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Abstract: C3 glomerulopathy (C3G) is the predominant cause of complement-mediated
membranoproliferative glomerulonephritis and is considered a rare disorder caused by
genetic or acquired dysregulation of the alternative complement pathway. There are no
established treatment guidelines for treating kidney-transplanted recipients with C3G
recurrence, as they are already on immunosuppressive protocols. Furthermore, non-
complement-specific immunosuppressive drugs appear to offer limited benefits for patients
with C3G in native kidneys. Therefore, modulating the complement system appears to
be the most effective strategy for this specific patient population. We describe the use of
Iptacopan in a 38-year-old kidney-transplanted patient with C3G recurrence. Iptacopan
was associated with a significant and striking improvement in the patient’s clinical and
laboratories status. A follow-up kidney biopsy performed 5 months after the initiation of
Iptacopan revealed a reduction in endocapillary, extracapillary and mesangial hypercellu-
larity, along with a decreased extent of parietal proteinaceous deposits observed on light
microscopy. The direct control of the complement dysregulation underlying the patho-
genesis of C3G with Iptacopan was accompanied by improvements in clinical, laboratory
and histological features, with demonstrated reduced disease activity and slowed disease
progression. Therefore, the case report described is intended to shed light on the potential
role of new AP complement blockers in the treatment of C3G.

Keywords: C3 glomerulopathy; Iptacopan; complement system; innate immunity

1. Introduction
Membranoproliferative glomerulonephritis (MPGN) refers to a histological pattern

of glomerular injury characterized by mesangial hypercellularity and thickening of the
glomerular basement membrane with double contours and cellular interposition, identi-
fiable by light microscopy and associated with immune complexes and/or complement
factors deposition. Despite the histopathologic pattern is distinctive, diagnosis is com-
plicated by immunofluorescence and electron microscopy, which can identify different
forms of MPGN [1]. Originally, MPGN was classified into types I, II and III based on elec-
tron microscopy findings. Nowadays, the classification is based on immunofluorescence
findings and is linked to the underlying disease pathogenesis, allowing to identify im-
mune complex-mediated MPGN, complement-mediated MPGN and MPGN with negative
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pattern for both immune complexes and complement components. C3 glomerulopathy
(C3G) accounts for the majority of complement-mediated MPGN [2], and it is considered a
rare disorder caused by genetic or acquired dysregulation in one or more of the multiple
components of the alternative complement pathway (AP), histopathologically marked
by the accumulation of the C3 complement factor in kidney tissue in the near absence
of immunoglobulin deposits and with classic clinical features of glomerulonephritis [3].
The incidence is approximately 1–2 cases per million people each year, and nearly 50%
of patients progress to kidney failure within 10–15 years from the diagnosis. The clinical
course includes asymptomatic urinary abnormalities, nephrotic or nephritic syndromes,
severe acute kidney injury and progressive chronic kidney disease. Unfortunately, while
kidney transplantation is considered a viable replacement therapy, the disease is associated
with significantly high recurrence rates and allograft failure [4].

There is no established mainstay of therapy or guidelines for treating kidney-
transplanted patients with C3G recurrence, since these patients are already on immunosup-
pressive protocols, including corticosteroids, mycophenolate mofetil (MMF) and calcineurin
inhibitors (CNIs). Moreover, these non-complement-specific immunosuppressive drugs
appear to offer limited benefits for patients with C3G in native kidney [5–7]. Therefore,
modulating the complement system appears to be the most effective strategy for this
specific patient population.

We describe the clinical use of Iptacopan in a kidney-transplanted patient with C3G
recurrence. Iptacopan is a complement factor B-targeting drug currently in phase II and III
of development for several kidney-involved diseases, including C3G [8].

