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Genetics in systemic lupus erythematosus: entering the borough
of cardiovascular risk
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“You take delight not in a city’s seven or seventy-seven wonders,
but in the answer that it gives to a question of yours.”—Italo
Calvino, Invisible Cities, 1972.
Systemic lupus erythematosus (SLE) is a multi-organ
autoimmune disease characterised by protean clinical
manifestations due a constellation of pathogenic events with
variable weight among different patients and in the same
patient among different stages of the disease. Cardiovascular
disease (CVD) constitutes a major cause of morbidity and
mortality in patients with SLE and its prevalence is higher
in SLE compared to the general population and even to
other inflammatory diseases (1,2). Multiple pathogenic
mechanisms are thought to underlie the development of
vessel injury and ischaemia and include antiphospholipid
antibodies (aPL), acquired dysfunction of the coagulation
cascade, accelerated atherosclerosis and aberrant
interactions among the vessel walls and circulating immune
players such as platelets and leukocytes (3,4). Nonetheless,
the question what are the inflammation-specific drivers
prompting the divergence of SLE ischaemic risk trajectories
from those estimated by conventional cardiovascular risk
factors remains largely unanswered (5,6).
During the last decades, genetic studies had a major
role in the identification of crucial mechanisms accounting
for innate and adaptive immune derangement in SLE.
In particular, genome-wide association studies (GWAS)
revealed a strong association of multiple polymorphisms in
key genes for interferon-α (IFNα) antiviral-like responses,
antigen recognition and presentation, co-stimulation as
well as B- and T-cell activation with the development of
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SLE (7,8). Nonetheless, the hereditary factors involved in
the development of specific SLE manifestations have only
recently begun to be defined and explored and stand as
borderless boroughs of a larger city within the perimeter
of general SLE susceptibility (9-11). Research in this field
promises to define the mechanistic bases for prognostic
profiling of patients with SLE and for individualised
treatment choices. In particular, the identification of
possible genetic factors accounting for the disproportionate
inflammation-related cardiovascular risk in SLE might have
a major impact on patients’ quality of life and long-term
survival (6).
A large multicentre study has recently ventured into this
complex setting by assessing possible associations among a
large array of single nucleotide polymorphisms (SNPs) and
cardiovascular outcomes such as myocardial infarction (MI)/
angina and transient ischaemic attack (TIA)/stroke (12).
Leonard et al. identified three sets of SNPs segregating with
ischaemic events and found functional correlates of potential
cardiovascular relevance for two of them. In particular,
three SNPs in the interleukin 19 (IL19) gene correlated
with a composite MI/stroke outcome, whereas three SNPs
in the signal recognition particle 54 - antisense 1 (SRP54AS1) locus were associated with stroke/TIA. Interestingly,
when patients with SLE were compared to the general
population: (I) none of these SNPs associated with SLE as
a general category, (II) no associations were found between
these SNPs and CVD in the general population (12). These
data suggest that the potential contribution of specific
genetic variants to CVD in SLE and other autoimmune
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diseases (13-17) might be related to unique inflammatory
events that are not part of the stereotyped cascade of
alterations to vessel integrity and haemostasis characterising
atherosclerosis and thrombophilia in the general population.
Furthermore, these events seem not to coincide with
mechanisms sustaining systemic inflammation. Consistently,
the authors also showed that, at least for IL19 SNPs, an
association with CVD was also observable in patients
with rheumatoid arthritis, another immune-mediated
disease characterised by increased ischaemic risk (12).
Although SLE exploratory and validation cohorts were
quite non-homogeneous and data regarding ischaemic
outcomes were not available from a non-negligible fraction
of patients, analysis of a large number of patients and
controls constitute one of the major strength of the work
by Leonard et al. By combining epidemiological data
with functional evidence from gene expression profile,
SLE biomarkers and predicted transcriptome from
bioinformatics, the authors also constructed a model in
which both IL19 and SRP54-AS1 risk alleles would affect
IFNα-responses promoting aPL development, generalised
lymphocyte and macrophage activation and possibly vessel
injury (Figure 1). IFNα has a major role in the pathogenesis
of SLE and has been associated to endothelial dysfunction
and release of proinflammatory microparticles (18).
