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Abstract
Systemic lupus erythematosus (SLE) is an autoimmune multi-organ disorder that presents itself in a thousand ways. Its clinical
course is extremely unpredictable, which makes diagnosis and treatment a challenge for clinicians. It appears that the clinical
course of SLE is determined by genetic material in combination with environmental factors. In this article, we review recent
findings on the pathogenesis of SLE from the perspective of genetics, focusing on defects in the clearance of apoptotic bodies and
immune complexes, on alterations in the innate immune system response, and on impaired pathways in the adaptive immune
system. Furthermore, the major histocompatibility complex (MHC) and non-MHC genes discovered during genome-wide
association studies (GWASs) in SLE patients are also evaluated. In addition, the effect of these polymorphisms on the function
of their related transcripts and their association with the clinical manifestations of SLE and its pathophysiology are explained.
Finally, the association of genetic polymorphisms with clinical responses to commonmedications used in the treatment of SLE is
also discussed.
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Introduction

Systemic lupus erythematosus (SLE) is known in medicine as
Bthe great imposter^ because of its extremely diverse clinical
presentations (Cojocaru et al. 2011). On the one hand, it can
present as a butterfly, with mild cutaneous or articular involve-
ments, in which the patients do not need medical attention,
and the complication is controlled easily by a short period of
low-dose steroids. On the other hand, in a postpartum mother,
it can manifest as a werewolf, ending in the failure of almost
all her organs in less than a week, and in death in approxi-
mately half of the patients, in spite of treatment with the multi-
drug regimens of immunosuppressive medications and high-
dose steroids (Bucciarelli et al. 2006). SLE is unique among
other autoimmune disorders, because as well as having an
unpredictable clinical course, it can directly affect any organ.

Over the past several years, considerable progress has been
made in understanding the pathophysiology of SLE
(Fathollahi et al. 2018; Foma et al. 2017), but there is still little
evidence that can link the pathophysiology to the clinical
course of the disease. Therefore, we cannot continue to use
these immunological data to treat our patients. In general,
epigenetics and certain miscellaneous environmental factors
can expose certain nuclear autoantigens to the immune sys-
tem, and the subsequent production of autoantibodies can de-
velop into tissue damage in SLE patients (Aslani et al. 2016;
Tsokos et al. 2016; Xiao and Zuo 2016). In most cases, the
anti-nuclear antibodies (ANA) are identified years before the
diagnosis of SLE, but confusingly, multiple cases have been
reported with negative ANA and fulfilling the clinical presen-
tation known as seronegative SLE (Ozdemir et al. 2005;
Simmons et al. 2015).

According to a recent systematic review of epidemiologic
studies, the incidence of SLE has been reported to be between
0.3 and 23.2 in 100,000 person-years (Rees et al. 2017). The
highest estimate of SLE prevalence was 241 subjects per
100,000 population in North America, and the lowest was 0/
847 in Northern Australia. Individuals of black ethnicity had
the highest incidence and prevalence of SLE, followed by
Asian and white persons (Lim et al. 2014). Differences in
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the prevalence of SLE among the different ethnicities support
the crucial role of genetics in this disease. In line with this, a
high prevalence of SLE among the siblings of affected indi-
viduals and monozygotic twins further supports this issue
(Aslani et al. 2018). According to a population-based study
among 23 million participants in Taiwan, the relative risk for
SLE was 315.94 for twins and 23.68 for siblings of SLE
patients (Kuo et al. 2015). Genetics, in addition to its role in
susceptibility to SLE, also seems to be involved in the clinical
course of the disease. Furthermore, Black, East Asian, South
Asian, and Hispanic SLE patients appear to experience a more
severe form of the disease and more rapidly develop irrevers-
ible damage to the involved organs (Lewis and Jawad 2017).
In general, it appears that genetic factors not only influence the
development of SLE but also affect the course of its clinical
progression (Akhtari et al. 2016; Ebrahymian et al. 2018;
Mahmoudi et al. 2015, 2017, 2018; Salmaninejad et al.
2017; Tahmasebi et al. 2013).

In this review article, we focus on exploring the influence
of genetics on different aspects of SLE pathogenesis. In addi-
tion, more attention is given to the genetic polymorphisms of
major histocompatibility complex (MHC) genes and certain
other non-MHC genes, which have been identified during
genome-wide association studies (GWASs) and by the whole
exome sequencing of the familial SLE cases (Delgado-Vega
et al. 2018). We also discuss the genetic polymorphisms and
subsequent functional alteration of the proteins that might be
related to the disease pathogenesis. Finally, the association of
genetic variations with the treatment response to different
commonmedications is also explained and shows the possible
future link between these genetic findings and SLE treatment.

Pathogenesis of SLE

We have progressed considerably over the past several years
in identifying the pathophysiology of SLE, but many ques-
tions about this mysterious disorder remain unanswered. It has
been suggested that SLE is provoked by the recognition of
nuclear antigens by the immune system. Several environmen-
tal factors like ultraviolet (UV) light, toxins, and infections
lead to cellular apoptosis and impairment in the clearance of
apoptotic bodies, causing their recognition by both the innate
and the adaptive immune systems (Tsokos et al. 2016). The
autoantibodies produced against these nuclear antigens result
in the construction of immune complexes (IC), and a defective
IC clearance mechanism in SLE patients eventuates in a de-
position of the IC on susceptible organs, such as the glomer-
ulus. The interaction of the immune cells with these ICs results
in the appearance of clinical manifestations in an SLE patient
and in further tissue damage.

It has been said that uncleared apoptotic bodies can trigger
the next steps in SLE pathogenesis, and several important
mechanisms have been proposed that contribute to the

clearance of apoptotic bodies without eliciting an inflamma-
tory response. Tyro-3, Axl, and Mer (TAM) receptors are ty-
rosine kinases expressed on the surface of phagocytes, mac-
rophages, and immature natural killer (NK) cells, and they can
bind indirectly to the apoptotic cells (Jung 2015). Protein S
and Gas 6 are soluble proteins that connect the TAM receptors
to the phosphatidylserines on the outer layer of the lipid mem-
brane of apoptotic cells. Downstream activation of the TAM
receptors promotes the phagocytosis of apoptotic cells and
inhibits the signal transducer and activator of transcription 1
(STAT1) and the nuclear factor kappa-light-chain-enhancer of
the activated B cell (NF-κB) pathway. Mice lacking TAM
receptors have a severe lymphoproliferative disorder with
multiple autoantibodies, including the anti-double strand
DNA antibody (anti-dsDNA) and the anti-phospholipid anti-
body. Therefore, TAM knockout mice present SLE-like man-
ifestations, such as arthritis, vasculitis, and the deposition of
immunoglobulin G (IgG) on the glomeruli (Lu and Lemke
2001). Additionally, evidence suggests that genetic polymor-
phisms in the negative regulators of the NF-κB pathway have
been associated with SLE susceptibility (Liu et al. 2018). TNF
alpha induced protein 3 (TNFAIP3) gene rs2230926 polymor-
phism (G allele) has been associated with an increased risk of
SLE in Caucasians, Asians, and Africans, whereas TNFAIP3
interacting protein 1 (TNIP1) gene rs7708392 polymorphism
(C allele) is associated with an increased risk of SLE in
Caucasians and Africans (Liu et al. 2018).

