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Chronic Transplant Rejection 

Renal transplantation is the preferred treatment for end stage renal disease. Patients who receive a 
renal transplant have a long-term survival advantage over similar patients who remain in the waiting 
list for renal transplantation'.2. Health-related quality of life as perceived by patients and societal 
costs also favor transplantation over dialysis3

. 

The success rate of renal 
transplantation has improved 
markedly in the last decade, and 
one year graft survival rates now 
exceed 86% for recipients of a 
first cadaveric renal transplant and 
96% for living donor kidney 
transplant recipients4

• Long-term 
graft survival has also improved, 
and the projected halflife (time to 
failure of 50% of kidneys 
functioning at the end of the first 
year post-transplant) for cadaveric 
renal transplants performed in 
1995 is now projected to be 11.6 
years compared to 7.6 years for 
transplants performed m 19884

. 

See Figure 1. 
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Figure 1 

A large number of patients, however, will experience failure of their transplants. Renal allograft 
failure is associated with significant morbidity and mortalitY. Repeat transplantation is associated 
with a substantial improvement in five year mortality, but many patients do not receive a second 
transplant. Moreover, as close to one-third of patients in the waiting list for kidney transplants are 
repeat transplant candidates, allograft failure is a major cause for the lengthening of the renal 
transplant waiting list5

. 

The causes of renal allograft failure differ according to the time after renal transplantation. Patient 
death and acute rejection are the two most important causes of transplant loss during the first year 
post-transplant4. Late causes of allograft failure include chronic rejection, patient death, late acute 
rejections, drug nephrotoxicity, anatomic problems, recurrence of the original renal disease, and de 
novo nephropathies6

•
7

• Patient death is an important cause of graft failure, especially in some patient 
groups, such as older transplant recipients and those with insulin-dependent diabetes mellitus8

• 

Chronic rejection is responsible for allograft failure in most patients who return to dialysis6
. Chronic 

rejection is the most common cause of graft failure following renal transplantation in children and 
is associated with growth failure in this patient population9

. 

Chronic rejection is also termed chronic allograft nephropathy, a term that reflects the importance 
of diverse factors to its pathogenesis and progression. Clinically, chronic allograft nephropathy is 
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characterized by a progressive decline in renal function, which is usually associated with 
hypertension and proteinuria10

. Histologically, chronic allograft nephropathy is characterized by 
interstitial fibrosis, tubular atrophy, and vascular changes, including fibrous intimal thickening of 
the blood vessel walls and luminal obliteration11

• Glomerular changes, including mesangial 
deposition and sclerosis, are often present, especially in allograft glomerulopathy11

. Multi-splitting 
of peri tubular capillary basement membranes as detected by electron microscopy has been suggested 
as a specific finding in chronic allograft nephropathy12

. 

Histologic features of chronic allograft nephropathy have been reported in a large proportion of 
renal transplant recipients with stable allograft function who undergo protocol biopsies at two years 
after transplantation13

•
14

• Histological changes are the most important predictors of future 
deterioration of allograft function 15

. 

Chronic rejection has been observed in recipients of all types of solid organs 16
-
18

. A common fmding 
in all transplants with chronic rejection is progressive narrowing of the hollow structures in the 
graft16

•
17

•
19.2°. In kidney transplants, chronic allograft nephropathy causes thickening of the vessels 

and tubular atrophy. The five year graft survival for cadaveric kidneys is 62%. In heart transplant 
recipients, there is graft coronary arteriosclerosis and a five year graft survival of 67%. In lung 
transplant recipients, there is bronchiolitis obliterans, and the five year graft survival is 40%. Liver 
transplant recipients suffer less from chronic rejection but can also develop vanishing bile duct 
syndrome and have a five year graft survival of61%17

•
20

. 

The mechanisms that promote the progression of chronic allograft nephropathy have not been 
completely elucidated. At the present time, there is no established treatment for established chronic 
rejection. Animal models do not reproduce the complex interaction of multiple factors present in 
chronic rejection. Renal transplantation in humans has provided the most valuable insights into the 
processes involved in chronic allograft nephropathf1

• 

A major limitation in the study of chronic allograft nephropathy is that, given the low rate of graft 
loss after the first year post-transplantation, a trial of primary prevention in renal transplantation 
would require a large number of patients followed over several years22

•
23

• Trials of secondary 
intervention have also been limited, due to the requirement for large numbers of patients and for the 
lack of effective surrogate markers of chronic allograft nephropathy. As chronic rejection is the most 
important cause of late graft loss, it has been common to use long-term graft survival as a marker 
of chronic allograft nephropathy. Allograft halflife (time to failure of 50% of kidneys functioning 
at the end of the first year post-transplant) is a useful marker of long-term graft survival and not 
affected by factors such as technical failures, which could influence only short-term survival rates 
but not the important markers of chronic allograft nephropathf4

. Risk factors for late allograft 
failure (post one year) constitute valuable clinical markers for chronic allograft nephropathy10

•
2 1.2

4
• 

These clinical correlates of chronic allograft nephropathy can be classified as alloantigen-dependent 
factors and alloantigen-independent factors16

•
19.21.24.25

• 

Alloantigen-dependent factors include HLA matching, presensitization (PRA), episodes of acute 
rejection, and inadequate immunosuppression. Alloantigen-independent factors include 
ischemia/reperfusion injury, brain death, delayed graft function, suboptimal donor nephron dosing, 
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hypertension, proteinuria, hyperlipidemia, CMV (cytomegalovirus) infections, and drug 
nephrotoxicity. 

