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What is your diagnosis?

• 56 yo Caucasian male with PMH significant for 
ESRD secondary to IgA NP received Tx from:

• Low IR (no DSA), deceased donor (KDPI: 35-
SCD), uneventful peri-operative period, 
received Thymo, on Tac-MMF-pred. D/C 
creatinine 110 micromol/l, no urine protein

• 36 months post-Tx, new DSA (class II), 5 g/24h 
proteinuria, creatinine: 150 micromol/l

• Biopsy shows:





Objectives

• Epidemiology of TG secondary to cABMR

• Pathology of TG secondary to cABMR

• Pathophysiology of TG secondary to cABMR

• Clinical and Immunological risk factors of TG 
secondary to cABMR

• Prevention of TG secondary to cABMR

• Treatment of TG secondary to cABMR



Objectives

• Epidemiology of TG secondary to cABMR

• Pathology of TG secondary to cABMR

• Pathophysiology of TG secondary to cABMR

• Clinical and Immunological risk factors of TG 
secondary to cABMR

• Prevention of TG secondary to cABMR

• Treatment of TG secondary to cABMR



Prevalence
• The prevalence of TG secondary to cABMR is poorly described in the 

literature.

• Analysis of one Italian center’s 666 graft biopsies data (collected 
between 1983-2000), demonstrated TG in 5.6% (Banfi G. et al., 
Transplantation, 2005)

• A higher incidence (12%) was reported from the Mayo Clinic group 
during 4.5 years of follow-up  (Issa N. et al., Transplantation, 2008)

• The same group reported in a 582 patient cohort, a cumulative 
incidence of 20% at 5 years in patients with negative pre-transplant 
T-cell complement dependent cytotoxicity cross-match (CDCXM) 
compared to 54.5% in a different desensitized positive CDCXM 
cohort (Gloor JM et al., AJT, 2007 and Bentall A., AJT, 2013)



cABMR effects on outcome using Banff - 2013

• Large single center retrospective review using the updated BANFF 
2013 criteria.

• 123 consecutive patients with biopsy proven cABMR (BANFF 2013) 
between 2006 and 2012.

• Patients identified with cABMR were followed for a median of 9.5 
(2.7–20.3) years after transplant and 4.3 (0–8.8) years after 
cABMR. 

• Ninety-four (76%) recipients lost their grafts with a median 
survival of 1.9 years after diagnosis with cABMR.

• Chronicity score >8 (HR 2.9, 95% CI 1–8.4, p = 0.05), DSA >2500 
MFI (HR 2.8, 95% CI 1.1–6.8, p = 0.03), Scr >3 mg/dL (HR 3.2, 95% 
CI 1.6–6.3, p = 0.001) and UPC >1 g/g (HR 2.5, 95% CI 1.4–4.5, p = 
0.003) were associated with a higher risk of graft loss.

Redfield R.R. et al., Hum. Immun., 2016



cABMR effects on outcome using Banff - 2013

Redfield R.R. et al., Hum. Immun., 2016



DSA has impact even without ABMR

• 1539 patients from 2 centers from France.

• 2260 per indication biopsies.

• 32% severe IF/TA (Banff grade 2 or more).

• HLA-DSAs were significantly associated with severe 
IF/TA (adjusted odds ratio, 1.53; 95% confidence 
interval 1.16–2.01). 

• HLA-DSAs remained significantly associated with 
severe IF/TA in patients without antibody-mediated 
rejection (adjusted odds ratio 1.54; 1.11–2.14).

Gosset C. et al., KI, 2017
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Can the outcome predicted?

• 92 patients in the developmental cohort

• 47 patients in the validation, external cohort

• 50% treated with steroid, IVIG, PEX, Thymo, 
Rituxomab, Bortezomib

• 70% developed graft failure in the follow-up 
period (60 months)

• Median time between Dx and Graft loss: 9 
months

Patri P. et al., KI, 2016
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Morphologic evidence of chronic tissue injury, 
including 1 or more of the following:

1. Transplant glomerulopathy (cg >0) if no evidence of 
chronic TMA or chronic recurrent/de novo 
glomerulonephritis; includes changes evident by 
electron microscopy (EM) alone (cg1a)

2. Severe peritubular capillary basement membrane 
multilayering (requires EM)

3. Arterial intimal fibrosis of new onset, excluding other 
causes; leukocytes within the sclerotic intima favor 
chronic ABMR if there is no prior history of TCMR, 
but are not required

Banff 2017 classification, the biopsy diagnosis of 
caABMR should meet three criteria

Evidence of current/recent antibody interaction with vascular 
endothelium, including 1 or more of the following:
• Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by 

IF on frozen sections, or C4d > 0 by IHC on paraffin sections)
• At least moderate microvascular inflammation ([g + ptc] ≥2) in 

the absence of recurrent or de novo glomerulonephritis, 
although in the presence of acute TCMR, borderline infiltrate, 
or infection, ptc ≥ 2 alone is not sufficient and g must be ≥1

• Increased expression of gene transcripts/classifiers in the 
biopsy tissue strongly associated with ABMR, if thoroughly 
validated

Serologic evidence of donor‐specific antibodies (DSA to HLA or 
other antigens).
• C4d staining or expression of validated 

transcripts/classifiers as noted above in criterion 2 may 
substitute for DSA; however thorough DSA testing, 
including testing for non‐HLA antibodies if HLA antibody 
testing is negative, is strongly advised whenever criteria 1 
and 2 are met

Haas M et al., AJT, 2018



(A) Light microscopy revealed leukocyte accumulation (arrowheads) in the glomerular and 
peritubular capillaries (glomerulitis and peritubular capillaritis, respectively); double contoured 
glomerular capillary walls were not observed (HE stain; original magnification, x 400). 

