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ABSTRACT

Systemic sclerosis (SSc) is a complex
systemic disease characterised by fibro-
sis of the skin and internal organs, vas-
culopathy, and activation of the immune
system. The complex pathophysiology
of SSc implies the potential involvement
of ‘culprit’ genes, either individually or,
more likely, together, in driving the dis-
ease process. Most of the studies that
have provided evidence for the con-
tribution of various genes/loci in SSc
pathogenesis are based on a candidate
gene approach, on the basis of a shared
autoimmune genetic background with
other autoimmune diseases, such as
systemic lupus erythematosus. In fact,
autoimmune genes seem to play a piv-
otal role in SSc pathogenesis, while less
is known about the genetic involvement
in vasculopathy and fibrosis. Recently,
the availability of genome-wide asso-
ciation studies, which make it possible
to screen single-nucleotide polymor-
phisms across the entire genome with-
out previous knowledge of candidate
regions or genes, has yielded a wealth
of new genetic susceptibility loci lead-
ing to the identification of new patho-
genetic mechanisms of complex genetic
disorders. In this article, we aim to pro-
vide a comprehensive review of recent
studies on the genetics of SSc, including
genes associated with autoimmunity, fi-
brosis, and vascular disease. We also
discuss the most relevant data obtained
in genetic association studies of large
populations that included a replication
strategy, or studies for which independ-
ent replication was available.

Introduction

Systemic sclerosis (SSc, scleroderma)
is a chronic, multisystem connective
tissue disorder affecting the skin and
internal organs characterised by wide-
spread microangiopathy, fibrosis, and
autoimmunity. The precise etiology of

S-75

SSc has not been established, but epi-
demiologic and genetic studies reflect a
complex genetic component, along with
a largely unknown and presumably var-
iable environmental contribution (1). A
study of familial clustering of SSc in
three North American cohorts showed
a significant increase in the prevalence
of SSc compared to the general popu-
lation (2.6% vs. 0.026%, respectively)
(2). In twin studies, concordance rate
for the presence of antinuclear antibod-
ies was found to be significantly higher
in the monozygotic twins (90%) than in
the dizygotic twins (40%), suggesting
that the genetic component may selec-
tively contribute to susceptibility to the
SSc-related autoimmune processes (3).
In the last few years, many progresses
have been made in the field of SSc ge-
netics. The complex pathophysiology
of SSc implies the potential involve-
ment of ‘culprit’ genes, either singly or,
more likely, together, in driving the dis-
ease process. Many of these genes have
been found to be associated with other
autoimmune diseases, such as systemic
lupus erythematosus (SLE) or rheuma-
toid arthritis (RA), which suggests a
shared genetic pathway for autoimmu-
nity. Increasing evidence indicates that
autoimmunity associated genes may
play a pivotal role in the pathogenesis
of SSc, while less is known about the
contribution of genes involved in the
vasculopathy and fibrotic processes.
This review summarises recent advanc-
es on the complex genetic component
of SSc, including studies on genes im-
plicated in the three major areas of dis-
ease expression: autoimmune response,
vascular disease and fibrosis.

SSc susceptibility genes

Immune response

Major  histocompatibility — complex
(MHC)-Human  leucocyte  antigen
(HLA) region: The association be-
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tween HLA class II genotype and au-
toantibody profile in SSc has been
reported in many studies (4-8). HLA-
DRBI1*01-DQBI1*0501 haplotypes
are more common in anticentromere
antibody (ACA)-positive SSc patients,
while  HLA-DRBI*11-DQB1*0301
haplotypes have been associated with
anti-topoisomerase I (anti-topo I) an-
tibody-positivity (9). In the first re-
ported genome-wide association study
(GWAS) (10), 137 SSc Korean patients
were compared with 564 healthy con-
trols. The study was then replicated in
North Americans. Five single-nucle-
otide polymorphisms (SNPs) located at
the HLA-DPBI and HLA-DPB?2 locus
formed a distinctive peak with log p-
values for association with SSc sus-
ceptibility (p=8.16x10"%). Fine map-
ping analysis of this genetic region
confirmed that rs3128930, rs7763822
and rs7764491 were the SNPs account-
ing for the observed association, which
was particularly strong in anti-topo I-
positive SSc patients. In the replication
step (1,107 SSc patients and 2,300 con-
trols of North American Caucasian ori-
gin), the genotyping of these five SNPs
revealed that rs7763822 and rs7764491
were significantly associated with anti-
topo I-positive SSc patients (10). Fur-
thermore, a recent large case-control
association study analysed HLA-class
II (DRBI, DQBI, DQAI, and DPBI)
alleles, haplotypes and shared epitopes
in a large multi-ethnic American cohort
(9). The strongest positive class II as-
sociations with SSc observed in white
and Hispanic populations were the
DRBI1*#1104,DQAI1*0501,DQBI1*0301
haplotype, and DQBI alleles encoding
a non-leucine residue at position 26
(DQBI126*epi). Instead, DRBI*0701,
DQAI*0201, DQBI*0202 haplotype
and DRBI*1501 haplotype were nega-
tively correlated and possibly protective
in dominant and recessive models, re-
spectively (9). In the very recent, much
larger GWAS (11), a strong association
with SSc susceptibility was found for a
cluster of SNPs in an extended region
of the 6p21 locus within the MHC re-
gion. In particular, the rs6457617 SNP
located in the HLA*DQBI gene region
gave the highest p-value (p=2.31x
10-'®) (11). No details about the sub-

