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Sarcoidosis, in the United States, more commonly and severely position 69 (4–6). Although HLA-DPB1 associations have
affects African Americans. HLA associations with sarcoidosis have been reported in sarcoidosis, they are not as strong or consis-
been reported, but most studies used case-control designs, which tent as that reported for CBD (7–11).
may produce biased results because of population stratification. We Other HLA associations with sarcoidosis have been re-
examined transmission of HLA-DQB1 alleles in 225 African American ported. These include HLA-A*01, A*26, A*30, B*08, B*13,
families with at least one offspring with sarcoidosis. Of five low- B*27, DRB1*03, DRB1*11, DRB1*13, DRB1*14, and
resolution HLA-DQB1 alleles, *02 and *06 showed significant devia- DRB3*01 with susceptibility (8, 12–17), HLA-B*35 and
tion in transmission patterns to affected offspring. High-resolution HLA-DRB1*11 with early onset (18, 19), HLA-DRB1*03
typing of these allelic subsets revealed that HLA-DQB1*0201 was with acute onset (20–23), HLA-DRB1*14 and DRB1*15 withtransmitted to affected offspring half as often as expected (p �

chronic disease (24), and HLA-DRB1*13 with severe disease0.001), whereas DQB1*0602 was transmitted to affected offspring
(14). For many of these earlier studies, HLA antigens wereabout 20% more often than expected (p � 0.029). Examining inter-
typed by serological methods. These methods have been re-actions between *0201 and *0602 alleles and environmental expo-
placed by DNA testing to identify sequence variants respon-sures showed that *0602 varied little with respect to exposure, but
sible for the different structure of the antigens (25). Ansarcoidosis risk associated with *0201 often depended on exposure
increased density of Class II MHC antigen expression onstatus. Alternatively, the *0602 allele in affected probands was associ-
alveolar macrophages in pulmonary sarcoidosis has also beenated with radiographic disease progression, but the *0201 allele

showed no significant correlation with phenotype. Major differences reported (26–28). More recently, familial sarcoidosis was
in the amino acid sequences encoded by *0201 and *0602 alleles found to be linked to the major histocompatibility complex
exist, which may explain the differential effects these alleles have on region in German families (11, 29).
sarcoidosis susceptibility and progression in African Americans. Association studies have narrowed the MHC region where

sarcoidosis susceptibility genes likely reside to the Class II
Keywords: African Americans; disease susceptibility; genetic predisposi- region. Associations were observed with TAP-2 (transporter
tion; HLA antigens; sarcoidosis

associated with antigen processing-2), but not with TAP-1
and HLA-DP (30). We completed a fine mapping study ofSarcoidosis results from marked macrophage and CD4�

the MHC region, on the basis of African American familieshelper T cell activity, immune dysregulation, and formation
including members with sarcoidosis (31), and concur that theof noncaseating granulomas in affected organs. Although the
sarcoidosis susceptibility locus resides telomeric to TAP-2,initiating antigen(s) remains unknown, familial aggregation
but our data suggested that the susceptibility locus is moreand ethnic predominance suggest that an inherited suscepti-
closely associated with HLA-DQB1 than with DRB1.bility to sarcoidosis exists (1, 2). Attempts to identify sarcoid-

We conducted a family-based genetic association analysisosis susceptibility genes have focused on the genes residing
of sarcoidosis and HLA-DQB1 alleles. The term family-basedin the major histocompatibility complex (MHC), particularly
indicates that the data consist of nuclear families rather thanthe HLA genes.
unrelated individuals as cases and control subjects. TheThe focus on HLA genes in sarcoidosis is warranted be-
strength of the family-based design is that it controls forcause T cell activation likely occurs after antigen processing
genetic background unrelated to the disease of interest thatand presentation in conjunction with the appropriate HLA
can potentially confound traditional case control designs.Class II cell surface molecule (3). Further support derives

from the role of HLA in chronic beryllium disease. Chronic Although case-control samples are generally easier to collect
beryllium disease (CBD), with clinical presentation and im- and provide more statistical power than family-based samples
munopathologic mechanisms similar to those of sarcoidosis, (32), case-control samples may give rise to spurious disease
is thought to be an excellent model with which to study genetic associations because of ethnic admixture within a population
susceptibility to lung granulomas (4). CBD occurs most com- or other problems relating to inappropriate controls (33).
monly in carriers of an HLA-DPB1 allele with glutamate in

