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Abstract 
Complement cascade is involved in several renal diseases 
and in renal transplantation. The different components of 
the complement cascade might represent an optimal target 
for innovative therapies. In the first section of the paper 
the authors review the physiopathology of complement 
involvement in renal diseases and transplantation. In 
some cases this led to a reclassification of renal diseases 
moving from a histopathological to a physiopathological 

classification. The principal issues afforded are: renal 
diseases with complement over activation, renal diseases 
with complement dysregulation, progression of renal 
diseases and renal transplantation. In the second section 
the authors discuss the several complement components 
that could represent a therapeutic target. Even if only 
the anti C5 monoclonal antibody is on the market, many 
targets as C1, C3, C5a and C5aR are the object of national 
or international trials. In addition, many molecules proved 
to be effective in vitro  or in preclinical trials and are waiting 
to move to human trials in the future.
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Core tip: Our therapeutical armamentarium is to date 
limited in many kidney diseases and in several aspects 
of renal transplantation. The findings that complement 
cascade is involved in many kidney diseases and in 
renal transplantation offer the availability of new 
therapeutical targets basing on the pathogenesis. 
The anti C5 monoclonal antibody, eculizumab, is now 
used to treat the atypical hemolytic uremic syndrome 
(aHUS), but 24 trials are ongoing in different renal 
diseases and in renal transplantation. Other targets 
as C1, C3, C5a, and C5aR are innovative treatments 
for diseases as aHUS, membranoproliferative glome
rulonephritis, ischemia-reperfusion injury, and objects 
of ongoing trials.
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INTRODUCTION
The complement system serves as first line defense 
against invading pathogens and is a component of the 
innate immune system[1,2]. The complement system 
represents a link between the innate and adaptive 
immunity. In addition, several studies examined the 
cross-talk between complement and toll-like receptors, 
another component of the innate immune system and 
the complement system[3]. The complement system is 
composed of three distinct activation pathways: classic 
pathway (CP), alternative pathway (AP), and mannose-
binding lectin pathway (LP). Any pathway activates the 
complement cascade generating C3-convertase which 
cleaves C3 into C3a and C3b[4]. In normal conditions 
a small amount of C3-convertase is activated by the 
AP and is necessary to have regulators to prevent 
complement attack on healthy self cells[5] (Figure 
1). This regulation is provided by a combination of 
plasma and cell surface inhibitory proteins. Fluid phase 
regulators include C1-inhibitor (C1-INH) that prevents 
the auto activation of the initial complex of the CP, the 
decay-accelerating factor that binds to C4b, and acts 
as co-factor for factor I (CFI) cleavage of C4b opsonin. 
Another regulator for AP is factor H (CFH), which also 
acts as a co-factor for CFI in the inactivation of C3b. 
Other regulators are Clusterin and Vitronectin that 
inhibit the insertion of terminal complexes into the 
cell membranes. Finally, carboxypeptidase N acts as 
anaphylatoxin inhibitor.

Finally, cell surface regulatory proteins, including 
regulators complement receptor 1 (CR1) (C3b receptor), 
membrane co-factor protein (MCP, CD46), and decay-
accelerating factor (DAF, CD55) act inhibiting the C3 and 
C5 convertases activity. Complement-mediated injury is 
the result of the prevalence of the activating factor over 
the complement regulators[6,7].

Independently from complement involvement, serum 
complements levels may are low or normal. The path
ogenesis of hypocomplementemia is related to the high 
consumption rate due to immune deposits, but other 
factors are the presence of hereditary complement 
deficiency and the presence of circulating factors that 
promote complement activation and consumption. 
When the CP is activated both C3 and C4 may be low. 
C3 levels low alone may be expression of the activation 
of the AP.

In kidney diseases and in kidney transplantation, 
the complement cascade is frequently involved and 
might represent a first line therapeutic strategy.

RESEARCH
We have analyzed the available data on complement 
and renal diseases and renal transplantation by careful 
revision of the currently available data. Literature 
research was performed using PubMed (NCBI/NIH) 
under employment of the search terms “complement 
cascade”, “complement and glomerulopathies”, “dense 

deposit disease”, “membranoproliferative glome
rulonephritis”, “C3 glomerulonephritis”, “complement 
and renal transplantation”, “targeting complement”, 
“eculizumab”. Studies currently under way were sought 
for in “clinicaltrials.gov” and the European EUDRACT 
register. The papers published in the last three years 
on international journals on transplantation and kidney 
disease were carefully examined. Almost 160 papers 
were selected for this review. 

PHYSIOPATHOLOGY OF COMPLEMENT 
INVOLVEMENT IN KIDNEY DISEASES
There are 2 broad categories of kidney diseases in 
which the complement system has a pathogenic role. 
The first is associated with complement over activation, 
and the second with complement dysregulation. Moreover 
the complement system is frequently involved in the 
kidney injuries after kidney transplantation[8] and in the 
progression of kidney diseases. The principal complement 
abnormalities leading to renal diseases are summarized 
in Table 1[9].

OVERACTIVATION OF COMPLEMENT
Lupus nephritis
Deficiencies in the early components of the CP including 
C1q, C2 and C4 are associated with the development 
of systemic lupus erythematosus (SLE)[10]. Familial 
C1q deficiency has been found to be a relevant genetic 
risk factor for the development of SLE, indeed C1q 
deficiency results in impaired phagocytosis[11]. The 
apoptotic cells are not immunologically benign and the 
reduced phagocytic clearance of these cells increases 
the likelihood that auto antigens are presented to 
lymphocytes and induce the development of the 
autoimmunity. Thirty percent of patients with lupus 
nephritis have C1q antibodies[12]. The products of C5 
metabolism may also contribute directly to glomerular 
injury and in studies of murine models of lupus nephritis, 
a monoclonal antibody that blocked C5 cleavage sig
nificantly ameliorated the glomerulonephritis and 
prolonged survival[13].

