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The HLA class Il (DRB1 and DQB1) associations with sarcoidosis have been studied by several groups but
often without consistent results. In this paper, we consider the hypothesis that observed inconsistencies
relate to distinct, genetically encoded disease phenotypes which differ in prevalence between centres. We
therefore typed HLA-DRB1 and DQB1 in 340 UK, 139 Dutch and 163 Japanese sarcoidosis patients and,
respectively, 354, 218 and 168 healthy controls from these populations. We applied consistent phenotyping
and genotyping and investigated associations between HLA class Il alleles and distinct disease phenotypes
within and between ethnic groups. DRB1*01 and DQB1*0501 are protective against all manifestations of sar-
coidosis. Lung-predominant sarcoidosis is associated with DRB71*12 and *14. Léfgren’s syndrome is a
common sarcoidosis phenotype in the Dutch and is strongly associated with the DRB7*0301 allele. This phe-
notype is not seen among the Japanese in whom DRB171*0301 is absent. The same allele is protective for UK
uveitis. Sarcoid uveitis is common in Japan. The DRB1*04-DQB1*0301 haplotype is a risk factor for this dis-
ease manifestation in Japanese and UK subjects but protective for sarcoidosis overall. We show that distinct
sarcoidosis phenotypes have similar genetic associations across ethnic groups. The disease case mix differs
between centres and may be explained by different ethnic allelic frequencies.

INTRODUCTION

The accumulated lifetime risk of sarcoidosis is ~1.3% for
women and 1.0% for men (1). The lungs are most commonly
affected by this Thl-driven granulomatous disease, with fibro-
sis causing significant morbidity and death (2,3). Sarcoidosis
clearly has a very strong genetic component; the familial
risk ratio A’s score estimates of 36—73 (4) are significantly

higher than in many autoimmune disorders such as rheumatoid
arthritis and Type I diabetes mellitus. A single published
microsatellite screen (5), albeit at very low density, showed
the HLA region to contain the marker with the highest LOD
score. Further, a non-caseating granulomatous disease,
chronic beryllium disease (CBD), which is phenotypically
very similar to sarcoidosis, has one of the strongest HLA
associations known, with 80-90% of patients carrying
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DPBI* Glu 69 as well as a weaker, but independent associ-
ation with HLA DRBI alleles (6—11). It is unclear why
strong and consistent major histocompatibility complex
(MHC) associations are not found with non-CBD sarcoidosis
across ethnic groups, despite several clear associations
between HLA class Il alleles HLA DRB1 and DQBI (12—
23). The prime aim of this study is to address this question.

Full rigorous meta-analysis of HLA data in sarcoidosis is
not possible because of significant changes in methodology
and nomenclature over the last 20 years which have lead to
an enormous increase in system complexity. Allowing for
these changes, we considered a number of non-exclusive
reasons to explain the apparent inconsistency in the published
literature. Firstly, there may indeed be interethnic differences
in sarcoidosis susceptibility. Secondly, a gene in the MHC,
other than the class II alleles, may be implicated. Thirdly,
there may be differences in environmental exposure between
regions (24,25). Alternatively, we considered that some of
the apparent differences might relate to different phenotypes
of disease between ethnic groups and differences in method-
ology between studies.

In order to test our hypothesis, we established databases for
the UK and Dutch patients that used identical case definitions.
Patients from both populations were followed regularly for
4 years. We also studied a totally different ethnic group
(Japanese). Patient definitions were harmonized by a single
clinician who worked in all three centres. We applied the
same detailed genotyping methodology to all samples and rig-
orously audited both laboratory and clinical data. We selected
control populations that came from the same catchment areas
as the patients as far as possible. We utilized data mining tools
and cluster analysis techniques mainly for audit purposes but
also to aid clinical judgement in the assignment of possible
subgroups of patients to generate hypotheses.

RESULTS
Controls

The carriage frequencies of DRBI and DQBI alleles in all
cohorts are provided in Supplementary Material, S1-3. As
expected, the Japanese data were very different from those
of the other groups. Among the Caucasian control populations,
there were marginal differences between the UK and Dutch
groups. Therefore, we analyzed the three groups separately.

Study subjects

Table 1 shows the frequencies of clinical phenotype in the
three sarcoidosis groups. The majority of Japanese study par-
ticipants had uveitis, often in combination with neurological or
cardiac involvement. This was not the case in the Caucasian
sarcoidosis cohorts. Lofgren’s syndrome was common
among Dutch patients, rare in the UK cohort and absent in
the Japanese. In contrast, chest radiological stage IV disease
was more common in the UK cohort (data not shown). This
probably reflects the fact that the Dutch cohort is from a sec-
ondary care hospital while the UK patients are from a tertiary
centre which is likely to attract patients with chronic fibrotic
disease. Initial data mining suggested that uveitis as well as
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Table 1. Frequencies of clinical phenotype in UK, Dutch and Japanese sarcoi-

dosis
UK Dutch Japan
(N=340) (%) (N=139) (%) (N=163) (%)
Uveitis 70 (20.6) 9 (6.5) 119 (73.0)
Cardiac 9(2.6) 4(2.9) 38 (23.3)
Neurological 34 (10.0) 2(1.4) 28 (17.2)
Uveitis only 61 (17.9) 9 (6.5) 67 (41.1)
Uveitis and cardiac 2 (0.6) 0 (0.0) 27 (16.6)
Uveitis and neurological 72.1) 0 (0.0) 18 (11.0)
Uveitis, neurological and 0 (0.0) 0 (0.0) 7 (4.3)
cardiac
Neurological only 27 (7.9) 2(1.4) 4(2.5)
Cardiac only 7(2.1) 4(2.9) 3(1.8)
Lofgren’s syndrome 3(0.9) 47 (33.8) 0 (0.0)
Erythema nodosum 25 (7.4) 2(1.4) 0 (0.0)
(excluding Lofgren’s
syndrome)
Skin disease (excluding EN) 49 (14.4) 6(4.3) 49 (30.1)
Joint (all) 34 (10.0) 30 (21.6) 8 (4.9)
Joint (excluding Lofgren’s 34 (10.0) 4(2.9) 8 (4.9)
syndrome)
Lung-predominant 233 (68.5) 78 (56.1) 37 (22.7)

