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Abstract

The association of the polymorphism of the Z-DNA–forming repeats in the promoter region of SLC11A1 (solute carrier family 11

member 1), formerly designated NRAMP1 (natural resistance associated macrophage protein 1), with type 1 diabetes was studied in a total of

244 Japanese subjects. Three alleles were detected in Japanese subjects. In diabetic patients, allele 2 was less frequent and allele 3 was more

frequent, albeit not significantly, than in control subjects. Allele 2 was significantly (P b .024) less frequent whereas allele 3 was more, albeit

not significantly, frequent in the younger onset group than in the control subjects. In patients with a susceptible HLA allele, DRB1*0405 or

DRB1*0901, the frequency of allele 2 was significantly (P b .013) lower and that of allele 3 tended to be higher than that in patients without

either DRB1*0405 or DRB1*0901. The protective effect of allele 2 against type 1 diabetes and other autoimmune diseases was confirmed by

meta-analysis (summary odds ratio, 0.71, 95% confidence interval, 0.53-0.96). Because allele 2 was shown to be associated with low

expression of SLC11A1 and protection against another autoimmune disease, rheumatoid arthritis, the negative association of allele 2 with

autoimmune type 1 diabetes in the present study suggests that a less active immune system in subjects with allele 2 may protect individuals

from autoimmune diseases.

D 2005 Elsevier Inc. All rights reserved.
1. Introduction

Type 1 diabetes is a multifactorial autoimmune disease,

the susceptibility to which is determined by environmental

and genetic factors [1-3]. In addition to the strongest

component (IDDM1) located in the HLA region on chromo-

some 6 [4,5], it is known that non-HLA genes contribute to

the disease susceptibility [6].

Among them, distal chromosome 2q has been demon-

strated to be an important region for disease susceptibility,

where several susceptibility genes, IDDM7, IDDM12, and

IDDM13, have been mapped by linkage studies [7-10]. In

our previous study [11], we investigated the association

between type 1 diabetes and the gene for IA-2 on

2q35-q36.1, which has been proposed to be an autoantigen

in type 1 diabetes [12]. The results demonstrated that the
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IA-2 gene is not involved in susceptibility to, or heteroge-

neity of, type 1 diabetes in Japanese subjects [11].

Therefore, which gene in this region is responsible for

disease susceptibility remains to be elucidated.

Recently, a gene encoding solute carrier family 11

member 1 (SLC11A1), which was formerly designated

natural resistance associated macrophage protein 1

(NRAMP1), was assigned to chromosome region 2q35.

SLC11A1 regulates priming and activation of macrophages

[13]. Because macrophages are known to play a role in the

pathogenesis of autoimmune diseases [14], including type 1

diabetes, SLC11A1 is a functional as well as a positional

candidate gene for type 1 diabetes.

The promoter region of the SLC11A1 gene possesses a

Z-DNA–forming repeat, whereas Z-DNA is associated with

actively transcribing genes [15]. In previous studies, the

Z-DNA–forming repeat of the SLC11A1 gene was shown to

be polymorphic [16] and to directly affect its promoter

activity [17]. One allele, designated ballele 3,Q of the
xperimental 54 (2005) 628–633
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Z-DNA–forming repeat polymorphism was shown in vitro

to be associated with increased expression of SLC11A1

protein in macrophages [17]. Several studies have demon-

strated an association of allele 3 with protection against

chronic infectious diseases and with risk for susceptibility to

rheumatoid arthritis [14]. In contrast, another allele,

ballele 2,Q which was shown to be associated with lower

promoter activity [17], was reported to be associated with

susceptibility to infectious diseases and with protection

against rheumatoid arthritis. Thus, the Z-DNA–forming

polymorphism may be involved in the genetic predisposi-

tion to infectious diseases and autoimmune diseases through

its effect on altered expression of SCL11A1.

In this study, as a positional and functional candidate, we

examined the association of a polymorphism of the

Z-DNA–forming repeats in the promoter region of the

SLC11A1 gene with type 1 diabetes in Japanese subjects. To

further confirm the contribution of the SLC11A1 locus to

genetic susceptibility to autoimmune diseases, meta-analysis

of available data was also performed.
2. Materials and methods

One hundred fourteen unrelated Japanese patients (47

males, 67 females) with type 1 diabetes and 130 unrelated

healthy control subjects (73 males, 57 females) were

studied. Median age at onset of the disease was 12.0 years

(interquartile range, 12.5 years) and its range was 2 to 59

years. The diagnosis of type 1 diabetes was defined by the

following criteria: ketosis-prone and lacking endogenous

insulin secretion as judged by urinary C-peptide level of less

than 3.3 nmol/d, and needing more than 4 insulin injections

per day. Control subjects consisted of medical staff in our

department who had normal glucose tolerance and no family

history of type 1 diabetes or other autoimmune diseases.

