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Abstract

HLA class II alleles (detected by DNAtyping) were deter-
mined in 116 Caucasians with systemic sclerosis positive and
negative for anticentromere autoantibodies (ACA). Signifi-
cantly increased frequencies of HLA-DR5(DRw11) (P
= 0.009) and the Dw13(DRB1*0403, *0407) subtypes of DR4
(probability corrected, Pc = 0.005) were seen in ACApositive
patients, and HLA-DR1 and DRw8were also increased. These
findings appeared to reflect linkage disequilibrium of
DR5(DRwll) and many DR4(Dw13) haplotypes with HLA-
DQw7and DRi with DQw5. In fact, the presence of a DQB1
allele having a polar glycine or tyrosine at position 26 of the
DQB1first domain versus a hydrophobic leucine accounted for
100% of ACApositive Caucasian systemic sclerosis patients
compared to 69%of the ACAnegative SSpatients (P = 0.0008)
and 71% of Caucasian controls (P = 0.0003) as well as all 7
ACApatients of non-Caucasian background. Furthermore, the
genotype frequency of DQB1alleles lacking leucine at position
26 was 73% in ACApositive SS patients, compared to 42% of
ACAnegative patients (P = 1.2 X 10-`) and 38%of controls (P
= 5.8 X 10-7). These data, then, suggest that the second hyper-
variable region of the HLA-DQB1 chain may form the candi-
date epitope associated with the ACAresponse. (J. Clin. In-
vest. 1992. 89:1208-1213.) Key words: immunogenetics* auto-
immunity * nucleoprotein * genotype * autoantigen

Introduction

Systemic sclerosis (SS)' or scleroderma encompasses a wide
clinical spectrum with disease severity ranging from patients
only with Raynaud's phenomenon and minor skin changes, to
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those with widespread systemic fibrosis with critical pulmo-
nary, cardiac, gastrointestinal, and renal involvement. SS is
also a serologically heterogeneous disease with several highly
disease-specific autoantibodies associating with certain clinical
subsets. For example, anticentromere antibodies (ACA) are as-
sociated with limited skin and visceral involvement, including
the CRESTvariant (subcutaneous calcinosis, Raynaud's phe-
nomenon, esophageal dysmotility, sclerodactyly, and telangiec-
tasia) which usually protends a better prognosis (1-8). Anti-to-
poisomerase I antibodies (anti-Scl-70) have been correlated
with widespread skin and systemic disease (7-9). The presence
of anti-PM-Scl, one of the anti-nucleolar antibodies, as well as
anti-U I-RNP, have been associated with myositis, which occa-
sionally occurs in SS patients (10).

While the cause of SS is unknown, both environmental and
genetic factors have been implicated in pathogenesis. Ascer-
tainment of the latter has resulted in a number of studies exam-
ining genetic markers, especially those encoded by genes of the
major histocompatibility complex. A variety of studies have
reported associations of SS with class I MHCspecificities, in-
cludingHLA-A9 (11, 12), B8 (13, 14), andB35 (15, 16); class II
MHC, including HLA-DRl (16-19), DR3 (14, 20) and DR5
(19, 21-23); and class III MHC, specifically C4 null alleles (15,
22). These associations have been generally weak and inconsis-
tent between different centers, and some investigations have
even been unable to show any significant HLA associations
with SS (24-28).

A primary role of class II HLA molecules is the presenta-
tion of processed antigen to the T cell receptor on helper T
lymphocytes resulting in antigen specific immune responses.
Thus, specific autoantibody subsets of SS might be expected to
show stronger correlations with class II MHCpolymorphisms.
Anti-topoisomerase I antibodies, for example, have been asso-
ciated with HLA-DR2 (28) and DR5(DRwl 1) (8). An in-
creased frequency of HLA-DRl has been found in patients
with ACAin some reports (8, 29). The latter of these two stud-
ies reported an association of ACAwith HLA-DR1, DR4and
DRw8(29), although many of the ACApositive patients were
felt to have rheumatoid arthritis, an HLA-DR4-associated dis-
ease. Moreover, the HLA-DRl correlation with ACAhas not
been confirmed by others (28, 30). Another recent study, using
restriction fragment length polymorphism (RFLP) analysis,
described an increased frequency of HLA-DR5(DRwl 1) in SS
patients with ACA(23). HLA-DQw7was also increased in this
study but was felt to reflect linkage disequilibrium between
HLA-DR5(DRwl 1) and DQw7.