sarcoidosis

Lung-predominant sarcoidosis excludes Lofgren’s syndrome and uveitis,
neurological or cardiac sarcoidosis.
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Figure 1. Associations between HLA-DRB] alleles and overall sarcoidosis in
UK, Dutch and Japanese populations. In all three groups, DRB1*12 shows a
positive association and DRBI*(0/ a negative association. DRBI*0301,
DRBI*1401/02 and DRB1*0401-DQBI1*0301 show different associations in
the three groups.

Lofgren’s syndrome might be a distinct clinical and genetic
entity, and this hypothesis was further investigated.

HLA associations

HLA alleles positively and negatively associated with sarcoi-
dosis differed between patient cohorts. Figure 1 shows the
odds ratio of DRBI alleles in UK, Dutch and Japanese popu-
lations. Table 2 summarizes the significant associations
between sarcoidosis and DRBI and DQBI alleles in all three
groups. (Further details are provided in Supplementary
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Table 2. Summary of significant associations between sarcoidosis and HLA class II alleles in UK, Dutch and Japanese populations

Alleles Sarcoidosis (%) Control (%) P-value OR 95% CI

UK N =340 N=1354

Risk DRBI*12 8.8 2.5 0.001 3.71 1.73-7.94
DRBI*1401/2 13.8 5.9 0.001 2.54 1.49-4.36
DQBI1*0503/4 13.2 5.6 0.001 2.55 1.47-4.41
DRBI*10 2.4 0.0 0.003 n/a
DRBI*1501 36.2 28.5 0.04 1.42 1.03-1.96

Protection DRBI1*01 12.4 21.8 0.001 0.51 0.34-0.76
DRBI*0401-DQBI1*0301 10.3 17.5 0.008 0.54 0.35-0.84
DOBI1*0301 34.4 432 0.02 0.69 0.51-0.94

Dutch N=139 N=218

Risk DQBI*0201 40.3 252 0.004 2.00 1.27-3.16
DRBI*03 39.6 25.7 0.008 1.90 1.20-2.99
DQBI1*0503/4 12.2 5.5 0.04 2.40 1.11-5.18

Protection DRBI*01 11.5 23.9 0.006 0.42 0.23-0.76

Japanese N=163 N=168

Risk DRBI*0803 29.4 17.3 0.01 2.00 1.19-3.38
DQBI*0301 28.2 17.3 0.02 1.88 1.11-3.19
DRBI*12 14.7 6.5 0.03 2.46 1.17-5.21
DRBI*0401 43 0.6 0.03 7.49 0.91-61.60
DRBI*0401-DQBI1*0301 43 0.6 0.03 7.49 0.91-61.60

Protection DRBI*01 1.2 9.5 0.001 0.12 0.03-0.52
DQBI*0501 1.8 10.1 0.002 0.17 0.05-0.58
DRBI*1403 2.5 7.7 0.04 0.3 0.10-0.94

The P-values in this table are uncorrected. P < 0.001 is considered significant after correction for the number of alleles (n = 28) and is shown in bold.

Material, S1-3). There were some associations common to
two or more cohorts but others that were unique to a particular

group.

Similarities among all three groups. DRB1*01 was signifi-
cantly decreased in all three groups (UK 12.4 versus 21.8%,
P =10.001, OR = 0.5; Dutch 11.5 versus 23.9%, P = 0.006,
OR = 0.4; Japanese 1.2 versus 9.5%, P=0.001, OR =
0.12). DRBI1*12 was increased in UK (8.8 versus 2.5%, P =
0.001, OR = 3.7) and Japanese (14.7 versus 6.5%, P = 0.03,
OR = 2.5). DRBI*12 was increased in Dutch patients (2.9
versus 1.4%, P = 0.4, OR = 2.1), although the number of car-
riers of this allele was too small to make statistically signifi-
cant comparison.

Differences between Caucasian and Japanese cohorts. In UK
and Dutch patients, we observed that both DOB1*0503/4 (UK
13.2 versus 5.6%, P=0.001, OR = 2.6; Dutch 12.2 versus
5.5%, P=10.04, OR=24) and DRBI*14 (UK 13.8 versus
5.9%, P =0.001, OR = 2.5; Dutch 11.5 versus 6.9%, P = 0.2,
OR = 1.8) were increased in sarcoidosis, compared with con-
trols. Both were in linkage disequilibrium in these ethnic
groups. In contrast, in Japanese patients, where DRBI* 14 can
also be linked to DQOBI*0301, DRBI*14 was decreased,
especially when occurring on this non-Caucasian haplotype;
DRBI1*14—DQBI1*0301 (2.5 versus 7.7%, P = 0.04, OR = 0.3).

In addition, in Caucasian patients with sarcoidosis, we
observed a trend towards a reduced frequency of DRBI*04
(UK 28.8 versus 36.7%, P =0.03, OR =0.7; Dutch 21.6
versus 27.5%, P=0.3, OR =0.73), and especially in the
DRBI1*04-DQB1*0301 haplotype (UK 12.1 versus 22.3%,
P=0.001, OR=0.5; Dutch 4.3 versus 8.7%, P=0.2,

OR =0.47). In marked contrast, this same DRBI*0401—
DQOBI*0301 haplotype was increased in Japanese sarcoidosis
cases (4.3 versus 0.6%, P = 0.03, OR = 7.5).