Chronic Allograft Nephropathy: Alloantigen-Dependent Factors 

Clinical Associations 

Alloantigen-dependent factors are related toCHRONIC ALLOGRAFT NEPHROPATHY 
antigenic differences between allograft donor and 
recipient (Table 1 ). Alloantigen-Dependent 

HLA Matching 

The role of the immune system in renal 
transplantation is illustrated by the importance of 
HLA matching in acute rejection, chronic rejection, 
and allograft survival25

. The best short-term and 
long-term results in renal transplantation can be 
observed in kidneys transplanted between identical Table 1 
twins and between ID...A identical siblings. The 

Factors 

HLA matching 
PRA 
Acute rejections 
Inadequate Immunosuppression 

projected half life for living donor transplants between HLA identical siblings exceeds 30 years 
compared to projected half lives of 16-18 years for recipients of one haplotype or two haplotype 
mismatched kidneys4

. HLA matching is also associated with better long-term survival in recipients 
of cadaver kidneys, especially in the case of zero mismatched kidneys26

. The projected halflife for 
recipients of zero mismatched cadaver kidneys is now estimated at about 13 years and superior to 
that observed with other degrees of mismatching in cadaveric renal transplantation4

. Differences in 
graft survival between other degrees of mismatching in cadaveric renal transplantation are less 
clinically significant4.2

6
. At the present time, zero antigen mismatched kidneys are shared nationally. 

PRA (Sensitization) 

Antibodies against HLA antigens can be determined by testing a patient's serum against a panel of 
HLA-typed leukocytes for cytotoxicity (PRA testing). Transplant recipients who have high levels 
of circulating anti-HLA antibodies (>50% PRA) have a higher risk of immune-mediated allograft 
loss4

. Historically, broadly sensitized patients have experienced lower short and long-term graft 
survival rates, but differences between sensitized and nonsensitized patients are becoming less 
important in recent years, especially for recipients of a first kidney transplant4. 

Post-transplantation production of antibodies against donor leukocytes (especially B cells) has been 
noted in patients with chronic rejection27

. 

Acute Rejection Episodes 

Acute rejection is one of the most important factors in short-term and long-term graft survival28
-
31

. 

Chronic rejection is uncommon in patients who have never suffered from acute rejection32
. Changes 

3 



in the rates of acute rejection have not been consistently predictive of changes in the rate of late 
graft loss22

. Recent reviews of large registries including transplant outcomes for thousands of 
patients have now confirmed an impact of acute rejection rates upon long-term graft survivaJ28

. 

It appears that not all episodes of acute rejection lead to chronic rejection and the relative 
importance of acute rejection on long-term graft survival depends on several characteristics. Acute 
rejections occurring early after transplantation have less effect than late rejections (occurring more 
than 60-90 days post-transplantation)32

-
34

. Severe acute rejections- as defined by a >50% decline 
in the estimated GFR- increase the risk for chronic rejection33

• Rejections that are steroid resistant 
and require administration of antibody preparations are also associated with worse outcomes35

. 

Rejections characterized histologically by vascular involvement carry the most adverse implications 
for both early and late graft loss36

•
37

. The number of acute rejection episodes is important, and every 
repeated episode of rejection markedly reduces long-term graft survivatJ2

·
33

. Transplant recipients 
who have good responses to antirejection therapy and whose serum creatinine normalizes and 
remains stable at one year post-transplantation tend to have a better long-term graft survival than 
those patients whose serum creatinine is elevated at six months to one year after transplantation38-'~0 . 

There are several possible explanations for the variable influence of acute rejection on chronic 
rejection. It is possible that acute rejection may only evolve into chronic rejection when the amount 
of injury to the renal parenchyma reaches a minimum threshold of damage24

. Additional insults 
(immune or non-immune) then contribute to progressive deterioration. Another possibility is that 
subclinical immunological rejection persists even after antirejection therapy16

• An alternative view 
is that acute rejection does not necessarily lead to chronic rejection but that both types of rejection 
share the same causes, such as immunologic disparitf2

•
24

. 

Inadequate Immunosuppression 

Administration of immunosuppressive agents is the most important intervention in preventing the 
development of an immune response against renal allografts41

. Immunophilin-binding drugs such 
as cyclosporine and tacrolimus are the most important agents currently available to prevent the 
development of acute rejection41

. Immunosuppressive regimens that do not incorporate cyclosporine 
or tacrolimus are associated with lower graft survival rates42

. Renal transplant recipients receiving 
low doses of cyclosporine A and with low drug levels in the early post-transplantation period have 
been reported to have higher rates of acute and chronic rejection29

•
43

. Variable oral bioavailability 
of cyclosporine A is a risk factor for the development of chronic rejection44

. 

Non-compliance with immunosuppressive therapy occurs in at least one-fourth of transplant 
recipients45

•
46

• Medical non-compliance is associated with more episodes oflate acute rejection and 
lower graft survival at five years post-transplantation47

. 

Allorecognition: Possible Areas of Intervention 

Alloantigen-dependent factors, including HLA mismatching, presensitization, acute rejection 
episodes, and suboptimal immunosuppression, illustrate the importance of immune recognition of 
the allograft (foreign tissue) in the development of chronic allograft nephropathy. Allograft rejection 
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requires recognition of antigenic differences between donor and recipient in the context of injury 
( inflammation)48

. 

Immune recognition of the 
allograft by the recipient can 
occur via the direct or indirect 
pathways (see reviews)4 1

'
49

-
52 

(see Figure 2). In the direct 
pathway, antigen-presenting 
cells from the donor present 
donor peptides in the context 
of donor major 
histocompatibility complex 
(MHC) molecules for 
recognition by recipient T-
cells. Peptides presented in 
the context of class I MHC 
molecules are recognized by 
recipient CD8 positive T
cells, while peptides 
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presenting cells, such as dendritic cells ("passenger leukocytes") may be of more importance in early 
allorecognition and rejection. 

In the indirect pathway, peptides derived from donor MHC molecules are processed and presented 
by recipient antigen-presenting cells in the context of recipient class IT MHC molecules for 
recognition by recipient CD4 positive T -cells. 

