University of British Columbia P.Keown MD, DSc, FRCP, FRCPC

Departments of Medicine and
Pathology and Laboratory Medicine




CST DEFINITIONS

 Acute Rejection —acute immune attack with cellular or
antibody mediated injury and associated inflammation

 Chronic Rejection — persistent immune attack with
Injury, repair, remodeling, fibrosis and failure

« Accommodation — immune acceptance of the
transplanted organ maintained by immunosuppression

 Tolerance — immune acceptance of the transplanted
organ comparable to the recipient’s own tissues



DESIGN OF BIOMARKERS PROGRAM

Pre-transplant Blood, Tissue and Data
(Baseline Controls)

Solid Organ Transplant
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DISCOVERY STRATEGY

—_— - 54,000 Probe Sets. '_

TRANSPLANT PATIENTS ,./ 2,000 Peptl.des. or M.eta.bolltes
Pre-transplant through 3 years [ Normalization, Filtering '--I
post-transplant \ Protein Dictionary '
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CLINICAL DATA —— | < -
2 10,000 Probe Sets / 200 Protein
- Groups or Metabolites
BIOLIBARY SAMPLES > _ _ _ _
» Blood, Urine, Tissue a Single Time point and Time course
o Multivariate Analysis within a Platform
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_ . X \
Transcriptomics —_—| |
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PATIENT ENROLLMENT

Total De Novo | Existing

Total Number

Patients enrolled 562 459 103

Timepoints collected 3761 3649 112

Samples available 23045 22302 743
Number of Kidney Transplants

Patients enrolled 407 335 72

Timepoints collected 2713 2637 76

Samples available 16351 15854 497
Number of Heart Transplants

Patients enrolled 63 48 15

Timepoints collected 410 390 20

Samples available 2832 2693 139
Number of Liver Transplants

Patients enrolled 92 76 16

Timepoints collected 638 622 16

Samples available 3862 3755 107




CST

3 months

Transplant 1 week
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-0

0.414
0.362
0.309
0.256
0.203

0.1
0.098
0.045

logZ2{mean ratio)

-0.008
-0.061
0.114
-0.167
0219
0272

IN UREMIA

GENE TRANSCRIPTS AND INFLAMMATION
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DIFFERENTIAL EXPRESSION BY TREATMENT
MODALITY

DALY SIS TYPE

& CAFD

® CCRPD (Automated PD)
® Conventional Haermo

® Pre Dialysis

547 probe sets,
FDR<0.01

PC#2 18.8%

S L8 4

25 probe sets,
FDR<5x10¢
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DIFFERENTIAL EXPRESSION BY PRIMARY
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CST INCREASED GENE EXPRESSION AT WEEK 1

Differential expression GO higher level categories

1. Chemotaxis and cell migration

2

2. Inflammation and innate immunity

1

3. Adaptive immunity (T- and B-cell)

0
|

4. Wounding and tissue healing

mean standardized log2(expression value)

-1

5. Other biological, cellular processes




CST DECREASED GENE EXPRESSION AT WEEK 1

Differential expression

mean standardized log2(expression value)

GO higher level categories

1. Defense response to infection

2. Embryonic growth and development
3. Innate immune response

4. Adaptive immunity

5. Other biological, cellular processes
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GENE EXPRESSION IN ACUTE REJECTION

/

-log10iadj p-value)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Log fold-change

183 significant probe-sets (<1%; 3-method intersection)

2.0



CST

238320_at
211454 x_at
244752 at
204978 _at
1558448 a at
210787_s at
211251 x_at
209060_x_at
200805_at
226266_at
202150 s at
237442 at
208129.x_at
217475 s _at
201473_at
201970_s at
227510 x_at
240057_at
210184 _at
217436_x_at
200709 _at
210514 x_at
203748 _x_at
205921 s at

