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Abstract: Systemic lupus erythematosus (SLE) is the prototype of autoimmune disorders caused
by a loss of tolerance to endogenous nuclear antigens triggering an aberrant autoimmune response
targeting various tissues. Lupus nephritis (LN), a major cause of morbidity and mortality in patients
with SLE, affects up to 60% of patients. The recent insights into the genetic and molecular basis of
SLE and LN paved the way for newer therapies to be developed for these patients. Apart from the
traditional B-cell-centered view of this disease pathogenesis, acknowledging that multiple extrarenal
and intrarenal pathways contribute to kidney-specific autoimmunity and injury may help refine the
individual therapeutic and prognostic characterization of such patients. Accordingly, the formerly
induction-maintenance treatment strategy was recently challenged with the exciting results obtained
from the trials that evaluated add-on therapy with voclosporin, belimumab, or Obinutuzumab. The
scope of this review is to provide an insight into the current knowledge of LN pathogenesis and
future therapeutic strategies.

Keywords: lupus nephritis; systemic lupus erythematosus; pathogenesis; neutrophils; interferon;
B-cells; anifrolumab; belimumab; voclosporin; Obinutuzumab

1. Introduction

Systemic lupus erythematosus (SLE) is the prototype of autoimmune disorders caused
by a loss of tolerance to endogenous nuclear antigens triggering an aberrant autoimmune
response targeting various tissues [1,2]. All renal compartments can be injured in SLE, but
lupus nephritis (LN) is the most frequent pattern of injury encountered, affecting up to
60% of patients [3,4]. LN is associated with significant morbidity and mortality in SLE,
these patients having a worse survival compared to those without nephritis, among the
contributors to death being both disease-related and treatment-related factors [4–6]. In our
experience, the 10-year and 20-year renal and/or patient survival is approximately 70%
and 60%, respectively [4]. Additionally, we showed that the treatment-related morbidity is
substantial, the incidence rate of infections and serious infections being 26.6 and 9.56 events
per 100 patient-years, respectively [6]. Nevertheless, both patient and renal survival signifi-
cantly improved over the past decades with the advent of newer treatment strategies [7,8].
Despite these advances, a substantial residual renal risk remains in LN, with up to 30% of
patients progressing to end-stage renal disease [9]. After several negative trials that had
failed to demonstrate the superiority of the tested drugs over the current standard of care,
recent years brought ground-breaking results to the LN treatment landscape [10]. This
progress was superimposed on a better understanding of the genetic and molecular basis
of LN, thus paving the way for refining and individualizing patient management [1,2].

The scope of this review was to provide an insight into the current knowledge of LN
pathogenesis and future therapeutic strategies.
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2. Genetic Environment in Lupus Nephritis

SLE and LN pathogenesis clearly involve a genetic predisposition as first-degree
relatives of patients with SLE are at higher risk of SLE and other autoimmune disorders [11].
In a population-based family study, Kuo et al. identified a 316-fold higher risk for twins
of the patients with SLE, a 23-fold higher risk for siblings, and an 11-fold higher risk for
parents, respectively, to develop autoimmune disorders (including SLE) [11]. Over the
past decades, with the advent of extensive genome-wide association studies, more than
100 susceptibility loci that were linked to SLE and LN were identified [12,13]. Genes that
are potentially involved in SLE pathogenesis can be broadly classified into four categories:
genes involved in lymphocyte function, genes involved in innate immune signaling, genes
involved in DNA clearance and complement pathway, and genes contributing to renal
injury [1,12].

Variations in the HLA loci involved in antigen processing and presentation are among
the best-characterized genetic risk factors. In LN, HLA-DR3, and HLA-DR15 alleles were
associated with an increased risk for disease development, while HLA-DR4 and HLA-DR11
seemed to portend a protective effect [14]. Additionally, other HLA alleles were described
as risk factors in certain subpopulations: HLA-DRB1*15 and HLA-DQB1*6:2 in Asians,
HLA-DR2 in Caucasians [2].

In SLE and LN, the crosstalk between autoreactive B-cells and T-cells is essential. As
B-cells have a dual function being involved in both antigen presentation, in association
with dendritic cells, and autoantibody production, several SLE-associated genes affecting
B-cell receptor (BCR) function and intracellular signaling (such as BANK1, RasGRP3,
the Src-family associated tyrosine kinases-LYN/BLK/CSK-, TLR7-9, IRF5, IRF7) have
been linked to the disease pathogenesis [1]. Immunogenic DNA and RNA could, either
alone or in the form of immune complexes, activate the B-cells, via BCR and FcγRII,
and immature dendritic cells, via FcγRII that will further activate several intracellular
pathways (involving NF-κB, interferon regulatory factors IRF5 and IRF7) resulting in
increased cell survival, pro-inflammatory cytokines and type I interferon production, and,
ultimately, autoantibody synthesis [1,2,12]. Additionally, the nuclear autoantigens can,
through endocytosis of immune complexes, activate the endosomal Toll-like receptor
(TLR7-9) that will recruit several transcriptional pathways, such as NF-κB, IRF5, and
IRF7, that will augment the cytokine production [1,2,12]. In addition to DNA and RNA
endosomal sensors, an important role of cytosolic sensors in the pathogenesis of LN, such as
RIG1/MDA-5 and cGAS-STING, must also be highlighted (Figure 1) [1]. Signaling through
type I IFN (interferon) receptor (IFNαRII) is a molecular hallmark of SLE and LN, and
several single-nucleotide polymorphisms related to the genes involved in the downstream
signal transduction pathways (STAT4, IRF5, IRF7) seem to be involved in the expression of
IFN stimulated genes (ISGs) affecting key functions of innate and acquired immunity and,
possibly, of resident renal cells [12,15]. Furthermore, T-cells have several important roles in
SLE pathogenesis, especially T-follicular-helper-cells that stimulate B-cell autoreactivity
and autoantibody production and IL-17-producing T-helper-cells (Th17-cells) that seem
to be an essential driver of LN [1]. Overall, these genetic abnormalities are important
contributors to the generation of the SLE “cytokine signature” milieu comprising mediators
such as type I interferons, B-cell survival factors (BAFF), and several interleukins (IL-6,
IL-12, IL-17, IL-23), all potential treatment targets (Figure 1 and Table 1).
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Therapeutic 
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Anifrolumab IFN 
TULIP-2 

TULIP-LN1 
III 
II 

Positive 
Ongoing 

[16] 
NCT02547922 

Secukinumab IL-17A SELUNE III Ongoing NCT04181762 
Ustekinumab IL-12/IL-23 - II Positive [17,18] 

Sirukumab IL-6 - II Endpoint not met [19] 
Guselkumab IL-23 ORCHID-LN II Ongoing NCT04376827 

Dapirolizumab CD40L 
PHOENYCS 

GO 
III Ongoing NCT04294667 

Iscalimab CD40 - II Ongoing NCT03610516 

BI 655064 CD40 - II Ongoing 
NCT03385564 
NCT02770170 

Abatacept CD28-CD80 ACCESS III Endpoint not met [20] 
Atacicept BAFF/APRIL - II/III Terminated early due to unanticipated safety issues [21] 

Voclosporin Calcineurin 
AURA 

AURORA 
II 
III 

Positive 
Positive (results to be published) 

[22] 
NCT03021499 

Belimumab BAFF BLISS-LN III Positive [23] 

Figure 1. Pathogenesis of lupus nephritis. ICs—immune complexes; TNF—tumor necrosis factor; IL—
interleukin; DC—dendritic cell; IFN—interferon; TLR—toll-like receptor; RIG1/MDA-5—retinoic
acid inducible gene 1/melanoma differentiation-associated protein 5; BAFF—B-cell activating factor;
Ab—antibody; Ag—antigen; Th—T-helper; EXT1/EXT2—exostosin1/exostosin2.
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Table 1. Molecular pathways and corresponding agents tested in clinical trials in SLE and LN.

