


















































































































































































































































Chapter 4

Figure 1A,

Figure 1B.
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Chapter ¢

been shown to modulate growth factor expression.

Since EGF stimulates the proliferation of crypt cells* and thus functions to
maintain mucosal integrity, blunting of villi and loss of goblet cells could be the
result of or be aggravated by the reduced preproEGF production. In addition, the
impaired mucosal integrity, as measured by the lactulose-mannitol test, could
also directly reflect to decreased EGF production: EGF has a cytoprotective effect
through stimulation of goblet cells to release mucus?®

Administered EGF has been shown to heal and prevent experimentally induced
gastrointestinal ulcerations in animals.** In a rat model of acute abdominal
radiation EGF administration decreased the mucosal ulceration, infiltration of
polymorphonuclear lymphocytes and maintained the cellular structure.®
Guglietta & Sullivan have described possible clinical applications of EGF# and
based on the results of our study, administration of exogenous EGF emerges as a
possible treatment strategy to ameliorate the process of chronic rejection,

TGF-f3, gene expression was not modified in chronically rejecting small bowel
allografts compared to isografts or normal bowel. This finding was unexpected
since in other models of chronic organ rejection, using the same rat strain
combinations, an increase of the TGF-B; mRNA transcripts was found.» Using a
different strain combination, TGF-f; was increased in a model of chronic small
bowel rejection.** A possible explanation for this discrepancy might be a
difference in mucosal damage: In our model loss of goblet cells was a consistent
feature of chronic rejection while this was not described in Walgenbachs model.
Since the allografts demonstrated a significant increase of ED-r positive
macrophages/ monocytes ¢ which are known to be potential producers of TGE-f,,
an increased TGF-f, expression by the macrophages and a concomitant decreased
production of TGF-B; mRNA by injured enterocytes could explain our finding.

To investigate the possible role of alloantigen-independent factors such as
ischemia/reperfusion and surgical trauma on the process of chronic rejection,
DA-DA isografts were compared to native DA bowel. Isografts preserved normal
histology, normal function and their expression of EGF and TGF-f, was not
significantly different from that of the normal DA controls, although the EGF
expression in isografts showed a tendency to be lower. Similarly, Sigalet et al.
found that intestinal transplantation per se had only minimal effects on
intestinal function.® Thus, in contrast to the reported importance of allcantigen-
independent factors in kidney transplantation,* these factors do not seem to play
a major role in our small bowel transplantation model at the timepoints studied.
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In summary, this study demonstrates reduced preproEGF and preserved TGF-f,
gene expression in chronically rejecting small bowel transplants. A possible
beneficial effect of exogenous administration of EGF to the long-term survival of
small bowel allografts is currently under investigation.
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Chapter 10

Summary

Background: Long-term survival of intestinal transplants is hampered by chronic
rejection (CR). Since transplants with CR demonstrate fibrotic changes, the
cytokine basic fibroblast growth factor (bFGF) could be involved in the tissue
remodelling of chronic intestinal rejection.

Aims: To investigate the bEGF gene and protein expression and distribution in
chronically rejecting intestinal allografts.

Methods: Orthotopic small bowel transplantation was performed in the allogeneic
DA to AS rat combination; Cyclosporin was administered temporarily to prevent
acute rejection. Controls were DA isografts and normal DA. bFGF gene
exptression was evaluated using RT-PCR of the ileum-RNA and standardised
against GAPDH expression. bFGF protein was demonstrated using
immunohistochemistry. To identify the bFGF-positive cell type, stains for cell
markers were performed on sequential sections.

Results: Allografts showed histological features of CR, whereas isografts
preserved normal architecture. bFGF gene expression was present in normal
ileam and significantly upregulated in allografts. Immunohistochemical
staining showed a significant increase of bFGF protein compared to isografts.
Most bFGF* cells were localised in the submucosa and muscularis, particularly
around neural plexus, bFGF* cells appeared to be ED-2* macrophages, strongly
suggesting that the site of bFGF production is the activated macrophage.
Conclusions: This study demonstrates increased bFGF mRNA and protein in
chronically rejecting intestinal allografts, which appeared to be produced by
macrophages.
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Introduction

With the improved ireatment of acute rejection episodes, intestinal
transplantation has evolved over the last decade from a cumbersome procedure
with unacceptably high morbidity and mortality to a more acceptable therapy for
those with permanent intestinal failure. Although long-term outcome is
currently mainly determined by uncontrolled acute rejections and lethal
infections, it is also hampered by chronic rejection,”* which is the leading cause
of late graft loss of other organs such as heart and kidney.** Indeed, some patients
have already lost their small bowel transplant due to chronic rejection.’® In
contrast to the knowledge of the nature of the immune response and production
of cytokines during acute intestinal rejection,” little is known about the
involvement of cytokines in the pathophysiology of chronic rejection of intestinal
transplants: The Pittsburgh-group has given some attention to this issue. They
demonstrated an increased expression of the cytokines IL-4 and interferon-y in
chronically rejecting intestinal allografts, mainly localised in the thickened
muscularis externa®® To further understand the mechanisms of tissue
remodelling during chronic rejection of the small bowel, we have recently
developed a rat model. Histomorphological analysis demonstrated mesenteric
inflammation with sclerosis, myointimal proliferation of mesenteric vessels,
thickening of the muscularis, crypt hyperplasia, blunting of villi and loss of
goblet celis, features which have also been found both in humans and other
animal models.* Some of these characteristics are consistent with the possible
involvement of fibrogenic growth factors such as basic fibroblast growth factor
{(bFGF), as demonstrated for other organs.»™

bFGF, or fibroblast growth factor-2 (FGF-2), a member of the FGF family, is
a 133 to 154 amino acid (17.5 kDa) peptide which is mitogenic for vascular
endothelial cells, smooth muscle cells, fibroblasts, neural cells and chemotactic
for macrophages and endothelial cells. It has been involved in wound healing
and tissue regeneration.” bEGF has a high affinity for heparin and heparan
sulphate proteoglycans, and can thus be found in the extracellular matrix, or
bound to basement membranes.” The binding of bFGF to heparan sulphate
proteoglycans, protects it from inactivation by endogenous proteolytic agents,