Differences between the three groups. In the Japanese patients,
DRBI1*0803 (29.4 versus 17.3%, P =0.01, OR =2.0) was
associated with sarcoidosis overall. This allele (as opposed
to other DRBI*08 alleles) is not found in Caucasian popu-
lations. In contrast, DRB1*03 and DOBI1*0201 were absent
from the Japanese population. These alleles were associated
with Dutch sarcoidosis overall (DRBI*03 39.6 versus
25.7%, P =0.008, OR=1.9; DQOBI*0201 40.3 versus
25.2%, P =0.004, OR = 2.0), but not with disease in the
UK. In the UK cohort alone, DRBI*10 (2.4 versus 0%, P =
0.003) and DRBI*15 (36.2 versus 28.5%, P =0.04, OR =
1.4) were associated with disease.

We identified potential disease subsets using data mining and
examined genetic associations with these below.

Lofgren’s syndrome

No cases of Lofgren’s syndrome occurred in Japanese patients
and only three cases were identified from the UK cohort. We
therefore only included Dutch Lofgren’s syndrome cases for
this analysis. Within the Dutch cohort, the haplotype
DRBI1*03—DQBI1*0201 was strongly associated with Lof-
gren’s syndrome (occurring in 80.9% of cases) compared
both with controls (25.2%, P < 0.0001, OR=12.5) and
patients with other manifestations (non-Lofgren’s syndrome)
of sarcoidosis (18.5%, P < 0.0001, OR = 18.6). As found
with sarcoidosis overall, DRBI*0] was protective for
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Table 3. Summary of significant associations between Lofgren’s syndrome and HLA DRBI and DQBI alleles in Dutch populations

Alleles Lofgren’s syndrome Control P OR 95% CI
N =47 (%) N=218 (%)
Risk DRBI1*03 80.9 252 <0.0001 12.5 5.69-27.52
DQBI1*0201 80.9 25.2 <0.0001 12.5 5.69-27.52
Protection DRBI*11 22 17.9 0.005 0.10 0.01-0.76
DQOBI1*0301 10.6 28.4 0.01 0.3 0.11-0.79
DRBI1*0101 8.7 239 0.03 0.3 0.10-0.89
Lofgren’s syndrome No Lofgren’s syndrome P OR 95%CI
N =47 (%) N =92 (%)
Risk DRBI1*03 80.9 18.5 <0.0001 18.6 7.59-45.69
DQOBI1*0201 80.9 19.6 <0.0001 17.4 7.12-42.3
Protection DRBI1*1401/2 0.0 17.4 0.001 N/A
DOBI1*0503/4 0.0 18.5 0.001 N/A
DQOBI1*0602 10.6 26.1 0.05 0.34 0.12-0.95

The P-values in this table are uncorrected. P < 0.001 is considered significant after correction for the number of alleles (n = 28) and is shown in bold.

Lofgren’s syndrome compared with controls (8.5 versus
23.9%, P =0.02, OR = 0.30). Carriage of DRBI*1l was
also protective (4.3 versus 17.9%, P=0.02, OR=0.2)
(Table 3). The DRBI1*12 and DRBI*14 alleles, which were
increased in sarcoidosis in the complete cohorts, were not
found among Lofgren’s syndrome patients.

We have previously shown that patients with Lofgren’s syn-
drome, but not with non- Léfgren’s syndrome sarcoidosis,
have an increased frequency of the CCR2 haplotype 2 (26).
This, added to the strong HLA-DR association and the distinc-
tive clinical course, leads us to consider Lofgren’s syndrome a
clinically related but genetically separate disease from other
forms of sarcoidosis. We have therefore performed subsequent
analysis with the Lofgren’s syndrome patients removed.

Uveitis

Uveitis was very common in the Japanese cohort (73.0%), less
common in the UK group (20.6%) and rare in the Dutch cohort
(nine patients, 6.5%). Data mining suggested that it might rep-
resent a genetically different subset of disease both in Cauca-
soid and Japanese subjects.

The DRBI1*03—-DQBI1*0201 haplotype (associated with
Lofgren’s syndrome) was only found in four out of 70
(5.7%) UK uveitis patients compared with 25.7% controls
(P < 0.0001, OR = 0.18), suggesting a protective role of the
haplotype for this manifestation of sarcoidosis. This haplotype
was not present among the Dutch uveitis patients and, as pre-
viously noted, was absent from the Japanese population.

DQBI1*0503/4 (15.7 versus 5.6%, P =0.007, OR = 3.1)
and DRBI*14 (17.1 versus 5.9%, P =0.003, OR =3.3),
which were both associated with disease overall, were also
increased in UK uveitis patients compared with controls. In
the Japanese cohort, DRB1*0803, which is uncommon in Cau-
casian populations, was associated with sarcoid uveitis (32.8
versus 17.3%, P =0.004, OR = 2.3) as well as with disease
overall. In contrast, the DRBI*0401-DQBI1*0301 haplotype,
which was ‘protective’ for sarcoidosis overall, was increased
in frequency in those UK sarcoidosis patients with uveitis,
compared with those without (21.4 versus 7.4%, P = 0.001,
OR =3.4). Carriage of the DRBI*0401 and DQBI*0301

alleles was also increased with uveitis in the Japanese cohort
(4.3 versus 0.6%, P =0.09, OR = 7.33) (Table 4).

