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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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Verification of potential biomarkers 
and classifiers

Assessment in the relevant 
population in study/trial 

Application

Integration of experimental and 
literature data

Verification of predicted changes

Investigation of potential therapeutic 
targets

Drug 
development

Biological 
Specimens

Biomarker discovery Drug Development

In silico prediction of molecular 
changes

Tissue
Advantages: 

 Tissue is the site of disease initiation 
and progression

 Provides a direct link to 
pathophysiology 

 Allows for understanding disease-
associated mechanisms

Limitations:

 Limited sample size

 Restricted availability 

Bodyfluids
Advantages: 

Easily obtainable/ non-invasive

Reflects systemic/peripheral disease 
associated changes

Enables the identification of disease 
specific profiling signatures (biomarkers)

Limitations:

No direct connection to disease 
etiology

Complementarity: Data Cross-correlation 

omics analysis: specimen characteristics 
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Tissue

Cell

Signalling
molecules 
(proteins)

Proteome pattern

Drug

Mischak et al. (2015)  Nephrol Dial Transplant.

Proteomic changes appear best suited to display drug 
effects

Proteomics Technology platform: CE/MS Technology
Capillary Electrophoresis coupled to Mass Spectrometry to 
assess endogenous peptides w/o digest

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

Run time ~60 min

CE
 fast
 robust
 inexpensive
 reproducible

MS
 resolution
 scan speed

AdvantagesMass SpectrometryIonization

Disease specific
Data Base

and Biomarkers 

Urine
Sample

Capillary Electrophoresis

Report
Diagnostic
Monitoring
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CE Sample loading, stacking, and separation

pH=2

sample pH=11

+ -

Stacking

Separation

5 10 20 30 40 min

µA
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Mariner (ABI)

Sheeth flowCE Sprayer (Agilent)

High voltage

CE-capillary

Nebulizer

Mariner (ABI)
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Sheeth flow

High voltage

CE-capillary

Nebulizer

LCT (Micromass)

microTOF (Bruker)
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MALDI target spotting by “Harobot” (highly sophisticated and intelligent procedure!)
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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. 

Why urine
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Raw data from CE-MS Analysis

Kolch et al., RCM 2004, 18: 2635-2636
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Raw data evaluation and further processing
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CE-MS analysis

Data deconvolution 
using 
MosaiquesVisuCalibration using 

ProteinCluster on 
SQL ID allocation on SQL 

Server

Statistical 
assessment

Raw data

„Protein list“

Calibrated „protein list“

ID list

Predefined biomarkers

Sample preparationsample

SVM-based model

Summary of Data flow
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Pep 11413 Pep 49958 Pep 55143 Pep 59022 Pep 123969

amount 
by SNR 4 
[pmol]

amount 
by SNR 4 
[pmol]

amount by 
SNR 4 
[pmol]

amount 
by SNR 4 
[pmol]

amount by 
SNR 4 
[pmol]

aLOD 0.00077 0.00040 0.0005 0.0025 0.00074

SD 0.00058 0.00015 0.0003 0.0004 0.00038

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 (I) 651-668), Pep59022 SVIDQSRVLNLGPITR 
(Uromodulin 591-606), Pep123969 GERGSpGGpGAAGFpGARGLpGpP-GSNGNPGPpGp 
(Collagen alpha-1 (III) 861-895). p=Hydroxyproline.
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Individual analyses Compiled data

Establishment of a biomarker panel

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

•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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Urinary proteomics data
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Sequence information

Statistics

Creatinine (micromol/l)

Cholesterole (mmol/l)

Urinary albumin/creatinine

Gender

Age

Creatinine (micromol/l)

Cholesterole (mmol/l)

Urinary albumin/creatinine

Gender

Age

Clinical data, Patients history

Biomarker selection

Database

Human proteome database

Tissue proteomics data
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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

Pontillo and Mischak Clinical Kidney Journal 2017

Disease onset and progression in CKD
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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

death

Early diagnosis improves outcome
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Urinary proteomics opens new opportunities 

- earlier diagnosis enables earlier therapeutic intervention

years

100 %

50 %

Narrow time frame of therapeutic intervention
with diagnostics based

on functional
parameters

New therapeutic opportunities

Death

Time of efficient                          Therapeutic Approach 
Early diagnosis based
on molecular parameters

CKD biomarker discovery

CCKD

CE migration time [min] CE migration time [min]

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-III, apolipoprotein A-I, 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 

1 inhibitor
• polymeric-immunoglobulin receptor 
• osteopontin
• neurosecretory protein VGF
• Membrane associated progesterone 

receptor component 1 
• CD99 antigen 

• Ig lambda chain C regions

crdbiomarker1
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CASE CONTROL

Σ: 230
30 ANCA,
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58 DN,
21 SLE

Σ: 379
379 C
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Inhibition of matrix metalloproteases (e.g. MMP2 and MMP9) 

Increased collagen accumulation
Reduced degradation of collagens
Excessive accumulation of ECM 

Renal fibrosis

u-Collagens↓

Reducted renal function / proteinuria

Apoptosis/chronic inflammation (ROS, AGE) 

Pathophysiological suggestions 

u-Plasma 
proteins ↑

Acute phase response

u-A1AT ↑

Inhibition of plasmin 

Inhibition of fibrinolysis

Glomerular fibrin deposition

Renal damage

u-ALBU ↑u-B2MG ↑

u-FIBA ↓

Decrease of GFR

CKD 
stages

GFR level

(mL/min/1.73
m2)

Andersen et al. 2010

Argiles et al. 2013

Gu et al. 2014 38

Siwy et al. 2014 Siwy et al. 2014

Zürbig et al. 2012

Roscioni et al. 2013

Schanstra et al. 2015 

Pontillo et al. 2017

<1515-2930-5960-89>90

Molin et al. 2012 Molin et al. 