types and autoantibody status of SSc
patients have yet been reported from
this study. Further large GWAS studies
will be necessary to investigate whether
SNPs located in the MHC region may
be associated with specific SSc pheno-
types, such as the autoantibody pattern,
disease subset and organ involvement.
STAT4: The protein encoded by STAT4
gene is a member of the STAT family
of transcription factors. In response to
cytokines and growth factors, STAT
family members are phosphorylated
by the receptor associated kinases,
and then form homo- or heterodimers
that translocate into the cell nucleus
where they act as transcription activa-
tors (12). STAT4 protein is essential for
mediating responses to interleukin-12
(IL-12) in lymphocytes, and regulates
the differentiation of T helper cells. In
particular, STAT4 appears to critically
regulate the Th1/Th2 balance, which is
known to be dysregulated in SSc (12).
Independent studies have analysed the
possible role of STAT4 gene in the ge-
netic predisposition to SSc. In the first
study, the intronic rs7574865 polymor-
phism has been analysed in a case-con-
trol set of Spanish Caucasian ancestry
with replication in five independent
cohorts of European Caucasian ances-
try (12). The rs7574865-T allele was
significantly associated with suscepti-
bility to limited cutaneous SSc (1cSSc)
in the Spanish population (p=1.9x107;
odds ratio [OR] 1.61; 95% confidence
interval [CI] [1.29-1.99]) and the as-
sociation was validated in all the rep-
lication cohorts with different effect
sizes (OR ranging between 1.15 and
1.86). In all the cohorts, no associa-
tion was found between STAT4 and dif-
fuse cutaneous SSc (dcSSc) subset. A
meta-analysis to test the overall effect
of the 17574865 polymorphism further
showed a strong risk effect of the T al-
lele for IcSSc susceptibility (pooled OR
1.54; 95% CI [1.36-1.74]; p<0.0001)
(12). The second study, performed in
a Japanese population, confirmed the
association between STAT4 rs7574865
polymorphism and IcSSc (13). Another
study, performed in 1,855 individuals
of French Caucasian origin, showed
a significant association between the
17574865 polymorphism and SSc,
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without restriction to a particular phe-
notype (14). This study also revealed
an additive effect between STAT4 and
IRF5 genes, in particular in terms of sus-
ceptibility to SSc-related fibrosing al-
veolitis (14). Another STAT4 gene SNP,
the rs11889341 variant, was recently
investigated in 1,039 SSc patients and
3,322 controls of North American Cau-
casian background. These investigators
found that the rs11889341-A allele in-
creased the susceptibility (p=2.4x107)
to SSc in a dominant pattern (15). The
role of STAT4 as SSc genetic risk locus
has been confirmed in the recently pub-
lished GWAS, which identified an as-
sociation with rs3821236 (11). Finally,
the role of STAT4 gene in tissue fibro-
sis has been demonstrated in a recent
translational study using different ani-
mal models of SSc (16).

TBX21: TBX21 is another critical tran-
scription factor that regulates the Thl/
Th2 balance. Multiple SNPs in 7TBX2/
gene were found to be associated with
SScin a Caucasian American population
of 902 SSc patients and 4,745 controls
(15). The rs11650354-T allele showed
a recessive pattern for disease suscep-
tibility (p=1.4x10"'3; OR 3.37; 95% CI
[2.4-4.6]). Furthermore, the authors
identified gene-gene interaction among
the TBX21 rs11650354 and STAT4
rs11889341 variants. In particular, the
STAT4 genotype increased the risk of
SSc only in the TBX21 rs11650354-CC
genotype group. SSc patients carrying
the TBX21 CC genotype had higher IL-
6 and tumour necrosis factor alpha (Th1
cytokines) levels, while those with the
TT genotype had elevated IL-2, IL-5,
IL-4, and IL-13 (Th2 cytokines) lev-
els, compared with controls. Moreo-
ver, whole blood expression profiles
revealed dysregulation of type I inter-
feron pathways in the CC group and
T-cell pathways in the TT group of the
TBX21 SNP, respectively. Collective-
ly, these data indicate that TBX2] and
STAT4 genes contribute interactively to
SSc susceptibility, and may have a role
in the altered Th1/Th2 cytokine balance
and immune dysregulation (15).
Interferon regulatory factor 5 (IRF5):
Type I interferon (IFN) is a central me-
diator of innate immunity. IFN regula-
tory factors coordinate the expression
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of type I IFNs, which are believed to
play a pivotal role in the pathophysi-
ology of connective tissue disorders
such as SLE, Sjogren’s syndrome (SS),
and SSc. Recently, the IRF5 gene, a
member of the IFN regulatory factors,
was identified as a susceptibility gene
for both SLE and SS (17, 18). A first
case-control study showed that there
was a significant association between
the IRF5 rs2004640 G/T functional
polymorphism and SSc (19). The IRF5
rs2004640-T allele creates a donor
splice site in intron 1 of the gene re-
sulting in transcription of the alterna-
tive exon 1B (19). This polymorphism
has been genotyped in 1,641 subjects
of French European Caucasian origin
split into discovery and replication co-
horts. In both the discovery set and the
replication set, the TT genotype was
significantly more common in SSc pa-
tients than in controls (OR 1.58; 95%
CI [1.18-2.11] in combined cohorts).
Analyses of the whole SSc population
showed a significant association be-
tween homozygosity for the T allele and
the presence of antinuclear antibodies
and fibrosing alveolitis (OR 2.07; 95%
CI [1.38-3.11]) (19). The association
of IRF5 152004640 polymorphism and
SSc has also been replicated in a Japa-
nese population (20). In particular, an
association was preferentially observed
with dcSSc and anti-topo I antibody-
positive SSc (20). Recently, additional
functional IRF5 variants have been
identified as autoimmune susceptibility
factors. IRF5 rs377385,rs2004640, and
rs10954213 were genotyped in 1,623
individuals of French European Cauca-
sian origin (21). In this report, the au-
tors found that a risk haplotype defined
by the rs377385-C, rs2004640-T, and
rs10954213-A SNPs (C-T-A) confers
susceptibility to SSc, and defines sub-
sets of patients with dcSSc and lung
fibrosis (21). The role of IRF5 gene as
SSc genetic risk factor has also been
confirmed in the recently published
large GWAS of SSc (11).

Protein tyrosine phosphatase, non-
receptor type 22 (Ilymphoid) (PTPN22):
The PTPN22 gene encodes a protein
tyrosine phosphatase which is ex-
pressed primarily in lymphoid tissues.
It is involved in the suppression of

T cell activation, and thereby in T cell-
dependent antibody production, poten-
tially contributing to the pathogenesis
of autoimmune diseases. The minor
allele of the R620W missense SNP
(C1858T, rs2476601) in the PTPN22
gene was firstly analysed in a French
(22) and in a Spanish cohort (23) in
two independent studies. No associa-
tion was found between rs2476601 and
SSc in both studies. Subsequently, the
first evidence of association was found
in a large cohort of 1,120 patients be-
longing to 4 ethnic groups in the US
(white, black, Hispanic, and Choctaw
Indian individuals). In particular, the
PTPN22 R620W polymorphism was
associated with both ACA-positive and
anti-topo [ antibody-positive subsets
of SSc (24). A first meta-analysis of
studies on this polymorphism in SSc
provided evidence that the PTPN22
1858T allele is involved in the genetic
susceptibility to SSc in European Cau-
casian (p=8.39x107; OR 1.08; 95% CI
[1.02-1.15]) and mixed (p=3.11x107;
OR 1.09; 95% CI [1.04-1.16]) popu-
lations, particularly in the anti-topo
I-positive subset (25). Recently, an ad-
ditional meta-analysis of seven Cau-
casian cohorts from Spain, Belgium,
England, Germany, Italy, the Nether-
lands, and Sweden, and including the
findings from two previous studies on
US and French Caucasian populations
(24, 25), showed evidence for an asso-
ciation of the 1858T allele restricted to
the ACA-positive SSc subset (p=0.02
pooled, OR=1.22,95% CI [1.05-1.42])
(26). Instead, no association was found
between SSc and the rs33996649
(R263Q) PTPN22 polymorphism (26).
Collectively, these findings highlight
the importance of meta-analyses to
solve contradictory results from previ-
ously published independent case-con-
trol studies.