METHODS

Study Sample and Data Collection
(Received in original form September 25, 2002; accepted in final form January 31, 2003) The study protocol was approved by the Henry Ford Hospital (Detroit,

MI) Institutional Review Board. Diagnosis was confirmed by tissueSupported by National Heart, Lung, and Blood Institute grant RO1 HL54306–01.
biopsy in 86% of the index cases and in the 14 patients with normalCorrespondence and requests for reprints should be addressed to Michael C.
(Stage 0) chest X-rays. The patients without histologic confirmationIannuzzi, M.D., Division of Pulmonary and Critical Care Medicine, Mount Sinai
had radiographic evidence of bilateral hilar adenopathy, a compatibleMedical Center, One Gustave Levy Place, Box 1232, NY, NY 10029. E-mail:
clinical presentation, and were observed for 2 years or more with nomichael.iannuzzi@mountsinai.org
other medical condition that could explain the clinical course.This article has an online supplement, which is accessible from this issue’s table

Of the 623 eligible probands, 359 (58%) were enrolled with one orof contents online at www.atsjournals.org
more first-degree family members. Of these, 234 had 2 or more parentsAm J Respir Crit Care Med Vol 167. pp 1225–1231, 2003
or sibs who donated a blood sample. An additional 10 African AmericanOriginally Published in Press as DOI: 1164/rccm.200209-1097OC on February 13, 2003

Internet address: www.atsjournals.org sarcoidosis families were recruited outside of the Henry Ford Hospital
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system, resulting in 244 total families. Both parents were genotyped RESULTS
when available. When one or both parents were unavailable for geno-

HLA-DQB1 Low-resolution Allelestyping, all available full sibs were genotyped. Using a panel of unlinked
markers, we excluded 20 families (8.2%) with Mendelian segregation On the basis of low-resolution typing, we detected five DQB1
inconsistencies and 2 families (0.8%) where on further follow-up the alleles in our study population. Table 1 shows the distribution
proband was found not to have sarcoidosis from the analysis. Three of

of these alleles among offspring in the 225 sarcoidosis nuclearthe remaining 222 families each had an additional nuclear family that
families that formed our study population. The most frequentwas analyzed separately, resulting in 225 nuclear families or a total of
allele, DQB1*06, represented 31.1% of the 1,018 chromosomes704 individuals for study. Approximately 8% of families (19 of 225)
examined and was found in a slightly higher percentage in off-had 2 or more affected sibs. Sibs were considered unaffected by the

self-reported absence of skin, eye, lung disease, or history of sarcoidosis. spring with a history of sarcoidosis compared with those without
a sarcoidosis history (32.8 versus 29.6%). The least frequent

Questionnaire Data allele, DQB1*04, was found in only 8.2% of chromosomes exam-
All study participants completed an interviewer-administered survey ined and had a slightly higher percentage in offspring with a
that contained questions about medical and occupational history, as history of sarcoidosis compared with those without a sarcoidosis
well as questions about medication use and exposure to a variety of history (8.9 versus 7.4%). Of the remaining four alleles, only
environmental agents. This survey was based on the risk factor question- DQB1*02 appeared to be differentially distributed between off-
naire developed for the multicenter ACCESS study (A Case Control

spring with a history of sarcoidosis and those without a sarcoido-Etiologic Sarcoidosis Study) (34). Information obtained from each par-
sis history (13.4 versus 19.1%).ticipant included a detailed 38-item demographic and medical history,

