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1. ABSTRACT

Receptor for AGE (RAGE), a member of the
immunoglobulin superfamily, was first identified as a
specific cell surface interaction site for Advanced
Glycation Endproducts, or AGESs. AGEs, the products of
nonenzymatic  glycation/oxidation of proteing/lipids,
accumulate in natural aging and disorders such as diabetes,
rena failure and amyloidoses. Interaction of AGEs with
RAGE has been linked to chronic inflammatory and
vascular dysfunction that characterizes the chronic
complications of these disorders. Recent studies have
indicated that RAGE is a multiligand receptor, serving as a
specific cell surface, signal transducing receptor for
amphoterin, a molecule with implications for neurite
outgrowth in neuronal development and in tumor cell
proliferation and spread. RAGE is also a receptor for
amyloid-f3 peptide, whose interaction with neuronal and
microglial RAGE within the CNS is linked to sustained
inflammation and neuronal toxicity and cell death. RAGE
also serves as a signal-transducing receptor for EN-RAGES,
and related members of the S100/calgranulin family of
proinflammatory  cytokines; consequences of this
interaction include initiation and propagation of
inflammatory responses. Consistent with an important role
for ligand-RAGE interaction in these settings, blockade of
RAGE suppresses chronic cellular activation and
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dysfunction in murine models of diabetic complications,
inflammation and tumor proliferation and metastasis.
Taken together, an new paradigm is emerging which links
RAGE, a gene encoded within the Maor
Histocompatibility Complex (MHC) Class 1l regions, to
central host response mechanisms in homeostasis and
chronic disease.

2. INTRODUCTION

RAGE (Receptor for AGE) is a multiligand
receptor of the immunoglobulin superfamily of cell surface
molecules (Table 1) first described as a specific cell surface
interaction site for Advanced Glycation Endproducts
(AGEs), the products of nonenzymatic glycation/oxidation
of proteinglipids (1, 2). AGEs accumulate during normal
aging, but to greatly accelerated degrees in disorders such
as diabetes, amyloidoses and rena failure. Consistent
with the concept that RAGE is a key cell surface receptor
for these products, particularly carboxy(methyl) lysine
(CML) adducts of proteinglipids (3), blockade of RAGE in
vivo suppresses diabetic vascular hyperpermeability and
accelerated atherosclerosis in rodent models (4,5). In
addition, recent studies have suggested that RAGE interacts
with amyloid-B peptide (AR). Ligation of neuronal and
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Table 1. RAGE is a multiligand receptor of the

immunoglobulin superfamily of cell surface molecules
Ligand Physiologic/pathophysiologic

conditions

Diabetes, rend failure, aging,

2inflammatory disorders

Advanced Glycation Endproducts
(AGEs), particularly
carboxy(methyl)-lysine adducts
EN-RAGEs and molecules Immune/Inflammatory Disorders,
S100/Calgranulin ?Development,
Tumors
Alzheimer's Disease,
Amyloidosis

Amphoterin Development, Tumors
To date, our studies have identified at least four ligands
capable of interacting with RAGE. Activation of RAGE, a
signal-transducing receptor for these ligands, appears to
play an important role in a range of homeostatic and
pathophysiologic conditions.

Amyloid-3-peptide R-cross fibrils

microglial RAGE in the central nervous system (CNS) by
AR has been linked to enhanced oxidant stress, sustained
inflammation and neuronal toxicity in Alzheimer's disease
(AD) brain (6, 7). More recently, we have identified EN-
RAGE (Extracellular Newly-identified RAGE binding
protein) (8), and related members of the S100/calgranulin
family of proinflammatory cytokines (9, 10), as ligands
for RAGE. Engagement of RAGE on endothelial cells,
macrophages and lymphocytes activates a cascade of
proinflammatory events, resulting in enhanced cellular
migration and generation of potent cytokines and growth
factors. Importantly, in vivo, blockade of RAGE
suppressed the immune/inflammatory response in murine
models of delayed-type hypersensitivity (DTH) and
colitisin IL-10 null mice (8). In these settings, activation

of key cell signalling pathways, such as p21'%S, MAP
kinases, NF-kB and cdc42/rac (11 - 13), by RAGE ligand
sets the stage for global modulation of cellular properties,
in a manner linked to chronic cellular activation and
dysfunction.

Studies have suggested that in homeostasis,
basal levels of RAGE are expressed in a range of cell
types (14). However, a common observation in settings
such as diabetic vascular and inflamed tissue, AD brain
and immune/inflammatory foci is enhanced expression of
RAGE, colocalized with that of ligand. For example, in
brain tissue examined from subjects with AD, increased
accumulation of AR in neuronal and vascular cellular
elements is associated with strikingly increased
expression of RAGE, compared with brain retrieved from
age-matched controls (6). A clue to the molecular
mechanisms underlying these observations exists, at least
in part, in the promoter of the gene encoding RAGE.
Two functional NF-kB-like binding elements were
identified; site-directed mutagenesis of these NF-kB
binding sites in transfected cells suppressed ligand-
mediated regulation of RAGE expression and activation
(15). Other potential binding elements, such as NF-IL-6
and g-interferon response elements identified within the
RAGE promoter, may also contribute to regulation of
RAGE in immune/inflammatory settings.

The intriguing observation that the gene
encoding human RAGE is situated within the Class IlI
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region of the Major Histocompatibility Complex (MHC)
(16) ignites further speculation that RAGE responds to a
range of stimuli within distinct microenvironments in the
organism, driven by the biology of the ligand. Although
previous studies suggested a role for RAGE in
developmental homeostasis within the CNS (17), it
appears likely that RAGE is also intimately linked to
pathologic consequences within cells, as its activation by
ligand initiates a series of events that portend sustained
cellular activation and chronic tissue injury in the host.

3. GLYCOXIDATION, RAGE AND THE
PATHOGENESIS OF DIABETIC COMPLICATIONS

Long-term exposure of proteing/lipids to elevated
concentrations of adose sugars, both intra- and
extracellularly, accelerates molecular rearrangements of a
range of body substrates, leading to the formation and
accumulation of the largely irreversible AGEs. Although
an heterogeneous class of compounds, composed of such
structures as carboxy(methyl) lysine (CML) adducts,
pentosidine, pyralline, and methylglyoxal, a dominant AGE
observed in vivo is CML-modified protein/lipid adducts
(18 - 20). A number of studies indicate that these adducts
appear to be in the "right place and at the right time" with
respect to diabetic complications, as extent of increased
concentrations of tissue CML-modified structures
correlated with the degree of complications in diabetic
retina and vasculature (21, 22).

