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Editorial on the Research Topic

Systemic lupus erythematosus - predisposition factors, pathogenesis,
diagnosis, treatment and disease models

Systemic Lupus Erythematosus (SLE) is a systemic autoimmune disease affecting
multiple organs characterized by a complex interplay of immune cells, factors and
pathways resulting in various clinical manifestations. SLE pathogenesis includes a
compromised clearance of nucleic acids, increased type I interferon (IFN) response,
dysregulated B cell tolerance causing an increased autoantibody synthesis, immune
complex formation and deposition, resulting in multi-organ damage. Several
susceptibility loci including HLA and non-HLA genes contribute to lupus
development and novel loci are being reported continuously from different regions (1).
Genetic and environmental factors as well as stochastic events are involved in the disease
initiation and perpetuation. In this collection, using genome-wide association study in
Han Chinese population, Song et al., identified a most significant associating SNP
rs12606116 (18p11.32) and involvement of TGF-f in lupus nephritis, one of the common
and serious complications of SLE. In the genetically susceptible individuals, some viruses
(Epstein-Barr virus (EBV), parvovirus B19, and human endogenous retroviruses) may
play the role of environmental triggers contributing to lupus pathogenesis. Laurynenka
et al. have identified high prevalence of anti-EBNA1 heteroantibodies in SLE patients,
which reconfirmed the association between EBV infection and SLE development.

Complexity in the clinical features of SLE indicates presence of several subsets of SLE,
with an underlying unique combination of disease pathways, genes and environmental
factors. However, treatment is broadly based on NSAIDs, corticosteroids, antimalarial
drugs, immunosuppressants and biologics. Surprisingly, only two new therapies were
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approved over the last decade. Therefore, it is essential to
understand the basic mechanisms of disease development to
focus on developing specific treatments directed toward different
subsets of SLE. So, we initiated a collection of articles to
summarize research findings, which could form a basis for
further exploring genetic and environmental factors of SLE,
new diagnostic procedures, pathogeneic mechanisms and
treatment modalities. Twenty original and review articles
together were published in this collection highlighting a wide
range of topics in lupus research.

The pathogenesis of SLE is closely related to a
hyperactivation of different immune cells, like T-, B- cells and
monocytes with abnormally methylated differentially expressed
genes (2). Presence of autoreactive T cells in both human and
murine SLE, indicates an imbalance between pathogenic and
regulatory T cells. Although most studies related to T cell
balance focused on CD4"FoxP3"'T cells (CD4"Tregs), recently
a non-redundant role of CD8" Tregs (CD44"CD122"Ly49") was
highlighted in regulating lupus-like disease facilitated by the
transcription factor Helios, a zinc finger protein and member of
the Ikaros family. For self-tolerance and prevention of SLE-like
disease, inhibition of Ty cells by CD8" Tregs was found to be
essential (3). Paris-Murfioz et al. have found down regulation of
Helios expression in CD8" Tregs during lupus progression
in mice.

B cells, on the other hand, have a crucial contribution to the
disease development by not only secreting antibodies targeted to
nuclear antigens but also in antibody-independent mechanisms
including antigen presentation, regulation of other immune cell
functions and synthesis of various cytokines. In general, B cells
are subclassified into different subsets: B1, B2, marginal zone
(MZ) B cells and B-regs. B2 cells (follicular B cells) produce
specific, high-affinity antibodies against foreign antigens by
cooperating with T cells in the germinal centers (GCs) and
involved in immunological memory. Whereas MZ B cells secrete
IgM antibodies and the self-renewing B1 cells produce germline
encoded “natural antibodies” mainly of low affinity, multi-
reactive IgM isotype, as part of the innate immunity, which
are important in anti-microbial immunity and house-keeping
roles such as clearing apoptotic, and necrotic cells. Autoantigens
released because of the defects in cell death pathways like
apoptosis and NETosis could be presented by follicular
dendritic cells to autoreactive B cells in GCs resulting in loss
of self-tolerance causing production of autoantibodies, immune
complexes, and pro-inflammatory cytokines leading to
inflammation and tissue damage in SLE (4). In their review,
Zhou et al. have focused on the contribution of Bl cells to
SLE pathogenesis.

