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Database searched Platform Years of coverage Records Records after duplicates removed

Mediine ALL Ovid 1946 - June 2024 242 241
Embase Embase.com 1971 - June 2024 405 188
Web of Science Core Collection® Web of Knowledge 1975 - June 2024 345 113
Cochrane Central Register of Controlled Trials® Wiley 1992 - June 2024 18 1"
Additional Search Engines: Google Scholar® 100 63
Total 1,110 616

"Science Citation Index Expanded (1975-present); Social Sciences Citation Index (1975-present); Arts and Humanities Citation Index (1975-present); Conference Proceedings Citation
Index- Science (1990-present); Conference Proceedings Citation Index- Social Science & Humanities (1990-present); Emerging Sources Citation Index (2005-present)

“Manually deleted abstracts from trial registries.

“Google Scholar was searched via “Publish or Perish” to download the results in Endiote.

No other database limits were used than those specified in the search strategies.
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Author, year

Bouatou et al.

7

Jung et al.
]

Zhao et al.
@)

Sis et al.
(10

Lee et al.
(11

Park et al.
(12

Gibson et al.
(3.2
Gupta et al.
(14
Kozakowski
ot al.

(15]

Batal et .
16}

Setting

Assistance Publique - Hopitaux de Paris,
Paris, France

Kyungpook National University School of
Medicine, Daegu, Korea

Beiing Friendship Hospital, Capital Medical
University, Beijing, China

University of Alberta, Edmonton, Alberta,
Canada

Kyung Hee University, Seoul, South Korea

Keimyung University Kidney Institute, Daegu,
Korea

MS4 Health Sciences Centre, Winnipeg,
Manitoba, Canada

Albert Einstein College of Medicine, Bronx,
New York, USA

Medical University of Vienna, Vienna, Austria

University of Pittsburgh Medical Center,
Pittsburgh, PA

Design

Cohort
study
Cohort
study
Cohort
study
Cohort
study
Cohort
study
Cohort
study
Cohort
study
Cohort
study
Cohort

study

Cohort
study

Total
biopsies -
TCMR
biopsies
256-256
106-6
42-18
329-44
203-46
139-48
688-76
356-27

1,322-224

111-65

Indication
biopsies -
Protocol
biopsies
256-0
24-82
420
329-0
169-34
139-0
181461

356-0

1,322-0

111-0

Banff classification used for diagnosis

2017
2013
2013
2009
2007
Unknown (biopsies from 2006 til 2018)
2008
2013

2005, the composition of ptc was assessed in @
diferent quantitative manner.”

2007

Abbreviations: (g): glomerultis, (ptc): peritubular capillitis, MVI: microvascular inflammation, TCMR: T cel-mediated rejection, AMR: antibody-mediated rejection.

*An adoltional 46 preimplantation biopsies were included in this stucy.

°The quantification of leukocytic composition of ptc was as folows: () predominantly mononuciear (>75% mononuciear cels), when mononuclear cells were at least three times as many as
granulocytes; i) granulocytic dominated (>75% granulocytes), when granulocytes were at least three tines as many as mononuciear cels; or (i) mixed, if no dominant population

was identified.
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Bouatou et al.
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Jung et al.
89
Zhao et dl.
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Sis et al
(o'

Lee et al.
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Park et al.
(12

Gibson et al.
(18]

Gupta et al.
(1454

Kozakowski

et al. [15]

Batal et al.
(16l

Measurement

N (%)

Median (IQR)

N (%)

N (%)
N (%)

TCMR (n = 810)

g score

0: 243
(94.9)
1:13
(6.1)
2:0(0)
3:0(0)

025
(0:39)
0:35(79)
>0:9(21)

0:24 (37)
1:16 (25)
4 (21)
3:11(17)

pte
score

0: 149
(68.2)
142
(16.4)
2:44
(17.2)
3
2182

072
(0.89)
0:37(84)
>0:7 (16)

0(00)

0-1: 42
©7.5)
23:
6(12.5)
>0:
76 (68.4)

0: 137
(@4.1)
00
87 (48.1)

MVI score Cad
(g +ptc)

- 0:256
(100)
>0:0(0)
0:1(9.1) -
>1:5(385)
- 00
0: 31 (71) -
>0: 13 (29)
0(0.1) -

>1:18 (375  >0:
137

0:84) -
1:7(10)
22:12(15)

Anti-
HLA DSA

28(11)

0(0)

In MVI>0:
0O

2(11)

g score

0:12(40)
>0:
18 (60)
0:20(50)
>0:

20 (50)
2(23)

0-1:32
(65.2)
23
26 (44.8)

AMR (n = 156)
ptc  MVIscore
score (g +ptc)
- 0:0(0)
21:5(385)
0:4(13 0:2(7)
>0: >0: 28 (93)
26 (87)
0:14(35)  0:11(27)
>0: >0: 29 (73)
26 (65)
2(29) 4(35)
0-4:23  >1:54(93.1)

@0.7)
23
35 (60.3)
- 0:000)
1:2(9)

22:12 (15)

C4d

2(15.4)

30
(100)

0(0)

>0:
40 (69)

Anti-
HLA DSA

In MVI>0:
28 (100)

In MVI>0:
29 (100)

41(68)

Abbreviations: (g), glomerultis; (ptc), peritubular capilaritis; MVI, microvascular inflammation; TCMR, T cel-mediated rejection; AMR, antibody-mediated rejection; SD, standard deviation;
IQR, interquartiee range.
“This study focused on TCMR. Data on AMR was not included.

