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Abstract

Previous studies in Caucasians with progressive systemic scle-
rosis (PSS) have suggested associations of antitopoisomerase I
(antitopo I) autoantibodies with either serologically defined
HLA-DR2 or DR5. To better define class II HLAassociations
with the antitopo I response, 161 PSS patients (132 Cauca-
sians and 29 American blacks) were studied for antitopo I auto-
antibodies by immunodiffusion and immunoblotting, and their
HLA-DRB1, DRB3, DQA1, and DQB1 alleles were deter-
mined by restriction fragment length polymorphic analysis
and DNA oligotyping. Among Caucasians with antitopo I,
HLA-DR5(DRB1*1101-*1104), DRB3*0202 and DQw3
(DQw7,8,9) were significantly increased in frequency. In Amer-
ican blacks, however, only HLA-DQB1*0301 (DQw7) was sig-
nificantly increased. The presence of HLA-DQB1*0301 (DQw7)
and other HLA-DQB1 alleles bearing the uncharged polar
amino acid residue tyrosine at position 30 of the outermost
domain was found in all antitopo I-positive Caucasian PSS
patients compared with 66% of antitopo I-negative PSS pa-
tients (pc = 0.007) and 70% of normal controls (pc = 0.008),
as well as all antitopo I-positive black patients. The association
with HLA-DQB1 was independent of HLA-DR5(DRB1*1101-
*1 104) or any other HLA-DRB1, DRB3, or DQA1alleles. Al-
ternative or additional candidate epitopes for this autoimmune
response include alanine at position 38 and threonine at posi-
tion 77 of these same DQB1 alleles. These data suggest that
genetic predisposition to the antitopo I response in PSSis asso-
ciated most closely with the HLA-DQB1 locus. (J. Clin. In-
vest. 1992. 90:973-980.) Key words: immunogenetics * autoim-
munity - nucleoprotein * genotype* autoantigen

Introduction

The cause of progressive systemic sclerosis (PSS),' or sclero-
derma, is as yet unknown, although both genetic and environ-
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1. Abbreviations used in this paper: ACA, anticentromere autoantibod-
ies; antitopo I, antitopoisomerase I; OR, odds ratio; PC, corrected P
value; PCR, polymerase chain reaction; PSS, progressive systemic scle-
rosis; RFLP, restriction fragment length polymorphism.

mental factors have been implicated ( 1-7). A number of stud-
ies have reported associations of HLA antigens with PSS, in-
cluding MHCclass I specificities: HLA-A9 (8, 9), B8 ( 10, 11 ),
and B35 (12, 13); MHCclass II specificities: HLA-DR1 ( 13-
16), DR3 (ll, 17), and DR5 (16, 18-20); and MHCclass III
specificities: C4 null alleles (12, 19). These associations have
varied among different centers, with some groups unable to
show any HLA associations with PSS (21-25).

PSS is a disease in which several highly disease-specific auto-
antibodies have been defined, which in turn are associated with
certain clinical features (26, 27). These include anticentro-
mere autoantibodies (ACA), occurring predominantly in the
CRESTvariant or mild scleroderma (26-33); antinucleolar
autoantibodies, including anti-PM-Scl, associated with the pres-
ence of myositis in PSS patients (34); and antitopoisomerase I
(antitopo I), otherwise known as anti-Scl-70, which correlates
with widespread skin involvement and systemic disease (26,
27, 35). Several recent reports have correlated autoantibody
subsets more strongly with certain MHC-class II alleles, includ-
ing ACAwith HLA-DR1 (27, 36), DR4 (36), DR5(DRw 1)
(20), and DRw8(36); anti-PM-Scl with HLA-DR3 (36); and
antitopo I with HLA-DR2 (25) and DR5(DRwI 1) (27, 36).
Few studies, however, have examined the expanded polymor-
phism at the molecular level now recognized for the adjacent
HLA-DQ loci, although one study reported an increased fre-
quency of HLA-DQw7in patients with ACA(20).

Using restriction fragment length polymorphisms (RFLPs)
and oligonucleotide typing of class II MHCalleles, we have
reported recently that HLA-DQB1 alleles possessing a polar
amino acid (either tyrosine or glycine) at position 26 of the
outermost domain constitute the strongest association with the
ACAautoimmune response in PSS patients (37). In the pres-
ent study, we used the same techniques in a large number of
PSS patients to compare HLA-DRB1, DRB3, DQA1, and
DQB1 alleles in antitopo I-positive and -negative PSSpatients
and controls to show that the antitopo I response also is corre-
lated most closely with specific HLA-DQB1 chain alleles pos-
sessing other shared amino acid sequences.

Methods

Patients and controls. As an ongoing study, all patients with PSS seen
by members of the Divisions of Rheumatology at the University of
Texas Health Science Center at Houston (J.D.R., F.C.A.), Ottawa Gen-
eral Hospital, the University of Ottawa (R.G.), and the University of
Miami School of Medicine (R.M., R.D.A.) are studied for a variety of
autoantibodies and undergo HLA-DR, DQ, and DP typing by RFLP
and/or oligotyping methods in the University of Texas Laboratories
after informed consent is obtained. To date 161 patients with PSShave
been evaluated, including 74 from Houston, 34 from Ottawa, and 44
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from Miami, as well as 9 from Georgia who were part of an epidemio-
logical study reported previously (38). 132 were Caucasian and 29
were American black. In addition, three native Americans (Choctaws)
with PSSwere investigated. All patients had either PSSby the prelimi-
nary criteria formulated by the American College of Rheumatology
(39), or the CRESTsyndrome if at least three out of the five CREST
features (calcinosis, Raynaud's phenomenon, esophageal dysmotility,
sclerodactyly, and telangiectasia) were observed during the course of
the disease.

