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■ Abstract 
It was recently shown that the major allele of the SLC30A8 
(zinc transporter 8, ZnT8) single nucleotide polymorphism 
(SNP) rs13266634 was associated with type 2 diabetes and 
with reduced insulin secretion in non-diabetic relatives. Be-
cause of its role in beta-cell function, we hypothesized that 
this candidate SNP may confer increased susceptibility for 
beta-cell destruction in type 1 diabetes. We analyzed 
SLC30A8 genotypes in 874 patients with type 1 diabetes 
and 1021 control subjects. No difference in allele and geno-
type frequencies of the SLC30A8 SNP rs13266634 was 
found between patients and controls. Analysis with respect 

to age at type 1 diabetes onset, however, showed that pa-
tients with a diabetes onset before age 5 years had an in-
creased prevalence of the cytosine (C) allele (risk allele, 82%) 
and the homozygous CC genotype (65%) compared to pa-
tients who developed type 1 diabetes after age 5 years (67% 
and 49%; p < 0.01) and compared to controls (69% and 
48%; p < 0.03). These data suggest that genetic susceptibility 
for beta-cell dysfunction in the presence of autoimmunity 
may lead to accelerated progression and early manifestation 
of the disease. 
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Introduction 
 

          non-synonymous polymorphism in the 
     SLC30A8 (solute carrier family 30 (zinc trans- 
      porter), member 8) gene was recently reported 

to be more frequent in subjects with type 2 diabetes 
than in healthy controls [1]. Furthermore, it was shown 
that the major allele of the SLC30A8 SNP, 
rs13266634, was associated with reduced insulin secre-
tion after stimulation with intravenous glucose in non-
diabetic relatives of subjects with type 2 diabetes [2]. 
The SLC30A8 gene encodes a zinc transporter protein 
(ZnT8) which is expressed in pancreatic alpha- and 
beta-cells [3, 4]. It is localized in the membrane of the 
insulin secretory granules, facilitates the accumulation 
of zinc from the cytoplasm in intracellular insulin-

containing vesicles and plays a major role in providing 
zinc for insulin maturation and/or storage processes 
[3]. Because of its role in beta-cell function, we hy-
pothesized that this candidate SNP may confer in-
creased susceptibility for autoimmune beta-cell de-
struction in type 1 diabetes. In this research, we ana-
lyze SLC30A8 genotypes in patients with type 1 diabe-
tes and control subjects. 

Research design and methods 

Patients with type 1 diabetes and their spouses were 
recruited in Germany between 1989 and 2000 as par-
ents of children participating in the prospective cohort 
studies, BABYDIAB and BABYDIET [5, 6]. Type 1 
diabetes was diagnosed by WHO criteria. A total of 
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874 patients (586 females, 67%) and 1021 non-diabetic 
spouses (349 females, 34%) were available for genotyp-
ing. Patients had a median age at diabetes onset of 
17.25 years (interquartile range IQR 11.47-24.86). 
Written informed consent was obtained from all sub-
jects who participated in the study. The study was ap-
proved by the competent ethics committee (Bayerische 
Landesärztekammer Nr. 95357). 

The genotyping of the SLC30A8 SNP rs13266634 
was performed with the iPLEX™ (Sequenom San 
Diego, CA, USA) method by means of matrix-assisted 
laser desorption-ionisation time-of-flight mass spec-
trometry (MALDI-TOF MS, Mass Array™, Seque-
nom, San Diego, CA, USA) according to the manufac-
turers instructions (www.sequenom.com). The follow-
ing primers were used: (F) 5’-ACGTTGGATGGC 
AATTTCTCTCCGAACCAC-3’, (R) 5’-ACGTTG 
GATGGCAATCAGTGCTAATCTCCC-3’, and (ex-
tension) 5’-TCAACAGCAGCCAGC-3’. Genotype 
frequencies were determined for patients and the con-
trol group. Comparisons of genotype distributions 
with respect to age were performed using Fisher's ex-
act test by Monte Carlo simulation. Stratification of the 
results with subject age at type 1 diabetes onset yielded 
the following groups: 0-4.99, 5-9.99, 10-14.99, 15-
19.99, 20-29.99, 30-50 years. Hardy-Weinberg equilib-
rium was tested using Pearson’s χ2 test. Odds ratios 
and their p-values were calculated by logistic regres-
sion. The p-values given are two-sided and the level of 
significance was set at α ≤ 0.05. The statistical analysis 
was performed using the software packages SPSS 15.0 
(Chicago, IL, USA) and R (version 2.6.1). 

