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HLA-DRB1 typing of Vogt-Koyanagi-Harada's
disease by PCR-RFLP and the strong association
with DRB1*0405 and DRB1*0410

Yumiko Shindo, Hidetoshi Inoko, Takuji Yamamoto, Shigeaki Ohno

Abstract
Vogt-Koyanagi-Harada's (VKH) disease is
reported to be closely associated with the HLA
class II antigen, HLA-DR4. Serologically
defined DR4 is further divided into 11 alleles by
molecular HLA genotyping. However, no
study of HLA-DNA typing of VKH patients
has been reported. To clarify molecular
genetic mechanism underlying the suscept-
ibility/resistance to VKH disease, HLA-DNA
typing of DR antigens (DRB1 genotyping) by
the polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP)
method was performed. It was found that
DRB1*0405 showed a significant association
with VKH disease compared with the healthy
controls (corrected p value <lx 10-5) and that
all the patients had DRB1*0405 and/or
DRB1*0410. The specific amino acid residue
shared only by these two alleles is Ser at
position 57 which is located in the antigen
binding groove and may influence the immuno-
logical function as an antigen-presenting
molecule, suggesting that Ser at position 57
plays an important role in the susceptibility
to VKH disease, although the possibility that
the involvement of the HLA-DQ molecule,
DQ4, in strong linkage disequilibrium with
DRB1*0405 and DRB1*0410, cannot be
excluded.
(BrJ7 Ophthalmol 1994; 78: 223-226)

susceptibility/resistance to many autoimmune
diseases,3 such as insulin dependent diabetes
mellitus,45 rheumatoid arthritis,67 and myas-
thenia gravis.

Vogt-Koyanagi-Harada's (VKH) disease is a
bilateral panuveitis of inflammatory disorders in
multiple organs such as meningitis, hearing loss,
tinnitus, and vitiligo.8-'2 We previously reported
that VKH disease was closely associated with
HLA-DR4 and DR53 by serological HLA
typing in Japanese VKH patients.'3 14 This
association was confirmed in Han Chinese VKH
patients.'5 PCR (polymerase chain reaction)
basedDNA typing has revolutionised the precise
definition ofHLA class II allelic polymorphisms
reflecting the amino acid residues in AHVR.'6'9
For example, serologically defined HLA-DR4 is
further divided into 11 alleles which can be
distinguished only by PCR genotyping. How-
ever, there has been no investigation of precise
HLA-DR genotyping in VKH disease. In this
study, we examined the polymorphic distribu-
tion of DRB1 alleles including 11 HLA-DR4
associated alleles among Japanese VKH patients
in order to manifest specific amino acid(s) of the
DRB 1 gene responsible for determination of the
predisposition to VKH disease.

Materials and method
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The HLA class II region in the major histo-
compability complex (MHC) on human chromo-
some 6 encodes the heterodimeric (a and ,B
chains) glycoproteins expressed on the surface of
antigen-presenting cells in the immune system.
The T cell receptor interacts with a complex
formed by the antigenic peptide fragment bound
by the HLA molecule on the antigen-presenting
cells. On the basis of x ray crystallographic
analysis of the HLA class I antigen, HLA-A2,
the outermost domains of each class II chain are

predicted to fold together to form a groove and
cleft, and so appear to function by trapping the
antigenic peptide fragment into a groove for the
presentation to antigenic-restricted T cells in the
initiation ofimmune response. The genetic poly-
morphism of class II molecules is known to be
clustered into the discrete regions of the 13 chains
termed allelic hypervariable regions (AHVR). 2

AHVR regulate the variability of immune
responsiveness through the antigen recognition
by MHC restricted T cells. Thus the poly-
morphic amino acid residues in AHVR of the
HLA class II molecule have been suggested to
have an important role in determining the

SUBJECTS
Forty unrelated Japanese VKH patients were
diagnosed, treated, and followed in the uveitis
survey clinic of the Yokohama City University
Hospital. Seventy controls were randomly
selected from healthy unrelated Japanese.

SEROLOGICAL TYPING
The VKH patients and the healthy controls were
subjected to serological HLA typing for HLA
class I and class II antigens, using the standard
NIH complement microlymphocytotoxicity
technique.20

DNA TYPING BY PCR-RFLP
Genomic DNAs from 40 patients and 70 healthy
controls were isolated by phenol extraction of
sodium dodecyl sulphate lysed and proteinase K
treated cells. They were amplified by the PCR
procedure with the Taq DNA polymerase and
typed by the PCR-restriction fragment length
protein (RFLP) method as described pre-
viously.2' Out of 70 healthy controls, 28 had
DRB1*04 (DR4) (Table 2). For detailed analysis
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of DRB1*04 suballelic genotyping, 27 DRB1*04
positive healthy individuals were further
collected as controls (Table 3) (55 DRB1*04
positive healthy controls in total).