Normal controls included 200 local Houston Caucasians of pre-
dominantly northwestern European ancestry and 88 local American
black volunteers who were blood donors or medical school personnel
and whose HLA-DR and DQalleles were defined similarly by RFLP
and oligotyping analyses.

Autoantibody determinations. ACA and antinuclear antibodies
were determined by indirect immunofluorescence on Hep-2 cells, with
positivity defined at serum dilutions 1:80 or greater. ACAwere de-
tected by the typical immunofluorescent pattern seen on interphase
and metaphase nuclei of Hep-2 cell substrate. Antitopo I antibodies
were determined by both passive immunodiffusion using calf thymus
extract as substrate and by immunoblotting of affinity-purified topo-
isomerase I from HeLa cell nuclei (E.D.) (40) at the Baylor College of
Medicine.

Genetic analysis of HLA-DRBI, DRB3, DQAJ, and DQBI alleles.
Genomic DNAwas extracted from peripheral blood leukocytes (41) .
"Broad" HLA-DR specificities (DR1, DR2, DR3/6, DR4,
DR5(DRwll), DR5(DRwl2), DR7, DRw8, DR9, and DRw1O)
were determined either by RFLPanalysis of Taq I, BamHI and Eco RI
digested genomic DNAdescribed previously (42) or by polymerase
chain reaction (PCR) amplification of 0.5 gg of genomic DNAusing
the primers DRBAMP-A(5'-CCCCACAGCACGTTTCTTG-3') and
DRBAMP-B(5'-CCGCTGCACTGTGAAGCTCT-3'). The PCRwas
carried out for 30 cycles under the following parameters: denatura-
tion 1 min at 96°C, annealing I min at 55°C, extension 2 min at
72°C. Hybridization and washing conditions were as described pre-
viously (43).

For the RFLP analyses, HLA-DR and DQspecificities were as-
signed to specific RFLPbands at the 10th International Histocompati-
bility Testing Workshop (44), as well as in our own (45, 46) and
others' studies (47-50). Specific HLA-DQA1 and DQB1 chain alleles
in each individual were assigned by comparison with reported DQA1
and DQB1 RFLPs for HLA-D haplotypes as determined by the World
Health Organization Nomenclature Committee for Factors ofthe HLA
System (44, 51) .

For HLA-DR5 subtyping, patients and controls positive for HLA-
DR3(DRw17), DR5(DRwl 1 ), DR5(DRw12), DRw6(DRw13,14),
and DRw8by RFLP or oligotyping underwent group-specific PCR
amplification of DRB1 alleles using the primers DRBAMP-3 (5'-
CACGTTTCTTGGAGTACTCTAC-3')and DRBAMP-Bunder con-
ditions outlined for DRBAMP-Aand B, except the annealing step for
the PCRwas at 60°C for 30 s. HLA-DRl and DR4 subtypes were
determined by group-specific amplification of HLA-DRBl alleles us-
ing the primers DRBAMP-l (5'-TTCTTGTGGCAGCTTAAGTT-3')
and DRBAMP-4(5'-GTTTCTTGGAGCAGGTTAAAC-3') along
with DRBAMP-B under the same PCR conditions (37). HLA-
DRB3(DRw52) alleles were determined by PCRamplification with
the primers DRBAMP-52(5'-CCCAGCACGTTTCTTGGAGCT-3')
and DRBAMP-B. HLA-DR2-DRB1 alleles were determined as has
been described elsewhere (43).

18-mer oligonucleotide probes, supplied by the 11th International
Histocompatibility Testing Workshop, were used to detect polymor-
phic sequences around positions 28, 37, 57, 70, and 86 of the DRB1
first domain to distinguish HLA-DRI (DRB1 *0101-*0103),
DR4(DRBl*0401-*0411), and DRB3(DRw52) alleles, as well as
DRB1*1101, *1 102, *1 103, and *1 104 (as well as subtypes of HLA-
DR3, DRw6, and DRw8) similar to those described elsewhere
(52,53).

For HLA-DQA1 typing, genomic DNAwas amplified with the
primer pair DQAAMP-A(5'-ATGGTGTAAACTTGTACCAGT-3')
and DQAAMP-B(5'-TTGGTAGCAGCGGTAGAGTTG-3') under
conditions outlined for DRB, except the annealing step for the PCR
was for 1 min at 55°C. Oligonucleotide probes corresponding to the
polymorphisms at positions 25, 34, 55, and 69 were used for the hybrid-
izations as supplied by the 1 1th International Histocompatibility Test-
ing Workshop.

For HLA-DQBI typing, the primers used included DQBAMP-A
(5'-CATGTGCTACTTCACCAACGG-3') and DQBAMP-B (5'-
CTGGTAGTTGTGTCTGCACAC-3')under the same PCRcondi-
tions as the DQA1 primers. Oligonucleotide probes corresponding to
the polymorphic codons 26, 37, 45, 49, 57, and 70 were used for dot
blot hybridization.

