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&1 754 V—OJLEEEEEJ & BRI
£ R HERS FERRERL
A1510-1 AAACSGCCTCTGYGGGGAGAAGCAA intron 1
*AL#AW i) TGGCCCCTGGTACCCGT exon 3 ~intron 3
AL#AWT+1 GTGGCCTCTGGTACCCGT exon 3 ~intron 3
BINT1-57S1 AGGAGMRAGGGGACCGCAG intron 1
BINT3-2CN3 AGGCCATCCCCGSCGACCTAT intron 3

*DRBAMP-C ®#5) TCGTGTCCCCACAGCACGT
*DRBAMP-B *®1) CCGCTGCACTGTGAAGCTCT

intron 1 ~exon 2
exon 2

FEHIDT A4 T —13UICH/ES N TS HDE AN

oU Taq polymerase (AmpliTaq, Applied Biosystems) &
U, 95C 5L, 95°C30%)- 65°C14r- 72°C1
534081 )b, 72°C545 TPCRZETT> 7z, HLA-AD
T4 X —HEBRIFALFAWD D D IZALFAW &
AL#AWT+1%2 1 : 1 TRALAEBDOZEZH W/,
HLA-DRIZ T 7YV > 2% #iE (DRBAMP-C/
DRBAMP-B) L, annealingi@E1358°C, &1 7 )L
Bix35& L7z,
3. SSOP .
Kimura et al. (1) DOHIKITHEL TITo 7z, HEIE
PEW) % Gel-loading buffer (0.25% bromophenol blue,
0.25% xylene cyanol FF, 15% Ficoll Type 400)
1/I00BETEABL, T02ulzt 10O K
(Immobilon-Ny+, Millipore) IZ K bL, IV AHUZE
F% (0.5N NaOH, 1.5M NaCl, 5%}), =l (0.5M Tris-
HCI pH7.4, 1.5M NaCl, 5%3), ¥E¥% (2x SSPE, 5
) &, 80°CT307##EL~. Ry L1
fE1X, F a2 — 7 THybridization Buffer (6x SSPE,
5x Denhardt's, 0.1% N-lauroylsarcosine, 0.02 % SDS)
&42°C 30%7prehybridize L, digoxigeninZ J\JL L
727" —7 (20pmole/ 1t 1) 20.1 w UmlNZ T42°CT
—MEhybridize L 7z, 7 'O0—7 D X)Li&20pmole/
10 a4 Y IDNAWKX L, O0.lnmole/ul
digoxigenin-11-ddUTP, 2.5mM COCIl,, 1 Xreaction
Buffer, 1U/u 1 terminal transferase (W3 N1 H
Boehringer Mannheim)Z/E& L, 37C, 2B DK
TIT o /oo 70— 7 % —Bihybridize S ¥ 727 O

TRV, iR TEEERIE (2x SSPE, 0.1% SDS) 2[H &
TMACH# (3M tetramethylammonium chloride, 50mM
Tris-HC1 pH7.5, 2mM EDTA, 0.1% SDS) 1[ET#&5
SV %, JEREEIChybridizel 270 — 7 %
TMACH# T55°C157r2E## L 7z 2x SSPEE0.3%
Tween-20 in Buffer 1M (0.1M maleic acid, 0.15M
NaCl) TZNZEN55 ¥, 1% Blocking Reagent
(Boehringer Mannheim) in Buffer 1M 304%3blocking
#, Z Dblocking#® IZ Anti-Digoxigenin-AP Fab
fragments (Boehringer Mannheim) % 1/10,000&0 2
EHbDTEI B30T EHEITKD, hybridize
Lie70—=TFRHUTINA T+ AT 75 —EiE#H
217> 2. HUAPEWE (0.1M Tris-HCI; pH7.5, 0.3M
NaCl, 2mM MgCl,, 0.05% Triton X-100) T15%33[g]
W, YV YUEREK (0.1M Tris-HCI pH9.5,
0.1M NaCl, 50mM MgCl,) T54}LE L, CSPD
(Applied Biosystems) IZ &k B{L%#FH %, 71 IV A
(Hyperfilm ECL, Amersham) (Z88Y¢, £7/zid1 A —
7+ 54 H¥— (LAS-1000, Fuji film) THH L /=,
4. FO—TJ O
HARANEFTHEENLI%LUEDOT V)L Z2XHE
L7 (2). HLA-DRB1IiZ D W TIIDR3
(DRB1%0301/02)bMA 7z, MREEDT I D
\dHLA-A, B, DRB1ZHZ#15, 35 30&7%0,
TNTNI3, 24, 1THOTU—T2HXEHTHI &
W& (E2-5), HERREIRSATOROK
ERAHROHEEZERH LIZZhEN, 0%, 0.17%,
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X3 BT7ZUINOTO-TRIE/INY — (HLA-A)

Probe
1 2 3 4 5 6 7 8 9 10 11 12 13
A10 A10 A10 A10 A20 A26 A26 A29 A36 A45 A52 A55 AS57
-1+ -2+ -3 -4 -1 -1 -2- -1 -1- -1 -1 -1 -1- BHEXA
Allele 1L 1RIL +1IL -1L 1RI1L +1L 2RIL -1L -1L 1RIL $FE%)
1 AX%0101 P P P 0.2
2 Ax0201 P P P 10.9
3 A*0206/10 P P P 10.5
4 Ax0207 P P P P 3.4
5 Ax0301 P P P 0.8
6 A*1101/02 P P 8.2
7 Ax2402 P P P 35.6
8 A*2601/02 P P P 12.0
9 A%x2603 P P P P 2.1
10 A*3001 P P 0.3
11 A*3101 P P 1.7
12 Ax3303 P P 7.9
A EE

