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Background

*Proteins and peptides are active key players in every organism that
enable and control life, normal and pathological development.

*Proteins are responsible for disease-specific processes, and are

THE target for drugs
*Knowledge of the Proteome/Peptidome, the entirety of all
proteins/peptides, enables accurate assessment of (patho)physiology

on an individual level, in the context of disease enabling optimal and

personalized patient management.
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heathyinaduals — Early diagnosis followed by intervention
molecular alterations improves OUtcome

Minor structural organ
damage

!
advanced organ damages

organ failure
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Why urine?

Easily accessible
Obtained non invasively
Available in large quantities

SN X X

Urinary polypeptides are
stable, yielding comparable
datasets

v' Mirrors the “status”
especially of the kidney, the
extracellular matrix and the
vasculature
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Proteomics Technology platform: CE/MS Technology
Capillary Electrophoresis coupled to Mass Spectrometry

Mass Spectrometry

Separation and analysis
of proteins and peptides
(typically 2000-5000)

Capillary Electrophoresis
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Human urinary proteome database

Clinical data, Patient history
o= Database

Gender

Urinary albumin/creatinine \
Cholesterole (mmol/l)

Creatinine (micromol/l)

Sequence information
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Urinary proteomics data

Normal controls, n=15049
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Other cardiovascular diseases, n=260

Stroke, =319
Hypertonia, n=1361

Coronary artery disease, n=1538

Heart transplantation, n=1824
Heart Failure, n=2273
HCC, n=40

Retention Time
Relative Intensity

Renal transplantation, n=6239

Diabetic kidney disease, n=2344

SO0REN0D_ S8 500 S GO 1N o0 Liver transplantation, n=127 : e unctionely -,
= - e — NASH, NAFLD, n=141 reteropelvic junction obstruction, n=
Mass/Charge (M/Z) iseases, Biliary atresia, n=158 CKD, glomerular diseases, n=796
ien bi i = Acute kidney failure, n=558
. 759 Benign bile duct stnctur‘ec n=454 ADPKD, 12426 y
“ Hepatitis C, n=271 MG, n=3he Other kidney diseases, n=552
B ntrols — Cholangiocarcinoma, n=568 £5GS, 1288 SLE (Lupus Nephritis), =512
Nephrosklerosis, n=126 IgAN, n=466
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Vasculitis, =439

Minimal Change Disease, =192 Steroid Resistant Nephrotic Syndrome, n=245

Morbus Fabry, n=203 .
Nephrotic Syndrome, n=211

Kidney diseases, n= 14,979
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1 (Early) detection of CKD
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Disease onset and progression in CKD

Pre Incipient diabetic Owvert diabetic End-stage
nephropathy nephropathy renal disease
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CKD biomarker discovery

CKD pattern (n=273 biomarker):
Peptides derived from

different collagens

plasma proteins (serum albumin, transthyretin, alpha-1-
antitrypsin, alpha- 1B-glycoprotein, alpha-2-HS-glycoprotein,

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

clusterin

uromodulin

Na/K-transporting ATPase gamma chain
psoriasis susceptibility 1 candidate gene 2
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; polymeric-immunoglobulin receptor
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Pathophysiological relevance

Apoptosis/chronic inflammation (ROS, AGE)

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

u-A1AT 1

v
Inhibition of plasmin Increased collagen accumulation
u-ColIagenSl 9 SIS

Reduced degradation of collagens
Excessive accumulation of ECM

Inhibition of fibrinolysis
Renal fibrosis

|u-FIBA |

Glomerular f|br|n deposition

u-B2MG i u-ALBU 1 Reducted renal function / proteinuria

Renal damage g;gtlgﬁ]rga'r v
Decrease of GFR
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Application of CKD273 according to disease stage

Zirbig et al. Diabetes 2012, N =316 |

Roscioni et al. Diabetologia 2013, N =88 |':

) Argiles et al. Plos ONE 2013, N =53

CKD stages 1. early-stage E 2. mild damage E 3. moderate damage E 4. severe damage E 5. end-stage renal
i i i I disease
GFR levels E E E E
(mL/min/1.73m?) >90 i 60-89 i 30-59 i 15-29 i <15
Good et al. MCP 2010 | | N = 890 |
Molin et al. J Proteomics 2012 | | N = 137 |

