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Summary. The presence of  antibodies to glycosylated 
albumin was studied by means of  a newly developed sand- 
wich enzyme-linked immunosorbent  assay in 29 long-stand- 
ing Type 1 (insulin-dependent) diabetic patients with micro- 
vascular complications and in 20 normal subjects. Two types 
of  ant ibody reactivity were detected. One directed against 
glucitol-albumin expressing G and M isotypes. The second, 
predominantly belonging to the IgG class, reacted with an 
epitope shared by non-glycosylated albumin and the keto- 
amine adduct of albumin glycosylation. Both types of an- 
tibodies, with affinity constant ranging from 104 to 107 

(tool/l) -1 were found in normal and diabetic subjects, but 
higher titres were significantly more prevalent in the diabet- 
ic patients. These antibodies may represent the result of 
immune tolerance breakdown or, alternatively, be natural 
antibodies. Although their function remains to be estab- 
lished, their raised prevalence in Type I diabetes may be 
relevant to diabetic microvascular disease. 

Key words: Diabetic microangiopathy, non-enzymatic glyco- 
sylation, anti-albumin autoantibodies, glucitollysine. 

Nonenzymatic glycosylation of albumin is enhanced 
in diabetes mellitus [1]. The resulting alteration of mo- 
lecular structure may render this protein immunogen- 
ic. Glycosylated homologous guinea pig low density 
lipoproteins and albumin as well as glycosylated rat 
collagen and albumin elicit an antibody response 
when injected in the same strain of animals [2-4]. Anti- 
bodies against glycosylated low density lipoproteins 
and other proteins have been described in 4 patients 
with Type 2 (non-insulin-dependent) diabetes mellitus 
[5]. Moreover, antibodies against reductively glycosy- 
lated albumin, but not other forms of albumin, have 
been found in normal subjects as well as in another 
three Type 2 diabetic patients [6]. A recent report using 
an immunoblotting technique has described IgM auto- 
antibodies against non-glycosylated human serum 
albumin only in a small proportion of diabetic and 
non-diabetic subjects [7]. 

The pathogenetic role of these autoantibodies in 
diabetes remains speculative, but they have been im- 
plicated in the pathogenesis of diabetic vascular com- 
plications [5]. In this respect it is relevant that a patho- 
gnomonic feature of microvascular injury in Type 1 
(insulin-dependent) diabetes is a linear deposition of 
albumin, IgM and IgG along capillary basement mere- 

brane of kidney, skin, muscles and other vascular areas 
[8]. The nature of this phenomenon is not fully eluci- 
dated, but it cannot be excluded to be the result of for- 
mation of immune-complexes between glycosylated al- 
bumin and IgG or IgM. 

We have therefore investigated the existence and 
isotype of antibodies to glycosylated human albumin 
in Type 1 diabetic patients with established microvas- 
cular complications. 

Subjects and methods 

Twenty-nine long-standing Type 1 diabetic patients (22 M; 7 F) at- 
tending the Metabolic Unit at Guy's Hospital were recruited for the 
study. Their age ranged between 18 and 65 years (mean 40) and du- 
ration of diabetes between 14 and 49 years (mean 22). A whole range 
of complications was present in these patients; 20 had persistent 
clinical proteinuria, with concomitant proliferative retinopathy in 15, 
and background retinopathy in 5 cases. Of the other 9 patients, 5 had 
proliferative retinopathy and 4 had background retinopathy only. 
Nine patients also had clinical evidence of rnacrovascular complica- 
tions including ischaemic heart disease (n =6), cerebrovascular dis- 
ease (n = 1) and peripheral vascular disease (n =2). None of these 
patients had liver disease or other non-diabetic medical conditions. 
Their clinical features are shown in Table 1. 
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Table 1. Features  o f  Type 1 ( insul in-dependent)  diabetic pat ients  

R. Mangili  et al.: Antibodies  to a lbumin  in diabetes mellitus 

Subject Sex Age Dura t ion  
no. (years) of  diabetes 

(years) 

Background Proliferative Diabetic Cardiovascular  
re t inopathy re t inopathy nephropa thy  complicat ions 

t M 42 29 - + + I H D  
2 M 55 34 + - + - 
3 M 18 15 - + + - 
4 F 20 18 + - + - 
5 M 48 41 - + + - 
6 M 62 20 - + + I H D  
7 F 39 18 + - + - 
8 M 51 25 - + + I H D  
9 M 46 14 - + + - 

10 M 65 20 - + + CVD 
11 M 18 14 - + - - 
12 M 32 19 + - + PVD 
13 M 63 18 - + + I H D  
14 F 59 49 - + + PVD 
15 M 35 21 - + + I H D  
16 M 34 21 - + + - 
17 M 40 21 - + + - 
18 F 23 14 + - - - 
19 F 32 22 - + + - 
20 M 43 17 - + - - 
21 M 31 15 - + - - 
22 M 45 25 + - - - 
23 M 38 14 - + - - 
24 F 65 27 + - - - 
25 F 48 18 - + + I H D  
26 M 33 14 - + - - 
27 M 36 27 + - + - 
28 M 24 21 - + + - 
29 M 26 26 + - - - 

I H D  = Ischaemic  heart  disease;  PVD = Peripheral vascular  disease;  CVD = Cerebro vascular  disease 

Twenty heal thy subjects recruited f rom the staff  o f  the Depart-  
ment  o f  Medicine  with a similar age (range 22-59, m e a n  33 years) 
and  sex distr ibution (14 M: 6 F) served as control subjects. 