0.67% EHR/NRICT 2HFNTE =,
5. IEERLFIBE

RHERMAE (BRMAKS58) ITDWT, HLA-A
sequencing-based typing module (Applied Biosystems)
ZRWTHERARSIRE ZfTo 7z, ZOB, TV >
3Dforward primer TLZ Y 23N TA > b
3DO—ERDFHELHN & HIE L 7z,

BR
1. SSOPEDIET & HIEREE
TO—-T7HEEREFOEX LMBERAGTSEICK
D, TO—TERBREOH—ERAT. DDA
¥k (HLA-A, B, DRB1Z#Z411, 16, 16#1%)
ERHWTHRELEZEZ A, #EILAMED T O—
TIRTIZDNWT, —EEDOTMACHEEIREGSC)
T - BEOHIEMNREL 2oz, T 5545
DTO—TE2HANWT, KOEKOBIRKTY I
CUBREREE Lz, 2B T UIIDOHEABEDE
Sk % X 5ITHLA-A, B, DRB1ZhZFh85, 95,
ISR W THREE L 7=, ME D#RS THLA-BZ O
—TDORINERDHAK 1L ITRLED, 74 VLB
12 & B BH¥IE TIZHLA-A, B, DRB1T X TH7 O
— 7 Tt EBRENHES MK SN, K2I1TR
L&A R—DTFIATF—2HNTHEN T

FIVEBMEL 28580, BIEOBIE & Btk o il
IR DHSMICRAENE. LhL, BRI 5L
512, HLA-AT 1 BRIED BT Y 1 & —FK L
IRNHERRE/ZDOND o /=,

IN 5 OEHDNAKRE TN, TERKER IR
4061 (Z DN, BEAIMARIZHLA-A, BA32HR1K,
DRB12'19#fK) THMEFET /2. TNTOMRIMEK
T+ 73PCREENE SN (K3), T4 5 TSSOP
Efrol& s, BAREKT R TIZOWTIEL WY
FENAIHETZ D 2

-
—

2. FHEBRE

LR DFRHE &2 o FZRRIZHLA-A*0210, 2601
THh3H, HLA-A*2601 E G TRE2D 70—
7 (A26-2-1R1L &A52-1-1L) TV FHILMEL
<§EN >z, FBEDOHLA-ANT OE % ED o 8tk
KIZDWT, FEEDSSOPEITo/-EZ B, ED
EHZD2BOTO—TIIHUAS MBS 7
WarRUe (M4), SRHEBRAKRZSSOPHETHWZ
PCRT' 54X — LB DPCRT S <X —Z2H Wi
Applied Biosystemstt 8 ~ THEIF - HERS|HR
EERAILETA, TV U ETA*0210, 2601 &
BRATE—FH, 1> 02 308BHDEKEAY
T2 (G ETTFZY (A) OATOENDHER
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HLA—A
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IEAR IR M AR 15 DPCRIZ NG
HLA-A, B, DRB1ZNZH16#{ADPCR

MEMD5% PAGESRZRLUZ, —FLEITY 1
A —H— ¢ 174/Haelll, HLA-AEXBTRL
EEFIIRERADlane® 5, FRICPCR%Z
ToMDZENEN248K TS, [EER/RIEIE
=S¥ AW

ZO0—7JA26-2-1R1

A
D A*0210,2601DH T No.58

J0—7J A52-1-1L

fthd A*0210, 2601 DB T No.58

M4 BUEHREOTO-TKIG

HLA-A%0210, 26018 AICwd 27 0
—7A26-2-1RILKE U7 O0—T7A52-1-1LDK
J&. No.b8 GRHIEMEK) DA T T FIVHEH
VY,
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{)FD>3

11

A*0101 GTACCAGG L_-‘,GCCAC
Ax0201

5 A b0 3kEEDOIEEET!
No.58AViHE MK, RIFAEG, DT Y
IV DEFNE SR 7 12K %,

z

HLA-A, B, DRBLIGED4AEOTO—T 2 H N5
FIZLD, HAANTHEHEOIXL EDO T JILITHL,
MEEL NIVELE (TN~ TOHEDN RS
SSOPYEM T &E /2,

SSOPIEIE ' O — 7 DFEFEMN L W\ EEENEME &
72508, SEIOSAFEE TCHIULFARHEE HED
N5, ZENE3cmX8cmD I 1O RIZI6HIK K v
FUZA, 12cmX8cm®dDF 1 O A it
34K D By hETRD, ZEBEE—EIIITE
ST HIENAREE D, BB, SEBRAKD
F—AUBIZIEEHDOY T R YA EERAD
N, WIEETERSNIITO D THhIUTEEEY 7 b
ERHOWTERLEBEOHE O SLTHYAE
T MRIRETE o T

HLAMLAIR KA 2 RETHYAME T L&A,
BLEED L FI R Nz, BRHEREKITERFO Y
FTAR—BHEALICERN DD, AT OESHEDS
B — 5 D AHMEFAIIT PCREGNE S N /= FE N RK &
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RICEBIIERD 5 NIRho Tz

W
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LAV E (T ~utfy) TOHE N AT RE/RSSOP
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LML, BERDRVWSDDTS 51 < —Rakihhr
KERDHZRE T, TOEROEEZHEEL
“Mix 7514 v —2ReLane, BHEE2EZT
BRI N, FEICEST, HLAODNAY A
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A PCR-SSOP method for typing of HLA-A, -B, and -DRB1 genes in Japanese population

Makoto Bannai'?, Koichi Kashiwase", Yoshihide Ishikawa?, Tatsuya Akaza®, and Takeo JujiV

Japanese Red Cross Central Blood Center
# Japanese Red Cross Tokyo Metropolitan Blood Center

Summary

A PCR sequence-specific oligonucleotide probing (PCR-SSOP) method has been adopted for typing of HLA-
A, -B, and -DRB1 genes in the Japanese population. The method targets alleles observed at more than 0.1 %
gene frequency in the Japanese population. Using 13, 24, and 17 probes for HLA-A, -B, and -DRB1 genes,
respectively, the method enabled us to discriminate HLA alleles or at least serological groups even in
heterozygous samples. We set the washing temperature for a total of 54 probes to a single temperature (550C).
Approximately one hundred known samples for all three HLA genes could be typed correctly except one variant
sample for HLA-A. A PCR primer did not work efficiently for one of the hetrozygous alleles of the variant
sample because it has a sequence substitution in the target portion of the intron. The method could be improved
using mixed primers that also target the variant sequence. It is also possible to amplify DNA efficiently and type

HLA genes using blood samples on filter paper.

