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Abstract

Several diseases are related to complement involvement. In particular, its role is
essential for the pathogenesis of several renal disease. On the other hand, the
complement role may also be protective, and this possibility should be well known
when managing complement inhibitors.

Complement inhibitors are relatively newly discovered therapies that are essential in
some diseases, and in others improve the efficacy of the already known therapeutic
measures that represent the standard of care.

In the case of glomerular diseases, complement plays a role in almost all diseases.
In some diseases, complement abnormalities represent the prevailing factor in the
pathogenesis. In such diseases, complement inhibition represents an essential
therapy. In other diseases, complement plays an important role, but other factors
are involved in the pathogenesis. Clearly, in these diseases, complement inhibition
represents a therapy that could be added to the standard of care therapy, according
to the physician’s judgement. Examples of these diseases are lupus nephritis,
thrombotic microangiopathy when associated to some cases of lupus nephritis,
and IgA nephropathy. The latter is one of the first primary glomerulonephritides in
which a relevant role of complement is documented. These three diseases are the
object of this brief review. Particular concern should be given to ongoing clinical
trials. Indeed, many of these anti-complement therapies are still in different phases
of clinical trials. Finally, particular concern must be ascribed to the problem of
associating these emerging therapies to already existing and proven treatments.

Key Points

1. The complement system is involved in several renal diseases. In some disease it is involved deeply,
and in such diseases the treatment is principally based on anti-complement drugs. In other glomerular
diseases, the complement system is involved marginally.
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2. In some renal diseases, principally in autoimmune diseases, the complement system may have

a protective role. Indeed, the early complement components have an effect on opsonisation and
clearance of immune complexes, apoptotic cells, and cellular debris. Additionally, genetic deficiency of
complements 1 and 4 leads to a higher risk of having lupus nephritis. A different protective role exerted
by complement is the enhanced immune complexes clearance generated by complement 3b when
bound to completment receptor 1 on the erythrocyte surface.

3. Problems in targeting complement in lupus nephritis include which pathway to target, as classical,
lectin, and alternative pathways may be involved; which immunosuppressant to use, with a choice
between steroids, mycophenolic acid, calcineurin inhibitors, and rituximab; and compatibility of
complement therapy with standard of care. Steroids and complement inhibitors are synergistic, while
calcineurin inhibitors are synergistic with complement inhibitors. Complement inhibitors may reduce the
effect of rituximab.

INTRODUCTION

The complement system has been an appealing
drug target for a long time."? However, early drug
development efforts have failed for two reasons:
the lack of specificity of the anti-complement
drugs, and the insufficient knowledge about

the mechanism of action of complement in both
health and disease.

COMPLEMENT
SYSTEM ABNORMALITIES

Complement system abnormalities may be due to
alterations of the different complement proteins,
or of the protein system related to complement
regulations. Often, these abnormalities are on

a genetic basis, and abnormalities frequently
involve factor H. They may consist of factor (f) H
mutation or presence of anti-fH autoantibodies.
Less frequent is a mutation of factor | or of the
membrane cofactor protein. Abnormalities of

the complement system may concern gain of
function of complement (C) 3 or of complement
fB. These abnormalities are also on genetic basis.

To date, it is well known that complement is
deeply involved in several renal diseases. Such
diseases should be divided according to the
relevance of complement in their pathogenesis.
In several diseases, complement exerts a
principal and fundamental role, such as in
atypical haemolytic uremic syndrome (aHUS)
and in C3 glomerulonephritis. In such diseases,
different treatments may be used, ranging from
non-specific immunosuppression to newer
complement targeting agents. Anyway, such
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patients should receive anti-proteinuria therapy
with angiotensin converting enzyme inhibitors.
Non-specific immunosuppression includes
steroids, rituximab (RTX), and mycophenolate
mofetil (MMF).34 In other diseases, such

as systemic lupus erythematosus (SLE);
secondary thrombotic microangiopathy (TMA),
often associated with lupus nephritis (LN);

and several glomerulopathies, such as IgA
glomerulonephritis, the role of complement
according to new knowledge is particularly
relevant, and the anti-complement therapies are
more often associated to the standard of care
therapies. In this short review, the involvement of
complement in diseases such as secondary TMA,
SLE, and IgA nephropathy (IgAN) will be treated,
looking at the main targeting drugs.

In other renal diseases, complement is similarly
involved, even if at a lesser degree, including
antineutrophilic cytoplasmic antibody vasculitis,
membranous nephropathy, and diabetic
nephropathy.’ First, it should be highlighted that
complement activation is not only restricted

to the glomeruli within the kidney, but several
experimental and clinical data®® have indicated
that complement activation may contribute

to tubular cell injury. However, it should be
observed that some of these studies have been
conducted on animals.

