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PROOF Centre Background "

Not-for-profit Society established with
competitive federal funding from the NCE
secretariat in 2008

Created as an NCE CECR devoted to developing
useful biomarker products that provide
socioeconomic benefits for Canada

Based at St. Paul’s Hospital (Institute for Heart
+ Lung Health) in Vancouver, Canada

Hosted by the University of British Columbia

www.proofcentre.ca Il o ios O e



Biomarkers

Distinct biological indicators (cellular, biochemical or
molecular) of a process, event or condition that can be
measured reliably in tissues, cells or fluids

Predict / Diaghose

Sensitive and specific

Earliest Earliest
Molecular Clinical
Detection Detection

b

Reproducible and cost
effective assay + platform

Temporal relationship with
clinical status

|

Add value to current clinical

tools

Time
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PROOF Centre Focus on “-Omics”

Epigenetics

Genetics /
Genotype

-
Integration of whole blood genomics and plasma proteomics
adds value as they reflect different biomarker compartments

N A

RNA

Ubiquitin
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Metabolite
R

Metabolomics
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PROOF Centre Mission

Can we do better?

Discover | Improved
Develop . Healthcare

Commercialize Economic
Implement EEEEEEEEEE Development

l*. Coraatmmnl of Daveedd Bossamsirnd da Ganvia aplaca of mind

Heotworks of Contreos  Mdspapzdecentms = @) THE UAIYERSITY OF BRITISH COLRME Ir
of Exvollanca & saoelente

6



Biomarker Journey
Our end-to-end approach to biomarkers
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Our Community of Partners
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Biomarker Programs
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The Life Cycle of Organ Failure

Baseline Risk \
Disease Presence

Earlier Improved

. Organ
] Intervention & .
___________________________________ Function

End-stage Recurrent
Organ Organ
Failure Failure

Organ Function (%)

Time (yea rs) Transplantation/Assist Devices
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Acute Organ Rejection

ETn Tissue biopsies remain the gold Fre ik
“,:’s‘jf standard for diagnosis of acute rejection &7

HIGHLY INVASIVE NOT TIMELY EXPENSIVE
4 N\ N\ ( )
DIAGNOSTIC ONLY, UNCOMFORTABLE PRONE TO SAMPLING
NOT PROGNOSTIC AND FEAR-EVOKING ERROR
. /L J L J
SUBJECT TO
INTERPRETATIVE
VARIABILITY
-
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Chronic Organ Rejection

Current diagnostic approaches
Normal Artery

A = A major hurdle for the long-term
& survival of cardiac allograft transplant
recipients is development of cardiac
allograft vasculopathy (CAV) as an

expression of chronic rejection

* The current (gold) standard for
diagnosis of CAV is invasive

— Coronary Angiography

— Intravascular Ultrasound
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Timeline....Transplant Patient’s Life




Reflection on improvement of
care for heart transplant patients

Maxine’s presentation and first year post-transplant

~12-14 Heart Biopsies During 1° Year Post-
transplant; “Standard” Immunosuppressive
Therapy

Acute Viral Sudden Ventricular Heart
Myocarditis Death Assist Device Transplant

First steps for implementing test

Blood Test to

Heart Guide Need for +/- “Standard” Immunosuppressive
Transplant Bio Biopsy Therapy
Future implementation
Blood Test to + /[ - Pre-dose Blood Test to )
Predict if Rejection Immunosuppressive Heart Replace the Need AU ImTr:unosuppresswe
Will Occur Therapy Transplant for Biopsy erapy
I*l Coraatmmnl of Daveedd Bossamsirnd da Ganvia aplace of mind
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Biomarkers in Transplantation

2004 ) 2009

Discovery and internal validation FDA

of blood based biomarkers: Voluntary
e Genomic
*  Proteomic

Patient Cohorts:

eXploratory
Data
Submission

e Acute heart rejection
e Chronic heart rejection (VXDS)
e Acute kidney rejection

Chronic kidney rejection
Eight Potential Tests:

. Diagnostic

. Predictive

Funded by Genome Canada, IBM, Novartis, Vancouver
Hospital Foundation, St. Paul’s Hospital Foundation,
UBC, Genome BC, The James Hogg iCAPTURE Centre,
BC Transplant Research Institute, Affymetrix, and