Keywords: HLA, PCR-SSOP, DNA typing method, Japanese population, filter paper
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([REF R Association between HLA class | genotypes
and IgA nephropathy in Japanese patients
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Murata?, Isao Michinaga?, Sigeo Takebayashi? Takao Saito? and Setsuya Naito?
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Summary

Background. The association between IgA nephropathy (IgAN) and serologically determined HLA-DR4 has
been firmly established in various ethnic groups. The recent development of DNA typing of the HLA class II
system has allowed precise determination of HLA genotypes, and provided new insights into the pathogenesis
of this disorder. Here we analyzed HLA class II genotypes in Japanese patients with IgAN to determine the role
of genetic factors in pathogenesis of this disease.

Patients and Methods. HLA class II genes were analyzed in 165 unrelated Japanese patients with biopsy-
confirmed IgAN using polymerase chain reaction (PCR)-based sequence-specific oligonucleotide probe
hybridization.

Results. HLA-DR4 correlated with IgAN in Japanese patients. DNA typing also showed a significant
correlation between IgAN and HLA-DRB1*0405 and HLA-DRB1#1501 genotypes. We also found the
correlation between the frequency of HLA class II genotypes and various clinical parameters. We found that
HLA-DRB1*0405 and DQB1*0303 were associated with a broad range of clinical features including severity
of renal dysfunction, and that HLA-DRB1*1501 was associated with proteinuria of >1g per day, and with
high serum IgA concentrations.

Conclusion. We report here the association of IgAN with HLA-DRB1#0405, -DRB1*1501 and -
DQB1+*0303 in Japanese patients. The presence of these alleles correlated with distinct clinical findings, which
may reflect heterogeneity of both the pathogenesis and genetic background of the disease.

Key words : IgA nephropathy, HLA class II, DNA typing, nephritogenic genes.

Introduction causes of primary glomerulonephritis world-wide. The
IgA nephropathy (IgAN), first described by Berger disease is more frequent in Asia and Oceania, less
and Hinglas in 1968 (1), is one of the commonest common in North and South America and Africa, and
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7-45-1 Nanakuma, Jonan-ku,Fukuoka,
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has a prevalence between the two in Europe (2). The
geographic distribution of IgAN in distinct ethnic
groups, familial segregation (3, 4), shared immunologic
abnormalities in affected relatives (5 -7), and récurrence
in renal allografts (8), together provide a strong evidence
for the involvement of genetic factors in its pathogenesis.

The etiology of IgAN has not been yet clearly
understood, however IgAN is characterized by mesangial
cell proliferation, diffuse paramesangial deposits of IgA,
and high levels of serum IgA in approximately half the
affected patients, suggesting that immunological
mechanisms play a role in its pathogenesis. Immune
responses in humans have been shown to be regulated by
a trimolecule system, consisting of etiologic antigens,
human leukocyte antigens (HLA) on antigen-presenting
cells, and T cell receptors (TCR) on responding T cells.
A vast variety of genetic polymorphisms of HLA and
TCR confers the diversity of the immune fesponse, and
consequently the clinical heterogeneity of immunologic
diseases (9 - 11).

A positive association between HLA genotype and

IgAN has been documented. Increased frequency of the
serological determinant HLA-DR4 has been established
in several ethnic groups, including Japanese and
Caucasians (12 - 14). In the present study, we analyzed
HLA class II genotypes in Japanese patients with IgAN,
and demonstrated a significant association between
IgAN and HLA-DRB1*0405, -DRB1*1501 and -
DQB1*0303. Our study suggests that HLA-
DRB1*#1501 and -DRB1*0405 might play distinct
roles in the pathogenesis of IgAN and that determination
of HLA class II alleles may help in predicting clinical
features in patients with IgAN.

Patients and Methods

Patients. A total of 165 unrelated Japanese patients with
IgAN? diagnosed and‘greatevd at Fukuoka University
Hospital and Clinic from January 1973 through July
1999, were recruited at random in this study. They
included 82 males and 83 females, aged 10 to 71 years
(mean * SD, 31.8 = 15.2 years) at the time of IgAN

onset. The diagnosis of IgAN in all patients was
established by histological examination of renal biopsy
specimens under light microscopy, immunofluorescent
antibody staining and electron microscopy. Patients with
clinical and serological evidence of Henoch-Schonlein
purpura, systemic lupus erythematosus, liver diseases or
other immunological disorders with a recognized
association with IgAN, were excluded from the present
study.

Clinical information and documents were obtained by
careful retrospective inspection of the available hospital
records. Clinical findings reviewed included prodromal
infection, gross hematuria, proteinuria, serum IgA level
and renal function (15). Impairment of renal function
was inferred by the presence of abnormal serum
creatinine levels (>1.3 mg/dl in males and >1.0 mg/dl in
females) and/or endogenous 24-hour creatinine
clearance (< 60 ml/min).

