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Abstract

C3 glomerulopathy, a newly designated entity, is characterized by glomerular disease associated with dysregulation of the
alternative complement pathway and is a rare cause of end-stage kidney disease. Overall disease characteristics that include
clinical presentation, laboratory assessment, histopathology and genetic background have only been unravelled in recent years
and have led to the development of anti-complement therapies targeting different levels of the alternative pathway. We
describe the long-term outcomes following kidney transplantation in an Irish family with familial C3 glomerulopathy due to a

hybrid CFHR3-1 gene.
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Introduction

C3 glomerulopathy is a new clinical entity describing complement-
mediated glomerular pathology as a result of genetic or acquired
defects in the regulation of the alternative complement pathway
and is pathologically characterized by the deposition of C3 in
the glomerulus in the absence of significant immunoglobulin [1].
The term encompasses dense deposit disease (DDD), previously
known as membranoproliferative glomerulonephritis (MPGN)
type II, C3 glomerulonephritis (C3GN) and complement factor
H-related protein 5 (CFHRS) nephropathy. Electron dense deposits
are seen within the glomerulus in all forms of C3 glomerulopathy.
DDD is distinguished by the presence of intensely osmiophilic, rib-
bon-like electron dense material in the intramembranous location
with associated transformation of the glomerular basement mem-
brane [2]. In C3GN, the deposits are less discrete, more ill-defined
and found in the mesangium and capillary walls in various

combinations including subendothelial, intramembranous and
subepithelial locations, with a similar description designated for
MPGN type III [3, 4].

The age of presentation for C3 glomerulopathy can vary
widely. DDD is frequently diagnosed in children and young
adults while the other forms are found in an older age group.
Presenting features consist of proteinuria, haematuria, hyperten-
sion and progressive renal failure, leading to end-stage kidney
disease (ESKD) in 36-50% of patients [3, 5]. Genetic factors have
been identified in cohorts of patients with C3 glomerulopathy
and these include mutations in the complement regulatory pro-
tein factor H (CFH), factor I (CFI), CD46 (also known as membrane
cofactor protein) [3], C3 [6], as well as genomic rearrangements
within the complement factor H-related (CFHR) genes, such as in-
ternal duplication of the CFHR5 gene [7] and CFHR1 gene [8] and
chromosomal deletion of the CFHR gene cluster leading to
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Fig. 1. Pedigree with familial C3 glomerulopathy. Affected individuals were confirmed on renal biopsy and probable affected members had abnormal urinalysis with either
significant proteinuria (at least 3+ or >300 mg over 24 h) or haematuria (at least 3+ on two occasions).

Table 1. Characteristics of all five affected family members who underwent kidney transplantation

Case index
Characteristics 103 105 212 213 214
Age of diagnosis (years) 25 51 28 4 21
Number of kidney transplants 2 1 1 3 1
Age at 1st tx (years) 51 59 34 11 31
Status of 1st tx NF F F NF F
Age at 2nd tx (years) 72 - - 24 -
Status of 2nd tx F - - NF -
Age at 3rd tx (years) - - - 41 -
o—| Status of 3rd tx - - - F -
‘% ‘ 1st graft survival (months) 116 129 (follow-up) 105 (follow-up) 79 49 (follow-up)

2nd graft survival (months) 9 (follow-up) -
3rd graft survival (months) - -
Recurrence in graft Yes (bx proven) -

Time to recurrence (months) 101 -
Creatinine (pmol/L) 90 137
UPCR (mg/mmol) 39 10

- 170 -
- 5 (follow-up) -
Yes (bx proven) Yes (bx proven) -

93 0.5 -
105 120 74
179 10 13

bx, biopsy; tx, transplant; Status of transplant: NF, non-functioning; F, functioning.

expression of a CFHR2-CFHRS hybrid plasma protein [9]. An Irish
family was first reported with autosomal dominant MPGN type III
and linkage to the regulators of complement activation locus
(chromosome 1q) was demonstrated more than a decade ago
[10, 11]. A hybrid CFHR3-1 gene was subsequently identified, en-
coding an abnormal CFHR3-1 protein in eight affected family
members over three generations (Figure 1) [12], of which five re-
ceived kidney transplants. The outcomes of kidney transplant-
ation in patients with C3G are generally favourable, although
recurrence of disease in the allograft is common, reducing the
overall allograft survival [13-16]. We describe the outcomes of
kidney transplantation in this family (Table 1).