Eksigent i+l

gzo+y  Functional Genomic Analysis of Peripheral Blood
& During Early Acute Renal Allograft Rejection

Oliver P. Giinther,’* Robert F. Balshaw, ™ Andreas Scherer,* Zsuzsanna Hollander,™* Alice Mui,*>*

—-~ Timothy |. Triche,” Gabriela Cohen Freue,™ Gui
W. Robert McMa:

and Pawl A, Keown' 101313, 4

i Li® Raymond T. Ng™ Janer Wilson-McManus, ™"
58 Bruce M. McManus, ™2
rthe Biomarkers in Transplantation Team

~ ORIGINAL PRE-CLINICAL SCIENCE

- Whole Blood Genomic Biomarkers of Acute Cardiac
Allograft Rejection

David Lin, BSc* Zsuzsanna Hollander, MSc,” Raymond T. Ng. PhD, Carol Imai, BSN, Andrew Ignaszewski, MD,
Robert Balshaw, PhD. Gabriela Cohen Freue, PhD, Janet E. Wilson-McManus, BSc, Pooran Qasimi, MSc,
Anna Meredith, BSc, Alice Mui, PhD, Tim Triche, MD. PhD, Robert McMaster, D.Phil, Paul A. Keown, MD, and
e Bruce M. McManus, MD, PhD, for the Biomarkers in Transplantation Team and the NCE CECR Centre of
Excellence for the Prevention of Organ Failure

& CELLULAR

OMICS

Proteomic Signatures in Plasma during Early
Acute Renal Allograft Rejection®s

Gabriela V. Cohen Freue,*®° Mayu Sasaki,”“ Anna Meredith,*" Oliver P. Gunther,**
Axel Bergman,® Mandeep Takhar,*© Alice Mui,®“¢ Rebert F. Balshaw,*

Raymond T. Ng,*" Nina Opushneva,®* Zsuzsanna Hollander,**' Guiyun Li,’

Christoph H. Borchers; Janet Wilson-McManus,>* Bruce M. McManus,>="

Paul A. Keown,*"** and W. Robert McMaster®®"™ for the Genome Canada Biomarkers
in Transplantation Group
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Biomarkers in Transplantation

PATIENT COHORT ] DATA g

il B 4
y Y y

BIOLOGICAL CLINICAL
SAMPLES DATA

L N |

| LY

Patient Review /
Sample Selection

TRANSCRIPTOMICS
* Whole blood RNA (PAXgene) ==
e Affymetrix Microarray

SOP DRIVEN

PROTEOMICS
* Depleted Plasma
* iTRAQ Mass Spectrometry

METABOLOMICS
* Plasma, Serum, Urine
== * NMR, Mass Spectrometry

Include known biomarkers

or essential clinical variables

~36,000 Probe Sets are normalized and pre-filtered
Apply protein group code algorithm to ~2,000 Peptides

~10,000 Probe Sets and ~200 Protein Groups assessed by
multiple robust and classical t-tests for differences among
patient groups

~250 Genes, Proteins, & Clinical Variables combined into a

discriminative score by support vector machine classification
: v

BIOMARKER PANEL
Biologically validdted with ELISA and qPCR

Statistically validated wifth leave-one-out cross validation to
estimate sefsitivity, specificity and AUC

5 v " 4
INTERNAL)YY VALIDATED BIOMARKER PANEL
b Fi
10 Informati nowledge Explorer

aplaca of mind

l*l Coraatmmnl of Daveedd Bossamsirnd da Ganvia
THE UAIYERSITY OF BRITITH COLEMEIA 16

flghrods of Conves  Moseaur de renkms
of Exvollanca & saoelente



Predictive Markers — Acute Heart Rejection

® Biological Processes

® Regulation of actin cytoskeleton organization

7] ® Regulation of actin filament-based process

0.2

e o ° : Protein amino acid dephosphorylation
# P @ P g Dephosphorylation
@

Regulation of cytoskeleton organization

MDS 2
0.0

I

@

N . - .
o ] ® o @ Regulation of organelle organization
| | | | |

-0.4 -0.2 0.0 0.2 0.4

Regulation of protein kinase cascade

Negative regulation of catalytic activity

Regulation of hydrolase activity

® future AR ® future non-AR

Regulation of biological quality

Sensitivity 83%

Specificity 88%

l*l Govanmwng of Caveeda  Goosamsnant da Ganaia aplace of mind
Hobroiks of Contros  Meaus de cenbms THE UAIYEREITY OF BEITITH COLVMEIA
of Exceliance oncelience



Diagnostic Markers — Acute Heart Rejection

Sensitivity 83% Whole Blood
Specificity 88% Samples

Endomyocardial Biopsy
Tissues

A

y

2!