Blood samples  were obta ined in the fast ing state in a plain tube. 
Sera were decomplemen ted  by heat ing at 5 6 ~  for 30min ,  
al iquoted and  stored at - 3 0  ~  until  assayed.  

In vitro synthesis of glycosylated albumin 

and  20 mmol  phospha t e  per litre o f  solution, p H  7.4 at 4 ~ C; glyco- 
sylated adducts  were absorbed on phenylboronic  acid-agarose,  and  
so separated from N G H S A ,  and  subsequent ly  eluted according to 
the me thod  of  Mallia et al. [9]. After  dialysis against  phospha te  buff- 
ered saline, aliquots were stored at - 3 0  ~ C. 

The average extent  of  glycosylation was assessed by quanti tat ion 
of  residual free amino  groups  by the t r in i t robenzenesulphonic  acid 
me thod  [12]. 1-deoxysorbitol-L-lysine, the putat ive antigenic determi- 
nan t  o f  Glc-HSA,  was synthesized by the  me thod  of  Trueb et al. [13]. 

To remove  any a m o u n t  o f  glycosylated protein  f rom commercia l ly  
available h u m a n  se rum a lbumin  (Behring Institut, Marburg,  FRG),  
this preparat ion was purified by affinity ch romatography  by loading 
90 mg of  the  protein onto a glass co l umn  35 cm in length and  16 m m  
in width,  packed  with phenylboronic  acid-agarose (Glycogel B, 
Pierce, Chemica l  Co, Rockford,  Ill, USA) [9]. The  non-glycosyla ted 
h u m a n  se rum a lbumin  ( N G H S A )  obta ined in the n o n - b o u n d  frac- 
t ion was tested for the presence of  any  glucose residue by the  sensi- 
tive 2-thiobarbituric acid reaction assay [10]. N G H S A  (30 m g / m l )  
was incubated  unde r  sterile condi t ions  at 3 7 ~  for 120h  with 
100 mmol /1  glucose (British Drug  Houses  Ltd, Poole, UK)  in the  ab- 
sence or presence o f  the  weak reducing agent  sod i um cyanoborohy-  
dride 200 m m o l / l  (NaCNBH3,  Sigma Chemica l  Co, Poole, UK)  to 
obtain the  ke toamine  adduct  (KAHSA)  or the  1-deoxysorbitol (gluci- 
tol) adduc t  (GIc-HSA) respectively. The latter c o m p o u n d  is struc- 
turally similar to the Schiff  base,  a labile product  that  slowly under-  
goes the  Amador i  rea r rangement  to form the ke toamine  adduct ,  a 
reduced carboimino group being the  only difference with the  Schiff  
base. Such modif icat ion renders  the glucitol adduc t  chemical ly 
stable [11]. After  incubat ion with glucose, the a lbumin  solutions were 
dialyzed 6 t imes against  103 volumes  o f  phospha t e  buffered saline 
containing 152 m m o l  sodium,  120 mmol  chloride, 4 m m o l  po tass ium 

Determination of titre and &otype of antibodies 
to glucitol-albumin 

A sandwich  ELISA was developed to determine the presence in 
se rum of  antibodies to Glc- t tSA.  

Polvinylchloride microelisa plates (M129A, Dyna tech  Labora- 
tories Ltd., Billinghurst,  Sussex, UK)  were freshly coated with 100 ~tl 
o f  GIc-HSA at 0.5 m g / m l  in phospha te  buffered saline by overnight  
incubat ion at 4 ~ 

In prel iminary exper iments  us ing 125I labelled Glc-HSA it was 
shown  that,  at this Glc -HSA concentrat ion,  approximate ly  200 ng 
b ind to each well. 

Plates were then  washed  three t imes with 200 ~xl/well of  wash ing  
buffer  containing 0.05% (V/V) polyoxyethylen-sorbi tane mono lau-  
rate (Tween 20, Sigma) in phosphate-buf fered  saline. 