2. Case Report
A 38-year-old White male kidney transplant recipient, with a history of histologically

proven C3 glomerulopathy in his native kidneys, presented with nephrotic syndrome.
Physical examination revealed blood pressure of 160/95 mmHg, a heart rate of 80 bpm,
periorbital edema and severe peripheral pitting edema. The rest of the examination was
unremarkable. When asked about other symptoms, the patient reported asthenia, reduced
urinary output and an increase in body weight (8 kg over the past 3 weeks). Laboratory
studies revealed worsening renal function (serum creatinine level, 2.6 mg per deciliter
vs. 1.38 mg per deciliter at the time of discharge from the Transplant Center at the age
of 27 years), elevated proteinuria (22.7 g per day), and marked hypoalbuminemia (2.6 g
per deciliter). Urinalysis revealed microscopic hematuria and glycosuria. The patient’s
white blood cells and platelets count were within normal limits, as well as coagulation
parameters, bleeding time, serum electrolytes (except for a mild hyperkalemia), C-reactive
protein and liver and pancreatic functions. No abnormal ultrasonographic findings were
noted, with homogeneous blood flow observed throughout the transplant kidney on color
Doppler ultrasound (mean Resistive Index 0.70). Moreover, no immunological evidence of
allograft rejection was identified, as indicated by the absence of anti-HLA antibodies.

Interestingly, the patient’s medical history includes two episodes of nephrotic syn-
drome, immediately and approximately six years after transplantation, not histologically
confirmed, managed at a different facility with increased immunosuppression therapy,
which led to a reduction in proteinuria to less than 1 g per day.

Additionally, further investigation into the causes of nephrotic syndrome revealed
negative autoimmune serologies, including ANA, ANCA, anti-dsDNA, anti-GBM and
reduced serum C3 levels (66 mg per deciliter; normal range: 90–180 mg per deciliter), while
C4 levels remained within normal range. Moreover, no clinical, laboratory or serological
evidence of any infections was identified. The serum IgG, IgA and IgM concentrations
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were markedly reduced (42, 38 and 38 mg per deciliter, respectively). Electrophoresis did
not show the presence of monoclonal components.

After explaining the benefits and potential risks and obtaining the patient’s written
informed consent, a renal biopsy of the transplanted kidney was performed. Light mi-
croscopy demonstrated the presence of 19 glomeruli in total, 2 of which were globally
sclerotic. The remaining glomeruli showed a lobular appearance of the glomerular tuft,
along with four crescents (two cellular, one fibrocellular and one fibrotic) and proteinaceous
subendothelial deposits. The basement membranes showed segmental duplication and a
characteristic “tram track” appearance, associated with cellular interposition and diffuse
endocapillary hypercellularity. Subendothelial and mesangial deposits were also observed.
Immunofluorescence testing was positive for diffuse finely granular deposits of C3, C1q,
and coarsely granular, “sausage”-shaped polyclonal IgG, along the glomerular capillary
walls and the mesangium. The conclusive diagnosis was “recurrence of Type I MPGN”
[Figure 1].

The activity score of the C3G histologic index was 13 [range: 0–21].

Figure 1. Pathological findings of the first kidney biopsy. (A): Membranoproliferative pattern. Double
contours of the glomerular basement membranes with cellular interposition and proteinaceous
subendothelial deposits (arrows). (Methenamine Silver). (B): IgG deposits in the mesangium and,
globally distributed, along the glomerular basement membranes, coarsely granular, “sausage”-
shaped (anti-IgG,×400). (C,D): C3 and C1q deposits in the mesangium and along the glomerular
basement membranes.

Further analysis of the complement components and genetic mutations were per-
formed revealing the presence of both properdin-independent C3 nephritic factor (C3NeF)
and C5 nephritic factor (C5NeF).

Intravenous high-dose methylprednisolone was administered as bolus dose of
1 gr/die for three consecutive days, followed by a gradual tapering regimen, aiming
to modulate glomerular inflammation and suppress the production of complement-
activating autoantibodies.

Progressive decline in urine output and significant weight gain led to the initiation of
continuous renal replacement therapy (CRRT) on day six, using continuous veno-venous
hemofiltration (CVVH). However, due to the lack of clinical improvement, five consecutive
daily plasma exchanges (PEX) were initiated on day eleven.