Activation ofT -cells requires two signals: recognition of antigen in the context ofMHC by the T
cell receptor in the T -cell, and a second signal, or costimulatory signal, which is provided by 
accessory molecules. In the absence of a second signal, the T-cell becomes anergic (unable to 
respond to any antigenic stimulation) or undergoes apoptosis53

•
54

. The interaction ofB7 in the cell 
surface of antigen-presenting cells with CD28 in T-cells provides this second signal forT-cell 
activation with release of cytokines, such as interferon-y (IFNy) and interleuk:in-2 (IL-2). These 
cytokines from activated CD4 positive T -cells are responsible for maturation of the effector 
mechanisms of the immune response and rejection. 

CD8 positive T -cells express their cytoxicity by two mechanisms: release of perforins/granzymes 
and expression ofF as-ligand (Fas-L )55

. As a consequence of interaction with these cytotoxic T -cells, 
target cells undergo cell death and apoptosis. 
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CD4 positive T-cells undergo differentiation into Thl cells (produce interleukin-2 and interferon) 
and Th2 cells (produce interleukin-4, interleukin-5, and interleukin-10). 

Antigen-presenting cells, such as macrophages, are activated by interferon-y to release 
inflammatory mediators, such as tumor necrosis factor a (TNFa) and nitric oxide (NO), which can 
directly damage the allograft. 

B-cells are stimulated via CD40 and produce antibodies which can contribute to some of the 
vascular changes that are observed in acute vascular rejection and in instances of chronic rejection. 
Stimulation of CD40 induces expression of B7 in antigen-presenting cells, facilitating T -cell 
costimulation56

. 

Several strategies have the potential of interrupting the process of allorecognition. Some strategies 
have been successfully applied in human transplantation and others have not been utilized yet but 
appear promtsmg. 

Reduction of Antigenic Differences (Between Donor and Recipient) 

Kidneys transplanted between fiLA-identical siblings have the best short-term and long-term 
survival4

. In cadaveric renal transplantation, kidneys with zero HLA mismatching between donor 
and recipient have the best short-term and long-term survival, as previously discussed4

. Even with 
national sharing of kidneys, about 80% of kidneys are transplanted to recipients with mismatches, 
and 50% are poorly matched, with three or four mismatches 57

. 

An alternative to increase the number of recipients with matched kidneys is to use cross-reacting 
groups (CREG), which contain public determinants or epitopes (antigen-binding sites) shared by the 
amino acid residues of several HLA alleles. Kidney transplant allocation based on CREG and 
avoiding certain HLA-DR mismatches, has been reported to increase the number of patients with 
well-matched kidneys, even within local pools57

• 

DNA typing can define difficult HLA antigens with more specificity than conventional serologic 
typing and has the potential ofleading to better matching of donor and recipient58

. 

Conventional Immunosuppression 

The immunosuppressive agents currently available for use in renal transplantation partially and 
nonspecifically inhibit different steps in the immune response: cell surface molecule expression and 
interactions, T -cell activation and proliferation and production of cytokines (see reference 41 for 
review). These agents are very useful in the prevention and treatment of acute rejection and have 
led to better results short-term and long-term. Conventional immunosuppression, however, does not 
play a role in the treatment of chronic allograft nephropathy. 

Costimulatory Blockade 

As previously discussed, T -cell activation requires two signals: antigen recognition by the T -cell 
receptor and costimulation by an accessory signal. The interaction ofB7 in APCs with CD28 in T-
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cells appears to be the most important second signal forT -cell activation. CTLA4Ig is a recombinant 
fusion protein that blocks B7-CD28 interactions59

. In animal models, B7-CD28 blockade with 
CTLA4 Ig is associated With prolongation of transplant survival, prevention of chronic rejection, and, 
in some situations, donor specific tolerance52

•
59

•
60

. Blockade of the interaction ofCD40 in antigen
presenting cells with CD40-ligand in T -cells also leads to prolongation in graft survival61

. 

Simultaneous blockade of B7-CD28 and CD40-CD40-ligand has been shown to prevent 
development of chronic rejection in animal models62

. 

Patients with chronic rejection display persistent alloreactivity and epitope spreading or acquired 
T -cell recognition of different peptides in the same MHC chain (intramolecular spreading) or in 
different MHC chains (intermolecular spreading)63

. It is postulated that this chronic alloreactivity 
produces progressive allograft damage and chronic rejection. Costimulatory blockade prior to 
epitope spreading could potentially be effective in preventing chronic rejection51

. 

Cytokine DNA Polymorphisms 

Cytokines are important mediators of inflammation and acute and chronic rejection. It has been 
recently shown that there are polymorphisms or heritable allelic differences in the regulatory regions 
of several cytokine genes studied64

. Polymorphisms in cytokine genes are associated with different 
levels of cytokine production. Renal transplant recipients who have acute rejection have been shown 
to have genotypes associated with high production of TNFa, interferon-y, and IL-1064

. Renal 
transplant recipients who experience chronic rejection have cytokine genotypes associated with high 
production ofinterferon-y and transforming growth factor~ (TGF-~)64 . 

There could be important clinical applications of cytokine genotyping in transplantation64
•
65

. Patients 
at high risk for rejection could be identified prospectively for appropriate donor-recipient matching. 
Post-transplant management could also be individualized with closer monitoring and intensification 
of immunosuppression for high producers of relevant cytokines. On the other hand, patients with 
low levels of cytokine production (and lower risks of rejection) could receive less potent 
immunosuppression and potentially avoid complications such as malignancies and infections64

. 

Allograft Monitoring 

Delayed treatment of acute rejection is detrimental to the renal allograft. Clinical findings, such as 
decreased urine output, fever, and tenderness over the allograft, raise concern for acute rejection. 
Graft dysfunction as manifested by an increase in the serum creatinine is the most accepted early 
indicator of acute rejection available to clinicians. 

