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Chronic active ABMR?

Chronic active TCMR

All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not
both, may be designated as suspicious, and it should be noted if the lesion is C4d-positive or C4d-
negative, based on the criteria listed:

1 Histologic evidence of chronic tissue injury, including one or more of the following:

TG (cg >0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM
only (cgla; Table 4)

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 biopsy-proven TCMR with arterial involvement but
are not required

2 Evidence of current/recent antibody interaction with vascular endothelium, including at least one 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), 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 in the biopsy tissue indicative of endothelial injury, if thor-
oughly validated

3 Serologic evidence of DSAs (HLA or other antigens):

Biopsies suspicious for ABMR on the basis of meeting criteria 1 and 2 should prompt expedited
DSA testing

Chronic allograft arteriopathy (arterial intimal fibrosis with mononuclear cell infiltration in fibrosis, formation
of neointima); note that such lesions may represent chronic active ABMR as well as TCMR; the latter
may also be manifest in the tubulointerstitial compartment
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Table 1: Pathogenesis-based transcript sets (PBTs): a system for deconstructing complex changes into biologic mechanisms and inter
preting changes in individual transcripts

PBT PBT Name Biological Description

QCAT Quantitative cytotoxic T cell-associated transcripts Burden of effector/effectormemory T cells

GRIT Interferon-gamma- and rejection- induced transcripts Interferon-gamma effects on the tissue

and inflammatory cells

QCMAT Quantitative constitutive macrophage-associated transcripts Burden of macrophages

AMAT1 Alternative macrophage activation-assaciated transcripts Alternatively activated macrophages

ENDAT Endothelium-associated transcripts Microcirculation response to injury

IRITD3 Injury- and repairinduced transcripts day 3 Active injury-repair response: 'injury-up’
Increased in isografts, peaking day 3

IRITDS Injury- and repairinduced transcripts day 5 Active injury—repair response: ‘injury-up’
Increased in isografts peaking day 5

KT1 Kidney transcripts—set 1 Active injury—repair response: ‘injury-down’
Parenchymal transcripts

KT2 Kidney transcripts—set 2 Active injury—repair response: ‘injury-down’

Solute carrier transcripts
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Figure 3: Algorithm for the generation of DSAST and expression of DSAST in primary human cells. (A) DSASTs were generated
by starting with the 132 DSA-associated transcripts and determining how many remained differentially expressed between DSA-positive
and DSA-negative groups when compared across the 78 rejection-classified biopsies. (B) DSASTs with preferential expression in human
NK cells. (C) DSASTs with preferential expression in HUVECs. (D) DSASTs with high expression in HUVECs or inducible in HUVECs and

also expressed in other cell types.
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Natural killer cell; DSASTs, DSA selective transcripts.
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Figure 1|Median log 2 expression levels for pathogenesis-based transcripts in biopsies from the microvascular inflammation (MVI)
score=0 (n=49), MVI=1 (n=18), and MVI > 2 (n=26) patient groups. Associated P-values are taken from the limma romer analysis.
Asterisks denote significant P-values, defined as < 0.05. BAT, B cell-associated transcripts; CAT, cytotoxic T cell-associated transcripts; CMAT,
constitutive macrophage-associated transcripts; DSAST, transcripts differentially expressed between rejection-classified biopsies from DSA+
patients compared with DSA — patients; ENDAT, endothelial cell-associated transcripts; GRIT, y-IFN and rejection-induced transcripts; KT, kidney-
specific transcripts 2; NKAT, natural killer cell-selective transcripts; TREG, regulatory T cell-associated transcripts.
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Table 4: Agreement of the ABMR score with histology-DSA diagnosis in 221 late (>1 year) biopsies'

Histology-DSA diagnosis

Detailed diagnosis in non-ABMR

ABMR ABMR (C4d+ve Non- Possible Border-
score and —ve) Mixed BMR ABMR TCMR line BK GN

