Table 2. Haplotype frequenoies of HLA-DRB1-DQB1 among Japanese children with Type 1A diabetes

HLA genetypes in Japanese with Type 1A diabetes

HLA haplotype . Type 1A Control Type 1A vs. Control
DRB1-DQB1 n =860 % n= 1032 % p Pc OR (95% CJ)
*09:01-*03:03 275 31.98 138 13.37 2.19E-22 <10-2% 3.05 (2.42-3.83)
*04:05-*04:01 222 25.81 134 12.98 1.43E-12 <10~ 2.33 (1.84-2.96)
*08:02-*03:02 83 9.65 20 1.94 1.01E-13 <10~ " 5.41 (3.29-8.89)
*04:05-*03:02 35 4.07 0 0.00 7.05E-13 <10~M

*08:03-*06:01 10 1.16 62 6.01 9.35E-08 <106 0.18 (0.09-0.386)
*15:02-*06:01 9 1.05 92 8.91 4.24F-16 <1014 0.11 (0.06-0.22)
*15:01-*06:02 0 0.00 118 11.43 3.75E-33 <jo™ 0.00

*04:07-703:02 14 1.63 4 0.39 7.45E-03 NS

*01:01-*05:01 25 2.91 40 3.88 NS

*13:02-*06:04 37 4.30 56 543 NS

*15:01-*03:01 4 0.47 2 0.19 NS

Others 146 16.98 366 35.47

Cl, confidence interval; n, total number of alleles; OR, odds ratio.

The control data were obtained from Ref. (22).

C*12:02 (Pc < 107°; OR, 0.18), C*14:03 (Pc < 0.05;
OR, 0.33), B*15:01 (Pc < 0.05; OR, 0.34), and B*52:01
(Pc < 107%; OR, 0.17) (Table 3).

Linkage disequilibrium (LD) between
DRB1-DQB1 haplotypes and DPB1, A, C, or B
alleles

DPB1*02:01 and *03:01 were assessed as suscepti-
ble alleles in the case-control study but were not
specifically associated with any susceptible DRBI-
DQBI haplotype. The RD values for DPB1%02:01
to DRB1*04:05-DQB1*04:01, DRBI1*09:01-DQB1*
03:03, and DRBI1*08:02-DQB1*03:02 were 0.246,
0.312, and 0.112, respectively. The RD values for
DPB1*03:01 to DRB*04:05-DQB1*04:01, DRB1*
09:01-DQB1%03:03, and DRBI1*08:02-DQB1*03:02
were 0.175, 0.081, and 0.148, respectively. A*24:02
was assessed as a susceptible allele in the case-control
study but was not specifically associated with any sus-
ceptible DRBI-DQBI1 haplotype. The RD values for
A*24:02 to DRB1*04:05-DQB1*04:01, DRB1%09:01-
DQB1*03:03, and DRB1*08:02-DQB1%03:02 were
0.405, 0.310, and 0.286, respectively. However, the
susceptible alleles C*01:02 and B*54:01 appeared
to be associated with the DRB1%04:05-DQB1%*04:01
haplotype (RD, 0.697). Meanwhile, the susceptible
C*08:01 and B*40:06 alleles appeared to be associ-
ated with the DRBI1%09:01-DQB1*03:03 haplotype
(RD, 0.597).

DPB1*09:01, C*12:02, and B*52:01 were assessed as
protective alleles in both the case-control study and the
TDT and appeared to be associated with the protective
DRBI1*15:02-DQB1*06:01 haplotype. The RD for
the C*12:02-B*52:01-DRB1#15:02-DQB1*06:01-
DPB1*09:01haplotype was 0.861 among the Japanese
children with Type 1A diabetes in this study. The
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protective alleles A*33:03, C*14:03, and B*44:03 were
associated with a high LD (RD, 0.842).

Transmission of susceptible and protective alleles
from maternal and paternal parents

In the TDT, the transmission of DRBI1*08:02 from
the father occurred more frequently than from the
mother, but the difference was not significant. The
transmission of DRB1#*09:01 from the mother occurred
more frequently than from the father, but again the
difference was not significant. The DRB1, DQBI, and
DPBI alleles were not transmitted preferentially from
the mother or father to the children with Type 1A
diabetes (Table 3), and the same was true for the A, C,
and B alleles (Table 3).

Comparison of combinations of susceptible
haplotypes and protective alleles between children
with Type 1A diabetes and their parents

When genetic combinations of HLA-DRBI-
DQB1 haplotypes were compared between children
with Type 1A diabetes and their parents (149
parent—child trios), 54.4% of the children with
Type 1A diabetes and 21.3% of their parents had
two susceptible haplotypes. The frequencies of
DRY/9 (homozygotes for DRB1*09:01-DQB1%03:03)
(Pc < 107%; OR, 3.77) in group I (homozygotes for
two susceptible haplotypes) and DR4/8 (heterozygotes
for DRB1*04:05-DQB1*04:01 and DRBI1*08:02-
DQB1%03:02) (Pc <1072, OR, 4.38) in group II
(heterozygotes for two susceptible haplotypes) were
significantly higher among the children with Type 1A
diabetes. The frequencies of group IV (one susceptible
haplotype and a protective allele) (Pc < 10710 OR,
0.16) and group VI (no susceptible haplotypes and a
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Table 3. Transmission disequilibrium test (TDT) for HLA-DRB1, DQB, DPB1, A, C, and B alleles in 149 parent—child trios