(B) Immunofluorescence demonstrated C4d-positivity in peritubular capillaries (C4d stain; frozen 
section, original magnification, x 200). 
(C) Electron microscopy of glomerular capillaries revealed subendothelial widening, focal loss of 
endothelial cell fenestrations, and the duplication of glomerular basement membrane along the 
entire capillary circumference (arrowhead) in three loops.

(D) Well-developed transplant glomerulopathy is characterized light-microscopically by 
widespread double contours of capillary loops (arrowheads). Asterisks indicate segmental 
sclerosis.



Differential diagnosis (diseases lead to 
GBM duplication):

• membranoproliferative glomerulonephritis,

• lupus glomerulonephritis,

• HCV virus infection-related 
glomerulonephritis,

• smoldering thrombotic microangiopathy 
(Hemolytic-uremic syndrome or anti-
phospholipid antibody-induced – Cd4 
NEGATIVE!) 

Remport A et al., NDT, 2015



HCV+ and C4d+ TG

Baid-Agrawal et al., KI, 2011



Objectives

• Epidemiology of TG secondary to cABMR

• Pathology of TG secondary to cABMR

• Pathophysiology of TG secondary to cABMR

• Clinical and Immunological risk factors of TG 
secondary to cABMR

• Prevention of TG secondary to cABMR

• Treatment of TG secondary to cABMR



Common pathway in pathophysiology

Husain S and Sis B, AJKD, 2013



Pathophysiology

• Recurrent alloantibody-mediated (HLA antigen or 
non-HLA antigen) endothelial injury

• This induces different intracellular signaling 
leading to endothelial activation, recruitment of 
natural killer (NK) cells, monocytes and lesser T-
lymphocytes and neutrophil granulocytes 

• Non-HLA antigens: MHC Class I-related chain A 
(MICA), angiotensin II receptor type 1 activating 
autoantibody (AT1R Ab), anti-endothelial cell 
antibodies (EACAs) 

Remport A et al., NDT, 2015



Pathophysiology of TG secondary to cABMR 

Loupy A. et al., Nat. Rev. Nephrol., 2012 
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Clinical and Immunological risk factors 
of TG secondary to cABMR

• Medication non adherence

• Inappropriate reduction of ISU

• Pre-transplant/pre-existing high titer donor 
specific IgG anti-HLA antibodies 

• De novo appearance of donor-specific IgG HLA 
antibodies (dnDSA) 

• Non-HLA antibodies

• ABO incompatible renal transplantation 

Remport A et al., NDT, 2015



De novo DSA

Heilman RL et al., Transplantation, 2014



Pre-existing vs de novo?

• 771 kidney biopsy specimens from two North 
American and five European centers. 

• 103 (50%) patients had preexisting DSA and 102 
(50%) had de novo DSA. 

• Compared with patients with preexisting DSA 
ABMR, patients with de novo DSA ABMR 
displayed increased proteinuria, more transplant 
glomerulopathy lesions, and lower glomerulitis, 
but similar levels of peritubular capillaritis and 
C4d deposition.

Auber O. et al., JASN, 2017



Pre-existing vs de novo?

Auber O. et al., JASN, 2017



• DnDSA (6.3 years mean follow-up): 61% of them 
have shown signs of acute or indolent ABMR on 
indication or surveillance biopsy (Wiebe C. AJT, 2012)

• The presence of complement-binding IgG1 and IgG3
dnDSA generally negatively impacts long-term 
outcome and may be associated with 30% lower 5-
year graft survival (Freitas MC, Transplantation, 
2013)

• Presence of C1q binding post-transplant DSA was 
associated with increased the risk of graft loss (HR: 
4.78, 95%CI: 2.69-8.49) after adjustment for several 
immunological, histological and clinical factors 
(Loupy A., NEJM, 2013)

Does all dnDSA matter?
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Primary prevention

• Perform transplantation without pre-existing DSA 

• Avoid transplantation with HLA mismatches, 
especially Class II HLA mismatches

• Avoid Class II EPLET mismatch

• Avoid non adherence (phone apps, selection)

• Avoid inappropriate reduction of ISU (immune 
monitoring)

• Early detection (new biomarkers?)



What is Eplet?

