cellular activation of latent transfomiing growth 

factor-beta requires binding to the cation-independent mannose 6-phosphate/insulin- 

like growth factor type II receptors. Proc Natl Acad Sci USA 1991;88:580-584.

208. Flaumenliaft R, Rifkin DB. The extracellular regulation of growth factor



163

action. Mol Biol Cell. 1992;3:1057-1065.

209. O'Connor-McCourt MD, Wakefield IM. Latent trabsforming growth factor- 

beta in serum. J Biol Chem. 1987;262:14090-14099.

210. Del Giudice G, Crow MK. Role of transforming growth factor beta (TGF beta) 

in systemic autoimmunity. Lupus 1993;2(4):213-20.

211. Ruscetti FW, Palladino MA. Transforming growth factor-beta and the immune 

system. Prog Growth Factor Res 1991 ;3(2): 159-75.

212. Ruscetti FW, Jacobsen SE, Birchenall-Roberts M, et al. Role of transfomiing 

growth factor-beta 1 in regulation of hematopoiesis. Annals of the New York 

Academy of Sciences 1991;628:31-43.

213. Spom M, Roberts A, Wakefield L, De Crombmgghe B. Some recent advances 

in the chemistry and biology of transforming growth factor-beta. J Cell Biol 

1987;105:1039-1045.

214. Holly R, Bohlen P, Fava R, Baldwin JIT, Kleeman G, Armour R. Purification 

of kidney epithelial cell growth inhibitors. Proc Natl Acad Sci USA. 1980;77:5989- 

5992.

215. Massague J, Heino J, Laiho M. Mechanisms in TGF-beta action. Ciba 

Foundation Symposium 1991;157:51-9; discussion 59-65.

216. Anzano MA, Roberts AB, Spom MB. Anchorage-independent growth of 

primary rat embryo cells is induced by platelets-derived growth factor and inhibited 

by type-beta transfomiing growth factor. J Cell Physiol 1986;126:321-328.

217. Kehrl J, Taylor A, Delsing G, Roberts A, Spom M, Fauci A. Further studies of 

the role of TGF-B in human B cell function. J Immunol 1989;143:1868-1874.

218. Kehrl JH, Roberts AB, Wakefield LM, Jakowlew S, Spom MB, Fauci AS. 

Transfomiing growth factor-beta is an important immunomodulatory protein for 

human B-lymphocytes. J Immunol 1986;137:13855-13860.

219. Kehrl J, Wakefield L, Roberts A, et al. Production of transforming growth 

factor b by human T lymphocytes and its potential role in the regulation of T cell 

growth. JExp Med 1986;163:1037-1050.

220. Keller J, Mantel C, ing GK, Ellingsworth L, Ruscetti SK, FW. R.

Transforming growth factor-beta 1 selectively regulates early murine haematopoietic 

progenitors and inhibits the growth of IL-3 dependent myeloid leukemia cell lines. J



164

Exp Med 1988;168:737-750.

221. Laiho M, De Caprio JA, Ludlow JW, Massague J. rowth inhibition by TGF- 

beta linked to suppression of retinoblastoma protein phosphorylation. Cell 

1990;62:175-185.

222. Ristow. HJ. BSC-1 growth inhibitor type beta transfomiing growth factor is a 

strong inhibitor of thrombocyte proliferation. Proc Natl Acad Sci USA. 1986;83:5531- 

5534.

223. Rook AH, Kehrl JH, Wakefield LM, et al. Effect of transfomiing growth 

factor-beta on the function of natural killer cells: Depressed cytolytic activity and 

blunting of interferon responsiveness. J Immunol 1986;136:3916-3920.

224. Mule JJ, Schwarz SL, Roberts AB, Spom MB, Rosenberg SA. Transfomiing 

growth factor-beta inhibit the in vitro generation of lymphokine-activated killer cells 

and cytotoxic T cells. Cancer Immunol Immunother 1988;26:95-100.

225. Wahl SM, Hunt DA, Wong HL, et al. Transforming growth factor-beta is a 

potent immunosuppressive agent that inhibit IL-1 dependent lymphocyte proliferation. 

J Immunol 1988;140:3026-3032.