Decomplemen ted  se rum was serially double-di luted f rom 2 -1  to 
2 -12 in a solution containing 0.5% Tween 20 and  0.5% n o n - i m m u n e  
goat  serum (Sigma) in phospha te -buf fe red  saline to prevent non-spe-  
cific binding to residual reactive sites on polivinylchloride wells; 
100 Ixl o f  every dilution were then  added  in duplicate to Glc -HSA 
coated wells and  incubated  for 60 min  at 4 ~ 
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After washing, horseradish peroxidase conjugated rabbit anti- 
total human immunoglobulins (Dako Ltd, High Wycombe, Bucking- 
hamshire, UK) was used to detect Glc-HSA bound immunoglobu- 
lins; human heavy chain (c~, y and ~x) specific horseradish peroxidase 
conjugated rabbit antisera (Dako Ltd) were used to identify the iso- 
type(s) of Glc-HSA bound immunoglobulins. 

In all experiments 100 .ul of peroxidase conjugated antibody di- 
luted 10 -3 in phosphate buffered saline containing 0.5% Tween 20 
and 0.5% non-immune goat serum were added to each well and in- 
cubated for 60 min at 4 ~ C. 

After further washing, 100 ~1 of peroxidase substrate H202, 
freshly made up to a final concentration of 0.12vols/1 in ci- 
trate/phosphate buffer, pH 5.0 at room temperature, containing 
0.04% O-phenylenediamine (Sigma) as chromogen, was added to 
each well and incubated for 30 min at room temperature. The enzy- 
matic reaction was stopped by adding 50 lxl of 4 mol/l  H2SO 4 and 
optical density measured at 492 nm wavelength by a Titertek Multi- 
skan MC microplate reader (Flow Laboratories, Rickmansworth, 
Hertfordshire, UK). 

In every experiment, series of wells were coated with a solution 
containing 0.5% Tween 20 and 0.5% non-immune goat serum in 
phosphate buffered saline; the binding of serum samples to these 
wells provided the non-specific binding. Since the non-specific bind- 
ing can vary with the immunoglobulin concentration of the sample, 
both specific and non-specific binding were measured for every 
sample dilution. Titre was defined as the reciprocal of the highest 
dilution at which the specific to non-specific binding ratio was 
greater than 2. 

Determination of binding specificity 

lated proteins were tested by similar competitive-inhibition ELISAs, 
measuring the displacement of solid-phase Glc-HSA bound IgG by 
increasing concentrations of NGHSA, KAHSA, bovine serum al- 
bumin (BSA, Sigma) and 1-deoxysorbitol-L-lysine. In these experi- 
ments maximum free antigen concentration (B4) was 862 ~xg/ml for 
GIc-HSA, 349 ~tg/ml for KAHSA, 662 ~tg/ml for NGHSA and 
683 ~tg/ml for bovine serum albumin. The concentration of glucitol- 
lysine was adjusted to reproduce the content of glucitol moieties per 
molecule of Glc-HSA. 

Binding specificity of normal and diabetic samples was further 
analysed using solid-phase NGHSA and KAHSA as antigens in a 
competitive-inhibition ELISA. Purified IgG fractions were incu- 
bated with 1 mg/ml of NGHSA or KAHSA in fluid phase for I h at 
4 ~ and then tested against the homologous antigen in solid-phase. 
IgG fractions incubated with NGHSA in fluid phase were also 
tested against KAHSA in solid-phase. IgG bound to their antigen 
were revealed by ELISA using horseradish peroxidase conjugated 
rabbit anti human y-chain antiserum. 

IgG and IgM binding to non-glycosylated albumin 
and ketoamine albumin 

The prevalence of IgG and IgM anti-NGHSA and anti-KAHSA was 
investigated at a single 1:32 serum dilution. The dilution 1:32 was 
selected on the basis of preliminary observations suggesting a higher 
frequency of non-specific binding at lower dilutions. Each sample 
was incubated in wells coated either with NGHSA or KAHSA, 
using the sandwich ELISA. Results are presented as distribution of 
specific to non-specific binding ratios. 

To assess whether binding to the antigen-coated wells was due to 
antibody, IgG fractions from all diabetic and control sera with titre 
exceeding 256 (n = 10, 5 Type 1 diabetic patients, 5 control subjects) 
and from 4 low titre ( < 4) sera (2 Type 1 diabetic patients, 2 control 
subjects) were separated by ion-exchange chromatography on 
DEAE-Sephacel column (20 x 100 mm) (Pharmacia, Uppsala, Swe- 
den); the gel was equilibrated with sodium phosphate buffer 
0.01 tool/l, pH=7.95 at room temperature and serum aliquots (less 
than 10% of gel volume) were applied in each case. IgG containing 
eluates were then concentrated to the original sample volume using 
a Minicon B15 concentrator (Amicon Corporation, Danvers, Mass, 
USA). IgG concentration was measured by radial immunodiffusion 
(NOR-Partigen plates, Behring Institut, Marburg, FRG), while IgG 
purity was checked and confirmed by double immunodiffusion 
using sheep anti-human total serum and anti-human IgG, IgM, IgA, 
C3, C4 (Unipath, Bedford, UK) and rabbit anti-human serum al- 
bumin (Dako Ltd). 

