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Association of Polymorphisms in the IL1B and IL2
Genes with Susceptibility and Severity of Systemic
Sclerosis
SILVIAMATTUZZI, STEFANO BARBI, ANTONIO CARLETTO, VIVIANA RAVAGNANI, PATRICK S. MOORE,
LISAMARIA BAMBARA, and ALDO SCARPA

ABSTRACT. Objective. To investigate possible associations of 9 single-nucleotide polymorphisms in the IL10, IL1B,
IL1A, IL1RN, IL2, LTA, and IL6 genes with susceptibility to systemic sclerosis (SSc), and with clinical
subtype of SSc patients.
Methods.A total of 78 patients with SSc [diffuse SSc (dcSSc), n = 31; limited SSc, (lcSSc), n = 47] and
692 healthy blood donors were genotyped for the following polymorphisms: IL10 T-3575A, IL10 A-
1082G, IL1B C-31T, IL1B C-511T, IL1A C-889T, IL1RN A9589T, IL2 T-384G, LTA T-91G, and IL6
G-174C.
Results. Alleles in IL1B-31 and IL1B-511 showed a significantly different distribution between cases
and controls. Carriers of at least one copy of the IL1B-31-C allele had an increased risk of SSc [odds
ratio (OR) 2.8, 95% confidence interval (CI) 1.6-5.2, p < 0.001], while a similar strong association was
also evident for IL1B-511-T carriers (OR 3.1, 95% CI 1.7-5.7, p < 0.001). Interestingly, carriers of the
IL2-384-G allele were significantly more frequent among patients with lcSSc (80.8%), compared to
patients with the diffuse subtype (45.1%) (OR 5.1, 95% CI 1.8-14.3, p = 0.001) and in subjects positive
to anticentromere antibodies (OR 4.2, 95% CI 1.5-11.9, p = 0.007). Lastly, the distribution of the IL2-
384 genotype showed statistically significant differences between controls and patients with lcSSc (OR
3.5, 95% CI 1.7–7.4, p < 0.001). There were no differences between patients with dcSSc and controls.
Conclusion. IL1B and IL2 gene polymorphisms may be involved in susceptibility to SSc. Moreover,
the IL2-384-G allele may be a marker for the limited phenotype of SSc. (First Release April 15 2007;
J Rheumatol 2007;34:997–1004)
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Systemic sclerosis (SSc), also known as scleroderma, is a rare
autoimmune disease of connective tissue characterized by
progressive thickening and fibrosis of the skin and other vis-
ceral organs, such as the gastrointestinal tract, lungs, heart,
and kidneys, and by alterations of microvasculature1. The esti-
mated incidence is 0.6–19 new cases per million of the gener-
al population per year, and epidemiological data suggest that
SSc is more prevalent in females than males2. Clinically SSc

is subclassified into diffuse cutaneous SSc (dcSSc), in which
widespread skin involvement is followed by visceral involve-
ment, and limited cutaneous SSc (lcSSc)3. About 95% of
patients have detectable antinuclear antibodies (ANA). The
autoantibodies with the highest disease specificity are anti-
centromere antibodies (ACA) and anti-topoisomerase I (also
known as anti-Scl-70 or anti-topo I)4.
The pathogenesis of SSc is highly complex, and several

lines of evidence suggest that altered immunoregulation plays
a major role, and in particular may involve dysregulation in
the production of soluble factors including chemokines and
cytokines that modulate leukocyte-endothelial interactions5-8.
The fibrotic phase may represent the consequence of cytokine
stimulation by inflammatory cells, leading to accumulation of
an extracellular matrix component by an activated population
of fibroblasts9. The likely involved cytokines include a known
profibrotic stimulus such as transforming growth factor ß
(TGF-ß1)10, tumor necrosis factor (TNF)7,8,11, and inter-
leukin-6 (IL6)6,7,12.
A familial aggregation has been reported for SSc, suggest-

ing that genetic factors may be involved13. This hypothesis is
also supported by epidemiological data, including its high
prevalence among certain ethnic groups (Choctaw Indians)13,14.
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Further, an association with a specific HLA haplotype has
been suggested14. Recently, single-nucleotide polymorphisms
(SNP) in other immunity-related genes, including IL1A and
CD19, have been hypothesized to be associated with an
increased risk for development of SSc in the Slovakian and
Japanese populations, respectively15-17. Selected TGF-ß1
polymorphisms in patients with SSc have also shown a corre-
lation between a SNP in codon 10 and susceptibility to SSc18.
Moreover, polymorphisms in TNF and TNF-RSF1B appear to
contribute to the development of SSc, and in particular to the
diffuse phenotype19,20.
In order to investigate the relationship of different variants

of loci in inflammatory genes with susceptibility to SSc, we
compared the frequency of 9 genetic polymorphisms in IL10,
IL1B, IL1A, IL1RN, IL2, LTA, and IL6 genes in a panel of 78
patients with SSc to 692 healthy controls.

