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Classification of Allograft Rejection

Clinicopathological
ÅHyperacute

ÅAcute / Active

ÅChronic active

ÅChronic

Histopathological
ÅTubulointerstitial / cellular

ÅVascular / microvascular

Molecular / Immunopathological
ÅT cell mediated rejection (TCMR)

ÅAb-mediated rejection (ABMR)

ÅMixed rejection (TCMR / ABMR)



Mixed Allograft Rejection

ÅConcurrent TCMR & ABMR, with 
diagnostic features of both in the same 
biopsy

ÅSequential & subsequent concurrent 
TCMR & ABMR in the life of the allograft

ÅPotential significant interactions between 
TCMR & ABMR
ïWhich comes first ?

ïDoes early TCMR predispose to later ABMR ?

ïRequires sequential biopsy studies to answer



Case of Mixed Rejection

Å63 year male; ESRD ïtype 2 diabetic

ÅDD renal Tx in February 2012

Å1A 1B 1DR mismatch

ÅUneventful 1st year post-Tx; no allograft biopsies

ÅStable function, eGFR 38.7

ÅFeb 2013: 1 year post-Tx protocol Bx (study-related):

ÅBanff borderline TCMR (g0,i1,t1,v0,ptc0,C4d0,cg0,mm0)

ÅTubular vacuolation & calcifications, ? CNI effect

Å20% IF/TA (ci1,ct1,cv1,ah0)

ÅNo EM features of TG or PTCBMML



Case of Mixed Rejection

ÅMay 2014: Stable function, eGFR 37.4

ÅProteinuria 0.15 g/day

Å2 years post-Tx protocol Bx (study-related):

ÅBanff borderline TCMR (g0,i1,t1,v0,ptc0,C4d0,cg0,mm1)

Å20% IF/TA (ci1,ct1,cv1)

ÅNodular ah2, c/w diabetes +/- CNI effect

ÅIF studies ïve for immune complex GN

ÅNo EM features of TG or PTCBMML

ÅGBM diffuse mild thickening, suggestive of recurrent 
diffuse diabetic GS



Case of Mixed Rejection

ÅMay 2016: Stable function, eGFR 39

ÅProteinuria 1.6 g/day, EBV+ve, DSA -ve

Å4 years post-Tx indication Bx:

ÅBanff borderline TCMR (g0,i1,t1,v0,ptc1,C4d0,cg0)

Å1 glomerulus with FSGS; moderate mesangial matrix 

expansion (mm2), c/w progressive recurrent diabetic GS

Å35% IF/TA (ci2,ct2,cv3)

ÅNodular ah3, c/w diabetes +/- CNI effect

ÅIF studies ïve for immune complex GN

ÅNo glom for EM, no PTCBMML



Case of Mixed Rejection

ÅDecember 2016: Rising serum Cr after 

being switched from CNI to rapamycin 

(due to EBV+), eGFR dropped to 29.2

ÅDSA +ve for class II anti-HLA: DQ7, 

highest MFI = 7843

ÅAlmost 5 years post-Tx indication Bx:



Diffuse glomerulitis & capillaritis



Diffuse severe glomerulitis (g3)



Severe glomerulitis (g3), early TG (cg1)



Diffuse ptc3 with mononuclear cells, PTCs C4d-



Foci of t1 tubulitis (arrows)

Capillaritis with large 

mononuclear cells with 

reniform nuclei



CD68 CD3

CD3 CD68





Cellular interposition

Very early 

new GBM 

reduplication



Up to 3 layers 

of PTCBM



Case of Mixed Rejection
Å December 2016: Rising serum Cr after being switched form CNI to 

rapamycin (due to EBV+), eGFR 29.2

Å DSA +ve for class II anti-HLA: DQ7, highest MFI = 7843

Å Almost 5 years post-Tx indication Bx:

ÅC4d negative chronic active ABMR with severe Tx 
glomerulitis (g3), diffuse peritubular capillaritis (ptc3), 
and early TG (cg1,mm1)

ÅConcurrent Banff borderline TCMR (i1,t1,v0)

Å40% IF/TA (ci2,ct2,cv2)

ÅNodular ah3, c/w diabetes +/- CNI effect

ÅIF studies ïve for immune complex GN

ÅEM: Glomerulitis, GBM thickening with very early focal 
reduplication, no significant PTCBMML (3 layers)



Case of Mixed Rejection

ÅPersistent continuing low-grade Banff 

borderline TCMR over 4 years post-Tx

ÅAt just under 5 years post-Tx, developed de 

novo DSA (anti-HLA class II: DQ7)

ÅProgressed to mixed rejection phenotype with 

chronic active ABMR & concurrent persisting

Banff borderline TCMR

ÅRecurrent diffuse diabetic GS



Arteritis

Tubulitis

Interstitial inflammation

óTextbookô

Acute TCMR



óTextbookô 

Active ABMR

Peritubular 

capillaritis

Peritubular 

capillaritis

Glomerulitis

C4d+



Reappraisal of Lesions of Allograft Rejection

Acute / Active Lesions TCMR ABMR

Å Interstitial inflammation ṉṉ -

Å Lymphocytic tubulitis ṉṉ -

Å Glomerulitis ṉ ṉṉ

Å Peritubular capillaritis ṉ ṉṉ

Å Vasculitis / intimal arteritis ṉ ṉ

Å PTC C4d deposition - ṉṉ

Chronic Lesions

Å TG (Tx glomerulopathy) ṉ ṉṉ

Å PTCBMML ? ṉṉ

Å IF/TA ṉ ṉ

Å Arterial intimal fibrosis ṉ ṉ



13 days post-Tx, anuric, pre -sensitized with class I/II (A11,B39,DR13) DSA:
Acute ABMR: g3,i1,t0,v1,ptc3, diffuse C4d+; diffuse severe neutrophilic MVI



9 years post-Tx; de novoclass II (DQ7) DSA: g3,i1,t1,v0,ptc3,cg1,mm0,ci2,ct2,cv1,ah3
Chronic active ABMR: Diffuse severe mononuclear capillaritis with large convoluted nuclei (circled).