Binding specificity was tested by competitive inhibition assays. 
To perform all competition experiments IgG fractions from each 
subject were diluted in phosphate buffered saline containing 0.5% 
Tween 20 and 0.5% non-immune goat serum; at the final dilution the 
specific to non-specific binding ratio always exceeded 5. Aliquots of 
500 ~tl of IgG preparations were incubated in liquid phase with four 
increasing serial 1:10 antigen (Glc-HSA at coating concentration) 
dilutions (B1-B4) or with buffer only as control (Bo) in plain poly- 
propilene test tubes at 4 ~ for 60 min. 100 ~1 of each antigen anti- 
body mixture were then added to Glc-HSA coated wells and incu- 
bated for 60rain at 4 ~ after washing 3 times, horseradish 
peroxidase conjugated rabbit anti-human Y chain was added to de- 
tect solid-phase bound antibodies. All samples were tested in qua- 
druplicate. 

The optical density which develops in the absence of competitor 
Bo depends on the absolute amount of IgG that has bound to Glc- 
HSA coated wells. This may be different from subject to subject de- 
pending on antibody affinity and dilution factor; thus, in order to 
compare curves from different subjects, results were plotted consid- 
ering each point as a percentage of maximum binding (B/Bo plot). 

The epitopic specificity and the possible cross-reactivity with re- 

Antibody affinity 

Apparent affinity constant (Ka) was determined using the competi- 
tive inhibition ELISA, from the reciprocal of liquid-phase antigen 
concentration capable of inducing 50% antibody binding displace- 
ment [14]. 

Glyeosylation of lgG fractions 

Nonenzymatic glycosylation of immunoglobulins could theoretically 
affect their binding affinity and/or their detection by anti-human Ig 
in solid-phase assays. We therefore glycosylated the IgG fractions 
from the sera of 5 normal subjects by incubation at 37 ~ for 5 days 
in the presence of different glucose concentrations (5, 10, 20 and 
100 mmol/1). Aliquots of each incubate were then tested for binding 
to Glc-HSA and NGHSA by ELISA. 

Statistical analysis 

Differences between groups were assessed by unpaired non-para- 
metric tests (Mann-Whitney). Association between variables was 
evaluated by linear regression analysis. 

Results 

Albumin glycosylation 

T h e  a v e r a g e  i n t r a m o l e c u l a r  g l y c o s y l a t i o n  o f  G l c - H S A  

w a s  50%,  as i n d i c a t e d  b y  a 50% d e r i v a t i z a t i o n  o f  l y s ine  

r e s i d u e s  in  t h e  t r i n i t r o b e n z e n e s u l p h o n i c  a c i d  assay .  



642 R. Mangili et al.: Antibodies to albumin in diabetes mellitus 

Phenylboronic acid affinity chromatography demon- 
strated that 100% of the albumin molecules were gly- 
cosylated. 

Preparation of KAHSA after purification and dial- 
ysis contained 55% glycosylated albumin molecules 
with an average extent of lysine derivatization of 4%. 
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Titres of antibodies to glucitol human serum albumin (Glc- 
HSA) in 29 Type 1 (insulin-dependent) diabetic patients and 20 nor- 
mal subjects. Significantly higher titres (p<0.01) were found in 
Type 1 diabetic patients 

Table 2. Isotype of antibodies to glucitol-albumin in normal sub- 
jects and Type 1 diabetic patients 

Antibody isotype Normal subjects Type I diabetic patients 
(n = 8) (n = 25) 

IgG 2 4 
IgM - 5 
IgA - - 
IgG+ IgM 5 14 
IgG+  I g M +  IgA 1 2 

Non-glycosylated albumin, obtained as the un- 
bound fraction, after elution of a commercial albumin 
preparation from a phenylboronic acid agarose af- 
finity chromatography column, showed virtually no re- 
lease of 5-hydroxymethylfurfural after acid hydrolysis, 
using the 2-thiobarbituric reaction assay. Under our 
experimental conditions this indicates an average in- 
tramolecular glycosylation of less than 1% and sug- 
gests that virtually all of the glycosylated albumin was 
removed by phenylboronic acid affinity chromatog- 
raphy. 

Titre and immunoglobulin isotype 

Figure 1 shows the serum total immunoglobulin bind- 
ing to GIc-HSA in diabetic and control subjects. Titres 
ranged from 2 to 4096 in both groups, but their fre- 
quency distribution was strikingly different. Type 1 
diabetic patients showed significantly higher titres 
than control subjects (p < 0.01). The presence of these 
antibodies was not related to age, degree of protein- 
uria or macrovascular disease. The immunoglobulin 
isotype of the antibody was evaluated in all sera with a 
titre of 32 or more (8 control subjects and 25 Type 1 
diabetic patients). IgG and/or  IgM antibodies against 
Glc-HSA were present in all sera. IgG and IgM titres 
were consistent with, and significantly related to, the 
binding titre of total immunoglobulins. The regres- 
sion lines are described by the following equations: 
Log IgG ti tre=l.016 (Log total Ig ti tre)-0.496; 
(r = 0.933; p < 0.001). Log IgM titre = 0.892 (Log total 
Ig titre)+0.570; (r=0.950; p<0.00i ) .  Low titres of 
IgA antibodies to Glc-HSA (32, 32 and 64) were found 
in 1 normal subject and 2 Type 1 diabetic patients 
only; these three subjects showed also IgG and IgM 
antibodies to Glc-HSA (Table 2). 