In the digestive tract, bFGF peptide has been detected in duodenum,17 and in
normal gastric and colonic mucosa. It has been immunohistochemically
localised to vessels, fibroblasts and macrophages, with epithelial cells and
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extracellular matrix demonstrating no bFGF immunoreactivity.® Heparan
sulphate proteoglycans act as the low-affinity receptors for bEGF in the
intestine,” forming an FGF-heparin complex, which facilitates the interaction
between FGFs and their high-affinity cell surface tyrosine kinase receptors,
identified on various cell types including smooth muscle cells, endothelial cells,
macrophages and intestinal epithelial cells.>=

The function of bFGF in the small intestine is not well defined. bFGF failed
to promote epithelial restitution after colonic mucosal damage in vitro.”
Production of bFGF in the adult ileum has not yet been described. However,
bFGF is known to be produced by activated macrophages, smooth muscle cells
and fibroblasts,* and just these sources of bFGF could be important in the
tissue remodelling processes of chronic intestinal rejection,

The aim of the present study was to evaluate the possible involvement of bFGE
in the pathophysiology of chronic intestinal allograft rejection by analysing gene
and protein expression and distribution in the course of chronic rejection.

Materials and methods

Groups

All experimental procedures involving animals conformed to the National
Health and Medical Research Council Code of Practice and were approved by
Monash Medical Centre Animal Ethics Committee B and the Monash Standing
Committee on Ethics in Animal Experimentation.

Chronic rejection model

The model of chronic rejection after small bowel transplantation has been
previously described.ro In brief, male, adult inbred Dark-Agouti (DA){RT-13V1}
and Albino-Surgery (AS){RT-1') rats were used, obtained from Monash Animal
Services, One-step orthotopic total small bowel transplantation was performed,
as described previously,23 in the allogeneic DA to AS rat combination.
Cyclosporin, smgfkg/day from day -2 until day 9, was administered to prevent
acute rejection. Rats were killed at so days (n = 6} or 100 days post-
transplantation (n = 5). Small bowel grafts were removed and processed for
histopathology, immunohistochemistry and reverse transcriptase polymerase
chain reaction.
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Isografis
Untreated DA isografts were included to control for non-allogeneic injury. Rats
were killed and grafts were removed at 50 (n = 6) or 100 days {n = 5) post-

transplantation.

Normal rat small bowel(DA)
Four small bowels from age-matched, normal DA rats were used as controls.

Processing of graft

Small bowel grafts were retrieved under ether anaesthesia, and rats were killed
immediately thereafter. Portions of the ileum measuring approximately 1 cm
were fixed in 10 % buffered formalin and embedded in paraffin for
histopathological studies or snap frozen in OCT for immunchistochemistry or
directly in liquid nitrogen for RNA extraction.

Histopathology

Paraffin sections, stained with haematoxylin and eosin, were assessed in a
blinded manner by two observers. The incidence of the following features were
recorded for each of 9 high power fields (400 X): a) blunting of villi and goblet
cell loss; b) crypt hyperplasia and necrosis; ¢} thickening of the muscularis; d}
inflammatory cell infilirate, vascular damage and sclerosis of the mesentery.
Scores of o, 1, 2 or 3 were assigned to features not observed, or observed in 1/3,
2/3, or all fields respectively. Results obtained for each feature were added up,
and added scores of o were classified as no damage, 1-3 as very mild (grade 1), 4-
6 mild (grade 2), 7-9 moderate (grade 3) and 10-12 severe (grade 4).

Immunohistochemistry

Immunoreactive bFGF was assessed on 4 pm cryostat sections post fixed in PLP
by a four-layer immunoperoxidase technique. Briefly, non-specific binding was
blocked by preincubation with o % normal rabbit serum (Dako, Christchurch,
New Zealand), in phosphate buffered saline (PBS} with 0,01% sodiumn azide at
room temperature. This was followed by overnight incubation with the primary
mouse anti-bFGF {Upsiate Biotechnology Incorporated) and cell surface marker
ED-2 (a gift by dr.C.D. Dijkstra, Amsterdam, The Netherlands). After each
incubation, slides were washed in PBS-0.2% gelatine. A second layer, goat anti-
mouse IgG (Sigma, Castle Hill, Australia) was then applied for 30 minutes.
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Endogenous peroxidase activity was blocked by incubation for 10 minutes in
methanol/o.3% H,0,, after dehydration through graded alcohol. After
rehydration and washing, the third and fourth layer, rabbit-anti goat
immunoglobulin {Dako) and goat peroxidase anti-peroxidase (Dako) were
applied both for 30 minutes. The reaction was developed by the addition of metal
enhanced Diaminobenzidine substrate {Pierce,} and slides were counterstained
in Harris haematoxylin, dehydrated, cleared and mounted.

Negative controls included sections where the primary antibody was omitted
for every animal. Isotype-specific control monoclonal antibodies (Dako) were
also used. No staining was observed with these irrelevant antibodies. The
specificity of the antibodies to bFGF was confirmed by a solid phase absorption
study, as previously described.