In addition to the TAM receptors, several other proteins
also participate in the clearance pathway of the apoptotic de-
bris linked to SLE pathogenesis. Pentraxins, including C-
reactive protein (CRP) and serum amyloid P (SAP), are re-
leased from hepatocytes via stimulation by interleukin (IL)-6
(Jung 2015; Paul 1999). These proteins can bind to the nuclear
antigens of apoptotic bodies and decrease their immunogenic-
ity potential (Gershov et al. 2000). The association of several
single nucleotide polymorphisms (SNPs) with SLE suscepti-
bility has been reported in SLE families in the UK (Russell
et al. 2004). The study also reported that homozygote individ-
uals with the risk CRP4 allele had a lower serum CRP level,
which can explain the important role of CRP in the clearance
of apoptotic bodies. In addition, DNase I contributes to the
degradation of soluble chromatin released from apoptotic cells
and, consequently, diminishes its accessibility by the immune
system (Tsokos et al. 2016). Further evidence for the protec-
tive role of DNase I against autoimmunity has come from an
observation in which a loss-of-function variant in the
DNASE1L3 gene caused a familial form of SLE (Al-Mayouf
et al. 2011). Moreover, the diminished activity of
poly(ADPribose) polymerase 1 (PARP1), which contributes
to the apoptosis and repair of single-strand DNA (ssDNA)
breaks, was reported among SLE patients (Martens et al.
2007). Nonetheless, the association of PARP1 polymorphisms
with SLE susceptibility was not supported by the studies on
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patients of French Caucasian and African-American ethnici-
ties (Tan et al. 2001).

In addition to the previously mentioned mechanisms in-
volving the clearance of cellular debris, the complement sys-
tem is another key actor in the pathogenesis of SLE. Similarly,
a complement deficiency leads to disease development, since
the complement system participates in impaired autoantigen
clearance. The etiologic role of a complement deficiency is
more pronounced in pediatric SLE patients with a more ag-
gressive disease course (Afzali et al. 2018; Zoghi et al. 2018).
A recent study has reported that a homozygous deficiency of
the C4A isotype was identified as being the strongest risk
factor for SLE (P value = 7.7 × 10−3 and odds ratio = 5.329)
(Jüptner et al. 2018). It was also reported that a low C4 gene
copy number was associated with a more severe form of the
disease, requiring cyclophosphamide therapy.

Complement proteins like C1q act as opsonins that facili-
tate IC clearance by phagocytes via the Scavenger receptor
class F member 1 (SCARF1) without eliciting the inflamma-
tory pathways (Benoit et al. 2012; Ramirez-Ortiz et al. 2013).
Furthermore, the autoantigens opsonized by complement pro-
teins are presented physiologically to immature B cells and
contribute to the negative selection of autoreactive B cells
(Leffler and Bengtsson 2014). In addition to the initiatory
steps of disease development, the complement system can also
influence the perpetuation and progression of the disease. The
complement system components contribute to tissue damage
by raising a destructive immune hyper-response against an
organ in which IC deposits have been identified. However,
mutations in the complement inhibitors, such as complement
factor H, are also found in SLE patients (Zhao et al. 2011). In
general, it appears that genetic factors affecting the comple-
ment proteins play a critical role in SLE pathogenesis and the
progression of the disease (Douglas et al. 2009; Leffler and
Bengtsson, 2014; Martens et al. 2009). It is also worth men-
tioning that the complement system members, including C1q,
can significantly regulate CD8+ T cell metabolism and acti-
vation. It has recently been reported that C1q inhibits the
CD8+ T cell response to self-antigens by modulating their
mitochondrial metabolism (Ling et al. 2018). Moreover, a
C1q deficiency can lead to exaggerated CD8+Tcell responses
against viral infections and skew the immune system towards
autoimmunity (Ling et al. 2018). These findings have ushered
in a set of new questions regarding the role of environmental
factor translators in relation to the body’s autoimmunity.

The non-specific inflammatory response of the innate im-
mune system and the targeted autoreactive response of the
adaptive immune system might stem from the signaling of
toll-like receptors (TLRs) through recognizing uncleared ap-
optotic bodies and ICs (Tsokos et al. 2016; Wu and Tang
2015). Nuclear antigens are captured by plasmacytoid dendrit-
ic cells (pDC), resulting mainly in the triggered downstream
pathway of TLR7 and TLR9, which recognize the single-

strand RNA (ssRNA) and unmethylated CpG DNA, respec-
tively. This downstream pathway leads to interferon (IFN)-I
secretion by DCs, a key step in SLE pathogenesis.
Furthermore, TLRs can stimulate DCs to secrete the B cell-
activating factor (BAFF), and further activation of the
autoreactive B cells occurs, thereby linking the innate and
the adaptive immune system (Kim et al. 2009). Meta-
analyses suggest that TLR9 gene rs187084 polymorphism
may increase the risk of SLE in the Asian population, whereas
the other SNPs, including rs352139, rs352140, and
rs5743836, did not show any association either in the Asian
or the non-Asian population (Lee et al. 2016b; Wang et al.
2016). Moreover, the positive association of the TLR8 gene
rs3764879 SNP with SLE has been reported in the Caucasian
population. Additionally, the minor alleles of the TLR7 gene
rs179008 and rs3853839 SNPs seem to be protective for SLE
susceptibility in African and Asian patients, respectively (Lee
et al. 2016b). Furthermore, genetic polymorphisms of differ-
ent components of the downstream signaling TLR pathway
have also been associatedwith SLE susceptibility. Interleukin-
1R-associated kinases (IRAKs) are a family of serine/
threonine kinases that transduce the signaling pathway of
TLRs and the IL-1 receptors. It has been shown in a murine
lupus model that the inhibition of IRAK4 significantly dimin-
ished the downstream activation of TLR2, TLR4, TLR7, and
TLR9, with a significant effect on alleviation of the skin in-
flammation and on the steroid-sparing activity (Dudhgaonkar
et al. 2017).

