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Summary. The restriction fragment length polymorphism in 
the 5' flanking region of  the human insulin gene was studied 
in 155 nonobese Japanese subjects. The subjects consisted of 
36 Type 2 (non-insulin-dependent) diabetic patients with a 
family history of  diabetes mellitus, 42 Type 2 diabetic patients 
without a family history of  diabetes, 42 Type 1 (insulin-depen- 
dent) diabetic patients, and 35 healthy volunteers who served 
as control subjects. It was demonstrated that, in Japanese 
healthy subjects and diabetic patients, the incidence of  the in- 
sertion into 5' flanking region of the insulin gene was found to 
be significantly lower (p < 0.05) than those in Caucasians and 
other races already investigated. Even though the class 3 gene 

allelic freciuency in Type 2 diabetic patients without a family 
history of diabetes (0.060) was not higher than that in healthy 
subjects (0.014), in nonobese Type 2 diabetic patients with a 
family history of diabetes the allelic frequency of  the inserted 
class 3 gene (0.111) was found to be significantly higher (p < 
0.02) than that in control subjects. These data suggest that the 
insulin gene polymorphism relates to the aetiology of diabetes 
mellitus. 
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The length p o l y m o r p h i s m  o f  the restriction f ragments  
o f  the h u m a n  insulin gene has been  d iscovered  [1], and  
its associa t ion with Type 2 (non- insu l in-dependent )  dia- 
betes mellitus has been  s tudied [2-4]. A p o l y m o r p h i c  re- 
g ion o f  he te rogeneous  length occurs  abou t  350 base 
pairs (bp) at the 5' cod ing  por t ion  o f  h u m a n  insulin 
gene. Those  length p o l y m o r p h i s m s  are due  to insert ions 
o f  varying sizes. Bell et al. [4] ca tegor ized these lengths 
into class1 alleles o f  - 5 7 0 b p ,  c lass2  alleles o f  
- 1 3 2 0  bp,  and  class 3 o f  ~2470 bp  in size. 

It  has been  demons t r a t ed  that  the large insert ion o f  
these sequences  is more  f requent ly  f o u n d  in bo th  
heal thy subjects and  Type 2 diabet ic  pat ients  o f  Cauca-  
sians [2-4], Amer i can  blacks [4, 5] and  P ima Ind ians  [6] 
than  o f  Japanese  [7, 8]. However ,  there still remains  con-  
t roversy on the associa t ion o f  the insert ion with diabe- 
tes mellitus. 

In  this s tudy the analysis o f  restriction length poly-  
m o r p h i s m  o f  the insulin gene regions was pe r fo rmed  in 
Japanese  hea l thy  volunteers ,  nonobese  Type 2 diabet ic  
patients with or  wi thou t  family his tory o f  diabetes and  
Type 1 ( insul in-dependent)  diabet ic  patients.  

Subjects and methods 

Subjects 

In 155 unrelated, nonobese Japanese, restriction fragment length 
polymorphisms (RFLP) presented in the 5' flanking region of the in- 
sulin gene were investigated. In order to clarify the relationship be- 

tween RFLP and diabetes mellitus, those subjects were divided into 
4 groups as follows: group 1, nonobese Type 2 diabetic patients with a 
family history of diabetes at least within two generations (n =36); 
group 2, nonobese Type 2 diabetic patients without a family history of 
diabetes (n = 42); group 3, Type 1 diabetic patients (n = 42); group 4, 
nonobese healthy volunteers which served as control subjects 
(n = 35). The mean ages were matched among groups I (57 + 13 years, 
mean + SD), 2 (61 _+ 11 years) and 4 (56 + 10 years). There were no sig- 
nificant differences between group ] and group 2 in clinical features 
including obesity indices, fasting plasma glucose concentrations and 
HbAlc levels. There were also no significant differences in mean onset 
age of diabetes mellitus (group 1 : 45 + 11; group 2: 47 + 11 years), and 
in mean duration of the disease (group]: 12+8; group2: 14_+ 
8 years) between the two groups. However, the mean age of group 3 
was considerably younger (10 + 14 years) than other groups, because 
26 juvenile Type 1 diabetic patients (mean age 9 _+ 3 years) were in- 
cluded in this group. 

