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• Historically linked to glomerular immune complexes

• New research links it to non-immune-mediated diseases

Prof Doaa Youssef

• Complement-mediated diseases are often severe disorders arising from 
genetic mutations, acquired autoantibodies, or deficiencies in the 
complement system, 

• They primarily affect the kidneys and blood, 
• characterized by Involvement of Complement pathway leading to tissue 

damage.
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• Primary Complement Diseases are typically ultra-rare. ?????

• aHUS and C3G are the prototypical examples. 

• Complement is the primary driver of injury. 

• Caused by dysregulation of the alternative pathway

• Pathophysiology and clinical courses are distinct

Prof Doaa Youssef
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Understanding Complement Pathway Activation

Initiators & Unique Factors

Classical Alternative

Lectin

Common Effector

Prof Doaa Youssef

Lectin Pathway Activation

• Phylogenetically the oldest pathway

• Activated by pattern recognition PROTEINS like MBL. 

• Binds to sugars on bacteria or damaged host cells

• Recognizes specific glycans on injured kidney cells.

• Involved in the pathogenesis of several kidney diseases. 

Classical Pathway Activation

• Initiated by IgG or IgM bound to target antigens. 

• Commonly activated in immune complex glomerulonephritis

• C1q binds to clusters of antibodies to start the process. 

• Triggers the sequential cleavage of proteins. 

• Leads to the formation of C3-convertases

Alternative Pathway Activation

• Characterized by continuous low-level "tickover“ activation.

• Amplifies activity from the other two pathways. 

• Forms a positive feedback loop via C3b. 

• Also activated by proteases like thrombin

• E.g. Factor D levels increase in CKD, exacerbating activity
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Complement Regulation
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Classification 2025

2023
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1.Atypical Haemolytic–uraemic Syndrome (aHUS)
2. C3 Glomerulopathy (C3G)
3.C1q Nephropathy
4.Immune Complex-mediated Membranoproliferative Glomerulonephritis 

(IC-MPGN)

Prof Doaa Youssef

1.Lupus Nephritis
2.ANCA-associated Vasculitis (AAV)
3.Anti-glomerular Basement Membrane (Anti-GBM) Disease
4.Transplant Rejection

1.Diabetic Kidney Disease (DKD)
2.Focal Segmental Glomerulosclerosis (FSGS)
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1.Membranous Nephropathy (MN)
2.IgA Nephropathy (IgAN)
3.Acute Kidney Injury (AKI) In models of ischaemia–reperfusion
4.Polycystic Kidney Disease (PKD): C3 is upregulated in the kidneys of 

PKD models
5.Glomerulonephritis associated with Monoclonal Gammopathies
6.Shiga Toxin-producing Escherichia coli infection-associated 

Haemolytic–uraemic Syndrome (STEC-HUS)

Prof Doaa Youssef
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List of 
CMKD
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Atypical Haemolytic–
Uraemic Syndrome (aHUS)
• A form of  (TMA)

• Endothelial damage is driven by 
alternative pathway activity. 

• Primarily affects kidney endothelium

• Associated with genetic variants in 
CFH, CFI, and CD46

• C5 inhibitors like eculizumab are the 
standard of care

Prof Doaa Youssef

C3 Glomerulopathy (C3G)
• Primary injury is confined to the glomeruli

• Associated with nephritic FACTORS that 
stabilize convertases. 

• Impaired regulation occurs in the fluid
phase or GBM

• C5 inhibitors have not shown clear benefit 
in trials. 

• Possible pathogenic role for upstream 
fragments like C3a
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Factor H & Related Proteins
• Factor H regulates complement on acellular surfaces

• Protects the GBM and endothelial glycocalyx

• FHR proteins may antagonize Factor H binding. 

• FHR proteins can promote activation on tissues. 

• Variants in CFH and CFHR genes link to aHUS/C3G. 