Statistical analyses. Comparisons of HLA specificities and allelic
frequencies in antitopo I-positive versus antitopo I-negative PSSpa-
tients and normal race-matched controls were performed using the chi
square analysis of 2 x 2 tables and Yates' correction with the EPI-INFO
statistical program. Whenone of the groups being analyzed contained
five or less members, a two-tailed Fisher's exact test was used. Signifi-
cant P values were corrected (pc) by multiplying the number of com-
parisons, i.e., for DR specificities x 12, DQspecificities x 8, DRB1
alleles x 40, DQA1 alleles x 7, DQBI alleles X 12, and DPB1 alleles
x 19. Where an association with a particular specificity had been re-
ported previously, the P value was not corrected. Odds ratios (OR)
were also determined from the same 2 x 2 tables.

Results

Scleroderma-related autoantibody frequencies. Of the 132
Caucasians with PSSexamined, antitopo I autoantibodies were
found in 21 (16%). No significant differences occurred in the
frequencies of antitopo I in Caucasian patients from Houston,
Ottawa, and Miami. On the other hand, antitopo I antibodies
were found in 38% of the 29 American blacks with PSS, a
frequency that was significantly increased in blacks compared
with Caucasians, as we have reported previously (54). All but
three of the patients with antitopo I were positive by both im-
munodiffusion and immunoblotting, with three being positive
by immunoblotting only. ACAswere found in only one black
PSSpatient, a frequency significantly less than the 36%seen in
Caucasians (54).

Clinical differences between autoantibody subgroups. Medi-
cal records were retrospectively reviewed in 126 (95%) of the
132 Caucasians with PSS. Differences in clinical features be-
tween the autoantibody subsets of PSS are shown in Table I.
Proximal/diffuse scleroderma (skin involvement proximal to
the metacarpophalangeal joints) and interstitial pulmonary
disease were significantly less frequent in Caucasians with ACA
than in PSS patients lacking this autoantibody (the latter re-
flecting what has been observed elsewhere [ 32 ]).

Among28 American blacks in whommedical records were
reviewed, diffuse or proximal scleroderma and interstitial pul-
monary fibrosis were slightly more frequent in those with anti-
topo I than in those without, although the differences were not
significant, perhaps because of the small numbers examined
(clinical data were not available on the one black with ACAs).

HLA class IIfrequencies in Caucasians. All but five Cauca-
sian PSSpatients and 10 controls had sufficient genomic DNA
available for oligotyping. In the few remaining patients and
controls, HLA-DRB1, DQA1, and DQB1 alleles were deter-
mined by RFLPanalysis, with alleles being assigned by linkage
disequilibrium with characteristic RFLPpatterns (44).
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Table I. Clinical Features in Autoantibody Subsets
of Progressive Systemic Sclerosis

Antitopo I* ACA* Other PSS

Caucasians (n = 21) (n = 45) (n = 62)
Proximal/diffuse

sclerodermat* 18 (86%) 18 (40%)t 47 (77%)
Pulmonary fibrosis 12 (57%) 1 (2%)* 23 (37%)
Renal involvementl 1 (5%)11 1 (2%)"1 7 (11%)
Myositis 0 (0%) 0 (0%) 9 (15%)

Americanblacks (n= 11) (n=0) (n= 17)
Proximal/diffuse

scleroderma* 11(100%) 14 (82%)
Pulmonary fibrosis 7 (64%) 6 (35%)
Renal involvement1 0 (0%) 3 (18%)
Myositis 0 (0%) 3 (18%)

* Defined as skin involvement proximal to metacarpophalangeal
joints. t P < 0.001 compared with either antitopo I-positive or
AACA-positive patients. § Defined as rapidly progressive renal in-
sufficiency and hypertension. 1" Including one patient with both
ACAand antitopo I, who had sclerodermatous renal involvement.

HLA-DR and DQspecificities and alleles did not differ
significantly between those with or without proximal/diffuse
scleroderma (data not shown). HLA-DQw5 was marginally
decreased in those with interstitial pulmonary fibrosis (24 vs.
48% in those without, P = 0.02 uncorrected). This probably
reflected the fact that HLA-DQw5 was weakly associated in
this group with ACAs (55 vs. 31 % in ACA-negative PSS pa-
tients, P = 0.01 uncorrected, and vs. 34% in controls, P = 0.008
uncorrected), which were nearly absent in those with intersti-
tial pulmonary fibrosis. No significant differences in HLA-DR
or DQfrequencies were found in those with renal or gastrointes-
tinal involvement or pulmonary hypertension, although the
small numbers of patients in these groups (< 10 in each) pre-
vented meaningful statistical analysis.

The frequencies of HLA-DR2 ( DRB1 * 1501- * 1602),
DR4(DRB1*0401-*0405) and DR5(DRw11) (DRBl*1 101-
* 1104) were increased in Caucasian PSSpatients with antitopo
I compared with either PSSpatients lacking antitopo I or ACAs
(other PSS patients in Tables II and III) or controls, although
only the broad specificity HLA-DR5(DRB *1 10 1-*1 104)
achieved statistical significance. It should be noted that ACA-
positive PSSpatients were considered separately because of the
association of this autoantibody response also with HLA-
DQB1 *0301 (DQw7) (37) (Table III).

Oligotyping for subtypes of HLA-DR5 (DRwl 1) showed
equivalent frequencies of DRB1 * 1 10 1-*1 104 in antitopo I pos-
itives and race-matched controls (Table II). Similarly,
HLA-DR2(DRB 1 * 1501-1602) and DR4(DRB1*040 1-*041 11)
subtypes did not differ significantly between antitopo I-posi-
tive patients and racially matched controls.

