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Premature transplant failure is a tragic loss of health and resources

Transplant offers superb early success

e Rapid recovery and rehabilitation
e normal growth and development (children)

* Jlower cost < $20,000 vs $90,000 / year (HD)

but poor long-term survival

* Few grafts survive beyond 10-20 years
e 500+ patients lose their graft every year

e S1 million incremental lifetime cost of care
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Association between transplant glomerulopathy and graft outcomes
following kidney transplantation: A meta-analysis

@ PLOS|ONE

Gabor Kovacs?, Giovanna Devercelli?, Tamas Zeleil,
Ishan Hirji2, Zoltan Voké!:3, Paul A. Keown**

=
2 Records identified through database search: N = 4495
§ Cochrane: n=110
E EBSCO: n=977
& SCOPUS: n = 3408
[=]
o Records left after duplicates removed: n = 3517 I
; Records excluded: n = 3325
i Lack of abstract: n=231
& Patient number <10: n=187
@ Irrelevant topic: n = 2907
N Records undergoing full-text evaluation: n=192 l
5 Records excluded: n=174
o Due to irrelevant topic: n=138
e Due to no TG vs non-TG comparison: n=20
w Due to transplant-initiated graft follow-up:  n=4
— Due to no graft outcome data that could
be converted to HR: n=3
o Overlapping patients: n=4
a Other: n=5
3 Records included in the meta-analysis: n=18
-
Results:

1. Graft failure is almost 3 times more common with transplant glomerulopathy (HR: 2.85)

2. Median graft survival is reduced by 15 years with transplant glomerulopathy (3.25 vs 18.82 years)

Fillipone et al, Modern Pathology, 2017
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Targeting risk in the BC transplant population

BC Transplant Population, January 1 2008 to December 31 2018
First grafts = 2,325, Died = 277, Graft failure = 159
Analysis by subpopulation
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Targeting risk in the BC transplant population

BC Transplant Population, January 1 2008 to December 31 2018
First grafts = 2,325, Died = 277, Graft failure = 159

Analysis by subpopulation
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And an expert and experienced project management team!

With government, academia, healthcare, patients & industry

Health Canada, FDA

CBS, HemaQuebec
Scientific societies

Research partners

Technology transfer Transplant programs

Data sciences )
HLA & genomics

s laboratories

Law, ethics &
economics

Proteomics
laboratories

Pharmacology

Renal pathology Immune injury



New National Programs to prevent graft loss due to AMR
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Activity 1la: HLA genes, polymorphisms and nomenclature

R cevercs
RUAYAIRALAY GENETICS

Review Article | Published: 01 December 2004

Gene map of the extended human MHC

Roger Horton, Laurens Wilming, Vikki Rand, Ruth C. Lovering, Elspeth A. Bruford, Varsha K. Khodiyar,
Michael J. Lush, Sue Povey, C. Conover Talbot Jr, Mathew W. Wright, Hester M. Wain, John Trowsdale,
Andreas Ziegler & Stephan Beck B
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Mapping Relevant Eplets on HLA Protein

Peptide-binding fragment of HLA is engaged by the T-cell receptor. Antibody-defined eplets are

highlighted in red. Many eplets occur at the peptide-binding region, but some occur outside this

region

DRB1*04:01
5NIS

Molecular graphics and analyses performed with UCSF Chimera, developed by the Resource for Biocomputing, Visualization, and
Informatics at the University of California, San Francisco, with support from NIH P41-GM103311.

DRB1"04.01
5NI9



Results: Conversion of alleles into eplets reduces complexity
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f donors sequenced by NGS between
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361 alleles identified
translated into 148 eplets
e 206 class | alleles, 59 eplets

155 class Il alleles, 89 eplets
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11

Frequencies across all class | and Il eplets were more
similar between patient and donor groups than allele frequencies

Results
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12
Results: Eplet frequencies in kidney patient and donor groups
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Results: HLA eplet sub-groups and epitypes

HLA Class 1 Eplets K-Means Clusier HLA Class 1 Chesier Frequencies

: IIII
HTI-:

HLA Class 2 Clusier Frequencies

IIII |

Image 3. Patlents were segregated into three clusters, independently for class | and class I, hased on their
eplet patterns using a k-means algorithm. Frequent eplets are coloured red, while rare eplets are blue, The
frequencies of subjects in each cluster are shown for the four different cohorts based on class I and class I
eplet patterns, respectively.
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Activity 1b: implementing genomic methods for donor epitope typing