Other clinical phenotypes

In Caucasians with sarcoidosis, no clear HLA associations
were found for individuals with cardiac involvement
(UK, n=9; Dutch, n=4), neurosarcoidosis (UK, n = 34,
Dutch, n=2), sarcoidosis-related joint disease (in the
absence of Lofgren’s syndrome) (UK, n = 34; Dutch, n = 4)
or cutaneous involvement [excluding erythema nodosum
(EN), UK, n=49; Dutch; n=6], although the small
numbers may have precluded meaningful analysis.

In contrast, distinct associations were found in the Japanese
cohort. Comparing sarcoidosis patients with or without
skin disease, there was a significant association with DRB1*15
and with DOBI1*0602 (26.5 versus 7.9%, P =0.003, OR =
4.2; and 22.4 versus 7.0%, P = 0.01, OR = 3.8, respectively).
Neurosarcoidosis was significantly associated with DRBI1*0803
(46.4%) compared with both controls (17.3%, P =0.001,
OR = 4.2) and sarcoidosis patients without neurological involve-
ment (25.9%, P = 0.05, OR = 2.5). This allele was also signifi-
cantly increased in cardiac sarcoidosis (36.8%) compared with
controls (17.3%, P = 0.01, OR = 2.8). However, 25 out of 28
(89%) neurosarcoidosis and 34 out of 38 (89.5%) cardiac sarcoi-
dosis patients had uveitis. After multiple regression analysis, only
neurosarcoidosis remained significantly associated with the
DRBI*0803 allele.

Although sarcoid uveitis, cardiac involvement and neurosar-
coidosis do not display HLA associations as strong as in
Lofgren’s syndrome, we judged them to be distinct enough
to warrant separation of these patients and those with
Lofgren’s syndrome from individuals with predominantly
lung involvement.

Lung-predominant sarcoidosis (excluding Lofgren’s
syndrome, uveitis, cardiac and neurological involvement)

In this aspect of our study, we defined patients with lung-
predominant sarcoidosis as those with non-Lofgren’s
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Table 4. Summary of significant associations between uveitis and HLA DRBI and DQBI alleles in UK and Japanese populations

Alleles Uveitis (%) Control (%) P OR 95% CI

UK N=170 N=1354

Risk DRBI*1401/2 17.1 5.9 0.003 33 1.53-7.03
DRBI*10 43 0.0 0.004 N/A
DQBI1*0503/4 15.7 5.6 0.007 3.1 1.42-6.83

Protection DRBI*03 7.1 25.7 <0.0001 0.22 0.09-0.57
DQOBI*0201 7.1 25.1 <0.0001 0.23 0.09-0.59

Japanese N=119 N=168

Risk DRBI*0803 32.8 17.3 0.004 2.3 1.34-4.07
DRBI*0401 4.2 0.6 0.09 7.3 0.85-63.53
DRBI*0401-DQBI1*0301 42 0.6 0.09 7.3 0.85-63.53

Protection DRBI1*0101 1.7 9.5 0.006 0.16 0.04-0.72
DQOBI*0501 2.5 10.1 0.02 0.23 0.07-0.80
DRBI*1403 1.7 7.7 0.03 0.20 0.05-0.92
DQOBI*0604 5.0 12.5 0.05 0.37 0.15-0.95

Uveitis (%) No uveitis (%) P OR 95%CI

UK N=170 N=270

Risk DRBI1*0401-DQBI1*0301 214 7.4 0.001 3.41 1.64-7.08
DRBI*04 429 252 0.006 2.23 1.29-3.85

Protection DRBI*03 7.1 27.0 <0.0001 0.21 0.08-0.54
DQBI1*0201 7.1 27.4 <0.0001 0.20 0.08-0.53

Japanese N=119 N=44

Risk DQBI1*0302 19.3 2.3 0.005 10.3 1.35-78.77
DRBI*0802 10.9 0.0 0.02 N/A

Protection DQOBI1*0301 22.7 432 0.02 0.39 0.19-0.81
DRBI*12 10.9 25.0 0.05 0.37 0.15-0.90

The P-values in this table are uncorrected. P < 0.001 is considered significant after correction for the number of alleles (» = 28) and is shown in bold.

syndrome sarcoidosis without uveitis, neurological or cardiac
involvement (UK n = 233; Dutch n = 92; and Japanese n =
37). This group also included individuals with cutaneous
disease. Table 5 summarizes the significant positive and nega-
tive associations between HLA DRBI and DQOBI alleles and
lung-predominant sarcoidosis in the UK, Dutch and Japanese
populations.

As was the case with overall sarcoidosis, DRB1*12 was
increased in UK and Japanese patients with lung-predominant
sarcoidosis compared with controls (9.9 versus 2.5%, P <
0.0001, OR=4.2 in UK; 27.0 versus 6.5%, P =0.001
OR = 5.3 in Japanese, respectively). Similarly, DRBI*01
was decreased in lung-predominant sarcoidosis in all three
groups compared with controls (12.4 versus 21.8%, P =
0.006, OR = 0.5 in UK; 12.8 versus 23.9%, P = 0.06, OR =
0.5 in Dutch; 0 versus 9.5%, P = 0.08 in Japanese). Although
the DRBI*14 alleles in Caucasians were associated with
disease overall, this did not prove to be the case in Japanese
patients. However, they were found to be associated with lung-
predominant sarcoidosis in all three cohorts (14.6 versus 5.9%,
P=0.001, OR =2.7 in UK; 19.2 versus 6.9%, P = 0.004,
OR = 3.2 in Dutch; 32.4 versus 16.1%, P =0.04, OR =2.5
in Japanese, respectively) (Fig. 2). A significant ethnic differ-
ence between HLA associations with overall sarcoidosis was
observed with the DRBI*0401-DQBI1*0301 haplotype.
While this was protective for disease overall in the UK, it
was a risk factor in the Japanese cohort. The DRBI*0401—
DQBI*0301 haplotype remained highly significantly protec-
tive in UK patients with lung-predominant disease (5.6
versus 17.5%, P <0.0001, OR =0.3). This haplotype,

which is a risk factor for uveitis, was present in only two
cases in lung-predominant sarcoidosis in Japanese.