MATERIALS AND METHODS
Patients and controls. Seventy-eight Caucasian patients with SSc and 692
Caucasian healthy controls participated in our study.All patients with SSc ful-
filled the American College of Rheumatology criteria21 and were consecu-
tively recruited at the Department of Clinical and Experimental Medicine at
the University of Verona, Italy. Patients were classified as diffuse or limited
according to LeRoy, et al3. In particular, the diffuse pattern was diagnosed
based on an abrupt onset of Raynaud’s phenomenon with the inability to
pinch the skin over the entire body and with frequent visceral involvement of
lungs, heart, gastrointestinal system, and kidneys. The limited pattern is char-
acterized by an onset of Raynaud’s phenomenon 10-15 yrs before diagnosis,
acral skin thickening, teleangectasia, calcinosis, and esophageal hypomotili-
ty. Pulmonary fibrosis was determined by high-resolution computerized
tomography. Pulmonary hypertension was determined using an echocardio-
gram. When pressure in the pulmonary artery was greater than 35 mm Hg,
pulmonary hypertension was confirmed by cardiac catheterization. Arthralgia
was determined by patient interview, whereas arthritis was determined by
examination.

The control population consisted of healthy blood donors, consecutively
recruited at the University of Verona. All patients and blood donors gave writ-
ten informed consent for participation in our study. The study was approved
and reviewed by the local ethics committee.
Genotyping. The candidate genes were selected among those encoding for
cytokines previously analyzed for genetic association with SSc and/or other
autoimmune diseases. Among these loci, the selection of SNP was performed
according to the following criteria: (1) previous studies concerning the genet-
ic association with risk of SSc and/or rheumatoid arthritis (RA), Sjögren’s
syndrome, and systemic lupus erythematosus (SLE); (2) availability of a val-
idated SNP TaqmanTM assay on the NCI SNP500 website http://snp500can-
cer.nci.nih.gov/home.cfm.

Genotypes were obtained for 9 SNP: IL10 T-3575A (rs1800890), IL10 A-
1082G (rs1800896), IL1B C-31T (rs1143627), IL1B C-511T (rs16944), IL1A
C-889T (rs1800587), IL1RN A9589T (rs454078), IL2 T-384G (rs2069762),
LTA T-91G (rs2239704), and IL6 G-174C (rs1800795). Genomic DNA was
extracted from whole peripheral blood using the 96 DNA blood kit (Qiagen,
Hilden, Germany). SNP were analyzed using Taqman MGB probes labeled
with Fam and Vic dyes (Applied Biosystems, Foster City, CA, USA) and
amplified using 5-10 ng DNA. Sequence data and assay conditions for
Taqman assay are available on the SNP500 website (http://snp500cancer.nci.-
nih.gov/home.cfm). Reactions were amplified on an ABI Prism 7000 instru-
ment (Applied Biosystems). To evaluate accuracy and reproducibility of the
methodology, a cross-laboratory pilot study was performed on 96 samples,
before initiating analysis of patients in this study. We found concordance for
each sample. Moreover, the DNA samples were organized in microplates,

leaving some empty wells as a negative control for cross contamination. The
negative controls were never amplified at a detectable level.
Statistical analysis. For all calculations, the R statistical software package
(http://www.r-project.org) and the genetics package available for R
(http://cran.r-project.org/src/contrib/genetics_1.2.0.tar.gz) were used. To
evaluate genetic association, odds ratios (OR), confidence intervals (CI), and
p values were calculated using unconditional logistic regression models.
Deviation from Hardy-Weinberg equilibrium for single markers was assessed
using a chi-square test. The Haplo.stats package available for R (http://cran.r-
project.org/src/contrib/haplo.stats_1.2.2.tar.gz) was used to estimate the fre-
quency of haplotypes for linked markers and their association with disease22.

