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Conflitos de interesse

▪ Palestrante Síndrome Hemolítico Urêmica atípica para Alexion

▪ Consultora científica Glomerulopatia C3 para Apellis

▪ Esta não é uma aula patrocinada



Glomerulonephritis
Acute Kidney Disease

Chronic Kidney Disease?

Clinical Case

▪ Female, 16 years-old

▪ Dry weight 55 kg Height 160 cm

▪ Fever&illness

▪ Edema (3 kg), arterial hypertension (BP 140x90 mmHg)

▪ Creatinine 1.6 mg/dL (eGFR: 41 mL/min/1.73m2)

▪ Hematuria (15 RBC/field) with codocytes

▪ Proteinuria 2 g/24 h

▪ Albumine 3.9 mg/dL and EFP normal

▪ Secondary causes negative

▪ C3 ↓, C4 normal

▪ US: normal sized kidneys, mild increase in echogenicity



Histology

1. Location of injury
2. Type of cells
3. Glomerular response

Patterns
▪ Mesangial proliferative
▪ Diffuse proliferative
▪ MPGN
▪ Crescentic
▪ Necrotizing

Pathophysiology

1. Proliferation of cells
a. Leukocytes
b. Endogenous

2. Synthesis of material
a. Mesangial matrix
b. Basement membrane
c. Fibrin

Patterns Type of Deposits (IF)

Etiology of proliferative GN

What leads to glomerular injury?

Immune complex ± C3 Anti-GBM Monoclonal Ig Pauci-immune Complement±Ig

IgA
IgAN

IgA infectious

Polyclonal IgG
Infection-related GN

Polyclonal IgM
Chronic infection

(hepatites)
Autoimmune

Polyclonal Igs
Lupus GN

Autoimmune
Fibrillary

Renal-limited
Goodpasture

ANCA+
ANCA –

Necrotizing/crescentic GN

C3 dominant

C3G

C3GN DDD

IgG k/l
IgM k/l

Adapted from Sethi S et al. Am J Kidney Dis (2014), 63 (4): 561 and Sethi S et al. J Am Soc Nephrol (2016), 27(5): 1278
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Acute Kidney Disease
Glomerulonephritis



@SethiRenalPath

C3

Subepithelial deposit



Post-infectious GN

Balasubramanian & Marks. Ped Int Child Health (2017)

Antigens:
NAPlr: nephritis associated plasmin receptor
SPeB: Streptococcus pyrogenic exotoxin B

Initiation: immunecomplex and alternative/lectine
Proliferation: leukocyte influx and mesangial matrix
degradation
2ary Complement activation
Repair: restitutio ad integrum

Pathophysiology



@SethiRenalPath

C3 C3

Subepithelial deposit Subepithelial deposit



Sethi S & Fervenza F. N Engl J Med (2012): 366

Initiation: deposition of alternative and
terminal pathway complement factors
Proliferation: leukocyte influx
1ary complemente activation
Repair: formation of new basal membrane
resulting in double contours of capillary walls

IF:
C3 > 2x immunoglobuline

(C4d negative in glomerular capillaries)

C3GNPost-infectious GN

Balasubramanian & Marks. Ped Int Child Health (2017)

Antigens:
NAPlr: nephritis associated plasmin receptor
SPeB: Streptococcus pyrogenic exotoxin B

Initiation: immunecomplex and alternative/lectine
Proliferation: leukocyte influx and mesangial matrix
degradation
2ary Complement activation
Repair: restitutio ad integrum

Pathophysiology



C5

Inflammation
Cell removal

Antigen uptake

C3

C3bC3a

MAC
Cell lysis, secretion,

death, or proliferationC5bC5aInflammation

C5

Amplification 
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Factor B ← Factor D

Alternative pathway
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C3 convertase activation

Classical pathway
Activated by antigen-

antibody immune complex 

Lectin pathway
Activated by lectin and 

mannose complex

Brakes:

Factor H

Factor I

MCP

The Complement System



Factor B ← Factor D

Brakes:

Factor H

Factor I

MCP
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immune complex 

The Complement System in C3G

Kidney 
damage

C3 fragment 

deposit in kidney

X
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Low serum C3



Adapted from Sethi S et al. Kidney Int (2012) 81, 434-441

Change in classification of MPGN on 2012 
based on IF* and not on EM**

MPGN

Immunoglobuline
++ / C3- ++

Immunoglobuline
-+/ C3+++

Classical/Alternative 
Pathway Alternative Pathway

C3 Glomerulopathy

Monoclonal 
Gammopathy

Dysproteinemia C3GN

Autoimmune 
diseases

Infections

Others
Idiopathic

*IF: immunofluorescence
**EM: electronic microscopy

C3 
Glomerulo
nephritis

IF

EM

IC-MPGN
C3G

DDD

Dense
Deposit
Disease



Adapted from Smith R et al.Nat Review Nephrol. 2018

Proteinuria, haematuria, other markers of glomerulonephritis, ±
renal insufficiency (hypertension ± nephrotic syndrome)

Investigations
• Laboratory tests: basic metabolic panel, CBC, C3, C4, ANA, ANCA, UPC, ± hepatitis screen and other tests if indicated

• Biopsy if persistent proteinuria >500mg in 24h, reduced GFR and/or unexplained hypertension with haematuria

