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Advanced Glycation End Products in Kidney Transplant Patients:
A Putative Role in the Development of Chronic

Renal Transplant Dysfunction

Jasper W.L. Hartog, BSc, Andries J. Smit, MD, PhD, Willem J. van Son, MD, PhD,
Gerjan Navis, MD, PhD, Reinold O.B. Gans, MD, PhD, Bruce H.R. Wolffenbuttel, MD, PhD,

and Paul E. de Jong, MD, PhD

Chronic renal transplant dysfunction is one of the leading causes of graft failure in kidney transplantation. A
omplex interplay of both alloantigen-related and alloantigen-unrelated risk factors is believed to underlie its
evelopment. We propose that advanced glycation end products (AGEs) are involved in the development of chronic
enal transplant dysfunction. AGE formation is associated with different alloantigen-unrelated risk factors for
hronic renal transplant dysfunction, such as recipient age, diabetes, proteinuria, hypertension, and hyperlipid-
mia. In vitro studies have shown that AGEs induce the expression of various mediators associated with chronic
enal transplant dysfunction. Furthermore, AGE-induced renal damage has been found in multiple experimental
tudies. This renal damage shows similarity to the damage found in chronic renal transplant dysfunction. Together,
everal lines of evidence support a role of AGEs in the development of chronic renal transplant dysfunction and
uggest that preventive therapy with AGE inhibitors may be helpful in preserving renal function in transplant
ecipients. Am J Kidney Dis 43:966-975.
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NDEX WORDS: Kidney transplantation; advanced glycation end products (AGEs); chronic renal transplant
ysfunction; chronic allograft nephropathy; oxidative stress; carbonyl stress.
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HE DEVELOPMENT of new immunosup-
pressive drugs has improved short-term

raft survival in kidney transplant recipients sub-
tantially.1,2 Although overall long-term graft sur-
ival is improving slowly, it does not parallel
mprovements in short-term survival.2 Approxi-
ately 60% of patients receiving cadaveric do-

or kidneys will develop graft failure within 10
ears after transplantation.1

Chronic renal transplant dysfunction, also
nown as chronic allograft nephropathy, is one
f the leading causes of late graft failure. Chronic
enal transplant dysfunction is characterized clini-
ally by a slow, but steady, decline in function of
he transplanted kidney, associated with the devel-
pment of hypertension and proteinuria.3 His-
opathologic characteristics of chronic renal trans-
lant dysfunction include arteriosclerosis of the
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ntrarenal vasculature, glomerulosclerosis, and
nterstitial fibrosis with tubular atrophy.4 A com-
lex interplay of both alloantigen-dependent and
lloantigen-independent risk factors is believed
o underlie the development of chronic renal
ransplant dysfunction.3 Alloantigen-dependent
actors include episodes of acute rejection, inad-
quate immunosuppression, and increased HLA
ismatching.3 Alloantigen-independent factors

nclude recipient and donor age,5 impaired renal
unction,6 hypertension,7 the presence of diabe-
es,8 proteinuria,9 hyperlipidemia,10 obesity,11

ransplant ischemia,12 and use of calcineurin in-
ibitors.13 The extent of their contributions is
argely unknown.

Interestingly, to a certain extent, alloantigen-
ndependent risk factors for the development of
hronic renal transplant dysfunction overlap risk
actors for the accumulation of advanced glyca-
ion end products (AGEs). This overlap is well
stablished for age,14 renal function impair-
ent,15,16 and diabetes.17 Although less conclu-

ive, evidence exists that associates hyperten-
ion,18,19 proteinuria,20 and hyperlipidemia21 with
nhanced AGE accumulation. This led us to
elieve that AGEs might be involved in the
athogenesis state of chronic renal transplant
ysfunction. In this report, we summarize the
vidence for a role of AGEs in the development

f chronic renal transplant dysfunction. First, we

f Kidney Diseases, Vol 43, No 6 (June), 2004: pp 966-975
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AGEs AND CHRONIC RENAL TRANSPLANT DYSFUNCTION 967
iscuss recent insights in AGE kinetics. Second,
e discuss data on plasma and tissue AGE levels

n patients with a kidney transplant. Third, we
ropose mechanisms through which AGEs may
e involved in the development of chronic renal
ransplant dysfunction. Finally, we discuss stud-
es on AGE-induced renal tissue damage.

