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Abstract

Accelerated protein glycation in diabetes has been mecha-
nistically linked to the pathogenesis of diabetic nephropathy.
Because glycated albumin induces abnormalities in cultured
mesangial cells that resemble those characterizing the glo-
merular mesangium in diabetes, and monoclonal antibodies
(A717) specific for Amadori-modified glycated albumin pre-
vent these abnormalities, we postulated that in vivo adminis-
tration of A717 could retard the progression of diabetic
nephropathy. To test this hypothesis, diabetic db/db mice
and their nondiabetic db/m littermates were treated with
eight consecutive weekly injections of 150 jig of A717 (Fab
fragments) to reduce the elevated plasma glycated albumin
concentration, or with irrelevant murine IgG (MIg). Rela-
tive to nondiabetics, diabetic mice (MIg treated) manifested
proteinuria (3.35±0.15 vs 0.87±0.1 mgalbumin/mg creati-
nine), 3.8-fold increase in mesangial matrix fraction, and
renal cortical overexpression of mRNAsencoding al (IV)
collagen (2.6-fold increase) and fibronectin (3.8-fold in-
crease). Treatment of db/db mice with A717 significantly
reduced the proteinuria (1.52±0.3 mg/mg creatinine), in-
hibited mesangial matrix expansion, and attenuated overex-
pression of matrix mRNAs. The nephropathic protective
effects of A717 were independent of any change in blood
glucose concentrations. Antibodies unreactive with glycated
albumin did not duplicate the beneficial effects of A717.
Thus, abrogating the biologic effects of increased glycated
albumin with A717 has a salutary influence on the pathogen-
esis of diabetic nephropathy and has novel therapeutic po-
tential in its management. (J. Clin. Invest. 1995. 95:2338-
2345.) Key words: mesangium - collagen type IV * fibronec-
tin * nonenzymatic glycation - albuminuria

Introduction

The direct relationship between hyperglycemia and increased
nonenzymatic glycation, the condensation reaction between free

Address correspondence to Fuad N. Ziyadeh, Renal-Electrolyte & Hy-
pertension Division, 700 Clinical Research Building, University of
Pennsylvania, 422 Curie Boulevard, Philadelphia, PA 19104-6144.
Phone: 215-662-3603; FAX: 215-898-0189.

Received for publication 19 September 1994 and in revised form
10 January 1995.

glucose and reactive protein amino groups that is accelerated
in diabetes (1-9), has implicated excess protein glycation as
a mechanistic link between hyperglycemia and the pathogenesis
of diabetic nephropathy. This postulate has been strengthened
with experimental evidence demonstrating that glycated serum
proteins adversely affect renal glomerular capillary function,
structure, and metabolism (10-13). In previous studies, we
have shown that human sera containing diabetic concentrations
of glycated albumin inhibit the replication of murine mesangial
cells in culture and stimulate the production and gene expression
of type IV collagen, the principal constituent of the expanded
extracellular matrix observed in the diabetic renal glomerulus
(14-18). The glycated serum-induced effects on mesangial
cell replication and collagen IV synthesis are duplicated by
supplementation of culture media with purified glycated albu-
min, and they are prevented by monoclonal antibodies (A717)
that specifically react with Amadori-modified albumin (14, 19,
20). In light of these findings, we reasoned that, if the conse-
quences of increased glycated albumin in diabetes on mesangial
cell biology are similar in vivo, abrogating its influence by
lowering plasma glycated albumin and/or neutralizing its bio-
logic activity could have a salutary influence on the develop-
ment of glomerular pathology in diabetes.