3.1 CML AGEs are signal transducing ligands for
RAGE

Thus, it was logical to test the hypothesis that
engagement of RAGE by CML-AGEs might activate
specific cell signalling pathways. Indeed, we found that
physiologically-relevant levels of CML modification in
proteins bound RAGE on plastic dishes in a dose-
dependent manner, with Ky~ 76.2+35nM (3), similar to

that which was observed with heterogeneous AGEs
(61+23 nM) (1). Similar to the effects of in vitro-prepared
AGEs and those isolated from the plasma/tissues of
diabetic patients (1, 23, 24), CML-modified adducts
activated NF-kB and proinflammatory mechanisms in
endothelial cells, macrophages and vascular smooth
muscle cells in a RAGE-dependent manner. Infusion of
CML-adducts into normal mice increased mRNA and
protein for VCAM-1 in lung tissue. That this was
dependent on RAGE was demonstrated by experimentsin
which pretreatment of the mice with anti-RAGE 1gG, but
not nonimmune 1gG, prevented CML-mediated increases
in expression of Vascular Cell Adhesion Molecule-1 (3).

Interestingly, formation of CML-adducts is not
restricted to the setting of hyperglycemia, as lipid
oxidation alone has been suggested to trigger generation
of CML AGEs (25). Recent studies indeed suggested that
CML-modifications may form as a consequence of
activation of the myeloperoxidase-hydrogen peroxide-
chloride system, thereby providing a mechanism for the
conversion of hydroxy amino acids into glycoaldehyde, an
highly-reactive precursor in the steps leading to generation
of CML (26).
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Figure 1. Blockade of RAGE suppresses accderaed digbetic
aheroxdeross a Dose-dependence. Diabetic or contral micewere
trested asindicated, sacrificed &t Six weeks, and meen atherosderatic
lesion area determined (un). The results of satisicd andysis are
shown. There were no sdidticdly-sgnificant differences between
diabetic mice and digbetic mice tregted with MSA. b-c. Effect on
leson number (b) and complexity (¢). b. Leson number. Totd
leson number/mouse was determined from andyss of multiple
sections prepared d the aortic Snus Meen totd lesion number is
reported. Statigtical condderations DigbetesMSA vs Control/MSA:
1p<0.00005; DigbetessMSA vs Digbeted SRAGE (3 pg/day): p=0.09;
DicbetesMSA  vs DiabeedsRAGE (15 pg/day): p=0.09;
DigbetesMSA vs DiabetedsRAGE (20 pg/day): p<0.00005;
DigbetesMSA vs DidbetedsRAGE (40 pg/day): p<0.00005;
Control/MSA vs DiabetedsRAGE (20 pg/day): p=0.30; and
Control/MSA vs DigbetessRAGE (40 pg/day): p=0.12. c. Lesion
complexity index. Complexity index was caculaed from the ratio
of faty dreek (FS)ftotd leson number or complex [C] leson
(defined by presence of choleserdl defts, necrass or fibrous cap
formation)/totdl lesion number.  Therefore, the sum of the ratio of
FSitot and Cltotd is one. Statidticdl condderations (Fetty stresk
index): DisbetesMSA vs DigbetessRAGE 3 or 15 pg/day: Not
dgnificant; DiabetesMSA vs DigbetedSRAGE 20 or 40 pg/day:
p<00005. (Complex ledon index): DicbetedMSA vs
Diabetes'sRAGE 3 or 15 pg/day: Not sgnificant; DicbetesMSA vs
DigbetessRAGE (20 pg/day): p=0.19; and DigbetedMSA vs
DiabetessSRAGE (40 pg/day): p<0.00005.
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3.2. RAGE and diabetic vasculopathy

A criticd complication of diabetes is the premature
development and acceleration of atherosclerosis.  Multiple
studies, including the Diabetes Control and Complications
Trid Research Group (DCCT) suggested that athough
complications of diabetes within the retina and kidney might
be modulated by drict control of hyperglycemia, less
convincing evidence exised for the protective effects of
glucose control in modulating atherogenesis (27). As CML-
adducts and RAGE are present in lipid-enriched diabetic
atheromata, a criticd test of our hypotheses was whether
blockade of RAGE might modulate atherogeness in
experimental models. Since mice, innately, are highly resistant
to the development of aggressive, complex atherosclerosis,
even in the presence of lipid-enriched diets and diabetes (28),
we tested these concepts in mice genetically-primed for the
devdopment of atherosclerosis. In our firg sudies, we
employed mice deficient in gpolipoprotein E (29, 30), a modd
of spontaneous hypercholesterolemia and aggressive arterid
lesion formation. Induction of diabetesin these mice, by serid
adminigtration of dreptozotocin, resulted in an ~5.3-fold
increese in meen aheroclerotic lesion area at the aortic Snus
(5). Atheroscleratic lesionsiin diabetic apo E null mice, enriched
in CML-AGEs, demongrated increased expresson of vascular
RAGE compared with age-matched nondiabetic mice (5).

To test the hypothesis that blockade of RAGE might
modulate atherogenesis in diabetic mice, we prepared soluble
RAGE (sRAGE). The extracdlular domain of RAGE is
composed of one "V"-type Ig domain, followed by two "C"-
type lg domains, and is the ste within the molecule which
engages ligand (specificaly within the V-domain (1, 5)). Based
on the kinetics of this molecule in vivo (4), murine recombinant
SRAGE was administered once daily to gpo E null mice,
immediately upon documentation of diabetes. Intraperitoned
injection of SRAGE induced dose-dependent suppresson of
mean aheroscleratic lesion area, number and complexity at the
aortic dnus (Figure 1A-b-c, respectively). Importantly, the
effects of SRAGE occurred independently of dterations in
plasma glucose, insulin or lipid number/profile (5), thereby
highlighting the importance of CML (AGE)-RAGE interaction
in the development of accelerated diabetic atheroscleross.

In addition to suppression of atherosclerosis, our
findings suggested that blockade of RAGE diminished
levels of oxidant stress in vivo, as demonstrated by
increased lag time to copper-induced oxidation of LDL
from sRAGE-treated diabetic mice, as well as decreased
levels of plasma and tissue AGEs compared with control
apo E null mice (5). Overall, we speculate that diminished
CML (AGE)-RAGE interaction limited generation of
further reactive oxygen intermediates, thereby interrupting
a chronic cascade of cellular activation, enhanced oxidant
stress and increased inflammatory gene expression.