Obese subjects were not included in this study. The diabetic pat- 
ients examined in this study were all nonobese and hypoinsulinaemic. 

Me~o~ 

Ten mililitres of heparinized whole blood samples were centrifuged 
and precipitates were suspended with equal volumes of distilled wa- 
ter. After centrifuging, precipitates were treated with proteinase and 
RNase A (Sigma Chemical Co., St Louis, Mo, USA). DNA was ex- 
tracted by phenol, then dialized with 0.1 mol/l TE (pH 7.4). Ten mi- 
crograms of DNA was digested by 50 U of endonuclease Bgl-I (Be- 
thesda Research Laboratories, Gaithersburg, Md, USA) and Sac-I 
(Takara Shuzo Co., Kyoto, Japan), respectively, at 37 °C for 14 h un- 
der the conditions suggested by the manufacturers. After gel-electro- 
phoresis, southern transfer to the nitrocellulose filter (Schleicher & 
Schuell, Dassel, GDR) was conducted. A hybridization was carried 
out at 65°C for 48h with nicktranslated human insulin c-DNA 
(pgHI 6.2, provided by Dr. P. Rotwein, St Louis, Mo, USA) digested 
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with both BgM and BgI-II (Takara Shuzo Co., Kyoto, Japan). After 
washing the filter, autoradiography was done at - 7 0  °C for 3-4 days 
with intensifying screen (E. I. Du Pont de Nemours & Co., Wilming- 
ton, DE, USA). 

Since no incomplete digestions had been demonstrated either by 
Bgl-I or by Sac-I, classification of RFLP of insulin gene was done ac- 
cording to the results with BgM digestion [4]. 

Statistical analysis 

Statistical analyses were carried out by chi-square anal- 
ysis and the Student's t-test for unpaired data. 

Results 

As shown in Table 1, the allelic frequencies in control 
subjects (group 4) were 0.986 in class 1, 0 in class 2, and 
0.014 in class 3. The corresponding frequencies were 
0.889, 0, 0.111 in Type 2 diabetic patients with a family 
history of diabetes (group 1), and 0.940, 0, 0.060 in 
Type 2 diabetic patients without a family history of dia- 
betes (group 2) respectively. The frequencies in Type 1 
diabetic patients were 0.976 in class 1, 0.012 in class 2 
and 0.012 in class 3. Even though the class 3 gene allelic 
frequency in group 2 was not higher than group 4, that 
figure in group 1 was significantly higher than group 4 
(p < 0.02) by chi-square analysis. When groups 1 and 2 
were combined as a Type 2 diabetes mellitus group, the 
allelic frequency of class 3 (0.084) was significantly dif- 
ferent from that in control subjects (group 4) (p < 0.05). 
There was no significant difference between groups 3 
and 4 in this respect. 

As far as genotypic analysis is concerned, class 1/3 
heterozygote was revealed to be 22% (n --= 36) in group 1, 
12% (n =42) in group 2, 2.4% (n =42) in group 3 and 
2.8% (n = 35) in group 4 respectively. There were signifi- 
cant differences between groups 1 and 3 (p < 0.02) and 
also between groups 1 and 4 (p < 0.01). However, there 
were no statistical differences between group2 and 
groups 3 or 4 respectively. 

Only one class 2 gene allele was found in one Type 1 
diabetic patient, whose genotype was class 1/2 hetero- 
zygote. 

Discussion 

In healthy subjects, the reported allelic frequencies of 
class 3 gene inserted in the 5' end of the insulin gene 
were as follows: 0.182-0.319 for Caucasians [2, 3, 4], 
0.214-0.292 for American blacks [3-5], and 0.237 for Pi- 
ma Indians [6]. With the present study it was found that, 
in nonobese Japanese healthy subjects over 40 years of 
age, the insertion frequency of the class 3 gene was only 
0.014. This figure corroborates two recently published 
papers concerning Japanese (0.024 [7] and 0.043 [8] re- 
spectively), and is found to be significantly lower as 
compared with those in Caucasians [2-4], American 
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Table 1. Allelic and genotypic frequencies of the polymorphic loci 