Therapeutic Agent Molecular
Target

Trial
Name

Trial
Phase Results Trial Reference

Anifrolumab IFN TULIP-2
TULIP-LN1

III
II

Positive
Ongoing

[16]
NCT02547922

Secukinumab IL-17A SELUNE III Ongoing NCT04181762

Ustekinumab IL-12/IL-23 - II Positive [17,18]

Sirukumab IL-6 - II Endpoint not met [19]

Guselkumab IL-23 ORCHID-LN II Ongoing NCT04376827

Dapirolizumab CD40L PHOENYCS GO III Ongoing NCT04294667

Iscalimab CD40 - II Ongoing NCT03610516

BI 655064 CD40 - II Ongoing NCT03385564
NCT02770170

Abatacept CD28-CD80 ACCESS III Endpoint not met [20]

Atacicept BAFF/APRIL - II/III
Terminated early due

to unanticipated
safety issues

[21]

Voclosporin Calcineurin AURA
AURORA

II
III

Positive
Positive (results to be

published)

[22]
NCT03021499

Belimumab BAFF BLISS-LN
CALIBRATE

III
II

Positive
Endpoint not met

[23]
[24]

Blisibimod BAFF CHABLIS7.5
CHABLIS-SC2

III
III

Withdrawn
Withdrawn

NCT02514967
NCT02074020

Rituximab CD20 LUNAR III Endpoint not met [25]

Ocrelizumab CD20 - III

Stopped early due to
higher number of
serious infections
with ocrelizumab

[26]

Obinutuzumab CD20 NOBILITY
REGENCY

II
III

Positive (results to be
published)
Ongoing

[10]
NCT04221477

Daratumumab CD38 - - Therapy for
consideration [27]

Ianalumab BAFF receptor
B-cells - - Therapy for

consideration -

Bortezomib Plasma cell - IV Withdrawn NCT01169857

Ixazomib Plasma cell - I Insufficient
enrolment NCT02176486

Eculizumab C5 - - Therapy for
consideration [28]

Ravulizumab C5 - II Ongoing NCT04564339

Avacopan C5a - - Therapy for
consideration -

Narsoplimab MASP-2 - II Ongoing NCT02682407

APL-2 C5 - II Ongoing NCT03453619

LNP023 Factor B - II Therapy for
consideration -

Lastly, genes involved in DNA clearance and complement system activity were essen-
tial contributors to SLE and LN pathogenesis [2,12,15]. Particularly, genes encoding DNase
I, DNase III, DNase-γ involved in DNA clearance, or genes encoding C1q/C4 complement
factors were shown to be significantly associated with SLE development [1]. Neutrophils
were key players in SLE pathogenesis through a specific form of cellular death (NETosis)
in which neutrophil extracellular traps (NETs) containing chromatin were released [29].
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Patients who were deficient in either DNAase I, involved in neutrophil extracellular traps
(NETs) degradation, and C1q, essential for NETs opsonization, and clearance, had a contin-
uous source of nuclear autoantigens capable of sustaining the autoimmunity [14].

3. Role of Interferon Signaling in Lupus Nephritis

The type I interferon system is an essential component of innate and adaptive immu-
nity that, for decades, was regarded as the main line of defense against viral infections [8,15].
However, the type I IFN system has additional important roles in the pathogenesis of au-
toimmune disorders, especially in SLE and LN. Patients with SLE have an increased
expression of type I IFN stimulated genes in peripheral blood leukocytes, while patients
with LN show higher IFN scores, especially during active renal disease [30]. Additionally,
the molecular profiling of the kidney biopsy tissue in patients with LN may help predict
treatment response as ISGs are upregulated in a LN flare and are associated with a com-
plete renal response, while the complement genes are upregulated in the renal tissue of
non-responders, suggesting that both pathways are involved but have distinct roles in the
pathogenesis of LN [31].

Many cell types can synthesize type I IFN, but plasmacytoid dendritic cells (pDCs)
are the master IFN-producing cells [15]. During the normal antiviral response, intracellular
activation of Toll-like receptors 7/9 will stimulate several transcription pathways that
eventually will inhibit the viral replication at several stages [15]. In patients with SLE
and LN, there is a characteristic IFN “signature” due to the increased expression of ISGs
that, in turn, coordinates several inflammatory responses and promotes kidney-specific
autoimmunity [2,14]. The driver of IFN-α in LN are the interferogenic immune complexes
(ICs) containing nucleic acids (DNA/RNA). These ICs will be internalized through FcγRII
on the pDCs surface, reached endosomal DNA/RNA sensors (TLR7/9) or cytosolic sensors
(RIG1/MDA-5 and cGAS-STING), and activate downstream signaling pathways (NF-
κB, IRF5, and IRF7) resulting in the increased production of type I IFN and other pro-
inflammatory cytokines [1]. The role of type I IFN in sustaining autoimmunity in LN
involves the stimulation of antigen presentation by DCs (dendritic cells) and macrophages,
the enhancement of the survival of autoreactive T- and B-cells, the activation of B-cell
differentiation and class-switching generating memory plasma cells and autoantibody
production, the suppression of regulatory T-cells [1,15]. Nucleic acids can also induce
type I IFN production in intrarenal DCs and some intrinsic renal cells (mesangial cells,
endothelial cells), the ultrastructural hallmark of enhanced intrarenal IFN signaling being
the presence of tubuloreticular inclusions in glomerular endothelial cells [32,33].

Recently, a role of type III IFN (IFN-λ) for stimulating immune dysregulation and
tissue inflammation has been proposed in a murine model of lupus [34]. In this TLR7-
induced lupus murine model an increased production of IFN-λ was observed, while
the deficiency of its receptor (IFN-λR1) significantly decreased the activation of not only
the immune cells, but also of the keratinocytes and mesangial cells [34]. Additionally,
mesangial cells seemed to directly respond to IFN-λ with the upregulation of ISGs and the
development of lupus-associated renal pathology [34]. Nonetheless, IFN-α and IFN-λ may
have distinct, yet complementary, effects on various cells involved in the pathogenesis of
SLE and LN [34].

