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Abstract

The purpose of this study was to investigate ultrastructural changes in peritubular
capillaries in chronic rejection in comparison to other causes of kidney scaring. This study
was conducted on 60 patients who were categorized into 6 groups : baseline group

(14 cases), moderate acute rejection group (14 cases) , chronic rejection group in patients
treated with cyclosporine ( cyclosporine era ) (12 cases), pre cyclosporine era chronic
rejection group (6 cases), cyclosporine nephrotoxicity group in native kidney group

(9 cases), and hypertension group (5 cases).

The correlation between renal function and ultrastructural changes in chronic renal
allograft nephropathy was studied. The correlation between the area under the serum
creatinine level curve (for periods ranging from 1 week to 3 months) and the Banff score
for chronic rejection was tested.Also, the correlation between the Area Under Serum
Creatinine Curve and the ultrastructural score was verified. Studying the follow up serum
creatinine curve helped to answer the following question : ” Is Banff score or
ultrastructural score considered predictive of the progression of chronic renal allograft
rejection into renal failure?” Five variables were evaluated in the six groups mentioned
above: (i) Stereological measurement of peritubular capillary basement membrane
thickness. (ii) Capillary basement membrane splitting in terms of fractional proportion of
split capillaries.(iii) The severity of splitting, measured as the number of layers of basal
lamina material. (iv) Post capillary venule-like transformation was evaluated on the basis

of high endothelial transformation and mononuclear cell adherence. In all cases, the



differences among the groups were assessed using the Wilcoxon Rank Sum Test

with o = 0.05.

This study showed that the increase in the basement membrane thickness, the increase in
the percentage of basement membrane splitting and the multilayering (4 or more layers)
of basement membrane are characteristic for chronic rejection. Histological evaluation,
of protocol biopsies in patients with stable renal allograft function by Banff Schema,
showed to be predictive of deterioration of renal allograft function due to chronic

allograft nephropathy.

The ultrastructural grading system helps to predict the clinical outcome of the renal
biopsies. A score of 7 in the ultrastructural changes is predictive of renal failure due to
chronic allograft nephropathy. The ultrastructural score depends on three parameters;
number of split capillaries, number of split layers, and the percentage of capillaries
circumference showing splitting. This study also showed that there is no correlation

between the area under the serum creatinine curve and Banff score for chronic rejection.
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Chapter(1):
Introduction:

Since the first successful transplant in 1954, human kidney allo-transplantation has been
a successful treatment for end stage renal failure. The main complication of
transplantation is rejection. Rejection can be classified into hyperacute, acute, and
chronic rejection.

Hyperacute rejection develops in the first 72 hours after transplantation. It may begin
after starting of the blood flow to the graft. Hyperacute rejection is a type II
hypersensitivity reaction. It is due to circulating antibodies against the major blood
group antigens or allo-antigens of the donor. The introduction of routine / pre-transplant
screening and cross matching techniques has diminished the incidence of this
complication (1-4).

Most acute rejection episodes occur in the span of days up to 3 months post-transplant.
The frequency of episodes of acute rejection are diminished at the end of the first

year | post-transplant. Many acute rejection episodes occurring after the first year are
probably due to non-compliance with therapy or other precipitating causes, such as viral
infection (5). Pathologically, acute renal rejection can be diagnosed based on the presence
of inflammatory infiltrate in interstitium, tubule and vessel wall (6,7) tubulitis is a typical
feature of acute rejection (8,9). Tubulitis can be identified pathologically by using semi-
qualitative grading. The Banff schema grades tubulitis as mild, moderate, and severe
based on the greatest number of infiltrating mononuclear cells in the tubular epithelium
per tubular cross section; if tubule is sectioned longitudinally, resuits are expressed 10
per tubular cells ( 6,7). It is required that the tubulitis be present in more than one focus
in the biopsy (l). Immunohistochemical techniques may be useful in identification of
tubulitis , the presence of Leu 7 positive cells is a good marker for the identification of
acute rejection(91).

Intimal arteritis is the pathognomic lesion of acute rejection (10,11,12,13,17). The Banff
classification distinguishes intimal arteritis, defined as lymphocytic infiltration beneath
the endothelium, from transmural arteritis with inflammation in the media and /or with
fibrinoid necrosis of the vessel wall. Parenchymal necrosis and /or interstitial hemorrhage
were recognized as possible manifestation of severe arteritis. However, because there is
the potential for significant sampling error in defining vasculitis, it was agreed in 1997
that the grading should be done on the most severely involved vessel. A designation of
severe arteritis now is reserved for those cases with transmural arteritis and /or arterial
fibrinoid change and smooth muscle necrosis with accompanying lymphocytic
inflammation in the vessel (18). Immunohistochemical studies showed that vascular cell
adhesion molecule was increased only in the area with vasculitis or arteritis (14).

In 1997 Banff schema, acute rejection is divided into three types. Type I is
tubulointerstitial rejection without arteritis, further divided into type IA with focal



moderate tubulitis and IB with severe tubulitis. Type II vascular rejection, is
characterized by intimal arteritis. Further divided into IIA if intimal arteritis mild to
moderate, and IIB if severe. Type III, severe rejection is with transmural arteritis with or
without fibrinoid and smooth muscle necrosis. Those cases with only mild tubulitis
inflammation remain in a "borderline® category (18). The current Banff ‘97 classification
(18) of acute rejection is built on several past schemata(17,19,20,21). Finkelstien et al
proposed one of the first semi-quantitative systems. Which grades the interstitial,
vascular, and glomerular lesions with resulting acute rejection index (19). Banfi et al had
four categories of acute rejection (20). Both these early schemata had more categories at
the severest end of spectrum and emphasized thrombotic feature, reflecting the patterns
of pathology in that era. Neither recognized endothelialitis as a distinct lesion.

Now an accurate diagnosis of acute rejection can be made by using Banff schema which
has shown to be highly reproducible and clinically valid for acute rejection ( 22 ).
Standardization of renal allograft of renal allograft biopsy interpretation and reporting is
necessary to guide therapy in transplant patients and to establish an objective end point
for clinical trials of antirejection agents. The Banff schema (6,7) has recently been
developed to fill this need and has been clinically validated in numerous studies
(23,24,25,26,27).

Rush etal established a protocol in which they biopsied a symptomatic patients at
intervals post transplant using Banff criteria. In his study, protocol biopsies revealed a
high prevalence of subclinical rejection, as well as, borderline inflammation, despite
levels of CsA considered to be in the therapeutic range. Every biopsy was given a score
for the severity of the histological changes ( the Banff score for inflammatory changes
[BSI], which permitted the generation of cumulative BSI over the year of follow-up for
each patient. At the end of the year, normal histology and excellent renal function were
seen only in transplant patients with the lowest cumulative BSI. These results suggest
that repeated inflammation in the renal allograft, even if subclinical, can lead to its assess
adequately the effectiveness of current immunosuppressive therapies in renal transplant
patients (23).

In 1993, Gaber et al, studied the clinical applicability of the Banff classification for acute
rejection. This study demonstrated that SUM score grading the severity of interstitial
inflammation, tubulitis, and intimal arteritis were predictive of acute rejection reversal
(24).

Recurrent acute rejection remains a significant problem for recipient of renal allografts,
with a large proportion of patients progressing to graft loss. In 1996, Gaber et al, used the
Banff schema (6,7) to determine whether the histological pattern of acute rejection
('severity and scoring ) could discriminate recurring from nonrecurring rejections and to
examine whether objective rejection scoring had predictive value for rejection reversal
and outcome .A total of 67 biopsies obtained from 50 patients with acute rejection were
examined for the occurrence of recurrent allograft rejection. All patients were maintained



on cyclosporine -based triple immunosuppressive protocol biopsies and had proven acute
rejection without chronic rejection. Rejection recurred in 13 patients ( 26% ), of whom 4
further developed third rejection.

This study demonstrate a significant increase in the score for tubulitis, interstitial
inflammation and the total SUM in the third rejection compared with the first rejection.
Score for intimal arteritis in successive rejections displayed a similar trend of increasing
severity with recurrence of rejection. This increase in morphological severity with
multiplicity of rejection has reflected on the response to clinical therapy. Reversal of
acute rejection by steroid was achieved in 30%-40% of all treated first and second
rejection. recurrent rejection episodes having a significantly higher SUM score were less
responsive to anti lymphocyte therapy (25).

A multi-center study, a consortium of 19 transplant center, convened in 1995 to examine
kidney transplant rejection. Histological grading of transplants kidney biopsies was
done by using Banff schema (6,7). Banff schema biopsy grading was correlated with
clinical parameters of rejection and therapy response. This multi-center review of
rejection of rejection severity confirms that standardized histological classification such
as Banff schema provide a reliable means for stratifying patient risk of treatment success
or failure. These data support the use of Banff criteria in clinical trial design (26).
Another study suggested that semi-quantitative biopsy reporting systems should be
routinely included in clinical databases to allow for prospective examination of structure
function relationships and long -term outcomes following acute rejection (27).

Three recent studies have the led to the Banff 97 (18 ) categorization of acute /active
rejection changes as ** types ** (tubulointerstitial or vascular) rather than “ grades *
of rejection.

The Roche mycophenolate mofetil study (28) included 87 biopsies scored blinded to
clinical history or outcome using the Banff criteria. The highest tubuilits and vasculitis
score in the biopsies obtained post-transplant from each case, as defined by Banff 93-
95 grading system, were recorded. The finding of vasculitis score of any grade was
significantly correlated with allograft loss. Outcome, defined by graft survival, was
independent of rejection therapy cohort but highly dependent on type and severity of
vascular lesions. Similar finding emerged for the Collaborative clinical trails (17).

[n a more recent study, Nickeleit et al analyzed the prognostic significance of vascular
lesion in rejection (29).They found that rejection with endarteritis was significantly less
responsive to steroid therapy than rejection without endarteritis. One year graft failure
was also somewhat higher in group with higher in the group with arteritis ( 28%) than
without (21%), although the difference was not significant. Conversely, severity of
interstitial inflammation and tubulitis ( defined by CCTT criteria ) did not correlate with
response to therapy or outcome.



Chronic rejection is the transplanter’s next challenge. Chronic rejection remains the
principal cause of graft failure after 1 year post-transplantation (30).

The most characteristic feature of chronic rejection, shared by all organs, is concentric
generalized arteriosclerosis with low-grade perivasculitis affecting all allograft arteries
of the transplant.

The histological criteria of cardiac transplant is atherosclerosis as an expression of
chronic rejection have been published by Billingham et al (31) and consist of tubular
myointimal hyperplasia in the presence of an intact internal elastic lamina with
occasional breaks and with very little, if any, calcification.

The joint proposal from the Alexis Carrel Conference (32) emphasized that the diagnosis
of chronic renal rejection should be made on basis of compatible graft histology, such as
fibrous intimal thickening and/or transplant glomerulopathy and interstitial fibrosis and
tubular atrophy, in conjunction with progressive deterioration in renal function without
other cause occurring at least 3 months post-transplantation. The slope of the regression
line of reciprocal plasma creatinine over time should be significantly different from zero
and should be calculated on the basis of 10 consecutive values of plasma creatinine
values over a 3-month interval. Chronic rejection has a temporal component:
Deterioration in function occurs over a certain time period. It is proposed to accept a 3-
month interval as the minimal observation as the minimal observation period to establish
chronicity. It is also proposed to exclude graft loss from chronic rejection in the first 3
months post-transplant since most graft losses in this time period are accounted for by
acute or accelerated acute rejection episodes. This does not exclude the possibility that
chronic rejection is developing within this early time period (32).

