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Aspartic acid at position 57 of DQP chain does not protect
against Type 1 (insulin-dependent) diabetes mellitus in Japanese subjects

K.Yamagata'!, H.Nakajima!, T. Hanafusa!, T. Noguchi?, A. Miyazaki!, J. Miyagawa', M. Sada’, H. Amemiya,

T.Tanaka”, N.Kono! and S.Tarui!

1 The Second Department of Internal Medicine,

2 Department of Nutrition and Physiological Chemistry, Osaka University Medical School, and
3 National Cardiovascular Center, Research Institute, Department of Surgical Research, Osaka, Japan

Summary. HLA DQp chain, in particular amino acid at posi-
tion 57, has been reported to contribute to susceptibility and
resistance to Type 1 (insulin-dependent) diabetes mellitus in
Caucasians. Resistance has been proposed to be conferred by
aspartic acid at this position. To ascertain the association of
HLA DQp and DRJ genes with Type 1 diabetes in Japanese
subjects, ten Japanese Type 1 diabetic patients were investi-
gated at DNA level. Genomic DNA was amplified by
polymerase chain reaction, and dot blot analysis was carried
out using the amplified DNA with allele specific oligonucleo-

tide probes. All patients had aspartic acid at position 57 of at
least one of their two DQ chains, and there was no significant
difference of amino acids at the same position of DRJ chain
in patients compared to control subjects. These data indicate
that the protective role of aspartic acid at position 57 of DQp
chain is less significant in Japanese compared with Caucasian
subjects.
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The association between Type1 (insulin-dependent)
diabetes and particular HLA-DR or DQ types has been
reported in Caucasians and Japanese. In Caucasians,
the DR4 haplotype in Type 1 diabetic patients is highly
associated with DQw3.2 [1] and moreover, the analysis
of DNA sequences of Type 1 diabetic patients has re-
vealed the amino acid substitution at position 57 of the
DQP chain [2]. The presence of aspartic acid (Asp) at
this position of DQB chain is considered to have a pro-
tective effect against Type 1 diabetes, and non-aspartic
acid (non-Asp), such as alanine, valine and serine, at
this position predisposes to Type 1 diabetes. Morel et
al. reported that 96% of Caucasian Type 1 diabetic pa-
tients were homozygous non-Asp/non-Asp and 4%
were heterozygous non-Asp/Asp [3]. But, the DQ asso-
ciation with Japanese Type 1 diabetes has not been well
studied and the amino acid substitution at this point re-
mains to be solved. Besides, recent serological analysis
suggested that the amino acid at position 57 of DR
chain may also contribute to susceptibility to Type 1
diabetes in Japanese subjects [4]. In this study, genomic
DNA of Japanese Type 1 diabetic patients was ampli-
fied by polymerase chain reaction (PCR) and analysed
with DQ and DR allele specific oligonucleotide (ASO)
probes to determine the amino acids at these two par-
ticular positions.

Subjects and methods

Patients

Ten Japanese Type 1 diabetic patients were diagnosed according to
the criteria of WHO and treated with insulin at the Second Depart-
ment of Internal Medicine of Osaka University Hospital. Islet cell
antibody was positive in eight out of the ten patients. Ten randomly
selected control subjects with DR4 and/or DRw9 were chosen from
laboratory staff. Informed consent was obtained from all the patients
and control subjects. This study was performed in accordance with
the principles of the Declaration of Helsinki.

HILA typing

Serological HLA phenotypes were determined by the NIH standard
microlymphocytotoxicity test.

Polymerase chain reaction and dot blot analysis

Chromosomal DNA was extracted from peripheral blood lympho-
cytes. One pg of genomic DNA was amplified by polymerase chain
reaction [5]. Sixty cycles of denaturation at 95°C, annealing at 47°C
and extension at 72°C were performed using Thermus thermophilus
polymerase (Toyobo Co, Ltd, Osaka, Japan). Reactions were per-
formed under the manufacturer’s recommendation except that 10%
dimethyl sulfoxide was added. The amplified DNA showed single
band of appropriate length (DQ=241base pairs, DR =210 base pairs)
by agarose gel electrophoresis and by Southern blotting of this gel,
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Fig.1 A-C. Oligonucleotide dot blot analysis. DQB locus amplified
DNA was probed with oligonucleotide DQ3.1 (A), DQ3.2 (B) and
DQ1.1 (C)

amplified bands selectively hybridized with each respective probe (see
below). About 50 ng of each amplified DNA was dot blotted to nylon
membrane (Hybond N, Amersham International plc, Amersham,
Bucks, UK). After hybridization in 50 mmol/1 Tris-Cl (pH?7.5),
1mol/1 NaCl and 1% (weight/volume) sodium dodecyl sulfate for
16 h at 5°C below the lowest Td (Td=4°C per guanine(G)/cyto-
sine(C) base pair + 2°C per adenine(A)/thymine(T) base pair) with
allele specific oligonucleotide (ASO) probes, the filters were washed
in 6 x SSC (1 x SSC is 0.15 mol/1 NaCl, 0.015 mol/1 trisodiumcitrate)
at the hybridization temperature for 1 h and at Td for 3 min and auto-
radiographed.