Anti glomerular basement membrane glomerulonephritis
The complement system is involved in anti glomerular 
basement membrane glomerulonephritis either through 
CP and enhancing the inflammatory response through 
C5a activation[14] and/or cell lysis effect of C5b-9[15].

Antineutrophil cytoplasmic antibody associated 
vasculitis
Several authors[16,17] documented the involvement of 
complement in antineutrophil cytoplasmic antibody 
(ANCA) glomerulonephritis. Chen et al[16] documented 
C3 deposits in the glomeruli of patients with high levels 
of proteinuria and poor renal function. C5-9, C3d and 
complement factor B (CFB) were also reported in 
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biopsies from patients with myeloperoxidase (MPO)-
ANCA-associated pauci-immune glomerulonephritis. 
Xing et al[17], from the same group, observed that C4d 
was negative in biopsies of patients with MPO-ANCA 
glomerulonephritis. These studies suggest that this 

model of glomerulonephritis requires the activation of the 
AP, not the CP or the LP. Further studies in patients with 
active ANCA associated vasculitis documented high levels 
of C3a, C5a, soluble C5b-9 and Bb[18]. Recently other 
authors documented[19] that the C5a specific receptor 
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Figure 1  Representation of the classical, lectin and alternative pathways of complement activation, including regulatory molecules (purple). MBL: Mannose 
binding lectin; MASP 1/2: Mannan-binding lectin-associated serine protease-1; C1INH: C1 inhibitor; DAF: Decay accelerating factor; CR-1: Complement receptor 1; 
MCP: Membrane co-factor protein.

Table 1  Representative abnormalities in complement leading to renal disease

Components/related molecules Diseases 

Complement C3 C3 glomerulopathy (DDD), aHUS 
Factor H C3 glomerulopathy (DDD/C3GN), aHUS 
Factor I C3 glomerulopathy (C3GN), aHUS 
MCP aHUS 
Factor B aHUS 
CFHR5 Familial C3 glomerulopathy (CFHR5 nepropathy) 
CFHR3-1 Familial C3 glomerulopathy 
CFHR1/3 IgA nephropathy, aHUS 
Factor B autoantibody C3 glomerulopathy (DDD) 
Factor H autoantibody C3 glomerulopathy (DDD/C3GN) 
Bb (activated factor B) HUS, ANCA-associated vasculitis 
C3Nef C3 glomerulopathy (DDD, C3GN) 
Soluble C5b-9 HUS, TTP, ANCA-associated vasculitis 
C3a ANCA-associated vasculitis, TTP 
C5a ANCA-associated vasculitis 
C1q/C1qR C1q nephropathy 
Properdin TI injury due to massive proteinuria 
C5 ANCA-associated vasculitis 
Factor B ANCA-associated vasculitis 
CRaR TI inflammation, IRI 
C5aR IRI 
Factor H IRI 
C5b-9 IRI 
CD59 IRI 

DDD: Dense deposit disease; aHUS: Atypical hemolytic uremic syndrome; C3GN: C3 glom
erulonephritis; MCP: Membrane co-factor protein; CFHR5: Complement factor H-related protein; 
ANCA: Anti neutrophil cytoplasmic antibody; C3Nef: C3 nephritic factor; TTP: Thrombotic 
thrombocytopenic purpura; TI: Tubulo-interstitial; IRI: Ischemia-reperfusion-injury.
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MBL and MBL-associated serine protease 1 (MASP-1) 
deposition. MBL binds to the abnormally galactosylated 
region of the IgA1 through its carbohydrate binding 
domain resulting in complement catabolism through 
the lectin binding pathway. The presence of MBL and 
MASP-1 is associated with disease severity and poor 
histological prognostic features[31].

Immune complexes-associated membranoproliferative 
glomerulonephritis
In the past on immunopathological basis the MPGN was 
classified, on the basis of immunopathological findings, 
into three subtypes: MPGN type Ⅰ, Ⅱ [also known as 
dense deposit disease (DDD), and Ⅲ]. Recently, the 
classification of MPGN has been completely reviewed 
by Bomback et al[32]  on pathogenetic basis[33]. This led 
to a new understanding of the pathogenesis and to a 
reclassification of MPGN (Figure 2). The former MPGN 
type Ⅰ and Ⅲ belong to the chapter of complement over 
activation, while C3GN and the DDD will be described in 
the chapter of complement dysregulation. 

In immune complex associated MPGN, the CP 
is activated by antibodies. Monoclonal antibodies or 
immune complexes precipitate catabolism, resulting 
in the chemo attraction of leukocytes and the direct 
cell injury by the MAC. The leukocyte generation of 
cytokines and proteases stimulate the mesangial cell 
proliferation and the matrix expansion[34].

DYSREGULATION OF COMPLEMENT
Atypical hemolytic uremic syndrome
The dysregulation of the AP cascade due to acquired or 
genetic factors leads to defective complement control 
that may cause a range of complement associated 
glomerulopathies (Figure 3). The better known among 
them is the atypical HUS (aHUS). aHUS classically 
is a triad of microangiopathic hemolytic anemia, acute 
kidney injury and thrombocytopenia caused by failure 

(C5aR) expressed on neutrophils is involved in the 
pathogenesis of ANCA-induced glomerulonephritis (GN). 
Therefore targeting the C5a-C5aR receptor interaction in 
such patients might represent a therapeutical strategy[20]. 
A clinical trial to evaluate the safety and efficacy of an 
inhibitor of the C5a receptor (CCX168) is ongoing and an 
interim analysis reported promising results[21].

