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Molecular and Cellular Mechanisms of Systemic Autoimmune
Learned from Human Genetic Studies and Therapies in Systemi

Erythematosus (SLE)

Introduction

Systemic Lupus Erythematosus (
disease in which the body's dysregu
mistakenly attacks healthy tissuged
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The goal of SLE therapy is to control the symptoms and
prevent organ damage. The treatment approach for SLE typically
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eases: Lessons
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prednisone, are often
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ed for short periods due to

ects. Antimalarial drugs like
il) help control skin rashes, joint
may have a protective effect on
Y For more severe cases of SLE,
medications may be used: Methotrexate,
henolate mofetil and cyclophosphamide.
suppress the immune system to reduce

involves a combinatiog
Inflammatory Drug
help relieve mild jo!

iseases are used for SLE “off-label”, except that
chloroquine was approved by the FDA for lupus in 1955

e to the poor therapeutic efficacy and prominent adverse
ions after long-term use of glucocorticoid combined
munosuppressant’s, the development of targeted drug use for
SLE has been in great need. It's important to note that SLE is a
complex condition with multi-organ manifestation and the
cellular and molecular mechanisms underlying SLE are not fully
understood and are extremely complex. Since the FDA approval
of hydroxychloroquine, for the next 56 years, no other drugs
were approved for SLE till belimumab (Benlysta, anti- BAFF) was
approved by the FDA in 2011 [6]. More recently in 2021,
anifrolumab (Saphnelo) (anti-type | interferon) was approved for
SLE. Voclosporin (Lupkynis, calcineurin inhibitor) and belimumab
(Benlysta) were approved for lupus nephritis (SLE with renal
manifestation) [7].

Research undertaken in various murine models shed light on
the disease mechanism of SLE leading to potential therapies. On
the other hand, given the differences of human and murine
immune systems and SLE patient heterogeneity, an important
aspect of searching for cure for SLE resides in deeper
understanding of human disease data. In addition, analysis of
recent clinical trial results provides better understanding of
human SLE disease mechanisms and insights in better patient
treatment.
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Literature of Review

Genome-wide association studies discovered risk
gene alleles

Rate of SLE varies between countries from 20 to 70 per
100,000 [1]. SLE is presumably caused by a genetic susceptibility
coupled with an environmental trigger which results in defects in
the immune system. SLE is a heterogeneous autoimmune
disease with elevated prevalence in women about nine times
more often than men [8]. It is also more prevalent in individuals
of Asian, African and Hispanic ancestry. Systemic Lupus
Erythematosus (SLE), a worldwide autoimmune disease with
high heritability, shows differences in prevalence, severity and
age of onset among different ancestral groups with estimates of
its heritability ranging from 43% to 66% [9,10].

Genetic factors play a crucial role in determining an
individual's susceptibility to SLE, even though the cause is not
linked to a single gene. More than 90 loci have been shown to
be associated with SLE through Genome-Wide Association
Studies (GWAS) mostly in European descendants [11]. Variations
in genes encoding immune-related molecules, including
MHC/HLA alleles, cytokines and complement components, have
been shown to be associated with SLE. These genetic vag
can have negative Impacts on immune activation and re

of autoimmune diseases.

Recent study in China identified 38 unique |
alleles reported from studies on European
those in or near PTPN22, NCF2 SH2B

TYK2 kinase is specific for
association [14- 16] High level fu

erences in genetic
ndicators of targeted

evealed patient hetero-
mune dysregulation

mune system loses its ability to differentiate
oreign antigens, resulting in the production of
auto-antibodies ast nuclear antigens like double-stranded
DNA, histones and fMbonucleoproteins. B cells are central players
in the production of autoantibodies. Aberrant activation and
survival of autoreactive B cells, as well as defective clearance
mechanisms for apoptotic debris, contribute to the accumulation
of immune complexes and sustained inflammation.

between se

Peripheral blood gene expression analyses have shown the
heterogeneity of the patient population [17,18]. Studies have
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shown that patients appear to have a conserved gene signature
over time. Even in patients at quiescent phase, clear immune
dysregulation persists. One recent study done in longitudinal
clinical and transcriptional profi#e of patients with systemic
lupus reveals molecular correla of disease activity and
progression by clinical and gene tran$ sional profiling of 158
lupus patients up to a period of 4 yg Aleutrophil-related
signatures are associated with p