The DQB primers are DQP1 (5-GATTTCGTGTACCAGTT-
TAAGGGC-3': amino acid positions 6-13) and DQP2 (5-CCACCT-
CGTAGTTGTGTCTGCA-3’: amino acid positions 79-86) [2]. The
DRB primers are DRP1 (5-CATTTCTTCAACGGGACGGAG-3':
amino acid positions 16-22) and DRP2 (5-AACCCCGTAGTTGTG-
TCTGCA-3': amino acid positions 79-85) [6]. The probes used in this
study were DQ3.1 (5-GGCCGCCTGACGCCGAG-3"), DQ3.2 (5'-
GGCCGCCTGCCGCCGAG-37), DQ3.1-26 (5-CGTGCGTTATG-
TGACCA-3") and DQ3.3-26 (5-CGTGCGTCTTGTGACCA-3") for
DQw3 specific probes [3]. DQ1.1 (5-GGCGGCCTGTTGCCGAG-
3), DQ1.2 (5-GGCGGCCTGATGCCGAG-3'), DQ19 (5-GG-
CGGCCTGACGCCGAG-3") and DQILAZH (5-GGCGGCCT-
AGCGCCGAG-3") were used as DQw1 specific probes [3]. The se-
quence of DQw4 probe was 5-GGCGGCTTGACGCCGAG-3' [3].
DR4 probes were Dw4 (5-GGCCTGATGCCGAGTACT-3') and
Dw15 (5-GGCCTAGCGCCGAGTACT-3") [7]. DR6a probe was
identical to Dw4 probe [6]. DR6b probe was 5¥-GGCCTGCTGCG-
GAGCACT-3' [8]. DRw9 specific probe was DR9a (5'-GGCCTGTC-
GCCGAGTCC-3")[6]. All probes were 5'-end labelled by y-[>2P]-ATP
(370 MBg/ml) using T4 polynucleotide kinase (Toyobo Co, Ltd).

Results

Serological HLA types of the subjects are shown in the
left part of Table 1. X/~ indicates that only X allele was
detected, and it could be regarded as homozygous for
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X. The minimum frequencies of DR4 and DRw9 in pa-
tients were 45% (9 of 20) and 20% (4 of 20), respectively.
All patients tested in this study had DQw3 antigens.

Table 1 also shows the summary of dot blot analysis
of DR and DQ haplotypes. Only two of ten DQw3 posi-
tive patients had DQw3.2 (Fig.1A, B) and both were
determined as heterozygous non-Asp/Asp. In this
study, five out of nine patients (56%) were homozygous
aspartic acid (Asp/Asp) and four patients (44%) were
heterozygous non-Asp/Asp. Aspartic acid at this par-
ticular position was seen in at least one DQB allele in all
ten patients. In the control subjects, all but No. 18 were
homozygous for aspartic acid. The minimum frequen-
cies of DQw4 and DQw3.3 among Type 1 diabetic pa-
tients were 20% (4 of 20) and 35% (7 of 20) respectively,
as compared to 5% (1 of 20) and 40% (8 of 20) among
the healthy control subjects. Two of four serologically
DQw1 positive patients (DQw6 is identical to DQw1.2)
were proved to be DQw1l.1 by dot blot analysis
(Fig.1C), but the other two patients’ DNA did not hy-
bridize with any of the four DQw1 probes.

The amino acid at position 57 of DRp chain was
also investigated. In patients whose phenotypes were
both identified by dot blot analysis, the frequencies
were 43% (3 of 7) for the non-Asp homozygosity, 57% (4
of 7) for the non-Asp/Asp heterozygosity, and 0% (0 of
7) for the Asp homozygosity. In the control subjects, the
frequencies were 83% (5 of 6), 17% (1 of 6) and 0% (0 of
6), respectively.