®This study specifically included acute TCMR cases.

°This study specificall included acute AMR cases.
“This study focused on MVI in different diagnostic groups. The outcome (N) represents the number of samples of acute TCMR or acute AMR within each MVI group. The percentages are
specific to MVI groups, not dlagnosis categories. Diagnoses other than acute TCMR and acute AVIR are not covered in this systematic review therefore the percentages do not sum up.

to 100%.

“This study excluded all C4d and DSA positive TCMR cases, therefore the exact percentage of C4d and DSA positive TCMR cases is not dlear.
‘Glomerulitis, peritubular capilaritis and MVI scores of TOMR and AMR samples ane presented in this table. Data on C4d-positive and C4d-negaiive AMR cases are given separately.
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Parameter

Variables recorded at transplantation
Recipient age (yr), median (IQR)

Female recipient sex, no. (%)

Donor age® (yr), median (IQR)

Prior kidney transplant, no. (%)

Living donor, no. (%)

ABO-incompatible live donor transplant®, n (%)
Cold ischemia time? (hr), median (IQR)

HLA mismatch? (A, B, DR), median (IQR)

CDC panel reactivity® >10%, no. (%)

Preformed anti-HLA DSAC, no. (%)

Induction with antithymocyte globulin, n (%)
Peritransplant immunoadsorption®, n (%)
Variables recorded at the time of ABMR screening
Time to biopsy (yr), median (IQR)

Recipient age (yr), median (QR)

MFI of peak DSA

eGFR (ml/min/1.73 m?), median (QR)

Urinary protein/creatinine ratio (mg/g), median (IQR)
Triple immunosuppression, no. (%)
Tacrolimus-based immunosuppression, no. (%)
Indlex biopsy results

Active ABMR, no. (%)

Chronic active ABMR, no. (%)

Chronic inactive ABMR, no. (%)

Microvascular inflammation (MVI)°, median (QR)
C4d positivity, no. (%)

Banff single lesion scores, median (IQR)
Glomeritis (g)

Peritubular capillrits (ptc)

Interstitial inflammation ()

Tubuiitis (1

Glomeruiar basement membrane double contours (og)
Interstitial fibrosis (ci)

Tubular atrophy (ct)

Total inflammation (t)

Vascular fiorous intimal thickening (cv)’
Interstitial fibrosis and tubular atrophy (IFTA)

No ABMR (n = 36)

47 (39-54)
14 (389)
44 (36-54)
10 (27.8)
6(16.7)
1(28)
11 (6-15)
3(3-4)
6(16.7)
5(139)
6(16.7)
6(16.7)

5(2-12)
55 (48-63)
1,491 (1,205 to 3,446)
58 (40-82)
167 (73-270)
27 (75.0)
21 (583)

0(00)
000
0(00)
0(0-0
2(56)

0(0-0)
0(0-0)
0(0-0)
0(0-0)
0(0-0)
1(0-1)
1(0-1)
1(0-1)
1(0-1)
2(0-4)

ABMR (n = 50)

48 (35-54)
25 (50.0)
46 (33-58)
15 (30.0)
8(16.0)
000
12(9-18)
3(2-9)
9(18.0)
20 (40.0)
22 (44.0)
20 (40.0)

5(2-13)
55 (43-61)
3,878 (2,223 t0 10,484)
44 (30-76)
258 (86-954)
38 (76.0)
31 (620)

15 (30.0)
33 (66.0)
2(4.0)
2(2-4)
24 (48.0)

101-2)
2(1-2)
0(0-0)
0(0-0
1(0-1)
101-1)
1(1-1)
1(0-1)
1(0-1)
3(2-4)

Total (N = 86)

47 (36-54)
39 (45.3)
46 (36-68)
25 (29.1)
14 (16.3)
10.2)
12 (9-17)
3(2-4)
15 (17.4)
25 (29.1)
28 (32.6)
26 (30.2)

5 (2-13)
55 (45-62)
2,952 (1,485 10 6,781)
54 (32-78)

192 (80-421)

65 (75.6)

52 (60.5)

15 (17.4)
33 (38.4)
2(23)
2(0-9
26 (30.2)

0(0-2)
002
0(0-0
000
0(-1)
1 (1-1)
1(0-1)
1(0-1)
1(0-1)
3(1-4)

p-value

0575
0.423
0.757
1.000
1.000
0.868
0.187
0.053
1.000
0.009
0.015
0.037

0.793
0.581
<0.001
0.183
0.052
1.000
0.905

0.001

<0.001
0.625
<0.001
<0.001

<0.001
<0.001
0.704
0.341

<0.001
0.028
0.049
0.735
0.854
0.093

ABMR, antibody-mediated rejection; CDC, complement-dependent cytotoxicity; DSA, donor-specific antibody; eGFR, estimated glomerular fitration Rate; HLA, human leukocyte antigen;

IR, interquartie range; MF,, mean fluorescence intensity.

