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ABSTRACT
C3 glomerulonephritis is a rare disease defined by deposits of C3 on immunofluorescence due to dysregulation of the alternative pathway of the complement cascade. We present a case of a female patient
that presented with nephrotic syndrome at the age of 18 due to C3 glomerulonephritis and progressed to
end‑stage renal disease after 9 years. She lost the first kidney graft on the third day after transplantation
due to vascular thrombosis. A second kidney transplant was performed when the patient was 30 years old.
C3 glomerulonephritis recurred on the kidney graft and the patient returned to dialysis 10 years after the
transplant. Study of the alternative complement pathway revealed anti‑factor H antibodies. She is currently
on evaluation for a third kidney transplant and there is no consensus on the best treatment strategy. We
present the literature available for treatment of C3 glomerulonephritis and the therapeutic options for this
patient.
Key Words: Alternative complement pathway, complement C3, complement factor H, glomerulonephritis, kidney
diseases, transplants.

INTRODUCTION

CASE REPORT

C3 glomerulonephritis is a rare disease defined by
deposits of C3 on immunofluorescence due to dysregulation of the alternative pathway of the complement
cascade. Recurrence rate after transplantation is high
and is associated with poor renal survival. Therapeutic
strategies capable of changing the natural course of
the disease are ill defined.

We report a case of a 18‑year‑old Caucasian female
with a past history of allergic rhinitis that was evaluated for the first time in a nephrology consultation in
1993 due to nephrotic syndrome. The patient reported
no significant symptoms and clinical examination was
unremarkable. There was no family history of renal
disease. Albuminaemia was 1.86 g/dL and 24‑hour
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proteinuria was 4.1g. Haemoglobulin, platelet and
white cell count were normal. Serum creatinine was
0.6 mg/dL. Total complement activity (CH50) was
decreased and complement C3 and C4 were also low.
Anti‑nuclear antibodies (ANAs) were positive but anti
‑double stranded DNA antibodies (anti‑dsDNA) were
negative. Renal biopsy disclosed a membranoproliferative pattern (Figure 1) with C3 deposits (Figure 2) and
minimal immunoglobulin deposits. Electron microscopy (performed a posteriori) revealed discontinuous
deposits (Figure 3) located on the capillary wall (subendothelial, intramembranous and subepithelial) as
well as on the mesangium with low density.
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Light microscopy of the native kidney biopsy disclosed a membranoproliferative pattern.

Kidney disease progressed until the patient started
peritoneal dialysis in 2002. In 2003 the patient received
the first kidney graft but transplantectomy was performed on the third day after transplantation due to
vascular thrombosis of the graft.

Figure 2
Immunofluorescence of the native kidney biopsy showed isolated C3
deposits.

In 2005 the patient developed hypertension. In February 2005 she presented with vomiting and seizures
and was admitted to the hospital. Venous cerebral
thrombosis was detected. Extensive testing for thrombophilia was negative (including VDRL, TPHA, deficiency
of antithrombin III, protein C and protein S, lupus anticoagulant, antiphospholipid and anticardiolipin antibodies; homocysteine levels were normal). At this time
ANAs were negative and C3 and C4 were normal. Search
for mutations of factor II (prothrombin) and factor V
Leiden mutation were performed a posterior and were
negative. At discharge, the patient did not present any
neurological deficit. She started oral anticoagulation
with warfarin. A statin was also introduced.
In October 2005 the patient received a second kidney transplant. The donor was a 28‑year‑old male
whose death resulted from polytraumatism. The serum
creatinine of the donor was 0.6mg/dL. The donor had
3 HLA compatibilities with the recipient (1 on HLA‑B
and 2 on HLA‑DR). The panel reactive antibody of the
recipient was 0%. Cold ischaemia time was 15h. Immunosuppression was performed with thymoglobulin
(1.5mg/Kg for 7 days), prednisone (maintenance dose
of 5mg/day), mycophenolate (maintenance dose of
500 mg twice a day) and tacrolimus (trough target
levels of 8‑12ng/mL in the first year, 6‑8ng/mL between
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the first and second years and 4‑6ng/mL thereafter).
The patient presented with microscopic haematuria
since the first month after the transplant and proteinuria since the end of the first year after the transplant.
She was treated with anti‑hypertensive drugs including
angiotensin‑converting enzyme (ACE) inhibitors,
despite which proteinuria persisted. Between 2007
and 2011 she was admitted to hospital 4 times due to
gluteal abscess, treated with antibiotics and surgical
drainage. No other complications occurred. Kidney
function remained normal (serum creatinine 0.8mg/
dL) until the sixth year post transplant (2011), after
which there was a slow but progressive decrease in
renal function. In 2014, proteinuria became nephrotic
(urine protein to creatinine ratio increased from 2.37
g/g in 2013 to 4 g/g in 2014) and renal function deteriorated (increase in serum creatinine from 1.9 mg/dL
Figure 4
Biopsy of the kidney graft revealed a membranoproliferative pattern
with severe (>50%) interstitial fibrosis and tubular atrophy (IFTA).
Immunofluorescence showed C3 deposits and was negative for immunoglobulin deposits.