In the Banff schema 93-95 (6.7), it is proposed that if the histological and clinical
criteria for chronic kidney graft rejection are met and if a sufficient number of arterial
cross sections are present in the biopsy, the rejection should be graded by the severity of
the fibrous intimal thickening observed. In Banff schema 97 the grading of chronic
interstitial fibrosis and tubular and tubular atrophy and /or loss remains unchanged
from Banff schema 93-95 , with quantification based on the percentage of cortical
parenchyma involved (18).

The Carrel Conference proposal is consistent with the Banff Schema in that it
emphasizes the importance of the vascular and glomerular changes of chronic rejection
and proposes to asses the nature and the degree of vascular, glomerular, and tubulo-
interstitial involvement to allow evaluation of therapeutic intervention that may act on
various compartments (32).

Life table statistics to demonstrate the impact of a new drug regimen on chronic
allograft failure require 5 to 10 years to reach significance even with a large number of
patients .this period is definitely marginal, if not too long, to develop a new molecule as
a drug. Therefore, there is a significant interest in generating new end -points,



intermediate efficacy end-points, which would signify later chronic rejection.

Until now, no such end-points have been available ( 34 ). But only few studies have
documented an association between chronic allograft pathology found in protocol biopsy
and subsequent renal allograft function and the role of biopsies in the diagnosis of
chronic rejection.

Isoniemi et al found that patients with normal renal function, a 2 -year chronic biopsy
score (estimated histologically by chronic allograft damage index) was the single most
important predictor for the patients who will proceed to clinical chronic rejection later,
and this study suggested that a protocol biopsy ( at 2 years or possibly even earlier )
(35). Dimeny et al that chronic score correlated with a graft loss and function at 2or3 yr.
posttransplant (36). In recent study by Rush, confirmed the association between chronic
pathology detected by protocol biopsy and subsequent decline in allograft function at
24 months posttransplant. Moreover, it suggested chronic pathology that was
predictive of diminished allograft function may be detected as early as 3 months
posttransplant. Also this study confirmed the importance of late clinical rejection and
delayed graft function as a risk of elevated serum creatinine and emphasized that the
protocol allograft biopsies at 6 months posttransplant could be considered as an early
end point to assess the impact of a given immunesuppressive protocol (37) In another
recent study, by Seron et al, concluded that early protocol biopsies are useful to detect
patients at risk of losing their graft due to chronic transplant nephropathy (38).

Chronic renal allograft rejection is characterized by gradual progression suggesting
persistent low-grade injury. A new insight demonstrates the involvement of apoptotic
cell death as a potential pathway of chronic rejection. The presence of apoptotic cell
death was studied by determining apoptosis-induced oligonucleosomal DNA
fragmentation in the biopsy specimen using 3’ end labeling with terminal transferase, gel
fractionation, and Southern blotting. The specific cell types with increased DNA
fragmentation were determined by in situ 3’ end labeling performed on sections of the
biopsies. Significant DNA fragmentation was found only in the specimens from patients
with chronic rejection (81).

There are some studies demonstrated that a variety of cells and molecules may regulate
smooth muscle cell replication in the vascular wall, the migration of smooth muscle
from the media into the intima, and the development of arteriosclerotic lesions
throughout the entire length of the vessel wall. these molecules include peptide growth
factors and lipid mediators of inflammation. The role of TGF-beta in pathological
processes in the transplanted kidney is beginning to be investigated both in animal
models and humans.

In chronic rejection, expression of TGF-beta, message, and induced proteins is elevated,
especially in cortex. TGF-beta mRNA, unlike other inflammatory cytokine mRNAs,
correlated very well with interstitial fibrosis, a hallmark of chronic rejection. Thus a
relationship between renal scarring and TGF-beta has been documented by most studies
of transplant kidneys (39).



In the Horvath et al study(40), they examined the altered expression of transforming
growth factor-beta isoforms in chronic renal rejection in humans including transforming
growth factor beta-1 (TGF-beta 1), TGF-beta 2, TGF-beta 3 and their receptors,
transforming growth factor beta receptor type I(T beta R-I) and T beta R-II. using
Northern blot analysis and immunchistochemistry. They claimed that there is an increase
in TGF-beta 1 and TGF-beta3 immunoreactivity in the glomeruli suggests that there is

a redistribution in TGF-beta expression in chronic renal allograft rejection. Together
with changes affected by B-cell mediated immunity, the above alterations might
contribute to the histopathological changes that occur in this disorder, such as intimal
fibrosis, arteriosclerosis and glomerular and tubular sclerosis.

Shihab et al (41) examined the expression of three TGF-beta isoforms (1,2, and 3) and
the two matrix proteins induced by TGF-beta that serve as a marker of fibrosis by
immunofluorescence technique in acute and chronic rejection of human renal allografts.
There was a significant increase in the expression of the three TGF-beta isoforms,
fibronectin EDA+ , and plasminogen activator inhibitor -1 (PAI-1) in the
tubulointerstitium from all cases of acute rejection and chronic rejection. In the
glomeruli of acute rejection cases only TGF-betal expression achieved statistical
significance, whereas in glomeruli of chronic rejection cases, all the three TGF-beta
isoforms in addition to fibronectin EDA+ and PAI-1 were elevated. Because TGE- beta
was present both in acute and in chronic rejection and because acute rejection episodes
are a good predictor for chronic rejection, these results suggest that TGF-beta may play a
role in the pathogenesis of fibrosis in chronic rejection.

Persistent fibrin depositions in kidneys undergoing chronic rejection has been suggested
to contribute to the obliteration of the vasculature in these grafts. Fibrinolysis. the
process to remove fibrin in tissues, is initiated by tissue type plasminogen activator
(tPA) and suppressed by typel plasminogen activator inhibitor (PAI-1). To investigate
their role in chronic rejection and fibrin deposition, Wang et al (42) examined the
expression of tPA and PAI-1 in an unmodified chronic rejection model using a Fisher
344 to Lewis rat renal transplant . Their immunohistochemical studies showed PAI-1
was mainly localized to the damaged/proliferative vascular intima. These results suggest
that persistent induction of PAI-1 may be responsible for the continuance of fibrin
deposition, which is associated with irreversible damage and chronic graft loss. In
another study by Shihab et al (43) it has been claimed that the expression mRNA
expression of plasminogen activator inhibitor (PAI-1), a protease inhibitor stimulated by
TGF-beta 1, increased along with TGF-beta | and matrix proteins. These results suggest
that the fibrosis of chronic renal allograft rejection

is mediated , at least partly, by the dual action of TGF-beta | on matrix deposition and
degradation.

The development of angiogenesis and tubulointerstitial lesion during chronic rejection of
human renal allograft has been associated with polypeptide mitogen which may serve as
an important mediator of growth and repair responses. Kirby, et al (44,45) studied the



immunolocalization of acidic fibroblast growth factor and receptors in the
tubulointerstitisal compartment and vascular compartment of chronically rejected human
renal allograft. Vascular lesions as well as tubulointerstitial in kidney allografts
experiencing chronic rejection demonstrated the exaggerated appearance of FGF-1
ligand and receptors. Immunoreactive FGF-1 readily was detected in medial smooth
muscle cells and focal areas intimal hyperplasia, particularly in association with the
presence of inflammatory infiltrate. Enhanced staining for FGF-1 mRNA primarily was
associated with the appearance of resident inflammatory cells. Medial smooth muscle
cells of hyperplastic vascular structures demonstrated the greatest immunoappearance of
FGF receptors. However. diffuse immunostaining also was observed in areas of intimal
hyperplasia. The enhanced appearance of both FGF-1 and FGF receptors in the vascular
wall suggested that this polypeptide mitogen may serve as an important mediator of
growth responses associated with neointima development and angiogenesis during
chronic rejection of human renal allografts.

Platelet-derived growth factor (PDGF) exists as a dimer composed of two homologous
but distinct peptides termed PDGF-A and -B chains, and may exist as AA, AB, and BB
isoforms. PDGF-A and -B chains have now been localized at both the mRNA and the
protein levels to the intimal proliferative lesions of vascular rejection. These peptides,
which are known stimuli for smooth muscle cell migration and proliferation in
experimental vascular injury, may have similar stimulatory effects on smooth muscle
cells in an autocrine and/or paracrine manner to promote further intimal expansion and
lesion progression in this form of human vasculopathy (46).

Pedagogos and et al (47), studied the involvement of myofibroblast (MF) in chronic
transplant rejection. MF were a major component of the interstitial infiltrate of 10

patients with chronic transplant rejection. Abnormal persistence of these cells in the
interstitium is one of the events that contributes to pathologic scarring of the kidney.

There is some evidence suggesting that lipid abnormalities maybe involved in the
pathogenesis of chronic renal allograft rejection (48). There is in vitro and in vivo
evidence of increased low density lipoproteins (LDL) oxidation in renal transplant
recipients which might facilitate the progression of atherosclerosis and enhance the
process of chronic vascular rejection(49).

Chronic rejection is a clinical syndrome characterized by a progressive decline in renal
allograft function and nonspecific histologic findings of interstitial fibrosis,
glomerulosclerosis, and fibrointimal proliferation of internal arteries. Most late allograft
failure that is not due to death with a functioning allograft is caused by chronic rejection.
Clinical correlates for chronic renal allograft rejection can be classified into two broad
categories: immune (alloantigen-dependent) and non-immune (alloantigen-independent).
Non-immune risk factors include donor source (living -related Vs, cadaveric), cold
ischemia time, delayed graft function, size mismatching, donor age, donor and recipient
gender, recipient race, hyperlipidemia, and hypertension. (50-69) . Clinically, the grafts



most at risk for chronic dysfunction include those from very young donors (donors less
than 3 years of age), elderly donors (donors more than 61 years of age), female donors,
and African-American donors.

Pediatric kidneys perform badly presumably because of a reduced filtration area
associated with their smaller size and inability to tolerate adult levels of renal perfusion.
Kidneys from older patients have diminished numbers of nephrons associated with age-
dependent sclerosis. The best transplant results were obtained from young donors and
the worst were with older donor kidneys regardless of HLA compatibility and up to 21%
of kidney failures resulted form insufficient renal mass due to age and were incorrectly
attributed to chronic rejection. However, other studies indicate that healthy grandparents
provide an excellent population for a living related donation. Kidneys from women
placed in men maybe at risk because of the size discrepancy, and kidneys from African-
Americans have fewer nephrons than do kidneys from whites, and generally perform less
well. These observations have been emphasized by studies in experimental animals (50-
69).

