Biomarker panels by CE-MS
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Background

= Proteins are active key players in every organism that drive normal and
pathological processes.

= Proteins are responsible for disease-specific processes, and can be
targeted with drugs.

= Proteome analysis enables optimal diagnosis, prognosis, and selection of
ideal therapeutic intervention.

= Combinatorial Approach: Rationale therapeutic targets, monitoring and
stratification biomarkers and appropriate drugs, ultimately enable ideal and
personalized patient management.
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omics analysis: specimen characteristics

Tissue Bodyfluids
Advantages: Advantages:

= Tissue is the site of disease initiation =Easily obtainable/ non-invasive

and progression =Reflects systemic/peripheral disease

= Provides a direct link to associated changes
athophysiolo ) e O 3

P PRy gy =Enables the identification of disease
* Allows for understanding disease- specific profiling signatures (biomarkers)
associated mechanisms
s Limitations:
Limitations:
=No direct connection to disease

= Limited sample size .
etiology

= Restricted availability

S Complementarity: Data Cross-correlation .
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Proteomic changes appear best suited to display drug
effects

-

Drug

Signalling
molecules
(proteins)
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Mischak et al. (2015) Nephrol Dial Transplant.
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Proteomics Technology platform: CE/MS Technology
Capillary Electrophoresis coupled to Mass Spectrometry to

assess endogenous peptides w/o digest

lonization Mass Spectrometry

Capillary Electrophoresis
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Advantages

Separation and analysis
of more than 1,000
proteins and peptides

Run time ~60 min

CE
= fast
= robust
= inexpensive
= reproducible
MS

= resolution

= scan speed
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CE Sample loading, stacking, and separation
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Why urine
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» Easily accessible
= (Obtained non invasive

= Available in large
quantities

= Urinary polypeptides
are stable, yielding
comparable datasets.

= Representing the
filtrate of blood, urinary
polypeptides display
the “status” of the
organism.
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Raw data evaluation and further processing

Mass determination:
m/z deconvolution to mass [kDa]

Identification of
relevant signals

Calibration:

Migration time
Signal intensity

Migration time [min]
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Summary of Data flow

Sample preparation
____sample —a
CE-MS analysis }\

Raw data

| Data deconvolution
Protein list — | YSIng

Calibrationusing || — MosaiquesVisu

ProteinCluster on ™ ., 1oq protein list*
ID allocation on SQL

SQL —— S
Dist —— | Server
P

Statistical
I —
assessment Predefined biomarkers
SVM-based model
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Raw data

Novel approach:

Conventional approach: :
de novo mapping clustering

25 miz 45

10-

" miz spectrum y
Peptide mapped to a cluster

===

Signal selection
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Determinations of limit of detection for 5 peptides.

Pep11413 VLNLGPITR (Uromodulin 598-606), Pep49958 SGDSDDDEPPPLPRL (Membrane
associated progesterone receptor component 1 153-67), Pep55143
PpGEAGKpGEQGVPGDLG (Collagen alpha-1 () 651-668), Pep59022 SVIDQSRVLNLGPITR
(Uromodulin 591-606), Pep123969 GERGSpGGpGAAGFpGARGLpGpP-GSNGNPGPpGp
(Collagen alpha-1 (lll) 861-895). p=Hydroxyproline.

Pep 11413 Pep 49958 Pep 55143 Pep 59022 Pep 123969
amount amount amountby amount amountby
by SNR4 by SNR4 SNR 4 by SNR 4 SNR 4
[pmol] [pmol] [pmol] [pmol] [pmol]
aLOD 0.00077 0.00040 0.0005 0.0025 0.00074
SD 0.00058 0.00015 0.0003 0.0004 0.00038
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Observed deviation in mass and migration time
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Observed deviation in amplitude

CV=18.7%

Relative frequency (%)
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Establishment of a biomarker panel

Individual analyses

*Peptides and proteins are defined by mass and migration time, and identified based on its sequence

R

Compiled data

*Each peak represents a unique, specific peptide or protein, peak height is indicative of abundance

*Multiple housekeeping proteins/peptides enable compilation and comparison
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Clinical data, Patients history Urinary proteomics data

Age
Gender \ Database
Urinary albumin/creatinine

Cholesterole (mmol/l)

