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Summary  Cytokines may play impor tmant  roles in 
the pathogenesis of insulin-dependent  diabetes melli- 
tus (IDDM). We analysed a dinucleotide repeat  poly- 
morphism within the first intron of the interferon 

(IFN-v) gene in Japanese diabetic patients 
(175 I D D M  and 145 non-insul in-dependent  diabetes 
mellitus) and 267 control subjects. A significant dif- 
ference was observed in the global allele distribution 
of the polymorphism between the I D D M  and con- 
trol groups (p = 0.039). The difference from the con- 
trol group was more  evident in the patients whose 
insulin therapy started within 1 year f rom onset 
(p = 0.006) or in the young-onset  (< 10 years) pa- 
tients (p = 0.0006). The alleles "3" and "6" were in- 
creased in the I D D M  patients, and a significant in- 
crease in the frequency of the "3/6" genotype was ob- 
served in the I D D M  patient group (9.1%, R R  2.9, 

p = 0.010), in the patients with initial insulin therapy 
less than 1year  f rom onset (10.6%, R R  3.4, 
p = 0.004), or in the young-onset  patients (16.7 %, 
R R  5.7, p = 0.0003) in comparison to the control sub- 
jects (3.4 %). There was a tendency towards frequent 
occurrence of clinical characteristics which reflect 
young or abrupt onset of diabetes or both, and deple- 
t ion of insulin secretion capacity in the patients with 
"3/6" or "6/6" in comparison to the patients with 
other genotypes. These results suggest that the IFN- 

gene region may contribute to the pathogenesis of 
I D D M  and could be a genetic marker  for IDDM. 
[Diabetologia (1994) 37: 1159-1162] 
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Abundan t  evidence suggests that insulin-dependent  
diabetes mellitus ( IDDM) is caused by the destruc- 
tion of pancreatic beta cells resulting from T lympho- 
cyte-mediated au to immune  process. It is well estab- 
lished that the H L A  class II region contributes to 
the development  of IDDM. Fur thermore,  in Cauca- 
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sians, polymorphisms near the insulin gene (INS) 
were associated with I D D M  [1], suggesting that the 
INS region is another  susceptibility locus for IDDM. 
However,  the H L A  and INS are insufficient to ac- 
count for the familial clustering of IDDM. 

The candidate gene approach is one of the useful 
strategies for elucidating additional susceptibility 
genes for IDDM. A number  of studies suggest that  
cytokines may play roles in the pathogenesis of 
I D D M  [2]. In particular, IFN-~ produced by im- 
mune/ inf lammatory cells may be important,  since it 
has been reported that (1) IFN-~ upregulates M H C  
class I, class II antigens and adhesion molecules on 
various cells including pancreatic beta cells; (2) IFN- 
y is directly cytotoxic to islet cells; and (3) IFN-?' acti- 
vates cytotoxic macrophages and T lymphocytes. In 
addition, transgenic mice expressing IFN- 7 by beta 
cells develop au to immune  diabetes, and monoclonal  
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antibodies to IFN-v protect  against diabetes develop- 
men t  in N O D  mice and BB rats. Therefore,  subse- 
quent  to the studies of H L A  class II alleles and INS 
polymorphisms [3, 4], we analysed polymorphism in 
the IFN-v gene and its association with I D D M  in 
Japanese subjects. 

T.Awata et al.: IFN-), gene polymorphism in IDDM 

Subjects and methods 

Subjects. We recruited 175 IDDM and 145 NIDDM patients 
from the hospitals or clinics in the Kanto district (Tokyo or ad- 
jacent prefectures), Japan. We randomly selected 267 control 
subjects also living in the Kanto district. The diagnosis of 
IDDM or NIDDM was based on the criteria of National Dia- 
betes Data Group. The mean age at onset of IDDM and 
NIDDM was 22.6 years and 47.0, respectively. Informed con- 
sent was made by each individual, and the study was conduct- 
ed in accordance with the principles of the Declaration of 
Helsinki. 

Methods. Genomic DNA was extracted from peripheral blood. 
In the present study, we analysed a CA repeat polymorphism 
within intron 1 of the IFN-), gene [5]. The IFN-), gene is single 
copy and located on the long arm of chromosome 12. DNA 
was subjected to 35 cycles of polymerase chain reaction 
(PCR) amplification, each cycle consisting of 60 s at 94~ 
30 s at 48~ and 40 s at 72~ The reaction volume was 5 ~1 
containing 10-50 ng of genomic DNA, 2 pmol each of primers 
(forward: 5' - TCACAATTGATTTTATTCTTAC-3', re- 
verse: 5' - TGCCTTCCTGTAGGGTATTATT-3'), 0.2 mmol/ 
1 each dNTR 2 mmol/1 Mg 2§ and 0.2 u thermostable DNA 
polymerase. The PCR products were electrophoresed on a 
10 % neutral polyacrylamide gel (0.4 mm thick) and visua- 
lized by silver staining. 

