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FIGURE 1. Light micrographs of affected extramyocardial coronary arteries from allografts. (A) A 42 day B10.A cardiac graft

in a B10.BR recipient shows marked intimal thickening, luminal stenosis, cellular infiltration, and periadventitial inflammation.
(B) A 40 day B10.BR cardiac graft in a C.B-17 SCID recipient treated with passive Ab to donor Ags shows similar intimal

thickening and Tuminal stenosis, without the periadventitial infiltrate. Elastic tissue stain, X 200.

Russell, Journal of Immunology, 1994, 152:351
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Review

Humoral immunity and antibody-mediated rejection
in solid organ transplantation
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Seminars in Immunology 23 (2011) 224— 234
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The New England
Journal of Medicine

Copyright, 1969, by the Massachuseiis Madical Sotiety

Volume 280 APRIL 3, 1965 Number 14

SIGNIFICANCE OF THE POSITIVE CROSSMATCH TEST IN KIDNEY
TRANSPLANTATION*

Ravon Pater, MR.C.P.. anp Paur 1. Terasax:, PrD.

TasLE 2. Classification of 248 Kidney Transplants Performed
in 63 Recipients with and 163 without Preformed Antibodies
According to the Duration of Graft Survival.

GRAFT RECIPIENTS WITH ANTIBODIES RECIPIENTS
SURVIVAL WITHOUT
ANTIBODIES
POSITIVE NO NEGATIVE

CROSSMATCH CROSSMATCH CROSSMATCH
Immediate failures 24 (80.0%) 6(26.1%) 4 (14.8%) 4 (2.4%)

Failure within <3 0 6 4 32
mo

Failure after >3 | 3 ) 22
mo

Survival for <3 2 2 1 6
mo

Survival after >3 3 6 11 104
mo : — _— i
Totals 30 23 27 168

CDC XM CDC XM
NEGATIVO POSITIVO

X NO TX
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Graft survival (%)
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Lefaucher, 3 Am Soc Nephrol 21: 1398-1406, 2010
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VALUTAZIONE RISCHIO INTERMEDIO:
* URGENZA + BENEFICIO CLINICO
* PROBABILITA DONATORE ALTERNATIVO (cPRA)
* INTERMEDIO ALTO VS. INTERMEDIO BASSO

TINR oM [l

ALTO >5000 POS POS
BASSO <5000 NEG NEG



probability graft survival
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Kosmoliaptsis, Kidney Int 2014, 86, 1039-1048
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MEETING REPORT AJT

Sensitization in Transplantation: Assessment of Risk (STAR)
2017 Working Group Meeting Report
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Denis Glotz® | HiI.slrvGc:ldl:ur-i.rg11 | Ramsey Hachem® | Stuart Knechtle? |
Jon Kobashigawa?! | DeborahJ. Levine?? | Joshua Levitsky! | Michael Menge
Edgar Milford™! | Kenneth A. Newell® | Jacqueline G. C\'Learw23 | Scott Palmer? |

Parmjeet Randhawa'* | John Smith?* | Laurie Snyder?® | Randall C. Starling'® |
{19 7

2 |

| Timucin Taner? | CraigJ. Taylor?®® | Steve Woodle
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Stuart Swee
Adriana Zeevi'* | Peter Nickerson?

Tambur, Am J Transplant 2018;18:1604-1614.



Strength of Recommendation Patients Cinicians Folicy
1 Recommand Mot woukd wa it Mot would do [Supponts pdlicy
Mot oty woudd wani but |D6Mereit chodtss fof | Sulritantive debe te 1o
2 Suggest §
many would not jditferant patients bl ow
3 Do not Recommend
Quality of Evidence
A High RCT or Vety strong evidencs of associstion with no condounden
B Moderate Strong svidence of association or evidence of a dose resporse gradient
C Low Observational study
(] Very low Other types of studies of serica Bmitation 1o study guality
Thess is alsence of evidence andfor the warking group ex pet ainion only was used, or
EQ Themm is 0o speciic svidencs 1o addrme reeammendstion, howsver it slign with standasd of cans
and would be agreed by a majority of experts that no spedific evidence on the topic needs to be
generated, not would it be sapected to be gemraed