CD68



Peritubular capillaritis in acute TCMR: Banff IB, g0,i3,t3,v0,ptc2
Predominantly small hyperchromatic mononuclear CD3+ T cells

CD3



CD3

5 years post-Tx allograft Bx, stable function, class II (DQ9) DSA:

Isolated V lesion with transmural arteritis (g0,i0,t0,v3,ptc2), C4d-



CD3

5 years post-Tx allograft Bx, stable function, class II (DQ9) DSA:

Isolated V lesion with transmural arteritis (g0,i0,t0,v3,ptc2), C4d-

Focal fibrinoid necrosis favors ABMR



Å315 low-risk renal transplants with no preexisting DSA

ÅSequential HLA DSA screening using FlowPRA beads 

ÅProtocol (n=215) and indication (n=163) allograft biopsies

Å15% (47/315) developed de novo DSA at 4.6 +/- 3.0 years, 

associated with either stable graft function / indolent 

dysfunction / acute graft dysfunction

Å10 year graft survival significantly worse with dnDSA 

compared with no DSA (57% vs 96%, p < 0.0001)

ÅDevelopment of dnDSA associated with nonadherence to 

immunosuppressive therapy (49% vs 8%, p=0.035)



Prior to dnDSA 

detection:

ÅSignificantly 

more B/TCMR at 

0 ï6 months in 

dnDSA+ cohort



Prior to dnDSA 

detection:

ÅSignificantly 

more B/TCMR at 

0 ï6 months in 

dnDSA+ cohort

ÅMore TCMR

lesions (i/t), and 

more ptc, at 0 ï6 

months in the 

dnDSA+ cohort; 

particularly in 

nonadherent 

DSA+ subgroup



ÅAt time of dnDSA 

detection, more 

ABMR ïrelated 

pathology 

(g/ptc/C4d+/cg) in 

dnDSA+ cohorts



ÅAt time of dnDSA 

detection, more 

ABMR ïrelated 

pathology 

(g/ptc/C4d+/cg) in 

dnDSA+ cohorts

ÅMore TCMR 

pathology (i/t) in 

dnDSA+ cohorts 

with dysfunction; 

i.e. c/w mixed 

ABMR/TCMR, 

particularly with 

nonadherence & 

acute dysfunction



ÅPathology in dnDSA+ cohort showed progressive 

chronic active ABMR +/- TCMR

ÅMixed ABMR/TCMR rejection in 75% (9/12) of 

nonadherent acute dysfunction dnDSA+ subgroup and 

43% (6/14) of indolent dysfunction subgroup

ÅStrong trend to B/TCMR episodes at 0 - 6 months post-

Tx, preceding development of dnDSA

ÅPrior TCMR was a risk factor for subsequent 

development of dnDSA and ABMR



ÅC1q status correlated with dnDSA titer

ÅdnDSA titer correlated with TCMR, ABMR & mixed AR

Å42 biopsies at time of dnDSA detection:

Å24% (n=10) had ABMR only

Å52% (n=22) had mixed ABMR / TCMR

Å24% (n=10) had no significant rejection

ÅRecipients with mixed rejection more likely to progress to 

graft loss (64%) compared to ABMR alone (30%)

ÅFurther emphasizes the mixed pattern of alloimmune-

mediated injury associated with dnDSA, and the need for 

combined T and B cell interventions



Å42 biopsies at time of dnDSA detection:

Å24% (n=10) had ABMR only

Å52% (n=22) had mixed ABMR / TCMR

Å24% (n=10) had no significant rejection

ÅMixed ABMR / TCMR rejection is common at time of 

dnDSA onset

ÅRecipients with mixed rejection more likely to progress 

to graft loss (64%) compared to ABMR alone (30%)

ÅFurther emphasizes the mixed pattern of alloimmune-

mediated injury associated with dnDSA, and the need for 

combined T and B cell interventions



Ån = 67 ABMR biopsies

Å40 early (< 3 m) presensitized

Å27 late (> 3 m) de novo DSA

ÅLate ABMR had poorer graft survival

Mixed ABMR / TCMR in:

Å63% of early ABMR (42% > grade IA)

Å96% of late ABMR (48% > grade IA)

ÅMixed rejection phenotype was 

associated especially with 

nonadherence in younger recipients



Kaplan-Meier Graft Survival Analysis

64% of graft failures in the 1st year post-Bx occurred in the mixed rejection subset

Ån = 87 C4d+ ABMR

Å37% (32/87) showed 

concurrent acute TCMR 

grade 1 or 2

ÅConcurrent TCMR a 

risk factor for graft failure