226. Czarniecki CW, Chin HH, Wong GHW, McCabe SM, Palladino MA. 

Transforming growth factor-betal modulate the expression in class II 

histicompatability antigen on human cells. J Immunol 1988;140:4217-4223.

227. Coffman RL, Lehman DA, Shrader B. Transfomiing growth factor-beta 

specifically enhance IgA production by lipopolysaccharide-stimulated murine B 

lymphocytes. J Exp Med 1989;170:1039-1044.

228. Derynck R, Rliee L, Chen EY, Tilburg A. V. Intron-exon stracture of human 

transforming growth factor-beta precursor gene. Nucleic Acids Res 1987; 15:3188.

229. Christ M, McCartney-Francis NL, Kulkami AB, et al. Immune dysregulation 

in TGF-beta 1-deficient mice. Journal of Immunology 1994;153(5): 1936-46.

230. Wahl SM, Hunt DA, Wakefield LM, et al. Transforming growth factror-beta 

(TGF-beta) induces monocyte chemotaxis and growth factor production. Proc Natl 

Acad Sci USA 1987;84:5788-5792.

231. Postlethwaite AE, Keski-Oja J, Moses HL, Kang AH. Stimulation of the 

chemotactic migration of human fibroblasts by transforming growth factor-beta. J Exp 

Med 1987;165:251-256.



165

232. Roberts AB, Joyce ME, Bolander ME, Spom MB. Transfomiing growth 

factor-beta: A multifunctional effector of both soft and hard tissue regeneration. In 

Westermark B, Betsholtz C, Hokfelt B, eds. Growth factors in health and disease: 

Basic clinical aspects. Amsterdam: Excerpta Medica 1990.

233. Kim S, Andel P, Lafyatis R, Sporn M, Roberts A. Autoinduction of TGF-betal 

is mediated by the AP-1 complex. Mol Cell Biol 1990;10:1492-1497.

234. Tsunawaki S, Spom M, Ding A, Nathan C. Deactivation of macrophages by 

transforming growth factor-beta. Nature 1988;334:260-262.

235. Border WA, Noble NA. Transfomiing growth factor beta in tissue fibrosis. N 

Engl J Med 1994;331(19): 1286-92.

236. Roberts AB, Sporn MB, Assoian RK, et al. Transforming growth factor type 

beta: rapid induction of fibrosis and angiogenesis in vivo and stimulation of collagen 

formation in vitro. Proc Nat Acad Sci USA 1986;83:4167-4171.

237. Varga J, Rosenbloom J, Jimenez SA. Transfomiing growth factor-beta (TGF- 

beta) cause a persistant increase in steady-state amounts of type I and type III collagen 

and fibronectin mRNA in normal dermal fibroblasts. Biochem J 1987;247:597-604.

238. Madri JA, Pratt BM, Tucker A. Phenotypic modulation of endothelial cells by 

transforming growth factor-beta depends upon the composition and organization of 

the extracellular matrix. J Cell Biol 1988;106:1375-1384.

239. Ignotz RA, Endo T, Massague J. Regulation of fibronectin and type I collagen 

mRNA levels by transforming growth factor-beta. J Biol Chem 1987;262:6443-6446,

240. Hynes. RO. Intergrins: A family of cell surface receptor. Cell 1987;48:549- 

554.

241. Roberts CJ, Birkemnerier TM, McQuillan JJ, et al. Transfomiing growth 

factor-beta stimulate the expression of fibronectin and of both subunits of the human 

fibronectin receptor by cultured human lung fibroblasts. J Biol Chem 1988;263:4586- 

4592.

242. Derynck. R. TGF-beta receptor-mediated signaling. TIBS 1994;19:548-553.

243. Lin HY, Lodish HF. Receptors for the TGF-beta superfamily: Multiple 

polypeptides and serine/threonine kinases. Trends Cell Biol 1993;3:14-19.

244. Lin HY, Wang XF, Ng-Eaton E, Weinberg R.A., H.F. L. Expression cloning 

of the TGF-beta type II receptor, a functional transmembrane serine/threonine kinase.



166

Cell 1992;68:775-785.

245. Attisano L, Carcamo J, Ventura F, Weis FMB, Massague J, Wrana JL. 

Identification of human activin and TGF-beta type I receptors that form heteromeric 

kinase complexes with type II receptors. Cell 1993;75:671-680.