The immunohistochemical staining was analysed by two observers, ‘blind’ as
to treatment group and time post-transplantation, Positive cells were counted in
four different compartments of the ileum: villi, crypts, submucosa and
muscularis, and are expressed as numbers of positive cells/ 0.1 mm?2,

Semiquantative Reverse Transcriptase Polymerase Chain Reaction

RNA preparation

Total RNA was extracted from approximately 100 mg of snap frozen full-thickness
ileum using the RNAzol!™3 method (Tel-test, Friendswood, USA). RNA was
quantified spectrophotometrically and samples were diluted to 2.5 pg/ul.

c¢DNA synthesis
Reverse transcription reactions were set up using 1 pl of RNA (2.5 pg), in 20 pl
volumes using an MULV RT system {Perkin Elmer, Foster City, CA, USA)

PCR DNA amplification

PCR reactions were performed using a PCR amplification kit, with AmpliTaq gold
(Perkin Elmer). The co-amplification reaction for bFGF and GAPDH genes was
optimised to ensure that the amplification of both genes was within the exponential
phase at the end-point of the PCR. Different concentrations of the primer pairs and
of the Amplitaq gold were tested. Based on optimisation experiments, PCR
amplification reactions were performed in 25 pl volumes and contained 1.5 mM
MgCl,, x 1 PCR buffer, 1.25 U AmpliTaq gold, 100 nM bEGF, 100 nM GAPDH and
2.5 il ¢cDNA, The following primers were used: bFGF sense: Fluorescein (Fl)-
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TCACTTCGCTTCCCGCACTG (549), antisense CCAGCAGCCGTCCATCTT (787);
GAPDH  sense: Fl-CCTTCATTGACCTCAACTACATG (131), antisense:
GATGACCTTGCCCACAGCCTT (667). The position of the 5 nucleotide of each
primer in the published sequences®* is included in parenthesis. Following an
activating step for 12 minutes at 94 °C, 35 cycles were performed with a
denaturation step of 1 minute at 94 °C, an annealing temperature for 1 minute
and 30 seconds started at 72 °C and declining with 0.4 °C per cycle until 64°C,
and an extension step of 2 minutes at 72 °C. The resulting PCR products had a
length of 238 and 536 bp for bFGF and GAPDH respectively. The GAPDH
primers were designed by Dr P.Aldred and kindly provided by Dr N. Cranswick.
No interference was demonstrated between primer pairs,

Analysis of PCR products

The sense primers were labelled with fluorescein at the §” end for direct detection
of the PCR product bands using a laser based fluorescence DNA detection system
{Fluorimager s75-Molecular Dynamics, Sunnyvale, CA, USA). The volume of the
individual bands was integrated using the ImageQuant software (Molecular
Dynamics) and ratios between bFGF and GAPDH bands were calculated. Four
normal DA ileurn samples were amplified and run with each group containing all
isografts or allografts, at day 5o or day 100 to enable comparisons between each
group of amplified samples, and results obtained with normal DA were
standardised to 1. All samples were amplified and run in duplicate.

Statistical analysis

All statistical analysis were performed using SPSS for Windows. Kruskal-Wallis
nonparametric ANOVA followed by Mann Whitney U test and Spearman
correlations were used. The results are expressed as mean + SEM; probability of
p < 0.05 was accepted as significant.

Results

Histology

All allogeneic transplants developed CR although the severity of damage varied
between animals from very mild to moderate. At 50 days, 4 out of 6 animals had
moderate chronic rejection (grade 3). A progression of chronic damage with time
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was not evident. At one hundred days post-transplantation, 2 of § rats had
moderate changes, All other grafts had mild changes. Syngeneic grafts retained
a normal architecture,

Immunohistology

Normal ileum (Figure 1a, Figure 2)

The highest density of bFGF protein expressing cells was located in the
submucosa; a few positive cells were detected in the lamina propria of the villi
and crypts, whereas epithelial cells were negative. bFGF positive cells were
present throughout the muscularis, their density being highest between the
circular and longitudinal layers. Vessels did not show bFGF reactivity.

Intestinal isografts
The number and distribution of bFGF protein expressing cells did not differ

from normal controls, both at day 50 and day 100 (Figure 2).

Intestinal allografts (Figure 1c, Figure 2)

The number of bFGF protein expressing cells in allografts was approximately
doubled compared to isografts and normal DA, (p < 0.05 and p < 0.01, respectively)
at 5o and 100 days. Increased numbers of bFGF positive cells were seen in all 4
compartments evaluated. As in normal ileum, most bFGF positive cells were
localised to the submucosa. Some positive cells were detected in the lamina
propria of the villi and crypts, whereas no bFGF positivity was seen in epithelial
cells. As in the controls, the highest number of cells was found between the
circular and longitudinal muscular layers. None bFGF positivity was seen in the
vessels.

We had previously demonstrated increased numbers of monocytes fmacrophages
{ED1-positive cells) and T cells in chronic rejection of small bowel. Staining of
sequential sections was performed to identify the lineage of the bEGF positive
cells in our model.

As shown in Figures 1b and 1 d, many cells expressing bFGF protein appeared in
sequential sections to be ED-2 positive tissue macrophages. Immunohistochemical
staining of normal DA ileum with ED-2 antibody demonstrated that the highest
number of ED-2 positive cells was present in the submucosa. Very few tissue
macrophages were present in the villi. The density was somewhat higher in the
crypts. There were some positive cells in the muscularis, with accumulation at
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Figure 1. a) bFGF protein expression in a normal small intestine b) normal distribution of tissue
macrophages in small intestine of the DA-rat. c.d)Chronically rejecting intestinal allografts
deimnonstrating an increased number of bFGF positive cells and tissue macrophages. The highest
increase was found in the submucosa and in the muscularis, particularly between the circular and

longitudinal layers {arrow).
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the border between the circular and longitudinal layer. Isografts did show a
progressive increase of tissue macrophages over time, which attained
significance at 100 days post-transplantation when compared to normal controls
{p < 0.05) {Figure 2). This increase was found in all compartments, although it
did not reach statistical significance in the crypts. Fifty days after transplantation,
allografts demonstrated a significant increase in ED-2 positive macrophages
compared to jsografts and to normal DA ileum (p < 0.01). Increased macrophage
numbers were evident in villi, crypts, submucosa and muscularis, with the
highest density found in the submucosa. Hundred days after engraftment, the
number of ED-2 positive macrophages in allografts was still significantly
increased compared to isografts and normal ileum (p < ¢0.01 and p < 0.02,
respectively), but did not differ significantly from day 50. The same pattern of
distribution was observed.