A goodness-of-fit test was applied to SNP that were not in Hardy-
Weinberg equilibrium in the patient population to distinguish if the observed
departure could be explained by the biological model underlying disease
transmission or should be attributed to other factors, as described in Wittke-
Thompson, et al23.

Tests with a p value less than 0.05 were considered significant. Missing
data are not reported in tables.

In our data, there was an imbalance in sex distribution both between
patients and controls and between patients with lcSSc and dcSSc. When pos-
sible, we took this into account by using multivariate methods to adjust for a
possible sex effect. Moreover, as females were largely prevalent among
patients, we performed all the analyses related to genetic association a second
time, considering only the set of females (see Appendix).

RESULTS
Relative demographic and clinicopathological data of the
patients and controls included in the study are shown in Table
1. A total of 78 patients with SSc and 692 healthy subjects,
recruited from the same geographic area, were genotyped for
9 SNP located in 7 inflammation-related genes. Of the patients
with SSc, 47 (60%) had lcSSc and 31 (40%) dcSSc.
Pulmonary fibrosis was significantly more frequent in patients
with the diffuse phenotype (p = 0.002), and accounted for
54% of all patients. Positivity to ACA was strongly associat-
ed with limited phenotype (p < 0.001), whereas positivity to
anti-topoisomerase I antibodies was associated with the dif-
fuse phenotype (p < 0.001). Further, a different distribution
between females and males was present among patients with
lcSSc and dcSSc, with an overrepresentation of females
among the lcSSc cases (p = 0.034).
There was a significantly different distribution of males

and females between patients with SSc and controls (p <
0.001). In particular, females were largely prevalent among
patients with SSc, while they were underrepresented in the
control population. For this reason, we also analyzed the sub-
group of females separately and found substantially similar
results compared to the analyses performed on the entire set
(see Appendix).
Genotype distribution in patients with SSc and healthy con-
trols. A total of 770 samples were analyzed for 9 markers.
Among the resulting 6930 assays, genotypes could not be
assigned in only 26 assays (0.4%), each from different sam-
ples. The genotype distributions in patients with SSc and the
control population are shown in Table 2. The control and
patient populations were in Hardy-Weinberg equilibrium for
all markers, with the exception of the IL1ß-31 and IL1ß-511
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in the patient population. These latter polymorphisms showed
significant departure from Hardy-Weinberg equilibrium
(IL1ß-31: chi-square = 5.87, p = 0.015, observed departure
(D) = –0.070; IL-1B-511: chi-square = 4.21, p = 0.040, D =
–0.058). None of the genotypes was associated with sex or age
in the control population.
The genotypes of 2 polymorphisms, namely IL1B-31 and

IL1B-511, showed a significantly different distribution
between cases and controls (Table 2). The probability of hav-
ing SSc was significantly greater in individuals bearing at
least one copy of the IL1B-31-C allele (adjusted OR 2.8, 95%
CI 1.6-5.2, adjusted p = 0.002). Similarly, a strong association
was evident between disease and IL1B-511-T carriers (adjust-
ed OR 3.1, 95% CI 1.7-5.7, adjusted p = 0.002). As expected
from previous studies24, IL1B-31 and IL1B-511 alleles were
in strong linkage disequilibrium in the control population (D′
> 0.99; p < 0.001) and in the patient group (D′ > 0.99; p <
0.001). The estimated prevalence of the IL1B haplotypes is
reported in Table 3. Further, the uncommon haplotype (IL1B-
511-T/-31-C) was associated with an increased risk of SSc
(see Table 3).
To evaluate if the observed departure from Hardy-Weinberg

equilibrium for the IL1B-31 and IL1B-511 SNP in the patient
population could be explained by the underlying genetic
model, we applied a goodness-of-fit test as described by
Wittke-Thompson, et al. The results of the tests were not sig-
nificant for either SNP (IL1B-511: chi-square = 0.33, p =
0.848; IL1B-31: chi-square = 0.04, p = 0.981), indicating that
the observed disequilibrium is consistent with the genetic asso-
ciation found. The expected departures were –0.061 and
–0.054 for the IL1B-511 and –31 polymorphisms, respectively.