Case presentation
Case index 103

She was first diagnosed with C3GN at the age of 25 years and pro-
gressed to end-stage kidney disease (ESKD) when she was 47 years
old. She was on haemodialysis for 4 years prior to her first
deceased donor kidney transplant [human leucocyte antigen mis-
match (HLA MM) 1-1-0; panel reactive antibody (PRA) 5%; donation
after brain death (DBD); donor age 20 years; donor creatinine

139 pmol/L]. She was noted to have slowly rising creatinine and
proteinuria (3.2 g/24 h) approximately 8 years post-transplant.
Transplant biopsy revealed features of a membranoproliferative
pattern of injury. A large number of electron dense deposits
were seen both in the mesangial regions and in the subendothelial
aspect of the capillary walls that correlated with the findings of
significant amounts of C3 by the direct immunofluorescence
(DIF) technique, confirming disease recurrence in the allograft.
Her allograft continued to deteriorate and she eventually returned
to haemodialysis 9 years and 8 months post-transplant. The time
from transplant to disease recurrence in the allograft was 101
months. Following this, she underwent a second deceased donor
kidney transplant at the age of 72 years (HLA MM 0-1-2; PRA 100%;
DBD; donor age 44 years; donor creatinine 60 pmol/L). At her most
recent follow-up, her serum creatinine was 93 pmol/L (eGFR
51 mL/min) and urine protein:creatinine ratio (UPCR) was 39 mg/
mmol. Her current immunosuppressive regimen consists of tacro-
limus, mycophenolate mofetil (MMF) and prednisolone (Table 2).

Case index 105

He was first diagnosed with C3GN at the age of 51 years when he
presented with hypertension, proteinuria, haematuria and renal



CLiINICAL KIDNEY JOURNAL

Table 2. Characteristics of the donor kidneys
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Case index Transplant HLA MM PRA (%) Donor type Donor age (years) Donor creatinine (pmol/L)
103 1st 1-1-0 5 DBD 20 139

103 2nd 0-1-2 100 DBD 44 60

105 1st 1-2-1 10 DBD 52 68

212 1st 0-1-0 5 DBD 22 105

213 1st 1-1-1 84 LD 39 Normal range®

213 2nd 1-1-2 85 DBD 43 76

213 3rd 0-0-0 100 LD 33 77

214 1st 1-2-2 5 DBD 18 48

HLA MM, human leucocyte antigen mismatch; PRA, panel reactive antibody; DBD, donation after brain death; LD, living donation.

#Actual figure is not available.

impairment. He had previously donated a kidney to his son (case
index 213) 12 years prior to presentation. A native kidney biopsy
showed a membranoproliferative pattern of injury with large
amounts of capillary wall C3 by DIF. On electron microscopy, im-
mune deposits were seen in the distribution of the mesangial re-
gions as well as the subendothelial, intramembranous and
subepithelial aspects of the capillary loops. Despite treatment
with prednisolone and pulsed cyclophosphamide, he progressed
to ESKD and began peritoneal dialysis (PD). He received a de-
ceased donor kidney transplant 1 year later (HLA MM 1-2-1; PRA
10%; DBD; donor age 52 years; donor creatinine 68 pmol/L).
His graft function remains stable at his most recent follow-up
(129 months post-transplantation) with a serum creatinine of
137 pmol/L (eGFR 43 mL/min) and UPCR of 10 mg/mmol. His
immunosuppressive regimen consists of tacrolimus, MMF and
prednisolone.

Case index 212

He was first diagnosed with C3GN at the age of 28 years. He pro-
gressed to ESKD within a 5-year period and was commenced on
PD. He subsequently received a deceased donor kidney transplant
(HLA MM 0-1-0; PGEN 5%; DBD; donor age 22 years; donor creatinine
105 umol/L). His immunosuppressive regimen consists of tacroli-
mus and MMF. He developed significant proteinuria (1.8 g/24 h) a
few years following transplant and a transplant biopsy showed
features of recurrence of MPGN. This was confirmed by electron
microscopy, with electron dense deposits seen in many capillary
loops, predominantly in a subendothelial location with some
also seen in a subepithelial location (Figure 2A and B). There
were no clinical or pathologic features of allograft rejection. The
time from kidney transplant to disease recurrence was 93 months.
His most recent serum creatinine at follow-up was 105 pmol/L
(eGFR >60 mL/min).