In initial experiments to test this hypothesis, we determined
the feasibility of administering A717 monoclonal antibodies
to diabetic animals (21). Wechose the db/db mouse as the
experimental model because glomerular mesangial expansion
resembling that found in human diabetes has been documented
in this genetic model of diabetes (22-24). The main purposes
of this pilot study were to establish that A717 reacted with
rodent glycated albumin, to determine a treatment regimen that
could lower plasma glycated albumin, and to examine the effect
of the regimen on proteinuria. Wefound that A717, a murine
monoclonal antibody raised against Amadori-modified human
albumin, recognizes glycated murine albumin. Plasma glycated
albumin concentrations were elevated two- to threefold in db/
db mice compared with their nondiabetic db/m littermates, and
they declined after A717 administration. Weekly injections of
A717 (Fab fragments) for 7 wk to diabetic animals reduced
urine protein excretion and appeared to attenuate mesangial
prominence, assessed by visual inspection, relative to untreated
diabetic controls (21). These encouraging results prompted the
present study, in which the effect of treatment with A717 on
abnormalities in glomerular structure, function, and cell biology
characteristic of diabetic renal disease were rigorously analyzed.
The main purposes of the present study were to conduct detailed
glomerular morphometric analysis and, through analysis of type
IV collagen and fibronectin mRNAlevels in the renal cortex,
to address mechanisms by which antiglycated albumin therapy
with A717 affects matrix accumulation. Urine albumin excre-
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tion was also examined. Specifically, we show that the mRNAs
encoding a l (IV) collagen and fibronectin are significantly in-
creased in the kidney cortex of dbldb mice, and that treatment
with Fab fragments of A717 markedly attenuates this increase.
Histomorphometric measurements demonstrate that A717 ther-
apy also prevents the increase in glomerular mesangial matrix.
Additionally, we show that albuminuria is reduced by A717
treatment and document the inability of antibodies unreactive
with glycated albumin to duplicate the beneficial effects of
A717.

Methods

Experimental animals. Diabetic dbldb mice and their nondiabetic dbl
m littermates were each divided into two groups of six animals per
group. One group in each set was treated with the A717 monoclonal
antibody (mAb A717), and the other group received irrelevant murine
IgG (MIg).' Antibody was administered intraperitoneally (150 /sg per
mouse) every week for 8 consecutive wk, commencing when mice were
8-10 wk old. The db/db mice were designated diabetic by the vendor
(Jackson ImmunoResearch Laboratories, Inc., Bar Harbor, ME) on the
basis of appearance of obesity at - 5 wk of age and were hyperglycemic
when tested after arrival in our laboratory (mean blood glucose concen-
tration 17.1±2.3 mMin db/db vs 4.5±0.45 mMin dblm). The anti-
body treatment regime was selected on the basis of previous experiments
that showed that the elevated plasma glycated albumin concentrations
in db/db mice were significantly reduced 48 h after intraperitoneal
administration of 100 Ag of Fab fragments of the mAbA717 (21), and
also took into account stoichiometric relationships, the circulating half-
life of albumin, and other studies using chronic administration of mono-
clonal antibodies (25-31). Mouse plasma volume is - 1.2 ml with an
albumin concentration of 15 mg/ml, of which - 2% (360 gg) is gly-
cated in nondiabetic, normoglycemic animals. Glycated albumin is in-
creased 1.5-2-fold in diabetes (7, 26, 27, 32). On a stoichiometric
basis, 150 ,g antibody Fab fragments (mol wt - 50 kD) would neutral-
ize - 200 ,ug of glycated albumin (mol wt - 66.5 kD). Wehoped to
augment efficacy with this dose, which was higher than that used in our
previous study. Albumin has a circulating half-life of 3-5 d in the
mouse, but glycation may slow clearance of plasma proteins, prompting
the weekly injection schedule (28-31).

Antibody preparations. A717 monoclonal antibody was harvested
from ascitic fluid of mice injected with the A717 cell line and purified
by affinity chromatography on protein G. Fab fragments were prepared
with papain digestion and separated from Fc fragments and undigested
IgG with protein A affinity chromatography (21). Retention of combin-
ing ability of the Fab fragment with the epitope in glycated albumin
was documented by ELISA (7, 21). Reactivity of A717, a murine
monoclonal antibody of the IgGl class that selectively recognizes Ama-
dori-modified albumin (7, 14, 19, 20), with the epitope in rodent gly-
cated albumin was documented as previously described (21, 32). Anti-
body preparations were sterile filtered and administered intraperitoneally
in buffered saline. Affinity-purified murine IgG, unreactive with gly-
cated albumin or other circulating proteins, was subjected to the same
procedure before injection.

