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ABSTRACT. Objective. Reported associations between HLA alleles and both susceptibility to and features of scle-
roderma have been conflicting. Our objective was (1) to determine the role of HLA alleles in the sus-
ceptibility to scleroderma; and (2) to determine the role of HLA alleles in various aspects of disease
expression.

Methods. Consecutive patients were followed in the scleroderma clinic between 1996 and 1998.
Clinical data were obtained through chart review. Healthy volunteers as well as cadaveric donors
served as controls. Molecular HLA typing was performed (polymerase chain reaction/sequence-spe-
cific oligonucleotides). Statistical analysis included Fisher’s exact test and multivariate analyses,
using logistic and linear regression models.

Results. Ninety-five Caucasian patients (75 women, 20 men, age 43.9 yrs, disease duration 11.9 yrs)
with scleroderma and 416 controls were studied. HLA-DRB1*01 and HLA-DRB1*11 were associ-
ated with susceptibility to scleroderma, whereas HLA-DRB1*07 was protective. HLA-A*30 and
HLA-A*32 were also associated with susceptibility to scleroderma, while HLA-B*57 and HLA-
Cw*14 were protective. HLA-B*62 and HLA-DRB1*#07 had a significant correlation with the pres-
ence of diffuse skin involvement in both univariate and multivariate analyses. HLA-DRB1*11 was
associated with high skin score values, while lower values were related to the presence of HLA-
Cw*14 and HLA-DQB1*06. Both alleles retained significance in a linear regression model. High
skin score values were related to the absence of anticentromere antibodies. Pulmonary fibrosis was
associated with HLA-B*62 and HLA-Cw*0602, whereas pulmonary hypertension was associated
with HLA-B*13 and HLA-B*65.

Conclusion. HLA alleles play a role in susceptibility to scleroderma and its disease expression.

(J Rheumatol 2005;32:1481-7)

Key Indexing Terms:
SCLERODERMA

Scleroderma is an autoimmune disease of unknown etiolo-
gy. Women are more frequently affected than men with a
ratio of 4:1! and the peak incidence is in the fourth and fifth
decades of life. The main disease manifestations are skin
thickening and a small-vessel vasculopathy, with a high
prevalence of Raynaud’s phenomenon. The diffuse form of
the disease with more extensive skin involvement is more
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SUSCEPTIBILITY

HLA ALLELE

likely to affect internal organs, particularly the lungs, heart,
and kidneys. Although the pathogenesis of scleroderma
remains unclear, genetic, immunologic, and environmental
factors are thought to contribute to disease mechanisms. In
particular, HLA genes on the short arm of chromosome 6
have been implicated in the susceptibility to scleroderma.

Several studies have investigated the relationship
between HLA and scleroderma. Serologic studies found a
significant increase in the Class II HLA-DRS antigen in
patients with scleroderma compared to healthy controls?.
An increased frequency of the Class Il HLA-DRw52 (HLA-
DRB3 found in HLA-DR3/DR5/DR6)*> and decreases in
the Class I HLA-DRw53 antigen (HLA-DRB4 found in
HLA-DR4/DR7/DR9) and HLA-DRw6* have also been
observed.

Molecular technology has facilitated precise definition of
HLA alleles and allowed detection of 2 alleles (HLA-
DRBI1*11 and HLA-DRB1*¥12) within the serologically
defined single antigen HLA-DRS. Subsequent molecular
studies found the HLA-DR11 allele was elevated in patients
with scleroderma compared to healthy controls®’. Results
suggesting increases in frequency of HLA-DRB3 support
findings of increased HLA-DRw5219,
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Two conflicting studies in the early 1990s highlighted the
importance of ethnicity in HLA and scleroderma studies.
Briggs, et al® reported a decreased frequency of HLA-DR2
in their Caucasian patient population compared to healthy
controls, whereas Sasaki, et al8 reported an increased fre-
quency of HLA-DR?2 in their Japanese patients with sclero-
derma. These contrasting findings pointed to the importance
of ethnically stratifying patient populations. Subsequent
studies illustrated further ethnic differences, with Choctaw
Native Americans having increased levels of HLA-
DRBI1#1602 (HLA-DR2) compared to controls’, and
African American patients having increased levels of HLA-
DRB1+#0810.