246. Ebner R, Chen RH, Shum L, et al. Cloning of a type 1 TGF-beta receptor and 

its effect on TGF-beta binding to the type 11 receptor. Science 1993;260:1344-1348.

247. Wang XF, Lin HY, Ng-Eaton E, Downward J, Lodish HF, Weinberg RA. 

Expression cloning and characterization of the TGF-beta type III receptor. Cell 

1991;67:797-785.

248. Lopez-Casillas F, Wrana JL, Massague J. Betaglycan presents ligand to the 

TGF-beta signalling receptor. Cell 1993;73:1435-1444.

249. Sharpies LD, McNeil K, Stewart S, Wallwork J. Risk factors for bronchiolitis 

obliterans: a systematic review of recent publications. J Heart Lung Transplant 

2002;21(2):271-281.

250. Tazelaar HD, Prop J, Nieuwenhuis P, Billingham ME, Wildevuur CRH. 

Aiiway pathology in the transplanted rat lung. Transplantation 1988;45(5):864-869.

251. Shirakusa T, Kawahara K. Histologic studies on canine lung transplantation. 

Nippon-Geka-Gakkai-Zasshi 1986;87(5):572-80 issn: 0301-4894.

252. Tazelaar HD, Prop J, Nieuwenhuis ME, Billingham ME, Wildevuur CRH. 

Obliterative bronchiolitis in the transplanted rat lung. Transplantation Proc

1987;109:1052.

253. Mayer E, Cardozo P, Puskas JD, et al. The effect of basic fibroblast growth 

factor and omentopexy on revascularization and epithelial regeneration of heterotopic 

rat tracheal isografts. J Thorac cardiovasc Surg 1992;104:180-188.

254. Nakanishi R, Yasumoto K. Minimal Dose Cyclosporin A for Tracheal 

Allografts. Ami Thoracic Surg. 1995;60:635-639.

255. Siegelman SS, Hagstrom JWC, Koemer SK, Veith FJ. Restoration of 

bronchial artery circulation after canine lung allotransplantation. J Thorac Cardiovasc 

Surg. 1977;73:792-795.

256. Li J, Xu P, Chen H, Yang Z, Zhang Q. Improvement of Tracheal Auto graft 

Survival with Transplantation into the Greater Omentum. Ann Thorac Surg. 

1995;60:1592-1596.



167

257. Boehler A, Chamberlain D, Kesten S, Slutsky AS, Liu M, Keshavjee S. 

Lymphocytic airway infiltration as a precursor to fibrous obliteration in a rat model of 

bronchiolitis obliterans. Transplantation. 1997;64(2): 311 -17.

258. Kelly KE, Hertz MI, Mueller DL. T-cell and major histocompatibility complex 

requirements for obliterative aiiway disease in heterotopically transplanted murine 

tracheas. Transplantation 1998;66(6):764-71.

259. Burke CM, Moms AJ, Dawkins KD, et al. Late airflow obstruction in heart- 

lung transplantation recipients. Journal of Heart Transplantation 1985;4(4):437-40.

260. Adams BF, Berry GJ, Huang X, Shorthouse R, Brazelton T, Morris RE. 

Immunosuppressive therapies for the prevention and treatment of obliterative aiiway 

disease in heterotopic rat tracheal allografts. Transplantation 2000;69(11):2260-2266.

261. Reinsmoen NL, Bolman RM, Savik K, Butters K, Hertz MI. Are multiple 

innnunopathogenetic events occuring dming the development of obliterative 

bronchiolitis and acute rejection? Transplantation 1993;55:1040.

262. Sharpies LD, Tamm M, McNeil K, Higgenbottam TW, Stewart S, Wallwork J. 

Development of bronchiolitis obliterans syndrome in recipients of heart-lung 

transplantation, early risk factors. Transplantation. 1996;61(4):560-66.

263. Tamm M, Sharpies LD, Higenbottam TW, Stewart S, Wallwork J. 

Bronchiolitis obliterans syndrome in heart-lung transplantation: surveillance biopsies. 

American Journal of Respiratory & Critical Care Medicine 1997; 155(5): 1705-10.

264. Spom M, Roberts A. Peptide growth factors are multifunctional. Nature 

1988;332:217-218.