Thus, analysis of lung-predominant sarcoidosis alone dis-
closes similar HLA associations in all three cohorts and may
explain some of the discrepancies seen in the published litera-
ture. Logistic regression analysis showed that DRB/*12 and
DRBI1*14 are independent susceptibility markers in both UK
and Japanese cohorts. In the Dutch group, where the number
of individuals with DRB1*12 is small, DRB1*14 alone is a sus-
ceptibility marker. DRBI*12 and DRB1*14 are also associated
with overall sarcoidosis in these populations. As illustrated in
Figures 2 and 3, the DRB1*03 association with Dutch sarcoido-
sis is entirely dependent on those patients with Lofgren’s syn-
drome and disappears in lung-predominant (non-Lofgren’s
syndrome) patients. Although other researchers have found an
association between overall sarcoidosis and DRBI*11, no
association was found in our study between these alleles and
overall disease or with any subgroup of sarcoidosis.

HLA amino acid epitopes

Again following the CBD—-DPBI*GIlu69 model (6—11), we
evaluated whether the DRB] allele associations were due to
shared amino acid epitopes, by comparing the sequences of
these alleles.

We used the SKDM HLA tool (27) to determine significant
associations between amino acid epitopes and clinical
phenotypes.

Table 6 summarizes the significant positive and negative
associations (showing only corrected P-value <0.05)
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Table 5. Summary of significant associations between lung-predominant sarcoidosis and HLA DRBI and DQB] alleles in UK, Dutch and Japanese populations

Alleles Lung-predominant Control (%) P OR 95% CI
sarcoidosis (%)

UK N=233 N=1354

Risk DRBI*12 9.9 2.5 <0.0001 4.2 1.91-9.25
DRBI*1401/2 14.6 59 0.001 2.7 1.53-4.80
DOBI1*0503/4 14.2 5.6 0.001 2.8 1.54-4.93
DRBI*10 2.1 0.0 0.01 N/A

Protection DRBI1*0401-DQBI1*0301 5.6 17.5 <0.0001 0.3 0.15-0.52
DRBI*01 12.4 21.8 0.006 0.5 0.32-0.81
DOBI1%0301 322 432 0.009 0.6 0.44-0.88
DRBI1*04 232 36.7 0.001 0.5 0.36-0.76

Dutch N=78 N=218

Risk DOBI1*0503/4 20.5 5.5 <0.0001 44 1.99-9.86
DRBI1*1401/2 19.2 6.9 0.004 32 1.49-6.96

Protection DRBI*01 12.8 239 0.058 0.5 0.23-0.98

Japan N=37 N=168

Risk DRBI*12 27.0 6.5 0.001 5.3 2.05-13.65
DQBI1*0301 40.5 17.3 0.004 33 1.52-7.05
DRBI1*1401-2 27.0 8.9 0.006 3.8 1.54-9.58
DOBI1*0503/4 21.6 8.3 0.04 3.0 1.17-7.89
DQOBI1*0302 0.0 18.5 0.002 N/A

Protection DRBI*01 0.0 9.5 0.08 N/A
DOBI1*0501 0.0 10.1 0.047 N/A

The P-values in this table are uncorrected. P < 0.001 is considered significant after correction for the number of alleles (» = 28) and is shown in bold.

between DRBI amino acid epitopes and sarcoidosis pheno-
types in the UK, Dutch and Japanese populations. (Details
are shown in Supplementary Material, Table S4). Using mul-
tiple regression analysis, we observed that the primary associ-
ations were with DRBI alleles (data not shown). No amino
acid epitopes remained significantly associated with sarcoido-
sis overall, lung-predominant sarcoidosis, Lofgren’s syndrome
or sarcoid uveitis.

When we examined association between HLA-DRBI1
pocket residues and clinical phenotype, pocket 4 appeared as
the major discriminating functional structure with pocket 6
as a secondary marker for lung-dominant sarcoidosis. Further-
more, pocket 9 showed discrimination between Lofgren’s syn-
drome and lung-dominant sarcoidosis, with a similar trend in
Japan for the lung-dominant sarcoidosis. Pocket 7 results are
difficult to interpret because the key position, amino acid at
71, is shared with pocket 4.

DISCUSSION

Studies of the genetics of sarcoidosis from different groups
have often produced discrepant results. In this paper, we
have applied consistent clinical definitions and HLA genotyp-
ing across sarcoidosis populations from three countries. We
demonstrated clear differences in the frequencies of various
phenotypes of sarcoidosis between the cohorts. However, the
individual clinical subtypes have similar HLA associations,
irrespective of ethnicity. While we can not exclude differences
in environmental exposure between populations, the similar
HLA associations of each phenotype suggest that the variation
in frequency between subtypes of disease may be secondary to
differences in HLA allelic frequencies between ethnic groups.
A corollary of our observation is that the MHC susceptibility

gene for sarcoidosis is an HLA gene, and not another gene in
this region. We therefore propose that the disparate reports in
the literature can, in significant part, be explained by (i) differ-
ences in the ethnicity of studied populations and (ii) clinical
heterogeneity among patients. Furthermore, differences in
HLA typing and nomenclature between reports may have
further confused comparisons. We have shown that two sub-
groups of sarcoidosis, Lofgren’s syndrome and sarcoidosis
uveitis, have clearly distinct HLA genetics and should
perhaps be considered as separate sarcoidosis groups in the
way already defined for chronic beryllium disease. A proposed
schematic for the genetic subtypes of sarcoidosis is illustrated
in Figure 4.