Urine albumin assays. Urine albumin was determined in 24-h urine
samples from each animal collected at the beginning and the conclusion
of the study. Albumin concentrations were measured with a competitive
ELISA in which mouse albumin in soluble phase competed with albumin
immobilized onto microtiter wells (250 ng/well) for binding to horse
radish peroxidase-conjugated antibody against rodent albumin. After
addition of standard or sample in 200 ,l reaction buffer and equilibration
for 60 min, horse radish peroxidase conjugate (1:4,000 dilution in 10%

1. Abbreviation used in this paper: MIg, murine immunoglobulin.

FCS, 0.1 MTris, pH 6.8) was added and the reaction was allowed to
proceed for 30 min at room temperature. After washing with saline
containing Tween 20, substrate color developer (TM Blue) and then
stopper (1 MH2SO4) were added, and the absorbances in the wells were
read at 450 nm. Albumin excretion was normalized to urine creatinine,
measured with the creatinine color reagent (Sigma Chemical Co., St.
Louis, MO).

Northern analysis. Northern blots of RNA extracted from renal
cortex were hybridized with 32P-labeled cDNAencoding murine a I (IV)
collagen, fibronectin, GAPDH, or 18S rRNA as previously described
(14, 33). The snap-frozen tissue was denatured in 4 M guanidinium
thiocyanate, 25 mMsodium citrate, pH 7.0, 0.5% sarcosyl, and 0.1 M
2-mercaptoethanol. Total RNA(20 Mg from each animal) was electro-
phoresed on a 1.2% agarose gel, transferred onto nylon membranes, and
ultraviolet wave cross-linked, and the membrane was hybridized with
labeled cDNA inserts ([32P]deoxycytidine 5'triphosphate [3,000 Ci/
mmol; Amersham, Arlington Heights, IL]) using random priming (Am-
ersham). After hybridization, blots were washed for 30 min in 2x SSC
with 0.1% SDS at 620C, followed by two 15-min washes in 0.1 X SSC
with 0.1% SDS at 620C. The membranes were then autoradiographed
with intensifying screens at -70°C for up to 10 d. Blots were then
stripped for 2 h at 62°C with 5 mMTris, 0.2 mMEDTA(pH 8.0), and
5% sodium pyrophosphate, and subsequently rehybridized with cDNA
fragment-encoding ribosomal 18S RNAto account for small variations
in loading and transfer. Exposed films were scanned with a laser densi-
tometer (Hoefer Scientific Instruments, San Francisco, CA), and colla-
gen or fibronectin mRNAlevels were calculated relative to those
of 18S.

Glomerular histology and morphometry. A portion of the renal cor-
tex was removed when the animals were killed at the end of the study,
fixed in 10% neutral buffered formalin, and embedded in paraffin. Renal
sections (3 pm thick) were stained with hematoxylin and eosin and
periodic acid Schiff (PAS). For quantitation, sections were coded and
read by an observer unaware of the experimental protocol applied. 10-
15 glomeruli were selected at random in PAS-stained sections from

each animal in each experimental group. The extent of increase in
mesangial matrix was determined by the presence of PAS-positive mate-
rial in the mesangial region using a digital planimeter (Southern Micro-
scope Instruments, Inc., Atlanta, GA) and factored by the glomerular
tuft area.