An important consideration is that complement
has not only a damaging effect, but may also
have a protective role against autoimmune
diseases. Table 1 documents that the deficiency
of some complement proteins leads to disease.
In the human, the genetic deficiency of C1 has

a 77% risk for SLE, and the genetic deficiency

Creative Commons Attribution-Non Commercial 4.0 « July 2023 « Nephrology 91


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org

Article

Table 1: Complement may have a protective role against autoimmune diseases.

Deficient complement component Human/mouse Clinical manifestation

C1 Human LN

C2 Human Cutaneous lupus

C4 Human LN

C1q Mouse Autoantibodies, proliferative
and crescentic GN with C3
glomerular staining

ca Mouse Autoantibodies, proliferative GN
with C3 and Ig glomerular staining

C: complement; C1qg: complement component 1q; GN: glomerulonephritis; LN: lupus nephritis.

of C4 has a 75% risk for SLE."® Indeed, the early
complement components have an important
effect on the opsonisation and clearance of
immune complexes, apoptotic cells, and cellular
debris, which are all important in the initiation
and pathogenesis of LN.

A different protective role exerted by
complement is the enhanced immune
complexes clearance generated by C3b when
bound to complement receptor 1 (CR-1) on the
erythrocyte surface. Indeed, immune complexes
activate the complement system, and the
generated C3b binds to the complexes and to
CR-1 present on the surface of erythrocytes.
During erythrocyte traffic through sinusoids in
liver and spleen, residual phagocytes remove
bound immune complexes, leading to

their clearance.3

Several recent studies using transcriptomics
techniques to identify complement proteins in
kidney biopsies have provided documentation
of an increase of messenger RNA of
complement proteins in patients with SLE.
During inflammation, there is an increase of
such proteins, as well as a decrease of
messanger RNA of complement regulators
such as CR-1.
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Through this way, Tempe et al.* identified an
accelerated intrarenal synthesis of distinct
classical and alternative complement pathway
components, most associated with impaired
renal function. The study documented that
glomerular complement synthesis is associated
with interferon signalling, while tubulointerstitial
complement synthesis is associated with
aberrant T cell receptor signalling.

Studies from Parikh et al.’>'® using transcriptome
analysis found that complement molecular
profiling of kidney compartments from renal
biopsies differentiated responders to treatment
and patients affected by lupus flare. These
findings may help as a treatment guide and to
predict responses better.

Similarly, complement system activation studied
by transcriptome analysis allowed identification
of complement protein activation in chronic
antibody-mediated rejection, and in IgAN
recurrence.” In summary, all these studies on
complement regulation and kidney diseases
allow the statement that complement activation
in nephrology has a double-edged role.”®

Standard kidney biopsies may be useful in

understanding intrarenal complement activity,
but the use of kidney biopsies with complement
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staining or transcript analysis adds useful
information in understanding the exact role of
complement in a particular patient. The use

of such techniques may allow moving toward

a personalised approach in the management

of LN.”® The study by Gilmore et al.?° using
transcriptome analysis on formalin-fixed paraffin-
embedded kidney biopsy tissue revealed which
molecular pathways are active in each patient,
with LN comporting clinical utility in treatment
selection. Similarly, Liu et al.,? studying kidneys
of patients with LN and New Zealand Black/White
mice, found higher expression of C3 and TGF-B1
in the earlier phases of LN. Mejia-Vilet et al.??
found a significant heterogeneity in immune gene
expression in the kidney of patients with LN.

This fact might have relevance in treatment
decisions. In a similar study, Peterson et al.?®
characterised heterogeneity in the molecular
pathogenesis of LN from transcriptional profiles
of laser-captured glomeruli.

Finally, Martin et al.?* found that plasma C4d
correlates with C4d deposition in kidneys of
patients affected by active LN, and Wang et al.®
found that membrane attack complex (MAC)
deposition in renal tubules is associated with
interstitial fibrosis and tubular atrophy.

Tubular complement activation and deposition
occurs in proteinuric diseases, and in LN, C5-C9
deposition is associated with tubulointerstitial
fibrosis. In addition, there is a subgroup of
patients with persistent subclinical inflammation.
Such patients have elevated biomarkers
(monocyte chemoattractant protein-1)
associated with a lower kidney survival.

TARGETING COMPLEMENT
IN LUPUS NEPHRITIS

To date, several questions are open in the

issue of targeting complement in LN, including
which pathway to target; which combination

of immunosuppressants to use; when to add
anti-complement therapy to standard of care
treatment; in which phase of renal disease
complement should be targeted; and which

new anti-complement compounds to use for LN.
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Which Pathway to Target?

Figure 1 shows that all three pathways of
complement activation are involved in LN: the
classical pathway, the lectin pathway, and the
alternative pathway.

A main rule is to avoid the inhibition of the

early classical pathway in order to maintain the
immune complexes clearance. In the alternative
pathway, targets are fB, fD, and properdin. In

all pathways, C3 is a possible target. Other
targets are the MAC and the anaphylotoxins C3a
receptor and C5a receptor.