Mean (FSD) age of the control subjects was 42.0 (F10.9)

years. All patients and control subjects were of Japanese

origin and resided in the Osaka area (western Japan).

Informed consent was obtained from all subjects.
Table 1

Allele frequencies of SLC11A1 gene polymorphism in Japanese subjects

Present study

Type 1 diabetes n = 228 n

%

Age at onset of type 1 diabetes

b11 (n = 84) %

z11 (n = 128) %

Susceptible HLA DRB1*0405 or DRB1*0901

(+) n (%)

(�) n (%)

Control n = 260 n

%

The polymorphic Z-DNA–forming repeats of the

SLC11A1 gene were investigated using a fluorescence-

based method, as reported previously [18,19]. Briefly,

forward polymerase chain reaction (PCR) primers were

labeled with 6-FAM and the PCR products were electro-

phoresed in 4% denaturing polyacrylamide gel, using an

ABI Prism Genetic Analyzer (Applied Biosystems, Foster

City, Calif) with Genescan 350 ROX (Applied Biosystems)

as an internal lane size standard. Polymerase chain reaction

fragments were sized with GeneScan Analysis software

(Applied Biosystems), genotyped with Genotyper software

(Applied Biosystems), and alleles were identified using a

histogram as reported previously [20].

Allele 1, corresponding to a PCR product size of 116

base pairs (bp) in Caucasian, is apparently the same size, but

has a different sequence from an allele 7 reported in a

Japanese population [17,21]. Because alleles 1 and 7 were

indistinguishable in the present study analysis, these two

were combined and dealt with as allele 1 [7].

Given that younger age at onset of type 1 diabetes is

associated with predisposition to the disease, as suggested in

family [22,23] and case-control [24] studies, the diabetic

patients were divided into 2 subgroups according to age at

onset at puberty: (age at onset b11 years, n = 42; z11

years, n = 64).

To investigate the possible interaction between SLC11A1

and IDDM1, the strongest component of susceptibility, the

HLA-DRB1 allele was determined by PCR-RFLP method as

reported previously [25]. Statistical analysis was performed

by v2 test or Fisher exact probability test.

To perform a meta-analysis, the published literature was

searched using PubMed with the following key words:

SLC11A1 or NRAMP1, and autoimmunity, followed by a

complimentary search in the reference list of the selected

articles. Articles in which genotype and/or allele data were

described in unrelated individuals according to autoimmune

disease status were analyzed, as reported previously [26]. A

random effect model was adopted to assess the summary

odds ratio and its 95% confidence interval (CI).
Allele 1 [7] Allele 2 Allele 3 P

20 21 187

8.8 9.2 82

9.5 4.8* 85.7 *b.024 vs control

7.8 11.7 80.5

17 (8.8) 3 (7.2*) 19 (84.0) *b.013 vs (�)

3 (8.8) 7 (20.6) 24 (70.6)

19 36 205

7.3 13.8 78.9



Table 2

Meta-analysis of SLC11A1 gene polymorphism in patients with autoimmune disease

Allele GenotypeDisease Population Phenotype n

Allele 2

(+) (%)

Allele 2

(�) (%)

Allele 3

(+) (%)

Allele 3

(�) (%)

n

Allele 2

(+/+) (%)

Allele 2

(+/�) (%)

Allele 2

(�/�) (%)

Allele 3

(+/+) (%)

Allele 3

(+/�) (%)

Allele 3

(�/�) (%)

Type 1 diabetes

(present study)

Japanese Disease(+) 228 21 (9.2) 207 (90.8) 187 (82.0) 41 (18.0) 114 0 (0) 21 (18.4) 93 (81.6) 76 (66.7) 35 (30.7) 3 (2.6)

Disease(�) 260 36 (13.8) 224 (86.2) 205 (78.8) 55 (21.2) 130 2 (1.5) 32 (24.6) 96 (73.8) 83 (63.9) 39 (30.0) 8 (6.2)

Type 1 diabetes

(Bassuny et al [27])

Japanese Disease(+) 412 49 (11.9) 363 (88.1)

Disease(�) 400 65 (16.3) 335 (83.8)

Type 1 diabetes

(Takahashi et al [28])

Japanese Disease(+) 190 22 (11.6) 168 (88.4) 150 (78.9) 40 (21.0)

Disease(�) 448 69 (15.4) 379 (84.6) 359 (80.1) 89 (19.9)

Inflammatory

bowel disease

(Kojima et al [21])