265. Parola M, Muraca R, Dianzani I, et al. Vitamin E dietary supplementation 

inhibits transfomiing growth factor beta 1 gene expression in the rat liver. FEBS 

Letters 1992;308(3):267-70.

266. Boehler A, Kesten S, Weder W, Speich R. Bronchiolitis obliterans after lung 

transplantation: a review. Chest 1998; 114(5): 1411-26.

267. Kallio E, Koskinen P, Buchdunger E, Lemstrom K. Inhibition of obliterative 

bronchiolitis by platelet-derived growth factor receptor protein-tyrosine kinase 

inhibitor. Transplantation Proceedings 1999;31 (1-2): 187.

268. Hertz MI, Henke CA, Nakhleh RE, et al. Obliterative bronchiolitis after lung 

transplantation: a fibroproliferative disorder associated with platelet-derived growth



168

factor. Proceedings of the National Academy of Sciences of the United States of 

America 1992;89(21):10385-9.

269. Yonan NA, Bishop P, el-Gamel A, Hutchinson IV. Tracheal allograft 

transplantation in rats: the role of immunosuppressive agents in development of 

obliterative airway disease. Transplantation Proceedings 1998;30(5):2207-9.

270. Lendnmi AC. The Staining of eosinophi, polymorphs and enterochromassin 

cells in histological sections. J Pathol Bacteriol 1944;C56:441.

271. Zhang JG, Walmsley MW, Moy JV, et al. Differential effects of cyclosporin A 

and tacrolimus on the production of TGF-beta: implications for the development of 

obliterative bronchiolitis after lung transplantation. Transplant International 

1998;ll(Suppl l):S325-7.

272. Allison AC, Eugui EM. Mycophenolate mofetile and its mechanism of action. 

Imimmophannacology. 2000;47:85-118.

273. Eugui EM, Almquist S, Muller CD, Allison AC. Lymphocyte-selective 

cytostatic and immunosuppressive effects of mycophenolic acid in vitro: role of 

deoxy guano sine nucleotide depletion. Scand J Immunol 1991;33:161-173.

274. Morris RE, Hoyt EG, Murphy MP, Eugui EM, Allison AC. Mycophenoleic 

acid morpholinoethylester (RS-61443) is a new immunosuppressant that prevents and 

halts heart allograft rejection by selective inhibition of T and B cell purine synthesis. 

Transplant Proc 1990;22:1659-1662.

275. Khanna A. TGF-beta provide the rationale for the synergestic 

immunosuppression with Rapamycin (RAPA), cyclosporine (CsA), and Tacrolimus 

(Tac) calcineurin inhibitors sparing immunosuppression protocol. Transplantation 

1999;67:S58.

276. el-Gamel A, Awad M, Yonan N, et al. Does cyclosporin promote the secretion 

of transforming growth factor-beta 1 following pulmonary transplantation? 

Transplantation Proceedings 1998;30(4): 1525-7.

277. Zuckermann A, Klepetko W, Birsan T, et al. Comparison Between 

Mycophenolate Mofetile and Azathioprine-based Immunosuppressions in Clinical 

Lung Transplantation. J Heart Lung Transplant 1999;18:432-440.

278. Reichenspumer H, ICur F, Treede H, et al. Optimization of the 

immunosuppressive protocol after lung transplantation. Transplantation



169

1999;68(1):67-71.

279. Reichenspumer H, Kur F, Treede H, et al. Tacrolimus-based 

immunosuppressive protocols in lung transplantation. Transplantation Proceedings 

1999;31(1-2): 171-2.

280. Girgis RE, Tu I, Berry GJ, et al. Risk factors for the development of 

obliterative bronchiolitis after lung transplantation. Journal of Heart & Lung 

Transplantation 1996; 15(12): 1200-8.

281. Kroshus TJ, Kshettry VR, Savik K, Hertz JR, Bolman RM. Risk factors for the 

development of of bronchiolitis obliterance syndrome after lung transplantation. J 

Thorac Cardiovasc Surg. 1997; 114(2):195.

282. Yousem SA. Graft eosinophilia in lung transplantation. Hum Pathol 

1992;23(10): 1172-7.

283. Paradis I. Bronchiolitis obliterans: pathogenesis, prevention, and management. 

American Journal of the Medical Sciences 1998;315(3):161-78.