Table 2 shows the transmission statistics for individual DQB1189-item environmental exposure history, a lifetime occupational his-
alleles under both dominant (overall �2, 5 degrees of freedom �tory, and, for affected family members, a family history. For all exposure

data collected, duration was characterized as both ever/never and 16.3; p � 0.006) and additive (overall �2, 4 degrees of freedom �
greater than 1 year in duration. 15.9; p � 0.003) inheritance models. DQB1*02 was the most

statistically significant allele (p � 0.0005, both dominant and
Radiography additive models) with a marked undertransmission to affected
Chest radiographs were assessed by a pulmonary physician (M.C.I.) offspring. The allele that deviated the most, next to DQB1*02,
blinded to genotype and exposure status for disease severity, using from its expected transmission pattern was DQB1*06, which was
standard radiographic staging for sarcoidosis (35). slightly overtransmitted to affected offspring. The overtransmis-

sion of DQB1*06 was statistically significant under both domi-Phenotyping
nant (p � 0.019) and additive (p � 0.015) inheritance models.

All probands had physical examinations and biochemical profiles at
The transmission of the other four DQB1 alleles to sarcoid-the time of presentation. Criteria for organ system involvement have
affected offspring did not show any deviance from expectedbeen previously described (36). Three broad phenotype categories were
values.used: Mild, Moderate, or Severe. These categories are further described

in the online supplement.
HLA-DQB1 High-resolution AllelesDNA isolation was performed as previously described (37). HLA-

DQB1 typing was performed by sequence-specific primer polymerase Given the statistically significant differences of the HLA-
chain reaction (PCR) (Olerup SSP; GenoVision, West Chester, PA). DQB1*02 and *06 alleles (Table 2), we undertook high-resolu-
HLA-DQA1 alleles were genotyped in a stepwise fashion. Low-resolu- tion typing of these two allelic subsets. A total of three different
tion genotyping was performed on the entire study sample. High-resolu-

*02 alleles and eight different *06 alleles were detected in ourtion genotyping was performed on only those low-resolution allelic
study population. Of these 11 alleles, 5 alleles (DQB1*0203,subsets that exhibited an association with the disease outcome.
*0608, *0619, *06052, and *06111) were not found frequently

Statistical Methodology enough to generate transmission statistics. Transmission statis-
tics for the remaining six alleles are depicted in Table 3. TwoTo determine whether one or more alleles at the locus of interest
of these six alleles showed significant deviation in transmissionwas associated with the sarcoidosis phenotype, we used a family-based

association test statistic (38), S, calculated with FBAT software (39). patterns to affected offspring under both models, with the
Details on the use of this statistic are given in the online supplement. DQB1*0201 allele, transmitted to affected offspring half as often
In short, this test statistic determines whether in a nuclear family a as expected, being the allele with the strongest association. In
certain allele is transmitted to affected offspring more (or less) often addition, DQB1*0602, the other high-resolution allele with a
than would be expected under Mendelian laws of segregation. The S

statistically significant transmission pattern (under an additivetest statistic was optimal for our family data that had a sizable propor-
model), was transmitted to affected offspring about 20% moretion with missing parental genotype information in that it treats all
often than expected.offspring genotypes as random. This eliminates the need for assump-

tions about the phenotype distribution and the parental genotype distri- We next investigated whether sarcoidosis risks associated
bution. When parental genotypes are missing, the test statistic condi-
tions on the offspring genotype configuration. Test statistics were run
under both dominant and additive inheritance models. The dominant
model assumes that offspring with one copy of the allele being tested TABLE 1. DISTRIBUTION OF HLA-DQB1 ALLELES AMONG
have the same probability of being affected as those with two copies, 509 AFRICAN AMERICAN SIBS IN 225 NUCLEAR FAMILIES
whereas the additive model assumes that the probability of being af-

Totalfected is double in those with two copies compared with those who
Affected Sibs Unaffected Sibs (n � 1,018have only one.

