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Complement Activation in Transplant 
Candidates

Pre Tx : complement-driven kidney diseases

ESRD patients (HD)

Tx : I/R Injury

Post Tx : rejection, recurrence of underlying kidney disease , fibrosis



Ischemia-Reperfusion Injury of Kidney 
Graft

Fibrosis

Humoral Rejection of Kidney 
Allograft

Cellular Rejection of Kidney 
Allograft

Post-Transplant Thrombotic 
Microangiopathy (TMA)

Recurrent Nephropathy 
in a Transplanted 

Kidney

The Role of 
Complement in 

Kidney Graft Injury



PRP

PAMP

breakdown of
the C3 component C3a and C3b

and the formation of C5 
convertase



Overview of the Complement System

Innate

opsonisation of pathogens by C3b, iC3b, C3d, 
and C4b fragments 

chemotaxis and the activation of leucocytes
through the production of potent anaphylatoxins
C3a and C5a

direct lysis of bacteria or infected self-cells 
through the MAC

Adaptive

As a bridge by modulating the activities of 
APCs, complement can increase antibody
responses and strengthen the 
immunological memory because C3 
receptors are on B cells, APC, and FDC







monitoring of allograft function

GFR, Serum Cr, U/A, ultrasound imaging

Kidney biopsy

Despite the progress in the donor-recipient matching, transplant 
rejection remains a challenge

In clinical practice, the assessment of allograft rejection is not easy





Ischemia-Reperfusion Injury of Kidney Graft
(IRI)

Cell death 

HSP

HMGB 

DAMPs

TLRs

NF-κB signaling pathways 

IFN-α/β and IL-1

production of IRI-induced aseptic inflammation









Complement Activation in 
Donor Kidneys

Activation of C (and coagulation cascade) initiates in donor kidneys following 
brain death and before the retrieval of the kidneys from the donor

Higher C3 gene expression and increased C3d deposits in the biopsies of 
kidneys obtained from brain-dead donors as compared to living donors

perioperative levels of sC5b-9 could be used as a clinical biomarker of DGF

Damman, J. Transplantation 2015, 99, 1293–1300



IR/ I of Graft-1

Ischemia: the cells of the transplant are deprived of both oxygen

and nutrients, which disrupts the cells’ metabolism leading to necrosis. 

QUALITY OF donor organ
LRD
BDD
CDD

Duration of ischemia
Organ preservation 

techniques



IR/I of Graft-2

The subsequent reperfusion exerts further damage to the organ. When circulation 
is restored to the transplanted organ, necrotic and apoptotic cells activate the 
innate immune response by stimulating leukocytes and macrophage migration to 
inflammation sites. 

The cytokines, chemokines and reactive oxygen species play a key role in 
exacerbating the immune and inflammatory response. As (IRI) progresses, DAMPs 
are generated that perpetuate the cellular inflammatory response and enable the 
activation of complement activation pathways

C3 activated during transplant reperfusion is a triggering factor of IRI and is 
associated with late allograft damage and rejection.

C5a/C5aR signaling has been identified as a profibrotic pathway in the kidney 
activation of all three complement pathways 

The C3 split products (C3c and C3d) detected in kidney biopsies serve as a proof of 
complement activation regardless of the pathway.



Prevention and treatment of IRI
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Targeted therapy 

Donor urinary C5a

C5a-C5aR-axis 

Upregulation of C5a in the deceased donor

Increased renal tubular expression of the C5aR1

Local immune activation in the deceased renal allograft 

Targeted therapy interfering with local complement activation before 
organ recovery or during organ storage
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1-C1-INH : is currently tested as a treatment strategy in human DBD 
donors (NCT02435732)

2- Mirococept 

3- Anti-C5 antibody (Ergidina)

4- TT30 : is a complement receptor 2/factor H fusion protein

Frontiers in immunology , Jan 2020 Vol 10 Article 3029











Antibody-mediated rejection (ABMR)

Patel and Terasaki - 1969 (CDC)

Feucht -1991 ( C4d positivity )

C1q - binding DSAs

C3d - binding DSAs

C3a 

Małgorzata Kielar, Biomolecules 2021, 11, 773



Humoral Rejection of Kidney Allograft

• leading cause of late or chronic transplant rejection 

• 30–50% of acute rejection episodes occur due to AMR

• The recipient’s alloantibodies bind the antigens exposed on the 
endothelial cells of the graft

• bind C1q complement component, leading to the activation of the 
classical complement pathway.

• DSAs



-continued



I/RI and Adaptive immunity
Induces mechanisms of innate immunity 

Enhances antigen presentation and stimulates B and T-cell 
mediated adaptive immunity.

CR2 signaling increase B cell response to antigens present on 
C3d-opsonized cells .

CR 2–4 are present on myeloid cells, including B and T-cells, 
and their activation by C3b fragments increase cytokine 
production and phagocytosis

Donata, Cells 2023, 12, 791











Complement activation in antibody-mediated 
rejection



TCMR

• C3a or C5a regulation of APC maturation and function

• C3a and C5a could be produced locally at the APC-T cell interface, 
where reciprocal cognate interactions appeared to upregulate the 
expression of anaphylatoxin receptors in both partners, suggested that 
complement might have direct effects on the functional co-stimulation 
and differentiation of naive CD4+ T cells.

• Extracellular / intracellular stores of complement components and 
receptors (e.g., anaphylatoxin receptors and their ligands; C3b,

• factor B, factor H)
• George hajishengalis , Nat Immunol. 2017 November 16; 18(12): 1288–1298





The Local and Intracellular Role

kidney tubular cells

Intracellular synthesis of C3a and C5a in T-cells is required for survival 
of CD4+ T-cells. 

Małgorzata Kielar Biomolecules 2021, 11, 773

C3a-c3aR

C5a-c5aR



During a cognate interaction between APC and T cell, signaling through B7 
costimulatory moleules and CD28 triggers local complement component 
production and release by both cells (~1000 fold more is produced by the 
APC) along with a transient downregulation of cell surface DAF and 
upregulation of C3aR/C5aR.

These conditions favor the local, spontaneous, activation of complement by 
the alternative pathway. Consequently, local levels of C3a and C5a increase 
which stimulate both partners through their respective receptors. 
C3aR/C5aR signaling on both APC and T cells activates the AKT pathway by 
phosphorylation 

AKT activation on the APC stimulates maturation, cytokine production, and 
B7 costimulatory molecule expression. AKT activation on the T cell directly 
promotes IFNγ secretion, reduces susceptibility to apoptosis, and promotes 
cell proliferation. In this manner, C3aR/C5aR stimulation directly and 
indirectly promotes T cell maturation with an expanded effector repertoire.
Anna B, Curr Opin Organ Transplant. 2019 December ; 24(6): 659–663
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Long term – Fibrosis  





Complement and Tolerance
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Regulatory T cells (Tregs) are a subset of T cells that suppress immune 
activation and limit autoimmunity in the periphery 

A number of cell types with immune-regulatory function have been 
characterized as Tregs, though the one best understood, at present, are 
the CD4+FOXP3+ Tregs. These either arise in the thymus (tTregs) or 
develop from peripheral CD4+ T cells that convert into CD4+FOXP3+ 
Tregs as peripherally derived Tregs (pTregs)
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