Case index 213

He presented at the age of 4 years with steroid-resistant nephrotic
syndrome and MPGN type III was demonstrated on initial kidney
biopsy. He progressed to ESKD 4 years later when he presented
with malignant hypertension and stroke resulting in left-sided
hemiparesis. He received a living donor kidney transplant from
case index 105. Two weeks post-transplant he had a transplant bi-
opsy that showed an acute diffuse proliferative glomeruloneph-
ritis, with the presence of subendothelial as well as subepithelial
deposits suggestive of early recurrence of his original disease. A re-
peat biopsy was performed 2 years following transplant due to a
slow but progressive rise in serum creatinine and proteinuria.
This showed a C3 membranoproliferative pattern of injury, with

a large number of deposits seen both in the mesangial regions
and in the capillary loops, which confirmed recurrence of disease.
There was no evidence of graft rejection. He progressed to allograft
failure 6.5 years post-transplant and was commenced on PD. He
received a second deceased donor kidney transplant at the age
of 24 years that lasted for 14 years (HLA MM 1-1-2; PRA 85%;
DBD; donor age 43 years; donor creatinine 76 pmol/L). In addition,
he has a significant cardiac history with an episode of myocardial
infarction, previous coronary artery bypass grafting and an im-
plantable cardioverter defibrillator inserted. More recently, he re-
ceived a third kidney transplant from his brother who was
genetically screened and was negative for the familial mutation
(HLA MM 0-0-0; PRA 100%,; living donor; donor age 33 years;
donor creatinine 77 umol/L). His graft function remains stable
with a creatinine of 120 ymol/L (eGFR 55 mL/min).

Case index 214

She was first diagnosed with C3GN at the age of 21 years. She pro-
gressed to ESKD and received a deceased donor kidney transplant
10 years later (HLA MM 1-2-2; PRA 5%; DBD; donor age 18 years;
donor creatinine 48 umol/L). Her graft function has been very
stable over the years, with a serum creatinine of 74 pmol/L
(eGFR >60 mL/min) and UPCR of 13 mg/mmol at her most recent
follow-up (49 months post-transplantation). Her maintenance
immunosuppressive regimen consists of tacrolimus, azathiopr-
ine and prednisolone. She has no clinical or biochemical evi-
dence of disease recurrence.

Discussion

The CFHR3-1 hybrid gene is a unique cause of C3 glomerulopa-
thy, most probably due to an abnormal crossover event during
meiosis, as there are frequent interspersed repeat elements
within the CFH-CFHR locus [12]. This is inherited in an auto-
somal dominant fashion and the exact cause in this family
remains to be elucidated. In a previous study, a chromosomal
deletion in the CFHR2 gene led to production of a hybrid
CFHR2, ,-CFHRS5 plasma protein that stabilized C3 convertase
and reduced the factor H-mediated convertase decay, enhan-
cing alternative pathway activation and ultimately an increase
in C3b deposition along the glomerular basement membrane
and glomerular damage [9]. In addition, Gale et al. [7] also de-
monstrated that the mutant CHFR5 protein was associated
with reduced affinity towards surface-bound complement.
Thus, it was speculated that the mutant CFHR3-1 protein
might have caused an abnormal accumulation of C3 within
the kidneys through disruption of alternative pathway regula-
tion by CFH and CFHR [12].
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Fig. 2. The electron micrographs illustrate features in keeping with recurrence of
C3 MPGN in the allograft of case index 212. They show the presence of electron
dense deposits in many capillary loops in a predominantly subendothelial
location (black arrows) and mesangium (white arrows) under direct (A) x6000
magnification and (B) x10000 magnification. In addition, there appears to be
global increase in thickness of the basement membranes, most probably related
to calcineurin inhibitor.