to 3.2 mg/dL). Monoclonal gammopathy was excluded
and testing for ANAs, anti‑dsDNA and anti‑neutrophil
cytoplasmic antibodies (ANCAs) were negative. Biopsy
of the kidney graft (Figure 4) revealed a membranoproliferative pattern with C3 deposits on immunofluorescence (no immunoglobulin deposits were detected).
There was severe (>50%) interstitial fibrosis and tubular
atrophy (IFTA). Recurrence of C3 glomerulonephritis
was diagnosed but due to extensive renal damage on
biopsy and lack of robust evidence on effective treatment, immunosuppression was not increased. In 2015
the patient was admitted to hospital with skin lesions.
Diagnostic work‑up revealed positive cryoglobulins.
Skin biopsy disclosed calciphylatic skin lesions. Due to
uraemic syndrome, the patient restarted peritoneal
dialysis in 2015.
In 2016 the patient requested evaluation for a third
kidney transplant. She presented with low C3, normal
CH50 and normal AH50 (alternative pathway haemolytic
activity). Genetic study of the complement was normal.
Serum levels of C1q, C2, C6, C7, C9, Factor H and Factor
I were slightly elevated (up to 1.36 times the maximum
value of the reference range). Anti‑H antibodies were
detected (205 UA/mL, reference value < 27). She is currently 41 years old. Because there is no consensus on
the best treatment strategy to adopt in this case, we
present the literature available for treatment of C3GN.

DISCUSSION

C3

We present a case of a patient with C3GN. She
presented with nephrotic syndrome at the age of 18
and progressed to end‑stage renal disease after 9
years. She lost the first kidney graft on the third day
after transplantation due to vascular thrombosis. A
second kidney transplant was performed when the
patient was 30 years old. C3GN recurred on the kidney
graft and the patient returned to dialysis 10 years
after the transplant. Study of the alternative complement pathway revealed anti‑factor H antibodies. She
is currently on evaluation for a third kidney transplant
and there is no consensus on the best treatment
strategy.
The term “C3 glomerulopathies” includes two diseases (dense deposit disease – DDD – and C3 glomerulonephritis – C3GN), both characterized by C3 glomerular deposits on immunofluorescence with minimal or
absence of immunoglobulin deposits1. C3 glomerulopathies are considered an independent entity because
the definition signals a disturbance of the alternative
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pathway of the complement, with important implications for the diagnostic work‑up, therapy and prognosis.
Whilst in DDD the deposits are intramembranous, with
high density and involve large segments of the glomerular basement membrane, in C3GN deposits are
less osmiophilic and are mostly mesangial and subendothelial, although there may also be intramembranous
and subepithelial deposits2.
C3 glomerulopathies are characterized by excessive
activation of the C3 convertase of the alternative pathway of the complement cascade. This patient had low
C3 and low CH50 due to consumption of the complement components and increased C5b‑9 because of
increased complement activity. Complement test
results may be normal when testing is not performed
in the acute phase of the disease. The activity of the
C3 convertase may be increased due to genetic defects
or auto‑antibodies against the regulators of C3 convertase (the main regulators are factor H, I and B).
Auto‑antibodies may also increase the activity of the
complement by binding and stabilizing C3 convertase
(C3 nephritic factor – C3Nef). Diagnostic investigation
of C3 glomerulopathies therefore requires genetic study
of mutations of the complement and detection of auto
‑antibodies. This distinction is important, since genetic
defects are treated with periodic infusions of plasma
whereas depletion of auto‑antibodies is performed with
plasma exchange and immunosuppression. It should
be noted that genetic defects may coexist with auto
‑antibodies and that several antibodies may be present
simultaneously in a single patient. In a study of 17
patients with alternative pathway‑mediated glomerulopathies positive for anti‑factor H antibodies, 7 also
had C3Nef3. Finally, it is also important to exclude auto
‑antibody formation due to monoclonal gammopathy,
in which case therapy is directed at the haematological
disease. Systematic description of diagnostic work‑up
of disorders of the alternative pathway of the complement is available4, as is contact information on Portuguese laboratories where complement investigation
can be performed5.
C3 glomerulonephritis was reported for the first time
in 20076 and there are very few cases reported of this
recently defined and rare disease. Recurrence rate after
transplantation is greater than 50%7 and first urinary
abnormalities are detected one to two years after transplantation7. Renal survival after 10 years is approximately 50%8.
From the cases reported in the literature of C3 glomerulopathy associated with factor‑H antibodies, the