Japanese Disease(+) 430 65 (15.1) 365 (84.9) 317 (73.7) 113 (26.3) 215 4 (1.9) 57 (26.5) 154 (71.6) 117 (54.4) 83 (38.6) 15 (7.0)

Disease(�) 648 96 (14.8) 552 (85.2) 520 (80.2) 128 (19.8) 324 6 (1.9) 84 (25.9) 234 (72.2) 206 (63.6) 108 (33.3) 10 (3.1)

Juvenile

rheumatoid arthritis

(Sanjeevi et al [30])

Latvian Disease(+) 238 38 (16.0) 200 (84.0) 200 (84.0) 38 (16.0) 119 6 (5.0) 25 (21.0) 88 (73.9) 88 (73.9) 25 (21.0) 6 (5.0)

Disease(�) 222 64 (28.8) 158 (71.2) 156 (70.3) 66 (29.7) 111 15 (13.5) 35 (31.5) 61 (54.9) 60 (54.1) 35 (31.5) 16 (14.4)

Rheumatoid arthritis

(Rodoriguez et al [31])

Spanish Disease(+) 282 91 (32.2) 191 (67.7) 189 (67.0) 93 (33.0) 141 18 (12.8) 55 (39.0) 68 (48.2) 66 (46.8) 57 (40.4) 18 (12.8)

Disease(�) 388 107 (27.6) 281 (72.4) 278 (71.6) 110 (28.4) 194 15 (7.7) 77 (39.7) 102 (52.6) 100 (51.5) 78 (40.2) 16 (8.2)

Multiple sclerosis

(Kotze et al [32])

African

Americans

Disease(+) 208 41 (19.7) 167 (80.3) 160 (76.9) 48 (23.1)

Disease(�) 658 223 (33.9) 435 (66.1) 434 (66.0) 224 (34.0)
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3. Results

In total, 3 PCR products (116, 118, and 120 bp) were

detected in the present analysis, which were assigned to

alleles 1 [7], 2 and 3, respectively. The allele distribution of

our controls was not significantly different from that of

each reported in the Japanese population (P = .36 [21],

P = .61 [27] and P = .26 [28], respectively, v2 test with 2

degrees of freedom).

To investigate the association of the polymorphism with

type 1 diabetes, the allele distribution of SLC11A1 was

compared between diabetic patients and control subjects. In

the diabetic patients, allele 2 was less frequent and allele 3

was more frequent than in the control subjects, but the

differences were not statistically significant (Table 1).

To study the association of the polymorphism with type 1

diabetes in patients with stronger predisposition to the

disease, the diabetic patients were divided into 2 subgroups

according to onset at puberty (11 years old), which has

been suggested to be biologically related to a high

incidence of diabetes [29]. The frequency of allele 2 was

significantly lower in the younger onset group than in the

control subjects (P b .024), whereas that of allele 3 was

higher, albeit not significantly, in diabetic individuals than

in control subjects (Table 1).

Because of the well-known contribution of IDDM1 in

the HLA region to genetic susceptibility to type 1 diabetes,

it is important to consider the possible genetic interaction of

the polymorphism with IDDM1. Hence, the patients were

stratified according to the presence or absence of disease-

associated HLA alleles in Japanese subjects. HLA class II

distribution per se was not significantly different between

younger and older onset groups (data not shown). In

patients with susceptible HLA alleles, DRB1*0405 or

DRB1*0901, the frequency of allele 2 was significantly

lower than that in patients without either DRB1*0405 or

DRB1*0901 (P b .013), whereas the frequency of allele 3

was higher, albeit not significantly, in patients with the

susceptible HLA (Table 1).

Because the association of the SLC11A1 polymorphism

with type 1 diabetes in the present study was marginal, a

meta-analysis was performed. From 49 articles detected by

PubMed search, 7 sets of data, including the present result,

in total [21,27,28,30-32] were available (Table 2). In a

random effect model, allele 2 was negatively associated

with autoimmune diseases, with a summary odds ratio of

0.71 (95% CI, 0.53-0.96). When analysis was restricted to

type 1 diabetes ([27,28] including the present results), allele

2 was negatively associated with type 1 diabetes mellitus,

giving a summary odds ratio of 0.68 (95% CI, 0.52-0.90).
4. Discussion

In the present study in Japanese patients with type 1

diabetes, allele 2 of the functional polymorphism of

SLC11A1, which was shown to be associated with decreased
expression of SLC11A1, was significantly less frequent in

patients with younger onset of the disease and in patients

with a susceptible HLA than in controls. Because patients

with younger onset and with a susceptible HLA are

expected to have a predisposition to type 1 diabetes, these

data suggest that polymorphism in the Z-DNA–forming

motif of the SLC11A1 gene may be involved in the genetic

preposition to type 1 diabetes as a modifier of other

susceptibility genes, such as IDDM1 in HLA. Another

possibility is that there is more genetic heterogeneity in type

1 diabetes in the Japanese than has been appreciated

previously, and that other, non-HLA genes are accounting

for a larger proportion of genetic susceptibility in the older

onset subjects.