Transmitted Non-transmitted Transmission from
Parent of origin Parent of origin TDT Maternal vs. Paternal
HLA Combined  Maternal  Paternal  Combined  Matemal  Paternal P Pc OR (95% Cl) p
DRB1 *04:05 85 41 44 30 12 18 2.92E-07 <107% 283 (1.87-4.30) NS
*08:02 32 13 19 6 5 1 247E-05 <107 533 (2.283-12.76) NS
*09:01 85 47 38 33 13 20 1.69E-06 <105 258 (1.72-3.85) NS
*08:03 6 1 5 23 13 10 1.59E-03 <0.05 0.26 (0.11~0.64) NS
*15:01 0 0 0 26 15 11 3.41E-07 <10"%  0.00 NS
*15:02 3 1 2 39 21 18 2.78E-08 <10"® 0.8 (0.02-0.25) NS
*04:06 2 2 0 10 4 6 2.09E-02 NS NS
DQB1 *04:01 80 38 42 29 12 17 1.03E-06 <1075 2,78 (1.80-4.22) NS
*03:02 49 28 21 17 9 8 8.18E-05 <1078 2.88 (1.66-5.00) NS
*03:08 86 46 40 32 15 17 6.66E-07 <1078 2.69 (1.79-4.08) NS
*03:01 7 4 3 40 17 23 1.48E-06 <10™* 0.18 (0.08-0.39) NS
*06:01 8 2 6 62 34 28 1.09E-10  <10"® 0.13 (0.06-0.27) NS
“06:02 0 0 0 25 15 10 573E-07 <10"% 0.0 NS
DPB1 *02:01 63 30 33 43 17 26 NS NS
*03:01 23 12 11 14 8 6 NS NS
*09:01 7 3 4 35 18 17 1.56E-05 <1074 0.20 (0.09-0.45) NS
*04:02 21 10 11 24 14 10 NS NS
A *24:02 100 48 52 70 36 34 2.14E-02 NS NS
*33:03 9 4 5 28 17 11 1.79E-08 <1072  0.32 (0.15-0.68) NS
*11:01 19 11 8 26 15 11 NS NS
*26:01 14 9 5 20 10 10 NS NS
C *01.02 69 30 39 36 18 18 1.28E-08 <102 1,92 (1.28~2.87) NS
*08:01 43 22 21 20 11 9 3.76E-03 <005 2.15 (1.26~3.65) NS
“12:02 7 4 3 40 21 19 1.48E-06 <10°® 0.18 (0.08-0.39) NS
*14.03 8 4 4 24 14 10 4.68E-03 <0.05 0.33 (0.15-0.74) NS
*15:02 7 4 3 13 8 5 NS NS
B *54:01 62 27 35 15 7 8 8.50E-08 <105 413 (2.35-7.26) NS
*40:06 28 14 14 12 3 9 1.14E-02 NS . NS
*07:02 17 7 10 12 5 7 NS NS
*15:01 10 6 4 29 14 15 2.35E-03 <0.05 0.34 (0.17-0.71) NS
*52:01 7 4 3 42 23 19 5.73E-07 <1075 017 (0.07-0.37) NS
*44:08 9 5 4 24 14 10 9.02E-03 NS NS

Cl, confidence interval; OR, odds ratio; TDT, transmission disequilibrium test.
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HILA genotypes in Japanese with Type 1A diabetes

Table 4. HLA-A, C, and B allele frequencies among Japanese children with Type 1A diabetes

Type 1A Control Type 1A vs. Control

HLA n =860 % n= 1046 % Pc OR (95% Cl)

A *24:02 380 45.35 382 36.52 <1072 1.44 (1.20-1.73)
*26:01 45 5.23 118 11.28 <10™¢ 0.43 (0.30-0.62)
*33:03 33 3.84 82 7.84 <1072 0.47 0.31-0.71)
*11:01 58 8.74 112 10.71 <0.05 0.60 (0.43~0.84)
Others 334 38.84 352 33.65

C *01:.02 204 23.72 174 16.63 <1072 1.56 (1.24-1.95)
*08:01 127 14.77 102 9.75 <0.05 1.60 (1.21-2.12)
*12:02 29 3.37 116 11.09 <1078 0.28 (0.18-0.42)
*14:03 26 3.02 74 7.07 <1078 0.41 (0.26-0.65)
*156:02 11 1.28 48 4.40 <108 0.28 (0.14-0.55)
Others 450 52.33 534 51.05

B *07:02 71 8.26 38 3.63 <1073 2.39 (1.69-3.58)
*40:06 86 10.00 50 4.78 <108 2.21 (1.54-3.18)
*54:01 152 17.67 74 7.07 <10-10 2.82 (2.10-3.78)
*15:01 26 3.02 88 9.37 <1076 0.30 (0.18-0.47)
*52:01 27 3.14 114 10.9 <10-° 0.26 (0.17-0.41)
*44:03 28 3.26 70 6.69 <0.05 0.47 (0.30-0.73)
Others 470 54.65 602 57.55

Cl, confidence interval; n, total number of alleles; OR, odds ratio.

The control data was obtained from Ref. (22).

Others for A: *01:01, *02:01, *02:08, "02:07, "02:10, *11:02, *24:02, *24:08, *26:02, *26:03, *26:05, *31:01, *32:01.

Others for C: *03:02, *03:08, "03:04, *04:01, *05:01, *06:02, 07:02, *07:04, *08:08, *14:02.

Others for B: "08:01, *18:01, *13:02, *15:02, *16:07, *15:11, *15:18, *27:04, *35:01, *37:01, *38:01, *39:01, *39:02, *39:04,
*40:01, *40:02, *40:03, *46:01, *48:01, *51:01, *54:12, *55: 02 *55:04, *56:01, *58:01, *59:01, *67:01.

protective allele) (Pc < 0.05; OR, 0.20) were signifi-
cantly lower among the children with Type 1 A diabetes
than among their parents (Table 5). Of note, the
frequency of group III (one susceptible haplotype and
no protective allele) was similar between the children
with Type 1A diabetes and their parents (Table 5).
GADAD and/or IA-2Ab were positive in 21 (7.1%)
of the 296 parents: one in group I, five in group II,
six in group 11, four in group 1V, three in group V,
and two in group VI. Three parents (1.0%) had type 1
diabetes mellitus: two in group II and one in group II1.