Molecular studies examining the relationship between
the HLA-DQ and scleroderma have found variable results.
An early study of Caucasian patients found an increased fre-
quency of HLA-DQA?2°. Further investigation suggested an
increased incidence of HLA-DQAI1*0501 spanning both
Choctaw Native American patients’ and Caucasian men!.
The latter study found an elevated HLA-DQB1*0301 in
Caucasian, African American, and Hispanic patients com-
pared to race-matched controls!?.

Moreover, investigations into associations between dis-
ease severity and serologic HLA status again suggested the
importance of HLA-DRS. Gladman, et al? found that Class
I HLA-DRS was associated with higher disease and skin
scores within scleroderma patients. Black, et al 3 indicated
that Class Il HLA-DR1 was associated with those with non-
diffuse scleroderma compared to diffuse disease. Langevitz,
et al* found an increased frequency of the HLA-DRw52
group (HLA-DRB3 found in HLA-DR3/DR5/DR6) as well
as HLA-DRw6 in their scleroderma patients with pul-
monary hypertension compared to scleroderma patients
without pulmonary hypertension. It was further noted that
the mortality rate for patients with pulmonary hypertension
and HLA-DRw6 was significantly greater than those
patients without the HLA-DRw6 antigen. Subsequent stud-
ies looking at pulmonary fibrosis and HLA have found an
increased frequency of HLA-DR3 (HLA-DRS52a) in patients
with pulmonary fibrosis compared to patients without
fibrosis®”.

Several studies have looked into the association between
autoantibodies detected among patients with scleroderma
and HLA. Two autoantibodies of particular interest are the
antitopoisomerase antibodies (anti-Scl-70) and the anticen-
tromere antibodies (ACA). Anti-Scl-70 have been found
more frequently in scleroderma patients with pulmonary
fibrosis and diffuse disease, whereas ACA are more fre-
quently found in scleroderma patients with more limited
forms of disease!l; however, these relationships are not
mutually exclusive. Molecular studies indicate that
Caucasian patients with antitopoisomerase antibodies have a
higher frequency of HLA-DRS than Caucasian patients
lacking the antibody®”-10. A similar molecular study of

Japanese patients with antitopoisomerase antibodies found
elevated HLA-DR2 compared to race-matched patients
without the antibody!2. Molecular studies of Caucasian
patients with the ACA found an increased frequency of
HLA-DRB1#01%10 and HLA-DRB1%04!0 compared to
patients lacking the antibody. Reveille, et al'® also found
elevated HLA-DRB1*01 and HLA-DRB1*04 in Hispanic
patients with ACA compared to race-matched patients with-
out the antibody.

Thus the associations between HLA alleles and both sus-
ceptibility to and characteristic features of scleroderma have
been conflicting. Our objective was 2-fold: to determine the
role of HLA alleles in the susceptibility to scleroderma; and
to determine the role of HLA alleles in various aspects of
disease expression.

MATERIALS AND METHODS

Setting. The University of Toronto Scleroderma Clinic, where patients have
been followed prospectively according to a standard protocol since 1978.

Patient selection. Consecutive patients followed in the Scleroderma Clinic
between 1996 and 1998 who agreed to provide a DNA sample were stud-
ied. The study was approved by the Research Ethics Board of the
University Health Network. Patients and controls provided informed con-
sent.

Clinical data collection. Patients had been followed prospectively in the
Scleroderma Clinic, with clinical and laboratory data recorded according to
a standard protocol. Clinical data on participating patients were obtained
through a review of the clinic charts. For each clinic visit, skin thickening
was assessed according to a validated, quantitative scoring system, similar
to the Modified Rodnan Skin Score. This scoring method has a maximum
value of 54, and has been shown to have a high correlation with the Rodnan
scoring system!3. For this study, the highest recorded skin score for each
patient was noted. Occurrences of Raynaud’s phenomenon and digital
necrosis (ulceration or gangrene) were recorded. Limited disease was
defined as definite skin thickening confined to the distal extremities,
whereas in diffuse disease there was in addition involvement of skin prox-
imal to the knees and elbows. Lung involvement was defined by the pres-
ence of pulmonary hypertension (right ventricular pressure > 35 mm Hg by
Doppler echocardiogram), radiological evidence of interstitial lung disease,
and pleuritis or abnormalities on pulmonary function testing [DLCO,
forced vital capacity, or total lung capacity (TLC) < 70% of predicted].
Cardiac involvement was defined by the presence of cardiomegaly, con-
gestive heart failure (with elevated jugular venous pressure), or pericarditis
(friction rub or fluid detected by an echocardiogram). Hypertension was
defined as systolic blood pressure > 140 mm Hg and/or diastolic blood
pressure > 90 mm Hg. The presence of renal disease was defined by an
increased serum creatinine concentration (> 110 mmol/l). The presence of
trigeminal neuralgia and entrapment neuropathy (confirmed by nerve con-
duction studies) was also recorded. The presence of the following autoan-
tibodies was also noted where available: antinuclear (ANA), anti-Scl-70,
ACA, and anti-double stranded DNA (dsDNA).