In order to resolve these discrepancies and to ascertain the
relative contributions of the three functional MHCclass II gene
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families to the ACAresponse, we have here used RFLP, poly-
merase chain reaction (PCR) amplification, and DNAtyping
with oligonucleotide probes to examine the extensive polymor-
phism that has been recognized at the HLA-DR, DQ, and DP
loci in a large, well-defined population of SS patients with and
without ACAautoantibodies.

Methods

Patients and controls. As an ongoing study, all patients with systemic
sclerosis (SS) seen by members of the Divisions of Rheumatology at the
University of Texas Health Science Center at Houston (J. D. Reveille,
R. A. Isern, F. C. Arnett), Ottawa General Hospital, the University of
Ottawa (R. Goldstein) and the University of Miami School of Medicine
(R. Moreda) are studied for a variety of autoantibodies and undergo
HLA-DR, DQ, and DP typing by RFLP and/or oligotyping methods
after informed consent is obtained. To date 156 patients with SS have
been evaluated, including 67 from Houston, 35 from Ottawa and 41
from Miami, as well as 10 from Georgia who were part of an epidemio-
logic study reported previously (31). 116 were Caucasian, 27 American
black, 11 Mexican or Central American, and 2 Asian. All patients had
either SS by the preliminary criteria formulated by the American Col-
lege of Rheumatology (32), or the CRESTsyndrome if at least three out
of the five CRESTsymptoms were observed during the course of the
disease.

Normal controls included 79 local Houston Caucasian volunteers
who were blood donors or medical school personnel whose HLA-DR
and DQalleles were similarly defined by RFLPand oligotyping analy-
ses. Most (85%) had northwestern European surnames. Additional lo-
cal blood donors known to be HLA-DR1, DR4or DR5(DRwl 1) posi-
tive were also studied to ascertain reliable local frequencies of each of
the DR1, DR4and DR5(DRwl 1) subtypes.

Autoantibody determinations. Antinuclear antibodies were de-
tected by indirect immunofluorescence on HEp-2 cells with positivity
defined as serum dilutions 2 1/80. ACAwas determined according to
the typical immunofluorescent pattern on interphase and metaphase
nuclei.

RFLP analysis of HLA-DR and DQalleles. Genomic DNAwas
extracted from peripheral blood leukocytes (33); 10 sg was digested
with the restriction endonucleases BamH1 and TaqI under conditions
specified by the manufacturer, and then electrophoresed through an
0.8% agarose gel overnight at 50 V. The gel was then stained in ethid-
ium bromide, photographed, subjected to denaturation and neutraliza-
tion as described previously (34), and then transferred on to Zetabind
membranes. (Cuno, Inc., Meriden, CT).

Probes used in this study included a 770 bp SacI/HindIII-cut full-
length DRBI cDNA (35), a 700 bp full-length PstI-cut DQB1cDNA
(36) and a 2.4 kb genomic PstI cut DQA1 probe (37) which were radio-
labeled with a CTP32 by oligolabeling (38). Prehybridization and hy-
bridization conditions were carried out as previously described (34).

HLA-DR and DQ specificities were assigned to specific RFLP
bands at the 10th International Histocompatibility Testing Workshop
(IHTW) (39), as well as in our own (40, 41) and other's studies (42-46).
Specific HLA-DQAI and DQB1 chain alleles in each individual were
assigned by comparison with reported DQA1 and DQB1 RFLP's for
specific HLA-D haplotypes as determined by the World Health Organi-
zation Nomenclature Committee for Factors of the HLASystem (47).

Oligotyping for HLA-DRJ, DR4, and DR5 subtypes and HLA-
DQAJ, DQB1, and DPBI alleles. For HLA-DR1 and DR5 subtyping,
patients and controls positive for DRl or DR5by RFLPtyping under-
went group specific polymerase chain reaction (PCR) amplification of
DRB1-DR1 alleles using the primers DRBAMP-1(5'-TTCTTGTGG-
CAGCTTAAGTT-3') and DRAMP-B(5'-CCGCTGCACTGTGAA-
GCTCT-3') or DRB1-DR5 alleles using DRBAMP-3(5'-CACGTT-T-
CTTGGAGTACTCTAC-3)and DRBAMP-B. The PCRwas carried
out for 30 cycles under the following parameters: denaturation for 1
min at 960C, annealing 30 s at 60'C, extension 2 min at 720C. Hybrid-

ization and washing conditions were as has been recently reported else-
where (48).

