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Summary .  Percentage  b ind ing  o f  125I-labelled con-  
canava l in  A to erythrocytes  in diabet ic  pat ients  was 
s ignif icant ly h igher  t h a n  tha t  in n o r m a l  subjects (12.2 
_+ 2 .8versus  8.1 + 1 .8%,mean  _+ SD, p < 0.001). In- 
su l in -dependen t  diabet ic  pat ients  s h o w e d  significant-  
ly h igher  concanava l in  A b ind ing  than  non- insul in-  
d e p e n d e n t  diabet ic  subjects (15.0 _+ 1.4 versus 11.4 + 
2.5%, p < 0.01). There  was a highly signif icant  corre-  
la t ion be tween  percen tage  b ind ing  o f  ~25I-labelled 
concanava l i n  A and  g lycosy la ted  haemoglob in .  
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In  diabetes mellitus, enzymat ic  g lycosyla t ion  o f  the 
g lomeru la r  b a s e m e n t  m e m b r a n e s  [1] a nd  the vi t reous 
g lycopro te ins  [2], n o n - e n z y m a t i c  g lycosyla t ion  o f  
h a e m o g l o b i n  [3], lens crystallins [4] and  se rum pro-  
teins [5] have been  repor ted  to be increased.  Recent ly ,  
Miller  et al. [6] descr ibed  an e n h a n c e d  n o n - e n z y m a t i c  
g lycosyla t ion  o f  the m e m b r a n e  prote ins  o f  erythro-  
cytes in diabet ic  patients.  These  changes  m a y  be relat- 
ed  to shor tened  ery throcyte  survival [7] and  r educed  
ery throcyte  deformabi l i ty  [8] descr ibed  ind i abe t i c  pa-  
tients. 

C o n c a n a v a l i n  A is a p lan t  lectin which  has a spe- 
cificity for  D - m a n n o s e  a nd  D-g lucose  residues. Band  
3 pro te in  [10], one  o f  the integral  m e m b r a n e  g lycopro-  
teins o f  the h u m a n  ery throcyte  to which  several m e m -  
brane  func t ions  such as m onosa c c ha r i de ,  an ion  and  
ca t ion  t ranspor t  across  the m e m b r a n e  have  been  attri- 
bu ted  [11, 12], is the pr incipal  h igh affinity b ind ing  
pro te in  for  concanava l in  A[13]. 

The  a im o f  the present  s tudy  was to investigate 
125I-labelled concanava l in  A b ind ing  to per iphera l  
e ry throcytes  in diabet ic  patients.  

Materials and Methods 

Five Type 1 (insulin-dependent) diabetic patients (two females and 
three males, 2944 years, mean 35 years) and 17 Type 2 (non-insu- 
lin-dependent) diabetic patients (ten females and seven males, 
44-74 years, mean 54.8 years) were compared with 13 normal sub- 
jects (six females and seven males, 2342 years, mean 33.6 years) in 
the binding of ~25I-labelled concanavalin A to erythrocytes. The 
Type 2 diabetics included seven diet-treated patients (four females 
and three males, 44-56 years, mean 43.6 years), five sulphonylurea- 
treated patients (four females and one male, 45-73 years, mean 
61 years) and five insulin-treated patients (two females and three 
males, 46 61 years, mean 56.2 years). All participants gave their in- 
formed consent before entering the study. 

Venous blood was collected into heparinized tubes after over- 
night fasting. After removing the buffy coat, the erythrocytes were 
purified by three successive washings of the erythrocyte pellet with 
incubation buffer. 

Binding studies were performed as described previously [14]. 
~25I-labelled concanavalin A with a specific activity of about 
5 mCi/mg was obtained by the modified method of Hunter and 
Greenwood [14, 15]. About 4 x 10 7 erythrocytes were incubated 
with 50 ng radio-labelled concanavalin A in 0,5 ml of Tris-Hepes 
buffer (pH 7.0) containing 4-(2-hydroxyethyl)-1-piperazineethane 
sulphonic acid 75 mmol/1, Tris (hydroxymethyl)aminomethane 
25 mmol/1, MgC12 10 mmol/1, CaC12 10 retool/l, KC1 5 mmol/1, 
EDTA 2 mmol/1, NaC155 retool/1 and 0.5% bovine serum albumin 
[14] at 24 ~ C for 3 h. Concanavalin A bound to erythrocytes was 
separated from free lectin by dibutyl phthalate gradient centrifuga- 
tion at 4 ~ C [14, 16]. Total and bound radioactivities were counted 
in a well-type gamma-counter. Non-specific binding determined in 
the presence of a-D-mannoside 0.1 tool/1 was about 0.3 to 0.5% of 
the total radioactivities and was subtracted from the total bound ra- 
dioactivities to obtain the specifically bound radioactivities. Re- 
sults were the mean of duplicate determinations per patient and 
normalized to percentage specific binding of 125I-labelled concana- 
valin A per 5 x 107 cells/ml. 