Biopsy-confirmed C3 dominant
glomerulonephritis

Diagnosis of C3 
glomerulopathy

Assess complement
levels and activity

Treat according
to disease activity

▪ C3, C3c, Bb, C4, nephritic factors (including stabilizing
capacity), soluble C5b-9, properdin, factor H, CH50 and
APH50

▪ A complete biomarker profile including genotyping
(recommended before transplantation) and additional
complement biomarkers and autoantibodies

▪ Normal renal function and proteinuria <0.5g /24h: supportive care
▪ Proteinuria 0.5–2g/24h, moderate inflammation on biopsy, or

recent rise in SCr: MMF and prednisone (tapered)
▪ Proteinuria >2g in 24h, severe inflammation on biopsy, or

progressive renal insufficiency on MMF: add pulse 
methylprednisolone and consider anti-complement treatment

Rule out secondary forms
of C3 deposition

▪ Classic PIGN is ruled out by resolution of
glomerulonephritis and/or normalization of C3 
within 12 weeks

▪ Evaluate patients aged >50 years for 
paraproteinassociated disease: urine and blood
protein electrophoresis, urine and blood
immunofixation ± bone marrow biopsy



Proteomics of Complement Proteins in 
C3 Glomerulonephritis and

Post-infectious Glomerulonephritis
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Methods (MS/MS)

A: In the formalin-fixed paraffin sections of patients
presenting different causes of Thrombotic
Microangiopathy, 10 micra thick formalin-fixed paraffin
sections were obtained and mounted on a special PEN
membrane laser slide
B: glomeruli were microdissected using a Zeiss Palm
Microbean microscope the to reach approximately 250-
500,000 mM2 per case

Laser Microdissection (MS) of Glomeruli

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 



Laser micro dissection and mass spectrometry

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 



Microdissection

Trypsin 

digestion

Tandem MS/MSHPLC ESI

Data analysis
▪ All samples were analyzed using Mascot and

X! Tandem set up to search a Swissprot
human database

▪ Scaffold (version 4.8.3, Proteome Software
Inc., Portland, OR) was used to validate
MS/MS based peptide and protein
identifications

TOT: 3-4 days
High Pressure

Liquid
Chromatography

Electro
Spray

Ionization

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 



Adequate sample size

final 

vol ul

lab 

code
date cut 

# elements 

(gloms) 

cut area 

square 

microns

41 TMA06 02/10/20 28 544803

42 TMA07 02/10/20 25 557775

42 TMA08 02/10/20 55 441495

40 TMA09 02/12/20 12 274422

33+9 TMA10 02/12/20 15 254066

40 TMA11 02/12/20 22 487985

40 TMA12 02/13/20 21 531776

41 TMA13 02/13/20 21 223899

40 TMA14 02/13/20 31 529639

42 TMA15 02/13/20 20 251106

41 TMA16 02/13/20 12 302852

41 TMA17 02/13/20 30 534455

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 

Adequate Sample Size

10 – 30 glomeruli

250,000 – 500,000  square micra
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Total Spectral Count (TSC) – Quantitative Method

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 

Peptide Prophet algorithm

Complement deposition based on TSC
▪ > 50: very high 4+
▪ 16-50: high 3+
▪ 6-15: moderate 2+
▪ 2-5: low 1+
▪ 0-1: baseline



TSC of alternative and terminal complement pathway proteins
are much higher in C3GN compared to PIGN

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 
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Conclusion & Discussion

▪ These studies show that burden of alternative and terminal complement pathway

proteins is much higher in C3GN compared to PIGN, suggesting a greater role for anti-

complement therapy in C3GN

▪ By including more cases, we may define a cut-off in Total Spectral Count (TSC) to define 

patients who would benefit from earlier use of anti-complemente therapies

▪ Laser Microdissection and Mass Spectrometry (MS/MS) are feasible and affordable

provided there is a trained technician



Ischemia/reperfusion
Chronic Kidney Disease

Fibrosis

Antibody mediated 
rejection

Membranous
Anti-GBM

Immunemediated GN
ANCA vasculitis

IgAN, FSGS,
Post-infectious, 

Monoclonal gammopathy
Complement

Biology

Antibody-Initiated 

Activation of 

Serum Complement 

Kidney Injury 

Mediated by 

Serum Complement 

in the Absence

of Antibody 

Antibody-Initiated 

Injury to a 

Kidney Transplant.

Kidney-Derived

Complement 

and Disease 

Mathern & Heeger. Complement and Kidney. CJASN 2015, 10: 1636 

C3G
aHUS
PNH

Complement and Kidney

C3 Glomerulopathy
Atypical Hemolytic Uremic Syndrome
Paroxysmal Nocturnal Hemoglobinuria



Image Prof. Stanley Araujo, Brazil
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Proteomics of Complement (Secondary TMA– aHUS- C3GN – DDD)