AGE KINETICS

Historically, AGEs have been considered end
roducts from nonenzymatic reactions between
ugars and proteins, called the Maillard reac-
ion.22 The final steps in the Maillard reaction are
riven by oxidative stress, defined as the steady-
tate level of reactive oxygen species.23 Because
GEs are able to accelerate oxidation strongly,

hey favor their own production.23,24 Figure 1
hows classical and newly discovered pathways

Fig 1. Classical pathway of AGE formation and new
dvanced lipoxidation end product.
f AGE formation. Currently, it is known that t
ome AGEs are derived from lipid peroxidation;
herefore, advanced lipoxidation end products
ould be a better name for this subgroup of
GEs. However, we use the term AGEs when

eferring to both AGEs and advanced lipoxida-
ion end products. Furthermore, it was discov-
red that in addition to oxidative stress, carbonyl
tress, ie, the steady-state level of reactive car-
onyl compounds, is thought to be centrally
nvolved in AGE formation.25,26 Reactive car-
onyl compounds are derived from the reaction
f lipids or carbohydrates with reactive oxygen
pecies. These compounds subsequently react
ith proteins to form AGEs and advanced lipoxi-
ation end products. Examples of reactive car-
onyl compounds include methylglyoxal and
lyoxal.25,26

The formation and accumulation of AGEs in

ts. Abbreviations: ROS, reactive oxygen species; ALE,
insigh
issue, the amount of AGEs circulating in the
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HARTOG ET AL968
loodstream, and the excretion of AGEs by the
idney seem to be in dynamic equilibrium. AGEs
orm cross-links with long-living tissue proteins,
hich enable them to accumulate in the body.27

GE accumulation in tissue is associated with
ging,14 renal function impairment,28 and the
resence of diabetes.17 External sources of AGEs
nclude AGE precursors in cigarette smoke and
limentary intake of AGEs.29,30 Detoxification of
GEs depends on both the degradation of AGEs

o AGE peptides by macrophages31 and renal
learance of AGEs. There is evidence for filtra-
ion of AGE compounds through glomeruli and
ctive reabsorption in proximal tubuli. After
odification or degradation in proximal tubuli,
GEs eventually are cleared in urine.32,33

Although several methods to determine AGE
ccumulation have been described, no commer-
ial assay or tool is available yet. Classically,
GEs are determined by using their characteris-

ic fluorescence properties.34 Currently, gas chro-
atography mass spectrometry is considered the
ost accurate technique to determine AGE lev-

ls.35 High-performance liquid chromatography
lso is accurate, but is relatively time consum-
ng.36 Several difficulties exist with standardiza-
ion if an enzyme-linked immunosorbent assay is
sed.37 Furthermore, fluorescent techniques have
een adapted to enable their use in clinical stud-
es.38 In addition to biochemical assays and fluo-
escent techniques, several immunohistochemi-
al techniques have been described to determine
GE levels.39 One should consider differences in

ccuracy of the techniques used when interpret-
ng data on AGE levels.

AGE LEVELS IN KIDNEY TRANSPLANT
RECIPIENTS

Before exploring AGE accumulation in kid-
ey transplant recipients, it is important to real-
ze that most transplant recipients have experi-
nced a long period of impaired renal function
efore transplantation. AGEs accumulate during
he period of gradual renal function loss and
uring dialysis treatment.28 Thus, kidney trans-
lant recipients most often have high AGE levels
efore transplantation. AGE levels in transplant
onors are unknown. Presumably, a wide variabil-
ty in donor kidney AGE levels exists because of
he heterogeneity of donors. However, it is rea-

onable to assume that donors will have lower
issue AGE levels than transplant recipients. Thus,
kidney with presumably low AGE levels is

ransplanted into an AGE-rich environment. Kid-
ey transplantation aims to restore renal function
nd thereby is thought to lower AGE levels.
uestions are to what extent AGE accumulation
ill resolve after kidney transplantation and how

he transplanted kidney behaves in an AGE-rich
nvironment. Several research groups have inves-
igated the influence of kidney transplantation on
GE levels in tissue and blood. Unfortunately,
nly data on extrarenal AGE levels have been
ublished. No data are available on AGE levels
n kidneys of transplant recipients, either with or
ithout chronic renal transplant dysfunction.
hus, we do not know how the transplanted
idney handles the AGE-rich environment it is
laced in. Although it is interesting to hypoth-
size that the transplanted kidney is more prone
o AGE formation because of local proinflamma-
ory stimuli, the current lack of data on renal
GE levels limits us to expand on this thought.
he different studies on AGE levels in pretrans-
lantation and posttransplantation patients are
isted in Table 1.