Protocol renal allograft biopsies performed in renal transplant recipients with stable function during 
the first three months post-transplantation show a 30% prevalence of histologic findings consistent 
with acute rejection66

• These instances have been termed as subclinical rejections. Patients with 
subclinical rejections are at higher risk for functional and histologic deterioration of the allograft 
when evaluated at one year post-transplantation67

. Recent reports suggest that therapy of subclinical 
rejections with high dose steroids in the first three months after transplantation is associated with 
reduced chronic tubular interstitial changes at six months and lower serum creatinines at 24 months 
post-transplantation68

. 
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Differential expression in the allograft of the genes for important mediators of the immune response 
has been reported during episodes of acute rejection and chronic rejection69

•
70

. Intragraft expression 
of effector molecules forT -cell cytotoxicity (perforins, granzyme B, and Fas-L) and for cytokines 
such as interleukin-1 0 correlates with acute rejection71

'
72

. Intragraft expression of mRNA for TGF~ 
has shown the best correlation for chronic rejection73

. An association between intragraft gene 
expression of immune activation genes and histologic changes, even in the absence of clinically 
apparent graft dysfunction (subclinical rejection) has been recently reported74

• 

The main implication of these above observations is that the current approach to the clinical 
diagnosis of acute rejection may not be sensitive enough to detect important early intragraft events 
that can lead to chronic rejection. Future studies should clarity if routine histologic and molecular 
monitoring of the allograft with the application of therapies tailored to the specific mediators of 
graft damage will bring reductions in the rates of chronic rejection. 

Chronic Allograft Nephropathy: Alloantigen-Independent Factors 

As previously noted, alloantigen
independent factors include 
ischemialreperfusion injury, brain death, 
delayed graft function, suboptimal nephron 
dosing (reduced nephron number), 
hypertension, proteinuria, hyperlipidemia, 
CMV infections, and drug nephrotoxicity. 
See Table 2. 

CHRONIC ALLOGRAFT NEPHROPATHY 

Early Injury 

Table 2 
Clinical Associations (Brain Death. 
Ischemia!Reperfusion. and Delayed Function) 

Alloantigen-lndependent 
Factors 

Early Injury 
Brain death 
lschemia/reperfusion 
Delayed function 

Donor nephron mass 
Hypertension 
Proteinuria 
Hyperlipidemia 
Infections (CMV) 
Drug nephrotoxicity 

Multiple events surrounding the transplantation procedure are associated with damage and ischemia 
to the renal allograft. 

Brain death is associated with tissue ischemia and release of inflammatory mediators75
. Ischemic 

damage appears to be more severe in patients who suffer intracerebral hemmorhage and then 
become brain donors than in patients with head trauma who die instantly after brain injury17

. In 
cadaveric renal transplants, there is warm ischemia associated with donor instability and brain 
death. Cold ischemia during organ preservation and storage is followed by a second phase of warm 
ischemia during revascularization to the recipient's circulation 17

. Organ reperfusion can then further 
aggravate injury17

. 

Delayed graft function can result from diverse problems, including acute tubular necrosis, 
anatomical problems, and drug nephrotoxicity, among others76

. In clinical renal transplantation, 
delayed graft function usually refers to acute tubular necrosis from ischemic damage77

•
78

. Factors 
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related to the pre-existent functional renal mass in the donor and recipient factors associated with 
immune reactivity are also important determinants of delayed graft function. 

The risk of delayed graft function increases with the duration of cold ischemia time79
•
80

. This is the 
time between organ harvesting and transplantation. 

Most studies define delayed graft function or post-transplantation acute tubular necrosis by the 
requirement for at least one session of dialysis after transplantation followed by recovery of renal 
allograft function81

•
82

. Renal clearance as determined by estimated creatinine clearances has been 
reported to be a more sensitive clinical marker of delayed graft function78

• 

Patients with kidneys that function immediately after transplantation have the best graft survival 
rates83

. Delayed function is an important cause of early and late graft loss4
. The graft half life in the 

presence of delayed function is about five years less than when there is immediate graft function4
• 

Living donor transplants suffer less peri transplant injury than cadaver kidneys and are associated 
with much lower rates of delayed function. Recipients of transplants from living unrelated donors 
who are genetically unrelated, such as spouses, have better short and long-term graft survival than 
recipients of kidneys from cadaver donors with better degrees oflll..A matching84

. When comparing 
recipients of first cadaveric renal transplants, delayed function has a more deleterious impact upon 
graft survival than poor ID...A matchini8

•
80

. 

Multiple studies have shown an increase in the rate of acute rejection in patients with delayed 
function28

•
79

-
81

. The combination of delayed graft function and acute rejection is particularly 
associated with very poor long term graft survival28

'
79

'
80

. Analysis of registry data shows that delayed 
function is independently associated with poor graft survival even in the absence of acute 
rejection28

'
80

. Some investigators reporting data from single centers have noted that delayed function 
followed by full recovery from acute tubular necrosis and in the absence of rejection may not be 
necessarily detrimental to long term graft survival85

. 

In addition to its impact upon graft survival, delayed function complicates the management of 
transplant recipients86

. Post-transplant dialysis may add additional injury to the graft. Patients with 
delayed function require more diagnostic tests, including radiologic imaging tests. Allograft biopsies 
are indicated to detect undiagnosed rejections when delayed graft function does not resolve early87

. 

Possible Areas of Intervention 

Allograft recognition by the immune system of the recipient is based on recognition of non-self 
antigens and recognition of injury48

. All renal allografts suffer from ischemia. In the case of cadaver 
donors, brain death is also associated with increases in catecholamine release that produce tissue 
ischemia, endocrine dysregulation and cytokine activation that further increase inflammation75

. All 
transplanted organs also undergo reperfusion with subsequent aggravation of ischemic injuries. 
Several recent reviews have examined the interaction between renal ischemia and acute and chronic 
allograft nephropathy17

•
81

•
82

•
88

•
89

. 
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Ischemia/reperfusion is followed by 
intragraft release of oxygen free radicals 
and other inflammatory mediators, 
including cytokines, chemokines, and 
complement components such as C3a and 
C5a. See Figure 3. Endothelial cell 
activation with upregulation of adhesion 
receptors, growth factors, and additional 
inflammatory mediators leads to the 
recruitment of additional leukocytes into 
the graft. Endothelial cells also promote 
differentiation of antigen presenting 
cells90

•
9 1

. There is also increased MHC 
expression in the allograft. 