The cytosolic counterparts of TLRs, which are the
membrane-bounded sensors of nuclear antigens, are cytosolic
nucleic acid sensors (CNAS). Similarly, the downstream path-
way of CNAS can also lead to IFN-I production in DCs but
with a lower amount in comparison to TLRs (Shrivastav and
Niewold 2013). In the same way, they can also contribute to
SLE pathogenesis by way of genetic variations that hypothet-
ically might influence the disease susceptibility and pheno-
type. A study was carried out on the genetic polymorphism
of themitochondrial antiviral-signaling protein (MAVS) gene,
which encodes retinoic acid-inducible gene 1 (RIG-I), one of
the key CNAS in SLE pathogenesis (Pothlichet et al. 2011). It
was reported that a loss-of-function variant in the MAVS
gene—rs11905552 (C79F)—was associated with both low
IFN-I production and the absence of anti-RNA-binding pro-
tein autoantibodies in the African-American population. In
contrast, evidence did not support the association of trans-
membrane protein 173 (TMEM173), another component of
the CNAS, with SLE susceptibility (Balada et al. 2016).

Defects in the above-mentioned pathways lead to an accu-
mulation of immunogenic mediators that can activate the in-
nate and adaptive immune system, which in turn causes tissue
damage and organ failure. DC is one of the leading members
of the immune system in sensing the lupogenic mediators that
can elicit non-specific inflammatory responses via cytokine
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secretion and that can also initiate a targeted immune response
by activating the adaptive immune system (Coutant 2016). It
has been reported that DCs have a central role in SLE patho-
genesis, and their number, composition, and function are al-
tered in SLE patients (Klarquist et al. 2016). For instance, it
has been reported that the migration of pDC to the injured
kidney is one of the main steps in the development of lupus
nephritis (LN). The chemokine gradients produced by the in-
jured glomeruli can induce the migration of pDC via the IL-18
receptor, C-X-C chemokine receptor type 4 (CXCR4), and C-
C chemokine receptor type 7 (CCR7) (Tucci et al. 2009).
CXCR4 has been reported to be overexpressed on pDC, but
evidence indicates that this overexpression is not due to a
genetic variation but, on the contrary, is a result of the up-
stream stimulation of inflammatory mediators (Wang et al.
2009). Additionally, DCs can spread the inflammatory re-
sponse by alerting members of the adaptive immune system
via co-stimulatory molecules that their gene polymorphisms
did not show any association with SLE susceptibility
(Matsushita et al. 2000).

Although attention in recent years has focused more on the
role of the innate immune system in SLE pathogenesis, the
participation of the adaptive immune system in SLE has been
known for some time. As discussed previously, one of the key
steps in the onset of SLE is the secretion of autoantibodies
from autoreactive B cells. One study reported the association
of an intronic rs34933034 polymorphism of the c-Src tyrosine
kinase (Csk) gene with SLE susceptibility (Manjarrez-Orduño
et al. 2012). In patients with the risk allele, a higher level of B
cell receptor (BCR)-mediated activation of B cells and a
higher concentration of serum IgM levels were reported. The
researchers also demonstrated an increased expansion rate of
late transitional B cells, which could reflect the impaired tol-
erance checkpoint in subjects carrying the risk allele. An
impairement of B cell tolerance can also occur by way of the
activating signals from autoreactive T cells. As an example,
activated antigen presenting cells (APCs) express the tumor
necrosis factor ligand superfamily member 4 (TNFSF4),
which binds to the tumor necrosis factor receptor superfamily
member 4 (TNFRSF4) on naïve T cells and, consequently,
these naïve cells are converted to follicular helper T (TFH)
cells (Tsokos et al. 2016). Afterwards, these TFH cells can also
activate autoreactive B cells in the lymphoid organ.
Interestingly, genetic analyses showed that the SLE suscepti-
bility alleles of the TNFSF4 gene were associated with an
increase in TNFSF4 expression, which can participate in the
overactivation of TFH cells (Cunninghame Graham et al.
2008). As well as contributing to the development of SLE,
TNFSF4 gene polymorphisms are associated significantly
with clinical and laboratory SLE phenotypes (Wang and Tu
2018). According to their logistic multivariate analysis, Wang
et al. indicated that the rs3810936 (CT+TT) and rs4979462
(CC) variations were associated with SLE susceptibility

(Wang and Tu 2018). Furthermore, the CC rs4979462 SNP
genotype was associated with a higher rate of ANA positivity,
supporting the probable role of TFH cells in the activation of
autoreactive B cells in SLE patients. In addition, the interac-
tion between TFH cells and B cells is further supported by co-
stimulatory factors like CD40 and CD40L. It has been report-
ed that the CD40 gene rs1883832 T allele was associated with
increased CD40 levels compared to the homozygous wild-
type genotype in Chinese SLE patients, supporting the influ-
ence of genetic polymorphism in T cell/B cell interaction (Wu
et al. 2016a). Furthermore, BAFF can also activate
autoreactive B cells, and its critical role is supported by the
promising effect of an anti-BAFF antibody (Belimumab) in
SLE treatment (Guerreiro Castro and Isenberg 2017).
Surprisingly, one group of researchers showed that the in-
creased serum BAFF level did not result from its genetic poly-
morphism located in the promoter region (Eilertsen et al.
2011).

The independent intrinsic hyperactivation of T cells was
also shown to be a contributing factor in SLE pathogenesis.
Protein tyrosine phosphatase non-receptor type 22 (PTPN22),
a negative regulator of T cell activation, may harbor certain
polymorphisms, such as rs2476601 (R620W), resulting in a
diminished inhibitory effect on Tcell hyperactivation and SLE
susceptibility (Chung and Criswell 2007). In addition, pro-
grammed death-1 (PD-1) is another crucial inhibitor of T cell
proliferation that diminishes the cytolytic functions of these
cells (Riley 2009). PD-1 is encoded by the programmed cell
death 1 (PDCD1) gene, and its PD1.3A/G polymorphismwas
strongly associated with SLE and LN susceptibility (Xiao
et al. 2016). The gene expression profile of T cells can also
be regulated differentially in SLE patients. Methyl-CpG-
binding protein 2 (MECP2) is a key transcriptional regulator
that can either activate or silence certain genes that are about to
be transcribed through the nucleolar transcriptional system
(Sawalha 2013). According to the reports,MECP2 gene poly-
morphisms, including rs1734787 and rs1734791, have been
associated with SLE susceptibility (Alesaeidi et al. 2015). It
seems that theMECP2 gene could further increase the expres-
sion of interferon-regulated genes in stimulated T cells of SLE
patients who harbor the MECP2 risk variant (Sawalha 2013).
The association of MHC polymorphisms with SLE suscepti-
bility is discussed further in a separate section.

