PATHOLOGY AND
MOLECULAR MEDICINE

Laboratory Aspects of Biomarker
Studies

Harriet Feltlotter, PhD, FCCMG

Department of Pathology and Molecular
Medicine

Queen’s University




PATHOLOGY AND Ko
MOLECULAR MEDICINE Queens

IIIIIIIIII

Disclosures

e CSO with Indoc Research

» Research partner with Life Technologies
(ThermoFisher)




PATHOLOGY AND
MOLECULAR MEDICINE

Objectives

« Understand the different types of biomarkers
and some of their major characteristics

o Appreciate the general approaches for
measuring common biomarkers

« Understand the limitations and challenges of
developing biomarkers




bi-o-mark-er
['bi6, markar/

noLrr

a measurable substance in an organism whose presence is indicative of some
phenomenon such as disease, infection, or environmental exposure.

"a biomarker that may predict aggressive disease recurrence in liver transplant
recipients"

Molecular Biomarkers. A biomarker is a characteristic that can be
objectively measured as an indicator of normal biological processes,
pathogenic processes or a pharmacological response to a therapeutic
intervention.

Journal of Molecular Biomarkers & Diagnosis - OMICS Group
www.omicsonline.org/molecular-biomarkers-diagnosis.php




Novel Biomarker Publications by Year
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Identification

Validation

Definition of clinical issues

Multiple candidate detection

Purification and identification
of biomarkers

Selection of potential biomarkers
with greater predictive value

Development of diagnostic trials

Rev Esp Cardiol. 2009;62(06):677-88 -
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Considerations

« \What kind of question are you asking?

o \What kind of biomarker will you measure?

« \What type of sample will you have access to?
 How will your sample have been handled?
 How will your measurements be made?
 How reliable 1s your biomarker measurement?




What kind of question?

Diagnosis Prognosis Predicting Pharmaco- Moenitoring Recurrence
Assesarnent Treatment kinetics Treatment
Response Response

Am | at Do | have What is the Will my Should | How is my Will my

increased cancer? What expected cancer receive a cancer cancer
risk for type of cancer  course of my respond normal or responding come back?
cancer? do | have? cancer? to this lower dose to this

drug? or no dose?  treatment?




What kind of biomarker?

3rd dimension

2nd
dimension

1%t dimension

/ expression / mod1ficat10n/
/ locallzatlon interaction
Steady-state level
Alternative splicing
| / /

AN /—‘_' / Physmme

Proteome
2-D gel and MS
Yeast two-hybrid

Transcriptome

DNA microarray
SAGE

Genome
Sequencing

SNP mapping



Properties of common biomarkers

variations in deposition of RNA
(.. hybrid dysgenesis, variations in pigmentation
phenotypes, transgenerational cardiac hypertrophy)

RNA

abnormal RNA editing
fe.g. embryonic lethality, neurslogical
disorders, longevity, cancer)

variations in RMA-dependent DNA methylation
(e.g. regulation of de nave methylation,
control of retrotransposable elements)

1 T
requlatory non-coding RMNAS !\r{‘fﬂ

hydroxymethyl-Cytosine 7 ’5'.

DNA/ 5 i

bnormal Parental imprinting
(e.q. Prader-Willi, Angelman,
Beckwith-Wiedemann,
Silver-Russel disorders)

abnormal methyl-transferases
fe.g. ICF syndrome)

abnormal methyl-binding factors
{e.q. Rett syndrome)

OTHER?

“ reverse-transcription translation

i

e "-“’ structural inheritance
abnormal hypo- and/or callular {unknown epigenetic relevancel
hm-ﬂ‘!th}"ll“&ﬂ methyl-Cytosine -I'!‘pliﬁliﬂl‘l strsctures 7
{e.g. Cancer, autoimmumnity,
neurological disorders, allergy, histone
cardiovascular diseases, aging) modifications
abnormal histone modifications
{e.q. imprinting disorders, neuralogical
disorders, cancer) self-replication of sporadic
or acquired prions
{e.g. Transmissible Spongiform Encephalopathies,
patentially other neurclogical disorders)

abnormal chromatin remodeling
{e.q. Charge syndrome, neurological disorders, cancer)

l P o\
L :
:


http://www.discoverymedicine.com/Richard-Chahwan/2011/03/17/the-multidimensional-nature-of-epigenetic-information-and-its-role-in-disease/
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What type of sample?

e Need to consider the source

* Need to consider the pre-analytic preparation
* Need to consider the timing

* Need to consider the gender

» Other factors?




Quality of macromolecules
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Effect of fixation on biomarkers

Table 1.