Most studies report an association between sarcoidosis and
DRBI1*12(13,15,19,28), and this was confirmed in our work in
all three sarcoidosis cohorts. Similarly, there is general agree-
ment with our finding that DRB1*0101 and DOBI1*0501 are
protective for overall sarcoidosis (13,28). We have shown
that the DRBI*0101 and DQBI1*0501 alleles are protective
against lung-predominant sarcoidosis, Lofgren’s syndrome
and uveitis. Because the alleles are protective in all subtypes
of disease, their effect on the overall cohort is protective
regardless of the proportion of patients with each of the dis-
tinct subtypes (i.e. differences in case mix) in a particular
cohort.

However, genetic associations within the MHC region are
complicated by the extensive linkage disequilibrium in this
region (29). This is especially strong between DRBI and
DOQBI alleles, with the result that alleles are often inherited
together as haplotypes. Association of an allele with a
disease can occur if that allele is functionally implicated or
if it is on the same haplotype as the functional gene (i.e. the
allele is just a marker). This is illustrated by the negative
association between DRBI*0101 and DQBI1*0501 and
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Odds Ratio

Figure 2. Associations between HLA-DRBI alleles and lung-predominant sarcoidosis in UK, Dutch and Japanese populations. DRB1*1401/2 shows a positive
association and DRBI*01 a negative association in all three groups. DRB1*12 shows a positive association in UK and Japanese populations. None of these

groups had an association with DRBI*11.

sarcoidosis in our patients. These alleles occur together on a
haplotype that is common in Caucasian populations. We
believe, however, that the primary association is with
DRBI1*0101, as DQBI1*0501 can also occur with DRBI*10
and this haplotype appears to be a risk factor in the UK cohort.

Although associations with DRBI*12, DRBI*010] and
DQBI1%0501 are found across ethnic groups, a number of
differences occur, which we believe are due to case mix.
DRBI1*14 has been reported to be a susceptibility marker
for sarcoidosis in some studies (13,15,16,22), but not to be
associated with disease in others. We have found it to be
associated with lung-predominant sarcoidosis in both Cauca-
sians and Japanese (especially when occurring on a haplotype
with DOB1*0503/4), but not with uveitis. DRBI*04 has been
reported to be under-represented in Caucasian (13,17,19) sar-
coidosis cohorts. However, we have shown that while the
DRBI1*0401-DQB1*0301 haplotype is protective for lung-
predominant sarcoidosis and for overall disease in the UK
and Dutch populations, it is a risk factor for uveitis in UK
and Japan as was reported in the ACCESS (19) study.

The DRBI*03 allele (occurring on a haplotype with
—DQBI*0201) has been found to be associated with sarcoido-
sis in a number of European studies (12,17,18,30), but not in
reports from the UK (13), the USA (19) or Japan (15,16).
We have shown this haplotype to be strongly associated
with Lofgren’s syndrome and to be protective against
uveitis. These alleles are virtually absent in Japanese popu-
lations, perhaps explaining both the absence of Lofgren’s syn-

drome and the high prevalence of uveitis in Japanese patients.
The reports from the UK are from a centre with a high pro-
portion of patients with chronic disease and a low frequency
of Lofgren’s syndrome, as we have again illustrated. In
Europe, DRB1*0301 and/or DOBI1*0201 plays an additional
role in Lofgren’s syndrome negative sarcoidosis disease set.
Thus, in addition to uveitis protection and Lofgren’s syndrome
susceptibility, they have a clear role in terms of good progno-
sis identified by our group (21) and by others (12,31).

Just as DRBI*0301 is rare in Japanese populations,
DRBI1*0803 occurs very rarely in whites and American
Blacks. This allele was found to be associated with sarcoidosis
in Japan. It was associated with uveitis and with neurological
and cardiac involvement in these patients. However, because
the vast majority of patients with neurological or cardiac
disease also had uveitis, and because of the small number of
cases, our regression analysis could not determine which of
the three patterns was the primary association with
DRBI1*0803. A Japanese group has reported an association
between DOBI1*0601 and DRBI*1502 and cardiac disease,
although the frequency of uveitis in these patients was not
stated (32). We were not able to find any association with
DRB1*1502 here. However, in Japan, both DRBI*1502 and
DRBI1*0803 are in LD with DOBI1*0601 (33). Therefore, we
think that the primary association with cardiac disease is
more likely to be with DOBI*0601 than with DRBI1*1502.
Cardiac involvement and neurosarcoidosis are rare in
European populations, as is the DQB1*0601 allele. With the
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Figure 3. Carriage frequencies of DRB/*030! in UK and Dutch sarcoidosis patients and controls. In the Dutch cohort, overall sarcoidosis (P < 0.001) and Lofg-
ren’s syndrome (P < 0.0001) were significantly increased compared with controls. In the UK cohort, sarcoidosis with uveitis was significantly less common than
in the control groups (P < 0.001). However, after excluding Lofgren’s syndrome and uveitis, there were no significant differences between lung-predominant

sarcoidosis and controls in both the UK and Dutch cohorts.

exception of Lofgren’s syndrome and uveitis, we were unable to
identify significant HLA associations with any extrapulmonary
manifestation of sarcoidosis in the Caucasian cohorts.

