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Table 1. “The frequencies of myositis-specitic, myositis-associated. and anti-CAIDM-140) antibodies in patients with connective tissue discases and
“)I.‘*

DM (n = 42)
Systemic  Sjogren’s
PM Classic DM C-ADM RA SLE MCTD/OL.  sclerosis  syndrome IPF
Auwoantibodics (n = 061) (n = 27) (n=15) (n=>53 (n=46) (n = 27) (n =22 n=7 (n = 43)

Myuasitis-specific

Anli-ARS (anti-Jo-1) 10 (106) 6(22) 0 0 0 0 0 0 0

Anti-ARS (non-anti-Jo-1) 10 (10) 2(N 0 1] 0 I (4) 0 0 3

Anti-SRP 5(8) 0 0 0 0 [§] 3 0 0

Anti-=Mi-2 0 2N 0 ) 0 () [} 0 ]
Myositis-associated

Anti-SSA/Ro 3(5) 3{tn 2(14) 8(106) 15(33) 6(22) 1(5) 5(71) 1(2)

Anti-Ul RNP 2(3) 2N 0 1(2) 18 (39) 23 (89) 29 0 0
Anti-CADM-140 0 0 8(53) 0 Q 0 0 ( 0

* Vahies are the number (%) of patients. Anti-PM/Sc! and other myositis-associated autoantibodies were not detected in any (ul the sera tested.
PM = polymiyositis; DM = dermatomyositis: C-ADM = clinically amyopathic dermatomyositis; RA = rheumatoid arthritis: $ - systemic lupus
erythematosus: MCTI/OL. = mixed connective tissue discase/overlap syndrome; IPF = idiopathic pulmonary fibrosis; anti-ARS = anti-aminaicyl-
transter RNA synthetase: anti-SRP = anti-signal recognition particle.

Disease specificity of the anti-CADM-140 anti- C-ADM subtype), but were not detected in patients with

bodies. The frequencies of myositis-specific antibodies, other CTDs or IPF.

myositis-associated antibodies, and anti-CADM-140 an- Clinical features of C-ADM patients with anti-
tibodics arc summarized in Table 1. Myositis-specific CADM-140. Clinical findings were compared between
antibodies are found in most patients with myositis, DM patients (including those with C-ADM) with anti-
whereas myositis-associated antibodies are frequently CADM-140 autoantibodics and those without anti-
found in patients without myositis (12). Among the CADM-140 autoantibodics (Table 2). There were no
patients with CTDs or IPF, myositis-specific antibodies significant differences in the frequencics of skin symp-
(33 with anti-ARS, 5 with anti-SRP, 2 with anti-Mi-2) toms. However, the frequency of rapidly progressive
and myositis-associated antibodics (44 with anti-SSA/ ILD was significantly increased in anti-CADM-140-
Ro, 48 with anti-Ul RNP, none with anti-PM/Sc! or positive paticnts compared with that in anti-CADM-
other myositis-associated  antibodies) were detected. 140-negative patients (S0% versus 6%: P = 0.008). No
Anti-CADM-140 autoantibodics were found in 19% of myositis-specific antibodies were found in patients with
sera from patients with DM (especially in 53% with thc anti—-CADM-140; nevertheless, there was no significant

Fable 2. Comparison of clinicat features in anti-CADM-140-positive versus anti-CADM-[40-negutive
paticnts with dermatomyositis

Anti- CADI\I 140 pu\m\'c Anti-CADM-140-negalive

Feature = R) (n = 34) r
Age at onset, mean £ 8D years 445 2127 46.5 = 15.7 NS
No. male/no. femate 20 826 NS
Gottron's sign or papules 75 ' 8N NS
Heliotrope rish S0 53 NS
Muscle weakness 0 70 0.02
Elevation of CK 25 74 0.03
IFever 28 S0 NS
Raynaud’s phenomenon 13 24 NS
Arthritis 50 71 NS
Rapidly progressive 11D 50 3 Q.008
Malignancy 1] 18 NS
MSAs 0 29 NS
MAAS 13 i8 NS

+ Exeept where indicated otherwise. values are the pereent of pativats, NS = oot signilicantz CK =
creatine kinase: 1D = interstitial tung disease: MSAs = myositis-specilic autoantibodiest MAAs =
myositis-associated autoantibodies.
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difference in the frequency of these autoantibodies in
comparison with the anti-CADM-140-negative group.