Association with clinicopathological features. For all of the
SNP analyzed, univariate associations with clinicopathologi-
cal features of patients with SSc were investigated. Carriers of
the IL2-384-G allele were significantly more frequent in cases
with limited disease (80.8%), compared to those having the
diffuse subtype (45.1%) (age-adjusted OR 5.1, 95% CI 1.8-
14.3, p = 0.001).
A statistically significant association was also found

between ACA positivity and IL2-384-G allele; carriers of the
IL2-384-G allele were more likely to be ACA positive than
subjects homozygous for the T allele (age-adjusted OR 4.2,
95% CI 1.5–11.9, p = 0.007). None of the remaining clinical
pathological features (listed in Table 1) were found to be sig-
nificantly associated with any of the SNP tested.
Comparison of lcSSc patients with controls. To evaluate a spe-
cific genetic risk associated with the limited form of SSc, we
also compared IL2-384 genotype frequency between lcSSc
patients and control population. A strong association between
subjects carrying the G allele and disease was observed (age-
adjusted OR 3.5, 95% CI 1.7–7.4, p < 0.001), while there was
no significant difference in the distribution of IL2-384 geno-
types between patients with dcSSc and controls (Table 4).
Moreover, as 2 genetic factors were associated with an

increased risk of lcSSc, namely the IL1B-31/-511 haplotype
and IL2-384 SNP, we sought to investigate their interaction by
means of logistic regression analysis. For each marker, we
grouped carriers of alleles associated to diseases in one cate-
gory and compared them to subjects homozygous for the other
allele. As IL1B-31-C+ and IL1B-511-T+ genotypes contained
virtually the same information, only the former together with
IL2-384-G+ were used in the analysis (Table 5). The effects of
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Table 1. Clinicopathological and demographic data of patients with SSc and healthy controls.

Category lcSSc, dcSSc, pa Total SSc Controls pb
n = 47 n = 31 n = 78 n = 692

Age, mean ± SD 43.6 ± 14.6 46.0 ± 12.9 0.543c 44.5 ± 13.8 42.8 ± 14.1 0.154c
Sex, no. (%)
Male 1 (2) 5 (16) 0.034d 6 (8) 539 (78) < 0.001e
Female 46 (98) 26 (84) 72 (92) 153 (22)

Pulmonary fibrosis, no. (%)
Yes 18 (38) 24 (77) 0.002e 42 (54)
No 29 (62) 7 (23) 36 (46)

Pulmonary hypertension, no. (%)
Yes 11 (23) 12 (39) 0.231e 23 (29)
No 36 (77) 19 (61) 55 (71)

Arthralgia/arthritis, no. (%)
Yes 13 (28) 14 (45) 0.178e 27 (35)
No 34 (72) 17 (55) 51 (65)

Anticentromere, no. (%)
Positive 43 (93) 2 (6) < 0.001e 45 (58)
Negative 3 (7) 29 (94) 32 (42)

Anti-topoisomerase I, no. (%)
Positive 2 (4) 24 (77) < 0.001e 26 (34)
Negative 44 (96) 7 (23) 51 (66)

a lcSSc vs dcSSc. b SSc vs controls. c Wilcoxon’s test. d Fisher’s test. e Pearson’s chi-square test.
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the 2 genotypes were additive as no interaction was significant
at the 0.05 confidence level.

DISCUSSION
Our aim was to assess the influence of genetic variants on the
risk of developing SSc, by examining potential correlations

with genetic polymorphisms in 7 biologically important
cytokine genes. Two polymorphisms in the IL1B gene, name-
ly IL1B-31-C and IL1B-511-T, were significantly more fre-
quent in patients with SSc compared to a control population
from the same geographic area. We also investigated possible
correlation of genotypes with clinicopathological features of
patients and report that the IL2-384-G allele is significantly
associated with lcSSc and ACA positivity. Moreover, consid-
ering only individuals with the limited phenotype (lcSSc), we
found an association of IL2-384-G with disease, whereas
there was no difference in the distribution of the IL2-384
genotypes in control subjects and patients with the diffuse
subtype.
In our study population, there was an imbalance between

males and females in controls and patients. Further, we found
a different sex distribution also among patients with lcSSc and
dcSSc. To our knowledge, this finding has never been report-
ed and may be due to chance, in view of the limited p value.
In all the genetic association analyses, we took the different
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Table 2. Genotypic distribution of 9 SNP in healthy controls and patients with SSc.