Recently, a role for plasma membrane TLR in the pathogenesis of LN was suggested
in a patient with class V LN carrying a rare TLR1 variant [35]. As TLR1 is expressed on the
podocyte’s surface, TLR ligands might contribute to direct podocyte injury and initiation
of renal pathology [35]. Thus, both endosomal and plasma membrane TLR seem to be
involved in the LN pathogenesis, and the activation of different TLR might explain the
clinical heterogeneity of LN.

The pathogenic relevance of type I IFN system was explored clinically as anifrolumab,
a type I IFN receptor antagonist, substantially reduced disease activity in patients with
moderate to severe SLE, with a greater effect in those with high IFN signature at base-
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line [36]. Currently, an ongoing trial (TULIP-LN) is evaluating the efficacy of anifrolumab
in patients with LN [14].

4. Potential Specific Antigens in Lupus Nephritis

Renal injury in LN occurs through either circulating immune complex deposition,
autoantibodies binding to “planted” glomerular antigens, or in situ immune complex
formation within glomeruli [14]. Despite that several classical autoantigens have been
associated with proliferative LN (double-stranded DNA, nucleosomes, U1 small nuclear
ribonucleoprotein, etc.), there is an increasing evidence over the past decade that dis-
tinct nephropathic autoantigens might be associated with different classes of LN [33].
Accordingly, autoantibodies targeting glomerular Annexin A2, a multifunctional protein
that belongs to a family of Ca2+-regulated phospholipid-biding proteins, and Moesin,
which is part of a protein complex involved in Rho GTPase signaling that is essential for
actin cytoskeleton remodeling, cell adhesion, and motility were shown to be associated
with proliferative, but not membranous, LN [37,38]. Distinctly, autoantibodies targeting
NCAM1 (neural cell adhesion molecule 1), a member of the immunoglobulin superfamily
of proteins that is expressed on podocytes, were identified in 6.6% of cases of membranous
LN [39]. Recently, glomerular subepithelial deposits containing exostosin 1 and exostosin 2
(EXT1/2) were identified in patients with PLA2R-negative and THSD7A-negative mem-
branous nephropathy [40,41]. Over 80% of patients showing positive staining for EXT1/2
had clinical or histological features suggestive of autoimmunity, mostly SLE, such as antin-
uclear antibodies, anti-dsDNA antibodies, tubuloreticular inclusions. Additionally, among
patients with membranous LN, the presence of exostosin-positivity was associated with a
distinct clinical phenotype, these patients being younger, having fewer chronicity features
on kidney biopsy, and an overall better prognosis than exostosin-negative patients [42].
Although not fully validated, the concept that different antigens might drive different
clinical and histological phenotypes of LN is appealing.

5. Cellular Players in Lupus Nephritis—The Role of Neutrophils and Tertiary
Lymphoid Organs

For many years, the understanding of SLE and LN pathogenesis was centered around
cells of adaptive immunity (DCs, T- and B-cells). Nonetheless, neutrophils emerged as
important players in SLE and LN pathogenesis, the expression of neutrophil-specific genes
being prevalent and correlating with disease activity [43]. Apart from the molecular point of
view, their clinical relevance in LN is illustrated by the separate quantification of neutrophils
and karyorrhexis (representing apoptotic cell death of neutrophils) in the recently modified
NIH (National Institutes of Health) activity index [44]. Moreover, the contribution of
these cells to the extent of intraglomerular inflammation is relevant to the long-term renal
outcome. We identified, in a cohort of patients with LN, that, irrespective of LN class, the
extent of crescent formation was an independent predictor of poor prognosis (HR, 1.068 for
each percentage of glomeruli with crescents; 95% CI 1.003 to 1.136) [4]. The concept that
the type of histological lesion is a more important predictor for the renal outcome than the
histological class is gaining popularity in LN, this shift in paradigm being driven by the
better understanding of the cellular and molecular basis of LN pathogenesis [4].

Neutrophils are the first line of defense mechanism against infections, but also im-
portant contributors to autoimmunity through a unique form of cell death called NETosis
(neutrophil extracellular trap) [43,45]. NETs, which are extracellular DNA structures cov-
ered by neutrophil antimicrobial peptides (LL-37 and HNP-human neutrophil peptide), are
abundantly released by neutrophils of SLE patients and represent the link between these
cells and the IFN-α signaling in SLE and LN [43,44,46]. Hakkin et al. showed that a subset
of patients with SLE had an impairment of NETs degradation by the endonuclease DNase
1, thus becoming potentially pathogenic [47]. Indeed, at least two potential mechanisms
for impaired NET degradation were proposed, the presence of DNase 1 inhibitors or anti-
NET antibodies that can confer protection from DNase-mediated degradation, and this
phenomenon correlated with renal injury [47]. Additionally, the NETs are the underlying
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molecular basis for the positive feedback loop engaged by the interaction of neutrophils
and pDCs [43]. Garcia-Ramo et al. showed that SLE NETs contain, in addition to self-DNA
structures, large amounts of the antimicrobial peptide LL37, which is essential for the im-
munogenicity of self-nucleic acids, thus facilitating their uptake by pDCs and production of
IFN-α in a DNA- and TLR-9-dependent manner [48]. Moreover, the release of NETs by neu-
trophils was induced after IFN-α priming and anti-ribonucleoprotein antibody exposures
creating the premises for the perpetual amplification between the IFN-primed neutrophils
and NET-stimulated IFN production by pDCs [48]. Additionally, Lande et al. showed that
SLE patients developed autoantibodies against both self-DNA and neutrophil antimicrobial
peptides (LL-37 and HNP) [49]. These anti-LL-37 and anti-HNP autoantibodies seem to
have a dual role in SLE, first, by facilitating the FcγRII-mediated endocytosis of self-DNA-
antimicrobial peptides by pDCs and further stimulating the TLR9-mediated type I IFN
release, and second, by enhancing the NET release from IFN-primed neutrophils [43,49].
Moreover, the immunogenic self-DNA-antimicrobial peptides engage the B-cell receptor
and TLR9 activating the autoreactive B-cells to synthesize anti-LL-37 and anti-HNP autoan-
tibodies further promoting the chronic pDCs activation and sustaining autoimmunity in
SLE [43,49]. This interaction between neutrophils, pDCs, and autoreactive B-cells provides
the rationale for the suppression of NET formation, interference with TLR or IFN signaling,
as potential therapeutic targets.