The association between bFGF expression and tissue macrophages was further
examined by performing a correlation study between bFGF protein expressing
cells and ED-2 positive macrophages. Taking all compartments together, bFGF
protein expression was found to be significantly correlated with the number of
tissue macrophages (R = 0.86, p < 0.001, nn = 25). (Figure 3). Furthermore, the
number of bFGF protein expressing cells was significantly correlated with the
severity of chronic rejection {R = 0.80, p < 0.001, n = 21) (Figure 4).
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of chronic changes including blunting of villi and goblet cell loss, crypt hyperplasia
and necrosis, thickening of the muscularis, inflammatory cell infiltrate vascular
damage and sclerosis of the mesentery were classified as no damage (grade o}, very
mild (grade 1}, mild {grade 2), moderate (grade 3} or severe damage (grade 4), The
number of bFGF protein expressing cells were counted and given as a quantity per
0.1 mmz. Data were analysed by Spearman correlation: R = 0.80, p < 0.001,n= 21
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Figure 2.

Figure 3.
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bFGF protein expression and ED-2 positive tissue macrophages in the course of
chronic intestinal refection. Grafls were processed for immunchistology and stained
for immunoreactive bFGF protein and ED-2 tissue macrophages as described in the
Methods. Results are expressed as the nummber of bFGF protein expressing cells and
ED-2 positive cells and mean + SEM are given. * = p < 0.05 vs normal ileum; **=p
< 0.0I and p <o.05 vs normal ileum and isografis, respectively: #=p <c.05andp <
.02 vs normal ileum and isografts, respectively; ## = p<o.o1 vs normal ileum and
isografts; x = p<0.02 vs normal ileum and isografis.
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by Spearman correlation: R = 0.86, p < 0.001,n = 25,
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ileuin RNA samples were isolated and RT-PCR was performed with bFGF and
GAPDH primers as described in the Methods. Results are expressed as
bFGF/GAPDH ratio, standardised to normal DA iletan and mean + SEM are given.
Units are arbitrary, * = p < 0.02 vs normal DA ileum (Kruskal Wallis one way
ANOVA followed by Mann Whitney U test)

RT-PCR

The bFGF gene was transcriptionally active in normal DA ileum (Figure 5).
Allografts demonstrated a significant increase in DFGF mRNA levels at 50 and
100 days post-transplantation, compared to normal controls (p < o.01 and p <
©.02 respectively). The bFGF mRNA of isografts was not postoperatively
modified compared to normal DA controls. bFGF gene expression was correlated
with the histological grade of chronic rejection (R = 0.55, p < 0.02, n = 21)

Discussion

Long-term survival of intestinal transplants is hampered by chronic rejection, the
major cause of graft loss of other transplanted organs, such as kidney and heart.+
Chronic rejection of transplanted organs is characterised by a inflammatory
infiltrate, graft arteriosclerosis and fibrosis. Smail bowel-specific features
include thickening of the muscularis externa, crypthyperplasia, and blunting of
villi.»"** Because of its effects on smooth muscle cells, fibroblasts and the
extracellular matrix, bFGF is a candidate for being involved in the tissue
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remodelling of chronic rejection in intestinal transplants, as demonstrated in
other organs.” Moreover, bFGF has been identified to act as a chemoattractant
for macrophages,” a cell type which has been recurrently demonstrated in
chronically rejected organs.

The present study demonstrates that the bFGF gene was transcriptionally
active in the ileum. This is the first time that bFGF mRNA has been detected in
the adult intestine. Chowdhury et al. could not detect any signal in normal
colorectal mucosa using RT-PCR.*® Shimasaki et al. found that bFGF measured
by Northern blot analysis could not be detected in the small intestine.” Qur use
of the full thickness of the intestine combined with a sensitive RT-PCR protocol
may explain these differences. The bFGF protein was also present in normal and
rejecting ileum.

The main finding of this study is that there was a significant increase in bFGF
mRNA and protein in chronic intestinal allograft rejection. This enhanced bEGF
expression appeared to be correlated with the histological damage of the
intestinal grafts, further suggesting a role for this growth factor in the tissue
remodelling. In contrast, chronic vascular rejection in lung allografts did not
coincide with bFGF immunoreactivity; bFGF was only markedly upregulated in
the early phase and restricted to peribronchiolar and perivascular infiltrates.™
Also, bFGF did not correlate with the degree of transplant vasculopathy in
bioptied heart allografts 5 and in aorta allografis.” Indeed, myoproliferation of
the intra-intestinal arteries was also not accompanied by enhanced bFGF
immunoreactivity. Therefore, bFGF appears to be important in organ-specific
remodelling, i.e. muscular thickening and neuron repair, rather than being
involved in transplant arteriosclerosis.

Many of the bFGF expressing cells appeared to be ED-2 positive macrophages.
Furthermore, the number of bFGF protein and ED-2 positive cells were
significantly correlated, strongly suggesting that the macrophage is an important
source of bFGF. Lee et al. also found that bFGF protein was mainly expressed by
infiltrating cells, including macrophages, in lung allografts.* The production of
bFGF by macrophages has been unequivocally demonstrated by PCR and
Northern blot analysis of macrophage-mRNA.*

bLFGF expressing cells and tissue macrophages in allografts were mainly
localised to the submucosa and the muscularis, particularly between the
longitudinal and circular layer. Since the neural plexus are localised in these
areas, bDFGF and macrophages have not only to be associated to the muscular
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thickening, but also might act in the intrinsic neural plexus. Lee et al. found a
suppressed neuromuscular transmission during subclinical chronic intestinal
rejection, which is related to the loss of enteric neurons as a consequence of
extrinsic denervation.* Since bFGF is known to stimulate neurons outgrowth,”
the preferential site of bFGF expressing cells could reflect an attempt to repair
the intrinsic neural plexus. We could not detect bFGF protein
immunohistochemically in epithelial cells of normal intestine, consistent with
the results of Ohtani et al.”® Moreover, no staining was seen in the damaged
mucosa of chronically rejecting intestinal allografts, suggesting that endogenous
DEGF is not involved in the repair of epithelial damage in CR.