Race and ethnicity have an impact on kidney allograft outcome. Asian recipients of renal
allograft had the best long-term survival rates. This may be due to the low incidence of
sensitization ,the low incidence of acute rejection and chronic rejection leading to graft
loss ,and the prevalence of primary disease entities that have been associated with
excellent long-term prognoses, especially [gA nephropathy and chronic
glomerulonephritis. Hispanic recipients also had excellent short-and long-term graft
survival rates. This may be due to having the lowest incidence of early acute rejection
episodes compared with all other racial groups, and the limited deleterious effect of ATN
on long-term graft survival among Hispanics. The poor overall graft survival for Black
recipients may be due to poor HLA matching, a high rate of sensitization and a grim effect
of sensitization on graft survival, the high incidences of acute rejection and ATN, and the
high incidence of ATN both pre-and post-transplant (50-69).

Functioning nephron mass has been recently implicated as a risk factor for development
of chronic rejection of kidney allografts. The data showed that the quantity of
functioning renal mass is not only an important independent determinant of the intensity
of chronic renal allograft failure, but also a potent modulator of fundamental cellular and
molecular components of a complex process. This phenomenon involves antigen-
dependent and antigen-independent elements that ultimately result in chronic allograft
failure. HLA-DR. mismatch has been considered one of the risk factors of chronic
rejection. Significant survival benefits maybe achieved by prospective HLA matching if
cold ischemia times are limited. The five year graft survival and function was good in
patients who received immunoadsorption to remove anti-HLA antibodies (50-69). The
impact of prolonged delayed graft function on long-term graft outcome in cadaveric
kidney transplantation has been studied. It was concluded that prolonged DGF is
associated with a higher incidence of graft failure, particularly secondary to chronic



rejection after 1 year post-transplant. Moreover, acute rejection based on prolonged DGF
probably plays a major role in the development of chronic rejection (71).

Yet it is still difficult to distinguish between chronic rejection and other cause of kidney
scarring such as denovo or recurrent glomerulo nephritis; cyclosporine nephrotoxicities,
diabetic glomerulosclerosis and hypertension (72, 73).

Almost any glomerular lesions can recur or appear as de novo in renal allograft. The
incidence of recurrent glomerulonephritis ranged between 1.9% (90,91) and 3.2%.While
de novo glomerulonephritis ranged between 1% and 2.1%. (75). Approximately 50% of
patients who develop glomerular disease after transplantation eventually lose the graft.

Graft survival from 6 years after transplantation and onward is significantly lower than
patients without glomerular disease (76).

Recurrent glomeruler disease is a prominent cause of renal function deterioration and
should be separated from rejection related changes (74). Membranoproliferative
glomerulonephritis has a high rate of recurrence in allgrafts. Type I has a lower rate of
recurrence (30%) when compared with type II (70%), but is a more common cause of
end stage renal disease (77) .Focal glomerulosclerosis has an incidence of recurrence
approximately 40% and graft failure occurs in 20% of affected patients (78,79).
Membranous glomerulonephritis is uncommon complication of renal transplantation,
despite the fact that it is the most common cause of idiopathic nephrotic syndrome in
adults(80). [gA nephropathy has a recurrence rate of approximately 50%. However it
only rarely leads to graft loss (81).

The distinction of de novo from recurrent glomerulonephritis is based mainly on well
documented evaluation of the native renal disease of the patient and the donor renal
disease before the appearance of glomerulonephritis. There are only three relatively
common forms of de novo glomerulonephritis: (1) membranous, (2) acute serum
sickness, (3) anti -GBM disease (82,83,84).

Mauer et al reported thickening of glomerular basement membrane, increased mesangial
matrix, and arteriolar hyalinosis in most transplanted diabetic patients by 2 years post
surgery. Diabetic is caused by systemic effects of the disease, recurrence is simply a
matter of time. The benefit of transplantation in these patients resides in the
improvement of the quality of life (85).

Chronic cyclosporine nephrotoxicity has been described in solid organ transplantation
and immune disease after long -term CyA therapy (86-88). Mihatsch et al describe an
obliterative arteriopathy with downstream glomerular sclerosis or collapse in
cyclosporine -treated patients. A pattern of striped intersititial fibrosis ensues with a
nephron drop out, tubular atrophy and, ultimately, compromised renal function. Renal
fibrosis was observe (89). Myers et al have suggested that chronic cyclosporine-induce
vasoconstriction causes damage and occlusion of afferent arterioles, leading to



irreversible glomerular and nephron damage by ischemic atrophy. Clinically, chronic
cyclosporine nephrotoxicity is characterized by slowly progressive hypertension,
azotemia, and proteinuria (86,33). Mihatsch et al (73) emphasized that for differential
for differential diagnosis purposes, the fibrous intimal thickening that occurs in the
kidney due to atherosclerosis hypertension, diabetes, or as reaction to reduction in renal
mass in processes such as pyelonephritis lacks the mononuclear cell infiltrates, foam
cells, proliferation of myofibroblasts, and nuclear atypias frequently seen in fibrous
intimal thickening of chronic rejection. In these other conditions, the internal elastic
lamina is usually preserved and the intimal fibrosis is often eccentric, thus differing from
the chronic rejection lesion in which there is frequent disruption of the elastica and
concentric intimal thickening.

From the above discussion, we conclude that several common diseases may cause
sclerosing changes in all compartment of the kidney and may therefore confused with
chronic rejection. Although Mihatsch et al, provide an excellent guide for the distinction
between chronic rejection, similar changes brought about by other entities, and
cyclosporine induced nephrotoxicity, chronic rejection is not fully characterized yet and
the accurate distinction of chronic rejection from other conditions remains challenge for
future (91,92).

Because it is often impossible to define the precise cause or causes of chronic allograft
damage, the term “chronic/ sclerosing allograft nephropathy” is preferable to” chronic
rejection, "which implies allogeneic mechanisms of injury, unless there are specific
features to incriminate such a rejection process. However, recognition of those cases that
do represent ““chronic/recurrent rejection” may be important, as there are preliminary data
suggesting that therapy may be efficacious in these cases (93). Biopsies that demonstrate
the following lesion : fibrous intimal thickening, chronic transplant glomerulopathy,
interstitial fibrosis, are assigned the noncommittal term “chronic transplant nephropathy”
as other conditions such as cyclosporine toxicity, hypertension, and reflux can generate
these lesions as well (22).

[n Banff schema chronic allograft nephropathy is categorized into three grades, grade |
(mild), grade II (moderate), grade III (severe).Grade I is defined as mild interstitial
fibrosis and tubular atrophy without(a) or with (b) specific changes suggesting chronic
rejection. Grade II is defined as moderate interstitial fibrosis and tubular atrophy without
(a) or with (b) specific changes suggesting chronic rejection. Grade III is defined as
severe interstitial fibrosis and tubular atrophy without (a) or with (b)specific changes
suggesting chronic rejection. Glomerular and vascular lesions help define type of
chronic allograft nephropathy: chronic/recurrent rejection can be diagnosed if typical
vascular lesions are seen. Vascular changes enable identification of kidneys with
chronic/sclerosing changes due to chronic rejection. Specific chronic vascular that
suggest that vascular changes are due to “chronic rejection” are disruption of the
elastica. Proliferation of myofibroblasts in the expanded intima and formation of a
second neointima are useful features. Fibrointimal thickening in vessel without these
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feature is finding, especially if it is of new onset and is graded, but it is not regarded as
specific for chronic rejection. Chronic vascular changes are graded based on the extent
of the occlusion of the most severely affected vessels (73,18).

Newly recognized lesions have been described involving the peritubular capillaries of
renal allograft (94-98). In 1990 Monga et al demonstrated their original observations of
splitting and lamination of peritubular capillary in patient with transplant
glomerulopathy (94). In 1992 Monga et al .assessed peritubular capillary changes in 61
renal allograft specimens from the late post-transplant period by electron microscopy
(95). Of the specimen examined. 47 (77%) showed peritubular capillary abnormalities.
This included all 38 specimens with transplant glomerulopathy, a lesion seen in cases of
chronic rejection and characterized by immune -mediated endothelial damage with
development of glomerular capillary basement membrane abnormalities present in the
same case. Both types of abnormalities frequently accompanied other histologic signs of
rejection.

Sequential biopsies showed that changes in the basement membrane abnormalities may
allow prediction of later development of transplant glomerulopathy and clinical chronic
rejection. The peritubular capillary changes described by Monga et al. occurred at an
average of 2 year post-transplant, although severe changes were observed as early as 1
month in one case.

In contrast, [vanyi et al .(96) studied post-capillary venule-like changes in peritubular
capillaries by electron microscopy in 5 cases of acute rejection (biopsies) from 1 to 12
wk post-transplant. Morphometric studies showed a (significant) two-fold increase in
endothelial cross sectional area in the acute rejection group compared with others. There
was increased adherence and passage of lymphocytes through the endothelium. The
greatly enlarged peritubular capillary endothelial cells in acute rejection had increased
numbers of mitochondria and ribosomes and were often associated with reduplicated
basement membranes. The peritubular capillary basement membrane reduplication
observed in both studies may predict later decline in function.

In 1997, G. Lajoie examined the utrastructural changes of peritubular capillaries, over a
period of up to 8 months, in 14 biopsy specimens obtained from 5 renal allograft
recipients diagnosed with “pure” antibody-mediated rejection. In peritubular capillaries,
there is progression of injury from necrosis of endothelial cells with lifting and
denudation of basement membrane to complete disappearance of capillaries. Acutely,
acute tubular necrosis is a constant finding. At 2 to 3 months post-transplant, the
remaining capillaries are dilated, misshapen, and distorted, and are surrounded by
reduplicated and thickened basement membrane. These changes are associated with
increased interstitial fibrosis and tubular atrophy, comparable to a sort of renal
"asphyxial” death. Lajoie concluded that in “pure” antibody-mediated rejection, the
endothelium of peritubular capillaries is a main target of injury (97).
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Papadimitriou et al. examined 135 biopsy specimens from renal allografts and native
kidneys and categorized the ITC basal lamina alterations into 5 patterns. The results
showed that although marked ITC basal lamina abnormalities are characteristically seen
in association with TG, lesser degrees of these changes may also be found in native
kidneys and in transplants with other types of glomerulopathis (98).

The microvasculature of transplanted organs has been recognized to be an early and
important target in rejection of various organs (99-101). Given the potential importance
of these peritubular capillary lesions in predicting later decline in graft function and in
helping to define chronic rejection more accurately (92,94,96) we designed our study.
The objectives of this retrospective research are : to study the ultrastructure changes in
peritubular capillaries, to measure the basement membrane thickness in chronic allograft
rejection, to study the correlation between clinical renal function and ultrastructural
changes in chronic renal allograft rejection. This study successfully distinguished
between the ultrastructural changes observed in chronic rejection and other
ultrastructural changes observed in other causes of kidney scarring.

The presence of the basement membrane thickening in chronic rejection was unique and
helped to differentiate between chronic rejection and other causes of kidney scarring.
The pattern of splitting (multi-layering) also helped distinguish between chronic
rejection and other causes of kidney scarring, especially cyclosporine nephrotoxicity.
The study also showed that the multi-layering (4 or more layers) of the basement
membrane is specific for chronic rejection. The uitrastructure grading system helped to
predict the clinical outcome of the renal biopsies. A score of 7 in ultrastructural changes
is predictive of renal failure in chronic allograft rejection . The ultrastructural score
depends on three parameters: number of spilt capillaries, number of split layers, and
percentage of capillaries’ circumferences showing splitting.