Allele (n � 494 chromosomes) (n � 524 chromosomes) chromosomes)Potential gene–environment interactions were evaluated by a gen-
eral estimating equations analytic approach with the Statistical Analysis DQB1*02 13.4 19.1 16.3
System software program (SAS Institute, Cary, NC). Using the PROC DQB1*03 20.0 20.6 20.3
GENMOD (40) procedure in SAS, genotypes of sibs were modeled as DQB1*04 8.9 7.4 8.2
repeated measures to account for the correlation among sibs. For analy- DQB1*05 24.9 23.3 24.1
ses of correlation between proband genotypes and phenotypes �2 tests DQB1*06 32.8 29.6 31.1
of association were performed with a Cochran–Armitage test for trend
(41) used where appropriate. Values are percentages of totals.
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TABLE 2. ASSOCIATION OF HLA-DQB1 ALLELES† WITH SARCOIDOSIS IN 225 AFRICAN AMERICAN
NUCLEAR FAMILIES UNDER DOMINANT AND ADDITIVE INHERITANCE MODELS

Model Allele Ninf S E(S) S/E(S) Variance (S) Z Score p Value

Dominant
DQB1*02 85 28 44.0 0.64 21.1 �3.49 0.0005
DQB1*03 90 51 52.4 0.97 22.3 �0.31 0.760
DQB1*04 49 27 29.1 0.93 12.0 �0.60 0.548
DQB1*05 93 60 55.4 1.08 22.6 0.96 0.336
DQB1*06 104 76 64.1 1.19 26.0 2.23 0.019
DQB1*02 91 38 55.0 0.69 23.7 �3.49 0.0005

Additive
DQB1*03 96 64 67.6 0.95 28.0 �0.68 0.495
DQB1*04 51 34 34.2 0.99 15.3 �0.04 0.966
DQB1*05 104 88 81.9 1.07 29.1 1.14 0.255
DQB1*06 119 107 92.4 1.16 36.0 2.44 0.015

Definition of abbreviations: E(S) � expected number of allelic transmissions under the dominant model of inheritance; Ninf �

number of informative families; S � number of observed allelic transmissions.
† Based on low-resolution typing.

with certain exposures were significantly stronger (or weaker) in Table 5. The interaction odds ratios shown in Table 4 can be
interpreted as the ratio of the proportion of individuals within the presence of the DQB1*0201 and *0602 alleles. This was

done through fitting a gene–environment interaction model in disease who have the exposure and genotype of interest over
the proportion of individuals with disease who do not havethe subset of data that comprised sibships of size two or greater

with one or more affected sib. A total of 186 of the 225 nuclear the exposure and genotype of interest. Interaction odds ratios
greater than one indicate a positive interaction (i.e., presencefamilies under study had sibships that met this criterion. Although

the results for the dominant and additive inheritance models from of the allele increases the exposure odds ratio), whereas odds
ratios less than one indicate a negative interaction (i.e., presencethe previous FBAT analyses were not markedly different, the

results for the additive model had a somewhat higher statistical of the allele decreases the exposure odds ratio). The interaction
odds ratios are not an actual measure of relative risk, but rathersignificance. This, coupled with the modest gain in statistical power

that the additive model would afford in gene–environment inter- a ratio of relative risk measures. The odds ratios in Table 5 are
shown to give some idea of how exposure directly affects diseaseaction testing, led us to model genotype effects for both the

DQB1*0201 and *0602 alleles on an additive scale. All models risk in families where the genotype is either present or absent.
For the DQB1*0201 allele, the most striking positive interac-tested also had covariate terms for age and sex because sarcoidosis

is known to vary according to both. Only exposure terms that had tions were with vegetable dust exposure (OR, 4.11) and water
damage (OR, 3.99). Only the DQB1*0201–water damage expo-an association with sarcoidosis on the univariate level in sibships

with a p value of 0.15 or less and a prevalence in sibs of 10% or sure interaction was statistically significant at the 0.05 � level
(Table 4). However, the odds ratio for vegetable dust (Table 5)greater were tested in gene–environment interaction models. Of

the 61 exposure terms tested, 10 qualified for interaction model in individuals with the DQB1*0201 allele was much higher (OR,
18.60) than the corresponding odds ratio for water damage expo-testing on the basis of these criteria.