“Donor age, cold ischemia time, HLA, mismatch and CDC, panel reactivity were not recorded for 3, 5, 1, and 5 recipients, respectively.

®This patient underwent desensitization for ABO (AB, donor to O recipient) plus HLA, antibody (DSA+) barriers.
“Pretransplant single-antigen testing was avaiable for 42 patients (solid-phase HLA, antibody screening on the wait st according to our local standard implemented in July 2009).
“Pre-sensitized patients (until 2009: >40% CDC, panel reactivity; since 2009: preformed DSA) were subjected to a protocol of periransplant immunoadsorption as earlier detaied [35].
° and/or ptc single lesions scores could not be ascertained for 5 biopsies, limiting the calculation of MV, scores to 81 biopsies.
"The vascular fibrous intimal thickening score was not documented for two recipients in the bortezomib group and ive recipients i the placebo group dlue to inadequate biopsy materialfor

complele lesion SCoMg.
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Variables No ABMR (n = 36)

Cortical area, mm? (IQR) 5@-7)
Glomerular area, mm” (IGR) 0.16 (0.11-031)
Nurmber of glomeru, median (IQR) 7 @-12)

NK cells in glomeruli® per mm? glomerular area, median (IQR) 36 (18-49)
NK cells in PTC per mm? cortical area, median (IQR) 325

ABMR, antibody-mediated rejection; NK cel, natural kiler cel.
aSufficient material for calculation of glomerular and total NK, cell counts was available for 84/86 patients.

ABMR (n = 50)

4(3-6)
0.15 (0.08-0.26)
6(4-10)
103 (47-180)
24 (11-33)

Total (N = 86)

467
0.15 (0.10-0.26)
7 @-10)

52 (25-130)
10 3-27)

p-value

0.353
0.255
0.231
<0.001
<0.001
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Publication

Saleem
et al (35)

Iniotaki-
Theodoraki
etal. [36]

Coelho
etal [37]

Liv et al
(38, 39

Crespo
etal [40]

Njafian
etal [41)

Besterd

otal (42)

Homnick
ot al [43)

Haynes
etal [44)

Vella et al [45]

Baker
et al [46]

Shiu et al
(56, 57)

Shiu et al (58]

Burton
et al [59)

Salama
etal (68]

Tanaka
etal [71]

Schachtner
etal [72)

Study Group

12 kidney transplant
and 3 paediatric heart
lung recipients with
history of rejection

14 Kidney transplant
recipients

14 kidney transplant
recipients

32 heart transplant
recipients

101 kidney transplant
recipients

Recipients of a) HLA-
DR-matched kidney
transplants (n = 9),
HLA-DR mismatched
transplants with b) no
rejection (n = 11), or ¢)
history of rejection
(n=15)

33 kidney transplant
recipients

10 heart transplant
recipients, 6 with CR.
1 kidney transplant
recipient with CR

5 cohorts of kidney
transplant recipients; a)
identical twin donor
organ (0 = 2), b)
clinically tolerant (n =
11), ©) stable
monotherapy (n = 7), d)
standard therapy (n =
18),€)CR (n=7)

4 cohorts of kidney
transplant recipients; &)
HLA-DR MM with CAD
(n=11), b) HLADR
MM without CAD (n =
10), ¢) No HLA-DR MM
with CAD (n = 5, d) no
HLA-DR MM, no CAD
n=18)

22 renal transplant
recipients, 9 with CAD

65 kidney transplant
recipients with ‘for
cause’ or protocol
biopsies

52/65 with AMR

51 kidney transplant
patients with CAMR.

43 HLA sensitised
kidney transplant
redipients

23 kidney transplant
patients, 8 with
previous rejection
and CAD.

62 kidney or liver
transplant recipients.
17 pre sensitised
with DSA

150 blood group
compatible (n = 98) or
incompatible (n = 52)
iving donor kidney
transplants treated with
fituximab induction

Stimulus

Synthesised class |
peptides matching
donor HLA

/APC-depleted donor
PBMC

/APC-depleted donor
PBMC

Synthesised ciass I
peptides matching
donor HLA

CD2 or CD3-
depleted donor
PBMC

Synthesised
peptides
representing
hypervariable
regions of

5 commonest
HLADR

Donor cell
membrane
preparations

Donor cell
membrane
preparations or
synthesised donor
class | peptides
Donor cell
membrane
preparations, or HLA
coated beads

