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Increased protein glycation has been mechanistically linked to accelerated vascular pathobiology in diabetes.
Because glycated albumin induces biosynthetic abnormalities in cultured aortic endothelial cells that resemble
those associated with macrovascular disease, we sought evidence that increased glycated albumin is operati
in the genesis of diabetic vasculopatimyvivo. Plasma concentrations of fibronectin, a sensitive marker of
endothelial cell damage, were increased two-fold in diakdidbmice compared with their nondiabetib/m
littermates. Treatment with monoclonal antibodies specifically reactive with albumin modified by Amadori
glucose adducts normalized fibronectin in diabetic animals despite persistent hyperglycemia. These findings
suggest that increased glycated albumin causally contributes to diabetic vasculopathy, and that blocking this
influence ameliorates vascular damagee 1996 Academic Press, Inc.

The Diabetes Control and Complications Trial (DCCT) established that intensive treatmer
hyperglycemia in patients with insulin dependent diabetes lowers the risk for developmen
diabetic retinopathy, nephropathy and neuropathy and decreases the incidence of cardiova
events (1,2). Among the challenges remaining in the aftermath of the DCCT are elucidation o
mechanisms by which hyperglycemia promotes vascular damage and determining if the result
be appropriately extrapolated to patients with noninsulin dependent (Type Il) diabetes, in wi
cardiovascular disease is a major cause of morbidity and mortality. Given that cardiovasc
events represent advanced disease, the identification of animal models of Type Il diabetes in v
early biochemical markers of vascular disease can be ascertained would enable study of its |
genesis and the ability of potential therapeutic interventions to arrest its progress.

In the present experiments, we used th®#db mouse, a genetically diabetic rodent model of
Type Il diabetes, to address these issues.difidbmouse develops hyperglycemia in associatiol
with insulin resistance and obesity, and has emerged as a suitable small animal model for i
tigation of diabetic nephropathy (3). Notably, it develops abnormalities in renal glomerular ir
phology and function that parallel in nature and chronology those that characterize human dia
nephropathy (4—7). We chose to measure plasma fibronectin, the high molecular weight not
lagenous protein that is considered to be a sensitive marker of endothelial damage, as an inc
vasculopathy in this model (8-14). Produced by endothelial and various other cells, fibrone
serves cell adhesion and motility, tissue repair, and coagulation and opsonic functions, is rele
during platelet aggregation, and promotes platelet adhesion and spreading on matrix subs
(14-18). Because the increased concentration of nonenzymatically glycated albumin in diabete
been shown to be an important causative factor in the development of diabetic nephrop
(4-6,19,20), we examined the ability of treatment with a monoclonal antibody that neutralizes
effects of excess glycated albumin to modulate changes in plasma fibronectin concentration

MATERIALS AND METHODS

Diabeticdb/dbmice and their lean nondiabetib/mlittermates were obtained from the Jackson Laboratory (Bar Harbo
ME) at age 6-8 weeks. The animals were individually housed and given free access to food and water. Beginning
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15 weeks, one half of théb/dbanddb/mmice were treated for nine consecutive weeks with either monoclonal antibo
A717 (specifically reactive with Amadori-modified glycated albumin) (21), and the other half received weekly injectic
of vehicle. The monoclonal antibody, harvested from ascitic fluid and purified by affinity chromatography on proteir
sepharose, was administered as Fab fragments, prepared by papain digestion and purified on protein-A sepharose. A
preparations were sterile-filtered and administered in buffered saline as intraperitoneal injectionsugfrhb0se/week.
This treatment regimen was selected on the basis of earlier experiments which showed that the elevated plasma g
albumin concentrations idb/dbmice were significantly reduced when measured 48 hours after injection gid@¥17
(Fab fragments), and the previously described rationale that takes into account stoichiometric relationships and the
lating half-life of albumin (4,5).

Blood was obtained from the retro-orbital sinus. Glucose was determined by the glucose oxidase method, and cre:
by the picric acid colorimetric procedure (Sigma Chem. Co., St.Louis, MO). These assays were adapted for use witf
wL of plasma, and were sensitive to 10 and 30 mg/dL, respectively. Plasma fibronectin was measured by an ELISA in\
fibronectin in standard or sample that bound to gelatin that had been immobilized onto microtiter wells was detected
a monoclonal antibody raised against human plasma fibronectin (Exocell, Phila, PA). The assay was developed with
radish peroxidase-conjugated antibody against murine 1gG and TM Blue substrate, and the reaction was stopped w
H,SO,. The assay was sensitive touD/ml and showed a linear relationship between absorbance and the log of conc
tration between 1-5p.g/ml. Samples were appropriately diluted for assay. Intra- and inter-assay coefficients of varia
were 5 and 8 percent, respectively. Absorbance in the control wells (no sample or standard, primary and/or secc
antibody present; sample or standard present, secondary but no primary antibody added) was less than 0.025.