Table 3. Binding to GIc-HSA of IgG fractions obtained from 10 high titre anti glucitol-albumin sera. Binding inhibition by increasing amounts 
of liquid phase glucitol-albumin 

Subject Serum titre Purified IgG fraction; SB 
concentration tested a NSB 

Binding inhibition OD 492 nm 

Bo B1 B2 B3 B4 

21 (Type 1) 2048 1:272 8.1 0.347 0.3:51 0.196 0.070 0.078 
25 (Type 1) 256 1 : 1 9  10.3 1.023 1.050 0.933 0.480 0.282 
16 (Type 1) 256 1 : 2 7  5.1 0.846 0.766 0.693 0.481 0.393 
4 (Type 1) 4096 1 : 7 0  7.3 0.752 0.613 0.446 0.198 0.097 
3 (Type 1) 256 1 : 4 1  5.9 0.598 0.533 0.493 0.323 0.195 

A (Normal) 2048 1:311 17.6 0.650 0.448 0.208 0.104 0.032 
B (Normal) 4096 1:110 37.8 1.403 1.445 0.990 0.318 0.065 
C (Normal) 4096 1:246 17.8 1.898 t.525 0.857 0.362 0.192 
D (Normal) 512 1 : 47 6.6 0.603 0.510 0.449 0.185 0.090 
E (Normal) 512 1:114 6.4 0.343 0.359 0.284 0.262 0.183 

a Final IgG dilution in each assay expressed as a ratio of original serum IgG concentration. 
Type 1 = Type 1 (insulin-dependent) diabetic patients; N = Normal subjects; SB/NSB = Specific/non specific binding ratio of IgG fractions 
at the given dilution (see text for details); OD = Optical density; Bo = Binding of IgG in the absence of competitor; B1-B4 = Binding of IgG at 
increasing competitor (Glc-HSA) concentration (serial 1 : 10 dilutions). Each value is the mean of four replicates; non specific binding was sub- 
tracted from all optical density values; Subject no. is the same as in Table 1 for the diabetic patients. Normal subjects are identified by a capital 
letter 
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Fig.2. Competitive inhibition ELISA. Binding displacement of 
purified IgG fractions to glucitol human serum albumin (GIc-HSA) 
by increasing concentrations (B1-B4, see text) of Glc-HSA (0), non- 
glycosylated human serum albumin (NGHSA A), ketoamine serum 
albumin (KAHSA A), bovine serum albumin (BSA E3) and glucitol- 
lysine (O). Optical densities are presented as percentage of maxi- 
mum binding (B/Bo) on the vertical axis. Competitive concentra- 
tions are given on the horizontal axis. Panel A shows the response in 
4 normal subjects and 1 Type I diabetic patient (type 1 reactivity); 
panel B represents the response in 1 normal subject and 4 Type 1 
diabetic patients (type 2 reactivity, see text for details). Each point 
represents mean_+ SEM of the percent binding displacement 

Determination of binding specificity and cross-reactivity 

IgG fractions obtained from the 10 high titre samples 
were found to bind to Glc-HSA coated wells. This 
binding was significantly displaced by an excess of 
fluid phase antigen in a competitive inhibition ELISA 
(Table 3). IgGs from the 4 low titre sera did not show 
a significant binding to Glc-HSA, the specific to non- 
specific binding ratio being less than 2. 

Cross-reactivity, tested using IgGs purified from 
the 5 control and 5 diabetic high titre sera, showed two 
distinct patterns. In 4 normal subjects and 1 Type 1 
diabetic patient the binding to Glc-HSA was similarly 
displaced by increasing amounts of Glc-HSA and glu- 
citollysine, but not by NGHSA or KAHSA (Fig.2A, 
Table 4A; Type 1 reactivity). In 1 normal subject and 
4 Type 1 diabetic patients the binding to Glc-HSA was 
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displaced by increasing amounts of Glc-HSA, but also 
by NGHSA and KAHSA (Fig. 2 B, Table 4 B; Type 2 
reactivity). The addition of glucitollysine resulted in no 
displacement in the normal subject and in 2 Type 1 
diabetic patients, but gave a partial binding displace- 
ment (40%) in the other 2 Type 1 diabetic patients 
(no. 3 and 4, Table 4B). When NGHSA and KAHSA 
were used as solid-phase antigens, results consistent 
with these findings were obtained. IgG fractions from 
sera with type 2 reactivity to Glc-HSA bound to solid- 
phase NGHSA and KAHSA, and the binding was dis- 
placed by the homologous antigen in liquid phase at a 
concentration of 103 rag/1. IgG fractions from sera 
with type 1 reactivity to Glc-HSA bound to NGHSA 
and KAHSA to a much lesser extent as expected, even 
though some degree of specificity for NGHSA was 
visible (Table 5). In further cross-reactivity experi- 
ments it was shown that the binding to solid-phase 
KAHSA by antibodies with type 2 reactivity was sig- 
nificantly (p<0.01) displaced by NGHSA in fluid 
phase at a concentration of 103 mg/l (Fig. 3). 