Antibody appearance in renal cortex. To investigate whether circu-
lating monoclonal antibody reached renal cortex, male BALB/c mice
were killed 12, 24, and 48 h after intravenous injection of 200 jug A717
(Fab fragments). Renal cortex was rapidly dissected from medulla,
rinsed with buffered salt solution, minced, washed several times, and
snap frozen. The tissue was homogenized in alkaline buffer (100 mM
NaCl, 25 mMimidazole, 1 mMEDTA, 50 mMdiethylamine, pH 11.0)
containing 0.05% NP40 to liberate antibody bound to glycated albumin
in the parenchyma or vascular residuum. After 1 h, the homogenates
were centrifuged at 3,000 g for 10 min; the supernatant was neutralized
to pH 6.8 with 1 Macetic acid and clarified by centrifugation. Aliquots
of the supernatant were analyzed for A717 monoclonal antibody by
enzyme immunoassay, in which glycated albumin was immobilized onto
microtiter wells (1 Mg/well), and enzyme-conjugated polyclonal anti-
body against mouse Fab fragments was used as developer. Sample or
standard (Fab fragments of affinity-purified A717) were added to the
wells in reaction buffer (100 mMNaCl, 25 mMimidazole, 1 mM
EDTA, pH 6.8) and incubated for 1 h at room temperature. After wash-
ing and incubation for 1 h with the conjugated second antibody, color
was developed with TMBlue substrate (Promega Corp., Madison, WI),
the reaction was stopped with 1 MH2SO4, and absorbance in the wells
was measured at 450 nm with an ELISA reader.

Statistical analysis. Data are presented as the mean+SEM, with n
representing the number of animals. Groups were compared by AN-
OVA, and the Wilcoxon-Mann-Whitney test was used to compare indi-
vidual groups; P values < 0.05 were considered significant.

Glycation in Diabetic Nephropathy 2339



Table 1. Experimental Animal Data

db/db MIg db/db A717 db/m MIg db/m A717

Blood glucose (mM)
Week 2 26.7±2.7 23.3±2.1 nd nd
Conclusion 22.6±0.6* 21.1±1.1* 5.8±0.6 6.1±0.4

Body wt (g) 33.8±2.7* 35.4±2.0* 28.4±.75 26.0±1.4
Kidney wt (g) 0.42±.03* 0.45±.05* 0.35±.03 0.31±.03

db/db diabetic mice and their nondiabetic db/m littermates received
weekly intraperitoneal injections of mAbA717 or irrelevant MIg for 8
consecutive wk commencing at 9 wk of age. Results represent
mean±SEMof six animals per group. Body and kidney weights in
db/db mice, taken at the conclusion of the study, were greater than in
db/m mice. None of the db/db mice were treated with insulin or other
glucose-lowering agent, and blood glucose concentrations remained ele-
vated throughout the study. nd, not determined; * P < 0.05 compared
with db/m.

Results

The db/db mouse is a model of genetic diabetes that exhibits
hyperglycemia associated with obesity a few weeks after birth
(Table I). It develops glomerular mesangial expansion and his-
tologic lesions resembling those found in human diabetes (21-
24). Diabetic db/db mice used in the present study remained
hyperglycemic throughout the experimental period, and their
body weights were significantly greater than nondiabetic con-

trols (Table I). Kidney weights were also significantly greater
in db/db compared with db/m mice (Table I). Kidney to body
weight ratios did not significantly differ between nondiabetic
versus diabetic animals, given that the latter had greater body
weights. Blood glucose concentration, body weight, and kidney
weight were unaffected by monoclonal antibody therapy in dia-
betic or nondiabetic mice. Since A717 specifically recognizes
glycated albumin and does not react with free glucose, it is not
expected to influence blood glucose, metabolic status, or kidney
cell enlargement directly due to hyperglycemia (33, 34).

Albumin excretion, the established parameter reflecting dia-
betic glomerular dysfunction (35), was significantly increased
in db/db compared with db/m mice at the start of the study
(before injection). At the conclusion of the study, urine albu-
min, normalized in relation to urine creatinine to control for
possible incomplete collection, remained significantly greater
in db/db controls (MIg treated) compared with dblm controls,
indicating that it was not influenced by treatment with IgG not
reactive with glycated albumin (Fig. 1). In contrast, treatment
of dbldb mice with mAb A717 significantly lowered urine
albumin (Fig. 1), confirming the beneficial influence of A717
on this manifestation of renal dysfunction in diabetes. The salu-
tary effect of A717 on albumin excretion cannot be attributed
to an untoward influence to diminish glomerular filtration since
the measured creatinine clearance was not significantly reduced
in db/db mice that received A717 versus those that received
murine IgG (not shown).