/

Creatinine (micromol/l)
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ONCOLOGY
14 e - ~
< Cholangi i :
5' Stroke; =266 Bladder Ca; n=1590 o angn’fg_%c'”oma’ Renal cell carcinoma; n=199
(%) g Coronary artery Prostate Ca; Benign bile duct Karposi sarcoma; n=178
2 < 9 disease; n=1282 n=1784 stricture; n=378 Biliary atresia; Frailty; n=435
> g Hypertonia; n=1134 Benign prostatic n=132 Pregnancy; n=391
o o Heart Failure; n=1894 hyperplasia; Arthritis; 246
= n=1175 COPD; n=241
< ( Nephrosklerosis; n=105 Prostatic intraepithelial Hepatitis C; n=226
o Minimal Change Disease;n=160 neoplasia; n=159 HIV; n=160
Morbus Fabry;n=169 Alzheimer's disease; n=116
Nephrotic Syndrome; n=176 Other aeticlogies (<100 patients) ;
Steroid Resistant Nephrotic Syndrome; n=204 n=1725
FSGS; n=240 Normal controls;
> % Vasculitis; n=366 n=15049
w < MGN; n=255
E w { ADPKD; n=355
>3 2 IgAN; n=388 Blinded (ongoing
[=] SLE (Lupus Nephritis); n=427 studies); n=9658
Acute kidney failure; n=465
CKD unknwon etiology; n=663 Disease matched
Ureteropelvic junction obstruction; controls; n=3706
=897
\ Diabetic kidney disease; n=1953 Smokers; n=199
Liver transplantation; n=106 DiabetesType 2; DiabetesType 1;
Heart transplantation; n=1520 n=7192 n=1735
Leukemia and stem cell transplantation;
n=3978 Renal transplantation; n=5199
- _~ METABOLIC SYNDROME
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Application in CKD, diabetic
nephropathy

-Affects approximately 10% of the population

*Reduces life expectancy up to 20+ years

*Incurable

Ultimately results in kidney failure, dialysis or transplantation
*One of the 10 major causes of death in developed countries
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Disease onset and progression in CKD

Pre Incipient diabetic COwvert diabetic End-stage
nephropathy nephropathy renal disease
1 2 3 4 5
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Clinical diagnosis of Chronic Kidney Disease

Urine albumin:
Urine albumin is commonly expressed as albumin/creatinine ratio.
An increase >30mg/g may be a sign of kidney damage.

eGFR (estimated glomerular filtration rate):
The calculation of eGFR is based on the amount of serum creatinine.

Potentially beneficial drugs are available
The early application of these drugs are desirable

Markers of pathophysiological relevance are needed
that are more likely to indicate early onset of chronic
kidney diseases

University mosaiques
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Early diagnosis improves outcome

minor structural organ
damage

/

advanced organ damages

organ failure
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i Universit
of Glasgovz




Urinary proteomics opens new opportunities
- earlier diagnosis enables earlier therapeutic intervention
Narrow time frame of therapeutic intervention

with diagnostics based
Early diagnosis based on functional

on molecular parameters 1imMe of efficient parameters 1herapeutic Approach
New therapeutic opportunities ,_1_
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CKD biomarker discove
CKD pattern (n=273
biomarker):

Fragments of

different collagens

plasma proteins (serum albumin,

transthyretin, alpha-1-antitrypsin, alpha-

1B-glycoprotein, alpha-2-HS-glycoprotein,

antithrombin-Ill, apolipoprotein A-l, beta-2-
microglobulin, fibrinogen alpha)

clusterin

uromodulin

Na/K-transporting ATPase gamma chain

psoriasis susceptibility 1 candidate gene 2

prostaglandin-H2 D-isomerase

proprotein convertase subtilisin/kexin type

CE migration time [min] CE migration time [min]
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- 1 inhibitor

z:230 z: 379 % 60 polymeric-immunoglobulin receptor
30 ANCA, 379C & w0 osteopontin
30 MGN, neurosecretory protein VGF
ii I""ﬁﬁ' 20 Membrane associated progesterone
25 gs oS receptor component 1

'y 0 1 I I 1 1 H
58 DN, 0 20 40 60 80 100 CD99 antigen
21 SLE 100-Specificity

Ig lambda chain C regions
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Pathophysiological suggestions

Apoptosis/chronic inflammation (ROS, AGE)

Acute phase response Inhibition of matrix metalloproteases (e.g. MMP2 and MMP9)

u-A1AT 1

Inhibition of plasmin Increased collagen accumulation
Reduced degradation of collagens

