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Structure of the presentation

1. Why we need biomarkers?
2. What are biomarkers?

3. How will informatics be helpful?



1.Why we need biomarkers?

e Over (mis)-diagnosis and over-treatment

— Most widely understood in prostate cancer.

— Overdiagnosis in mammographic screening for
breast cancer.

— Overdiagnosis in chest x-ray screening for lung

cancer. ‘
e 20-40% of lung cancers detected by conventional x- .
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Early Detection/Screening
Urgent Needs for Prostate Cancer

 Most screening-detected _ S
e Biomarkers to help distinguish

prOState_ cancers are less aggressive from indolent disease
aggressive * Improve over current clinical and
pathology data

e Reproducible from laboratory to

-4 10% laboratory (Validation)
* Impact clinical care
5-6 45% , _
— Diagnosis
0)
12% — Treatment

Andriole GL. J Natl Cancer Inst. 2005;97:433-8.




From CADD to CABD
Computer-Aided Drug (Biomarker) Discovery

Regulatory Product
Clinical Trial Launch
Phase |,l11,l111 Marketing

Target Lead Pre-clinical
Selection Identification Validation

Biomarker Ragulatory
Biomarker Confirmation Biomarker Clinical Validation "f’_",..vAppr—ovalH(US]EU_)

Discovery Assay Validation and Utility
Development

Clinical Adoption

-Proteomics

; Integrated
-Genomics

Technologies *Robust validated high-throughput

-Metapolomics -Multi-analyte assays - Clinical Assay
sImaging
Technologies

*Development of a Clinical Assay

assays

Number of Samples
Large cohorts, quality assured samples

Improved Translation of Biomarkers to the Clinic
http://www.molecularmedicineireland.ie/page/g/t/44

Towards to predictive medicine : the new paradigm



Comparing to CADD,
we have no general theories
for computer-aided biomaker discovery
at present!

WHR, RGEEDFEH TG, TR,
Bairong.Shen@suda.edu.cn



2. What are biomarkers?
Biomarker Discovery: Types

* Prognostic:
— Is it likely to develop this cancer ?
* Diagnostic:
— What types/Subtypes of cancer is it ?

* Predictive:
— Is this the optimal drug for the cancer ?

 Pharmaco-dynamics:
— What’s the optional dose for the patient ?

e Recurrence:
— Will the cancer return ?




Biomarker Discovery: A cross-
disciplinary challenge

 Static/ dynamic

 Molecule,
imaging, clinical,

e Single or complex
or multiple-scales

— Medicine
— Biology
— Statistics: Personalized medicine: Subgroups

— System Control Engineering: Controllability of
complex networks

* identifying the set of driver nodes with time-
dependent control that can guide the system's
entire dynamics

e the driver nodes tend to avoid the high-degree
nodes.



3. How will informatics be helpful?

Case Studies: Biomarker identificatin based on microRNA-mRNA network

Vol. 21 Suppl. 2 2005, pages ii93-iT100
doi: 10.1093/bioinformatics/bti1 116

Genes and Genomes

Prediction of regulatory modules comprising microRNAs and
target genes

Sungroh Yoon'* and Giovanni De Micheli®

1Computer Systems Laboratory, Stanford University, Stanford, CA 94305, USA and “Integrated System Center,
EPF Lausanne, Switzerland

(a) (b) microRNA regulatory modules
' ] : (MRMs):
defined as groups of mMiIRNAs and
their target genes that are believed to
have similar functions or to be
, | | iInvolved in similar biological
Fig. 2. (a) Example relation graph &G = _(M U T E. w), ‘i:’i-hEIE ,‘_H' =
{mg.my,my ma), and T = {1p,f1, 62,13} with some hypothetical weights. processesl

(b) An MEM found in G with the parameter § = 0.5,




The microRNA-mMRNA network
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MIRNA—-MRNA modules

As it was observed in our study that most genes are regulated by unique
MIRNASs, miIRNAs activity can be reflected by the proportion of their unique
target genes from conditional mMiIRNA-mRNA interaction network.



Degree Distribution of Random Simulation and Real
MiRNA-mRNA interaction network

~ - RS "] s the approximate symmetrical
T ’ S RS degree distributions of random
% N ) IR ° simulation network(A: in-degree;
- - o ° B: out-degree)
Log(K) | Log(K)

while the degree distributions for

o . 1 real mMiIRNA-mRNA interaction
g <1 o g o . network were proximate scale-
] s, =] Rkl free (C: in-degree; D: out-degree)
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Novel out degree (NOD): measure the independent
regulation power of an individual miRNA

A Distribution of microRINAs with ditterent NOD values
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MicroRNA categories with different NOD values

B: Schematic explanation of miRINA-mRNA regulation types

() MicroRNA
. Co-regulated Gene

. . . O . . O O O . O O O Unique-regulated Gene

NOD =0 NOD=1 NOD =2

NOD: the uniquely regulated genes for one specific miRNA



A statistically significant difference for their
biomarker potential could be observed between
MiRNAs without independent regulation power
and those with independent regulation power.