B cell scaffold protein with ankyrin re-
peats 1 (BANKI): BANK1 is a B cell-
specific scaffold protein that functions
in B cell receptor-induced calcium
mobilisation from intracellular stores.
Two BANKI gene missense variants
(rs10516487 and 1s3733197) were
studied in 874 SSc patients and 955
controls of a French cohort and 421
SSc patients and 182 controls of a Ger-
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man cohort (27). The rs3733197-A rare
allele and the rs10516487-T rare allele
were found to be associated with dcSSc
in both cohorts. The G-C haplotype
was shown to be a risk factor (p=0.008;
OR 1.25; 95% CI [1.06-1.47]), while
the A-T haplotype was reduced among
dcSSc patients, indicating a protec-
tive effect (p=3.39x10%, OR 0.70;
95% CI [0.57-0.86]) (27). The asso-
ciation between rs10516487-G (C) and
1s3733197-G polymorphic alleles with
dcSSc was then confirmed in a large
multicentre case-control study from
six independent cohorts of Caucasian
ancestry (28). The association was not
restricted to deSSc, but was also found
to be linked to the anti-topo I antibody-
positive subset. In particular, a signifi-
cant association of the rs10516487-G
and 1s17266594-T alleles with SSc
susceptibility was observed (pooled
OR=1.12; 95% CI [1.03-1.22]; p=0.01
and pooled OR=1.14, 95% CI [1.05—
1.25]; p=0.003, respectively) (28). Tak-
en together, the association of BANK]/
gene with the SSc phenotype found in
independent studies suggests an impor-
tant role of B cells in the diffuse cu-
taneous subset of SSc patients. In this
context, recent preclinical and clinical
studies lend support to the notion that
B cell depletion may be a promising
therapeutic target in patients with dc-
SSc (29).

Tyrosine-protein kinase or B lympho-
cyte kinase (BLK): BLK is a Src ki-
nase that is expressed in thymocytes. It
transduces signals downstream of the
B cell receptor and plays an important
role in B cell development. GWASSs in
SLE have implicated the C8orf13-BLK
gene region of chromosome 8p23.1
as a susceptibility locus for SLE. Two
variants in the C8orfl3-BLK region
(rs13277113 and rs2736340) were test-
ed for association with SSc in a popu-
lation consisting of 1,050 SSc cases
and 694 controls of North Americans
of European Caucasian descent with
replication in a second series of 589
SSc cases and 722 controls from Spain
(30). Both variants were associated
with ACA-positive SSc (p=2.2x10°
and p=5.5x10", respectively) and lc-
SSc (p=3.3x10° and p=2.9x1073, re-
spectively) in the combined analysis
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(30). The rs13277113 variant was also
found to be associated with SSc in the
Japanese population, without restric-
tion to specific autoantibody and cu-
taneous phenotypes (31). Recently,
the association of C8orfl3/BLK locus
with SSc has been investigated in a
large French Caucasian cohort (1,031
SSc patients and 1,014 controls), and a
meta-analysis of all the available data
(for a total of 6,149 individuals) was
also performed (32). Minor allele fre-
quencies for rs13277113 revealed an
association restricted to the dcSSc sub-
type (p=0.012, OR 1.29) in the French
sample. Meta-analysis of combined
Caucasian populations showed associa-
tion with both SSc (p=0.0013, OR 1.16
[1.06-0.26]) and dcSSc (p=0.0012,
OR 1.23 [1.08-1.39]). Inclusion of the
Japanese population (31) confirmed the
overall association with the disease,
with the strongest association for dcSSc
(p=3.27x107, OR 1.27). An additional
analysis in the French sample revealed
additive effects between C8orfl3/BLK
and BANK, mainly for dcSSc suscep-
tibility (32). Taken together, these find-
ings extend the evidence for a genetic
association of SSc with B cell-specific
genes (BANKI and BLK).

T cell surface glycoprotein CD3 zeta
chain or T cell receptor T3 zeta chain
(CD247). CD247 gene encodes the
T cell receptor zeta (CD3T) subunit,
a component of the T cell receptor
(TCR)-CD3 complex. The CD3C chain
plays an important role in the assembly
of the TCR-CD3 complex and its trans-
port to the cell surface, and is crucial
to receptor signalling function. The ex-
pression of the CD3C chain is altered in
chronic autoimmune and inflammatory
disorders and its low expression results
in impaired immune response. The first
large GWAS, including a total of 2,296
individuals with SSc and 5,171 con-
trols of European Caucasian ancestry,
identified a new susceptibility locus,
previously found in SLE, at CD247
(1922-23, 152056626, p=3.39x107)
(11). Recently, the rs2056626 SNP has
been genotyped in a French Caucasian
population consisting of 1,031 SSc
patients and 1,014 controls (33). This
study confirmed the association of
CD247 1s2056626-G allele with SSc

susceptibility under a dominant model
of inheritance (p =7.22x10 —3; OR 0.69;
95% CI1 [0.58-0.83]) (33).

Tumour necrosis factor alpha-induced
protein 3 (TNFAIP3): TNFAIP3 gene
encodes the ubiquitin-modifying en-
zyme, a key regulator of inflammatory
signalling pathways. Polymorphisms
in TNFAIP3 have been associated with
multiple autoimmune diseases (34). In
a recent study, three SNPs, two inter-
genic (rs10499194 and rs6920220) and
one located in intron 2 (rs5029939),
were genotyped in a set of 1,018 SSc
patients and 1,012 controls of French
European Caucasian ancestry (34). TN-
FAIP3 1rs5029939 was found associated
with SSc in the French population, and
then the association was replicated in a
second set of 465 SSc patients and 182
controls from Germany and 184 SSc pa-
tients and 124 controls from Italy. In the
combined populations, the rs5029939-
G allele was found to be significantly
associated with SSc susceptibility
(pooled OR=2.08; 95% CI [1.59-2.72];
p=1.16x107) and in particular with dc-
SSc (pooled OR 2.71; CI [1.94-3.79],
p=5.2x10"7), SSc-related fibrosing alve-
olitis (pooled OR 2.26; CI [1.61-3.17],
p=2.5%10) and pulmonary arterial hy-
pertension (PAH) (pooled OR=3.11; CI
[1.86-5.17], p=1.3x10%). No associa-
tion was found for the rs10499194 and
rs6920220 variants (34). These results
suggest that TNFAIP3 may contribute
to the autoimmune component of SSc
pathogenesis.