Which Immunosuppressant?

The second question is which is the best
immunosuppressant to target complement. A
study from Lemercier et al.?® documented that
glucocorticoids modulate the monocyte secretion
of C3, fB, and fH, indicating an anti-inflammatory
property and a control of complement activation.

A study from Wang et al.,?® done on animals,
documented that a compound of mycophenolic
acid, in addition to targeting the proliferation of
lympholeukocytes, downregulates complement
protein 3 and other pro-inflammatory cytokines,
such as TNFa-, IL-6, and TGF-f3.

An old study on animals, from Pennington et
al.,? documented that cyclophosphamide was
able to inhibit the synthesis of C2 and C4 in

a guinea pig model. A study from Renner et

al.,?® conducted on mice, documented that the
treatment of patients with calcineurin inhibitors
(CNI) is associated with an increased production
of complement-activating endothelial micro
particles. The deposition of C3 on the surface of
endothelial micro particles was examined by flow
cytometry. Complement activation caused by
cyclosporine-induced micro particles seems to
be due to a decreased binding of factor H.

In a different study,?® CNI-induced complement
activation downregulated the suppressor of
cytokine signalling and the complement inhibitors
CD46 and CD55. According to these studies,
complement activation may contribute to chronic
calcineurin inhibitor nephrotoxicity. However, it

is only a hypothesis that cyclosporine causes
alternative pathway dependent injury in the
kidney and vasculature. Moreover, many of these
studies were conducted on animals. Additionally,
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Figure 1: Complement as a therapeutic target therapy in lupus nephritis.

Classical pathway

Which pathway to target?

+ Alternative pathway: fB, fD, P
« Common pathway: C3

« Membrane attack complex: C5,
C6

* Anaphylotoxins: C3aR, C5aR1

Lectin pathway Alternative pathway

C: complement; fB: factor B; fD: factor D; P: properdin; R: receptor.

large recent studies have documented the
efficacy of CNI in the treatment of LN.3°

The effect of RTX on LN has been discussed
and its efficacy is still controversial.®' Studies
on patients with B cell malignancies treated
with RTX®2 did not document RTX efficacy in
targeting complement.

Compatibility of Complement Therapy
with Lupus Nephritis Standard of Care
According to some studies, several complement
proteins are downregulated by corticosteroids,33
while other studies document an increase of

C3 and fB messanger RNA.2° Overall, the
administration of a complement inhibitor to
glucocorticoids could synergise with
complement inhibition. MMF reduces C3
expression,?® and the addition of a complement
inhibitor could enhance the effect of MMF.

The cited study on cyclophosphamide?”
documents its inhibition on C2 and C4,

which has a negative effect on the immune
complexes clearance, but the addition of a
complement inhibitor acting on a late stage

of complement pathway may synergise with the
anti-inflammatory effect of cyclophosphamide.
CNIs enhance the inflammatory effect of
complement in the kidney.
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The use of a complement inhibitor could reduce
this effect, allowing the use of CNiIs in the
treatment of LN.

RTX depletes B cells through different
mechanisms, among which the complement-
dependent cytotoxicity is relevant.®*

The addition of a complement inhibitor to
RTX could reduce its effect on B cells through
complement-dependent cytotoxicity.

In Which Phase of Renal Disease Should
Complement Be Targeted?

Four phases should be distinguished in

the development of LN. The first phase is
autoimmunity, in which there is loss of self-
tolerance; the second phase consists of the
asymptomatic immune complexes deposition;
the third phase is the inflammatory response
that corresponds to clinical LN; and the fourth
phase is the repair with development of fibrosis
that corresponds to chronic kidney disease.
The use of complement inhibitors is more
effective when given to patients with active LN
with clinical inflammation. The main problem

is understanding when this phase occurs. It

is best to have biomarkers corresponding to
intra-renal complement activation, independent
from biomarkers corresponding to systemic
complement activation.
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Transcriptomic analysis of kidney biopsies
documented elevated expression of

genes associated with C3 and fD during

renal inflammation.3® Other studies using
transcriptomic analysis documented high
expression of fB, fH, and properdin in patients
with active LN documenting the activation of
the alternative pathway.%¢ In addition, urine
examination may be useful in detecting intrarenal
inflammation. Patients with active LN also
have urinary C3d®” and elevated urinary levels
of MAC.%® In conclusion,® the renal diseases
in which alterations of complement system
are present more frequently are aHUS, C3
glomerulonephritis (C3GN), IgAN, and LN.

In aHUS, the most frequent abnormality is

the one concerning fH, but less frequently,
abnormalities of MCP or fl have been found, and
abnormalities of fB or C3 have been encountered
with consequent gain of function.

In C3GN, all the described abnormalities can be
found, but the more frequent abnormality is the
presence of C3 nephritic factor autoantibodies

that stabilise C3 convertase.