> 05 26 13 6 3 0
0.2-05 16 1 16 1 1
<02 17 6 120 5 12
Total 59 20 142 g 13

A = N P

Acute kidney
injury
0 0 2 0 45
4 3 1
35 23 7 143
39 28 8

No rmajor
abnormalities

Atrophy-

fibrosis  Other Total

NS =
[SESES RS
3
=R

SPURY T T S I

status, histology, or C4d staining, and predicts future

Key words: Antibody-mediated rejection, classifier,
kidney transplant, microarrays, molecular diagnostics

Table 6: Association between the ABMR score and DSA at the time of biopsy’

Molecular Diagnosis of ABMR

DSA positive HLA antibody not demonstrably HLA antibody
ABMR score (class Il or /1) donor specific (NDSA) negative Not done? Total
=05 40 (35) 5 0 0 45
02-05 23(20) 4 14 4 45
<02 61 (40) 61 151 40 313
Total 124 (95) 70 165 44 403

"When the data were split into four cells for a chi-square test, ABMR scores above versus below 0.2 and DSA positive versus (NDSA
and HLA antibody negative), the p-value was <0.001. The cases in which HLA antibody was not assessed ("not done”) were excluded.
ABMR = antibody-mediated rejection; DSA = donor-specific antibody; PRA = panel reactive antibody; NDSA = PRA positive but no DSA

identified.

2In this prospective study, centers were asked to perform HLA antibody testing at their own expense but in some cases they elected not
to perform testing. Those cases were significantly less likely to have high ABMR scores than those in which HLA antibody testing was

done (Fisher's exact test for “not done” versus all others, one-tailed, was p = 0.015.

Table 7: Univariable and multivariable death-censored Cox regression analysis of graft failures in the 315 patients’

Univariable results LL HR uL p-Value
Molecular ABMR score? 1.50 1.76 2.06 5x10~'?
Histology-DSA ABMR (C4d+/-/mixed) 233 3N 5.90 3x10-8
Histology-DSA C4d+ ABMR(both alone and mixed) 1.2 2.4 a7 0.01
Histology-DSA C4d- ABMR (both alone and mixed) 20 33 55 2x107°6
Multivariable results® LL HR uL p-value
Molecular ABMR score? 121 153 1.91 26x10°4
Histology-DSA ABMR (C4d+/-/mixed) 0.93 1.79 3.43 0.08

'One biopsy per patient, selected at random. HR = hazard ratio; LL, UL = lower and upper 95% confidence limits

?The ABMR scores were standardized (scaled and centered) before analysis.

SFor the multivariable analysis, only the molecular ABMR score and the histology-DSA ABMR definition with the lowest p-value

(C4d+/—/mixed) were entered.
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Figure 3: Random forest analysis of the relative
importance of histology lesions, TxBx and HLA
antibodies detected in predicting the molecular
TCMR classifier score. DSA indicates DSA positive
vs. panel reactive antibodies (PRA) negative.
(A) Predicting continuous TCMR scores (0.0-1.0).
(B) Predicting positive TCMR scores (>0.10). The
variables’ importance is standardized to that of
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Table 1: Logistic regression predicting molecular TCMR score

>0.1

Coefficients Estimate p-value
(Intercept) —5.66 <0.001
t-lesion score 0.72 <0.001
i-lesion score 0.88 <0.001
v-lesion score 0.90 0.006
TxBx 2.93 0.008

TXBx? ~0.76 0.15
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CHRONIC ACTIVE T-CELL MEDIATED
REJECTION
(POSSIBLE CONTENDERS)

A Interstitial fibrosis and tubular atrophy (IFTA)
with interstitial inflammation (i) > 0