CD226: CD226 gene encodes DNAX
accessory molecule 1, which is involved
in T cell co-stimulation pathways. The
non-synonymous 1s763361 polymor-
phism in the CD226 gene has recently
been identified as a genetic risk factor
for different autoimmune disorders. The
rs763361 SNP has been genotyped in
3,632 European Caucasian individuals,
consisting of a discovery sample (991
SSc patients and 1,008 controls) and
a replication sample (999 SSc patients
and 634 controls) (35). The CD226
rs763361-T allele was found to be as-
sociated with SSc in both the discovery
and the replication samples, reaching
an OR of 1.22 (95% CI [1.10-1.34],
p=5.69x107) in the combined popula-
tion. The most remarkable associations
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of the CD226 TT risk genotype were
observed with the dcSSc subtype (OR
1.86,95% CI [1.42-2.43], p=5.15x109),
the anti-topo I antibody-positive (OR
1.82, 95% CI [1.38-2.40], p=2.16x
10%), and SSc-related fibrosing alveo-
litis subsets (OR 1.61, 95% CI [1.25—-
2.08], p=2.73x10*) (35). These results
suggest that co-stimulation pathways
may be involved in the immune abnor-
malities of SSc. However, postgenomic
functional studies on peripheral blood
mononuclear cells did not reveal any
correlation between CD226 rs763361
genotypes and CD226 expression in all
the T cell subtypes investigated (35).
Therefore, further studies will be nec-
essary to define the causal variant at the
CD226 locus as well as the functional
consequences.

FAS: FAS antigen (Apo-1/CD95) is a
key molecule involved in the apoptosis
of a wide variety of cell types, includ-
ing activated immune cells and fibrob-
lasts. A SNP in the enhancer region of
the FAS gene promoter, FAS-670G>A
SNP (rs1800682), has been described
(36). SSc is characterized by sustained
activation and clonal expansion of B
and T lymphocytes, and different sub-
sets of circulating T cells from SSc pa-
tients have been shown to be resistant to
FAS-mediated apoptosis (37).In a large
cohort of Italian Caucasian patients, an
association between the FAS-670G>A
polymorphism and SSc was described
(38). Moreover, FAS-670 genotype was
found to be correlated with serum lev-
els of antiapoptotic soluble FAS, which
competes with membrane-bound FAS
for the binding to FAS-ligand (38). In
another study, the role of FAS-670G>A
polymorphism has been analysed in 9
distinct ethnic cohorts, 6 of European
Caucasian ancestry and 3 distinct ethnic
cohorts from the US (white, black and
hispanic) (39). A meta-analysis com-
prising all 9 cohorts revealed an associ-
ation of both the FAS-670G allele (OR
1.10) and the FAS-670GG genotype
(OR 1.13) with the 1cSSc phenotype.
In addition, the -670GG genotype was
associated with ACA-positive 1cSSc
(39). Dysregulation of the FAS-medi-
ated proapoptotic signalling might play
a role in SSc pathogenesis through the
genetic control of apoptosis resistance
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in different cell types, such as activated
lymphocytes and fibroblasts.
Interleukin-23 receptor (IL23R): Multi-
ple studies suggest a role for mediators
of Th17 pathway, such as IL-17 and IL-
23, in different autoimmune diseases,
including SSc. In particular IL-23 is
essential for the amplification and/or
stabilisation of Th17 phenotype, and
IL-23 protein levels have been found to
be increased in patients with SSc. IL-
23 activity is mediated by binding to
the IL-23 receptor complex, which is
composed of an IL-12R31 and a unique
cytokine receptor subunit termed IL-
23R. Recent results pointed toward the
important role of IL23R gene as a ge-
netic marker for autoimmunity (40). In
particular, a non-synonymous polymor-
phism (rs11209026, Arg381GIn) has
been associated with susceptibility to
different autoimmune conditions such
as inflammatory bowel disease, anky-
losing spondylitis or psoriasis. Seven
SNPs spanning the IL23R gene, includ-
ing rs11209026, were genotyped in two
cohorts of European Caucasian patients,
but no association was found between
any IL23R genetic variant and SSc sus-
ceptibility and clinical phenotypes (40).
In a recent study on 1,402 SSc cases
and 1,038 controls of Caucasian, Afri-
can American and Hispanic ethnicity
from US, the IL23R rs11209026-GG
and 1s11465804-TT genotypes were
found to be associated with anti-topo
I antibody-positive SSc (p=0.001 and
p=0.0001 respectively) (41). Moreo-
ver, the rs11465804-TT genotype was
significantly associated with anti-topo I
antibody-positivity in the dcSSc subset
(»=0.0026). Wild-type genotype at both
rs11209026 and rs11465804 showed
significant protection against the devel-
opement of PAH (p=3x10-, p=1x107,
respectively) (41).

Allograft inflammatory factor-1 (AIF-
1): AIF-1 is involved in the immune re-
sponse and proliferative vasculopathy
that occours during allograft rejection.
It is encoded within the HLA class II1
genomic region on chromosome 6p21.
AIF-1 expression was found increased
in affected blood vessels of the lung and
skin of SSc patients (42). A non-syn-
onymous polymorphism (rs2269475)
located in exon 3 and causing a tryp-

tophan to arginine amino acid substi-
tution has been identified in the AIFI
gene. The rs2269475 SNP has been
investigated in two large independent
cohorts of SSc patients of Caucasian,
African American and Hispanic origin
(43). T and CT/TT rs2269475 frequen-
cies were significantly increased in
ACA-positive Caucasian SSc patients,
and in all ACA-positive SSc patients
(the three ethnic groups combined),
when compared with both ACA-nega-
tive SSc patients and healthy controls.
In another study, the rs2269475 SNP
was significantly associated with SSc
(p=0.0009), and in particular with the
dcSSc subset (p=0.002) in a Caucasian
cohort (44). The discrepancies between
these two studies indicate that further
investigations and meta-analyses will
be necessary to determine the exact role
that AIF I gene may play in the genetic
susceptibility to SSc phenotype.

FCG receptor (FCGR): FCGRs recog-
nise the Fc portion of IgG and are im-
portant in determining the response of
leucocytes to deposited immune com-
plexes. FCGRs also provide positive
and negative regulation of immune cell
responses (45). The FCGR2A 519A>G
and FCGR3A 559A>C functional vari-
ants have been recently analysed in 6
independent European Caucasian co-
horts (for a total of 1,566 SSc patients
and 2,271 controls). Neither FCGR2A
519A>G nor FCGR3A 559A>C was
significantly associated with suscepti-
bility to SSc, and no association was
found with specific disease pheno-
types, limited or diffuse cutaneous in-
volvement, autoantibody profiles, or
pulmonary involvement (45).