Synthesised
peptides
representing
hypervariable
regions of

3 common HLA-DR

Donor cell
membrane
preparations

Donor cell
membrane
preparations

Donor cell
membrane
preparations

PURE HLA proteins
matching DSA

Donor specific HLA-
DR allopeptides

Donor Cells

Iradiated donor
PBMC

Assay used

Recipient PBMC in 4-
day MLR

Recipient PBMC in 5-
day MLR

Recipient PBMC in 9-
day MLR

Seral limiting dilution
analyses (detecting
prolfferating cells) using
recipient PBMC AND
T cells isolated from
donor heart

Recipient PBMC in IFNy
ELISPOT at 3 and 6/
12 post-Tx

Recipient PBMC in IFNy
ELISPOT

Recipient PBMC in IFNy
ELISPOT

Limiting dilution
analyses (detecting IL-
2-producing cells) using
recipient PBMC

PBMC in trans-vivo
assay

Recipient PBMC in 7-
day MLR, plus limiting
dilution analyses
(detecting prolferating
cells)

Limiting dilution
analyses (detecting IL-

2-producing cels) using
recipient PBMC

CD8 depleted recipient
PBMC in IFNy ELISPOT

CD8 depleted recipient
PBMC in IFNy ELISPOT

CD8 depleted recipient
PBMC in IFNy ELISPOT

Recipient PBMC in IFNy
ELISPOT

Recipient PBMC in 5-
day MLR

Recipient PBMC in IFNy
ELISPOT

Response

No responses

Prolferation® in 6/14 at
baseiine. Proliferation in
12/14 0on serial testing, but
not associated with future
gratt dysfunction
Prolferation® in 8/14. No
association with future
graft dysfunction
Proliferation in 18/28 who
went onto have episode of
rejection within 4 weeks.
Correlation between
responses from cells in
circulation and graft.
Association with DSA in
patients with CR
3-month ELISPOT
response® correlated with
protocol biopsy-proven
rejection at 6 months, and
with 24-month DSA
development

Frequency of responding®
T cels increased with
HLA-DR mismatches and
history of rejection

Detectable responses® in
20/33 (60%) - strong
correlation with time since
Tx and presence of
proteinuria

Detectable responses® in
5/7 with CR but 0/

4 without CR

Increasing
responsiveness® from
groups a) - &). Responses
reduced in €) with
antbodies against IFNy or
IL-17. Responses revealed
ina) withantioodies against
TGFp. Responses to HLA
coated beads associated
with DSA|

Responses® in 9/11 group
a), but 0/10 group b) and
2/23 groups ¢) and d).
Highest frequency of
responding cells in

group a)

Significantly higher
frequencies of
responding® cells in the
9 patients with CAD
Donor specific IFNy
production® in 45/119
(38%). samples. This
correlated with reduction
in €GFR over time

Donor specific IFNy
production® in 58/203
(29%) samples

Doror specific IFNy
production® in 19/98
(19%) samples

Not reported

N/A

Pre-treatment responses®
seen in 20/98 (20%) ABO
compatiole and 12/52
(23%) ABO incompatible
patients

“Detectable responses in all these different assays imply the presence of CD4* T cells that are sensitised to donor antigens.
Abbreviations: AMR, antibody-mediated rejection; APC, antigen presenting cell. CAD, chronic allograft dysfunction; GAMR, chronic AMR; CD8,25,27, cluster of differentiation 8,25,27
+cells; CR, chronic rejection; DSA, donor specific antibody; ELISPOT, enzyme-linked immunosorbent spot assay; HLA- human leukocyte antigen; IFNy -interferon gamma; IL-2, 17,
interleukin-2, 17; MM, mismatch; MLR, mixed lymphocyte reaction; \/A, not applicable; PBMC, peripheral blood mononuciear cells; TCMR-T, cel-medlated rejection; TGFP, transforming
growth factor-beta; Tx-transplant.

Responses after
B Cell Depletion

NA

NA

NA

NA

NA

NA

NA

No impact on
responses of two
patients

NA

NA

29/37 (78%)
responsive AMR
samples had
significant reduction in
IFNy production
compared to 4/8
(50%) in samples from
no AMR.

In contrast, 17/69
(25%) samples had
significant increase in
IFNy production
30/58 (62%)
responsive samples
had significant
reduction in IFNy
production

18/19 (69%)
responsive samples
had significant
reduction in IFNy
production,
associated with HLA
binding by CD27*
Beells. In contrast, 11/
98 (11%) samples had
significant increase in
IFNy production,
associated with high
proportion of
transitional B cells
NA

Significant post-
fituximab increase in
prolfferation by CD4"
T cells ONLY in DSA +
group

Rates of 12-month
TCMR were 8/20
(40%) in ABO
compatible and 7/12
(57%) in ABO
incompatible

Responses after
depletion of CD25hi
cells

N/A

N/A

N/A

NA

N/A

N/A

N/A

N/A

N/A

N/A

N/A

21/66 (32%) samples
had significant
increase in IFNy
production

14/30 (46%) samples
had significant
increase in IFNy
production

5/50 (10%) samples
had significant
increase in IFNy
production

Increased IFNy
production in 6/15
(40%) stable patients
but only 1/8 (12.5%)
with history of
rejection. Responses
increased in 8/17
(47%) of all non-
responsive samples
N/A

