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Pathology of C3 Glomerulopathies

Membranoproliferative
Glomerulonephritis

Membranoproliferative glomerulonephritis
(MPGN) refers to a pattern of injury occurring
as response to deposition of immunoglobulins
(Ig)/immune-complexes (IC) and/or complement
factors in the mesangium and/or along the glo-
merular capillary walls [1]. The deposition of Ig/
IC and complement factors results in an inflam-
matory response due to: (1) proliferation of indig-
enous glomerular cells such as mesangial cells,
endothelial cells, and infiltration and proliferation
of leukocytes, and (2) synthesis of matrix mate-
rial such as mesangial matrix material, basement
membrane material and fibrin. The MPGN pattern
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is thus characterized by (1) increased cellularity
in the mesangium (mesangial proliferation) and
within the capillary lumen (endocapillary prolif-
eration), and (2) mesangial expansion by matrix
material and capillary wall remodelling with for-
mation of double contours. The MPGN pattern is
distinguished from a diffuse (endocapillary) pro-
liferative pattern by the finding that in MPGN at
the time of diagnosis the injury is often chronic,
resulting in a healing or remodeling phase in the
mesangium (mesangial expansion, often with
nodule formation) and along the glomerular cap-
illaries (double contour formation) [2].

Glomerular deposition of Ig/IC originates
from three basic pathogenic mechanisms (see
later in this chapter Fig. 25.3a—d): (1) deposition
of monoclonal Ig as a result of a monoclonal
gammopathy due to a plasma cell or B cell disor-
der [3-6]; (2) deposition of antigen-antibody or
IC as a result of an infection [7]; and (3) IC
deposition as a result of an autoimmune disease
[8, 9]. Immunofluorescence studies can often
confirm the underlying pathogenic mechanism
of Ig/IC deposition based on the type of Ig
detected. Complement factors are also noted
along with the Ig/IC, due to activation of the
complement system via the classical pathway by
the Ig/IC. On the other hand, glomerular deposi-
tion of complement factors alone or in the pres-
ence of scant Ig results from dysregulation of the
complement alternative pathway (CAP). The
term C3 glomerulopathy (C3G) is used to define
this entity [10].
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Fig. 25.1 C3 glomerulonephritis. (a) Light microscopy
showing a MPGN pattern of injury (periodic acid Schiff
60x). (b) Immunofluorescence microscopy showing
mesangial and capillary wall staining for C3.
Immunofluorescence studies were negative for Igs. (¢, d)

Based on these findings MPGN has recently
been classified into- Ig/IC-mediated glomerulo-
nephritis and complement-mediated glomerulo-
nephritis (C3 glomerulopathy, C3G) [11]. Thus,
immunofluorescence studies of the kidney biopsy
are the key to the classification of MPGN into Ig/
IC-mediated or complement-mediated MPGN.

C3 Glomerulopathy

While the pathogenesis of MPGN includes a vari-
ety of causes, the pathogenesis of C3G is now
thought to be predominantly linked to defects in
the control of the complement system, in particu-
lar its alternative pathway (CAP). Deposition of
complement factors in the mesangium and/or

EM showing (¢) Numerous mesangial electron dense
deposits (white arrows) and (d) Capillary wall deposits
(red arrow-intramembranous and subendothelial deposits,
black arrow-subepithelial deposit/hump) (¢ 4,200%, d
2,500)

along the glomerular capillary walls results in a
proliferative glomerulonephritis. The term “C3
glomerulopathy” (C3G) is now used to define the
entity of a glomerulonephritis characterized by
C3 accumulation, with absent or scanty Ig deposi-
tion [10, 12, 13]. C3G encompasses the entities of
C3 glomerulonephritis (C3GN) and dense deposit
disease (DDD) [10, 12, 14]. On kidney biopsy,
C3GN (Fig. 25.1a-d) and DDD (Fig. 25.2a—)
present as a proliferative glomerulonephritis [1].
The most common pattern on light microscopy
for both C3GN and DDD is that of MPGN. Other
patterns of injury include mesangial proliferative
glomerulonephritis, diffuse proliferative glomeru-
lonephritis or even a necrotizing and crescentic
glomerulonephritis [15]. Two or more patterns of
injury may be seen on the same biopsy. On immu-
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Fig. 25.2 Dense deposit disease. (a) Light microscopy
showing an MPGN pattern of injury (periodic acid Schiff
40x). Note cellular crescent. (b) Immunofluorescence
microscopy showing mesangial and capillary wall stain-

nofluorescence studies, both C3GN and DDD are
characterized by bright mesangial and capillary
wall staining for C3. In DDD, C3 staining may
also be seen along the tubular basement mem-
brane. Tubular basement membrane staining for
C3 is uncommon in C3GN. The main differentiat-
ing factor between C3GN and DDD lies in the
EM findings. In C3GN, the complement deposits
are discrete and are located in the mesangium and
along the capillary wall in the subendothelial
region of the GBM. Subepithelial (humps) and
few intramembranous deposits are also often
present. The deposits often assume a lobular
shape and have a waxy appearance with ill-
defined margins. On the other hand, in DDD the
deposits are intensely osmiophilic and are located
in the mesangium and within the GBM (intra-
membranous deposits) often forming large dense

ing for C3. Immunofluorescence studies were negative for
Ig’s. (¢) EM showing dense osmiophilic deposits along
the glomerular basement membranes and in the mesan-
gium (11,100x). Arrows point to the deposits

ribbon/sausage shaped bands that can completely
transform the GBM.

