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Introduction 

cAMR is the most important cause of late kidney allograft failure and a major unmet 

therapeutic challenge.

Detected in approximately 20–30% of kidney transplant recipients over time and is one 

of the leading causes of late graft dysfunction.

Up to 40–60% of patients with cAMR progress to graft loss within 3–5 years, especially 

high- risk group with persistent high-titer DSA and late diagnosis



Definition cAMR : Evidence of chronic tissue injury 

Transplant glomerulopathy (cg > 0)                                                      
Severe peritubular capillary basement membrane Multilayering 
Interstitial fibrosis / Tubular atrophy (IFTA)±
Arterial intimal fibrosis (chronic vasculopathy)



Definition cAMR : Evidence of Antibody–Endothelium Interaction 

At least ONE of the following:   

C4d deposition in peritubular capillaries 

Microvascular inflammation (MVI):Glomerulitis (g)Peritubular 

capillaritis (ptc) 

Molecular markers of endothelial activation(ENDATs / transcriptomics)



Molecular markers of endothelial activation
(ENDATs / transcriptomics)

Endothelial activation & adhesion:VCAM1 (Vascular Cell Adhesion 

Molecule-1), ICAM1 (Intercellular Adhesion Molecule-1),E-selectin 

Interferon signaling pathway:STAT1, IRF1

Interferon-γ–inducible chemokines : CXCL9,CXCL10 (IP-10), CXCL11

NK cell / cytotoxicity-associated transcripts : GNLY 

(Granulysin),GZMB (Granzyme B), PRF1 (Perforin)

Endothelial injury / activation markers : VWF (von Willebrand 

factor),PECAM1 (CD31), CDH5 (VE-cadherin) 



ENDAT Workflow: From Biopsy to Clinical Diagnosis

🧬 Kidney Allograft Biopsy

🧬 Tissue Allocation (Histology + Molecular core)

🧬 RNA Extraction

🧬 Gene Expression Profiling (CXCL9, CXCL10, VCAM1, STAT1)

🧬 Bioinformatics Analysis

📊 ENDAT Score + AMR Probability

🧬 Integrated Interpretation (Banff + DSA)

🏥 Final Diagnosis (e.g., Chronic Active AMR)

Halloran PF. Nat Rev Nephrol. 2016.





Practical Use of ENDAT in the Clinic
POSITVE POINTS 

1. Clarifying “uncertain” biopsies

When histology is borderline (e.g., mild g/ptc, unclear 
chronicity), When C4d is negative

2. Diagnosing C4d-negative AMR

A common real-world problem, ENDAT can act as a 
surrogate for antibody activity

3. DSA-negative but suspicious cases

4. Risk stratification / prognosis

5. Complementing Banff (not replacing it)

LIMITATIONS

1. Lack of specificity

ENDAT reflects inflammation, not only AMR , 
Can be elevated in 

◦ TCMR 

◦ Viral infections (e.g., BK) 

◦ Ischemic injury 

2. No universal cut-off

3. Limited availability & cost

4. Not yet fully guideline-integrated

5. Unclear role in therapy monitoring





Hidden Players In Chronic Antibody-mediated Rejection (cAMR): 
Explaining Therapeutic Resistance”

•Long-lived plasma cells (LLPCs)→ Continuous DSA production, resistant to conventional therapy

•Memory B cells→ Rapid reactivation and regeneration of antibody response

•T follicular helper (Tfh) cells→ Sustain B-cell maturation and antibody production

•Natural killer (NK) cells→ Mediate antibody-dependent cellular cytotoxicity (ADCC)

•Non-HLA antibodies→ e.g., anti-AT1R, anti-ETAR → complement-independent injury

•Endothelial-to-mesenchymal transition (EndMT)→ Link between immune injury and chronic fibrosis

•Innate immune activation (macrophages, monocytes)→ Amplification of microvascular inflammation

•Extracellular vesicles & microRNAs→ Intercellular signaling, propagation of injury



In (cAMR), the “memory” of the immune 

system is a central driver of persistent 

and treatment-resistant injury. Two main 

cellular players are involved: memory B 

cells and long-lived plasma cells, both 

shaped by prior antigen exposure (donor 

HLA or non-HLA).



Memory B cells - the hidden reservoir

After initial sensitization (transplant, transfusion, 

pregnancy),Memory B cells specific for donor antigens 

persist long-term.

They are usually quiescent, not detected in routine assays, 

not producing antibodies continuously.

But when reactivated, rapidly differentiate into plasma cells 

and cause a rapid rise in (DSA), drive progression of cAMR 

even years after transplant.

Key point: They explain why DSA can reappear suddenly 

after being negative



Long-lived plasma cells (LLPCs)

LLPC represent a minority of plasma cell pool (10-20%m), 

These cells are the major effector in cAMR:Reside in bone 

marrow and inflamed graft tissue , Continuously produce DSA 

(anti-HLA and non-HLA antibodies).

Do NOT require antigen stimulation once established.

Clinical importance: Resistant to standard therapies like: 

Rituximab (targets CD20, but plasma cells are CD20-negative)

Maintain chronic endothelial injury

Hua Su , kidney diseases 2019
a



Natural killer (NK) cells 

Natural killer (NK) cells :a key effector arm in cAMR—

sometimes even more important than complement.

NK cells express CD16 (FcγRIII), which binds antibodies 

already attached to graft endothelium.