N/A
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No glomerulopathy. Double contours in <10% of peripheral capillary loops in most severely affected glomerulus
Double contours affecting up to 25% of peripheral capillary loops in the most severely affected non-sclerotic glomerulus. I
noted by EM only, cg7a is assigned; i by light microscopy, cgib is assigned

Double contours affecting 26%-50% of peripheral capillary loops in the most affected non-sclerotic glomeruius

Double contours affecting >50% of peripheral capillary loops in the most affected non-sclerotic glomerius
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PRS trait

Non-transplant NMSC, SCC
and BCC [50]

Posttransplant eGFR [51]

Non-transplant BCC and
SCC [52]
Non-transplant type

2 diabetes [53]

Hypertension, stroke, and
intracranial aneurysms (1A)
[54)

Clinical outcome

Time to post-transplant NMSC

1-year and 5-years after transplantation,
and change between 1 and 5 years éGFR

Post-transplant BOC and SCC

New-onset diabetes after transplantation

Deceased donor age of death, graft
function after transplantation

Sample size and cohort type

899 kidney recipients

10,844 kidney recipients and donors
1,272 kidney recipients
2,062 kidney recipients and

533 donors; 1,581 liver recipients and
1,655 donors.

6,666 donor-recipient pairs

Main finding

PRS for non-transplant NMSC was predictive of
case/control status and time to post-transplant
NMSC

32% of the variabilty in eGFR at 1-year was explained
by the model, with only 0.3% contributed by the PRS
PRS improves prediction over traditional skin cancer
risk factors by 3% for BCC, but not for SCC
Recipient T2D PRS was associated with pre-
transplant T2D and the development of PTOM.
Combined liver donor and recipient T2D PRS
improved PTDM prediction > 5% compared to a
model with only clinical characteristic

Donor PRS for hypertension was associated with
reduced long term graft survival, and donor PRSS for
hypertension and intracranial aneurysm were
associated with reduced recipient eGFR at 1 year

BCC, basal cell carcinoma; eGFR, estimated glomerular firation rate; NMSC, non-melanoma skin cancer; SCC, squamous cell carcinoma; T2D, type 2 dliabetes; PTDM, posttransplant

diabetes melitus.
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Mismatches studied (found gene)

Amino-acid mismatches in
transmembrane proteins [56]

All genome-wide mismatches [57]
nsSNPs mismatches in transmermbrane
and secretory proteins [58]

Mismatches in genome-shared identity-
by-descent SNPs [59]

50 deletion-tagging SNPs (LIMS1)
[61]

Non-HLA mismatches at variant-, gene-,
and genome-wide scales (LIMS1)

[62)

Mismatches in kidney-related proteins,
CFHR- deletion

(63]

Clinical outcome
Long-term alograft
outcome measured by
GFR

ABMR, TCMR
Craft loss

Death-censored allograft
loss

Kidney allograt rejection

Death-censored grat loss

Acte rejection

Sample size and cohort type

53 donor-recipient pairs

28 donor-recipient pairs
477 donor-recipient pairs
385 donor-recipient pairs
705 kidney transplant recipients and

2,004 donor-recipient pairs
385 and 146 donor-recipient pairs

1,025 recipient-donor pairs

Main findings

Allogenic mismatch score was independently associated
with postiransplant €GFR

non-HLA mismatch variants were associated with AMR
The degree of nsSNP mismatch was associated with graft
loss, independently of HLA incompatibiity
Genome-shared identity-by-descent was associated with
graft suvival, independent of HLA mismatches, and with
early vascular intimal fibrosis

Genomic colision at LIMST locus was associated with
rejection and with production of anti-LIMS1 IgG2 and 1gG3
Mismatch at the LIMS1 locus was associated with graft
loss. The deletion resuited in changes of expressions of
other genes with functional effects

Sums of kidney-related proteins were associated with
acute rejection in unadjusted analyses. A mismatch in
CFHR deletion was associated with acute rejection

ABMR. antibody-meciated refection: eGFR, estimaied glomerular firation rale: nsSNP. nonsynonymous single nucksotide polymonhiam: TCMB, t-cel mediated rejaction.
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Gene/SNP, year

Recipient TNFA, IL-10 [15], 1999
Recipient CYP3AS [16], 2003
Recipient TCF7L2 [17], 2009

Recipient Exploratory analysis (18],
2010

Recipient IFN-gamma [19], 2010
Recipient FOXP3 [20), 2013
Donor GAV1 [21], 2010

Donor ABCB1, Donor CAV1 [22],
2015

Recipient LIMS1 [23], 2021
Recipient APOL1 [24], 2021
Recipient APOL1 [25], 2021
Donor APOL1 [26],2011