The interaction odds ratios for these 10 exposures with the sure (OR, 4.44).
Several negative interactions with the DQB1*0201 allele wereDQB1*0201 and *0602 alleles are shown in Table 4 with the

corresponding genotype-stratified exposure odds ratios shown noted (Table 4), the most prominent being the DQB1*0201–high

TABLE 3. ASSOCIATION OF HLA-DQB1*02 AND HLA-DQB1*06 ALLELES† WITH SARCOIDOSIS
IN 225 AFRICAN AMERICAN NUCLEAR FAMILIES UNDER DOMINANT AND ADDITIVE
INHERITANCE MODELS

Model Allele Ninf S E(S) S/E(S) Variance (S) Z Score p Value

Dominant
DQB1*0201 36 11 20.5 0.54 9.1 �3.14 0.002
DQB1*0202 63 26 32.7 0.80 15.8 �1.68 0.093
DQB1*0602 82 58 49.1 1.18 21.2 1.94 0.052
DQB1*0603 13 8 7.0 1.14 3.4 0.56 0.573
DQB1*06041 16 8 7.7 1.04 3.9 0.15 0.883
DQB1*0609 30 15 16.2 0.93 7.3 �0.45 0.655

Additive
DQB1*0201 36 11 21.1 0.52 9.9 �3.22 0.001
DQB1*0202 66 31 37.0 0.84 16.6 �1.48 0.139
DQB1*0602 86 69 58.1 1.19 25.0 2.19 0.029
DQB1*0603 13 8 7.0 1.14 3.4 0.56 0.574
DQB1*06041 17 11 10.4 1.06 4.2 0.31 0.759
DQB1*0609 30 15 16.2 0.93 7.3 �0.45 0.655

Definition of abbreviations: E(S) � expected number of allelic transmissions under the dominant model of inheritance; Ninf �

number of informative families; S � number of observed allelic transmissions.
† Based on high-resolution typing.
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TABLE 4. TESTS FOR INTERACTION BETWEEN SELECTED X-ray had the *0201 allele, compared with only 4.6% with a
EXPOSURES AND HLA-DQB1*0201 AND HLA-DQB1*0602 Stage II or greater chest X-ray), but this difference did not reach
ALLELES FROM HIGH-RESOLUTION TYPING OF 470 statistical significance (p � 0.334). No other associations betweenINDIVIDUALS IN 186 SARCOIDOSIS AFRICAN AMERICAN

DQB1*0201 allele and proband phenotypic characteristics ap-SIBSHIPS UNDER AN ADDITIVE INHERITANCE MODEL
proached statistical significance. For the DQB1*0602 allele, the
most striking associations were with follow-up chest X-ray (p �DQB1*0201 DQB1*0602

Allele Allele 0.051) and the change in chest X-ray between presentation andPrevalence in
follow-up (p � 0.032). Most recent follow-up radiographs wereUnaffected Interaction Interaction
performed up to an average of 7.9 � 6.4 years after time ofExposure Sibs Odds Ratio† p Value Odds Ratio p Value
presentation. For those with both presentation and follow-up

Vegetable dust 13.0 4.11 0.103 1.12 0.752
chest X-rays, the average time between radiograph at time ofAnimal dust 38.7 1.89 0.311 0.85 0.577
presentation and most recent chest radiograph was 6.5 � 5.1Hair spray 50.2 0.58 0.243 0.83 0.545
years. A suggestive positive association was also observed be-High humidity 38.7 0.34 0.026 0.85 0.613

Water damage 28.5 3.99 0.037 0.62 0.399 tween the DQB1*0602 allele and clinical course, presenting chest
Mold or mildew 23.8 1.29 0.673 1.41 0.243 X-ray and presence of any extrathoracic disease.
Musty odors 34.1 1.29 0.619 1.01 0.979
Fireplace 28.4 0.46 0.409 1.26 0.467