• Eplets are small configurations of polymorphic 
amino acid residues on human leukocyte 
antigen (HLA) molecules and are considered 
as essential components of HLA epitopes 
recognized by antibodies

• HLAMatchmaker is a structurally based 
computer algorithm to determine HLA 
matching at the epitope level. 
(http://www.epitopes.net/)

http://www.epitopes.net/


Relative Immunogenicity of HLA-C 

Epitopes

Duquesnoy and Marrari, Transplant Immunology 24: 164-71, 2011 



Eplet matching

Wiebe C. et al., AJT, 2013



Eplet matching

Sapir-Pichhadze R  et al., AJT, 2014

Adjusted for recipient age, recipient sex, peak PRA, recipient race, donor type, and induction 
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Treatment options

Remport A et al., NDT, 2015



Recent treatment practice

Abreu R. et al., Clin Transpl, 2017

• Single center, retrospective study with 48 patients from Portugal.
• Two-third of the patients have been treated.
• The overall cumulative kidney allograft survival at 10 years was 75%. 



Rituximab

• Two recent clinical trials failed to show any 
benefit of Rituximab (Moreso F et al., AJT, 
2017 and RITUX ERAH: Sautenet B. et al., 
Transplantation, 2016)

• RITUX ERAH: PLEX+IVIG+/- Rituximab (n=38)

• Moreso F: IVIG +/- Rituximab (n=25)

• No difference in death, graft loss, serum 
creatinine, proteinuria in 1,3,6,12 months



Rituximab

Moreso F et al., AJT, 2017Sautenet B. et al., Transplantation, 2016



Eculizumab

Stegall M.D. et al., AJT, 2011



Plasma-Derived C1 Esterase Inhibitor

• Phase 2b, multicenter double-blind 
randomized placebo-controlled pilot study 

• IVIG+PLEX +/- C1 Esterase Inhibitor for 2 
weeks

• 9 patients in each arm

• 7/9 in C1 group and 6/9 in standard care 
group has resolved aABMR at day 20 biopsy

• 6  months biopsy in 14 patients: 0/7 has TG in 
C1 group and 3/7 in standard care group 

Montgomery R. A. et al., AJT, 2016



Tocilizumab - Anti–Interleukin-6 Receptor 
Monoclonal Antibody? 

• 36 renal transplant patients with cABMR plus DSAs and TG 
who failed standard of care treatment with IVIG plus 
rituximab with or without plasma exchange.

• Patients were offered rescue therapy with the anti–IL-6 
receptor monoclonal tocilizumab with monthly infusions 
and monitored for DSAs and long-term outcomes.

• Tocilizumab-treated patients demonstrated graft survival 
and patient survival rates of 80% and 91% at 6 years, 
respectively. 

• Significant reductions in DSAs and stabilization of renal 
function were seen at 2 years. 

• No significant adverse events or severe adverse events 
were seen. 

Choi J. et al., AJT, 2017



Tocilizumab - Anti–Interleukin-6 Receptor 
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Choi J. et al., AJT, 2017



Transplant Glomerulopathy

• Common (5-20% low IR, up to 60% for high IR)

• Well described pathology (Banff 2013)

• Repeated endothelial injury and recovering

• Non adherence, inappropriate withdrawal of ISU, 
HLA and non-HLA antibodies

• Primary prevention (low IR Tx, good HLA match, 
medication adherence, EPLET matching)

• No effective and safe treatment



Questions?



TG impacts on outcome

Banfi G et al., Transplantation, 2005



DSA impacts on outcome

Bentall A. et al., AJT, 2013



Banff 2013 classification, the biopsy diagnosis of 
cABMR should meet three criteria

• presence of donor-specific alloantibodies,

• demonstration of alloantibody interaction with 
vascular endothelium: complement 4d-positivity in 
peritubular capillaries and/or at least moderate 
microvascular inflammation (MVI) and/or increased 
gene expression of endothelial activation and injury 
transcripts (ENDATs), 

• morphologic signs of alloantibody-induced chronic 
vascular injury: transplant glomerulopathy and/or 
severe peritubular capillary basement membrane 
multilayering and/or new onset arterial intimal 
fibrosis.

Haas M et al., AJT, 2014



Husain S and Sis B, AJKD, 2013

Early and Overt Transplant Glomerulopathy



Personalized approach based on EPLET?

• 654 adult and pediatric consecutive renal transplant 
recipients from Canada.

• Eplets identified by HLAMatchmaker software.

• Post-transplant serum samples were collected and 
stored at 0, 1, 2, 3, 6, 12, 18, and 24 months and then 
yearly or at the time of biopsy for graft dysfunction. 

Wiebe C. et al., JASN, 2017



Personalized approach based on EPLET?

Wiebe C. et al., JASN, 2017



Rituximab

Ishida H. et al., Transpl Int, 2014



IgG endopeptidase?

Jordan S. C. et al., 
NEJM, 2017



Potential future drugs

• anti-CD20 antibody ocrelizumab

• anti-CD22 antibody epratuzumab

• humanized monoclonal anti-BlyS antibody 
belimumab

• APRIL and BlyS ligand inhibiting 
immunoglobulin fusion protein atacicept

Remport A et al., NDT, 2015