Nonc of the 8 patients with anti-CADM- 140~
positive scra were treated with steroids or other immu-
nosuppressive medicitions prior to being assessed for
C-ADM. All of these patients had Gottron’s sign or
papules, or periorbital heliotrope erythema and skin
biopsy specimens yiclding results compatible with DM.
Nonc of these patients had.muscle weakness. CK levels
were in the normal range in 6 patients (75%) and slightly
clevated in the remaining 2 patients. Of the 6 patients
assessed for the muscle enzyme aldolase. levels were
normal in 2 patients. Of the 2 patients who underwent
muscle MRI, ncither showed findings compatible with a
diagnosis of myopathy. Four paticnts had a muscle
biopsy, and 2 of the muscle specimens exhibited mild
infiltration of inflammatory cclls, but there was no
evidence of necrosis of muscle fibers, variation in fiber
size, regencration, or phagocytosis. Of the 7 patients
with ILD (88¢4¢), 4 developed rapidly progressive dis-
casc.

DISCUSSION

We have identified novel autoantibodies (anti-
CADM-140 autoantibodies) to an ~ 140-kd polypeptide
in paticnts with DM. Anti-CADM-140 antibodies were
detected specifically in paticnts with DM, especially
those with C-ADM. In addition, anti-CADM-140 anti-
bodies were associated with rapidly progressive 1LD.

It has been reported that amyopathic DM may be
accompanicd by rapidly progressive TLD, especially in
Japanese patients and other Asian paticots (7). In
contrast, rapidly progressive 1ILD was shown to be rare
in paticnts with amyopathic DM in a North American
population (13). In our scries, 5 of |5 patients with
C-ADM (33%:) (4 of whom had anti-CADM-140 anti-
bodics) had rapidly progressive ILD during their clinical
course. Rapidly progressive ILD was more frequent in
our series compared with that reported previously in
North American populations (13). Although the number
of paticnts that we studicd was very limited, it remains
possible that racial differences are the reason for this
discrepancy, because other clinical studies of Japancse
paticnts also demonstrated findings similar to ours (7).

Furthermore, in a recent preliminary report, us-
ing immunoprecipitation and immunoblotting of HeLa
cell extructs, Targoff et al documented the presence of
antibodics to a 155-kd protein and/or S¢ protein in
patients with C-ADM (8). Thirteen of 18 C-ADM sera
possessed an anti-155-kd polypeptide antibody, and 6

also immunoprecipitated a 95-kd polypeptide (anti-Se
antibody). In contrast. Oddis et al identified the anti-MJ
antibody, which was also found to recognize a 140-kd
polypeptide, in patients with juvenile DM (14.15). We
have been able to conclude that anti-CADM-140 is
distinctively different from anti-MJ, because the molee-
ular weights of the immunoprecipitated polypeptides are
different. Moreover, the clinical features of anti-MJ arc
quite ditferent from those associated with anti-CADM-
140. Anti-MJ is detccted mainly in juvenile DM, has
been observed in the US and Argentina, and is clinically
characterized by severe DM with a chronic and poly-
cyclic course, sometimes accompanicd by vasculitis (14).
In order to clucidate the raciul differences in the fre-
quency of these antibodics, the examination of a larger
number of patients from several different populations is
required.

Our results have thus demonstrated the presence
of anti-CADM-140 autoantibodies in patients with
C-ADM, and these were found to be associated with
rapidly progressive ILD. Further studics of this novel
autoantibody specificity may provide insight into the
pathogenic mechanisms of C-ADM  accompanied by
rapidly progressive 1L.D.
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BRIEF COMMUNICATION
Interleukin-10 genotypes are associated with systemic
sclerosis and influence disease-associated autoimmune

responses

LL Hudson', KM Rocca?!, M Kuwana? and JP Pandey’
Department of Microbiology and Immunology, Medical University of South Carolina, Charleston, SC, USA; *Institute for Advanced