Lindhardt et al. 2016

1. Early-
stage 

3. Moderate 
damage 

2. Mild 
damage 

4. Severe 
damage 

5. End-
stage renal 

disease

Pontillo et al. 2017

Application of CKD273 according to disease stage

Adopted from Critselis & Heerspink Nephrol Dial Transplant. 2015
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Origin of the urine sample has no impact 
on classification
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J. Siwy et al., Multicentre prospective validation of a urinary peptidome-based classifier for 
the diagnosis of type 2 diabetic nephropathy. Nephrol Dial Transplant. 29(8), 1563 (2014).

Multicentre validation of CKD 273 (n=165)
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Association of CKD273 with eGFR and progression in CKD

J.P. Schanstra et al., Diagnosis and Prediction of CKD Progression by Assessment of Urinary 
Peptides. J Am Soc Nephrol. 26, 1999 (2015).

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
0

25

50

75

100

125

150

CKD273 score

eG
F

R
 (

m
l/m

in
/1

.7
3m

²)

rho=-0.437
p-value<0.0001

1 10 100 1000 10000
0

25

50

75

100

125

150

U-albumin (mg/L)

eG
F

R
 (

m
l/m

in
/1

.7
3m

²)

rho=-0.339
p-value<0.0001

p<0.0005Cross-
sectional
cohort
n=1990

Follow-up 
cohort
n=522

rho=-0.290
p-value=1.49E-11

1 10 100 1000 10000
-30

-20

-10

0

10

U-albumin (mg/L)

eG
F

R
 s

lo
p

e/
ye

ar
 (

%
)

rho=-0.395
p-value=5.59E-21

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
-30

-20

-10

0

10

CKD273 score

eG
F

R
 s

lo
p

e/
ye

ar
 (

%
)

p=0.05

CKD273 is more accurate diagnostic and prognostic biomarker 
relative to currently available gold standards  
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Comparison of albuminuria and CKD273 in 
predicting CKD progression in 2672 patients 

Prediction of patient-relevant outcome by CKD273

All-cause mortality in patients with 
CKD273 score above and below 

treshold for diagnosis of DN

p=0.004

CKD273<0.343

CKD273<0.343

Currie et al. Urinary proteomics for prediction of mortality in patients with type 2 diabetes and 
microalbuminuria CARDIOVASCULAR DIABETOLOGY  17:50 (2018)
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Early prediction of diabetic nephropathy 
through urinary proteome analysis

• Multicenter study

• 15 partners in Europe

• 6 years

• 1770 normoalbuminuric type 2 diabetic patients

• Stratification into low and high risk patients

• High risk patients will be randomly assigned to aldosterone blocker spironolactone 25 mg or placebo 
therapy on top of optimal standard therapy

Lindhardt et al., BMJ open 20176

CKD273 improves of patient stratification

RCT employing CKD273 for stratification
Targeted therapy/personalized medicine in 

Nephrology

04

2010 2011 2012 2013 2014 2015 2016

06 03 03 05 06

FDA Letter-of-Support
first report on ability
to predict GFR loss

initiation of first RCT

first report on ability 
to predict UAE changes

first report on ability 
to assess response to therapy

first report on ability to diagnose CKD

description of CKD273

commercial availability

01 01 10 01 06 09 10 03

meeting with FDA experts

submission of 
qualification request

Studies on value of CKD273 
in late stage disease

comments and suggestions
from the FDA

submission of additional data

decision of the FDA not to continue
with the qualification procedure

discussion on the value of 
CKD273

FDA initiates discussion on 
progress

submission of additional data

Pontillo and Mischak Urinary-peptide based classifier CKD273: towards clinical 
application in chronic kidney diseaseClinical Kidney Journal, in press (2017).
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Coronary artery disease
90% / 83%

238 proteins

GvHD after allo-HSCT

83% / 76%

17 proteins

Bladder cancer
>85% / >60%

116 proteins

Prostate cancer
91% / 69%

19 proteins

Chronic nephropathies/

Diabetic nephropathy
>90% / >90%

273 proteins

Cholangiocarcinoma (urine + bile)
89% / 93%
42 proteins

Areas of Application  (Sensitivity / Specificity)
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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 
data will be evaluated and follow-up 
will be extended outside the current 
project frame.

PersTIgAN: Proteomics-guided personalized Treatment in 
IgA Nephropathy 
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Cardiovascular disease
markers  

Chronic kidney disease
markers 

General tumour 
markers 

Pat. 10223

CAD

CKD

General diagnostic check-up 

GTM

The next step: one dataset, multiple pathologies assessed
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Type 2 DM patients Normoalbuminuria with 
no evidence of organ damage.

NegativePositive

No additional 
specific therapy
Standard care

Proteomic test with the 
refined classifiers that 

predict response

Pharmacologic
al intervention

with Drug A 
Spironolacton

End of intervention

CKD273
CAD238

and 
ACSP75

HF1
DN

CVD
HF

Proteomic test for the early 
diagnosis of DM-associated 

complications

Pharmacological 
intervention with 

Drug B SGLT2-I

Pharmacological 
intervention with 

Drug C GLP1-A

Randomization 1:1

Standard care
No specific 

intervention

PROMINENT

Urinary proteome 
analysis to predict 
therapeutic 
interventions in patients 
with type 2 diabetes 
mellitus-related 
complications

Prepare monovette Soak up urine into monovette

Pack the frozen urine sample in 
the shipping box 

Pack the shipping box and all 
documents in the envelope

Overnight Express Service 

Perform urine sampling 

Organise the shipment

CE-MS analysis Your personal proteome

DiaPat, the proteome-based diagnostic product
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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

In 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

Conclusions
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