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polymorphism for the HLA-DR gene in
Japanese patients with sarcoidosis
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Abstract
Background - It is commonly assumed
that some immunological disorder may
play a part in the pathogenesis of
sarcoidosis. Previous studies by several
groups have shown a significant associ-
ation with HLA-DR antigens in patients
with sarcoidosis. In this study, restriction
fragment length polymorphism (RFLP)
analysis of the HLA-DR gene was
designed to confirm the association at the
gene level and to look for a gene re-
arrangement which may influence sus-
ceptibility to sarcoidosis.
Methods - Thirty two unrelated Japanese
patients with sarcoidosis were tested for
HLA antigens and subjected to RFLP
analysis after digestion with Eco RI, Pst I,
Bam HI, Pvu II, and Hind III by using an
HLA-DRf, cDNA probe. A group of 47
unrelated healthy Japanese subjects
served as controls. Frequencies of each
restriction fragment were compared
between the patients and the control sub-
jects. Correlation between fragment fre-
quencies and clinical features were also
analysed.
Results - No restriction fragments of
HLA-DRfl gene were found specific to the
patients with sarcoidosis. The RFLP ana-
lysis could detect polymorphism ofHLA-
DR/p genes that was not distinguishable
by conventional serological methods.
Several restriction fragments of the DRpI
gene were seen only in DRw52 positive
individuals, and showed higher frequen-
cies in the patients than in control sub-
jects. The patients with these DNA frag-
ments were likely to have limited stage
disease with no ophthalmic involvement.
Conclusions - An association between
HLA and sarcoidosis was noted at the DNA
level, although no restriction fragments
were specific for this disease. RFLP ana-
lysis of the HLA gene is a more useful
method than the usual HLA typing, and
should be the first step in identifying the
gene sequence which is connected with
susceptibility to sarcoidosis.

(Thorax 1994;49:573-576)

Sarcoidosis is a systemic granulomatous dis-
ease with frequent respiratory symptoms and
changes on the chest radiograph. The patho-
genesis of sarcoidosis remains unclear, but

some studies suggest that it is an immunologi-
cal disorder. In order to investigate the immu-
nogenetic mechanisms the HLA system has
frequently been examined.
We have previously found a significant asso-

ciation with HLA-DRw52 antigen in Japanese
patients with sarcoidosis,' the first such find-
ing in any ethnic group. After our report
associations with HLA-DRw8, as well as with
DRw52, were also found in Japanese patients
by others.2 In a German population an associ-
ation between sarcoidosis and HLA-DR5 was
reported.3 Findings from these three studies
seemed to be similar because HLA-DRw52 is
in strong linkage disequilibrium with DR5 and
DRw8. It has not been possible, however, by
conventional serological methods, to deter-
mine which HLA antigen plays the most im-
portant part in the pathogenesis of sarcoidosis.

Associations between HLA and many other
diseases are currently being analysed with
molecular biological techniques. HLA is
highly polymorphic at the DNA level and
restriction fragment length polymorphism
(RFLP) analysis is performed to examine
HLA gene polymorphism. HLA-D region
antigen is a heterodimer composed of an a-
chain and a ,B-chain,5 and the HLA-DR genes
consist of one DRoc gene and at least three
DRf genes,6 named DRI,, DRP2, and DRI3,. It
is also known that 10 HLA-DR antigens
named from DR1 to DRwlO are products of
DRa and DRP, genes, and that DRw52 anti-
gen is a product of DRa and DRI3 genes.7
DRoa gene is not polymorphic,5 so serological
specificity of HLA-DR antigen is caused by
polymorphism of DRf genes.

In this study we performed RFLP analysis
on 32 unrelated Japanese patients with
sarcoidosis by using the HLA-DRf cDNA
probe and compared their fragment patterns
with those of control subjects. DRw52 positive
individuals whose serological specificities were
identical showed different RFLP patterns, and
there were different frequencies of several re-
striction fragments of the DR,B gene between
the patients with sarcoidosis and the control
subjects.

Methods
PATIENTS
A total of 32 consecutive patients (nine men,
23 women) with sarcoidosis diagnosed at the
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examined. Their ages ranged from 14 to 60
years, with an average of 37-8 years. All had
abnormal radiographic features of either bilat-
eral hilar lymphadenopathy or diffuse paren-
chymal lung changes. All had epithelioid gran-
ulomata characteristic of sarcoidosis which
was histologically established by a biopsy of
the lung, lymph node, or skin. The patients
were divided into three groups on the basis of
their chest radiographic findings' and desig-
nated stages I, II, or III. Briefly, the patients
with stage I disease had only radiological
features of bilateral hilar lymphadenopathy,
while those with stages II and III had both
bilateral hilar lymphadenopathy and diffuse
parenchymal changes or just parenchymal
changes, respectively. A group of 47 unrelated
healthy Japanese subjects served as the control
group.