Blood AGE levels are increased strongly in
atients on dialysis therapy compared with con-
rols. Although transplantation reduces blood
GE levels, these generally remain greater than
ormal. Interestingly, studies evaluating blood
GE levels within the first 6 months after trans-
lantation showed that blood AGE levels de-
reased by 70% to 80%. This suggests that a
ecrease in blood AGE levels occurs early after
mprovement of renal function.40,41 Some investi-
ators reported disproportionally high blood AGE
evels after transplantation when related to renal
unction.42,43 Thus, other factors not already
resent in patients with chronic renal insuffi-
iency and unrelated to renal function may influ-
nce AGE formation after transplantation as well.
ne explanation could be that enhanced AGE

ccumulation in relation to renal function reflects
n enhanced nutritional status.44 Another expla-
ation could be the use of calcineurin inhibitors,
specially cyclosporine, in transplant recipients.
se of cyclosporine has been associated with

nhanced oxidative stress and thus might be of
nfluence on AGE levels found in kidney trans-
lant recipients.45
Results of studies on the influence of kidney
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AGEs AND CHRONIC RENAL TRANSPLANT DYSFUNCTION 969
ransplantation on AGE accumulation in tissue
re inconclusive. Although the idea that kidney
ransplantation decreases tissue AGE accumula-
ion is supported by some studies,46-48 Hricik et
l49 showed that kidney transplantation does not
orrect tissue AGE accumulation. They found an
ncrease in tissue AGE levels in the majority of
atients studied. Although there is reason to
elieve that a decrease in blood AGE levels
ventually is reflected in a decrease in tissue
GE accumulation, studies on tissue AGE levels

re limited in number, size, and duration after
ransplantation (mostly �4 to 5 years).

Few data currently are available on the kinet-
cs of tissue AGE accumulation in the long run
fter transplantation. Recently, data were pub-
ished on extrarenal AGE levels in patients who
eveloped chronic renal transplant dysfunc-
ion.50 Patients with biopsy-proven chronic renal
ransplant dysfunction had greater AGE levels

Table 1. Effect of Kidney Transplan

Reference

Study Design Pretransplantatio

Endpoint Method Type (duration)
No. o

Patien

ata on blood AGEs

Makita et al,40 1991 Se-AGE RRA HD (12 � 17 mo) 6
Se-AGE RRA D 2

Hricik et al,15 1993 Pl-Pent HPLC D 41
Hricik et al,49 1996 Pl-Pent HPLC HD � PD (16.3-38.1

mo)
88

Miyata et al,41 1997 Pl-Pent-Alb HPLC HD (12.4 � 7.9 y) 29
Pl-Pent-Alb HPLC HD (12.4 � 7.9 y) 29

Sebekova et al,42

2001
Pl-Fluor Sp HD � PD (8-68 mo) 10

Pl-CML ELISA HD � PD (8-68 mo) 10
Misselwitz et al,16

2002
Se-Pent HPLC PD � HD 9

Se-CML ELISA PD � HD 9

ata on tissue AGEs

Lee et al,46 1995 Skin-Ti-CLF Sp CRF 18
Perit-Ti-CLF Sp CRF 13

Hricik et al,49 1996 Skin-Ti-Pent HPLC HD � PD (16.3-38.1
mo)

88

Yoshida et al,47

1998
Card-Ti-CML IH HD � PD (5.8 � 1.6 y) 10

Card-Ti-AGE IH HD � PD (5.8 � 1.6 y) 10
Shaw et al,48 1998 Skin-Ti-CLF Sp CRF 26

Skin-Ti-Pent HPLC CRF 13

Abbreviations: Perit, peritoneal; Card, cardial; Se, serum; Pl, plasma; Ti, ti
GEs; CLF, collagen linked fluorescent; RRA, radio receptor assay; HPLC

mmunosorbent assay; IH, immunohistochemistry; HD, hemodialysis; PD, perit
*AGE levels in patients were divided by AGE levels in healthy controls to calc
†Although differences were significant, significance levels were not given.
‡No controls available, concentrations are given in picomoles per milligram o
ompared with transplant recipients with normal e
enal function and patients with chronic renal
ailure of their native kidneys. These findings
rgue that the increased AGE levels in patients
ith chronic renal transplant dysfunction cannot
e attributed solely to the effect of decreased
enal function in patients with chronic renal
ransplant dysfunction.