MHC genes

Human leukocyte antigen (HLA) is involved in antigen pre-
senting processes to T cells. HLA molecules are mainly cate-
gorized into two main classes: class I is expressed non-
specifically on almost all of the cells and presents the cytosolic
antigens to the immune system, whereas class II is predomi-
nantly expressed on APCs. As discussed previously, the
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antigens—autoantigens in the case of SLE disease—are pre-
sented by APCs like DCs to CD4+ T cells, resulting in acti-
vation of the immune system. In general, structural variations
of the HLAs, affected primarily by their gene polymorphisms,
can influence the antigen processing pathway. Consequently,
HLA polymorphisms have been associated with different au-
toimmune diseases, including SLE. Genetic analyses mainly
support the association of HLA class II polymorphisms with
SLE pathogenesis (Relle and Schwarting 2012).

Ameta-analysis was performed on Latin American patients
to elucidate the association of HLA-DRB1 and HLA-DQB1
polymorphisms with disease susceptibility. Results showed
that the HLA-DRB1*0301 allele and HLA-DR3-DQ2 haplo-
types were associated with disease susceptibility, while the
HLA-DRB1*1101 allele had a protective effect (Castano-
Rodriguez et al. 2008). A positive association with SLE sus-
ceptibility was indicated for the HLA-DR2 and HLA-DR3
groups, whereas a negative association was reported for the
HLA-DR5 group. The results also demonstrated that the
aforementioned polymorphisms influence the protein se-
quence of the protein binding groove, which can consequently
affect the antigen presenting function of the HLAmolecule. A
second meta-analysis study gathered 25 case-control studies
and reported the association of the HLA-DR genotype with
SLE susceptibility and LN development (Niu and Zhang
2015). The results showed that the alleles HLA-DR4, DR11,
and DR14 had protective effects, while HLA-DR3, DR9, and
DR15 were potent risk factors for SLE susceptibility. In addi-
tion, HLA-DR4 and DR11 alleles were protective variations
for LN, whereas HLA-DR3 and DR15 alleles were associated
with renal involvement. Furthermore, another meta-analysis
of 3701 independent SLE cases and 12,110 independent con-
trols showed that HLA-DRB1*0301, HLA-DRB1*0801, and
HLA-DQA1*0102 were associated with SLE susceptibility in
Europeans (Morris et al. 2012).

The association of MHC gene polymorphisms with SLE
susceptibility was also discovered previously during a
GWAS. According to the study on Europeans, the association
of the following alleles with SLEwas reported: HLA-B*0801,
HLA-DQA1*0501, HLA-DQB1*0201, HLA-DRB1*0301,
HLA-DRB3*01, and HLA-DRB3*02. However, HLA-
DQB1*0301 seemed to have a protective role (Armstrong
et al. 2014). Moreover, the DR17 (broad antigen DR3) and
B8 antigens were associated with disease susceptibility, while
the DQ7 (broad antigen DQ3) had a protective effect. Another
study performed on individuals with Asian ancestry from the
Hong Kong Chinese population showed that the rs9271366
SNP, located between HLA-DRB1 and HLA-DQA1, in-
creased the risk of SLE by approximately twofold. However,
the rs9275328 SNP, located between HLA-DQB1 and HLA-
DQA2, had a protective effect (Yang et al. 2010).

A functional study was designed to evaluate the response
of mice with different HLA variations to the Smith D

autoantigen (Jiang et al. 2010). According to the results,
DR3 mice had the highest antibody response upon exposure
to the Smith D antigen, followed by DQ8, DQ*0604,
DQ*0601, and DR4 carriers. This finding was in line with
previous genetic studies, strongly implying the association
of HLA-DR3 with SLE susceptibility. Interestingly, the prob-
able protective role of HLA-DR4 in SLE pathogenesis had
also been reported (Niu et al. 2015).

The association ofMHC gene polymorphisms with clinical
manifestations of SLE has not been investigated in detail, but
the limited evidence indicates that these genetic variations can
also influence progression of the disease. A study on a
Chinese Han population showed that rs3077 and rs9277535
in the HLA-DP gene were associated with the risk of SLE
(Zhang et al. 2017). In addition, rs3077 polymorphism was
associated with cutaneous vasculitis as well as with serum IL-
17 and INF-γ levels, but rs9277535 polymorphism was not
associated with any cytokine or clinical manifestation.
Another study on Hungarian SLE patients showed that the
HLA-DRB1*03 and DRB1*07 alleles were associated with
LN, whereas HLA-DRB1*1501 appeared to be a protective
allele (Endreffy et al. 2003). Furthermore, HLA-DRB1*07
was positively associated with serositis, as well as with severe
renal and cardiorespiratory involvement, and seems to be as-
sociated with fatal manifestations. In addition, the HLA-
DRB1*04 and DRB1*1112 alleles were associated with resis-
tant leukopenia and discoid lupus erythematosus (DLE), re-
spectively. In another study performed on Arab SLE patients,
it was shown that the HLA-DRB1*10, DRB1*11, DQB1*03,
and DRB1*15 alleles were associated with hematologic, neu-
rologic, cutaneous, and renal involvements, respectively
(Wadi et al. 2014). Moreover, serositis was associated with
the HLA-DRB3 and DRB1*11 alleles. Among Portuguese
SLE patients, the HLA-DRB1*08 carriers faced a nearly four-
fold higher risk of neurologic involvements, and the HLA-
DRB1*03 allele was positively associated with LN
(Vasconcelos et al. 2009). Additionally, it has been reported
that the HLA-DRB1*01 allele had significant overexpression
in SLE patients with neurologic disorders (P value of 0.013
and odds ratio of 20.25) (Hachicha et al. 2018). In general, the
association of different MHC gene variations with SLE clini-
cal presentations has been reported nearly worldwide, but it
seems that these associations are extremely diverse among
populations.

Non-MHC genes

IRF5

Interferon regulatory factor 5 (IRF5) is one the most impor-
tant genes that has been widely investigated for its association
with SLE (Niewold et al. 2008; Shin et al. 2007; Sigurdsson
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et al. 2005; Siu et al. 2008). Since the increased blood levels of
IFN-α and its gene transcripts in the blood cells have been
associated with disease severity, the prominent role of the type
I interferon pathway in the pathogenesis of SLE is worth
reviewing (Baechler et al. 2003). The IRF5 gene codes a tran-
scription factor that induces the expression of IFN-related
proteins as well as type I interferons (Rönnblom and
Eloranta 2006). A study on the lupus murine model has indi-
cated that IRF5 plays a crucial role in IFN-α production,
which was induced by IgG from lupus patients (Yasuda
et al. 2007). It is necessary to stress the pathogenic role of
the IRF5 risk alleles, which are highly lineage-specific and
differ significantly among the different immune cell types
(Calise et al. 2018).

