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Abstract

The recurrence of renal disease after renal transplantation
is becoming one of the main causes of graft loss after
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kidney transplantation. This principally concerns some
of the original diseases as the atypical hemolytic uremic
syndrome (HUS), the membranoproliferative glome-
rulonephritis (MPGN), in particular the MPGN now called
C3 glomerulopathy. Both this groups of renal diseases are
characterized by congenital (genetic) or acquired (auto-
antibodies) modifications of the alternative pathway of
complement. These abnormalities often remain after
transplantation because they are constitutional and poorly
influenced by the immunosuppression. This fact justifies
the high recurrence rate of these diseases. Early diagnosis
of recurrence is essential for an optimal therapeutically
approach, whenever possible. Patients affected by end
stage renal disease due to C3 glomerulopathies or to
atypical HUS, may be transplanted with extreme caution.
Living donor donation from relatives is not recommended
because members of the same family may be affected
by the same gene mutation. Different therapeutically
approaches have been attempted either for recurrence
prevention and treatment. The most promising approach
is represented by complement inhibitors. Eculizumab, a
monoclonal antibody against C5 convertase is the most
promising drug, even if to date is not known how long
the therapy should be continued and which are the best
dosing. These facts face the high costs of the treatment.
Eculizumab resistant patients have been described. They
could benefit by a C3 convertase inhibitor, but this class of
drugs is by now the object of randomized controlled trials.

Key words: Kidney disease recurrence; Complement
dysregulation; Atypical hemolytic uremic syndrome; C3
glomerulopathies; Dense deposit disease; Plasma therapy;
Eculizumab; C3 glomerulonephritis
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Core tip: Complement cascade is an important pathway
of several kidney diseases. A distinction should be made
between kidney diseases with complement overactivation
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and those with complement dysregulation. The latter
are related to congenital or acquired abnormalities
of complement factors. These diseases are linked to
constitutional abnormalities of the patients, have high
recurrence rate after renal transplantation and represent
an important cause of graft loss. Diagnosis and treatment
are not easy to be made. Just in the last decade a
growing knowledge in the field of genetic and biology
allowed the complement inhibitors to be the first class
drug in the treatment.

Salvadori M, Bertoni E. Complement related kidney diseases:
Recurrence after transplantation. World J Transplant 2016; 6(4):
632-645 Available from: URL: http://www.wjgnet.com/2220-3230/
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INTRODUCTION

The aim of this review is to highlight the relevance of
recurrent diseases after kidney transplantation and,
in particular, to discuss the frequency and severity
of recurrence of two groups of renal diseases strictly
related to each other: C3 glomerulopathy (C3G) and
thrombotic microangiopathy (TMA).

Along with the improved control of acute rejections
and infections, the recurrence of primary nephropathy
has become the most important cause of graft loss
principally for patients who have glomerulonephritis
(GN) as the primary disease!®?. In some series,
recurrence of the original disease was reported to be the
principal cause of graft loss more than one year after
transplantation™® (Table 1). Some renal diseases have
a higher risk of recurrence and recurrence-related graft
loss. Hariharan et al*! observed, in a total of 4913 renal
transplants, that the greatest relative risk (RR) for graft
failure was related to the recurrence of hemolytic uremic
syndrome/thrombotic thrombocytopenic purpura (HUS/
TTP) (5.36), membranoproliferative glomerulonephritis
(MPGN) (2.77) and focal segmental glomerulosclerosis
(FSGS) (2.25). Interestingly, HUS/TTP and many cases of
MPGN were related to complement cascade dysregulation
and were ascribed to genetic abnormalities or to acquired
abnormalities of components of the complement sy-

stem™.

ROLE OF COMPLEMENT IN KIDNEY
DISEASES

The complement proteins may be seen in the biopsies
of all forms of GN, and all three activation pathways
have been documented in different kidney diseases
and may be activated by different triggers” (Figure 1).
Indeed, the complement system is activated by three
pathways (the alternative, classical and lectin pathways)
that generate a common terminal pathway. The classical
(CP) and lectin pathways (LP) are triggered by the
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recognition of pathogens or damaged cell surfaces by
antibodies and recognition molecules®. Many glomerular
diseases, such as membranous nephropathy, IgA nep-
hropathy and lupus nephropathy, involve these path-
ways. The activation of the alternative pathway (AP) is
relatively complex. The AP undergoes continuous low-
grade activation in the fluid phase by spontaneous C3
hydrolysis that is responsible for the deposition of a
low amount of C3b onto cell surfaces (Figure 2). Self-
surfaces are protected from complement damage by
several regulators that are either membrane-anchored or
in the fluid phase. Perturbation of the balance between
complement activators and regulators provides the basis
for aHUS and MPGN/C3G"".