HLA-DQB1*0301 (DQw7) was increased in frequency in
Caucasians with antitopo I compared with other PSS patients
(P = 0.02), as well as to Caucasian controls (P = 0.009), al-
though these comparisons did not withstand correction for the
number of variables examined (n = 8) (Table III). HLA-
DQB1 *0302 (DQw8) and DQB1 *0303 ( DQw9) were also in-

Table II. HLA-DRBJ Frequencies in Autoantibody Subsets
of Progressive Systemic Sclerosis in Caucasians

Antitopo It ACAt Other PSS Controls
HLA-DRBI (n = 21) (n = 47) (n = 65) (n = 200)

*0101(DRI)§ 1 (5%) 14(30%) 12(18%) 35(18%)
*0102(DR1) 1 (5%) 5 (11%) 4 (6%) 9 (5%)
*0103(DR1) 1 (5%) 2 (4%) 2 (3%) 12 (6%)
* 1501 (DR2) 7 (33%) 6 (13%) 11 (17%) 51 (26%)
*1502(DR2) 0 (0%) 0 (0%) 1 (2%) 5 (3%)
*1601(DR2) 1 (5%) 3 (6%) 0 (0%) 3 (2%)
*1602(DR2) 0 (0%) 0 (0%) 1 (2%) 0 (0%)
*0301(DR3) 3 (14%) 6 (13%) 25 (38%) 40 (20%)
*0401(DR4) 4 (19%) 8 (17%) 7 (11%) 29 (15%)
*0402(DR4) 1 (5%) 1 (2%) 2 (3%) 5 (3%)
*0403(DR4) 0 (0%) 4 (9%) 2 (3%) 6 (3%)
*0404(DR4) 2 (10%) 1 (2%) 4 (6%) 7 (4%)
*0405(DR4) 2 (10%) 0 (0%) 0 (0%) 1 (1%)
*0407(DR4) 0 (0%) 4 (9%) 0 (0%) 5 (3%)
*0408(DR4) 0 (0%) 0 (0%) 1 (2%) 2 (1%)
* 1101-*1104(DRS) 10 (48%)"' 14 (30%) 9 (14%) 21 (11%)
*1 101(DRS) 6 (29%) 7 (15%) 3 (5%) 13 (7%)
*1 102(DR5) 0 (0%) 0 (0%) 2 (3%) 2 (1%)
*1 103(DR5) 1 (5%) 1 (2%) 0 (0%) 2 (1%)
*1 104(DRS) 3 (14%) 7 (15%) 5 (8%) 5 (3%)
*1201 (DR5) 0 (0%) 0 (0%) 1 (2%) 1 (1%)
*1301(DRw6) 0 (0%) 3 (6%) 2 (3%) 27 (14%)
*1302(DRw6) 1 (5%) 3 (6%) 7 (11%) 21 (11%)
*1303-* 1305(DRw6) 0 (0%) 0 (0%) 1 (2%) 2 (1%)
*1401(*DRw6) 0 (0%) 3 (6%) 4 (6%) 9 (5%)
*1402(DRw6) 1 (5%) 2 (4%) 2 (3%) 4 (2%)
*0701(DR7) 5 (24%) 3 (6%) 13 (20%) 41 (21%)
*0801(DRw8) 1 (5%) 5 (11%) 4 (6%) 13 (7%)
*0802(DRw8) 0 (0%) 0 (0%) 1 (2%) 0 (0%)
*0803(DRw8) 0 (0%) 2 (4%) 0 (0%) 1 (1%)
*0804(DRw8) 0 (0%) 0(0%) 4 (6%) 4 (2%)
*0901(DR9) 0 (0%) 0 (0%) 1 (2%) 4 (2%)

t One patient had both ACAand antitopo I, associated with HLA-
DR3(DRw17), DQw2. 1, and HLA-DRw8, DQw4specificities and
is included in both columns. § HLA-DR specificities composed of
the respective HLA-DRB1 alleles are shown in parentheses. HLA-
DRB1 *0406, *0409-*041 1 (DR4), DRBI * 1403-* 1405(DRw6), and
DRBl* 1001(DRw0) were found in none of the patients and are
thus not shown. 11 P = 0.002, OR= 6 compared with other PSS pa-
tients. ' P = 0.00001, OR= 8 compared with other PSS controls.

creased, but again not significantly. Of the nine HLA-
DQB1*0301 (DQw7)-negative Caucasian PSS patients with
antitopo I, six (67%) had either HLA-DQw8or DQw9. Of the
three remaining antitopo I-positive patients, one was homozy-
gous for HLA-DQw6, one had DQw5and DQw6, and the third
had HLA-DQw2. 1 and DQw4. The latter individual was the
only PSS patient found to have both antitopo I and ACAauto-
antibodies. HLA-DQB1 *0301 (DQw7), *0302 ( DQw8) and
*0303(DQw9) are the DQf3 chains that constitute the broad
specificity DQw3, and this specificity was significantly in-
creased in frequency compared with either other PSS patients
and controls (Table III). If the allelic frequency of HLA-DQw3
was considered, statistical significance was maintained, even
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Table III HLA-DQAI and DQBJ Frequencies in Autoantibody Subsets of Progressive Systemic Sclerosis in Caucasians