In SLE, B-cells are important contributors to both systemic and local immunity and
inflammation. The diversification of B-cell clones occurs after autoantigen exposure and in
SLE, the B-cell receptor (BCR) “repertoire”, as an expression of autoantibody response to
multiple autoantigens, is distinct from other immune-mediated disorders [50]. Bashford-
Rogers et al. observed that, in SLE, the B-cells showed an increased dysregulation of BCR
repertoire and an abnormal isotype-specific clonal diversity consistent with the involve-
ment of multiple autoantigens [50]. Unexpectedly, the IgA isotype was largely responsible
for this increase in clonality suggesting that microbial antigens might be important drivers
of autoimmunity in SLE and consistent with previous observations that the IFN signaling
seen in SLE closely resembles the immune response to viral infections [50]. Additionally, a
distinct response of B-cells subpopulations to different immunosuppressive agents was
seen: the isotype-switched and clonally expanded B-cells persisted after rituximab treat-
ment but were reduced after mycophenolate mofetil [50]. Apart from the well-defined
systemic effect, organized intrarenal B-cell infiltrates are increasingly recognized as im-
portant contributors to local autoimmunity and inflammation [51]. These B-cell infiltrates
are encountered in over 50% of patients with LN and are structured into four increasingly
organized levels of aggregates in the tubulointerstitium [52–54]. The presence of these
tertiary lymphoid structures correlates with the severity of both glomerular and tubu-
lointerstitial lesions, their pathogenic role being to enhance the local immune response,
including local antibody production, antigen presentation, and proinflammatory cytokine
production [52–54]. Moreover, as tubulointerstitial lesions are not adequately captured
in the current ISN/RPS (International Society of Nephrology/Renal Pathology Society)
classification, their significance to long-term renal prognosis should be highlighted [4]. As
an example, we identified that the presence of tubulitis was associated with a 13.1-fold
higher risk of a worse outcome (HR, 13.1; 95% CI 1.3 to 131) [4].

The contribution of intrarenal B-cells to kidney-specific autoimmunity is clinically
relevant as the failure of rituximab to increase the renal response rates was due to an
incomplete depletion of peripheral and, possibly, interstitial B-cells [55]. In this regard,
obinutuzumab determines a superior peripheral B-cell depletion compared to rituximab,
and its efficacy on tissue depletion is currently being evaluated by a repeat kidney biopsy
at 52 weeks in the NOBILITY trial [8,10] (Table 1).

6. From Antibody to Injury in Lupus Nephritis—The Role of the Complement System

The complement system has a dual role in the pathogenesis of SLE, especially LN.
Firstly, the complement has a protective role against the development of autoimmu-
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nity through opsonization and enhancement of nuclear material and apoptotic debris
removal [28,56]. This is illustrated in patients with genetic deficiency of C1q or C4 who
developed lupus or a lupus-like disease [56]. A distinct situation is the presence of anti-
C1q antibodies, more prevalent in LN compared to nonrenal SLE, that seem to confer
an acquired amplification loop of the classical pathway of complement activation [56,57].
Secondly, the complement activation through both classical and alternate pathways is
an important mediator to autoantibody-mediated renal injury [56]. A murine model of
complement factor H deficiency outlines the importance of the alternate pathway for LN
development [58]. The complement-targeted therapies significantly evolved in the past
years, with several trials in SLE and LN being currently ongoing (Table 1).

7. Transition from Bench to Bedside—Novel Therapies in Lupus Nephritis

Although there has been a significant improvement in both patient and renal survival
in patients with LN with the advent of cyclophosphamide-based and mycophenolate
mofetil-based treatment regimens, there is still a substantial treatment-related morbidity and
mortality [6]. We have shown, in a study that included 101 patients with severe proliferative
LN, that an initial high-dose oral corticosteroid regimen (≥0.5 mg/kg/day in the first month
of induction therapy) increased the risk for serious infections by 7.5-fold (HR, 7.57; 95% CI 1.64–
34.8) [6]. Accordingly, continuous efforts have been made to refine the immunosuppressive
regimens, e.g., by limiting cyclophosphamide and corticosteroids exposure, by switching to
CD20-depleting or multitarget-based regimens [6]. After decades of negative trials, in which
several new agents added to the current standard of care regimens (both cyclophosphamide-
based and mycophenolate mofetil-based) failed to show an improvement in the treatment
response rates, recent years brought ground-breaking results to the LN treatment [10]. The
progress that has been made in the understanding of LN pathogenesis created the premises
for new therapeutic agents to be developed. Currently, several molecular pathways are
being explored as potential therapeutic targets in LN, thus offering the possibility to better
individualize patient management (Figure 2 and Table 1).

Molecular targets that are currently or were evaluated in clinical trials can be broadly
classified into: inflammatory mediators (IFN, IL-6, IL-12, IL-17A, IL-23), co-stimulation
blockade (CD80/86:CD28 and CD40L:CD4), B-cell survival factors inhibition, direct B-cell
or plasma cell depletion, and complement inhibition (Figure 2 and Table 1). Despite that
some of these newer agents did not consistently improve clinical outcomes, several recent
trials showed positive results that may shift the treatment paradigm of LN and raise the
possibility for these agents to enter the clinical practice as first-line options [1,10].

Voclosporin, a new-generation calcineurin inhibitor (CNI), has a similar potency
to inhibit the activity of T-cells as cyclosporine or tacrolimus, but without the need to
monitor the trough levels and with a better metabolic profile. In a phase II trial (AURA
trial), voclosporin (23.7 mg or 39.5 mg, twice daily) was evaluated as part of a multitarget
regimen comprising mycophenolate mofetil (MMF, 2 g/day) and a rapidly tapered low-
dose oral corticosteroids (initial dose of 20–25 mg/day, tapering to 5 mg/day by week
8 and to 2.5 mg/day by week 16) [22]. In this trial, the low-dose voclosporin regimen
had significantly higher complete renal response rates compared to the placebo arm at
both 24 (32.6% vs. 19.3%) and 48 weeks (49.4% vs. 23.9%), respectively [22]. Recently, the
positive results of the phase III AURORA trial were communicated at scientific meetings
which confirmed that voclosporin (23.7 mg, twice daily) as an add-on therapy to MMF
and low-dose steroids increased the efficacy of the induction regimen with an effect size of
18.5% for a complete renal response [10,22].
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Figure 2. Molecular pathways and corresponding therapeutic agents: IFN-I—interferon type I; IFN1-
R—type 1 interferon receptor; BAFFR—B-cell activating factor receptor; BCMA—B-cell maturation
antigen; TACI—transmembrane activator and calcium-modulator and cyclophilin ligand interactor;
CD40L—CD40 ligand; CTLA4—cytotoxic T-lymphocyte antigen 4; CNI—calcineurin inhibitors;
TCR—T-cell receptor; MHC—major histocompatibility complex; DC—dendritic cell; BAFF—B-cell
activating factor; APRIL—a proliferation-inducing ligand; IL—interleukin; Th—T-helper; APL-
2—pegcetacoplan; MASP-2—mannan-binding lectin serine protease 2; C5aR—complement C5aR;
IC—immune complex; FcүR—Fc-gamma receptors.

Though the initial enthusiasm for depleting CD20+ cells was reduced after the neg-
ative results of the LUNAR trial [25], the blockade of humoral immunity regained its
popularity after belimumab and obinutuzumab trials reported positive results in prolifera-
tive LN [10]. Belimumab, a recombinant human IgG1λ monoclonal antibody that inhibits
B-cell activating factor, showed efficacy and safety as an add-on therapy to steroids plus
either MMF or cyclophosphamide-azathioprine regimens when given intravenous monthly
over a period of 104 months, with an effect size of 11% for a PIRR (primary efficacy re-
nal response) [10,23]. In the phase II CALIBRATE trial, the addition of belimumab to a
rituximab/cyclophosphamide/steroid regimen impaired the maturation of naïve B-cells
and stimulated the negative selection of autoreactive B-cells [24]. However, this was more
of a proof-of-concept trial to evaluate the effect of belimumab after B-cell depletion with
rituximab and neither designed nor powered to evaluate the superiority in terms of en-
hancing clinical response rates [24]. Accordingly, the reduction in the percentage of naïve
B-cells after belimumab addition supports the dependence on BAFF of the differentiation
of transitional B-cells to naïve B-cells [24].