Comparison between children with Type 1A
- diabetes and their siblings

When the frequencies of the HLA-DRB!, DQBI, and
DPRBI alleles were compared between 66 children with
Type 1A diabetes and their 83healthy siblings, the
prevalences of all the alleles except for DQB1*06:01
were not significantly different. The frequency of
the DQB1*#06:01 protective allele was lower (Pc <
107%; OR, 0.13) among the patients than among their
siblings.

When genetic combinations of HLA-DRBI-
DQBI1 haplotypes were compared between children
with Type 1A diabetes and their siblings, the frequency
of group VI (no susceptible haplotypes and a protective
allele) was lower (Pc < 107%; OR, 0.09) among the
children with Type 1A diabetes (3.03%) than among the
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siblings (25.3%) (Table 6). Of note, 44.6% of the siblings
had protective alleles (groups IV + VI), compared with
10.6% of the children with Type 1A diabetes.

GADADb and/or IA-2Ab were positive in 7 (8.4%)
of the 83 siblings: three in group 1I, three in group
111, and one in group V. Groups II, I1I, and V can be
characterized as having no protective alleles.

Onset age and HLA genotype

The DRBI allele frequencies in four age groups,
determined according to the patient’s age at the time
of Type 1A diabetes onset (0-1, 2-5, 6-9, and
10-16 years), are shown in Fig. 1. The frequency
of DRB1*#09:01 was higher (Pc < 0.01) in the 2-5-
year onset group than in the other age groups,
while the frequency of DRB1*08:02 tended to be
higher in the 6-16-year onset group, although the
difference was not significant (Fig. 1). The distribution
of the DRB1*04:05 allele was not different among
the four age groups. The distributions of other
alleles, including DPB1*02:01, DPB1*03:01, A*24:02,
C*01:02, C*08:01, and B*34:01, were not different
among the four age groups (data not shown).

Discussion

This study is the first nationwide multicenter collabo-
rative study examining genetic factors associated with
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Table 5. Genetic combinations of HLA-DRB1-DQB1 haplotypes in Japanese children with Type 1A diabetes and their parents

Genetic combination of Type 1A all Type 1A in trio Parents in trio Type 1A in trio vs. Parents
HLA-DRB1-DQB1 haplotype n =430 % n= 149 % n =296 % p Pc OR * (95% Cl)
I, Two susceptible haplotypes in 82 19.07 37 24.83 21 7.09 4.33E-07 <1078 4.33 (2.43-7.72)
homozygote
DR4/4 (*04:05-04:01) 8 1.86 7 4.70 5 1.69 NS
DR4/4 (*04:05-*03:02) 10 2.33 6 4.03 2 0.68 1.92E-02 NS
DRY/Q (*09:01-03:03) 58 13.49 22 14.77 13 4.39 2.68E-04 <1072 3.77 (1.84-7.72)
DRB/8 (*08:02-703:02) 6 1.40 2 1.34 1 0.34 NS ‘
It. Two susceptible haplotypes in 143 33.26 44 29.53 42 14.19 1.96E-04 <1072 2.53 (1.57-4.10)
helerozygote
DR4/9 65 16.12 19 12.76 26 8.78 NS
DR4/8 61 1419 18 12.08 9 3.04 4.59E-04 <1072 4.38 (1.92-10.01)
DRe/8 17 3.95 7 4.70 7 2.36 NS
It One susceptible haplotype and no 135 31.40 44 29.53 66 22.30 NS
protective allele
DR4/X 62 14.42 23 15.44 23 777 1.99E-02 NS
DRO/X 64 14.88 18 12.08 32 10.81 NS
DR&X 9 2.09 3 2.01 10 3.38 NS
V. One susceptible haplotype and a 43 10.00 15 10.07 121 40.88 2.62E-12 «<10~10 0.16 (0.09-0.29)
protective allele
V. No susceptible haplotype and no 13 3.02 6 4.03 19 6.42 NS
protective allele
Yl. No susceptible haplotype and a 14 3 2.01 28 9.46 2.66E-03 <0.05 . 0.20 (0.06-0.66)

proteclive allele

3.26

Cl, confidence interval, OR, odds ratio.

Susceptible haplotype: *04:05-*04:01, *09:01-*03:03, *08:02-"03:02, *04:05-"03:02.

Protective allele in DRB1: *08:03, *15:01, *15:02, *04:06.

Protective allele in DQBT: *06:01, *06:02, *03:01.
X in DRB1: *01:01, *03:01, *04:01, *04:03,04:04,*04:07, *04:10, *07:01,*10:01, *11:01, *11:06, *12:01, *12:02, *13:02, *16:02.
Xin DQB1: *02:01, *04:02, *05:01, *05:02, *06:04, *06:09.
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HLA genetypes in Japanese with Type 1A diabetes

Table 8. Genetic combinations of HLA-DRB1-DQB1 haplotypes in Japanese children with Type 1A diabetes and their siblings

Genetic combination of Type 1A Siblings Type 1A vs. Siblings
HLA-DRB1-DQB1 haplotype n =66 % n=283 % p Pc OR (95% Cli)
I. Two susceptible haplotypes in 16 24.24 11 13.25 NS
homozygote .
DR4/4 (*04:05-*04:01) 4 6.08 3 3.61 NS
DR4/4 (*04:05-*03:02) 3 4.55 2 241 NS
DR&/9 (*09:01-*03:03) 9 13.64 6 7.23 NS
DR8/8 (*08:02-*03:02) 0 0.00 0 0.00 NS
Il. Two susceptible haplotypes in 19 28.79 17 20.48 NS
heterozygote
DR4/9 9 13.64 13 15.66 NS
DR4/8 8 12.12 2 241  231E-02 NS
DR9/8 2 3.03 2 2.41 NS
iil. One susceptible haplotype and 20 30.30 15 18.07 NS
no protective allele
DR4/X 9 13.64 5 6.02 NS
DRg/X 10 16.15 7 8.43 NS
DR8/X 1 1.62 3 3.61 NS
IV. One susceptible haplotype and 5 7.58 16 19.28 NS
a protective allele
V. No susceptible haplotype and 4 6.06 3 3.61 NS
no protective allele
VI. No susceptible haplotype and 2 3.08 21 2530 1.80E-04 <10"2 0.09 (0.02-0.41 )

a protective allele

Cl, confidence interval; OR, odds ratio.