Lessons Learned from Proteomics
in C3GN and DDD Patients

Both C3GN and DDD are diseases resulting from
CAP dysregulation. Recent studies using the
technique of laser microdissection of glomeruli
followed by mass spectrometry showed accumu-
lation of complement factors of the CAP includ-
ing the terminal pathway and regulating proteins
such as CFHR1 and CFHRS as well as vitronectin
and clusterin in both conditions [16, 17]. There
was little or no significant accumulation of com-
plement factors of the classical complement
pathway, such as C1, C2 or C4. In addition, there
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was little or no Ig present. Of note, there was no
CFB present either, indicating absence of C3 and
C5 convertase in the glomeruli, findings suggest-
ing that CAP activation in C3G occurs in fluid
phase rather than locally (as on the glomerular
endothelial cells in aHUS).

Post-infectious Glomerulonephritis
and C3GN

Post-infectious  glomerulonephritis (PIGN) is
characterized by a proliferative glomerulonephri-
tis on light microscopy, staining for granular IgG
and C3 on IF microscopy, and mesangial, suben-
dothelial and subepithelial “hump” like deposits
on EM. However, in some cases IF studies show
dominant C3 with scant or no Ig staining while
EM shows the characteristic “hump” like subepi-
thelial deposits. Thus, in this setting the IF find-
ings are similar to C3GN.

In the past, many of these cases with the
“hump” like subepithelial deposits and bright C3
staining were deemed PIGN. Terms such as
“resolving,” “persistent” or “chronic” PIGN were
used when decreased serum C3 levels, hematuria
and proteinuria persisted or when there was dete-
rioration of kidney function, as PIGN typically
resolves within weeks. Recently, it was shown
that cases with “hump” like subepithelial depos-
its, bright C3 staining and scant/no Ig and persis-
tent decreased serum C3 levels and hematuria/
proteinuria, were associated with CAP abnormal-
ities. The term “atypical” PIGN — in analogy to
aHUS — was introduced to highlight the underly-
ing CAP abnormalities in these patients [18]. The
key differentiating feature between PIGN and
“atypical” PIGN is the presence of both Ig and
C3 in PIGN while there is only C3 with scant or
no Ig in “atypical” PIGN, even though subepithe-
lial humps are common to both entities. It is pos-
tulated that infections activate the CAP in atypical
PIGN. However, due to an underlying defect in
the regulatory mechanisms, there is persistent
CAP activation with resultant deposition of com-
plement factors and ensuing inflammation in the
glomeruli. Of note, subepithelial humps are also
seen in DDD [19]. Thus, it is conceivable that

DDD and C3GN may be triggered by an infec-
tion. However, it is the underlying regulatory
CAP defect which then drives the glomerular
inflammation even after the infection is
controlled.

C3G Recurrence After Transplantation

DDD and C3GN have a high recurrence rate in
kidney transplant recipients. For DDD, there is a
60-85 % recurrence risk, resulting in allograft
failure in 45-50 % within 5 years of transplanta-
tion [20-22]. Information on C3GN recurrence is
scarce. In a recent study, there was recurrence of
C3GN in 66.7% of patients, with graft loss in
33 % within 5 years [6]. Kidney biopsy of early
recurrent C3GN, detected mainly on routine/pro-
tocol biopsies, shows a mesangial proliferative
glomerulonephritis on light microscopy, mesan-
gial C3 deposition on IF and mesangial electron
dense deposits on EM. MPGN is more common
at later stages or when the biopsy is done for clin-
ical indications. This is similar to the findings of
recurrent MPGN in general [23].

Immune (lg/IC)-Mediated MPGN

The three main causes of glomerular Ig/IC deposi-
tion are monoclonal Ig deposition as a result of
paraproteinemia, immune-complexes (IC) as
result of infection, or autoimmune diseases.
Monoclonal Ig is rare in the pediatric population.
On the other hand, MPGN may result from chronic
infections or autoimmune diseases (Table 25.1).
On LM (Fig. 25.3a—d), the glomeruli appear
enlarged and show mesangial expansion with
increase in cellularity. The capillary walls are
thickened and show double contour formation.
The capillary tufts have a distinctly lobular
appearance and present with increased endocap-
illary cellularity. IF studies are the key to define
the underlying etiology: granular polyclonal
IgM, with smaller amounts of IgG along the cap-
illary walls, with or without C3, is typical of
chronic viral infections such as hepatitis C;
multiple immunoglobulins, such as IgM, IgG,
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Table 25.1 Secondary MPGN - synopsis

Conditions underlying secondary MPGN Type of MPGN*
Infectious diseases: bacterial/viral/protozoal