In IgAN, the abnormal IgA activate the
complement system through the alternative or
the mannose-binding lectin pathway. In LN, data

on humans have documented abnormalities of fB.

Overall, patients who could benefit from anti-
complement therapy, looking at the Mayo Clinic
Study,* are patients with lower serum creatinine
at the beginning, less proteinuria at diagnosis,
less extensive glomerulosclerosis at renal biopsy,
and with a lesser degree of tubular atrophy and
interstitial fibrosis.

Complement Targeting Drugs
Dysalarm-322 is a drug still on clinical trial®®
that aims to investigate the role of anti-C1s,
anti-high mobility group box 1 protein, and anti-
C1q autoantibodies in the pathogenesis of LN.
Previous studies*® have already documented
the role of such autoantibodies. Eculizumab, a
monoclonal antibody (mAb), principally used for
the treatment of aHUS, has also been used

for the treatment of LN resistant to other
therapies.*' Ravulizumab, like eculizumab,

is a novel humanised mAb that targets C5,

and is under investigation for proliferative

LN and IgAN.
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Narsoplimab is a human mAb acting on the
lectin pathway as it binds to the serine protease
2 (MASP-2) that activates the lectin pathway.
A Phase Il clinical trial is underway to evaluate
its efficacy on LN.*? Iptacopan targets fB and
is active on the alternative pathway. To date, a
Phase Il trial evaluates the efficacy and safety
of iptacopan (LNP023) in combination with
standard of care for active LN Class Ill and V.43
Pegcetacoplan (APL-2), an inhibitor of C3, is to
date being evaluated in several nephropathies,
including LN.

Finally, other compounds could have an effect
on LN. These compounds are to date the object
of clinical trials for other glomerulopathies, but
are not yet studied for the treatment of LN.*

TARGETING COMPLEMENT

IN PATIENTS WITH LUPUS
NEPHRITIS AND ASSOCIATED
THROMBOTIC MICROANGIOPATHY

Patients with LN and associated TMA should
be managed according to the underlying
aetiology of TMA, as stated by the Kidney
Disease Improving Global Outcomes (KDIGO)
guidelines 2021.%5 Patients with this syndrome
should be distinguished according to having
low ADAMTS13 levels; normal ADAMTS13 levels
and negative antiphospholipid antibodies;

or normal ADAMTS13 levels, but positive for
antiphospholipid antibodies. The first group of
patients should be treated by plasma exchange,
glucocorticosteroids, RTX, and caplacizumab
(an anti-von Willebrand factor).*¢ Patients with
normal ADAMTS13 levels should be screened
for complement-mediated TMA and treated

by eculizumab if positive. Finally, patients
positive for antiphospholipid antibodies

should be treated like patients with
antiphospholipid syndrome nephropathy.

TARGETING COMPLEMENT IN
PATIENTS WITH IgA NEPHROPATHY

Among the different glomerulonephritis,
pathogenesis of IgAN is deeply involved by
complement activation and/or dysfunction.*’

IgAN is characterised by deposition of immune
complexes containing polymeric galactose-
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deficient IgA1 in the glomerular mesangium.
Polymeric IgA1 and IgA1-containing immune
complexes can activate the alternative and
lectin pathway, leading to cleavage of intact
C3, thereby forming C3a and C3b. C3a is an
anaphylotoxin and C3b activates the complement
cascade. In addition, fH is a key regulator of the
complement system and together with fl, fH
cleaves C3b to the inactive form iC3b. In IgAN,
fH-related proteins could compete with the
regulatory functions of fH, thereby promoting
complement activation.

Due to the strong association between
glomerular complement activation and IgAN,
complement inhibitors are being tested in several
clinical trials. Table 2 shows the principal clinical
trials to date involved in testing complement
inhibitors for the treatment of IgAN.48-55

C5areceptor 1is a complement receptor that
regulates the dendritic cells, and is essential to

T cell immunity. Ravulizumab, a humanised mAb
anti-C5 prevents cleavage of C5 into C5a and
C5b. To date, a Phase Il study of ravulizumab in
proliferative LN or IJAN (SANCTUARY)“® has the
objectives to evaluate the safety and efficacy of
ravulizumab administered by intravenous infusion
compared to placebo, and demonstrate proof-of-
concept of the efficacy of terminal complement
inhibition in participants with LN (LN Cohort)

or IgAN (IgAN Cohort). Preliminary data have
documented its efficacy in reducing proteinuria
and improving the estimated glomerular filtration
rate (eGFR).

Another oral C5a inhibitor, avacopan (CCX168;
NCT02384317),% is the object of a pilot study

to test its safety, tolerability, and efficacy in
reducing proteinuria in patients with IgAN and
persistent proteinuria, despite supportive therapy
with a maximally tolerated renin-angiotensin-
aldosterone system blocker.