Table 1. Serological typing and dot blot analysis of ten Type 1 (in-
sulin-dependent) diabetic patients and ten control subjects

No. Serological Dot blot analysis
typing
DR DQ DR DQ 57-DRB 57-DQB
Patients

1 2/4 1/3 NT/w15 NH/31 2/NA UA

2 4/— 3/— wd/wi5 3.2/33 A/NA NA/A

3 4/9 3/— NH/9a 33/— 7/NA A/ —

4 4/14 1/3 wi15/6a 1.1/4 NA/A NA/A

5 9/— 3/— 9a/— 33/— NA/— A/-—

6 4/— 3/— wa/wil5 32/33 A/NA NA/A

7 4/~ 3/— wl5/— 4/ — NA/ - A/-

8 4/6 1/3 wi15/NH 4/33 NA/? A/A

9 4/9 3/— wi5/9a 3.3/4 NA/NA A/A
10 4/9 3/6 w4/9a 3.3/11 A/NA  A/NA

Controls

11 49 3/— wi15/9a 33/-— NA/NA A/—
12 15/9 3/6 NT/9a 3.1/33/1.9 %/NA A/A
13 4/9 3/— NH/9a 3.1/33 2/NA A/A
14 4/~ NT wi5/— 4/ —~ NA/— A/—
15 9/— NT 9a/— 33/— NA/ - A/-
16 4/9 3/— wl5/9a 33/-— NA/NA A/—
17 9/(5) 3/— 9a/(NT) 3.1/33 NA/? A/A
18 7/9 2/3 NT/%9a NT/3.3 ?7/NA /A
19 4/9 3/— wi5/9a 33/-— NA/NA A/—
20 4/5 3/— wi/wis 31/— A/NA  A/—

NT, not tested; NH, not hybridized with any probes; NA, non-Asp;
A, Asp; X/ — indicates that only X was detected and could be re-
garded as X/X; ? indicates that the allele was not detected
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Discussion

The specific probes in this study enabled us to charac-
terize HLA DR and DQP molecules in detail at DNA
level. DQ3.1 and DQ3.2 probes distinguished HLA
DQw3.1 and DQw3.3 from DQw3.2. HLA DQw?3.3 was
differentiated from DQw3.1 with DQ3.1-26 and
DQ3.3-26 probes. Characterization of DQw3 was
possible at the nucleotide level by the use of these four
ASO probes. Similarly, DQw1l was classified as
DQw1.1, DQw1.2, DQw1.9 and DQw1.AZH with ASO
probes. HLA DR4 is divided into several subtypes by
Dw. The nucleotide sequences of Dw4, Dw10, Dw13,
Dw14 and DKT2 corresponding to the amino acids
55-61 of the first domain of the B chain are identical,
but the sequence of Dw15 is different [7]. The amino
acid at position 57 of Dw15 is serine and that of the
others is aspartic acid. Amino acids at this position of
DR6b and DR9a are alanine and valine, respectively.
It has been suggested that aspartic acid at position 57
of DQP chain protects against Type 1 diabetes and non-
asparticacid atthe same position predisposes Caucasians
to Type 1 diabetes [2, 3). But the relationship between
non-aspartic acid and the disease susceptibility has not
yet been reported in Japanese Type 1 diabetic subjects.
This study has shown that position 57 of the DQp chain
was homozygous for Asp in 56% and heterozygous for
Asp/non-Asp in 44% of such patients. In the control sub-
jects, all nine subjects whose DNA could be typed were
Asp homozygous. These findings have two implications.
Firstly, aspartic acid at position 57 of DQP chain does not
protect against Type 1 diabetes in Japanese subjects. Sec-
ondly, non-Asp at this position may predispose Japanese
subjects as well as Caucasians to Type 1 diabetes.
Although Japanese subjects with DR4.1-DQw4 and
DRw9-DQw3.3 haplotypes have been reported to be
susceptible to Type 1 diabetes [4], the amino acids at po-
sition 57 of DQw4p and DQw3.38 chain proved to be
aspartic acid in healthy subjects. Since both DR4.1j
and DRw9f have non-aspartic acid at this position, the
possibility exists that non-Asp in DR may have the
same effect as the DQP locus in Japanese subjects, and
non-Asp in either DQB or DR may be enough for sus-
ceptibility to Type 1 diabetes. However, our data have
shown that the frequencies of non-Asp-57 DR homozy-
gotes and heterozygotes were not increased as com-
pared to the healthy control subjects, suggesting that
amino acid at position 57 of DR is less important than
DQp in Japanese subjects as well as in Caucasians.
DNA from No.12 hybridized with three probes (3.1,
3.3, 1.9). These hybridizations were specific, and these
sequences were not found in any corresponding loci of
DXB, DOB and DPB [9]. So the reason for this discrep-
ancy is unclear at present.
This study has shown that the non-Asp at position
57 of DQp would contribute, at least in part, to suscep-
tibility to Type 1 diabetes in Japanese subjects. On the
other hand, aspartic acid at position 57 of DQp does not
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protect against Type 1 diabetes in Japanese subjects.
The latter finding is clearly different from Caucasian
Type 1 diabetes. Whether any other position of suscep-
tibility to Type 1 diabetes exists in Japanese is yet to be
determined. Very recently, the possibility was suggested
that DQA1 gene contributes to the development of
Type 1 diabetes [10]. Thus, other loci including DQA1
must be further investigated to clarify the pathogenesis
of Type 1 diabetes in Japanese.
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