Although the influx of macrophages in isografts was significantly increased
when compared to normal ileum, histologically the intestinal grafts were well
preserved during follow-up. Also, bFGF protein and mRNA remained at non-
transplanted level, further assuming that the macrophages in the isografts were
inactive,

Based on the present data, we postulate that bFGF may have important effects
which contribute to chronic rejection of intestinal grafts: bFGF is a chemoattractant
for macrophages, contributing to the persistent increase of macrophages in
chromnic intestinal rejection. Activated macrophages in turn produce bFGF and
other fibrogenic cytokines, including TGF-beta and PDGF and have been shown
to have a pivotal role in the process of chronic rejection.”* bFGF also has a
mitogenic effect on smooth muscle cells, enhancing the hypertrophy of the
muscularis. The localisation of bFGF also suggests that it may have a positive
effect on neuron outgrowth.

To further understand the contribution of bFGF in chronic rejection and its
relationship with tissue macrophages, studies on the effect of neutralisation of
bFGF protein and on the effect of a selective inhibition of macrophages should
be performed.
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Summary

Chronic transplant dysfunction (CTD) is the predominant cause of late graft
failure. The common histopathological feature in all transplanted organs is
intimal hyperplasia, accompanied by organ-specific lesions. The knowledge about
the pathogenesis of CTD is incomplete. There is still no treatment to prevent CTD
and retransplantation is currently the only effective therapy.

The studies described in this thesis were performed to investigate etiological and
pathophysiological aspects of CTD, with the ultimate geal to obtain new
therapeutic strategies,

Clinical and experimental studies suggest that non-alloantigen specific factors
play a role in the process of CTD, Since a role for ischemia in the process is still
confroversial, our purpose was to clarify its contribution to CTD. At first, we
studied the effect of prolonged cold ischemia on the development of the cardinal
feature of CTD, i.e. intimal hyperplasia, in an isolated fashion. Therefore, we
transplanted aortic grafts in a high-responder allogeneic (WAG-BN) rat strain
combination. Cold preservation {4°C) of the aortic grafts in UW-solution for 24
hr did not enhance the degree of intimal hyperplasia in this non-
immunosuppressed allogeneic model. Likewise, in BN-BN aortic isografts that
show minimal intimal hyperplasia at week 4 after transplantation, 24 hours
preservation did not adversely influence its development (Chapter 2),

The question remained whether cold ischemia affects the parenchyma of a
graft. In addition, the susceptibility of endothelium to ischemic injury might be
site-dependent. To mimic clinical organ transplantation, the influence of
immunosuppression on ischemia also had to be studied, From a clinical point of
view, the effect of cold ischemia is most relevant in a kidney transplantation model;
kidney transplants are preserved from 2 hours in living-related programs to up to
40 hours using cadaveric donors. In syngeneic (BN-BN} kidney transplants, the
transplant procedure itself, which includes an ischemic time of 30 minutes, did
not affect function and morphology during a 1-year observation period (Chapter 3),

Kidney isografts subjected to 24 hr cold ischemia, however, developed
progressive proteinuria from week 18 onwards, and showed 1 year after
transplantation histological features of CTD: intimal hyperplasia,
glomerulopathy, and tubular atrophy. In the first days after transplantation, there
was an increased infiltration of CD4* T-cells and macrophages, which coincided
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with upregulated ICAM-1 expression on the endothelium. At 1 year, the numbers
of these infiltrating cells were still significantly increased compared to those in
isografts with a minimal ischemic period. Exposure of the donor kidney to 24 hr
of cold ischernia in allografts (BN-WAG) did not affect the onset and progression
of CTD. Ischemic and non-ischemic allografts, immunosuppressed with
Cyclosporine for 3 weeks developed a similar pattern of CTD in 26 weeks. As in
ischemic isografts, infiltrating cells mainly consisted of CD4* T cells and
macrophages, albeit that their numbers were higher, in particular in the early
phase. This discrepancy of the effect of prolonged cold ischemia between iso- and
allografts appeared to be related to Cyclosporine. Administration of the same
immunosuppressive regimen to ischemic isografts led to inhibition of cold
ischemia induced late renal dysfunction (Chapter 4).

Another indication that Cyclosporine inhibited ischemic mediated injury in
long-term allografts comes from observations, described in Chapter 5. In the
absence of Cyclosporine ischemia augmented the alloimmune mediated response
in the BN-WAG allografts: Interstitial infiltrates, consisting mainly of CD4+ T cells,
and tubulitis occurred eatlier in the grafts subjected to 24 hr cold ischemia.

Experiments described in the Chapters 2 and 6 show that surgery-related
factors also have an impact on the development of CTD. For example, in the
syngeneic aorta transplantation model, the mode of suturing influences the
development of intimal hyperplasia. In the midportion of the 1 cm aortic
transplant, continuous suturing of the anastomosis led to more intimal
hyperplasia than interrupted suturing. Aortic stretch — performed by
transplanting 8 mm long aorta segments into 12 mm dissected recipients — did
not influence the degree of intimal hyperplasia, but did decrease medial
thickness. In the syngeneic kidney transplantation model, we demonstrated that
an uretero-neocystostomy as surgical technique to restore the urinary tract
contributes to long-term functional and histological renal changes. As the
intrapelvic pressure was significantly increased, a partial obstruction appears to
be cause of the renal impairment,

Since some transplant studies suggest differences in graft outcome due to
ethnicity of the donor organs, intrinsic genetic factors of an organ may contribute
to CTD. Chapter 7 presents the effects of transplanting donor kidneys of different
rat strains into a histocompatible F -recipient, allowing these grafts to be exposed
to the same blood pressure profiles, metabolic and hormonal environment. The
ACI strain, resistant to hypertension induced renal damage, and the hypertensive
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FHH rat, susceptible for hypertension-induced renal injury, and the (ACI x FHH)
F, were used as donors. In the normotensive F, recipient with a F, or ACI
transplant, function and morphology did not differ from their unilaterally
nephrectomized conirols. In contrast, the FHH kidney showed a progressive
deterioration of function and histological features of CTD. Genetic susceptibility
of a donor kidney appears to be an important factor in the etiology of CTD.

