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Immune complex (IC) deposition in the glomerular basement membrane (GBM) is a key early pathogenic event
in lupus nephritis (LN). The clarification of the mechanisms behind IC deposition will enable targeted therapy in
the future. Circulating cell-derived microparticles (MPs) have been proposed as major sources of extracellular
autoantigens and ICs and triggers of autoimmunity in LN. The overabundance of galectin-3-binding protein
(G3BP) alongwith immunoglobulins and a few other proteins specifically distinguish circulating MPs in patients
with systemic lupus erythematosus (SLE), and this is most pronounced in patients with active LN. G3BP co-
localizes with deposited ICs in renal biopsies from LN patients supporting a significant presence of MPs in the
IC deposits. G3BP binds strongly to glomerular basement membrane proteins and integrins. Accordingly, MP
surface proteins, especially G3BP, may be essential for the deposition of ICs in kidneys and thus for the ensuing
formation of MP-derived electron dense structures in the GBM, and immune activation in LN. This review focuses
on the notion of targeting surfacemolecules onMPs as an entirely novel treatment strategy in LN. By targetingMPs,
a double hitmay be achieved by attenuating both the autoantigenic fueling of immune complexes and the trigger-
ing of the adaptive immune system. Thereby, early pathogenic events may be blocked in contrast to current treat-
ment strategies that primarily target and modulate later events in the cellular and humoral immune response.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

1.1. Lupus nephritis

Systemic lupus erythematosus (SLE) is a chronic systemic autoim-
mune disease with a heterogeneous disease presentation that may af-
fect most organ systems. Some of the common manifestations include
non-erosive polyarthritis, malar rash, hypersensitivity to sunlight,
serositis, hematological abnormalities, central nervous system involve-
ment, vasculitis, autoimmune thrombosis, and glomerulonephritis [1].
A common pathogenic denominator is the development of antinuclear
autoimmunity, andmore than ninety-five percent of SLEpatients exhib-
it the serological hallmark of SLE, antinuclear antibodies (ANA) directed
against chromatin-components such as double-stranded DNA (dsDNA)
and nucleosomes, and ribonucleoproteins [2].

SLE primarily affects women in the fertile age with a female to male
ratio of 9 to 1 [2]. Kidney disease in SLE, termed lupus nephritis (LN), is a
frequent (30–40%) and severe manifestation [3]. LN often presents
within the first years of disease and is an independent predictor of
poor prognosis [3–5]. LN is linked to significant disease and treatment
relatedmorbidity andmortality andmay lead to end-stage renal disease
and renal transplantation [3,5]. Aggressive immunosuppressive treat-
ment regimens are employed for the more severe, proliferative forms
of LN, and these typically include prednisolone in combination with
mycophenolate mofetil, cyclophosphamide, or azathioprine [6–9]. The
response to induction treatment is often slow and unpredictable,
and refractory disease is strongly associated with a poor renal outcome
[6,8–10]. Twenty to sixty percent obtain complete or partial renal re-
sponse within the first 6 to 12 months of induction therapy [6–8,11].
During subsequent maintenance therapy, 10–20% of the patients expe-
rience renal flares, progression to end-stage renal disease, and death
[12,13]. Further, these immunosuppressive treatments are significant
determinants of major infections in SLE patients [14]. Thus, there is a
need for more efficient and less toxic treatment regimens. Major efforts
are currently undertaken exploring new treatment strategies that pri-
marily target IFN-α signalling, T- andB-cells, cytokines and chemokines,
or their receptors [15,16]. These strategies primarily target the cellular
and humoral arms of the immune system and not the sources of
autoantigens that trigger the cellular and humoral immune system to
a sustained state of autoimmunity.

2. Origin of immune complex deposits in lupus nephritis

In SLE, ICs are found in the basementmembrane ofmost organs, par-
ticular in the skin and the glomerular basement membrane (GBM) in
the kidney. These ICs are found in themesangium or the subendothelial
and the subepithelial spaces and can be identified as electron dense
structures (EDS) in the GBM by electron microscopy in LN biopsies
(Fig. 1) [15,17,18]. While the occurrence of ICs and EDS is recognized
as early important pathogenic events, the mechanisms behind their oc-
currence are still elusive aswell as the events leading to the progression
from mesangial to the membrano-proliferative lesions. Histopathologi-
cally, LN is classified based on the glomerular pathology as minimal
mesangial (class I), mesangial proliferative (class II), focal proliferative
(class III), diffuse proliferative (class IV), membranous (class V), and
advanced sclerotic (class VI) according to the classification criteria by
the World Health Organization (WHO) and International Society of
Nephrology/Renal Pathology Society (ISN/RPS) [15,19]. Early in LN
pathogenesis, ICs deposit in themesangial matrix and activate the com-
plement system and engage with Fc-receptors and Toll-like receptors
(TLRs) on/in mesangial cells triggering the release of cytokines and
chemokines that recruit infiltrating immune cells that further promote
inflammation, endothelial activation, cellular proliferation and tissue
damage [15,16,18]. Supposedly, ICs deposit from the circulation and/
or form in situ as a result from binding of autoantibodies to locally
formed autoantigens in the kidney (Fig. 1, II) [18,20,21]. Past data