As mentioned above, the complement system is
involved in the vast majority of kidney diseases. Two broad
categories of kidney diseases should be distinguished.
The first category is associated with complement over-
activation and characterizes diseases such as lupus
nephritis, membranous nephropathy, immune complex-
associated MPGN and IgA nephropathy. The second
category is related to complement dysregulation
and characterizes diseases such as aHUS and C3G.
In the former category, complement is activated by
other factors, including immune-complex formation and
deposition. After transplantation, the original disease
may recur but is also more easily controlled by the imm-
unosuppression needed to support the transplanted
kidney. In the latter disease, complement activation may
occur spontaneously and is often related to abnormalities
of complement regulating factors. These nephropathies
often recur after renal transplantation because the
diseases are related to a constitutional and often gene-
tically determined abnormality of the complement
proteins. These abnormalities are not corrected either
by the transplant itself or by the immunosuppressive
therapy.

Tremendous advances are being made in our
understanding of both aHUS/TMA and C3G. With the
improvement of our understanding of genetics and biology,
it has become increasingly clear that different disease
mechanisms may cause the disease formerly called
TTP/HUS. Furthermore, these mechanisms may deeply
influence the recurrence rate after transplantation™.

Similarly, the role of complement in C3G has been
better defined™, thus allowing us to move from a
histologically based classification of the MPGNs to a new
classification based on pathophysiology™"'".,

To date, the term aHUS applies to a heterogeneous
group of diseases that have in common a TMA associated
with some degree of renal failure. Frequently, aHUS
patients have a complement abnormality (a genetic
mutation or an autoantibody to complement factors) as
the primary etiology. As a consequence, they are affected
by a complement mediated TMA (Figure 3)%.,

Similarly, after reclassification, the MPGNs are
distinguished into immune-complex- mediated MPGNs and
C3Gs. The latter have clear signs of C3 staining with little
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Table 1 Causes of graft loss (living kidney transplantation)

<1yr > 1yr

Non identical Identical Non identical Identical
Acute rejection 5 (41.7%) 0(0%)
CAN with/without CR 2 (16.7%) 0 (0%) 16 (31.4%) 5(23.8%)
CNI nephrotoxicity 0(0%) 0 (0%) 2(3.9%) 1(4.8%)
Recurrence of original disease 1(8.3%) 0 (0%) 10 (19.6%) 6 (28.6%)
Death with functioning graft 2 (16.7%) 1(50%) 19 (37.3%) 7 (33.3%)
Discontinuation of immunosuppressant 0(0%) 1(50%) 4(7.8%) 1(4.8%)
Non-compliance 1(8.3%) 0 (0%) 0 (0%) 1(4.8%)
Others 1(8.3%) 0 (0%) 0 (0%) 0 (0%)
P 0.2002 0.6158

CAN: Chronic allograft nephropathy; CR: Chronic rejection; CNI: Calcineurin inhibitor.
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Figure 2 The C3 complement alternative pathway. C3(H20) Bb: Alternative
pathway initiation convertase; FB: Complement factor B; FD: Complement
factor D; FH: Complement factor H; FI: Complement factor I; CR1: Complement
receptor 1; DAF: Decay accelerating factor; MCP: Membrane cofactor protein; P:
Properdin.

or no immunoglobulin deposition evident on renal biopsy.
C3Gs are further divided into dense deposit diseases (DDD)
and the recently recognized entity C3GN™.,

Baishidenge ~ WJT | www.wjgnet.com

Antibody to renal

634

Figure 1 Mechanisms of complement activation in kidney
disease. HUS: Hemolytic uremic syndrome; MBL: Mannose binding
lectin; IgA: Immunoglobulin A; MPGN: Membranoproliferative
glomerulonephritis; GBM: Glomerular basement membrane; AP:
Alternative pathway.
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Figure 3 Heterogeneity of atypical hemolytic uremic syndrome. TMA:
Thrombotic microangiopathy; HUS: Hemolytic uremic syndrome.

EPIDEMIOLOGY

GNs that occur in the transplanted kidney may be caused
either by recurrent or de novo disease. In clinical and in
the epidemiological studies is necessary to distinguish
between these conditions. True recurrence occurs when:
(1) post-transplant proteinuria or hematuria or elevated
serum creatinine is found after transplantation; (2)
biopsy-proven kidney disease is diagnosed in the native
kidneys; or (3) the same disease is proven by biopsy in
the transplanted kidney™”. Challenges to the diagnosis
of recurrent diseases are manifold. They include: (1)
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Figure 4 Regulation of complement on surfaces. CFH:
Complement factor H; FI: Complement factor I; iC3b: Inactivated
C3b; MCP: Membrane cofactor protein; DAF: Decay accelerating
factor; CD59: MAC inhibitor protein.

misdiagnosis or mislabeling of native kidney disease; (2)
lack of a unified approach to using diagnostic tools for
the diagnosis of recurrent disease; and (3) difficulties
in differentiating recurrent disease from other causes
of renal damage such as drug toxicity and chronic re-
jection®*¥,

