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Abstract 

Short-term survival in kidney transplant recipients has improved dramatically over the past 

decades. However, a large group of transplant recipients still develop chronic renal transplant 

dysfunction in the long run after transplantation. Whereas risk factors of chronic renal 

transplant dysfunction have been thoroughly documented, the actual pathophysiological 

background remains largely unknown. Recently, we hypothesized that advanced glycation 

end-products (AGEs) might be playing an important role in the development of chronic renal 

transplant dysfunction. The current review summarizes the present research supporting a role 

for AGEs in the development of chronic renal transplant dysfunction. From this it can be 

concluded that, although current studies are suggestive for a role of AGEs in the development 

of chronic renal transplant dysfunction, prospective and intervention studies are warranted to 

confirm this hypothesis.  

 

Introduction 

 Although short term renal allograft function has become excellent, long-term allograft 

survival has lagged behind markedly.(1;2) Approximately 60% of the patients receiving 

cadaveric donor kidneys will develop graft failure within 10 years after transplantation.(1) 

Chronic renal transplant dysfunction, also known as chronic allograft nephropathy, is one of 

the leading causes of graft failure after the first year of transplantation. Chronic renal 

transplant dysfunction is characterized clinically by a slow but steady decline in function of 

the transplanted kidney, associated with the development of hypertension and proteinuria.(3) 

The histopathology of chronic renal transplant dysfunction includes arteriosclerosis of the 

intrarenal vasculature, glomerulosclerosis and interstitial fibrosis with tubular atrophy.(4) A 

complex interplay of both alloantigen-dependent and alloantigen-independent risk factors is 

thought to underlie the development of chronic renal transplant dysfunction.(3) However, the 



precise pathophysiology of chronic renal transplant dysfunction remains largely unknown. 

Recently, we hypothesized that advanced glycation end-products play an important role in the 

development of chronic renal transplant dysfunction.(5) Based upon various in vitro studies 

we proposed a cascade of events which might be involved (figure 1). It refers to the cell types 

that express AGE-receptors, to the mediators that are released in response to activation of 

these receptors, and to the tissue damage that has resulted from those mediators in various in 

vitro experiments. Further support for our hypothesis comes from experimental studies in 

which AGE-induced renal tissue damage is well established in both diabetic and non-diabetic 

animal models(6-12). The purpose of this review is to summarize the research that studied the 

role of AGE accumulation in the development of chronic renal transplant dysfunction.  

 

The influence of kidney transplantation on AGE accumulation 

 Almost all kidney transplant recipients have had a long period of impaired renal function 

prior to transplantation. AGEs accumulate both during the period of gradual renal function 

loss prior to the start of dialysis, and during dialysis-treatment.(13) Thus, kidney transplant 

patients most often have high AGE-levels prior to transplantation. AGE-levels in transplant 

donors are unknown. Presumably, there is a wide variability in donor kidney AGE-levels, 

because of the heterogeneity of the donors. However, it is reasonable to assume that on 

average donors will probably have lower tissue AGE-levels than transplant recipients. Thus, a 

kidney with presumably low AGE-levels is transplanted in an AGE-rich environment. Kidney 

transplantation aims to restore renal function, and is thereby thought to lower AGE-levels. 

Questions are, however, to what extent AGE-accumulation will resolve after kidney 

transplantation, and how the transplanted kidney behaves in an AGE-rich environment. 

Several research groups have investigated the influence of kidney transplantation on AGE-

levels in tissue and blood. Unfortunately, only data on extra-renal AGE-levels have been 



published. No data are available on AGE-levels in kidneys of transplant patients, either with 

or without CRTD. Thus we do not know how the transplanted kidney handles the AGE rich 

environment it is placed in. Recently, we summarized all studies on the influence of kidney 

transplantation on AGEs in tissue as well as in blood of transplant recipients.(5) We 

concluded that, although transplantation reduces levels of blood AGEs, AGE levels generally 

remain above normal. Results of studies on the influence of kidney transplantation on 

accumulation of AGEs in tissue are inconclusive. Although there is reason to believe that a 

decrease in blood AGEs is eventually reflected in a decrease in tissue AGE-accumulation, 

studies on tissue AGEs are limited in number, size, and duration after transplantation.  