AGE-INDUCED CELLULAR RESPONSES

We wonder whether AGEs are innocent by-
tanders or contribute actively to the pathophysi-
logical processes underlying the development
f chronic renal transplant dysfunction. In Fig 2,
e propose a cascade of events that may be

nvolved. It refers to cell types that express AGE
eceptors, mediators released in response to acti-
ation of these receptors, and tissue damage that
esulted from those mediators in different in
itro experiments. AGE receptor expression has
een found in a wide range of cells, such as

51 52 31

on AGE Levels in Tissue and Blood

Posttransplantation*
Post-v

Pretransplantation

Remarks
ld v
trols

No. of
Patients Time

Fold v
Controls

Reduction
(%) P

.31 16 2-9 y 1.56 71 �0.001 Diabetic

.62 2 14 d 1.36 71 — Prospective

.5 39 24 mo 3.3 88 �0.05† Prospective

.2 15 6-80 mo 2.2 89 0.002 Prospective

.7 7 6 mo 1.5 86 �0.05† Prospective

.7 12 6.2 y 1.0 91 �0.05†

.8 9 34 mo 2.4 50 �0.01 Pediatric

.3 9 34 mo 3.0 15 NS Pediatric

.4 12 0.5-6 y 2.4 85 �0.01 Pediatric

.2 12 0.5-6 y 1.0 53 �0.01 Pediatric

.45 16 11 wk 1.26 49 0.003 Nondiabetic

.89 15 11 wk 1.20 37 NS Nondiabetic
� 21.7
ol/mg‡

15 6-80 mo 57.9 � 17.3
pmol/mg‡

3 NS Prospective

.6 8 5.8 y 2.2 39 �0.05

.96 8 5.8 y 0.55 43 NS
� 4.51
/mg‡

18 3-43 mo 5.0 � 3.13
AU/mg‡

57 �0.00001 Nondiabetic

� 77
ol/mg‡

9 3-43 mo 65.9 � 40
pmol/mg‡

73 �0.001 Nondiabetic

t, pentosidine; CML, carboxymethyllysine; Alb, albumine; Fluor, fluorescent
rformance liquid chromatography; Sp, spectrometry, ELISA, enzyme-linked
lysis; CRF, chronic renal failure; D, dialysis (non-specified); NS, not significant.

difference from control.

y units per milligram.
tation

n*

f
ts

Fo
Con

5
4

27
21

10
10

4

3
16

2

2
1

59.7
pm

3

0
11.7

AU
245.4

pm

ssue; Pen
, high-pe
oneal dia
ulate fold

r arbitrar
ndothelial cells, monocytes, macrophages,
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HARTOG ET AL970
esangial cells,53 smooth muscle cells,54 and
ubular cells.55 The various cells release different

ediators when stimulated by AGEs, inducing
n inflammatory response that may lead to tissue
amage.

ndothelial Cells

Endothelial cells are thought to be centrally
nvolved in the process of inflammation. Differ-
nt inflammatory mediators are released after
ctivation of receptors on endothelial cells. When
timulated by AGEs, endothelial cells release the
nflammatory mediators vascular cell adhesion
olecule-1 and intercellular adhesion molecule-

.51,56 Release of these inflammatory mediators
s influenced by oxidative stress and nuclear
actor-�B expression,57-60 which are both en-

4,61

Fig 2. Effect of AGEs on different cell types involved
bbreviations: CRTD, chronic renal transplant dysfu
ascular cell adhesion molecule 1; ICAM-1, intercellu
actor-�B; ECM, extracellular matrix; TGF-�, transform
anced by AGEs in vitro. Oxidative stress is s
nhanced in patients with end-stage renal fail-
re62 and kidney transplant recipients.63 In addi-
ion, it was shown that transplant recipients with
hronic rejection experience significantly more
xidative stress than patients without chronic
ejection.63 Inflammation also has been associ-
ted with chronic rejection. An immunohisto-
hemical study of transplant biopsy specimens
howed enhanced expression of intercellular ad-
esion molecule-1 and vascular cell adhesion
olecule-1 in chronic rejection.64 In endothelial

ells, AGEs induce the production of tissue fac-
or and plasminogen activator inhibitor-1, as
ell.65,66 Tissue factor is the major cellular trig-
er of blood coagulation. Activated plasminogen
ctivator inhibitor-1 inhibits the activation of
lasminogen to plasmin, resulting in thrombo-