There are still other potential biases occurring among
registries dealing with recurrences of renal diseases
mediated by complement dysregulation. For example
Shiga toxin-related HUS combined with aHUS in many
registries. Additionally, the vast majority of registries
or networks report data by using the classification of
MPGNs, which precedes the results of the consensus
report on C3G™ and the recent consensus report and
reclassification of GNs"'",

Because of the above-mentioned factors, the data
reported by different registries as the North American
Pediatric Renal Transplant Collaborative Study (NAPRTCS),
the Australia New Zealand Dialysis Transplant Data
System (ANZDATA), the Renal Allograft Disease Registry
(RADR) and the United States Renal Data System
(USRDS) differ significantly in reporting the prevalence
of recurrent GNs after transplantation®®'>*>*®, A study
by Shimmura et al*”! on 266 living kidney transplants
clearly documents that recurrence of the original disease
is the third leading cause of graft loss after one year from
transplantation (Table 1). The aforementioned study by
Hariharan™ documents the highest RR for graft failure for
HUS/TTP and MPGN.

Two other studies on pediatric patients report
high rates of recurrence for aHUS and type I and I
MPGN according to the old classification, although there
is a wide range of rates among the studies.

Series related to the early 2000s indicated that the
risk of post-transplant recurrence for aHUS was 20% in
pediatric patients and 50% in adult patients™". Recently,
in 280 patients with aHUS screened for CFH, IF or
MCP mutations, post-transplant aHUS recurrence was
reported in 33%"”, 37%"* and 60%"", respectively.

Fewer data are available regarding the epidemiology
of MPGN recurrence according to the new classification.
Indeed, many registries are still using the old classification.
According to these data, MPGN type I recurs in 20%-30%
of patients, whereas MPGN type 1I recurs in 80%-100%
of patients’®.

More recently, Kasiske et al*®, observing 1574 MP

[19,20]
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GNs in 140109 transplant patients recorded in the
USRDS an observation that the true recurrence rate
of MPGN increased over time, with the most frequent
recurrences of GN between 1995 and 2003.

After the reclassification!®'"), the most interesting
and recent data on C3G recurrence are those reported
by Zand et a*”!. According to these data, the recurrence
rate of C3GN is 66.7%, and graft failure occurs in 50%
of patients with recurrence.

PATHOPHYSIOLOGY OF TMA AND ITS
RECURRENCE

As mentioned above, the complement AP is constitutively
active. After the generation of C3b, it binds either to
either pathogens or the host cells. This necessitates
the prompt and tight control of its activity. In tum, C3b
may generate new C3 convertases (C3bBb) that act as
an auto-amplifier by creating new C3b molecules. The
same enzymes may also generate the C5 convertases
that activate C5, the anaphylatoxins C5a and C5b and
activate the membrane attack complex (MAC) C5b-C9™®.,
In normal conditions, the AP may be spontaneously
activated by the process called tick over. Cell surfaces are
protected from auto-activation by several factors both in
the fluid phase and anchored to the cell membranes.

The principal inhibiting factor is complement factor
H (CFH), which acts both in the fluid phase and on cell
surfaces. Factor H also act as a co-factor to complement
factor I (CFI)®*3Y, Cell surfaces are also protected by at
least 4 specific membrane regulators: (1) complement
receptor 1 (CR1/CD 35); (2) membrane cofactor protein
(MCP/CD46); (3) decay accelerating factor (DAF/CD55);
and (4) protectin (CD59), which blocks MAC formation
(Figure 4)P*%,

The loss of this complex regulation results in com-
plement activation, with consequent cell damage!®***°,
The role of complement dysregulation is increasingly
recognized as the principal cause of TMAs. It may be
caused by genetic mutations or by autoantibodies.
Additionally, a triggering factor, often from the environ-
ment, is needed.

Figure 5 represents the whole spectrum of TMAs.
In this figure, three different conditions are possible:
(1) complement-driven TMA (i.e., aHUS), where there
is an underlying complement defect; (2) complement-
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TMA with transient
complement
activation
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complement activation/
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Figure 5 Spectrum of thrombotic microangiopathies. TMA: Thrombotic
microangiopathies; STEC-HUS: Shiga toxin-producing Escherichia coli-
hemolytic uremic syndrome.

enhanced TMA, as in Shiga-toxin-producing Escherichia
coli-HUS (STEC-HUS); and (3) TMA with coexisting
disease (e.g., pregnancy, lupus). The most frequently
mutated gene in aHUS is CFH. Mutations have been
identified in 25% of sporadic cases and 40% of familial
cases'®***), In addition to CFH, the CFH gene family
includes five other complement factor H-related genes
(CFHR1-5). Deletion, duplications and hybrid proteins
occur®, As a result, the loss of cell surface protection
may occur and aHUS may develop®**”.