FIGURE 1 Expert assessment of strength of evidence

TABLE 2 Organ-specific recommendations

Peri-Transplant Evaluation (Cross-match)

A Virnual and or Prospective Crossmatch between Donor and Recipient should be
erlonmed prior o allocation ideally and at a minkmum prior Lo transplant

Avoiding HLA antibody is the preferred strategy 20 2 2C

ic 1c ic

|Pos|:-Trmsplan‘t Assessement of HLA Antibody
[Stnble Grafts: Memaory

Earfy In paltents with active memory or at risk for latent memony 2 an 1A
Freguency depends on number and strenglh of pre-1x DSA ac 2C 1A
Mot routing in liver 10
Guided by non-liver argan in combined liver - ather organ 14

|Stable Grafts: Maive
Al intenals post-transpiant 2 28 EQ EC
After modifications of immunosuppression or CN| avoidance protocals EQ EC 1A=
|5uspected or documented nor-adherence EQ EC 1hee

Graft Dysfunction: Memory and Natve
lAs part of irnvestigation of acule and chronic funeticon 18 18 1B
If there are histologic features of graft injury 18 18 1B
In llvar, test patients w/ steroid resistant refection and chronic rejection or those wy
clinical or histologic teatures ot acute or chronic AMR

ED

Ancillary HLA Diagnostic Assays
Complement or lsotype assays

|y be done but the nole must be determined at the center level M i
" (34)

b 1{21.,35,36)

s . {22,

DEA, donor-specific anfibody: CM1, calcinsurin in hivfor, ABMR. antibody-me disted reje dion.

Tambur, Am J Transplant 2018;18:1604-1614.
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TABLE 1 HLA diagnostic approach to assign a patient’s risk for memory or naive alloimmune response

Pretransplant donor-recipient HLA laboratory evaluation

CDC crossmatch
DSA positive

Negative

Negative

Megative

Negative

Negative

Negative

Negative

HLA identical

Single antigen
Flow crossmatch bead History of sensitization HLA molecular MM
DSA positive DSA positive
DSA positive DSA positive >
Megative DSA positive
Negative Megative Pregnancy or prior transplant with

repeat MM

Megative Negative cPRA with unknown repeat MM
Megative Negative No High
Megative Negative No Low
Megative Negative No ] Yes

MM, Mismatch; DSA, donor-specific antibody: ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection.

Immune risk assessment

Active memory and at risk for
hyperacute rejection

Active memory and at risk for
ABMR and TCMR

Active memory and at risk for
ABMR and TCMR

At risk for latent memory with a
recall B and T cell response

Potential risk for latent memory
with arecall Band T cell
response

Increased risk for de novo
alloimmune response

Baseline risk for de novo
alloimmune response

Low risk for de novo allaim-
Mune response

Tambur, Am J Transplant 2018;18:1604-1614.
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A Incidence of ABMR
100%:
overall p<0.0001
B0%
only cPRA groups: p=0.16
ke
Probability
A0
200
0%
0 3 [ ] 12
Months post-transplant
C  Death-censored graft survival
100y
Bl
0%
Percent
surviving
A0%
only cPRA groups: p=0.28
20%
overall p=0.0005
mﬁ 1 1 1 1 1 1 1 1 1
o 2 4 (] 8 10
- Years post-transplant
- 2 228 184 a0 87 6
-_— 1 13 73 52 23 11
- 43 E 25 18 11 5
- 105 B 57 A 20 4

D Graft survival

B Incidence of TCMR

overall p<0.0001

only cPRA groups: p=0.75

PRA

= cPRA 0% (n=250)

= cPRA 1-50% (n=129)

= cPRA 51-100% (n=43)

== pre-transplant DSA (n=105)