Excessive accumulation of ECM

u-Collagens|

Inhibition of fibrinolysis

Renal fibrosis
Glomerular fibrin deposition
u-B2MG 1|u-ALBU 1

Renal damage

Reducted renal function / proteinuria

u-Plasma
proteins 1

Decrease of GFR
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Application of CKD273 according to disease stage

GFR level
(mL/min/1.73
m?)
CKD E 1. Early- i 2. Mild 3. Moderate 4. Severe 5. End-
stages ' stage 1 damage d damage stage renal
C Andersen et al. 2010 | ; di
[ Molin et al. 2012 | : [ _Molinetal. |
[ Ziirbig et al. 2012 |
[ R i etal. 2013 |
: [ Argiles et al. 2013
| Siwy etal. 2014 | } ;
[ Gu etal. 2014 %® |
[ Schanstra et al. 2015 |
| Pontillo et al. 2017 |
| Lindhardt et al. 2016 | :
[ Pontillo et al. 2017 | ¢ i d
Ejjfr(l;lﬁig(l,% Adopted from Critselis & Heerspink Nephrol Dial Transplant. 2015 iﬂg;ﬁgﬁii




Multicentre validation of CKD 273 (n=165)
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‘ Origin of the urine sample has no impact
on classification

y | J. Siwy et al., Multicentre prospective validation of a urinary peptidome-based classifier for
1 Uanf:l‘Slty the diagnosis of type 2 diabetic nephropathy. Nephrol Dial Transplant. 29(8), 1563 (2014). ’ ’ osaique
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CKD273 is more accurate diagnostic and prognostic biomarker
relative to currently available gold standards
Association of CKD273 with eGFR and progression in CKD
150F 5. DR 150F s
—1250 ~125[
§ 5
c = 100 S 100
ross- £ £ <0.0005
sectional £ 5 %75' s
cohort @ sor E s0[-
=] o . E
MgD30 ® B ho=.0.339 ) S tho=-0.437
oLy p-value<0.0001 . :'. A ) L p-value<0.0001 ) v )
1 10 100 1000 10000 2.0 1.5 -1.0 -0.5 0.0 05 1.0 1.5
U-albumin (mg/L) CKD273 score
10
Follow-up  %. & 1o p=0.05
cohort @ K]
4 4
n=522 § 20F § 20k
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Comparison of albuminuria and CKD273 in
predicting CKD progression in 2672 patients
120
-8 _CKD273 *
== Albuminuria
0.9 1
* p<0.05
0.8 1
L8]
2 0.7 A
0.6
0.5 1
0.4 T T T T T T T
] ) =80 70-79 60-69 50-59 40-49 30-39 <29 ~ ool
g gy eGFR, ml/min/1.73m? A/ b gno"s"fi o

Prediction of patient-relevant outcome by CKD273

Parameter CKD273>0.343 CKD273<0.343  Pwvalue i _‘:"‘:“—t"\—-—..—.—
(n=71) (n=86) o T
Age (years) 61(58-71) 61 (60-70) 0573 08 ‘_'\»H
Gender (WF) 6110 s927 0010 < s
Diabetes duration (years) 10 (1-35) 13(1-36) 0.153 % ..
Retinopathy (Y/N) a9 5333 0782 5 .
Smokers (Y/N) 2744 1670 *0.007 H
BMI (kg/m?) 31.3(225556) 37 (216456) 0662 i "
SBP (mmHg) 13042174 1288¢153 0547 ®
DBP (mmHg) 758112 73.8:11.3 0543 o —— CKD273<0.343
HbA1c (mmolimol) 50 (41.86) 50(39123) 0.118 — CEHEEE
Cholesterol (mmol) 39027 38(224.1) 0549 7 pRO0C%
UAE (mgr24hrs) 141(9-1372) 57(3.980) *0,001 L v . . v
€GFR (miimin/1,73m?) 876118 896416 0452 : s !
Time to Event fyears)
CKD273 score 0527(-1.078-1.231) 0.140(-1.004-0.780) *<0.001
All-cause mortality in patients with
CKD273 score above and below
treshold for diagnosis of DN
Currie et al. Urinary proteomics for prediction of mortality in patients with type 2 diabetes and 1
ia University microalbuminuria CARDIOVASCULAR DIABETOLOGY 17:50 (2018) A ’ mosaiques
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CKD273 improves of patient stratification