In the immune cells of SLE patients and lupus animals, an
abnormal expression of tyrosine kinases was observed. Based on
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structure, tyrosine kinases are classified either as receptor or as
non-receptor kinases. The expression level of Src family of non-
receptor protein tyrosine kinases, forms an important
determinant of immune tolerance. Among them, Lyn has a
regulatory role in the signaling pathways within B cells as well as
other hematopoietic cells. Lyn initiated negative signaling is
crucial in B cell activation and Lyn deficient mice developed
SLE-like disease with plasma cell hyperplasia (5). CD11b, the o-
chain of integrin receptor CD11b/CD18 (aMf2, Mac-1), is
highly expressed on the surface of innate immune cells.
Genetic variants in the human ITGAM gene encoding this
CD11b protein are strongly associated with SLE (6).
Gottschalk et al. have reported deficiency in CD11b
accelerated nephritis in Lyn deficient mice suggesting a
protective role of CD11b in lupus inflammation.

Bruton’s tyrosine kinase (Btk) belongs to the Tec family of
tyrosine kinases, which modulates development, selection,
activation and survival of B cells (7), apart from regulating
signaling in myeloid cells. Transgenic mice overexpressing Btk
in B cells spontaneously develop SLE-like autoimmune
pathology (8). Du et al. have studied the therapeutic effect of a
Btk inhibitor (BTKB66) using four models of end-organ
inflammation. Interestingly in another study, Schall et al. have
convincingly demonstrated a synthetic peptide (P140) binding
to HSPA8/HSC70 chaperone protein has the capacity to clear
most of the hyper-activated T and B cells in lupus mice, and thus
provide a new and promising therapeutic candidate for
clinical application.

Autoantibodies secreted by long-lived plasma cells is one of
the distinct features of SLE. Also, an association between SLE
and type I interferon regulated genes is well known (9). In this
context, Akita et al. characterized the plasmablasts
(CD38"CD43" B cells) from SLE patients and found an
increased expression of type I IFN-stimulated genes, in
addition to cell cycle-related genes associated with the
transcriptional factor, FOXMI1, a regulator for cell
proliferation and survival. The authors suggested FOXM1
inhibitor may have more anti-proliferative and cytotoxic
effects on lupus associated plasmablasts. Autoantibodies either
individually or as a part of immune complexes activate the
immune system by cross-linking the Fc part of IgG (FcyR)
expressed on the immune cells and initiating the activation of
complement cascade (10). In the distal region on chromosome 1,
genes of four activating FcyRs (CD64, CD16A, CD16B, and
CD32A) are clustered and associated with susceptibility to
autoimmune diseases like lupus (11) and arthritis (12) in
humans. Similarly, in mice the FcyR genes (II, -III, and -IV)
associated with lupus-like disease are present in a clustered
region orthologous with SLE associated genomic intervals in
humans, whereas the activating receptor FcyRI is located on
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another chromosome because of a translocation during
evolution. CD64 (FcyRI) is the only known high-affinity FcyR
for IgG with a restricted isotype specificity. Jiang et al. have
observed an improvement in lupus-serum induced skin
inflammation in CD64 deficient mice suggesting CD64 might
be used as a possible biomarker for monitoring SLE
development. In both mice and humans, the activating FcyRs
are counterbalanced by one inhibitory receptor FcyRIIb
(CD32B) with an immunoreceptor tyrosine-based inhibition
motif (ITIM) within its cytoplasmic domain. Parallel binding
of FcyRIIb and the immunoreceptor tyrosine-based activation
motif (ITAM) containing B cell receptor forms a negative
feedback mechanism controlling antibody synthesis (13).
Hyperactivated immune responses in FcyRIIb deficient mice, a
lupus mouse model with an inhibitory-signaling defect, can
become exhausted with sequential lipopolysaccharide (LPS)
stimulation and thus possibly associated with a more severe
sepsis, due partly to macrophage dysfunction (14). In their
article, Jaroonwitchawan et al. have identified disruption of
lipid metabolism in macrophages as a factor for severe
endotoxin tolerance in the FcyRIIb-deficient lupus mice. Qiu
et al. in their review addressed the role of organ-deposited IgG in
causing multi-organ and tissue damage, and the importance of
targeting IgG/FcyR signaling pathway in lupus.