Cemdisiran (ALN CC5) is a synthetic, small

RNA inhibitor designed to suppress liver
production of C5, which may reduce terminal
complement pathway activation and subsequent
inflammation. A Phase Il, double blind controlled
study (NCT03841448)%° aims to evaluate the
safety and efficacy of cemdisiran in patients
with IgAN.
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APL-2 is a peptide inhibitor of C3. A Phase Il trial
will assess the safety and preliminary efficacy of
daily APL-2 subcutaneous infusion administered
for 16 weeks with a 6-month safety follow up, in
patients with glomerulopathies, including IgAN.5

Serum levels of fB are increased in patients with
IgAN, correlating with the activation of B cells.
Blocking fB has potential pathophysiological
importance. IgAN proteinuria reduction after

90 days of treatment with LPN023 (a fB
inhibitor) is being tested in a Phase lla/llb trial
(NCT03373461).52 IONIS-fB-LRx is an antisense
inhibitor of complement fB. It is to date the
object of a Phase Il study to evaluate the
effectiveness and safety in adults with primary
IgAN (NCT04014335).53

Narsoplimab is a human mAb against MASP-

2. MASP-2 is essential for the activation of

the lectin pathway that contributes to disease
progression of IgAN and is, therefore, a potential
drug target. Narsoplimab has been designed to
treat diseases mediated by the lectin pathway of
complement through inhibition of MASP-2. A first
Phase Il study was designed to assess the safety
and efficacy of narsoplimab (OMS721) in patients
with IgAN (NCT03608033).5* BCX9930 is a fD
inhibitor. Its efficacy in C3G, IgAN, and primary
membranous nephropathy is evaluated in a long-
term study (NCT05162066).5°

Lafayette et al.’® published a study evaluating the
effects of narsoplimab on patients affected by
IgAN. The study concluded that narsoplimab is
safe and well tolerated, with a clinical meaningful
reduction in proteinuria, and stability in eGFR in
high risk patients with advanced IgAN. Similarly,
LPNO23 is evaluated to control IgAN.%”

Several of the studies have been the object

of pre-emptive publication, including one on
ravulizumab,®® two on iptacopan,®®£° one on
avacopan,® and four on narsoplimab.6?% In a
pilot study by Bruchfeld et al.,’® the C5a receptor
inhibitor avacopan in IgAN documented the
improvement of eGFR.

EMJ


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org

Article

Table 2: Principal studies to test efficacy of complement inhibitors in IgA nephropathy.

Drug

Target

Study description

Ravulizumab C5 inhibitor

Phase Il study of ravulizumab in
proliferative LN or IgAN“8

Avacopan (CCX168)

C5a receptor blocker

Phase Il, open-label study to
evaluate safety and efficacy of
CCX168 in subjects with IgAN*®

Cemdisiran
synthesis of C5

Small interfering mRNA inhibitor of

Phase Il study of cemdisiran in
adults with IgAN®®

Pegetacoplan (APL-2) C3 inhibitor

Phase Il study assessing
safety and efficacy of APL-2 in
glomerulopathies®

Iptacopan (LNP023)

Complement fB inhibitor

Phase Il study assessing efficacy
and safety of LNP023 in patients
with primary IgAN (APPLAUSE IgAN
[NCT04578834])%2

IONIS FB-LRx

Complement fB inhibitor

Study assessing efficacy and safety
of IONIS-FB-LRx, an antisense
inhibitor of complement fB, in adult
participants with primary IgAN®3

Narsoplimab

MASP-2 inhibitor

Study assessing the safety and
efficacy of OMS721 in patients with
IgAN34

LNPO23

Factor D inhibitor

Study assessing efficacy and safety
of LNP023 in patients with C3
glomerulopathy transplanted and
not transplanted (03373461)%

fB: factor B; IgAN: IgA nephropathy; LN: lupus nephritis; MASP-2: mannan-binding lectin serine protease 2;

MRNA: messenger RNA.

WHICH TREATMENT AFTER
KIDNEY TRANSPLANTATION?

It is difficult to give an answer that is valid for any
nephropathy. It depends on the type of kidney
disease, and the severity of the disease itself.

In the case of LN, the risk of recurrence ranges
between 2-30%.5” In most cases, mild histologic
lesions characterise recurrence and only

rarely does recurrence lead to graft failure.

The post-transplant immunosuppression is
probably sufficient to control the disease.
Generally, it can be stated that the result of
kidney transplantation in LN depends on

the clinical conditions at transplantation.

EMJ

Suarez et al.%® conducted a study on the
recurrence and graft loss of patients affected
by C3GN. The lowest incidence of graft loss
was in patients treated with eculizumab. Among
those who received no treatment because of a
stable graft function, the allograft loss was 32%
in patients with C3GN, and 53% in patients with
dense deposit disease.

No treatment is needed for patients with IgAN,
while the problem for patients with aHUS is still
not solved, even if many patients try to interrupt
the treatment, slowly and with a careful control.
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CONCLUSION

In conclusion, the author has several points

as final remarks, but several problems still remain
to be solved. The current developments show
that complement inhibition in renal disease is
actively pursued in several clinical studies.