Statistical analysis 

Frequencies of alleles and genotypes were estimated from the 
observed data. Hardy-Weinberg equilibrium was assessed for 
the genotype distribution. Global allele distribution was ana- 
lysed by chi-square analysis with 2 x 6 contingency tables after 
rare alleles ("2", "5", "8") had been combined. Differences be- 
tween allele or genotype frequencies of groups were evaluated 
by chi-square analysis with 2 x 2 contingency tables. When at 
least one cell number was not more than 5, Yates' correction 
was applied for the chi-square value. Relative risks (RR) 
were calculated by Woolf's formula. Ages at onset between 
groups were compared by unpaired two-tailed Student's t- 
test, and the other categorical clinical data were compared by 
chi-square analysis. 

Results 

Figure I illustrates examples of the IFN-v poly- 
morphism. A total  of eight different-size alleles were 
detec ted  (designated "1" through "8").  Table 1 (up- 
per  panel)  summarizes the allele frequencies of the 
IFN- V polymorphism in 267 control  subjects, 
175 I D D M  and 145 N I D D M  patients. The global al- 
lele distr ibution in the I D D M  patients was signifi- 

Fig. 1. PCR products of CA repeat within the first intron of the 
interferon-), gene. Lanes M contain 123 base pair (bp) DNA 
ladder markers. Eight alleles (designated "1" through "8") 
were detected in this region. Genotypes of lanes 1-6 are "1/ 
4", "2/6", "3/6", "5/6", "7/7", and "6/8", respectively 

cantly different  f rom that  in the control subjects 
(p = 0.039) and also that  in the N I D D M  patients 
(p = 0.013), but  the distr ibution did not  differ signifi- 
cantly be tween the N I D D M  and control  groups. In 
Japanese I D D M  patients, slow progression of the dis- 
ease is a f requent  feature.  In the present  I D D M  
group, 43 patients did not  require insulin t r ea tment  
within 1 year  after the onset  of diabetes. When  we ex- 
cluded such patients, the difference of allele distribu- 
t ion with the control  subjects was more  evident  
(p = 0.006). Fur thermore ,  there was a highly signifi- 
cant (p = 0.0006) difference be tween  the I D D M  pa- 
tients with age at onset  under  10 years and the con- 
trol subjects. The alleles ;'3" and "6" were increased 
in the patients, and significant increase of the fre- 
quency of the "3/6" genotype was observed in the 
whole I D D M  patient  group (9.1%, R R  2.9, 
p = 0.010), in the patients with initial insulin therapy 
less than  1 y e a r  f rom onset  (10.6%, R R  3.4, 
p = 0.004), or in the young-onset  patients (16.7 %, 
R R  5.7, p = 0.0003) in compar ison to the control  sub- 
jects (3.4 %). In addition,  the combined frequency of 
the "3/6" and "6/6" genotpyes ("3/3" was not  ob- 
served) Was significantly increased in the above pa- 
t ient  groups ( R R  1.8, p = 0.007; R R  2.1, p = 0.0007; 
R R  3.0, p -- 0.0009, respectively). The genotype fre- 
quencies in control  or pat ient  groups did not  deviate 
f rom the expected value by Hardy-Weinberg  equili- 
br ium (data not  shown). 

As shown in the lower panel  of Table 1, some 
clinical characteristics were compared  be tween  the 
I D D M  patients with "3/6" or "6/6" genotypes and 
the patients with other  genotypes. The f requency of 
the patients who did not  require insulin t r ea tment  
within i year  f rom onset, reflecting slow progres- 
sion of I D D M ,  was significantly less in the group 
with "3/6" or "6/6" (p = 0.030). The f requency of in- 
sulin-preserved I D D M  patients, def ined as those 
with a post-prandial  C-peptide value' not  less than  
0.1 nmol/1 after 3 years f rom onset, was also de- 
creased in the group with "3/6" or "6/6", a l though it 
was not  significant (p = 0.103). Au to immune  thyr- 
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Table 1. Allele frequencies of the interferon-v gene polymorphism (upper panel) 
(lower panel) 
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and clinical characteristics of IDDM patients 

Group 1 2 3 4 5 6 7 8 P-value a 

Control 0.024 0.004 0.024 0.320 0.011 0.493 0.124 0 - 
(534) (13) (2) (13) (171) (6) (263) (66) (0) 
IDDM 0.028 0 0.060 ~ 0.257 b 0.014 0.531 0.106 0.003 0.039 
(350) (10) (0) (21) (90) (5) (186) (37) (1) 
Insulin required _< i year 0.031 0 0.064 ~ 0.242 b 0 0.557 0.091 0.004 0.006 
from onset (264) (8) (0) (17) (64) (0) (147) (24) (1) 
Onset < 10 year 0.060 0 0.095 d 0.226 0 0.571 b 0.048 0 0.0006 
(84) (5) (0) (8) (19) (0) (48) (4) (0) 
NIDDM 0.014 0.003 0.024 0.352 0.024 0.507 0.072 b 0.003 NS 
(290) (4) (1) (7) (102) (7) (147) (21) (1) 