67

development of chronic renal transplant dysfunction.
; PAI-1, plasminogen activator inhibitor 1; VCAM-1,
esion molecule 1; IL-6, interleukin-6; NF-�B, nuclear
wth factor-�; SMC, smooth muscle cell.
in the
nction
lar adh
ing gro
is. In addition to their involvement in blood
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AGEs AND CHRONIC RENAL TRANSPLANT DYSFUNCTION 971
oagulation, plasminogen activator inhibitor-1
nd tissue factor are thought to have important
roinflammatory capabilities.68,69

onocytes and Macrophages

Monocytes and macrophages are actively in-
olved in the inflammatory process after their
ttraction and activation by endothelial cells.
nterleukin-6, produced by both cell types when
timulated by AGEs in vitro, stimulates the liver
o produce acute-phase proteins.56,70,71 In a rat
odel of chronic kidney allograft rejection, en-

anced interleukin-6 expression was associated
ith graft failure.72 Furthermore, human mono-

ytes stimulated by AGEs produce insulin-like
rowth factor, which is known to stimulate mes-
ngial cells.73

esangial Cells, Smooth Muscle Cells, and
ubular Cells

In response to AGEs, mouse mesangial cells
howed increased expression of collagen type IV
essenger RNA, leading to accumulation of

xtracellular matrix.74 Accumulation of extracel-
ular matrix is one of the histological findings in
hronic renal transplant dysfunction.4 Further-
ore, both mesangial cells and tubular cells

timulated by AGEs produce transforming growth
actor-�.75,76 Transforming growth factor-� medi-
tes the formation of fibrosis.77 Transforming
rowth factor-� expression in a renal allograft
orrelates with the development of interstitial
brosis.78 Moreover, increased transforming
rowth factor-� expression has been found in
enal biopsy specimens of patients with chronic
enal transplant dysfunction.79 Finally, smooth
uscle cell proliferation and tubular atrophy,

oth found in chronic renal transplant dysfunc-
ion, have been associated with AGE accumula-
ion.55,80

AGE-INDUCED RENAL TISSUE DAMAGE

Although several AGEs, such as pentosidine,
�-carboxymethyllysine, and N�-carboxyethyl-

ysine, have been characterized, differences in
he pathogenic role between specific AGEs are
ot yet clear. The pathogenic role of AGEs on
enal tissue has been tested in various experimen-
al studies.

In a study by Vlassara et al,81 50 healthy male

prague-Dawley rats were administered AGE-
odified rat albumin, native rat albumin, or
GE-modified rat albumin in combination with

minoguanidine. Repeated injections with AGEs
esulted in increased AGE levels in blood and
idney. AGE-injected animals showed an in-
rease in glomerular volume, glomerular base-
ent widening, and mesangial extracellular
atrix, indicating global and segmental glomer-

losclerosis. These structural changes were less
ronounced in rats administered aminoguani-
ine.81 Furthermore, AGE injections resulted in
ncreased total urinary protein excretion, which
as almost completely prevented with aminogua-
idine treatment.
In another experiment by Vlassara’s group, the

ffect of aminoguanidine on age-related renal
athological characteristics was examined. Non-
iabetic female Sprague-Dawley rats and Fischer-
44 rats were treated with aminoguanidine for 18
onths. Aminoguanidine significantly decreased

enal AGE accumulation compared with non-
reated controls. Moreover, aminoguanidine partly
nhibited age-related albuminuria and protein-
ria. In Sprague-Dawley rats, the age-related
ecrease in glomerular number, accompanied by
rogressive glomerular sclerosis, was signifi-
antly ameliorated by aminoguanidine treat-
ent. In Fischer-344 rats, observed age-related

hanges were less pronounced. Consequently, no
ignificant structural effects of aminoguanidine
ere found in this strain.82