1 1
Siwy et al. NDT 2014 : | N = 165 |

Gu et al. NDT 2014, N =797 |

Schanstra et al. JASN 2015, N =1990 |

Pontillo et al. NDT 2017, N = 2672 |

Lindhardt et al. NDT 2016, N =737 |

Pontillo et al. Kidney Rep. 2017, N =2087 |

Lindhardt et al. NDT 2018, N=111
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Comparison of albuminuria and CKD273 in predicting CKD
progression in 2672 patients
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2 CKD differential diagnosis
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Sample Gender eGFR Sample Gender Age (years)  eGFR
number (% male) (mL/min/1.73 m®*)  number (% male) (mL/min/1.73 m?)
FSGS 79 62 41.3 + 21.8 45.1 + 26.7 31 55 29.1+232 469 + 32.7
DN&N 288 66 65.4 + 13.8 40.0 +22.9 288 57 64.7 +10.7 556+228
IgAN 122 65 426 + 16.0 508+ 298 57 63 370+ 142 94.7 + 30.0
MCD 25 72 351+152 858+359 10 40 457+ 232 1034+ 53.9
MN 55 74 520+ 15.2 685+32.4 22 67 509+164 896+223
LN 63 17 398+12.6 57.1+235 29 13 356+134 993+17.6
Vasculitis-induced kidney 74 58 64.5 + 10.3 413+22.4 37 41 588+ 14.6 702+ 13.7
Focal segmental glomerulosclerosis Diabetic nephropathy & IgA nephropathy Minimal change disease

nephrosclerosis
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Umap for differential diagnosis based on urine proteome
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The whole peptidomic profiles (N=1850) in the 3-D space were used
as a basis in which the UMAP algorithm was applied (default
parameters). Cluster formation of UMAP with tuned parameters as
observed by the training set of DKD (red), HC (grey), IgAN (green)
and Vasculitis (purple) participants.
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cv Test
DKD 71.4% 9.89% 11.8% 6.9% DKD 56.39% 10.53% 24.06% 9.02%
@ HC 2.2% 92.06% 1.94% 3.79% w HC 3.17% B88.89% 2.38% 5.56%
7 7
[=] [=]
[ = [ =
[=2] [=2]
) =
[=] [=]
IgAN  12.06% 15.85% 64.2% 7.9% IgAN  11.41% 13.04% 66.3% 9.24%
vasculitis  11.31% 12.5% 3.57% 72.82% vasculitis 5.269% 10.53% 5.26% 78.85%
DKD HC IgAM  vasculitis DKD HC IgAN  wasculitis
Prediction Prediction
Confusion matrices for predictions using the train and test sets
(classification accuracies are displayed in percentages).
cVv Test
DKD 86.78% 4.24% 8.15% 0.83% DKD 86.47% 3.76% 7.52% 2.26%
SVM based
HC 3.26% 92.86% 3.44% 0.44% - HC 5.56% 90.48% 2.38% 1.59% reSUIt
g
IgAN 6.45% 5.85% 86.98% 0.72% e IgAN  10.87% 5.43% 8261% 1.09%
vasculitis T.14% 12.5% 18.45% 61.9% vasculitis 5.26% 10.53% 21.05% 63.16%
DKD HG IgAN  vasculitis DKD HC IgAN  vasculitis Mosd | q ues
Prediction Prediction
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3 prognosis of disease progression
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Prediction of patient-relevant outcome by CKD273

Paramater CKD27320.242 CKD273<0.343 P-value 1 —E:?\_l._
(n=T1) (n=86)
Age (years) 61 (58-71) 61 (60-70) 0.573 i _L'_\—-L_L
Gender (WF) 61110 sa27 0.010
Diabetes duration (years) 10 (1-35) 13 (1-36) 0.153 3
Retinopathy (YIN) 42129 5333 0.752 E ol
Smokers (Y/N) 27144 16/70 0,007 :
BMI (kg/m?) 31.3 (22 5-55.6) 31.7 (21.6-45.6) 0862 i 044
SBP (mmHg) 130.4217.4 12884153 0.547 i
DBP (mmHg) 75¢11.2 7382113 0.543 - ——  CKD273<0.343
HbA1c [mmolimol) 50 (41-86) 58 (18-123) 0.118 h —— CLOAEEEY
Cholesterol {mmoli) 39(27) 38(2.26.1) 0.549 p=0.004
UAE (mg/24hrs) 141 (8-1372) 57 ( 3-980) *<0,001 L | . . .
eGFR (mimin/1.73m’) 87 6¢18 B9 6£16 0.452 1 4 g g
CKD273 score 0.527(-1.078-1231) 0.140(-1.004 -0.780) *<0.007 Time to Event (years)
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All-cause mortality in patients with
CKD273 score above and below
treshold for diagnosis of DN
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CKD273 improves patient stratification