The CFHR3-CFHR1 deletion is the most frequent
deletion associated with aHUS. Recently a new role for the
FHR protein was identified by Goicochea de Jorge et af*”.
According to these findings, FHRs could act as competitive
antagonists to FH. MCP (CD46) mutations are found in
5%-9% of aHUS patients™. The protein is membrane-
anchored and serves as a co-factor of FI. FI mutations
lead to a lack of complement control accounting for 4%-8%
of aHUS™*".,

In addition to mutations in regulatory genes, gain of
function mutations of effector proteins (C3 and factor B)
has been reported. Factor B mutations are reported in
< 4% cases of aHUS""**), Factor B mutations enhance
the C3bB formation. Gain of function mutations in C3
are reported in 2%-8% of aHUS™**"), These mutations
impair MCP and confer resistance to cleavage by CFII***,

Mutations in the thrombomodulin gene (THBD) have
been reported in up to 5% of aHUS patients”®. Few
data have been reported on this mutation. It is probable
that the THBD mutation may influence disease severity
in association with other mutations™’.

Autoantibodies against different complement factors,
independent of genetic mutations or in association with
genetic abnormalities, may cause aHUS. Antibodies to
anti-complement factor H (FHAA) account for 3%-8%
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of aHUS and are often found in association with FHR1
deficiency or deletion®®. Recently, in India, an association
of FHAA and aHUS was reported in approximately 60%
of the pediatric population*”). Auto antibodies to anti-
factor I have been reported only in three patients™*®.
Their role is not yet clear.

In many cases, the development of aHUS in patients
who are affected by complement abnormalities needs
a triggering factor. Among these well-known factors are
pregnancy, drugs, and autoimmune disorders. Complement
abnormalities were identified in 83% of patients with
pregnancy associated aHUS™". CFH mutations have
been reported in 4 patients with aHUS associated with
ticlopidine®™. Further 4% of patients affected by lupus
disease documented an aHUS related to complement
abnormalities™"**. Complement abnormalities strongly
influence aHUS recurrence after renal transplantation.
Indeed, aHUS recurrence was reported at rates from 20%
to 50% in the era when genetic analysis of complement
proteins was not available®**®!, Recently, several studies
have highlighted the risk of aHUS recurrence according to
different genes abnormalities’® (Table 2). Complement
abnormalities have also been found in conditions that
should not be affected by recurrence.

STEC-HUS of the native kidneys should be protected
from recurrence. However, two patients with a history of
STEC-HUS were recently diagnosed with post-transplant
recurrence™. Both patients were recognized to be affected
by complement abnormalities; one had a heterozygous
CFI mutation, and the other had a heterozygous MCP
mutation.

Patients affected by MCP mutations rarely have aHUS
recurrence after transplantation™®. Recently, however,
transplant failures due to aHUS recurrence have been
observed in patients affected by MCP mutations™?.
Almost all of these patients were affected by combined
MCP and CFH or CFI mutations.

Patients affected by CFH mutations are at a high risk
of recurrence. In two French case series, recurrences
were observed in 80% of children'® and 75% of
adults™®”, The graft failure rates in the case of recurrence
are approximately 86%.

Interestingly, the location of CFH mutation impacts
the recurrence risk®®". Indeed, mutations involving the
C-terminal domain of CFH confer higher risk and have
a worse prognosist*®. This finding is consistent with the
critical role of the CFH C-terminal domain in binding to
the endothelium and exerting the protective role of the
endothelial cells®”,

The majority of FHAA is directed against the C-terminal
domain of factor H. As a consequence, a higher risk of
recurrence should be expected due to FHAA. However,
this does not seem to be the case, because aHUS
recurrence due to FHAA is uncommon®®,

Nonetheless, the recurrence risk due to FHAA is
not easily understood because 40% of patients with
FHAA are also affected by mutations in the complement
genes™®, Additionally, a reduction of FHAA is achievable
with the immunosuppressant therapy, thereby reducing
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Table 2 Risk of atypical hemolytic uremic syndrome recurrence according to the implicated genetic abnormality

Gene Protein location Functional impact Mutation frequency in aHUS (%) Recurrence frequency after transplantation (%)
Mutation

CFH Plasma Loss 20-30 75-90
CFI Plasma Loss 2-12 45-80
CFB Plasma Gain 1-2 100
C3 Plasma Gain 5-10 40-70
MCP Membrane Loss 10-15 15-20
THBD Membrane Loss 5 1 case
Genetic polymorphism

(frequency in control population)

Homozygous CFHR1del (3%-8%)  Circulating Undetermined 14-23 (> 90% in patients with NA

anti-CFH antibodies

aHUS: Atypical hemolytic uremic syndrome; C3: Complement C3; CFH: Complement factor H; CFI: Complement factor I; CFB: Complement factor B; MCP:
Membrane cofactor protein; THBD: Thrombomodulin; CFHR1: Complement factor H receptor 1; NA: Not available.

the risk of aHUS recurrence.

In summary, the risk of recurrence is 4 times higher
in patients with mutations in the CFH gene or carriers of
the hybrid gene between CFH/CFHR1. In a recent study
by Le Quintrec®™, patients with the hybrid gene lost
their grafts due to early recurrence.