Donor APOL1 [27], 2015

Recipient KLRG2"' variants [28],
2022

Recipient FCGR3AY™ ',
KLRC2"4¢, KLRIK1 NN
(59916629-C/T

Recipient FCGR2C Q'%/STP'® and
FCGR3A V'7%F17® [29), 2024

Clinical outcome

Rejection episodes, rejection
severity, steroid responsiveness

Tacrolimus dose
New-onset diabetes after
transplantation (NODAT)
Acute rejection

Acute rejection, chronic allograft
nephropathy

Acute rejection, death-censored
allograft loss

Death-censored graft faiure
Death-censored graft survival

TCMR, ABMR, allograt survival
Long-term allograft outcomes

TCMR, death-censored allograft
loss
Graft survival

Graft survival

MVI, Graft survival

MVI, Graft survival

MVI, Graft Survival

Number of patients
analyzed

100
80
1,076

990

74

599

785 donors discovery,
697 donors validation

682 donors, 1,233 recipients

841
19

507
106 donors, 136 recipients
368 donors, 675 recipients
86 DSA+ recipients, and
1860 randomly selected

recipients
86 DSA+ recipients

242 recipients

Main finding

TNF-alpha and IL-10 genotypes were associated with the
tisk of muliple rejection episodes or steroid-resistant
rejection

CYP3AS genotype predicted tacrolimus dose

Out of 11 polymorphisms, TCF7L2 was independently
associated with NODAT

15 candidate SNPs identified, which were associated with
acute rejection and 15 SNPs identified, which were
associated with severity of tubultis

IFN-gamma genotype was associated with acute rejection
and chronic allograft nephropathy

FOXP3 genotype was associated with allograft survival

the CAV1 rs4730751 SNP was associated with allograft
failure
ABCB1 was associated with shorter graft survival

LIMS1 risk genotype associated with increased risk of TOMR
Among African-american recipients no association detected
with APOL1 genotype and transplant outcomes

APOL1 risk alleles were associated with death-censored
graft- loss and TOMR

APOL1 risk alleles in African-American deceased donors
were associated with higher risk of graft failure

APOL1 risk alleles in African-American deceased donors
were associated with higher risk of graft failure
KLRC2"*" was associated with MV in the smaller cohort,
but no association with graft survival

Only KLRC2"** was associated with MVI, but not graft
survival

Q®and V'™ were associated with worse graft survival, and
Q™ with MVI

ABCB1, muttidrug resistance protein 1; CAV1, Caveolin-1; ATR, serine/threonine kinase; APOL1, apolipoprotein L 1; FOXP3, forkhead box P3; IFNG, interferon gamma; IL15RA; LIMST,
LiM and senescent cell antigen-like-containing domin protein 1; SNP, single nucieotide polymorphism; TNFA, tumor necrosis factor alpha or TNF-a; TCF7L2, transcription factor 7-like 2;

MVI. microvascular inflammation.
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Associated gene/SNP Clinical association Sample size and cohort type

TRA, ZNF516 [37] Long-term graft function and survival 326 recipients, discovery
Vaiidation of TRA and ZNF516 (see above), no association  Death-censored graft loss, all-cause 1,638 recipients, discovery
confirmed mortality
(38]
ATPSF1P6 [39] New-onset diabetes after transplantation 256 recipients, discovery and 441 validation
LINC00882, CACNA1D, CSMD1 [40] Cutaneous squamous cel carcinoma after 388 recipients, discovery
transplantation
CYP3AS'6, CYP3AS'T [41] Tacrolimus pharmacokinetics 197 recipients, discovery and 160 validation
PTPRO, CCDCS7 [42) Acute rejection 778 recipients, discovery and 844 validation
No association detected outside HLA loci [43] Long- and short-term allogratt survival 2094 recipients and donors, discovery and 5,866 validation
41 donor SNPs found that contributed independently or  Death-censored graft survival 532 AA donors (978 recipients) discovery, 250 AA donors
interacted with APOL1 [44] (465 recipients) validation

ATP5F1P, ATP, synthase, H+ transporting, Mitochondirial Fo Complex, Subunit B1 Pseudogene 6; CACNATD, Calcium Voltage-Gated Channel Subunit Alpha1 D; CCDC67, Coiled-Coil
Domain-Containing Protein 67; CSMD1, CUB And Sushi Multiple Domains 1; CYP3AS, cytochrome P450; LIMS1, LIM and senescent cell antigen-like-containing domain protein 1;
LINC00882, Long Intergenic Non-Protein Coding RNA 882, PTPRO, Protein Tyrosine Phosphatase Receptor Type O; TRA, T-cell receptor alpha; ZNF516, Zinc Finger Protein 516;
ZSCAN25, Zinc Finger And SCAN, Domain Containing 25.
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1. Development of a standardized, validated, high throughput, affordable method of testing
2. Collaboration across transplant disciplines to confirm or refute the association of AT1R-Ab with acute and/or chronic AMR and/or microvasaular inflammationvinjury, in
retrospective and prospective observational cohorts, with an eye to determining a clinically meaningful threshold of AT1R-Ab positivity

3. Further investigate causalty by reproducing and valdating the mechanistic studies reported to date, and including specific investigation of the role that complement does or

does ot play in AT1R-Ab mediated pathology
4. Randomised controlled trials of therapeutic interventions that have thus far only been reported in case series
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Year

2010

2012

2013

2013

2014

2014

2016

2017

2017

2017

2017

2017

2018

2018

2018

2018

2019

2019

2019

2020

2020

2020

2020

2021

2021

2022

2022

2022

2022

2022

2023

2023

2024

Authors

Reinsmoen
etal.