Affymetrix U133 Microarray Affymetrix U133 Microarray
54,675 PROBE SETS

54,675 PROBE SETS

v v
17,610 PROBE SETS / 2,186 PROBE SETS
..... EIaStICNetS \ 1 /
WHOLE BLOOD +
BIOPSY PROBE SETS
. Leave-one-out Cross-Validation

Sensitivity 100%
BIOMARKER PANEL Specificity 100%
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Sensitivity

Diagnostic Markers — Acute Heart Rejection

=
o
1

o
[o°)

o
o

o
~
1

o
(N

©
o
1

Blood

0.0

0.2

AUC = 0.60

04 06 08
1 — Specificity

1.0

Sensitivity

1.0 1.0
0.8 0.8
0.6 2 0.6
2 _
. _ 2 Biopsy-targeted
Biopsy & blood
0.2 0.2
AUC =0.85 AUC =0.83
0.0 1, . . . . . 0.0 1 . , , : ;
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1 — Specificity 1 — Specificity

(Hollander Z et al Transplantation, in press, December 2010)
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Pc2 -2 -2 PC1
Resaarch 1 0 0
M Ahar's Chooe 3 2 u%(\)\Z\‘t
- . - - |
Proteomic Signatures in Plasma during Early

. .. )

Acute Renal Allograft Rejection™= 4
-3

Gabriela V. Cohen Freus,” =5 Mayu Sasaki.™ Anna Meredith,* Oliver P, Giinther,*

Aaxel Bergman,” Mandeep Takhar,™* Alice Mui,**? Robert F. Balshaw,™® 2

Raymond T. Mg,™" Mina Opushneva,™* Zauzsanna Heollander,**" Guiyun Li;
Christoph H. Borchers, Janst Wilson-McManus,"** Bruce M. McManus,™*"
Paul A. Keown,*** and W. Robert McMastar®®*™ for the Genome Canada Biomarkers

in Tranaplantation Group Without Biopsy

Acute graft refection 1x an Important clinlcal probbem In gen-1, afamin, serne proteass inhibibor, phosphabE g conflrmed 2
renal transplantation and an adwems predictor for long  line-sterol acytiransferase, and sex hormons-binding gl . .
tarm graft surehval. Plasma blomarkers may offer an M- win) in paborts with BCAR The first thres principal Acute Rejection

portant option for post-trareplant mentoring and permit components of thess proteins showed clear separation of
Hmaly and effecthra therapeutic Intervention t minimlze  cobworts with and withoust BOAR. Performancs Improved
graftd amage. This cass-control discovery study jn = 33 with the Inclusion of sequential probaing, reaching a pimary
Usad Isobarlc tagging for relathe and absolute proteln  asymptobe after the fAimt thres fitn, kininogen-1, and I
quantflcabdon JTRAZ) technology to quanttate plasma  popolysaccharide-binding probeln). Lorgkudina montoing
protein relate concentrations in preciss cohorts of pa- over the fist 3 months post-rareplant based on ratlos of
Hents with and without blopey-confirmed acute rejectdon  thass thres prodeins showad ckar discriminaton bebvesn
(BCAR). Plasma sampks were deplated of the 14 most  the tao patiert cohorts ab Hme of refection The score then
abundant plasma protens to enhance detection sansiiv-  declined to bameldng Toloadng treatmant and ressirtion of
tty. & tokal of 18 plasma probere that encompeassed pro-  the rejection splsnde and remalned comparable bebvesn
ceasas related to IMflammation, complement actvalion,  camas and cortrok throughaout the perkod of qulascent fak
bikceced coaglation, and wiound repalr echibibed significantly  low-up. Rasuits wers validated using ELIS&whers posslbl,
diferent relathes concentrations betwesn palent cohorts  and Inttal cross-validation sstimatad a sersithity of 209G 100 —
with and without BCAR P walse <005, Twelie protélns  and specifloty of @0 for classifcation of BCAR basad on
witth a fold-changs = 1.15 wers sake ol for diagnostic pur- 3 four-protein ELISA, classiier. This shudy provides vl