Recent studies have extended these findings to other
models of diabetic complications. For example, blockade of
RAGE suppressed accderated adveolar bone loss and
periodontal inflammation in diabetic mice infected with the
human periodontal pathogen, Porphyromonas gingivalis (31),
thus highlighting RAGE as an important pathogenic factor in
the host response to bacteria infection in digbetes.
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Figure 2. Ligation of RAGE by EN-RAGE attivates endothdlid
cdls (dectrophoretic mohility shift assay). Human umbilica vein
endothdlid cdls (HUVEC) weretrested with theindicated mediators
for eight hrs In catan ceses EN-RAGE-reated cdls were
preincubated with anti-RAGE I1gG and in other casss EN-RAGE
was pretrested with excess SRAGE (two hours). Certain HUVEC
were trangently-trandfected with a condruct encoding a form of
human RAGE in which the cytasolic domain wes ddeted or with
vector done as contral (pcDNAJ) prior to trestment with EN-
RAGE. Nudear extract was prepared and EMSA peformed
employing radiolabdled probes for NFkB and Spol. Supershift
assays were paformed by incubation of nudear extract with the
indicated antibody prior to EMSA. Reaults of dendtometric andysis
after normdization for Spl are indicated. Supershift assays were
paformed by incubation of nudesr extract with the indicated
antibody (2 pg/ml) for 45 minutes prior to EMSA.  Results of
dengtometric andyssareindicated in thefigures

Lower Chamber/ EN-RAGE,
Upper Chamber 1 pgiml +
1. BSA, 5 pg/ml/0

p<0.00001

p<0.00001
p<0.00001

1. BSA, 300 pg/ml
2. EN-RAGE, 0.1 pg/mii0

p<0.00001

p<0.00001

oo

p<0.00001

2. sRAGE, 30 ug/ml

3. EN-RAGE, 1.0 ug/mli0

3. SRAGE, 300 pg/ml

4. Nonimmune
F(ab'),, 5 pg/ml

5. Anti-RAGE
Fab'),, 0.1 pg/ml

6. Anti-RAGE
Fab’),, 5 ug/ml

200 0

4. EN-RAGE, 5 ug/mi/0

5. EN-RAGE, 1ug/mi/
EN-RAGE, 2 ug/ml

6. AGE albumin, 50 pg/ml/0

p<0.00001

7. FMLP, 10 pM/0

200
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Cell Number Cell Number

Figure3. Ligaion of RAGE by EN-RAGE activates peripherd
Derived mononuclear phagocytes (MPs) (modified chemotaxis
assays). Mediators were placed in the upper or lower chamber,
and human peripheral blood-derived monocytes placed in the
upper chamber for 4 hrs. Cells which had migrated through the
membranes were stained and counted (left pane). Where
indicated (right pandl), cells were pretreated with the indicated
F(&b'), fragments or EN-RAGE incubated with excess SRAGE
prior to chemotaxis assay. Mean + SD is shown.

4. EN-RAGES, RAGE AND THE INFLAMMATORY
RESPONSE

An important challenge in the study of RAGE
was the quest for "natural ligands' of the receptor, as
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products of glycoxidation of proteing/lipids were unlikely to
represent the sole ligand for a receptor in the immunoglobulin
superfamily. In order to identify molecules that might interact
with RAGE beyond AGEs, we returned to the site in which the
receptor itsalf was first identified: lung tissue. Using a series
of chromatographic steps, and ultimately purification on resin
to which had been adsorbed sRAGE, we identified two
polypeptides based on their ability to bind RAGE. The firg,
amphoterin, was a polypeptide identified with high levels in
developing neurons of the CNS and neurite outgrowth in vitro
(17, 32, 33); and the second was a polypeptide of the
S100/cagranulin - family of proinflammatory  cytokines,
S100A12 or cagranulin C (8). The latter molecule was first
denoted as EN-RAGE, since a the time of its first isolation
from lung tissue, its sequence had not yet been reported to the
data banks. In 1996-1997, the sequence of the molecule was
published by two groups (34-36). EN-RAGE and
S100/cagranulin polypeptides bound immobilized RAGE in a
dose-dependent manner, with KD™91 + 29 nM. Specificity of
binding was shown by inhibition in the presence of excess
soluble RAGE and by other ligands for the receptor, including
AGE abumin, amphoterin and AR (8). The latter findings
suggest that the ligands, dthough seemingly diverse in
structure, appear to interact with a common site/élement within
RAGE. Studies are underway to ducidate the Structure of
RAGE as a means to further clarify our understanding of
ligand-receptor interactions.

As RAGE was present on a number of cell types,
we sought evidence for its interaction with EN-RAGES in
cellsimportantly involved in the inflammatory response.

4.1. Endothédlial cells

Incubation of EN-RAGEs with RAGE on cultured
EC resulted in dose-dependent increases in expression of
VCAM-1, thereby providing a mechanism for targetting
mononuclear inflammatory cells to activated EC. Enhanced
expression of VCAM-1 was associated with increased function
of this molecule, as EN-RAGEs simulated increased
adherence of Moalt-4 cells, which bear the counterligand for
VCAM-1, to gimulated EC in a RAGE-dependent manner (8).
A central mechanism underlying EN-RAGE-RAGE-mediated
upregulation of inflammatory response genes such as VCAM-
1 was ducidated by studies in which incubation of EC with
EN-RAGEs reaulted in an "5fold increese in nuclear
trandocation of NF-kB by eectrophoretic mohility shift assay
(EMSA) (Figure 2). That these effects were largely mediated
by EN-RAGE with cdll surface RAGE was demonstrated by
the inhibitory effects of anti-RAGE 1gG or SRAGE.
Importantly, RAGE-dependent engagement of intracel lular cell
signalling mediators was essentia for activation of NF-kB, as
introduction of a form of RAGE lacking the cytosolic domain
(but firmly anchored in the membrane via the
extracdllular/transmembrane spanning domains), exerted a
dominant negative (DN) effect (Figure 2).