FFPE-Related Preanalytical Factors Categorized by the Extent Each Has Been Investigated in the Literature
for Potential Effects on DNA, RNA, Protein, and Morphology Analytes

Comprehensive Incomplete
(All 4 Analytes (Some but Not All Analytes Unexplored
Have Been Evaluated) Have Been Evaluated) (No Analytes Have Been Evaluated)
Cold ischemia Postmortem interval Pathology ink
Decalcification Warm ischemia time Fixative age

Fixation duration
Duration of paraffin block
storage

Specimen size

Prefixation handling

Fixative buffer

Tissue to fixative ratio

Fixation temperature

Fixative delivery method

Dehydration reagent and conditions

Clearing reagent and conditions

Paraffin embedding reagent and conditions

FFPE block size or section thickness

Type of slide or adhesive

Slide drying duration and temperature

Storage duration of slide-mounted FFPE
sections

Commercial versus in-house fixative

Use of recycled formalin

Movement during fixation

Light exposure during fixation

Fixation container

Fixation alone or with other biospecimens

Postfixation wash solution and conditions

Reagents and conditions of interim alcohol storage

Use of recycled dehydration and clearing reagents
Automated versus manual processing

Use of recycled paraffin for impregnation and embedding
Embedding conditions

Slide pretreatment

Equipment and conditions of sectioning and section transfer

T (R’ ] » . ) " | i
e: Vol. 138, No. 11, pp. 1520-1530. '
B O | IL_ B




Stability of dynamic markers

BMC Molecular Biology 2009, 10:31
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http://www.gene-quantification.de/rna-integrity2.html

relative frequency

log(peak area)
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Inter-tumour heterogeneity
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Cancer Res March 15, 2005 vol. 65 no. 6 2170-2178)



Sample or intratumour heterogeneity




Liquid biopsy

Tissue Biopsy

A procedure that involves

. U S e O O O aS I I I a remaving a piece of tissue
] ] or a sample of cells from the
body. Most patients require

a tissue biopsy as part of

urine, csf
 May measure CTCs,

cfDNA, protein, v
m i R N A’ m R N A’ TO 25 Yo obtain enough fissue for a sample.

2.6 million

Liquid Biopsy
A new, nen-dnvasive
technique that can detect
disease biomarkers in blocd,
urine and other body Huids.

Liquid biopsies target
one of the following:

Free circulating nucleic acids
come mainly from dead
cells= and can contain

cancer-related mutations.

Mot enough tissue sample available

. - - - o
L|q Uld blopsy 15 + Mot encugh tumer tissue in the sample

v

B

metabolites

useful when there is: A hard 1d aach umar
Need for regular menitering

Potential Applications

Liquid biopsy holds promise to improve cancer treatment by enabling:

Manitering of: Detection of:
Treatment responze Genomic mutations to
Drug resistance guide treatment decisions

Disease recurrence Veiiteuihimane at

an earlier stage

RNA fram exesomes,
microvesicles thot are used

to transport genatic
instructions between cells,

Circulating tumer cells result

from cancers that shed cells .
from the primary tumer inte
the bloodstream.

oS
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Sample considerations

* The type of sample you have access to makes a
difference Iin what you can measure

* The collection of the sample can influence the
behaviour of a biomarker

* The processing of a sample will influence the
behaviour of a biomarker

. Blomarkers don’t necessarlly behave the same
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Common methods to measure

* FISH- Fluorescence in situ hybridization
e Arrays

e Sequencing — Sanger and NGS

e Nanostring




Fluoresence In Situ Hybridization

&7
probe DNA Denature & -
% ’/(,_/"T. & Hybridize

Labeling with
fluorescent dye




Sanger Sequencing

Primer for
replication Single-stranded UNA
Strand to be sequenced 5 bl ¥
"ERCRERNECNENE
Gel

Add: | | 5 Larger
DNA Plymerase | fragments

Frepare four reaction mixtures, d onA i Iull t 5I

include in each a different % :g:rr;

replication-stopping nucleotide / : DTTP HGED
plus limiting amounts of
fuescenty bl LG M iife
ddATP ..I.I.l...l. mu:nm
ddCTP HEEEGHE mﬁ?h

Separate “ EEeEmsmE —
) Replication products by
Primer products of gel electrophoresis SRSCRECEE  J
L )
Prmer \gg! vet U HSHHGBEGEE Sk
fragments
§ ¥
Primer

Read sagence as
complement of bands

containing labeled strands



Microarray Approach

o Global or targeted

« DNA, RNA,
methylation, SNPs

e Semi guantitative

 Not great for degraded
material

(a) (b) Laser Scanner (d)  array profile

Patient

3

Control

-

N

Mix
Hybridization to { }
Array of DNA ;
fragment l (c) Actual Array
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http://www.intechopen.com/books/ recent-advances-in-autism-spect_rum-disorders-voIume-i/discovering-the-genetics-of-autism



Next Generation Sequencing

Global or targeted A _gase Cating

High throughput N TGRS
Library to sequence
Depth controls
sensitivity

Short fragments




Next Gen Sequencing Data

A ID3131: MYH7 (p.Y162H)

CCACATCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAGGCCCTGGAA

ATCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAG
ATCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAG
ATCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAG
ATCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAG
ATCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAG
TCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGA
TCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCATATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGG
TCTTCTCCATCTCCGACAACGCCAATCAGTACATGCTGACAGGTGAGAGG
CTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGC
CTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGC
CTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGT
CTTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGC
TTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGEC
TTCTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGLC
TCTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAGGCCC
CTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGCCCT
CTCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGCCCT
CTCCATCTCCGACAACGCCTATCAGTACATGCTGACAGGTGAGAGGCCCT
TCCATCTCCGACAACGCCEATCAGTACATGCTGACAGGTGAGAGGCCCTG