Int. J. Mol. Sci. 2025, 26, 5053 4 of 10

He had ongoing episodes of dyspnea and hemoptysis, accompanied by fever and
abdominal pain on day seventeen, which required oxygen therapy and radiological evalua-
tion. Imaging revealed abdominal and thoracic effusion, along with lung consolidation.
Antimicrobial therapy was initiated, and RRT continued. Laboratory testing for infections
revealed an active cytomegalovirus (CMV) infection on day twenty-three. Therefore, the
patient was treated with Valganciclovir and immunosuppressive therapy was reduced by
discontinuing mycophenolic acid (MMF), leading to subsequent resolution of the infection.

Given the histological findings, the presence of autoantibodies activating the comple-
ment cascade, and the lack of response to the previous treatments, compassionate use of
the drug Iptacopan (Novartis Pharmaceuticals) was requested. On the morning of day
thirty-five, after the recommended vaccinations, he received his first dose of Iptacopan
[Figure 2].

Figure 2. Timeline of interventions before first dose of Iptacopan. The figure illustrates timeline
and clinical course between interventions and Iptacopan initiation. Created in BioRender. Troise, D.
(2025), https://BioRender.com/z1hiq62 (accessed on 19 May 2025).

3. Results
The initiation of Iptacopan was associated with a significant and striking improve-

ment in the patient’s clinical and laboratories status, including no more requirement of
hemodialysis treatment. The patient’s blood pressure and clinical signs of fluid overload
were well controlled with antihypertensive and diuretic therapy.

Serum creatinine levels initially increased, reaching levels of 3.5 mg per deciliter after
1 month and then decreased to 2.17 mg per deciliter within 3 months of treatment.

A substantial reduction in proteinuria was observed. Initial levels of 22.7 gr per day
progressively decreased to 4.68 gr per day at 1 month and to 0.69 gr per day at 3 months
of treatment. Notably, proteinuria measurements were performed on urine samples with
comparable diuresis volumes, ensuring reliable assessment.

Serum C3 levels, which were markedly depressed at baseline, showed substantial
improvement over time, reaching physiological range levels within 1 month of treatment,
and improving to 154 mg per deciliter within 3 months.

Thrombocytopenia is considered one of the common adverse events associated with
the use of Iptacopan. However, in our case, platelet count did not decrease throughout the
treatment period (mean value 261,500 ± 34.26 per microliter) [Figure 3].

All of the other laboratory parameters remained stable. No significant adverse events
related to Iptacopan were reported.

A follow-up kidney biopsy performed 5 months after the initiation of Iptacopan
revealed a reduction in endocapillary, extracapillary and mesangial hypercellularity, along
with a decreased extent of parietal proteinaceous deposits observed on light microscopy.
Additionally, decreased C3G histology activity score to 9 was observed [Figure 4].

https://BioRender.com/z1hiq62
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Figure 3. Laboratory measures before and after the first dose of Iptacopan. The figure illustrates the
trajectories of key laboratory values for the subject of the study in relation to the first administration
of Iptacopan. The vertical green arrow indicates the initiation of Iptacopan treatment at a dose of
200 mg administered orally twice a day.

Figure 4. (A,B) Comparison between the first kidney biopsy and the follow-up biopsy at low
magnification. (A): Low magnification from the first biopsy showing diffuse MPGN pattern of
glomerular injury along with diffuse endocapillary proliferation and extracellular proliferation with
cellular crescent formation (Periodic Acid Shiff). (B): Low magnification from the second biopsy
showing persistence of MPGN pattern of glomerular injury with slightly less endocapillary and
mesangial hypercellularity. (C–H) Comparison between the first kidney biopsy and the follow-up
biopsy at high magnification. (C–E): High magnification from the first biopsy showing diffuse
MPGN pattern of glomerular injury along with diffuse endocapillary proliferation (black arrow) and
extracellular proliferation with cellular crescent formation (white arrow). Proteinaceous material is
observed in the subendothelial region (arrowheads). (C,D): Periodic Acid Shiff, (E) Methenamine
Silver). (F–H): High magnification from the second biopsy showing persistence of MPGN pattern of
glomerular injury with slightly less endocapillary and mesangial hypercellularity.