Chapter 8 describes that small bowel allografts developed functional
abnormalities and histological signs of CTD by 50 and 100 days after
transplantation. CD4* -, CD8* T cells and macrophages infiltrated the grafts. B-
lymphocytes and NK-cells did not appear to be involved. Cyclosporine treatment
delayed the development of CTD, Specific cytokine analyses were performed. In
Chapter 9, we showed that the gene expression of the cytokine EGF was
significantly reduced and that the gene expression of TGF-B, was unmodified in
the allografis with CTD. From day 50 and onwards gene and protein expression
of the fibrogenic cytokine bFGF was increased in the CTD allografts. bEGF
appeared to be produced by the infiltrated macrophages (Chapter 10).

Concluding Remarks and Perspectives

Studies in this thesis show that CTD develops in different organ transplants in a
similar pattern, In both kidney and intestinal allografis with CTD, the
predominant infiltrating cells are CD4* T cells and macrophages. In both organ
transplants, the mild to moderate degree of intimal hyperplasia assumes that the
concomitantly organ-specific lesions may not only be a consequence of ischemia
due to vascular obliteration, but have an own entity in the process.

Despite the fact that CTD presents itself months to years after transplantation,
the process is initiated at the moment of graft retrieval. Ischemia per se causes
long-term functional and histological changes resembling those seen in allografts
with CTD. In allografts, ischemia augments the alloimmune-mediated response.
Since adhesion-molecule expression and cell infiltration is qualitatively identical
during the first days in syngeneic and allogeneic grafis, which both develop CTD
on the long-term, therapies to minimize this early ischemic injury are the first
goal of treatment of CTD. At this moment, interference with transcriptional
factors, such as NF-kB, that activate cytokine and adhesion molecule genes in
response to ischemic injury, are a promising approach for the field of organ
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transplantation. In an animal model of myocardial ischemic injury, the transfer
of NF-kB oligodeoxynucleotides as a ‘decoy’ binds NF-xB and thus prevents
activation of genes involved in ischemic injury. This led to reduction of
myocardial infarction after reperfusion.' Interfering in the process at later stages
is less effective because of the redundancy and Janus-faced character of several
individual biologic factors, as clarified by knock-out studies.

Despite the role for ischemia in the process, alloimmunity is the predominant
factor that induces and maintains the development of CTD. Allografts developed
CTD in a much more rapid tempo than isografts.

Up to now, immunosuppressive therapies are basically related to T and B cell
inactivation, In the chronic phase, however, macrophages appear to be the main
producers of fibrogenic cytokines, such as bFGF and TGF-B. Strategies to
eliminate or inactivate this cell population should be a point of interest. Also, a
direct interference with the fibrogenic cytokines might be a future avenue.
Antagonizing TGF-f or bFGF interrupts the fibrotic cascade.”

In order to identify patients at risk for CTD, the significance of gene
polymorphisms of cytokines, growth factors and metabolic factors has to be
further clarified. Recently, it has been found thata high-producer TGF-B, genotype
in trangplant recipients is associated with CTD.*s Also, as shown in this thesis,
donor organs may have their own genetic susceptibility to develop chronic lesions.

In addition to prevent CTD, to halt the process is another therapeutic strategy.
Adding antihypertensive and antihyperlipedimic treatment to the
immunosuppressive protocols appears meaningful to reduce the side effects of
certain immunosuppressive drugs. In thig view, stimulating the atrophied
epithelium in small bowel and kidney transplants with CTD by mitogenic growth
factors should be investigated.

To search for an optimal treatment, 2 further understanding of the pathophysiology
is essential. Characterization of various cell populations, adhesion molecules,
cytokines, and growth factors during the course of CTD, as performed in this
thesis, should be followed by depletion or inactivation of the individual substances
at different stages to understand their role in the process.

In conclusion, CTD has a multifactorial pathogenesis, in which both
alloimmune specific and non-alloimmune specific factors are involved. A multiple
treatment strategy at different stages in the process is likely the best design to
overcome CID.
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Samenvatting en Discussie

Ondanks de enorme verbetering van de r1-jaars overleving van orgaan-
transplantaten, met name door effectievere immunosuppressiva, is ni 1 jaar het
transplantaatverlies gedurende de laatste 20 jaar vrijwel konstant gebleven; de
gemiddelde overleving van een niertransplantaat bedraagt 7.5 4 9.5 jaar.
Chronische transplantaat disfunctie (CTD)} is de hoofdoorzaak van dit late
transplantaat-falen. Klinisch uit CTD zich in een langzame achteruitgang van
orgaanfunctie. Morfologisch is het pathogmonisch kenmerk van CTD circulaire
arteriosclerose van intraparenchymale bloedvaten; daarnaast is er orgaan-
specifieke pathologie, zoals bv. glomerulosclerose, tubulusatrofie en interstitiéle
fibrose in de nier.

De etiologie en de pathofysiologie van CTD zijn grotendeels onbekend. Er is geen
therapie voorhanden om CTD te voorkomen. Retransplantatie is momenteel de
enige effectieve behandeling.

De studies in dit proefschrift zijn opgezet om etiologische en pathofysiologische
aspecten van CTD te onderzoeken, met als doel dat inzicht in het proces zal
leiden tot nieuwe therapie strategién.

Klinisch en dierexperimenteel onderzoek hebben aanwijzingen opgeleverd dat
naast de immunologische respons van de ontvanger tegen het histo-
incompatibele donor-orgaan ook niet-alloimmunologische factoren bijdragen
aan CTD,
Hoofdstuk 2 geeft de resultaten weer van de eerste studie, waarbij het effect van
langdurige koude ischemie op de ontwikkeling van het pathogmonisch kenmerk
van CTD, intima hyperplasie, sec werd onderzocht. Om dit te realiseren werden
aorta transplantaties uitgevoerd in een high responder (BN-WAG) combinatie in
de rat. Zonder immunosuppressie ontstaat in dit model in 4 weken ernstige
intima hyperplasie. Koude preservatie (4 °C) van de donor aorta’s in UW-medium
gedurende 24 uur veranderde de mate van intima hyperplasie niet, Ook in BN-
BN syngene aorta transplantaten, die minimale intima hyperplasie hebben op 4
weken na transplantatie, had 24 uur preservatie geen invloed op de ontwikkeling.
De vraag bleef of koude ischemie invloed had op het parenchym van het
transplantaat, Daarnaast zou de gevoeligheid van het endotheel voor ischemische
schade afhankelijk kunnen zijn van locatie. Om de klinische orgaan
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transplantatie na te bootsen, moest bovendien de invloed van immuno-
suppressie op ischemie worden onderzocht.