C3 C5 C6 C7 C8A C8B C9 CFH CFHR1 CFHR2 CFHR3 CFHR5 CFB CFD C1QB C1QC C1R C1S CR1 C4A C4B

Unpublished data

N

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 



The Thrombotic Microangiopathy (TMA) Spectrum

Hb

Platelet

DHL

Haptoglobin

MAHA

Thrombotic Thrombocytopenic Purpura

TMA

ADAMTS 13 activity <10%

ADAMTS 13 AutoAb

STEC-

HUS
Stool/Swab Culture

Stx detection

Serology/ PCR

End Stage Renal Disease 

Cobalamin C

HUS
Pneumococcal

HUS

Autoimmune

HUS

Homocysteine

Methionine

Methyl-malonic

acid

MMACHC

Fenetics

Bacterial culture

S. Pneuminiae

urinary antigen 

+ve Coombs

T-antigen detection

ANA
Anti-ds DNA

Anti-phospholipid
Anti-Sci70

ACA
RAN polymerase III

Drug-induced

HUS

BMT

HUS

Infection

HUS
Malignacy

HUS

Posttransplant

HUS
Pregnancy

HUS
1ary

aHUS

C3, C4, FH, FI

Anti-FH Ab

CD46 FACS

CFH, CFI, CD45, 

C3, CFB, DGKE

Genetics

MLPA

HIV

Hep A & C

CMV

Influenza H1N1

EBV

Factor H Ab

TMA

▪ Microangiopathic Hemolytic Anemia (MAHA)

▪ Thrombocytopenia

▪ Organ Injury (kidney usually involved)

Hemolytic 

Uremic 

Syndrome

Modified from: Goodship et al, Kidney Int, 2017 (KDIGO)



Lupus and TMA Haemophagocytosis and TMA

Eclampsia Antibody mediated rejection

STEC-HUS

aHUS

Images Prof. Stanley Araujo, Brazil



Different Causes of TMA
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Legend: STEC-HUS: shigatoxin related hemolytic uremic syndrome; TMA: thrombotic microangiopathy; aHUS: atypical hemolytic uremic syndrome, C: 
complement protein; FHR: Factor H related protein

Mass spectrometry of complement proteins in kidney biopsies according to the cause of TMA

n=1
n=1
n=1

n=1



Protein
category

Proteins aHUS
(n=12)

Secondary TMA 
(n=12)

C3 C3 63.75 53

Terminal C5/6/7/8A/8B/9 32.9 50.1

CRP* CFH/CFHR1-2-3-5/CFB/CFD 32.9 48.25

Classical C1QB/C1QC/C1R/C1S/CR1/
C4A/C4B

63 97

Total 192.55 248.35

Protein category Hypertension
(n=5)

Autoimmune
(n=3)

Drug
(n=4)

C3 42.6 52 67

Terminal 56 46 46

CRP* 36.1 47.6 63.75

Classical 85.2 72.3 130.2

Total 219.9 217 306.9

Mayo Clinic Medical Genome Facility - Proteomics Core and its supporting grant, NCI Cancer Center Support Grant 5P30 CA15083-43C1 

CRP*: complement regulatory proteins
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Conclusions

▪ Complement protein C3 was one of the most abundant among the ˜2000 
proteins identified in aHUS

▪ Terminal complement proteins were also identified and may likely 
contribute to glomerular injury

▪ The identification of C4 may indicate a role for classical and/or lectin 
pathway 

▪ The burden of complement deposition appears to be different according to 
TMA cause (higher in aHUS/drug)

▪ Limitations: vessels were not dissected



Cluster 1 Cluster 2 Cluster 3 Cluster 4

178 pts
▪ 68 C3GN
▪ 25 DDD
▪ 80 IC-MPGN

34 variables
▪ 7 clinical
▪ 17 pathology
▪ 10 complement and genetics

Iatropoulos P et al. J Am Soc Nephrol, 2018

Fluid phase complement activation
Solid phase

complement
activation

↓ C3
↑Genetic & acquired AP abnormalities Normal C3

Negative AP abnormalities
More TMA 



Iatropoulos P et al. J Am Soc Nephrol, 2018



Ricklin D et al.Nat Review Nephrol. 2018;14 (1):26-47

The Renaissance of
Complement Therapeutics



ClinicalTrials.gov Search Results 09/21/2022
Richard B.P.,  Daniel R. Seminars in Immunopathology, 2021 Cortesia Dra. Silvana Miranda



C3 glomerulopathies (C3G) are caused by dysregulation of the 
Alternative Pathway (AP) and 

Terminal Complement Complex (TCC)

Adapted from Sethi S et al. Kidney Int (2012) 81, 434-441

Approved in USA for patients with PNH
Hoy, S. Drugs. 2021 Aug;81(12):1423-1430

Factor D

Pegcetacoplan

Factor B
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C3 inhibition with pegcetacoplan targets the underlying disease process of C3 glomerulopathy.