Membranous nephropathy
Several studies have identified that autologous antigens 
are the target of antibody response in idiopathic 
membranous nephropathy (MN). According to the latest 
studies[22] M-type phospholipase A2 receptor (PLA2R) 
located on podocytes has been identified as the target 
antigen in idiopathic MN. The predominant anti PLA2R 
IgG subclass activates the alternative or the mannose 
binding lectin (MBL) pathway[23]. This is confirmed by 
some studies documenting glomerular MBL and C4b 
deposition in MN[24,25]. 

In human secondary MN, C1q, C3, C4, CFB, MBL, 
and C5b-9 typically are present and co-deposited with 
IgG, suggesting that the LP and the AP could play the 
relevant role[26,27]. 

C1Q nephropathy
C1q nephropathy is characterized by the presence of 
conspicuous C1q immune deposits in glomeruli with 
no evidence of SLE MPGN type Ⅰ. C1q nephropathy 
is characterized by the C1q binding to poly-anionic 
substances (DNA, RNA, viral proteins) or to C1q 
receptors, according some authors C1q nephropathy 
has been thought to be a subgroup of primary focal 
segmental glomerular sclerosis[28].

IgA nephropathy
Two distinct mechanisms of complement activation are 
involved in IgA nephropathy. The AP is the key pathway 
in 75% of cases[29,30]. In 25% of biopsy specimens, the 
presence of glomerular IgA1 and C3 is associated with 

MPGN or other proliferative GN on LM

C3 + immunoglobulin on IF C3 alone on IF

C3 glomerulopathy: 
complement alternative 
pathway-mediated GN

Immune-complex mediated GN

Mesangial and intramembranous 
highly electron-dense deposits 
on EM

Mesangial, subendothelial,
subepithelial and/or 
intramembranous deposits on EM

DDD C3GN

Figure 2  Reclassification of membrano-proliferative 
glomerulonephritis. C3GN: C3 glomerulonephritis; 
DDD: Dense deposit disease; EM: Electron microscopy; 
GN: Glomerulonephritis; IF: Immunofluorescence; 
LM: Light microscopy; MPGN: Membrano-proliferative 
glomerulonephritis.
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to regulate the alternative complement pathway. In 
over 60% of cases mutations have been identified 
in genes encoding complement regulatory proteins: 
CFH, CFI, MCP, thrombomodulin (THBD), and in 
genes encoding complement activators: CFB and 
C3. Complement cascade dysregulation causes 
a damage of endothelium leading to thrombosis 
and microangiopathic hemolytic anemia[35,36]. CFH 
mutations are observed in 25%-30% of patients with 
an aHUS[37]. Up to now, more than 80 mutations have 
been identified. Patients with aHUS and anti factor H 
antibodies have also been reported. These antibodies 
bind to short consensus repeats, thus reducing the CFH 
activity[38]. Reduction in MCP expression is reported 
in over 80% of cases with mutation in this gene[36,39]. 
Genetic disorders are rarely related to CFI[40]. THBD 
mutations with hyperactivity have been found in only 
3%-5% of patients[41].

Recently, Noris et al[42] have documented that the 
classical HUS caused by Shiga toxin producing escherichia 
coli (STEC-HUS) and thrombotic thrombocytopenic 
purpura (TTP) are caused by inappropriate complement 
activation. Even if STEC-HUS, aHUS and TTP are all 
diseases of complement activation and recognize a 
common pathogenesis, we should remember that 
aHUS is linked to the complement dysregulation, while 
STEC-HUS and TTP are linked to the complement over 
activation and, on a pathogenetic basis, belong to the 
previous chapter.

In the HUS-SYNSORB Pk trial, children with STEC-
HUS had increased plasma levels of Bb and C5-9 at 
the beginning of the study, which normalized after one 
month[43]. This suggests that patients with acute onset 

STEC-HUS have an activation of the AP in the acute 
phase of the disease, which normalizes within 1 mo. In 
the initial phases of STEC-HUS, the toxin triggers the 
endothelial complement deposition and interferes with 
the activity of the complement regulatory molecules[44]. 
Moreover, lack of the lectin-like domain of THBD, 
worsen STEC-HUS in mice[45].

Recent studies that further document the involvement 
of complement in STEC-HUS are those reporting the 
beneficial effect of Eculizumab (an anti C5 monoclonal 
antibody) in the outbreak of STEC-HUS induced by E. 
Coli 0104: H4 in Germany[46] and in the outbreak of 
STEC-HUS induced by the same strain in France[47].

Réti et al[48] recently reported increased levels of C3a 
and C5b-9 associated with decreased complement C3 
levels during the acute phase of TTP. This fact indicates 
a complement consumption, which occurs in some TTP 
patients. To confirm complement involvement in TTP, 
in some patients refractory to treatment, eculizumab 
has been used with good results. These patients 
had severe TTP and a deficiency of disintegrin and 
metalloproteinase with a thrombospondin type 1 motif, 
member 13 (ADAMTS13) due to high titers of anti 
ADAMTS13 antibodies[49].

C3 glomerulopathies
Isolated C3 deposition within the glomerulus is the 
defining histological criterion for C3 glomerulopathy. 
C3 glomerulopathy is a recently introduced pathological 
entity defined by a glomerular pathology characterized 
by C3 accumulation with absent or scanty immunoglobulin 
deposition. In August 2012, an invited group of experts 
met to discuss the C3 glomerulopathy in the first C3 

Alternative complement pathway
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Factor I, Factor H, CFHR3
Membrane bound regulators
MCP, CRI
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C3bBbP = C3 convertase

C5 convertase
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Figure 3  Dysregulation of the alternative complement cascade due to acquired or genetic factors leads to defective complement control causing a range 
of complement-associated glomerulopathies. CFHR3: Complement factor H-related protein 3; MCP: Membrane co-factor protein; CR1: Complement receptor 1; 
AP: Alternative pathway; CFHR5: Complement factor H-related protein 5; FSGS: Focal segments glomerular sclerosis; MAC: Membrane attack complex.
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glomerulopathy meeting[50]. According the conclusions 
of the meeting and the recent paper from Barbour et 
al[51] on the basis of histological and clinical features, 
C3 glomerulopathies may be distinguished into: (1) 
DDD; and (2) C3 glomerulonephritis (C3GN). A familial 
form of C3GN has been recently described: the CFHR5 
nephropathy. 