Medical Research, Keio University School of Medicine, Tokyo, Japan

Systemic sclerosis (SSc; scleroderma) is a connective tissue disease, characterized by fibrotic, immunological, and vascular
abnormalities. Interleukin-10 (IL-10) is an anti-inflammatory cytokine that modulates collagen production and B-cell survival. To
determine if certain IL-10 genotypes are risk factors for the development of SSc and influence disease-associated autoimmune
responses, 248 Caucasian and 264 Japanese SSc patients and controls were genotyped for three loci: —3575, —2849, and
—2763. Sera from patients were characterized for SSc-associated autoantibodies. In Caucasians, at —~3575 and —2763, the
frequency of AA homozygotes was higher in patients as compared with controls (P= 0.0005; P= 0.002). In Japanese subjects, ‘
the frequency of AC heterozygotes at —2763 was higher, and that of CC homozygotes lower, in patients with diffuse SSc as
compared to controls (P=0.04). Particular IL-10 genotypes were associated with SSc-related autoantibodies. These results

suggest that IL-10 genotypes contribute to the etiology of scleroderma.
Genes and Immunity advance online publication, 17 March 2005; doi:10.1038/sj.gene.6364180

Keywords: systemic sclerosis; interleukin-10; scleroderma; linkage disequilibrium; autoantibodies

Interleukin-10 (IL-10) is a pleiotropic cytokine produced
primarily by monocytes, T cells, and B cells. IL-10 has
both activating and inhibitory influences on T cells, is
involved in immunoglobulin class switching, and pro-
motes B-cell survival.? Additionally, IL-10 modulates the
extracellular matrix by inhibiting fibroblast proliferation
and collagen production.® The interindividual differ-
ences in IL-10 production levels have a large genetic
component.*¢

Owing to these properties, there is a growing interest
in determining the role of IL-10 genes in autoimmune
diseases.” Scleroderma is an autoimmune rheumatic
disease characterized by extensive fibrosis, thickened
skin, vascular alterations, and immunological abnormal-
ities. There are two major subtypes of systemic sclerosis
(SSc).8 Diffuse SSc is the most serious form, characterized
by extensive fibrosis of skin and internal organs;
development of the disease can be rapid and severe.
Limited SSc is a milder disease form, as patients have
less involvement of internal organs and slower disease
progression. The majority of SSc patients produce
antibodies directed at nuclear antigens, which are
strongly associated with organ involvement and disease
outcome.”'?
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Although the etiology of SSc is unknown, genetic
factors are thought to be important. Several polymorphic
genes—which are either risk factors for the development
of SSc or influence disease-associated autoimmune
responsiveness—have been identified. These include
human leukocyte antigens (HLA), fibrillin-1, and GM
and KM allotypes—genetic markers of y and x chains,
respectively.’>*® To determine if allelic variation at 1L-10
loci is associated with SSc and SSc-related humoral
autoimmune responses, DNA samples from Caucasian
and Japanese patients and controls were genotyped at
three IL-10 sites (—3575, —2849, and —2763) and patients’
sera were characterized for disease-related autoantibo-
dies.