Defective binding of IFNα-dependent transcription factors
such as signal transducer and activator of transcription 1
(STAT1) to SRP54-AS1 and of Ikaros family zinc finger 3
(IKZF3, also known as Aiolos) to IL19 sequence has been
postulated to affect the expression of neighbouring genes
with potential downstream effects on local vascular and
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systemic inflammation. SRP54-AS1 affects the expression
of FAM177A1 gene at the level of the arterial vessels and
might contribute to vascular inflammation. However, the
exact function of FAM177A1 gene is unknown. In a similar
way, alterations of IL19 sequence and its interactions with
transcription factors are thought to facilitate IL10 release,
which, in turn, would have an enhancing effect on B-cellmediated responses including autoantibody production.
Consistently, patients bearing the IL19 risk allele had
higher levels of plasma IL10 and aPL (12). In addition, the
regulatory role of interferon regulatory factor 8 (IRF8),
another potential determinant of CVD in SLE on genetic
bases (13), towards IKZF3, further supports the relevance
of the IFNα→IL19 gene→IL10 axis in conferring increased
cardiovascular risk to patients with SLE (Figure 1). In
summary, thanks to the combination of gene association
analysis and functional evidence, Leonard et al. not only
added another item to the map of genetic susceptibility
to SLE and its subphenotypes, but also consistently
contributed to address the question what are the specific
inflammatory mechanisms linking SLE to CVD.
The two identified signalling pathway might thus become
interesting future targets for therapeutic intervention.
Notably, consistent with the evidence that only 10–15%
of SLE-associated loci are located within protein-coding
regions (8), IL19 and SRP54-AS1 SNPs did not affect
protein translation, but only modulated the expression of
other genes. Consequently, novel treatment approaches
aiming at fine-modulating the complex interactions between
key inflammation-related genes and their transcription
regulators are warranted (19).
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Figure 1 Potential genetic determinants of cardiovascular risk in SLE. The picture summarises some of the main potential pathways under
genetic control and potentially involved in cardiovascular risk in patients with SLE. Genes marked with (^) have been showed to be involved
in general SLE susceptibility. For genes marked with (*), evidence has been provided for a potential specific involvement in cardiovascular
risk in patients with SLE. Polymorphisms in genes involved in antigen recognition (such as mannose-binding lectin, MBL, or C-reactive
protein, CRP) and presentation (human leukocyte antigen, HLA) constitute examples of this latter category and might be pathogenic
by affecting macrophage (Mϕ) and dendritic cell (DC) function. Several mechanisms of potential vascular pathogenic significance have
been linked to IFNα pathways. IFNα has previously been linked to endothelial dysfunction and enhanced release of pro-inflammatory
microparticles (EMP). The STAT4 pathway downstream IFNα-receptor plays a crucial role in T-helper 1 cell function and promotion
of Mϕ activation through IFNγ. Recent evidence suggests an association between polymorphisms in the SRP54-AS1 gene and ischaemic
events in patients with SLE. Impaired regulatory response to IFNα due to defective binding of STAT1 to SRP54-AS1 sequence has been
proposed as a potential mechanism accounting for the observed phenotype-genotype association. SRP54-AS1 might have a regulatory role in
multiple cell lines including B and T cells and Mϕs. In addition, its defective activation in vessels affects the expression of the neighbour gene
FAM177A1, which could contribute to vascular inflammation. Impaired binding of transcription factors might also be the key mechanism
for the pathogenicity of some novel SNPs in the IL19 gene. IL19 sequence regulation is thought to affect IL10 expression and ultimately B
cell activation, proliferation and production of autoantibodies including anti-phospholipid antibodies (aPL). Among potential transcription
factors binding to IL19 sequence, IKZF3 is of particular interest due to its known association with SLE and its functional place downstream
IFNα and IRF8, the latter being another recently described locus for potential cardiovascular susceptibility in patients with SLE. aPL, antiphospholipid antibodies; B, B-lymphocyte; CRP, C-reactive protein; DC, dendritic cell; EMP, endothelium-derived microparticles; HLA,
human leukocyte antigen; IFNα, interferon α; IFNαR, interferon α receptor; IFNγ, interferon γ; IFNγR, interferon γ receptor; IKZF3,
Ikaros family zinc finger 3; IL, interleukin; IRF8, interferon-regulatory factor 8; MBL, mannose-binding lectin; Mϕ, macrophage; SRP54AS1, signal recognition particle 54 - antisense 1; STAT 1,4, signal transducer and activator of transcription 1,4; T, T-lymphocyte.
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