Controls. DNA samples were obtained from healthy volunteers as well as
cadaveric donors from the regional HLA laboratory of the University
Health Network.

Laboratory methods. DNA was extracted from whole blood using a salting-
out technique (Puregene DNA isolation kit; Gentra Systems, Minneapolis,
MN, USA). Genomic DNA was amplified in a generic polymerase chain
reaction amplification using biotinylated primers specific for each of the
HLA-A, -B, -Cw, -DRB, and —-DQB loci. The resultant amplicons were
hybridized to an array of immobilized sequence-specific probes. The bound
amplicons were detected using a colorimetric reaction, and the binding pat-
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tern was interpreted using a computer matching program that assigns HLA
type (Dynal Reli-SSO, Oslo, Norway).

Statistical analysis. Fisher’s exact test for 2 x 2 tables was used to assess
the significance of the relationship between each one of the HLA alleles
and the binary outcomes of interest. The usual 5% significance level was
used as a rough guide to relationships of possible interest. We performed a
global likelihood ratio test of significance for each locus, including only
alleles that were present in at least 10% in at least one of the populations
tested (scleroderma patients or controls), followed by more specific tests.
This conservative strategy was used to allow for multiple testing consider-
ations.

Multivariate analyses were performed, using logistic regression, to
examine the role of alleles jointly in disease incidence and expression. In
the single situation where the significance of a continuous variable is test-
ed, the nonparametric Wilcoxon rank-sum test was used to explore the
association with binary variables. In this case, multivariate analysis was
performed using a linear regression model.

Based on the previous studies we were particularly interested in alleles
at the HLA-DR and DQB. Our hypothesis was that HLA-DRB1*11 would
be associated with scleroderma and worse skin scores. However, we per-
formed complete HLA typing on our subjects since the number of previous
studies including Class 1 alleles is limited. The analysis of Class 1 alleles
is exploratory.

RESULTS

There were 103 patients with scleroderma in the clinic at the
time of the study. From those, only the 95 Caucasians were
enlisted (Table 1), together with 416 Caucasian controls
who were HLA typed. The patients included 75 women and
20 men, with a mean age at diagnosis of 43.9 years (range
23-72) and mean disease duration at the time of the study of
11.9 years (range 0-30). The organ manifestations identified
in the scleroderma cohort are listed in Table 1.

HILA alleles and susceptibility to scleroderma. Initially, we
investigated the role of each one of the alleles in disease

Table 1. Characteristics of study population.

N (%) Total
Tested

Sex: M 75:20
Age at diagnosis, mean (SD) yrs ~ 43.8 (11.5) (range 23-72) 94
Disease duration, mean (SD) yrs 12.0 (6.4) (range 0-30) 93

No. of patients deceased 16 (16.8) 95
Diffuse disease 53 (56.4) 94
Limited disease 41 (43.6) 94
Raynaud’s phenomenon 94 (98.9) 95
Digital necrosis 35(37.2) 94
Pulmonary fibrosis 20 (22.7) 88
Pulmonary hypertension 20 (21.7) 92
Pleuritis 5(5.3) 94
Heart failure 12 (12.6) 95
Pericarditis 15 (16.0) 94
Hypertension 56 (59.6) 94
Entrapment neuropathy 10 (10.6) 94
Trigeminal neuralgia 33.2) 94
ANA 85 (96.6) 88
ACA 22 (25) 88
Anti-Scl-70 11 (22) 50
Anti-dsDNA 4(8.9) 45

incidence. Since our interest was in the HLA-DR and DQB
regions, we concentrated on those first. There were 7 HLA-
DR alleles that occurred in at least 10% of the subjects. The
global test of significance provided a p value of 0.0023,
showing there is a relationship with scleroderma in the
HLA-DR region. A closer look at individual alleles revealed
an association of HLA-DRB1*#01 and HLA-DRB1*11 with
scleroderma, but a “protective” effect of HLA-DRB1*07. A
similar analysis in the HLA-DQB region revealed a margin-
al association with alleles at this region (p = 0.051), with no
individual allele having a strongly observed association.