Hepatitis B, C, EBV, HIV I, 1II

Endocarditis/visceral abcesses 1

Infected ventriculoatrial/ventriculoperitoneal shunts/empyema 1

Malaria, schistosomiasis, mycoplasma 1

Tuberculosis, leprosy LI

EBYV infection 1

Brucellosis MPGN-like pattern

Systemic immune diseases

Cryoglobulinemia I, 1
Systemic lupus erythematosus L I, 1T
Sjogren’s syndrome 10, 1
Rheumatoid arthritis 1
Heriditary deficiencies of complement components LI

X-linked agammaglobulinemia

MPGN-like pattern

Neoplasms/dysproteinemias

Plasma cell dyscrasia

MPGN-like pattern

Fibrillary and immunotactoid glomerulonephritis

MPGN-like pattern

Light chain deposition disease

MPGN-like pattern

Heavy chain deposition disease

MPGN-like pattern

Light and heavy chain deposition disease

MPGN-like pattern

Leukemias and lymphomas (with cryoglobulinemia) I, 11

Waldenstrom macroglobulinemia LI

Carcinomas, Wilms’ tumor, malignant melanoma 1T
Chronic liver disease

Chronic active hepatitis (B, C) I, I

Cirrhosis I, IIT

Alpha-1-antitrypsin deficiency 1

Miscellaneous

All conditions leading to thrombotic microangiopathy

MPGN-like pattern

Sickle cell disease 1

Partial lipodystrophy (mainly dense deposit disease) 1L, I, 11T

Transplant glomerulopathy MPGN-like pattern
Niemann-Pick disease (type C) 11

aListed according to frequency — nomenclature based on original references

and sometimes IgA, along with C3 and C4, are
noted in autoimmune diseases, such as Sjogren
Syndrome, rheumatoid arthritis, etc. Lupus
nephritis, with polyclonal Ig of all classes, along
with C3 and Clq, may also present with an
MPGN picture. EM shows glomerular capillary
wall thickening with subendothelial deposits,
cellular elements, and new basement membrane
material resulting in double contours. Foot
process effacement may be extensive. Tubulo-

reticular inclusions in endothelial cells point to
an autoimmune etiology. The mesangium is
expanded and often contains electron dense
deposits which are often more sharp and discrete
compared to the waxy and lobular appearance of
such deposits in C3G. Deposits in small arteries
and along the tubular basement membranes may
be present in IC-mediated MPGN due to autoim-
mune diseases.



638

C.Lichtetal.

Fig.25.3 Immune complex-mediated MPGN, in the set-
ting of rheumatoid arthritis. (a) Light microscopy show-
ing an MPGN pattern of injury (periodic acid Schiff 40x).
Note lobular accentuation of glomerular tufts and thick-
ened capillary walls. (b) Immunofluorescence microscopy
showing mesangial and capillary wall staining for IgM

Classification Summary

The classification of C3G is based on the pattern
and intensity of immunofluorescence seen on
renal biopsy (Figs. 25.1, 25.2, and 25.3).
Prevalent Ig staining prompts the diagnosis of a
secondary MPGN (above), and work-up includ-
ing a panel of auto-antibodies, viral serologies
and, exceptionally in pediatric patients, searching
for cryoglobulins and monoclonal gammopathies
is warranted (Table 25.1). However, predominant
C3 staining prompts the diagnosis of a primary
disease, referred to as C3G. Within this category,
EM assessment allows for the differentiation of
patients with dense deposit disease (DDD; previ-
ously known as MPGN II), in whom dense,
sausage-like very intensely osmiophilic deposits

(20%). (e, d) EM showing subendothelial deposits and
capillary wall thickening with double conotur formation.
Black arrows point to subdendothelial deposits, and white
arrows point at original and new basement membrane for-
mation (double contour) (c-11,100%, d-7,830x%)

are present along the glomerular basement mem-
brane, from patients with predominant mesangial
C3 staining and possible presence of subepithe-
lial humps as described in post-infectious mesan-
gial glomerulonephritis. The latter group is
diagnosed with MPGN I or C3GN, with MPGN I
traditionally being favored in patients with mem-
branoproliferative lesions. Of note, C3G may be
familial or sporadic.

Clinical Presentation

While the clinical presentation of C3G is very
heterogenous reflecting the variety of the under-
lying causes for CAP dysregulation, the initial
manifestation of C3G is typically characterized
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by (possibly nephrotic range) proteinuria, hema-
turia and hypertension coupled with low circulat-
ing C3 levels [24, 25]. Age of disease onset is
very variable, with the earliest reported case
being at age 1 [26]. In the most comprehensive
clinical overview of cases [27] disease onset was
below the age of 16 years in about 40 % of cases
with the youngest reported age at onset of 5 years
and a slight prevalence of males (60 %). Family
history of glomerulonephritis was present in
11% of cases. At onset, 41 % of patients had
nephrotic-range proteinuria (>3 g/day), 61 % had
microhematuria. The frequency of macrohematu-
ria in this cohort was not reported, but was around
16 % in other reports [19]. High blood pressure
was present in 30.5 % of patients. Renal function
was impaired at disease onset in 45.5 % of cases,
with a mean eGFR of 69.3 ml/min per 1.73 m?
Evaluation of circulating C3 and C4 levels
showed low C3 plasma levels in 46% of all
patients, more frequently in patients with DDD
(60 %), in whom C3 levels were on average also
lower. Low C4 was rare (only about 2 % of cases).