4. Discussion
The knowledge of the clinical presentation of C3G recurrence after kidney transplan-

tation is primarily based on a small number of retrospective studies, resulting in limited
insight into the pathological features of the disease in this specific patient population [9–11].
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We described the use of Iptacopan, as a novel salvage therapy in a patient with native kidney
failure attributed to C3G, who experienced disease recurrence after kidney transplantation
and showed clinical deterioration despite daily plasma exchange and the intensified im-
munosuppressive regimen. The administration of Iptacopan was followed by improvement
of the patient’s clinical condition and resulted in a reduction in proteinuria and serum
creatinine levels.

When a membranoproliferative pattern of injury is observed on a kidney biopsy, it
does not identify a specific disease; therefore, further characterization of the disease beyond
its histological features is recommended, as suggested by the KDIGO 2021 guideline for
the management of glomerular diseases. Concordantly, an appropriate evaluation of the
complement system should be undertaken if immunofluorescence microscopy reveals a
complement-dominant pattern, suggesting the possibility of C3 or C4 glomerulopathy.
Furthermore, before confirming a diagnosis of C3G, concurrent or prior infections and the
presence of a monoclonal component should be excluded, as they require distinct thera-
peutic approaches [12]. According to these recommendations, we excluded the presence
of infections, monoclonal gammopathy and autoimmune serological markers. Moreover,
a thorough evaluation to identify genetic abnormalities in the complement system was
performed, showing the presence of both C3NeF and C5NeF, confirming a dysregulation of
the complement cascade.

Recently, a case series of C3G showed that the disease is frequently characterized by
recurrence in the kidney allograft despite the use of immunosuppression [11]. Additionally,
it was shown that recurrence typically occurs very early after kidney transplantation, within
the first 4 months, usually with minimal proteinuria and mild histologic alterations [13].
Interestingly, and in contrast to what is observed in the scientific literature, our patient
developed a C3G recurrence approximately 11 years after kidney transplantation, a sig-
nificantly delayed onset compared to the early recurrence commonly described. Delayed
recurrence can occur due to subtle complement dysregulation that remains clinically silent
for years. Potential triggers for late recurrence may include infections, immunologic shifts,
or changes in immunosuppressive therapy. However, in this particular case, no specific
event was identified highlighting the importance of long-term monitoring even many years
after transplantation, as late recurrence remains a possible clinical event. Notably, the two
episodes of nephrotic syndrome that occurred shortly after transplantation could have
been attributable to disease recurrence. However, in the absence of histological evidence,
this remains speculative. Therefore, post-transplant monitoring and implementation of the
available therapies are advisable to improve clinical outcomes [10].

Complement dysregulation is the primary driver of C3G, and targeted complement
inhibitors for this disease have shown varying levels of success. Although anti-complement
targeting therapies are currently under investigation and no complement inhibitor has been
approved yet for the management of C3G, Eculizumab, a terminal complement blocker,
has been used on an off-label basis as an alternative option for patients with progressive
disease who do not respond to other treatment. However, the benefit of Eculizumab in the
management of patients with native and post-transplant C3G appears to be limited, with
only some patients achieving a sustained response to treatment [11,14,15]. Moreover, in the
ACCOLADE trial, the effect of Avacopan, an oral C5a receptor inhibitor, was evaluated in
patients with native and post-transplant disease, demonstrating only limited efficacy in
reducing C3G progression [16]. This limitation could be explained by the fact that the block
of the complement system happens on the downstream of the complement cascade and the
cornerstone of C3G pathogenesis seems to be an increase in AP C3 convertase formation,
making this upstream axis the main target for the development of new therapies [3].
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Recently, Wong et al. evaluated proximal complement inhibition with Iptacopan in a
phase 2, multicenter study for patients with biopsy-proven native kidney C3G and kidney
transplant recipients with C3G recurrence. The authors demonstrated a significant decrease
in C3 staining in the recurrent transplant cohort after approximately 3 months of treatment
compared to baseline, meeting the primary endpoint of the study. Moreover, serum C3
levels were normalized in most patients. However, no significant reduction in proteinuria
was observed, unlike our patient who achieved the resolution of proteinuria [17]. The im-
provement in proteinuria observed in our patient is a notable finding, particularly given the
limited data on post-transplant recurrence, although findings from an individual case may
not be directly applicable to larger trial populations. The heterogeneity of C3 glomerulopa-
thy, driven by distinct genetic or acquired factors affecting complement system regulation,
as well as variations in the immunologic milieu and time from kidney transplantation may
contribute to differential responses to factor B inhibition with iptacopan.