TncRNA

FKSG49

ZNF438

SFRS16

CDNA FLJ35687 fis
CAMKK2

NFYC

NCOA3

LMAN2

PGS1

NEDD9

CDNA FLJ35687 fis
FKSG49L.0C73
LIMK

JUNB

NASP

PRO1073

CDNA FLJ35687 fis
ITGAX

MARKER GENES IN ACUTE REJECTION

trophoblast-derived noncoding RNA

Protein of unknown function DUF741

Zinc finger protein 438

splicing factor, arginine/serine-rich 16
calcium/calmodulin-dependent protein kinase kinase 2, beta
nuclear transcription factor Y, gamma

nuclear receptor coactivator 3

lectin, mannose-binding 2

phosphatidylglycerophosphate synthase 1

neural precursor cell expressed, developmentally down-regulated 9

LIM domain kinase 2

jun B proto-oncogene

nuclear autoantigenic sperm protein (histone-binding)
CCNL1 (cyclinL1) ?

integrin, alpha X (complement component 3 receptor 4 subunit)

LOC730399/LOC731974 hypothetical protein Human MHC class | HLA-J gene, exons 1-8

FKBP1A
HLA-G
RBMS1
SLCG6A6

FK506 binding protein 1A, 12kDa

HLA-G histocompatibility antigen, class I, G

RNA binding motif, single stranded interacting protein 1

solute carrier family 6 (neurotransmitter transporter, taurine), member 6
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CST DIFFERENTIAL GENE EXPRESSION IN BPAR

1 probe set of 17338 with 78% correct classification rate
238320 _at TNCRNA

6.8 L
@
6.511 o®
6.22 @
L OOOD
5.931 @ @
@
5.64 @
@ @
5.35]
1. e oo o
5.06] o
oo
4.771 OO0
L
4 .48 @
OO0
4 .19
OO
39 NR BR AR
# Per Class Proportion # Correct # Errors %o Correct
BR 5 0.13 3 2 60.00
NE 22 0.58 18 4 82.00
AR 11 0.29 9 2 £2.00
The Average 74 67
Total 38 1 30 8 78.95



PREDICTION OF REJECTION PRE-TRANSPLANT
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183 significant probe sets AR 126 significant probe sets
vs NR at W1 AR vs NR pre-transplant



GENE SIGNATURES IN METASTABLE
TRANSPLANTS

Gene categories altered

1. Energy and transport regulation

2. Immune defense and antibodies

3. Nuclear transport and signaling

Bl | E.“'-,, Y Tt 4. Control of intermediary metabolism
T A
o I L T o
L3 |_y|"|;,,'_ 1o 5. Other biological, cellular processes
o] ® Normal
® Post-TX

® Pre-TX




GENE SIGNATURES IN MURINE KIDNEY
POST TRANSPLANT

BC023105
Ccl5
Ccl8
Cxcl11
Ifi202b
Vcaml
Dnasell3
Casp7
Parp3
Stat2
Tcf7
Trim21
Trim34
Card4
Ccl19
Ccr9

118
Parpll

Conditian

D21 C D42

Famulski et al; Am J. Transplant 2006; 6: 1342
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CST GENE SIGNATURES IN HEART DISEASE

Endstage Heart Failure

7,368 probe sets
were significantly
differentially
expressed in
l!h'J:E:I heart failure

versus normal
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120 69 49 21 34 46 24 14 32 67
Protein Group Code

45 protein groups were significantly
differentially expressed in heart failure
versus normal
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Endstage Kidney Failure

10,484 probe sets
were significantly
differentially
expressed in
kidney failure
versus normal
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PATHWAY ANALYSIS IN RENAL
TRANSPLANTATION

Ca('2) cytosol

. "zrrﬂsl‘sr’
Calmodulil.