Pathological staging of IgAN was determined by light
microscopy based on the degree of glomerulaf sclerosis
as proposed by Takebayashi er al. (16). Group 1
included minimal change and mild mesangial
proliferative glomerulonephritis (MPGN) with <20 %
sclerotic glomeruli, Group 2; moderate MPGN with 20 -
50% sclerotic glomeruli, and Group 3; severe MPGN
with >50% sclerotic glomeruli. The characteristics of
the study population are outlined in Table 1.

Antigen frequencies within the healthy Japanese

population, as reported at the Eleventh International

Table 1 Demographic profile

female 83/165 50.3%
prodromal infection 46/160 28.8%
gross hematuria 47/160 29.4%
hypertension 46/149 30.9%
nephrotic syndrome 20/160 12.5%
proteinuria(>1g/day) 65/155 41.9%
renal dysfunction 38/164 23.2%
serum IgA(>400mg/dl) 69/160 43.1%
pathologic stage I 54/156 34.6%
II 55/156 35.3%

- I 47/156 30.1%




Histocompatibility Workshop and Conference (11th
IHWC), were used as healthy control references in this
study (17).

Serological HLA-A,-B,-C,-DR, and-DQ typing.Serological
typing of HLA-A, -B, -C, -DR, and -DQ was
performed with a standard microdroplet lymphocytotoxicity
test using antisera obtained from the 11th ITHWC and
from Japan Regional Workshops, and from locally
screened and qualified antisera from multiparous women.
Seventeen HLA-A, 38 -B, 9 -C, 14 -DR and 5 -DQ
phenotypes were determined in this study.

HLA class II DNA typing. HLA class Il DNA genotyping
were carried out on the basis of the availability of
genomic DNA from the patients. Genomic DNA was
isolated from peripheral blood leukocytes by
phenol/chloroform extraction and subsequent ethanol
precipitation. To determine HLA-DRB1, -DQA1 and -
DQB1 alleles, sequence-specific oligonucleotide (SSO)
hybridization on PCR-amplified DNA products was
performed (17). Primers, probes, and protocols for PCR-
SSO hybridization were based on the recommendation
from the 11th IHWC. HLA genotypes defined in the
present study included 43 HLA-DRB1, 8 -DQA1 and
19 -DQBI1 alleles (Table 2).

Table 2 HLA class II genotypes analysed in this study
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Statistical analysis.Data are expressed as mean = SEM.
Statistical analyses were evaluated by Fisher's direct
tests. A P value less than 0.05 denoted the presence of a
statistically significant difference. Odds ratios and 95 %
confidence intervals (952 CI) were calculated from
2x2 tables as described previously (18). If any element
of the table was zero, the ratio was calculated with

Haldane's formula.

Results

Serological HLA phenotypes.The frequencies of selected
antigens of serological HLA phenotypes are summarized
in Table 3. For HLA class I antigens, the proportions of
patients with HLA-B54 and HLA-Cwl were
significantly higher than the control. For class II
antigens, HLA-DR4 was detected in a significantly
higher proportion of patients compared to the control
(patients, 52.7%; control, 40.4%; odds ratio (OR), 1.6;
95% CI 1.18 - 2.29, p=0.0033). It should be noted
that HLA-B54, -Cw1l and -DR4 are in linkage
disequilibrium in healthy Japanese population (19). The
proportions of patients with other serological phenotypes,
including HLA-A and -DQ antigens, were not
significantly different from the control. There was no
skew of serological HLA phenotypes
between male and female patients (data

not shown).

HLA class II genotypes.The significant

serological HLA
phenotype HLA genotype
HLA-DR1 HLA-DRB1* 0101, 0102, 0103
DR2 (15, 16) 1501, 1502, 1601, 1602
DR3 0301, 0302
DR4 0401, 0402, 0403, 0404, 0405, 0406
0407, 0408, 0409, 0410, 0411
DRS5 (11, 12) 1101, 1102, 1103, 1104, 1201, 1202
DRé6 (13, 14) 1301, 1302, 1303, 1304, 1305
1401, 1402, 1403, 1404, 1405
DR7 0701
DRS8 0801, 0802, 0803, 0804
DR9 0901
DR10 1001
HLA-DQ HLA-DQA1* 0101, 0102, 0103, 0201

0301, 0401, 0501, 0601

HLA-DQB1*

0501, 0502, 0503, 05031, 05032, 0504
0601, 0602, 0603, 0604, 0605

0201, 0301, 0302, 0303, 03031, 03032
0401, 0402

increase in the prevalence of HLA-DR4
prompted us to investigate HLA class II
genotypes, especially the HLA-DR4-
related DRB1*0401, DRB1*0402,

DRB1*0403, DRB1#*0404,
DRB1*0405, DRB1#*0406,
DRB1*0407, DRB1#*0408,

DRB1*0409, DRB1*0410, and
DRB1#0411 (Table 4). The increased
prevalence of HLA-DR4 in our patients
was mainly attributable to a
significantly high proportion of patients

with HLA-DRB1*0405. In addition to
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Table 3 Serological HLA phenotypes in patients with IgA nephropathy