18-mer oligonucleotide probes, supplied by the 1th International
Histocompatibility Testing Workshop, were used to detect polymor-
phic sequences around positions 70 and 86 of the DRB1 first domain to
distinguish DRBI*0I01, *0102 and *0103 and DRBl*l 101, *1 102,
* 1 103 and * 1 104. HLA-DR4 subtypes were determined using primers
described previously (49) as well as conditions and oligonucleotide
probes previously published (50).

For HLA-DQAI typing, genomic DNAwas amplified with the
primer pair DQAAMP-A(5-ATGGTGTAAACTTGTACCAGT-3')
and DQAAMP-B(5TrGGTAGCAGCGGTAGAGTTG-3')under
conditions outlined for DRB, except the extension step for the PCR
was for 1 min at 550C. Oligonucleotide probes corresponding to the
polymorphisms at positions 25, 34, 55, and 69 were used forthe hybrid-
izations as supplied by the 11th International Histocompatibility Test-
ing Workshop.

For HLA-DQBl typing, the primers used included DQBAMP-A
(5'CATGTGCTACTTCACCAACGG-3)and DQBAMP-B(5'-CTG-
GTAGTTGTGTCTGCACAC-3)under the same PCRconditions as
the DQA1primers. Oligonucleotide probes corresponding to the poly-
morphic codons 26, 37, 45, 49, 57, and 70 were used for dot blot
hybridization.

HLA-DPBl typing was carried out with the primers DPBAMP-A
(5'-GAGAGTGGCGCCTCCGCTCAT-3') and DPBAMP-B (5'-GC-
CGGCCCAAAGCCCTCACTC-3'),using the same PCRconditions as
for HLA-DR5. 18-mer oligonucleotide probes corresponding to the
polymorphic codons 9, 35, 55, 69, 76, and 85 were used for the dot blot
hybridizations.

Statistical analyses. Comparisons of HLA specificities and allelic
frequencies in ACApositive verses ACAnegative SS patients and ver-
sus normal race-matched controls were performed using the chi square
analysis of 2 X 2 tables and Yates' correction with the EPI-INFO statis-
tical program. Significant P values were corrected (Pc) by multiplying
the number of comparisons, i.e., for DRspecificities x 12, DR4-Dw
subtypes X 5, DQspecificities X 8, DQA1 alleles x 7, DQB1 alleles
x 12, and DPB1 alleles x 19. Where an association with a particular
specificity had been reported previously, the Pvalue was not corrected.
Relative risks were calculated as odds ratios (OR).

Results

ACAwere present in 42 (36%) of the Caucasian SSpatients, but
were infrequent in patients of other races. Examination of
HLA-DRspecificities showed HLA-DR5 (DRwl 1) to be signif-
icantly increased in Caucasians with ACAcompared to normal
controls (P = 0.009, OR= 4) (Table I), although no significant
differences were seen when compared to ACAnegative SS pa-
tients. HLA-DR1, and to a lesser degree HLA-DR4 and DRw8,
were also more frequent, but not significantly so. In fact, HLA-
DRI, DR4, DR5(DRw11) and/or DRw8occurred in 93% of
ACApositive patients compared to 68% of ACAnegative SS
patients (P = 0.003, OR= 6.4) and 58% of controls (P = 1.3
X 10-4, OR= 9.6). Also seen was a decreased frequency of
HLA-DR3(DRw17) which was only significant when com-
pared to ACAnegative SS patients (Pc = 0.04).