Acute rejection is the most important risk factor for chronic rejection (102.103,104).
Most studies correlate the number of episodes and the frequency of acute rejection to the
occurrence of chronic rejection. Pekka Hayry, et al. studied the intensity and the length
of the episodes of acute rejection and how the length and intensity contribute to the
development of chronic renal allograft rejection. The study was conducted on
experimental animals. The study demonstrated that the area under the serum creatinine
curve vs. time (which represents the intensity and the length of episodes of acute
rejection) correlates better than the number of acute rejection episodes to the
development of chronic rejection (CADI) and to late graft function. Based on the Pekka
Hayry, et al. research, this study investigates the correlation between the area under
serum creatinine curve vs. time (which represents the intensity and the length of acute
rejection episodes from a period of 1 week to 3 months) towards the development of
chronic rejection assessed by Banff Schema. This study did not agree with the Pekka
Hayry, et al. (105) research. The difference between this study and the Pekka Hayry ‘s
is because Pekka Hayry conducted their study on experimental animals and he had the
ability to manipulate the intensity and the length of acute rejection by administrating or



withdrawing the immunosuppressive drugs. To the contrary, our study was a
retrospective study conducted on human patients and most of the patients had one or two
episodes of acute rejection.

Only a few studies have documented an association between chronic allograft pathology
found in protocol biopsy and subsequent renal allograft function and studied the role of
protocol biopsies in the diagnosis of chronic rejection (35-37 ). In our study the study of
the follow up serum creatinine curve helped to investigate if histological evaluation of
protocol biopsies by Banff schema is predictive of deterioration of renal graft function
and graft loss due to chronic allograft nephropathy. Also we studied if the ultrastructural
evaluation of protocol biopsies is predictive of deterioration renal function and graft loss
due to chronic allograft nephropathy.

This study showed that the histological evaluation of protocol biopsies in patients with
stable graft function by using Banff schema (6, 7) was predictive of deterioration of
renal allograft function and losing the graft due to chronic allograft nephropathy in five
out of six patients.

This result agreed with David rush study (37), [soniemi study (35), and Seron study,
(38) in which they stated the importance of protocol biopsies in predicting the
deterioration of renal allograft function and graft loss due to chronic allograft
nephropathy. Also at the time of protocol biopsy these patients with stable renal
function had the tendency to develop acute rejection, and this observation agreed with
seron et al study (38).

There was only one patient who did not show any change in his renal function and
remain stable after being diagnosed pathologically as chronic allograft nephropathy by
Banff schema (6,7). this patient is consistent with the rest of the group and showed the
same degree of severity of pathological changes (CI1 ,CT1 ,CV1) that the rest of the
group had . this patient behaved clinically different form the rest of the group for the
following reasons: ( I) this patient is part of a clinical trial

( mycophenolate mofetil study ), and he is weli controlled. (II) This patient only have
subclinical rejection and this patient may be will develop clinical rejection later.

Also the study of ultrastructural changes in protocol biopsies was predictive of
deterioration of graft function and losing the graft due allograft nephropathy the
severity of ultrastructural was predictive of graft loss due to chronic allograft
nephropathy. As patients having ultrastructural score of 7 or more went to renal failure.
In contrast the severity of Banff schema score was not predictive of graft loss due to
chronic allograft nephropathy. In this study we concluded that protocol biopsies are
useful to detect patients at risk of losing their graft due to chronic transplant
nephropathy. Also in this study we emphasized the incorporation of the ultrastructural
assessment with histological in the evaluation of protocol biopsies.
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Chapter (2)
(IDMethod

1.Biopsy Selection:

The study was performed on sixty renal transplant biopsies. These biopsies were
categorized into the following six groups:

(a) Baseline Group (1 hr. biopsy) :

This group consists of 14 patients whose biopsies were selected from files at the
University of Alberta, Department of Pathology. These biopsies were performed on each
patient at the time of transplantations after establishing the vascular anastomosis.

(b) Moderate Acute Rejection :

This group consists of 14 biopsies. These biopsies are selected from the files at the
University of Alberta, Department of Pathology. These patients had initially good renal
function and responded to anti-rejection therapy (Solumedral, OKT3, ALG or ATG) by
showing declining of their creatinine level by 30% after rising to 50% from baseline
creatinine. Patients who were dialysis dependent, or had poor renal function, or were
oliguric or anuric were excluded. This group consisted of 11 males and 3 females. The
biopsies were performed between two weeks and 11 months post transplantation. Ten
patients received their transplantation from cadaveric donors and the rest received theirs
from living related donors. One patient had two transplantations. Two patients ended up
with renal failure and both of them were males.

(c) Chronic Rejection Group :

The biopsies of the patients were performed in the cyclosporine era. This group consists
of 12 patients. These biopsies were selected on basis of presence of fibrous intimal
thickening (CV-1/CV-2) according to Banff Schema. Patients with a history of
hypertension, diabetes, recurrent or denovo glomerulonephritis are excluded . This group
consisted of five males and six females with birth dates ranging between 1942 to 1982.
Nine of the patients received their renal transplantation from cadaveric donors and the
rest got theirs from living related donors. The donors' ages ranged between 25.52 to 86.16
years. The periods of transplantations were between 3 to 72 months . Based on renal graft
function ( determined by serum creatinine ) for each patient prior to the time of the
biopsy , these patients are grouped into two groups.
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The first group consists of six protocol biopsies in renal transplants patients with
stable graft renal function ( see fig 3.8a). the mean serum creatinine for this group was
130£95 pmol/l. These patients had stable renal function over a mean period of 510 days.
At the time of the protocol biopsy, these patients ( with stable graft function ) were
evaluated histologically by Banff schema (6,7) and diagnosed as chronic allograft
nephropathy. The chronic allograft nephropathy score for these patients ranged from
(CI ,CT1 ., CV1)to (CI2,CT2 ,CV2).This group of patients at the time of the protocol
biopsy had the tendency to have an acute rejection episode (see fig 3.9 ).

The second group consists of six biopsies of renal transplant patients having
progressive deterioration of their renal graft function prior to the of the biopsy.The
mean serum creatinine level for this group was 308.5+93 pmol/l. At the time of the
biopsy ,this patients were diagnosed as chronic allograft nephropathy by using Banff
schema (6,7). The chronic allograft nephropathy score for this group evaluated by
Banff schema (6,7) ranged from (CI1,CT1,CV1)to (CI2.CT2.,CV2).

(d) Pre-Cyclosporine Era Chronic Rejection Group :

This group was selected from the files at John Hopkins Hospital. The group consists of
six patients. Their biopsies were diagnosed as chronic rejection based on the presence of
fibrous intimal thickness (CV1, CV2 ). Those patients were neither diabetic nor
hypertensive and also did not have a history of recurrent or denovo glomerulonephritis.

(e) Cyclosporine Nephrotoxicity in Native Kidney Group :

This group of patients was selected from University of Aarhus in Denmark. These
patients are treated with cyclosporine for having psoriasis . This group consisted of nine
biopsies. These biopsies were diagnosed pathologically as cyclosporine nephrotoxicity
due to the sudden onset of hyaline arteriolar thickening described by Mihatch (92).
Clinically these group are comparable with the chronic rejection group in this study. At
the time of the biopsy the mean serum creatinine for the group was 57.5 +17.6 pmol/l.
The median of serum creatinine for this group was 82 pmol/l.

(f) Hypertension Group :

These patients were selected from files at the University of Alberta Hospital. These
patients did not have transplanted kidneys. They showed hypertensive pathological
changes in their native kidneys ( arterial fibrous initmal thickening ). This group
consisted of three females and three males. Their ages ranged from 40 to 55 years with
blood pressure between 150/100 to 200/110.
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(g) Material :

For each case, 15 randomly taken electron microscopic pictures of peritubular capillaries
were taken at different levels. Seven pictures were taken at low magnification power
(X3000) and eight pictures were taken at high magnification power (X9000).
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2- Data Collected :

(a) Measurement of the basement membrane by stereological techniques:

The thickness of peritubular capillary basal lamina is estimated by stereological techniques.
Seven EM pictures are randomly taken at different levels and different fields for each case.
The thickness is estimated by a coherent test system (grid) that consists of lines and points as
shown in figure (2-1).

The thickness is defined by the volume of the barrier divided by one of its two bounding
surfaces [Wiebet, 1979, Gunderson, 1984]

t=S/iv=2(PMNM(ZI1/ZP)
where
S = Surface area of basal lamina.
v = volume of basal lamina.

P = test points falling onto barrier profiles.
[ = intersections with the face of reference surface.

The square of the coefficient of error (CE) of the ratio s / v is calculated by Cochran's
Formula :

12 PZ *
CE*(SV)=—Z—+ LU 2P, _Ure)

TETE T e

where
m = number of pictures.

P = test points falling onto barrier profiles.
[ = intersections with the face of reference surface.

(b) Post Capillary Venule Like Transformation:

a. The thickness of endothelial cell lining of peritubular capillaries is estimated by the same
method in which the basement membrane is estimated.

b. Numerical Quantification of Biopsies Showing Post Capillary Venule Like
Transformation:
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This is estimated by using eight EM pictures of peritubular capillaries at high power
magnification (X9000) for each case. This measurement is done by scoring one for each
case showing high endothelial cell lining in their peritubular capillaries. A comparison is
done between the moderate acute rejection group and control group using Wilcoxon test
in which the level of significance, p < 0.05.

(c) Basement Membrane Splitting :

The assessment of basement membrane splitting is estimated by two parameters: the
percentage of basement membrane splitting and the maximum number of split layers.

(d) Percentage of The Basement Membrane Splitting of Peritubular Capillaries and Their
Patterns :

The percentage splitting was estimated by using 8 EM pictures of peritubular capillaries
at a magnification power of 9000. A major axis and a minor axis are drawn to divide the
capillary circumference into four portions. Then these portions are marked as 0 to 25% ,
25% to 50% , 50% to 75% , and 75% to 100%. The capillary circumference for each case
is estimated by calculating the average circumference measured in the 8 EM pictures. [f
more than 60% of the capillary circumference was involved in the splitting, it is
considered circumferential splitting. Non circumferential splitting is considered if the
measured circumference is less than 60%.

(e) Maximum Number of split Lavers in Peritubular Capillaries:

The maximum number of split layers of capillaries for each case is estimated.

The numbers are scored as 1 to 2 layers, 3 to 5 layers, 6 to 8 layers.

A comparison between each group and the control group is performed by using
Wilcoxon test in which the level of significance, p = 0.05 .This is estimated through 8
EM pictures at a magnification power of 9000.

(f) Numerical Quantification of Split Capillaries:

The number of split capillaries is counted in 8 pictures for each case. [f 60% or more of
the capillaries is involved in the splitting, it is defined as "diffuse splitting". If less than
60% of the capillaries is involved, it is called "focal splitting". The groups comparison is
done by using Wilcoxon test with a level of significance p<0.05.

