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Oral administration of AST-120 (Kremezin) is a
promising therapeutic strategy for advanced
glycation end product (AGE)-related disorders
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Summary The pathological role of the non-enzymatic modification of proteins by reducing sugars has become
increasingly evident in various disorders. It is now well established that early glycation products undergo progressive
modification over time in vivo to the formation of irreversible cross-links, after which these molecules are termed
‘‘AGEs (advanced glycation end products)’’. AGEs have been implicated in the development of many of the
pathological sequelae of diabetes and aging, such as diabetic microangiopathy, ischemic heart disease and
neurodegenerative diseases. Recently, digested food-derived AGEs are also found to play an important role in the
pathogenesis of AGE-related disorders. Diet is a major environmental source of pro-inflammatory AGEs. Indeed,
restriction of dietary glycotoxins decreases excessive AGE levels and subsequently reduces the inflammatory responses
in patients with diabetes. These observations suggest that inhibition of absorption of dietary AGEs may be a novel
target for therapeutic intervention in the above-mentioned AGE-related disorders. AST-120 (KremezinR) is an oral
adsorbent that attenuates the progression of chronic renal failure (CRF) by removing uremic toxins. We have recently
found that AST-120 binds to carboxymethyllysine (CML), one of the well-characterized, digested food-derived AGEs
in vitro and that administration of AST-120 decreases serum levels of AGEs in non-diabetic CRF patients. These findings
suggest that digested food-derived AGEs such as CML may be a novel molecular target for oral adsorbent AST-120 and
that AST-120 could exert beneficial effects on CRF patients by adsorbing diet-derived AGEs and subsequently
decreasing serum AGE levels. If our speculation is correct, AST-120 may have therapeutic potentials for the treatment
of patients with various AGE-related disorders as well. In this paper, we would like to propose the possible ways of
testing our hypotheses. Does the long-term treatment of AST-120 decrease serum and tissue levels of AGEs in diabetic
patients? Does this treatment also reduce the risk for the development and progression of diabetic vascular
complications such as diabetic retinopathy or ischemic heart disease? If the answers are yes, do the serum and/or
tissue levels of AGEs after AST-120 treatment predict its beneficial effects on diabetic vascular complications? How
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about the effects of AST-120 on Alzheimer’s disease, another AGE-related neurodegenerative disorder? Does the
treatment of AST-120 reduce the risk for Alzheimer’s disease and/or improve the cognitive impairment of patients with
this disorder? These prospective studies will provide further valuable information whether the inhibition of absorption
of dietary AGEs by AST-120 could be clinically relevant.
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The modification, aggregation, and deposition of
proteins are a prominent part of many pathologi-
cal processes and can play a direct role in tissue
damage. The pathological role of the non-enzy-
matic modification of proteins by reducing sugars,
a process that is known as glycation (also called
the ‘‘Maillard reaction’’), has become increasingly
evident in various types of disorders [1,2]. It is
now well established that early glycation products
undergo progressive modification over time in vivo
to the formation of irreversible cross-links, after
which these molecules are termed ‘‘AGEs (ad-
vanced glycation end products)’’. AGEs have been
implicated in the development of many of the
pathological sequelae of diabetes and aging, such
as diabetic microangiopathy, ischemic heart dis-
ease, neurodegenerative diseases and melanoma
growth and metastasis [3–8]. Indeed, engagement
of their cell surface receptor RAGE by AGEs elicits
oxidative stress generation, vascular inflamma-
tion, angiogenesis, platelet and macrophage
activation, thereby being involved in the develop-
ment and progression of various devastating disor-
ders [3–8].

Recently, digested food-derived AGEs are also
found to play an important role in the pathogenesis
of AGE-related disorders [9]. In animal models,
lowering of dietary AGEs not only slows the pro-
gression of diabetic nephropathy, but also reduces
neointimal formation after arterial injury in genet-
ically hypercholesterolemic mice [10,11]. Diet is a
major environmental source of pro-inflammatory
AGEs [9]. About 10% of food-derived AGEs can be
absorbed [9]. Restriction of dietary glycotoxins de-
creases excessive AGE levels and subsequently re-
duces the inflammatory responses in patients with
diabetes [12]. These observations suggest that inhi-
bition of absorption of dietary AGEs may be a novel
target for therapeutic intervention in the above-
mentioned AGE-related disorders.

AST-120 (KremezinR) is an oral adsorbent that
attenuates the progression of chronic renal failure
(CRF) by removing uremic toxins, resulting in the
delay of dialysis [13,14]. AST-120 is also reported
to reduce carotid intima media thickness (IMT)
and arterial stiffness, one of the surrogate markers
for atherosclerosis, in CRF patients before dialysis
[15]. AGEs represent an important class of uremic
toxins as well [16,17]. Further, we have recently
found that administration of AST-120 (6 g/day)
for 3 months significantly decreases serum levels
of AGEs in non-diabetic CRF patients [17]. Patient
serum after AST-120 treatment also reduced mRNA
levels of RAGE, monocyte chemoattractant pro-
tein-1 and vascular adhesion molecule-1 in cul-
tured endothelial cells, compared with serum
before the treatment. In vitro, AST-120 was also
found to bind to carboxymethyllysine (CML), one
of the well-characterized, digested food-derived
AGEs [17]. These findings suggest that digested
food-derived AGEs such as CML may be a novel
molecular target for oral adsorbent AST-120 and
that AST-120 could exert beneficial effects on
CRF patients by adsorbing diet-derived AGEs and
subsequently decreasing serum AGE levels. If our
speculation is correct, AST-120 may have therapeu-
tic potentials for the treatment of patients with
various AGE-related disorders as well.

In this paper, we would like to propose the
possible ways of testing our hypotheses. Does the
long-term treatment of AST-120 decrease serum
and tissue levels of AGEs in diabetic patients? Does
this treatment also reduce the risk for the develop-
ment and progression of diabetic vascular compli-
cations such as diabetic retinopathy or ischemic
heart disease? If the answers are yes, do the serum
and/or tissue levels of AGEs after AST-120
treatment predict its beneficial effects on diabetic
vascular complications? How about the effects of
AST-120 on Alzheimer’s disease, another AGE-re-
lated neurodegenerative disorder? Does the treat-
ment of AST-120 reduce the risk for Alzheimer’s
disease and/or improve the cognitive impairment
of patients with this disorder? These prospective
studies will provide further valuable information
whether the inhibition of absorption of dietary
AGEs by AST-120 could be clinically relevant.
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