Susceptible haplotype: *04:05-*04:01, *09:01-*03:08, *08:02-*03:02, *04:05-*03:02.

Protective allele in DRB1: *08:03, *15:01, *15:02, *04:086.
Protective allele in DQB1: *06:01, *06:02, *03:01.

X in DRB1: *01:01, *08:01, *04:01, *04:03,"04:04,*04:07, *04:10, *07:01,*10:01, *11:01, *11:06, ~12:01, *12:02, *13:02,

*16:02.
Xin DQB1: *02:01, *04:02, *05:01, *05:02, *06:04, *06:09.
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Fig. 1. DRBI allele frequencics in four age groups of Japanese
children with Type 1A diabetes according to the age at onset. The
frequency of DRB1*09:01 was higher (Pc < 0.01) in the 2-3-year
onset group, while the frequency of DRB1*08:02 tended to be
higher in the 6 16-year onset group, although the difference was not
significant. The distribution of the DRB1*04:05 allele frequency was
not different among the four age groups.

childhood-onset type | diabetes mellitus in Japan. In
the study, a TDT was performed for the first time in
a population of Japanese children with Type 1A dia-
betes: the results confirmed the identities of susceptible
and protective DRB1, DQBI, DPBI, A, C, and B,
alleles.

Pediatric Diabetes 2012: 13: 33-44

We confirmed previously reported HLA-DRBI-
DQBI susceptible and protective haplotypes and
obtained new findings regarding the DPBI allele.
DPB1*#02:01 and DPB1*03:01 were identified as
susceptible alleles among Japanese children with
Type 1A diabetes (Table 1). DPB1*02:01 is unique
to the Japanese population, while DPB1*03:01 is
observed in multiple ethnic groups (4, 5, 16—19). This
finding is noteworthy because neither the susceptible
DRBI1 allele nor the DQBI allele is common to
both Japanese and Caucasian populations. Moreover,
the DPB1%*02:01 and DPB1*03:01 alleles were not
specifically associated with any susceptible DRBI-
DQBI haplotype. DPB1*04:02 was identified as a
protective allele among Japanese children with Type
IA diabetes, similar to cases in multiple ethnic

groups (4, 5, 16-19). Moreover, the DPB1%04:02

allele was not associated with any protective DRB1-
DQB1 haplotypes. Of note, however, the association
of DPB1*02:01, DPB1*03:01, and DPB1*04:02 with
Type 1A diabetes was relatively weak in Japanese
children, as the association was significant in the
case-control study but not in the TDT. However,
DPB1*09:01 was identified as a protective allele
in both the case-control study and the TDT,
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and DPBI1*09:01 appeared to be associated with
the protective DRB1*15:02-DQB1*06:01 haplotype,
which is a major protective haplotype in the Japanese
population but is rare in Caucasian populations.

The independent effects of HLA-A and B have
been demonstrated in Caucasian populations (2, 4,
5). Following adjustment for LD to haplotypes at the
DR-DQ region, both susceptible and protective alleles
were found at HLA-A (e.g., A*24:02, susceptible allele;
A*11:01, protective allele) and HLA-B (e.g., B*39:06,
susceptible allele; B*57:01, protective allele) (4, 3).
A*24:02 was a susceptible allele independent of the
susceptible DRB1-DQB1 haplotypes among Japanese
children with Type 1A diabetes. A*11:01 was also a
protective allele among Japanese children with Type

1A diabetes. However, the association of A*24:02 and -

A*11:01 with Type 1A diabetes was relatively weak in
the Japanese children. as the association was significant
in the case-control study but not in the TDT (Tables 3
and 4). Of note, the B¥39:06 and B*57:01 alleles were
not observed in this study.

The analysis of LD between DRBI-DQB1 hap-
lotypes and DPBI, A, C, or B alleles demonstrated
both susceptible (C*08:01-B*40:06-DRB1¥09:01-DQ
B1*03:03 and C*01:02-B*54:01-DRB1*04:05-DQB1*
04:01) as well as protective (C*12:02-B*52:01-
DRB1#¥15:02-DQB1*06:01-DPB1#09:01 and A*33:03-
C*14:03-B*44:03) haplotypes among Japanese
children with Type 1A diabetes.