Disease precipitation is often associated with
an infection as described in a report of children
with DDD, in whom the appearance of renal
symptoms was preceded by a respiratory infec-
tion in 57 % of cases [19].

Variable age at presentation is probably linked
to the fact that C3G can have an indolent and
remitting course, so that microhematuria and low-
grade proteinuria can remain undetected for years,
leading to a delayed diagnosis when proteinuria
becomes nephrotic or when renal failure devel-
ops. However, early onset with nephrotic protein-
uria and renal failure, though less common, has
been reported [28]. Recurrent macrohematuria
during banal infections is not uncommon [29, 30].

C3G can present as nephritic syndrome: a child
with macrohematuria, glomerular microhematu-
ria (dysmorphic red blood cells) and proteinuria
of variable intensity appearing within 2-3 weeks
of an infectious episode (such as upper or lower
respiratory tract or gastroenteritis). Laboratory
exams usually reveal low circulating C3 with nor-
mal C4 and a variable degree of renal impairment.
Hypertension may be present. This picture is
(clinically) compatible with post-infectious glo-
merulonephritis (PIGN), IgA nephropathy (if C3

is normal), or (especially in adolescent females
with decreased C4) lupus nephritis.

C3G can also present as nephrotic syndrome:
patients present with peripheral edema (and weight
gain), abdominal pain, and in some cases reduced
urine output and usually marked hypertension.
Laboratory exams show nephrotic-range protein-
uria (>40 mg/h/m? or urinary protein/creatinine
>2 mg/mg, respectively) with microhematuria,
typically some degree of (acute) renal failure,
hypoalbuminemia, elevated cholesterol, triglycer-
ides and platelets, and low immunoglobulins. C3
levels are typically low. This presentation can lead
to treatment with steroids, and only subsequently,
in the absence of response to this treatment, be
deemed an indication for a renal biopsy.

In other cases, C3G presents with microhema-
turia and low-grade proteinuria only. In this case
examination of the patient will be unremarkable,
and laboratory evaluations may be normal except
for low circulating C3 (with normal C4) levels.

In general, a family history of glomerulone-
phritis must be investigated, as familial forms of
C3G are described and genetic investigations
may be channeled more effectively in these cases.
In addition, establishing the diagnosis of C3G not
only warrants a renal biopsy (histopathological
findings described in detail above) but also
detailed work-up of the complement system
including (Table 25.2) [10, 14]:

1. Complement factors (CFH; CFB)

2. CAP activation markers (C3; C4; APH50;
CH50; C3d; C5a; SC5b9)

3. Circulating autoantibodies (C3 Nephritic
Factor (C3NeF), anti-CFH autoantibodies
[31] and anti-CFB autoantibodies [32])

4. Mutations in factors involved in CAP regula-
tion (Factor H [CFH]; Factor I [CFI]; mem-
brane cofactor protein [MCP/CD46]; C3 and
Factor B [CFB])

5. Copy number variations and hybrid gene for-
mation within the complement CFH related
(CFHR) gene locus, in particular internal
duplications within CFHR5 [33, 34], CFHR3-1
[35], or other rearrangements (reviewed in [10]).

Servais et al. identified mutations in comple-
ment genes in 18 % of patients, while the presence
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Table 25.2 Diagnostic evaluation of a patient with suspected diagnosis of C3G: complement system

Complement activation Copy number variations and
Complement factors | markers Antibodies Mutations hybrid genes
CFH C3 C3NeF CFH CFHR3-1
CFI C3d Anti-CFH Cfi CFHR5

C4 Anti-CFB MCP/CD46

C5a C3

C5b-9 CFB

APHS50

CHS50

of circulating C3Nef was detected in 59% of
cases [13]. C3Nef is an autoantibody capable of
binding the CAP C3 convertase, C3BbB, thus
conferring resistance to its inactivation by regula-
tory factors such as CFH.

Of note, more than half of the patients carrying
complement gene mutations were also C3NeF
positive. C3Nef was more frequent in patients with
DDD (86 %) and was associated with significantly
lower levels of circulating C3. A report of three
patients with DDD showed a correlation of moder-
ate increases in C3Nef and slight reduction on C3
with disease recurrence post-transplant [36]. In
other reports, lower circulating levels of C3 were
found in patients with a membranoproliferative
pattern of disease [28], while others have reported
that children have significantly lower C3 levels
and more frequent C3Nef positivity compared to
adults [19]. C3NeF can be detected in different
ways [37, 38]. Some assays use patient purified
immunoglobulins to screen for autoantibodies that
stabilize C3bBb [38], others infer the presence of
C3bBb-stabilizing autoantibodies by detection of
C3 breakdown products [38]. It is possible that
patients may be positive in some but not all of
these assays, and C3Nef levels have been found
occasionally also in healthy individuals [39].
Therefore, the significance of C3Nef in the patho-
physiology of C3G and its correlation with disease
course and treatment response is still debated and
warrants further investigation [10, 40].