Antitopo I ACA* Other PSS Controls
(n = 21) (n = 47) (n = 65) (n = 200)

HLA-DQA1
*0101 3 (14%)§ 25 (53%) 22 (34%) 64 (32%)
*0 102 8 (38%) 12 (26%) 19 (29%) 74 (37%)
*0103 1 (5%) 3 (6%) 3 (5%) 35 (17%)
*0201 2 (10%) 3 (6%) 14 (22%) 40 (20%)
*03 9 (43%) 16 (34%) 19 (29%) 61 (32%)
*0401 1 (5%) 5 (11%) 5 (8%) 12 (6%)
*0501 13 (62%) 18 (38%) 35 (54%) 71(36%)

HLA-DQB1
*0501-*0503(DQw5/DQwl)* 4 (19%) 26 (55%) 23 (35%) 67 (34%)
*0501 3 (14%) 21 (45%) 18 (28%) 57 (29%)
*0502 1 (5%) 2 (4%) 0 (0%) 3 (2%)
*0503 0 (0%) 4 (9%) 4 (6%) 8 (4%)
*0601-*0604(DQw6/DQwl)* 8 (38%) 12 (26%) 22 (34%) 102 (51%)
*0601 0 (0%) 2 (4%) 1 (2%) 5 (3%)
*0602 7 (33%) 6 (13%) 11 (17%) 52 (26%)
*0603 0 (0%) 2 (4%) 2 (3%) 32 (16%)
*0604 1 (5%) 3 (6%) 8 (12%) 23 (12%)
*0201(DQw2)* 5 (24%) 7 (15%) 33 (51%) 72 (36%)
*0301-*0303(DQw3)* 18 (86%)"I' 29 (62%) 31 (48%) 92 (46%)
*0301(DQw7/DQw3)* 12 (57%) 25 (53%)**tt 17 (26%) 54 (27%)
*0302(DQw8/DQw3)* 7 (33%) 7 (15%) 12 (18%) 34 (17%)
*0303(DQw9/DQw3)* 3 (14%) 2 (4%) 5 (8%) 10 (5%)
*0402(DQw4)* 1 (5%) 5 (9%) 5 (8%) 13 (7%)

* Numbers in parentheses refer to specific/broad HLA-DQ specificities composed of the DQBI allele shown. No patients had HLA-DQA1 *0601
(not shown). * One patient had both ACAand antitopo 1, associated with HLA-DRB1*0301, DQA1*0501, DQBl*0201, and HLA-DRB1*0801,
DQA1*0401, DQB1*0402 and is included in both columns. § pc = 0.04 compared with ACApositive patients. 1I pc = 0.04, OR= 6.6
compared with other PSSpatients. ' pc = 0.0 16, OR= 6.7 compared with controls. ** P = 0.009, OR= 3 compared with other PSS patients.

tt P = 0.00 1, OR= 3 compared with controls.

after correcting for the eight HLA-DQ specificities examined
(57% in antitopo I-positive vs. 29% in other PSS patients (pc
= 0.01) and 26% in controls [pc = 0.0004, OR= 3.8]).

HLA-DQAl alleles were of similar frequency in antitopo
I-positive PSS patients, other PSS patients, and controls (Ta-
ble III), as were HLA-DPB1 allele frequencies (55). HLA-
DRB3*0202(DRw52b) was also slightly increased in fre-
quency in antitopo I-positive (52%) compared with antitopo
I-negative PSS patients (32%, P = NS) and controls (21%, pc
= 0.0 12) (data not shown). No differences in the frequencies
of HLA-DR5(DRw1l), DQBI*0301(DQw7), and DQw3
were seen between patients from Texas, Ottawa, or Florida
(data not shown).

HLA-class IIfrequencies in American blacks. All American
black PSS patients and controls were typed for HLA class II
alleles by oligotyping. Neither the extent of skin involvement
nor the presence of interstitial pulmonary fibrosis correlated
with HLA-DR or DQspecificities among American black PSS
patients with antitopo I. Onthe other hand, the broad specifici-
ties HLA-DR4 (DRB 1 *0401, *0403, *0407) and DR5(DRB *
110 1-* 1104) were both increased in frequency in black anti-
topo I-positive patients compared with other PSS patients or
black controls, although not significantly so, perhaps because
of the small number of black PSS patients (Table IV). HLA-

DR5(DRwl 1 ) and DR4 subtype frequencies did not signifi-
cantly differ in the antitopo I-positive patients from that in the
other PSS patients or controls. HLA-DQB1*0301 (DQw7),
however, was associated with the antitopo I response compared
with both antitopo I-negative PSS patients and controls (Ta-
ble V). Of the two HLA-DQB1*0301 (DQw7)-negative
American black PSS patients, one had HLA-DQBI*0501
(DQw5) and DQB1*0602(DQw6) and the other had HLA-
DQB1*0201 (DQw2) and DQB1*0402(DQw4). HLA-DQB1*
0602(DQw6) was actually decreased in frequency in antitopo
I-positive vs.-negative PSS patients, although not signifi-
cantly.