Although we have managed to explain many of the differ-
ences previously reported between studies, we found no
association between sarcoidosis or any of its subtypes and
DRBI*11. This has been reported to be a susceptibility
marker for Indian (22), Polish (30) and American Black and
White sarcoidosis patients (19). Possible explanations are
that the allele is more frequent in these populations or that it
occurs on haplotypes bearing different DOBI alleles. For
example, in African American subjects, DRBI*11 can form
a haplotype not only with DOBI1*0301 (as in Caucasians),
but also with DQBI1*0602 (34).

Recently, we reported that immunorecognition of a myco-
bacterial antigen, ESAT-6, which occurs in 60% of US sarcoi-
dosis patients, was inhibited by the anti-HLA-DR and
HLA-DQ antibody. We have also shown that ESAT-6 immu-
norecognition in these patients was associated with the posses-
sion of a DRB1*11 allele (35). These results may suggest that
the possession of DRBI*11 is associated with mycobacterium
infection, one of the candidate actiologies of sarcoidosis. A
possible explanation for the lack of an association with
DRB1*11 for our UK, Dutch and Japanese sarcoidosis patients
is that mycobacterial infection was not aetiologically involved
in these populations.

We also examined the association between clinical pheno-
types of sarcoidosis and HLA-DR and DQ amino acid epi-
topes. Voorter et al. (36) have reported that DRArg71 and
DQPhe9 are associated with sarcoidosis, but we did not find

this. DRArg71 occurs in DRBI1*1501/*1502 and DQPhe9 in
DQOB170401 and DOBI1*0602. We believe that the reported
association with these epitopes were because of the association
with DRBI1*1501/DQOB1*0602 and not these particular amino
acids. We found the primary associations with DRBI alleles
and not amino acid epitopes.

When we examined the association between HLA-DRBI
amino acid pocket residues and clinical phenotype, pocket 4
showed associations with lung-predominant, Lofgren’s syn-
drome and uveitis in Caucasian patients. In Lofgren’s syn-
drome patients, lysine (K) at position 74, which is in pocket
4 but seen only in DRBI1*0301, showed the strongest associ-
ation. Therefore, this lysine may be an important amino acid
for Lofgren’s syndrome. However, amino acid residues at
pocket 4 also showed both positive and negative associations
with uveitis and lung-predominant sarcoidosis in Caucasian.
Thus, the peptide binding pocket 4 might have an important
role to distinguish clinical phenotype in Caucasian sarcoidosis.

Recently, a new investigative strategy for HLA and disease
studies has been described and applied to systemic sclerosis
(37). Full application of this complex technique to our data
will therefore be untaken as a separate collaborative study.

It remains uncertain which of the linked alleles within a par-
ticular haplotype are responsible for the disease association.
Some groups have attributed risk to DOBI alleles, although
T-cell cloning work from the Swedish group indicates that
DR alleles (predominantly DRBI but also DRB3) are respon-
sible (38). Other researchers have implicated DQAI (22).
Valentonyte et al. (39) have attributed the association to poly-
morphisms in the BTNL2 gene which lies in close proximity in
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Table 6. Associations with HLA-DRBI amino acid residues and clinical phenotypes

Pocket Position and UK Dutch Japan
amino acid
Association P OR Pt OR Pt OR

Lung-predominant 1 85A Positive 0.018 3.26 0.06 523

4 13G Positive 0.037 2.64

4 70R Positive 0.021 2.5 0.98 2.23

4 74E Positive 0.025 223 1 222

4 13H Negative <0.0001 0.4

4 71K Negative 0.046 0.56

6 30H Positive 0.017 4.06 0.06 5.23

6 11v Negative 0.0022 0.45

7 47Y Negative 0.0036 0.46

7 71K Negative 0.046 0.56

9 37L38L Positive 0.017 4.06 0.06 5.23

9 57A60H Positive 0.048 2.68 0.48 2.95

9 57D Negative 0.029 0.3 0.92 0.38
Lofgren’s syndrome 1 86V Positive 0.0085 7.6

4 13S Positive 0.39 4.59

4 26Y Positive <0.0001 9.29

4 71K Positive <0.0001 9.07

4 74R Positive <0.0001 11.66

7 71K Positive <0.0001 9.07

9 37N Positive <0.0001 6.8
Uveitis 4 74E Positive 0.01 3.41

4 70R Negative 0.016 0.75

4 74R Negative 0.03 0.24

9 57V Negative 0.032 0.28

P-values on this table are corrected by 65.

the class II MHC region. However, we found a more signifi-
cant association in our patients with DRBI (28). The
extreme polymorphism and complex and variable linkage in
the MHC region make the associations difficult to dissect.

We began this study to examine the notion that sarcoidosis
is a collection of diseases with a final common pathway of
granulomatous inflammation, but with distinct MHC associ-
ations, perhaps related to separate inducing agents. We view
CBD as the model of this concept, with granulomatous
disease resulting from exposure to a known inducing agent
on the background of a defined HLA allele (6-11).
However, our hypothesis is only partially proven. Lofgren’s
syndrome is clearly genetically distinct, with nearly 80% of
patients carrying the extended DRBI1*0301—-DQBI1*0201 hap-
lotype, compared with 7% of sarcoid uveitis patients. In the
remaining sarcoidosis patients, the haplotype is also associated
with milder disease (21,31). There is also a strong case for
sarcoid uveitis being a separate genetic group. The high
frequency of this complication in Japan and the opposite
associations between DRBI*(04 and sarcoid uveitis and lung-
predominant sarcoidosis may have confused previous ethnic
comparisons. Whether differences in case mix and ethnicity
explain differences between our findings and those from
studies of African Americans and Hispanic populations
remains to be shown.