Symptoms

C3G is a complement-mediated disease, second-
ary to CAP dysregulation. Given that this dysreg-

ulation occurs in the fluid phase of blood,
extra-renal features of disease are to be expected.
In DDD, patients may develop acquired partial
lipodystrophy (APL) [39, 41, 42] and ocular
lesions similar to soft drusen seen in age-related
macular degeneration (AMD) [43]. Moreover, the
presence of C3 deposits has also been described
in the spleen of patients with DDD [44].

Acquired partial lipodystrophy — like DDD
and C3GN - is associated with dysregulation of
CAP on adipocytes and becomes manifest in the
loss of subcutaneous fat tissue, which typically
occurs in the upper half of the body (starting
from the face and extending to involve the neck,
shoulders, arms and thorax) and precedes the
onset of renal disease by several years. Median
interval between the onset of APL and DDD is
about 8 years [45]. The majority of APL patients
presents with low C3 levels and are C3NeF posi-
tive. Patients with combined disease are more
likely to present with decreased C3 levels and
develop APL earlier in life (about 7.7 years of
age) [45]. A common cause — unrestricted CAP
activation — for both APL and DDD is suggested,
and complement mediated destruction of adipo-
cytes has been shown [39, 42].

Patients with DDD can also develop ocular
lesions in the form of drusen. Drusen are retinal
changes seen as crystalline yellow or white dots,
which lie between the retinal pigment epithelium
and Bruch’s membrane [46]. Drusen can develop
in the second decade of life and are responsible for
visual disturbances in up to 10 % of DDD patients
[43]. The drusen seen in DDD patients are similar
to those in age-related macular degeneration
(AMD), which represents the major cause of
blindness in the Western aging population. In the
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early phase of AMD, drusen can develop without
any visual problems (i.e., soft drusen), but can
progress to visual loss after 65 years of age [47,
48]. Genome scan studies have linked AMD to the
“regulators of complement” (RCA) gene cluster
on chromosome 1q32 [49]. Moreover, recently a
single-nucleotide CFH polymorphism (Y402H)
was found to be crucial in the development of
AMD [49-52]. Studies of the composition of dru-
sen support this link by confirming the presence of
CFH in drusen of AMD patients [46, 49].

Outcome and Risk of Relapse
Post-transplantation

The natural history of C3G is still quite obscure,
but available data do not indicate a favorable out-
come. Fifty percent of DDD patients with disease
for 10 years or more progress to end-stage renal
disease (ESRD), with young girls having the great-
est risk for renal failure [22]. Forty-five percent of
renal allografts are lost within 5 years of transplant
[22]. Concerning risk of relapse following renal
transplantation for DDD, in one study the degree
of proteinuria was strongly associated with disease
recurrence, and the presence of glomerular cres-
cents in biopsies of renal allografts had a signifi-
cant negative correlation with graft survival [21].
However, a correlation with the severity of hypo-
complementemia either at initial presentation or at
the time of disease recurrence in the renal allograft
was not found [21].

In reports evaluating C3G [27, 28], at last fol-
low-up about 37 % of patients were on dialysis.
Median time from first observation to ESRD was
about 10 years, and in the patients that underwent
renal transplantation, disease recurrence was
observed in >50% of cases, with an additional
17 % experiencing thrombotic microangiopathy
(TMA). In the familial form of C3G secondary to
CFHRS5 mutations described in individuals of
Cypriot descent [33] there was a significant dif-
ference in prognosis between sexes: among
mutation carriers, men were by far more likely to
progress to chronic kidney disease (CKD) and
ESRD than women (78 % vs 22 %).

Currently, the available data on C3G are too
limited to correlate findings on genetic, autoanti-

body, and complement function screening with
prognosis or progression of disease [53]. As the
number of identified cases increases, it is likely
that some of these pathogenetic parameters will
be found to be biomarkers of disease progression.
In small case series, however, the best available
predictors for disease outcome remain the stan-
dard clinical parameters, such as degree of renal
dysfunction, measured by serum creatinine or
estimated glomerular filtration rate (eGFR), pro-
teinuria and blood pressure at the time of diagnosis
[43]. In one series of patients with DDD, older
age at diagnosis also emerged as an independent
predictor of ESRD in a multivariate analysis [19].
Others have suggested that patients with C3GN
may have a more benign course than patients with
DDD, indicating differences in the degree or
nature of CAP activation that correlate with the
differences in histology [1, 12, 27]. Thus, the for-
mal assessment of a newly diagnosed C3G must
consider traditional predictors of renal outcomes,
particularly when trying to gauge prognosis and
evaluate the need for therapy [53].

Differential Diagnosis

The presentation of a nephritic/nephrotic clinical
picture is compatible with a variety of diagnoses at
disease onset (Table 25.3). The clinical picture can
be indistinguishable from IgA nephropathy
(IgAN), particularly if the circulating C3 is normal
and macrohematuria is observed [29]. The pres-
ence of familial disease does not exclude the diag-
nosis of C3G, particularly but not exclusively in
patients of Cypriot descent [33, 35]. Renal biopsy,
in particular the immunofluorescence, allows clear
discrimination between C3G and IgAN.