Since  EN-RAGEs bear homology to other
members of the S100/calgranulin family, we tested the
effects of another member, S100B, in activation of NF-kB.
Incubation of HUVEC with human S100B resulted in an
~3.2-fold increase in nuclear translocation of NF-kB (8).
These effects were inhibited in the presence of SRAGE,
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Figure 4. Ligation of RAGE by EN-RAGE activates
mononuclear phagocytes (generation of IL-13 and TNF-a).
BV-2 macrophages, either those transfected with DN-
RAGE or mock-transfected cells, were incubated with the
indicated mediators for 8 hrs at 37°C. Supernatant was
collected and ELISA for IL-18 or TNF-a performed.
Results are reported as fold X1 induction, compared with
incubation of cellswith BSA aone.Mean + SD is shown.
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Figure 5. Ligation of RAGE by EN-RAGE activates

PBMCs (generation of IL-2). PBMC were incubated with
the indicated mediators for 8 hrs;  supernatant was
collected and ELISA for IL-2 performed. Where indicated,
cells were pretreated with the indicated 1gG, or EN-RAGE
was pretreated with excess SRAGE. Mean £ SD is reported.
Results are reported as fold induction (incubation of cells
with BSA alone).

anti-RAGE 1gG or introduction of DN RAGE. Thus, a
range of S100/calgranulin polypeptides likely interact with
RAGE.

4.2. Mononuclear Phagocytes

Since MPs are a rich source of EN-RAGESs, we
postulated that once recruited to sites of inflammation, their
release by such cells might provide a mechanism for further
cellular activation, by interaction with RAGE.  Indeed,
studies in modified chemotaxis chambers using human
peripheral blood-derived monocytes, indicated that EN-
RAGEs induced monocyte migration in a dose- and RAGE-
dependent manner (Figure 3, left and right panels).
Similarly, engagement of RAGE by EN-RAGEs in cultured
Bv2 cells (murine macrophages), induced elaboration of
both IL-1beta and TNF-alpha into cellular supernatants;
effects which were suppressed by introduction of DN-
RAGE into these cells (Figure 4, left and right panels,

respectively). In view of the ability of EN-RAGEs to
enhance proinflammatory  cytokine expression in

monocytes, we assessed the role of NF-kB in these
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processes. EN-RAGESs were a strong agonist for induction
of nuclear trandocation of NF-kB via RAGE, as
demonstrated by EMSA (8).

4.3. Peripheral Blood Mononuclear Cells (PBMCs)

Our findings in EC and MPs strongly suggested
that engagement of RAGE by EN-RAGEs was a potent
mechanism for propagation of proinflammatory signals at
sites of immune/infected foci. To extend these findings to
PBMC, cells critically involved in immune/inflammatory
mechanisms, we demonstrated for the first time that RAGE
was indeed present on these cells (8). PBMCs exposed to
EN-RAGESs displayed enhanced elaboration of IL-2 into
supernatant, in a RAGE-dependent manner, as these effects
were suppressed in the presence of SRAGE or anti-RAGE
IgG (Figure 5). Consistent with these findings, an
enhanced mitogenic response to cross-linking CD3/CD28
after stimulation with EN-RAGEs was noted in PBMCs.
Compared with pretreatment with albumin, significant

uptake of 3H-thymidi ne was observed in cells preincubated
with EN-RAGE (5 pg/ml), 39,285 + 2,323 vs 67,242 +
1,727 counts per minute, respectively; p<0.00001 (8).

These studies, therefore, in cultured EC, MPs,
and PBMCs, strongly implicated a role for EN-RAGE-
RAGE interaction in cells critical for initiation and
propagation of the inflammatory response as this
interaction modulated central properties of cell migration,
proliferation and cytokine generation.

4.4. EN-RAGE-RAGE interaction: in vivo models

To test these concepts in vivo, EN-RAGES were
infused intravenously into immune-competent mice.
Examination of lung tissue revealed increased expression
of VCAM-1 protein; this effect was inhibited by
pretreatment with anti-RAGE 1gG or excess sRAGE (8).
Injection of EN-RAGES into murine foot pad resulted in
increased inflammation, as assessed by scoring of clinical
foot pad redness, swelling and edema, and by histologic
scoring, using hematoxylin and eosin (8). Consistent with
an important role for RAGE in this milieu, compared with
treatment with vehicle, murine serum albumin (MSA) or
nonimmune F(ab')z, those mice pretreated with SRAGE or
anti-RAGE/anti-EN-RAGE F(ab')2 demonstrated marked
suppression of inflammatory score after local injection of
EN-RAGE into the foot pad (8).

The critical tests of these concepts was in models
of acute/chronic inflammation. Murine models of delayed-
type hypersensitivity provided an idea setting with which
to test the role of RAGE blockade in suppression of
inflammatory responses. To test this, methylated BSA
(mBSA; not a ligand for RAGE) was injected in the
regional groin lymph nodes of CF-1 mice in the presence of
incomplete Freund's adjuvant. Three weeks later, mice
were locally-challenged with mBSA by footpad injection.
Mice pretreated with sRAGE or anti-RAGE/anti-EN-
RAGE F(ab')2 demonstrated marked suppression of

inflammation score compared with mice receiving vehicle
(Figure 6). Diminished activation of NF-kB, determined
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Figure 6. Blockade of EN-RAGE/RAGE suppresses
inflammation in a model of delayed-type hypersendtivity
(DTH). CF-1 mice were senstized and chalenged with
methylated BSA. Mice were pretrested by intraperitoneal
injection with SRAGE, MSA, immune or nonimmune F(ab’)2

fragments prior to and after locd chalenge with mBSA. 24 hrs
after injection of foot pad with mBSA, clinical and histologic
score of foot pad was performed employing the following
criteria Inflammation score (maximal of 9; no inflammation =
2) is defined as the sum of the clinicad and histologic score:
Clinical score: 1=absence of inflammation; 2= dight rubor and
edema; 3=moderate rubor and edema with skin wrinkles; 4=
severe rubor and edema without skin wrinkles, and 5=severe
rubor and edema with toe spreading. Histologic score (H&E
studies): 1=no leukocytic infiltration or subcutaneous edema;
2=dight perivascular leukocytic infiltrate  with  dight
subcutaneous edema; 3=severe leukocytic infiltrate without
granulomata; and 4= severe leukocytic infiltrate with
granulomata. Mean + SD of n=3/group is shown.
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Figure 7. Blockade of EN-RAGE/RAGE suppresses
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chronic colonic inflammation in IL-10 null mice.
Assessment of plasma TNF-a. Plasma was retrieved from
IL-10 null mice treated with either six weeks sRAGE, 100
Mg once daily, or vehicle, murine serum abumin (MSA)
upon sacrifice and ELISA for TNF-a performed. Mean
values for MSA- (n=6) vs SRAGE-treated mice (n=6) were
190.5 + 89.0vs 21.9 + 63.6 pg/ml, respectively; p=0.002.

by EMSA using nuclear extract prepared from foot pad
tissue, was noted in the presence of RAGE/EN-RAGE
blockade, as was decreased production of foot pad TNF-
alpha (8).