Kidney Week | October 19-25, 2020  |  Virtual

Introduction
•  C3 glomerulopathy (C3G) is a rare renal disease in which   

sustained act ivat ion of  the alternat ive pathway of  
complement leads to excessive deposit ion of  C3 and C5 
breakdown products in the glomeruli 1-3

 – Clinical manifestat ions of  C3G include low serum C3, 
proteinuria, hematuria, and renal impairment  

 – ~50% of  pat ients with C3G progress to end-stage renal  
disease within 5 to 10 years of  diagnosis1

•  Pegcetacoplan (APL-2; Apellis Pharmaceut icals, Waltham, MA)  
is a 15–amino acid cyclic pept ide conjugated to each end of  a 
linear polyethylene glycol molecule that  binds to C3 and C3b, 
direct ly prevent ing act ivat ion of  C3, C5, and the alternat ive 
pathway

•  The phase 2 DISCOVERY study was designed to evaluate 
the effi cacy and safety of  pegcetacoplan in pat ients with  
glomerular diseases; here, we present  the results for the  
C3G cohort  

Objective
•  To evaluate the effi cacy and safety of  pegcetacoplan through  

week 48 in pat ients with C3G

Methods
Study design  

•  This was an open-label, phase 2 study (APL2-201; 
NCT03453619) with a 48-week t reatment  period with  
pegcetacoplan, followed by an opt ional long-term extension

•  Key study inclusion criteria for pat ients in the C3G cohort

 – Aged ≥16 years 

 – C3G diagnosed by historical renal biopsy

 – Proteinuria, defi ned as a urine protein-to-creat inine rat io  
(uPCR) >0.750 mg/mg

 – Est imated glomerular fi lt rat ion rate (eGFR) ≥30 mL/
min/1.73 m2 calculated using the Chronic Kidney Disease 
Epidemiology Collaborat ion (CKD-EPI) creat inine equat ion 4

•  Pegcetacoplan was administered by subcutaneous infusion  
at  a dose of  360 mg daily, with a t ransit ion to 1080 mg twice 
weekly as early as week 24

•  The primary endpoint  was change in proteinuria f rom baseline 
to week 48, as measured by 24-hour uPCR 

 – Proteinuria was evaluated by a 24-hour urine collect ion  
prior to day 1 (the fi rst  day of  study drug administ rat ion)  
and again at  week 48

 – Addit ionally, proteinuria was quant itated as the mean  
uPCR from 3 fi rst -morning spot  urine samples collected on  
consecut ive days and reported at  week 46

 – Change f rom baseline (CFB) in 24-hour uPCR was calculated  
by determining the CFB for each pat ient  and then by 
calculat ing the mean of  the individual pat ient  CFB values 
(mean CFB in 24-hour uPCR)

•  Other key laboratory parameters assessed included serum 
albumin, creat inine, eGFR, serum C3, plasma C5b-9, CH50,  
and AH50

•  3 pat ients with interrupted study drug administ rat ion or  
signifi cant  self -reported noncompliance were excluded f rom 
the effi cacy analyses

•  Safety outcomes, including t reatment  emergent  adverse 
events (TEAEs), were monitored throughout  the study

Results
Baseline characteristics 

•  8 pat ients with a diagnosis of  C3G were enrolled; baseline 
characterist ics are presented in Table 1

Characterist ic
Pat ients

(N=8)

Sex, n (%)  

Male 3 (37.5)

Female 5 (62.5)

Age, y

Mean (SD) 22.5 (8.7)

Median (range) 20.5 (17-43)

Weight , kg

Mean (SD) 76.6 (15.6)

Median (range) 75.7 (49.6-95.6)

Race

White 6 (75.0)

Black or African American 1 (12.5)

Hispanic or Latino 1 (12.5)

Time since diagnosis, y  

Mean (SD)  8.6 (7.6)

SD, standard deviat ion.

Table 1. Baseline characterist ics

Parameter, mean (SE), [range] a

Baselineb

(N=5)

Week 48

(N=5)

24-hour uPCR, mg/mg 3.48 (0.82)

[1.74, 6.55]

0.93 (0.27)

[0.34, 1.69]

Percentage CFB in 24-hour uPCR NA -67.73 (10.50)

[-94.12 to -37.31]

Serum albumin, g/dL 3.50 (0.30)

[2.40, 4.10]

4.08 (0.24)

[3.30, 4.60]

Serum creat inine, mg/dL 1.48 (0.50)

[0.55, 2.92]

1.32 (0.38)

[0.50, 2.49]

eGFR,c mL/min/1.73 m 2 88.00 (22.61)

[29.00, 138.00]

86.60 (20.44)

[41.00, 142.00]

CFB, change f rom baseline; eGFR, est imated glomerular fi lt rat ion rate; SE, standard error; uPCR, urine  

protein-to-creat inine rat io. 
aNormal ranges for each of  the key disease parameters: fi rst -morning uPCR, <0.200 mg/mg; serum albumin, 

3.50-5.50 g/dL; serum creat inine, 0.62-1.44 mg/dL; eGFR, ≥90 mL/min/1.73 m 2. bBaseline was the most  recent  

result  prior to the fi rst  dose. ceGFR was calculated using the CKD-EPI creat inine equat ion. 4

Table 2. Key renal parameters at  baseline and week 48

Pat ients
(N=8)

TEAEs 8 (100)

Severitya  

Mild 4 (50.0)

Moderate 4 (50.0)

TEAEs occurring in ≥2 pat ients  

Vomiting 4 (50.0)

Nausea 3 (37.5)

Headache 3 (37.5)

Sinusitis 3 (37.5)

Diarrhea 2 (25.0)

Fatigue 2 (25.0)

Injection site induration 2 (25.0)

Injection site pruritus 2 (25.0)

Injection site rash 2 (25.0)

Pyrexia 2 (25.0)

Upper respiratory tract infection 2 (25.0)

Migraine  2 (25.0)

Dyspnea        2 (25.0)

TEAE, t reatment-emergent  adverse event . 
aPat ients were counted only once at  worst  severity/relatedness to study drug.