Given the weak association of ACA with HLA-
DR5(DRwI 1), as well as previous studies showing correlations
of ACAwith HLA-DR1 and DR4 (29), oligotyping for HLA-
DRB1 alleles was performed on all HLA-DR1, DR4 and
DR5(DRw11) positive patients and controls. The frequencies
of DRB1*0101, *0102 and *0103(DR1), and DRB1*1 101,
*1102, *1103, and *1 104(DR5), were equivalent in ACAposi-
tive and negative SSpatients and controls (data not shown). On
the other hand, the HLA-Dwl 3 subtype of DR4, including the
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Table I. HLA-DR and DQSpecificities in Caucasian SSPatients
with and without ACAand Controls

ACApos SS ACAneg SS Controls
HLA (n = 42) (n = 74) (n = 79)

DRI 43% 23% 27%
DR2 (15, 16) 19% 23% 30%
DR3(17) 7%* 34% 20%
DR4 33% 27% 27%
DR5(11) 31%* 23% 10%
DR5 (12) 0% 1% 0%
DR6(13) 11% 15% 28%
DR6(14) 5% 12% 10%
DR7 7% 20% 19%
DRw8 17% 5% 6%
DR9 0% 4% 3%
DRw10 0% 0% 1%
DQw2.1 7%* 34% 20%
DQw2.2 5% 18% 15%
DQw4 10% 4% 5%
DQw5 52%§ 31% 32%
DQw6 26%11 38% 54%
DQw7 55%' 34% 32%
DQw8 19% 23% 16%
DQw9 5% 5% 8%

*Pc = 0.04 compared to ACAnegative SS patients.
P = 0.09, OR= 4 compared to controls.
P < 0.04 (uncorrected), OR= 2.5 compared to ACAnegative SS

patients or controls.
Pc = 0.04 compared to controls.

'P = 0.02, OR= 2.6 compared to controls.

DRB1*0403 and *0407 alleles (defined by the presence of a
glutamic acid residue at position 74 of the DRB1 first domain),
was increased in frequency in those Caucasians with ACA
(19%) compared to ACAnegative SS patients (3%) (Pc = 0.05,
OR= 7.6) and controls (4%) (Pc = 0.08, OR= 6). In fact,
HLA-Dw13 accounted for over half of the HLA-DR4 DRB1
alleles in the ACApositive patients, compared to 11% of ACA
negative PSS patients (P = 0.02, uncorrected), OR= 9.7) and
9% of controls (Pc = 0.005, OR = 11). HLA-Dw14
(DRB1*0404, *0408), the HLA-DR4 subtype which shares an
identical third hypervariable region sequence with HLA-DR1,
was notably, although not significantly, decreased in frequency
in the ACApositive SS patients.

Determination of HLA-DQ specificities showed HLA-
DQw5and DQw7to be slightly increased in frequency com-
pared to ACA negative SS patients and controls (P < 0.04,
uncorrected), OR= 2.5 for DQw5; P = 0.02, OR= 2.6 for
DQw7) (Table I). It should be noted that HLA-DQw5 is in
linkage disequilibrium with HLA-DR1, and HLA-DQw7with
HLA-DR5 and some HLA-DR4 haplotypes. It is also notewor-
thy that 11 of 18 DR4 haplotypes (at least 4 of the 8 having
Dw13 and 6 of the 9 having Dw4) in the ACApositive patients
were associated with DQw7(as opposed to DQw8) compared
to 3 of 21 (all associated with DR4[Dw4]) in the ACAnegative
PSSpatients (P = 0.007, OR= 9.4). Two additional ACAposi-
tive patients had both DR4(Dw4) and DR4(Dw13) as well as
both DQw7and DQw8, thus haplotype associations could not
be determined in them. In contrast, the Dw14(DQB1*0404,

*0408) subtype of DR4, which was rarely seen in the ACA
positive patients, was always associated with DQw8.

In order to test the relative strengths of the associations of
HLA-DR5(DRwl 1) and DQw7with the ACA response, we
tested the presence vs. absence of one of the HLA-specificities
in patients and controls in individuals with and without the
other HLA-specificity, as proposed by Svejgaard and Ryder
(51). All HLA-DR5 (DRw1 1) positive Caucasian patients and
controls also had HLA-DQw7. However, in DR5 (DRwl 1)
negative individuals, DQw7occurred in 34% of ACApositive
patients, compared with 16% of ACAnegative SS patients (P
= 0.08) and 24% of controls (P = 0.4). Wealso found HLA-
DQw7to be associated with the antitopoisomerase I response
(data not shown, manuscript in preparation). Accordingly, if
anti-topoisomerase I positive SSpatients were considered sepa-
rately, the frequency of HLA-DQw7in the DR5(DRwl 1) nega-
tive, ACAnegative group of SS patients fell to 11% (P = 0.055
compared to ACA positive patients), suggesting the HLA-
DQw7 association with ACA to be independent of HLA-
DR5(DRwl 1).