DISCUSSIONFeather pillows 61.7 0.54 0.343 1.11 0.727
Dogs 58.4 1.00 0.997 1.25 0.449 HLA Class II functions to trap peptide antigenic fragments de-

rived from endocytosed or newly synthesized protein in the† Measured as proportion with disease who have exposure and genotype of
endosome of antigen-presenting cells (42). This HLA antigen–interest divided by proportion with disease who do not have exposure and geno-

type of interest; interaction odds ratio � 1 is indicative of a positive interaction; peptide complex ends up at the cell surface, where it is presented
interaction odds ratio � 1 is indicative of a negative interaction. to CD4� T lymphocytes. Peptide binding to Class II proteins

depends on interactions between HLA anchor pockets and pep-
tide anchor residues and on the formation of many hydrogen
bonds between the peptide and the HLA protein (43). Thus, an

humidity exposure interaction (OR, 0.34; p � 0.026). As shown individual’s immune responsiveness to a peptide relates directly
in Table 5, for individuals with neither the DQB1*0201 nor to the polymorphisms in these pockets.
DQB1*0602 allele, exposure to high humidity in the workplace Schurmann and coworkers reported an overrepresentation
for greater than 1 year was a risk factor for sarcoidosis (OR, of DQB1*0603 and DQB1*0604 alleles shared by affected first-
1.62), but in individuals with the DQB1*0201 allele this exposure degree relatives with sarcoidosis (44). DQB1*0301 and *0501
had a protective effect (OR, 0.47). No statistically significant were found to be increased in Japanese patients compared with
exposure interactions were observed for the DQB1*0602 allele, healthy control subjects (45) and DQB1*0201/*0202 (alleles not
with the interaction odds ratios for this allele all relatively close separated) were found to be increased in Scandinavians (24).
to one (Table 4). Correspondingly, the exposure odds ratios were Haslam and coworkers (27) reported greater increases in levels
comparable between individuals with the DQB1*0602 allele and of HLA-DQ and DP on alveolar macrophages in sarcoidosis
individuals without the DQB1*0602 and DQB1*0201 alleles compared with HLA-DR and further noted an inverse correla-
(Table 5). tion between HLA-DQ levels on alveolar macrophages and lung

We tested whether the presence of the DQB1*0201 or *0602 function in sarcoidosis.
allele was associated with disease presentation and clinical Sato and colleagues evaluated HLA-DQB1 alleles in U.K. and
course (Table 6). Incomplete medical record data at the time of Dutch patients with sarcoidosis (46). These authors found no
presentation and/or during follow-up precluded complete phe- difference in the frequency of DQB1*0201 between U.K. and
notyping of all probands. Data completeness ranged from 85% Dutch patients and control subjects, but found a decreased fre-
of probands for presenting chest X-rays to 59% for slit lamp quency of the DQB1*0202 allele in the UK patients with sarcoido-
examination for detection of eye involvement. The strongest sis. This decrease in *0202 was not confirmed in the Dutch patients
phenotypic association with the DQB1*0201 allele was observed with sarcoidosis. No difference was found for *0602 in either

population. The DQB1*0201 allele was found associated withfor presenting chest X-ray (8.0% with a Stage 0 or I chest

TABLE 5. RISK ESTIMATES OF SELECTED EXPOSURES STRATIFIED BY PRESENCE OF HLA-DQB1*0201 AND HLA-DQB1*0602
ALLELES FROM HIGH-RESOLUTION TYPING IN 186 SARCOIDOSIS AFRICAN AMERICAN NUCLEAR SIBSHIPS

DQB1*0201�, DQB1*0602� DQB1*0201� DQB1*0602�

(n � 132 sibships; 261 individuals) (n � 31 sibships; 43 individuals) (n � 97 sibships; 179 individuals)

Exposure Odds Ratio 95% CI p Value Odds Ratio 95% CI p Value Odds Ratio 95% CI p Value