Table 4. Incidence of  TEAEs

•  In contrast , mean serum C3 levels in the 3 pat ients excluded 
f rom effi cacy analyses were fl uctuat ing and highly variable, 
as expected in the absence of  consistent  study drug  
administ rat ion

•  Mean plasma C5b-9 levels decreased f rom 1113.50 ng/mL at  
baseline to 385.25 ng/mL at  week 48 (Table 3)

PO1852
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Conclusions
•  These data provide evidence that  pegcetacoplan  

targets the underlying disease pathophysiology of  C3  
act ivat ion in C3G, result ing in increased serum C3 levels 

•  Pegcetacoplan t reatment resulted in proteinuria  
reduct ion, with decreasing mean uPCR, increasing  
serum albumin levels, and stable renal funct ion

•  Pegcetacoplan was generally well tolerated, with no  
serious TEAEs or discont inuat ions due to TEAEs

•  These data suggest  that  pegcetacoplan may be a  
promising therapy for C3G and support  further study  
of  pegcetacoplan in pat ients with C3G

Key renal parameters 

•  Treatment  with pegcetacoplan resulted in proteinuria 
reduct ion

 – Mean 24-hour uPCR decreased f rom 3.48 mg/mg to   
0.93 mg/mg f rom baseline to week 48 (Figure 1A; Table 2)

 ▪ Mean uPCR from t riplicate fi rst -morning urine specimens 
at  week 46 was 0.83 mg/mg, concordant  with the  
24-hour uPCR value at  week 48 

 – Mean percent  CFB in 24-hour uPCR was -67.73% (Figure 1B; 
Table 2)

 – Following primary data analysis, one addit ional pat ient  was 
ident ifi ed as having a prolonged period of  noncompliance; 
a sensit ivity analysis excluding data f rom this pat ient  
demonstrated similar results

•  Mean serum albumin was 3.50 g/dL (serum albumin normal  
range, 3.50-5.50 g/dL) prior to pegcetacoplan administ rat ion  
and increased to >4.0 g/dL at  all t imepoints f rom week 8 to  
week 48 (Figure 1C; Table 2)

•  Mean serum creat inine levels and eGFR were stable over   
48 weeks (Figure 2; Table 2)

Complement levels

•  Levels of  key complement biomarkers through week 48 are 
shown in Table 3

•  Mean serum C3 levels increased following administ rat ion of  
pegcetacoplan (Figure 3; Table 3)
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Figure 1. (A) Mean and individual 24-hour uPCR, (B) mean and  
individual percentage change f rom baseline in 24-hour uPCR, 
and (C) mean serum albumin levels 

uPCR, urine protein-to-creatinine ratio. Error bars represent standard error. Numbers above each x-axis 

indicate the number of patients included at each time point. Normal ranges ar e indicated by shading:   

uPCR, <0.200 mg/mg; serum albumin, 3.50-5.50 g/dL.
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Figure 2. Mean eGFR 

eGFR, estimated glomerular filtration rate. Err or bars represent standard error. Numbers above x-axis 

indicate numbers of patients included at each time point. Normal ranges ar e indicated by shading:  

eGFR, ≥90 mL/min/1.73 m2.
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Figure 3. Mean serum C3 

Error bars represent standard error. Numbers above x-axis indicate numbers of patients included at each  

time point. Normal ranges are indicated by shading: serum C3, 90-180 mg/dL.

Biomarker, mean (SD), [range] a Baselineb Week 48

Serum C3, mg/mL 61.60 (20.42)
[11.00, 116.00]

252.00 (52.82)
[82.00, 407.00]

Serum C4, mg/dL 19.20 (4.22)
[5.00, 31.00]

17.75 (2.17)
[14.00, 22.00]

CH50, U/mL 183.40 (53.17) 
[23.00, 298.00]

214.00 (12.52) 
[190.00, 248.00]

AH50, U/mL 62.00 (25.59)
[0.00, 113.00]

60.75 (22.40)
[0.00, 96.00]

C5b-9, ng/mL 1113.50 (675.85)
[79.00, 3009.00]

385.25 (328.89)
[22.00, 1371.00]

SD, standard deviat ion. 
aNormal ranges for each of  the biomarkers: serum C3, 0.94-1.66 mg/mL; CH50, 176-382 U/mL;  

AH50, 77-159 U/mL; C5b-9, 72-244 ng/mL.  
bBaseline was the most  recent  result  prior to the fi rst  dose.

Table 3. Complement  levels through week 48

Safety and tolerability

•  There were no discont inuat ions due to TEAEs and no serious 
or severe adverse events (Table 4)

•  The majority of  TEAEs were considered unrelated to  
study drug

C3 inhibition with pegcetacoplan targets the underlying disease process of C3 glomerulopathy.