The technological advances and clinical
experience with eculizumab have led to a

new confidence in therapeutic strategies

that target the complement system.

The expanding list of trials and the increasing
number of complement inhibitors, which are
being developed and are tested in preclinical
studies, demonstrate that complement inhibition
is an option for therapy of glomerular disorders.
Given the pathological heterogeneity between,

and even within, indications for complement
specific therapies, careful patient stratification
will be essential to pave the way toward new
therapeutic options.

Still unsolved problems are as followed: as
aforementioned, for each single renal disease

it is possible to target complement in different
ways with different drugs and different targets.
One problem is deciding which target should be
chosen for any disease. A different problem is
choosing which inhibitors to choose when having
different inhibitors for the same target. Finally,

a further problem is to understand how long the
anticomplement therapy should be maintained.
This point has a particular relevance in
consideration of the high cost of such therapies.

References syndronze.)J Am Soc Nephrol. 17. Cernoch M et al. Intrarenal
1999;10(11):2323-31. complement system transcripts
Scott DG'. Rowel.l NR. . o . . in chronic antibody-mediated
Immunohistological studies of 9. Sciascia S et al. Renal fibrosis rejection and recurrent
the kidney in systemic lupus in lupus nephritis. Int J Mol Sci. IgA nephropathy in kidney
erythematosus and systemic 2022;23(22):14317. transplantation. Front Immunol
sclerosis using antisera to IgG, C3, ) . . 2018:9:2310 ’ ’
fibrin, and human renal glomeruli. 10. Nfo_rls M, RemuzgltG.dG(Tnetlcsl ! ’
Ann Rheum Dis. 1974;33(5):473- gislg;?g;igzjs |§neco?11;12(rer:2natr 18. Mizuno M et al. Complement
81. - : : regulation and kidney diseases:
o _ Semin Nephrol. 2017;37(5):447-63. regent knowledge of the double-
Clc;l:rzs;;lg?r‘]-tﬂredﬁicﬁ: gcfxgmmune 11. Ramadass M et al. Enhanced edged roles of complement
lg\lephrol 199é.1¥i):13_29 recognition of plasma proteins activation in nephrology. Clin Exp
‘ ' ‘ in a non-native state by Nephrol. 2018;22(1):3-14.
Ahmad SB, Bomback AS. C3 complement C3b. A possible 19. Sciascia S, Fenoglio R. Moving
glomerulopathy: pathogenesis and clearance mechanism for damaged ’ toward pe;'sonalized a.pproaches
treatment. Adv Chronic Kidney Dis. proteins in blood. Mol Immunol. in the management of Iupus
2020;27(2):104-10. 2015;64(1):55-62. nephritis. Expert Opin Biol Ther.
Ravindran A et al. C3 12. Kavai M. Immune complex 2021;21(12):1547-50.
glomerulopathy: ten years’ clearance by complement receptor 20. Gilmore AC et al.- MASTERPLANS
experience at Mayo Clinic. Mayo type 1in SLE. Autoimmun Rev. ’ Consortium Imﬁ’une gene
Clin Proc. 2018;93(8):991-1008. 2008;8:160-4. expression énd functional
Andrighetto S et al. Complement 13. Klickstein LB et al. Complement networks in distinct lupus
and complement targeting receptor type 1 (CR1, CD35) is nephritis classes. Lupus Sci Med.
therapies in glomerular diseases. a receptor for C1g. Immunity. 2022;9(1):e000615.
Int J Mol Sci. 2019;20(24):6336. 1997;7(3):345-55. 21. Liu T et al. Microarray-based
Wang S et al. Membrane attack 14. Tampe D et al. Dissecting signalling analysis of renal complement
complex (MAC) deposition in pathways associated with components reveals a therapeutic
renal tubules is associated with intrarenal synthesis of complement target for lupus nephritis. Arthritis
interstitial fibrosis and tubular components in lupus nephritis. Res Ther. 2021;23(1):223.
atrophy: a pilot study. Lupus Sci RMD Open. 2022;8(2):e002517. 22. Mejia-Vilet JM et al. Immune
Med. 2022;9(1):e000576. 15. Parikh SV et al. Molecular profiling gene expression in kidney
Hsu SI-H, Couser WG. Chronic of kidney compartments from biopsies of lupus nephritis
progression of tubulointerstitial serial biopsies differentiate patients at diagnosis and at renal
damage in proteinuric renal treatment responders from non- flare. Nephrol Dial Transplant.
disease is mediated by responders in lupus nephritis. 2019;34(7):1197-206.
complement activation: a Kidney Int. 2022;102(4):845-65. 23. Peterson KS et al. Characterization
therapeutic role for complement 16. Parikh SV et al. Characterising of heterogeneity in the molecular

inhibitors? J Am Soc Nephrol.
2003;14(7 Suppl 2):5186-91.