Results 
The SLC30A8 SNP rs13266634 genotype distribu-

tion was consistent with Hardy-Weinberg equilibrium 
in the whole cohort and in the age sub-categories (p > 
0.1 in all cases). There was no difference in allele and 
genotype frequencies of the SLC30A8 SNP 
rs13266634 between patients with type 1 diabetes and 
control subjects. Analysis with respect to age of type 1 
diabetes onset, however, showed that patients with 
diabetes onset before age 5 years had an increased 
prevalence of the C allele (risk allele, 82%) compared 
to patients who developed type 1 diabetes after age 5 
years (67%; p = 0.0018) and compared to control sub-
jects (69%; p = 0.0084). Moreover, genotype frequen-
cies were also different in the young-onset patients 
with an increase in the CC genotype as compared to 
older-onset patients and control subjects (p = 0.008 
compared to older-onset age; 0.027 compared to con-
trols; Table 1). The differences were most apparent in 
patients who developed diabetes in the first two years 
of life (C allele frequency of 88%). Typical of type 1 
diabetes patients, these very young-onset patients also 
had a high prevalence of the HLA DR3-DQ2/DR4-
DQ8 genotype (60%). 

Conclusion 
It has been previously proposed that impaired insu-

lin action (insulin resistance) as well as a priori impaired 
beta-cell function may contribute to the development 
of islet autoimmunity and type 1 diabetes [7]. Our data 
support part of this assumption by suggesting that ge-

 

Table 1. Association of SLC30A8 SNP rs13266634 with age at type 1 diabetes onset in 874 type 1 diabetic patients 
 

 

Alleles and genotypes 

 

Patients with type 1 diabetes, n (%) 
 

      0-4.99               5-9.99              10-14.99            15-19.99            20-29.99              30-50 
      (n = 52)           (n = 117)           (n = 192)          (n = 154)           (n = 278)            (n = 81) 

 

Controls, n (%)
(n = 1021) 

 

Alleles of rs13266634 (2 x number of subjects):       
 

C 85 (81.
 

7)* 155 (66.
 

2) 249 (64.
 

8) 221 (71.
 

8) 370 (66.
 

5) 113 (69.
 

8) 1416  (69.
 

3) 
 

T 19 (18.
 

3) 79 (33.
 

8) 135 (35.
 

2) 87 (28.
 

2) 186 (33.
 

5) 49 (30.
 

2) 626 (30.
 

7) 
 

Genotypes of rs13266634: 
      

 

CC 34 (65.
 

4)** 49 (41.
 

9) 76 (39.
 

6) 80 (52.
 

0) 119 (42.
 

8) 42 (51.
 

9) 493 (48.
 

3) 
 

CT 17 (32.
 

7) 57 (48.
 

7) 97 (50.
 

5) 61 (39.
 

6) 132 (47.
 

5) 29 (35.
 

8) 430 (42.
 

1) 
 

TT 1 (1.
 

9) 11 (9.
 

4) 19 (9.
 

9) 13 (8.
 

4) 27 (9.
 

7) 10 (12.
 

3) 98 (9.
 

6) 
 

Legend: Data are absolute numbers of subjects in age at onset groups (percentages of age groups in parentheses). Fisher’s exact test p-
value was calculated by Monte Carlo simulation. * p = 0.0018 (odds ratio 2.2, 95%CI 1.3-3.6) vs. patients with diabetes onset > age 5 years; 
p = 0.0084 (odds ratio 2.0, 95%CI 1.19-3.28) vs. control subjects. ** p = 0.008 (odds ratio 2.4, 95%CI 1.31-4.24) vs. patients with diabetes 
onset > age 5 years; p = 0.027 (odds ratio 2.0, 95%CI 1.13-3.63) vs. control subjects. 
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netic susceptibility for beta-cell dysfunction (through 
SLC30A8 SNP) in the presence of autoimmunity leads 
to accelerated progression of beta-cell destruction and 
early manifestation of the disease. Moreover, an asso-
ciation that is limited to young-onset diabetes may fur-
ther suggest that the polymorphic variants have their 
greatest effect on beta-cell function during early life 
when beta-cell mass is still small. It will also be of in-
terest to determine whether early manifestation of 
autoimmunity to ZnT8, recently described as an 
autoantigen target in type 1 diabetes [8], is related to 

the SLC30A8 genotype. In conclusion, this analysis 
suggests that type 1 and type 2 diabetes may indirectly 
share some mechanisms of pathogenesis. 
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