authors selected three that correspond to patients with
C3GN where immunosuppression was attempted to
change the natural course of the disease. One female
patient presented with nephritic syndrome at the age
of 16, and progressed to end‑stage renal disease after
3 years despite treatment with corticosteroids. Recurrence of disease caused return to dialysis 7 months
after the first kidney transplant and after 1 year of the
second transplant despite treatment with plasma
exchange and rituximab 9. Another patient was a
36‑year‑old pregnant woman with sinusitis who presented with acute renal failure and nephrotic syndrome. Despite corticosteroids and cyclophosphamide,
she started dialysis that same year. Disease recurred
on the first kidney graft one month after transplantation and the patient performed plasma exchange,
rituximab and switch from cyclosporine to tacrolimus
with transient improvement until worsening of proteinuria and renal function on the first year after transplant. At this time, immunosuppression was not
increased and the patient returned to dialysis three
years after transplantation. A second transplant was
performed and despite plasma exchange, corticosteroids and cyclophosphamide, the kidney graft was lost
8 months after transplantation. Biopsy of the second
graft disclosed thrombotic microangiopathy associated
with the same anti‑factor H antibody10. The third
patient was a 5‑year‑old boy with proteinuria and normal renal function that was found to have three combined abnormalities in the regulation of the complement: anti‑factor H antibodies, C3Nef and a mutation
on factor I. Despite treatment with corticosteroids,
rituximab and mycophenolate, proteinuria progressed
(from 1.0 to 5.3g/day) and eculizumab was started with
proteinuria decrease. Transient interruption of the drug
resulted in worsening of proteinuria (1.7 to 9.3 g/day)
which ameliorated when eculizumab was resumed. On
the third year of follow‑up the patient remained
dependent on every other week administration of 1200
mg of eculizumab. He maintained normal renal function
and proteinuria <2g/day11.
The variability of clinical manifestations of patients
with alternative pathway related diseases depends
on the specific abnormality present on complement
regulation. Anti‑factor H antibodies cause a significant
proportion of cases of atypical haemolytic uraemic
syndrome (aHUS) and a small proportion of cases of
C3GN12. Differences between patients on the binding
site on factor H and on the affinity of the antibody
to factor H have been appointed to explain the clinical variability observed3. The simultaneous presence
of various defects on complement regulation is
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considered to be an additional contributing factor3.
In‑depth knowledge of the cause of complement dysregulation in each individual patient is important to
choose the most appropriate treatment strategy and
the parameters that can be monitored to assess treatment response.
The conclusions of a KDIGO controversies conference
on treatment of C3 glomerulopathies were published
in 201713. If a third transplant is considered in this
patient, it must not be performed during acute inflammation and risk of recurrence has to be considered13.
Treatment recommendations include target blood pressure ≤120/80 mmHg, adequate nutrition and lipid control for all patients. In moderate disease (defined by
proteinuria ≥ 0.5g/day, increase in creatinine or moderate inflammation on biopsy), prednisone and mycophenolate are recommended13. Given that these therapeutic measures were followed and the outcome of
this patient (graft survival was similar to native kidney
survival, suggesting little change on the natural course
of disease with therapy), these recommendations are
insufficient. In severe disease (defined by urinary protein ≥ 2g/day or maintenance of inflammation or creatinine increase despite the abovementioned therapy),
there is no known strategy to reduce risk of recurrence
(13, supplementary table 10) and data is insufficient to
recommended use of eculizumab13.
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