HLA phenotype patients control O.R. 95% CI
(n=165) (n=1,023)
HLA-A2 69 (41.8%) 438 (42.8%) 1.0 0.69 —1.34
HLA-A24 95 (57.6) 592 (57.9) 1.0 0.71 —1.38
HLA-A26 36 (21.8) 211 (20.6) 1.1 0.70 —1.60
HLA-A31 26 (15.8) 157 (15.3) 1.0 0.66 —1.62
HLA-A33 18 (10.9) 151 (14.8) 0.7 0.42 —1.19
HLA-B7 15 (9.1) 100 (9.8) 0.9 0.52 —1.63
HLA-B35 26 (15.8) 159 (15.5) 1.0 0.65 —1.60
HLA-B39 6 (3.6) 90 (8.8) 0.4** 0.17 —0.91
HLA-B44 20 (12.1) 146 (14.3) 0.8 0.50 —1.37
HLA-B46 13 (7.9 88 (8.6) 0.9 0.50 —1.67
HLA-B48 8 (4.8) 64 (6.3) 0.8 0.36 —1.62
HLA-B51 30 (18.2) 181 (17.7) 1.0 0.67 —1.58
HLA-B52 41 (24.8) 207 (20.2) 1.3 0.89 —1.91
HLA-B54 36 (21.8) 125 (12.2) 2.0*** 1.33 —3.03
HLA-BSS5 8 (4.8) 58 (5.7) 0.8 0.40 —1.81
HLA-B59 11 (6.7) 39 (3.8) 1.8 0.90 — 3.59
HLA-B60 10 (6.1) 111 (10.9) 0.5 0.27 —1.04
HLA-B61 39 (23.6) 207 (20.2) 1.2 0.83 —1.80
HLA-B62 19 (11.5) 163 (15.9) 0.7 0.41 —1.14
(n=134) (n=1,023)
HLA-Cw1 59 (44) 227 (22.2) 2.8*** 1.90—4.00
HLA-Cw4 14 (10.4) 84 (8.2) 1.3 0.72 —2.37
"HLA-Cw7 26 (19.4) 289 (28.3) 0.6* 0.39 —0.96
HLA-Cw9 17 (12.7) 265 (25.9) 0.4*** (0.25 —0.70
HLA-Cw10 7 (5.2) 172 (16.8) 0.3*** 0.13 —0.59
(n=165) (n=898)
HLA-DR1 16 (9.7) 96 (10.7) 0.9 0.51 —1.57
HLA-DR4 87 (52.7) 363 40.4 1.6** 1.18 —2.29
HLA-DRS8 34 (20.6) 223 (24.8) 0.8 0.52—1.18
HLA-DR9 36 (21.8) 218 (24.3) 0.9 0.58 —1.30
HLA-DR11 8 (4.8) 46 (5.1) 0.9 0.44 —2.04
HLA-DR12 12 (7.3) 121 (13.5) 0.5* 0.27 —0.93
HLA-DR13 22 (13.3) 135 (15.0) 0.9 0.54 —1.41
HLA-DR14 18 (10.9) 96 (10.7) 1.0 0.60—1.74
HLA-DR15 57 (34.5) 285 (31.7) 1.1 0.80 —1.61
HLA-DR16 0O (0.0 14 (1.6) 0.0 NA
HLA-DQ1 113 (68.5) 632 (70.4) 0.9 0.64 —1.31
HLA-DQ3 65 (39.4) 306 (34.1) 1.3 0.89 —1.77
HLA-DQ4 53 (32.1) 248 (27.6) 1.2 0.87 —1.77
HLA-DQ7 25 (15.2) 252 (28.1) 0.5*%** 0.29 —0.72

phenotypes less than 3% in frequency were eliminated from the table.
NA not available, * 0.01<p=0.05, ** 0.001<p=0.01, *** p=<0.001
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Table 4 HLA class Il genotypes in patients with IgA nephropathy
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HLA phenotype patients control O.R. 95% ClI
(n=139) (n=493)

DRB1-*0101 15 (10.8%) 48 (9.7%) 1.1 0.61 — 2.07
*1501 32 (23.0) 65 (13.2) 2.0** 1.23 —3.16
*1502 18 (12.9) 87 (17.6) 0.7 0.40 — 1.20
*0401 8 (5.8) 18 (3.7) 1.6 0.69 — 3.79
*0403 10 (7.2) 26 (5.3) 1.4 0.65 — 2.96
*0405 47 (33.8) 116 (23.5) 1.7%* 1.10 — 2.50
*0406 6 (4.3) 34 (6.9) 0.6 0.25 — 1.48
*1101 6 (4.3) 20 (4.1) 1.1 0.42 — 2.71
*1201 8 (5.8) 38 (7.7) 0.7 0.33 — 1.61
*1202 3 (2.2) 20 (4.1) 0.5 0.15 —1.78
*1301 4 (2.9) 7 (1.4) 2.1 0.59 — 7.13
*1302 15 (10.8) 70 (14.2) 0.7 0.40 — 1.32
*1401 10 (7.2) 37 (7.5) 1.0 0.46 — 1.97
*1403 7 (5.0) 15 (3.0) 1.7 0.68 — 4.23
*1405 3 (2.2) 18 (3.7) 0.6 0.17 — 2.01
*0802 9 (6.5) 37 (7.5) 0.9 0.40 — 1.81
*0803 21 (15.1) 69 (14.0) 1.1 0.64 — 1.86
*0901 31 (22.3) 126 (25.6) 0.8 0.53 — 1.31
*1001 2 1.4 9 (1.8) 0.8 0.17 — 3.70

- (n=104) (n=334)

DQA1-*0101 21 (20.2) 78 (23.4) 0.8 0.48 — 1.43
*0102 31 (29.8) 79 (23.7) 1.4 0.84 — 2.24
*0103 30 (28.8) 119 (35.6) 0.7 0.45 —1.18
*0201 2 (1.9) 4 (1.2) 1.6 0.29 — 8.96
*0301 37 (68.5) 211 (63.2) 1.3 0.69 — 2.35
*0401 1 (1.0) 16 (4.8) 0.2 0.03 — 1.47
*0501 16 (15.4) 65 (19.5) 0.8 0.41 —1.37
*0601 5 (4.8) 13 (3.9 1.2 0.43 — 3.58

(n=136) (n=307)