Linkage LinkS&q HLA Typing Kits 4/, ONE LAMBDA LABType® XR and CWD
(o) (o) Biosciences" A Thermo Fisher Scientific Brand
S
—
LABScan3D

- Multiplex up 500 beads

LinkSeq Gel Systems Probe Systems

H L. Add sample to reagents 1. Add sample to reagents 1. Add samgbe to reagents 0 Hr
- 2. Ampdify 2. amplity 2, Amplity
“ 1 Wead and Export data with 1Hr
v real-time PCR machine 3. Load gels 3. Denaturalization/

4. Run gets Reutralization

4, Automated analysis
5. Capture ped image
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T Clean up Labeling
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Activity 1b: implementing genomic methods for donor epitope typing

Human Immunology
Volume 78, Supplement, September 2017, Page 90

ELSEVIER

P050 Rapid, high resolution HLA genotyping
using nanopore sequencing

Peter M. Clark 2, Debaorah Ferriola 2 Dimitri 5. Monos & 2

AQOB ANNALS OF BLOOD

@ Tite & Ful Te

Home  Journalnfo  Indexing  For Authors  For Reviewers Al Amicles  Archives  Announcements

Home | August 2017 | Tha power of Onfard Nanopare MinlOM in human leukocyte antigen immuncginstics

Article Abstract

The power of Oxford Nanopore MinlON in human leukocyte antigen immunogenetics

Authars: Maresl G J Tiaras

Q’ the l-nl of
Accurate Typing of Human Leukocyte Antigen ) Couok o st
Class I Genes by Oxford Nanopore Sequencing

Chang Liu,” Fangzhou Xiao,' Jessica Hoisington-Lopez,’ Kathrin Lang,” Philipp Quenzel,’ Brian Duffy,” and Robi D. Mitra'

nature

biotechnology

Article QPEN Fublished: 29 January 2018

Nanopore sequencing and assembly of a
human genome with ultra-long reads

Miten Jain, Sergey Koren [...] Matthew Loose =

MNature Biotechnology 36, 338-345 (2018)  Download Citation &

Comprehensive haplotyping of the HLA gene family using nanopore sequencing

Sebastian Johanssonl, Szilveszter Juhosl, David Rodi:az, Afshin A]Jmadianz, Max Kaller™

! Stockholm University, Department of Biochemistry and Biophysics, Science for Life Laboratory, SE-

171 65 Solna, Sweden
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New National Programs to prevent graft loss due to AMR
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2018
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* Epitope frequencies
2019 * Quantitative impact
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*1b. Methods for rapid
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Activity 2: Study design, sampling, biobanking and analytical methods

Baseline Quiescence Rejection

|

Patient samples
- DNA

- Serum

- Cells

- RNA
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2a. Immune monitoring: recovery of immune competence (phenotype)
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2a. Immune monitoring: recovery of immune competence (phenotype)
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2a. Immune monitoring: recovery of immune competence (phenotype)
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2a. Immune monitoring: recovery of immune competence (phenotype)

T-distributed Stochastic Neighbor Embedding (tSNE) representation, CD4 T
cell panel, expression levels of clustering channels
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2a. Immune monitoring: recovery of immune competence (genotype)
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and PD but expression levels return towards normal after transplantation



2b: Immune monitoring of the donor-specific TCR repertoire

Science Translational Medicine

RESEARCH ARTICLES
Tracking donor-reactive T cells: Evidence for clonal deletion in tolerant kidney
transplant patients

BY HEATHER MORRIS, SUSAN DEWOLF, HARLAN ROBINS, BEN SPRANGERS, SAMUEL A. LOCASCIO, BRITTANY A. SHONTS, TATSUO KAWAI,
WAICHI WONG, SUXIAO YANG, JULIEN ZUBER, YUFENG SHEN, MEGAN SYKES
SCIENCE TRANSLATIONAL MEDICINE | 28 JAN 2015:272RA10 | &
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Activity 2c: Health technology assessment of HLA antibody testing

4’ ONE LAMBDA

A Thermo Fisher Scientific Brand

LS1A04 LABScreen Single Antigen HLA HLA-A, HLA-B, HLA-C
Class | - Combi

Full Specification W

LS2A01 LABScreen Single Antigen HLA HLA-DRB, HLA-DQB
Class Il - Group 1

Full Specification

gy
IMMUCOR.

LIFECODES LSA Class | Kit
Single antigens for the detection of the HLA Class | IgG antibodies.