In terms of genomic imprinting of the HLA-class
11 gene, several studies have been reported (26-29).
In a Caucasian population, a striking feature of the
data was that HLA-DR3/DR4 patients inherit their
DR3 allele from their mother and the DR4 allgle from
their father more often than vice versa. Margaritte-
Jeannin et al. (27) proposed that parental imprinting
for a specific allelic combination may explain the HLA
genotypes observed in the patients and their relatives.
Sadauskaite-Kuehne et al. (28) also studied diabetes-
associated allelic transmission rates from mothers and
fathers to children with diabetes in 125 families in
Lithuania, an area with a low incidence of type 1
diabetes. They reported that the DR4-DQB1%03:02-
DQA1*03:01 haplotype was transmitted significantly
more frequently from both parents, but that the DR3-
DQB1*02:01-DQAT1%05:01 haplotype was transmitted
more frequently from only mothers. In Japan, Sasaki
et al. (29) reported that maternal alleles in a susceptible
DQA1*¥03:01-DQB1*03:02 haplotype showed a strong
transmission disequilibrium with GADADb-positive
type 1 diabetes, while paternal alleles in the same
haplotype did not in 28 nuclear families, supporting
the hypothesis that an epigenetic mechanism including
genomic imprinting at the HLA-DQ region is involved
in the pathogenesis and the genetic complexity of
Japanese type 1 diabetes. However, none of the DRBI,
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DQBI, DPBI, A, C, or B alleles were preferentially
transmitted from the mother or the father to the
children with Type 1A diabetes in this study (Table 3).
Our study suggests that the genomic imprinting of
HLA-class IT and class I genes is not involved in the
pathogenesis of Type 1A diabetes in Japanese patients.
The frequency of subjects with two susceptible
DRBI-DQBI1 haplotypes was significantly higher
among the children with Type 1A diabetes than
among their parents. Of note, the frequencies of
homozygosity for DRB1%09:01-DQB1*03:03 and of
heterozygosity for DRBI1*04:05-DQB1%04:01 and
DRBI1*08:02-DQB1*03:02 were significantly higher
among children with Type IA diabetes, while the
frequency of subjects with one susceptible haplotype
and without a protective allele (group Il) was not
different between children with Type 1A diabetes and
their parents. The frequencies of subjects with one
susceptible haplotype and a protective allele (group
1V) and with no susceptible haplotype and a protective
allele (group VI) were lower among the children with
Type 1A diabetes than among their parents (Table 5).
These results suggest a dose effect of susceptible DRB1-
DQBI haplotypes and the effect of protective alleles.
The siblings of children with Type 1A diabetes may
also represent a high-risk group for type 1 diabetes
in the Japanese population, as the high prevalence
(about 4%) of diabetes among Japanese siblings is
comparable with that among Caucasian siblings (about
6%) (7, 8). The prevalences of the susceptible DRB1
and DQBI alleles were similar between the children
with Type 1A diabetes and their siblings. However, the
prevalence of the protective DQB1%06:01 allele was
higher among non-diabetic siblings. The frequency of
group IV (no susceptible haplotype and a protective
allele) was higher among the siblings than among the
children with Type 1A diabetes. These results suggest
the role of the protective allele among the siblings.
Only the allele frequency of DRB1*09:01 was sig-
nificantly different among four age groups of Japanese
children with Type IA diabetes determined according
to the age at the time of onset (0-1, 2-5, 6-9, and
10~16 years). DRB1*09:01 may be strongly associated
with an early onset in preschool children, whereas
DRB1%08:02 may be weakly associated with a later
onset in school-age children. Murao et al. (15) focused
on the differences in the contributions of HLA-DR and
-DQ haplotypes to the susceptibility to Type | diabetes
during adulthood (later than 20 years of age) and
childhood (1.0-18 years of age) in Japanese patients.
They reported that the DRBI1¥09:01-DQB1%*03:03
(DRY) frequency/DRB1*04:05-DQB1%04:01 (DR4)
frequency increased with an increasing age of onset,
and that another susceptible haplotype, DRB1#08:02-
DQBI1*03:02 (DRS8), was involved only in the
childhood-onset group. They did not mention any

Pediatric Diabetes 2012: 13: 33-44
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difference among childhood-onset type 1 diabetes, and
our results complement the data reported by Murao
et al. The present results are also compatible with
and complementary to our previous report, in which
the frequency of the DR9 genotype was found to be
significantly higher among a younger age group (0-10
years) than among an older age group (11-16 years)
at the time of onset, and the frequency of DR4-DQ4
was higher in the older age group (11-16 years) (13).

Kawabata et al. (30) reported the age-related
association of the MHC class 1 chain-related gene
A and a marker in the class I C region with Japanese
type 1 diabetes. However, this study did not show an
association of susceptible class 1 A*24:02, C*01:02,
C*08:01, or B*54:01 alleles with age at the time of
onset in children with Type 1A diabetes (data not
shown).

The amino acid residue at position 57 of the
DQB chain has been shown to play a key role in
genetic susceptibility to type | diabetes. The lack of
aspartic acid at this position at both DQ alleles is
strongly associated with type | diabetes in Caucasian
populations (31, 32). However, this Asp57 hypothesis
is not tenable for Japanese type 1 diabetic patients (33).
The influence of the HLA-DR and HLA-DQ molecules
on the risk of type 1 diabetes is probably related to their
central role in antigen presentation and the activation
of a helper T cell-mediated immune response (2, 32).
The HLA-class Il and class I pocket structure is critical
to the etiology of autoimmunity, as different pocket
variants may have different affinities to the antigenic
peptides of specific proteins from pancreatic p cells,
including insulin and GAD; therefore, certain variants
are more likely to present autoantigenic peptides to
- T cells than others (32, 34). In a future study, an
analysis of how variations in amino acids, especially
those found within the peptide-binding domains, are
correlated with changes in disease risk would be
valuable, providing a possible link between genetic
association studies and the causal mechanism(s) of
Type 1A diabetes.

In conclusion, this study demonstrated the
characteristic association, which was mostly different
but partly the same as that in Caucasian populations,
of HLA-DRBI1, DQBI, DPBI, and A, C, B, genes with
Type 1A diabetes among Japanese children. A TDT
did not reveal the genomic imprinting of HLA-class II
and class I genes in Type 1A diabetes in the present
population. A comparison of children with Type 1A
diabetes and their parents and siblings suggested a
dose effect of susceptible DRB1-DQBI1 haplotypes and
the effect of protective alleles on the immunological
pathogenesis of Type 1A diabetes. These results may
provide fundamental data for further genetic studies
examining other immune-related and insulin resistance

Pediatric Diabetes 2012: 13: 33-44

HLA genotypes in Japanese with Type 1A diabetes

or beta cell function-related genes in Japanese patients
with type 1 diabetes.