Tumour necrosis factor ligand super-
family member 4 (TNFSF4, OX40L):
TNFSF4 gene encodes for OX40L, a
protein expressed on dendritic cells,
macrophages, B and T cells, natural
killer cells as well as non-immune cells
such as endothelial cells and smooth
muscle cells. It is the ligand for the
OX40 which is expressed on CD4+
and CD8+ T cells, where it provides
a co-stimulatory signal resulting in T
cell proliferation, survival and cytokine
production. Studies have suggested that
0X40-0OX40L interaction may prefer-
entially promote Th2 cytokines and may
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be a negative regulatory signal for IL-17
production (46). A total of 9 SNPs in the
TNFSF4 gene, previously associated
with susceptibility to SLE, were tested
for association with SSc in a population
of 1,059 patients with SSc and 698 con-
trols of North American Caucasian ori-
gin (46). Case-control comparisons re-
vealed a significant association between
SSc susceptibility and rs1234314-G
(OR 1.20,95% C1[1.04-1.4],p=0.019),
rs2205960-T (OR 1.24,95% CI [1.10-
1.50], p=0.019) and rs844648-A (OR
1.16, 95% CI [1.01-1.30], p=0.032)
minor alleles. Instead, the rs844644-A
minor allele was protective (OR 0.84,
95% CI [0.70-0.97], p=0.038). More-
over, the rs1234314-G and rs2205960-
T minor alleles were more common in
1cSSc compared to controls, while an
increased frequency of the minor alle-
les at TNFSF4 rs1234314, rs2205960
and rs844648 SNPs, as well as a de-
creased frequency of the minor allele at
1844644, were found in dcSSc. A sig-
nificant association was also observed
with rs1234314 and both ACA-positive
and anti-topo I-positive SSc patients.
The minor allele at rs2205960 was more
frequent in anti-topo I-positive SSc. The
1844648 SNP was associated with anti-
RNA polymerase III-positive SSc (46).
In a second study, four genetic variants
of TNFSF4 gene promoter (rs1234314,
rs844644, rs844648 and rs12039904)
were analysed in a total of 8 Europe-
an populations of Caucasian ancestry
(3,014 SSc patients and 3,125 healthy
controls) (47). A pooled analysis found
a significant association of rs1234314
and rs12039904 polymorphisms with
SSc. All four tested variants were found
to be significantly associated with lc-
SSc subset. In addition, rs1234314,
1s844648 and rs12039904 minor alleles
were associated with ACA-positive SSc
(47). Collectively, these data confirm
the influence of TNFSF4 gene in SSc
susceptibility (46,47). However, the
two studies highlight some discrepan-
cies concerning the specific SSc sub-
sets associated with different TNFSF4
SNPs. Therefore, additional meta-ana-
lytic studies will be required.

Table I summarises the confirmed asso-
ciations with SSc found in some of the
genes involved in immune regulation.
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Table I. Immune genes associated with SSc susceptibility and phenotypes.

Gene Polymorphism Population Associated phenotype Study
STAT4 187574865 European Caucasian 1cSSc Rueda et al. (12)
Japanese 1cSSc, ACA Tsuchiya et al. (13)
French Caucasian SSc Dieude ef al. (14)
rs11889341  US Caucasian SSc Gourh et al. (15)
1s3821236 European/US Caucasian SSc Radstake et al. (11)
IRF5 1s2004640 French Caucasian SSc,ANA, fibrosing alveolitis Dieude et al. (19)
Japanese dcSSc, ATA Ito et al. (20)
French Caucasian dcSSc, fibrosing alveolitis Dieude ef al. (21)
1s3757385 French Caucasian dcSSc, fibrosing alveolitis Dieude ef al. (21)
rs10954213  French Caucasian dcSSc, fibrosing alveolitis Dieude et al. (21)
rs10488631  European/US Caucasian SSc Radstake ef al. (11)
r$12537284  European/US Caucasian SSc Radstake et al. (11)
14728142 European/US Caucasian SSc Radstake er al. (11)
TBX21 rs11650354  US Caucasian SSc Gourh et al. (15)
PTPN22 152476601 US mixed background ACA, ATA Gourh et al. (24)
European Caucasian SSc, ATA Dieude ef al. (25)
European/US Caucasian ACA Diaz-Gallo et al. (26)
BANK1 1s3733197 French/German Caucasian  dcSSc Dieude et al. (27)
European/US Caucasian dcSSc, ATA Rueda et al. (28)
rs10516487  French/German Caucasian  dcSSc Dieude et al. (27)
European/US Caucasian deSSc, ATA Rueda et al. (28)
BLK rs13277113  European/US Caucasian 1cSSc, ACA Gourh et al. (30)
Japanese SSc Tto et al. (31)
French Caucasian dcSSc Coustet et al. (32)
152736340 European/US Caucasian 1cSSe, ACA Gourh et al. (30)
CD247 152056626 European/US Caucasian SSc Radstake et al. (11)
French Caucasian SSc Dieude et al. (33)
TNFAIP3 155029939  European Caucasian SSc, deSSc, fibrosing Dieude et al. (34)
alveolitis, PAH
CD226 1s763361 European Caucasian SSc, dcSSc, ATA, fibrosing Dieude et al. (35)
alveolitis
TNFSF4 rs1234314 US Caucasian SSc, deSSc Gourh et al. (46)
European Caucasian SSc, 1eSSc, ACA Bossini-Castillo et al. (47)
12205960 US Caucasian SSc, deSSc Gourh et al. (46)
1$844648 US Caucasian SSc, deSSe Gourh et al. (46)
European Caucasian 1cSSc, ACA Bossini-Castillo et al. (47)
r$12039904  European Caucasian SSc, 1eSSc, ACA Bossini-Castillo et al. (47)
r$844644 European Caucasian 1cSSc Bossini-Castillo et al. (47)
FAS rs1800628 Italian Caucasian SSc Liakouli ez al. (38)
European/US Caucasian 1cSSc, ACA Broen et al. (39)

ACA: anticentromere antibodies; ANA: antinuclear antibodies; ATA: anti-topoisomerase I antibodies;
dcSSc: diffuse cutaneous systemic sclerosis; IcSSc: limited cutaneous systemic sclerosis; PAH: pulmo-
nary arterial hypertension; SSc: systemic sclerosis.