Obinutuzumab, a humanized type II anti-CD20 monoclonal antibody, determines
a superior B-cell depletion compared to rituximab [59]. In the phase II NOBILITY trial,
Obinutuzumab given intravenously on day 1 and 14, with a repeated administration after
6 months, over a background standard-of-care consisting of MMF and steroids showed
superiority in terms of achieving a complete renal response with an effect size of 22% at
week 76 [10]. Currently, Obinutuzumab is further evaluated in the phase III REGENCY
trial in patients with proliferative LN (Table 1) [10]. Daratumumab, a human monoclonal
antibody that targets CD38, which determines plasma cell depletion and is currently
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approved for the treatment of multiple myeloma, induced clinical remission in two cases
of refractory life-threatening lupus [27]. Thus, plasma cell depletion by daratumumab or
proteasome inhibitors (bortezomib, ixazomib) is appealing as a treatment option for LN [1].

Targeting the IFN signaling through anifrolumab, a human monoclonal antibody to
type I IFN receptor subunit 1, was associated with a higher percentage of clinical responses
in patients with moderate-to-severe SLE, especially in those with a high interferon gene sig-
nature [16,36]. Currently, the phase II TULIP-LN1 trial evaluates the efficacy of anifrolumab
in patients with proliferative LN (Table 1).

In summary, these recent insights into the genetic and molecular basis of SLE and
LN paved the way for newer therapies to be developed for these patients. Apart from
the “traditional” B-cell-centered view of this disease pathogenesis, acknowledging that
multiple extrarenal and intrarenal pathways contribute to kidney-specific autoimmunity
and injury may help refine the individual therapeutic and prognostic characterization of
such patients.

Author Contributions: All authors contributed equally to the presented work. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available in this review “Advances
in Lupus Nephritis Pathogenesis: From Bench to Bedside”.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Anders, H.J.; Saxena, R.; Zhao, M.-h.; Parodis, I.; Salmon, J.E.; Mohan, C. Lupus nephritis. Nat. Rev. Dis. Primers 2020, 6, 7.

[CrossRef] [PubMed]
2. Tsokos, G.C. Autoimmunity and organ damage in systemic lupus erythematosus. Nat. Immunol. 2020, 21, 605–614. [CrossRef]
3. Davidson, A. What is damaging the kidney in lupus nephritis? Nat. Rev. Rheumatol. 2016, 12, 143–153. [CrossRef] [PubMed]
4. Obris, că, B.; Jurubit,ă, R.; Andronesi, A.; Sorohan, B.; Achim, C.; Bobeica, R.; Gherghiceanu, M.; Mandache, E.; Ismail, G.

Histological predictors of renal outcome in lupus nephritis: The importance of tubulointerstitial lesions and scoring of glomerular
lesions. Lupus 2018, 27, 1455–1463. [CrossRef] [PubMed]

5. Cervera, R.; Khamashta, M.A.; Font, J.; Sebastiani, G.D.; Gil, A.; Lavilla, P.; Mejia, J.C.; Aydintug, A.O.; Chwalinska-Sadowska, H.;
de Ramon, E.; et al. Morbidity and mortality in systemic lupus erythematosus during a 10-year period: A comparison of early
and late manifestations in a cohort of 1000 patients. Medicine 2003, 82, 299–308. [CrossRef] [PubMed]

6. Obris, că, B.; Vornicu, A.; Jurubit,ă, R.; Achim, C.; Bobeică, R.; Andronesi, A.; Sorohan, B.; Herlea, V.; Procop, A.; Dina, C.;
et al. Corticosteroids are the major contributors to the risk for serious infections in autoimmune disorders with severe renal
involvement. Clin. Rheumatol. 2021, 1–13. [CrossRef]

7. Moroni, G.; Vercelloni, P.G.; Quaglini, S.; Gatto, M.; Gianfreda, D.; Sacchi, L.; Raffiotta, F.; Zen, M.; Constantini, G.; Urban, M.L.;
et al. Changing patterns in clinical—Histological presentation and renal outcome over the last five decades in a cohort of 499
patients with lupus nephritis. Ann. Rheum. Dis. 2018, 77, 1318–1325. [CrossRef] [PubMed]

8. Parikh, S.V.; Rovin, B.H. Current and Emerging Therapies for Lupus Nephritis. J. Am. Soc. Nephrol. 2016, 27, 2929–2939. [CrossRef]
9. Tektonidou, M.G.; Dasgupta, A.; Ward, M.M. Risk of End-Stage Renal Disease in Patients with Lupus Nephritis, 1971–2015: A

Systematic Review and Bayesian Meta-Analysis. Arthritis Rheumatol. 2016, 68, 1432–1441. [CrossRef]
10. Lei, Y.; Loutan, J.; Anders, H.J. B-cell depletion or belimumab or voclosporin for lupus nephritis? Curr. Opin. Nephrol. Hypertens.

2020, 30, 237–244. [CrossRef]
11. Kuo, C.F.; Grainge, M.J.; Valdes, A.M.; See, L.C.; Luo, S.F.; Yu, K.H.; Zhang, W.; Doherty, M. Familial aggregation of systemic

lupus erythematosus and coaggregation of autoimmune diseases in affected families. JAMA Intern. Med. 2015, 175, 1518–1526.
[CrossRef] [PubMed]

12. Mohan, C.; Putterman, C. Genetics and pathogenesis of systemic lupus erythematosus and lupus nephritis. Nat. Rev. Nephrol.
2015, 11, 329–341. [CrossRef] [PubMed]

13. Yin, X.; Kim, K.; Suetsugu, H.; Bang, S.Y.; Wen, L.; Koido, M.; Ha, E.; Liu, L.; Sakamoto, Y.; Jo, S.; et al. Meta-analysis of 208370
East Asians identifies 113 susceptibility loci for systemic lupus erythematosus. Ann. Rheum. Dis. 2020, 1–9. [CrossRef]

14. Parikh, S.V.; Almaani, S.; Brodsky, S.; Rovin, B.H. Update on Lupus Nephritis: Core Curriculum 2020. Am. J. Kidney Dis. 2020, 76,
265–281. [CrossRef] [PubMed]