Northern blot analysis demonstrated increased levels of
mRNAencoding the a l chain of type IV collagen in renal
cortex from db/db mice receiving irrelevant IgG, compared
with nondiabetic controls (Fig. 2 A). Thus, diabetic dbldb
mice manifest renal pathobiology with overexpression of renal

Figure 1. The prevention of albuminuria by mAbA717 treatment. Urine
albumin excretion was measured in male dbldb mice and their nondia-
betic dblm littermates that were treated with affinity-purified mAbA717
or irrelevant mouse IgG (MIg). Antibody treatment was initiated when
mice were 9 wk old and maintained throughout the study (150 jig per

mouse every week for 8 wk). At the conclusion of the study, urine
albumin excretion in mAbA717-treated dbldb mice was significantly
less (P < 0.05) than in dbldb mice receiving MIg. Results are ex-

pressed as mean±SEM; six animals per group.

cortical collagen IV mRNAat age 16 wk. Increased kidney
type IV collagen mRNAhas been found in other rodent models
of genetic and acquired diabetes (36-38). Denistometric scan-

ning of the exposed autoradiographs allowed calculation of type
IV collagen mRNAlevels in relation to 18S rRNA levels. Rela-
tive to nondiabetic controls, the renal type IV collagen: 18S
rRNA ratio was 2.6-fold greater in the db/db control mice (Fig.
2 B). Treatment with mAb A717 had no effect on type IV
collagen gene expression in renal cortex of nondiabetic db/
m mice (Fig. 2). In contrast, treatment with the mAb A717
significantly decreased the elevated type IV collagen gene ex-

pression observed in the dbldb mice; the renal type IV colla-
gen:18S rRNA ratio in mAbA717-treated db/db mice did not
differ from the ratio in nondiabetic db/m mice that received
irrelevant IgG or A717 monoclonal antibody (Fig. 2).

The diabetic dbldb mouse also manifests overexpression
of renal cortical fibronectin mRNAat age 16 wk (Fig. 3 A).
Relative to nondiabetic controls, the renal fibronectin: 18S rRNA
ratio was 3.8-fold greater in the db/db control mice (Fig. 3
B). Treatment with mAb A717 had no effect on fibronectin
gene expression in renal cortex of nondiabetic db/m mice (Fig.
3). In contrast, treatment with the mAbA717 significantly de-
creased the elevated fibronectin gene expression observed in
the dbldb mice by nearly 50%. It should be noted that the
expression of the housekeeping gene GAPDH(relative to that
of 18S rRNA) was identical in the renal cortex of db/db mice
treated with either A717 or MIg (data not shown); this finding
indicates that the effect of A717 antibody on gene expression
is not nonspecifically repressive.

Renal glomeruli in specimens obtained from db/db controls
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Figure 2. Prevention by mAbA717 of increased renal type IV collagen gene expression in dbldb mice. Total RNAwas extracted from snap-
frozen renal cortex when animals were killed at the end of the study period. A depicts representative Northern blots from each group of experimental
animals; B shows type IV collagen mRNAlevels in relation to 18S RNAlevels calculated by densitometric scanning of the exposed films. Results
represent mean±SEMof four animals in each group when the type IV:18S rRNA ratio in db/m MIg-treated mice is assigned an arbitrary value
of 1.0. Antibody treatment and animal groups as in Fig. 1. *Significantly different from dblm and dbldb treated with mAbA717 (P < 0.05).

when the mice were killed at the conclusion of the study showed
diffuse mesangial expansion, with increased mesangial matrix
encroaching the normal capillary network (Fig. 4 B vs 4 A).
Glomeruli from db/db mice treated with mAbA717 were visibly
different and exhibited appreciably less mesangial expansion
(Fig. 4 C). This difference was quantitated by glomerular mor-
phometry, determining on a grid the cross-sectional glomerular
surface area and the mesangial matrix area. The fraction of total
glomerular tuft cross-sectional area occupied by mesangial matrix
was 0.0328±0.0026 in nondiabetic MIg-treated dblm mice,
0.0235±0.0015 in A717-treated dblm mice, 0.1239±0.010 in

db/db MIg controls, and 0.0722±0.0056 in db/db mice treated
with mAbA717. There was a 3.8-fold increase in the mesangial
matrix fraction in db/db controls relative to db/m mice; treat-
ment with A717 monoclonal antibody reduced the mesangial
matrix fraction to 58% of that in the MIg-treated db/db controls
(Fig. 4 D).