"3/6" or "6/6" Other genotypes Significance 

n 65 
Sex (male: female) 26:39 
Age at onset (year; mean _+ SD) 21.2 + 17.0 
Insulin required > 1 year from onset 15.4 % 
Postprandial serum C-peptide _> 0.1 nmol/1 e 45.6 % (26/57) 
Associated autoimmune thyroid disease f 15.4 % 

110 
50:60 NS 
23.4 + 14.9 NS 
30.0 % p = 0.030 
59.3 % (54/91) NS 
9.1% NS 

Observed number of each allele was given in parenthesis in up- 
per panel. 
a Global distribution of alleles between the patient groups and 
the control group was evaluated by chi-square analysis with 
2 x 6 tables (rare alleles "2", "5" and "8" were combined). 

bp < 0.05, Cp < 0.01, 
dp < 0.001 VS control. 
e Post-prandial serum C-peptide response was measured at 
least 3 years after onset. 
f Graves' disease or Hashimoto's thyroiditis. 

oid disease (Graves'  disease or Hashimoto's  thyroi- 
ditis) is frequently associated with I D D M  in Japa- 
nese subjects, as in Caucasians. The frequency of 
the patients who also had autoimmune thyroid dis- 
ease was increased in the group with "3/6" or "6/6", 
although it was not significant (p = 0.206). The fre- 
quency of islet cell antibody (ICA) positivity was 
not significantly different between the subgroups 
(data not shown). 

Discussion 

In the present study, we found an association of the 
polymorphism within the first intron of the IFN-v 
gene with IDDM. Although several earlier studies 
[6, 7] reported possible associations of tumour necro- 
sis factor-fi (TNF-fi) and interleukin-lfi (IL-lfi)  poly- 
morphisms, this is, to our knowledge, the first descrip- 
tion of association between I D D M  and an IFN-y 
polymorphism. One should be cautious about the po- 
sitive association, since multiple factors could give er- 
roneous associations. However,  we analysed enough 
healthy subjects and I D D M  patients from the same 
district in Japan, and the genotype frequencies did 
not deviate from the expected value by Hardy-Wein- 
berg equilibrium. Furthermore,  a significant differ- 
ence of the allele distribution was also observed be- 
tween the patients with I D D M  and the patients with 
N I D D M ,  although the difference was not significant 
between the control subjects and the N I D D M  pa- 
tients. 

Data  derived from in vitro studies and animal 
models of diabetes strongly support an important 
role of IFN-v in the pathogenesis of I D D M  [2], al- 
though there is little evidence in human IDDM. The 
reasons for the association of the IFN-y polymorph- 
ism with I D D M  are currently unknown, but it is 
tempting to speculate that the polymorphism or a 
linked gene(s) may affect regulation of IFN-y gene 
expression. Interestingly, the first intron of the IFN- 
, /gene,  as well as the 5' region, contains a DNase I- 
hypersensitive site and an enhancer-like element [8]. 

The association of IFN-v was obvious when we ex- 
cluded the patients whose insulin treatment started 
after 1 year from onset (reflecting so-called slowly 
progressive IDDM),  and the association was highly 
significant in the young-onset (< 10 years) patients 
(Table 1, upper panel). There was a tendency to- 
wards a frequent occurrence of clinical characteris- 
tics which reflect young or abrupt onset of diabetes 
or both, and depletion of insulin secretion capacity 
in the patients with "3/6" or "6/6" in comparison to 
the patients with other genotypes (Table 1, lower pa- 
nel). These data suggest that the IFN-v polymorph- 
ism may contribute to the appearance of the typical 
symptoms of IDDM. Conversely, slowly progressive 
or older-onset I D D M  or both, may be genetically 
more heterogeneous, and may include diabetes of 
non-autoimmune origin. In fact, recent reports 
showed that diabetes associated with a mitochon- 
drial gene mutation at position 3243 preferably 
showed clinical characteristics compatible with slow- 
ly progressive I D D M  [9, 10 and our unpublished ob- 
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servation].  There fore ,  it is also suggested that  p ro p e r  
classification by par t icular  pheno types  may  be  impor-  
tant  for  disease-associat ion studies. 

The r e  has be e n  a growing concept  tha t  I D D M  sus- 
ceptibil i ty genes comprise  one  major  locus in the 
H L A  complex  and mult iple  minor  loci, including the 
INS region. The  present  s tudy suggests that  the IFN- 
g region may  be one  of the minor  susceptibil i ty genet-  
ic factors  in I D D M .  Al though  the associat ion should 
be ver i f ied in o ther  e thnic  groups, our  findings m ay  
prov ide  an impor t an t  clue to elucidat ing the pa tho-  
genesis of the disease. 
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