Nangaku M et al. Complement
membrane attack complex
(C5b-9) mediates interstitial
disease in experimental nephrotic

Nephrology « July 2023 . Creative Commons Attribution-Non Commercial 4.0

the immune profile of the kidney
biopsy at lupus nephritis flare
differentiates early treatment
responders from non-responders.
Lupus Sci Med. 2015;2(1):e000112.

pathogenesis of lupus nephritis
from transcriptional profiles of
laser-captured glomeruli. J Clin
Invest. 2004;113(12):1722-33.

EMJ


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

EMJ

Martin M et al. Plasma C4d
correlates with C4d deposition
in kidneys and with treatment
response in lupus nephritis
patients. Front Immunol.
2020;11:582737.

Lemercier C et al. Differential
modulation by glucocorticoids of
alternative complement protein
secretion in cells of the monocyte/
macrophage lineage. Eur J
Immunol. 1992;22(4):909-15.

Wang X et al. Mechanistic
studies of a novel mycophenolic
acid-glucosamine conjugate
that attenuates renal ischemia/
reperfusion injury in rat. Mol
Pharm. 2014;11(10):3503-14.

Pennington JE et al.
Cyclophosphamide and cortisone
acetate inhibit complement
biosynthesis by guinea pig
bronchoalveolar macrophages. J
Immunol. 1979;123(3):1318-21.

Renner B et al. Cyclosporine
induces endothelial cell release
of complement-activating
microparticles. J Am Soc Nephrol.
2013;24(11):1849-62.

Loeschenberger B et al.
Calcineurin inhibitor-induced
complement system activation
via ERK1/2 signalling is inhibited
by SOCS-3 in human renal
tubule cells. Eur J Immunol.
2018;48(2):330-43.

Ponticelli C et al. Old and
new calcineurin inhibitors in
lupus nephritis. J Clin Med.
2021;10(21):4832.

Teng S et al. Efficacy and safety of
an anti-CD20 monoclonal antibody,
rituximab, for lupus nephritis: a
meta-analysis. Int J Rheum Dis.
2022;25(2):101-9.

Felberg A et al. Monitoring of the
complement system status in
patients with B-cell malignancies
treated with rituximab. Front
Immunol. 2020;11:584509.

Galon J et al. Gene profiling
reveals unknown enhancing

and suppressive actions of
glucocorticoids on immune cells.
FASEB J. 2002;16(1):61-71.

Reddy V et al. Obinutuzumab
induces superior B-cell cytotoxicity
to rituximab in rheumatoid arthritis
and systemic lupus erythematosus
patient samples. Rheumatology
(Oxford). 2017;56(7):1227-37.

Parikh SV et al. Molecular imaging
of the kidney in lupus nephritis to
characterize response to treatment.
Transl Res. 2017;182:1-13.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Sato N et al. Significance of
glomerular activation of the
alternative pathway and lectin
pathway in lupus nephritis. Lupus.
2011;20(13):1378-86.

Negi VS et al. Complement
degradation product C3d in
urine: marker of lupus nephritis. J
Rheumatol. 2000;27(2):380-3.

Kusunoki Y et al. Urinary excretion
of terminal complement complexes
in glomerular disease. Nephron.
1991;59(1):27-32.

University Hospital, Grenoble.
Anti-C1s, anti-HMGB1 and anti-C1q
autoantibodies in systemic lupus
erythematosus (DYSALARM-322).
NCTO05193591. http://clinicaltrials.
gov/show/NCT05193591.

Moroni G et al. The value of a panel
of autoantibodies for predicting
the activity of lupus nephritis at
time of renal biopsy. J Immunol
Res. 2015;2015:106904.

Pickering MC et al. Eculizumab as
rescue therapy in severe resistant
lupus nephritis. Rheumatology
(Oxford). 2015;54(12):2286-8.

Omeros Corporation. Safety
study of IgAN, LN, MN and

C3 glomerulopathy including
dense deposit disease treated
with OMS721. NCT02682407.
http://clinicaltrials.gov/show/
NCT02682407.

Novartis Pharmaceuticals.

Study of efficacy and safety of
LP023 in participants with active
lupus nephritis Class llI-1V, +/-V.
NCT05268289 http://clinicaltrials.
gov/show/NCT05268289.

Li NL et al. Expanding the role of
complement therapies: the case
for lupus nephritis. J Clin Med.
2021;10(4):626.

Kidney Disease Improving

Global Outcomes (KDIGO)
Glomerular Diseases Work Group.
KDIGO 2021 clinical practice
guideline for the management of
glomerular diseases. Kidney Int.
2021;100(45):51-S276.

Prasannan N et al. Delayed
normalization of ADAMTS13
activity in acute thrombotic
thrombocytopenic purpura in
the caplacizumab era. Blood.
2023;141(18):2206-13.