Lastly, we tested these concepts in mice deficient
in IL-10, a model of spontaneous inflammatory bowel
disease (IBD) (37). Indeed, levels of EN-RAGESS100
cagranulin molecules were associated with degree of
inflammation in human IBD (38). We thus tested the role
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of RAGE blockade in this murine model. Compared with
treatment with vehicle, MSA, administration of sRAGE
resulted in decreased evidence of rectosigmoid
inflammation (8). Consistent with this observation, a
marked suppression of activation of NF-kB in nuclear
extracts prepared from rectosigmoid tissue was observed in
SRAGE-treated mice (8) compared with vehicle. Similarly,
decreased levels of plasma TNF-alpha were noted in IL-10
null mice exposed to RAGE blockade (Figure 7).

Although future studies will be necessary in
transgenic mice with modified levels of RAGE/RAGE
function, and in mice deficient in RAGE, the present work
provides new insights into important pathogenic roles for
EN-RAGE molecules and RAGE in inflammatory
responses.

5. AMPHOTERIN AND RAGE:
NEURONAL DEVELOPMENT
BIOLOGY

INSIGHTS INTO
AND TUMOR

As noted earlier, the search for putative natural
ligands for RAGE led not only to identification of EN-
RAGEs, but also to amphoterin. Amphoterin, or high
mobility group 1 protein, was previously demonstrated to
mediate neurite outgrowth of CNS neurons retrieved from
day 17 rat embryos (32, 33). The increased expression of
RAGE in the developing CNS, which co-localized with that
of amphoterin, strongly suggested that amphoterin-RAGE
interaction might be important in neuronal development.
Yet, in both cases, expression of these molecules was
significantly diminished in neurons retrieved on postnatal
day 5. These considerations suggested that the temporal
expression of these molecules in development was linked to
a specific function.

5.1. Amphoterin-RAGE interaction induces neurite
outgrowth

Consistent with this hypothesis, previous studies
demonstrated that amphoterin bound RAGE in a dose-
dependent manner, on both plastic dishes and on cultured
E17 cortica neurons (17). Importantly, treatment of
neurons with sRAGE or anti-RAGE F(ab')2 suppressed

neurite outgrowth selectively on amphoterin-coated
matrices. Blockade of RAGE had no suppressive effect on
neurite outgrowth on poly-I-lysine or laminin-coated dishes
(17). These findings suggested the importance of
amphoterin-RAGE interaction in mediating central cellular
properties of invasion/migration.  Certainly, however,
definitive evidence for arole for amphoterin-RAGE will lie
in studies employing mice in which these molecules have
been genetically-del eted.

Indeed, the observation that amphoterin and
RAGE are expressed in tumor cells, especialy at the
leading edge of advancing processes, suggested their
contribution to tumor invasion and spread. Recent
observations suggest a role for this ligand/receptor
interaction in tumor properties since blockade of
RAGE/amphoterin suppressed local growth of C6 glioma
and metastases of Lewis lung carcinoma in murine models
(39, 40). Future studies will address this axis fully,
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especially with respect to cell signalling mechanisms that
underlie the roles of these molecules in tumor properties.

5.2. Amphoterin: a possible role in sepsis and cellular
injury

Thus, athough amphoterin appears to have
homeostatic function, at least in development, it is likely
that pathologic effects of amphoterin-RAGE interaction in
other settings may exist. Beyond a potentially-pathogenic
role in tumor biology, recent studies have suggested that
amphoterin may be released by lipopolysaccharide (LPS)-
stimulated macrophages 8-32 hours after exposure, thereby
exerting an effect as a late mediator of morbidity/mortality
in mice to whom lethal doses of LPS were administered.
The observation that administration of blocking antibodies
to amphoterin protected mice from otherwise letha
septicemia strongly suggests that engagement of cell
surface receptors, such as RAGE, might importantly
mediate the pathogenic effects of amphoterin (41). Studies
are underway determine if amphoterin-RAGE interaction
may represent an additional means of sustaining
inflammatory responses and tissue injury in sepsis, as
injection of amphoterin protein imparted lethal effects (41).

6. AMYLOID-8 PEPTIDE AND NEURONAL
TOXICITY

A dichotomy between likely roles for RAGE in
homeostasis and in pathologic states is emerging, especialy
in the nervous system. A search for cell surface interaction
sites for AR in extract of bovine lung uncovered two bands,
50 and 30-35kDa. Amino-terminal sequence analysis
revealed that both contained sequences for RAGE, the
latter likely the extracellular domain, cleaved from full-
length forms after proteolysis (6). Further study elucidated
enhanced expression of RAGE, co-locdizing with that of
AR in human AD brain tissue, in neurons, microglia and
vascular elements (6). Suggestive of an important role for
AR-RAGE interaction in neuronal toxicity, AR bound
RAGE in a dose-dependent manner, on plastic dishes and
on RAGE-transfected cos cells (6). Indeed, in cell culture
models, incubation of AR with RAGE-transfected cos cells
induced increased generation of thiobarbituric acid reactive
substances (TBARS), and activation of NF-kB; these
observations were suppressed in the presence of anti-
RAGE 1gG or sRAGE (6). Furthermore, AR activated
microglia via RAGE, as evidenced by increased microglial
migration and generation of TNF-alpha mRNA and protein
(6). These findings thus provided a mechanism for direct
AfRinduced neuronal toxicity, as well as a means to
enhance inflammation within AR-enriched CNS elements,
by induction of inflammatory, neurotoxic mediators by
activated microglia. Consistent with this concept, further
study indicated that incubation of AR with neuronal cells
resulted in increased generation of macrophage-colony
stimulating factor (m-csf), via RAGE-dependent
oxidant/NF-kB-requiring pathways, thus providing a
mechanism for enhanced proinflammatory eventsin an Af%-
enriched setting such as AD (7). Experiments are underway
in transgenic mice overexpressing both neuronal AR and
RAGE to rigorously test these conceptsin vivo.
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7. CONCLUSIONS

An emerging view of the MHC Class Il region
suggests that genes encoded within this site generate
products importantly involved in host responses to a range
of innate and environmental cues, both in homeostasis and
disease. In paralel, our developing understanding of the
biology of RAGE suggests that it participates in a number
of host-modifying mechanisms, likely, at least in part, in
response to varying tempora and spatial localization of its
ligands, particularly in specific microenvironments.