 

AGE accumulation long-term after transplantation 

 In our studies we did not examine the direct effect of kidney transplantation on AGE 

accumulation. Recently, we have however determined AGE accumulation in the long run 

after transplantation. We analyzed AGE accumulation in 285 kidney transplant recipients 

(163 male; 122 female) and 231 control patients (92 male, 139 female). Transplant recipients 

were seen 73 [32-143] months after transplantation. Patients were aged 52 [41-60] years. 

AGE accumulation was measured as autofluorescence of the skin using the AGE Reader as 

described in detail previously.(14) Controls were submitted to the hospital for different 

surgical interventions, unrelated to cardiovascular, and/or inflammatory disorders and had no 

prior history of diabetes and/or renal failure. Controls were aged 51 [40-65] years. Transplant 

recipients and controls were matched for age by dividing data in decades of age. 

Autofluorescence of the lower arm was significantly higher in transplant recipients compared 

with the control patients (2.6 ± 0.7 v.s. 2.1 ± 0.6 a.u.; p<0.0001). In all subgroups 

autofluorescence was significantly increased in transplant recipients as well (figure 2).  

 



AGE accumulation in patients with chronic renal transplant dysfunction 

 Just recently, Raj et al.(15) analyzed oxidative stress and AGE accumulation in 11 

postrenal transplant recipients with normal renal function, and 10 patients with biopsy proven 

chronic renal transplant dysfunction at various time points after transplantation. Data were 

also obtained in 16 controls and 13 patients with chronic renal failure. As results they found 

that, serum creatinine, malonyldialdehyde, carbonyl protein, pentosidine, and argpyrimidine 

levels decreased during follow-up in transplant recipients with normal renal function, whereas 

these values progressively increased in patients who developed chronic renal transplant 

dysfunction. Markers of oxidative stress and AGEs measured at 18 to 24 months post-

transplant in patients with chronic renal transplant dysfunction were higher than in kidney 

transplant recipients with normal renal function, controls, and patients with chronic renal 

failure. Thus the authors concluded that the increased levels of oxidative stress and AGEs in 

patients with chronic renal transplant dysfunction, could not be explained by the decline in 

renal function alone. 

 

AGE accumulation and risk factors for chronic renal transplant dysfunction 

 Several risk factors for chronic renal transplant dysfunction have been documented. 

Alloantigen-dependent factors include episodes of acute rejection, inadequate 

immunosuppression and increased human leukocyte antigen mismatching.(3) Alloantigen-

independent factors include recipient and donor age, impaired renal function, hypertension, 

the presence of diabetes, proteinuria, hyperlipidemia, obesity, transplant ischemia, and the use 

of calcineurin inhibitors.(3) The extent of their contributions is largely unknown. 

Interestingly, alloantigen-independent risk factors for the development of chronic renal 

transplant dysfunction overlap to a certain extent with risk factors for the formation and 

accumulation of AGEs. This overlap is well established for age, renal function impairment, 



and diabetes.(16-19) Although less conclusive, evidence does exist that associates 

hypertension, proteinuria, and hyperlipidemia with enhanced AGE-accumulation.(20-23)  

 In the cohort of 285 kidney transplant recipients described above we determined which risk 

factors for chronic renal transplant dysfunction were related to AGE accumulation as 

determined by the AGE-reader. Increased autofluorescence was associated with creatinine 

clearance at day of measurement (index; P<0.0001), creatinine clearance at one year 

posttransplant (baseline; P<0.0001) and delta creatinine clearance (day of measurement minus 

one year posttransplant; P=0.01). Univariate associations with increased autofluorescence 

were also found with recipient female sex (p=0.02), recipient age (P<0.0001), systolic blood 

pressure (P<0,0001), HbA1c (P<0.0001), smoking (P=0.017), history of cardiovascular 

disease (P=0.045), duration of pre-transplant dialysis (p=0.012) and donor age (P=0.037). No 

effect of the types or cumulative dosages of immunosuppressive treatment was found in the 

univariate analysis with autofluorescence.  