0 3 B 9 12
Months post-transplant

only cPRA groups: p=0.92

20%
overall p=0.002
Mi 1 1 1 I I I 1 1 1

o 2 4 b & 10
— Years post-transplant
- 250 228 134 140 a7 25
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- 43 3 25 13 Il 5
- 105 Bg 57 4 20 4

Wehemeier, Am J Transpl 2017; 17: 2092-2102
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TABLE 1 HLA diagnostic approach to assign a patient’s risk for memory or naive alloimmune response

Pretransplant donor-recipient HLA laboratory evaluation

Single antigen

CDC crossmatch Flow crossmatch bead History of sensitization HLA molecular MM HLA identical Immune risk assessment

DSA positive DSA positive DSA positive Active memory and at risk for
hyperacute rejection

Negative DSA positive DSA positive Active memory and at risk for
ABMR and TCMR

Negative Megative DSA positive Active memory and at risk for
ABMR and TCMR

Megative Negative Megative Pregnancy or prior transplant with At risk for latent memory with a

repeat MM recall B and T cell response

Negative Megative Negative cPRA with unknown repeat MM Potential risk for latent memory
with arecall Band T cell
response

Negative Megative Negative No High Increased risk for de novo
alloimmune response

Negative Megative Negative m— > Low Baseline risk for de novo
alloimmune response

Negative Megative Negative No ] Yes Low risk for de novo alloim-
Mune response

MM, Mismatch; DSA, donor-specific antibody: ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection.

Tambur, Am J Transplant 2018;18:1604-1614.



TABLE 1 HLA diagnostic approach to assign a patient’s risk for memory or naive alloimmune response

Pretransplant donor-recipient HLA laboratory evaluation

Single antigen

CDC crossmatch Flow crossmatch bead History of sensitization HLA molecular MM HLA identical Immune risk assessment

DSA positive DSA positive DSA positive Active memory and at risk for
hyperacute rejection

Negative DSA positive DSA positive Active memory and at risk for
ABMR and TCMR

Negative Megative DSA positive Active memory and at risk for
ABMR and TCMR

Megative Negative Megative Pregnancy or prior transplant with At risk for latent memory with a

repeat MM recall B and T cell response

Negative Megative Negative cPRA with unknown repeat MM 1' Potential risk for latent memory
with arecall Band T cell
response

Negative Negative Negative No High Increased risk for de novo
alloimmune response

Negative Megative Negative No Low Baseline risk for de novo
alloimmune response

Negative Megative Negative No ] Yes Low risk for de novo alloim-

mune response

MM, Mismatch; DSA, donor-specific antibody: ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection.

Given this complexity, the STAR Working Group cambtd that in general,rew DSA
observed in thérst 2 weeks posttransplant likely represents aony responseBetween 2
weeks and 3 monthas immunosuppression is weaned and cells ar@uégied from depletion
therapy (when useddpen both memory and de novo alloimmunity may eme&ter 3 months
the later the onset of a new DSA, the more likbbt it is related tale novo alloimmunity

Tambur, Am J Transplant 2018;18:1604-1614.
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Cognate interactions
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Antigen/peptide

MHC class Il

Isotype-switched
antibody production

i
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:
Y T cell receptor
Y
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4
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T cell activation/differentiation Cytokines

FIGURE 1 | Reciprocal interactions between T cells and B cells. Following E cell receptor-mediated uptake of protein antigens, activated B cells process and
present antigenic peptides in the context of major histocompatibility complex (MHC) class Il on their surface to cognate T cells that recognize the MHC—peptide
complex through their T cell receptor. Ligation of CD40 ligand and CD28 on T cells to C040 and CDE0/BE on B cells, as well as preduction of several cytokines
enable differentiation of both B cells and T cells into effector and memory subsets. While B cells can become isotype-switched antibody-producing plasma cells and
memory B cells, T cells can become activated as effectors or differentiate into memory T celis to sustain cellular immune responses.