15. Rönnblom, L.; Alm, G.V.; Eloranta, M.L. The type I interferon system in the development of lupus. Semin. Immunol. 2011, 23,
113–121. [CrossRef]

http://doi.org/10.1038/s41572-019-0141-9
http://www.ncbi.nlm.nih.gov/pubmed/31974366
http://doi.org/10.1038/s41590-020-0677-6
http://doi.org/10.1038/nrrheum.2015.159
http://www.ncbi.nlm.nih.gov/pubmed/26581344
http://doi.org/10.1177/0961203318776109
http://www.ncbi.nlm.nih.gov/pubmed/29759047
http://doi.org/10.1097/01.md.0000091181.93122.55
http://www.ncbi.nlm.nih.gov/pubmed/14530779
http://doi.org/10.1007/s10067-021-05646-2
http://doi.org/10.1136/annrheumdis-2017-212732
http://www.ncbi.nlm.nih.gov/pubmed/29730634
http://doi.org/10.1681/ASN.2016040415
http://doi.org/10.1002/art.39594
http://doi.org/10.1097/MNH.0000000000000662
http://doi.org/10.1001/jamainternmed.2015.3528
http://www.ncbi.nlm.nih.gov/pubmed/26193127
http://doi.org/10.1038/nrneph.2015.33
http://www.ncbi.nlm.nih.gov/pubmed/25825084
http://doi.org/10.1136/annrheumdis-2020-219209
http://doi.org/10.1053/j.ajkd.2019.10.017
http://www.ncbi.nlm.nih.gov/pubmed/32220510
http://doi.org/10.1016/j.smim.2011.01.009


Int. J. Mol. Sci. 2021, 22, 3766 11 of 12

16. Morand, E.F.; Furie, R.; Tanaka, Y.; Bruce, I.N.; Askanase, A.D.; Richez, C.; Bae, S.-C.; Brohawn, P.Z.; Pineda, L.; Berglind, A.; et al.
Trial of Anifrolumab in Active Systemic Lupus Erythematosus. N. Engl. J. Med. 2020, 382, 211–221. [CrossRef]

17. van Vollenhoven, R.F.; Hahn, B.H.; Tsokos, G.C.; Lipsky, P.; Fei, K.; Gordon, R.M.; Gregan, I.; Lo, K.H.; Chevrier, M.; Rose, S.
Maintenance of Efficacy and Safety of Ustekinumab Through One Year in a Phase II Multicenter, Prospective, Randomized,
Double-Blind, Placebo-Controlled Crossover Trial of Patients With Active Systemic Lupus Erythematosus. Arthritis Rheumatol.
2020, 72, 761–768. [CrossRef]

18. van Vollenhoven, R.F.; Hahn, B.H.; Tsokos, G.C.; Wagner, C.L.; Lipsky, P.; Touma, Z.; Werth, V.P.; Gordon, R.M.; Zhou, B.; Hsu, B.;
et al. Efficacy and safety of ustekinumab, an IL-12 and IL-23 inhibitor, in patients with active systemic lupus erythematosus:
Results of a multicentre, double-blind, phase 2, randomised, controlled study. Lancet 2018, 392, 1330–1339. [CrossRef]

19. Rovin, B.H.; van Vollenhoven, R.F.; Aranow, C.; Wagner, C.; Gordon, R.; Zhuang, Y.; Belkowski, S.; Hsu, B. A Multicenter,
Randomized, Double-Blind, Placebo-Controlled Study to Evaluate the Efficacy and Safety of Treatment With Sirukumab (CNTO
136) in Patients With Active Lupus Nephritis. Arthritis Rheumatol. 2016, 68, 2174–2183. [CrossRef]

20. The ACCESS trial group. Treatment of lupus nephritis with abatacept: The abatacept and cyclophosphamide combination efficacy
and safety study. Arthritis Rheumatol. 2014, 66, 3096–3104. [CrossRef]

21. Ginzler, E.M.; Wax, S.; Rajeswaran, A.; Copt, S.; Hillson, J.; Ramos, E.; Singer, N.G. Atacicept in combination with MMF and
corticosteroids in lupus nephritis: Results of a prematurely terminated trial. Arthritis Res. Ther. 2012, 14, R33. [CrossRef]
[PubMed]

22. Rovin, B.H.; Solomons, N.; Pendergraft III, W.F.; Dooley, M.A.; Tumlin, J.; Romero-Diaz, J.; Lysenko, L.; Navarra, S.V.; Huizinga,
R.B. A randomized, controlled double-blind study comparing the efficacy and safety of dose-ranging voclosporin with placebo in
achieving remission in patients with active lupus nephritis. Kidney Int. 2019, 95, 219–231. [CrossRef] [PubMed]

23. Furie, R.; Rovin, B.H.; Houssiau, F.; Malvar, A.; Teng, Y.K.O.; Contreras, G.; Amoura, Z.; Yu, X.; Mok, C.-C.; Santiago, M.B.; et al.
Two-Year, Randomized, Controlled Trial of Belimumab in Lupus Nephritis. N. Engl. J. Med. 2020, 383, 1117–1128. [CrossRef]
[PubMed]

24. Atisha-Fregoso, Y.; Malkiel, S.; Harris, K.M.; Byron, M.; Ding, L.; Kanaparthi, S.; Barry, W.T.; Gao, W.; Ryker, K.; Tosta, P.; et al.
Phase II Randomized Trial of Rituximab Plus Cyclophosphamide Followed by Belimumab for the Treatment of Lupus Nephritis.
Arthritis Rheumatol. 2021, 73, 121–131. [CrossRef] [PubMed]

25. Rovin, B.H.; Furie, R.; Latinis, K.; Looney, R.J.; Fervenza, F.C.; Sanchez-Guerrero, J.; Maciuca, R.; Zhang, D.; Garg, J.P.; Brunetta, P.;
et al. Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: The Lupus Nephritis Assessment with
Rituximab study. Arthritis Rheumatol. 2012, 64, 1215–1226. [CrossRef] [PubMed]

26. Mysler, E.F.; Spindler, A.J.; Guzman, R.; Bijl, M.; Jayne, D.; Furie, R.A.; Houssiau, F.A.; Drappa, J.; Close, D.; Maciuca, R.; et al.
Efficacy and safety of ocrelizumab in active proliferative lupus nephritis: Results from a randomized, double-blind, phase III
study. Arthritis Rheumatol. 2013, 65, 2368–2379. [CrossRef]

27. Ostendorf, L.; Burns, M.; Durek, P.; Heinz, G.A.; Heinrich, F.; Garantziotis, P.; Enghard, P.; Richter, U.; Biesen, R.; Schneider, U.;
et al. Targeting CD38 with Daratumumab in Refractory Systemic Lupus Erythematosus. N. Engl. J. Med. 2020, 383, 1149–1155.
[CrossRef] [PubMed]

28. Bao, L.; Cunningham, P.N.; Quigg, R.J. Complement in Lupus Nephritis: New Perspectives. Kidney Dis. 2015, 1, 91–99. [CrossRef]
29. Almaani, S.; Meara, A.; Rovin, B.H. Update on lupus nephritis. Clin. J. Am. Soc. Nephrol. 2017, 12, 825–835. [CrossRef]
30. Feng, X.; Wu, H.; Grossman, J.M.; Hanvivadhanakul, P.; FitzGerald, J.D.; Park, G.S.; Dong, X.; Chen, W.; Kim, M.H.; Weng, H.H.;

et al. Association of increased interferon-inducible gene expression with disease activity and lupus nephritis in patients with
systemic lupus erythematosus. Arthritis Rheumatol. 2006, 54, 2951–2962. [CrossRef] [PubMed]

31. Parikh, S.V.; Malvar, A.; Song, H.; Alberton, V.; Lococo, B.; Vance, J.; Zhang, J.; Yu, L.; Rovin, B.H. Characterising the immune
profile of the kidney biopsy at lupus nephritis flare differentiates early treatment responders from non-responders. Lupus Sci.
Med. 2015, 2, e000112. [CrossRef]

32. Anders, H.J.; Lichtnekert, J.; Allam, R. Interferon-α and-B in kidney inflammation. Kidney Int. 2010, 77, 848–854. [CrossRef]
33. Anders, H.J. Nephropathic autoantigens in the spectrum of lupus nephritis. Nat. Rev. Nephrol. 2019, 15, 595–596. [CrossRef]

[PubMed]
34. Goel, R.R.; Wang, X.; O’Neil, L.J.; Nakabo, S.; Hasneen, K.; Gupta, S.; Wigerblad, G.; Blanco, L.P.; Kopp, J.B.; Morasso, M.I.; et al.