Vanuit een klinisch gezichtspunt, is onderzoek naar het effect van ischemie op
CTD het meest relevant in een niertransplantatie model. Immers,
niertransplantaten worden slechts 2 uur gepreserveerd in familie-nierdonatie
programina’s en tot meer dan 40 uur bij postmortale donaties,

Hoofdstuk 3 beschrijft de opzet van het niertransplantatiemodel en bespreekt de
resultaten van het effect van de transplantatieprocedure op late schade in een
bilateraal genefrectomeerde ontvanger. Dit werd onderzocht in een syngeen
(BN-BN) model. De transplantatie procedure per se, waarbij inbegrepen een
ischemietijd van 30 minuten, leidde niet tot verandering van nierfunktie en
morfologie gedurende de studieperiode van 1 jaar.

Echter, syngene transplantaten die gedurende 24 uur werden gepreserveerd,
ontwikkelden progressieve proteinurie vanaf week 18, en lieten op 1 jaar na
transplantatie de histologische kenmerken van CTD zien: intirna hyperplasie,
glomerulopathie, en tubulaire atrofie. In de eerste dagen na transplaniatie was er
een toename van het aantal infiltrerende CD4* T-lymfocyten en macrofagen, wat
samenging met een verhoogde expressie van ICAM-1 op het endotheel. Op 1 jaar
na transplantatie was het aantal infiltrerende cellen nog steeds verhoogd
vergeleken met de syngene transplantaten met minimale ischemietijd. In allogene
transplantaten (BN-WAG) beinvloedde de 24 uurs preservatie van de donornier
niet het ontstaan en beloop van CTD: Ischemische en niet-ischemische allo-
transplantaten die gedurende 3 weken behandeld werden met Cyclosporine om de
acute afstoting te onderdrukken, ontwikkelden CTD in 26 weken op eenzelfde
wijze. Net als in de ischemische syngene transplantaten bestond het type
infiltrerende celllen voornamelijk uit CD4* T-lymfocyten en macrofagen, hoewel
het aantal cellen hoger was, m.n. in de vroege fase, De discrepantie van het effect
van langdurige ischemie tussen syngene- en allogene transplantaten lijkt
gerelateerd aan de Cyclosporine therapie. Toediening van hetzelfde
immunosuppressieve schema aan de ratten met syngene ischemische
transplantaten leidde tot vermindering van koude ischemie geinduceerde CTD
(Hoofdstuk 4).

Een andere aanwijzing dat de behandeling met Cyclosporine de ischemische
schade in allogene transplantaten remt, komt van bevindingen beschreven in
Hoofdstuk 5. Zonder het gebruik van Cyclosporine versterkt ischemie de
alloimmuun gemedieerde respons in de BN-WAG allotransplantaten.
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Interstiti¢le infiltratie van voornamelijk CD4* T-lymfocyten, en tubulitis werden
eerder waargenomen in de transplantaten die 24 uur gepreserveerd werden,

De experimenten die beschreven zijn in de Hoofdstukken 2 en 6, tonen aan
dat chirurgie-gerelateerde factoren ook een invloed hebben op de ontwikkeling
van CTD. In het syngene aoriatransplantatie model had de manier van hechten
van de anastomose invloed op de ontwikkeling van intima hyperplasie. In het
middendeel van het 1 cm lange aortatransplantaat leidde doorlopend hechten tot
meer intima hyperplasie dan onderbroken hechten. Rek van de vaatwand —
uitgevoerd door een 8 mm lang aorta segment in een 12 mm gedissecteerde
ontvanger te implanteren - had geen invloed op de mate van intima hyperplasie,
maar verminderde wel de dikte van de media. In het syngene
niertransplantatiemodel werd aangetoond dat de uretero-neocystostomie als
reconstructie-techniek van de tractus urinalis, bijdraagt aan lange-termijns
funktionele en histologische nierafwijkingen. Daar de intrapelvicale druk
verhoogd was, lijkt een partitiéle obstructie de oorzaak van nierschade,

Hoofdstuk 7 beschrijft de effecten van het transplanteren van donor nieren
van verschillende rattenstammen in één histocompatibele F-ontvanger. Op deze
wijze werden de transplantaten blootgesteld aan gelijke bloeddruk, metabole en
hormonale omgeving. De ACI rattenstam, resistent tegen hypertensie-
geinduceerde nierschade, de hypertensieve FHH rat, gevoelig voor hypertensie-
geinduceerde nierschade, en de (ACI x FHH) F,. De funktie en morfologie van
een F, of een ACI niertransplantaat in de normotensieve F; ontvanger was gelijk;
Bovendien verschilde deze niet van hun unilateraal genefrectomeerde AClen F,
controles op 16 weken na transplantatie. Daarentegen ontwikkelde het FHH
niertransplantaat een progressief verlies van funktie en toonde histologische
kenmerken van CTD. Uit deze studie kunnen we concluderen dat de genetische
gevoeligheid van de donornier voor schade een factor is in de etiologie van CTD.