(g) Capillary Profile :

The number of dilated capillaries is counted by using 3 different power fields of
light microscopy. A comparison between the chronic rejection group and the control
group by using Wilcoxon test.
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light microscopy. A comparison between the chronic rejection group and the control
group by using Wilcoxon test.

3- Clinical Data Collected :

a. Serum Creatinine Curve :

For each chronic rejection case, serum creatinine level from the time of transplantation to
the time of biopsy diagnosed as chronic rejection is plotted using Microsoft Excel.

b. Estimation of Area Under serum creatinine Curve (AUCcr) :

Estimation of the area under the serum creatinine level curve versus time is done for
periods ranging from one week to three months. This measurement is also done by
performing trapezoidal rule of numerical integration. This method assumes that the area
under the curve can be divided into an infinitely small number of trapezoids. The area or
each trapezoid is calculated individually and then a summation of these small “elemental”
areas is performed to calculate the total area under the curve.

¢c. Correlation Between the AUCcr and Banff Score for Chronic Rejection :

This was performed by using Spearman's Correlation Biostat Program.
The level of significance p = 0.05

d. Correlation Between the AUCcr and the Ultrastructural Score for chronic rejection :

The ultrastructural score (USCS) is a numerical coding for each biopsy.
A maximum of nine ultrastuctural changes.

Quantitative criteria for membrane splitting score (1 - 3+)
1 -2 layers --=|
J-5layers =2
6 - 8 layers =3
Quantitative criteria for capillary circumference score (1 - 3+)
0-25% =1
25%-60% =2
60% - 100% =3

Quantitative criteria for the number of split capillaries score

1 -3 Capillaries is scored as |
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The correlation is done between the ultrastructural score for chronic rejection (USCS)
and the area under serum creatinine curve ( AUCcr ) by using Spearman's Correlation test
with a level of significance p = 0.05 (according to the biostat program).

Follow up Serum Creatinine Curve :

A plot of the serum creatinine versus the time after the biopsy is diagnosed as chronic
allograft nephropathy is done by using a Microsoft Excel spread sheet. This is a
descriptive study of the renal biopsies function after being diagnosed as chronic allograft
nephropathy . The study of the follow up serum creatinine curve helped to investigate if
histological evaluation of protocol biopsies by Banff schema is predictive of
deterioration of renal graft function and graft loss due to chronic allograft nephropathy .
Also we studied if the ultrastructural evaluation of protocol biopsies is predictive of
deterioration of renal graft function and graft loss to due renal allograft nephropathy.

4 - Prediction of Biopsy Outcome :

Is the Banff score predictive of the outcome of the biopsy (renal failure or not)?

The failing of chronic renal allograft rejection is scored as 2.

The deterioration in renal function is scored as 1.

The non failing chronic renal allograft rejection is scored as 0.

The pathological score for chronic rejection by Banff schema is plot against the biopsy
outcome (failure /non failing). Also, the ultrastructural score for chronic rejection is plot
against the outcome of the biopsy by Microsoft Excel.

Statistically, Biostat program was implemented to calculate the mean, median, range. and
standard error of range for each group. A comparison is made between the control group
and other groups by Wilcoxon test in which the level of significance .p <0.05.

5 - Tissue Processing :

a. Needle Renal Biopsies:
Renal biopsies are brought to the EM lab. Usually 2 to 3 cores of the tissue are obtained.

20% of each core is used for the EM lab, the rest is for utilization in the histology lab
and the immunology lab.

b. Fixation :

b.1. Primary fixation : After cutting the tissue into | mm3 portions, they are placed in
glutaraldehyde with the temperature kept at 4°C. for 2 hours. After fixation, the
specimens are washed in two 15 minutes baths of cocdylate buffer.

b.2. Post Fixation : The tissue is fixed in paladis 0504 fixative for 2 hours with the

temperature kept at 4°C The specimen is washed for 10 minutes with cocdylate buffer
and then for 10 minutes in dH20.
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b.2. Post Fixation : The tissue is fixed in paladis 0504 fixative for 2 hours with the
temperature kept at 4°C The specimen is washed for 10 minutes with cocdylate buffer
and then for 10 minutes in dH20.

¢. Dehydration :

The specimens are dehydrated with graded series of 5 minutes baths of 50%,70%, 80%,and
95% ethanol solutions. These paths are followed by three to 5 minutes in 100% ethanol. The
tissue is rinsed in 3 to 5 minute washes of intermediary solution of propylene oxide.

d. Infiltration with Epoxv Resin :

The specimens are introduced to a 50/50 mixture of propylene oxide to infiltrate the tissue for
30 minutes. Then, they are poured off and replaced with epoxy-resin. The vials containing
both the tissue and the epoxy-resin are placed on a rotator for a minimum of two hours to
ensure complete infiltration.

e. Embedding :

The specimens impregnated with epoxy-resin are embedded by first removing the tissue
from the glass vials onto paper. The portions are placed at the bottom of the polyethylene
Beem capsules. The Beem capsules are filled with epoxy resin and placed on a labeled
tray.

f. Curing :

The embedding specimens are usually placed in a 60°C. oven for 48 hours to cure the
€poxy.

g. Cutting :

Blocks are cut by ultramicrotome. Good thin sections that have gold-silver reflections are
selected. All sections float on the water's surface which reflects the color of the section in
each case. Undesirable sections are removed with an eyelash mounted on a stick.

h. Mounting :

Good gold to silver sections that are 60 nm to 110 nm thick are arranged on water
surface and mounted on grids as illustrated. The sections are arranged with an eye lash
and touched down by the shiny side of the grid sections are mounted towards the center
of the grids.

For each case, two 150 mesh and two 200 mesh grids are prepared. The 150 mesh grids
have wider openings and, therefore, more convenient when obtaining low magnification
micrographs while the 200 mesh grids allow more support for the sections. The grids are
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put in a covered petri dish and placed in an 80 °C oven for at least one hour to allow the
sections to adhere properly.

1. Staining :
Grid sections are stained with uranyl acetate and lead citrate.

6-EXAMINATION OF GRIDS USING HITACHI H-600 ELECTRON MICROSCOPE

a- Start up the microscope and ensure the vacuum and the camera are on.

b- Specimen loading : Load the specimen in the specimen rod. Place the specimen rod
into the specimen chamber and evacuate the chamber (light goes out) and turn clockwise
until the first stop is reached. Continue to turn until the rod is fully inserted.

c- Filament saturation : Ensure that the Lens Systems are in "Zoom" mode. Depress the
50 kV button of the accelerating voltage. Slowly saturate the filament by looking at the
HV beam dial (usually saturated at 2 o'clock position).

d- Grid Examination : Place in a suitable objective aperture, and center with objective
aperture controls. Manipulate image with vertical and lateral movement controls;
magnification controls and brightness controls.

e- Focusing : Lift up the viewing screen to its 45° stop position. Focus your projected
image, using the focus fine / coarse and focus under / over controls, and the wobbler if
necessary. Lower the viewing screen back to its resting position.

f- Photography : The EM film is a sheet of cellulose acetate which is coated on one side
with an emulsion of gelatin containing various halides. Exposure to the electron beam
causes the formation of silver nuclei in the silver halide crystals.

- A desired area of peritubular capillaries is selected.

- Adjust the brightness with the controls. Adjust the magnification.

- The film is exposed by the handle on the right of the column ,and by lifting the field
screen all the way.

- Take seven different pictures at low magnification (X1000).

-Take the same seven pictures at X 3000 magnification.

g- Development of Negatives : The film is handled only in the dark room setup where a
safe light is used to calculate the proper development time by the number of days
elapsed.



7 - PRINTING :

a)

b)

c)

d)

€)

g)

h)

Developer : Either Dektol or Ilford Multigrade (D-19 Kodak) is used. Fresh
developer is prepared as 1 :3 mixture of concentrate to tap water. The working
solution is replaced when development time reaches 6 minutes.

Stop Bath : Glacial Acetic A., (BDH, reagent grade).

Fixer (Kodak) : [lIfospeed Paper Fixer (Ilford). One package of powdered Kodak fixer
is added to one Gallon of 25°C tap water.

Hypo-eliminator (Kodak) : One package of powdered Kodak cleaning agent is added
to one imperial gallons (5 US quarts) of 27 °C tap water.

Photo - f10 : 15 ml of Kodak photo {-10 concentrate is added to the tank of ionized
water.

Setup : The dark room light is turned on for 5 minutes prior to printing. The water is
turned on, and run at a temperature of 20°C to 28°C. A gentle flow is all that is
required.

Procedure :The film is handled only in a dark room setup equipped with a safe light.
The proper time for developing the film is calculated by the number of days elapsed
since the last development. Three minutes is a typical time for development . The
development time usually increases by 15 seconds for each 3 days elapsed since the
last development. It may my be increased to obtain a good negative contrast. Remove
the negatives from the developer and wash in running tap water tor 2 minutes. The
negatives are placed in the fixer tank to remove unreduced silver ions and halides
.The negative should be left in the solution for 10 minutes . Then the negatives are
moved to a second fixer tank for another 10 minutes. Finally, wash the negatives in
water for 30 minutes. The washed negatives are dipped into a photo flo solution for
30 seconds and hung up to dry.

Exposure : The enlarger lamp is turned on, after placing a negative in the holder. The
image is projected onto a piece of white paper and a proper contrast filter is selected
for the image. The area on the negative to be printed is selected by moving the paper
holder in the proper position. The focus should be checked before undertaking a
session. The proper light intensity for exposure is observed and the photometer
calibrated accordingly by adjusting the left hand dial on the meter so that the needle
on the gauge is set to 50. A sheet of print paper is placed in the paper holder which is
set for 8 X 11 inch sheets. The exposure button is pushed and the sheet is exposed for
4 seconds.
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Chapter (3)

Results

1. Post-Capillary Venule Like Transformation :

As a first step we studied the post -capillary venule like transformation in peritubular
capillaries ( i.e the presence of high endothelial cell ,and increase in the adherence and
the passage of mononuclear inflammatory cells through the endothelium) in three
groups. Biopsies from the moderate acute rejection group [14 out of 14] showed post
capillary venule like transformation (fig 3.1). This result was significantly different
[p=0.000001] from the control group. Biopsies from chronic rejection showed similar
changes to the one seen in acute rejection group, in which 9 out of 11 cases showed post
capillary venule like transformation (see fig. 3.2) Chronic rejection group also showed
significant difference from the control group (p=0.00007) see table ( 3.1 ). Biopsies from
acute rejection group and chronic rejection showed post- capillary venule like
transformation in their peritubular capillaries. To investigate this further, we measured
the endothelial thickness of peritubular capillaries in control, acute, and chronic
rejection groups. [t was evident that the endothelial cell lining of the moderate acute
rejection group was thickened and the stereological estimation shows a mean thickness
of 1005 £ 118 nm . This showed that the moderate acute rejection group was statistically
significance (with p = 0.03) over the control group displayed in table (3.2) .In the chronic
rejection group, the endothelial cell lining of peritubular capillaries was thickened and
stereological estimation resulted a mean thickness of 1182 + 158 nm with statistical
significance (p=0.01) over the control group.