Interferon lambda promotes immune dysregulation and tissue inflammation in TLR7-induced lupus. Proc. Natl. Acad. Sci. USA
2020, 117, 5409–5419. [CrossRef] [PubMed]

35. Yavuz, S.; Bianchi, M.; Kozyrev, S.; Bolin, K.; Leonard, D.; Pucholt, P.; Sandling, J.K.; Bengtsson, A.; Jönsen, A.; Rantapää-Dahlqvist,
S.; et al. Toll-like receptors revisited; A possible role for TLR1 in lupus nephritis. Ann. Rheum. Dis. 2020, 80, 404–406. [CrossRef]
[PubMed]

36. Furie, R.; Khamashta, M.; Merrill, J.T.; Werth, V.P.; Kalunian, K.; Brohawn, P.; Illei, G.G.; Drappa, J.; Wang, L.; Yoo, S. Anifrolumab,
an Anti–Interferon-α Receptor Monoclonal Antibody, in Moderate-to-Severe Systemic Lupus Erythematosus. Arthritis Rheumatol.
2017, 69, 376–386. [CrossRef] [PubMed]

37. Caster, D.J.; Korte, E.A.; Merchant, M.L.; Klein, J.B.; Wilkey, D.W.; Rovin, B.H.; Birmingham, D.J.; Harley, J.B.; Cobb, B.L.; Namjou,
B.; et al. Autoantibodies targeting glomerular annexin A2 identify patients with proliferative lupus nephritis. Proteom. Clin. Appl.
2015, 9, 1012–1020. [CrossRef]

http://doi.org/10.1056/NEJMoa1912196
http://doi.org/10.1002/art.41179
http://doi.org/10.1016/S0140-6736(18)32167-6
http://doi.org/10.1002/art.39722
http://doi.org/10.1002/art.38790
http://doi.org/10.1186/ar3738
http://www.ncbi.nlm.nih.gov/pubmed/22325903
http://doi.org/10.1016/j.kint.2018.08.025
http://www.ncbi.nlm.nih.gov/pubmed/30420324
http://doi.org/10.1056/NEJMoa2001180
http://www.ncbi.nlm.nih.gov/pubmed/32937045
http://doi.org/10.1002/art.41466
http://www.ncbi.nlm.nih.gov/pubmed/32755035
http://doi.org/10.1002/art.34359
http://www.ncbi.nlm.nih.gov/pubmed/22231479
http://doi.org/10.1002/art.38037
http://doi.org/10.1056/NEJMoa2023325
http://www.ncbi.nlm.nih.gov/pubmed/32937047
http://doi.org/10.1159/000431278
http://doi.org/10.2215/CJN.05780616
http://doi.org/10.1002/art.22044
http://www.ncbi.nlm.nih.gov/pubmed/16947629
http://doi.org/10.1136/lupus-2015-000112
http://doi.org/10.1038/ki.2010.71
http://doi.org/10.1038/s41581-019-0168-x
http://www.ncbi.nlm.nih.gov/pubmed/31197262
http://doi.org/10.1073/pnas.1916897117
http://www.ncbi.nlm.nih.gov/pubmed/32094169
http://doi.org/10.1136/annrheumdis-2020-218373
http://www.ncbi.nlm.nih.gov/pubmed/32994161
http://doi.org/10.1002/art.39962
http://www.ncbi.nlm.nih.gov/pubmed/28130918
http://doi.org/10.1002/prca.201400175


Int. J. Mol. Sci. 2021, 22, 3766 12 of 12

38. Caster, D.J.; Korte, E.A.; Merchant, M.L.; Klein, J.B.; Barati, M.T.; Joglekar, A.; Wilkey, D.; Coventry, S.; Hata, J.; Rovin, B.; et al.
Patients with Proliferative Lupus Nephritis Have Autoantibodies That React to Moesin and Demonstrate Increased Glomerular
Moesin Expression. J. Clin. Med. 2021, 10, 793. [CrossRef]

39. Caza, T.; Hassen, S.; Kuperman, M.; Sharma, S.; Dvanajscak, Z.; Arthur, J.; Edmondson, R.; Storey, A.; Herzog, C.; Kenan, D.J.;
et al. Neural cell adhesion molecule 1 is a novel autoantigen in membranous lupus nephritis. Kidney Int. 2020. [CrossRef]

40. Sethi, S.; Madden, B.J.; Debiec, H.; Cristine Charlesworth, M.; Gross, L.; Ravindran, A.; Hummel, A.M.; Specks, U.; Fervenza, F.C.;
Ronco, P. Exostosin 1/exostosin 2–associated membranous nephropathy. J. Am. Soc. Nephrol. 2019, 30, 1123–1136. [CrossRef]

41. Sethi, S. New ‘Antigens’ in Membranous Nephropathy. J. Am. Soc. Nephrol. 2021, 32, 268–278. [CrossRef] [PubMed]
42. Ravindran, A.; Casal Moura, M.; Fervenza, F.C.; Nasr, S.H.; Alexander, M.P.; Fidler, M.E.; Hernandez, L.P.H.; Zhang, P.; Grande,

J.P.; Cornell, L.D.; et al. In Patients with Membranous Lupus Nephritis, Exostosin-Positivity and Exostosin-Negativity Represent
Two Different Phenotypes. J. Am. Soc. Nephrol. 2021, 32, 695–706. [CrossRef] [PubMed]

43. Bosch, X. Systemic Lupus Erythematosus and the Neutrophil. N. Engl. J. Med. 2011, 365, 758–760. [CrossRef]
44. Bajema, I.M.; Wilhelmus, S.; Alpers, C.E.; Bruijn, J.A.; Colvin, R.B.; Cook, H.T.; D’Agati, V.D.; Ferrario, F.; Haas, M.; Jennette, J.C.;

et al. Revision of the International Society of Nephrology/Renal Pathology Society classification for lupus nephritis: Clarification
of definitions, and modified National Institutes of Health activity and chronicity indices. Kidney Int. 2018, 93, 789–796. [CrossRef]
[PubMed]

45. van Dam, L.S.; Rabelink, T.J.; van Kooten, C.; Teng, Y.K.O. Clinical Implications of Excessive Neutrophil Extracellular Trap
Formation in Renal Autoimmune Diseases. Kidney Int. Rep. 2019, 4, 196–211. [CrossRef]

46. Lech, M.; Anders, H.J. The pathogenesis of lupus nephritis. J. Am. Soc. Nephrol. 2013, 24, 1357–1366. [CrossRef]
47. Hakkim, A.; Fürnrohr, B.G.; Amann, K.; Laube, B.; Abed, U.A.; Brinkmann, V.; Herrmann, M.; Voll, R.E.; Zychlinsky, A.