Monoclonal antibody A717 was measurable in renal cortex
12 h after intravenous injection of 200 jzg and remained detect-
able for at least 48 h after injection (Fig. 5). Antibody was not
detected in extracts of renal cortex from noninjected control
mice, corroborating the validity of the immunoanalytic proce-
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Figure 3. Attenuation by mAbA717 of increased renal fibronectin gene expression in dbldb mice. A depicts representative Northern blots from
each group of experimental animals; B shows fibronectin mRNAlevels in relation to 18S rRNA levels (mean±SEM of six animals in each group)
when the fibronectin:18S rRNA ratio in db/m MIg-treated mice is assigned an arbitrary value of 1.0. Antibody treatment and animal groups as in
Fig. 1. *Significantly different from dblm treated with either MIg or mAbA717 (P < 0.05); **Significantly different from dbldb treated with
MIg (P < 0.05).
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Figure 4. Prevention of glomerular pathology in
db/db mice by mAbA717. dbldb mice and
their nondiabetic db/m littermates were treated
according to the legend to Fig. 1. Portions of the
renal cortex were removed when animals were
killed at the end of the study and frozen for
histological examination. Sections were stained
with PAS. (A) dblm MIg; (B) db/db MIg; (C)
dbldb A717; (D) quantitation of extracellular
matrix. Data are expressed as the fraction of total
glomerular tuft cross-sectional area occupied by
mesangial matrix. Results represent mean±SEM
of 40-60 glomeruli in each animal group. *Sig-
nificantly different from dblm specimens (P <
0.002); * *significantly different from dbldb
MIg (P < 0.002).

dure. Relative concentration of antibody (pg/mg protein) in
renal cortex progressively diminished during the 48-h postinjec-
tion period studied, although the rate of decline in relative con-
centration tapered between 24 and 48 h.

Discussion

Wehave shown that treatment of diabetic db/db mice with a
monoclonal antibody directed against glycated albumin pre-
vents abnormalities in renal glomerular function, histopathol-
ogy, and cell biology that are characteristic of the nephropathic
lesion in diabetes. The quantitative analysis performed in the
present experiments documents a nearly fourfold increase in
mesangial matrix area in the db/db mouse by age 16 wk. This
was accompanied by a 2.6-fold increase in collagen IV mRNA
and a 3.8-fold increase in fibronectin mRNAin the renal cortex.
Mesangial matrix fraction was significantly reduced, in associa-
tion with marked attenuation in collagen IV and fibronectin
mRNAlevels, by treatment with A717 monoclonal antibodies,

but not by treatment with IgG unreactive with glycated albumin.
We interpret the amelioration of mesangial matrix expansion
by A717 administration as a reflection of the decrease in overex-
pression of the type IV collagen and fibronectin genes, which
is presumed to occur in the glomerulus and possibly in the
tubulointerstitium (39-41). The starting material for mRNA
extraction in these experiments was renal cortex, which contains
proximal tubules as well as glomeruli. The tubulointerstitium
in diabetes exhibits changes parallel to those found in the glo-
merulus, with increased basement membrane and overproduc-
tion of extracellular matrix (39-41). Notably, we did not treat
the db/db mice with insulin or other glucose-lowering agent,
and blood glucose concentrations at the conclusion of the study
were as elevated as they were at the initiation of the study
period. Thus, treatment with the A717 monoclonal antibodies
reduced urinary albumin excretion, prevented mesangial matrix
accumulation, and attenuated the overexpression of renal matrix
mRNAlevels without any change in glycemic status. Hypergly-
cemia is the driving force for increased nonenzymatic glycation,
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but, as these results indicate, the nephropathogenetic effects of
increased glycated albumin in vivo can be corrected indepen-
dent of antihyperglycemic therapy.