Bovine serum albumin did not significantly com- 
pete for binding of IgG fractions to Glc-HSA (Fig. 2A 
and B) or NGHSA and KAHSA. Glycosylation of IgG 
fractions from sera of normal subjects did not produce 
an increase in binding to any of the antigens tested. 

IgG and IgM binding to non-glycosylated albumin 
and ketoamine albumin 

IgG bound significantly to the antigen, as shown by a 
specific to non-specific binding ratio greater than 2, in 
18 out of 20 normal subjects and 27 out of 29 Type 1 
diabetic patients for NGHSA and in 19 out of 20 nor- 
mal subjects and 27 out of 29 Type 1 diabetic patients 
for KAHSA. 

IgG binding to NGHSA was higher in Type 1 
diabetic patients (median = 2.8 ; range = 1.54-4.53 ; n = 
29) than in the normal subjects (median = 2.3; range = 
1.78-4.44; n=20 ;  p<0.05). Binding to KAHSA, 
though higher in Type1 diabetic patients (me- 
dian=2.8; range 1.44-4.68; n=29)  than in normal 
subjects (median = 2.4; range = 1.90-3.52; n = 20) did 
not achieve conventional significance (p = 0.07). How- 
ever, when calculations were performed considering 
only samples showing significant binding (i. e. specific 
to non-specific binding ratio greater than 2, see Meth- 
ods section) the difference between normal subjects 
and Type 1 diabetic patients was significant for both 
NGHSA (normal subjects: median=2.4; range= 
2.10-4.44; Type1 diabetic patients: median=2.84, 
range=2.10-4.53; p<0.05) and KAHSA (normal 
subjects: median = 2.45, range = 2.06-3.52; Type 1 
diabetic patients: median = 2.96, range = 2.02-4.68; 
p < 0.05). 

IgM displayed a significant binding (i. e. a specific 
to non-specific binding ratio greater than 2) in a small- 
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Table 4. Competitive inhibition ELISA. Cross-reactivity of anti GIc-HSA IgG with nonglycosylated human serum albumin (NGHSA), ke- 
toamine albumin (KAHSA) and l-deoxysorbitol-L-lysine (glucitol-lysine) in 5 normal subjects (N) and 5 Type 1 (insulin-dependent) diabetic 
patients 

Subject Binding inhibition 

NGHSA KAHSA Glucitol-lysine 
OD 492 nm OD 492 nm OD 492 nm 

Bo B1 B2 B3 B4 B1 B2 B3 B4 B1 B2 B3 B4 

A, 
16 (Type 1) 0.846 0.838 0.865 0 . 8 4 1  0,786 0.788 0.783 0 . 7 9 3  0.606 0.806 0.808 0.616 0.463 
A (Normal) 0.650 0.660 0,648 0.655 0.664 0.642 0 .641  0,626 0.621 0.654 0.479 0.086 0.047 
B (Normal) 1.403 1.428 1,390 1.352 1.304 1.447 1.415 t.384 1.366 1.230 1.098 0.210 0.079 
D (Normal) 0,603 0.595 0.598 0.602 0.611 0.600 0.578 0.595 0.535 0.599 0.582 0.257 0.075 
E (Normal) 0.343 0.330 0 . 3 4 1  0.333 0.328 0.336 0.349 0.337 0.287 0.340 0.328 0 . 2 6 3  0.202 

Median 0.650 0.660 0.648 0.655 0.664 0.642 0.641 0.626 0.621 0.654 0,582 0 . 2 6 3  0.079 

B. 
21 (Type 1) 0.347 0.326 0.258 0.102 0.067 0.325 0.212 0.107 0.062 0.350 0.342 0.353 0.339 
25 (Type 1) 1.023 1.007 0.710 0.440 0.262 1.047 0.753 0.455 0.300 1.052 1 . 0 2 7  0.956 1.027 

4 (Type 1) 0.752 0 . 6 3 1  0.438 0.286 0.143 0.518 0.413 0 . 2 2 1  0.098 0.476 0.503 0.416 0.446 
3 (Type 1) 0.598 0.563 0.490 0 .451  0.380 0.538 0.535 0.478 0,418 0.440 0.463 0.480 0.308 

C (Normal) 1.898 1 . 5 2 2  1 . 0 2 5  0.460 0.217 1.450 0.840 0.372 0.150 1.612 1,617 1 . 4 9 5  1.550 

Median 0.752 0 .631  0.490 0 .451  0.262 0.538 0.535 0,372 0.150 0.476 0.503 0,480 0.446 