RESULTS AND DISCUSSION

Obesity and hyperglycemia, which developed at an early age inlifdb mice used in these
experiments, persisted throughout the stu@igble 1). Blood glucose concentrations and body
weights were unaffected by the monoclonal antibody treatment. Since A717 specifically recogr
glycated albumin and does not react with free glucose, it does not influence blood glucos
metabolic status (19-21).

Plasma fibronectin concentrations were significantly elevated in the control (vehicle-treal
diabeticdb/dbmice (Table 2). In contrast, mean plasma fibronectin concentratiordbifilb mice
treated with A717 did not differ significantly from those in nondiabetim animals, but were
significantly lower than those of the vehicle-treatilldbmice (Table 2). A717 did not influence
plasma fibronectin levels in nondiabetic mice. Analysis of all sets of values obtained after 9 we
showed a significant correlation @& 0.70 p < 0.001) between plasma fibronectin and glucos
concentrations. However, this most likely represents an artifact imposed by including two dist
study populations since the mean fibronectin and glucose levels were so widely disparal
nondiabetic versus diabetic animals. Separate correlative analysis was therefore perfodhad for
controls (r= 0.073),db/db mice receiving vehicle (= 0.67), and thedb/db mice treated with
A717 (r = 0.33). Since the mean plasma glucose concentrationth/ab vehicle versugib/db
A717 treated animals were not significantly differefble 1), this reduction in the correlation
coefficient suggests that the lowering of fibronectin by A717 treatment resulted from influen
distal to hyperglycemiper se.We suggest that one such influence is increased glycated alburr

TABLE 1
Experimental Animal Data
Body Weight (g) Blood Glucose (mM)
Experimental Group Age: 10 weeks 24 weeks 10 weeks 24 weeks
db/mvehicle (7) 26.4+0.45 29.9+0.86 6.7+0.4 49+01
db/mA717 (7) 26.3+0.33 29.3+0.29 6.0+0.4 48+0.2
db/dbvehicle (6) 41.4 +1.50* 51.5 + 3.20* 20.0+2.1* 22.7+0.9*
db/dbA717 (6) 44.1 + 0.20* 53.7 £1.26* 15.3+3.5* 225+0.7*

Results given as means + SEM. Number of animals in each experimental group given in parentheses.
*p < 0.01 compared with nondiabetic controls.
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TABLE 2
Plasma Fibronectin Concentrations in Nondiabetic and
Diabetic Mice
Fibronectin (mg/ml)
Experimental Group Age: 21 weeks 24 weeks
db/mvehicle 1.30+.25 1.16 £.19
db/mA717 1.59+.37 1.39+.16
db/dbvehicle 3.11 + .48* 2.85+.15*
db/dbA717 1.97+.17 1.87+.28

Results from animals described in Table 1 given as means *
SEM. Plasma fibronectin measured by immunospecific ELISA de-
scribed in Materials and Methods. *p < 0.01 compared with non-
diabetic controls.

which is distal to but driven by hyperglycemia, and induces abnormalities in vascular endoth
cell biology that can be prevented by the A717 anti-glycated albumin monoclonal antibodies (

To evaluate whether normalization of plasma fibronectin with anti-glycated albumin treatm
represented change in renal function (which has been shown to improve with A717 [7]), exe
nation of the relationship between plasma fibronectin and creatinine concentrations was perfor
Again, a significant correlation (= 0.63 p < 0.001) was observed when all sets of values wet
included in the analysis. In part, this correlation was due to the higher mean creatinine leve
db/db (.92 + .02) compared with nondiabetic (.61 ;@< 0.001) mice, and therefore reflected
the inclusion of two populations in the analysis. Separate correlative analysis revealed high
relation in vehicle-treatedb/dbmice (r = 0.87), but low or no correlation in A717-treated diabetic
mice (r = —0.07) and nondiabetidb/m controls (r = .10). These relationships suggest tha
impaired renal function is not the dominating influence responsible for the raised fibrone
concentrations in thdb/db mice, although renal disease and generalized vasculopathy appes
occur in tandem in this model.

Albumin modified by Amadori glucose adducts, the principal form in which glycated album
existsin vivo, has been shown to modulate proliferation and basement membrane collagen
thesis by aortic endothelial cells in culture (21). These effects appear to be triggered by
interaction of glycated albumin with a dose-responsive and saturable ligand-receptor system
prised of membrane-associated polypeptides that specifically recognize fructosyllysine epitop
glucose-modified albumin and that are distinct from receptors for proteins modified by advan
glycation end products and scavenger receptors for oxidatively-modified LDL (23-25). Rece|
binding and the influence of glycated albumin on endothelial cell biology are both inhibited by
A717 monoclonal antibody, indicating that the fructosyllysine epitope is required for recer
recognition and the induction of biologic effects. The present findings demonstrate, for the |
time, that increased glycated albunimvivo promotes endothelial damage, and that blocking thi
influence with anti-glycated albumin antibodies can protect vascular integrity.
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