Briefly, for the PCR selective amplification,
seven group specific 5' primers for the DRB1

genes (reflecting the first AHVR of the poly-
morphic exon 2 domain) were used along with a

common 3' primer as described elsewhere.'62'
The reaction mixture was subjected to 30 cycles
of 1 minute at 96-97°C for denaturation,
1 minute at 55-62°C for annealing, and 2 minutes
at 72°C for extension of the annealed primers by
automated PCR thermal sequencer (Iwaki Glass
Inc, Tokyo). After amplification, aliquots of the
reaction mixture were digested with the allele-
specific restriction endonucleases for 3 hours
after addition of appropriate reaction buffer.
Samples of the restriction enzyme cleaved
amplified DNAs were subjected to electrophore-
sis in a 12% polyacrylamide gel in a minigel
apparatus (Mupid-2, Cosmo Bio Co Ltd,
Tokyo). Cleavage or non-cleavage of amplified
fragments was detected by staining with
ethidium bromide. Discrimination of genotypes
of DRB1 genes was determined on the basis of
RFLP band patterns thus generated.2' Nomen-
clature of DRB1 alleles was according to the
factors of the HLA system, as suggested by the
WHO nomenclature committee. 18 19

STATISTICAL ANALYSIS
The x2 method with the continuity correction
and Fisher's exact test were used for data analy-
sis. The p values obtained were multiplied by the
number of comparisons made to correct for the
number of alleles (pc=corrected p value).22
Relative risk (RR) was calculated according to
Wolf s method with the Holdane's correction.

Results

SEROLOGICAL HLA TYPING
The frequency of theHLA antigens, relative risk
(RR), and corrected p value (pc) were calculated
in 40 JapaneseVKH patients and in 70 unrelated
Japanese controls (Table 1).
HLA-DR4, DR53, and DQ4 were signific-

antly increased in the VKH patients compared
with the healthy controls (DR4:RR= 120 8,
pc<lx10-5, DR53:RR=48 2, pc<1x103,

DQ4:RR=11-6, pc<1x10-5). It was note-
worthy that DR4 and DR53 were present in
100% of the VKH patients examined.
On the other hand, HLA-DR6 and DR52

were negatively associated with the VKH
patients compared with the healthy controls by
p value, but these differences were not statistic-
ally significant after correction of the p values
(DR6:RR=0-1, p<5x10-2, DR52:RR=0 27,
p<S x 10-').

HLA-DNA TYPING
HLA-DRB1 genotyping was carried out by the
PCR-RFLP method. The results of the DRB1
allelic frequencies in the VKH patients and the
healthy controls are shown in Table 2. All the

patients had DRB1*04 (DR4) as expected from
the results of serological typing. DRB1*0405
was significantly increased in the VKH patients
when compared with the healthy controls (RR=
43 7, pc<lx 10-5). The frequencies of all the
other DRB1 alleles were not statistically differ-
ent between the VKH patients and the healthy
controls.
Among 70 healthy individuals here examined,

28 carried DRB1*04 (DR4). To analyse the
suballelic distribution of the DRB1*04 (DR4)
molecule precisely in the VKH patients, an

additional 27 DRB1*04 positive healthy
individuals were enrolled (in total, 55 DRB1*04
positive healthy controls), typed by PCR-RFLP
(Table 3). DRB1*0405 was again significantly
increased in the VKH patients compared with
the DRB1*04 positive healthy controls (RR=
11 1, pc<5 x 10-3). It must also be noted that all
the VKH patients who did not have DRB1*0405
possessed DRB1*0410.

Discussion
Our data have confirmed a strong association of
the serologically defined HLA-DR4 and DR53
in the Japanese VKH patients. However, HLA-
DR53 itself was unlikely to confer susceptibility
to VKH disease because no increase of DR9 or

DR7, which is also known to be tightly linked to
HLA-DR53, could be observed in the VKH

Table 1 HLA class II antigen frequencies of Vogt-
Koyanagi-Harada's disease

HLA Controls Patients Relative
antigen (n=70) (n=40) risk pc Value

DRI 4(5 7%) 4(10-0%)
DR2 8 (11-4%) 5 (12-5%)
DR4 28(40 0%) 40(100-0%) 120-8 <1x10-
DR5 9(12-8%) 6(15-0%)
DR6 19(27-1%) 2(5 0%)
DR8 8(11-4%) 1(25%)
DR9 17 (24 3%) 10 (25 0%)
DR1O 4(5-7%) 0
DR52 41(58-6%) 11(27-5%)
DR53 44(62 9%) 40(100-0%) 48-2 <1x103
DQ1 20 (28-6%) 16(40 0%)
DQ3 42 (60 0%) 22 (55 0%)
DQ4 13(18-6%) 29(72 5%) 11-6 <1x10'

Level of significance (corrected p value=pc) was set to be less than
005.