Multiple lines of evidence suggest that in
situations characterized by increased accumulation of
RAGE ligand, the expression of the receptor, rather than
undergoing down-regulation in response, is, in fact,
enhanced.  Likely underlying molecular mechanisms
include engagement of binding elements for NF-kb within
the RAGE promoter, as ligand such as AGEs, AR and EN-
RAGEs activate NF-kB; one consequence of which is
activation of proinflammatory mechanisms, including
upregulation of RAGE expression itself (15). Furthermore,
we recently described that enhanced expression of RAGE
in neurona-like cells may be effected via amphoterin;
amphoterin-RAGE interaction prompts nuclear
trandocation of Spl, thereby increasing transcription of
MRNA for RAGE (42). These considerations provide a
mechanism for cellular activation driven, at least in part, by
properties of RAGE ligand.

We speculate that in the presence of limited
expression of ligand, such as amphoterin in developing
brain, RAGE may serve a homeostatic role. The striking
decreases in amphoterin/RAGE expression in CNS neurons
by day 5 of development suggest that a critical function,
such as cdlular spreading and neurite outgrowth, was
largely accomplished. However, in the presence of
chronic, sustained levels of amphoterin in rapidly-growing
tumors, for example, sustained activation of RAGE may
imbue pathol ogic consequences of dysregulated cell growth
and invasion, properties essential for local tumor growth
and distant spread.

Thus, athough a seemingly diverse group of
structures, the ligands of RAGE identified, at least to date,
appear to share a common binding site within the
extracellular domain of RAGE, especially within the V-
type Ig domain. Studies are underway to elucidate the
crystal structure of RAGE, both aone and in the presence
of ligand, in order to enhance our understanding of the
precise conditions necessary for activation of RAGE.

In this context, recent studies have delineated a
polymorphism within the V-domain of RAGE; in that form
of the molecule, glycine encoded at position 82 is
converted to serine (Gly82Ser) (43). In one study, this
polymorphism was identified in 10% of Asian subjects
examined, and in 12% of Caucasian individuas (43).
Although at first glance, at least, the presence of the
polymorphism did not appear to be associated with the
incidence of macrovascular complications in the diabetic
subjects, other studies suggested a possible relationship to
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skin complications in type 2 diabetes (44) and in
microangiopathy (45).

Indeed, the recent intriguing report of a strong
linkage disequilibrium between the variants of RAGE
carrying the serine amino acid at position 82, and two
HLA-DR2 and HLA-DRA4 specificities with the HLA class
Il region (44, 46) are consistent with these observations,
since DR4 specificity has been linked previoudly to diabetic
microangiopathy (47, 48). Furthermore, potential links
between this serine variant of RAGE and susceptibility to
immune-related diseases and/or extent of chronic cellular
activation and tissue injury in settings characterized by
increased expression/accumulation of RAGE and its
ligands, CML-AGEs, EN-RAGEs, amphoterin, and AR,
represent an exciting area for future investigation.

8. ACKNOWLEDGEMENTS

This work was supported by the Surgical
Research Fund at Columbia University, and by grants from
the United States Public Health Service, Juvenile Diabetes
Foundation International, American Diabetes Association,
Council for Tobacco Research, American Heart
Association (New York affiliate), and by a generous gift
from the Carrus Foundation. AMS is a recipient of the
Burroughs Wellcome Fund Clinical Scientist Award in
Trandational Research.

9. REFERENCES

1. Schmidt A. M, M. Vianna, M. Gerlach, J. Brett, J.
Ryan, J. Kao, C. Esposito, H. Hegarty, W. Hurley & M.
Clauss: Isolation and characterization of two binding
proteins for advanced glycosylation end products from
bovine lung which are present on the endothelial cell
surface. J Biol Chem 267, 14987-14997 (1992)

2. Neeper M, A. M. Schmidt, J. Brett, S. D. Yan, F.
Wang, Y. C. Pan, K. Elliston, D. Stern & A. Shaw: Cloning
and expression of a cell surface receptor for advanced
glycosylation end products of proteins. J Biol Chem 267,
14998-15004 (1992)

3. Kislinger T, C. F. Fu, B. Huber, W. Qu, A. Taguchi,
S. D. Yan, M. Hofmann, S. F. Yan, M. Pischetsrieder, D.
Stern & A. M. Schmidt: N-epsilon-(carboxymethyl)lysine
adducts of proteins are ligands for receptor for advanced
glycation end products that activate cell signaling pathways
and modulate gene expression. J Biol Chem 274, 31740-
31749 (1999)

4.  Wautier J. L, C. Zoukourian, O. Chappey, M. P.
Wautier, P. J. Guillausseau, R. Cao, O. Hori, D. Stern & A.
M.  Schmidt: Receptor-mediated endothelial  cell
dysfunction in diabetic vasculopathy - Soluble receptor for
advanced glycation end products blocks hyperpermeability
in diabetic rats. J Clin Invest 97, 238-243 (1996)

5. Park L, K. G. Raman, K. J. Leg, Y. Lu, L. J. Ferran,
W. S. Chow, D. Stern & A. M. Schmidt: Suppression of
accelerated diabetic atherosclerosis by the soluble receptor

1158

for advanced glycation endproducts. Nature Medicine 4,
1025-1031 (1998)

6. YanS. D, H.J Zhy, J. Fu, S. F. Yan, A. Roher, W.
W. Tourtellotte, T. Rgjavashisth, X. Chen, G. C. Godman,
D. Stern & A. M. Schmidt: Amyloid-beta peptide-receptor
for advanced glycation endproduct interaction elicits
neuronal expression of macrophage-colony stimulating
factor: A proinflammatory pathway in Alzheimer disease.
Proc National Acad Sci USA 94, 5296-5301 (1997)

7.  Yan S. D, X. Chen, J. Fu, M. Chen, H. J. Zhu, A.
Roher, T. Slattery, L. Zhao, M. Nagashima, J. Morser, A.
Migheli, P. Nawroth, D. Stern & A. M. Schmidt: RAGE
and amyloid-beta peptide neurotoxicity in Alzheimer's
disease. Nature 382, 685-691 (1996)