Dendritic cells internalize antigens 
derived from the graft and carry these 
antigens to the lymph nodes and spleen to 
stimulate T -cells, which can then traffic 
back into the allograft81

•
82

. Recognition of 
the allograft (non-self MHC) in the 

lschemia/Reperfusion 

Adhesion molecules MHC molecules 

Activation 

Figure 3 

context of injury (inflammation) leads to immune recognition and acute rejection. Persistent 
immune activation and/or a maladaptive response of remnant nephrons can then lead to chronic 
rejection. In other instances, injury to the allograft (even in the absence of acute rejection) initiates 
release of cytokines and growth factors in a process of repair/remodeling that eventually leads to 
chronic rejection89

. 

Given the importance of injury for allograft recognition and rejection, measures aimed at reducing 
injury should be expected to improve short-term and long-term graft survival. A number of 
interventions of this type have been proven to be of benefit in clinical transplantation. Other 
interventions have shown promise in experimental models but have not been used in human 
transplantation yet. See Figure 4. 

Optimization of hemodynamic parameters has been reported to assist in the evaluation and 
management of heart transplant donors92

. Attention to optimal renal perfusion should also benefit 
in the setting of renal transplant donors. 
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·Cold ischemia 
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• Renal periusion 
Calcium blockers 
ANP 

The events surrounding brain death, 
including massive releases of 
catecholamines and cytokines as well as 
endocrine dysregulation, constitute areas 
of potential intervention88

. Optimal 
surgical techniques can minimize warm 
ischemia times. Advances . in organ 
preservation and storage lead to better 
transplant outcomes93

. Minimization of 
cold ischemia times also leads to 
improved allograft outcomes80

. 

Administration of the superoxide radical 
scavenger human recombinant 
superoxide dismutase (rh-SOD) just prior 
to reperfusion of cadaveric renal 
allografts has been reported to be 
associated with reduction in the rate of 
acute rejection and better long-term graft 
survival94

. 

Acute Chronic Measures aimed at prompt restoration of 
reJection rejection blood flow to the allograft, such as 

Figure 4 intraoperative administration of albumin 
for volume expansion and calcium 

channel blockers to prevent renal vasoconstriction, have also been associated with better function 
of renal allografts95

•
96

. Infusion of atrial natriuretic peptide (ANP), which causes afferent arteriole 
vasodilation and efferent vasoconstriction, has been reported as effective in preventing post
transplantation acute tubular necrosis (A TN) in some studies97

. Confirmation of its beneficial effects 
in large trials in transplantation is not available. 

Monoclonal antibodies against adhesion molecules such as LF A-1 are effective in decreasing the 
incidence of post-transplant AW8

. Monoclonal antibodies against the adhesion molecule ICAM-1 
have had variable results in clinical trials99

•
100

. 

Several other interventions have shown encouraging results in animal models. Recombinant human 
insulin-like growth factor-1 (rh-IGF-1) prevents the increased expression ofMHC molecules and 
proinflammatory cytokines that follows renal ischemia101

. a-MSH is a potent anti-inflammatory 
agent that is also protective against ischernia!reperfusion injury102

. 

The human complement system recognizes non-specific injury and is important in preparing the 
antigen-specific arm of the immune response81

•
103

. Preliminary reports have described that 
administration of the soluble human complement receptor sCR1, an inhibitor of the complement 
cascade, reduces renal parenchymal damage after reperfusion 103

. Administration of bioflavonoids 
also reduces ischemia/reperfusion injury and expression of inflammatory mediators 104

. Blockade of 
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the B7-CD28 costimulatory pathway by the inhibitor CTLA4Ig IS also protective against 
ischemia/reperfusion injury in animal models105

. 

It is very likely that the benefits of the therapies discussed above are related to their effects in 
amelioration of the inflammatory response that follows ischemia/reperfusion injury. Studies of their 
possible application in human renal transplantation are currently in progress. 

Reduced Nephron Number 
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The number of patients in the 
waiting list for renal 
transplantation has continued to 
increase yearly at a rate much 
faster than the number of kidneys 
available for transplantation (see 
Figure 5). The term "expanded 
donors" is used to refer to donors 
which deviate in some aspect from 
ideal donors93

. The use of 
expanded donors m renal 
transplantation has centered 
attention on the importance of 
donor-related factors in renal 
transplantation 106

• ' (Data from UNOS, updated as of February 1999) 

Figure 5 

In the general population, patients who have a reduced number of nephrons are at risk for 
progressive disease in their native kidneys 107

•
108

. The amount of functioning renal mass is an 
important determinant for the progression of chronic renal allograft failure in animal models 109

. The 
presence of a lower number of nephrons in the donor could explain the lower rates of graft survival 
when using donors who are older than 60 years of age4

•
110

•
111

• Kidneys from donors who are female, 
African-American, and Asian-American, also have accelerated rates of graft loss'". Antecedent 
processes such as hypertension and diabetes mellitus in the donor or death from cerebral vascular 
disease also increase the risk for graft loss112

•
113

. Donor size in relation to recipient size (matching) 
is an important factor, and lower survival rates are noted when the donor is small or the recipient 
large (as determined by weight or body surface area)"'-113

. Some reports from single centers, 
however, have not shown an association between donor kidney size and body surface area of the 
recipient with allograft outcomes"4

·"
5

. 

The important role of transplanted nephron mass is illustrated by the observation that serum 
creatinine at discharge from the transplant admission appears to be an excellent predictor of short 
and long-term graft survival"2

•
116

. 

Established renal disease with loss of functioning nephrons has been shown in animal models to 
lead to hemodynamic and structural alterations in the remnant nephrons, which cause progressive 
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deterioration of renal function, ultimately leading to end stage renal disease107
•
108

,t
17

. The progression 
of many types of renal diseases in humans is associated with focal nephron drop-out118

. 