HLA TYPING
HLA typing was performed with the standard
NIH complement dependent microcytotox-
icity test; B lymphocytes were enriched by the
thrombin nylon wool method,8 then incubated
with antibodies at 37°C for one hour followed
by a two hour incubation at 23°C with rabbit
complement. The serum specimens or mono-
clonal antibodies used for HLA typing were
well defined at the 10th International Histo-
compatibility Workshop (New York, 1987).
Assignments of the HLA specificities were
made on the Workshop nomenclature.9

RFLP ANALYSIS
Genomic DNA was extracted from peripheral
blood nucleated cells by the method of Sam-
brook et al.'0 After digestion with Eco RI, Pst
I, Bam HI, Pvu II, or Hind III for 15 hours at
37°C, 10 jig of digested DNA was electrophor-
esed on a 0-6% agarose gel at 25 V for 40
hours. After the electrophoresis the gels were
alkaline denatured and transferred to nylon
membranes by the method of Southern."I The
membrane was prehybridised overnight at
42°C and hybridised for 30 hours at 42°C with
a DR,B cDNA probe labelled with [a-32P]
dCTP by the random primer method. The
probe used was a Hind III/Sal I 786 base pair
(bp) fragment of Caucasian HLA-DRO cDNA
provided in the 10th International Histocom-
patibility Workshop.'2 This cDNA probe was
derived from the DRI, gene. The filters were
then washed four times after the hybridisation,
twice with 2 x saline-sodium phosphate-
EDTA (SSPE) [1 x SSPE: 0 15 mol/I NaCl,
10 mmol/l NaH2PO4, 1 mmol/l EDTA] for five
minutes at room temperature, once with a
mixture of 2 x SSPE and 0 5% SDS for 15
minutes at 65°C, and once with a mixture of
0-5 x SSPE for 15 minutes at 65'C. The filters
were then exposed with intensifying paper to
XAR-5 film (Eastman Kodak Co., Rochester,
USA) for 20 hours at - 70°C. Fragments with
weak density which seemed to result from
cross hybridisation were excluded from the
frequency analysis.

STATISTICAL ANALYSIS
Both the antigen frequencies in HLA typing
and the restriction fragment frequencies in the
RFLP analysis in the patients with sarcoidosis
and the control subjects were compared by the
use of 2 x 2 tables. The x2 test was used for
statistical comparison.

Results
HLA ANTIGEN FREQUENCIES IN PATIENTS WITH
SARCOIDOSIS
The frequencies of HLA-D region antigens in
a group of 32 patients with sarcoidosis and 47
control subjects are given in table 1. The
frequency of HLA-DRw52 was 75-0% in the
patient group and 51 1% in the control group
and this difference was statistically significant
(X2=458, p<005). Among HLA-A, B, C,
and HLA-DQ antigens there was no antigen
whose frequency showed a significant dif-
ference between the patients and the control
subjects (data not shown for HLA-A, B, and C
antigens).

RFLP ANALYSIS FOR THE HLA-DRI GENE
RFLP analysis was performed in the 32
patients with sarcoidosis and the 47 control
subjects. Restriction fragments of 24 DRw52
positive patients, hybridised with a DR,B probe
after digestion with Eco RI, are shown in the
figure. The RFLP analysis could detect poly-
morphism which was not distinguishable by
usual HLA typing - for example, under diges-
tion with Eco RI five DRw52 positive patients
serologically typed as DR4 and DRw8 showed
four different patterns of RFLP.
The frequencies of restriction fragments of

the DRI3 gene, after digestion with Eco RI, Pst
I, Bam HI, Pvu II, and Hind III, are summar-
ised in table 2. Only restriction fragments
whose frequencies were statistically different
between the patients and the controls are
shown. There were five DRI3 fragments whose
frequencies were higher in the patients than in
the controls; Eco RI 10 kb, Eco RI 4 6 kb, Pst
I 52kb, Bam HI 11kb, and Pvu II 95kb
fragments. All these were only seen in DRw52
positive individuals except for Pst I 52 kb

