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Introduction to -omics and Biomarkers 
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Spetses, September 2019

Perception of reality
an evolutionary process
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Outline

 General Concepts on Biomarkers
Definitions, Principles of biomarker discovery, 
validation, implementation

 Biomarkers in ‘systems biology” era 
Biomarker profiles

 Examples from multi-omics applications  

“ a characteristic that is objectively measured and 
evaluated as an indicator of normal biological processes, 
pathogenic processes, or pharmacologic responses to a 
therapeutic intervention “

(National Institutes of Health Biomarkers Definitions 
Working Group, 1998)

DEFINITION
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Additional known markers: PSA, CA125, CRP …

Marker can be any biological molecule…
(genes, proteins, metabolites…)

“biomarker is a characteristic…”

https://www.fda.gov/drugs/guidancecompliancer
egulatoryinformation/guidances/ucm265700.htm

“ ……objectively measured”
Need for a robust assay 

https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/bioanalytical-method-validation-guidance-industry
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“..indicator of processes..” 
Biomarker context of use

https://www.fda.gov/drugs/cder-biomarker-qualification-
program/context-use (BEST-Biomarkers, EndpointS, and 
other Tools resource)

Expected clinical impact of biomarker

 Marker should confer a tangible impact to disease management
Guide patient management and treatment

 Added value of marker to current diagnostic/prognostic means
Increase accuracy (work as adjunct)
Replace an invasive procedure by a non invasive test

“..indicator of processes..” 
Biomarker context of use
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Application of biomarkers together with therapeutics

Drozda et al JACC: VOL. 3, NO. 4, 2018

Application of biomarkers together with therapeutics

Drozda et al JACC: VOL. 3, NO. 4, 2018
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Steps in Biomarker Development

Boja et al, Journal of Proteome Research 2011, 10, 66–84

Biomarker verification-
qualification

 Vast need for clinical 
resources

 Assay development

 High cost

 Regulatory approval

To achieve the clinical impact we need multi-
disciplinary collaborations

Eur J Clin Invest. 2012 Sep;42(9):1027-36
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Critical Steps in –omics analysis during biomarker discovery

Pipeline in biomarker discovery

Clinical Specimen 
Collection-
Specimen

Processing

Profiling Data
from

Expression
& Functional

-omics

Disease Biomarker
Candidates

Initial verification

Establishment of 
Assay Methods,
Verification of

Biomarker
Candidates

Clinical
Validation of
Biomarker
Candidate

(e.g. Cohort Study)

Discovery

Pathology
Cell Study

Final
Biomarker

Fingerprint Panel

Biomedical
Applications

Statistics
Annotation
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Study design: Clinical aspect

 Selection of cases- controls in the context of specific clinical question

 Often the use of healthy controls is not clinically relevant

 If targeting screening markers: compare disease to healthy controls
If targeting Biomarkers for staging:

comparison should be conducted between patients of 
different disease stages

 Define objective keeping clinical relevance in mind

Thongboonkerd and Saetum, J Proteome Res. 
2007;6(11):4173-81

Sample collection affects molecular  profile
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Standard Operating Procedures Exist

Increased complexity generates technical difficulties

… situation is similar to trying to 
spot one single face amongst 

4 billion people…

Large dynamic range
(especially for proteomics-metabolomics)
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Approach Major Strengths Major weaknesses
Application 

(marker 
development)

Other characteristics

2DE- MS
Retains Information 

at protein level

Tedious-low
throughput and 

resolution
Discovery

Relative 
quantification

LC-MS (shot-gun) High resolution
Tedious-Low 
throughput

Discovery

Complexity in data 
analysis-Currently 

most widely 
employed technique 
for marker discovery

LC-MS (MRM)
High throughput –

absolute
quantification

Proteotypic peptides 
required- High cost 
related to labeling

Validation
Promising alternative 
to Elisa for targeted 

quantification

CE-MS

High resolution for 
native peptidome-
high reproducibility

Peptide identification 
requires change in 

platform

Discovery-
Validation-

Implementation

Established assay for 
urinary peptide 

profiling-applications
to running clinical trial 

for CKD

Each approach has its own strengths and limitations!!  

No technique is perfect!!!

How to identify valid biomarkers and biomarker models?

• How many samples are required to define 
useful biomarkers?

• Relevance of Statistics?
• Which classifiers perform best?
• Is assessment in a blinded set 

necessary/helpful?