Localization of susceptibility to antitopo I to specific HLA-
DQBI sequences. As shown above, most of the Caucasian and
American black PSSpatients had HLA-DQB1 *0301 (DQw7),
*0302(DQw8), or *0303(DQw9), which all constitute the
broad specificity HLA-DQw3. Examination of the amino acid
sequences of these alleles (Table VI) showed extensive amino
acid sequence homology. The presence of HLA-DQB1 *0601 -

*0604(DQw6) or DQw4 in all antitopo I-positive patients
who were negative for HLA-DQw3, as well as the decreased
frequencies of HLA-DQw5 and DQw2. 1, suggests an amino
acid sequence shared by HLA-DQB1 alleles comprising HLA-
DQw3, DQw4, and DQw6specificities but not found in those
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Table IV. HLA-DRBI Frequencies in Autoantibody Subsets
of Progressive Systemic Sclerosis in American Blacks

Antitopo I Other PSS Controls
HLA-DRB1 (n = 11) (n = 18) (n = 88)

*0102(DR1) 1 (9%) 2 (11%) 8 (9%)
*1501(DR2) 0 (0%) 1 (5%) 3 (3%)
*1 502(DR2) 0 (0%) 1 (5%) 0 (0%)
* 1503(DR2) 2 (18%) 6 (33%) 16 (18%)
*0301(DR3) 0 (0%) 3 (17%) 9 (10%)
*0302(DR3) 1 (9%) 2(11%) 12 (14%)
*0401(DR4) 1 (9%) 0 (0%) 3 (3%)
*0403(DR4) 1 (9%) 0 (0%) 1 (1%)
*0407(DR4) 1 (9%) 0 (0%) 1 (1%)
*110[1-*1104(DR5) 5 (45%) 3 (17%) 20 (23%)
*1 101(DR5) 3 (27%) 0 (0%) 11 (13%)
*1 102(DR5) 1 (9%) 3 (17%) 6 (7%)
*1 104(DR5) 1 (9%) 0 (0%) 2 (2%)
*1201(DR5) 0 (0%) 1(5%) 3 (3%)
*1301(DRw6) 1 (9%) 2(11%) 11(13%)
* 1302(DRw6) 0 (0%) 3 (17%) 4 (5%)
*1 303(DRw6) 1 (9%) 0 (0%) 5 (6%)
*1402(DRw6) 0 (0%) 1 (5%) 4 (5%)
*0701(DR7) 1 (9%) 2 (11%) 22 (25%)
*0802(DRw8) 2 (18%) 0 (0%) 3 (3%)
*0803(DRw8) 1 (9%) 0 (0%) 2 (2%)
*0804(DRw8) 1 (9%) 4 (22%) 6 (7%)
*0901(DR9) 0 (0%) 2 (11%) 0 (0%)
*1OO1(DRwlO) 0 (0%) 1(5%) 4 (5%)

* HLA-DR specificities composed of the respective HLA-DRB1 al-
leles are shown in parentheses. HLA-DRBI*0101, *0103, *1601,
*1602, *0402, *0404-*0406, *0408-*041 1, *1103, * 1401, and *0801
were found in none of the patients and their frequencies are thus not
shown.

comprising DQw5or DQw2. Several possible candidate se-
quences thereof derived from Table VI are shown in Table VII.
One, a tyrosine residue at position 30 (tyr-30), is shared by
HLA-DQB1 *0402, *0601, *0602, as well as by DQB1*0301,
*0302, and *0303. An HLA-DQB1 allele bearing tyr-30 was
present in 100% of antitopo I-positive Caucasians compared
with 66%of other PSSpatients and 70%of Caucasian controls
(pc < 0.01 in both cases). HLA-DQBl-tyr-30 was likewise
found in 100% of American black antitopo I-positive PSS pa-
tients. The allelic frequency of HLA-DQB1-tyr-30 was also
slightly more frequent in American blacks with antitopo I
(80%) versus black PSS patients without antitopo I (61%),
although this difference was not statistically significant, per-
haps because of the small numbers studied.

Alternatively, other polymorphic amino acids residues are
shared by these HLA-DQBl alleles, including methionine in
position 14, alanine in position 38, and threonine in position
77. Each of these occurred in 100% of the antitopo I-positive
Caucasians (Table VII) and blacks. Unlike tyrosine at position
30, however, none of these residues was statistically signifi-
cantly increased in antitopo I-positive patients compared with
other PSSpatients and normal controls. Nonetheless, a role for
one or more of these residues in susceptibility to this autoim-
mune response cannot be excluded.

Table V. HLA-DQAI and DQB1Frequencies in Autoantibody
Subsets of Progressive Systemic Sclerosis in American Blacks

Antitopo I Other PSS Controls
(n = 11) (n = 18) (n = 88)

HLA-DQA1
*0101 3 (27%) 3 (17%) 28 (32%)
*0102 3 (27%) 8 (44%) 26 (30%)
*0103 0 (0%) 2 (11%) 16 (18%)
*0201 1 (9%) 3 (17%) 24 (27%)
*03 4 (36%) 2 (11%) 13 (15%)
*0401 4 (36%) 6 (33%) 19 (22%)
*0501 5 (45%) 8 (44%) 33 (38%)

HLA-DQB1
*0501(DQw5/DQwl)* 4 (36%) 3 (17%) 21 (24%)
*060l-*0604(DQw6/DQwl)* 3 (27%) 11 (61%) 40 (45%)
*0601 1 (9%) 1 (6%) 4 (5%)
*0602 1 (9%) 9 (50%) 16 (18%)
*0604 1 (9%) 3 (17%) 7 (8%)
*0201(DQw2)* 2 (18%) 7 (39%) 30 (34%)
*0301(DQw7/DQw3)t 9 (82%)§11 7 (39%) 29 (33%)
*0303(DQw9/DQw3)* 0 (0%) 1 (5%) 3 (3%)
*0402(DQw4)* 3 (27%) 3 (17%) 14 (16%)

tNumbers in parentheses refer to specific/broad HLA-DQ specifici-
ties composed of the DQBl allele shown. No patients had HLA-
DQA1 *0601, DQB1 *0502, DQBl *0503, DQB1 *0603, or
DQB1 *0302 (not shown). § P = 0.05, OR= 7 (uncorrected) com-
pared with other PSS patients. pc = 0.02, OR= 9.2 compared
with controls.