Fibrosis

Fibrosis is the most pathological hall-
mark of SSc. Progressive replacement
of tissue architecture by collagen-rich
extracellular matrix (ECM) results
in functional impairment of affected
organs. The ECM consists of a cellu-
lar compartment of resident and infil-
trating cells, and a connective tissue
compartment composed of collagens,
proteoglycans, fibrillins and adhesion
molecules. The ECM also functions
as a reservoir for transforming growth
factor B (TGFf), connective tissue

growth factor (CTGF), other growth
factors and matricellular proteins that,
together with the connective tissue
compartment, control mesenchymal
cell differentiation, function and sur-
vival (48). Excessive connective tis-
sue accumulation in fibrotic disorders
is due to overproduction by activated
fibroblasts, myofibroblasts and related
interactions. Impaired ECM degrada-
tion and turnover, and expansion of the
pool of mesenchymal cells in lesional
tissues further contribute to ECM ac-
cumulation (48). Genes involved in the
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fibrotic process encode proteins that
make up or regulate the ECM composi-
tion, cytokines and growth factors.
Connective  tissue  growth  factor
(CTGF): CTGF (also known as CCN2)
has a critical role in the develop-
ment and maintenance of fibrosis (49-
51). The expression of CTGF gene
has been found to be up-regulated in
gene-expression—profiling studies of
skin-biopsy specimens and of fibrob-
lasts cultured from SSc skin (49, 50).
Moreover, CTGF has been associated
with key biologic functions, including
fibroblast proliferation, the production
of ECM, and the formation of granu-
lation tissue, which are all processes
relevant in the field of SSc (49-51). A
polymorphism (G-945C) (rs6918698)
in the promoter of the CTGF gene was
found to be associated with SSc in a
UK population (52) and in a Japanese
population (53). The homozygosity for
the G allele was significantly associated
with SSc, anti-topo I antibody-positiv-
ity and SSc-related fibrosing alveolitis
(52). Functional studies demonstrated
that the rs6918698-C allele had higher
affinity for the transcriptional regulator
Sp3 resulting in reduced transcriptional
activity of the CTGF gene (52). How-
ever, this association was not replicated
in two large studies in American and
European Caucasian populations (54,
55). Recently, an association between
another SNP in CTGF gene (rs9399005
C/T) and both dcSSc and 1cSSc has been
found in a French European Caucasian
population (56). These authors also
provided evidence that the rs9399005
SNP may affect the structure of CTGF
messenger RNA (56).

Serotonin  5-HT2A receptor: Plate-
let aggregation may contribute to the
pathogenesis of SSc. Indeed, following
activation, platelets release significant
amounts of serotonin which promotes
vasoconstriction and fibrosis. The
C+1354T polymorphism in the exonic
region of the serotonin 5-HT2A recep-
tor gene, which determines a His452Tyr
substitution, was associated with blunt-
ed intracellular responses after serot-
onin stimulation, and may have a role
in susceptibility to SSc. In an Italian
study, this polymorphism resulted asso-
ciated with a three-fold reduction in the
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risk for SSc (57), but this was not repli-
cated in a successive population-based
replication study in a German Cauca-
sian SSc cohort (58). Another study on
serotonin transporter gene (SLC6A4)
polymorphisms (rs1042173, rs2066713
and a long/short 44 base pair insertion
within the promoter region), performed
in a large cohort of European Caucasian
SSc patients, showed no association be-
tween these polymorphisms and SSc or
with SSc-related PAH and/or digital ul-
cerations (59).

Interleukin-1 alpha (IL1-a)) and Inter-
leukin-1 beta (IL1-B): IL1-a. and IL1-B
have been implicated in the fibrogenic
phenotype of SSc fibroblasts. Three
ILI-a gene SNPs (-889C/T, +4845G/T,
and +4729T/C) were associated with
SSc-related pulmonary fibrosis in a
Japanese population (60). However,
the association between ILI-a-889T
polymorphism and SSc resulted con-
troversial in subsequent studies (61-
64). Three polymorphisms in the ILI-f
gene (C-511T; C-31T; C+3962T) have
been studied in Italian Caucasian SSc
patients (62). The two polymorphic
alleles ILI-f -511-T and ILI-f -31-C
were significantly more frequent in SSc
patients compared to a control popu-
lation from the same geographic area
(62), while the ILI-f C+3962T SNP
resulted associated with the presence of
severe restrictive pulmonary function
in other studies (64,65). The important
role of IL1-f3 in SSc has been confirmed
in a recent study on NLRPI gene which
codifies a molecule that provides a scaf-
fold for inflammasome assembly, pro-
moting pro-IL1-f processing and matu-
ration (66). In this study, performed in
two large sets of European Caucasian
individuals, the NLRPI 1s8182352
variant was found to be associated
with both anti-topo I-positive SSc and
SSc-related fibrosing alveolitis subsets
(»=0.0042 and p=0.0065 respectively)
(66). Furthermore, NLRP1 rs8182352,
IRFS5 152004640 and STAT4 rs7574865
risk alleles showed an additive effect
on SSc-related fibrosing alveolitis (66).
These findings provide new insights
into the pathogenesis of SSc, underlin-
ing the potential role of innate immunity
in particular in the fibrosing alveolitis-
positive SSc phenotype, which repre-

sents one of the most severe subsets of
the disease.

Matrix  metalloproteinase  (MMP):
ECM remodelling involves the complex
interplay between ECM component
synthesis, deposition, and degradation.
MMPs are enzymes able to degrade
ECM participating in physiologic and
pathologic processes. In an Italian case-
control study performed on 513 Cauca-
sian subjects, the rs2276109 A/G func-
tional polymorphism in the MMPI2
gene promoter region was found to
contribute to SSc susceptibility (67).
The 1s2276109-A allele has a higher
affinity for AP-1 transcription factors,
resulting in increased MMPI2 gene
expression. The MMP12 rs2276109-A
allele was found to be significantly as-
sociated with dcSSc subset, anti-topo
I antibody-positivity and SSc-related
pulmonary fibrosis under a recessive
model of inheritance (67). Studies per-
formed on MMP1, MMP2, MMP9 and
MMP14 gene polymorphisms revealed
no association with SSc susceptibility
or clinical phenotypes (68-70).

Vascular disease

Vascular damage is a primary event in
the pathogenesis of SSc. The progres-
sive vascular injury includes persistent
endothelial cell activation/damage and
apoptosis, intimal thickening, delami-
nation, vessel narrowing and oblitera-
tion. These changes lead to vascular
tone dysfunction and reduced capillary
blood flow, with consequent tissue is-
chaemia and severe clinical manifesta-
tions, such as digital ulceration or am-
putation, pulmonary arterial hyperten-
sion, and scleroderma renal crisis (71).
Nevertheless, in SSc patients there is
no evidence of significant angiogen-
esis and the disease evolves towards
chronic tissue ischaemia, with progres-
sive and irreversible structural changes
in multiple vascular beds culminating
in the loss of capillaries (71). PAH is
the main pulmonary vascular compli-
cation of SSc; it occurs in about 10%
of patients and leads to major excess
mortality (72). Many mediators that
modulate arterial tone and remodelling
are involved in the genesis of PAH, and
all the genes encoding these mediators
are potential candidate genes.
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Endoglin (ENG): Among the factors
that maintain vascular integrity, en-
doglin (CD105) is a component of
the TGF-f receptor complex and is
predominantly expressed on the cell
surface of endothelial cells. A 6-base
insertion in intron 7 (6bINS) of ENG
gene has been reported to be associated
with microvascular disturbance (73). In
a multicentric cohort of European Cau-
casian SSc patients, the 6bINS allele
resulted associated with a decreased
risk of PAH (74). However, these re-
sults need independent replication in
other populations.