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

Nephrology
Early prediction of diabetic nephropathy RormaBuminarc = 5280
through urinary proteome analysis % e %
* Multicenter study 50%/- % *
» 15 partners in Europe BEER - therapy
. 6 years 125% 135% I4%

« 1770 normoalbuminuric type 2 diabetic patients /'\o —_—

- Stratification into low and high risk patients bl i

* High risk patients were randomly assigned to aldosterone blocker spironolactone 25 mg or placebo
therapy on top of optimal standard therapy

I
N

y | Lindhardt et al., BMJ open 2016 .
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Progression to renal endpoints according to CKD273 risk score status in the observational cohort

(A) Microalbuminuria in the observational cohort.

(B) Decrease in renal function and progression to chronic kidney

disease stage 3

A
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= — Lowrisk participants
204 ——High risk participants
Hazard ratio 2-48 (95% 0 1-80-3-42)
o Log-rank test p<0.0001
]
1 2 3 1
Mumber of participants
Highrisk 216 189 157 63 13
Low risk 1559 1482 1200 304 47
B
100+
90+
80
£ 707
T o
2
=
S0
t=
= 404
g 30
204
104 Hazard ratic 3-93 (95% C12-81-5-50)
Log-rank test p<0.0001
a T T T T
1 2 3 4
. Time (years)
Mumber of participants
Highrisk 184 165 138 54 10
Low risk 1423 1406 1142 381 45

Lowr-risk participants High-risk participants Endpoint measure  pvalue
(n=1559) (n=216) (95% Cl)
Primary endpoint
Microalbuminuria (confirmed) 139 (8-9%) 61(28-2%) HR3-92(2-90-5-30)  <0-0001
Secondary endpoints
Microalbuminuria (single value) 288 (18.5%) 99 (45-8%) HR 3-68 (2.93-4-62)  <0-0001
Macroalbuminuria (confirmed) 22 (1-4%) 2 (0-01%) HR 0-66 (0-15-2-81) 057
Chronic kidney disease stage 3 (eGFR <60 mL/min per 1.73 m** 119 (7-6%) 48 (22:2%) HR 3-50(2:50-4-90)  <0-0001
Fatal and non-fatal cardiovascular outcomet 53(3-4%) 12 (5-6%) HR 1.77 (0-92-3-22) 0-089
Ischaemic heart disease 24 (1-5%) 7(32%) HR 2-22 (0-96-5.2) 0-063
Stroke 15 (0-96%) 4(1:9%) HR 1.99 (0-66-6-0) 022
Congestive heart failure 8 (0-51%) 2(0-93%) HR 1-96 (0-42-9-21) 072
All-cause mortality 11 (0-62%) 2(0-93%) HR 1-41 (0-31-6-37) 0:65
Development of retinopathy or laser treatment (self-reported) 144 (9-2%) 21(9-7%) HR 1.02 (0-65-1-62) 093
Retinopathy 101 (6-5%) 14 (6-5%) HR 0-96 (0-55-1-68) 0-89
Laser treatment for retinopathy 54 (3-5%) 9 (4-2%) HR 1.21 (0-56-2-44) 0-60
Change in UACR, % per year 2.6 (0-85) 7-1(1-14) 450(270-6-20)  <0-0001
Change in eGFR, mL/min per 1-73 m® per year 0-47 (0-19) 137 (0-34) 0-90 (0-14-1-67) 0-206
Data are n (%) or mean (SE), unless otherwise indicated, and endpoint measures are either HRs or differences. p values are calculated from y* test. eGFR=estimated glomerular
filtration rate. HR=hazard ratio. UACR=urine albumin-to-creatinine ratio. *For patientswith eGFR = 60 mL/min per 1.73 m® at baseline. TComparison of composite fatal and
non-fatal cardiovascular outcome (myocardial infarction, stroke, coronary artery bypass graft. percutaneous transluminal coronary angioplasty, hospital admission for heart
failure or cardiovascular disease) and all-cause mortality during the study.
Table 2: Primary and secondary endpoints in the observational cohort
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Prediction of disease progression in patients with IgA nephropathy
(PERSTIGAN)

ROC for prediction of IgAN progression by the
IgAN237 biomarker panel.

A)N-1 cross validated training set (n=94).
B)B) Test set (n=46).