284. Billingham ME. Pathology of the transplanted heart and lung. Cardiovasc clin 

1990;20(2):71.

285. Weber KT. Fibrosis, a common pathway for organ failure: angiotensin II and 

tissue repair. Semin Nephrol 1997;17(5):467.

286. Koskinen PK, Kallio EA, Lemstrom KB. A dose-dependent inhibitory effect 

of cyclosporine A on obliterative bronchiolitis of rat tracheal allografts. Am J Resp 

Crit Care Med 1997; 155(l):303-312.

287. Palmer SM, Baz MA, Sanders L, et al. Results of a randomised, prospective, 

multicenter trial of mycophenolate mofetile versus azathioprine in the prevention of 

acute lung allograft rejection. Transplantation 2001 ;71(12): 1772-1776.

288. Treede H, Klepetko W, Reichenspumer H, et al. Tacrolimus versus 

Cyclosporine after Lung Transplantation: A Prospective, Open, Randomised Two- 

Center Trial Comparing Two Different Immunosuppressive Protocols. J Hear Lung 

Transplant 2001;20:511-517.

289. Dusmet M, Maurer J, Winton T, Kesten S. Methotrexate can halt the 

progression of bronchiolitis obliterans syndrome in lung transplant recipients. Journal 

of Heart & Lung Transplantation 1996;15(9):948-54.

290. Pletz KP, Sollinger HW, Hullett DA, Eckhoff DE, Eugui EM, Allison AC.



170

RS-61443 , a new potent immunosuppressive agent. Transplantation 1991;51:27-31.

291. Theodore J, Starnes VA, Lewiston NJ. Obliterative bronchiolitis. Clinics in 

Chest Medicine 1990; 11 (2):309-21.

292. El-Ganiel A. Transfomiing growth factor-beta and human pulmonary 

transplantation: Immunological and pathological implications. MD thesis, University 

of Manchester, Chapter VIII. 1998:209-217.

293. Bando K, Paradis IL, Komatsu K, et al. Analysis of time-dependent risks for 

infection, rejection, and death after pulmonary transplantation. Journal of Thoracic & 

Cardiovascular Surgery 1995;109(l):49-57; discussion 57-9.

294. Ross DJ, Jordan SC, Nathan SD, Kass RM, Koemer SK. Delayed development 

of obliterative bronchiolitis syndrome with OKT3 after unilateral lung transplantation. 

A plea for multicentrer immunosuppressive trials. Chest 1996;109:870-3.

295. Iacono AT, Keenan RJ, Duncan SR, et al. Aerosolized cyclosporine in lung 

recipients with refractory chronic rejection. Am J Respir Crit Care Med 1996;153(4 Pt 

1): 1451-5.

296. Chacon RA, Corns PA, Dark JH, Gibson GJ. Test of airway function in 

detecting and monitouring treatment of obliterative bronchiolitis after lung 

transplantation. J Heart and Lung Transplant 2000; 19(3):263-269.

297. Allen MD, Burke CM, McGregor CG, Baldwin JC, Jamieson SW, Theodore J. 

Steroid-responsive bronchiolitis after human heart-lung transplantation. J-Thorac- 

Cardiovasc-Surg 1986;92(3 Pt 1):449-51 issn: 0022-5223.

298. Renlund DG, Gopinathan SK, Kfoury AG, Taylor DO. Mycophenolate 

Mofetile (MMF) in heart transplantation: rejection, prevention and treatment. Clin 

Transplant 1996;10:136-9.

299. Study-Group. EMMC. European Mycophenolate Mofetile Cooperative Study 

Group. Placebo controlled study of mycophenolate mofetile combined with 

cyclosporin and corticosteroids for the prevention of acute rejection. Lancet 

1995;345:1321-25.

300. McDiannid SV. Mycophenolate mofetile in liver transplantation. Clin 

Transplant 1996;10:140-145.

301. Hayiy P, Isoniemi H, Yilmaz S. Chronic allograft rejection. Immunol Rev 

1993;134:33-81.



171

302. Raisanen-Sokolowski A, Hayry P. Chronic allograft atherosclerosis: 

contributing factors and molecular mechanisms in the light of experimental studies. 

Transplant Immunology 1996;4:91-98.