Karahan, Front. Immunol. 2017: 7:686
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STRUCTURAL EPITOPE

3D molecular analysis of the
paratope-epitope interface

HOT-SPOT + CRITICAL
CONTACT SITES (SELF OR NOT

A “Structural Epitope” consists SELF) WITHIN 15 A RADIUS
of amino acid residues that

contact all six CDRs of antibody




Figure |. Schematic representation of antibody-mediated rejection pathophysiology
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HM Epitope Registry
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DRB

Description

This website is designed for research purposes only, The contents are not intended for making clinical ¢

There are five separate databases: ABC, DRB1/3/4/5, OB + DOA, OFB + DPA and MWICA

Thett layouts display:

Epitape names

Folymorphic residue descriptions

Epitope frequencies

Antibody reactivity descriptions of "confirmed” or "provisional” antibody-verified epitopes
Information about corresponding “structural” epitopes

Epitope-carrying alleles in Luminex panels

Listings aof all alleles with antibody-verified epitopes.

Update of the HLA class | eplet database in the website based
registry of antibody-defined HLA epitopes
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HLA-ABC antibody analysis (v02) update June 2016

HLA-DRDQDP antibody analysis (v02.1) update January 2017

MICA antibody analysis (v01)

&
£

HLA-ABC matching for up to 1000 cases (v02)

HLA-DRDQDP matching for up to 1000 cases (v02.2) update 2 August 2018
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BILR B2L83R e Tes Yiew ATII01, AT2E02 A2

Struct of Epitope: 82LR Yes

i, CA)

Hesidue Differences within 15 A ‘!
Eplet |12 71 17 80 81 a0 138 144 145 149

A*23:01 82LR v 5 M | A A M Q R A
A*23:02 82LR v 5 M | A A M Q R A :
A*24:02 82LR v 5 M | A A M K R A
A*24:03 82LR v 5 M | A A M K R A
A*25:01 82LR v 5 5 | A D M Q R T
A*32:01 82LR v 5 5 | A A M Q R A
B*13:01 82LR M T M T A A T Q L A
B*¥13:02 82LR M T M T A A T Q L A ]
B*15:13 82LR M T M | A A T Q R A
B*15:16 82LR M A M | A A T Q R A
B*27:03 821R |V A D T L A T q R A Maolecular model of B*34:02 showing
B*27:05 82IR |V A D T L A T Q R A surface-exposed residues surrounding
B*37:01 82IR |V T D T L A T Q R A 145R within 15Angstroms (yellow). Single
B*18:01 a2lr v T N I A A T Q R A numbers refer to sequence locations of
B*44:02 82lR |m T N T A A T Q R A monomarphic residues and numbers with
B*44:03 ar |m T N T A A T Q R A letters describe polymorphic residues
B*47:01 sar |m T b T L A T Q R A shared Petween B*44:02 and B* 13:{%2.

e Self residues 821 and B3R are essential
B749:01 82IR M T N : A A T Q R A components of the structural epitope.

Marrari M, Conca R, Pratico-Barbato L, Amoroso Aldbuquesnoy: RJ: Brief Report: Why did two patients type for
HLA-B13 have antibodies that react with all Bw4igahs except HLA-B13Transplant Immunology, 25: 217-220, 2011
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Acute Rejection free (%)
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Time post transplantation (months)
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« What other alleles are associated with this epitope?

* Enter 44KM3 into the Search Epitope box, and click the Search Epitope
button

* What does this allele list suggest if a donor was typed as A*01:257
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Polymorphic A2,AB8; A2 ABS; A2 A24
Residues on B51 B27.B44 B35 R44 B7.B8

B51 EPITOPES MISMATCH
VS. DIFFERENT PHENOTYPES
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Figure 3 Structural Basis of a HLA-B51 Mismatch

Single Donor Mismatch; Donor A32, recipient Al

Donor mm: A32 9 Identified epitopes, none present on HLA-A1

A32 01+ 1osts [ fqoaie || 13ame | Laerw | 2ssa|
131k 1637 1440 | =l

NO EPITOPES MISMATCH!