For the Class 1 region, the global test for HLA-A sug-
gested some relationships (p = 0.08). The most significant
are HLA-A*32 (nominal p value of 0.02) and HLA-A*30
(nominal p value of 0.05). A global test for HLA-B locus
revealed no association (p = 0.45). However, HLA-B57 did
come up significantly associated with scleroderma in the
univariate analysis, with only 1% of the 94 patients and 9%
of the controls having this allele (nominal p value of 0.01).
This allele likely deserves further study. A global test for
HLA-C generated a p value = 0.22. No patient was observed
to have HLA-C*14, compared to 4% of the controls. This
observation requires future assessment.

Table 2 gives the results of univariate analyses — the fre-
quencies and proportions as well as the estimated odds ratio
and corresponding p value are given. We present the com-
plete results for all alleles so that this information may be
included in future metaanalyses.

Based only on significant variables from univariate
analyses, the best multivariate model includes HLA-A*30,
HLA-A*32, HLA-B*57, HLA-Cw*14, HLA-DRB1*01,
and HLA-DRB1*#11 (Table 3). HLA-DRB1*07 was omitted
from the model because of its linkage disequilibrium with
HLA-B*57'4,

HLA and disease manifestations in scleroderma

Diffuse/limited disease. Through logistic regression, we
explored the influence of the HLA alleles on various aspects
of disease expression. Table 4A shows the significant rela-
tionships, based on univariate analyses, between HLA alle-
les and the extent of skin involvement in scleroderma. Both
HLA-B*62 (p = 0.02) and HLA-DRB1*#07 (p = 0.05) have
a significant correlation with the presence of diffuse skin
involvement. Note that 10 out of the 11 patients who have
the HLA-B*62 allele have diffuse skin disease. Finally, both
variables retained significance in a multivariate model
(Table 5A). Further, we explored the possible connection
between the extent of skin involvement (diffuse/limited dis-
ease) and other clinical and laboratory variables. Only the
presence of ACA appears to be significantly associated with
limited scleroderma (p = 0.01), with pulmonary hyperten-
sion (associated with limited scleroderma; p = 0.08) and
serum creatinine (associated with diffuse scleroderma; p =
0.07) being just above the 0.05 threshold (Table 4A). As
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Table 2. HLA allele distribution in scleroderma patients and controls.