LIFECODES LSA Class Il Kit
Single antigens for the detection of the HLA Class Il IgG antibodies.

s
(=]

';,I._.,_-I_._I.II T |

Immucor

15000 =

10000 -

5000-

Antibody-Verified Eplets (n=59)
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Activity 2d: non-invasive monitoring of graft injury

Graft-derived cell-free DNA, a noninvasive
early rejection and graft damage marker in
liver transplantation: A prospective,
observational, multicenter cohort study

Ekkehard Schiitz', Anna Fischer®, Julia Beck!, Markus Harden®, Martina Koeh®,
Tile Wuensch®, Martin Stockmann®, Bjdrn Mashan®, Ofto Kollmar®, Johannes Matthaai®,
Philipp Kanzow?, Philip D. Walson®, Jirgen Brockmidller®, Michael Oellerich? =
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New National Programs to prevent graft loss due to AMR
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Activity 3a: To develop and test a systems pharmacology model

Systems pharmacology model Pharmacogenomics
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Risk-based model of the graft response

Evidence-based optimization

Risk of AMR

Risk of Infection

Epitope match

Immune monitoring

Personalized therapy

Activity 1

Pre-transplant risk
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! 1
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1 »
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Figure 1: Epitope match, immune monitoring, personalized therapy and outcome measures incor
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Activity 3a: Impact of therapeutic dose reduction on graft loss

Likelihood of reduction-free MMF dose maintenance in the first year post-transplant
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Activity 3a: Impact of therapeutic dose reduction on graft loss
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Activity 3b: Implement risk-based stratification in clinical trials

AMR Risk 4

Scenario 1:

Safe to
progress

n=6

-
>

Tier 2

Scenario 2:

n=6 Tier 1: Historical DSA MFI ., < 5000, no repeat mismatches
Tier 1 Tier 2: Historical DSA MFl ., < 10,000, no repeat mismatches
Tier 3: Historical DSA with repeat mismatches allowed
R — o Tier3
n=6 n=6
n=6 Tier 2 Tier 2

Safety signal
raised

Tier 1

Scenario 3:

Unsafe to
progress

— Study Stops

Pre-specified
stopping Rule:
AMR rate >30%

No AMR detected
. AMR detected
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32
Activity 3: Strategies to induce tolerance: mixed chimerism

Chimerism, Graft Survival, and Withdrawal of
Immunosuppressive Drugs in HLA Matched and

American Journal of _
AMERICAN SOCIETY OF
Asr TRANSPLANTATION LX) 150

Transplantation
J. D.Scandling, S.Busque, J.A.Shizuru, R.Lowsky, R.Hoppe, S.Dejbakhsh-jones, MismatChEd Patients After LiVing Donor Kldney and
K.Jensen, A.Shori, J. A.Strober, P.Lavori, B.B.Turnbull, E.G.Engleman, Hematopl:lietic CE” Transplantation

S. Strober &

rATG (1.5 mg/kg x 5) CD34* cell

| A CD3" cells

Kidney Transplant

Corticosteroid ‘

Withdraw immunosuppression if: Mixed chimerism > 6 months, No evidence of
rejection, No GvHD
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‘e Genome Canada
TC Transplant Consortium
o prevent AMR, optimize expensive therapy and

prolong graft survival

* restore healthy and productive life for patients and
their families

* reduce the need for re-transplantation and make
more organs available
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2a. Immune monitoring: recovery of immune competence (function)

Imjection
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Based on recent discoveries,
glycolytic pathway dependency
for energy production is a robust
measure of macrophage
activation. Conventionally,
progression of macrophage
activation is measured in terms
of changes in cytokine
expression and other end-point
(not kinetic) data. The Seahorse
XFp analyzer can detect

macrophage activation response,

stimulated with LPS using our
integrated injection ports, by

measuring the proton efflux rate (PER) in real time providing an early window
of functional information to discriminate activation responses.

Injection of arti-CO3
and anti-CDEE beads
Actwated
- |
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Based on recent discoveries, glycolytic
pathway dependency for energy
production is a robust measure of T
cell activation. Conventionally,
progression of T cell activation is
measured in terms of changes in cell
size/morphology, interleukin/interferon
expression and cell surface markers,
methods which can be time and labor
intensive, often involve end-point (not
kinetic) data, and a time scale of hours

to days. The Seahorse XFp analyzer can detect T cell activation response
within several minutes of stimulation with CD3/CD28 immunogenic beads
by measuring glycolytic extracellular acidification rate (ECAR) in real time
providing an early window of functional information to discriminate

activation responses.
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