The association of antitopo I with HLA-DQB1 rather than
HLA-DRB1 or DRB3alleles is further underscored by examin-
ing antitopo I-positive versus -negative PSSpatients and con-
trols who were negative for HLA-DR5 (DRwl 1). The allelic
frequency of HLA-DQB1 *0301 (DQw7) was 21% in 17 HLA-
DR5(DRwl 1)-negative, antitopo I-positive Caucasian and
American black PSS patients compared with 9% in antitopo
I-negative PSS patients and 10% in race-matched controls (P
= NS for both groups). The allelic frequency of the broader
specificity HLA-DQw3was 47% in HLA-DR5 (DRwl 1 )-nega-
tive Caucasian and American black antitopo I-positive PSS
patients compared with 20%in antitopo I-negative patients (P
= NS) and 25% in controls (P = 0.04). On the other hand,
HLA-DQBI-tyr-30-bearing alleles occurred in 68% of 34
HLA-DR5 (DRwl 1 )-negative, antitopo I-positive patient
haplotypes compared with 40%of 142 antitopo I-negative PSS
patient haplotypes (P = 0.03) and 60% of control haplotypes
(P = NS). Evaluation of a possible HLA-DR5(DRwl 1 ) associ-
ation independent of HLA-DQBl *0301 (DQw7), DQw3, or
DQBl-tyr-30 was complicated by the finding that only two PSS
patients had an HLA-DR5-bearing allele not associated with
HLA-DQB1*0301 (DQw7), one with HLA-DQBI *0602(DQw6)
(antitopo I positive) and another with HLA-DQB1*0201
(DQw2) (antitopo I negative).

That HLA-DQ and not DRgenes represent the primary
MHCclass II association with the antitopo I response is further
suggested by the presence of HLA-DQB1 *0301 (DQw7) in all
three native American Choctaw PSS patients found to have
antitopo I. Two were homozygous for HLA-DQB1*0301

HLA-DQBI Genes Are Associated with Antitopoisomerase I Antibodies in Scleroderma 977
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(DQw7) and the third had this allele and DQw4. Only one of
these had HLA-DR5(DRwI 1). Instead, two had HLA-
DQB1 *0301 (DQw7) associated with the rare DRB1 * 1602
subtype of HLA-DR2.

Discussion

Our data suggest that the broad specificity HLA-DQw3is most
strongly associated with the antitopo I response. HLA-DQw3
comprises HLA-DQB1*0301 (DQw7) (linked to HLA-
DR5(DRwl 1 ) as well as other DRspecificities), DQw8(asso-
ciated with HLA-DR4), and DQw9(associated with HLA-
DR9and occasionally HLA-DR7) (56). The HLA-DQB1 al-
leles comprising HLA-DQw3 share striking sequence
homology (Table VI). All remaining HLA-DQw3-negative
antitopo I-positive PSS patients had HLA-DQw6(specifically
HLA-DQBl*0602), which is found on HLA-DR2(DRB1* 1501)
haplotypes (among others), or DQw4, associated in Cauca-
sians with HLA-DRw8( DRB1 *0801, *0802) and in blacks
with HLA-DRw8and HLA-DR3(DRB l *0302). HLA-DQw3
(DQB1 *0301, *0302, and *0303), DQw6(DQB1 *0602), and
DQw4(DQB1*0402) share specific amino acid residues not
found in the same position on other HLA-DQB1 alleles. In the
second hypervariable region, for example, there is a polar un-
charged tyrosine residue at position 30 (tyr-30), as opposed to
a polar uncharged serine or a positively charged histidine. At
position 38 there is a hydrophobic alanine (ala-38) as opposed
to a hydrophobic valine residue. In the third hypervariable re-
gion there is a polar uncharged threonine at position 77 (thr-
77) as opposed to a positively charged arginine. Analysis of the
frequencies of alleles bearing these residues suggests the stron-
gest association of these to be with tyr-30 alleles. Thus although
HLA-DQw3 (especially the DQB1*0301 (DQw7) subtype
thereof) is most strongly associated with the antitopo I re-
sponse, the ubiquity of tyr-30-bearing DQB1 alleles in HLA-
DQw3negatives suggests that HLA-DQB1 -tyr-30 may form
the minimum requirement for the antitopo I response. Wecan-
not exclude the possibility, however, that one or more of the
other shared polymorphic sequences in DQB1 alleles may also
play important roles.

These data, then, allow a reinterpretation of previous appar-
ently conflicting reports of serologically defined HLA class II
allele frequencies in PSS. Differences in autoantibody frequen-
cies in the different patient groups reported could explain at
least in part some of these discrepancies. For example, reports
of an increased frequency of HLA-DRI (13-16) could be from
patient populations with a higher frequency of ACA, or associa-
tions with HLA-DR3 (and perhaps even C4 null alleles, which
are linked to HLA-DR3 [11, 17, 19]) could reflect a higher
frequency of anti-PM-Scl. Other reports showing associations
with HLA-DR5 (16, 18-20) could be explained by a higher
proportion of patients with antitopo I and/or ACA.