The relevance of CFI mutations on aHUS recurrence
has discordant results and interpretations. The first studies
to CFI mutations reported a high recurrence rate and graft
loss! 10323388667 " A study by Bienaimé et a®® in 2010
reported that patients with CFI mutations do not seem to
carry a higher risk of recurrence. These data were more
recently confirmed by the study mentioned above by Le
Quintrec et af*.,

MCP mutations rarely affect aHUS recurrence because
the endothelial cell surfaces of the transplanted kidney
normally express MCP. Only three recurrences have
been reported in the literature™7®. In these patients,
recurrence might be ascribed to combined complement
gene mutations™ or microchimerism from the recipient
endothelial cells”®.

Data on the role of THBD are scarce. aHUS recurrence
due to THBD mutations should not occur because the
molecule is membrane-anchored as MCP. Additionally,
a small proportion of THBD is present in soluble form.
Nonetheless, sporadic cases of recurrence due to THBD
have been reported”*’?. In one patient the recurrence
occurred early post-transplantation during the ischemia-
reperfusion phase. During this phase, the soluble form of
THBD might be not adequate to protect from recurrence.

Patients affected by gain of function mutations (CFB,
C3) are also exposed to the risk of recurrence. To date,
four patient carriers of the CFB mutation have been
reported to have aHUS recurrences and consequent
graft loss”>’*, Data on recurrence in patients affected
by C3 mutations are discordant. Le Quintrec® reported
a high recurrence rate, with 4 recurrences in 5 grafts.
Previously, Noris et al’* reported only two recurrences
in 7 transplanted patients. In an attempt to explain
the difference, Zuber et al®® speculated that for some
patients, the intra-graft production of normal C3 might
occur and might be protective.

Baishidenge ~ WJT | www.wjgnet.com

637

Several environmental triggers might act to damage
the graft endothelium and to facilitate aHUS recurrence
on already damaged cells in patients with genetic abnor-
malities.

Anti-HLA antibodies”®, ischemia-reperfusion events!’”,
immunosuppressant drugs”® and viral infections”®, either
isolated or in association, might play a relevant role and
favor aHUS recurrence in genetically predisposed patients.

Le Quintrec et al®™ attempted to identify the risk
factors for aHUS recurrence. Low C3 levels and the
presence of a mutation were significant in the univariate
analysis. In a multivariate analysis of mutations, a
mammialian target of mpamycin (mTOR) inhibitor regimen
and recipient age were significantly associated with
increased aHUS recurrence rates.

PATHOPHYSIOLOGY AND RECURRENCE
OF C3G

After the reclassification of MPGNs, as mentioned abo-
vel'®  C3Gs induded the MPGNs caused by complement
dysregulation rather than the MPGN immune-complex-
related disorders®®”, As a consequence, C3Gs include the
GNs for which immunofluorescence microscopy is C3-
positive and immunoglobulin-negative.

C3Gs may be sub-divided into DDD and C3GN based
on electron microscopy, even if, in some cases the
distinction is challenging™*®!, Recently, advances toward
an improved understanding of the characteristics of C3
deposits have been made through proteomic analysis
and laser microdissection (LMD)®?, Laser dissection and
mass spectrometry of glomeruli from patients with C3G
documented an accumulation of the AP and the terminal
complement complex proteins, thus confirming that
C3G results from abnormalities of the AP, which lead to
glomerular damage™".

The pathophysiology of AP pathway activation in C3GN
and DDD is very similar, with fluid phase dysregulation
due to gene mutations or autoantibodies occurring in
both disorders. Indeed, as for aHUS, the complement
abnormalities in C3Gs may occur on a genetic basis or as
acquired factors as autoantibodies.
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The most common acquired complement defect is
represented by the presence of an antibody called the
C3 nephritic factor (C3NeF), which blocks CFH-mediated
decay and stabilizes C3 convertase®™®., In particular,
C3NeF binds to C3 convertase and inhibits the action
of factor H, CR1 and DAF, blocking the dissociation of
the convertase. C3NeF enhances C3 convertase activity
10 fold®®**®, The frequency of C3NeF is high in C3G,
ranging from 50% to 80% of patients™. C3NeF may
also be associated with genetic mutations. Recently,
other auto antibodies have been found in C3Gs. These
auto antibodies are directed against C3 convertase,
factor B®® or anti-factor H**®, AP dysregulation in DDD
is more frequently autoantibody-induced with respect to
TMA. Genetic abnormalities also have been encountered.
Few patients have been identified with genetic mutations
of factor I, MCP, C3, factor B and factor H®*®*, In an
extensive study by Servais et al*®, only 5.3% of the
patients affected by C3GN had CFI mutations, and 1.8%
had MCP mutations.

In 2010, Martinez-Barricarte et a/®” identified a
mutant C3 protein resistant to factor H inactivation in a
patient affected by DDD. More recently, a different C3
mutation has been identified.