DQB1-*0501 15 (11.0) 35 (11.4) 1.0 0.51 —1.83
*0502 12 (8.8) 14 (4.6) 2.0 0.91 — 4.50
*0503 2 (1.5) 15 (4.9 0.3 0.07 — 1.29
*0601 41 (30.1) 112 (36.5) 0.8 0.49 — 1.16
*0602 17 (12.5) 32 (10.4) 1.2 0.66 — 2.30
*0603 4 (2.9) 2 (0.7) 4.6 0.84 — 25.54
*0604 14 (10.3) 34 (11.1) 0.9 0.48 — 1.78
*0605 1 (0.7) 3 (1.0) 0.8 0.08 — 7.28
*0201 3 (2.2) 8 (2.6) 0.8 0.22 —3.23
*0301 25 (18.4) 87 (28.3) 0.6* 0.35 — 0.94
*0302 26 (19.1) 47 (15.3) 1.3 0.77 —2.22
*0303 28 (20.6) 33 (10.7) 2.2%* 1.24 — 3.73
*0401 35 (25.7) 76 (24.8) 1.1 0.66 — 1.67
*0402 16 (11.8) 15 (4.9 2.6** 1.24 — 5.42

HLA class Il Genotypes of 0% in frequency were eliminated from the table
*0.01<p=0.05, ** 0.001<p=0.01, *** p=0.001
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HLA-DRB1*0405, the proportion of IgAN patients
with HLA-DRB1*1501 was also higher than in the
control (Table 4). The proportions of patients with HLA-
DQAL alleles were not significantly different from the
control. However, high proportions of IgAN patients
with HLA-DQB1#0303 and DQB1*0402 were noted
relative to the control. On the other hand, the prevalence
of HLA-DQB1*0301 among IgAN patients was
significantly lower than in the control (Table 4), in
contrast to the data of the Caucasian population (20).
Clinical findings and HLA genotypes.Next, we examined
in detail the correlation between HLA class II genotypes
and various clinical manifestations of IgAN, including
gender, prodromal infection, gross hematuria,
proteinuria, serum IgA level, renal function and
nephrotic syndrome (Table 5).

1. Correlation between HLA class II genotypes and
gender. Male patients constituted 49.7% (82/165) of
patients with IgAN. The correlation pattern between
male patients and HLA class II genotypes was quite
similar to that observed in the whole group. Thus,
proportions of male patients with HLA-DRB1*1501,
DRB1*0405, DQB1*0303, and DQB1*0402, were
significantly higher than the control (Table 5). However,
the frequencies of female patients with these alleles were
not significantly different from the control (Table 5),
with the exception of HLA-DQB1*0402. The
prevalence of HLA-DQB1*0301 was lower in male
patients than the control, but was not statistically
different in female patients.

2. Correlation between HLA class II genotypes and
prodromal infection.Microbial infection is thought to be
one of the triggers of IgAN. In our study, 46 of 160
(28.8%) patients had an episode of prodromal upper
respiratory infection before they were diagnosed with
IgAN. The prevalence of HLA-DRB1*1501 and
DRB1#0405 among IgAN patients with a history of
prodromal infection was not higher than the control.
However, that of those with DRB1*0401 was higher
than the control (patients, 10.8%; control, 3.7%; OR
3.2, 95% CI 1.02 - 10.00, p=0.0352). On the other

hand, the prevalence of HLA-DQB1*0301 among
patients with IgAN and a history of prodromal infection
was low, albeit insignificantly (data not shown).

3. Correlation of HLA class II genotypes and gross
hematuria.Macroscopic hematuria is one of the major
clinical signs in patients with IgAN. Gross hematuria
prior to presentation was found in 47 of 160 (29.4%)
patients. These patients were likely to have HLA-
DRB1#*1501 or DQB1*0303 than other alleles (Table
o).

4. Correlation of HLA class II genotypes and proteinuria
The presence of more than 1g of urinary protein/day is a
predictor of poor prognosis in IgAN. Sixty-five of 155
(41.9%) patients exhibited proteinuria of >1g per day.
The of HLA-DQB1*0303
DQB1*0301 was significantly higher and lower,

prevalence and
respectively, in patients with heavy proteinuria (Table
5). The presence of nephrotic syndrome did not correlate
with any HLA-DRBI allele.

5. Correlation of HLA class II genotypes and renal
dysfunction. Evidence of renal dysfunction was noted in
38 of 164 (23.2%) patients. These patients were more
likely to have HLA-DRB1#0401, DRB1*0405, or
DQB1*0303 genotype (Table 5).

6. Correlation of HLA class II genotypes and serum IgA
level . Previous experimental studies have shown that
mice with high serum IgA are susceptible to IgAN (21).
Half of the patients in the present study had elevated
serum IgA levels. Patients were arbitrarily divided into
two groups based on serum IgA levels with a cut-off
value of 400 mg/dl. Patients with serum IgA > 400
mg/dl represented 43.1% (63/160) of our population
sample. In this group, the prevalence of HLA-
DRB1*1501, DQB1*0303, and DQB1*0402 was
higher, but that of DQB1*0301 was lower (Table 5).
Histopathological findings and HLA genotypes.
Histopathological findings of renal biopsy specimens
from 156 patients were divided into three categories
based on the presence of all three microscopic features
defined in Patients and Methods. Group 1 comprised
34.6% of patients, Group 2 - 35.3%, and Group 3 -
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Table 5 Clinical findings and HLA class II genotypes