Lin D-W et al. New insights into the
treatment of glomerular diseases:
when mechanisms become vivid.
Int J Mol Sci. 2022;23(7):3525.

Alexion. Study of ravulizumab in
proliferative lupus nephritis (LN)
or immunoglobulin a nephropathy
(IgAN) (SANCTUARY).

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Article

NCT04564339. http://clinicaltrials.
gov/show/NCT04564339.

Chemocentrix. Open-label study
to evaluate safety and efficacy

of CCX168 in subjects with
immunoglobulin A nephropathy
on stable RAAS blockade
NCT02384317. http://clinicaltrials.
gov/show/NCT02384317.

Alnylam Pharmaceuticals. A
study of cemdisiran in adults with
immunoglobulin A nephropathy
(IgAN). NCT03841448. http://
clinicaltrials.gov/show/
NCT03841448.

Novartis Pharmaceuticals.

Study of safety and efficacy of
LNPO23 in patients with kidney
disease caused by inflammation.
NCTO03373461. http://clinicaltrials.
gov/show/NCT03373461.

Novartis Pharmaceuticals. Study of
efficacy and safety of LNP023 in
primary IgA nephropathy patients
(APPLAUSE-IgAN). NCT04578834.
http://clinicaltrials.gov/show/
NCT04578834.

IONIS Pharmaceuticals, Inc. Study
to evaluate the effectiveness and
safety of IONIS-fB-LRx in adults
with primary IgAN. NCT04014335.
http://clinicaltrials.gov/show/
NCT04014335.

Omeros Corporation. Study of the
safety and efficacy of OMS721 in
patients with Immunoglobulin A
(IgA) nephropathy. NCT03608033.
http://clinicaltrials.gov/show/
NCT03608033.

BioCryst Pharmaceuticals
BCX9930 for the treatment of
C3G, IgAN, and PMN (RENEW).
NCTO05162066. http://clinicaltrials.
gov/show/NCT05162066.

Lafayette A et al. Safety,
tolerability and efficacy of
narsoplimab, a novel MASP-2
Inhibitor for the treatment of IgA
nephropathy. Kidney Int Reports.
2020;5(11):2032-41.

Novartis Pharmaceuticals. A
rollover extension program (REP)
to evaluate the long-term safety
and tolerability of open label
iptacopan/LPN023 in participants
with primary IgA nephropathy.
NCTO04557462. https://classic.
clinicaltrials.gov/ct2/show/
NCT04557462.

McKeage K. Ravulizumab:
first global approval. Drugs.
2019;79(3):347-52.

Rizk DV et al. Targeting the
alternative complement pathway
with iptacopan to treat IgA
nephropathy: design and rationale
of the APPLAUSE-IgAN study.

Creative Commons Attribution-Non Commercial 4.0 « July 2023 « Nephrology 99


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org

60.

61.

62.

100

Article

Kidney Int Rep. 2023;8(5):968-79.

Bomback AS et al. Alternative
complement pathway inhibition
with iptacopan for the treatment of
C3 glomerulopathy-study design of
the APPEAR-C3G trial. Kidney Int
Rep. 2022;7(10):2150-9.

Jayne DRW et al.; ADVOCATE Study
Group. Avacopan for the treatment
of ANCA-associated vasculitis. N
Engl J Med. 2021;384(7):599-609.

Ardissino G et al. Complement
system as a new target for
hematopoietic stem cell
transplantation-related thrombotic
microangiopathy. Pharmaceuticals
(Basel). 2022;15(7):845.

Nephrology « July 2023 « Creative Commons Attribution-Non Commercial 4.0

63.

64.

65.

Khaled SK et al.; OMS721-
TMA-001 Study Group Members.
Narsoplimab, a mannan-binding
lectin-associated serine protease-2
inhibitor, for the treatment of

adult hematopoietic stem-cell
transplantation-associated
thrombotic microangiopathy. J Clin
Oncol. 2022;40(22):2447-57.

Maixnerova D, Tesar V. Emerging
role of monoclonal antibodies

in the treatment of IgA
nephropathy. Expert Opin Biol Ther.
2023;23(5):419-27.

Elhadad S et al. MASP2 inhibition
by narsoplimab suppresses
endotheliopathies characteristic of
transplant-associated thrombotic

microangiopathy: in vitro and ex
vivo evidence. Clin Exp Immunol.
2023:uxad055.

. Bruchfeld A et al. C5a

receptor inhibitor avacopan in
immunoglobulin A nephropathy-an
open-label pilot study. Clin Kidney
J. 2022;15(5):922-8.

. Ponticelli C, Moroni G. Renal

transplantation in lupus nephritis.
Lupus. 2005;14(1):95-8.

. Suarez MLG et al. Treatment

of C3 glomerulopathy in adult
kidney transplant recipients: a
systematic review. Med Sci (Basel).
2020;8(4):44.

EMJ


http://emjreviews.com
https://creativecommons.org/
https://creativecommons.org