Table 2 HLA-DRBI frequencies ofVogt-Koyanagi-
Harada's disease

DBRI Controls Patients Relative
(n=70) (n=40) risk pc Value

DRBl*0101 8(11-4%) 5 (12-5%)
DRB1*1501 11(15-7%) 3 (7 5%)
DRB1*1502 17(24 3%) 3 (7 5%)
DRB1*1602 0 1(2-5%)
DRB1*0401 3(4-3%) 0
DRB1*0403 6(8-6%) 0
DRB1*0405 18(25 7%) 38(95 0%) 43-7 <1x10-5
DRB1*0406 7(10-0%) 3(7 5%)
DRB1*0407 2(2-9%) 1(2 5%)
DRB1*0408 1(1*4%) 1(2-5%)
DRB1*0410 0 3 (7-5%)
DRBl*1101 2 (2 9%) 1(2-5%)
DRB1*1201 8(11-4%) 1(2-5%)
DRB1*1302 11(15-7%) 1(2-5%)
DRB1*1401 7 (10-0%) 1(2-5%)
DRB1*1402 3(4 3%) 1(2-5%)
DRB1*0802 1(1*4%) 1(2-5%)
DRB1*0803 9(12-9%) 0
DRB1*0901 15(21-4%) 9(22-5%)
DRBl*1001 1(1-4%) 0

Level of significance (corrected p value: pc) was set to be less than
005.
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Table 3 DRBI*04 suballelic frequencies ofthe DR4
positive patients with Vogt-Koyanagi-Harada's disease and
healthy controls

DR4 positive
controls Patients Relative

DBRI (n=55) (n=40) risk pc Value

DRB1*0401 3 (5-5%) 0
DRB1*0403 9(16-4%) 0
DRB1*0405 32(58-2%) 38(95 0%) 11.1 <5xlo3
DRB1*0406 7 (12-7%) 3 (7 5%)
DRB1*0407 2 (3-6%) 1(2-5%)
DRB1*0408 1(1-8%) 1(2-5%)
DRB1*0410 0 3 (7 5%)

Level of significance (corrected p value: pc) was set to be less than
005.

patients. Therefore, HLA-DR4 was considered
to play a decisive role in the development of
VKH disease. Recently, the PCR based DNA
typing techniques, such as PCR-SSO (sequence
specific oligonucleotide) and PCR-RFLP, can
split HLA antigens into multiple alleles at the
nucleotide level, especially HLA class II
molecules. The serologically defined HLA-DR
antigen can be divided into many alleles reflect-
ing polymorphisms of the amino acid sequence
in the AHVR of the 3 chain. For example,
DRB1*04 (HLA-DR genes) can be divided into
11 alleles (DRBI*0401-DRBI*0411). We
adopted the PCR-RFLP method as the first
molecular analysis for HLA polymorphisms for
the genetic susceptibility to VKH disease in this
study, because it is a simple, rapid, sensitive,
inexpensive, and practical technique as des-
cribed previously.1621 The most important
outcome in this DRB1 genotyping was that
DRB1*0405 was significantly increased when
compared with the healthy controls (RR=43-7,
pc< Ix 10-5) (Table 2).
Numaga et al23 also investigated the relation

between VKH disease and HLA-DR4 at the
molecular level by the PCR-SSO method. How-
ever, the number of SSO probes they used was
limited and could not allow full DRB1*04 geno-
typing. They selected three probes including the
nucleotide sequence ofDRB1*0405. Probe 1 was
common in all the DR4 genes, probe 2 repre-
sented the amino acid sequence specific for
DRB1*0404, 0405, 0408, and probe 3 corres-
ponded to the third AHVR of DRB1*0404,
0405, 0408, 0101, and 1402. So these three
probes cannot cover all the genetic variations of
11 DRB1*04 alleles, although theyfound that all
but one patients (19 of 20) had a specific
sequence encoding amino acids 70 and 71 of the
DR(3 chain detected by probe 3. In our studies,
there was no significant difference in the fre-
quencies of DRB1*0101 and DRB1*1402 in the
VKH patients when compared with 70 healthy
controls (Table 2). Consequently, there was not
enough of their data to discuss which DRB1*04
allele could be attributed to susceptibility to
VKH disease.
We performed the complete DRB1 geno-

typing by the PCR-RFLP method and found
that all the patients had DRB1*04 alleles and
that DRB1*0405 was significantly associated
with VKH disease (Table 2). To confirm the
significant association with DRB1*0405 in VKH
patients, we compared the DRB1*04 suballelic
frequencies of 40 VKH patients with those of 55