303. Dodge IL, Li XC, Strom TB. Rapamycin induces TGF-beta production in 

lymphocytes. Transplantation 1999;67:S50.

304. Allison AC. Immunosuppressive drugs: the first 50 years and a glance 

forward. Immunophamiacology 2000;47:63-83.

305. Allison AC, Eugui EM. The design and development of an immunosuppessive 

drug, mycophenolate mofetile. Springer Semin. Immunopathol 1993;14:353-380.

306. Gregory CR, Pratt RE, Huie P, et al. Effects of treatment with cyclosporine,

FK 506, rapamycine, mycophenoleic acid, or deoxyspergualin on vascular muscle 

proliferation in vitro and in vivo. Transplant Proc 1993;25:770-771.

307. Raisanen-Sokolowski A, Vuoristo P, Myllamiemi M, Yilmaz S, Kallio E, 

Hayry P. Mycophenolate mofetile (MMF; RS-61443) inhibit inflammation and 

smooth muscle proliferation in rat aortic allografts. Transplant Immunol 1995;3:341- 

350.

308. Giri SN, Hyde DM, Hollinger MA. Effect of antibody to transfomiing growth 

factor beta on bleomycin induced accumulation of lung collagen in mice, [see 

comments]. Thorax 1993;48(10):959-66.

309. Gurujeyalakshmi G, Giri SN. Molecular mechanisms of antifibrotic effect of 

interferon gamma in bleomycin-mouse model of lung fibrosis: downregulation of 

TGF-beta and procollagen I and III gene expression. Experimental Lung Research 

1995;21(5):791-808.

310. Yoshida M, Hayashi S. Role of TGF-beta and PDGF on the pathogenesis of 

pulmonary fibrosis—analysis by in vivo gene transfer. Nippon Rinsho - Japanese 

Journal of Clinical Medicine 1996;54(2):418-22.

311. Coker RK, Laurent GJ, Shahzeidi S, et al. Transforming growth factors-beta 1, 

-beta 2, and -beta 3 stimulate fibroblast procollagen production in vitro but are 

differentially expressed during bleomycin-induced lung fibrosis. American Journal of 

Pathology 1997;150(3):981-91.

312. Maniscalco WM, Campbell MH. Transforming growth factor-beta induces a 

chondroitin sulfate/dennatan sulfate proteoglycan in alveolar type II cells. Am-J-



172

Physiol 1994;266(6 Pt l):L672-80.

313. Redington AE, Roche WR, Madden J, et al. Basic fibroblast growth factor in 

asthma: measurement in broncho alveolar lavage fluid basally and following allergen 

challenge. Journal of Allergy & Clinical Immunology 2001;107(2):384-7.

314. Steipetti AV, Cucina A, Randone B, et al. Basic fibroblast growth factor and 

myointimal hyperplasia after experimental polytetrafluoroethylene arterial grafting. 

European Journal of Surgery 1999;165(8):772-6.

315. Fujiwara Y, Kaji T. Possible mechanism for lead inhibition of vascular 

endothelial cell proliferation: a lower response to basic fibroblast growth factor 

through inhibition of heparan sulfate synthesis. Toxicology 1999;133(2-3): 147-57.

316. Reichenspumer H, Girgis RE, Robbins RC, et al. Stanford experience with 

obliterative bronchiolitis after lung and heart-lung transplantation. Annals of Thoracic 

Surgery 1996;62(5): 1467-72; discussion 1472-3.

317. Carre P, Leophonte P. Cytokines and pulmonary fibrosis. Rev Mai Respir 

1993; 10(3): 193-207.

318. Anscher MS, Peters WP, Reisenbichler H, Petros WP, Jirtle RL. Transforming 

growth factor beta as a predictor of liver and lung fibrosis after autologous bone 

marrow transplantation for advanced breast cancer. N-Engl-J-Med 

1993;328(22): 1592-8.

319. Agarwal AR, Goldstein RH, Lucey E, Ngo HQ, Smith BD. Cell-specific 

expression of the alpha 1 (I) collagen promoter-CAT transgene in skin and lung: a 

response to TGF- beta subcutaneous injection and bleomycin endotracheal instillation. 

Journal of Cellular Biochemistry 1996;63(2): 135-48.