Recipient HLA
Al

138m+ || teTw || 2536
A29 T J s

10901+ j—-f IDSLe 167TW
B8 ._ 131R 163T

Cwb

167w

o |_[imma] Middleton, 2014

Cw7 —




Recipient
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2 A*01:01
3 A*02:01
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Other
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p=0.0351
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12
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11
18
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29
21

14

HLA typing methods to predict dnDSA development posttransplant.

eplet loads for 10 recipients’
phenotypes

Duqguesnoy, Transpl 2017
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Table 4| Relationship between the occurrence of de novo DSA and antigenic, allelic, and epitopic mismatches

No. of patients

No. of antigenic mismatches

MNo. of allelic mismatches

No. of epitopic mismatches

No. of Abv epitopic mismatches

DSA+/DSA— DSA+ vs. DSA— P DSA4+ vs. DSA— P DSA+ vs. DSA— P DSA 4+ vs. DSA— P

Class | or Il DSA

29/60 6.5 £ 1.8 vs. 0.015 82 £+ 2.1 vs. 0.026 445 4+ 116 vs. < 0.0005 216 £ 63 vs. 57 x 107°
54+ 18 71+ 27 32.0 + 142 148+ 7.0

Class | DSA

5/84 4.8 + 0.8 vs. 0.07 50 + 0.7 vs. 0.11 232 + 7.0 vs, 0.014 132 + 3.1 vs. 0.009
3.7+-14 41+ 1.3 147 + 6.1 82+ 39

Class Il DSA™

28/61 2.5 +£09vs, 0.003 38 + 14 vs, 0.024 276 +£9.9 vs, 0.0003 121 + 54 vs, 48 x 107°
1.5E12 30+13 179 + 124 6.8 £+ 6.1

DR DSA

6/83 1.2 + 0.4 vs. 045 1.2 + 04 vs, 0.41 16.8 + 8.2 vs. 0.07 7.0 £+ 45 vs, 0.04
1.0+ 06 1.3+ 06 104 + 78 35+ 35

DQ DSA”

25/64 1.3 £ 0.5 vs. 0.006 14 £+ 05 vs. 0.8 135 1+ 52 vs. 0.0005 6.8 + 3.3 vs. <0.0005
0.9 + 0.7 1.2 = 06 87 + 82 3.9+ 48

Abv, antibody-verified; D5A, donor-specific antibody.

*D0Q and dass Il mismatches do net include DQA.

Snanoudj, Kidney Int 2019




HLA-DR/DQ dnDSA Free Survival

m

HLADR/MDO dnDSA Free Survival
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Eplet

Immunogenicity of Selected Eplet
Mismatches in 62 Transplant Cases

Nr. Reactive (%)

116D
171H
113HD
116Y
2075
113HN
113YN
184A
193AV
70AQS
76VD

0/9 (0%)
0/9 (0%)
1/10 (10%)
1/10 (10%)
3/15 (20%)
3/13 (23%)
2/8 (25%)
5/15 (33%)
5/15 (33%)
3/8 (38%)
5/13 (38%)

Eplet

Nr. Reactive (%)

253Q
275EL
113YR
113YH
41T
151AHE
70AQA
167DG
76EN
/6AN
127K

4/10 (40%)
4/10 (40%)
6/13 (46%)
8/17 (47%)
5/10 (50%)
5/10 (50%)
5/9 (56%)
8/14 (57%)
6/10 (60%)
5/8 (63%)

13/20 (65%)

Eplet

Nr. Reactive (%)

82LR
180E
151AHV
138MT
145KHA
167ES
177DK
66RKV
62GE
161D

8/11 (73%)
8/11 (73%)
16/22 (73%)
17/22 (77%)
17/22 (77%)
7/9 (78%)
8/10 (80%)
16/19 (84%)
16/18 (89%)
9/10 (90%)

Dugquesnoy, RJ and Claas FHJ: Progress Report of 14th International Histocompatibility Workshop
Project on the Structural Basis of HLA Compatibility, Tissue Antigens, 69 (Suppl. 1): 1-5, 2007