2. Basement Membrane Thickness:

We proposed to examine the basement membrane thickness of peritubular capillaries in
six groups. The baseline group showed that the mean basement membrane thickness was
504 £19.7 nm. In the moderate acute rejection group, the basement membrane was not
thickened and the mean thickness is 544 + 68 nm and showed no statistical significance
(p=0.39) over the control group. In contrast , the basement membrane of the chronic
rejection group at the cyclosporine era was thickened with a mean thickness of 785 + 61
nm. This showed strong statistical significance (p = 0.00003) over the control group. [t
should be mentioned that in pre-cyclosporine era chronic rejection group did not show
any peritubular capillaries membrane thickness and the mean thickness is 623 + 80 nm
which showed no statistical significance over the control group (p=0.20). However in
both cyclosporine nephrotoxicity and hypertension groups, the basement membrane was
not thickened and their mean thicknesses are 593 +72 nm and 527 + 60 respectively.
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They showed no statistical significance over the control group(p = 0.30 for the
nephrotoxicity group and p=0.60 for the hypertension group) see table (3.3).

3. Basement Membrane Splitting

To investigate the changes of the basement membrane of peritubular capillaries further,
we propose to quantify the basement splitting. First we measured the percentage of

the basement membrane and then we estimated the number of split layers of peritubular
capillaries. The study of the basement splitting was conducted on six groups.

3a- Percentage of the basement membrane splitting and their patterns:

Consider the following data provided in table (3.4), moderate acute rejection group shows
a noncircumferential splitting of the basement membrane. The mean percentage is 12.7%
+ 2.9% which showed statistical significance p=0.0002 over the control group. Figure
(3.3). However, biopsies from patients with chronic rejection ( at the cyclosporine era )
(see fig 3.4) showed changes that were significantly different from the control group
and moderate acute rejection group. T here was an increased degree of the basement
membrane splitting. The pattern of splitting was circumferential with a mean percentage
of 67.2% + 5.9%. See table (3.4). Similar to the chronic rejection group at the
cyclosporine era , the pre-cyclosporine era chronic rejection group showed
circumferential splitting of the basement (see fig 3.5) with a mean percentage of 60% +
1.7%. See table (3.4). This was also statistically signifi..unt (p=0.001) over the control
group. Similar to the moderate acute rejection and the hypertension group, the
cyclosporine nephrotoxicity group showed non-circumferential splitting ( see fig 3.6 )
with a mean percentage of 2.5% +0.7%, but this showed no statistical significance

(p = 0.9%) over the control group. See table (3.4) Refer to figure (3.7), similar to the
moderate acute rejection group, the hypertension group showed a non-circumferential
splitting of the basement membrane with mean percentage of 23% + 7.9%. This showed
statistical significance (p) of 0.0009 over the control group . See table (3.4).

3.b- Maximum number of split layers in peritubular capillaries:

Refer to table (3.5), the moderate acute rejection group showed an evidence of increase
in the number of split layers in peritubular capillaries. See figure(3.3). The maximum
number of split layers was 3 and the mean is 2.6 +0.5. This showed statistical
significance (p=0.006) over the control group. However, the chronic rejection group at
the cyclosporine era showed more increase in the number of split layers of peritubular
capillaries. See fig.(3.4).

The maximum number of layers was 8 and the mean was 5.2 + 0.6 . This showed strong
statistical significance over the control group. Similarly, the pre cyclosporine chronic
rejection group showed an increase in the number of split layers. See figure(3.5). The
maximum number of layers is 8 with a mean of 4.5 + 0.8. This showed statistical
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significance (p=0.0018) over the control group. In contrast, in the cyclosporine
nephrotoxicity on native kidney group, the number of the split layers of basement
membrane showed no statistical significance over the control group and the mean no. of
split layers is 2.07 £ 1.1 See figure (3.6). The hypertension group showed an increase in
the number of split layers of the basement membrane and the maximum no. of split layers
was 3 . See table(3.5).

Peritubular Capillary Changes in Chronic Rejection

Normal Acute Chronic CsA Hypertension
Rejection Rejection Toxicity
Layers 1.7£0.8 26105 52+1.6 27«11 28+04
#>5 0/12 0/12 5/12 0/12 0/5
#> 4 0/12 0/12 7/12 1712 0/5
#>3 0/12 0/12 11/12 1/12 0/5
#>2 1712 12/12 12/12 4/12 4/5
Table (3.6)

To clarify the above data further, a comparison between the number of split layers of
basement membrane in chronic renal rejection and other cause of kidney scarring was
done. The above table shows that as the number of split layers of peritubular capillary
membrane increases, the specificity of the test increases for chronic rejection. On the
other hand, with the decrease in the number of split layers of the capillaries basement
membrane, the sensitivity of the test increases for chronic rejection increase. The above
table shows that the number of split layers of peritubular capillaries (4 or more) is
specific for chronic rejection.

4. Numerical quantification of split capillaries:

To clarify the involvement of peritubular capillaries in splitting further, we quantified
the number of split capillaries in six group . Refer to table (3.7), the moderate acute
rejection group showed an increase in the number of split capillaries. The mean number
of split capillaries was 2.7 + 0.7. This showed statistical significance (p=0.0025) over
the control group . In the chronic rejection group at the cyclosporine era, almost all
capillaries were split. The mean number of split capillaries was 6.4 + 0.3 capillaries. This
showed strong statistical significance (p=0.000005) over the control group. Similarly,
the pre cyclosporine chronic rejection group showed increase in the number of split
capillaries was 6.2 + 0.4. This showed statistical significance (p=0.00012) over the
control group .In cyclosporine nephrotoxicity group, fewer capillaries showed splitting,
the mean was 1.8 +0.5. This showed no statistical significance over the control group.
In the hypertension group, there was an increase in the number of split capillaries with a
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In the hypertension group, there was an increase in the number of split capillaries with a
mean of 5.8 + 0.5. This demonstrated statistical significance over the control group
(p=0.000066).

3. Capillary profile :

To examine the changes of peritubular capillaries further ,the number of dilated
peritubular capillaries were quantified by using light microscopy in both chronic
rejection group and control group. Refer to table (3.8), the chronic rejection group
showed changes in capillary profile in which the capillary became rounded and dilated.
The mean number of dilated peritubular capillary is 53 * 4.5. This showed no statistical
significance over the control group.

6. Prediction of the biopsy outcome ;

The study of the follow up serum creatinine curve for each patient, having chronic
allograft nephropathy at the time of biopsy, helped to answer the following question:

* Is Banff schema or ultrastructural score considered to be predictive of the of the
deterioration of renal allograft function and renal failure due chronic allograft
nephropathy ?” The chronic allograft nephropathy patients are grouped into two groups
based on their renal allograft function prior to the time of the biopsy. The first group
consisted of six protocol biopsies for patients having stable renal allograft function ( see
fig 3.8a ). At the time of the biopsy this patients diagnosed as chronic allograft
nephropathy by using Banff schema . The mean serum creatinine for this group is 130
+95 pmol/l .This patients had a stable renal function over a mean period of 519 days.
[n the follow up serum creatinine curves .five out six patients showed a progressive
deterioration of their renal function and two of them ended with renal failure after 195
days and 305 days. (fig 3.8b ,table 3.9 ). This study showed that the histological
evaluation of protocol biopsies in patients with stable graft function by using Banff
schema was predictive of deterioration of renal allograft function and losing the graft
due to chronic allograft nephropathy in five out of six patients. There was only one
patient who did not show any change in his renal function and remain stable after being
diagnosed pathologically as chronic allograft nephropathy by Banff schema . this patient
was consistent with the rest of the group and showed the same degree of severity of
pathological changes (CI1 ,CT1,CV1) that the rest of the rest group had. this patient
behaved clinically different form the rest of the group for the following reasons: ( I ) this
patient is part of a clinical trial ( mycophenolate mofetil study ), and he is well
controlled. (II) This patient only have subclinical rejection and this patient may be will
develop clinical rejection later.

Also the study of ultrastructural changes in protocol biopsies was predictive of
deterioration of graft function and losing the graft due allograft nephropathy .The
severity of ultrastructural was predictive of graft loss due to chronic allograft
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nephropathy. As patients having ultrastructural score of 7 or more went to renal failure
(see fig 3.10 b). In contrast the severity of Banff schema score was not predictive of graft
loss due to chronic allograft nephropathy ( see fig 3.10 a ).

The second group consisted of six patients with progressive increase in their serum
creatinine curve prior the time of the biopsy. At the time of the biopsy this patients
diagnosed as chronic allograft nephropathy by using Banff schema. The mean serum
creatinine level was 308+93 umol/l. The follow up serum creatinine for this patients
showed progressive deterioration of renal function and two out of six patients ended
with renal failure. The ultrastructural score for this group of patients was predictive of
renal failure due to chronic allograft nephropathy however the severity of Banff schema
score was not predictive of graft . loss due to renal allograft nephropathy.

7- Area Under The Curve of Serum Creatinine (AUCcr) and Their correlation With

Banff score:

Estimation of the area under serum creatinine curve starts at one week after date of
transplant and ends at three months after transplant. This period represents the intensity
of acute rejection episodes .In this study there was no correlation between the area under
serum creatinine curve and the development of chronic rejection estimated
pathologically by Banff schema (by using spearman’s correlationr =- 0.2, p=0.4).
Also there was no correlation between the area under serum creatinine curve and the
ultrastructural score for chronic rejection (r=0.3, p = 0.4 ).The measurement of the
area under serum creatinine is recorded in table (3.9).
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Conclusion:

Biopsies from patients with chronic rejection (at cyclosporine and precyclosporine era)
show characteristic changes that differed significantly from other groups. See table (3.10).
These two groups shows; an increased degree of capillary basement membrane
circumferential splitting; increased severity of basement membrane splitting with 4 : 8
layers of basement lamina in comparison with 1 : 3 layers for the control, acute rejection,
hypertension, and cyclosporine nephrotoxicity group. Also, there is an increase in
proportion of capillary involved in splitting; the chronic rejection group at the cyclosporine
era shows a significant basement membrane thickening over the control, acute rejection,
hypertension, and cyclosporine nephrotoxicity groups.

Capillary Control Moderate Chronic rej. Pre cyclos Cyclosporing Hyper-

ultrastructural|l Group acute rej. at cyclospor. por. era nephro- tension

changes group era chronic rej. | toxicity group
group

PVC/like 0/14 14/14 9/14

transformation

Endotheliatl 698+42 nnj 1005 + 118 prh182 £ nm

Thickness

Basement 504 £19.7| 554 + 68 nm{ 785 £ 6| nm 623 £ 80 nm | 593 £ 80 nm| 520 = 40 nm

memb. {(nm)

thickness

% of split J1%x1.1 | 12.7% = 2.9/ 67.2% = 5.9 60% = 1.7 2.5% 0.7 |23%% 7.9nm

capillaries

Circumferen- | Non- Non- Circumferen- | Circumferen-| Non- Non-

cial circumf. circumf, cial cial circumf. circumf.