The lesion of diabetic nephropathy likely originates in the
glomerular mesangium, which, in diabetes, is bathed with serum

containing increased concentrations of glycated albumin. Our
previous in vitro studies have shown that glycated albumin
inhibits cellular replication and stimulates type IV collagen pro-

duction by mesangial cells in culture, and that A717, but not
IgG unreactive with glycated albumin, can prevent these effects
(14, 19). The glycated serum and glycated albumin-induced
changes in proliferation, collagen secretion, and collagen gene

expression are observed with physiologic glucose concentration
and are exaggerated in elevated glucose concentration (14).
These findings are relevant to the in vivo situation, in which
there are periods of normoglycemia and hyperglycemia, and
suggest that the deleterious effects of glycated albumin on mes-

angial cell biology pertain regardless of glycemic fluctuations
but are accentuated with hyperglycemic excursions.

The present experiments confirm that increased glycated
albumin in diabetes is a potent stimulus in vivo of renal type

Figure 4 (Continued)

IV collagen and fibronectin gene expression, and they establish
excess circulating glycated albumin as a target for therapeutic
intervention in diabetic nephropathy. Elevated plasma glycated
albumin concentrations in db/db mice were significantly de-
creased when assayed 48 h after A717 administration (21),
suggesting that the nephropathic protective effect of A717 treat-
ment is consequent to a reduction in circulating biologically
active epitopes. It is assumed that parenteral administration of
A717 Fab fragments results in transient peaks, during which the
complementarity-determining region rapidly binds to glycated
albumin, promoting accelerated clearance by reticuloendothelial
systems. Binding of A717 to the glycated albumin epitope may

also block its ability to interact with cell membrane-associated
polypeptides that may trigger receptor-induced intracellular
events. The identification of selective binding proteins and cel-
lular ligand receptor systems for Amadori-modified albumin and
the demonstration that the A717 monoclonal antibody inhibits
binding of glycated albumin to these receptor polypeptides sup-

port this hypothesis (42-45). Blockade of the glycated albumin
epitope by binding to antibody most likely occurs in the circula-
tion, where it is readily accessible, inclusive of distal compart-
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Figure 5. Appearance of A717 monoclonal antibody in murine renal
cortex. 200 ,ug of Fab fragments was injected intravenously into BALB/
c mice, from which renal cortex was harvested at the indicated times
after injection. Immunoanalysis for A717 was performed as described
in the text. Results represent mean of two animals at each time period.

ments in proximity to cellular sites, particularly the serum-
bathed glomerular mesangium. As shown in these experiments,
A717 antibody is detectable (1-4 Isg/mg protein) in renal cor-
tex obtained from normal mice 12-48 h after intravenous injec-
tion of 200 IHg of A717 Fab fragments.

Diabetic nephropathy is the single largest cause of end-stage
renal disease in the Western Hemisphere and develops in 20-
40% of patients with insulin-dependent diabetes and in many
with non-insulin-dependent diabetes (46-49). Effective medi-
cal therapy to halt the inexorable progression of renal disease
due to diabetes, once the process is initiated, has been elusive.
The results of the Diabetes Control and Complications Trial
have established that intensive regimens for blood glucose con-
trol can lower the risk for diabetic nephropathy and retinopathy
(50). However, it is widely appreciated that implementation
and maintenance of such regimens is difficult and may be risky,
and that good control is not achieved in the majority of diabetic
patients. For this reason, considerable effort has been directed at
identifying intervention strategies that abrogate the deleterious
effects of factors that act in concert with or independent of
glycemic status in the pathogenesis of diabetic nephropathy.
Use of angiotensin-converting enzyme inhibitors is one such
strategy that has proved efficacious in arresting the decline in
renal function, presumably on the basis of interruption of delete-
rious hemodynamic influences (51). Other potential points of
intervention include inhibition of the polyol pathway and pre-
vention of advanced glycation end product cross-link formation
(8, 52, 53). The present findings provide direct evidence that
blocking the biologic effects of excess Amadori-glycated albu-
min in diabetes has a salutary influence on the development of
diabetic nephropathy and suggest a new approach for the treat-
ment of this morbid complication of diabetes.
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