To our knowledge, this is the first description of renal trans-
plant outcomes of hybrid CFHR3-1 gene-associated C3 glomeru-
lopathy. In our cohort, five patients received a total of eight
kidney transplants. Four renal allografts had disease recurrence
(50%), of which three had biopsy-proven recurrence in the allo-
grafts, with time to recurrence ranging from as early as 2 weeks
following living related donor transplantation (case index 213)
to 93 and 101 months for the two remaining allografts, respect-
ively. Similarly, Vernon et al. [17] previously reported one case
of histological recurrence of CFHR5 nephropathy as early as 46
days after deceased donor kidney transplantation. In contrast,
Andresdottir et al. [14] showed a biopsy-proven recurrence rate
of 100% in DDD, with one recurrence occurring 12 days post-
transplantation. There is inevitably an inherent bias in reporting

the time of recurrence, as it is dependent on the timing of trans-
plant biopsy, which may not be performed if the allograft re-
mained stable with no clinical signs of acute or chronic
rejection. The longest graft survival in our series was 170 months
and the median graft survival was 92 months. A retrospective re-
view of paediatric transplant recipients reported graft survival
rates of 50% at 5 years in a cohort of 75 children with DDD,
which was significantly lower than in transplanted children
with all-cause ESKD and non-DDD forms of glomerulonephritis
(74 and 72% 5-year graft survival rates, respectively) [15]. More-
over, the outcome of kidney transplantation in the Irish cohort
with primary idiopathic MPGN was previously reported by Little
et al. [16], where 49% of transplant recipients had evidence of dis-
ease recurrence after a median of 4.7 years (with a trend towards
a greater likelihood of recurrence in DDD than MPGN), and within
this group, 67% eventually lost their graft after a median time of
7.5 years.

There is always a concern over the use of aliving related donor
as an organ source in familial renal disease, owing to an in-
creased lifetime risk to a genetically related potential donor of de-
veloping significant renal disease. In this large kindred, familial
MPGN was first seen when case index 105 developed renal im-
pairment following living donor nephrectomy. By recognizing
that this familial renal disease is inherited in an autosomal dom-
inant fashion with a wide range of disease onset, many of the
first-degree relatives would have been precluded as potential liv-
ing kidney donors. Fortunately, the underlying familial mutation
was identified in recent years and we were able to provide genetic
screening to case index 215, who was clinically asymptomatic. He
successfully donated a kidney to his HLA-identical brother (case
index 214), who has a PRA of 100%, and therefore a very low prob-
ability of receiving a third transplant from the deceased donor
pool. Our study serves to highlight how advances in the genomic
sciences can influence clinical practice and patient care at an in-
dividual level. Presently, it is recommended by the C3 glomerulo-
pathy consensus group that all patients, regardless of being
diagnosed with disease affecting the native or transplant kidney,
should have serological investigations comprising measure-
ments of serum C3, C4, factor H, paraprotein and C3 nephritic fac-
tor. Other tests that should be considered on an individual basis
include measurement of serum factor B, C5, markers of C3/C5 ac-
tivation, anti-factor H antibodies, anti-factor B antibodies and
mutation screening of complement regulatory genes (such as
CFH, CFI and CD46), activation protein gene (C3, CFB) and copy
number variation across the CFH-CFHR locus [4]. These investiga-
tions should also be considered in potential living kidney donors
with a strong family history.

To date, no treatment has been proven to be beneficial in C3
glomerulopathy. The Kidney Disease: Improving Global Outcomes
clinical practice guideline for glomerulonephritis recommend that
adults or children with presumed idiopathic MPGN accompanied
by nephrotic syndrome and progressive decline in kidney function
should receive oral cyclophosphamide or MMF with low-dose al-
ternate day or daily corticosteroids with initial therapy limited to
<6 months, which is based on level 2D evidence [18]. Recent ad-
vancements in our understanding of complement-mediated kid-
ney injury have prompted the use of eculizumab, an anti-C5
humanized monoclonal antibody that inhibits formation of mem-
brane attack complex, as a disease modifying agent. Results from
anecdotal cases and open-label studies have shown modest ben-
efits in some patients, although further evidence is awaited [19-
22]. In conclusion, recurrence of disease is common in all forms
of C3 glomerulopathy following kidney transplantation. Although
disease recurrence was high in our cohort, overall transplant graft
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survival was good and transplantation remains a viable treatment
option for ESKD secondary to C3 glomerulopathy.
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