This study was approved by the Institutional Review
Board/Ethical Committee for human research of the
Medical University of South Carolina and the Keio
University School of Medicine. All subjects provided
their written informed consent. Caucasian subjects
consisted of 105 SSc patients (67 limited, 38 diffuse)
and 143 controls presenting at the Rheumatology Clinic
of the Medical University of South Carolina. Controls
consisted of unrelated patients with osteoarthritis,
fibromyalgia, gout, or regional musculoskeletal pain
syndromes. Controls with conditions associated with
autoimmune or connective tissue diseases were ex-
cluded. Japanese subjects consisted of 127 SSc patients
(86 limited, 41 diffuse) presenting at Keio University
School of Medicine and 137 healthy, ethnically matched
controls living in the Tokyo area. All patients fulfilled the
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American College of Rheumatology criteria for SSc.'¢
Genomic DNA samples were genotyped by PCR-restric-
tion fragment length polymorphism methods. The
method for genotyping at —3575 was modified from
Moraes et al.'” A 228 base pair (bp) sequence containing
the —3575 single-nucleotide polymorphism (SNP) was
amplified (F 5'-GGT TTT CCT TCA TTT GCA GC-3’ and
R 5-ACA CTG TGA GCT TCT TGA GG-3') and digested
with the restriction enzyme T5p5091, which cuts this
product into 121 and 107 bp pieces in the presence of the
T allele. Genotypes at positions —-2849 and —2763 were
determined using the same primer set (F 5-ACA TTT
CAG AAC AAATAA AGA AGT CAG-3 and R 5-GTG
CAG TGG CAT GAT CTC AG-3) to amplify a 300bp
product including both SNPs. Digestion with Alwl
results in products of 202, 77, and 21 bp for the G allele,
and products of 279 and 21 bp, if the A allele is present at
position -2849. Digestion with T5p509I results in
products of 174 and 126 bp, if the A allele is present at
position —2763; no digestion of the 300bp amplified
product occurs in the presence of the C allele. Indirect
immunofluorescence (anticentromere (ACA)), double
immunodiffusion and protein immunoprecipitation
(anti-topoisomerase I (topo I)), and immunoprecipitation
(anti-RNA polymerase I/l (RNAP) and Ul ribonucleo-
protein (U1 RNP)) assays were used to identify auto-
antibodies in patients’ sera, as described previously.’
The distribution of genotype frequencies was analyzed
using Pearson’s 2 test, except when cell counts were less
than or equal to 5; in the latter case, data were analyzed
by Fisher’s two-tailed exact test. Statistical significance

was defined as P <0.05. Odds ratio (OR) was calculated
to measure the strength of the associations observed.
When cell counts were less than or equal to 5, no ORs
were determined, as the use of large sample theory to
calculate confidence intervals for the ORs can only be
justified when all of the expected cell counts are greater
than 5.

The distribution of IL-10 genotypes and prevalence of
autoantibodies in Caucasian subjects is presented in
Table 1. At —3575 and —2763, the frequency of AA
homozygotes was significantly higher in patients as
compared with controls (29.5 vs 11.8%, P=0.0005,
OR=3.1, CI 1.6-5.9; 20.6 vs 7.2%, P=0.002, OR=3.3,
CI 1.5-7.5). At position —2849, the frequency of GG
homozygotes was significantly lower in patients as
compared to controls (442 wvs 574%, P=0.04,
OR=059, CI 0.35-0.98). Subdivision of the patient
population showed that subjects with the limited form
of the disease were the primary contributors to the
overall variation at —3575 and -2849. Compared to
controls, the frequency of AA homozygotes (—3575) was
increased (33 vs 11.8%, P =0.0002, OR = 3.6, CI 1.76-7.43),
while that of GG (—2849) was decreased (41.8 vs 57.4%,
P=0.03, OR=0.53, CI 0.29-0.96) in patients with limited |
SSc. At —2763, however, subjects in both disease
categories contributed to the overall variation. Compared
to controls, the frequency of AA homozygotes was
higher in both limited and diffuse S5c 21 vs 7.2%,
P=0.003, OR=3.5, CI 1.48-8.48; 19 vs 7.2%, P=0.03,
OR=30, CI 1.06-8.55). The frequency of the AC
genotype at this locus was significantly lower in patients

Table 1 Distribution of IL-10 genotypes and prevalence of autoantibodies in Caucasian subjects