control male female gross hematuria proteinuria (1g/day< ) renal dysfunction serum IgA (400mg/dl< )
Phenotype Genotype % % 95%Cl1 % 95%Cl1 % 95%Cl % 95%Cl % 95%Cl % 95%Cl
(n=493) (n=70) (n=69) (n=42) (n=54) (n=34) (n=57)
HLA-DR15 HLA-DRB1*1501 132 25.7%* 1.26—4.14 203 0.88-3.19 26.2* 1.12-4.88 167 061 — 2.82 206  0.71 — 4.08 31.6%** 1.64 — 5.63
*1502 17.6 129 033-14 13.0 0.33 - 1.46 71 0.11- 119 148 037- 178 176 0.40-2.49 14.0 0.35 - 1.67
DR4 *0401 3.7 29 018-342 87 0.96 - 6.57 95 089- 862 74 069- 648 11.8*  1.12-11.05 0 NA
*0403 53 57 037-322 8.7 0.68 —4.32 7.1 0.40 — 477 93  0.67- 499 29 007-414 53 0.29 -3.41
*0405 23.5 35.7% 1.06—3.07 31.9 0.88-2.63 310 073 - 289 278 0.67- 235 47.1%*% 143 - 585 333 0.90 - 2.93
*0406 6.9 43  0.18-2.02 43 0.18-2.05 42  0.16- 291 56 024- 268 0 NA 53 022 -252
(n=334) (n=50) (n=54) (n=31) (n=41) (n=25) (n=40)
HLA-DQ HLA-DQAI1*0301 632 68.0 0.66— 2.34 685 0.69-235 774 084 — 477 780  0.96 ~ 4.49 80.0 0.85- 637 62.5 0.49.-1.91
(n=307) (n=69) (n=67) (n=41) (n=53) (n=34) (n=56)
DQB1*0301 283 15.9%  0.24— 0.96 209 035-1.27 268 045- 193 15.1* 0.20 - 0.99 14.7 0.16 - 1.16 10.7*%* 0.13 - 0.73
*0303 10.7 21.7%  1.17-454 194 0.99-4.05 34.1%*%* 2,05 - 9.02 34.0%*%*2.18 — 8.37 23.5%* 1.07-6.10 28.6%** 1,68 — 6.58
*0401 248 232 0.50-1.70 284 0.67-2.17 220 039-1.87 226 044-178 382 090-39 250 0.52 - 1.96
*0402 49 11.6* 1.04— 6.29 11.9* 1.07-6.51 9.8 0.66 — 6.68 113 092- 673 11.8 0.81 — 832 12.5%  1.08 - 7.17

NA not available, * 0.01<p <0.05, ** 0.001<p=0.01, *** p=<0.001

30.1%. In each group, a distinct association pattern was
observed. Patients of Group 1, who exhibited the mildest
histopathological changes, were more likely to have
HLA-DRB1#*1501 or DQB1*0303 than other alleles
(Table 6). Those of Group 2, with moderate changes,
were more likely to have HLA-DRB1*0405 or
DQB1#0402, and unlikely of the DQB1*0301 allele
(Table 6). The prevalence of patients of Group 3, with
the most extensive glomerular sclerosis, and HLA-
DRB1#0401 and DQB1*0303 was significantly
higher than the control.

Discussion
The high prevalence of IgAN, presence of multiple
affected patients in the same family (3 - 5, 22), wide

variation of signs and symptoms, histopathological

findings (16, 23), clinical severity and renal prognosis
(15), and recurrence of IgAN in transplanted kidneys
(8), are all evidence for a multifactorial etiology and
pathogenesis of this disease, where environmental factors
including foods and/or infectious microorganisms trigger
disease in individuals with susceptible genetic traits.
Several studies have reported familial segregation of
IgAN with multiple intrafamilial patients. Among them,
a study of 114 family members from 4 generations in
Australian aborigines and another of 87 family members
from 8 generations from Kentucky, strongly support a
genetic contribution (3, 4). More strikingly, Scolari et al.
(22, 23) reported 28 patients with chronic
glomerulonephritis, including 11 biopsy-proven cases of
IgAN from three consanguineous families in a small

valley in northern Italy. Immunological abnormalities

Table 6 Pathologic findings and HLA class II genotypes

control Group I Group II Group III
Phenotype Genotype %o Po 95%Cl T 95%Cl % 95%Cl
(n=493) (n=47) (n=47) (n=37)
HLA-DR15 HLA-DRB1*1501 13.2 25.5%  1.11-4.57 234 0.98-4.15 189 0.65— 3.64
*1502 17.6 12.8 0.28— 1.66 8.5 0.15—-1.24 16.2 037-2.23
DR4 *0401 3.7 0 NA 6.4 0.51-6.35 10.8 1.02- 1.00
*0403 53 8.5 0.56— 5.01 8.5 0.56 - 5.01 5.4 0.23-4.50
*0405 23.5 29.8 0.71 - 2.66 42.6%*  1.30-4.45 27.0 0.57- 2.56
*0406 6.9 43 0.14— 2.58 8.5 0.43-3.71 0 NA
(n=334) (n=33) (n=35) (n=31)
HLA-DQ HLA-DQAI1*0301 63.2 63.6 0.49— 2.15 743 0.76 —3.71 67.7 0.56— 2.68
(n=307) (n=46) (n=45) (n=37)
DQB1*0301 283 26.1 0.44— 1.80 13.3% 0.16—0.95 16.2 0.20- 1.21
*0303 10.7 283* 1.57-6.83 133 0.50-3.25 32.4%*%* 1.83— 8.67
*0401 24.8 19.6 0.34— 1.60 356 0.86—3.25 243 0.44—- 2.16
*0402 4.9 8.7 0.59— 5.85 17.8** 1.67—10.60 54 0.24— 5.07

NA not available, * 0.01<p=<0.05, ** 0.001<p=0.01, *** p=<0.001
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among relatives of patients with IgAN also strengthen
the predicted role of the genetic background (6, 7).