A study was made of IRF5 gene SNPs in four independent
SLE case-control cohorts (Graham et al. 2006b), and it was
reported that the T allele of the rs2004640 SNP generated a 5′
donor splice site in an alternate exon 1 of IRF5. The identified
IRF5 risk haplotype contributed to the expression of multiple
IRF5 isoforms, elevated IRF5 expression, and the increased
risk of SLE susceptibility (Graham et al. 2006b). Another
study identified multiple over-transmitted haplotypes that
might be responsible for the involvement of IRF5 in SLE
pathogenesis (Graham et al. 2006a). It was also proposed that
the A allele of rs10954213 might generate a polyadenylation
site, associated with the amplified expression of a transcript
variant that contained a shorter 3′-UTR (Graham et al. 2006a).
Another study identified a novel polymorphic insertion/
deletion region that consists of four repeats in the sixth exon
and that might define the pattern of expression of IRF5 iso-
forms (Kozyrev et al. 2012). Further case-control analyses
showed that IRF5 gene SNPs such as rs2070197 had a strong
association with SLE risk, especially in Latin American pop-
ulations (Reddy et al. 2007).

A few years later, a study was conducted on 3230 IRF5-
TNPO3 common variants in over 8000 cases of SLE and 7000
healthy controls of different ethnicities (Kottyan et al. 2014).
Four variants of the IRF5 gene highlighted a genetic associa-
tion in the promoter region. It was suggested that, in contrast
to previously known functional variants, rs4728142, which is
a SNP in the promoter region, could be associated with IRF5
gene expression by altering the binding of transcription factor
ZBTB3 (Kottyan et al. 2014). These findings still support the
hypothesis that risk variants of the IRF5 gene increase gene
expression. However, a more recent study suggests that vari-
ous functional SNPs contribute to the establishment of risk
haplotypes and have a cumulative effect on the risk of devel-
oping SLE (Raj et al. 2016).

STAT4

The signal transducer and activator of the transcription 4
(STAT4) gene was first proposed in 2007 to be associated with

rheumatoid arthritis and SLE, suggesting a shared pathway in
the pathogenesis of these diseases (Remmers et al. 2007).
Further studies confirmed the association of STAT4 and
SLE, suggesting that rs3821236, rs3024866, and rs7574865
SNPs were associated with high levels of STAT4 expression
(Abelson et al. 2009). Moreover, it was demonstrated that the
rs3024896 polymorphism on the 3′ end of the STAT4 genewas
also strongly associated with SLE. Due to the 25-kb distance
between STAT1 and STAT4, the researchers suggested that the
association between certain STAT1 SNPs and SLE might re-
flect linkage disequilibrium (LD) with STAT4 (Namjou et al.
2009). The STAT4 association with SLE has been replicated in
several populations (Mirkazemi et al. 2013; Piotrowski et al.
2012; Yang et al. 2009). A meta-analysis, involving 7381
patients and 11,431 controls, indicated an odds ratio of 1.65
for the minor T allele of the STAT4 gene rs7574865 SNP in
SLE. Subsequently, the major T allele of the STAT4 gene
rs7601754 polymorphism was proposed to be associated with
the risk of SLE (Yuan et al. 2010). Moreover, the STAT4 gene
rs7582694 CC and CG genotypes were associated with juve-
nile SLE in the Egyptian population (Nageeb et al. 2018).

Another study on patients of European descent suggested
that STAT4 polymorphisms might be associated with LN
(Chung et al. 2011), while another group examined the asso-
ciation of the STAT4 gene and LN in two Swedish cohorts via
a GWAS (Bolin et al. 2013). Four highly linked SNPs located
within the STAT4 gene were associated with LN. Additionally,
in a case-only meta-analysis, the STAT4 rs7582694 SNP was
associated with worse outcomes, involving severe renal com-
plications (Bolin et al. 2013). Moreover, it was shown that the
STAT4 susceptibility loci were strongly associated with the
presence of anti-dsDNA in patients with SLE (Chung et al.
2011). In line with these findings, the association of the STAT4
rs7582694 CC genotype with cutaneous manifestations, pro-
teinuria, ANA, and anti-dsDNA positivity was reported
among Egyptian juvenile onset SLE patients (Nageeb et al.
2018).

The role of STAT4 in autoimmune diseases was predomi-
nantly explained by its role in IL-12 signaling, which regulates
Th1 cells and influences the shape of the immune system
(Namjou et al. 2009). In fact, Th1-modified organisms that
are STAT4-deficient seem to be protected against certain au-
toimmune diseases in which Th1 cells have a prominent role
(Chitnis et al. 2001; Simpson et al. 1998). Studies on experi-
mental autoimmune encephalomyelitis (EAE) models showed
that a targeted deletion of the STAT4 gene resulted in resis-
tance to the induction of EAE (Chitnis et al. 2001). STAT4-
deficient mice were also resistant to the induction of myocar-
ditis and had a milder form of colitis (Afanasyeva et al. 2001;
Simpson et al. 1998). However, several studies indicated that
IFN-γ, as a proinflammatory cytokine, played a significant
role in the pathogenesis of many autoimmune diseases such
as SLE (Balomenos and Rumold 1998; Goropevšek and
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Holcar 2017). Nevertheless, IFN-γ-deficient animal models
are still susceptible to EAE, myocarditis, and colitis
(Afanasyeva et al. 2001; Ferber et al. 1996; Simpson et al.
1998). These results suggest that, although IFN-γ is a prom-
inent STAT4-induced cytokine, this transcription factor also
regulates the expression of other genes that participate in the
development of autoimmune diseases like SLE. Indeed, there
are other known cytokines, such as IL-23 and IFN-α, that can
potentially activate STAT4 (Kaplan 2005). These cytokines, in
addition to those that are still unknown, could verify the phe-
notype of STAT4-deficient mice. However, future studies on
animal models may shed light on the role of STAT4 and its
signaling pathway in the pathogenesis of SLE.

ITGAM

Polymorphisms of integrin alpha M (ITGAM), a non-MHC
gene, have been reported to have significant associations with
SLE. GWASs on female SLE patients of European descent
identified the minor alleles of rs1143678 and rs4548893
SNPs to be associated with disease susceptibility (Harley
et al. 2008). Furthermore, a logistic regression model showed
that rs9888739 made independent genetic contributions to a
1.7-fold higher genetic susceptibility to SLE. Moreover, a
study performed on a European-American population re-
vealed a strong association of the minor rs1143679 SNP allele
with SLE susceptibility, a finding that was also replicated in an
African-American and Gullah population (Nath et al. 2008).
In line with the previous study, the association of rs1143679
with disease susceptibility was shown in GWASs on an
Amerindian, Hong Kong, and Thai population (Alarcon-
Riquelme et al. 2016; Yang et al. 2009). However, they also
reported the significant positive association of the minor
rs1143683 allele with disease susceptibility.