Apparent discrepancies of HLA-DR associations with au-
toantibody subsets of PSS also could be better explained by
their linkage disequilibrium with certain HLA-DQ alleles,
which in fact may be the primary associations. For example,
different reports have linked the ACAresponse to HLA-DR1
alone (27), DRl, DR4, and/or DRw8 (36), and
DR5(DRwll) (20). These HLA-DR specificities share no
commonunique amino acid sequences (57). However, DNA
analyses from our own laboratory (37) have shown stronger
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Table VII. Phenotypic and Genotypic Frequencies of HLA-DQBI
Amino Acid Residues in Caucasian Progressive Systemic
Sclerosis Patients

Other
HLA-DQBI Antitopo* ACA* PSS Controls

Phenotypic
Meth 14
Tyr 30
Ala 38
Thr 77
TRAELDT71-77

Genotypic (allelic)
Meth 14
Tyr 30
Ala 38
Thr 77
TRAELDT71-77

(n = 21)
21 (100%)
21 (100%)t§
21 (100%)
21 (100%)
20 (95%)

(n = 42)
37 (88%)
31 (74%)I¶
31 (74%)
31 (74%)
32 (76%)**

(n = 47)
44 (93%)
38 (80%)
39 (84%)
40 (86%)
39 (84%)
(n = 94)
66 (70%)
55 (58%)
57 (61%)
60 (64%)
55 (58%)

(n = 65)
65 (100%)
43 (66%)
50 (77%)
50 (77%)
46 (71%)
(n = 130)

106 (82%)
55 (42%)
67 (52%)
68 (52%)
60 (46%)

(n = 200)
196 (98%)
140 (70%)
162 (81%)
164 (82%)
164 (82%)
(n = 400)
328 (82%)
184 (46%)
236 (59%)
240 (60%)
228 (57%)

* Including one patient with both ACAand antitopo, associated with
HLA-DR3 (DRw17), DQw2.1, and HLA-DRw8, DQw4specificities
and is included in both columns. t pc = 0.007 compared with "other
PSS" patients. All P values are corrected by multiplying by the five
variables examined. § pc = 0.008 compared with controls. II pc
= 0.0035 compared with other PSS patients. I pc = 0.005 compared
with controls. ** pc = 0.005 compared with other PSS patients.

associations of ACAwith HLA-DQB1 alleles in linkage disequi-
librium with these HLA-DR antigens: HLA-DQw5 (linked to
HLA-DRI); HLA-DQBI *0301 (DQw7) (found on most
HLA-DR5 and many DR4-bearing haplotypes) (54), and
HLA-DQw4 (found on most Caucasian HLA-DRw8 haplo-
types). These HLA-DQspecificities have in commonthe pres-
ence of a polar amino acid residue at position 26 of the HLA-
DQB1 outermost domain and have been found in all of the
ACA-positive patients studied thus far (37).

Similarly, for the antitopo I response, the previous serologic
HLA associations have been with HLA-DR2 (25) and DR5
(27, 36), which share no unique amino acid sequences (57);
however, HLA-DQB1 *0602(DQw6) and HLA-DQB1 *0301
(DQw7), which are in linkage disequilibrium with these DR
specificities, respectively (55), share sequence homologies in
their second and third hypervariable regions of the HLA-
DQB1 outermost domain. These uniquely shared amino acid
residues in these regions were found in all of the antitopo
I-positive PSS patients.

The only patient with both ACAand antitopo I antibodies
in this study was found to have HLA-DQw4, a specificity that
possesses a polar amino acid at DQB1 position 26 and a tyro-
sine at DQB1 position 30. Interestingly, HLA-DQB1 *0301
(DQw7) also possesses both of these potentially relevant DQB1
sequences and is increased in frequency in both ACA-positive
and antitopo I-positive PSS patients, yet both autoantibodies
rarely coexist in the same patient (27). An explanation for this
near mutual exclusivity of autoantibody expression is not ap-
parent, however, it suggests a role for non-HLA factors, either
genetic or environmental, in triggering these autoimmune re-
sponses.

Still, there were some PSSpatients who had HLA-DQB-tyr-
30 alleles and did not express antitopo I, although the converse
was not found. One possible reason could be that the serum

level of antitopo I antibodies they expressed were below those
detectable by our immunodiffusion and immunoblotting as-
says. Altematively, these patients may have lacked the appro-
priate T cell receptor genes to whose products the HLA-DQ
heterodimers could present the processed antitopo I autoanti-
gen. Another alternative would be that the HLA associations
are better explained by clinical subsets of PSS, which are them-
selves associated with antitopo antibodies. This was not found,
however, in this study.

Finally, these data regarding antitopo I antibodies, as well
as our previous studies of ACA, suggest that scleroderma, simi-
lar to systemic lupus erythematosus (58), can be viewed as a
composite disease of several HLA-DQ-associated autoanti-
body (and in turn clinical) subsets. Additional direct evidence
that HLA-DQ mediates these autoimmune responses is
needed, as well as studies to determine whether these highly
specific autoantibodies participate in the pathogenesis of PSS.
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