Table I HLA-D region antigen frequencies in patients
with sarcoidosis

Antigen Sarcoidosis patients Control subjects
(n = 32) (n = 47)

n % n %

DRI 1 31 6 12 8
DR2 10 313 14 300
DR3 0 0.0 0 00
DR4 13 406 18 383
DR5 7 219 5 106
DRw6 8 25.0 11 23 4
DR7 0 0.0 1 2 1
DRw8 11 344 12 25 5
DRw9 9 26 1 19 404
DRw10 0 00 1 2 1
DRw52 24 750' 24 51 1'
DRw53 20 62 5 31 66 0
DQwl 23 719 31 66-0
DQw2 0 00 1 2-1
DQw3 22 68 8 33 70 2
DQw4 6 188 12 25-5

'p<005.
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RFLP for HLA-DR genes in sarcoidosis
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RFLP patterns of 24 DRw52 positive patients with sarcoidosis, hybridised with a
DRf probe after digestion with Eco RI. Serological DR specificity except for DRw52.
Lane 1: DR2 and 5; lane 2: DR2 and 5; lane 3: DR4 and 5; lane 4: DR5 and w8;
lane 5: DR5 and w9; lane 6: DR5 and w9; lane 7: DR5 and w9; lane 8: DRw6 and
blank; lane 9: DRI and w6; lane 10: DR2 and w6; lane 11: DR2 and w6; lane 12:
DR4 and w6; lane 13: DR4 and w6; lane 14: DRw6 and w8; lane 15: DRw6 and w9;
lane 16: DRw8 and blank; lane 17: DRw8 and blank; lane 18: DR2 and w8; lane 19:
DR4 and w8; lane 20: DR4 and w8; lane 21: DR4 and w8; lane 22: DR4 and w8;
lane 23: DR4 and w8; lane 24: DRw8 and w9. Five patients (lane 19-23)
serologically typed as DR4 and DRw8 showed four different patterns of RFLP.

which was found in one patient and one con-
trol subject, both of whom were DRw52
negative. Seventeen patients had all five frag-
ments and 12 patients had none. There were
three other patients who had one (Pst I 5-2 kb),
three (Eco RI 10 kb, Pst I 5-2 kb, Bam HI
11 kb), and four (Eco RI 10 kb, Eco RI 4 6 kb,
Pst I 5-2 kb, Bam HI 11 kb) fragments. There
was no restriction fragment whose frequency
was higher in the controls than in the patients.

Table 2 Five restriction fragments of HLA-DRJB gene whose frequencies were higher
in sarcoidosis patients than in control subjects

Sarcoidosis patients Control subjects

Total DRw52(+) DRw52(-) Total DRw52(+) DRw52(-)
(n = 32) (n = 24) (n = 8) (n = 47) (n = 24) (n = 23)

Eco RI lOkb 19' 19 0 16' 16 0
Eco RI 4-6 kb 182 18 0 132 13 0
Pst I 5 2 kb 203 19 1 143 13 1
BamHI llkb 194 19 0 164 16 0
Pvu II 9 5 kb 175 17 0 13' 13 0

'59-4% v 34.0% (p < 0 05).
256-3% v 27 7% (p < 0.05).
362 5% v 29 8% (p<0-01).
4594% v 340% (p<0005).
553-1% v 277% (p<005).

Table 3 Correlation between restriction fragments and clinical features or other organ
involvement

Group I Group 2 Total
(n= 19) (n= 13) (n =32)

Sex
Male 5 (2633%) 4 (3088%) 9 (28 1%)
Female 14 (73-7%) 9 (69-2%) 23 (71-9%)

Mean age at onset (years) 34-3 42.8 37.8
Clinical stage

I 16 (84-2%)' 6 (46 2%)' 22 (68 8%)
II 2 (10 5%) 6 (46 2%) 8 (25 0%)
III 1 (533%) 1 (77%) 2 (63%)

Other organ involvement
Eyes(+) 6 (31 6%)2 9 (69 2%)2 15 (46 9%)

(-) 13 (68 4%) 4 (30 8%) 17 (53 1%)
Skin (+) 1 (5 3%) 4 (30 8%) 5 (15-6%)

(-) 18 (94 7%) 9 (69 2%) 27 (84 4%)
Liver (+) 1 (5 3%) 1 (7 7%) 2 (6 3%)

( - ) 18 (94-7%) 12 (92 3%) 30 (93 8%)

p < 005; 2p < 0-05.