ITGAM encodes CD11, which binds to the common β2
subunit to form CD18 integrin. CD18 integrin (also known
as complement receptor 3 [CR3] or macrophage receptor 1
[Mac-1]) is expressed on a variety of immune cells and or-
chestrates the proinflammatory and immunomodulatory path-
ways. Studies indicate that genetic polymorphisms can affect
the CD18 function in different ways, but all of these effects
lead to an impairment of the normal functioning of the im-
mune system. CD18 contributes to the leukocyte recruitment
pathway by directly binding to the receptors of activated en-
dothelial cells, including intercellular adhesion molecule 1
(ICAM-1). In vitro studies indicated that the CD18 integrin
protein harboring the R77H variant of the CD11 subunit had a
diminished tendency to bind to ICAM-1 under shear stress
(MacPherson et al. 2011; Rosetti and Mayadas 2016).
Similarly, it was shown that neutrophils from SLE patients,
carrying the CD11 gene rs1143678 and rs1143683 polymor-
phisms, have reduced CD18 ligand-binding properties (Zhou
et al. 2013). Additionally, CD18 integrin participates in

leukocyte recruitment via another pathway, modulated by
the binding of the FCγ receptor (FCγR) to IC. Studies on
the animal model of anti-glomerular basement membrane
(anti-GBM) glomerulonephritis (GN) indicated that the leuko-
cyte retention time in the injured glomerulus was lower in the
Mac-1-deficient animal (Devi et al. 2013). This pathway is a
key factor in SLE pathogenesis and seems to be affected by
ITGAM gene polymorphisms in these patients. Moreover, the
previously mentioned processes can be mediated via the com-
plement components covering the antigens or ICs. It has been
shown that the rs1143678 SNP (P1146S substitution) promot-
ed the Mac-1-mediated adhesion of immune cells to the iC3b
component (Ong et al. 2017).

In addition to its crucial IC-mediated role in leukocyte mi-
gration to the injured tissue, Mac-1 is also a major contributor
in the proinflammatory processes. A recently published study
showed that SLE patients carrying the minor alleles of
rs1143678, rs1143679, and rs1143683 polymorphisms had a
higher level of IFN-I activity, a dominant cytokine in SLE
pathogenesis (Faridi et al. 2017). However, individuals carry-
ing the haplotype rs1143679(G)-rs1143683(T) also had a
higher level of IFN-I. This association was independent of
the disease activity, which could also significantly influence
the IFN-I level. It was shown that CD11b−/− macrophages
secrete higher levels of IFN-β upon exposure to lipopolysac-
charide (LPS) as the TLR4 agonist (Faridi et al. 2017). In line
with the previously mentioned findings, the group also report-
ed that the CD11b agonist (LA1) could significantly decrease
IFN-β secretion in LPS-activated wild-type macrophages but
fail to affect CD11b−/− cells. LA1-mediated CD11b activation
suppresses the proinflammatory TLR and IFN-I downstream
pathways via the MyD88/NF-κB and AKT/FOXO3/IRF3/7
axes. Interestingly, the group found that the minor alleles of
ITGAM polymorphisms failed to maintain the forkhead box
O3 (FOXO3) nuclear level, which led to a diminished sup-
pressive effect on IRF7 and to an increase in IFN-I gene
expression.

However, Mac-1 also participates in IC phagocytosis and
clearance, and its impairment has been highlighted in SLE
pathogenesis. One study demonstrated that the neutrophils
of SLE patients harboring the homozygous minor alleles for
rs1143678/rs1143683/rs1143679 (TT/TT/AA) had signifi-
cantly less phagocytic activity for complement-opsonized par-
ticles compared to common polymorphisms (Zhou et al.
2013). Furthermore, neutrophils with the TT/TT/GG geno-
type, respectively, also had a statistically significant reduction
in phagocytic activity compared to neutrophils with the CC/
CC/GG genotype. Notably, rs1143678 and rs1143683 poly-
morphisms are located in the regions encoding the cytoplas-
mic tail and calf-1, respectively. Interestingly, the phagocytic
activity of neutrophils carrying minor variants did not alter for
particles that are able to bind to domains that are different from
the complement binding site. It was also reported that
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neutrophils with the TT/TT/AA and TT/TT/GG genotypes
demonstrated reduced phagocytic activity for the IgG-coated
particles compared to their counterparts harboring the CC/CC/
GG genotype. This finding indicated that ITGAM polymor-
phisms could also have a significant influence on the FCγR-
mediated phagocytic function. These findings were not com-
patible with other studies, however, which showed that the
R77H (rs1143679) substitution was associated with the re-
duced phagocytic activity of neutrophils and monocytes in
SLE cases (MacPherson et al. 2011; Rhodes et al. 2012).
Moreover, an association of the rare variants of ITGAM with
reduced phagocytic activity in SLE has also been reported in a
study describing how the F941Vand G1145S variations were
associated with reduced complement-mediated phagocytosis
(Roberts et al. 2014). The F941V and G1145S variations are
located in the calf-2 and cytoplasmic domain, respectively,
indicating the influential role of these domains in the phago-
cytic action of Mac-1. However, in contrast, the group report-
ed that the minor alleles of rs1143683 and rs11861251 SNPs
did not alter the phagocytic action of neutrophils.

Limited data exist as regards the association of ITGAM
polymorphism with the clinical manifestations of SLE. One
of the studies conducted on the patients of European descent
showed that the minor allele of the rs1143679 polymorphism
was positively correlated with LN, discoid rash, and immuno-
logic manifestations, including anti-dsDNA and anti-
ribonucleoprotein antibody (anti-nRNP) (Kim-Howard et al.
2010). In another study undertaken on Asian patients, 13
SNPs including rs1143679 were identified to be associated
with LN. In contrast, however, they were negatively associat-
ed with the discoid rashes but there was a positive trend re-
garding the anti-Sm antibody. It should be noted that the stud-
ied SNPs were mostly located in the ITGAM gene regulatory
regions that affect Mac-1 expression and cellular concentra-
tion. This finding is not fully compatible with previous re-
search, which mostly studied SNPs in the genes coding the
structural part of Mac-1 without any influence on its expres-
sion level (Rhodes et al. 2012; Roberts et al. 2014; Zhou et al.
2013). Among the Hong Kong Chinese and Thai SLE pa-
tients, it was shown that minor alleles of the rs1143679 and
rs1143683 polymorphisms are linked to LN, and minor alleles
of the rs1143683 and rs1143678 SNPs are positively associ-
ated with neurologic involvement (Yang et al. 2009).
Consequently, it appears that despite discrepancies among
the GWASs dealing with the association of ITGAM polymor-
phisms with disease manifestations, a consensus still exists
that these polymorphisms have a significant influence on the
development of LN.