From the patho-physiological point of view, three 
different mechanisms may be operating in the different 
conditions: 

Auto antibodies: C3 nephritic factor (C3NeF) is an 
autoantibody that binds to a neoepitope on the AP C3 
convertase. C3NeF stabilizes convertase against the 
CFH-mediated decay resulting in an uncontrolled C3 
activation[52]. C3NeF is common in DDD, less in C3GN 
and absent in CFHR5 nephropathy.

Other auto-antibodies have also been described. 
Two patients with DDD and auto antibodies targeting 
both CFB and C3b have been recently identified[53]. 
Auto antibodies anti CFH also occur in DDD and in 
C3GN[54,55].

Genetic sequence variations: On genetic basis, 
heterozygous mutations in the CFH, CFI and MCP genes 
have been documented in C3GN[56] and also in MPGN 
type Ⅰ and DDD[57]. Some of these heterozygous mutations 
have been also observed in patients with aHUS[58] 
showing similarities between the two diseases. 

Genetic structure variation: As aforementioned, 
CFHR5 nephropathy has been described as a familial 
form of C3GN[59]. A mutation in complement factor 
H-related protein 5 in patients with glomerulonephritis 
has been identified via a genome-wide linkage study. 
The mutant CFHR5 protein present in patient serum 
had reduced affinity for surface-bound complement. 
Genetic abnormalities in the CFHR3 and CFHR1 loci 
were also recently reported. Such patients develop an 
autosomal dominant complement-mediated GN similar 
to CFHR5 nephropathy[60].

As aforementioned, the complement cascade is 
involved also in other renal conditions as the progression 
of renal disease and renal transplantation.

COMPLEMENT AND PROGRESSION OF 
RENAL DISEASE
The progression of renal disease may be mediated 
by tubule interstitial inflammation. Several studies 
have confirmed this datum and the involvement of 
complement activation[61]. Complement activation by 
tubular cells is mediated by the properdin binding. This 
fact is principally relevant in the case of proteinuric 
renal disorders. Studies in vitro have documented that 
the complement system is activated by the AP[62,63].

Complement activation may occur also in non 
proteinuric renal diseases as documented by Bao et 

al[64]. In this condition the C3a receptor is involved in 
causing renal inflammation and fibrosis. 

Another important factor is the “in situ” produced 
chemokines. Genomic studies performed by Bao et 
al[65] documented that in some murine models several 
pro inflammatory and pro fibrotic chemokine genes are 
up-regulated. This activation occurs upon complement 
activation.

According to the aforementioned studies, targeting 
complement might be a useful therapeutical approach 
for chronic kidney disease in the future. Further studies 
are necessary for a better understanding of the role 
of complement in mediating tubule interstitial damage 
and consequent fibrosis. 

COMPLEMENT IN RENAL 
TRANSPLANTATION
Transplanted kidneys principally suffer from injuries 
such as ischemia reperfusion (I/R) injury and rejection. 
Complement may mediate all these conditions. 

Ischemia-reperfusion injury
The short-term consequences injuries as I/R injury and 
hyper acute rejection are principally related to innate 
immunity, while later injuries such as the antibody 
mediated rejection (ABMR) and the cell mediated 
rejection (CMR) are related either to the innate and 
the adaptive immune system.

I/R causes in the transplant both a vascular and 
parenchyma cell injury. In I/R complement is principally 
activated through the AP as a consequence of in situ 
generation of C3[66]. Other studies suggest the activation 
of MBL[67]. The majority of transplanted kidneys are 
retrieved from cadaveric donors. In such kidneys C3 
may be present in the organ before retrieval because 
of donor suffering. Damman et al[68] found higher gene 
expression of C3 and increased deposition of C3d in 
kidney biopsies obtained from deceased grafts. Now 
a large scale study in the United Kingdom is analyzing 
in renal from deceased donors, the soluble form of 
C3-1 as a protecting agent for IRI and to improve graft 
outcomes[69]. Going in molecular details, Simone et 
al[70] documented that in renal I/R injury complement 
activates nicotinamide adenine dinucleotide phosphate-
oxidase (NAPDH oxidase) enzymes. During renal IRI an 
endothelial-to-mesenchymal transition (EndMT) may 
occur, mediated by complement activation. EndMT may 
have a critical role in generating renal fibrosis[71]. Curci 
et al[72] documented that, during I/R injury, an activation 
of the CP and LP of the complement system occurs 
primarily at the endothelial cell level. In a recent study, 
the same authors[73] analyzed in large mammals the 
role of complement in the induction of EndMT by using 
recombinant C1 inhibitor in vivo.

Their data documented that the activation of the 
serine/threonine-specific protein kinase (Akt) pathway 
was essential to induced EndMT in vitro. In accordance, 
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inhibition of complement in vivo abrogated the Akt 
signaling, with inhibition of EndMT and of tissue fibrosis.