Marker Controls (%) Cases (%) OR (95% CI)a p

IL10-3575
T/T 357 (51.7) 40 (51.3) 1 0.589
T/A 278 (40.2) 29 (37.2) 1.0 (0.6–1.7)
A/A 56 (8.1) 9 (11.5) 1.7 (0.7–4.3)

IL10-1082
A/A 251 (36.4) 31 (40.8) 1 0.533
A/G 337 (48.8) 32 (42.1) 0.8 (0.4–1.4)
G/G 102 (14.8) 13 (17.1) 1.1 (0.5–2.4)

IL1B-31
T/T 309 (44.7) 19 (24.7) 1 0.002
T/C 307 (44.4) 47 (61.0) 2.7 (1.5–5.1)
C/C 75 (10.9) 11 (14.3) 3.5 (1.4–8.7)

IL1B-511
C/C 308 (44.6) 17 (23.0) 1 0.001
C/T 310 (44.9) 47 (63.5) 2.9 (1.6–5.6)
T/T 73 (10.6) 10 (13.5) 4.0 (1.5–10.6)

IL1A-889
C/C 364 (52.8) 43 (55.1) 1 0.731
C/T 275 (39.9) 28 (35.9) 0.9 (0.5–1.6)
T/T 50 (7.3) 7 (9.0) 1.3 (0.5–3.4)

IL1RN-9589
A/A 330 (47.8) 39 (50.0) 1 0.841
A/T 305 (44.1) 34 (43.6) 0.8 (0.5–1.5)
T/T 56 (8.1) 5 (6.4) 0.8 (0.3–2.3)

IL2-384
T/T 313 (45.6) 26 (33.3) 1 0.114
T/G 308 (44.8) 43 (55.1) 1.6 (0.9–2.8)
G/G 66 (9.6) 9 (11.5) 1.3 (0.5–3.2)

LTA-91
G/G 238 (34.4) 23 (30.3) 1 0.563
G/T 319 (46.2) 40 (52.6) 1.4 (0.7–2.5)
T/T 134 (19.4) 13 (17.1) 1.1 (0.5–2.5)

IL6-174
G/G 315 (45.7) 35 (44.9) 1 0.831
G/C 300 (43.5) 36 (46.2) 1.2 (0.7–2.1)
C/C 75 (10.9) 7 (9.0) 1.0 (0.4–2.7)

a Odds ratios were adjusted by age and sex.

Table 3. Prevalence of the IL1B haplotypes in patient and control groups
and association with disease.

–511 –31 Controls, % SSc Cases, % OR (95% CI)a p

C T 66.8 55.2 1 0.009
T C 33.0 44.8 2.4 (1.4–4.2)
C C 0.2 — —

a The effects of haplotypes on disease were estimated under a dominant
model, i.e., subjects carrying one copy of the T-C haplotype were grouped
with subjects carrying 2 copies of the same haplotype; the effect of the rare
haplotype C-C was not considered.
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sex distribution into account by using multivariate methods,
when possible, or by considering only females (largely preva-
lent among patients with SSc). In either case, we found sub-
stantially the same results as those obtained with unadjusted
estimates or by using the whole dataset.
For the IL1B-511 and -31 polymorphisms, we observed an

excess of heterozygotes in the patient population, resulting in
a significant departure from Hardy-Weinberg equilibrium.
Assuming a genetic dominant model, both the direction and
the amount of departure were very similar to the expected
ones, according to the analytic function proposed by Wittke-
Thompson, et al23. Thus, the observed departures from Hardy-
Weinberg equilibrium of the IL1B SNP seem to reflect the
underlying genetic model and support the associations found.
Within autoimmune diseases, IL1B gene polymorphisms at

positions –511, -31, and 3877 have been shown to increase the
susceptibility to Sjögren’s syndrome in Japanese patients25.
Further, an association between polymorphisms in IL1B and
the severity of RA was recently reported26. In both these
reports, the uncommon haplotype -511T/-31C was associated
with disease. Consistent with these findings, we also found a
correlation between subjects carrying the -511T/-31C haplo-
type and SSc. The IL1B-31 and IL1B-511 SNP are located
within the promoter of the IL1B gene and are believed to
affect its rate of transcription. In fact, the -31 C and T alleles
have been shown to possess different DNA-binding activities
in vitro27, although the relationship between this polymor-
phism and IL1B gene expression has not been fully
established28.
Our data show that there is a significant association

between the IL2–384-G polymorphism and patients with
lcSSc. The effect of IL2-384 SNP on IL2 transcription and
production has been investigated both in vitro and in vivo,
yielding different results29,30. In patients with SSc, IL2 serum
levels seem to be increased and correlate with the extent of

skin involvement31, although other studies have reported dis-
crepant results32. Our data suggest that IL2 regulation may be
relevant to the pathogenesis of SSc.
We also found a statistically significant correlation of IL2-