In the presence of reduced C3 levels, particu-
larly in context of a recent infection, the diagno-
sis of acute post-infectious glomerulonephritis
(PIGN) needs to be considered. In this case, a
renal biopsy may not be definitive as the presence
of “humps” in the EM is common to both, C3G
and PIGN [54]. The latter presents with reduced
circulating C3 levels, which typically normalize
within 1-3 months from disease onset. As C3 lev-
els may be normal also in C3G and given the het-
erogeneity of the clinical picture of this disease
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Table 25.3 Diagnostic evaluation of a patient with sus-
pected diagnosis of C3G: non-complement aspects

History Family history of hematuria,
proteinuria, renal failure
Macrohematuria (if yes, concomitant to
infection?)

Infection (especially URTI) in the
preceding weeks

Reduction in urine output, frothy urine
Symptoms of systemic disease (e.g.,
weight loss, fever, arthralgia, rash,
petechiae)

Clinical Signs of nephrotic syndrome

examination | (peripheral edema; bloodwork)
Blood pressure
Urine dipstick
Ocular examination (drusen)
Partial lipodystrophy

Laboratory | Urinalysis, spot urine or 24-h PCR and

work-up ACR
Complete blood count, urea, creatinine,
protein, IgG, IgA, IgM
Serum C3, C4
Auto-antibodies (ANA, anti-dsSDNA,
ANCA)

ASOT
Renal ultrasound

entity, we suggest that in the case of a clinical
picture common to C3G and PIGN, even with
normalizing C3 levels and absent proteinuria,
patients be advised to perform urinalysis e.g.,
every 3—6 months for 2 years following resolu-
tion of the acute clinical picture and to seek med-
ical attention if macrohematuria or significant
proteinuria (>20 mg/dl) re-appear.

Management

At present, there is no treatment standard or ther-
apeutic agent of proven effectiveness in C3G
available. The rarity of this disease, coupled with
its protracted and variable natural history, make
clinical trials logistically challenging. Moreover,
performing a literature review has to consider the
fact that with advanced pathogenetic insights the
nomenclature in the field has changed, and litera-
ture specifically referring to C3G is consequently
very scarce. However, considering that about

50 % of patients proceed to ESRD and may face
a high risk of disease recurrence post-renal trans-
plant, concerted efforts to define effective treat-
ment strategies are necessary.

Searches performed on the existing literature
using the terms “dense deposit disease” and “idio-
pathicmembranoproliferativeglomerulonephritis™
show that randomized clinical trials are very few,
and the use of different end-points make uniform
interpretation of results difficult [55]. Several
therapeutic regimens have been employed, utiliz-
ing immunosuppressive agents (glucocorticoids,
mycophenolate mofetil, calcineurin inhibitors),
anti-platelet agents, plasma exchange or infusion
and, much more recently, complement blockers
[56, 57]. Renoprotective agents (such as angioten-
sin-converting-enzyme inhibitors, ACEI, or
angiotensin II receptor antagonists, ARB) are
associated with these treatments almost invari-
ably. As our understanding of the pathophysiol-
ogy of C3G is rapidly expanding and changing,
while reviewing published cases is reasonable, its
usefulness in guiding future therapeutic strategies
may be limited [10].

The therapeutic strategy should be driven by
clinical parameters, such as the degree of protein-
uria and impairment in renal function, and also by
diagnostic test results. In the near future, the avail-
ability of new therapeutic agents may drastically
alter this strategy. Clinicians need to be aware that
clinical practices in this field may evolve rapidly.

In the following paragraphs regarding treat-
ment, for all options except eculizumab the liter-
ature cited is about different forms of idiopathic
or primary MPGN, including DDD.

Immunosuppressive Agents

Prednisone

There are no published trials on the use of predni-
sone in C3G. Existing literature pertains to primary
MPGN of all subtypes. In children with primary
MPGN, prednisone — specifically, long-term low-
dose use of prednisone — was found to have a ben-
eficial effect with respect to the degree of proteinuria
and renal survival [58-61]. This observation was
confirmed by subsequent studies, in which therapy
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with prolonged alternate day prednisone delayed
deterioration of renal function [60, 62].

However, response of MPGN patients to corti-
costeroids is not homogenous. A MPGN subtype
specific analysis of the effect of corticosteroid
treatment revealed a lack of efficacy in patients
with MPGN II/DDD, despite a beneficial effect
on all MPGN patients irrespective of the MPGN
subtype [60].

Altogether, in forms of C3G other than DDD,
glucocorticoids may be effective, but their non-
specific nature and adverse effects mean that a
high price is paid for any beneficial effect on the
renal lesion [63]. A reasonable approach based
on current knowledge may be that of utilizing
40 mg/m?> alternate-day  prednisone for
6—12 months in patients with a C3G that presents
with nephrotic-range proteinuria, with or without
renal failure. If no significant reduction of pro-
teinuria is observed, steroids should be tapered
and discontinued [64]. It is important to recog-
nize that a number of patients with C3G will not
respond to this therapeutic approach [10].