OR*
Controls Patients p* OR** Controls Patients p* * Controls Patients p* OR**
HLA- N=416 n=9%4 HLA- n=415 n=94 HLA- n=415 n=95
A #(%)  #(%) B #(%) #(%) DR #(%) #(%)
A*01 111(26.7)28(29.8) 0.52 1.17 || B*07 106 (25.5) 22 (23.4) 0.79 0.89(| DR*01 73 (17.6) 28 (29.5) 0.01 1.96
A*02 207 (49.8) 43 (45.7) 0.50 0.85 || B*08 76 (18.3) 21(22.3) 0.38 1.28{ DR*03 95(22.9) 21(22.1) 1.00 0.96
A*03 119(28.6) 21(22.3) 0.25 0.72 | B*¥13 24(5.8) 5(5.3) 1.00 0.91|DR*04 135(32.5) 27 (28.4) 0.47 0.82
A*11 49(11.8) 9(9.6) 072 0.79 || B*14 27(6.5) 9(9.6) 0.27 1.52|| DR*07 116 (27.9) 15(15.8) 0.01 0.48
A*23 15(3.6) 5(5.3) 0.39 1.50 || B*15 51(12.3) 13(13.8) 0.73 1.15||DR*08 24(5.8) 8(84) 035 1.50
A*24 59(142) 11 (11.7) 0.62 0.80 || B*18 40(9.6) 13(13.8) 0.26 1.50( DR*09 10(24) 2(2.1) 1.00 0.87
A*25 14((34) 3(32) 1.00 095 | B*27 27(6.5) 10(10.6) 0.18 1.71}DR*10 7 (1.7) 00 036 -
A*26 25(6.0) 7(7.5) 064 126 | B*35 63(15.2) 17(18.1) 0.53 1.23||DR*11 65 (15.7) 27(28.4) 0.005 2.14
A*29 39(94) 6(64) 043 066} B*37 16(39) 3(3.2) 1.00 0.82||DR*12 20(4.8) 3(32) 059 0.64
A*30 20(4.8) 10(10.6) 0.05 236 || B*38 12(29) 4(43) 0.51 149{DR*13 89(21.5) 15(15.8) 0.26 0.69
A*31 15(.6) 4(43) 076 L19(B*39 10(24) 3(32) 0.72 1.33||DR*14 23(55) 3(32) 044 0.55
A*32 25(6.0) 13(13.8) 0.02 2.51 (| B*41 7(1L.7) 0(0) 036 - |[DR*15 113(27.2) 19(20) 0.16 0.67
A*33 16(39) 6(64) 027 170 B*42 3(0.7) 00 100 -
A*34  2(0.5) 0¢(0) 1.00 - | B*44 103(24.8) 23(24.5) 1.00 0.98 Controls Patients p* OR**
A*36 1(02) 0 100 - |B*d5 7.7 0 036 - || HLA- n=415 n=94
A*66 6(14) 1(1.1) 1.00 073 | B*47 4(1.0) 0() 100 - DQ #(%) #(%)
A*68 33(79) 8(85) 0.83 1.08| B*48 2(0) 00 100 - DQ2 167 (40.2) 29 (30.5) 0.08 0.65
A*69  2(0.5) 0(0) 1.00 - |B*49 17(4.1) 3(3.2) 1.00 077 DQ4 27(6.5) 5(53) 082 0.80
B*50 4(1.0) 1(1.1) 1.00 1.10|| DQ5S 119(28.7) 36 (37.9) 0.08 1.52
Controls Patients p* OR**|{ B*51 51(12.3) 10(10.6) 0.73 0.85|| DQ6 169 (40.7) 32(33.7) 0.24 0.74
HLA- N=408 n=90 B*52 8(1.9) 1(1.1) 1.00 0.55( DQ7 144(34.7)37(39.0) 048 1.20
C #(%) #(%) B*S3  5(1.2) 1(1.1) 1.00 0.88(f DQ8 85(20.5) 20(21.1) 0.89 1.04
C*01 29(7.1) 6(6.7) 1.00 093 | B*55 10(2.4) 00y 022 - DQ9 45(10.8) 5(53) 0.13 046
C*02 24(59) 8(89) 034 156 B*56 3(0.7) 0() 100 - ||DQO501 80 (19.3) 27(28.7) 0.05 1.69
C*03 93(22.8) 23(25.6) 0.58 1.16 || B*57 36(8.7) 1(1.1) 0.01 0.11||DQ0502 24(5.8) 7(7.5) 0.48 1.31]
C*04 67(16.4) 19(21.1) 028 1.36 || B*58 15(3.6) 3(3.2) 1.00 0.88|DQO503 21(5.1) 2(2.1) 028 041l
C*05 60(14.7) 13(14.4) 1.00 098 || B*60 42(10.1) 9(9.6) 1.00 0.94/DQO601 11(2.7) 0(0) 023 -
C*06 85(20.8) 12(13.3) 0.11 0.58 | B*61 12(2.9) 5(5.3) 022 1.89|DQ0602 94 (22.7) 14 (14.9) 0.12 0.60
C*07 220(53.9) 50(55.7) 0.82 1.07 || B*62 30(7.2) 11(11.7) 0.15 1.70,DQ0603 44 (10.6) 11(11.7) 0.72 1.12
C*08 28(69) 7(7.8) 0.82 1.14|B*63 9(22) 1(1.1) 0.70 0.48|DQ0604 25(6.0) 5(53) 1.00 0.88
C*12 46(11.3) 14(15.6) 028 145| B*64 8(1.9 2(2.1) 1.00 1.11|DQ0605 11(2.7) 0(0) 0.23 -
C*14 18(44) 0() 0.05 - |B*S 19(4.6) 7(7.5) 030 1.68DQ0609 0 (0) 1(1.1) 0.18 -
C*15 26(64) 7(7.8) 064 124 {B*70 10(24) 1(1.1) 0.70 0.44,DQO0301 143 (34.5) 37(39.4) 0.40 1.23
C*16 44(10.8) 4(44) 0.08 038 | B*73 2(0.5) 1(L1) 0.46 2.22{DQ0302 85(20.5) 20(21.3) 0.89 1.05
C*17  9(2.2) 0¢(0) 037 - |(IB*78 1(0.2) 0(0) 100 - |DQO303 45(10.8) 5(5.3) 0.13 0.46
C*18 3 (0.7) 0 100 - DQ0304 1(0.2) 0(0) 1.00 -
* Fisher’s Exact Test DQO305 0(0) 1(1.1) 0.18 -
** Exact Odds Ratio DQoO401 2(05) 0() 100 -
DQO0402 25(6.0) 5(53) 1.00 0.88