Training set Test set

1gAN237 IgAN237
100 100F
80 80 _
£ - B
£ 60 £ 60F

2 =
7] w »
“ 40 § aof
20F 20
, AUC=0.909 B AUC=0.720
0 B 1 1 1 1 1 o v
0 20 40 60 80 100 0 20 40 60 80 100

100-Specificity 100-Specificity
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Sensitivity

Added value of proteomics IgAN237 classifier for
prediction of disease progression

100
80 | . 1
- proteomics classification score; °
60 L baseline clinical data include age,
[ gender, eGFR, proteinuria, mean
10 i arterial pressure; ¢ SE standard
r error of the mean; 9 95%
20 i ~ — —. Clinical only ! .
Ll —— Clinical+lgAN237 confidence interval
ok . . . , .
0 20 40 60 80 100
100-Specificity
AUC SE°¢ 95% Cl ¢
IgAN237 2 + clinical ® 0.887 0.0294 0.830 to 0.945
Clinical only b 0.724 0.0449 0.636 to 0.812

Xellel
Rudnicki et al., NDT 2020 ’ e bl
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4 assessment and prediction of
therapeutic response
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Impact of SGLT2 inhibition on urinary peptides indicates
anti-fibrotic mechanism

Symbol Protein Change  DMolecular  Potential Role in DKD
weight (Da) acute inflammatory
AIBG a-1B-glycoprotein - 54,254 Proteinuria biomarker (44)
ALB Serum albumin - 69,367 Proteinuria biomarker (44) response
AHSG a-2-Hs-glycoprotein + 39.341  Tissue development, endocytosis, inflammation (23), proteinuria biomarker (44)
APOC3  Apolipoprotein C-III + 10,852  Lipoprotein metabolism & inhibitor of lipolysis (47) blood ¢ oagulation
CALDI  Caldesmon| - 93231  Actin cytoskeleton organization (27, 28), regulation of mesangial cell activation (29) acute-phase response A .
COLIAI  Collagen ¢-1(I) chain + 138,941 Extracellular matrix organisation (23, 44) p SP ﬁbnn (‘.ll)t rol'matlon
COL341  Collagen o-1(1II) chain + 138.564 Extracellular matrix organisation (44)
COLIA2  Collagen a-2(I) chain + 129314  Extracellular matrix organisation (23, 44)
CRNN Cornulin - 53,533 Repair (44), positive regulation of NF-xB transcription factor activity (42)
FTSJ3 pre-rRNA processing protein FTSJ3 + 96,558  Unknown )
HSP904BI Heat shock protein HSP 90-53 - 83,264 Regulation of TGF-/ signaling (32), immunity & inflammation (62), stress response in wound healing (36) /s’. AHSG
IGLLS Tmmunoglobulin A-like polypeptide 5 - 23,063 Inflammation (63-65) hi h-densit 7 | c3 - regulation of blood
KRTI Keratin: type II cytoskeletal 1 + 66,039  Inflammation (44), coagulation*, extracellular matrix*, and wound healing* . g p y_ SERPINA1L | [ coasulation
PII6 Peptidase inhibitor 16 - 49,471 Extracellular matrix organisation (44) llpl]pmtem pal‘tlcle 1 IGF2 SERP]NCI gu
PIGR Polymeric immunoglobulin receptor + 83,284 Tubular response to injury (66, 67) N -
PTGDS Prostaglandin-H2 D-isomerase - 21.029 Inhibition of TGF-# induced EMT (33, 37), GFR biomarker (44) |
SECTMI  Secreted and transmembrane protein 1 - 27.039 Inflammation (41), NF-xB pathway activation*® |
SERPINAI a-1-antitrypsin - 46,737 Inflammation, coagulation & proteinuria biomarker (23, 44), renal fibrosis (45) ..
TRIM33  E3 ubiquitin-protein ligase TRIM33 + 122,533 Regulation of TGF-§ pathway (33, 34). inflammation & fibrosis (33) platelet alpha granule .
lumen
/',. I
—  0.0- y 1
2 \ |
g APOA4 4
5 -
6 -2.5- high-density AIBG collagen-containing
.
; i ; extracellular matrix
o hpoprot[e':in lpa. rticle COL6A1 _
T remodelin )
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Prediction of CVD and CKD events and /n-silico impact of treatments

CAD (n=384) || NE (n=4,729) | | HF (n=472)