8. Hofmann M. A, S. Drury, C. F. Fu, W. Qu, A.
Taguchi, Y. Lu, C. Avila, N. Kambham, A. Bierhaus, P.
Nawroth, M. F. Neurath, T. Slattery, D. Beach, J. McClary,
M. Nagashima, J. Morser, D. Stern & A. M. Schmidt:
RAGE mediates a novel proinflammatory axis: A central
cell surface receptor for S100/calgranulin polypeptides.
Cell 97, 889-901 (1999)

9.  Schafer B. W. & C. W. Heizmann: The S100 family
of EF-hand calcium-binding proteins: Functions and
pathology. Trends Biochem Sci 21, 134-140 (1996)

10. Zimmer D. B, E. H. Cornwall, A. Landar & W.
Song: The S100 protein family - history, function, and
expression. Brain Research Bulletin 37, 417-429 (1995)

11. Yan S D, A. M. Schmidt, G. M. Anderson, J. H.
Zhang, J. Brett, Y. S. Zou, D. Pinsky & D. Stern: Enhanced
cellular oxidant stress by the interaction of advanced
glycation end-products with their receptors binding-
proteins. J Biol Chem 269, 9889-9897 (1994)

12, Lander H. M, J. M. Tauras, J. S. Ogiste, O. Hori, R.
A. Moss & A. M. Schmidt: Activation of the receptor for
advanced glycation end products triggers a p2l(ras)-
dependent mitogen-activated protein  kinase pathway
regulated by oxidant stress. J Biol Chem 272, 17810-17814
(1997)

13.  Huttunen H. J, C. Fages & H. Rauvaa: Receptor for
advanced glycation end products (RAGE)-mediated neurite
outgrowth and activation of NF-kappa B require the
cytoplasmic domain of the receptor but different
downstream signaling pathways. J Biol Chem 274, 19919-
19924 (1999)

14. Brett J, A. M. Schmidt, S. D. Yan, Y. S. Zou, E.
Weidman, D. Pinsky, R. Nowygrod, M. Neeper, C.
Przysiecki, A. Shaw, A. Migheli & D. Stern: Survey of the
distribution of a newly characterized receptor for advanced
glycation end-products in tissues. Am J Pathol 143, 1699-
1712 (1993)

15. Li J F. & A. M. Schmidt: Characterization and
functional analysis of the promoter of RAGE, the receptor



GE and Host Response M echanisms

for advanced glycation end products. J Biol Chem 272,
16498-16506 (1997)

16. Sugaya K, T. Fukagawa, K. Matsumoto, K. Mita, E.
Takahashi, A. Ando, H. Inoko & T. Ikemura: 3 genesin the
human mhc class-iii region near the junction with the class-
ii - gene for receptor of advanced glycosylation end-
products, pbx2 homeobox gene and a notch homolog,
human counterpart of mouse mammary-tumor gene INT-3.
Genomics 23, 408-419 (1994)

17. Hori O, J. Brett, T. Slattery, R. Cao, J. H. Zhang, J.
X. Chen, M. Nagashima, E. R. Lundh, S. Vijay, D. Nitecki,
J. Morser, D. Stern & A. M. Schmidt: The receptor for
advanced glycation end-products (RAGE) is a cellular-
binding site for amphoterin-mediation of neurite outgrowth
and coexpression of RAGE and amphoterin in the
developing nervous-system. J Biol Chem 270, 25752-25761
(1995)

18. Schleicher E. D, E. Wagner & A. G. Nerlich:
Increased accumulation of the glycoxidation product N-
epsilon(carboxymethyl)lysine in human tissues in diabetes
and aging. J Clin Invest 99, 457-468 (1997)

19. lkeda K, T. Higashi, H. Sano, Y. Jinnouchi, M.
Yoshida, T. Araki, S. Ueda & S. Horiuchi: N-epsilon-
(carboxymethyl)lysine protein adduct is a major
immunological epitope in proteins modified with advanced
glycation end products of the Maillard reaction.
Biochemistry 35, 8075-8083 (1996)

20. Reddy S, J. Bichler, K. J. Wellsknecht, S. R. Thorpe
& J. W. Baynes: N-epsilon-(carboxymethyl)lysine is a
dominant advanced glycation end-product (AGE) antigen
in tissue proteins. Biochemistry 34, 10872-10878 (1995)

21. Dyer D. G, J. A. Dunn, S. R. Thorpe, K. E. bailie, T.
J. Lyons, D. R. Mccance & J. W. Baynes: Accumulation of
maillard reaction-products in skin collagen in diabetes and
aging. J Clin Invest 91, 2463-2469 (1993)

22. HammesH. P, M. Brownleg, J. Lin, E. Schleicher &
R. G. Bretzel: Diabetic retinopathy risk correlates with
intracellular concentrations of the glycoxidation product N-
epsilon-  (carboxymethyl) lysine independently of
glycohaemoglobin concentrations. Diabetologia 42, 603-
607 (1999)

23. Schmidt A. M, S. D. Yan, J. Brett, R. Mora, R.
Nowygrod & D. Stern: Regulation of human mononuclear
phagocyte migration by cell-surface binding-proteins for
advanced glycation end-products. J Clin Invest 91, 2155-
2168 (1993)

24. MiyataT, O. Hori, J. H. Zhang, S. D. Yan, L. Ferran,
Y. Lida & A. M. Schmidt: The receptor for advanced
glycation end products (RAGE) is a central mediator of the
interaction of AGE-beta(2)microglobulin  with human
mononuclear phagocytes via an oxidant-sensitive pathway -
Implications for the pathogenesis of dialysisrelated
amyloidosis. J Clin Invest 98, 1088-1094 (1996)

1159

25. FuM. X, J. R. Requena, A. J. Jenkins, T. J. Lyons, J.
W. Baynes & S. R. Thorpe: The advanced glycation end
product, N- (epsilon)(carboxymethyl)lysine, is a product of
both lipid peroxidation and glycoxidation reactions. J Biol
Chem 271, 9982-9986 (1996)

26. Anderson M. M, J. R. Requena, J. R. Crowley, S. R.
Thorpe & J. W. Heinecke: The myeloperoxidase system of
human phagocytes generates N- epsilon-
(carboxymethyl)lysine on proteins: a mechanism for
producing advances glycation end products at sites of
inflammation. J Clin Invest 104, 103-113 (1999)