Panel A: Subjects with no cross-reactivity with NGHSA and KAHSA-Type I reactivity; Panel B: Subjects with cross-reactivity with NGHSA 
and KAHSA - Type 2 reactivity 
Subject identification is the same as for Table 3. Results are the mean of four replicates. Non-specific binding was subtracted from each value. 
Results were obtained from a single plate for each subject. 
Bo = IgG binding to solid-phase Glc-HSA in absence of liquid phase competitor; B1 4 = IgG binding to solid-phase Glc-HSA at increasing 
amounts of different competitors in liquid phase (serial 1:10 dilutions); OD = Optical density 

Table 5, Binding specificity of antibodies with type 1 (Panel A) and type 2 reactivity (Panel B) to nonglycosylated albumin (NGHSA) and ke- 
toamine albumin (KAHSA) 

Subject NGHSA KAHSA 

Purified IgG SB/NSB Bo B Purified IgG SB/NSB Bo B 
concentration concentration 

A. 
16 (Type 1) 1 : 8  3.5 
A (Normal) 1:25 2.7 
B (Normal) 1 : 31 2.5 
D (Normal) 1:11 4.6 
E (Normal) 1:18 6.8 

Median 

B. 
21 (Type 1) 1 : 21 19.6 
25 (Type 1) 1:15 15.1 

4 (Type 1) 1:37 12.7 
3 (Type 1) 1:13 19.2 

C (Normal) 1 : 20 97.8 

Median 

0.065 0.046 1 : 10 1.4 0,080 0.080 
0.045 0.025 1 : 62 1.8 0,119 0.117 
0.039 0.030 1 : 45 1.6 0.126 0.130 
0,065 0.033 1:11 1.9 0,080 0.074 
0.106 0.038 1 : 91 1.7 0,174 0.112 

0.065 0.033 0,119 0.112 

0.429 0,062 1 :12  3.8 0,168 0.077 
0.354 0.047 1 : 40 4.3 0,235 0.090 
0.176 0.031 1:140 5.0 0,216 0.040 
0.292 0.055 1 : 26 2.9 0,250 0.065 
1.370 0.100 1 : 43 3.6 0.212 0.086 

0.354 0.055 0.216 0.077 

Bo = Binding of IgG fractions to solid-phase NGHSA or KAHSA, in the absence of competitor. 
B = Binding of IgG fractions to solid-phase NGHSA or KAHSA in the presence of NGHSA or KAHSA respectively in fluid phase at a con- 
centration of 103 mg/1. Purified IgG concentration and (SB/NSB) specific to non-specific binding ratio; see Table 3 for details. Subject iden- 
tification is the same as in Table 4. Each value represents the mean of 4 replicates 

er number of cases: for NGHSA in 5 out of 20 normal 
subjects and in 6 out of 29 Type 1 diabetic patients; 
and for KAHSA in 2 out of 20 normal subjects and in 
6 out of 29 Type I diabetic patients. No difference was 

f o u n d  b e t w e e n  t h e  t w o  g r o u p s  in  t h e  b i n d i n g  to  e i t h e r  
N G H S A  ( n o r m a l  s u b j e c t s :  m e d i a n = l . 9 2 ,  r a n g e =  
1 .35 -2 .34 ;  T y p e  I d i a b e t i c  p a t i e n t s :  m e d i a n = 1 . 8 2 ,  

r a n g e = l . 4 8 - 2 . 7 0 )  o r  K A H S A  ( n o r m a l  s u b j e c t s :  m e -  
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Fig.3. Displacement 
of IgG binding to ke- 
toamine albumin (0) 
by non-glycosylated 
albumin at 103 mg/1. 
IgG fractions from 
sera with type 2 reac- 
tivity were the same 
as in Table 5 B and 
were tested at the 
same dilutions as in 

(~ 1~)3 the ketoamine al- 
bumin binding speci- 

Non-glycosylated albumin ficity experiments. 
(mg/I} *p <0.01 

dian=l.74, range=l.34-2.15; Type 1 diabetic pa- 
tients: median = 1.90, range = 1.53-2.51). 

Antibody affinity 

The affinity constant (Ka) determined using IgG frac- 
tions from the 10 high titre sera, ranged from 104 to 107 

(mol/1)-1 for Glc-HSA, NGHSA and KAHSA. These 
ranges were similar for normal subjects and Type 1 
diabetic patients. 

Discussion 

In this study we document the presence of antibodies 
to glucitol-albumin in Type I diabetic patients. These 
antibodies mainly showed a G and/or  M isotype, only 
rarely belonging to the IgA class. There was a similar 
proportion of IgG and IgM class antibodies in our 
series and this is partly at variance with previous 
studies reporting a rather lower proportion of G iso- 
types [5-7]. Serum of normal subjects also shows a 
binding to glucitol-albumin. This has been also re- 
ported by Nakayama et al. [6] who, however, found no 
difference in antibody titre between normal subjects 
and Type 1 diabetic patients; in our study the average 
titre in normal subjects was lower and the frequency 
distribution different than in Type 1 diabetic patients. 