320. Demetris AJ, Zerbe T, Baimer B. Morphology of solid organ allograft 

arteriopathy: identification of proliferating intimal cell population. Transplant Proc 

1989;21:3667-69.

321. Oguma S, Belle S, Starzl TE, Demetris AJ. A histometric analysis of 

chronically rejected human liver allografts: insight into the mechanisms of bile duct 

loss: direct immunologic and ischemic factors. Hepatology. 1989;9:204-209.

322. Radio SJW, Markin R, Taylor R, McManus B, Stratta S. Vascular changes in 

chronic pancreas rejection[ Abstract]. In the 14th annual meeting of of American 

Society of Transplant Physicians, Chicago,. 1995.



173

323. Solez K, Axelsen RA, Benediktsson H, et al. International standardization of 

criteria for the histologic diagnosis of renal allograft rejection: the Banff working 

classification of kidney transplant pathology. Kidney Int 1993;44:4-11-422.

324. Oni AA, Ray JA, Hosenpud JD. Coronary venous intimal thickening in 

explanted cardiac allografts. Evidence demonstrating that transplant coronary artery 

disease is a manifestation of diffuse allograft vasculopathy. Transplantation 

1992;53:1247.

325. Liu H, Butany J. Morphology of graft atherosclerosis in cardiac transplant 

recipients. Hum. Pathol. 1992;23:768.

326. Fattal-Gennan M, Franchon I, Cerrina J, et al. peripheral phenotypic profile of 

blood lymphocytes during obliterative bronchiolitis syndrome following lung 

transplantation. Transplant Immunology. 1994;2:243.

327. O'Hair DP, Umana JP, McGregor C, et al. Lung transplantation using 

mycophenolate mofetil. J Heart Lung Transplant 1997;16(1):75.

328. Yu C, Seidel K, Nash RA, Deeg HJ, Sandmaier BM, Barsoukov A. Synergism 

between mycophenolate mofetile and cyclosporine in preventing graft versus host 

disease among lethally irradiated dogs given DLA-nonidentical marrow grafts. Blood 

1998;91:2581-2587.

329. Kondo H, Yonezawa Y. Human fetal skin fibroblast migration stimulated by 

the autocrine growth factor bFGF is mediated by phospholipase A(2) via arachidonic 

acid without the involvement of pertussis toxin-sensitive G-protein. Biochemical & 

Biophysical Research Communications 2000;272(3):648-52.

330. Cucina A, Corvino V, Sapienza P, et al. Nicotine regulates basic fibroblastic 

growth factor and transfomiing growth factor betal production in endothelial cells. 

Biochemical & Biophysical Research Communications 1999;257(2):306-12.

331. Cucina A, Borrelli V, Di Carlo A, et al. Thrombin induces production of 

growth factors from aortic smooth muscle cells. Journal of Surgical Research 

1999;82(1):61 -6.

332. Singh TM, Abe KY, Sasaki T, Zhuang YJ, Masuda H, Zarins CK. Basic 

fibroblast growth factor expression precedes flow-induced arterial enlargement. 

Journal of Surgical Research 1998;77(2): 165-73.

333. Yano Y, Seishima M, Tokoro Y, Noma A. Stimulatory effects of



174

lipoprotein(a) and low-density lipoprotein on human umbilical vein endothelial cell 

migration and proliferation are partially mediated by fibroblast growth factor-2. 

Biochimica et Biophysica Acta 1998;1393(l):26-34.

334. Randone B, Cucina A, Graziano P, et al. Suppression of smooth muscle cell 

proliferation after experimental PTFE arterial grafting: a role for polyclonal anti-basic 

fibroblast growth factor (bFGF) antibody. European Journal of Vascular & 

Endovascular Surgery 1998;16(5):401-7.

335. Kohno M, Yokokawa K, Yasunari K, et al. Induction by 

lysophosphatidylcholine, a major phospholipid component of atherogenic 

lipoproteins, of human coronary artery smooth muscle cell migration. Circulation 

1998;98(4):353-9.

336. Raisanen-Sokolowski A, Tilly-Kiesi M, Ustinov J, et al. Hyperlipidemia 

accelerates allograft arteriosclerosis (chronic rejection) in the rat. Arteriosclerosis & 

Thrombosis 1994;14(12):2032-42.