Prof Doaa Youssef
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Lupus Nephritis (LN)
• Intra-renal activation via the classical pathway

• Driven by deposited immune complexes

• Paradoxically, classical pathway deficiency is a risk for SLE. 

• "Full house“ staining shows C1q, C4, and C3. 

• Complement blockade might reduce inflammation but risk autoimmunity

Prof Doaa Youssef

ANCA-Associated Vasculitis (AAV)
• Described as "pauci-immune" due to sparse deposits. 

• Alternative pathway is the dominant driver of injury. 

• C5a mediates glomerular injury via neutrophils. 

• Avacopan (C5aR1 antagonist) is an approved adjunct therapy, Allows for 
significant reduction in glucocorticoid use
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Focal Segmental Glomerulosclerosis (FSGS)
• Podocytopathy where IgM and C3 are often detected. 

• Deposited IgM activates the classical pathway

• CD55 EXPRESSION is lower in FSGS glomeruli. 

• Complement activation is likely a secondary event after injury. 

• Therapeutic inhibition may attenuate disease progression

Prof Doaa Youssef
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Membranous Nephropathy (MN)
• Characterized by subepithelial immune complexes

• Autoantibodies are predominantly IgG4

• Activation may occur via the lectin pathway

• Recent studies suggest all three pathways can be involved. 

• C3a blockade may prevent podocyte morphological changes

Prof Doaa Youssef
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IgA Nephropathy (IgAN)
• IgA1 can activate the alternative pathway directly. 

• Galactose-deficient glycans are targeted by autoantibodies. 

• MBL may bind to these glycans, activating the lectin pathway

• FHR1 and FHR5 deposits correlate with worse prognosis. 

• The alternative pathway plays a crucial disease-causing role

Prof Doaa Youssef
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C1q Nephropathy
* Defined by intense glomerular C1q staining

* Patterns of injury often mimic minimal change disease

* Whether C1q indicates classical pathway activation is unclear. 

* Co-deposition of IgM, IgG, or C3 is frequent. 

* C1q positivity may associate with frequent relapses in children.

Prof Doaa Youssef
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Acute Kidney Injury (AKI)
* Alternative pathway is activated in the post-ischaemic tubules

* Lectin PATHWAY activation via collectin-11 and l-fucose. 

* Injured tubules lose regulation while increasing C3 synthesis

* Urinary Factor B and Ba fragments predict development. 

* Ravulizumab is being tested for post-cardiac surgery AKI

Prof Doaa Youssef
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Diabetic Kidney Disease (DKD)
• Complement deposits are associated with worse outcomes

• Lectin pathway may be activated by glycated proteins. 

• Hyperglycaemia impairs complement regulators like CD59

• In podocytes, loss of CD55 exacerbates kidney disease. 

• Genetic variants in Factor H are risk factors for DKD

Prof Doaa Youssef
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Polycystic Kidney Disease (PKD)
* C3 is strongly upregulated in PKD mouse models. 

* C3 deficiency in mice attenuates cystogenesis

* C3 fragments are detectable in human cyst fluid and urine

* Suggests complement contributes to cyst growth. 

* Currently no active clinical trials with inhibitors for PKD

Prof Doaa Youssef
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Which part of the kidney 
more susceptible  to injury 
by CMKD ?
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Susceptibility: The Glomerulus
* Glomeruli are "inward-facing" and exposed to plasma proteins. 

* Rely on a threshold of cell-surface regulators. 

* The GBM is fully dependent on soluble Factor H. 

* This dependence explains sensitivity to Factor H defects

* Regulatory mechanisms can be overwhelmed by immune complexes

Prof Doaa Youssef

Susceptibility: The Tubulointerstitium
* Tubular epithelial cells promote activation when injured.