Subjects, N (%) —3575 genotype —2849 genotype —2763 genotype

AA AT T AA AG GG AA AC ccC
Total SSc 31 (29.5)° 39 (37.1) 35 (33.3) 10 (9.6) 48 (46.2) 46 (44.2)° 21 (20.6)- 39 (38.2) 42 (41.2)
RNAP+ 2 (10.0) 6 (30.0) 12 (60.0)¢ 1 (5.0 6 (30.0) 13 (65.0)° 2 (10.0) 4 (20.0) 14 (70.0)
RNAP— 29 (34.1) 33 (38.8) 23 (27.1) 9 (10.7) 42 (50.0) 33 (39.3) 19 (23.2) 35 (42.7) 28 (34.1)
Ul RNP+ 4 (40.0) 4 (40.0) 2 (20.0 2(22.2) 5 (55.6) 2(22) 4 (40.0) 5 (50.0) 1 (10.0)=
Ul RNP- 27 (284) 35 (36.8) 33 (34.7) 8(84) 43 (45.3) 44 (46.3) 17 (18.5) 34 37) 41 (44.5)
Diffuse SSc 9 (23.7) 15 (39.5) 14 (36.8) 3.0 16 (43.0) 18 (48.7) 7 (19.0 10 (27.5) 20 (54.0)
RNAP+ 2(11.8) 5(29.4) 10 (58.8) 1(5.9) 5 (29.4) 11 (64.7) 2(11.8) 3(17.6) 12 (70.6)
RNAP- 7 (33.3) 10 (47.6) 4 (19.0) 2 (10.0) 11 (55.0) 7 (35.0) 5(25.0) 7 (35.0) 8 (40.0)
Limited SSc 22 (33.0x 24 (36.0) 21 (31.0) 7(104) 320478 28 (41.8)" 14 21.0™ 29 (45.0) 22 (34.0
Controls 17 (11.8) 71 (49.6) 55 (38.6) 7 (5.0) 53 (37.6) 81 (57.4) 10(7.2) 65 (46.8) 64 (46.0)
2P =0.0005.
bp=0.04.
P =0.002 (total SSc vs controls).
4P =0.005.
*P=0.03.

fP =0.003 (total SSc; RNAP+ vs RNAP-).
8P =0.04 (total SSc; U1 RNP+ vs Ul RNP-).
hp =0.03.

ip=0.03 (diffuse SSc vs controls).

iP=0.02 (diffuse SSc; RNAP+ vs RNAP-).
kp =0.0002.

'P=0.03.

™0.003 (limited SSc vs controls).
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with diffuse disease as compared to controls (27.5 vs
46.8%, P=0.03, OR =0.42, CI1 0.18-0.93).

As autoantibodies in SSc are associated with disease
subgroup and prognostic factors, we analyzed the
distribution of IL-10 genotypes among patients with
and without disease-associated autoantibodies. The
distribution of IL-10 genotypes was significantly differ-
ent between Caucasian patients positive for antibodies to
RNAP and Ul RNP compared to those without these
autoantibodies (Table 1). At —3575 in SSc patients as a
whole, the frequency of TT homozygotes was higher in
subjects with antibodies to RNAP compared to those
without these antibodies (60 wvs 27.1%, P=0.005,
OR=4.0, CI 1.46-11.15); this was primarily due to an
increased frequency of this°genotype in diffuse patients
positive for the antibody (58.8 uvs 19%, P=0.02). The
frequency of GG homozygotes at —2849 and that of CC at
—2763 was higher in patients with anti-RNAP antibodies
compared to those without these autoantibodies (65 vs
39.3%, P=0.03, OR=28, CI 1.03-7.94; 70 vs 34.1%
P=0.003, OR=4.5, CI 1.5-12.9). In subjects with anti-
bodies to Ul RNP, the frequency of the —2763 CC
genotype was lower than in those without these
autoantibodies (10 vs 44.5%, P =0.04). IL-10 genotypes
were not associated with anti-topo I or ACA (data not
shown). v

The distribution of IL-10 genotypes in Japanese SSc
patients and controls, and in SSc patients with and
without ACA, Ul RNP, and topo I autoantibodies is
presented in Table 2. Interestingly, no subjects had the
AA genotype at any loci. Examination of the patient
population as a whole showed no significant difference

IL-10 genotypes are associated with scleroderma
LL Hudson et af

in genotype frequencies between patients and controls.
Subgroup analysis, however, revealed that in diffuse
patients at —2763, the frequency of AC heterozygotes
was higher (21 vs 8.6%, P=0.04, OR=2.8, CI 1.02-7.79)
and that of CC homozygotes lower (79 vs 91.4%, P =0.04,
OR =0.35, CI 0.13-0.97) than the respective frequencies
in the control population.