 

Discussion 

Our data showed that tissue autofluorescence, as a validated marker of AGE accumulation, 

is increased in kidney transplant patients as compared to controls. Moreover in the kidney 

transplant group a clear relation exists not only with baseline (1-year) creatinine clearance and 

with the fall in creatinine clearance after 1 year since transplantation, but also with several of 

the known risk factors for chronic renal transplant dysfunction. The relation between AGE 

accumulation and renal function is probably two-sided: renal failure and loss of renal function 

may be responsible for  AGE accumulation, both because of disturbed clearance of AGEs and 

intermediate products, and due to increased oxidative stress. On the other hand AGEs may 

well have a central role in the development of chronic renal transplant dysfunction. Although 

our findings and those others support the hypothesis that AGEs are involved in the 



development of chronic renal transplant dysfunction, by far they do not deliver proof for the 

hypothesis. Currently, no studies have analyzed the accumulation of AGEs in the 

deteriorating transplanted kidney itself. The problem is that in our, like in most transplant 

centers, no routine transplant biopsies are performed in the period of development of, or in 

established chronic allograft nephropathy. Furthermore, as no results of prospective and 

intervention studies aimed at lowering AGE accumulation in transplant recipients have been 

published so far, the causality of the associations found cannot be inferred. However, the 

serial assessments of AGEs by Raj et al(15) do provide strong support that AGE levels rise 

more strongly in the kidney transplant patients with evolving chronic renal transplant 

dysfunction.   

In our studies AGE accumulation was determined using our newly developed and 

validated AFR. This tool is based upon the principle of the fluorescent properties of several 

(but not all) AGEs. Collagen linked fluorescence (CLF) has long been used as a single 

standard for measuring AGE accumulation.(24) Not all AGEs exhibit fluorescent properties, 

and fluorescence is a group reactivity, which fails to provide quantitative information on 

concentrations of individual compounds. We cannot exclude the interference of other 

fluorophores in our AFR measurements: changes in skin fluorescence may also occur as a 

consequence of light absorption by chromophores such as melanin and hemoglobin.(25) 

However, our previous validation studies have shown that the AFR can serve as a reliable and 

clinically useful marker for the tissue AGE pool, even for non-fluorescent AGE.(14)   

 

Conclusion and future perspectives 

Increased accumulation of advanced glycation end-products measured as 

autofluorescence in vivo is associated with several risk factors for chronic renal transplant 

dysfunction. Furthermore, enhanced oxidative stress and AGE accumulation has been found 



in relation to the development of chronic renal transplant dysfunction. Although these 

relations are suggestive for a causative role of AGE in chronic renal transplant dysfunction, 

prospective and intervention studies are warranted to more definitely determine the relative 

role of AGE accumulation in the development of chronic renal transplant dysfunction. The 

availability of a simple, noninvasive method (AGE-reader) to measure AGE accumulation in 

kidney transplant recipients may be useful in identifying and monitoring patients at risk for 

AGE accumulation. 
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Figure 1: Effect of AGEs on different cell-types involved in the development of chronic 

renal transplant dysfunction.  Abbreviations: AGEs, advanced glycation end-products; 

CRTD, chronic renal transplant dysfunction; PAI-1, plasminogen activator inhibitor 1; 

VCAM-1, vascular cell adhesion molecule 1; ICAM-1, intercellular adhesion molecule 1; Il-

6, interleukine 6; NF-κB, nuclear factor-κB; ECM, extra-cellular matrix; TGF-ß, transforming 

growth factor-ß; SMC, smooth muscle cell. 
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Figure 2: Autofluorescence in transplant recipients compared with normal controls 

separated by decades of age. Annotations: *: P < 0.0001; # : P<0.001. 
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