Sequence: Donor-specific antibodies (DSA) bind endothelial 

HLA (or non-HLA targets)NK cells attach via CD16, become 

activated → release: Perforin + granzyme → endothelial cell 

injury, IFN-γ → inflammation

It is complement-independent



Missing-self-induced NK-mediated innate 
microvascular rejection

Schematic of the molecular interactions 
between the five types of inhibitory 
killer immunoglobulin-like receptors 
(KIRs) expressed on the surface of 
natural killer (NK) cells and the type I 
human leukocyte antigen (HLA) 
molecules  expressed on the surface of 
interacting cells



HLA mismatches between donors and recipients create a situation in which graft endothelial cells are unable 

to provide HLA-I-mediated inhibitory signals to recipient circulating NK cells. This situation of missing self 

triggers activation of the recipient’s NK cells, which initiates a pathophysiological cascade similar to antibody-

mediated rejection (albeit in the absence of donor-specific antibodies).



Non HLA Antibody (C4d Negative , DSA negative)

Terasaki deduced that non-HLA immunological factors contribute more to graft failure than HLA antibodies do (40% 

and 20%, respectively).

It is still debated whether these antibodies can act alone or whether they result in worse allograft outcome together 

with DSAs.

•Major histocompatibility complex class I-related chain A (MICA) and MICB

•Antibodies against G-coupled receptors present on the endothelium: AT1R and endothelin A receptor (ETAR).

•Antibodies to Collagen I, Collagen V, and k-alpha Tubulin

•Anti- perlecan/ LG3 fragment 

Tineke Kardol-Hoefnagel, BSc1 and Henny G. Otten, PhD, transplantation, 2021



1. Trigger antibody binds endothelial targets

2. Direct endothelial activation :Turn on intracellular 

pathways →Vasoconstriction, Inflammation (IL-6, 

MCP-1), Pro-fibrotic signaling

3. Immune amplification via NK cells 

4. Complement (secondary, not dominant): Some 

non-HLA antibodies activate complement

5. Injury → autoimmunity loop 

Final outcome in the graft :Persistent endothelial 

activation, Capillaritis +glomerulitis, Transplant 

glomerulopathy and  Progressive fibrosis

María Gutiérrez-Larrañaga, Transplantology 2020



Practical clinical insight

Think of non-HLA antibodies when you see:

C4d-negative AMR 

DSA-negative rejection 

Disproportionate vascular injury 

Progressive fibrosis despite treatment

Zhang Q, Reed EF. Nat Rev Nephrol 2016



IL-6 in Chronic Antibody-Mediated Rejection (CAMR)

Central Role of IL-6

Produced by endothelial cells, 

macrophages, and lymphocytes , Links 

innate immunity to humoral alloimmunity, 

Promotes Tfh expansion and plasma cell 

survival.

Sustains donor-specific antibody (DSA) 

production and amplifies endothelial 

inflammation and fibrosis

IL-6–Driven CAMR Cascade

DSA → Endothelial Injury

Macrophage Activation

↑ IL-6 Release

↑ Tfh + Plasma Cells

Persistent DSA Production

Microvascular Inflammation

Fibrosis & Transplant Glomerulopathy

Key Concept: IL-6 acts as a bridge cytokine linking endothelial injury, innate immunity, humoral alloimmunity, and chronic graft fibrosis.

References: Choi et al. Am J Transplant 2017; Doberer et al. JASN 2021; Jordan et al. Kidney Int 2022.



Innate immune activation (monocytes & 
macrophages) in cAMR

1. Recruitment

2. Activation pathways

3- Complement fragments

4- Release: TNF-αIL-1,Reactive oxygen species, Sustains vascular damage 
Bridge to fibrosis (critical role)

Macrophages produce: TGF-β → drives, EndoMT & fibrosis, PDGF → 

fibroblast activation, Matrix components,  Central to:Transplant

glomerulopathy, Interstitial fibrosis



Macrophage polarization

M1 (pro-inflammatory)

Early phase 

Cytotoxic, cytokine-rich 

M2 (pro-fibrotic)

Chronic phase 

Promote: 
◦ Tissue remodeling 

◦ Fibrosis 

In cAMR:
Shift from M1 → M2 → chronic fibrotic phenotype

Tarcio Teodoro Braga  et al, Molecular Innate Immunity 2015



Endothelial-to-mesenchymal transition 
(EndoMT) in cAMR

In chronic antibody-mediated rejection:

Persistent endothelial injury (HLA + non-
HLA antibodies) 

NK-cell–mediated damage 

Cytokine-rich environment 

Drives progressive EndoMT → fibrosis



Mechanistic cascade

•Antibodies bind endothelium 

•NK cells + inflammation injure vessels 

•Endothelium becomes activated 

•TGF-β signaling turns on 

•Endothelial cells transition → mesenchymal 

phenotype 

•Fibroblast-like cells produce matrix 

•Leads to:Transplant glomerulopathy, Interstitial 

fibrosis.

Evangelia Pardali, Int. J. Mol. Sci. 2017,



Extracellular vesicles (EVs) & microRNAs in cAMR

EVs (especially exosomes) are “message carriers” that shuttle microRNAs and 

proteins between endothelial cells and immune cells → amplifying 

inflammation and fibrosis in cAMR.

EVs sit in the middle of the network: Antibodies → endothelial injury, 

Endothelium → releases Evs, EVs → activate: NK cells, Macrophages, Fibrosis 

pathways, Creates a long-range communication system sustaining cAMR.

Clinical implications: Non-invasive biomarkers Blood or urine EV-miRNA 

profiles may detect cAMR early, monitor treatment response

Nassar et al , Front. Transplant., 2023
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