DRB1*04 (DR4) positive healthy controls
(Table 3). DRB1*0405 was again significantly
increased when compared with the DR4 positive
healthy controls. In addition, all the VKH
patients who did not have DRB1*0405 possessed
DRB1*0410, suggesting that the susceptibility
to VKH disease was determined by the presence
of the shared functional epitope common to
DRB1*0405 and DRB1*0410. The published
amino acid sequences of the polymorphic ,3
domains of the DRB1 genes show that the amino
acid specific for both DRB1*0405 and 0410 is
serine (Ser, a neutral amino acid) at position 57
instead of aspartic acid (Asp, an acidic amino
acid) as in many other DRB1 alleles (Table 4).
DRB1*0409 and DRB1*0411, also having Ser at
position 57, are quite rare in Japanese people and
so cannot be expected to show an increase in the
Japanese VKH patients. The model of the HLA
class II molecular conformation2425 was pre-
dicted on the basis of the three dimensional
crystal structure of the HLA class I molecule,
HLA-A2.26 In this model, the amino (NH2)
terminal sequences of the a 1 and (31 domains are
predicted to form a floor of four ,3 strands which
is topped by two a helixes, one formed by the
carboxy (COOH) terminal portion of the al
domain and the other by the COOH terminal
sequence of the (31 domain. Some residues are
predicted to point into the antigen-binding site
and some others, projecting upwards, are likely
to be involved in direct interaction with theT cell
receptor. A non-conservative amino acid change
at any ofthese positions could affect both peptide
binding and T cell recognition. The amino acid
sequence differences among 11 DR4 associated
alleles are confined to the COOH terminal
portion of the (1 domain, primarily within the
third AHVR of the DRB1 gene.'727 Hence, the
polymorphic residues in this region are believed
to be critical in both T cell recognition and
antigenic peptide binding. Ser instead of Asp at
position 57, a non-conservative amino acid
change seen in all the VKH patients, being
positioned at one end of the a helix, is predicted
to point towards the peptide binding cleft and to
interact with the processed peptide fragment,
indicating that Ser at position 57 may play a
crucial role in the susceptibility to VKH disease.

Table 4 Comparison ofthe amino acid sequences in the
hypervariable regions ofthe DRBI chains among
DRBI*OIO1, DRBI*04, andDRBI*1402 in relation to
Vogt-Koyanagi-Harada's disease susceptibility

57 67 70 71 74 86

DRI Dwl DRB1*0101 D L Q R A G
DR4 Dw4 DRB1*0401 - K -

DwlO DRB1*0402 - I D E - V
Dwl3a DRBI*0403 - - - - E V
Dwl4a DRB1*0404 - - - - - V
Dw15 DRB1*0405 S - - - - -
DwKT2 DRB1*0406 - - - - E V
Dwl3b DRB1*0407 - - - - E -
Dwl4b DRB1*0408 - - - - -

DRBI*0409 S - - K - -
DRBI*0410 S - - - - V
DRBI*0411 S - - - E V

DR6 Dw16 DRBI*1402

Amino acid sequences were translated from the nucleotide
sequences and given by the standard one letter code. A dash
indicates identification with the DRBl*0101 (DR1 Dwl)
sequence. DRBI*0405, 0409, 0410, and 0411 carry Ser (neutral
amino acid) at position 57.
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We demonstrated that DRBl*0405 and
DRB1*0410 were closely associated with VKH
disease. The distribution of DR4 associated
alleles is known to be different among races, so
predicting that the incidence of VKH disease
might be less prevalent in white populations
where DRB1*0405 and DRB1*0410 are rare.28
In fact, VKH disease occurs frequently in
orientals, especially Japanese, American Indians
and Hispanic people, but is rare in white people,
revealing that the susceptible locus of VKH
disease may be strongly associated with some
ethnic specific allele(s).

Strong linkage disequilibrium exists between
HLA-DR and DQ molecules and differs among
races.29 At present, the involvement of the
HLA-DQ molecule cannot be excluded because
DRB1*0405, the most significant increased
allele in the VKH patients, is in a close linkage
disequilibrium with DQB1*04 (DQ4) in
Japanese. In fact, serologically defined DQ4 is
also significantly increased in VKH patients
when compared with healthy controls (Table 1).
To address this issue, HLA-DQ genotyping of
Japanese VKH patients is now being performed
in our laboratory.

In this study, it was suggested that Ser at
position 57 of DRBl gene was closely associated
with VKH disease and further HLA-DQ
genotyping will be important to understand
molecular mechanism for the susceptibility to
VKH disease. In order to understand the
molecular relation between the immunogenetic
mechanism and pathogenesis of VKH disease,
analysis of the peptide sequence derived from
foreign or self antigens responsible for the
development of the disease, for its presentation
by the HLA DRB1*0405 or DRB1*0410
molecule, and also for the effects of these
particular HLA class II alleles on T cell receptors
during T cell ontogeny will be necessary.
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