In order to analyse whether there were dif-
ferent clinical features between the patients
with and without the five restriction fragments
the patients were divided into two groups
according to the presence of the fragments.
Group 1 consisted of patients who had three or
more of the five fragments and group 2 con-
sisted of patients with up to two fragments.
The correlation between groups 1 and 2 and
various clinical features or other organ
involvement is summarised in table 3. There
were more patients in group 1 than in group 2
whose clinical stage was limited to stage I
(p < 0.05). With regard to involvement of other
organs, there were more patients in group 1
than in group 2 without an ophthalmic dis-
order (p < 005).

Discussion
HLA is an excellent marker for investigating
genetic factors in many diseases. HLA anti-
gens are divided into two groups; HLA-A, B,
C (class I) antigens and HLA-D region (class
II) antigens.'3 14 Since human immune res-
ponse and immune suppression genes exist in
HLA-D region,'516 and HLA-D region anti-
gens are connected with the susceptibility of
some diseases, more studies have to be per-
formed to analyse class II antigens. With re-
gard to the association between sarcoidosis and
HLA antigens, some interesting results were
found on HLA-D region antigens whereas no
clear conclusions have been obtained on HLA-
A, B, and C.1718
HLA-D region antigens are composed of at

least three different groups of antigen mo-
lecules - DR, DQ, and DP antigens'9 - but an
association with sarcoidosis has so far been
reported only with DR antigens. The HLA-
DR antigens in which an association with
sarcoidosis has been reported are DRw52,12
DRw8,2 and DRw92 in Japanese subjects, DR5
in Germans,3 and DR7 in West Indians.20
Among these antigens an association with
DRw52, DR5, or DRw8 which was reported
by three groups including ours is reproducible
and the most interesting because DRw52 is in
strong linkage disequilibrium with DR5 and
DRw8. In this study frequencies of most
HLA-DR antigens were similar to those found
in our previous study.' The largest difference
was observed in the frequency of DRw53 in
the patients between the two studies, but this
difference was not statistically significant. The
association with DRw52, which we previously
reported, was also observed in the present
study. It should be concluded that DRw52
antigen occurs in 70-80% of Japanese patients
with sarcoidosis, but only in 50-55% of
healthy controls. It was also noted that DR5
and DRw8 antigens were more common in
patients with sarcoidosis than in controls, but
an association with DRw9 was not observed.
DR7 is a very rare antigen in the Japanese
population2' and there were no patients with
DR7 in this study.
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DRw52 antigen was reported to have poly-
morphism by a biochemical method.22 It is
therefore important to detect the polymorph-
ism of DRw52 and to analyse the association
between sarcoidosis and DRw52 more closely.
RFLP analysis is useful for studying the asso-
ciation between HLA and some diseases at the
gene level because it can detect polymorphism
which is not distinguishable by conventional
serological typing. In fact, DRw52 positive
individuals in the present study showed var-

ious RFLP patterns and different patterns
were observed even among those whose serolo-
gical types were identical. Moreover, by using
a single DR,B probe all DRI genes can be
analysed at the same time because their gene
sequences are more than 90% homologous.
There are different allelic forms of DR,B genes

and many individuals are heterozygous for
them. RFLP analysis of the HLA gene is a

more useful method for studying immuno-
genetic mechanisms of many diseases than
usual HLA typing.
One of the purposes of this study was to

determine whether there was any restriction
fragment of the HLA-DR,B gene specific to
patients with sarcoidosis, but such a fragment
was not found. DNA sequence analysis will be
necessary to determine whether sarcoidosis
patients have any special HLA-DR gene, but
so far such a specific gene has not been
reported in any disease. There may be many

genetic factors in the pathogenesis of sarcoid-
osis and it is possible that HLA is only one of
them.
We also wanted to find out why there are

some patients with sarcoidosis who do not
have the DRw52 antigen. We speculated that
there is heterogeneity in sarcoidosis and that
the DRw52 antigen plays a part in only some

patients. It is possible that clinical features
may differ depending on whether the HLA
antigen has a role. We have previously noted
that the association with DRw52 was stronger
in patients with sarcoidosis without ophthal-
mic involvement' and the five restriction frag-
ments identified this subgroup ofDRw52 pos-
itive individuals. There may be a subgroup of
patients with sarcoidosis who remain in the
limited stage and are unlikely to have involve-
ment of other organs, especially the eyes.

The authors thank Erick D Schwab for his help in the prepara-
tion of the manuscript.
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