Typing for HLA-DQAl alleles (Table II) showed only a
weak increase of frequency of DQA1*0101, found on most
HLA-DQw5 heterodimers, compared to ACAnegative SS pa-
tients and controls (P < 0.04, uncorrected, OR= 2.4). HLA-
DQB1 allele determinations showed an increase in the fre-
quency of DQB1*0301 (found only on DQw7haplotypes)
compared to controls (P = 0.02, OR= 2.6). HLA-DQB1*0501

Table I. HLA-DQAJ and DQBI Alleles in ACAPositive
and Negative Caucasian SSPatients and Controls

ACApos SS ACAneg SS Controls
Allele (n = 42) (n = 74) (n = 79)

DQA1*0101 52%* 31% 32%
DQA1*0102 28% 28% 34%
DQA1*0103 7% 8% 20%
DQA1*0201 7% 18% 19%
DQA1*0301 35% 30% 34%
DQA1*0401 12% 5% 5%
DQA1*0501 38%* 61% 37%
DQB1*0201 12%W 50% 33%
DQB1*0301 55%11 34% 32%
DQB1*0302 19% 23% 16%
DQB1*0303 5% 5% 8%
DQB1*0402 10% 4% 5%
DQB1*0501 45%' 24% 27%
DQB1*0502 2% 1% 4%
DQB1*0503 7% 7% 5%
DQB1*0601 5% 1% 4%
DQB1*0602 14% 19% 25%
DQB1*0603 2% 5% 16%
DQB1*0604 5% 11% 9%

* P < 0.04 (uncorrected), OR= 2.4 compared to either ACAnegative
SS or controls.
t P = 0.03 (uncorrected) compared to ACAnegative SS.
1Pc = 0.001 compared to ACAnegative SS.
P = 0.02, OR= 2.6 compared to controls.

' P = 0.02 (uncorrected), OR= 2.4 compared to ACAnegative SS and
controls.
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(found on most DQw5haplotypes) was slightly increased in the
ACApositive SS patient compared to ACAnegatives and con-
trols, though only significantly so when the two latter groups
were considered together (P = 0.04[uncorrected], OR= 2.2).

Oligotyping for 19 DPB1 alleles in 35 Caucasian ACAposi-
tive patients, 54 ACAnegatives and 62 controls showed equiva-
lent frequencies in all groups studied (52).

Examination of HLA-DRB1 first domain sequences (53)
showed that HLA-DRl, DR4(Dw13), DR5(DRwl 1) and
DRw8do not share any unique amino acid residues (or seg-
ments thereof). Similarly, there was no unique HLA-DQA1
amino acid residue, or segment of amino acids, that accounted
for all (or even a majority of) ACApositive SS patients com-
pared to ACAnegative SS patients or controls.

All but three of the 42 ACApositive SS patients had HLA-
DQB1 chains comprising DQw5and/or DQw7. The DQB1
chains associated with HLA-DQw5and DQw7lack the hydro-
phobic residue leucine (Leu) at position 26 of the DQB1 first
domain (54), located in the floor of the putative peptide-bind-
ing groove in the second hypervariable region (55). Instead,
these DQB1 alleles have either tyrosine or glycine at this posi-
tion, both polar non-charged amino acids. Furthermore, the
three ACA positive patients lacking DQwSand DQw7had
DQB1*0601 or *0402 alleles, which also have tyrosine or gly-
cine, respectively, at position 26. In total, therefore, the pres-
ence of one or more of these non-Leu-26 DQB1 alleles ac-
counted for 100% of the Caucasian ACA positive patients,
compared to 69%of the ACAnegative SSpatients (P = 0.0008)
and 71% of the controls (P = 0.0003). This association was
further underscored by examining genotype frequencies of
non-Leu-26 DQB1 alleles, where non-Leu-26 alleles accounted
for 73% of 84 HLA-DQB1 genotypes in ACApatients com-
pared to 42% of 148 in ACAnegative PSS patients (P = 1.2
X l0-5) and 38% of 158 in controls (P = 5.8 X l0-7). In fact,
43%of ACApositive SS patients had both of their DQB1 alleles
lacking Leu-26, compared to 7%of ACAnegative SS patients
(P = 1 X l0-) and 14% of controls (P = 4 X 10-4) (Table III).
This might suggest a gene dosage effect, however homozygosity
for these DQB1 alleles occurred no more frequently than
would be expected by Hardy Weinberg equilibrium (43% vs
50%, P = NS). The association with non-Leu-26 alleles per-
sisted even when the HLA-DR5(DRwl 1) positive individuals
were removed, being present in 100% of the remaining ACA
positive SS patients compared with 59%of DR5negative, ACA
negative SS patients (P = 1.6 X l0-4) and 59%of DR5negative
controls (P = 1.2 x 10-4).