Donor-related factors, injury to the allograft from ischemia/reperfusion, and rejection, as well as 
superimposed insults from hypertension, proteinuria, infections, and drug nephrotoxicity in the 
recipient, can all reduce the number of functioning nephrons in renal transplant patients6

. Many of 
the features of progressive renal disease in native kidneys have also been noted in patients with 
chronic allograft nephropathy110

. Some histologic features common in models of hyperfiltration, 
such as glomerular sclerosis, are late findings in chronic allograft nephropathy119

•
120

. 

According to the theory of hyperfiltration, reduction 
in the number of functioning nephrons is followed by 
responses that initially offset the loss in glomerular 
filtration rate118

• See Figure 6. Adaptive reductions in 
the afferent arteriolar tone, more than the efferent 
arteriolar tone, bring increases in the glomerular 
capillary plasma flow rate and glomerular capillary 
pressures, which in turn bring elevations in the single 
nephron glomerular filtration rate (SNGFR)107

•
108

. 

Glomerular hypertension causes an increase in the 
radius of the pores in the glomerular membrane, 
which impairs the size-selective properties of the 
membrane121

•
122

. As a consequence, there is an 
increase in the filtration of macromolecules 
(including proteins) across the glomerular capillary 
barrier. 

Reduced Nephron Number 

ltSNGFR 

I Glomerular Hypertension I 

~ 
It Filtration Plasma Proteins I 

~ 
I Tubular Reabsorption Proteins I 

~ 
I MCP-1' ET, RANTES, TGF-~ I 

~ 
Excess proteins are reabsorbed by proximal tubular Parenchymal Fibrosis 
cells, which as a consequence upregulate genes for 
the production of cytokines, chemokines, and other 

(Adapted from Remuzzl et al., NEJM 339:1448, 1998) 
inflammatory and vasoactive mediators, including Figure 6 
monocyte-chemotactic peptide-1 (MCP-1 ), endothelin 
and RANTES 121

-
123

• Mononuclear cells, T-cells, and fibroblasts are subsequently recruited with 
release of additional vasoactive mediators (such as NO), growth factors, and profibrotic cytokines 
(such as TGFP)123

. The renal tubules thus participate directly in the progression of parenchymal 
fibrosis. Several reviews have recently detailed the role of tubular epithelial cells in the progression 
of renal disease123

•
124

• 

Possible Areas oflntervention: Reduced Donor Nephron Number 

Providing every transplant recipient with the highest number of functioning nephrons is a goal in 
every transplantation. Nevertheless, given the limited supply of kidneys for transplantation, 
expanded donors will continue to be used by most transplant centers. Matching kidney mass and 
recipient size has been recommended, but not all centers have reported benefits from these 
interventions6

•
10

•
110

• Transplantation using kidneys from pediatric donors less than four years of age 
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is associated with more complications and a lower graft survival during the first year4
. Nevertheless, 

graft half life using pediatric kidneys appears to be similar to those using optimal kidneys4
. 

Transplantation of pediatric end bloc kidneys provides additional nephrons and is associated with 
good long-term results 125

• It has been suggested that transplanting two cadaveric kidneys instead of 
one into a recipient would result in better renal functionll0

. Results of transplants using dual kidneys 
from older donors has been reported to be associated with good short-term results126

• It is not clear 
at this time if using dual kidneys from expanded donors will be reflected in improvements in long
term graft survival rates. 

Coexisting Factors: Recipient 

Hypertension 

Hypertension is a known risk factor for progressive renal disease 118
• Hypertension is common in 

renal transplant recipients, and its prevalence has increased from 40-50% in the pre-cyclosporine 
era to 80% in the current era127

• Hypertension is a risk factor for the progression of renal disease in 
renal transplant recipients6

•
128

. The degree of hypertension correlates with the degree of histologic 
damage and progression of chronic rejection11 9

•
129

. The presence of poorly controlled blood pressure 
during the first six months after transplantation correlates with particularly poor renal graft survival 
in African-American transplant recipients 130

• 

Hypertension worsens preexisting renal disease by transmitting higher pressures to the glomerular 
circulation and worsening glomerular hypertension 122

. In addition, hypertension causes 
arteriosclerosis of the renal arterioles, leading to ischemic atrophy of glomeruli 11 8

. Blood pressure 
control reduces the progression of renal disease in diabetic and non-diabetic disease of native 
kidneys 118

• Multiple agents have been successfully used for the treatment of hypertension in renal 
transplant recipients 131

. 

Calcium channel blockers are particularly attractive in the treatment of post-transplant hypertension, 
as they effectively lower blood pressure and ameliorate the decrease in glomerular filtration rate and 
renal plasma flow that is seen as a consequence of afferent arteriole vasoconstriction after 
administration of cyclosporine A132

•
133

. The administration of calcium channel blockers has been 
associated with better one year graft survival rates96

•
134

. It is less clear if calcium channel blockers 
add benefits for the long-term survival of the allograft127

• 

Angiotensin converting enzyme inhibitors (ACEI) preferentially dilate efferent arterioles and reduce 
glomerular hypertension 127

• ACEis are effective in reducing proteinuria and the progression of renal 
disease in diabetic and in non-diabetic nephropathies135

•
136

. ACEis reduce hyperfiltration and 
proteinuria in renal transplant recipients137

• It is not known if blocking the renin-angiotensin 
pathway affects long-term renal allograft survival. 

Proteinuria 

Proteinuria is not only a marker of renal disease but also a factor in the progression of renal 
disease122

. Proteinuria is a risk factor for chronic allograft nephropatht3
. Proteinuria is a strong 
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predictor of poor patient and graft survival in renal transplant patients, and its effects are related to 
the intensity and persistence of protein loss 138

•
139

. 