In the total patient population, the frequency of AT
heterozygotes at —3575 was higher (208 vs 6.8%,
P=0.03, OR=3.6, CI 1.04-12.58) and that of TT homo-
zygotes lower (79.2 vs 93.2%, P =0.03, OR =0.27, CI 0.08-
0.97) in patients with ACA than in those without these
autoantibodies. Patients with limited SSc accounted for
the increased frequency of the AT genotype in ACA-
positive subjects (20.8 vs 3.2%, P=0.02). The AT
heterozygotes at this locus were also more prevalent in
the diffuse SSc patients with anti-U1 RNP antibodies
than in those lacking these autoantibodies (75 vs 5.4%,
P =0.004). At —2763, the frequency of AC heterozygotes
was higher (24.1 vs 6.1%) and that of CC homozygotes
lower (75.9 vs 93.9%) in patients with antibodies to topo I
than in those without these autoantibodies (P = 0.005).
Patients with limited SSc were primarily responsible for
the increased frequency of AC heterozygotes in anti-topo
I-positive subjects (22.6 vs 5.5%, P=0.03). IL-10 geno-
types were not associated with antibodies to RNAP.
Other genotype frequencies were similar between total
patients or subgroups and controls (data not shown).

In Caucasians, homozygosity for the A allele at —3575
and —2763 was associated with over three-fold higher
risk of developing SSc. The protective effects of IL-10
against fibrosis, a hallmark feature of scleroderma, could

Table 2 Distribution of IL-10 genotypes and prevalence of autoantibodies in Japanese subjects*

@
3

Subjects, N (%) —3575 genotype —2849 genotype —2763 genotype
AT T AG . GG AC cc

Total 5S¢ 12 (9.5) 115 (90.5) 2(1.6) 122 (98.4) 18 (14.5) 106 (85.5)
ACA+ 5(20.8) 19 (79.2) 287 21 (91.3) 1(4.0) 24 (96)
ACA- 7 (6.8) 96 (93.2) 101 (100) 17 (17.2) 82 (82.8)
Topo I+ 7 (11.9) 52 (88.1) 59 (100) 14 (24.1)° 44 (75.9)
Topo I- 5074 63 (92.6) 231 63 (96.9) 4(6.1) 62 (93.9)
Diffuse 55¢ 5(12.2) 36 (87.8) 0 40 (100) 8 21)* 30 (79.0)
Ul RNP+ 3 (75) 1 (25) 0 4 (100) 2 (66.7) 1(33.3)
U1l RNP- 2(54) 35 (94.6) 0 36 (100) 6(17.1) 29 (82.9)
Limited SSc 7 (8.1 79 (91.2) 2(23) 82 (97.6) 10 (11.6) 76 (88.4)
ACA+ 5(20.8) 19 (79.2) 2(87) 21 (91.3) 1 4.0 24 (96)
ACA- 232 60 (96.8) 0 61 (100) 9 (14.8) 52 (85.2)
Topo I+ 2 (6.7 28 (93.3) 0 29 (100) 7 (22.6)8 24 (77.4)
Topo I- 5.1 51 91.1H 2(3.6) 53 (96.4) 3.5 52 (94.5)
Controls 6 (4.9) 131 (95.6) 324 124 (97.6) 10 (8.6) 106 (91.4)

*No subjects had the AA genotype.

PP =0.03 (total 55c; ACA+ vs ACA-).

P =0.005 (total SSc; topo I+ vs topo I-).

9P =0.04 (diffuse SSc vs controls).

°P =0.004 (diffuse SSc; Ul RNP+ vs U1 RNP-).
P =0.02 (limited SSc; ACA+ vs ACA-).

8P =0.03 (limited SSc topo I+ vs topo I-).
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contribute to the immunological mechanisms underlying
these associations. IL-10 reduces tumor necrosis factor-o
(TNF-a}-induced proliferation of fibroblasts and de-
creases production of type 1 collagen and fibronectin
by fibroblasts.>® As mentioned before, the quantitative
expression of IL-10 is highly heritable, and IL-10
genotypes contribute to this phenomenon. Indeed, the
risk-conferring genotypes in Caucasians in this study—
AA (-3575) and AA (-2763)—are strongly associated
with low production of this cytokine.®

In the Japanese subjects, there were no AA homo-
zygotes and the only genotype at —2763 carrying the A
allele, the AC heterozygote, was associated with over
two-fold increased risk of diffuse SSc. Thus, in these A
allele carrying subjects, the IL-10 levels may be too low to
afford protection from fibrosis, resulting in a higher risk
of developing scleroderma. Homozygosity for the G
allele at —2849 was marginally associated with protection
from the disease in Caucasians, which is in line with the
reported over-representation (although not statistically
significant) of this allele in IL-10 high producers.®