With Biopsy
Confirmed
Acute Rejection

Posss: seven wers Inoeased [itn, lpopolsaccharide dence that prokin concentrations In plasma may prowids a / A \ / A
binding protein, peptidase Inhibior 16, complement fackor  relewant measurs for the oooumrencs of BCAR and offers a A —— o
D, mannoes-binding kectin, proteln Z-dependent proteass  potental tool for Immuncloglo monttoring.  Mokscwiar & 80 — [- ]

aned fo-mkroglobuling and e wers decreased (kinlmo-  Colinar Prodecmics D7 Q64— TOET, 200,

From tha *Prevention of Organ Fallurs: (FROOF) Centra of Excel-
kencs, Vanooussd, Briish Columbla WEZ 1Y€, *Department ol Stafs-
Hes, Uni iof Bridsh Columbia, Vanoousr, Brftish Columida VET
1Z2, Ammunity and Inmlecion Pessarch Canite, Vanoouwer, Bifish  ARhough advances I Immunosuppression have -
Columiia WL 3, ~Jamas Hogg Imaging, Call Analyads, and Fhenc-  crgased 1he success of renal ransplantabon comtinuously

60 L Specificity

e Towerd s Reponol, et FTETG. i s put dscaces, Inminalagalinpy ot gt Accuracy
Iurmicka VEZ 175, ‘Tepartment of Pathoiogy and Labcratcry Mediing, remaing @ orbcal bk 1o long term swvial {1 -4 Both
ummaﬂmmmn Waroouver, Britich Columiia WET 285,  Innale and Immne responsss are implicatsd n the process 0 SenSitiVit

, Univarsiy of BnilEn Goumiia, Warcower,  of grafl rejection (5-7) Major and minor histocompatiolity 4 y

Dopariment of
Eritish Galuril V2 4E), “Degariment of Camputer Sokarea, Uni- arkigens expreszed on grafl flssue are quicky ieriilied
versky ol Brileh Columtla, Yancouver, Brilsh Columb VET 124, popgning implamiaiion thiough direct or indirsct pathmarys of

B ohambts YEE 10 Ay o1 Vicions Benci B Fre. e IPrate mepanss, and conssquent actialin of T<sl

teomics Centme, Wiclona, Bitish Columbl VI TEE, "Immunciogy ard B-zsll commponends of the host adapbve mmone re- |
Laboratory, Vancouwer Gererdl mﬁ \Wanoouvd, Eriteh Com-  Sporse kads to celular and anibodymediated Inpry to 20
bia VEZ 1WA, and 'Dopertmart of cdl Geracs, Unkersty o myrcrcass sinuchural components of the grafted organ (o

Eritish Colmbla, Wanooussr, British Coumbla VeT 123, Canada
® e e Prpulienty The resubting Imlammatory sequence comprizsing celulr

Performance (%)

® AUC=0.89

Recalvad, Mayy 7, 2010 Infikration, anfibody production, complament deposkion,
PLtithad, WOF Papers I Press, May 35, 5010, DO 109074 and activation of the coagulation cascas can ba ideniiied 0 -
mop M110.003554 bty hisbologlcal changes on allegrall blopsy [blopesy-ooni- I I I I
1954 Moleowlar & Cellular Profecmios 8.9 & SIHD by The Arssrican Godsty for Bochaminny md Masodr Goiogy s,
Thie pagsr b wenlabbe on line # hepesssne.meps il g F9 SHBG CFD LCAT

Plasma biomarkers measured by ELISA

Molecular & Cellular Proteomics 9, Sept 2010
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Diagnostic Markers — Acute Renal Rejection

— - ¥ |
| i
. | ok ox
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*
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1 O s ' ¥
e . a % 1 : * *
_______________ | £x
| * ¥
— e |
o iy ;K i ;E:K **
T * * i *
o | * BCAR (pre) i *
< 71 0 BCAR (post) *
* No BCAR |
Normals i *
T T — T T
-15 -10 -5 0 5
(Gunther O et al, Transplantation, in press) e
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Cardiac Allograft Vasculopathy