BANK1

The association of B cell scaffold protein with ankyrin repeats
1 (BANK1) polymorphisms with SLE susceptibility was

investigated in several populations. Nine different SNPs were
identified among Swedish SLE patients: namely, rs4522865
(A), rs4572885 (T), rs10516487 (G), rs10516486 (C),
rs17200824 (A), rs6849308 (C), rs10516482 (C),
rs10516483 (C), and rs2631271 (G) (Kozyrev et al. 2008).
The association of rs10516487, rs17266594, and rs3733197
was replicated in Argentina, Germany, Italy, and Spain, which
showed pooled odds ratios of 1.38, 1.42, and 1.23, respective-
ly. The association of rs10028805 with SLE was also reported
previously in another GWAS performed on European patients
(Bentham et al. 2015).

The potential role of the BANK1 protein in SLE pathogen-
esis was addressed recently in a publication showing that B
cells harboring risk variants of the rs17266594, rs10516487,
and rs3733197 SNPs had a decrease in AKT protein activation
following BCR or CD40 stimulation (Dam et al. 2016). Due to
the inhibitory effect of AKT on FOXO1, the nuclear levels of
FOXO1 and its target genes were increased simultaneously.
Consequently, B cells tend to develop into memory cell sub-
types. The authors concluded that this altered pathway might
play a role in the perpetuation of the disease (Dam et al. 2016).

In another recently published paper, the potential role of
BANK1 in the innate immune system has also been elucidated
(Wu et al. 2016b). The study was performed on the
B6.Sle1.yaa mouse model, which develops the disease as a
result of TLR7 overexpression. According to the results, a
BANK1 deficiency led to the impaired production of IL-6
and IgG2c upon exposure to the TLR7 agonist. In line with
this finding, the serum BAFF levels and anti-dsDNA IgG
were lower in the BANK1-deficient mice, but the IgM level
was unaffected. Interestingly, the cumulative glomerulone-
phritis score, serum urea level, and histological nephritis were
not affected by the BANK1 deficiency. Furthermore, a
BANK1 deficiency reduced the expression—by TLR7 ago-
nist signaling—of signaling-dependent genes, such as STAT1
and IRF7. Consequently, it was concluded that BANK1might
participate in the development of SLE by contributing to the
TLR7 signaling pathway and to the autoantibody production
mechanism.

BANK1 is expressed in two different ways: as a full-length
variant and aΔ2 variant, which lacks exon 2 and codes for the
inositol trisphosphate receptor (IP3R) binding domain.
Previous studies demonstrated that the risk allele of
rs17266594 led to an increase in the expression ratio of the
full-length variant/Δ2 variant in SLE (Kozyrev et al. 2008).
This SNP is in strong LD with rs10516487. In opposition to
the above-mentioned work, the group later reported that the
non-synonymous rs10516487 SNP located in exon 2 influ-
enced splicing efficiency by creating an exonic splicing en-
hancer site for the serine-rich protein 40 (SRp40) factor, but
rs17266594 did not significantly affect the splicing process
(Kozyrev et al. 2012). The study showed that the minor allele
of rs10516487 (G) lacked any site for splicing enhancer
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protein SRp40 and, consequently, there was a higher full-
length variant/Δ2 variant ratio in the cells harboring this al-
lele. In line with these findings, it has been shown that the
mice overexpressing the full-length variant of BANK1 had
increased levels of the total IgM and anti-dsDNA IgG anti-
bodies, increased transcript levels of several class-switched
IgG antibodies, and an increased level of activation-induced
deaminase (AID) in comparison to mice overexpressing the
Δ2 variant (Pathak et al. 2015). Moreover, the study indicated
that these different levels of expression could strongly influ-
ence the homing of B cells to the follicles and spleen.

The clinical significance of BANK1 polymorphisms was
not investigated in detail, but the limited amount of evidence
that exists indicates that BANK1 SNPs can influence the dis-
ease subtype. A European SLE cohort study reported that
different BANK1 SNPs were associated with diverse SLE-
specific autoantibodies and clinical disease manifestations
(Guo et al. 2009). Among the previously mentioned SNPs,
rs17266594 and rs10516487 were negatively associated with
immunological disorders and renal involvement. Furthermore,
it has also been described that risk variants of BANK1 are
associated with anti-dsDNA positive SLE cases but not with
their anti-dsDNA negative counterparts (Chung et al. 2011).

The potential clinical value of genetic risk:
implications for personalized medicine

It is still a long way to the era of using personalized medicine
for the treatment of SLE patients. Nonetheless, certain cases
have been reported that show promising progress in this ap-
proach. For instance, one recent study reported on a 4-year-old
SLE patient who—when she was 3 years old—had presented
with malar rash, arthritis, a high ANA titer, anti-dsDNA, anti-
cardiolipin antibody, leucopenia, and Coombs positive anemia
(Ellyard et al. 2016). At 4 years old, she presented with right-
side hemiparesis, upon which—on the basis of the irregular
medium-size vessels in her magnetic resonance angiography
(MRA)—a diagnosis of SLE vasculitis/cerebritis was made.
Whole exome sequencing (WES) identified an R97H homo-
zygous mutation in the three prime repair exonuclease 1
(TREX1) gene. TREX1 is an intracellular exonuclease that
cleaves the ssDNA and the non-functional variant of R97H
in the coding gene, leading to an increased serum IFN-α level,
as observed in this SLE case. It was finally concluded that this
patient was a suitable fit for treatment with the anti-IFN-α
antibody, and the benefit of WES in finding the appropriate
treatment target was demonstrated.

There is recent sound evidence suggesting that genetic
polymorphisms can highly predict the clinical course of SLE
(McGlasson et al. 2018). According to a meta-analysis, the
polymorphisms of genes involved in the immune complex
clearance pathway are significantly associated with

neuropsychiatric SLE (NPSLE) (Ho et al. 2016). It also ap-
pears that individuals carrying the FCGR3A 158FF, FCGR3B
NA1/2, and ITGAM rs1143679 HH genotypes are at greater
risk of experiencing the neuropsychiatric manifestations of
their disease (Ho et al. 2016). Moreover, the association of
the TREX1 risk haplotype with NPSLE has recently been
demonstrated in a multi-ancestral lupus cohort (McGlasson
et al. 2018). Furthermore, patients carrying the wild-type
rs7925662 TT genotype in the Transient receptor potential
cation channel, subfamily C, member 6 (TRCP6) gene had a
greater risk of developing NPSLE (Ramirez et al. 2015).
TRCP6 is a membrane-bound protein that increases the intra-
cellular level of calcineurin in the neurons, which further in-
hibit activation of the N-methyl-D-aspartate (NMDA) receptor
(Ramirez et al. 2015). In vivo and in vitro studies have docu-
mented that anti-NMDA antibodies cause neuronal apoptosis
and remodeling in SLE patients, which further lead to neuro-
psychiatric manifestations (Arinuma 2018). It appears that this
pathway can be a promising candidate for novel therapeutic
strategies.