Sphingolipids constitute a family of lipids, including
sphingosine, ceramide, sphingosine-1-phosphate and
ceramide-1-phosphate, which modulate various cell biological
processes like growth regulation, cell migration, adhesion,
apoptosis, senescence and inflammatory responses (15).
Harden and Hammad, have discussed the advances made in
sphingolipidomics as a diagnostic/prognostic tool for SLE and its
co-morbidities. Using an integrated multi-omics approach,
Huang et al. have reemphasized the role of dysregulated lipid
metabolism, especially sphingolipid metabolism in contributing
to SLE disease activity.

Immunomodulatory effects of diet and nutrients in SLE were
discussed earlier (16). Among the fat-soluble vitamins,
contribution of vitamin A and D in modulating SLE is well-
recognized. All-trans retinoic acid (ATRA) is a bioactive lipid
derived from vitamin A, which by interacting to its cognate
nuclear receptors like retinoic acid receptor (RAR) and retinoid
X receptor (RXR), functions as a regulator of gene transcription
affecting the cell growth, differentiation, and apoptosis. ATRA is
used to treat various forms of cancer. Although water
insolubility, toxicity and bioavailability properties precludes its
wider use, attempts are being made to reduce its undesirable
properties by incorporating into liposomal formulations or
nanodisks (17). Abdelhamid et al. have observed ATRA to
differentially modulate lupus-associated kidney inflammation
depending on the time of administration. Earlier reports from
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that group demonstrated ATRA supplementation exacerbated
pre-existing autoimmunity in lupus affecting non-renal tissues
like skin, lungs and brain. Taken together, ATRA effect on lupus
seems to be dependent on specific phase of the disease and
requires more studies using clinical samples. A significant
environmental risk factor for SLE is vitamin D deficiency
because it has a prominent role as an immune modulator and
implicated in lupus pathophysiology (18). Vitamin D acts by
regulating the genes and epigenome, through the active
metabolite 1,25(0OH),D; (calcitriol) binding to its receptor
expressed by many immune cells. Kraemer et al. explored how
low vitamin D intake promoted lupus pathology in lupus prone
NZB/W F1 mice.

Several essential trace elements like iron, copper, zinc and
selenium are required for the differentiation, activation and
functioning of the immune cells, including T cells.
Interestingly, conventional and regulatory T cells differ in their
metabolism and show differential response to same stimulus.
Earlier studies have shown that iron can direct CD4" T-cells into
a proinflammatory phenotype but Treg cells are resistant to iron
deprivation. Pristane (2,6,10,14-tetramethylpentadecane) is a
C19 isoalkane used as an inflammation inducing agent causing
lupus, arthritis, and myeloma development in several rodents
and pristane-induced lupus (PIL) is used as a classical animal
model of SLE. Gao et al. have used PIL to study how Iron
insufficiency promoted expansion of Treg cells by reducing ROS
production and improved the clinical disease.

In chronic SLE patients, atherosclerosis and subsequent
tissue damage can also be observed. Xing et al. have built an
atherosclerotic risk prediction model in SLE patients that could
be useful for clinicians. Tumurkhuu et al. investigated neutrophil
contribution to endoplasmic reticulum (ER) stress in lung
epithelial cells in the pristane induced diffuse alveolar
hemorrhage, a rare complication of SLE. They have analyzed
how ER stress can drive the pathology of pulmonary hemorrhage
and neutrophils contribution in this process.

Exosomes are nano-sized vesicles released by cells under
physiological and pathological conditions. They contain
nucleic acids, proteins, lipids and metabolites. MicroRNAs
(miRNAs) are short, regulatory, non-coding RNAs that act as
regulators of gene expression and used in the diagnosis and
treatment of various diseases. Importantly, most miRNAs in
serum were found to be deposited in exosomes (19). The
miR-451a is a cell metabolism-related miRNA, which was
reported to have diagnostic value in certain cancers.
Interestingly, Tan et al. demonstrated a correlation between
downregulated serum exosomal miR-451a expression and SLE
disease activity, renal damage as well as lymphocyte
communication. In identifying active renal disease in SLE
patients, Soliman et al. found urine:serum fractional
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excretion ratios are better than the corresponding urinary
biomarker proteins.

Thus, this article collection was intended to highlight the
substantial contributions published in this field with an aim to
motivate researchers to do further advanced research leading to
new findings and drug development that could ultimately
alleviate the sufferings of lupus patients.
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