Combinatorial biomarker panel
GENOMIC PROTEOMIC
BIOMARKER PANEL BIOMARKER PANEL
Sensitivity = 83%

Sensitivity = 83%
Specificity = 83% Specificity = 83%

CLEC2B CFHR1

CHPT1 CPN1

242907 _at C10B
GBP3 GC

COMBINATORIAL
BIOMARKER PANEL

Sensitivity = 100%
Specificity = 83%
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Cardiac Allograft Vasculopathy

Example: % (maximum) stenosis of the left anterior descending artery was investigated

% of coronary artery stenosis as % of coronary artery stenosis based on
predicted by new protein biomarker
panel (‘Predicted’ Stenosis) (‘True’ Stenosis)
80 -~ :
Pias The dotted line
60 =" & represents where
- the ‘predicted’
. o e
_ 40 40-.—0@7/\07— @ and the ‘true’ %
Biomarkers $ ® .t’.é’/o" ”? * stenosis are
Predicted 20 2 s Yo exactly the same
% Stenosis | _--~ 1)
0 &<
0 20 40 60 80

Angiographically Measured % Stenosis

Pearson’s Correlation (R) = 0.79

(between the 'predicted’ and the ‘true’ stenosis)



Biomarkers in Transplantation

External qualification of genomic and proteomic blood-
based biomarkers for heart and kidney rejection

International Biomarker Trial (BiT2) - 350 kidney transplant
patients and 150 heart transplant patients

Biomarker Panel Refinement — improved AUCs to >0.90 for
acute kidney and heart rejection

Assay Development

Funded by PROOF Centre of Excellence,

Genome British Columbia, Astellas, St.

Paul’s Hospital Foundation, UBC, BC AR . -
,\Transplant, Luminex Al Hotworks of Cenros Réneas de cartms

In vitro
diagnostic
regulatory

submissions

aplaca of mind
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Biomarker Trial Sites for Validation
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Computational Excellence

Pre-filtering

Bio-IT World Best .
Practices Award in BEST

Uni-variate ranking _ PRACTICES /|
Personalized & Winner
Uni-variate filtering Translational Medicine

April 22, 2010

Multi- variate ranking

Multi- variate filtering

Classifier generation

F

“* PROOF/ICAPTURE Centre of Excellence
PERSONALIZED & TRANSLATIONAL MEDICINE

_— —
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Biomarker Panel Refinement

Pre-filtering k samples above absolute threshold

F?rst half us?ng inter.—c.wartile range B i oma rke r Pa ne I Pi pe I i ne
First half using empirical central mass range

Uni-variate Maximum of LIMMA, robust LIMMA and SAM

ranking LIMMA
Robust LIMMA

Onivarara | FoR eutoff (FoR<0.0D) From 54,615 probe-sets

filtering Size cut-off: Top 50 probe-sets . .
Combinationrul: FORE.05 but atleast 50 and to biomarker panels with
atmost 500 probe sets

Multi-variate Stepwise Discriminant Analysis 1 to 500 p ro be_sets

ranking SVM-based ranking (one step)

Recursive Feature Elimination (multi-step)
Elastic Net-based (coefficients)

Multi-variate Significance of improvement cut-off
filtering Top 50 (as returned by multi-variate ranking)
Non-zero coefficients (Elastic Net) . .
Classifier Linear Discriminant Analysis CIaSSIerr Generatlon
Generation Support Vector Machine
Random Forest
Elastic Net
Logistic regression
n n >100 classifiers were

BIOMARKER PANEL generated during the
¥ ¥ refinement period

Classifier Linear Discriminant Analysis
Generation Support Vector Machine

Random Forest

0 Govammn! of Cannda ~ Gossamanant da Ganaria d
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Biomarker Panel Refinement

o _| / —

i

o | AUC=0.9983

3 AUC=0.9863

AUC=0.9957

L o
S o 7
()
=
‘D
o
o
g < |
,: o

(q\]

A

— Elastic Net
— SVM
- LDA
o ] — Random Forest
| | | | | |
0.0 0.2 0.4 0.6 0.8 1.0
False positive rate
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Combining Classifier Panels
Harvesting the art and science of the ensemble