384-G allele with positivity to ACA. In our cohort of patients
there was a strong association betweenACApositivity and the
lcSSc subtype, and, accordingly, we found a similar genetic
association. The association between ACA and SSc subtype is
well known, although the functional relationship between the
2 variables has never been clarified. In our data, due to the
almost complete overlap between the 2 variables, we cannot
determine which is the most associated with IL2-384 poly-
morphisms. Based on a greater OR, our study suggests that the
limited phenotype is more directly associated.
We also investigated possible interrelationships between

IL2 and IL1B high-risk polymorphisms to evaluate their com-
bined effects in determining lcSSc risk. We did not find any
evidence of interaction between the 2 polymorphisms, sug-
gesting that the effects of such genetic variants on lcSSc sus-
ceptibility are independent.
Previous studies have suggested that allelic variants of

IL1A, and in particular IL1A–889C, may be overrepresented
in patients with SSc and have also been correlated with sever-
ity of disease in a Japanese population16. However, we did not
find any correlation between IL1A C-889T genotypes and
susceptibility to SSc. Further, we did not detect any associa-
tion between IL1A C-889T and pulmonary fibrosis as previ-
ously reported. Possible reasons for this discrepancy could be
related to ethnic differences. Along these lines, in a study of a
Slovakian population, it was found that the IL1A–889T vari-
ant was associated with an increased risk of SSc15.
Several polymorphisms in the IL10 gene promoter have

also been associated with increased risk for SSc33,34.
Recently, the IL10-GCC haplotype, which is associated with
increased IL10 production, was reported to be significantly
underrepresented in patients with dcSSc compared to both
patients with lcSSc and healthy controls34. To compare with
our data, we can use the IL10-1082 polymorphism that is part
of the aforementioned haplotype. For this SNP, we did not
find any differences in the genotype distribution between SSc
subtypes and controls. Similarly, we did not find any correla-
tions between disease and another IL10 polymorphism, name-
ly IL10 A-3575T, which was recently reported to be associat-
ed with SSc33. Possible explanations for these discrepancies
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Table 4. Distribution of IL2-384 genotypes grouped by diffuse or limited phenotype compared to the control
population. Values are number (%) unless otherwise indicated.

Genotype Controls dcSSc OR (95% CI)a,b pb lcSSc OR (95% CI)a,c pc

T/T 313 (45.6) 17 (54.8) 1 0.317 9 (19.1) 1 < 0.001
T/G 308 (44.8) 13 (41.9) 0.7 (0.3–1.6) 30 (63.8) 3.3 (1.4–7.4)
G/G 66 (9.6) 1 (3.2) 0.2 (0.0–1.8) 8 (17.0) 3.2 (1.1–9.5)

a Odds ratios were adjusted by age. b dcSSc patients vs controls. c lcSSc patients vs controls.

Table 5. Logistic regression of lcSSc susceptibility with respect to high
risk genotype status.

Genotype Groups OR (95% CI) p

IL1B-31 TT 1 0.003
C+ 2.9 (1.4–6.0)

IL2-384 AA 1 0.008
G+ 3.4 (1.6–7.1)
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include population-specific differences in the genetic back-
ground and environmental exposure.
To our knowledge, the polymorphisms in IL1RN, IL6, and

LTA that we studied have not been previously analyzed for
potential associations with SSc, although the effect of these
and other genetic variants has been investigated in other
autoimmune diseases such as SLE and RA35-38. Our data
appear to rule out an important role of IL1RN, IL6, and LTA
polymorphisms in the susceptibility and severity of SSc.
Our data add support to the importance of genetic factors

in SSc, in agreement with previous hypotheses39,40. They also
suggest a role for IL1B and IL2 polymorphisms in the patho-
genesis of SSc, similarly to what has already been reported for
other immune-related diseases. Other authors have found dif-
ferent genetic associations with SSc, some of which are not
confirmed by our data. Further studies are needed to better
address this issue.