The mechanism of action of Iptacopan is based on the inhibition of the enzymatic
activity of the serine protease factor B and therefore the cleavage of C3 and C5, which
leads to the suppression of both convertases, resulting in both upstream and downstream
regulation of the AP and preventing the further deposition of C3 breakdown products
in the glomerular compartment, targeting the complement dysregulation that underlies
C3G [18] [Figure 5]. In our patient, 5 months of treatment with Iptacopan led to a reduction
in the endocapillary, extracapillary and mesangial hypercellularity on the renal biopsy.
These changes were accompanied by an increased serum C3 levels and the resolution
of proteinuria. Moreover, we applied the C3G histologic index, a tool proposed for the
assessment of C3G outcomes by the evaluation of seven parameters of diseases activity
using a semiquantitative scale of 0–3, allowing for a total activity score range from 0 to
21 [19,20]. In our case, we observed a reduction in the C3G histology activity score from 13
to 9. Additionally, Iptacopan was well tolerated, without significant treatment-emergent
adverse events.

Figure 5. Iptacopan mechanism of action. The initiation of the alternative pathway (AP) occurs
spontaneously via a process known as “tickover”, where the protein C3 undergoes a low rate of
hydrolysis in the fluid phase. Subsequently, C3 binds to factor B, a key component of the alternative
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pathway, which is then cleaved into Ba and Bb, leading to the formation of the AP C3 convertase
(C3Bb). Additionally, C3b from Classical and Lectin pathways can contribute to the amplification of
the AP, facilitating cross-talk between pathways. Then, C3b leads to the generation of C5 convertases,
which cleave C5 into C5a and C5b. C5b initiates the assembly of the membrane attack complex
(MAC), a structure composed of C5b, C6, C7, C8 and C9. The MAC forms transmembrane pores on
the cell surfaces, ultimately leading to cell lysis. The mechanism of action of Iptacopan is based on the
inhibition of the enzymatic activity of factor B. This inhibition suppresses the formation of both C3
and C5 convertases, thereby regulating the AP at both upstream (C3 activation) and downstream (C5
activation) levels. As a result, the generation and subsequent deposition of C3 breakdown products in
the glomeruli and the formation of the MAC are effectively prevented. Created in BioRender. Troise,
D. (2025), https://BioRender.com/arm1qbp (accessed on 14 May 2025).

5. Methods
After obtaining informed consent, Iptacopan (Novartis Pharmaceuticals) was adminis-

tered at a dose of 200 mg orally twice a day, based on the available clinical trial protocols
designed to evaluate the efficacy and safety of Iptacopan in C3G. The treatment began
on day thirty-five and continued without interruption. During this time, the patient was
closely monitored for efficacy and safety.

As part of his ongoing immunosuppressive regimen for the transplanted kidney, the
patients was on prednisone 5 mg/day, tacrolimus (T.L. 8 ng/mL) and MMF 180 mg twice a
day, which was reintroduced at the resolution of the CMV infection.

Moreover, renoprotective strategies, including antiproteinuric therapy (Irbesartan
150 mg/die), antipertensive drugs (carvedilol 12.5 mg twice a day), diuretics (furosemide
25 mg twice a day and Hydrochlorothiazide 25 mg/die) were assessed. Metabolic distur-
bances were managed with dapagliflozin 10 mg/die and atorvastatin 20 mg/die. These
therapies were implemented to slow renal disease progression and were continued or
adjusted as needed based on the patient’s clinical response and laboratory results during
the treatment period with Iptacopan.

The patient was closely monitored for renal function, including serum creatinine, urea
and proteinuria (evaluated using 24 h urine protein measurement), serum electrolytes,
complement C3 and C4 levels, immunosuppressive drug levels, complete blood count,
infections and sepsis markers. Moreover, clinical signs of fluid retention were also regu-
larly assessed.