Other Immunosuppressive Agents
In idiopathic MPGN patients, MMF was admin-
istered alone or in combination with corticoste-
roids, and generated encouraging results [65].
Another report of 13 adult patients with idio-
pathic MPGN resistant to glucocorticoid treat-
ment (8 weeks at 1 mg/kg/day) showed that
adding MMF led to significant reduction of pro-
teinuria and increase of eGFR [66]. MMF in
addition to pulse and long-term steroid treatment
was also found effective in a pediatric patient
[67]. No published reports on the effectiveness of
MMF in DDD are available. In a recently pub-
lished metaanalysis of 60 patients with C3GN
with a median follow-up of 47 months, 22
patients were treated with a combination of corti-
costeroids and MMF. Compared to patients with
no treatment or other immunosuppressive regi-
mens, patients treated with corticosteroids and
MMF showed the best outcome with respect to
disease progression (i.e. decline in kidney func-
tion) and renal survival.

Calcineurin inhibitors (i.e., cyclosporine and
tacrolimus) are also used in the treatment of

MPGN. The efficacy of cyclosporine was recently
tested with encouraging results in a trial involv-
ing 18 patients with refractory MPGN who also
received small doses of prednisolone (0.15 mg/
kg/day). Long-term reductions in proteinuria
with preservation of renal function was observed
in 17 of the patients [68]. In two children with
idiopathic MPGN with suboptimal response to a
prolonged course of steroids, rapid and complete
remission of the nephrotic syndrome was
achieved after initiation of tacrolimus [69].

Contradictory results are published about the
efficacy of cyclosporine A in the treatment of
patients with MPGN II/DDD. While Kiyomasu
et al. report recovery from nephrotic syndrome
using a combination of alternate-day low-dose
prednisone and cyclosporine [70], a beneficial
effect of calcineurin inhibitors was not seen in
other patients [43].

The use of rituximab has been suggested in
the presence of circulating C3NeF. However, to
the best of our knowledge, while there are no
published results showing this treatment to be
effective, there are a few single case reports of its
inefficacy [71, 72].

Altogether, limited uncontrolled data suggest
that MMF or CNI may be of use in patients with
C3G and high-grade proteinuria resistant to glu-
cocorticoids and at present there is insufficient
evidence to support the use of cyclophosphamide
or rituximab in children with this disease [64].

Plasma Infusion or Plasma Exchange

As reviewed by Smith et al. [40] in CFH-deficient
mice with C3G, renal C3 deposition and its deple-
tion in plasma are rapidly reversed when (either
mouse or human) CFH is administered [73, 74].
These data are in keeping with observations made
in the first naturally occurring animal model of
DDD in Norwegian pigs, in which a truncating
Cfh mutation in SCR15 resulted in the absence of
CFH from plasma [75-77]. Treatment with puri-
fied porcine or human CFH delayed onset of the
DDD phenotype and progression to ESRD sig-
nificantly [76, 77]. These outcomes suggest that
in some C3G patients with CFH mutations, CFH
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replacement therapy could restore the underlying
defect and correct the disease. This has been
shown in two siblings with DDD secondary to a
functional CFH defect in whom chronic plasma
infusion prevented disease progression and devel-
opment of ESRD [30, 78] as well as in a MPGN I
patient with a MCP/CD46 mutation refractory to
conventional treatments who also responded
favorably to chronic plasma infusion [79].

Purified CFH preparations may be available
for therapeutic use in the future [80, 81]. Whether
administration of exogenous CFH to patients
without CFH mutations would be therapeutically
successful is unclear; however, patients with C3
mutations rendering the C3 convertase resistant
to regulation by CFH, are expected to be refrac-
tory to treatment with CFH [82].

In all scenarios characterized by deficiency or
functional defect of one or more complement
components, replacement of this factor/these fac-
tors by either plasma infusion or plasma exchange
could theoretically be effective [83]. For plasma
infusion, volumes of 10-20 ml/kg/treatment
(fresh frozen, solvent-detergent or cryosuperna-
tant plasma), and treatment intervals of 14 days
based on the measured CFH half life of about
6 days [84], seemed to be adequate [30, 78].

Plasma exchange allows removal of either
dysfunctional endogenous complement factors,
which — in addition to their functional impair-
ment — might also compete for potential bind-
ing partners/receptors, thus possibly weakening
the efficacy of plasma replacement therapy.
Furthermore, plasma exchange removes anti-
bodies like the IgG autoantibody C3NeF and
CFH/CFB autoantibodies. Plasmapheresis/
plasma exchange has been reported to be bene-
ficial in MPGN I [85], and MPGN I1I/DDD [21,
86]. Conversely, McCaughan et al. reported an
inability to establish remission in DDD despite
the documented removal of C3Nef via plasma-
pheresis [72].

Because of discordant reports in the literature
and the absence of definitive therapy, it is likely
that plasma therapy will continue to be used on a
case-by-case basis in C3G [10]. However, this
therapy may be attempted, in the absence of
response to immunosuppression, in rapidly pro-

gressive forms, particularly if defective CFH or
anti-CFH autoantibodies are found.

Complement Inhibitors

Our advanced understanding of C3G pathogene-
sis suggests therapeutic targeting of CAP dys-
regulation by complement inhibition. Based on
the pathophysiology of disease, anticomplement
therapy warrants consideration. This could
include (1) C3 convertase inhibition, which may
have its greatest utility in limiting C3 breakdown
product deposition on (glomerular) basement
membranes; (2) C5 or terminal complement
pathway inhibition [10].