P gy -er NP .['-.-....._._._._._....._._._'
Y

Peptide frequency threshold of
30% in both cases and controls
(n = 1,458 peptides CAD/NE

n = 1,463 peptides HF/NE)

|
| Statistical : Wilcoxon test and
~Z " analysis ——=- corrected by BH
T~ o -~ method
SO PR

-

Permutation (10) randomly selecting 500
patients from the control group

'y <t
CAD/NE HF/NE
______ D _ _____.__Tm

r
1 Most significant 200 peptides (BH p- |
I value <0,05) and consistent fold change :

' Umver51ty L 3
Glasgow

-
I SMV based models (HF200 :
! and CAD200 models) I

1 in-silico impact of 7 different treatments |
I Fold change intensity signal ]

r I
1 Recalculated the scores after the
I in-silico treatment I

Test CKD273 model for prediction of CKD |
events and impact of treatments Qques
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Events in quintiles according to scoring

CAD event HF event
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IMPACT OF TREATMENTS-CKD273 MODEL L

eGFR

CKD273

Spironolactone

SGLTZ2i

Olive oil Zosgere =R, -
o 100

GLP1A 2 50
4 o

Exercise

DPP4i

ARB
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5 associated consideration and
applications
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The urinary proteome informs about biological age and risk of death
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Fibrosis as a major cause for CKD and CVD onset and progression
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Potential impact of urinary proteomics on patient relevant outcome

S The past the presence the proteomics approach
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In the past individuals Current patient care aims Personalized medicine with proteome analysis
died quickly from towards delaying death - enables early detection of cellular disease-
diseases. but not preventing specific changes, as the diseases are the
disease. results of proteome changes.
Transition from healthy to Disease treatments prolong Cellular changes are controlled by proteins.
sick to death occurred fast. life, but cannot stop or heal Decoding this information at the proteome level
irreversible organ damage enables the timely detection and prevention of the
effects of diseases prior to irreversible organ
damage.
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Conclusions

The urinary proteins and peptides biomarkers ...

v'are associated with disease onset and progression

v'Indicate the underlying disease etiology

v'indicate response to therapy

v'can be combined into highly selective high dimensional classifiers

v'A key feature of most urinary peptide based classifiers is the inclusion of specific
collagen peptides, reflecting fibrosis

v'Further major pathologies depicted appear endothelial dysfunction and inflammation

v Assessment of disease based on urinary proteins/peptides is superior to other
established parameters (e.g. albuminuria, eGFR)

v'Urinary proteome analysis enables early disease detection and differential diagnosis,
can guide early intervention, resulting in improvement of outcome.

i} Umversny mosaiques
asgow ’!‘ diagnostics




Sl
2

Acknowledgements

Kerstin Amann, Erlangen-Nurnberg, Germany

Angel Argiles, Montpellier, France

Joachim Beige, Ralph Wendt, Leipzig, Germany

Zoran Culig, Innsbruck, Austria

Joe Hanig, FDA, USA

Tobias Huber, Hamburg, Germany

Vera & Joachim Jankowski, Aachen, Germany

George Jerums, Austin, Australia

Enrigue Gomez-Gomez, Cordoba, Spain

Walter Kolch, UCD, Dublin, Ireland

Gert Mayer, Innsbruck, Austria

Axel Merseburger; Luebeck, Germany

Jan Novak, Bruce Julian, UAB, Alabama, USA
Karlheinz Peter, Melbourne, Australia

Marian Rewers, David Maahs, Janet Snell-Bergeon, Denver, USA
Burkert Pieske, Charité, Berlin, Germany

Peter Rossing, Steno Diabetes Center, Denmark
Harald Rupprecht, Lorenzo Catanese, Bayreuth, Germany
Joost Schanstra, Julie Klein INSERM Toulouse, France
Andreas Serra, Lukas Zimmerli, Zirich, Switzerland
Goce Spasovski, Skopje, Macedonia

Jan Staessen, Zhenyu Zhang, Leuven, Belgium
Raymond Vanholder, Gent; Belgium

Antonia Vlahou, BRFAA, Athens, Greece

Faiez Zannad, Nancy, France

University
of Glasgow

Glasgow:

Jesse Dawson
Christian Delles
Anna Dominiczak
Delyth Graham
lain Mclnnes

Bill Mullen

Mosaiques:

Julia Franke

Maria Frantzi

Igor Golovko

Agnieszka Latosinska
Jochen Metzger

Mirka Mokou
Emmanouil Mavrogeorgis
Esther Nkuipou-Kenfack
Justyna Siwy

Petra Ziirbig

Ty 2N

diagnostics

mosaiques