expected, only ACA is included in the best multivariate
model (OR 3.91, 95% CI 1.40-10.97; p = 0.01), while its
significance remained unchanged when HLA-B*62 and
HLA-DRB1*07 were added in the model.

We further explored which HLA alleles and other vari-
ables were related to quantitative expression of the severity
of skin disease based on the skin score. Since all the
explanatory variables used are binary, we used the Wilcoxon
rank-sum test to analyze skin score levels in each of the
groups. From the HLA alleles, only the presence of HLA-
DRB1*11 is associated with high skin score values (p =
0.02), while lower values are related to the presence of

HLA-DQB1*%0604 (p = 0.04). Both alleles retain signifi-
cance in a linear regression model, with respective signifi-
cance levels of p = 0.01 and p = 0.05. Furthermore, we
observed that high skin score values were related to the
absence of ACA (p = 0.003) and the presence of ANA (p =
0.05), although only 2 patients were ANA-negative.
However, these 2 patients had 2 of the lowest skin score val-
ues — 4 and 6 (skin scores ranged from 4 to 54). Thus,
although the 2 groups (ANA-positive and negative) are so
unevenly split, the difference in the mean skin score values,
5 and 22.4, is so great that it is significant. If these variables
are added to the regression model together with the HLA
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Table 3. Multivariate analysis for disease incidence.

Effect OR 95% CI p
HLA-A*30 245 1.09-5.55 0.03
HLA-A*32 2.64 1.25-5.55 0.01
HLA-B*57 0.12 0.02-0.92 0.04
HLA-Cw*14 £ — 0.01F
HLA-DRB1*01 1.98 1.16-3.37 0.01
HLA-DRB1*11 2.22 1.29-3.82 0.004

 Based on likelihood ratio test.

alleles, we observe that both ACA (p = 0.0006) and ANA (p
= 0.01) retain their significance. Finally, we note that the
HLA alleles and the other factors that are related to the bina-
ry classification of skin disease (diffuse/limited) and the
skin scores are not the same. This is likely due to the differ-
ent aspects of skin disease that are reflected in these vari-
ables, although they are correlated.

Pulmonary fibrosis. Of the HLA alleles, only HLA-

Table 4. Univariate analyses for disease expression.

Cw*0602 showed a significant relationship with pulmonary
fibrosis (OR 4.92, p = 0.02), as shown in Table 4B. From the
clinical and laboratory variables, the TLC value (p < 0.0001)
and ACA (p = 0.02) are significant variables, with pericardi-
tis (p = 0.08) being marginally important (Table 4B). In a
multivariate model, only TLC is included (Table 5B), while
the association between TLC and ACA is probably the rea-
son the latter is not part of it. TLC retains its significance if
HLA-Cw*0602 is also included in the model. No associa-
tion was observed between pulmonary fibrosis and HLA-
DRB3 alleles (Table 6A).