* Injury reduces surface regulation like CD46

* Cells can locally synthesize C3 and lectins

* May have evolved as a defense against urinary pathogens

* Activation occurs independently of the glomerulus.
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Road map
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Laboratory Work-up: Key Biomarkers and Genetic Testing

Biomarker Analysis

• Complement levels (C3, C4, Factor H, Factor I, MCP, B, D)

• Autoantibodies (e.g., C3 Nephritic Factor)

• Serum creatinine and urea for kidney function

• Urinalysis for protein and red blood cells

Genetic Testing
• Identification of mutations in complement genes 

(CFH, CFI, C3, CD46, CFB)

• Screening for associated risk alleles

• Helps confirm diagnosis and guide treatment

Prof Doaa Youssef

Biomarkers: Tissue Immunostaining

* Biopsies are stained for C3c, C4d, and C1q

* Comparing deposits identifies the active pathways

Genetic and Acquired Drivers

* Variants in alternative pathway genes are risk factors. 

* Infections may decrease regulators or increase 
substrates. 

* Genetic analysis provides prognostic information for 
aHUS. 
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Differentiating Complement-Mediated GN from Other GN
Distinguishing complement-mediated glomerulonephritis (GN) from other forms of GN is paramount for 
effective treatment. Key clinical and laboratory features help in this differentiation.

Feature Complement-Mediated GN Other GN

Complement Levels Often low C3, normal C4 Variable, often normal

Pathology Dense deposits, C3 predominant 

staining

Variable immune complex deposition

Genetics Mutations in complement genes (e.g., 

CFH, C3)

Less common or different genetic 

associations

Clinical Course Recurrent, progressive Variable, depending on specific GN 

type

Prof Doaa Youssef
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Therapeutic 
Strategies -
Overview
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* Eculizumab was the first approved for aHUS in 2011. 

* New drugs target specific pathways or terminal components

* These agents differ from standard immunosuppressants

* Provide rapid anti-inflammatory effects for antibody diseases. 

* Can be used as monotherapies or adjuncts. 

Prof Doaa Youssef

FDA Approved Complement Inhibitors

* Eculizumab/Ravulizumab: Block C5 cleavage. 

* Avacopan: Blocks the C5a receptor 1 (C5aR1). 

* Pegcetacoplan: Blocks at the level of C3. 

* Sutimlimab: Targets C1s (classical pathway inhibitor). 

* These are expanding therapeutic options in nephrology
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C3 vs. C5 Inhibition
* C3 inhibitors (e.g., Pegcetacoplan) block all three pathways

Suppress all downstream FRAGMENTS (C3a, C3b, C5a, C5b–9). 

* C5 inhibitors (e.g., Eculizumab) block only terminal fragments

Leaves the proximal complement pathway intact. 

* Choice depends on whether upstream fragments cause injury

Prof Doaa Youssef
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Pathway-Specific Inhibition

* Selective drugs may have fewer side effects
* However, multiple pathways are often active in one 
disease

Prof Doaa Youssef
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Monotherapy vs. Adjunct Therapy
* Monotherapy: For diseases not driven by autoantibodies. 

* Examples: aHUS, or secondary drivers in DKD/FSGS. 

* Adjunct Therapy: For antibody-mediated autoimmune diseases. 

* Used with cyclophosphamide or rituximab (e.g., AAV). 

* Reduces injury while autoantibodies are cleared

Prof Doaa Youssef
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Risks of Complement Blockade
* Primary risk is increased susceptibility to infection

* Risk level depends on the target in the cascade

* Combined immunosuppression further increases this risk. 

* Vaccination and antibiotics are essential mitigations. 

* Long-term risk of inducing autoimmunity is a concern. 

Prof Doaa Youssef
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Challenges in the Field
* Many complement-associated diseases are rare and slow

* Clinical trials are complicated and difficult to conduct. 

* Predictive biomarkers to identify responders are needed. 

* High cost of drugs limits global availability. 

* Pharmacologic monitoring could tailor doses and save costs. 

Prof Doaa youssef
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Conclusions

Careful analysis of SAFTY and EFFICACY 
remains paramount. 

Prof Doaa Youssef
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Thank You
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