Pratt et al[74] documented that C3 produced by a 
graft and by recruited immune cells is a two phases 
trigger that in the early period produces a post-
perfusion injury, later may contribute to late rejection 
associated-allograft injury. Indeed a recent study[75] 
documented that I/R injury can affect the systemic 
immune response to antigens requiring a functional 
alternative pathway of complement. C3 split products, 
C3b and C3d, deposited on antigen presenting cells 
(APCs), can increase allo-antigens uptake and their 
presentation to the T cells. So doing, C3 positive 
APCs potentiate the T cell response in vitro[74]. The 
role of C3 in activating T cells is confirmed by studies 
documenting that the macrophages deficient for 
the C3 have impaired capability to stimulate the T 
cells[76,77]. The enhancement of the effector T cell 
expansion by complement should be ascribed to the 
limited antigen induced apoptosis[78]. In addition, other 
studies have documented the role of complement on 
the iTreg. Indeed, the iTreg-mediated tolerance to 
alloantigen in humans[79] might be mediated by the 
signaling through C5a receptor and C3a receptor. 

As already mentioned, complement is involved both 
in the CMR and in the ABMR.

Cell-mediated rejection
The complement activation through any pathway 
generates C3a and C5a. These anaphylatoxins bind 
to both APCs and T cells to stimulate and activate T 
cells[80]. Li et al[81] demonstrated that the deficiency 
of the C5a receptor limited the adaptive response of 
recipient T cells to alloantigen. C1q appears to have a 
regulatory role in the threshold for the T cell activation by 
dendritic cells[82]. Moreover, in human kidney transplants 
with acute rejection, C5aR expression was increased 
in the renal tissue and in the cells infiltrating the 
tubular interstitium[83]. The same authors documented 
that in mice treated with a C5aR antagonist the 
infiltration of monocyte-macrophage was significantly 
attenuated, perhaps as a result of reduced levels 
of monocyte chemo attractant protein 1 and the 
intercellular adhesion molecule 1. However a murine 
model of kidney transplantation with C4 deficiency 
demonstrated that a CMR can occur in the absence of 
the CP or of the LP activation[84]. This suggests that the 
AP may play the key role in CMR.

Antibody-mediated rejection
The antibody-mediated renal allograft rejection often 
involves either donor specific antibodies (DSAs) 
and the CP of complement system activation. After 
binding to DSAs, complement is activated. C4d is a 
degradation product of C4 and, because it binds and 
remains covalently attached at the site of complement 
activation, represents a useful diagnostic tool[85]. 
Haidar et al[86] discovered that the deposition of C4d 

on erythrocytes was even more related to histological 
rejection signs, thus representing a possible not 
invasive diagnostic tool.

C3a and C5a likely act as potent chemo tactic 
factors promoting the infiltration of proinflammatory 
cells. In addition, the MAC might directly damage 
the allograft[85]. Expression of the membrane-bound 
regulator, CD55, is inversely related to C4d staining in 
biopsy specimens. Indeed CD 55 (also known as DAF), 
which accelerates the decay of C3 and C5 convertases, 
might modify the severity of the rejection. An increased 
CD55 expression is associated with an improved long-
term kidney transplant outcomes in recipients without 
antibody-mediated rejection, suggesting a possible 
role for CD55 in the kidney protection[87].

In addition the kidney, after transplantation, may 
be involved in clinical conditions as recurrence of some 
renal diseases. Recently complement involvement has 
been documented also in chronic antibody mediated 
rejection.

Atypical hemolytic uremic syndrome is associated 
with a high rate of recurrence and poor outcomes 
after kidney transplantation. Acquired or inherited 
dysregulation of the alternative complement pathway, 
thought to be the driving force of the disease, is 
identified in most aHUS patients[88]. Recurrent thro
mbotic microangiopathy is very rare in patients who 
had developed end stage renal failure following HUS 
caused by Shiga-toxin producing STEC, whereas 
disease recurrence is common in patients with aHUS[89]. 
The recurrence rate[90] of C3 glomerulopathy on renal 
transplantation could be approximately estimated 
on about 60% as derived from two small case series 
of Servais et al[57] and Little et al[91] and confirmed in 
the recent paper of Zand et al[92]. In such conditions 
anticomplement therapy could be useful.

Moreover recent data document the complement 
involvement also in antibody mediated chronic rejection 
where the “bad” activity of antibodies can also be 
involved in previously considered “chronic” lesions (i.e., 
transplant glomerulopathy[93,94].

TARGETING COMPLEMENT: 
THERAPEUTIC STRATEGIES
Complement is clearly involved in many kidney diseases 
as well as in kidney transplantation. Hence targeting 
complement cascade at different levels may represent 
a new therapeutic strategy directed against the 
pathogenetic mechanisms.

Since the end of 2000’s several review papers 
reported the efficacy in vitro or in preclinical studies of 
anti complement molecules[95-97]. Unfortunately in the 
setting of renal diseases only an anti C5 monoclonal 
antibody is on the market. All others molecules are 
either on the market for diseases not involving the 
kidney or are still in preclinical phases (Table 2) or 
failed their efficacy.
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TARGETING C5
The first available anti-complement therapy is ecu
lizumab, a fully humanized monoclonal antibody 
that binds with high affinity to C5 and prevents the 
generation of MAC[98]. Eculizumab was first approved for 
the treatment of paroxysmal nocturnal hemoglobinuria 
(PNH)[99] and more recently, for the treatment of aHUS 
and other kidney diseases.

To date[100] 11 trials are ongoing for aHUS, 2 trials 
for STEC-HUS, 2 trials for MPGN and 1 trial for ANCA 
related diseases. Trials with eculizumab are also ongoing 
in the field of kidney transplantation, in particular 8 
trials for the prevention and/or the treatment of acute 
or chronic ABMR, 3 trials for the prevention of delayed 
graft function (DGF), 1 trial for the prevention of I/R 
injury and 1 trial for the prevention of glomerular disease 
recurrence after transplantation.