Statistical Design is important!!
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healthy female 19-40 years

Blinded testset 
134 samples

Evaluation of all 
individual 
biomarkers

Evaluation of 
biomarker 
models

healthy male 19-40 years

67

33

20

7

67

33

20

7

Defining the value of statistics

CE-MS analysis

Dakna et al BMC Bioinformatics 2010;11:594. 
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Increasing sample size results in increasing number of biomarkers

Classification error depends on sample size
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Inappropriately low numbers of independent samples result in 
‘erroneous biomarkers’

Data analysis: Statistics matter !

Number of significant markers depends on statistical test
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• If you target a nominal p-value of 0.05, in 100 independent
experiments you will receive 5 false positive results.

• In an experiment testing 2000 hypotheses (proteins), consequently
5x20=100 false positives (‘potential biomarkers’) will be returned. 

The multiple testing problem

Some general principles of statistical analysis of -omics data

N= 1 per group is not acceptable!

Perform power calculations

The more heterogeneous the higher the sample size: Perform Matching!
cell lines- animal models: min n=5 per group; human specimens: match!! 
(min n=30 per group)

Generally use of non parametric tests is recommended

Perform adjustment for multiple testing

Always validate results in a new set of samples
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Data have to be confirmed in an independent test set of samples !!!

Application of alternative platform Application of same platform

3                         pI                              10
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150kDa

1 2 3 4 5 6 7 8
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37

25
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15

Data Interpretation !!!!!

..” promising and interesting diagnostic tool…”

“….significant biomarker potential…”

“..biomarkers were highly specific..” 
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A complex 
organism, 
experiencing a 
multitude of 
complex 
environmental 
impacts, can not 
be described in 
detail by single 
features

Single Markers are insufficient to display disease 

Phenotype: a result of multi-source impacts

Image from harvardmagazine.com
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Classifying: the curse of overfitting

Data Interpretation !!!!!

..” promising and interesting diagnostic tool…”

“….significant biomarker potential…”

“..biomarkers were highly specific..” 

• Annotation of compounds
• Functional Annotation of 

targeted/ affected proteins
• Literature mining, Patent Search

• Functional annotation of proteins
• Analysis of subcellular 

localisation
• Literature Mining
• Pathway analysis-biological role

Place findings in the context of existing knowledge!!!
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Recommended steps for clinical proteomics
1) Define a clear clinical question 
2) Define the type of samples needed 
3) Define and validate the analytical platforms 
4) Perform study of the training set 
5) Evaluate findings on blinded samples
6) Demonstrate significant improvement in clinical study
7) Apply towards clinical use

Mandatory requirements for reporting of biomarker studies:

1) A clinical biomarker is only relevant in specific contexts of use per disease, it 
must have a demonstrated potential to improve the current state of the art, 
(either being of added value, or based on its sole performance) and its 
application must be linked to a clear clinical (therapeutic) consequence.  As 
such, the specific proposed context of use of the presented biomarker must 
be clearly provided and the expected practical consequence of the biomarker 
application be discussed. 

2) A biomarker can only be assessed in an independent (ideally blinded) test 
set, containing sufficient samples to demonstrate significant value and justify 
relevant claims regarding biomarker use. Assessment of performance in a 
discovery set is inappropriate.

3) This initial independent validation and performance assessment has to be 
performed in samples that reflect the typical clinical situation depending on 
the targeted context of use. 

Guidelines in J of Proteomics: 

J Proteomics. 2014 Jan 16;96:A1-3.
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Understanding 
disease 

associated 
mechanisms

Drug targets 
discovery

Biomarker 
development

Examples of Applications of multi -omics

literature

New biomarkers
New therapeutics

Stratification of patients

Database
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Models

-omics

In silico model 1

modelling

validation

model of disease

Already available 
and 

prospectively 
collected 

Specifically 
generated data 

Creatinine ( micromol/l)

Cholesterol (mmol/l)

Urinary albumin/creatinine

Gender

Age

Creatinine ( micromol/l)

Cholesterol (mmol/l)

Urinary albumin/creatinine

Gender

Age

Modified from Nephrol Dial Transplant. 2010;25(4):1015-8 

A “systems” biology approach in biomarker and drug target discovery
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Cross-omics to understand biology 
Activated Leukocyte Cell Adhesion Molecule 