Mutations in factor H have been reported more
frequently among patients affected by C3Gs. Mutations
may result in a defective protein or a complete lack of
protein H. Mutations may occur in a homozygous or
heterozygous manner®*? and may be associated with
C3NeF, thus documenting the association of different risk
factors.

In recent years genetic mutations of the CFHR
gene cluster have been reported among patients with
C3G™*. CFHR family gene mutations®®, deletions®,
duplication® and hybrid genes®®” have been reported in
patients with C3Gs either in isolated patients or family
groups.

For example, Gale et al’®® reported two Cypriot
families whose members were affected by a CFHR5
mutation. The protein produced by the mutated gene
was poorly effective in binding to C3b on cell surfaces
and thus led to the deregulation of the fluid phase of the
AP. The disease was called CFHR5 nephropathy.

Recently, Malik et al®® reported patients from the
same family affected by C3G due to abnormal copies in
the CFHR3 and CFHR1 loci. The finding of familial cases
of C3G highlights the genetic origin of several C3Gs and
the related complement AP dysregulation.

In summary the specific cause of C3G is inadequate
regulation of the complement system. The causes of
complement dysregulation may be divided into genetic
and acquired factors. Among the former are changes in
many of the complement genes: Among the latter are
specific antibodies called C3 nephritic factors or C3NeFs
that impair normal regulation of the complement system.
It appears that patients with DDD are more likely to
have C3NeFs, while patients with C3GN are more likely
to have abnormalities in a group of proteins called the
“Complement Factor H-Related” proteins.
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Additionally, genetic defects may represent the basis
of either C3G or aHUS (Table 3). Indeed, in recent years,
a large number of genetic studies have established a
strong association between the factor H-related pro-
teins and different diseases involving complement
dysregulation. This association, together with the recent
functional data on factor H-related proteins such as FH
competitors and complement deregulators, has gained
the attention of the complement scientific community™.

From the pathophysiological point of view, many cases
of C3Gs and TMA are associated with defective control of
the AP. The inevitable questions are whether C3G and TMA
are the other sides of the same coin and which factors
determine whether a patient develops one disease instead
of the other™.,

Animal models highlight that C3G may be the con-
sequence of prevalent dysregulation of fluid phase
complement activation, whereas TMA is principally
related to complement activation on the capillary wall.
The same studies determined that an absolute deficiency
of factor H favors fluid phase complement activation and
C3G, whereas the absence or abnormality of the binding
region of factor H favors TMA™®!, It has also been
hypothesized that CFH and CFH/CFHR mutations induce
aHUS to inhibit the CFH binding to most cell surfaces,
whereas C3G-associated mutant CFHRs do not inhibit
CFH binding to endothelial cell surfaces™.

Concerning C3G recurrence after transplantation, the
finding of familial cases of C3GN highlights the genetic
origin and the related complement AP dysregulation of
the vast majority of C3GN. These data form the basis
of its recurrence after transplantation. However, fewer
data are available on C3G recurrence compared to TMA.
Indeed, C3G is a rare disease and principally, its patho-
genesis and its complement-dependent nature have been
recognized only recently. More data are available on DDD
recurrence. Indeed, this disease was identified a long
time ago based on its characteristic microscopic aspects.
This finding occurred long before our understanding of its
pathogenesis. In a retrospective analysis of 75 children,
the 5-year graft survival rate was only 50%!"°!, Almost all
adult patients had recurrences after transplantation and
up to 25% lost their graft'*.,

In a large, retrospective cohort study of 80 adults
and children affected by C3G, Medjeral-Thomas et
al"® reported a histological recurrence following renal
transplantation in all 6 DDD patients. Recurrence was
associated with graft loss in 50% of patients. Similarly,
four of seven C3GN patients transplanted had histological
recurrences. Graft loss occurred in 3 patients. A UNOS
review reported a 10-year graft survival rate of 57.5%
for patients affected by DDD recurrence!®®. In different
studies, the reported rate of DDD recurrence is variable
ranging from 18% to 100%"™**'*,

Considering only those patients whose diagnosis
was made by renal biopsy, the recurrence rate was over
70%!"%%1 Disease recurrence may occur suddenly after
transplantation. However, cases of recurrence many
years later are also described™”. The risk factors for
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Table 3 Overview of mutations in complement factor H
related protein genes

Genetic defect Phenotypical expression

C3 glomerulopathy (CFHR5

Duplication in the CFHR5 gene

nephropathy)
Duplication in the CFHR1 gene C3 glomerulopathy
Hybrid CFHR3/CFHR1 gene C3 glomerulopathy
Hybrid CFHR2/CFHR5 gene C3 glomerulopathy
Hybrid CFH/CFHR1 gene aHUS
Hybrid CFH/CFHR3 gene aHUS

CFHR: Complement factor H related; aHUS: Atypical hemolytic uremic
syndrome.

recurrence and graft loss for DDD are not well defined.
No relationship with preTx disease presentation or C3
serum levels has been found. Additionally, the C3NeF
levels do not correlate with the risk of recurrence™®. The
presence of heavy proteinuria seems to be the only risk
factor related to recurrence.