Stromal cell-derived factor 1 (SDF-1/
CXCLI2): The chemokine SDF-1 and
its receptor CXCR4 regulate specific
steps in new vessel formation and play
a role in CD34+ endothelial progenitor
cells mobilisation into peripheral blood
and homing to ischaemic tissues (75,
76). The SDFI gene, located on chro-
mosome 10q11, is polymorphic, with a
G-to-A transition at position 801 in the
3’-untraslated region of cDNA encod-
ing SDF-1p3, one of the two isoforms
of SDF-1 protein, referred as SDFI-3’
polymorphism (rs1801157). This SNP
has been correlated with the mobilisa-
tion of bone marrow CD34+ endothelial
progenitor cells and the levels of SDF-1
transcript (77). In an Italian cohort, the
SDFI-3’A allele was found to influ-
ence the predisposition to SSc-related
PAH (OR=2.52, 95% CI [1.11-5.69],
p=0.02) and skin ulcers (OR=2.31,95%
CI [1.18-4.52], p=0.01). After adjust-
ment for age and gender, the SDF1-3’A
allele remained a susceptibility factor
for the SSc-related vascular manifesta-
tions (PAH: OR=2.37, 95% CI [1.04—
5.42], p=0.04; ulcers: OR=2.33, 95%
CI [1.78-4.62], p=0.01) (77). Further
studies will be required to confirm these
associations in independent cohorts of
SSc patients.

Hypoxia-inducible factor 1A (HIFI1A):
HIF-1A is a transcription factor that
plays an essential role in cellular and
systemic responses to hypoxia, and
is involved in the ischaemia-induced
angiogenic response. Three SNPs in
the HIFIA gene (rs12434438 A/G,
rs1957757 C/T and rs11549465 C/T)
have been studied in a large French Cau-
casian population. The heterozygous
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1s12434438-AG genotype was signifi-
cantly associated with SSc susceptibil-
ity, 1cSSc and ACA-positive subsets,
suggesting a role for HIF 1 gene in SSc
phenotype (78).

Urokinase-type plasminogen activator
receptor (uPAR): uPAR (also known as
CD87) is a glycosylphosphatidylinosi-
tol-anchored 3-extracellular domain re-
ceptor that has been implicated in SSc-
related microvascular abnormalities
and impaired angiogenesis, as well as
in the fibrotic process (71, 79-83). Two
uPAR (PLAUR) gene promoter poly-
morphisms (rs344781 and rs4251805)
were investigated in two European Cau-
casian populations: an Italian discovery
cohort and a French replication cohort.
The combined analysis of the pooled
samples (732 SSc patients and 607 con-
trols) showed a strong association of the
1s344781-G allele and -GG genotype
with SSc-related digital ulcers (allele
OR 1.41;95%CI [1.11-1.78]; p=0.005;
genotype OR 2.15; 95%CI [1.25-3.72];
p=0.005), SSc-related PAH (allele OR
1.65; 95%CI [1.17-2.32]; p=0.004;
genotype OR 3.16; 95%CI [1.58-6.32];
p=0.0006), ACA-positive SSc (allele
OR 1.47;95%CI [1.15-1.89]; p=0.002;
genotype OR 2.40; 95%CI [1.38-4.19];
p=0.001) and 1cSSc (allele OR 1.34;
95%CI [1.09-1.64]; p=0.004; genotype
OR 1.77; 95%CI [1.08-2.91]; p=0.02).
Furthermore, in a multivariate logistic
regression analysis model including the
above associated phenotypes of SSc
patients, the rs344781-GG genotype
remained an independent risk factor
for SSc-related digital ulcers (OR 1.96;
95%CI [1.01-3.85]; p=0.04) and SSc-
PAH (OR 2.68; 95%CI [1.25-5.75];
p=0.01). Further functional studies are
necessary to elucidate the exact mo-
lecular mechanisms by which the uPAR
rs344781 SNP may be implicated in
different aspects of SSc vascular phe-
notype, such as the lack of angiogenesis
and proliferative vasculopathy (83).
Potassium  voltage-gated  channel,
shaker related subfamily, member 5
(KCNAS): Functional KCNA5 SNPs
have been reported to be associated
with idiopathic PAH, including SNPs
located in exons or the promoter region
that may underlie the altered function
and/or expression of voltage-gated K+

channel 1.5 (Kv1.5) channels observed
in pulmonary arteriolar smooth muscle
cells from patients with idiopathic PAH
(84). Four KCNA5 SNPs (rs10744676,
rs1860420, rs3741930, and rs2284136)
were genotyped in a discovery set of
638 SSc patients and 469 controls of
French Caucasian ancestry. In the same
study, the rs10744676 was further gen-
otyped in an independent replication
sample (938 SSc patients and 564 con-
trols) of German and Italian Caucasian
ancestry, as well as in a cohort of 168
patients with different PAH subtypes
(85). The rs10744676 SNP showed
an association with SSc-PAH in the
French population, and this finding was
replicated in the second set. The other
KCNA5 SNPs tested were not associ-
ated with any SSc subset. In the inde-
pendent cohort of patients with differ-
ent PAH subtypes, only the rs10744676
SNP showed an association with SSc-
related PAH (85). This work suggests
that KCNAS gene may contribute to the
development of proliferative vasculop-
athy in SSc.

Vascular endothelial growth factor
(VEGF): VEGEF is an endothelial cell-
specific mitogen glycoprotein that pro-
motes angiogenesis. Previous studies
have implicated VEGF and VEGF re-
ceptors (VEGFRs) in the microvascu-
lar abnormalities and impaired angio-
genesis that characterise SSc (71). In a
multinational study involving European
Caucasian individuals, three functional
VEGF gene polymorphisms were stud-
ied (634 C/T, 936 C/G, and insertion/
deletion of 18 base pairs at -2549 posi-
tion in the promoter) (86). Moreover,
in another case-control study on 1,170
European Caucasian subjects, eight
SNPs covering the entire VEGFRI gene
and five SNPs in the VEGFR2 gene
were analysed (87). Neither VEGF nor
VEGFRI and VEGFR?2 polymorphisms
were significantly associated with sus-
ceptibility to SSc or with specific dis-
ease phenotypes (86, 87). However,
independent replication should be per-
formed to definitely roule out the pos-
sible influence of VEGF, VEGFRI and
VEGFR?2 genes in SSc phenotype.
Angiotensin-converting enzyme (ACE):
The renine angiotensin system (RAS)
is closely implicated in vascular dis-
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ease. ACE, a key enzyme in the RAS,
is encoded by the ACE gene, mapping
to the 17923 region. An insertion/dele-
tion (I/D) polymorphism in intron 16 of
the ACE gene correlates with high cir-
culating levels of ACE enzyme in the
general population. However, studies
of its possible role in SSc susceptibil-
ity produced conflicting results: an as-
sociation between the D allele of ACE
I/D and SSc was firstly detected in an
Italian cohort (88), but this finding was
not replicated in North American (89),
Greek (90), Korean (91) and French
populations (92). These discrepan-
cies may be explained by low statisti-
cal power or population stratification
because of the heterogeneous genetic

background.