Acknowledgements

This study was supported by the Kawano Masanori Memorial
Foundation for the Promotion of Pediatrics, by a Grant-in-
Aid for Scientific Research (KAKENHI) Scientific Research (C)
from the Japan Society for the Promotion of Science, and by the
Japan Diabetes Foundation. We thank Ms. Michiyo Kanda for
her secretarial support.

Conflict of interest

No potential conflicts of interest relevant to this article
were present.

References

1. Topp J, BeLr JI, MacDevitt HO. HLA-DQ beta
gene contributes to susceptibility and resistance to
insulin-dependent diabetes mellitus. Nature 1987: 329:
599-604.

. Pociot F, AkoLkaR B, ConcANNON P et al. Genetics
of type 1 diabetes: What’s next? Diabetes 2010: 50:
1561~1571.

3. Cox NJ, WAPELHORST B, MORRISON VA et al. Seven
regions of the genome show evidence of linkage to
type 1 diabetes in a consensus analysis of 767 multiplex
families. Am J Hum Genet 2001: 69: 820-830.

4. Howson JM, WALKER NM, CravTon D, Topp JA.
Confirmation of HLA class I independent type 1
diabetes associations in the major histocompatibility
complex including HLA-B and HLA-A. Diabetes Obes
Metab 2009: 11 (Suppl. 1): 31-45.

5. Neentsev S, Howson JM, WaLker NM et al
Localization of type 1 diabetes susceptibility to the
MHC class T genes HLA-B and HLA-A. Nature 2007:
450: 887-892.

6. KARVONEN M, Vik-KaJANDER M, MoLTcHANOVA E,
Lisvan I, LaPorte R, TuomiLento J. Incidence
of childhood type 1 diabetes worldwide. Diabetes
Mondiale (DiaMond) Project Group. Diabetes Care
2000: 23: 1516-1526.

7. TroMsoN G, RoBmnson WP, Kumner MK et al. Genetic
heterogeneity, modes of inheritance, and risk estimates
for a joint study of Caucasians with insulin-dependent
diabetes mellitus. Am J Hum Genet 1988: 43: 799-816.

8. Ixecami H, OGmHara T. Genetics of insulin-dependent
diabetes mellitus. Endocr J 1996: 43: 605-613.

9. Aparicio JMR, Wakisaxa A, TAKADA A, MATSUURA
N, Aizawa M. HLA-DQ system and insulin-dependent
diabetes mellitus in Japanese: does it contribute to
the development of IDDM as it does in Caucasians?
Immunogenetics 1988: 28: 240246,

10. Kma K, MimMUra G, Kosayasui T et al. Inmunogenetic
heterogeneity in type 1 (insulin-dependent) diabetes
among Japanese HLA antigens and organ-specific
autoantibodies. Diabetologia 1989: 32: 34-39.

1. Awara T, Kvzuya T, Matsupa A, Iwamoro Y,
Kanazaw Y. Genetic analysis of HLA class II alleles
and susceptibility to type 1 (insulin-dependent) diabetes

43

[

— 221 —



Sugihara et al.

13,

14.

15.

mellitus in Japanese subjects. Diabetologia 1992: 35:
419-424.

. Ixkegami H, KawacucHi Y, YaMaTo E et al. Analysis

by the polymerase chain reaction of histocompatibility
leukocyte antigen-DR9-linked susceptibility to insulin
dependent diabetes mellitus. J Clin Endocrinol Metab
1992: 75: 1381-1385.

SuGiHARA S, SAKAMAKT T, Konpa Set al. Association of
HLA-DR, DQ genotype with different B-cell function at
IDDM diagnosis in Japanese children. Diabetes 1997:
46: 1893-1897.

KawaBATA Y, Ikecamt H, KawagucHl Y et al. Asian-
specific HLA haplotypes reveal heterogeneity of the
contribution of HLA-DR and -DQ haplotypes to
susceptibility to type 1 diabetes. Diabetes 2002: 31:
545-551.

MuRrao S, MakiNo H, Kamno Y et al. Differences in
the contribution of HLA-DR and -DQ haplotypes
to susceptibility to adult- and childhood-onset type
1 diabetes in Japanese patients. Diabetes 2004: 53:
2684 -2650.

. Ervicu HA., Rorrer JI, Cuanc JD et al. Association

of HLA-DPB1*0301 with insulin dependent diabetes
mellitus in Mexican-Americans. Diabetes 1996: 45:
610-614.

. Cucca F, DupsrmbGe F, Lobpo M et al. The HLA-

DPBI--associated component of the IDDM1 and its
relationship to the major loci HLA-DQBI, -DQA1, and
-DRBI. Diabetes 2001: 50: 1200-1205.

. Cruz TD, VALDES AM, SANTIAGO A et al. DPBlallele

are associated with type | diabetes susceptibility in
multiple ethnic groups. Diabetes 2004: 53: 2158-2163.

. BascHal EE, ALY TA, BasU SR etal. HLA-DPB1¥0402

protects against type 1A diabetes autoimmunity in
the highest risk DR3-DQBI1*0201/DR4-DQBI *0302
DAISY population. Diabetes 2007: 56: 2405-2409.

20. Nisuivaxi K, Kawamura T, Inapa H et al. HLA

23.

DPBI*0201 gene confers disease susceptibility in
Japanese with childhood onset type I°‘ diabetes,
independent of HLA-DR and DQ genotypes. Diabetes
Res Clin Pract 2000: 47: 49-55.

. Araza T. Imantsar T, Fustwara K et al. HLA allele

and haplotype frequencies in Japanese (The report of
the 11th Japan HLA workshop). Transplantation Now
Suppl 1994: 7: 87-101 (in Japanese).