The different genetic variants responsible of C3GN have
been already described. Overall, C3GN recurs in two-thirds
of transplanted patients and graft loss is common®™ 8%,
Histologically, it recurs with a membranoproliferative
pattemn. Risk factors for recurrence are still now debated.
According to some studies™®!, they include the severity
of histological lesions in the native kidneys, HLA-B8
DR3, living related donors and previous graft loss for
recurrence®!, To date, our understanding of C3GN
recurrence is only based on case reports. Furthermore,
the broadest study on C3GN outcomes after recurrence
by Zand et a*”! was unable to find any risk factor for
recurrence. The multiple defects in complement regulatory
proteins causing C3GN likely impair the establishment of
any well-defined recurrence risk.

Eleven patients affected by CFHR5 nephropathy were
successfully transplanted™®; however protocol biopsies
have documented recurrence™*.. The recurrence may be
early after transplantation and demonstrates that renal-
derived CFHR5 protein cannot prevent the development
of CFHR5 graft nephropathy. Very recently Wong et af**?
described a high recurrence rate in 5 patients affected by
hybrid CFHR3 1 gene-associated C3GN.

DIAGNOSIS OF RECURRENCE

Diagnosis of recurrence may be easy if the clinical history
of the recipient is known and the diagnosis of C3G/aHUS
of the native kidneys has been made after an etiological
workup and a kidney biopsy. Unfortunately, the clinical
history of the recipient and a renal biopsy of the native
kidneys are often not available.

In such patients, if the graft is not doing well, a renal
biopsy should be promptly performed and examined
by light microscopy, immunofluorescence and electron
microscopy. When the diagnosis of C3G/aHUS is suspected,
a complete workup should be undertaken. The diagnostic
approach should include a comprehensive biochemical,
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genetic and pathologic analysis of the complement AP.
This approach should include complement factors and
complement regulatory protein levels, measurement of
MCP on peripheral blood leukocytes as well as screening for
anti-CFH antibodies and C3NeFs. Additionally, the genetic
investigation should include mutation screening of CFH,
CFI, MCP, C3 and CFB. The screening requires an extensive
sequencing of all coding exons. Additionally, a study of
recombination in the CFHR region should be made!**?.,
The genetic studies are not easy to perform because the
spectrum of genes currently known to be involved is rapidly
expanding™*. Nonetheless, such studies are vital because
the importance of genetic mutation screening to determine
the outcome of retransplantation following a failed kidney
allograft from a patient with recurrent aHUS has recently
been documented"*?. In other words, not all mutations
have the similar detrimental effects. The absence of a more
severe genotype could facilitate the successful treatment of
the recurrence.

RECCOMENDATIONS, PREVENTION ND
TREATMENT OF POST-TRANSPLANT
aHUS AND C3Gs RECURRENCE

The vast majority of data are available for aHUS be-
cause C3G has been only recently defined and data on
prevention and treatment rely more on case reports
than on evidence-based medicine.

Recommendations

Patients with aHUS as a primary disease and patients
with suspected aHUS and with STEC-HUS should be
screened for all complement factors and regulating
proteins. Additionally, a genotyping for CFH, CFHR, CFI,
MCP CFB and C3 should be performed!'¥.

Patients with a suspected diagnosis of C3G should
also be screened for C3NeF and for other autoantibodies
that are known to be involved in this disease.

Living donor renal transplantation, even in the eculi-
zumab era, is not indicated for patients with mutations
in CFH, CFI, C3 and CFB. In patients with aHUS due to a
mutation in MCP, donation may be safe after exclusion
of other mutations often associated with MCP mutation.
However, increased evidence for a polygenic pattern for
aHUS and C3G and the still-unknown polymorphisms
should always consider a living donation with extreme
caution®,

Patients affected by aHUS but with no identified
mutations should be recommended to proceed with trans-
plantation combined with intensive plasma exchange
(PE)!,

Prevention

To date, there is limited evidence for preventing C3G
recurrence after transplantation. The more validated
experience refers to the use of eculizumab to prevent
aHUS recurrence®™. Whether these strategies may be
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recommended to prevent C3G will be subject to future
research.

More data are available concerning aHUS prevention.
The avoidance of any possible endothelial insult has
been highlighted!***!. Post-transplant conditions that may
cause endothelial insult include ischemia-reperfusion
injury, infections, and immunosuppressive drugs. All of
these factors could act as triggers to activate the AP in
predisposed patients.

An association between calcineurin inhibitors (CNIs)
and aHUS recurrence has been hypothesized"”’. Other
studies do not confirm this association and note that
mTOR inhibitors are frequently used to avoid CNIs and
may, per se, induce aHUS™'*'"), PE has been used to
prevent aHUS recurrence™®!. However, PE has several
drawbacks.