Monitoring was performed on a daily basis during the initial phase of the treatment
during the hospital stay and then transitioned to weekly and progressively to monthly after
stabilization. Moreover, both kidney biopsies were evaluated by a renal pathologist who
was blinded to all clinical and laboratory data. The C3G histologic activity index scoring
was then validated by the same blinded pathologist to ensure consistency and internal
validation of the assessment.

6. Conclusions
The direct control of the complement dysregulation underlying the pathogenesis

of C3G with Iptacopan was accompanied by improvements in clinical, laboratory and
histological features, with demonstrated reduced disease activity and slowed disease
progression. Therefore, the case report described is intended to shed light on the potential
role of new AP complement blockers in the treatment of C3G. Unfortunately, the treatment
of C3G remains unclear due to a lack of sufficient data from randomized controlled trials
and inconsistent results with immunosuppressive and complement-targeted therapies [12].
Thus, while awaiting robust data from clinical trials, it is crucial to obtain insights from
individual case reports to understand the efficacy and safety profile of new complement-

https://BioRender.com/arm1qbp
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modulating drugs, such as Iptacopan, which provide valuable preliminary information
and guide clinical decisions for the management of this complex and challenging disease.

Author Contributions: Writing—original draft preparation, D.T. and S.M.; review and editing, B.I.;
histological examination and interpretation, M.R.; supervision, L.G. and G.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The research was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Review Board of University of Foggia (Decision
no. 833/CE/2024, Approval Date: 30 May 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest. Novartis has not influenced the
content of the publication.

References
1. Sethi, S.; Nester, C.M.; Smith, R.J.H. Membranoproliferative glomerulonephritis and C3 glomerulopathy: Resolving the confusion.

Kidney Int. 2012, 81, 434–441. [CrossRef] [PubMed]
2. O’Keeffe, H.; Storrar, J.; Ramakrishna, C.; Metaoy, S.; Chrysochou, C.; Chinnadurai, R.; Kalra, P.A.; Sinha, S. Membranoprolif-

erative glomerulonephritis over 20 years at a tertiary referral center in the United Kingdom. Glomerular Dis. 2024, 4, 159–166.
[CrossRef] [PubMed]

3. Smith, R.J.H.; Appel, G.B.; Blom, A.M.; Cook, H.T.; D’Agati, V.D.; Fakhouri, F.; Fremeaux-Bacchi, V.; Józsi, M.; Kavanagh, D.;
Lambris, J.D.; et al. C3 glomerulopathy—understanding a rare complement-driven renal disease. Nat. Rev. Nephrol. 2019, 15,
129–143. [CrossRef] [PubMed]

4. Nester, C.; Decker, D.A.; Meier, M.; Aslam, S.; Bomback, A.S.; Caravaca-Fontán, F.; Cook, T.H.; Feldman, D.L.; Fremeaux-Bacchi,
V.; Gale, D.P.; et al. Developing Therapies for C3 Glomerulopathy. Clin. J. Am. Soc. Nephrol. 2024, 19, 1201–1208. [CrossRef]
[PubMed]

5. Caravaca-Fontán, F.; Díaz-Encarnación, M.M.; Lucientes, L.; Cavero, T.; Cabello, V.; Ariceta, G.; Quintana, L.F.; Marco, H.; Barros,
X.; Ramos, N.; et al. Mycophenolate Mofetil in C3 Glomerulopathy and Pathogenic Drivers of the Disease. Clin. J. Am. Soc.
Nephrol. 2020, 15, 1287–1298. [CrossRef] [PubMed]

6. Medjeral-Thomas, N.R.; O’shaughnessy, M.M.; O’regan, J.A.; Traynor, C.; Flanagan, M.; Wong, L.; Teoh, C.W.; Awan, A.; Waldron,
M.; Cairns, T.; et al. C3 Glomerulopathy. Clin. J. Am. Soc. Nephrol. 2014, 9, 46–53. [CrossRef] [PubMed]