As far as any possible protective role against developing
ACA for the presence of leucine at position 26 of the DQB1
first domain is concerned, it should be noted that the frequency
of having one non-Leu-26 allele was the same (57%-61 %) in all
groups studied, making this unlikely.

Regional differences in HLA-class II gene frequencies could
at least in part explain the marked predominance of certain
HLA-DQ alleles in ACApositive versus negative SS patients
and controls, especially because the Caucasian controls here
examined by RFLPand oligotyping were Houston medical stu-
dents and health care workers of preponderantly Northern Eu-
ropean ancestry. In fact, the frequency of HLA-DQw5 and
DQw7(determined by RFLP only) among 83 Caucasian con-
trols from Ottawa was nearly twice that seen in Houston (R.
Goldstein, unpublished data). HLA-class II gene frequencies
from Miami controls were not available. However, the fre-

Table III. Frequency of Homozygosity and Heterozygosity
for HLA-DQBI Alleles Lacking Leucine at Position 26
(Leu-26 negative) in Predisposition to the ACAResponse
in Caucasians

ACApos SS ACAneg SS Controls
(n = 42) (n = 74) (n = 79)

Both DQB1 alleles Leu-26 negative 43%^t 7% 14%
One DQB1 allele Leu-26 negative 57% 61% 57%
Both DQB1 alleles Leu-26 positive 0%§1" 32% 29%

*P= I X 10-4; § p= 8 x 10-4 compared to ACAneg SS.
t P = 4 x 10-4; 11 P = 3 x 10-4 compared to normal controls.

quencies of Leu-26 negative DQB1 alleles between ACAposi-
tive and negative SS patients was similar in all three regions.
The most significant differences were seen between the larger
numbers of ACApositive (n = 20) and negative (n = 30) Cau-
casian SS patients from Houston, where the non-Leu-26 DQB1
genotypic frequencies were 80%vs 36%(P = 4 X I0-, OR= 7).
Among those from Ottawa (14 ACApositive, 19 ACAnega-
tive) the genotype frequencies were 64% vs 34% (P = 0.03, OR
= 3.5). The number of ACApositive patients from Miami was
small (n = 5) vs those ACAnegative, (n = 22). Nevertheless, the
frequency of non-Leu-26 DQB1 alleles was 80% vs 48% (P
= 0.086, OR= 4.4). HLA-DQw5 and DQw7were more fre-
quent in ACA positive versus negative SS patients from all
regions, although the differences did not achieve statistical sig-
nificance, perhaps due to the smaller numbers examined.

All of seven other ACApositive patients of non-Caucasian
ethnic origin also possessed non-Leu-26 DQB1alleles, the ma-
jority having two. The one American black SS patient with
ACA had HLA-DR5(DRwl 1), DQw7; DRw8, DQw4. Two
additional American blacks with polymyositis also had ACA,
one having HLA-DRl, DQw5; DR4(Dw13), DQw7and the
other DRl, DQw5; DRw8, DQw7. The Hispanic SS patient
with ACAhad DR1, DQw5and DR4(Dw13), DQw8, as did
both an ACApositive Hispanic with Sjogren's syndrome and
another with dermatomyositis. AChinese SSpatient had HLA-
DRw1O, DQw5; DRwl4, DQw5.