2. Nakayma F, Nakamura J, Yokota T. Analysis of

HLA haplotypes in Japanese, using high resolution
allele typing. MHC 2002: 8: 1-32 (in Japanese).

KsicHo N, ItovaMma S, Kasatwasg K et al. Association
of human leukocyte antigen class II alleles with

— 222 —

24.

30.

31.

severe acute respiratory syndrome in the Vietnamese
population. Human Immunology 2009: 70: 527-531.
Ivanisar T, Axaza T, Kimura A et al. Estimation
of Allele and Haplotype Frequencies for HLA and
Complement Loci. In: Tsun K et al. eds., HLA 1991.
Oxford University Press, Tokyo. 1992, pp 76-79.
SteparNs M, SMiTH NJ, DONNELLY P. A new statistical
method for haplotype reconstruction from population
data. Am J Hum Genet 2001 68: 978-989.

Drscaamps I, Hors J, CLErRGET-DarRpoOUX F et al
Excess of maternal HLA-DR3 antigens in HLA DR3,
4 positive type | (insulin-dependent) diabetic patients.
Diabetologia 1990: 33: 425-430.

. MARGARITTE-JEANNIN P, CLERGET-Darroux F, Hors

J, DescHamps 1. Testing parental imprinting in insulin-
dependent diabetes Mellitus by the marker-association-
segregation-chi® method. Am J Hum Genet 1995 36:
1080-1087.

. Sapauskarte-Kurene V., Vevys K. Lupvigsson ],

PADAIGA ZV, SanseevT CB. Inheritance of MHC class [T
genes in Lithuanian families with type 1 diabetes. Ann
NY Acad Sci 2003: 1003: 295-300.

Sasaxkr T, Nemoto M, Yamasaxki K. Tamva N.
Preferential {ransmission of maternal allele with
DQA1*0301-DQB1*0302 haplotype to affected off-
spring in families with type 1 diabetes. J Hum Genet
1999: 44: 318--322.

Kawarata Y, IkeGamt H, KawacucH: Y et al. Age-
related association of MHC class 1 chain-related gene
A (MICA) with type 1 (insulin-dependent) diabetes
mellitus. Hum Immunol 2000: 61: 624-629.

MoreL PA, DorMan IS, Topb JA et al. Aspartic acid
at position 57 of the HLA-DQ B chain protects against
type T diabetes: A family study. Proc Natl Acad Sci USA
1988:85: 8111-8115.

. Kerry MA, Rayner ML, Muovic CH et al. Molecular

aspects of type 1 diabetes. J Clin Pathol: Mol Pathol
2003: 56: 1-10.

. AwaTAa T, Kuzuva T, MATSUDA A et al. High frequency

of aspartic acid at position 57 of HLA-DQ beta-chain
in Japanese IDDM patients and nondiabetic subjects.
Diabetes 1990: 39: 266-269.

Skowera A, Erris RJ, Varsra-Carvino R et al
CTLs are targeted to kill beta cells in patients with
type 1 diabetes through recognition of a ghicose-
regulated preproinsulin epitope. J Clin Invest 2008:
118: 3390--3402.

Fediatric Diabetes 2012; 13: 33-44



OM-10-0058-CP

CASE REPORT

Successful completion of pregnancy in a woman with

chronic granulomatous disease
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Summary: Chronic granulomatous disease (CGD) used to be a fatal illness of childhood and patients rarely survived past the first
decade. Although antimicrobial prophylaxis has dramatically reduced mortality and morbidity in recent years, CGD remains a life-
threatening condition. We present the successful ontetric course of a patient with CGD.

Keywords: chronic granulomatous disease, pregnancy, antimicrobial prophylaxis, neutrophil oxidative burst activity

INTRODUCTION

Chronic granulomatous disease (CGD) is an inherited immuno-
deficiency disorder caused by defects in NADPH oxidase sub-
“units (gp91phox, p47phox, p22phox, p67phox and p40phox)
expressed in phagocytes (neutrophils, monocytes and macro-
phages). These enzymatic defects result in an inability to kill
catalase-positive bacteria and fungi and render the patient sus-
ceptible to recurrent life-threatening infections, such as sepsis,
pneumonia and meningitis. Patients with an X-linked form of
CGD caused by a defect in the gene encoding gp91lphox
appear to have a more serious clinical phenotype than those
with autosomal-recessive forms caused by defects in the other
four genes. Antimicrobial prophylaxis and aggressive manage-
_ ment of these infections have dramatically reduced infectious
complications, but CGD remains a life-threatening condition.
A patient with CGD was referred to us from an attending
pediatrician because of her desire to become pregnant.
 However, little is known of the clinical course, management
and risk of infection in such cases. We present the successful
obstetric course of a patient with CGD and document the man-
agement, immunological laboratory changes, and neutrophil oxi-
dative burst activity during pregnancy.

CASE REPORT

The patient had a mutation in the CYBA gene encoding p22phox,
a small subunit of membrane-bound flavocytochrome b558. She had
been hospitalized several times for recurrent bacterial infections,
such as pnewmonia, lymphadenitis, subcutaneous abscess and
blepharitis. She had been in relatively good health taking cotri-
moxazole (trimethoprim-sulfamethoxasole) prophylaxis into

Con'espondence 10 chhl Htsano Department of Women s
Health Natuonal Center for Ch;ld Health and Development
2-1 0-1 Okura, Setagaya-ku. Tokyo 157—8535 Japan

Ema:l “hisanom@ncchd. goijp - S

adulthood, except for a severe infection in her first pregnancy
at 29 years of age. Then, following a uterine infection with
Burkholderia cepacia complex, clinical findings of haemophagocy-
tic syndrome (HPS) and septic pulmonary embolism appeared.
She. underwent aggressive treatment with multiple antibiotic
combinations and immunosuppressant agents (prednisolone
and cyclosporin A). Although her pregnancy ended in a spon-
taneous miscarriage at seven weeks of gestation, she recovered
completely from the serious infectious complications of HPS
two months later.

