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IN THE PATHOGENESIS OF 
TYPE I DIABETES IN HUMANS 
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1University of Maryland School of Medicine, 2 Seconda Universita’ 

degli Studi di Napoli, 3 Universita’ degli Studi di Cagliari. 
 



Background 

• Our group has recently described a 
protein, called zonulin, that modulates the 
intestinal permeability by disassembling 
the intercellular tight junctions.  

• We have also shown that zonulin-dependent 
increase in intestinal permeability precedes 
the autoimmune process in the BB/Wor 
animal model of type 1 diabetes.  



AIM 

• To verify the association between serum 
zonulin level and in vivo intestinal 
permeability in patients with type1 
diabetes and their relatives and to 
investigate zonulin serum level in different 
stages of the autoimmune process.  



METHODS 
 

• In vivo intestinal permeability was 
performed by using the Lactulose/Mannitol 
(LA/MA) double sugar test. The presence 
of the sugar probes in a 5h urine collection 
sample was determined by HPLC and 
permeability assed by their ratio. The 
zonulin serum level was determined by a 
sandwich ELISA.  



PATIENTS 
 

Serum zonulin levels were obtained in three 
groups of subjects:  

• Group 1: 219 children with type 1 diabetes 
and 315 controls.  

• Group 2: 28 subjects with established 
type1 diabetes, 61 first degree relatives 
and 147 controls (68 adults, 79 children). 

• Group 3: 32 type 1 diabetes subjects and 
28 first degree relatives.  In this group, in 
vivo intestinal permeability was also 
obtained 
 



RESULTS   I  
SERUM ZONULIN LEVEL 

  
• In the first group of patients the mean 

zonulin level was 0.32 ng/mg protein (SD 
0.73) in controls and 1.83 ng/mg protein 
(SD 0.70) in type 1 diabetic patients (Fig 
1). Twenty five % (54/219) had serum 
zonulin levels that were 2 SD above the 
mean zonulin level in controls. Conversely, 
only 4% (11/315) of controls had zonulin 
levels 2 SD above the mean (p <0.01 by Chi-
squared analysis). 
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RESULTS   II  

SERUM ZONULIN LEVEL 

 
• In the second group of patients, the mean 

zonulin was 0.21 ng/mg in the control children, 
1.22 ng/mg in children with type 1 diabetes, 0.46 
ng/mg in adult controls and 1.35 ng/mg in adult 
relatives of type 1 diabetes children. 

• Zonulin was higher in adult controls than 
pediatric controls (p=0.03). 
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RESULTS   III  
SERUM ZONULIN LEVEL and INTESTINAL 

PERMEABILITY 

 
 

  The in vivo intestinal permeability measured as  
LA/MA was 0.044  0.03 (mean  SD) in 32 type 1 
diabetes patients, 0.033  0.006 in relatives, and  
0.018  0.007 in 28 control subjects (p<0.0001 vs 
type 1 diabetes, p<0.02 vs relatives, Mann Whitney 
test).  These changes paralleled the serum zonulin 
levels in type 1 diabetes patients (2.1  0.46), their 
relatives (1.06  0.2), and controls (0.64  0.1). 



INTESTINAL PERMEABILITY (GROUP 3) 
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CONCLUSIONS 

• These results support the hypothesis that zonulin 
is up-regulated in a subgroup of type 1 diabetes 
children and their relatives. 

• This zonulin up-regulation is associated to 
increased intestinal permeability as established by 
the direct correlation with the LA/MA test. 

• Combined, these data suggest that zonulin up-
regulation is a necessary but not sufficient factor 
in the pathogenesis of a subgroup of type 1 
diabetes patients.  