Furthermore, the epitopic specificity of the IgG 
bound to glucitol-albumin was heterogeneous. Anti- 
body with type 1 reactivity specifically recognised the 
glucitol moiety, being displaced by glucitol-albumin 
and glucitollysine, but not, to any relevant extent, by 
ketoamine-albumin or nonglycosylated albumin. How- 
ever, a weak specific binding to NGHSA was detected 
when NGHSA was used as solid-phase antigen. The 
characteristics of this antibody were similar to those 
described by Witztum et al. [5] and by Nakayama et al. 

[6] for anti-glucitol LDL and anti-glucitol albumin 
antibodies, respectively, and are also consistent with 
the type of anti-glycosylated collagen antibodies re- 
ported in the experimentally diabetic rat [3]. Glucitol 
adducts of proteins have not been shown to occur in 
vivo, but it is possible that the immunogenic stimulus 
is provided by the labile, short lived open-chained ke- 
toamine adduct; experiments in the guinea-pig with 
glycosylated LDL would support this interpretation 
[2]. The antibody with type 2 reactivity seemed di- 
rected to determinants of the albumin molecule other 
than glucitol, as suggested by its full cross-reactivity 
with NGHSA and KAHSA and by the relative failure 
of glucitol-lysine to compete for its binding. This anti- 
body was found to bind to solid-phase NGHSA and 
KAHSA and was displaced by the homologous anti- 
gen in the liquid phase. Cross-reactivity experiments 
indicate that the epitope recognised is shared by both 
NGHSA and KAHSA. The inability to detect an anti- 
body specifically directed against KAHSA does not 
exclude the possibility that glucose modified albumin 
is the trigger of the immune response against the al- 
bumin molecule. In this respect:, interestingly, the 
levels of IgG isotype antibodies to NGHSA and 
KAHSA were higher in Type 1 diabetic patients than 
in normal subjects. This finding suggests that chronic 
stimulation by antigenically modified albumin may be 
responsible for an established secondary immune re- 
sponse. The low levels of IgM isotype antibodies and 
the lack of difference between normal subjects and 
Type 1 diabetic patients are consistent with this inter- 
pretation. Our results regarding IgM antibodies are in 
accord with the report by Gregor et al. [7] who, using a 
qualitative technique, demonstrated IgM antibodies to 
non-glycosylated human serum albumin in a small 
percentage of diabetic patients and normal subjects. 
However, we could not confirm the higher frequency 
in Type i diabetic patients. 

Antialbumin antibodies have been described in 
chronic liver disease [15], prolonged nitrofurantoin ad- 
ministration [16] and in cryoglobulinaemia [17]. None 
of these conditions was present in our subjects. In vitro 
glycosylation of IgG fractions from normal subjects 
did not result in an increased affinity either for gluci- 
tol-albumin or for nonglycosylated albumin, thereby 
excluding the possibility that the higher titres more fre- 
quently observed in the diabetic patient sera were due 
to the higher degree of IgG glycosylation. 

The antibodies described here may represent the 
result of immune tolerance breakdown or they may be 
natural antibodies [18, 19] as their presence in normal 
subjects and relatively low affinity would suggest. 
Rabbits rendered tolerant to bovine serum albumin 
lose their state of tolerance when exposed to chemi- 
cally altered preparations of this protein [20]; struc- 
tural alterations produced in the albumin molecule by 
nonenzymatic glycosylation might explain the produc- 
tion of anti-albumin antibodies. 
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Grabar has consistently reported the presence of 
antibodies to serum proteins in normal subjects, and 
their occurrence is currently more frequently recog- 
nised because of the widespread use of sensitive detec- 
tion techniques [21]. Pools of sera from normal human 
subjects were shown to contain antibodies to several 
autoantigens, including serum albumin [22]. Natural 
antibodies would have a "scavenger" function in clear- 
ing and /or  transporting metabolic products [23, 24]. 
An increased load of glycosylated proteins in diabetic 
patients may result in an enhanced production of spe- 
cific antibodies. Interestingly, natural antibodies to 
other carbohydrate moieties of proteins have been de- 
scribed by Sela et al. [25, 26]. The binding of antibodies 
to proteins, whether circulating or bound to basement 
membranes, would lead to increased formation of im- 
mune complexes, either in the circulation or in situ. 
This potentially damaging phenomenon has been de- 
scribed in diabetes [27, 28]. Although the pathophysio- 
logical relevance of these antibodies remains to be elu- 
cidated, their presence may explain, at least in part, the 
finding of significantly greater amounts of albumin 
and immunoglobulins in glomerular and other capil- 
lary vessel walls in diabetic patients with micro-angio- 
pathy [8]. Whether these antibodies play a role in the 
pathogenesis of capillary basement membrane disease 
[29] must, at present, remain an open question. 
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