Vegetable dust 1.57 0.96–2.56 0.072 18.60 2.58–134.03 0.004 1.84 1.03–3.27 0.038
Animal dust 1.84 1.21–2.79 0.004 1.87 0.50–7.06 0.377 1.35 0.85–2.16 0.206
Hair spray 1.72 1.06–2.78 0.027 1.03 0.29–3.64 0.961 1.24 0.73–2.11 0.429
High humidity 1.62 1.03–2.52 0.034 0.47 0.16–1.40 0.176 1.38 0.83–2.30 0.216
Water damage 1.53 0.97–2.41 0.067 4.44 1.13–17.47 0.033 1.26 0.70–2.25 0.438
Mold or mildew 1.40 0.89–2.22 0.149 1.42 0.28–7.11 0.672 1.94 1.16–3.24 0.012
Musty odors 1.38 0.87–2.21 0.173 2.05 0.58–7.30 0.266 1.84 1.11–3.04 0.017
Fireplace 0.84 0.51–1.39 0.492 0.95 0.40–2.24 0.902 0.90 0.57–1.43 0.658
Feather pillows 1.72 1.10–2.70 0.018 1.22 0.27–5.48 0.797 1.37 0.89–2.10 0.152
Dogs 1.25 0.82–1.89 0.304 0.69 0.19–2.49 0.571 1.07 0.65–1.78 0.790

Definition of abbreviation: CI � confidence interval.
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TABLE 6. ASSOCIATION OF HLA-DQB1*0201 AND coidosis in African American nuclear families. Our study design
HLA-DQB1*0602 ALLELES WITH PHENOTYPIC controlled for genetic background that can lead to spurious asso-
CHARACTERISTICS OF AFRICAN AMERICAN ciations in the presence of genetic admixture and our statisticalSARCOIDOSIS PROBANDS

approach maximized the allelic transmission data in families
DQB1*0201 DQB1*0602 where parental information was often incomplete.

A potential limitation of using both affected and unaffectedPercent Percent
sibs in family-based association testing, as we did in our study, isPhenotypic Characteristic Present p Value Present p Value
that some unaffecteds may actually be misclassified undiagnosed,

Clinical course subclinical cases. This limitation is offset by reports that subclinical
Mild (n � 64) 6.3 0.920 37.5 0.363 sarcoidosis in African Americans is not as common as in whiteModerate (n � 70) 5.7 44.3

individuals (52, 53) In addition, even for diseases with a relativelySevere (n � 28) 7.1 46.4
low prevalence, such as sarcoidosis, the statistical power of aPresenting chest X-ray

Stage 0 or I (n � 100) 8.0 0.334 37.0 0.388 family-based association test that uses both affected and unaf-
Stage II or higher (n � 88) 4.6 43.2 fected sibs is comparable to that of tests using the traditional

Follow-up chest X-ray nuclear family trio with one affected offspring (39). Despite con-
Stage 0 or I (n � 95) 4.2 0.490 35.4 0.051 trolling for genetic admixture within families, if a study sample isStage II or higher (n � 68) 7.5 50.8

genetically heterogeneous, the ability to detect genetic associa-Change in chest X-ray between
tions can be limited. In an unpublished analysis of data used topresentation and follow-up

Better (n � 61) 4.9 0.617 31.2 0.032 estimate linkage disequilibrium in our African American popula-
Same (n � 51) 3.9 41.2 tion (54), we estimated that 90% of our study sample had between
Worse (n � 40) 7.5 52.5 16.6 and 22.5% white admixture, which suggests less within-sample

Eye involvement heterogeneity than in African American samples drawn from dif-Yes (n � 51) 5.9 1.0 33.3 0.143
ferent geographic areas of the United States (55).No (n � 80) 5.0 46.3

In addition to susceptibility, we also examined the potentialSkin involvement†

Yes (n � 84) 6.0 1.0 36.9 0.651 of environmental interaction with HLA Class II molecules that
No (n � 54) 5.6 40.7 are encoded by the DQB1*0201 and *0602 alleles. No significant