As previously noted, reabsorption of excessive amounts of protein by proximal tubular cells leads 
to activation of tubular epithelial cells and release of inflammatory and vasoactive mediators that 
contribute to tubular interstitial injury and progressive renal disease122

. The beneficial effect of 
ACEis in progressive renal diseases has been shown in proteinuric nephropathies and in association 
with reductions in urinary protein excretion 127

• It is not known yet if renin-angiotensin blockade and 
reduction of proteinuria in renal transplant recipients can slow the progression of chronic allograft 
nephropathy. 

Low protein diets slow the progression of renal disease in chronic nephropathies and delay the onset 
of uremia118

•
140

. Short-term administration of low protein diets has been associated with 
improvements in glomerular permselectivity in transplant recipients 141

. A small group of patients 
with chronic rejection was reported to have a reduction in the rate of decline of the slope of the 
reciprocal of serum creatinine when treated with a low protein diee42

. There have been no large 
trials to determine the efficacy or safety of low protein diets in renal transplant recipients. 

Hyperlipidemia 

Hyperlipidemia is a common problem in renal transplant recipients, and elevated cholesterol levels 
are present in 70-80% ofpatients143

•
144

. Hypertriglyceridemia is present in 30-40% ofpatients143
• 

Hypertriglyceridemia is associated with the development of chronic allograft nephropath~3• 145 • 
Elevations in cholesterol and LDL-cholesterol have also been correlated with chronic rejection15

• 

It is not clear whether elevated lipids play a role in the pathogenesis of chronic rejection or are 
markers of underlying metabolic abnormalities 143

• 

The histological picture of chronic rejection, with endothelial lesions associated with migration of 
mononuclear cells, smooth muscle cells, and subsequent fibrous intimal thickening and luminal 
narrowing, is similar to the lesions of atherosclerosis146

• Administration ofHMG-CoA reductase 
inhibitors has been shown to be associated with reductions in cholesterol levels and transplant 
coronary artery disease in heart transplant recipients147

•
148

• HMG-CoA reductase inhibitors are the 
most effective agents currently available for treatment of hyperlipidemia in renal transplant 
recipients149

• In one small study, administration ofHMG-CoA reductase inhibitors was associated 
with a reduction in acute rejection episodes in renal transplant recipients150

• At this time, it is not 
clear whether treatment of hyperlipidemia slows the progression of chronic allograft nephropathy. 
Nevertheless, as many renal transplant recipients have significant risk factors for cardiovascular 
disease, an increasing number are being .treated with HMG-CoA reductase inhibitors. 

CMV Infections 

Infection with cytomegalovirus (CMV) has been associated with higher rates of acute rejection and 
lower renal graft survival during the first year post-transplantation151

•
152

• CMV infections have been 
associated also with acute episodes of rejection occurring late after renal transplantation153

. 

Serologic evidence ofCMV infection in the donor of a kidney is associated with lower graft survival 
both short-term and long-term when analyzing large transplant registries154

• CMV infection has also 
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been associated with late graft failure in lung and heart transplant recipients 155
•
156

. Renal transplant 
recipients who suffer from severe acute rejection receive more intense immunosuppression, which 
places them at higher risk for CMV infections21

. It has not been established yet if CMV infections 
cause chronic allograft nephropathy in humans. 

In animal models, infection with CMV enhances the progression of chronic rejection157
. Several 

actions of CMV could explain its role in chronic rejection. A protein encoded by CMV shows 
immunologic cross-reactivity with a conserved domain ofHLA-DR~ chain158

• In addition, CMV 
encodes a molecule similar to the heavy chain of MHC class I159

• Infection with CMV leads to 
upregulation of MHC molecules and adhesion receptors in endothelial and tubular epithelial 
cellsis7,I6o,I6I_ 

Administration of the antiviral agent ganciclovir is effective in preventing CMV infection149
. 

Ganciclovir is effective in eradicating CMV from the renal allograft162
. Patients who develop acute 

rejections late after transplantation in the setting of asymptomatic CMV infections do show 
improvements in graft function after treatment with ganciclovir153 

0 It is not known if administration 
of ganciclovir can slow the progression of chronic allograft nephropathy in humans. 

Drug Nephrotoxicity 

Early after its introduction into clinical medicine, it was noted that cyclosporine A had 
nephrotoxicity and the potential for causing end stage renal disease 163

• Tacrolimus has similar 
nephrotoxicity to cyclosporine A164

. 

Several types of nephrotoxicity have been associated with the use of cyclosporine, including acute 
renal dysfunction, hemolytic uremic syndrome, and irreversible interstitial fibrosis. Nephrotoxicity 
has been reported in recipients of kidneys, recipients of transplants different than kidneys, and in 
patients treated with cyclosporine for autoimmune disorders 164

-
166

. Histologically, chronic 
cyclosporine nephrotoxicity is characterized by the development of tubulointerstitial fibrosis in a 
striped pattern beginning in the outer medulla and progressing to the medullary rays of the outer 
cortex, tubular atrophy, and degenerative hyaline changes in the walls of the afferent arterioles with 
associated glomerular sclerosis164

'
165

. Tubular (isometric) vacuoles can also be seen in patients 
treated with cyclosporine A167

. 

It is not possible to differentiate some of the histologic changes seen as a consequence of 
cyclosporine nephrotoxicity from those that are secondary to chronic rejection. Determination of 
the composition of the extracellular matrix has been recently reported to be helpful in making a 
histologic distinction between cyclosporine nephrotoxicity and chronic rejection168

• 

Several mechanisms have been proposed to explain the nephrotoxicity observed with 
cyclosporine165

. Sustained afferent arteriolar vasoconstriction secondary to cyclosporine could lead 
to glomerular ischemia and interstitial fibrosis. Cyclosporine A stimulates production of mRNA for 
the profibrotic cytokine TGF~ in vitro and in vivo169

-
171

. Increased production of vasoactive and 
inflammatory mediators, such as MCP-1, endothelin, and RANTES, has been reported in renal 
tubuli of patients with cyclosporine nephrotoxicity167

• 
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Several interventions have been used to attempt to ameliorate cyclosporine induced nephrotoxicity 
in renal transplant recipients. Protocols of cyclosporine withdrawal in stable renal transplant 
recipients have been beneficial for some patients but associated with rejections and graft loss in 
other patients41

. The administration of calcium channel blockers, which can ameliorate cyclosporine 
A-induced vasoconstriction, has been associated with beneficial results and improvements in one 
year graft survival96

•
134

. Dietary fish oils and prostaglandin analogs have been used in cyclosporine 
A treated renal transplant recipients, but no consistent benefits have been shown172

-
175

. New 
immunophilin binding drugs, such as sirolimus, do not appear to have intrinsic nephrotoxicity176

. 