More recently, Vlassara’s group tested whether
diet low in glycoxidation products could pre-

ent diabetic nephropathy in mice.83 Nonobese
iabetic mice were randomly assigned to an
GE-rich or low-AGE diet. Both serum and
idney AGE levels were significantly lower in
he low-AGE diet group. Rats fed an AGE-rich
iet developed progressive diabetic nephropathy
nd had short survival, whereas rats fed a low-
GE diet developed only minimal glomerular
athological characteristics and had a signifi-
antly extended survival. It remains questionable
hether observed effects could be attributed to

he toxicity of AGEs alone. One should consider
ossible effects of other toxic compounds formed
nder similar conditions as AGEs.84 Further-
ore, in relation to alimentary AGEs, antioxi-

ant effects of some of the Maillard reaction
roducts formed also should be anticipated.85

81-83
Results from Vlassara’s group are in line



w
a
t
p
i
C
d
r
b
g
a

t
d
9
t
p
s
r
d
t
t
r
m
d
e
a
a
o
b
f
h
e

o
t
e
i
t
r
a
t
o
p
m
t
c
t
m

a
t
T
h
A
o

t
t
i
a
a
n
A
c
p
v
r
t
w
l
f

w

R
T
p

M
r
N

d
S

w
I

a
r
5

c
l
3

k
t

HARTOG ET AL972
ith those reported by others. Soulis-Liparota et
l86 examined the effect of aminoguanidine on
he development of albuminuria, mesangial ex-
ansion, and tissue fluorescence in streptozocin-
nduced diabetic rats during a 32-week period.
ompared with untreated controls, aminoguani-
ine prevented diabetes-induced increased fluo-
escence in isolated glomeruli and renal tubules,
ut not in the whole kidney. Furthermore, amino-
uanidine treatment attenuated the increase in
lbuminuria and mesangial expansion.

The use of other AGE inhibitors in experimen-
al studies, such as N-(2-acetamidoethyl)-hy-
razine-carboximidamide-hydrochloride (ALT-
46),87 (�)-2-isopropylidenehydrazono-4-oxo-
hiazolidin-5-ylacetanilide (OPB-9195),88 and
yridoxamine,89 has confirmed the results of
tudies mentioned. In conclusion, AGE-induced
enal tissue damage is well established in both
iabetic and nondiabetic animal models. Al-
hough observed changes are often nonspecific,
hey are similar to lesions observed in chronic
enal transplant dysfunction. Although heavily
odified proteins were used in the first study

escribed from Vlassara’s group,81 recent studies
xamined the effect of more clinically relevant
ge-related or diabetes-related increases in AGE
ccumulation on renal tissue. To date, no results
f experimental studies with AGE inhibitors have
een published in chronic renal transplant dys-
unction rat models. Moreover, no clinical trials
ave been performed in kidney transplant recipi-
nts using AGE-lowering treatment modalities.

CONCLUSION

We discussed evidence for a pathogenic role
f AGEs in the development of chronic renal
ransplant dysfunction. First, AGE levels are
levated in the presence of some risk factors
nvolved in the development of chronic renal
ransplant dysfunction. Although few data cur-
ently are available on the kinetics of tissue AGE
ccumulation in the long run after transplanta-
ion, increased AGE levels were found in blood
f patients who developed chronic renal trans-
lant dysfunction. In vitro data showed that AGEs
ay stimulate various cells to release mediators

hat contribute to the renal damage found in
hronic renal transplant dysfunction. Based on
hese findings, we proposed a pathophysiological

echanism of AGE-induced renal tissue dam- m
ge. Finally, we discussed results of experimen-
al studies on AGE-induced renal tissue damage.
o date, no studies, experimental or clinical,
ave been performed to examine the effect of
GE-lowering treatment modalities on the devel-
pment of chronic renal transplant dysfunction.
Opponents of AGE-related hypotheses argue

hat AGEs are detectable only in trace concentra-
ions in tissue proteins and therefore could not be
mportant pathogenic constituents. Proponents
rgue that new AGEs are still being discovered
nd little is known about AGE effector mecha-
isms. However, various studies have associated
GE accumulation with vascular disease pro-

esses. Together, these studies illustrated the
athogenic potential of AGEs in vitro and in
ivo. We expect clinical studies to confirm the
ole of AGEs in the development of chronic renal
ransplant dysfunction. In the future, therapy
ith AGE-formation inhibitors or AGE cross-

ink breakers may be warranted to preserve renal
unction in transplant recipients.
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