Any extrathoracic involvement gene–environment interactions emerged for the DQB1*0602 al-
Yes (n � 143) 5.6 0.341 39.9 0.343 lele, but the effect of several exposures on sarcoidosis susceptibilityNo (n � 41) 9.8 31.7

appeared to differ with respect to the DQB1*0201 allele. Exposure
to high humidity and water damage in the work environment both† Not erythema nodosum.

showed significant interaction odds ratios with the DQB1*0201
allele. Exposure to vegetable dust had the highest odds ratio for
DQB1*0201-positive individuals, but the interaction odds ratio
was not statistically significant. To our knowledge, no previousmilder disease at presentation and with resolution on chest X-ray,
studies have reported gene–environment interaction acting in sar-whereas the *0602 allele was found associated with unfavorable
coidosis susceptibility. Although our results are provocative, theyclinical characteristics such as uveitis and higher chest X-ray stage.
must be interpreted within the context of the limitations of ourThese results are also consistent with that reported by Visser
study hypotheses and exposure assessment methodology. The ex-and coworkers (47), who reported that DQB1*0201–DRB1*0301
posure questionnaire was based on the survey instrument used inhaplotypes were associated with acute sarcoid arthritis that was
the ACCESS study (34), which was constructed to elicit a mini-self-limiting and associated with a good prognosis.
mum amount of information on a maximum amount of exposures.Although we found no association between the DQB1*0201
As such, no specific exposure hypotheses or mechanism to validateallele and sarcoidosis presentation or prognosis in our popula-
self-reported exposures existed. For example, vegetable dust istion, we did find a suggestive association of DQB1*0602 with
defined as respirable fine particles generated from crop produc-higher stage of chest X-ray at presentation and progression of
tion. Individuals who reported vegetable dust exposures typicallychest X-ray at follow-up. Because our study was observational
had occupational histories in agriculture-related industries, but thewith retrospective data collection methods, medical record data
actual exposure occurrence was based solely on the respondent’son a substantial proportion of probands were incomplete and
perception. Timing of these exposures is also an issue in that theour sample may not be representative.
preclinical period for sarcoidosis is unknown, and therefore it wasAllelic frequencies of HLA Class II molecules are known to
not possible to determine whether the exposure occurred exactlyvary widely between populations (48) The MHC Class II DQB1
when disease pathogenesis was initiated. Despite the limitationsgene has 36 known alleles with serologic equivalents (49). In
of our exposure data, our gene–environment results do provideboth white and African American populations, DQB1 allelic
some avenues for future investigations that might involve morefrequencies are highly variable (48), which may lead to detection
in-depth exposure assessments and determination of HLA Class IIof population association rather than disease associations in case-
molecule-binding specificities with respect to exposures associatedcontrols studies. While in theory, selection of a control sample
with DQB1*0201 and sarcoidosis susceptibility.from the same population from which cases are drawn should

Foley and coworkers (8) concluded that MHC associations inavoid this pitfall, in practice uniform case/control sampling is
sarcoidosis reflect involvement of HLA-DR rather than otherdifficult to achieve. Statistical methods to adjust for population
Class II loci. This was supported by the finding that associationsstratification using population-specific alleles have been pro-
detected between single-nucleotide polymorphisms at the TAP-2posed (50), but these methods have yet to be applied widely

and may be prone to overcorrection of potential biases. Family- locus are due to linkage disequilibrium with the HLA-DR1 allele
in both U.K. and Polish populations. Further, it was concludedbased studies provide a sampling procedure by which to avoid

the potential bias of case-control sampling without making any that involvement of the HLA-DQ locus is also unlikely, consider-
ing that the presence of a specific HLA-DR allele in a haplotype,elaborate statistical corrections (51). In our study, we applied a

unified family-based association test (38) in an effort to examine rather than an HLA-DQ allele, appears to determine disease
susceptibility.whether one or more DQB1 alleles were associated with sar-
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