RCT employing CKD273 for stratification
PRIORITY Targeted therapy/personalized medicine in

Nephrology
Early prediction of diabetic nephropathy
through urinary proteome analysis e 0%

80
* Multicenter study 50%/- 0% *
» 15 partners in Europe _ _ _

* Gyears [z [pes o
E=1 B N
RN

+ 1770 normoalbuminuric type 2 diabetic patients N st
i sample size 2
« Stratification into low and high risk patients == L
* High risk patients will be randomly assigned to aldosterone blocker spironolactone 25 mg or placebo
therapy on top of optimal standard therapy

sample size
25/ group

Lindhardt et al., BMJ open 20176 Y
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submission of additional data

Studies on value of CKD273

decision of the FDA not to continue in late stage disease

with the qualification procedure

FDA initiates discussion on

comments and suggestions
progress

from the FDA

meeting with FDA experts

submission of additional data

submission of

qualification request discussion on the value of

CKD273

2011 2012 2013 2014 2015 2016

first report on ability
to predict UAE changes FDA Letter-of-Support

first report on ability

commercial availability

to predict GFR loss

description|of CKD273 initiation of first RCT

first report on ability
to assess response to therapy

first report on ability to diagnose CKD

:-L_ University Pontillo and Mischak Urinary-peptide based classifier CKD273: towards clinical mosai ques
L qu aSgOW application in chronic kidney diseaseClinical Kidney Journal, in press (2017). didg nostics
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Areas of Application (Sensitivity / Specificity)

Coronary artery disease
90% / 83%
238 proteins

{ Chronic nephropathies/
Diabetic nephropathy
>90% / >90%

\ 273 proteins

w Prostate cancer

91% / 69%

\ / 19 proteins

Cholangiocarcinoma (urine + bile)

89% / 93%
42 proteins

GvHD after allo-HSCT

83% /76%
17 proteins
. Bladder cancer
>85% / >60%
116 proteins
i‘ Umver51ty mosaiques
f lasgow diagnostics
Original Article

Noninvasive diagnosis of chronic kidney diseases using urinary
proteome analysis

Justyna Siwy', Petra Ziirbig', Angel Argiles’, Joachim Beige®, Marion Haubitz®, Joachim Jankowski™®, Bruce
A. Julian’, Peter G. Linde®, David Marx’, Harald Mischak"'?, William Mullen'’, Jan Novak’, Alberto Ortiz'",

Il*i

12,14,15

Frederik Persson'?, Claudia Pontillo'", Peter Rossing , Harald Rupprecht'®, Joost P. Schanstra

Antonia Vlahou' and Raymond Vanholder®
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Differential diagnosis based on urinary peptides
Subjects and design of the study

Discovery set (n=706) Validation set (n=474)
" Sample Gender eGFR Sample Gender eGFR
Diseass number (%male)  ~9° (mUmInA.73m?) | number (%male) 29 (mLimin/.73m’)

Focal segmental

gomonilisdeioais 79 62 413+218 4512267 31 55 291+232 469 +327
Diabetic nephropathy &

nephrosclerosis 288 66 654+ 138 400+228 288 57 647+107 556 +228
IgA nephropathy 122 65 426+ 160 508+298 57 63 370+142 947 +300
Minimal change disease 25 72 351+152 858+359 10 40 457 +232 1034 +539
Membranous nephropathy 55 74 520+152 685 +324 22 67 509+164 8896+223
Lupus nephritis 63 17 398+126 571%£235 29 13 356+134 993+176
\élgzcat;lgis induced kidney 74 58 645+ 103 413+224 37 44 588+ 1486 702+137

Siwy, et al. Noninvasive diagnosis of chronic kidney diseases using
urinary proteome analysis NDT, (2016)
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Differential diagnosis based on urinary peptides

Diabetic nephropathy &

Focal segmental glomerulosclerosis

nephrosclerosis.