After initial reports of the possible beneficial effects 
of eculizumab in treating patients with aHUS[101,102], 
more recently the beneficial effect of treating aHUS by 
eculizumab has been documented by two studies. One 
study[103] reported the data from 27 patients treated in 
off label studies. The other study[104] reported the data 
of 37 patients enrolled in 2 phase Ⅱ trials. The second 
of these phase Ⅱ trials was notable because 80% of 
subjects achieved thrombotic microangiopathy event-
free status. These studies were the object of debate 
for the issues concerning the duration and the optimal 
dosing of therapy[105-108]. Indeed, although eculizumab 
revolutioned the treatment of aHUS, several unresolved 
issues remain, among which whether eculizumab 
should be always the first line therapy for aHUS and 
whether the drug should be considered as a life-long 
therapy also taking in account the treatment high cost. 
In addition, in PNH, but not by now in aHUS, patients 
have been described with unexplained eculizumab 
resistance. A recent study[109,110] documented that such 
resistance was due to C5 variants with mutations at 
Arg885. 

As aforementioned also STEC-HUS and TTP are 
caused by inappropriate complement activation[42]. 
The eculizumab treatment has proved effective in 

these conditions. After the report of 3 cases[111], the 
eculizumab effectiveness has been documented in 
two STEC-HUS outbreaks occurring in Germany and 
in France[46,47]. The efficacy of eculizumab in treating 
the TTP has also been reported[49,112], even if others 
advocate rituximab as the best option in treating 
TTP[113].

The pathogenetic similarities between aHUS and 
some C3 glomerulopathies might imply that eculizumab 
treatment could fit well in treating all these diseases[103]. 
The new classification of C3 glomerulopathies (previously 
MPGN) have already been described[51]. Only DDD and 
C3GN have some similarities with aHUS and eculizumab 
could be beneficial for such patients. To date, in 
literature the eculizumab use for C3 glomerulopathies 
is limited to 6 case reports[114-119] and the results from 
a 1-year, open-label study of eculizumab therapy in 
6 subjects[120,121]. The treatment results differ and 
indicate that eculizumab may be a non adequate 
treatment for a subgroup of patients with DDD and 
C3GN. Although some investigators suggested that 
aHUS should be considered part of a spectrum that 
includes DDD and C3GN, the underlying defect is not 
always the same. In aHUS the endothelial damage is 
often due to complement dysregulation at the level of 
cell membrane in the solid phase[36]. The solid phase 
dysregulation in aHUS translates to C5 convertase 
dysregulation being at least equal and often greater than 
C3 convertase dysregulation. Hence the blockade of C5 
in such conditions is expected to yield improvement. 
In contrast, in some cases of C3 glomerulopathies 
a dysregulation of the fluid phase occurs and, as a 
consequence, C3 convertase dysregulation is greater 
than C5 dysregulation. These cases, because of a 
feed-back effect on the C3 convertase activity, could 
potentially be aggravated by C5 blockade[122]. Therefore, 
one of the major challenges in treating patients with 
C3 glomerulopathy with the anti complement therapy 
is how to distinguish the patients with primarily C3 
convertase dysregulation from the patients with 
primarily C5 convertase dysregulation. Blockade at 
the level of C3 may be an alternative to eculizumab 
therapy, primarily in patients with C3 glomerulopathies 

Table 2  Some of the molecules aimed to target complement, phase of the trial and renal diseases related

Compound name Complement target Compound class Phase/indication 

C1 inhibitor (Berinert) C1r, C1s, MASP1, MASP2 Regulator P 1/2 transplant 
Cp40, AMY 101 PC transplant , aHUS, DDD 
sCR1, CDX-1135 C3 conv, C4b, C3b Regulator P 1 DDD 
Mirococept, APT070 C3 conv, C4b, C3b Regulator P 1/2 transplant 
Eculizumab C5 Ab P 4 aHUS, P 2/3 STEC-HUS, P 2 ANCA vasculitis, P 1 transplant 
Mubodina C5 Ab PC aHUS, DDD 
Ergidina C5 Ab PC transplant 
CCX168 C5aR Small molecule P 2 ANCA vasculitis 
ADC-1004 C5aR Protein PC transplant 

MASP1: Mannan-binding lectin-associated serine protease; P: Phase; PC: Preclinical; aHUS: Atypical hemolytic uremic syndrome; DDD: Dense deposit 
disease; sCR1: Soluble complement receptor 1; Ab: Antibodies; STEC-HUS: Shiga toxin producing Escherichia Coli-hemolytic uremic syndrome. 
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associated with a C3 convertase dysregulation greater 
than the C5 convertase dysregulation.

As mice deficient in C5 have demonstrated resistance 
against anti-MPO-mediated glomelulonephritis[123], an 
open label phase Ⅱ trial (NCT01275287), in which the 
patients with ANCA-associated glomerulonephritis were 
randomized to standard of care treatment vs standard 
of care plus eculizumab, was started. Unfortunately 
the trial was withdrawn because of lack of enrollment.

In the case of the recurrence after transplantation 
of a kidney disease susceptible to anti C5 therapy, 
eculizumab treatment is effective. 

Zuber et al[124] successfully treated 22 renal transplant 
recipients with recurrence of aHUS.

McCaughan et al[117] reported a patient with DDD 
recurrence after kidney transplantation successfully 
treated by eculizumab. More recently Lonze et al[125] 
reported the cases of antiphospholipid antibody 
syndrome, two of them with the catastrophic variant, 
which were successfully treated at the time of trans
plantation with continuous systemic anticoagulation 
together with eculizumab prior to and following the live 
donor renal transplantation.