SLC11A1 is found in macrophages and plays roles in the

killing of bacteria within lysozomes [33]. The promoter

region of human SLC11A1 possesses a dinucleotide repeat

polymorphism within a possible enhancer element of a

Z-DNA–forming motif. A previous in vitro study [17]

demonstrated that the polymorphism is functional, associ-

ated with altered gene expression. Because macrophages

were shown to play an important role in the development of

type 1 diabetes in the NOD mouse, chronic hyperactivation

of macrophages associated with higher expression of

SLC11A1, possibly promoted by allele 3, may well promote

the autoimmune disease process leading to b-cell destruc-
tion, whereas lower expression of SLC11A1, associated with

allele 2, may be protective against the development of

autoimmune diabetes [17].

Accumulating lines of evidence have pointed to a

triggering role of some viral infections in the development

of type 1 diabetes [34]. As SLC11A1 is expressed in

macrophages and is involved in killing bacteria, it may have

little effect on defense against viral infections. Therefore,

the functional alteration of SLC11A1 related to allele 2, if

any, may have less effect on triggering type 1 diabetes.

The present results suggested that the Z-DNA–forming

DNA repeat may be responsible for IDDM13. The IDDM13

region on human chromosome 2q is syntenic to mouse

chromosome 1, where a susceptibility locus for type 1

diabetes, Idd5, was mapped. A recent congenic mapping in

the NOD mouse demonstrated that a previously identified

susceptibility gene, Idd5, is composed of multiple compo-

nents, Idd5.1 and Idd5.2 [35,36]. The Idd5.2 congenic

interval (9.4 cM) contains Slc11a1, the mouse ortholog of

human SLC11A1. Thus, the gene encoding SLC11A1 is a

functional and positional candidate for IDDM13 in human

beings and for Idd5.2 in mice. A recent study by Ueda et al

[37] demonstrated that the gene encoding CTLA4 is

responsible for IDDM12, a susceptibility gene for type 1

diabetes on chromosome 2q. Furthermore, extensive studies

on the NOD mouse demonstrated that Ctla4, the mouse

ortholog of human CTLA4, is responsible for type 1 diabetes

susceptibility, Idd5.1 [35-37]. These data indicate the

importance of studies on orthologs in mice and human

beings in determining susceptibility genes for type 1
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diabetes. The localization of the gene for SLC11A1 in the

IDDM13 region in human beings and the Idd5.2 region in

mice therefore suggests this gene as a strong candidate for

type 1 diabetes susceptibility.

Although the present study suggested the association of

the SLC11A1 polymorphism with type 1 diabetes, the

association was marginal and in fact no longer significant

when corrected for multiple comparisons, probably because

of relatively small sample size. We therefore performed a

meta-analysis to confirm the association suggested in the

present study. Meta-analyses have been shown to be

powerful for robust estimation of genetic effects by

increasing the effective sample size [38]. From the present

meta-analysis, allele 2 was shown to be negatively associ-

ated with autoimmune diseases. As the summary odds ratio

of the allele 2 for type 1 diabetes (0.68) was comparable to

that for autoimmune diseases (0.71), the protective effect of

the allele 2 against an autoimmune disease was consistent

throughout a wide spectrum of autoimmune diseases. These

analyses suggest that the protective effect of the allele 2

against autoimmune disease is not organ-specific, but

may be through immune regulation common to several

autoimmune diseases.

In our present case-control analysis, a statistically

significant difference was not detected in allele frequencies

per se, which could be because the sample size was not large

enough. However, the present observation revealed quite

similar associations of allele 2 with type 1 diabetes among

studies and helped increase the power of the present meta-

analysis, resulting in robust estimation of the genetic effect.

In the last century, marked improvement in hygiene and

great advances in the treatment of classic infectious diseases,

such as malaria and tuberculosis, have led to a large reduction

in mortality due to infectious diseases. Under the present

hygiene system, an overactive immune system may lead to

excessive immune reaction, which may predispose individ-

uals to autoimmune diseases. Because allele 2 of SLC11A1

was shown to be associated with low expression of SCL11A1

and protection against another autoimmune disease, rheuma-

toid arthritis, the negative association of allele 2 with

autoimmune type 1 diabetes in the present study suggests

that a less active immune system in subjects with allele 2

may be protective against autoimmune disease and lack of

allele 2 may predispose individuals to autoimmune disease

under the present hygiene system.
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