The importance of large numbers of patients is often
stressed in genetic association studies. We agree with this
but also believe that precise and consistent phenotyping can
maximize the ability to identify significant associations in a
given cohort. Moreover, accurate and reproducible HLA
typing, together with the knowledge of ethnic differences in

haplotype structure and frequencies, is vital to interpreting
such studies and to reconciling apparent differences between
studies that have been conducted in different groups across
the world. Further research is needed to find the genes associ-
ated with other clinical phenotypes in different ethnic groups.
Because of the complexity of the MHC region, more extensive
genotyping is also needed across class I and II regions to
define haplotypes accurately. The HLA region is too
complex for the current generation of microarray or DNA
chips to genotype. However, it is likely that future versions
will be able to do so soon, perhaps leading to a renewal in
interest in this region.

MATERIALS AND METHODS
Subjects

Three hundred and forty UK Caucasian sarcoidosis patients
were recruited from the Royal Brompton Hospital, London,
UK, and 139 Dutch Caucasian patients from St Antonius Hos-
pital, Nieuwegein, The Netherlands. Data from some of these
patients have already been reported (13,21,26,28,40—42),
although new samples were added to increase the sample
size. One hundred and sixty-three Japanese sarcoidosis
patients were recruited consecutively from Central Clinic in
Kyoto, Japan. The diagnosis of sarcoidosis was established
when clinical and radiological findings were supported by his-
tological evidence of non-caseating epithelioid cell granulo-
mas, after exclusion of other known causes of
granulomatosis. Three hundred and fifty-four UK and 218
Dutch control samples were used. These have previously
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Figure 4. A proposed schema for the genetic subtypes of sarcoidosis. DRBI*01 and DQBI*0501 are protective for overall sarcoidosis. The DRB1*0401—
DQBI1*0301 haplotype is protective for sarcoidosis overall but a risk factor for uveitis as shown. Within sarcoidosis, DRBI1*0301-DQB1*0201 is associated
with Lofgren’s syndrome. Lung sarcoidosis is associated with both DRBI*12 and *1401/2. DRBI1*0803 is a risk factor not only for uveitis, but also for neuro-
logical and cardiac sarcoidosis. Splenomegaly is associated with DRBI1*0602 (45).

been described (21,26,40—42). The Japanese control popu-
lation comprised 168 healthy unrelated native Japanese
mainly collected from the Kyoto prefecture.

Evaluation of extra-pulmonary disease

At presentation, all patients were assessed for extra-pulmonary
disease, e.g. ophthalmic, cardiac, neurological and skin invol-
vement, according to the ATS/ERS/WASOG statement on sar-
coidosis (2). All extra-pulmonary manifestations other than
skin disease were defined clinically. Forty-six Dutch sarcoido-
sis patients, three UK patients and none of the Japanese dis-
played a symptom cluster consisting of fever, erythema
nodosum, arthralgia and bilateral hilar lymphadenopathy that
was classified as Lofgren’s syndrome. Uveitis was diagnosed
by ophthalmologists.

Cardiac sarcoidosis was diagnosed in patients with clear
evidence of sarcoidosis, cardiological symptoms and relevant
abnormalities of ECG. Neurosarcoidosis was diagnosed in
patients with clear evidence of sarcoidosis, neurological symp-
toms and relevant abnormalities of CT or MRIL

Sequence-specific primers—polymerase chain reaction

Analysis of genetic polymorphisms in the HLA-DRBI and
DQBI allele. Genomic DNA was extracted from peripheral
blood cells and genotyped for HLA-DRBI and HLA-DQBI
using allele or allele group sequence-specific primers and
polymerase chain reaction (PCR). A total of 28 DRBI
alleles and 13 DQOBI alleles were identified in all study sub-

jects, namely: DRBI*0101/2 *0103, *0301, *04, *0701,
08 *0901, *1001, *1101-4, *1201, *1301, *1302, *1303,
*1401/2, *1403, *1501, *1502, *1601 and DQBI*0201,
*0202, *0301, *0302, *0303, *0401/2 *0501, *0502, *0503/
504, *0601, *0602, *0603 and *0604/6/9. Full details of
primers, PCR condition and gel -electrophoresis have
been described previously (21,43,44). DRBI*04- and
DRBI1*08-positive Japanese cases were retyped using high-
resolution DRBI typing (DRBI1*0401, *0402, *0403, *0404,
*0405, *0406, *0407, *0408, *04010, *0801, *0802, *0803).

Analysis of haplotype of HLA-DRBI1—QBI alleles. Major hap-
lotypes were deduced from the results of DRBI and DQOBI
typing by visual scoring and were confirmed using previous
HLA studies in Caucasian (29) and Japanese subjects (33).

Data analysis. The full clinical and genetic database was ana-
lysed using a data mining programme (Knowledge Studio—
Angoss software). This identified database errors as well as
possible associations requiring conventional statistical analy-
sis. HLA-DRBI allele and HLA-DQB]I allele carrier frequen-
cies, i.e. number of individuals carrying at least one copy of
the allele, were determined by direct counting for the
control, sarcoidosis and the clinical subgroups. Statistical
analysis was performed with SPSS version 14 (www.spss.
com) using x* contingency table analysis with the appropriate
number of degrees of freedom and Yates’ correction, or
Fisher’s exact test if the expected cell frequencies were
lower than 5. The results are shown as uncorrected P-values
and odd ratios in the text and in Tables 2—5. After correcting
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for multiple comparisons, correcting for the number of poss-
ible alleles (Bonferroni’s correction), P < 0.001, is considered
as significant.

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.
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