As aforementioned renal damage due to complement 
activation occurs in two phases after transplantation: 
during reperfusion after that the donor kidney has 
undergone a significant period of ischemia and during 
the acute rejection once the innate and adaptive 
immune system has recognized the donor antigens. 
In both conditions the complement may play a 
relevant role. Four clinical trials are now active aiming 
to control the ischemia-reperfusion injury and the 
consequent DGF. All these trials hypothesized that 
C5 cleavage is a key step in the pathogenesis of I/R 
injury following transplantation and its block could be 
an effective prophylactic tool to prevent acute kidney 
injury (NCT01919346, NCT01403389, NCT02145182, 

NCT01756508).
Eculizumab has also been successfully used in 

reducing antibodies in highly sensitized patients with 
positive cross-matches prior to transplantation[126-128]. 
In a larger case-control study the patients with DSAs 
were treated with eculizumab after transplantation and 
compared to the historical controls[129]. Eculizumab 
treatment was able in significantly lowering ABMR and 
in decreasing the 1-year transplant glomerulopathy 
incidence rate.

Table 3 summarizes all the trials ongoing with 
eculizumab in treating either glomerular disease and 
renal transplantation.

TARGETING C5a AND C5aR
C5a is a powerful anaphylatoxin that stimulates the 
cytokine production, enhances the T-cell activation 
and augments the leukocyte adhesion and the 
vascular permeability (Figure 4). There is an increased 
expression of the C5aR in transplanted kidneys with 
IRI or acute rejection[83,130]. Recently Cravedi et al[131] 

documented that pharmacological C5aR blockade in 
mice reduces the graft versus host disease, prolongs 
the survival and inhibits the T-cell responses. This 
provides the basis for future studies aimed to target 
C5aR. Several studies have documented that the 
activation of the C5-C5a receptor axis is involved in 
several human diseases[132]. In addition to eculizumab 
that to date is the only specific complement inhibitor 
approved for clinical use, several therapeutics targeting 
the C5a-C5aR axis are in different stages of clinical 
development ranging from preclinical studies to 
phase Ⅱ studies. These agents may target the axis at 
different levels, ranging from conversion of C5 to C5a 
and C5b, to inactivation of C5a, or to the inhibition of 
the two C5a receptors C5aR (CD88) and C5L2[132,133]. 

Antibodies 
Pharmacological inhibitors

C5

C4b2a3b
C3bBb3b

Antibodies 
Pharmacological inhibitors

C5aR and C5L2 C5a
C5b

Inflammation and tissue injury

Neutrophil apoptosis
Expression of adhesion molecules
Phagocytosis
Release of granule enzymes
STAT3 activation
Thymocyte apoptosis

MAC, C5b-9

Non-cytolytic effectsCell damage and death

Figure 4  Significance of inhibiting the C5-
C5a receptor axis. C5 convertases formed 
during activation of complement cascade 
cleave C5 into its active products. Inhibition is 
feasible pharmacologically or with neutralizing 
antibodies. MAC: Membrane attack complex; 
STAT3: Signal transducers and activators of 
transcription 3.
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As aforementioned, after the findings that C5aR 
blockade protects against MPO-ANCA GN in mice[21] 
a clinical trial (NCT01363388) was started with a 
planned enrollment of 60 subjects affected by ANCA 
associated glomerulonephritis.

An important consideration, and a possible drawback, 
in blocking the C5a-C5aR axis is that the block itself might 
adversely affect the host defense and might counteract 
some of the useful recently identified functions of 
complement. Indeed, C5a may protect against neuron 
apoptosis[134], might act as an inhibitor of angiogenesis[135], 
and is essential for liver regeneration[136].

C1 INHIBITION
The beneficial effect of C1 inhibition on IRI has been 
widely studied by Castellano et al[71] and Curci et 
al[72]. These studies have been recently commented 
by Carney[73]. Purified or recombinant C1-INH is a 
host serine protease inhibitor that is able to block 
complement cascade acting either at level of classical 

and lectin pathway[137]. The first clinical indication of 
C1-INH has been hereditary angioedema. To date 
C1-INH has shown effects in several disease as 
myocardial ischemia and reperfusion injury[138], renal 
transplantation[139] and sepsis[140].

To date three clinical trials are ongoing in the field 
of kidney transplantation. The 2 first clinical trials 
(NCT01147302 and NCT01134510) have been made for 
the prevention of acute ABMR adding C1-INH to post-
transplant treatment. The investigators observed that 
no patients developed ABMR during treatment with C1-
INH and, in addition, noted a reduction in DGF due to 
I/R injury. As a consequence, recently a third trial with 
C1-INH was started (NCT02134314) to prevent DGF in 
patients receiving deceased donor kidney transplant.

TARGETING C3
In theory, the blockade at the level of C3 may be 
more effective than the anti C5 therapy, in particular 
for the C3 glomerulopathies when the C3 convertase 

Table 3  Trials ongoing with eculizumab in renal diseases and in renal transplantation

Rank Identifier Status Study name

1 NCT01221181 Active Eculizumab therapy for dense deposit disease and C3 nephropathy
2 NCT02093533 Recruiting Eculizumab in primary MPGN
3 NCT01275287 Active Targeting complement activation in ANCA-vasculitis
4 NCT00844545 Completed Open label controlled trial of eculizumab in adult patients with plasma therapy-resistant aHUS
5 NCT00844844 Completed Open label controlled trial of eculizumab in adolescent patients with plasma therapy-resistant aHUS
6 NCT00844428 Unknown Open label controlled trial of eculizumab in adolescent patients with plasma therapy-sensitive aHUS
7 NCT00838513 Unknown Open label controlled trial of eculizumab in adult patients with plasma therapy-sensitive aHUS
8 NCT01194973 Unknown An open-label, multi center clinical trial of eculizumab in adult patients with aHUS
9 NCT01193348 Unknown An open label, Multi center clinical trial of eculizumab in pediatric patients with aHUS
10 NCT01755429 Unknown The safety and efficacy of eculizumab in Japanese patients with aHUS
11 NCT01522170 Enrolling aHUS observational long term follow up
12 NCT01522183 Recruiting aHUS registry
13 NCT01770951 Completed A retrospective, observational, non-interventional trial to assess eculizumab treatment effect in patients 