A DSA/C4d- transplant glomerulopathy



INTERSTITIAL FIBROSIS WITH AND
WITHOUT INFLAMMATION




CLINICAL SIGNIFICANCE OF
INFILTRATES IN FIBROTIC AREA

Cosio FG et al. AJT 2005; 5:2464

Table 2: Diagnostic classification of 1-year surveillance biopsies

| Cl CG
Group N (%) score > 0 score >0 score >0
1. Normal 87(30) No No No
2. Inflammation 6(2) Yes No No
3. Fibrosis 131 (45) No Yes No
4, Fibrosis and 53(18) Yes Yes No
inflammation
5. Transplant 15 (B) Yes (20%) Yes (80%) Yes
glomerulopathy 15 (5)
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FIBROSIS WITH INFLAMMATION AT ONE
YEAR PREDICTS FUNCTIONAL DECLINE

Park et al. JASN 2010; 21 : 1987

151 living-donor recipients
86 normal histology

45 IF/TA alone

20 IF/TA with inflammation

Microarray profiles of biopsies:
Acute rejection associated genes
In biopsies with IF/TA with inflam.

Table 2. Graft function and graft survival of 151 noncomplicated, HLA-mismatched, LD KTxs between 1 and 5 years after

transplantation

Parameter Normal IF Alone IF+i P2
Length of follow-up after T12 surveillance biopsy (days; 1515 = 535 1677 + 586 1416 + 806 0.2,04,0.1
mean *= SD)
Graft survival at most recent follow-up (%) 97 21 85 0.2,0.04,0.5
Death-censored graft survival at most recent follow-up (%) 99 98 85 0.6, 0.003, 0.05
GFRu by Ci, (ml/min; mean * SD [n])
1 month 66 + 16 (82 61 £ 17 ( 61 +20(17) 0.08,0.04, 0.49
12 months 71 =18 (83 67 £ 23 ( 55+ 17 (19) 0.20, 0.01, 0.09
24 months 68 = 18 (76 62 =16 53 £ 13(12) 0.11,0.01,0.14
36 months 70 £ 23 (66 67 £ 25 ( 52 =18 (12) 0.28, 0.01, 0.10
48 months 68 * 24 (50 64 + 23 ( 44 + 20 (10) 0.57,0.01, 0.05

2P values based on Wilcoxon rank sum tests of normal versus IF alone; normal versus IF+i, and IF alone versus IF+i, respectively.
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Figure 3: (A and B) IFTA and inflammation in biopsies for cause and allograft survival. Kaplan-Meier curves show that allografts
with scarring lacking considerable inflammation in this compartment have better outcome than those with extensively inflamed scarring
(A). Figure 3B shows that inflammation in either cortical compartment (unscarred areas and scarring) above the current Banff threshold
for rejection (i.e. >25%) is associated with an inferior prognosis compared to allografts with infiltrates below this threshold. Events are

defined as either allograft loss with return to dialysis or persistent (>3 months) low (<30 mL/min) eGFR. Given is the time between the
last biopsy of a patient and an event.
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FIGURE 3. Canonical pathways identified from the differentially expressed genes. Each bar represents the percentage
of up-regulated (red) or down-regulated (green) or unaffected/undetected (white) genes within the identified pathway. The
line represents the —log(P value).



American Journal of Transplantation 2016; XX: 1-17 © Copyright 2016 The American Society of Transplantation
Wiley Periodicals Inc. and the American Society of Transplant Surgeons

doi: 10.1111/ajt.13728

Gene Expression in Biopsies of Acute Rejection
and Interstitial Fibrosis/Tubular Atrophy Reveals
Highly Shared Mechanisms That Correlate With
Worse Long-Term Outcomes

B. D. Modena’, S. M. Kurian™?, L. W. Gaber®,
J.Waalen', A.1.Su’, T. Gelbart?, T. S. Mondala?,
S.R. Head? S. Papp? R. Heilman*?, J. J.
Friedewald®, S. M. Flechner*’, C. L. Marsh*#%,

R. S. Sung*?, H. Shidban*'?, L. Chan*",

M. M. Abecassis® and D. R. Salomon'%**