Genotypes Allelic frequencies 

n =  1/ l  1/2 1/3 1 2 3 

Group 1 36 28 0 8 0.889 0 0.111 
Group 2 42 37 0 5 0.940 0 0.060 
Group 3 42 40 1 1 0.976 0.012 0.012 
Group 4 35 34 0 t 0.986 0 0.014 

Group 1, nonobese Type 2 diabetic patients with a family history of 
diabetes mellitus; group 2, nonobese Type 2 diabetic patients without 
a family history of diabetes; group3, Typel diabetic patients; 
group 4, healthy volunteers (control subjects) 

blacks [4, 5] and other races [4, 6]. Since in some of these 
studies [3, 4, 6] obese subjects were included, this com- 
parison may not be appropriate. With respect to class 2 
gene, allelic frequencies were reported to be higher in 
American blacks [4], but the allelic frequency was found 
to be as low in Japanese subjects as in Caucasians [4]. 
These findings clearly suggest the presence of the racial 
differences in the allelic frequencies of RFLP in the in- 
sulin gene. 

In the present study the significantly higher inser- 
tion rate of class 3 gene in the 5' end of insulin gene in 
Japanese nonobese Type 2 diabetic patients with a fami- 
ly history of diabetes mellitus (odd ratio 6.86) was dem- 
onstrated. Even total Type 2 diabetic patients examined 
with and without a family history exhibited the signifi- 
cantly higher frequency in insertion than control sub- 
jects. The reported incidences of class 3 gene insertion 
in Japanese Type2 diabetic patients were 0.038 
(n = 102) [7] and 0.038 (n = 104) [8] respectively. These 
two figures were not statistically different from our re- 
sult in total Type 2 diabetes mellitus by chi-square anal- 
ysis. Since the frequency of insertion in control subjects 
in our study was very low (0.014), there was a significant 
difference in incidence of insertion between control 
subjects and Type 2 diabetic patients. Thirty-six patients 
out of 78 Type 2 diabetic patients (46%) in the present 
study and 18 out of 52 (35%) in the cases studied by Ha- 
neda et al. [8] had a positive family history of diabetes 
mellitus, whereas no respective data were provided in 
the study by Awata et al. [7]. These differences may have 
contributed to the discrepant findings. 

Thus, our findings may put weight on the impor- 
tance of class 3 gene insertion in relation to diabetes 
mellitus. However, a mass study using a large number of 
patients should be required to draw the final conclu- 
sion. 

A pedigree analysis of the size of DNA inserts in the 
diabetic families is now under investigation to clarify 
the linkage between the presence of the polymorphic in- 
sert and diabetes mellitus. 

Recently Owerbach et al. [9] have reported the asso- 
ciation of macroangiopathy, arteriosclerosis, and hyper- 
triglycaemia with class 3 gene. In this study, the occur- 
rence of macroangiopathy indicated by the abnormal 
ECG were 46% (6/13) of Type 2 diabetic patients with 
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class 3 and 28% (18/65) of Type 2 diabetic patients with- 
out class 3 gene insertion respectively. Although the oc- 
currence of macroangiopathy seemed to be higher in 
Type 2 diabetic patients with class 3 gene, there was no 
significant difference between two groups. There were 
no significant differences in lipid levels between the 
group with or without class 3 gene. 

Bell et al. [4] and Hitmann et al. [10] have reported 
the association of class 1 gene to Type 1 diabetic pat- 
ients, but any specific association between class 1 and 
Type l diabetic patients was not confirmed in this study. 

In conclusion, in Japanese healthy subjects and dia- 
betic patients, the incidence of the insertion into 5' 
flanking region of the insulin gene was found to be sig- 
nificantly lower than those in Caucasians and other 
races already investigated. However, in Japanese non- 
obese Type 2 diabetic patients, the frequency of the in- 
serted class 3 gene was found to be significantly higher 
than those in healthy subjects. This resulted from the 
higher frequency of class 3 gene seen in nonobese 
Type 2 diabetic patients with a family history of diabe- 
tes. 

Since the role which the polymorphic locus might 
play in the aetiology of diabetes is still controversial, 
and there is still little evidence whether the insertion in 
the 5' flanking region affects insulin gene expression, 
further investigation of pedigrees in families with strong 
associations with diabetes mellitus or combined analy- 
ses with other polymorphisms appears warranted. 
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