Proliferation of mesangial cells in glomeruli, diffuse
paramesangial deposits of IgA, high serum IgA levels,
and the presence of immunological abnormalities, all
suggest immunological involvement in the onset of IgAN
(25). Genetic phenotypes influencing immunity include
complements (25, 26), immunoglobulins (27),
immunoglobulin switching elements (28), TCR (29),
and HLA. Intrafamilial occurrence of IgAN in HLA-
identical siblings has been reported (30, 31). The
correlation between IgAN and HLA class II system has
been extensively investigated in the last two decades.
Serological typing has demonstrated an association with
HLA-DR4 (32 - 36) and/or HLA-DQ3 or DQ4 (37,
38) in many ethnic groups, but not with any HLA-DP
phenotypes (39). The genetic structure and disease
association of HLA-DR4 has been characterized. The
single serological determinant HLA-DR4 is subtyped
into 34 alleles including HLA-DRB1*04011,

DRB1#*04012, DRB1*0402, DRB1*0403,
DRB1*0404, DRB1%*04051, DRB1*04052,
DRB1*0406, DRB1#0407, DRB1*0408,

DRB1#*0409, DRB1#0410, and DRB1*0411, as of
December, 1998. Some HLA-DR4-related alleles have
been demonstrated to be in linkage disequilibrium with
distinct HLA class I and class II alleles in association
with distinct clinical entities in specific ethnic groups.
HLA-DR4 has been shown to be associated with many
autoimmune diseases. The association of HLA-DR4 with
rheumatoid arthritis has been established in many ethnic
groups (40, 41), a finding that has fueled the shared
epitope hypothesis for the pathogenesis of rheumatoid
arthritis (42). In this study, we found that the correlation
between IgAN and HLA-DR4 was based on the
association with genotypic HLA-DRB1+#0405, the most
frequent genotype of the DR4-related alleles in the

Japanese population. Surprisingly, DNA typing also

highlighted an additional association with HLA-
DRB1*1501, as serological HLA-DR15 was not

associated with our patients, and also as -DRB1*1501

is less prevalent than -DRB1*1502 in the healthy
Japanese population (17). Furthermore, HLA-
DRB1#*1501 is unique in its association with Japanese
patients with renal diseases. We have previously reported
a significant correlation between HLA-DRB1*1501 and
idiopathic membranous glomerulonephritis, and also a
significant association of DRB1*1501 with rheumatoid
arthritis-associated renal complications (43, 44). There
have been no evidences about genotypic association of
IgA nephropathy with membranous nephropathy or with
other renal diseases except this report. These data, taken
together with the results presented in this paper, suggest
that HLA-DRB1#*1501 might play a role in genetic
nephritogenicity in Japanese.

IgAN exhibits a broad spectrum of clinical
manifestations. One quarter of patients experience only
urinary abnormalities without systemic sequelae, another
quarter suffer from end-stage renal disease which
requires dialysis and/or renal transplantation, while the
remaining 50% of patients require constant medical
follow-up (24, 45). This might reflect the heterogeneity
of both exogenous pathogens and intrinsic factors.
Clinical and histological subsets of the disease have been
subjects of association with genetic markers. In the
Caucasian population, Wopenka et al. (46) and Wyatt et
al. (47) independently reported that C4A deficiency was
associated with poor prognosis of IgAN. Rambausek et
al. (48) found that homozygosity of C3 and Bf was more
frequent in IgAN patients. Raguenes and coworkers (49)
showed a strong association between unfavorable
outcome and the HLA-DQ3-related allele DQB1*0301.
In Chinese IgAN patients, HLA-DR4 was reported to be
significantly associated with gross hematuria (14). In the
Japanese population, Hiki and coworkers (50)
demonstrated that HLA-DR4 was strongly associated
with benign IgAN, a result that was inconsistent with
another Japanese report (33). Here we demonstrated that
two HLA-DR4-related genotypes (HLA-DRB1*0401
and DRB1*0405) were associated with renal
dysfunction in IgAN.

In the Japanese population, Haemophilus



parainfluenzae has been elucidated as one of the
pathogens associated with IgAN. Suzuki ef al. (51, 52)
detected the presence outer membrane antigens from H.
parainfluenzae in the mesangial region of renal biopsy
specimens from patients with IgAN but not other renal
diseases, and also demonstrated IgA class antibody
specific to this bacterium in sera from IgAN patients.
The responsible molecule has not yet been identified,
however when it is, knowledge of the binding motifs of
HLA-DRB*1501 and/or -DRB1*0405 may help
identify the triggering epitopes in such molecules.

Expression levels and phenotypes of HLA molecules
are important in IgAN. We demonstrated previously that
HLA-DR expression on activated CD4-positive T cells
from patients with IgAN was significantly higher than in
patients with membranous nephropathy or healthy
controls (53). Furthermore, expression of HLA-DR on T
cells from patients expressing HLA-DR4 was higher
than that on T cells from DR4-negative IgAN patients.
We hypothesize that increased HLA class II molecule
expression on CD4-positive T cells might augment
antigen presentation, resulting in increased IgA
production which may in turn contribute to the
pathogenesis of the disease. Yokoyama and colleagues
(54) reported intraglomerular expression of MHC class
II, and Oren et al. (55) reported HLA-DRA mRNA
expression in renal biopsy specimens from patients with
IgAN. Ringrose and coworkers (56) reported increased
expression of HLA class I on B lymphocytes from
patients with IgAN.

In conclusion, we have demonstrated in the present
study a significant association of IgAN in Japanese
patients with HLA genotypes HLA-DRB1*0405, -
DRB1*#1501 and -DQB1*0303. These alleles were
associated with distinct clinical findings, which may
reflect the heterogeneity of both the pathogenesis and
genetic background of this disease. The magnitude of the
associations were not strikingly high. Further
investigations using innovative methodology such as
microsatellite determination is required to further clarify

these associations.
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