Kosmoliaptsis, Hum Imm 2011



Derivation of three-dimensional electrostatic mismatch score (EMS-3D)
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A Ne REM or DQA

chain mismatch B
(8%)
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________________ no mismatch
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'------p

.. REM mismatch only
DQA chain
mismatch (no REM) REM (with or without

(40%) DQA chain mismatch) REM & DQA mismatch

Cumulative dnDSA free su
= L =3

(54%)

Time to de novo DSA (days)
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McCaughan, Am J Transplant 2018;18:2924—-2933



DQAS DQA2

THE SUBSTITUTION OF SERINE FOR ISOLEUCINE AT POSON 74 IN THE DQAS CHAIN
RESULTS IN A 4-FOLD CHANGE IN ELECTROSTATIC POTENAL IN THIS REGION,

WHICH FORMS PART OF THE STRUCTURAL EPITOPE FOR ANBODIES SPECIFIC TO AN
EPLET AT POSITION 45-47N DQB2

McCaughan, Am J Transplant 2018;18:2924—-2933
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FIGURE 2 | Modeling of the increased hazard on graft failure for each Predicted Indirectly ReCognizable HLA Epitopes presented by recipient HLA class |l
(PIRCHE-Il). Based on the multivariable analyses, the kidney graft failure risk is plotted as a function of the number of PIRCHE-II for both the overall cohort and for
the first-transplantations only group. For exarnple for the overall cohort, a patient with a PIRCHE-II value of 2.718 [In(2.718) = 1] has a hazard of 1.13 on kidney graft
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= MFl < 460

A
=== 460 < MFIl = 3000
w3000 < MFI < 6000
= MFI >6000
2
®
=
e
-
w
L)
0 12 24 36 48 60 72 84 96
Time post transplant (months)
Number at risk
MFl = 460 326 207 285 224 151 103 75 51 33

460<MFl < 3000 27 27 26 22 13 10 8 7

6
3000<MFI<6000 11 11 10 8 4 3 3 2 2
MFI >8000 3 33 30 28 19 16 12 9 &

Lefaucher, 3 Am Soc Nephrol 21: 1398-1406, 2010
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Table 1 | Properties of human IgG subclasses.

lgG1 lgG2 lgG3 lgG4

General
Molecular mass (kD) 146 146 170 146
Amino acids in hinge region 15 12 G28 12
Interheavy chain disulfide bonds 2 4b 14 2
Mean adult serum level (g/l) 6.98 3.8 0.51 0.56
Relative abundance (%) 60 32 4 4
Half-life (days) 21 21 7/~21¢8 21
Placental transfer ++++ ++ ++++++8 +++
Antibody response to:
Proteins - +— ++ ++°
Polysaccharides + +++ +/— +/—
Allergens + =) =) ++
Complement activation
C1qg binding ++ + +++ -
Fc receptors
FcyRI ++4C 65 — — +H++ 61 ++ 34
FeyRllay 3, +++ 5.2 ++ 0.45 ++++ 0.89 ++ 0.17
FcyRllapay +++ 3.5 + 0.10 ++++ 0.91 ++ 0.21
FeyRllb/e + 0.12 — 0.02 ++ 017 + 0.20
FcyRlllag sz ++ 1.2 - 0.03 ++++ 77 - 0.20
FeyRlIlaysq +++ 2.0 + 0.07 ++++ 9.8 ++ 0.25
FeyRllb +++ 0.2 - - ++++ 1.1 — —
FcRn (at pH < 6.5) +++ +++ ++/+++7 +++

N A

Vidarsson, Front Imm 2014
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Death-censored allograft survival
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Figure 3. Kaplan-Meier curves for death-censored kidney allograft survival according to iDSA 1gG1 (A), 19G2 (B), lgG3 (D), and IgG4

(O} subclass status.

Lefaucher, J Am Soc Nephrol 27: 293-304, 2016
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