The patient became pregnant again at 31 years of age. Based
on her previous: miscarriage caused by infectious compli-
cations, it was clear that the pregnancy was potentially high
risk and it was essential to devise a management strategy for
the CGD. Cotrimoxazole prophylaxis was continued at the
same dosages used before pregnancy (160 mg of trimethoprim
and 800 mg of sulfamethoxasole per day). Folate was replen-
ished in the first trimester. At every obstetric visit, inflamma-
tory markers such as the white blood cell count, serum
C-reactive protein and blood 1,3-beta-b glucan were measured
to ensure an early recognition of any occult bacterial and
fungal infections. To evaluate whether pregnancy affected neu-
trophil function, we performed dihydrorthodamine 123
(DHR)-staining flow cytometry analysis of the patient’s neutro-
phil oxidative burst activity. Whole leukocytes were incubated
with DHR after being treated with catalase. The leukocytes
were then stimulated with phorbol 12-myristate 13-acetate
and analysed by flow cytometry, with gating based on
forward- and side-scatter properties.

The course of pregnancy was uneventful. No significant
increases in the levels of blood inflammatory markers or
1,3-beta-D glucan were observed during pregnancy (Table 1).
To investigate the immunological changes during pregnancy,
we performed immunologic tests, such as evaluating lympho-
cyte subsets, natural killer (NK) cell activity and lymphocyte
blastoid transformation by phytohemagglutinin (PHA) in
each trimester of pregnancy. The proportions of lymphocyte
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subsets, the lymphocyte response to PHA, and NK cell activity
levels were all within normal ranges (Table 1). The neutrophil
- oxidative burst activity improved markedly as gestation pro-
gressed (Figure 1). The patient reached 40 weeks of gestation,
but with an unfavourable cervix for inducing Ilabour.
Although vaginal delivery is considered the ideal mode of
childbirth, we opted for an elective caesarean delivery at 40
weeks of gestation to avoid the risk of infection from prolonged
labour. She delivered a 2930 g female baby with APGAR scores
of 8 and 9 at one and five minutes, respectively; no congenital
defects or severe hyperbilirubinaemia were observed. Cefazolin
was given prophylactically to the mother for three days after
delivery. No clinical evidence of postpartum infection was
found.

DISCUSSION

In recent years, the routine use of antimicrobial prophylaxis has
reduced the mortality and morbidity in patients with CGD.2~*

active protéin .

A registry-based study in the UK and Ireland showed that the
estlmated survival was 88% at age 10 years and 55% at 30
years” Thus, such patients often survive into adulthood.
Although it is likely that more women with CGD will wish to
become pregnant in the future, only a few such cases have
been reported to date. Our patient had a strong desire to
become pregnant, but her first pregnancy triggered life-
threatening infections (severe bacteraemia and
bacterial-associated HPS) and eventually resulted in a spon-
taneous miscarriage. Blanco ef al.® reported that the incidence
of bacteraemia was 7.5 per 1000 obstetric admissions and that
no deaths or episodes of septic shock were found among obste-
tric patients with documented bacteraemia. However, CGD is
still a life-threatening condition and pregnancy increases the
opportunity of bacterial infections and is a high-risk time for
women with this condition. Additionally, these infectious com-
plications are likely to cause high-risk pregnancies.

We considered that the essentials of managing CGD during
pregnancy are the early diagnosis of infections, antimucrobial
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prophylaxis and aggressive treatment of infectious complications.
Although no randomized trials have been reported on the effect
of antibacterial prophylaxis in patients with CGD, several retro-
spective studies have suggested that cotrimoxazole therapy
decreases the incidence of bacterial infections.>”~® Our patient
recejved antibacterial prophylaxis with cotrimoxazole during
pregnancy, and it was necessary to inform her about the clinical
usefulness and safety of this weatment. The clinical usefulness of
cotrimoxazole prophylaxis for pregnant women with CGD is
unknown. Walter et al ™ observed that cotrimoxazole prophy-
laxis when begun at >14 weeks of gestation decreased the inci-
dences of neonatal mortality, clinical choricamnionitis and
preterm delivery among human mmunodeficiency virus
(HIV)-infected pregnant women with low CD4 cell counts. In
HIV/AIDS treatment guidelines,'! cotrimoxazole for pregnant
women with low CD4 cell counts is only recommended after
the first trimester of pregnancy to avoid the potential teratogenic
effects of trimethroprim. Trimethoprim is a folate antagonist
(dihydrofolate recuctase inhibitor), and its use during the first tri-
mester might result in structural defects in the fetus, including
cardiovascular defects and newral tube defects. Nevertheless,
maternal supplementation with folate can reduce the risk of
these congenital defects; in this case, we maintained the patient’s
normat concentration of folate in plasma during the first trimester
using appropriate supplementation. Sulfamethoxasole does not
appear to pose significant teratogenic risks, although it is
capable of causing toxicities such as jaundice and hemolytic
anaemia in the newborn. Therefore, despite a history of severe
mfection, we were able to prevent serious infections during this
patient’s pregnancy and in the perinatal period with no side-
effects from medication or other problems in the newborn.
Interestingly, flow cytometry of DHR-labelled neutrophils
showed that the neutrophil oxidative burst activity was markedly
improved with gestation. Similar phenomena during the pre- and
perinatal periods have been described in a carrier of X-linked
CGD and in normal healthy subjects.***® This successful clinical
course in a pregnant woman with CGD have provided valuable
data and we hope that this report will be helpful in the treatment
of such patients who might wish to become pregnant.

Hisano et al. Chronic granulomatous disease in pregnancy 3
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