IgA nephropathy

Minimal change disease

100F 100]
80 80|

El z > >

2 ot 2 w0 2 3

] @ = £+

@ 2 B ]

@ 40f & 40 3 3
20 20

AUC=0.88 AUC=0.92 AUC=0.82 AUC=0.77
0 IS PP P T ] VAP PIPYR PSR 0 T DU 0 I SO TP (P
0 20 40 60 B0 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100-Specificity 100-Specificity 100-Specificity 100-Specificity
Membranous nephropathy Lupus nephritis Vasculitis

Sensitivity

Sensitivity

Sensitivity

AUC=0.87 AUC=0.82 AUC=0.95
0 1 ' ' ' 1 0 L L I i L 0 ' L L L (!
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 €0 80 100
100-Specificity 100-Specificity 100-Specificity

Siwy, et al. Noninvasive diagnosis of chronic kidney diseases using urinary proteome analysis

NDT 2016
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PersTIgAN: Proteomics-guided personalized Treatment in

IgA Nephropathy

IgAN patients

|
Urinary proteome
analysis

v
Stratification

{1
Fredicted ta respond
to treatmant

A

¥
Predictad het to
respond to treatment

Recruited patients will by stratified
using urinary peptide classifiers to
treatment response and non response
group. The predicted “responder
group” will be randomized to the
supportive therapy (ST) plus
immunosuppressive (IS) therapy or to
ST without IS. After 6 months the study

/o
PETTA data will be evaluated and follow-up
o % will be extended outside the current
L pcomizion 3. project frame.
L {8y
I‘\‘. e r \\._ -
Data evaluation
Tatcnnet  suppothetherapy
A7 University osaique
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Assessment of coronary artery disease (CAD)

0

International multi-centre study cohort:

Biomarker discovery / SVM modelling:

N =204
N =382

CAD / unstable angina pectoris / Ml cases:
Controls:

Validation:

CAD cases:
Controls:

Peptide
profile

CAD peptide
biomarkers

Delles et al., J. Hypertens., 2010, 28:2316-22
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Atherosclerosis - Prediction of outcome

International multi-centre study cohort: (g5

Biomarker discovery:

‘3 70
ACS cases: N=72 2
@ B0
Controls: N=72 s
Validation: & 50
ACS cases: N =42 § 40
Controls: N=42 g
o 30
Z
S 20
5
Added prognostic value of ACSP75 O 10
over FRS 0
NRI = 0.405 £ 0.113, P = 0.0007
IDI =0.273 + 0.048, P < 0.0001 Time to event (years)
Kaplan Meier survival curve depicting the cumulative percentage
with an ACS event based on an ACSP75 score above (red solid
line) and below (black spotted line) the threshold of 0.041
Htun et al. Prediction of acute coronary syndromes by urinary
proteome analysis. PLOS ONE 2017
7 University mosaiques
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The next step: one dataset, multiple pathologies assessed

Chronic kidney disease
Pat. 10223 markers

Cardiovascular disease
markers

General tumour
markers
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PROMINENT

Type 2 DM patients Normoalbuminuria with
no evidence of organ damage.

mellitus-related
complications

Urinary proteome Randomization 1:1
f . Proteomic test for the early

analySIS t9 predlct diagnosis of DM-associated

therapeutic complications

interventions in patients

with type 2 diabetes

ACSP75
CcvD

Positive

predict response

Proteomic test with the
refined classifiers that

Negative

l |

Pharmacologic

) A Pharmacological
al intervention

intervention with
Drug B SGLT2-1

with Drug A
Spirondlacton

Pharmacological
intervention with
Drug C GLP1-A

l

l

No additional
specific therapy
Standard care

Standard care
No specific

intervention

End of intervention

]

A University
& of Glasgow
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Perform urine sampling

DiaPat, the proteome-based diagnostic product

Prepare monovette

——

Soak up urine into mnovette

Pack the frozen urine sample in
the shipping box

GO Letter small

EXPRESS & LOGISTICS

Overnight Express Service

University
of Glasgow

Organise the shipment

CE-MS analysis

Pack the shipping box and all
documents in the envelope

A~

Your personal proteome

mosaiques
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Conclusions

==) CE-MS-based proteomic panels enable (early) detection, prognosis,
and assessment of therapy of a variety of diseases, with 80 - 98%
sensitivity and specificity.

== Biomarkers and biomarker panels were validated in independent multi-
centric blinded studies.

== Variability in single biomarkers is counteracted by well defined, e.g.
SVM-based classifiers that tolerate instability and inconsistency of
individual polypeptides/biomarkers

=)

Proteomic biomarkers can be employed to guide early intervention, and
significantly reduce end organ damage

= |n concert with physiology, histopathology, and additional omics data
urinary proteome analysis enables assessment of disease on a
molecular level, definition of new, more appropriate therapeutic
targets and drugs.

== High number of subjects (best n>1000) is key to success

,QC

A Universit osaique
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