Hoofdstuk 8 beschrijft de ontwikkeling van een reproduceerbaar CTD-model
na dunne darm-transplantatie en de daarmee gepaard gaande funktionele,
histologische en inflammatoire veranderingen. Funktionele afwijkingen en
histologische kenmerken ontwikkelden op dag 50 na transplantatie. Het type
infiltrerende cellen in het transplantaat bestond voornamelijk uit CD4* en CD8*
T-lymfocyten en macrofagen. B-lymfocyten en NK-cellen lijken niet betrokken in
het proces. Cyclosporine therapie vertraagde de ontwikkeling van CTD. In dit
model werden de expressie van cytokinen onderzocht:

Hoofdstuk g toont aan dat de genexpressie van het cytokine EGF significant
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verminderd was in allotransplantaten met CTD. De expressie van TGF-f, was
ongewijzigd.

Vanaf dag 50 na transplantatie was de gen- en eiwitexpressie van het fibrogene
cytokine bFGF verhoogd in de dunne darmtransplantaten met CTD. Uit deze
studie lijkt de macrofaag de voornaamste bron van bFGF te zijn (Hoofdstuk 10).

Conclusies en Vooruitzichten

De studies beschreven in dit proefschrift tonen aan dat de ontwikkeling van CTD
in verschillende orgaan transplantaten op analoge wijze verloopt. Zowel in nier
als dunne darm allotransplantaten met CTD zijn CD4* T-lymfocyten en
macrofagen de belangrijkste typen infiltrerende cellen. De milde tot matige
intima hyperplasie in beide orgaantrangplantaten veronderstelt dat de gelijktijdig
optredende orgaan-specifieke lesies niet alleen het gevolg zijn van ischemie door
vasculaire obliteratie, maar ook een eigen entiteit in het proces hebben.

Ondanks het feit dat CTD pas maanden tot jaren na transplantatie manifest
wordt, begint het proces op het moment van orgaanuitname. Ischemie sec
veroorzaakt funktionele en histologische afwijkingen op de lange-termijn, die
overeenkomen met de afwijkingen in allo-transplantaten met CTD. In allo-
transplantaten versterkt ischemie de alloimmuun-gemedieerde respons.

Daar de expressie van adhesie-molekulen en celinfiltratie kwalitatief gelijk is
in syngene en allogene transplantaten gedurende de eerste dagen na
transplantatie, zijn therapieén gericht op het minimaliseren van deze
ischemische schade het eerste doel van behandeling van CTD. Op dit moment
lijkt interferentie met transcriptie-factoren, zoals NF-kB, die cytokine en
adhesiemolecuul genen activeren in respons op ischemische schade, een
veelbelovende strategie. In een diermodel van ischemische hartschade voorkomt
het overbrengen van NF-kB oligodeoxynucleotiden als ‘lokeend’ voor NF-xB de
activatie van genen die betrokken zijn bij ischemie. Dit leidde tot een
vermindering van het myocardinfarct na reperfusie, Latere interferentie in het
CTD-proces is minder effectief vanwege het pleiotrope karakter van veel
biologische factoren, zoals aangetoond met knockout-studies.

Ondanks de rol voor ischemie in het proces is alloimmuniteit de belangrijkste
factor die de ontwikkeling van CTD in gang zet en onderhoudt. Allogene
transplantaten ontwikkelden sneller CTD dan syngene transplantaten.
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Tot op heden zijn de immunosuppressieve therapien gericht op T- en B cel
inaktivatie. In de chronische fase, echter, zijn de macrofagen de producenten van
fibrogene cytokinen zoals bFGF en TGE-B, Eliminatie of inaktivatie van deze
celpopulatie behoort een serieus doel te zijn. Ock direkte interferentie met de
fibrogene cytokinen is een potentiéle invalshoek. Het antagoneren van TGF-§ of
bFGF onderbreekt de fibrotische cascade.

De betekenis van genpolymorfisme van cytokinen, groeifactoren en metabole
factoren dient verder opgehelderd worden teneinde patienten te identificeren die
een verhoogd risico hebben op het ontwikkelen van CTD. Recent is aangetoond
dat een high-producer TGF-B, genotype in transplantatie-patienten geassocieerd
is met CTD. Daarnaast kunnen ook de donor organen hun eigen genetische
gevoeligheid hebben om schade te ontwikkelen, zoals is aangetoond in deze
dissertatie.

Naast het voorkomen van CTD is het remmen ervan een optie. Het toevoegen
van antihypertensieve en antihyperlipidemische medicatie aan de immuno-
suppressive protocollen lijkt zinvol om de nevenwerkingen van bepaalde
immunosuppressiva te reduceren. Vanuit dit gezichtpunt is het stimuleren van
geatrofieerd epitheel in dunne darm- en niertransplantaten met CTD met
mitogene groeifactoren een mogelijkheid.

Om de optimale therapie te vinden, is verdere studie van de pathofysiologie

essentieel. Het karakteriseren van verscheidene cel populaties, adhesie-
molekulen, cytokinen en groeifactoren tijdens de ontwikkeling van CTD, zoals
uitgevoerd in dit promotieonderzoeks, behoort gevolgd te worden door depletie
en inactivatie van de individuele celtypen en factoren tijdens verschillende stadia
om zo hun preciese rol te begrijpen.
In conclusie: CTD heeft een multifactoriéle pathogenese, waarbij zowel
alloimmuun specifieke als niet-alloimmuun specificke factoren betrokken zijn.
Een multipele behandelingsstrategie tijdens diverse stadia in het proces is
waarschijnlijk de beste opzet om CTD te overwinnen.
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ACI August x Copenhagen

bFGF basic fibroblast growth factor

BN Brown Norway

CsA Cyclosporine A

CMV cytomegalovirus

CR chronic rejection

CTD chronic transplant dysfunction
EGF epidermal growth factor

FHH Fawn Hooded

GAPDH Glyceraldehyde-3-phosphate dehydrogenase
HLA human leucocyte antigen

ICAM intercellular adhesion molecule
IFN interferon

IGF insulin growth factor

i interleukin

MHC major histocompatibility complex
mRNA messenger ribonucleic acid

Mo macrophages

PDGF platelet derived growth factor
RT-PCR reverse transcriptase-polymerase chain reaction
sd standard deviation

SEM standard error of the mean

TGF transforming growth factor

TNF tumor necrosis factor

uUw University of Wisconsin

WAG Wistar Agouti
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