Pulmonary hypertension. Analysis including only the HLA
alleles showed that only HLA-A*30 (p = 0.02), HLA-B*13
(p = 0.03), HLA-B*65 (p = 0.04), and HLA-DRB1*03 (p =
0.03) had significant association with pulmonary hyperten-
sion (Table 4C). The best multivariate model (Table 5C)
includes only HLA-B*13 and HLA-B*65. Additionally,
from the remaining clinical and laboratory variables, DLCO
value (p = 0.006), heart failure (p = 0.01), and pericarditis

A. Effect Diffuse Limited OR p
/N (%) n/N (%)
HLA-B*62 10/52 (19.2) 1/41 (2.4) 9.52 0.02
HLA-DRB1*#07 12/52 (22.6) 3/41 (7.3) 3.71 0.05
PHT 8/53 (15.1) 12/39 (30.8) 2.5 0.08
Serum creatinine 8/52 (15.4) 1/39 (2.6) 0.14 0.07
ACA 7/49 (14.3) 15/38 (39.5) 391 0.01
B. Effect No PF OR p
/N (%) n/N (%)
HLA-Cw*0602 6/65 (9.2) 6/18 (33.3) 4.92 0.02
TLC 9/58 (15.5) 16/20 (80) 21.78 < 0.0001
Pericarditis 8/67 (11.9) 6/20 (30) 3.16 0.08
ACA 19/61 (31.2) 1720 (5) 0.12 0.02
C. Effect No PHT OR p
n/N (%) n/N (%)
HLA-A*30 4/71 (5.6) 5/20 (25.0) 5.58 0.02
HLA-B*13 1/71 (1.4) 3/20 (15.0) 12.35 0.03
HLA-B*65 3/71 (4.2) 4/20 (20.0) 5.67 0.04
HLA-DRB1%03 12/71 (16.7) 8/20 (40.0) 333 0.03
Pleuritis 2/72 (2.8) 3/20 (15.0) 6.18 0.07
DLCO 33/65 (50.8) 16/18 (88.9) 7.76 0.006
Heart failure 5/72 (6.9) 6/20 (30.0) 574 0.01
Pericarditis 7/71 (9.9) 7/20 (35.0) 4.92 0.01
Anti-DNA 1/30 (3.3) 3/12 (25.0) 9.67 0.06
Skin involvement 27/72 (37.5) 12/20 (60.0) 2.5 0.08
D. Effect No Mortality Mortality OR p
/N (%) /N (%)
HLA-B*27 6/78 (7.7) 4/16 (25.0) 4 0.06
PHT 12/76 (15.8) 8/16 (50.0) 5.33 0.006
DLCO 36/70 (51.4) 14/15 (93.3) 13.22 0.03

PHT: pulmonary hypertension, ACA: anticentromere antibody, TLC: total lung capacity, PF: pulmonary fibrosis.
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Table 5. Multivariate analyses for disease expression.

Diffuse/Limited

A. Effect OR 95% CI P
HLA alleles

HLA-B*62 9.91 1.20-82.20 0.03

HLA-DRB1*07 397 1.01-15.52 0.05
Other variables

ACA 391 1.40-10.97 0.01

Pulmonary Fibrosis

B. Effect OR 95% CI p
Other variables
TLC 0.05 0.02-0.17 < 0.0001

Pulmonary Hypertension

C. Effect OR 95% CI P
HLA alleles
HLA-B*13 10.90 1.00-118.47 0.05
HLA-B*65 5.08 0.97-26.76 0.05
Other variables
DLCO 0.15 0.03-0.73 0.02
Heart failure 4.70 1.14-19.31 0.03
Mortality
D. Effect OR 95% CI p
Other variables
PHT 3.78 1.03-13.80 0.05
DLCO 0.12 0.01-0.98 0.05

(p = 0.01) are significant variables, with anti-dsDNA anti-
body (p = 0.06) and pleuritis (p = 0.07) being marginally
important (Table 5C). In a separate multivariate model
(Table 5C), DLCO and heart failure are included, while the
strong correlation between heart failure and pericarditis is
probably the reason the latter is not part of it. Both DLCO
and heart failure retain significance in a multivariate model
that also includes HLA variables. Other variables do not add
anything to the model. No association was observed

Table 6. DRB3 alleles.

between pulmonary hypertension and HLA-DRB3 alleles
(Table 6B).

An interesting question is whether hypertension is relat-
ed to renal disease. Nevertheless, univariate analysis
showed no indication of a connection between pulmonary
hypertension, secondary pulmonary hypertension, or sys-
temic hypertension and serum creatinine.