Max. no. of 1:3 layerpl : 3 tayers | 4 : 8 layers 4 : 8 layers 207 £ 1.1 28+04

split layers (17£0.2) | (2.6£0.5) (5.2+£0.6) (4.5 £ 0.8)

per case

Proportion of | Focal Focal Diffuse Diffuse Focal Diffuse

split (0.9£0.1) [ (2.7 0.7) [ (6.4 £0.3) (6.204) | (1.80.5) (5.8+0.95)

capillaries

Table(3.10)
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Chapter (4)

Discussion

Chronic rejection is the most important cause of graft failure after 1 year post
transplantation ( 30 ). Chronic rejection is defined clinically as a gradual deterioration of
renal function based on the morphological characteristic of graft biopsy. This definition
was proposed in 1992 on the fourth Alexis Carrol Conference on Chronic Rejection and
Accelerated Arteriosclerosis (40). Pathologically, chronic rejection is defined by the
presence of interstitial fibrosis, tubular atrophy and fibrous intimal thickening.

For pathological description and pathological quantification of the lesion, he Banff
Schema (7) should be used.

Chronic cyclosporine nephrotoxicity has been described in solid organ transplantation
and immune disease patients after long term cyA therapy (86 -88). The pathology of
chronic cyclosporine nephrotoxicity is characterized by tubular atrophy striped interstitial
fibrosis and sudden onset of arteriolar hyalinosis (89). It is difficult to distinguish
between chronic rejection and other causes of kidney scarring such as cyclosporine
nephrotoxicity, diabetic glomerulosclerosis, hypertension infection, recurrent and denovo
glomerulonephritis ( 90 ,91). The accurate distinction of chronic rejection from other
condition remains a challenge (91).

From this retrospective study, important ultrastructural peritubular capillaries changes
have been identified. These changes help to discriminate between chronic rejection and
other lesion causing kidney scarring, e.g. cyclosporine nephrotoxicity and hypertension.

Ultrastructural studies showed significant changes in the morphology of the endothelial
cell lining of peritubular capillaries of moderate acute rejection and acute rejection
superimposed on chronic rejection groups.

The peritubular capillaries in both moderate acute rejection and acute rejection
superimposed on chronic rejection groups showed the presence of high endothelial
cell( instead of being squamous ) and showed an increase in the adherence and in the
passage of mononuclear inflammatory cells through the endothelium. The peritubular
capillaries exhibit the morphology of post capillary venule like transformation.

These changes are due to the cytotoxic injury of endothelial cells (96).

Stereological studies showed significant increase in endothelial thickness of peritubular
capillary in both moderate acute rejection and chronic rejection (in cyclosporine era)
groups. The presence of increased endothelial thickness in chronic group is due to the
presence of acute rejection superimposed on chronic rejection. Further more the moderate
acute rejection group showed increased degree of capillary basement membrane splitting
(up to three layers)) However there was no significant basement membrane thickness in
the acute rejection group.

Based on the above discussion, our study agreed with Ivanyi et al (96 ) in the presence of
post capillary venule like transformation and reduplication of basement membrane of
peritubular capillaries in moderate acute rejection. However, in our study the patterns of

31



Based on the above discussion, our study agreed with Ivanyi et al ( 96 ) in the presence of
post capillary venule like transformation and reduplication of basement membrane of
peritubular capillaries in moderate acute rejection. However, in our study the patterns of
basement membrane splitting of peritubular capillaries in the moderate acute rejection
group was focal noncircumferential (12.7% of capillary circumference). Moreover, we
demonstrated the significant thickness of the endothelial cell lining of peritubular
capillaries by implementing stereological techniques.

Biopsies from patients with chronic rejection (during cyclosporine era) showed changes
that were significantly different from the control group and the moderate acute rejection
group. There was an increase in severity of the basement membrane splitting (4-8 layers).
There was an increased degree of capillary basement membrane splitting (circumferential
splitting 67% +1.7) and there was a significant basement membrane thickness. Although
the changes seen in precyclosporine era chronic rejection group and chronic rejection
during cyclosporine era group were similar, the basement membrane was not thickened in
the precylcosporine era chronic rejection group. An important question should be asked
regarding the difference of the basement thickness between chronic rejection during
cyclosporine era and precyclosporine era chronic rejection - does cyclosporine
nephrotoxicity has an impact on the ultrastructural changes of peritubular capillaries?

In corporation of renal allografts from native kidney biopsies from cyclosporine treated
patients is important to finely discriminate chronic rejection from cyclosporine
nephrotoxicity. In chronic cyclosporine nephrotoxicity on native kidney, the basement
membrane of peritubular capillaries was not thickened and showed non-significant, focal,
non-circumferential splitting.

It was imperative to discriminate between ultrastructural changes seen in chronic rejection
and the ultrastructural changes seen in other causes of kidney scarring. Renal biopsies
from hypertensive patients showed significant diffuse noncircumferencial splitting of
peritubular capillaries (23%).The maximum number of split layers was three.

Ultrastructural changes of peritubular capillaries showing lamination and splitting are seen
in all causes of kidney scarring and moderate acute rejection.However, the pattern of
splitting and lamination, the percentage of split of capillary circumference and the number
of layers are the main distinguishing factors between al! the causes of kidney scarring and
chronic rejection. This study showed that the presence of splitting (4 layers or more)of
peritubular capillaries is specific of chronic rejection.

In the moderate acute rejection group, the basement membrane of the peritubular
capillaries showed significant non-circumferential reduplication. However, the basement
membrane of peritubular capillaries in the chronic rejection group showed circumferential
splitting( more than 4 layers).

From the pattern of splitting of peritubular capillaries seen in both acute and chronic
rejection, it seems that the lesion of the moderate acute rejection may be antecedent of the
of the chronic rejection lesion if the moderate acute rejection lesion is repeated. This
argument can be supported by the notion that acute rejection is the most important risk
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factor of chronic rejection ,and several studies not only have demonstrated the
detrimental effect of early acute and especially repeated rejections on the long -term graft
survival ,but they also able to show a relation between acute rejection and the subsequent
development of biopsy-proven chronic rejection. (86 - 88).

Endothelial cells are not merely targets during rejection episodes; they actively
participate through their multiple functions in the secondary inflammatory response
(106). Damage to the endothelium of the allograft microvasculature and accumulation of
lymphocytes of in the peritubular capillaries and venules are seen in the early stages of
rejection (107, 108 ). The splitting and lamination of peritubular capillaries observed in
both acute and chronic rejection maybe due to subsequent repetitive damage of the
endothelium which leads to abnormal deposition of excess basal lamina material (109).

Since acute rejection is the most important single factor for chronic rejection

(102 - 104), chronic rejection can be predicted by the area under the serum creatinine
versus time curve(105). Acute rejection is the most common cause of graft dysfunction
in both early and late periods. Our study showed that the measurement of the area under
serum creatinine versus time curve(from the period of a week to 3 months which
represents the intensity and the length of acute rejection) doesn’t predict the occurrence of
chronic rejection. Our study did not agree with the Pekka, Hayry, et al. (105) research.
The Pekka, Hayry study stated that there is a correlation between the area under serum
creatinine Vs. time curve (representing the intensity and length f acute rejection) and
chronic rejection. The difference between our study and the Pekka, Hayry ‘s is because
Pekka, Hayry conducted their study on experimental animals and he had the ability to
manipulate the intensity and the length of acute rejection by administrating or
withdrawing the immunosuppressive drugs. To the contrary, our study was a
retrospective study conducted on human patients and most of the patients had one or two
episodes of acute rejection.

This study showed that the histological evaluation of protocol biopsies in patients with
stable graft function by using Banff schema was predictive of deterioration of renal
allograft function and losing the graft due to chronic allograft nephropathy in five out of
six patients. This result agreed with David rush study (37), Isoniemi study (35), and
Seron study, (38) in which they stated the importance of protocol biopsies in predicting
the deterioration of renal function and graft loss due to chronic allograft nephropathy .At
the time of protocol biopsy the patients with stable renal function have the tendency to
develop acute rejection, and this observation agreed with seron et al study (38).

There was only one patient who did not show any change in his renal function and
remain stable after being diagnosed pathologically as chronic allograft nephropathy by
Banff schema. this patient was consistent with the rest of the group and showed the
same degree of severity of pathological changes (CI1 ,CT1 ,CV1) that the rest of the rest
group had . this patient behaved clinically different form the rest of the group for the
following reasons : (I) this patient is part of a clinical trial ( mycophenolate mofetil
study ), and he is well controlled. (II) This patient only have subclinical rejection and
this patient may be will develop clinical rejection later. Also the study of ultrastructural
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changes in protocol biopsies was predictive of deterioration of graft function and losing
the graft due chronic allograft nephropathy. the severity of ultrastructural was predictive
of graft loss due to chronic allograft nephropathy. As patients having ultrastructural score
of 7 or more went to renal failure. In contrast the severity of Banff schema score was not
predictive of graft loss due to chronic allograft nephropathy. In this study we concluded
that protocol biopsies are useful to detect patients at risk of losing their graft due to
chronic transplant nephropathy. Also in this study we emphasized the incorporation of the
ultrastructural assessment with histological in the evaluation of protocol biopsies.

In conclusion, this study agreed with Monga et al.( 94 ) in the demonstration of splitting
and lamination of peritubular capillaries in chronic renal rejection. This study
demonstrated that lesion of peritubular capillaries is unique, specific, and predictive of
chronic rejection. The increase in basement membrane thickness of peritubular
capillaries measured by stereological techniques was unique for chronic rejection and
helped to differentiate between chironic rejection and other causes of kidney scarring. This
study emphasized on the pattern of splitting and lamination of peritubular capillaries
which played a crucial role in finally discriminating between chronic rejection and other
causes of kidney scarring especially cyclosporine nephrotoxicity. This study showed that
the number of split layers of peritubular capillaries (4 or more split layers) is specific for
chronic rejection. This study demonstrated that the severity of ultrastructural changes of
peritubular capillaries (ultrastructural score) is not only predictive of deterioration of
renal function of the graft, but also is predictive of graft loss.
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List of Tables

1) Post-Capillary Venule-like Transformation:

Studying of post-capillary venule like transformation revealed the following results :

REC # CONTROL ACUTE CHRONICI
I 0 1 1
2 0 1 1
3 0 1 1
4 0 1 1
5 0 1 l
6 0 l \
7 0 1 1
8 0 1 l
9 0 1 1
10 0 1 l
11 0 1 0
12 0 1 0
13 1 1 0
14 0 I 0
Table (3.1)

Table (3.1) demonstrates the number of cases showing post capillary venule like
transformation in control group ,acute rejection group , and chronic rejection Group.

Control = Control group
Acute = Acute rejection group
Chronicl = Chronic rejection at cyclosporine era group.
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Study of Endothelial Cell Thickness:

REC.# CONTROL ACUTE CHRONIC1

1 790 725 1557

2 497 1055 630

3 563 510 1412

4 833 593 1231

5 633 843 592

6 960 639 1851

7 666 833 1068

8 977 913 543

9 769 1372 1041

10 744 1225 920

11 787 1544 2166

Mean Thicknef®8 + 166 nm 1005 + 118 nm 182 + 158 nm

Median 743 843 1068

Wilcoxon Test p=20.03 p=20.01
Table (3.2)

CONTROL = Control group.
ACUTE = Acute rejection group.
CHRONIC! = Chronic rejection at cyclosporine era group.