Systemic
) correlation

tures correlatlng with
IFN response, myeloid

lymphoid lineage. A
st signature as the most
t of neutrophil transcripts

specific combination,
the SLEDAI, includ

in single cell RNA sequencing
ore granularity of dysregulated immune
ses exhibited differences in both the
state of PBMCs. Analysis of lymphocyte

and myeloid-specific type 1 Interferon Stimulated Genes
). The expression of ISGs in monocytes was inversely
Orrelated with naive CD4* T cell abundance.

Lessons learned from human therapies

According to clinicaltrial.gov, the SLE drug development
landscape is booming with over 40 drugs in the clinic. The LN
development landscape also has 13 drugs in active development
toward US/EU approval, with four active phase Il trials
anticipated to complete dosing by 2027. The current research
and development strategies being pursued are diverse including
many novel mechanisms of action. We will focus on a few major
clinical breakthrough treatments in connection with related
findings from research, in particular large scale genetic studies
discussed above.

B cell targeting therapy: BAFF, TACI: Since B-cells play a
significant role in the pathogenesis of SLE, these molecules like
BAFF and TACI, are considered a prime target for therapeutic
benefit [19,20]. BAFF (TNFSF13B) and its receptors, one of which
is TACl (Transmembrane Activator and CAML Interactor,
TNFRSF13B), play essential roles in B cell survival and
differentiation. Belimumab (Benlysta), a drug that is currently
approved for SLE and LN, causes inhibition of B-cell survival
factors BAFF [21].

An important feature about BAFF and TACI shown previously
in genetic studies is that SLE risk allele in the gene encoding
BAFF is completely absent in Chinese populations and a
missense variant in the gene encoding TACI (TNFRSF13B) was
found to be specifically associated with SLE in East Asians [12]. A
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natural question to ask is whether these genetic differences
would lead to differences in response to targeted drugs.
Although Belimumab has shown huge success, other molecules
that present similar MOA as belimumab, such as Anthera
Pharmaceuticals’ blisibimod, did not show significant
improvements in the composite endpoint, SLE Responder Index
(SRI), for patients with SLE [22]. Patient genetic background may
very well play a significant role influencing on efficacy in
different clinical trials.

Previously, atacicept (a TACI fusion protein by MERCK, binds to
and neutralizes the activity of two B cell-signaling molecules,
BAFF and APRIL, thereby suppressing the development and
survival of plasma cells and mature B cells) treatment showed
evidence of efficacy in SLE, particularly in HDA and serologically
active patients [23]. Reductions in disease activity and severe
flare were observed with Atacicept treatment, with an
acceptable safety profile. Unfortunately, it was not pursued
further by MERCK until recently out-licensed to Veera
therapeutics, which again deprioritized its trial in SLE/LN
recently.

Interestingly, Telitacicept (Tai'ai®), a TACI fusion protein similar
to atacicept, received its first approval in China for the
treatment of patients with active SLE [24]. In humans, TACI is
expressed at very low levels in new-borns prior to expos
pathogens [25]. TACI blockers might give better responsg
in patients of Asian ancestry. In addition, the varia
TNFRSF13B may be a useful prognostic genetic ma
treatment efficacy of BAFF and TACI blockers. Multi
up trials of telitacicept will further understand
action and find predictive biomarkers for
the drug [26].

Interferon blockade therapy:
was indicated as one of most ro
gene profiling studies in SLE patients.
of adult and pediatric SLE p
signature that correlates wj
These cytokines are essen
trigger autoimmune
upregulation.g

g immune responses to
IFN-a is produced mostly by
) and less by myeloid DCs,

nacropnag 9], genome wide association
patients has demonstrated Single Nucleotide
(SNPs) in loci near IFN related genes [11].

[28].