27. The Diabetes Control and Complications Trial
Research Group: The effect of intensive treatment of
diabetes on the development and progression of long-term
complications inn insulin-dependent diabetes-mellitus. New
Engl J Med 329, 977-986 (1993)

28. Kunjathoor V. V, D. L. Wilson & R. C. LeBoeuf:
Increased  atherosclerosis in  Streptozotocin-induced
diabetic mice. J Clin Invest 97, 1767-1773 (1996)

29. Zhang S. H, R. L. Reddick, J. A. Piedrahita & N.
Maeda: spontaneous hypercholesterolemia and arterial
lesions in mice lacking apolipoprotein-E. Science 258, 468-
471 (1992)

30. PlumpA. S, J D. Smith, T. Hayek, K. Altosetala, A.
Walsh, J. G. Verstuyft, E. M. Rubin & J L. Breslow:
Severe hypercholesterolemia and  atherosclerosis in
apolipoprotein-E-deficient mice created by homologous
recombination in ES cells. Cell 71, 343-353 (1992)

31. LadlakE, I. B. Lamngter, M. Feit, L. Huang & A. M.
Schmidt: Host factors in a model of diabetes-associated
periodontal disease. J Dental Res 77, 279 (1998)

32. Rawaa H, J Merenmies, R. Pihlaskari, M.
Korkolainen, M. L. Huhtala & P. Panula: The adhesive and
neurite-promoting molecule p-30 - analysis of the amino-
terminal sequence and production of antipeptide antibodies
that detect p-30 at the surface of neuro-blastoma cells and
of brain neurons. J Cell Biol 107, 2293-2305 (1988)

33. Rauwvala H. & R. Pihlaskari: isolation and some
characteristics of an adhesive factor of brain that enhances
neurite outgrowth in central neurons. J Biol Chem 262,
16625-16635 (1987)

34. Hitomi J, K. Yamaguchi, Y. Kikuchi, T. Kimura, K.
Maruyama & K. Nagasaki: A novel calcium-binding
protein in amniotic fluid, CAAFL: Its molecular cloning
and tissue distribution. J Cell Sci 109, 805-815 (1996)

35. Gottsch J. D, Stark W.J. & S. J. Liu: Cloning and
sequence analysis of human and bovine corneal antigen
(CO-Ag) cDNA: identification of host-parasite protein
calgranulin C. Tr Am Opthal Soc 14, 111-129 (1997)

36. Gottsch J. D. & S. H. Liu: Cloning and expression of
human corneal calgranulin C (CO-Ag). Cur Eye Res 17,
870-874 (1998)



GE and Host Response M echanisms

37. Kuhn R, J. Lohler, D. Rennick, K. Rajewski & W.
Muller: Interleukin-10-deficient mice develop chronic
enterocolitis. Cell 75, 263-274 (1993)

38. Lugering N, R. Stall, K. W. Schmid, T. Kucharzik,
H. Stein, G. Burmeister, C. Sorg & W. Domschke: The
myeloic related protein MRP8/14 (27E10 antigen) -
usefulness as a potential marker for disease-activity in
ulcerative-colitis and putative biological function. Eur J
Clin Invest 25, 659-664 (1995)

39. Taguchi A, D. C. Blood, A. Lu & A. M. Schmidt:
Soluble receptor for AGE (SRAGE) suppresses growth of
C6 glioma tumors in nude mice. FASEB J 12, 5502 (1998)

40. Taguchi A, D. C. Blood, G. ddl Toro, A. Lu, A.
Canet, W. Ou & A. M. Schmidt: Blockade of amphoterin-
receptor for age (RAGE) interaction suppresses lung
metastasis in murine Lewis lung carcinoma. FASEB J 13,
A363-A363 (1999)

41. Wang H. C, O. Bloom, M. H. Zhang, J M.
Vishnubhakat, M. Ombrellino, J. T. Che, A. Frazier, H.
Yang, S. lvanova, L. Borovikova, K. R. Manogue, E. Faist,
E. Abraham, J. Andersson, U. Andersson, P. E. Molina, N.
N. Abumrad, A. Sama & K. J. Tracey: HMG-1 as a late
mediator of endotoxin lethality in mice. Science 285, 248-
251 (1999)

42. LiJ F X.Q. Qu& A. M. Schmidt: Spl-binding
elements in the promoter of RAGE are essentia for
amphoterin-mediated gene expression in cultured
neuroblastoma cells. J Biol Chem 273, 30870-30878 (1998)

43. Hudson B. I, M. H. Stickland & P. J. Grant:
Identification of polymorphisms in the receptor for
advanced glycation end products (RAGE) gene -
Prevalence in type 2 diabetes and ethnic groups. Diabetes
47, 1155-1157 (1998)

44, Kankova K, A. Vasku, D. Hajek, J. Zahejsky & V.
Vasku: Association of G82S polymorphism in the RAGE
gene with skin complications in type 2 diabetes. Diabetes
Care 22, 1745-1745 (1999)

45. Prevost G, |. Fgjardy, P. Fontaine, P. M. Danze & C.
Besmond: Human RAGE GLY82SER dimorphism and
HLA class || DRB1-DQA1-DQB1 haplotypes in type 1
diabetes. Eur J Immunogenet 26, 343-348 (1999)

46. Liu L. M. & K. S Xiang: RAGE Gly82Ser
polymorphism in diabetic microangiopathy. Diabetes Care
22, 646-646 (1999)

47. Cruickshanks K. J, C. M. Vadheim, S. E. Moss, M.
P. Roth, W. J. Riley, N. K. Maclaren, D. Langdfield, R. S.
Sparkes, R. Klein & J |. Rotter: Genetic-marker
associations with proliferative retinopathy in persons
diagnosed with diabetes before 30-yr of age. Diabetes 41,
879-885 (1992)

1160

48. Agardh D, L. K. Gaur, E. Agardh, M. LandinOlsson,
C. D. Agardh & A. Lernmark: HLA-DQB1*0201/0302 is
associated with severe retinopathy in patients with IDDM.
Diabetologia 39, 1313-1317 (1996)

Key Words: Advanced glycation end products (AGE),
Amphoterin, Diabetes, EN-RAGE, |nflammation, Receptor
for advanced glycation end products (RAGE); Review

Correspondence to: Dr. Ann Marie Schmidt, College of
Physicians & Surgeons, Columbia University, 630 W.
168Th Street, P& S 17-501, New York, New York 10032;
Tel: 212-305-6406; Fax: 212-305-5337; E-mail:
amsll@columbia.edu