Endothelial nitric oxide synthase
(eNOS/NOS3) and inducible NOS
(iNOS/NOS2): Endothelium derived

nitric oxide (NO) plays a key role in
the regulation of vascular tone and has
vasoprotective effects by scavenging
superoxide radicals and suppressing
platelet aggregation, leucocyte adhe-
sion and smooth muscle cell prolifera-
tion. The relative underproduction of
the vasodilator NO, by eNOS, could
contribute to the vascular damage typi-
cal of SSc. In an Italian cohort of SSc
patients, the eNOS 894G>T polymor-
phism was more common in patients
than in controls (88). In a successive
study, the same group showed a role of
eNOS -786T>C and 894G>T polymor-
phisms in influencing the hemorheo-
logic behavior in SSc (93). Subsequent
studies failed to confirm the association
between eNOS 894G>T polymorphism
and SSc (89, 94). In a recent Turkish
study, three eNOS gene polymorphisms
(tandem 27-bp repeats (VNTR) in in-
tron 4, -786T>C in promoter region and
894G>T in exon 7) were investigated
(95). Genotype distribution was signifi-
cantly different between SSc patients
and controls for intron 4aa (alleles for
four repeats), genotype frequency be-
ing 3.4% and 17.1%, respectively. The
-786CC genotype of the promoter was
significantly higher in frequency in
the SSc patients (16.9%) compared to
controls (7.3%) (95). Another study
investigated two SNPs in the promoter
region (-1,026 and -277) and a pen-
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tanucleotide repeat (CCTTT) at -2.5
kilobases of the NOS2 gene (96). The
-1,026 and -277 SNPs were found to
be associated with SSc-related PAH.
The CCTTT repeat was significantly
shorter in SSc patients with PAH than
in those without PAH or healthy con-
trols. Functional studies demonstrated
that a short allele of the CCTTT repeat
determined a lower transcriptional ac-
tivity of NOS2 gene (96).

Endothelin (ET-1) and receptors: ET-1
plays a crucial role in vascular damage,
both directly through its potent vasocon-
strictive effect and indirectly through
the induction of genes implicated in
vascular dysfunction and inflammatory
response. ET-1 can also promote tissue
remodeling and fibrosis by induction of
fibroblast activation (97). The two en-
dothelin receptors, ETRA and ETRB,
belong to the superfamily of G pro-
tein-coupled receptors. Polymorphisms
within the genes encoding ET-1 (EDN/
at 6p24), and its receptors (EDNRA at
4q31, and EDNRB at 13q22) have been
analysed (97). No significant differenc-
es between the SSc group and control
subjects were observed for any of the
investigated polymorphisms. However,
the presence of anti-RNA polymerase
autoantibodies was associated with the
EDNRA +69 C/T and +105 A/G SNPs
in exon 6, while EDNRB -2446 C/A
(exon 3), +2841 G/A (exon 2), and -
2547 A/G (exon 3) SNPs were associ-
ated with dcSSc (97). These findings
and their functional significance need
to be confirmed and investigated in fu-
ture studies.

Fibrinogen: Fibrinogen is a key protein
involved in blood clotting. It increases
blood viscosity, erythrocyte aggrega-
tion, vasoreactivity and endothelial
permeability, thereby promoting intra-
vascular and parietal thrombosis in in-
dividuals with an underlying vascular
injury, as occurs in SSc patients. The
-455G>A polymorphism in the proxi-
mal promoter region of the f-fibrino-
gen gene has been reported to be an
independent risk factor for thrombosis
in both homo-(AA) and heterozygosity
(GA) and to increase plasma fibrinogen
levels (98). A preliminary study per-
formed on 47 Italian SSc patients and
66 controls showed that the S-fibrino-

gen -455A allele was more frequent in
SSc patients with digital lesions (pit-
ting scars/ulcers) than in those with un-
complicated Raynaud’s phenomenon
(13/17 vs. 6/30) (OR=13.000; 95% CI
[3.098-54.557]; p=0.0002). Moreover,
SSc patients carrying the 3-fibrinogen
-455GA genotype showed an increase
in fibrinogen plasma levels (98). These
preliminary data suggest an association
between the f-fibrinogen -455A allele
and peripheral vascular damage in SSc
patients, and need to be extended and
replicated in larger studies.

Conclusions and future perspectives

To date, most of the studies that have
provided evidence for the contribu-
tion of various genes or gene regions
to SSc pathogenesis are based on a
candidate gene approach, on the ba-
sis of a shared autoimmune genetic
background with other autoimmune
diseases, notably SLE. Recently, the
availability of GWAS, which makes it
possible to screen SNPs across the en-
tire genome without previous knowl-
edge of candidate regions or genes, has
yielded a wealth of new genetic sus-
ceptibility loci leading to the identifica-
tion of new pathogenetic mechanisms
of complex genetic disorders, includ-
ing SSc. Collectively, a major role of
autoimmunity in SSc pathogenesis is
supported by the recent identification
of multiple genetic markers related to
the innate and adaptive immune regula-
tion, such as HLA class II gene region,
STAT4, IRF5, BANKI, BLK, TNFSF4
and CD247 genes, which have been
firmly established as SSc susceptibility
genes through replication in independ-
ent studies. Recent meta-analytic stud-
ies have also proved to be useful tools
in solving previously reported con-
flicting data on the association of im-
mune genes with specific clinical and
immunological subsets of the disease.
Moreover, increasing evidence sug-
gests that multiple immune genes may
show an additive effect on SSc suscep-
tibility and phenotypes. However, SSc
is an heterogeneous disease likely regu-
lated by complex mechanisms that are
mostly unknown, but probably unique,
and that involve a cross-talk among im-
mune, vascular and fibrotic pathways.
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Controversial results have been report-
ed for genes involved in the develop-
ment of fibrosis and vascular disease.
However, those studies were often lim-
ited by small sample sizes and clinical
heterogeneity of patients. Therefore,
larger studies based on a candidate gene
or GWAS approach, will be necessary
to clarify the role of genes involved in
vascular and fibrotic pathways in SSc
genetic susceptibility. Future studies
should also investigate whether gene-
gene interactions between multiple
common immune, vascular and fibrotic
risk variants, as well as gene-environ-
mental interactions, may influence the
susceptibility to SSc and its clinical
manifestations. Finally, postgenomic
functional studies are now required to
unravel the exact cellular and molecu-
lar mechanisms by which the multiple
risk genetic components to date identi-
fied may participate in the pathogenesis
of SSc.
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