Given the ificance of type | IFN signaling in SLE
pathogenesis, t pies targeting the IFN pathway have
emerged as promising candidates. Anifrolumab, a monoclonal
antibody that blocks the IFN receptor, has shown positive results
in clinical trials and is approved by the FDA [30]. By inhibiting the
IFN pathway, anifrolumab can potentially reduce inflammation
and disease activity in SLE patients.

An alternative way of inhibiting inflammation is via type |
interferon receptor associated kinases. While prior genetic
studies indicated TYK2 allele with a European-specific disease
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association [14-16]. IFNAR is a transmembrane receptor
consisting of IFNAR1 and IFNAR2 that interact with a group of
kinases called Janus Activated Kinases (JAKs) in the cytoplasm.
IFNAR1 constitutively associates glith Tyrosine Kinase 2 (TYK2)
whereas IFNAR2 associates with 31,32]. These JAKs can
then activate a group of transcrip actors called Signal
Transducer and Activator of Transcg . Binding of IFN-
o/B to the IFNAR results in auto-
of the IFNAR-associated JAKs,
activate STATs. The phosphoryla
homodimers that translocate

Peucravacitinib
the treatment of
has demonstrated

T11GAM, Clg and MBL [11]. The
egral part of the innate immune
clearance of immune complexes.
results in impaired ability in clearing
that may stimulate autoantibody
ic Lupus Erythematosus (SLE).

gulated, leading to impaired immune complex
ance and increased inflammation [35,36]. This contributes
g, damage and organ involvement, especially in the

S, known as lupus nephritis. In addition to the
ribution of lymphocytes, deposition of Immune Complexes
' and activation of the complement system are well-
established processes involved in the pathogenesis of LN. In
most tissue injury scenarios complement is activated through
three well established major pathways: Classical, lectin and
alternative, which merge into C3 and then C5 activation. C3 and
C5. Both C3a and C5a are strong Chemoattractants for
phagocytes which upon engagement discharge their stored
proteases, Reactive Oxygen Species (ROS) and chemokines/
cytokines to intervene local tissue injury.

Anti-C5 monoclonal antibody Eculizumab/Soliris showed renal
function improvements in SLE patients [37]. More recently,
Avacopan, previously developed by Chemocentryx and approved
for Anti-Neutrophil Cytoplasmic Autoantibodies (ANCA)-
associated vasculitis, is an orally administered small-molecule
C5a Receptor (C5aR) antagonist that selectively blocks the
effects of C5a through the C5aR, being tested in lupus [38].

Discussion

Diagnosis and treatment of SLE has great clinical challenges
due to its complex pathogenesis involving a large array of
genetic, molecular and cellular factors. Recent multi-omics
technology development has enabled deeper understanding of
the molecular and cellular mechanisms of SLE. Several
experimental drugs have shown efficacy in patient trials. There
are many lessons we can learn. Firstly, understanding patient
heterogeneity may be the key to SLE treatment. For example,
GWAS studies clearly showed that certain risk alleles (e.g., BAFF)

3



Journal of Clinical & Experimental Nephrology

are present in one ethnic group but are absent in another ethnic
group. This is likely linked to efficacy variability within and
among trials in the patient population consisting of different
ethnic groups. This should be considered in future clinical
designs and specification of Intent-To-Treat (ITT) patient
population. Secondly, targeted therapies in SLE have shown a lot
of promise in improving current treatment. Potential
combination therapy may further improve efficacy. Thirdly,
advanced technology may translate to fast and precise diagnosis
of SLE, where patient genetic signature will be included to assist
rheumatologists to make treatment decisions.

Conclusion

Systemic Lupus Erythematosus (SLE) is a complex systemic
autoimmune disease with complicated molecular and cellular
mechanisms. Genetic studies reveal significant differences in SLE
risk alleles among different patient populations. Gene
expression analysis revealed patient heterogeneity in immune
dysregulation which may be used to stratify patients for therapy.
Through human therapies, valuable lessons have been learned
about how to target specific components of the immune system
to manage the disease effectively. However, more research is
needed to develop personalized and safer therapies to improve
the lives of SLE patients. Ongoing research, alon
advancements in precision medicine, holds promi
brighter future in the management of SLE and oth
autoimmune diseases.
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