with aHUS
14 NCT02205541 Not yet recruiting Eculizumab in shiga-toxin related hemolytic and uremic syndrome pediatric patients
15 NCT01410916 Completed Safety and efficacy study of eculizumab in shiga-toxin producing Escherichia coli (STEC-HUS)
16 NCT01406288 Completed Completed outbreak of HUS linked to Escherichia coli of serotype 0104:H4
17 NCT01756508 Recruiting Eculizumab for prevention and treatment of kidney graft reperfusion injury
18 NCT01919346 Recruiting Eculizumab for prevention of DGF in kidney transplantation
19 NCT01403389 Active A study of the activity of eculizumab for prevention of DGF in deceased donor transplant
20 NCT02142182 Recruiting A trial for prevention of DGF after kidney transplantation
21 NCT01567085 Active Safety and efficacy of eculizumab in the prevention of AMR in sensitized recipients of a kidney transplant 

from a deceased donor
22 NCT02113891 Not yet recruiting Eculizumab therapy for subclinical antibody-mediated rejection in kidney transplantation
23 NCT01095887 Active Eculizumab added to conventional treatment in the prevention of antibody-mediated rejection in blood 

group incompatible living donor kidney transplantation
24 NCT01106027 Active Dosing regimen of eculizumab added to conventional treatment in positive crossmatch deceased kidney 

yransplant
25 NCT01895127 Recruiting Efficacy and safety of eculizumab for treatment of antibody-mediated rejection following renal 

transplantation
26 NCT00670774 Active Dosing regimen of eculizumab added to conventional treatment in positive crossmatch living kidney 

transplant
27 NCT01399593 Active Safety and efficacy of eculizumab to prevent AMR in living donor kidney transplant recipients receiving 

desensitization
28 NCT01327573 Active Eculizumab therapy for chronic complement-mediated injury in kidney transplantation
29 NCT01029587 Recruiting Eculizumab to enable renal transplantation in patients with history of catastrophic antiphospholipid 

antibody syndrome

MPGN: Membrano-proliferative glomerulonephritis; ANCA: Anti neutrophil cytoplasmic antibody; aHUS: Atypical hemolytic uremic syndrome; STEC-
HUS: Shiga-toxin producing escherichia; DEGF: Delayed graft function; AMR: Antibody mediated rejection.
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activation is prevalent over the C5 convertase. Soluble 
CR1 (sCR1) is among the proteins that regulate the 
C3 convertase. CR1 is a cell-surface glycoprotein 
expressed on several cells among which monocytes, 
APCs, T and B cells and podocytes. As a consequence 
sCR1 may modulate the complement cascade on all 
cells expressing on their surface CR1, follicular dendritic 
cells and a small T cells population[141-143]. In addition, 
CR1 is the only co-factor of factor I able to promote 
cleavage of inactive C3b and inactive C4b into their 
inactive protein fragments[144]. In normal condition only 
small quantities of sCR1 are in circulation. Lazar et 
al[145] and Li et al[146] administered high sCR1 in patients 
undergoing cardiac surgeries or cardiopulmonary by-
pass to inhibit complement activity. These studies 
documented that sCR1 is effective and safe. sCR1 
has been recently used in renal diseases and in renal 
transplantation.

Recently, Zhang et al[147] from Iowa University  reported 
the results using sCR1 in mice deficient in factor H. 
sCR1 increases C3 serum levels and decreases C3 
deposition. In the same report Zhang et al[147] reported 
the beneficial effect of treating by sCR1 a young patient 
affected by ESRD due to DDD. This group is currently 
enrolling patients for a small phase I trial of sCR1 (also 
called CDX-1135) in patients with DDD (NCT01791686).

C3 and C5 convertases decay is influenced by CR1. 
Treatment with sCR1 improved kidney transplant survival 
after a period of cold storage and when kidneys were 
transplanted across a complete major histocompatibility 
complex mismatch[148,149].

The effects of Mirococept (APT070) (sCR1) 
has been widely described by Sacks et al[69] and is 
currently the subject of a large scale study in kidney 
transplantation to test the superiority of Mirococept in 
the prevention of IRI in cadaveric renal allografts[150].

CONCLUSION
Emerging evidence has recently documented that 
the complement cascade as a common pathogenetic 
mechanism in many kidney diseases, in the chronic 
progression of the kidney diseases and in the kidney 
transplantation.

This finding led us to an improved understanding of 
the molecular mechanisms that are at the basis of the 
kidney diseases and, as a consequence allowed us to 
formulate a new classification of some renal diseases 
as the different kinds of hemolytic uremic syndromes 
and the membranoproliferative GN.

Among the new drugs aimed to target the comple
ment in the renal diseases only the C5 monoclonal 
antibody, eculizumab, is to date on the market. Others 
are on clinical trials for the C3 glomerulopathies and the 
ANCA-mediated GN.

The use of eculizumab in treating the patients 
affected by aHUS has some limitations and is an example 
for the need of other drugs targeting the complement 
cascade. Indeed if eculizumab should be considered for 

all the patients with aHUS, because the dysregulation 
at C5 level is largely prevalent in this disease, the C3 
glomerulopathies have variable degrees of the C5 
convertase dysregulation.

In the cases were the C3 glomerulopathies are 
associated with a greater C3 convertase dysregulation, 
the blockade at the level of C3 should be the alternative 
to the eculizumab treatment.

The complement system is now recognized a 
pervasive, multifaceted mediator of transplant injury in 
animal models and in human transplant recipients[151]. 
The development of pharmacologic agents that block 
human complement components and receptors in the 
field of renal transplantation[152,153] now represents 
the basis of the concept that targeting complement 
in kidney transplant recipients will improve graft and 
patient survival rate.
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