Glycohaemoglobin concentration was determined by a micro- 
column chromatographic procedure using QUIK-SEP (Iso-Lab, 
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Table 1. 125I-labelled concanavalin A binding to erythrocytes and 
glycosylated haemoglobin in diabetic patients 

Number  of  uSI-labelled Glycosylated 
subjects concanavalin A haemoglobin (%) 

binding (%) 

Controls 13 8.1 _+ 1.8 6.8+0.3 
Diabetic 

patients 22 12.2 _+ 2.8 a 10.9 + 2.8 a 
Type 1 

diabetics 5 15.0 _+ 1.4 a 14.3 + 3.9" 
Type 2 

diabetics 17 11.4_+2.5 ~,c 9 .9+1.2 ~~ 
Treated with: 
Diet only 7 12.4-+2.3 ~ 10.0_+ 1.4 ~'a 

Sulphonyl- 
urea 5 10.7 _+ 1.9 b,c 9.9 +_ 1.1 a 
Insulin 5 10.7 +3.2 b,d 9.6+1.1 ~-d 

Results are expressed as mean + SD. 
" p < 0.001 compared with control subjects 
b p < 0.05 compared with control subjects 
c p < 0.01 compared with Type 1 diabetic patients 
d p <~ 0,05 compared with Type 1 diabetic patients 
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Fig. 1. The correlation between specific percentage binding of  1251- 
labelled concanavalin A and percentage glycosylated haemoglo- 
bin. �9 : normal subjects; �9 : Type 2 diabetic patients; i ,  : Type 1 
diabetic patients. The equation of  the linear regression is: y = 
1.62x + 6.16 (r = 0.77,p < 0.001) 

Akron, Ohio, USA) and corrected for temperature as indicated in 
the instructions. 

Binding studies of  radio-labelled insulin to erythrocytes were 
performed by a radio-receptor assay as previously described [17]. 

Results are expressed as mean _+ SD and the significance of  dif- 
ferences between means was calculated by Student 's  t test [18]. 

Results 

Percentage specific binding of 12SI-labelled concana- 
valin A to erythrocytes was 12.2 _+ 2.8% in diabetic 
patients and 8.1 _+ 1.8% in normal subjects. This dif- 
ference is statistically significant (p < 0.001). Among 
diabetic subjects, Type 1 diabetic patients showed 
significantly higher concanavalin A binding than 
Type 2 diabetic patients (15.0 ___ 1.4 versus 11.4 + 
2.5%,p < 0.01)(Table 1). 

Percentage glycohaemoglobin determined at the 
same time revealed a similar degree of differences as 
concanavalin A binding between diabetic patients 
and normal subjects (Table 1). 

Figure 1 shows the correlation between percent- 
age specific binding of uSI-labelled concanavalin A to 
erythrocytes and percentage glycosylated haemo- 
globin (r = 0.77,p < 0.001). No overlap was observed 
between the Type 1 diabetic and normal subjects in 
percentage binding of 12SI-labelled concanavalin A, 
though many of the Type 2 diabetics had values in the 
normal range. 

Percentage specific binding of 12SI-labelled insulin 
to erythrocytes (at 0.8 ng/ml  radio-labelled insulin/ 
ml) determined at the same time in 12 patients showed 
no significant correlation with percentage specific 
binding of 12SI-labelled concanavalin A (r = -0.39,  
p > 0.05). 

Discussion 

In the present study, 125I-labelled concanavalin A 
binding to erythrocytes, which may mirror the degree 
of glycosylation of the erythrocyte membranes, was 
estimated in diabetic patients. It was shown that (a) 
erythrocytes from diabetic patients bind more uSI-la- 
belled concanavalin A than those from normal sub- 
jects and (b) percentage binding of 12SI-labelled con- 
canavalin A to erythrocytes was directly proportional 
to the degree of glycosylated haemoglobin. 

The path�9 changes responsible for 
enhanced binding of concanavalin A to erythrocytes 
in diabetics are unknown. Band 3 protein, which is a 
principal concanavalin A binding protein in the hu- 
man erythrocyte membranes [13] and is thought to be 
responsible for monosaccharide transport [12] and /o r  
other minor glycoproteins, may be increased in the 
diabetic state. Another possible explanation for in- 
creased concanavalin A binding is the enhanced non- 
enzymatic glycosylation of the membrane proteins. 
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Although not confirmed, valyno- and lysyno-l-de- 
oxyfructose found in non-enzymatically glycosylated 
proteins [19] may interact with concanavalin A. Two 
experimental observations, that the neuraminidase 
treated erythrocytes bind more concanavalin A than 
the native erythrocytes [20] and that neuraminic acid 
contents of erythrocyte ghosts from diabetics are low- 
er than those from normal subjects [21], suggest an- 
other possibility, namely incomplete glycosylation of 
membrane glycoproteins in diabetes mellitus. The 
lack of correlation between concanavalin A binding 
and insulin binding to erythrocytes indicates selective 
changes of cell surface components in diabetes. 

A highly significant correlation between percent- 
age binding of 125I-labelled concanavalin A to ery- 
throcytes and percentage glycosylated haemoglobin 
indicates that continuous hyperglycaemia induces the 
changes in both the erythrocyte membrane proteins 
and intracellular haemoglobin. Glycosylated hae- 
moglobin is considered to reduce membrane elastici- 
ty and erythrocyte deformability because of its tight 
adherence to the inner surface of the erythrocyte 
membranes [22]. Over-glycosylation of the erythro- 
cyte membranes may more directly affect the mem- 
brane properties and induce the functional abnormal- 
ities of erythrocytes found in diabetes [6, 7] and con- 
tribute to some of the long term complications of dia- 
betes. 

In conclusion, poorly controlled diabetic patients 
show an enhanced concanavalin A binding to ery- 
throcytes, which may reflect over-glycosylation of the 
erythrocyte membrane proteins. There is consider- 
able interest to know whether the enhanced concana- 
valin A binding also occurs in other tissues and to 
what extent these abnormalities correlate with the 
secondary complications of diabetes mellitus. 
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