Hiemann
etal.

Giral et al.

Taniguchi
etal

Reinsmoen
etal.

Ohe et al.

Urban et al.

Deltombe
etal.

Reinsmoen
etal

Cozzi et al.

O'Leary et al.

Gerlach et al.

Min et al.

Pearl et al.

Fichtner et al.

Kamburova
etal.

Kamburova
etal.

Lefaucheur
etal.

Delville et al.

Villa et al.

See et al

Wozniak et al.

Xu et al.

Chan et al.

Lamarthee
etal.

Kang et al.
*Systematic
review of
21 studies

Pizzo et al.

Liuet al.

Moreno et al.

Senev et al.

Chou-Wu

etal.

Sonet al.

Jung etal.

Study
population

97 adult kidney
recipients

30 adult heart
recipients

599 adult kidney
recipients

351 adult kidney
recipients

200 adult heart
recipients

81 paediatric liver
recipients

69 adult heart
recipients
*LVAD prior to
transplant

940 adut kidney
recipients

162 adult lung
recipients

1 adult lung
recipient

1,269 aduit liver
recipients

29 adult intestine
or multi-visceral
recipients

359 adut kidney
recipients

65 paediatric
Kidney recipients

62 paediatric
Kidney recipients

87 healthy
controls,

40 patients with
miscellaneous
Kidney disease
4,770 adult
Kidney recipients

1845 adult
kidney recipients

48 adult kidney
recipients

1 adult heart
recipient

64 adult heart
recipients

79 paediatric liver
recipients

94 adult iver
recipients

25 paediatric
intestine
recipients

389 adut kidney
recipients

4,023 adult and
paediatric kidney
recipients

36 paediatric
kidney recipients

79 adult Kidney
recipients
21 adult heart

recipients

874 adult kidney
recipients

1 paediatric heart
recipient

71 adult lung
recipients

1 adult heart
recipient

Transplantation
period

2006-2009

2005-2006

1998-2007

1999-2009

2007-2011

1990-2010

2008-2014

2008-2012

2011-2013

2015

2000-2009

2000-2015

2010-2014

2005-2014

1999-2010

Not applicable or

not reported

1995-2006

2008-2012

Not reported

Not reported

1994-2014

2010-2017

1991-2018

2000-2016

2012-2017

1998-2019

2011-2019

2016-2019

2017-2019

2004-2013

2007

2016-2020

Not reported

AT1R Ab
measurement
technique

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

Bead-based
immunoassay

Bead-based
immunoassay

ELISA

ELISA and
endothelial cel
flow cytometry

ELISA and
endothelial cell
flow cytometry

ELISA

ELISA

ELISA

ELISA

ELISA and
endothelial cel
flow cytometry

ELISA

ELISA

ELISA

ELISA

Bead-based

immunoassay

ELISA

ELISA

ELISA

Measurement
timepoints

Pre transplant
Post transplant at
time of rejection
Post transplant at
multiple timepoints
between 24 h and
1 year

Pre transplant
Post transplant

Pre transplant
Post transplant at
multiple time points.

Pre transplant

Post transplant at
multiple time points
up to 1 year

Post transplant at
time of indication or
protocol biopsy

Prior to LVAD
implantation
Pre transplant

Pre transplant only

Pre transplant
Post transplant at
3-and 6-months,
and at time of
allograft
dysfunction

Pre transplant
Day 4 post
transplant

Pre transplant
1 year post
transplant

Pre transplant at
time of listing and
3 monthly
thereatter

Post transplant
weekly until
hospital discharge
and at time of
allograft
dysfunction

Pre transplant only

Pre transplant
Post transplant at
multiple time points
Up to 2 years

Post transplant at
time of indication
biopsy

not reported

Pre transplant only

Post transplant
within 1 year

Pre transplant only

56 days pre
transplant and day
of transplant

27 days post
transplant

Post transplant

Post transplant at
routine ciinical visits
or during allograft
dysfunction

Prior to second
transplant

Post transplant at
routine ciinical visits
or during allograft
dysfunction

Pre transplant only

Various

Pre transplant
Post transplant at
multiple timepoints

Pre transplant
Post transplant
within 1 year
Post transplant at
time of allograft
dysfunction

Pre transplant
Post transplant at
3 months, 1 year
and 5 years
Attime of first and
second transplant,
and post second
transplant

Pre transplant
Post transplant
within 3 months

Pre transplant
Post transplant at
multiple time points

ELISA AT1R
Ab positivity
threshold
for analysis

>17 U/mL

>15.9 U/mL

>10 U/mL

>15 U/mL.