Kidney Week | October 19-25, 2020  |  Virtual

Introduction
•  C3 glomerulopathy (C3G) is a rare renal disease in which   

sustained act ivat ion of  the alternat ive pathway of  
complement leads to excessive deposit ion of  C3 and C5 
breakdown products in the glomeruli 1-3

 – Clinical manifestat ions of  C3G include low serum C3, 
proteinuria, hematuria, and renal impairment  

 – ~50% of  pat ients with C3G progress to end-stage renal  
disease within 5 to 10 years of  diagnosis1

•  Pegcetacoplan (APL-2; Apellis Pharmaceut icals, Waltham, MA)  
is a 15–amino acid cyclic pept ide conjugated to each end of  a 
linear polyethylene glycol molecule that  binds to C3 and C3b, 
direct ly prevent ing act ivat ion of  C3, C5, and the alternat ive 
pathway

•  The phase 2 DISCOVERY study was designed to evaluate 
the effi cacy and safety of  pegcetacoplan in pat ients with  
glomerular diseases; here, we present  the results for the  
C3G cohort  

Objective
•  To evaluate the effi cacy and safety of  pegcetacoplan through  

week 48 in pat ients with C3G

Methods
Study design  

•  This was an open-label, phase 2 study (APL2-201; 
NCT03453619) with a 48-week t reatment  period with  
pegcetacoplan, followed by an opt ional long-term extension

•  Key study inclusion criteria for pat ients in the C3G cohort

 – Aged ≥16 years 

 – C3G diagnosed by historical renal biopsy

 – Proteinuria, defi ned as a urine protein-to-creat inine rat io  
(uPCR) >0.750 mg/mg

 – Est imated glomerular fi lt rat ion rate (eGFR) ≥30 mL/
min/1.73 m2 calculated using the Chronic Kidney Disease 
Epidemiology Collaborat ion (CKD-EPI) creat inine equat ion 4

•  Pegcetacoplan was administered by subcutaneous infusion  
at  a dose of  360 mg daily, with a t ransit ion to 1080 mg twice 
weekly as early as week 24

•  The primary endpoint  was change in proteinuria f rom baseline 
to week 48, as measured by 24-hour uPCR 

 – Proteinuria was evaluated by a 24-hour urine collect ion  
prior to day 1 (the fi rst  day of  study drug administ rat ion) 
and again at  week 48

 – Addit ionally, proteinuria was quant itated as the mean  
uPCR from 3 fi rst -morning spot  urine samples collected on  
consecut ive days and reported at  week 46

 – Change f rom baseline (CFB) in 24-hour uPCR was calculated  
by determining the CFB for each pat ient  and then by 
calculat ing the mean of  the individual pat ient  CFB values 
(mean CFB in 24-hour uPCR)

•  Other key laboratory parameters assessed included serum 
albumin, creat inine, eGFR, serum C3, plasma C5b-9, CH50,  
and AH50

•  3 pat ients with interrupted study drug administ rat ion or  
signifi cant  self -reported noncompliance were excluded f rom 
the effi cacy analyses

•  Safety outcomes, including t reatment  emergent  adverse 
events (TEAEs), were monitored throughout  the study

Results
Baseline characteristics 

•  8 pat ients with a diagnosis of  C3G were enrolled; baseline 
characterist ics are presented in Table 1

Characterist ic
Pat ients

(N=8)

Sex, n (%)  

Male 3 (37.5)

Female 5 (62.5)

Age, y

Mean (SD) 22.5 (8.7)

Median (range) 20.5 (17-43)

Weight , kg

Mean (SD) 76.6 (15.6)

Median (range) 75.7 (49.6-95.6)

Race

White 6 (75.0)

Black or African American 1 (12.5)

Hispanic or Latino 1 (12.5)

Time since diagnosis, y  

Mean (SD)  8.6 (7.6)

SD, standard deviat ion.

Table 1. Baseline characterist ics

Parameter, mean (SE), [range] a

Baselineb

(N=5)

Week 48

(N=5)

24-hour uPCR, mg/mg 3.48 (0.82)

[1.74, 6.55]

0.93 (0.27)

[0.34, 1.69]

Percentage CFB in 24-hour uPCR NA -67.73 (10.50)

[-94.12 to -37.31]

Serum albumin, g/dL 3.50 (0.30)

[2.40, 4.10]

4.08 (0.24)

[3.30, 4.60]

Serum creat inine, mg/dL 1.48 (0.50)

[0.55, 2.92]

1.32 (0.38)

[0.50, 2.49]

eGFR,c mL/min/1.73 m2 88.00 (22.61)

[29.00, 138.00]

86.60 (20.44)

[41.00, 142.00]

CFB, change f rom baseline; eGFR, est imated glomerular fi lt rat ion rate; SE, standard error; uPCR, urine  

protein-to-creat inine rat io. 
aNormal ranges for each of  the key disease parameters: fi rst-morning uPCR, <0.200 mg/mg; serum albumin, 

3.50-5.50 g/dL; serum creat inine, 0.62-1.44 mg/dL; eGFR, ≥90 mL/min/1.73 m 2. bBaseline was the most recent  

result  prior to the fi rst  dose. ceGFR was calculated using the CKD-EPI creat inine equat ion. 4

Table 2. Key renal parameters at  baseline and week 48

Pat ients
(N=8)

TEAEs 8 (100)

Severitya  

Mild 4 (50.0)

Moderate 4 (50.0)

TEAEs occurring in ≥2 pat ients  

Vomiting 4 (50.0)

Nausea 3 (37.5)

Headache 3 (37.5)

Sinusitis 3 (37.5)

Diarrhea 2 (25.0)

Fatigue 2 (25.0)

Injection site induration 2 (25.0)

Injection site pruritus 2 (25.0)

Injection site rash 2 (25.0)

Pyrexia 2 (25.0)

Upper respiratory tract infection 2 (25.0)

Migraine  2 (25.0)

Dyspnea        2 (25.0)

TEAE, t reatment-emergent adverse event . 
aPat ients were counted only once at  worst  severity/relatedness to study drug.