Genetic polymorphisms can also predict the outcome of
treatment in SLE patients. An investigation was made involv-
ing the association of HSP90AA1 gene polymorphisms with
the clinical response of SLE patients to glucocorticoid therapy
(Zou et al. 2016). HSP90AA1 encodes heat shock protein 90
(HSP90), which is considered to be a crucial protein in regu-
lating the glucocorticoid receptor effects by mediating its
translocation and further activation. The study demonstrated
that rs7160651, rs10873531, and rs2298877 polymorphisms
were associated with the treatment response to glucocorticoid,
which was assessed by the SLE disease activity index
(SLEDAI). However, a more recent study did not find any
association between HSP90AA2 gene polymorphisms and
glucocorticoid efficacy among Chinese SLE patients (Zhang
et al. 2018). Moreover, an investigation regarding the associ-
ation of HSP90B1 gene polymorphisms with treatment re-
sponse to glucocorticoid among Anhui SLE patients showed
that the CCCGAACATCCC haplotype of the HSP90B1 gene
was associated with glucocorticoid efficacy (Sun et al. 2018).
Furthermore, it had been reported earlier that polymorphisms
of the glucocorticoid receptor (rs4912905, rs17100234, and
rs7701443) by themselves could greatly influence the clinical
improvement of SLE patients (Zou et al. 2013).

Antimalarials are one of the cornerstones of SLE treatment
and have been studied for their clinical efficacy with regard to
genetic polymorphisms. It had been demonstrated that the
serum TNF-α level was lower in patients treated with antima-
larials, and the study also showed that patients with a combi-
nation of the AA/AG genotype in the −1082 position of the
IL10 gene and the AA/GA genotype in the −308 position of
the TNFA gene had the best treatment response to antimalar-
ials, which was measured by the serum TNF-α level (López
et al. 2006). The aforementioned SNPs are located in the
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promoter regulating regions of the related genes, and they
further regulate the basal concentration of IL-10 and TNF-α.
Additionally, the association of the genetic polymorphism of
c y t o c h r om e P 4 5 0 i s o f o rm s w i t h t h e s e r um
hydroxychloroquine (HCQ) level has been studied among
Korean SLE cases. The N-desethyl HCQ/HCQ ratio was seen
to be higher in carriers of the GG genotype of theCYP2D6*10
(rs1065852) polymorphism and the C/C genotype of the
CYP2D6*10 (rs1135840) polymorphism (Lee et al. 2016a).
CYP3A5*3 and CYP3A4*18B polymorphisms did not display
any significant association with the serum medication level.
Consequently, it seems that the serum drug level is highly
influenced by genetic variations in these patients.

The association of genetic polymorphisms with the treat-
ment outcome of LN has also been investigated. In one study,
it was shown that the CT genotype of the glutathione S
transferase (GST) A1 gene had a lower LN remission rate
compared with the CC carriers during treatment with cyclo-
phosphamide (Wang et al. 2015). Cyclophosphamide is a
prodrug activated by multiple cytochrome P450 enzymes,
and its active metabolite is further inactivated by glutathione
S transferase. It appears that genetic polymorphisms are in-
volved in the inactivation process and, consequently, alter the
efficacy of cyclophosphamide. In line with the previous study,
the GSTP1 gene Ile105Val genotype was an independent fac-
tor in the poor renal results in LN patients treated with cyclo-
phosphamide, and the null genotype of GSTM1 gene was
associated with an adverse drug reaction (Audemard-Verger
et al. 2016). Unlike the previously mentioned study on HCQ,
no association was detected between cytochrome P450s gene
polymorphism and the efficacy or adverse drug reaction to
cyclophosphamide. In addition, another study showed the in-
fluence of genetic polymorphisms in the Fc fragment of the
IgG receptor (FCGR) gene cluster in the renal outcome fol-
lowing cyclophosphamide treatment. It was shown that car-
riers of the minor alleles of rs6697139, rs10917686, and
rs10917688, located between the FCGR2B and Fc receptor-
like A (FCRLA) genes, had a lower response to treatment (Kim
et al. 2016). Therefore, medications might be influenced by
genetic variations, which ultimately determine the degree of
renal amelioration or exacerbation in SLE subjects.

Future perspectives and concluding remarks

In the years since the first description of SLE, we have been
able to clarify a great deal regarding the physiopathology of
this disease. In general, it seems that certain environmental
factors such as ultraviolet light can induce cell apoptosis and
the subsequent exposure of the nuclear autoantigen to the
immune system. The impaired clearance mechanisms of apo-
ptotic bodies lead to their accumulation and, consequently, the
autoantibodies secreted from the autoreactive B cells break the

tolerance. The IC formation and poor clearance pathways lead
to their deposition in the organs of anatomically susceptible
persons. ICs can further activate the adaptive and innate im-
mune pathways, which later results in tissue damage and or-
gan failure. Pieces of evidence demonstrate that the footprints
of genetic polymorphisms are evident in all of the previously
mentioned pathways. In addition, with the aid of GWASs,
several SNPs with a higher contributing impression in SLE
pathogenesis have been identified. Studies support the fact
that each of these polymorphisms causes structural and func-
tional changes in its related protein, which leads further to an
impairment of one of the pathways.

SLE has an extremely unpredictable clinical course, and
every expert physician is frequently faced with life-threaten-
ing, treatment-resistant cases, although not every patient pre-
sents with this type of aggressive manifestation. In addition,
all of the investigated genetic variants and pathways are often
demonstrated theoretically, and the conclusions drawn have
little practical application at the patient’s bedside. However,
recent studies have contributed to a clearer elucidation of the
role of these SNPs in the clinical course of the disease and the
treatment of SLE patients. As was discussed, several SNPs
have been detected that can predict the treatment response to
certain traditional and essential SLE medications.
Furthermore, the association of these polymorphisms with
particular clinical and serologic manifestations has also been
reported. We hope that genetic studies in the future will even-
tuate in a tool designed to better discriminate between those
patients presenting with either a werewolf-like or a butterfly-
like manifestation of SLE. This will enable us to accurately
select the patients best suited for more aggressive follow-up
and to make more effective and better-informed choices from
among the treatment options.
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