>12 U/mL
and >17 U/
mL

>17 U/mL

>17 U/mL

>10 U/mL.
and >17 U/
mL

>11 U/ml
and >17 U/
mbL

>10 U/mL

>17 U/mL

>12 U/mL

>10 U/mL.

>17 U/mbL.

>9.6 U/mL.

Not
applicable

Not
applicable

>10 U/mL.

>10 U/mL.
and >17 U/
mL

Not
applicable

Not reported

>17 U/mL

>17 U/mL
and >40 U/
mbL

>17 U/mL

>10 U/mL

Various

>17 U/ml

>17 U/mL

>10 U/mL

Not
applicable

Not
applicable

>17 U/mL.

>17 U/mL.

Concurrent

assessment

of HLA DSA
status

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Various

Yes

Yes

Yes

Yes

Yes

No

Main findings

1. AT1R Ab associated
with AMR in the absence
of HLA DSA

1. AT1R Ab levels were
higher in patients with
rejection

2. AT1R Ab were
associated with
microvasculopathy

1. Higher pre transplant
AT1R Ab correlated with
allograft loss after 3 years
1. Pathological synergy
between AT1R Ab and
HLA DSA

2. denovo AT1R Ab were
associated with allograft
failure

1. Dual HLA DSA and
AT1R Ab positivity was
associated with lower
freedom from rejection
1. AT1R Ab were
assodiated with allograft
fibrosis in recipients who
underwent withdrawal of
immunosuppression

1. There was no
difference in survival or
freedom from rejection
according to AT1R Ab
status

1. AT1R Ab were not
associated with higher
risk of acute rejection
episodes or allograft
failure

1. AT1R Ab were
associated with lower
freedom from rejection
2. AT1R Ab were
associated with lower
freedom from de novo
HLA DSA

1. Case report
highlighting possible
implications of AT1R Ab
1. AT1R Ab and
preformed HLA DSA
were associated with
increased mortality

2. denovo AT1R Ab were
associated with rejection
and fibrosis

1. AT1R Ab were
associated with rejection

1. HLA DSA and AT1R
Ab were associated with
microvascular
inflammation on biopsy
2. Positive AT1R-AD
status was associated
with lower allograt
survival

AT1R Ab positity s
associated with:

1. Allograft loss

2. Lower eGFR over

2 years

3. Higher levels of TNF-
alpha, IL-1beta, IL-8

1. AT1R Ab positivity in
context of indication
biopsy was associated
with AMR and reduced
allograft function

1. In house production of
AT1R was not achieved
2. Testing for non-HLA
Abs using multiplex
platform s achievable

1. Main findings pertain to
other non-HLA
antibodies

AT1R Ab were
associated with:

1. AMR at 1 year

2. diminished allograt
survival

3. Microvascular
inflammation on biopsy
1. AT1R Ab status failed
to differentiate patients
with microvascular
inflammation in the
absence of HLA DSA
from stable patients

2. Cel based assays
could improve risk
assessment pre
transplantation

1. Hyperacute fulminant
allograft dysfunction in a
recipient with markedly
elevated AT1R Ab

1. There was no
difference in ATIR Ab
levels between two
groups with and
without AMR

1. AT1R Ab prevalence
was high in cases of
allograft dysfunction

1. AT1R Ab were
commonin recipients of a
second transplant

2. AT1R Ab were
assodiated with inferior
long-term outcomes

1. AT1R Ab were
common post transplant
2. AT1R Ab were not
associated with allograft
dysfunction or survival

1. There was no
correlation between
immunoassay results and
AT1R Ab levels

2. Pre transplant AT1R
Ab did not correlate with
increased risk for AMR
AT1R Ab positivity is
associated with:

1. AMR (RR 1.96 CI
1.61-2.33)

2. Allograftloss (RR 2.37,
Cl 1.50-3.75)

1. AT1R Ab positivity was
not associated with
rejection or reduced
allograft function

1. AT1R Ab positivity was
associated with AMR and
lower EGFR

1. AT1R Ab were
associated with allograft
dysfunction in the
absence of rejection

1. There was no
association between pre-
transplant AT1R Ab and
occurrence of AMR

1. Case report
highlighting possible
implications of AT1R Ab

High AT1R Ab levels
were associated with:
1. de novo HLA DSA

2. Acute cellular rejection
3. Early chronic lung
allograft dysfunction

4. Lower recipient
survival time

1. Case report
highiighting possible
implications of ATIR Ab

AMR, antibody mediated rejection; AT1R, Ab Angiotensin Il tyve 1 receptor antibody; Cl, 95% confidence interval; eGFR, estimated glomeruler fitration rate; ELISA, enzyme linked
iviunosarbent assay: HLA DSA, human leucocyte antigen donor specific antibody; LVAD, left ventricular assist device: AR, relative risk
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