Since fibrosis is more extensive in patients with diffuse
SSc than limited SSc, in our subgroup analyses we had
expected the diffuse patients to account for most of the
variation observed in the total patient population. This
appears to be the case for the Japanese subjects, where
the frequency of AC heterozygotes was higher in diffuse,
but not in limited, patients than that in the controls. In
Caucasians, however, patients from both categories
contributed to the overall variation at —2763, while those
with the limited form of the disease were the primary
contributors to the differences at —3575 and —2849 loci.
Clearly, other factors, in addition to IL-10 genotypes,
contribute to the clinical phenotype of SSc patients. The
results presented here are at variance with those reported
by Crilly et al,*® who found no association between IL-10
genotypes and SSc as a whole, but reported a decreased
frequency of a genotype associated with high IL-10
production in patients with the diffuse form of the
disease. The two studies, however, are not comparable:
Crilly et al studied the IL-10 sites in the proximal region
of the promoter, whereas we examined distal SNPs.
Other differences include the study population—homo-
geneous Scottish Caucasians in the study by Crilly et al vs
heterogeneous North American Caucasians and homo-
geneous Japanese in the present study.

In addition to being risk factors for the development of
the disease, particular genotypes in both Caucasian and
Japanese populations contributed to disease-related
autoantibodies associated with different clinical pheno-
types of scleroderma. In Caucasian subjects, homozyg-
osity for the T, G, and C alleles at —3575, —2849, —2763,
respectively, was associated with the presence of anti-
RNAP antibodies. At —3575, patients with the diffuse
form of the disease contributed to this association; at the
other two loci, no disease subtype-associated differences
were found. In the Japanese patients, heterozygosity at
—3575 was associated with the prevalence of ACA, while
that at —2763 was associated with the presence of anti-
topo I antibodies. Patients with the limited form of the
disease contributed to the variation at both loci.

Since this is the first study of this type for scleroderma,
these results cannot be compared directly with other
studies. Involvement of IL-10 genotypes in humoral
immunity to autoantigens is in accord with the enhan-
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cing effect of this cytokine on B-cell survival. However,
no consistent pattern of autoreactivity, explainable by the
known associations between particular genotypes and
the cytokine levels, emerges. It might be relevant to point
out that the autoantibodies examined here are strongly
associated with particular HLA alleles, and for ACA, a
stronger association has been found with certain pro-
moter region determinants of the TNF-u gene.'*"
Perhaps simultaneous examination of HLA, TNF-o and
IL-10 loci in a large study population would shed further
light on humoral autoreactivity in scleroderma.

The reason for the observed ethnic differences in
genetic association is not clear. Genetic heterogeneity
might in part explain the ethnic disparities observed
here.® Differences in allele frequencies and linkage
disequilibrium among populations originating from
different continents may also contribute to ethnically
restricted associations.?* Additionally, the low frequency
of A alleles in the Japanese subjects may have reduced
the statistical power to detect an association between IL-
10 genotypes and disease risk in this ethnic group. In
addition to differences in allele frequencies between the
groups, it is likely that multiple genes interact in an
epistatic manner to cause SSc, and differences in gene
frequencies at these loci result in differences in relative
risk to develop the disease in different ethnic groups.
Evidence for such epistatic interactions in SSc has been
presented elsewhere.'®

In addition to the possible influence of IL-10 genes (via
their gene products) on SSc pathogenesis discussed
above, the observed associations could also be explained
by linkage disequilibrium between the IL-10 alleles and
those of another, as yet unidentified, locus for S5c. Such
case—control studies cannot distinguish between the two
possibilities. To our knowledge, this is the first report of
an association between IL-10 genotypes and SSc-related
autoimmune responses. Although some of the IL-10
genotype associations with SSc and SSc-related auto-
immune responses reported here are highly significant
and can, at least partially, be explained by the known
immunological properties of IL-10, they must be fol-
lowed by confirmation in an independent study popula-
tion to be of wider significance.
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