First, in some cases, PE fails to prevent aHUS™®,
Second, there is a risk of recurrence when PE is inter-
rupted. Third, the evidence of subclinical recurrent aHUS in
patients still under treatment indicates that in some cases,
PE does not control complement activation**®,

Pre-transplant rituximab administration has been
effective for patients with anti-CFH antibodies!*******%,
In these patients, the association of PE may improve
the treatment efficacy. The anti-C5 monoclonal antibody
(eculizumab) has been used to prevent post-transplant
aHUS in several patients. Among the reported patients,
nine had either CFH mutations or a CFH/CFHR1 hybrid
gene. Another patient had a C3 mutation!*******, All of
these patients had a complement genetic abnormality
with a risk of aHUS recurrence greater than 80%. Only
one patient lost the graft due to an arterial thrombosis.
All other patients had a successful recurrence-free post-
transplant course, even if, to our knowledge, they are still
undergoing eculizumab treatment!™®.

Treatment

In a retrospective study, Zand et al®” reviewed the
outcomes of 14 patients diagnosed with a C3G recurrence
after transplantation. Ten patients did not receive any
additional treatment. Three patients received rituximab
treatment, but the overall outcome was poor.

Another study reported the beneficial effect of
plasma infusions (PI) in patients with a genetic mutation
in factor H!'**!, Case reports documented the efficacy
of eculizumab in patients with DDD recurrence™ and
patients with C3GN recurrence!*®, although the patient
with C3GN repeat allograft biopsies showed progression
of the disease. Other studies!*”*** reported eculizumab
efficacy for the treatment of recurrent DDD and C3GN.
A randomized clinical trial to evaluate the efficacy of
eculizumab in patients with C3G is ongoing™*".

An exciting new approach to C3G treatment is the
soluble complement receptor 1 (CR1), which promotes
the breakdown of active C3b. The infusion of soluble CR1
was reported to improve C3 and serum MAC levels in a
patient with DDD recurrence®”.

Before the eculizumab era, patients affected by aHUS
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recurrence were extensively treated with PE. In the
French survey, the outcomes of aHUS recurrence were
not different among patients, regardless of treatment
with PE!**®l, PE combined with belatacept was effective for
one patient, as reported by Midvedt et af*”, Eculizumab
has been reported to be effective in a recent study by
Matar et aff®!, regardless of concomitant PE treatment.
The largest experience in treating recurrent aHUS with
eculizumab was reported by Zuber et aft''®,

According to their findings, eculizumab was efficient
in treating aHUS recurrence after transplantation. The
treatment should be started as early as possible, and
the treatment tolerance is excellent. Interestingly, two
patients who received a single dose regimen experienced
a delayed relapse™?. Two attempts of eculizumab dis-
continuation were followed by new relapses**?,

Overall, these experiences suggest that a high risk
of relapse may persist after a first recurrence. This fact
suggests caution in withdrawing eculizumab in this setting.

Additionally, active HUS lesions have been observed
in patients with a documented C5 blockade receiving
eculizumab regularly''*®!, Whether a C3 convertase blocker
could more efficiently treat these patients is currently
unknown.

Two additional studies have documented eculizumab
efficacy in plasma therapy resistant or dependent
patients with recurrent aHUS™"*****1, More than 80% of
the patients achieved TMA-free status.

The efficacy of eculizumab has changed our approach to
aHUS and C3G recurrence after transplantation. However
several questions remain to be answered, induding: (1) Do
complement investigations impact therapeutic decisions? (2)
For how long should patients with recurrent aHUS or C3G
be given eculizumab? and (3) Does eculizumab change our
indications for renal transplant for patients on dialysis for
aHUS or C3G?™,

It is crucial to explore the most appropriate dose,
dosing intervals and duration of treatment to reduce the
enormous financial burden of eculizumab therapy™.

CONCLUSION

Recurrence of primary disease after renal transplantation
is currently one of the most important causes of graft
loss.

Recurrence is principally common for those diseases,
often glomerulonephritis, caused by constitutional abnor-
malities of the patient, not kidney related. Among these
abnormalities are diseases caused by complement
dysregulation such as aHUS and C3Gs. To date, aHUS
and C3Gs often represent a contraindication to renal
transplantation due to the frequency and severity of
recurrent disease. The dlinical use of the anti-C5 inhibitor,
eculizumab, seems to overcome the limitations to kidney
transplantation for selected patients. However, we have
highlighted the drawbacks of this therapy, principally
represented by the high costs of lifelong therapy. The
main perspectives in the field of renal transplantation
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of avoiding or treating recurrences are either diagnostic
and therapeutic. An improved understanding of genetics
and biology will allow an improved knowledge of gene
mutations and the possibility of opening new methods
in the field of living donor transplantation; Future thera-
peutic approaches are represented by the availability
of purified deficient gene products and the availability
of C3 convertase inhibitors. In addition to CR1 as men-
tioned above, the current targets of research include
the compstatin analog Cp40, which can block C3b™*®,
Similarly, another research target is a monoclonal antibody
able to inhibit the C3 convertase induced by C3NeF**,
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