7. Servais, A.; Noël, L.-H.; Roumenina, L.T.; Le Quintrec, M.; Ngo, S.; Dragon-Durey, M.-A.; Macher, M.-A.; Zuber, J.; Karras, A.;
Provot, F.; et al. Acquired and genetic complement abnormalities play a critical role in dense deposit disease and other C3
glomerulopathies. Kidney Int. 2012, 82, 454–464. [CrossRef] [PubMed]

8. Miwa, T.; Sato, S.; Golla, M.; Song, W.-C. Expansion of Anticomplement Therapy Indications from Rare Genetic Disorders to
Common Kidney Diseases. Annu. Rev. Med. 2024, 75, 189–204. [CrossRef] [PubMed]

9. Frangou, E.; Varnavidou-Nicolaidou, A.; Petousis, P.; Soloukides, A.; Theophanous, E.; Savva, I.; Michael, N.; Toumasi, E.;
Georgiou, D.; Stylianou, G.; et al. Clinical course and outcome after kidney transplantation in patients with C3 glomerulonephritis
due to CFHR5 nephropathy. Nephrol. Dial. Transplant. 2019, 34, 1780–1788. [CrossRef] [PubMed]

10. Zand, L.; Lorenz, E.C.; Cosio, F.G.; Fervenza, F.C.; Nasr, S.H.; Gandhi, M.J.; Smith, R.J.H.; Sethi, S. Clinical Findings, Pathology,
and Outcomes of C3GN after Kidney Transplantation. J. Am. Soc. Nephrol. 2014, 25, 1110–1117. [CrossRef] [PubMed]

11. Regunathan-Shenk, R.; Avasare, R.S.; Ahn, W.; Canetta, P.A.; Cohen, D.J.; Appel, G.B.; Bomback, A.S. Kidney Transplantation in
C3 Glomerulopathy: A Case Series. Am. J. Kidney Dis. 2019, 73, 316–323. [CrossRef] [PubMed]

12. Rovin, B.H.; Adler, S.G.; Barratt, J.; Bridoux, F.; Burdge, K.A.; Chan, T.M.; Cook, H.T.; Fervenza, F.C.; Gibson, K.L.; Glassock,
R.J.; et al. Executive summary of the KDIGO 2021 Guideline for the Management of Glomerular Diseases. Kidney Int. 2021, 100,
753–779. [CrossRef] [PubMed]

13. Tarragón, B.; Peleg, Y.; Jagannathan, G.; Sekulic, M.; Chang, J.-H.; Cohen, D.J.; Crew, R.J.; Dube, G.K.; Fernandez, H.E.; Husain,
S.A.; et al. C3 Glomerulopathy Recurs Early after Kidney Transplantation in Serial Biopsies Performed within the First 2 Years
after Transplantation. Clin. J. Am. Soc. Nephrol. 2024, 19, 1005–1015. [CrossRef] [PubMed]

https://doi.org/10.1038/ki.2011.399
https://www.ncbi.nlm.nih.gov/pubmed/22157657
https://doi.org/10.1159/000540672
https://www.ncbi.nlm.nih.gov/pubmed/39473993
https://doi.org/10.1038/s41581-018-0107-2
https://www.ncbi.nlm.nih.gov/pubmed/30692664
https://doi.org/10.2215/CJN.0000000000000505
https://www.ncbi.nlm.nih.gov/pubmed/38829708
https://doi.org/10.2215/CJN.15241219
https://www.ncbi.nlm.nih.gov/pubmed/32816888
https://doi.org/10.2215/CJN.04700513
https://www.ncbi.nlm.nih.gov/pubmed/24178974
https://doi.org/10.1038/ki.2012.63
https://www.ncbi.nlm.nih.gov/pubmed/22456601
https://doi.org/10.1146/annurev-med-042921-102405
https://www.ncbi.nlm.nih.gov/pubmed/37669567
https://doi.org/10.1093/ndt/gfz021
https://www.ncbi.nlm.nih.gov/pubmed/30844074
https://doi.org/10.1681/ASN.2013070715
https://www.ncbi.nlm.nih.gov/pubmed/24357668
https://doi.org/10.1053/j.ajkd.2018.09.002
https://www.ncbi.nlm.nih.gov/pubmed/30413277
https://doi.org/10.1016/j.kint.2021.05.015
https://www.ncbi.nlm.nih.gov/pubmed/34556300
https://doi.org/10.2215/CJN.0000000000000474
https://www.ncbi.nlm.nih.gov/pubmed/39116277