Mortality. Mortality was defined as a binary outcome indi-
cating death during the study period or survival to the end of
the study period. Sixteen patients (16.8%) died during the
study period. In univariate analysis of HLA alleles, only
HLA-B*27 (p = 0.06) was weakly associated with mortali-
ty (OR 4, 95% CI 0.71-19.60), while from all the other fac-
tors pulmonary hypertension (OR 5.33, p = 0.006) and
DLCO (OR 13.22, p = 0.003) appear to have a strong asso-
ciation with mortality (Table 4D). In the multivariate analy-
sis (Table 5D), the final model, which is adjusted by the age
of patients at time of entry to the trial, includes pulmonary
hypertension and DLCO. None of the remaining variables
adds significantly to the multivariate model.

DISCUSSION

Our study shows that HLA alleles do play a role in suscep-
tibility to scleroderma. As expected, HLA-DRB1*01 and
HLA-DRB1*11 were associated with susceptibility to scle-
roderma. HLA-DRB1*07 was found to be protective. There
was no association with HLA-DQBI alleles. In addition, we
found that Class 1 alleles HLA-A*30 and HLA-A*32 were
associated with an increased risk of scleroderma. HLA-
B*57 and HLA-Cw*14 appear to be protective. The signif-
icance level of this latter association is marginal, with the
global test for both the B and C loci not being significant.
However, these results suggest that these areas deserve fur-
ther consideration. Our study thus supports previous HLA
studies in scleroderma that show that HLA confers suscepti-
bility to this disease?8. Moreover, our study confirms our
previous observation of the association of scleroderma with
HLA-DR52. It should be noted that the patient group in the
current study is different from that of our previous study.

A. Effect No PF PF OR p
n/N (%) n/N (%)

HLA-DRB3*01 15/41 (36.6) 6/15 (40.0) 1.16 1.00

HLA-DRB3*02 26/41 (63.4) 11/15 (73.3) 1.59 0.54

HLA-DRB3*03 4/41 (9.8) 0/15 (0) — 0.56

B. Effect No PHT PHT OR p
n/N (%) n/N (%)

HLA-DRB3*01 15/46 (32.6) 7/14 (50.0) 2.07 0.34

HLA-DRB3#02 30/46 (65.2) 8/14 (57.1) 0.71 0.75

HLA-DRB3*03 6/46 (13.0) 0/14 (0) — 0.32

PF: pulmonary fibrosis, PHT: pulmonary hypertension.
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More importantly, our study documents the role of HLA
alleles in disease expression in scleroderma. HLA-B*62 and
HLA-DRB1*07 are protective for diffuse skin involvement
in scleroderma. We previously reported that HLA-DRS was
associated with higher skin scores in scleroderma?. Our cur-
rent study documents the association between diffuse skin
involvement and HLA-DRB1*11, an allele belonging to the
HLA-DRS serologic specificity. We further identified sever-
al HLA alleles that were protective for severe skin involve-
ment, including HLA-Cw*14 and HLA-DQB1*06. With
regard to internal organ involvement in scleroderma, pul-
monary manifestations were also found to be associated
with specific HLA alleles. Pulmonary fibrosis was associat-
ed with HLA-B*62 and HLA-Cw*0602, whereas pul-
monary hypertension was associated with HLA-B*13 and
HLA-B*65. Of note, in this study, unlike our previous
report, we did not identify HLA-DRB3 as a risk factor for
pulmonary hypertension. This may be because our previous
study used serologic typing, and in the current study we
used molecular techniques to identify these alleles.

Although our study was not designed to predict mortali-
ty, we were able to investigate whether the presence of HLA
alleles was associated with mortality in our patients. As pre-
viously reported®!3, pulmonary hypertension was associat-
ed with increased mortality. However, in our current study,
the presence of HLA-B27 was also found to have an adverse
effect on mortality, although its frequency among patients
with scleroderma is similar to that of the general population.

From this and previous studies, it is evident that genetic
factors play an important role in susceptibility to scleroder-
ma as well as disease expression with respect to disease
type, organ involvement, and the development of specific
autoantibodies. However, it is also evident that in scleroder-
ma there is no single dominant genetic pattern, and various
HLA alleles have been found to be associated with different
aspects of the disease. The development of scleroderma and
its many disease patterns is multifactorial and the result of
interaction between multiple genetic factors, the immune
system, and exposure to environmental agents.
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