Table 4. Incidence of  TEAEs

•  In contrast , mean serum C3 levels in the 3 pat ients excluded 
f rom effi cacy analyses were fl uctuat ing and highly variable, 
as expected in the absence of  consistent  study drug  
administ rat ion

•  Mean plasma C5b-9 levels decreased f rom 1113.50 ng/mL at  
baseline to 385.25 ng/mL at  week 48 (Table 3)
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Conclusions
•  These data provide evidence that  pegcetacoplan  

targets the underlying disease pathophysiology of  C3  
act ivat ion in C3G, result ing in increased serum C3 levels 

•  Pegcetacoplan t reatment resulted in proteinuria  
reduct ion, with decreasing mean uPCR, increasing  
serum albumin levels, and stable renal funct ion

•  Pegcetacoplan was generally well tolerated, with no  
serious TEAEs or discont inuat ions due to TEAEs

•  These data suggest  that  pegcetacoplan may be a  
promising therapy for C3G and support  further study  
of  pegcetacoplan in pat ients with C3G

Key renal parameters 

•  Treatment  with pegcetacoplan resulted in proteinuria 
reduct ion

 – Mean 24-hour uPCR decreased f rom 3.48 mg/mg to   
0.93 mg/mg f rom baseline to week 48 (Figure 1A; Table 2)

 ▪ Mean uPCR from t riplicate fi rst -morning urine specimens 
at  week 46 was 0.83 mg/mg, concordant  with the  
24-hour uPCR value at  week 48 

 – Mean percent  CFB in 24-hour uPCR was -67.73% (Figure 1B; 
Table 2)

 – Following primary data analysis, one addit ional pat ient  was 
ident ifi ed as having a prolonged period of  noncompliance; 
a sensit ivity analysis excluding data f rom this pat ient  
demonstrated similar results

•  Mean serum albumin was 3.50 g/dL (serum albumin normal  
range, 3.50-5.50 g/dL) prior to pegcetacoplan administ rat ion  
and increased to >4.0 g/dL at  all t imepoints f rom week 8 to  
week 48 (Figure 1C; Table 2)

•  Mean serum creat inine levels and eGFR were stable over   
48 weeks (Figure 2; Table 2)

Complement levels

•  Levels of  key complement biomarkers through week 48 are 
shown in Table 3

•  Mean serum C3 levels increased following administ rat ion of  
pegcetacoplan (Figure 3; Table 3)
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Figure 1. (A) Mean and individual 24-hour uPCR, (B) mean and  
individual percentage change f rom baseline in 24-hour uPCR, 
and (C) mean serum albumin levels 

uPCR, urine protein-to-creatinine ratio. Error bars represent standard error. Numbers above each x-axis 

indicate the number of patients included at each time point. Normal ranges ar e indicated by shading:   

uPCR, <0.200 mg/mg; serum albumin, 3.50-5.50 g/dL.
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Figure 2. Mean eGFR 

eGFR, estimated glomerular filtration rate. Err or bars represent standard error. Numbers above x-axis 

indicate numbers of patients included at each time point. Normal ranges ar e indicated by shading:   

eGFR, ≥90 mL/min/1.73 m2.
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Figure 3. Mean serum C3 

Error bars represent standard error. Numbers above x-axis indicate numbers of patients included at each  

time point. Normal ranges are indicated by shading: serum C3, 90-180 mg/dL.

Biomarker, mean (SD), [range] a Baselineb Week 48

Serum C3, mg/mL 61.60 (20.42)
[11.00, 116.00]

252.00 (52.82)
[82.00, 407.00]

Serum C4, mg/dL 19.20 (4.22)
[5.00, 31.00]

17.75 (2.17)
[14.00, 22.00]

CH50, U/mL 183.40 (53.17) 
[23.00, 298.00]

214.00 (12.52) 
[190.00, 248.00]

AH50, U/mL 62.00 (25.59)
[0.00, 113.00]

60.75 (22.40)
[0.00, 96.00]

C5b-9, ng/mL 1113.50 (675.85)
[79.00, 3009.00]

385.25 (328.89)
[22.00, 1371.00]

SD, standard deviat ion. 
aNormal ranges for each of  the biomarkers: serum C3, 0.94-1.66 mg/mL; CH50, 176-382 U/mL;  

AH50, 77-159 U/mL; C5b-9, 72-244 ng/mL.  
bBaseline was the most recent  result  prior to the fi rst  dose.

Table 3. Complement  levels through week 48

Safety and tolerability

•  There were no discont inuat ions due to TEAEs and no serious 
or severe adverse events (Table 4)

•  The majority of  TEAEs were considered unrelated to  
study drug
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Ischemia/reperfusion
Chronic Kidney Disease

Fibrosis

Antibody mediated 
rejection

Membranous
Anti-GBM

Immunemediated GN
ANCA vasculitis

IgAN, FSGS,
Post-infectious, 

Monoclonal gammopathy
Complement

Biology

Antibody-Initiated 

Activation of 

Serum Complement 

Kidney Injury 

Mediated by 

Serum Complement 

in the Absence

of Antibody 

Antibody-Initiated 

Injury to a 

Kidney Transplant.