Table 3.2 represents the estimation of endothelial thickness of peritubular capillaries in
chronic rejection , moderate acute rejection , and control groups.
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2) Basement Membrane Thickness:

REC. # Control.  Acute. Chronicl. Chronic2. CyclosporineHypertension

1 468.75 416.66 700 748 677 520

2 572916 310475 897 740 416 518

3 502.136  721.11 727.63 706 463 480

4 416.67 458.333 846.78 395 750 550

5 467.17 652.1739  793.651 833 474 570

6 431.00 493.00 551.80 373 659

7 598.00 1151.90 639.88 617

8 534.00 1250.00 705 451

9 530.03 406.00 1381 833

10 416.00 575.00 1000

11 606.061  648.148 876.45

12 625.00 763.88 798.20

13 465.00 488.95

14 632.00 464.286

Mean Thicknggsl + 19.7 544 + 68 785 + 61 623+80 593172 527+60

Median 502.13 533.13 795.90 520

Range 216.000  939.50 829.20

Wilcoxon Test p=0.39 p=0.00003 p=0.20 p=0.30 p =0.60
Table (3.3)

T able (3.3) shows the estimation of the basement membrane thickness in following

groups :

Acute = Acute Rejection group.
Chronicl = Chronic rejection at cyclosporine era group.
Chronic2 = Chronic rejection group before cyclosporine era group.
Cyclosporine= Cyclosporine nephrotoxicity group.
Hypertension= Hypertension group.
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3) Basement Membrane Splitting:

Ja- Percentage of the basement membrane splitting and their patterns:

REC.# Control Acute Chronicl Chronic2 Cyclosporine Hypertension

1 ! I3 52 90 2 18.5

2 0 30 82 100 0 20

3 0 1.3 100 71 5 16.5

4 10 28 81 5.7 1 237

5 32 10 79 85 2 36.5

6 0.5 1.3 80 10 0

7 10 22 40 0

8 4 38 30 5

9 9 7 60 7

10 0 10.5 70 1

11 0 11 81 7

12 0 1.3 52 3

Mean 33+1.07 127+29 67.2+59 60 £ 17 25+07 33+79

Median 1.0 10 74 78 2 20

Range 10 36.7 70 94 7 20

Wilcoxon Test p =0.002 p = 0.00001 p=0.0019 P=09 P =0.0009
Table (3.4)

Table (3.4) shows Percentage of split circumference of peritubular capillaries in
Sollowing groups :

Acute = moderate acute rejection group.

Chronicl = cyclosporine era chronic rejection group .

Chronic2 = precyclosporine era chronic rejection group.

Cyclosporine = cyclosporine nephrotoxicity group.

Hypertension = hypertention group.
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3.b- Maximum number of split lavers in peritubular capillaries:

REC# Control Acute Chronicl  Chronic2 Cyclosporine Hypertension

1 3 3 5 4 3 3

2 1 3 8 5 3 3

3 2 3 4 8 1 2

4 1 3 3 3 1 3

5 1 3 5 5 5 3

6 1 3 7 2 1

7 1 3 4 1

8 2 3 5 2

9 1 3 8 2

10 2 3 4 2

11 2 3 4 2

12 2 3 5 3

Mean 1.7+0.8 2.6+£0.5 52+1.6 4.5+0.8 2.07x1.1 2.8+0.4

Median 2 3 5 4.5 2 3

Wilcoxon 0.006 0.0000049 0.0018 0.3 0.01
Table (3.5)

Table (3.5) shows Number of split layers of peritubular capillaries in the following
groups:

Control = Control group

Acute = Moderate acute rejection group

Chronic = Chronic rejection group in cyclosporine era

Chronic2 = Chronic rejection before cyclosporine era

Cyclosporine == Cyclosporine group

Hypertension = Hypertension group
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4.- Numerical quantification of split capillaries:

Rec. #1 Control. Acute Chronicl Chronic2 Cyclosporinddypertension
1 | ! 4 7 3 5

2 0 3 7 7 7 7

3 0 1 7 7 0 4

4 1 1 7 5 0 7

5 1 ! 7 7 2 6

6 2 4 7 7 1

7 2 5 7 4 I

8 ] 5 5 0

9 ] 2 5 1

10 1 6 7 3

I 0 1 7 3

12 ] 3 7 2

Mean 09+0.1 27104 64+£03 6.2+0.2 1.8£05 358+03
Median 1 3 7 7 1 6
Wilcoxon p=0.0025 p=0.0000055 p=0.0001 p=0.01 p=0.0006

Table (3.7)
Table ( 3.7) shows the Number of split capillaries in the following groups :
Control = Control group
Acute = Moderate acute rejection group
Chronicl = Chronic rejection in cyclosporine era group
Chronic2 = Pre cyclosporine era chronic rejection group
Cyclosporine = Cyclosporine nephrotoxicity group
Hypertension = Hypertension group
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S) Capillary profile:

Rec # Dil. ch. Dil. b.

1 45 8

2 55 0

3 33 33

4 48 50

S 66 73

6 43 40

7 79 30

8 84 55

9 41 38

10 48 49

11 42

12 55

Table (3.8)

Dil. Ch. =number of dilated capillaries in the chronic rejection group.
Dil. b. = number of dilated capillaries in the baseline group.
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Case No AUCcr | BANFS| USCS X P B8X DATE | CRL @ BX |BX OUTCOME| DATEOF | FAIL PERIOD|LAST CR LEVEL CREATININE PATTERN
Months uMOUL FAILURE DAYS uMOLL BEFORE BX. AFTER BX.
2 2650220 ) 600 800 27 00 20-Sep-94 407 CO 2 03-Apr-95 195 629 00 Normal fluctuation with Progressive increase
slight increase with renal failure '
5 8287 50 800 900 7200 22-Sep-94 346 00 2 05-Feb-96 501 590 00 Progressive increase Progressive increase .
with renal failure
6 2452110 | 400 800 300 19.Jun-92 91500 2 20-Apr-93 305 802 00 Normal fluctuation with Progressive increase
shght increase with renal failure
10 5556 50 600 900 6000 30-Sep-92 152 00 2 28-Feb-94 516 547 00 Progressive increase Progressive increase
with renal failure
9 12528620 | 600 600 7200 20-May-94 326 00 1 NO FAILURE N 592 00 Progressive increase Progressive increase
7 8841 50 300 400 3700 12-Jun-93 206 00 1 NO FAILURE N 24200 Progressive increase Progressive increase
4 9125 50 500 6 00 7200 04-Feb-92 195 00 [v] NO FAILURE N 21400 Sudden rise Drop - stable for 2 years,
then progressive inctease
3 21900 00 300 6 00 1200 06-Jun-94 17200 0 NO FAILURE N 127 00 Normal fluctuation Gradual decrease
8 5609 00 500 700 700 30-Oec-94 168 00 1 NO FAILURE N 14000 Several peaks Progressive increase
1 24838 00 400 400 Q00 17-Jun.94 11200 0 NO FARLURE N 117 00 Normal fluctuation Gradual drop

2 = renal failure

0 = no change in renal function
1 = deterioration in renal function

Table (3.9)
Clinical Data of Chronic Rejection Patients

AUCcr = Area Under the Serum Creatinine Curve
BANFS = Banff Score for Chronic Rejection
USCS =  Ultrastructural Score of Peritubutar Ca

CRL @ Bx = Creatinine Level at the Biopsy Date

aries in Chronic Rejection
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List of Figures

Fig. (3.1)

Electron microscopic picture of moderate acute rejection
(9000X) , showing post capillary venule like
transformation (high endothelial cell), non-

circumferential splitting of the basement membrane into 2

layers, and passage of mononuclear inflammatory cell in

between.
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Fig. (3.2)
Chronic rejection, showing post capillary venule like
transformation, non circumferential splitting of the basement
membrane with a maximum of 6 layers partially seen at the

bottom right. The electron microscopic amplification factor is
9000X.



Fig. (3.3)
Moderate acute rejection, showing noncircumferential splitting of the
basement membrane. The basement split in2 layers seen at the left side
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Fig.(3.4)
Chronic rejection, showing circumferential splitting of the basement
membrane. with basement membrane split into 5 layers.
Electron microscopic picture X 9000.
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Fig. (3.5-a)
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Fig.(3.5-b)

Precyclosporine era chronic rejection, showing circumferential
splitting of the basement membrane. The layers are closely packed
together. The basement membrane split into 5 layers particularly seen
at the top center of fig.(3.5-b).Electron microscopic picture X 9000.
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Fig.(3.6)

Cyclosporine nephrotoxicity on native kidney, showing
noncircumferential splitting of the basement membrane. This is
particularly seen at the arrows. The basement membrane split into 2
layers.

Electron Microscopic picture 9000 X
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Fig.(3.7)
showing noncircumferential splitting of the basement

membrane, particularly seen at the arrows of the picture. EM 9000 X

1

Hypertension
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CREATININE PATTERN FOR CASE NO.2
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Fig.(3.8a)

This graph represents serum creatinine level for patient with stable renal function.
Figure (3.8a) shows a slight increase in pattern the serum creatinine level prior to the
time of protocol biopsy . At the time of the protocol biopsy this patient diagnosed as
chronic transplant nephropathy .

The circle represent the time of performing the protocol biopsy
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CASE NO.2

WCREATININE LEVEL
800

700
600
500
400
300
200
100

CREATININE LEVEL

23- 12- 15- 13- 27- 21- 31- 03- 23-
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94 94 94 94 95 95 95 95 96

DATE

Fig.(3.8b) Follow-up serum creatinine curve
The circle represent the time of graft failure due to renal allograft

nephropathy. The patient lost graft function after 195 days of being
diagnosed as chronic rejection.
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CREATININE PATTERN FOR CASE NO. 4
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Fig. (3.9) Serum Creatinine level Vs. number of days
Figure (3.9) shows the serum creatinine level with normal fluctuation (base line =150
HMol/L) . Then, at the time of protocl biopsy there was a sudden rise of creatinine
level to 250 pMol/L followed by a drop (198 pMol/L) and this patient diagnosed as
chronic allograft nephropathy.

The circle represent the time of performing the protocol biopsy .
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Prediction of Renal Failure Due to Chronic Rejection:

Banff Score vs. Biopsy Outcome

8.00

7.00

6.00

5.00 |

WBANFS

400 OBX. OUTCOME

3.00

2.00

1.00

0.00

Figure (3.10a)
Figure (3.10a) represents the correlation between Banff score (pathological
grading of chronic renal rejection) and clinical progression of chronic renal
rejection to renal failure.

This figure shows no correlation between the severity of the pathological lesion
estimated by Banff Schema and the progression of renal failure due to chronic
allograft nephropathy .
BX OUTCOME:

2 = Failing allograft.

1= Deterioration of renal function.
0 = No failure.
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USCS Vs. Biopsy Outcome
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Figure (3.10 b)
Figure (3.10b) represents the correlation between ultrastructural score
(ultrastructural grading of chronic renal rejection) and clinical progression of
chronic renal rejection to renal failure.

Figure (3.10 b ) shows that patients with ultrastructural score of seven or more are
likely to end up with renal failure due to chronic rejection. Therefore renal failure
due to chronic renal rejection can be predicted by the severity of ultrastructural
changes of peritubular capillaries.
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