Discussion

Previous studies have examined HLA-DR specificities in SS
patients with the ACAresponse, finding associations with the
broad specificities HLA-DRl (8, 29), DR4(29), DR5(DRwl 1)
(23), and possibly DRw8 (29). Our earlier preliminary data,
examining smaller numbers of patients than in this study, sug-
gested weak associations of ACAwith HLA-DRl and DR4
(56). The amino acid sequence shared by DRl and the Dw14
(DRB 1 *0404, *0408) subtype of DR4, (QRRAA), which com-
prises residues 71-74 in the third hypervariable region of
DRB1, was postulated to form an "epitope" predisposing to
this autoantibody response. Subsequent DR4subtyping, how-
ever, showed that only the Dw13(DRBl*0403, *0407) sub-
type was increased in frequency, and, in fact, that
Dwl4(DRB 1*0404, *0408) was less common in the ACAposi-
tive SS patients. HLA-DR4(Dw13) has a glutamic acid residue
at position 74 of the DRB1 first domain, which is negatively
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charged, whereas DRI and DR4(Dw14) have an alanine,
which is a hydrophobic residue, at this position. Thus DRI and
DR4(Dw13) would be expected to have significant physio-
chemical differences in this segment of the third hypervariable
region, which could have a major impact on antigen and/or T
cell receptor interactions. Furthermore, 39% of the ACAposi-
tive patients lacked DRl or DR4, with nearly all the remaining
patients having DR5(DRwl 1) and/or DRw8. HLA-DRl,
DR4, DR5(DRwl 1) and DRw8 share no common unique
DRB1 epitope. Therefore, if one is to explain the ACA re-
sponse by a unique HLA class II amino acid (or sequence
thereof), DRB1 does not appear to be the candidate locus.

Furthermore, no HLA-DRB3(DRw52) or DRB4(DRw53)
association was found for the ACAresponse (data not shown).
Also, of the 19 DPB1 alleles examined, none were increased in
frequency in either SSor the ACAresponse. Despite a marginal
increase in DQAI*00I1 (found on most DQw5-bearing haplo-
types), no DQA1sequence or amino acid discriminated ACA
positive individuals.

By themselves, the DQB1alleles comprising DQw5as well
as DQw7(DQB1*0301) were only marginally increased, but
together they accounted for most of the ACA positive SS
patients, with DQB1*0402 and *0601 accounting for the
rest. HLA-DR5(DRwl 1) and many DR4(Dw13) and DR4-
(Dw4) haplotypes are in linkage disequilibrium with DQw7-
(DQB1*0301), which may account for their association with
ACA. Onthe other hand, the DQB1chains comprising DQw6
and DQw2(DQBl*0201) were less frequent in SS patients with
ACA. These ACA-associated and nonassociated DQBl alleles
differ at position 26 of the first domain, in the floor of the
antigen binding cleft in the second hypervariable region. The
presence of a polar tyrosine or glycine residue was specifically
associated with the ACAresponse, whereas the presence of a
hydrophobic leucine here was not. Still, 11% of ACAnegative
SS patients had both of their DQB1 alleles lacking leucine at
position 26. While the reason these patients lacked ACAauto-
antibodies is not clear, it can be speculated that their ACAlevel
was below that which was detectable by the immunofluores-
cence assay here utilized, or that perhaps they lacked the appro-
priate T cell receptor genes to which these MHCclass II hetero-
dimers could present the processed centromere autoantigenic
peptide. Furthermore, all non-Caucasians with ACAhad non-
Leu-26 DQB1alleles. This transracial association further sug-
gests the importance of this amino acid residue in the ACA
response.

Wehave found position 26 of the DQB1 chain to be asso-
ciated with other autoantibody responses. The anti-Ro(SS-A)
response in patients with systemic lupus erythematosus and
Sjogren's syndrome has as a minimal requirement the presence
of the hydrophobic leucine here (and/or a glutamine at posi-
tion 34 of the DQA1 chain) (57). Thus it seems that charge
(hydrophobicity vs. hydrophilicity) at this position in the puta-
tive antigen binding cleft may influence the specificity of the
autoantibody response.

Therefore the HLA-DR5 (DRwl 1) association with SS per
se would appear to be explained, at least in part, by linkage
disequilibrium with HLA-DQ genes, themselves associated
with the ACAresponse. Data from our laboratory also suggests
the antitopoisomerase (anti-Scl-70) response to be correlated
with different DQB1 lochs epitopes (manuscript in prepara-
tion). Thus, HLA-class H associations with SS may be better
explained by autoantibody subsets of this disease.
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