Kidney-Derived

Complement 

and Disease 

Mathern & Heeger. Complement and Kidney. CJASN 2015, 10: 1636 

C3G
aHUS
PNH

C3 Glomerulopathy
Atypical Hemolytic Uremic Syndrome
Paroxysmal Nocturnal Hemoglobinuria

Complement and Kidney



IgG Subepithelial deposits
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Membranous 
Nephropathy

▪ Most common cause of nephrotic syndrome in 
adult white patients, the incidence increases in 
older patients

▪ Mean age 50-60, with 2:1 male predominance, 
rare in children

▪ Whites---Asians---Blacks---Hispanics

▪ 1/3 rule: 

▪ 1/3 spontaneous remission

▪ 1/3 response to immunosuppression

▪ 1/3 progression to Chronic Kidney Disease



A huge step in Membranous Nephropathy

2014

2009



Anti-PLA2r

Membranous Nephropathy

Primary, ~70% Secondary , ~30%

PLA2R 
positive

70%

THSD7A
positive

1-5%

?
30%

Autoimmune
disease

? 60-70%

Tumors
5%?

Infections, 
Drugs, HSCT, 

others
20-25%?

?????? Antigen/s
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Target antigens*
Membranous Nephropathy

Common 
Antigens
(~60%) 

Less common 
antigens
(~5-10%)

Putative 
antigens
(~10%)

Unknown
(~5-10%) 

PLA2R
NELL1

THSD7A
PCDH7
SEMA3B
HTRA1
NTNG1

SEZ6L2
VASN
MST1
CD206
FCN3
CRIM1
FLRT3
IDE
RECK
NLGN3
PGLYRP1
VEGFA
SULF1
EFEMP2
FRAS1

Disease-
associated 
antigens
(~20%)

EXT1/2 (autoimmune)
CNTN1 (demyelinating)
NCAM1 (autoimmune)
FAT1 (HSCT)
NDNF (Syphilis)
PCSK6 (NSAID)
NELL1/THSD7A (tumor)

Sethi S & Madden B. Kidney Int 103, 2023
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Complement Burden in Glomerular Diseases



Vasculitis 
with 
crescents 
and necrosis



© 2021 Mayo Foundation for Medical Education and Research

• Complement activation is greater in glomeruli involved by 

crescents and necrosis. 

• There are also differences in proteins expressed in 

glomeruli with crescents/necrosis compared to uninvolved 

glomeruli. 

• Overexpression of certain proteins in normal glomeruli may 

protect glomeruli from developing crescents/necrosis.

Myeloperoxidase (MPO)-associated vasculitis often 

involves the kidney resulting a severe necrotizing and 

crescentic glomerulonephritis (GN). Kidney biopsy shows 

varying percentages of glomeruli involved by necrotizing 

and crescentic lesions. Yet, a proportion of the glomeruli 

appear normal and uninvolved by the necrotizing and 

crescentic lesions. In this study, we compared the 

proteomic profile of involved and uninvolved glomeruli in 

MPO-GN.

Proteomic analysis of glomeruli in MPO-glomerulonephritis
Amit Sethi, Joseph Grande, Ulrich Specks, Fernando C. Fervenza

Mayo Clinic*, Rochester, MN, USA

BACKGROUND

CONCLUSION

METHODS

We performed laser microdissection of glomeruli involved 

be crescents/fibrinoid necrosis (CF), and glomeruli that 

appeared normal (N) on light microscopy in 6 cases of 

MPO-GN. Equal number of glomeruli were dissected in 

each group/case. This was followed by mass 

spectrometry (MS/MS) to analyze the proteomic profile in 

the 2 groups. Sclerosed glomeruli were not dissected.

RESULTS

Proteomic identification of complement activation in CF versus N glomeruli

Figure 1. Proteomic profile showing increased activation of complement in glomeruli involved by 

crescents and fibrinoid necrosis compared to normal appearing glomeruli on the biopsy.

Proteomic profile shows higher activation of complement 

pathways in CF glomeruli compared to N glomeruli with 

higher total spectral counts (TSC) of C3 (2-fold), C5 (7-

fold), C7 (10-fold), C9 (6-fold). In addition, there is 3-7-

fold increase in TSC of actinin 4, laminin subunit 2, 

fibrinogen a, fibrillin 1, agrin, nidogen-2, heat shock 

protein 90 in CF glomeruli compared to N glomeruli. On 

the other hand, there is 3-6-fold increase in TSC of 

desmoplakin, protein S100, and serpin B3 and B12, and 

thioredoxin in N glomeruli compared to CF glomeruli.

RESULTS

Figure 2. Proteomic profile showing increased accumulation of key protein in glomeruli involved by 

crescents and fibrinoid necrosis compared to normal appearing glomeruli on the biopsy.

Figure 3. Proteomic profile showing increased 

accumulation of key protein in normal appearing 

glomeruli compared to glomeruli involved by 

crescents and fibrinoid necrosis.
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Proposed Complement Pathways
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