C: Literature reported cancer miRNA biomarkers | D: Cancer DE miRNAs from low-throughput methods
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Spies or underground workers are always Single line
contacted by important persons




The bioinformatics model

Paired

= =

miRNA expression Gene expression
profiling data - profiling data

-

miRNA array Gene array

Student t.tests

Outlier miRNAs I ] Outlier Genes

I

miRNA ID P.value Gene ID P.value
mMiRNA_1 5E-19 Gene_1 7E-19
miRNA_2 9E-16 Gene_2 9E-15

Pearson
correlation test

Negative correlation pairs

miRNA-gene interaction data
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Condition-specific miRNA-
gene interaction network

miRNA ID Gene ID Cor.value
miRNA_1 Gene_1 -0.95
miRNA_2 Gene_2 -0.8

Enrichment analysis
for target genes

MetaCore

'.'.Z;r.'“the Gene Ontology

O mIRNA
< gene
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Candidate miRNA biomarkers

miRNA ID NOD value P.value
miRNA_1 40 6E-10
miRNA_2 35 7E-8




In vitro validation of candidate prostate cancer
MiRNA biomarkers

hsa-miR-155

*** P <0.0001

hsa-miR-197

*P=0.0767

hsa-miR-648

Relative e xpression (VS. U6)
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**%* Highly significant (P < 0.01)
** Significant (0.01<P < 0.05)
*  Less Significant (P > 0.05)

Among these two miRNAs, the down-
regulating outlier pattern of miR-155
in prostate cancer was in coincidence
with previous report

while miR-648 is the novel prostate
cancer miRNA biomarker by our study.

Even though miR-197 did not show
significant outlier activity in prostate
cancer, it was previously declared to
be a potential miRNA biomarker for
lung cancer in another study



Application: Identification of androgen dependent &
independent specific miRNA biomarkers

Relative expression(vs.LNCAP)

Relative expression(vs.LNCAP)

Relative expression(vs.LNCAP)
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The explosion of genome sequencing data along with genotype to phenotype correlation studies has created data deluge in the area of
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The future of CABD

* alphanumeric

strings,text, :ztec’)c?igsing

e characters,Strings, e

* booleans,floating- .
point numbers, *Analyzing

* imaging,voice, video *Statistics

eMathematics: ODE/PDE

ePhysics and Chemical modeling: QSAR,
classification

eBiological: GO, pathway enrichment,
evolutionary

eMedical: personalized information
eSystems level: network analysis

 Bioinformatics
* Imaging informatics
e (Clinical informatics

 Public health
informatics



EHR: The size of various files and pieces of data that would be
a part of any electronic and personal health record of the future.

est of single clinical document HL7 CDA format, 0.025 KB
of single clinical document PDF format, 0.05 KB
ound, 0.2KB
rd chart , healthy patient, 5KB

Megabytes (Not to scale )

Modified from :
The Creative Destruction of Medicine: How the Digital Revolution Will Create Better Health Care



Big data and small data
| BigData | SmallData

Data Condition Always unstructured, not Ready for analysis, flat file, no
ready foranalysis, many need for merging tables.
relational databasetables
that need merged

Location Cloud, Offshore, SQL Server, Database, local PC
etc.

Data Size Over 50K Variables,over50K  Filethatisin a spreadsheet,

Data Purpose

individuals, random samples,
unstructured

No intended purpose

“~ The Oxford = -
English

Dictionary

that can beviewed on afew
sheets of paper

Intended purpose for Data
Collection

Q_ Collins
£* English

" B
.= Dictionary

-/
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Directly extraction of knowledge from EHRs

Thallium poisoning , 1994

Metformin (BEAE L )

was been found
associated with reduced
cancer risk



The sixth Kondratieff — long waves of
prosperity
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P4 (Personalized, Predictive, Preventive and
Participatory) medicine and Biomarkers

New Medicine

Mobile
Connectivity

/ + Bandwidth

GeNOMICS = SUPEr  ___ |nternet

Wireless
Sensors

Convergence
Imaging // Q Social Networking
Information I #Computing

Systems
LI e ] [ower+Data
Universe
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What do we need next steps ?

@ All the identified biomarkers need to be validated for the future
personalized diagnosis

€ Both Omics and EHR are required
@ PCA specific EHR

€ Both static and dynamic simulation are helpful
€ ODE based simulation



* Can we identify
biomarkers from the
big data directly:

— For lifestyle,
environmental and

genetic factors. ﬁ‘ﬁ

NO | New theories afe;
_ Computer-aided needed for thef P4
deep mining is bIOmarke 3 ;:ig COVGFV

needed.




Summary of the presentation

1. Why we need biomarkers?
— Over(mis)-diagnosis / and over-treatment

2. What are biomarkers?
— Characterization of biomarkers

3. How will informatics be helpful?
— Case Studies and the future of CABD

The superior doctor prevents illness: the new P4 medicine
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