Lastly, our study, in agreement with other recently pub-
lished reports16,19,33,34, suggests that the limited and diffuse
SSc subtypes are not only distinguishable on the basis of their
clinicopathological features, but that they also have a distinct
genetic profile. These results provide a helpful clue to design
future investigations aimed at more comprehensive character-
ization of the molecular pathways giving rise to the 2 clinical
subtypes.
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Appendix A1. Genotypic distribution of 9 SNP in 153 healthy controls and 72 SSc patients, considering only
females.

Marker Controls (%) Cases (%) OR (95% CI)a p

IL10-3575
T/T 82 (53.6) 37 (51.4) 1 0.339
T/A 61 (39.9) 26 (36.1) 0.9 (0.5–1.7)
A/A 10 (6.5) 9 (12.5) 2.0 (0.8–5.4)
IL10-1082
A/A 57 (37.7) 28 (40.0) 1 0.703
A/G 73 (48.3) 30 (42.9) 0.8 (0.4–1.5)
G/G 21 (13.9) 12 (17.1) 1.2 (0.5–2.7)
IL1B-31
T/T 74 (48.4) 17 (23.9) 1 0.002
T/C 67 (43.8) 44 (62.0) 2.9 (1.5–5.6)
C/C 12 (7.8) 10 (14.1) 3.7 (1.4–10.1)
IL1B-511
C/C 74 (48.4) 15 (22.1) 1 < 0.001
C/T 69 (45.1) 44 (64.7) 3.2 (1.6–6.2)
T/T 10 (6.5) 9 (13.2) 4.5 (1.6–13.0)
IL1A-889
C/C 82 (54.3) 40 (55.6) 1 0.653
C/T 59 (39.1) 25 (34.7) 0.9 (0.5–1.6)
T/T 10 (6.6) 7 (9.7) 1.4 (0.5–4.0)
IL1RN-9589
A/A 68 (44.4) 36 (50.0) 1 0.731
A/T 74 (48.4) 31 (43.1) 0.8 (0.4–1.4)
T/T 11 (7.2) 5 (6.9) 0.9 (0.3–2.7)
IL2-384
T/T 66 (44.0) 22 (30.6) 1 0.114
T/G 66 (44.0) 42 (58.3) 1.9 (1.0–3.5)
G/G 18 (12.0) 8 (11.1) 1.3 (0.5–3.5)
LTA-91
G/G 56 (36.8) 21 (29.6) 1 0.558
G/T 70 (46.1) 37 (52.1) 1.4 (0.7–2.7)
T/T 26 (17.1) 13 (18.3) 1.3 (0.6–3.1)
IL6-174
G/G 73 (48.0) 33 (45.8) 1 0.953
G/C 65 (42.8) 32 (44.4) 1.1 (0.6–2.0)
C/C 14 (9.2) 7 (9.7) 1.1 (0.4–3.1)

a Odds ratios were adjusted by age.
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Appendix A2. Prevalence of the IL1B haplotypes in females in the control
and study groups and association with disease.

-511 -31 Controls, % SSc Cases, % OR (95% CI)a p

C T 70.3 54.9 1 < 0.001
T C 34.1 45.1 3.0 (1.6–5.6)
C C 0.6 — —

a The effects of haplotypes on disease were estimated under a dominant
model, i.e., subjects carrying one copy of the T-C haplotype were grouped
with subjects carrying 2 copies of the same haplotype; the effect of the rare
haplotype C-C was not taken into account.

Appendix A3. Distribution of IL2-384 genotypes grouped by diffuse or limited phenotype compared to the con-
trol population, considering only females. Values are number (%) unless otherwise indicated.

Genotype Controls dcSSc OR (95% CI)a,b pb lcSSc OR (95% CI)a,c pc

T/T 66 (44.0) 14 (53.8) 1 0.044 8 (17.4) 1 0.003
T/G 66 (44.0) 12 (46.2) 0.8 (0.4–1.9) 30 (65.2) 3.8 (1.6–8.8)
G/G 18 (12.0) 0 (0.0) 0.0 (0.0–Inf) 8 (17.4) 3.7 (1.2–11.1)

a Odds ratios were adjusted by age. b dcSSc vs control population. c lcSSc vs control population.

Appendix A4. Logistic regression of lcSSc susceptibility with respect to
high risk genotype status, evaluated in females.

Genotype Groups OR (95% CI) p

IL1B-31 TT 1 0.004
C+ 3.2 (1.4–7.0)

IL2-384 AA 1 0.004
G+ 3.5 (1.5–8.0)
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