Impairment of neutrophil extracellular trap degradation is associated with lupus nephritis. Proc. Natl. Acad. Sci. USA 2010, 107,
9813–9818. [CrossRef] [PubMed]

48. Garcia-Romo, G.S.; Caielli, S.; Vega, B.; Connolly, J.; Allantaz, F.; Xu, Z.; Punaro, M.; Baisch, J.; Guiducci, C.; Coffman, R.L.; et al.
Netting neutrophils are major inducers of type I IFN production in pediatric systemic lupus erythematosus. Sci. Transl. Med.
2011, 3, 73ra20. [CrossRef]

49. Lande, R.; Ganguly, D.; Facchinetti, V.; Frasca, L.; Conrad, C.; Gregorio, J.; Meller, S.; Chamilos, G.; Sebasigari, R.; Riccieri, V.; et al.
Neutrophils activate plasmacytoid dendritic cells by releasing self-DNA-peptide complexes in systemic lupus erythematosus. Sci.
Transl. Med. 2011, 3, 73ra19. [CrossRef]

50. Bashford-Rogers, R.J.M.; Bergamaschi, L.; McKinney, E.F.; Pombal, D.C.; Mescia, F.; Lee, J.C.; Thomas, D.C.; Flint, S.M.; Kellam,
P.; Jayne, D.R.W.; et al. Analysis of the B cell receptor repertoire in six immune-mediated diseases. Nature 2019, 574, 122–126.
[CrossRef]

51. Robson, K.J.; Kitching, A.R. Tertiary lymphoid tissue in kidneys: Understanding local immunity and inflammation. Kidney Int.
2020, 98, 280–283. [CrossRef] [PubMed]

52. Steinmetz, O.M.; Velden, J.; Kneissler, U.; Marx, M.; Klein, A.; Helmchen, U.; Stahl, R.A.K.; Panzer, U. Analysis and classification
of B-cell infiltrates in lupus and ANCA-associated nephritis. Kidney Int. 2008, 74, 448–457. [CrossRef] [PubMed]

53. Chang, A.; Henderson, S.G.; Brandt, D.; Liu, N.; Guttikonda, R.; Hsieh, C.; Kaverina, N.; Utset, T.O.; Meehan, S.M.; Quigg, R.J.;
et al. In Situ B Cell-Mediated Immune Responses and Tubulointerstitial Inflammation in Human Lupus Nephritis. J. Immunol.
2011, 186, 1849–1860. [CrossRef]

54. Shen, Y.; Sun, C.Y.; Wu, F.X.; Chen, Y.; Dai, M.; Yan, Y.C.; Yang, C.D. Association of intrarenal B-Cell infiltrates with clinical
outcome in lupus nephritis: A study of 192 cases. Clin. Dev. Immunol. 2012, 2012, 967584. [CrossRef] [PubMed]

55. Mendez, L.M.G.; Cascino, M.D.; Garg, J.; Katsumoto, T.R.; Brakeman, P.; Dall’era, M.; Looney, R.J.; Rovin, B.; Dragone, L.;
Brunetta, P. Peripheral blood B cell depletion after rituximab and complete response in lupus nephritis. Clin. J. Am. Soc. Nephrol.
2018, 13, 1502–1509. [CrossRef]

56. Birmingham, D.J.; Hebert, L.A. The Complement System in Lupus Nephritis. Semin. Nephrol. 2015, 35, 444–454. [CrossRef]
57. Ion, O.; Obris, că, B.; Ismail, G.; Sorohan, B.; Bălănică, S.; Mircescu, G.; Sinescu, I. Kidney Involvement in Hypocomplementemic

Urticarial Vasculitis Syndrome—A Case-Based Review. J. Clin. Med. 2020, 9, 2131. [CrossRef]
58. Bao, L.; Haas, M.; Quigg, R.J. Complement factor H deficiency accelerates development of lupus nephritis. J. Am. Soc. Nephrol.

2011, 22, 285–295. [CrossRef]
59. Reddy, V.; Klein, C.; Isenberg, D.A.; Glennie, M.J.; Cambridge, G.; Cragg, M.S.; Leandro, M.J. Obinutuzumab induces superior

B-cell cytotoxicity to rituximab in rheumatoid arthritis and systemic lupus erythematosus patient samples. Rheumatology 2017, 56,
1227–1237. [CrossRef]

http://doi.org/10.3390/jcm10040793
http://doi.org/10.1016/j.kint.2020.09.016
http://doi.org/10.1681/ASN.2018080852
http://doi.org/10.1681/ASN.2020071082
http://www.ncbi.nlm.nih.gov/pubmed/33380523
http://doi.org/10.1681/ASN.2020081181
http://www.ncbi.nlm.nih.gov/pubmed/33478971
http://doi.org/10.1056/NEJMcibr1107085
http://doi.org/10.1016/j.kint.2017.11.023
http://www.ncbi.nlm.nih.gov/pubmed/29459092
http://doi.org/10.1016/j.ekir.2018.11.005
http://doi.org/10.1681/ASN.2013010026
http://doi.org/10.1073/pnas.0909927107
http://www.ncbi.nlm.nih.gov/pubmed/20439745
http://doi.org/10.1126/scitranslmed.3001201
http://doi.org/10.1126/scitranslmed.3001180
http://doi.org/10.1038/s41586-019-1595-3
http://doi.org/10.1016/j.kint.2020.04.026
http://www.ncbi.nlm.nih.gov/pubmed/32709287
http://doi.org/10.1038/ki.2008.191
http://www.ncbi.nlm.nih.gov/pubmed/18528326
http://doi.org/10.4049/jimmunol.1001983
http://doi.org/10.1155/2012/967584
http://www.ncbi.nlm.nih.gov/pubmed/22792121
http://doi.org/10.2215/CJN.01070118
http://doi.org/10.1016/j.semnephrol.2015.08.006
http://doi.org/10.3390/jcm9072131
http://doi.org/10.1681/ASN.2010060647
http://doi.org/10.1093/rheumatology/kex067

	Introduction 
	Genetic Environment in Lupus Nephritis 
	Role of Interferon Signaling in Lupus Nephritis 
	Potential Specific Antigens in Lupus Nephritis 
	Cellular Players in Lupus Nephritis—The Role of Neutrophils and Tertiary Lymphoid Organs 
	From Antibody to Injury in Lupus Nephritis—The Role of the Complement System 
	Transition from Bench to Bedside—Novel Therapies in Lupus Nephritis 
	References