favor that nuclear antigens, including chromatin, become accessible
via apoptosis and delivery by the bloodstream, rather than via local ap-
optotic processes in the glomeruli [18,21,22]. The degree of local apo-
ptotic activity in the kidney is minimal, and chromatin without
autoantibodies has not been detected, supporting that the autoantigens
are more likely to derive from the circulation (as part of ICs) than from
local apoptotic cells in the kidney (Fig. 1, II-C) [20,21]. Also, previous no-
tions of unspecific binding of chromatin to GBM through interactions
with GBM proteins or based on electrostatic binding through DNA
have been more or less abandoned [21]. Altogether, the available data
suggest that the majority of ICs in the EDS in LN kidneys originate
from circulating ICs. The extracellular autoantigens fueling these patho-
genetic processes may become available in subcellular particles (micro-
particles, MPs) derived from apoptotic cells or from activated/dying
neutrophils (neutrophil extracellular traps, NETs). These particles
carry many bioactive molecules, and the presentation of autoantigens
in particles modulates the interaction with other cells, other particles,
and the extracellular matrix and, thus, is highly likely to influence the
IC deposition and immune cell triggering in LN. Accordingly, it is
important to clarify the origin and composition, in particular, the surface
characteristics and functional capabilities of the particles, to identify
new candidate drug targets in LN [23].

3. Dying cells as sources of extracellular autoantigens in SLE

A characteristic feature of SLE is the loss of immunological tolerance
against self and the occurrence of autoantibodies against nuclear com-
ponents, antinuclear antibodies [2]. It is believed that an increased pro-
duction of type I interferons (IFNs) prime and promote the triggering of
autoreactive T- and B-cells by autoantigens from improperly cleared ap-
optotic cells and activated neutrophils and hence the formation of auto-
antibodies and ICs [24]. The linking of the development of SLE with
defective clearance of dying cells and the exposure of nuclear
autoantigens on apoptotic cell surface blebs (MPs and apoptotic bodies)
fostered the notion that dying cells could be major endogenous sources
of autoantigens triggering antinuclear autoimmunity in SLE [25–27]. It
is now recognized that, besides apoptosis, other types of cell death,
NETosis, necrosis, and necroptosis may also serve as sources of extracel-
lular autoantigens [25,27–30]. Convincing evidence linking apoptosis
and SLE have thus accumulated over the years, while the connection be-
tween the release of neutrophil extracellular traps (NETs) and SLE is still
being uncovered.

In SLE patients, several different innate clearance deficiencies have
been identified, both in opsonising molecules such as C1q, mannose-
binding lectin (MBL), and C-reactive protein (CRP), in extracellular DNA
degradation (DNase1), and in professional phagocytes [25,27,31–33].
Several of these deficiencies have been replicated in murine lupus
models, e.g., monozygotic C1q deficiency [31,32]. Normally, an apoptotic
cell is opsonized and phagocytosed rapidly and in an immunologically
silent manner [34]. However, if clearance is compromised, apoptosis is
allowed to progress into later stages of apoptosis and secondary necrosis,
which incites inflammation [35,36]. The highly active enzymatic process-
es during apoptosis drive the cell dismantlement [34]. If clearance is de-
layed, this enzymatic milieu in apoptosis (caspases, reactive oxygen
species (ROS), peptidylarginine deiminase (PAD), and more) is a power-
ful generator of neo-antigens by a myriad of autoimmunogenic post-
translational protein modifications [37–39]. During this, the chromatin
is fragmented and relocated into small surface blebs (here collectively
termed microparticles) and bodies together with other co-stimulatory
proteins from the nucleus (e.g., high mobility group box-1 (HMBG1))
and the endoplasmic reticulum [40–44]. Ultimately, the particles are re-
leased to the extracellular environment [40,42,44,45]. Several in vitro
studies demonstrate that lupus autoantigens are displayed on the surface
of apoptotic-derivedMPs and that anti-dsDNA and anti-histone antibod-
ies from SLE sera bind to these, and that this binding can be reduced by
DNase andRNase treatment [29,35,42,46,47]. The notion that such excess
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