While somewhat conflicting with in vivo
observations, in cfh,cfi double knock out mice,
which identified a critical role for uncontrolled
C3 conversion in MPGN (vs. uncontrolled C5
conversion in aHUS) [87], effectiveness of anti-
C5 therapy in a mouse model of DDD (Cfh defi-
cient mice) [88] provided the rationale and led to
the use of a humanized anti-C5 monoclonal anti-
body (eculizumab) in patients with different
forms of C3G [71, 72, 79, 89-91].

Eculizumab is a humanized monoclonal anti-
body directed against C5, which blocks C5 cleav-
age, thus preventing the release of C5a, a potent
anaphylatoxin, and C5b, the initial protein of the
cytotoxic membrane attack complex (MAC; C5b-
9). Its use has been recently approved for aHUS,
the classic model of renal disease mediated by the
CAP. Up to now its use has been reported in 11
C3G patients, including six cases of C3G affect-
ing the native kidneys [71, 79, 89, 91] and five
cases of C3G recurring in the renal graft [72, 90,
91]. The results from these studies are encourag-
ing in 8/11 patients, in whom treatment with ecu-
lizumab led to some improvement in renal
parameters (proteinuria and/or renal function and/
or histology). Nonetheless, response in most cases
appears to be less transformative than what has
been reported so far concerning the use of eculi-
zumab in patients with aHUS. Interestingly, an
increased level of circulating SC5b-9 tended to
correlate with a beneficial effect of eculizumab on
the course of C3G. The other most relevant factor
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in predicting response to eculizumab appears to
be disease duration, which was longer in non-
responders. The limited available pathological
data indicate that eculizumab decreased endocap-
illary proliferation and inflammatory cell infiltra-
tion in four out of six patients who underwent
repeat kidney biopsy [89, 92]. Taken together,
while encouraging, the limited data available does
not allow for proposing eculizumab as standard
therapy for C3G yet, and a prospective treatment
trial will be needed to answer this question.

Recently, a report was published on the effec-
tiveness of Tripterygium wilfordii (TW or trip-
tolide), a herbal extract shown to have in vitro
immunomodulatory effects and the ability to
reduce renal complement expression [93], in
reducing proteinuria in different degrees in eight
out of ten patients with DDD [94]. The broader
therapeutic use of this option, that has been
employed for rheumatoid arthritis, is limited by
reports of severe side effects in about half of
treated patients [43].

A potential benefit of complement inhibition
in the treatment of complement-mediated dis-
eases needs to be balanced against the detrimen-
tal effect of complement inhibition in situations
when complement activation is required as part
of the physiological immune defense of the host,
and clinical trials are required before the use of
these novel substances in children can be
recommended.

Renoprotective Agents

About 80 % of C3G patients are placed on ACEIs
or ARBs as first line agents used to improve renal
dynamics, decrease proteinuria, control blood
pressure and limit glomerular leukocyte infiltra-
tion [40]. This approach is recommended as
exclusive treatment in two cases:

1. Non-nephrotic proteinuria with or without
microhematuria and normal renal function/
absence of acute renal failure. Close follow-
up is needed to assess progression of disease
based on renal function, proteinuria, and urine
microscopy.

2. Histological evidence of advanced chronicity
of the renal lesions on the biopsy.
Patients with advanced CKD, severe tubuloin-
terstitial fibrosis (TIF), or other findings con-
sistent with chronic disease sequel should — in
the absence of systemic disease manifesta-
tions — not be treated with immunosuppres-
sion [64].

Treatment of Recurrence Post-renal
Transplantation

There is no proven beneficial therapy for recur-
rent C3G in the renal allograft following trans-
plantation. Therapeutic approaches are similar to
those used in primary disease manifestation and
are therefore not discussed in detail here.

Reported treatment of recurrent idiopathic
MPGN, besides conservative medications,
include antiplatelet/anticoagulant agents [95],
corticosteroids [96], cyclosporine [97], cyclo-
phosphamide [98], and plasmapheresis [96, 99].
Reported treatments of recurrent DDD include
dose reduction, discontinuation or switch
(cyclosporine to tacrolimus) of the CNI used as
part of the posttransplant immunosuppression
regimen, modification of the prednisone dose
(increase; switch from daily to alternate-day),
pulse methylprednisolone, or plasmapheresis/
plasma exchange [21, 86].

In summary, the therapeutic options in C3G
depend on the level of proteinuria and kidney fail-
ure and on the results of the diagnostic tests per-
formed. In the vast majority of patients, the empiric
use of ACEI or ARB as drugs of first choice to
treat hypertension and decrease proteinuria is a
common practice, which may delay the progres-
sion of renal disease [63]. Plasma therapy or, in the
future, purified CFH may be useful in some cases
in which there is clear evidence of a CFH defi-
ciency or of the presence of anti-CFH autoantibod-
ies. There is little evidence of the effectiveness of
immunosuppression, which should therefore be
employed only in cases where disease is very
active and proliferative with intense inflammation
in the renal biopsy and nephrotic-range protein-
uria. Preliminary results on the use of complement
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blockers such as eculizumab are encouraging in
some but not in all patients.
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