Int. J. Mol. Sci. 2025, 26, 5053 10 of 10

14. Bartoli, G.; Strologo, A.D.; Grandaliano, G.; Pesce, F. Updates on C3 Glomerulopathy in Kidney Transplantation: Pathogenesis
and Treatment Options. Int. J. Mol. Sci. 2024, 25, 6508. [CrossRef] [PubMed]

15. Bomback, A.S.; Daina, E.; Remuzzi, G.; Kanellis, J.; Kavanagh, D.; Pickering, M.C.; Sunder-Plassmann, G.; Walker, P.D.; Wang,
Z.; Ahmad, Z.; et al. Efficacy and Safety of Pegcetacoplan in Kidney Transplant Recipients With Recurrent Complement 3
Glomerulopathy or Primary Immune Complex Membranoproliferative Glomerulonephritis. Kidney Int. Rep. 2025, 10, 87–98.
[CrossRef] [PubMed]

16. Bomback, A.; Herlitz, L.C.; Yue, H.; Kedia, P.P.; Schall, T.J.; Bekker, P. POS-112 effect of avacopan, a selective c5a receptor inhibitor,
on complement 3 glomerulopathy histologic index of disease chronicity. Kidney Int. Rep. 2022, 7, S47–S48. [CrossRef]

17. Wong, E.; Nester, C.; Cavero, T.; Karras, A.; Le Quintrec, M.; Lightstone, L.; Eisenberger, U.; Soler, M.J.; Kavanagh, D.; Daina,
E.; et al. Efficacy and Safety of Iptacopan in Patients With C3 Glomerulopathy. Kidney Int. Rep. 2023, 8, 2754–2764. [CrossRef]
[PubMed]

18. Troise, D.; Allegra, C.; Cirolla, L.A.; Mercuri, S.; Infante, B.; Castellano, G.; Stallone, G. Exploring Potential Complement
Modulation Strategies for Ischemia–Reperfusion Injury in Kidney Transplantation. Antioxidants 2025, 14, 66. [CrossRef] [PubMed]

19. Bomback, A.S.; Santoriello, D.; Avasare, R.S.; Regunathan-Shenk, R.; Canetta, P.A.; Ahn, W.; Radhakrishnan, J.; Marasa, M.;
Rosenstiel, P.E.; Herlitz, L.C.; et al. C3 glomerulonephritis and dense deposit disease share a similar disease course in a large
United States cohort of patients with C3 glomerulopathy. Kidney Int. 2018, 93, 977–985. [CrossRef] [PubMed]

20. Caravaca-Fontán, F.; Trujillo, H.; Alonso, M.; Díaz-Encarnación, M.; Cabello, V.; Ariceta, G.; Quintana, L.F.; Marco, H.; Barros,
X.; Ramos, N.; et al. Validation of a Histologic Scoring Index for C3 Glomerulopathy. Am. J. Kidney Dis. 2021, 77, 684–695.e1.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms25126508
https://www.ncbi.nlm.nih.gov/pubmed/38928213
https://doi.org/10.1016/j.ekir.2024.09.030
https://www.ncbi.nlm.nih.gov/pubmed/39810766
https://doi.org/10.1016/j.ekir.2022.01.124
https://doi.org/10.1016/j.ekir.2023.09.017
https://www.ncbi.nlm.nih.gov/pubmed/38106570
https://doi.org/10.3390/antiox14010066
https://www.ncbi.nlm.nih.gov/pubmed/39857400
https://doi.org/10.1016/j.kint.2017.10.022
https://www.ncbi.nlm.nih.gov/pubmed/29310824
https://doi.org/10.1053/j.ajkd.2020.11.011
https://www.ncbi.nlm.nih.gov/pubmed/33359150

	Introduction 
	Case Report 
	Results 
	Discussion 
	Methods 
	Conclusions 
	References