There is no information available on the long-term effects of sirolimus on renal graft survival. 

Final Progression of Chronic Allograft Nephropathy 

The final pathways of progression of chronic allograft nephropathy are probably similar to those 
observed in other chronic renal diseases, with some particular features related to transplantation 
injury and allorecognition. Allograft arteriosclerosis progresses from endothelial damage caused by 
early injury, ischemia, allorecognition, and intraglomerular changes. Tubular-interstitial fibrosis also 
progresses after tubular injury and upregulation of inflammatory and vasoactive mediators. 

Smooth muscle cells are recruited to vessel walls in response to growth factors and vasoactive 
mediators released by endothelial cells, tubular cells, and leukocytes 123

•
177

•
178

• Angiotensin 2 
upregulates synthesis of TGF~179 . TGF~ stimulates deposition of extracellular matrix and release 
of other profibrotic growth factors such as PDGF and IGF-1 180

-
183

. Other vasoactive mediators, 
including endothelin and nitric oxide, are also produced184

'
185

. TGF~ also stimulates bFGF release 
and VEGF synthesis, which are important mediators of angiogenesis and vascular repair186

• Smooth 
muscle cells embedded in the extracellular matrix migrate into the intima and start remodeling of 
the vascular wall 177

• Degradation of the extracellular matrix, which is usually mediated by 
metalloproteinase collagenases can be inhibited by tissue inhibitors of metalloproteinases 177

• 

Impaired degradation of the extracellular matrix may result in inability to maintain the normal graft 
architecture 187

• 

Repetitive cycles of endothelial injury followed by repair, smooth muscle cell proliferation and 
hypertrophy are believed to gradually produce luminal obliteration49

• As a consequence of 
progressive arteriosclerosis and vascular narrowing there is anoxia and development of parenchymal 
fibrosis177

•
188

• At the same time, renal tubular epithelial cells show increased apoptosis and are also 
observed to undergo transformation into fibroblasts 122

'
123

'
189

. Remnant tubular cells secrete cytokines, 
inflammatory and vasoactive mediators that contribute to additional recruitment ofleukocytes and 
deposition of extracellular matrix, favoring the progression of disease123

• 

It has been suggested that vessels and parenchyma have a finite ability for repair after injury. Repeat 
insults ultimately exhaust this repair potential. As a consequence of this cellular senescence, there 
is progressive epithelial atrophy, endothelial deterioration, and secondary fibrosis21

•
190

• Although the 
specific steps and relative contribution of the above events to the development of chronic allograft 
nephropathy has not been completely elucidated yet, it is very likely that the pathways are similar 
to those seen in arteriosclerosis and parenchymal fibrosis in progressive native renal disease. 
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Conclusion 

Chronic rejection is a most 
important cause of late graft loss. 

Allorecognition -+-------. Early injury 

See Figure 7. The importance of HLA matching 

the immune system in chronic PRA 

Brain death 
lschemia/reperfu.sion 
Delayed function Acute rejections 

rejection is evidenced by the Inadequate immunosuppression 
impact ofHLA matching, recipient 
sensitization, episodes of acute 
rejection, and inadequate 
immunosuppression upon long
term graft survival. Injury 
(including brain death, 
ischemia!reperfusion, and delayed 
function) promotes immune 
recognition of the allograft and is 
deleterious to the survival of the 
graft. Reduction in the number of 
functioning nephrons as a result of 
donor factors, immune 
allorecognition, and early injury 
likely sets the stage for further 
progression of chronic renal 
disease, even after the resolution 
of early injury and acute rejection. 
The presence of hypertension, 

Reduced nephron number 

Hypertension 
Proteinuria 
Hyperlipidemia 
CMV 
Nephrotoxic drugs 

I Donor factors I 

Graft Vascular Disease 
Parenchymal Fibrosis 

l 
proteinuria, hyperlipidemia, CMV CHRONIC ALLOGRAFT NEPHROPATHY 
infections, and drug nephrotoxicity Figure 7 
in the recipient bring additional 
damage to the allograft. Ultimately, chronic allograft nephropathy progresses, and graft vascular 
disease and parenchymal fibrosis eventually lead to graft failure and end stage renal disease. 

While the renal allograft is vulnerable to damage from multiple factors as outlined above, it is also 
true that most renal transplants are successful. Short-term graft survival is excellent, and long-term 
results are improving. The insights gained from clinical observations in renal transplant recipients 
have advanced our understanding of chronic allograft nephropathy and suggested new areas of 
intervention in the care of transplant patients. 
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The number of patients with 
end stage renal disease 
continues growing yearly191

. 

See Figure 8. Although the 
number of dialysis patients 
on the waiting list for kidney 
transplantation exceeds the 
availability of organs, theThousands 
cumulative number of of 

I . . I Patients transp ant recipients a so 
continues to increase. 
Advances in the treatment of 
chronic allograft 
nephropathy will be 
important in preventing 
renal transplant patients 
from progressing to renal 
failure. Moreover, some of 
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the insights developed from (Adapted from USRDS 1998 ADR) 
the study of chronic 
rejection may help the Figure 8 

thousands of patients who have disease in their native kidneys and perhaps reduce their progression 
to end stage renal disease. 
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