Genomics Clinical Proteomics
Biomarkers Biomarkers Biomarkers
Genomics .. o Proteomics
e Clinical Classifiers e
Classifiers Classifiers
l*l Coraatmmnl of Daveedd Bossamsirnd da Ganvia aplace of mind
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Network Analysis of Predictive Signatures "

Early acute renal transplant rejection

The human
protein
interaction
network (PIN)

Map on 128 significant
PROOF Centre genes
onto PIN, search for

sub-networks

Sergio Baranzini
UCSF Department of Neurology




Integrated View of Predictive Genes
Acute kidney rejection
Sub-network in PIN of 157 genes included 98/128 of our genes, then enriched

Gene (PROOF genes in yellow) . 4 @

......

Disease (or phenotype)

Drug

o N

Tissue or organ

Protein-protein

Protein-protein

Disease-gene (color indicates
disease class)

Tissue-gene

Drug-target

n A " A A A n A ety



Diagnostic Assay Development

Clinical
Implementation

Multiplex
Protein Assays

-
i ..
o
~
-
g

Multiplex Gene

Assays
.
l*. Coraatmmnl of Daveedd Bossamsirnd da Ganvia aplace of mind 3
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Transplant Clinics as Beachheads "

— Coronary

Cardiac ear

<€ €

Allografts Failure Artery
Disease

Renal Chronic
ena . 5
Allografts (I - Kidney < Diabetes

Disease
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The Life Cycle of Organ Failure

Baseline Risk \
Disease Presence

Earlier Improved

. Organ
] Intervention & .
___________________________________ Function

End-stage Recurrent
Organ Organ
Failure Failure

Organ Function (%)

Time (yea rs) Transplantation/Assist Devices
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Heart Failure (HF)

Chronic Systolic HF
“Weak Heart”

Less blood is
pumped out of
the ventricles
" Weakened
heart muscle
can’t squeeze
. aswell

Diagnostic biomarkers distinguish Diastolic from
Systolic Heart Failure

Acute HF
“Stressed Heart”

Chronic Diastolic HF
“Stiff Heart”

Less blood
fills the
ventricles.

Mn'na'm.

/. Stifthearnt

¢ /muscle
' ﬁﬂ‘?&&“r',.“ Ventricular
) Assist Device
(VAD)

Diagnostic markers
determine if or when the
VAD can be removed

Biomarker signatures that return to normal after treatment
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COPD Biomarker Program

Problem: 50-80% of COPD patients are under-diagnosed
e The current functional biomarker, FEV1, is insensitive
 Lack of surrogate endpoints inhibit development of new therapies

Goal: Using a non-targeted biomarker discovery approach, identify novel
blood-based biomarkers to...

— Risk-stratify patients for exacerbations

— Develop and qualify new compounds and drugs for the treatment of
patients with COPD

Cohort: GlaxoSmithKline ECLIPSE Cohort (~2600 COPD patients and
controls)

Outcomes:

— Simple, early and accurate diagnosis of COPD to allow for effective
treatment and earlier management of the disease

— Screening tool or surrogate marker to shorten clinical trials or create a
new drug target
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Chronic Kidney Disease

Organ Function

CLINICAL
PRESENTATION

STABLE

BIOMARKER PANEL TO
PREDICT PROGRESSION
versus NON-PROGRESSION
reduces unnecessary
evaluation and medication

BIOMARKER PANEL TO
MONITOR RESPONSE TO
MEDICATION
reduces unnecessary drug use

1

DIALYSIS/
TRANSPLANTATION

Time
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PROOF Centre Business Model

\ Contract Services /

_ Prevent

Discover _ _
Predict Heart failure

Develop BIOMARKER _ _

. Diagnose Lung failure

Commercialize SOLUTIONS _ _
Manage Kidney failure

Implement
Treat

Technology co-development

In-license Companion diagnostics Out-license
Validation trials Spin-offs
l*l Govanmwng of Caveeda  Goosamsnant da Ganaia aplace of mind

Hetworks of Contres Riéseanx de centes THE UAIYEREITY OF BRITITH COLEAMEIA
of Evollence o sacelente



Thank You