Ca('2+) endoplasmic
reticulum
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MOLECULAR ACTIVATION OF THE T-CELL
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MOLECULAR ACTION OF CURRENT IMMUNE
SUPPRESSANTS
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MOLECULAR ACTION OF NOVEL IMMUNE
SUPPRESSANTS
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1 year

3 months

1 week
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CST SUMMARY AND NEXT STEPS

e Confirmation — validation of the initial discoveries in a
multi-centre Canadian study

« Application — development of simple and rapid
biomarkers using routine laboratory methods

 Exploration — understanding of the mechanisms
controlling accommodation and tolerance

e Translation — use of these discoveries to develop new
drugs and treatment to improve graft outcome



The GENOME Team

Steering Committee
Paul Keown, Robert McMaster, Bruce McManus, Raymond Ng, Robert Balshaw, Alice Mui

Patient Enrolment ' Transcriptomics ' Informatics
Paul Keown, Stephen Chung Bruce McManus, Alice Mui, Tim Triche Raymond Ng, Robert Balshaw, Gabriela Cohen
— Freue
Clinical Research Coordinators: Sara Assadian, Jack Bell Research Centre: Alice Mui, Pooran :
Rosemary Cvitanovic, Su\?o?r?czs;gg’ Rehana Manji, Sandra Qasimi Data Management: Mark Wilkinson, Nina Opushneva,
Microarray Core Laboratory: Tim Triche, Betty Wendy Alexander, Joe Comeau, Andrew Ferris,
Kidney Transplant Clinicians: Jean Shapiro, Paul Keown, Schaub, Michelle Wing, Diana Abdueva Zsuzsanna Hollander
Charles Wright, Mark Nigro, David Landsberg, John Gill,
Gary Nussbaumer, Bill Gourlay Novartis: Sergio Kaiser, Stephan Gatzek, Dieter Data Analysis: Bruce McManus, Robert McMaster, Paul
Neuschaefer Keown, Alice Mui, Zsuzsanna Hollander, Oliver Gunther,
Heart Transplant Clinicians: Ron Carere, Andy = Enqging Shen, Axel Bergman, Tim Triche, Jonathan
Ignaszewski, Lynn Straatman, Jim Abel, Anson Cheung, Proteomics Buckley, Andreas Scherer
Annemarie Kann, Carol Imai Rob McMaster, Christoph Borchers
Trainees:
Liver Transplant Clinicians: Stephen Chung, Eric Yoshida, Jack Bell Research Centre: Axel Bergman, Mayu Benjamin Good, Jon Carthy, David Lin, Hon Leong, Anna
Urs Steinbrecher, Charles Scudamore, Sig Erb Sasaki Meredith, Farshid Sadeghi
UVic-Genome BC Proteomics Platform: Christoph N "
. - - Borchers, Derek Smith, Leanne Ohlund, Monica ovartis
Phenotyping: Bruce McManus, Alex Magil, David Owen Elliot, Jennifer Reid Michael Loeloff, Sergio Kaiser, Rich Knochenmuss
BioLibrary: Lisa Robertson, Teri Dahlgren, Axel Bergman, Metabolomics IBM
Pooran Qasimi, Rehana Maniji University of Alberta: David Wishart, David Hau, Jun Paul Moody, Mahendran Maliapen, Agata Szewczyk, Tony
Peng; Novartis: Rich Knochenmuss Li

Operations Team
Janet Wilson-McManus, Martha Casey-Knight, Zsuzsanna Hollander, Nina Opushneva, Pooran Qasimi, Mayu Sasaki, Sara

Assadin, Lisa Robertson, Rosemary Cvitanovic, Rehana Manji, Axel Bergman, Oliver Gunther

Management
Janet Wilson-McManus, Martha Casey-Knight, Agnes Baross

Quality Finance and Human Web Portal and Website Communication Translation and IP Funding Partners

Control Resources Joe Comeau, Andrew Ferris, PHC — Leah Lockhart, VCHRI — Lisa Carver, JP Heale, University Industry Liaison Genome Canada,
Operations Jo-Lynn Mervyn, Kelly Dean English, Jennifer Genome BC - Linda Bartz, IBM — Jeff Betts, Office, Steering Committee, Advisory Novartis, IBM, Genome

Team Ceron, Agnes Baross, Myers Novartis — Michael Loeloff, BCTS — Ken Committee, Novartis, Genome BC BC, Other Partners

UBC Donohue
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