Egloff et al Oncotarget, 2017, 8, (1): 722-741

No change at mRNA levels

Decrease in Tissue 
Protein levels

Increase in shed ALCAM

Association to outcome of 
shed ALCAM

 Proteomic 
analysis of 119 
NMIBC tissue 
samples

 Unsupervised 
clustering

 Cross—omics 
analysis

 Shortlisting of 
profiles of 
prognostic 
potential

Shortlisting features of prognostic potential for bladder cancer through 
tissue cross-omics analysis
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Gene 
name

Description

Proteomics UROMOL LUND detected 
in urine 

(in at 
least 2 

studies)

MRM/ SRM/ PRM 
assays (NCI assay 

portal)
Log2[FC] 

Class1 / Class3
Log2[FC] 

MIBC / NMIBC
2vs3 

Log2(FC)*(-1)

GU vs
Urobasal(A) 

LUND

S100A9 Protein S100-A9 4.40 1.94 1.40 1.16 yes yes
PDIA4 Protein disulfide-isomerase A4 0.76 0.58 0.84 0.41 yes yes
TFRC Transferrin receptor protein 1 1.75 0.78 0.94 0.65 yes yes
AARS Alanine--tR0 ligase, cytoplasmic 1.92 1.04 0.54 0.41 yes yes
G6PD Glucose-6-phosphate 1-dehydrogenase 1.11 0.80 0.52 0.27 yes yes

HSP90B
1

Endoplasmin 0.75 0.51 0.64 0.25 yes yes

DDOST
Dolichyl-diphosphooligosaccharide--
protein glycosyltransferase 48 kDa
subunit

0.33 0.97 0.91 0.12 yes yes

CTSZ Cathepsin Z 1.73 1.35 0.97 0.60 yes yes

RPN1
Dolichyl-diphosphooligosaccharide--
protein glycosyltransferase subunit 1

0.53 0.44 1.02 0.44 yes yes

GRB2 Growth factor receptor-bound protein 2 3.09 1.90 0.84 0.28 yes
yes - 1 out of the 6 assays 
used enrichment (peptide 

immunoaffinity in plasma)
HK1 Hexokinase-1 -0.53 -0.37 -0.43 -0.57 yes yes

ANXA1
1

Annexin A11 -0.64 -1.04 -0.73 -0.41 yes yes

CAPN1 Calpain-1 catalytic subunit -0.78 -0.88 -0.47 -0.25 yes yes

USP5 Ubiquitin carboxyl-terminal hydrolase 5 -0.39 -0.32 -0.42 -0.13 yes yes

BCAM Basal cell adhesion molecule -1.25 -1.89 -0.88 -0.56 yes yes

Linking tissue findings to body fluids

Evaluate protein detectability in urine and assay availability

Cross-species proteomics in the investigation of targets for CVD

Mokou et al, EBioMed 2019;41:91-104
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Comparative tissue proteomics analysis identified 262
differentially expressed proteins in both cases and
controls based on at least 2 peptides, a p-value ≤0.05 and
a fold change ≥1.5 in Ldlr-/-STZ or ApoE-/-STZ versus WT.

Proteomic analyses of thoracic aortas from animal models

Highly similar expression
changes in the two strains
suggest common molecular
manifestations regardless the
disease genetic origin.

Conserved 
pronounced change 
of KDM5D in human 
and animal CVD

Concomitant 
change of KDM5D 
substrate 
(H3K4me) in 
human CVD

Cross species comparisons shortlist conserved CVD-associated changes
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Inhibition of KDM5
affects endothelial 
properties

proliferation 

migration 

tube forming ability

 Biomarker development is associated with multiple challenges
Discovery (clinical and statistical design, data validation and 

interpretation)
Validation (assay optimization, clinical resources)
Implementation (multi-disciplinary interactions, establishment of cost 

effectiveness, added-value..) 

 Current efforts focus on integrating data from multiple sources (clinical, 
various –omics, literature) for the identification of “biology-driven” 
markers and targets (personalized medicine).

 Marker panels are better reflective of disease heterogeneity and 
tolerate instability and inconsistency of individual biomarkers

 Multi-omics analysis increases power and validity of individual 
observations

In summary 
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Robertson et al., Comprehensive Molecular 
Characterization of Muscle-Invasive Bladder Cancer, Cell 
(2017), https://doi.org/10.1016/j.cell.2017.09.007

Integrate –omics to develop personalized treatment approaches

Functional -omics in a systems biology approach

Data Mining    Exp. Data      
Backfilling Collection

Simulation
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Creating the full story from snapshots is not easy….
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