Ml

GACAACGCCtATCAGTACATG
Y/H

B ID3236: ILK (p.P70L)

ACGGATEAATGTAATEAACCGTGGGGATGACACCE‘CCTGCATETGECAECCAETCATGGA
ACGGATCAATGTAATGAACCGTGGGGATGACACCT
ACGGATCAATGTAATGAACCGTGGGGATGACACCC
ACGGATCAATGTAATGAACCGTGGGGATGACACCC
ACGGATCAATGTAATGAACCGTGGGGATGACAC
ACGG&TCAATGTAATEAACCGTGGGGATGACACCEﬂ
ACGGATCAATGTAATGAACCGTGGGGATGACACCCTCCT
ACGGATCAATGTAATGAACCGTGGGGATGACACCCHCC TG
ACGGATCAATGTAATCAACCGTGCCGATGACACCCICCTd
ACGGATCAATGTAATGAACCGTGGGGATGACACCCTCCTGC
ACGGATCAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGE
ACGGATCAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGE
ACGGATCAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGEC
KGGATEAATGTAATEAA(CGTGSGGATGACACCEECCTG(ATETEGCAGd
|GGATCAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGGCAGCT
GATCAATGTAATGAACCGTGGGGATGACACCCTMCCTGCATCTGGCAGCCA
CAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGGCAGCCAGTC
CAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGGCAGCCAGTC
CAATGTAATGAACCGTGGGGATGACACCCTCCTGCATCTGGCAGCCAGTC
ATGTAATGAACCGTGGGGATGACACCCRCCTGCATCTGGCAGCCAGTC
AACCGTGGGGATGACACCCTCCTGCATCTGGCAGCCAGTCATGGA
IGGATGACACCCTCCTGCATCTGGCAGCCAGTCATGGA
hTGA(ACC[.CCTGCATCTCECAGCCAETCATGGA
/CCCTGCATCTAGCAGCCAGTCATGGA
hGCATCTGGCAGCCAETCATGGA
TCTGGCAGCCAGTCATGGA
GGCAGCCAGTCATGGA
hCAECCAETCATGGA
ICAGTCATGGA

WL

ATGACACCC %CC TGCATCTGG
T P/l

i‘ll\ » _.I




Sensitivity of NGS vs Sanger
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Nanostring

a mRNA Reporter and caplure probes

far different transcripts

AVARVA =
e Targeted [y essass
e RNA or DNA h ~ A g o potn g

Solution-based mRNA hybridization

o Quantitative . ;%;-\,
e Short fragments /} »

c e The surface is imaged and
reporter probes are decoded

Identi Color code Counts
A .‘J’\ Excess reporter y
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Some further considerations

o Sensitivity and specificity

 Precision and accuracy

 Analytical validity versus clinical validity
 Data preprocessing

e Data analysis




Analytic sensitivity and specificity

Genotype A: True positives C: False negative
B: False positives D: True negative
Present Absent
lest
Positive A B Sensitivity: ASA+C)
specificity: DAD+B)
Megative C D Fositive predictive value: AJA+B)

Megative pradictive value: DAC+D)

If you are sequencing a tumour looking for KRAS mutations, analytic sensitivity refers
to the proportion of time that the mutation is there and you can find it. Analytic
specificity refers to how often the mutation is not there and you think you see it.

It has no bearing on the clinical utility of whether or not there is a KRAS mutation



Accuracy, precision

Accurate & Accurate & Inaccurate & Inaccurate &
Precise Imprecise Precise Imprecise

Do all blomarkers need to be accurate and preC|se?

SHUE N




Clinical versus Analytical Validity

Demonstrating the Value of Diagnhostic Testing
Competing “Test-Treat” Strategies

Clinical Utility
Clinical Validity

Targeted

GDX Patient

Treatments utcomes

atient U

Population Analytical Validity

Comparative Effectiveness

Comparator
Treatments

Typical Patient
Outcomes

omparator

Test

PICO guides product development, clinical messaging and payer engagement

ENOVA

DIAGNOSTICY
FEERE

— _'“m'):
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Data Handling

 Feature extraction
 Processing, cleaning, filtering
« Alignment

e Analysis

 Pipeline for these events must be locked down
prior to using biomarker




Before you get it...

Raw reads (DAT ﬁles, BCL ﬁIES) QC raw and QC passed run yield, read quality,
Demultiglexing Qupransee

Deconvoluted reads (FASTQ files)

QC barcoding deconvolution, sample read distribution

Alignment to reference genome
g

Aligned reads (BAM files) QC alignment (mapping quality), library complexity

: : QC coverage depth, coverage uniformity, allelic
Parallel analysis of Coversge calcul% Jocalalipamcnt frequency, strand bias, GC content
control samples

On target alignment

Variation analysis
~ QC error rate

Mutation analysis (VCF files)

QC negative and positive controls

Filtration
~-
Mutation filtering

Mutation annotation
Clinical annotation

Clinical
report

“TRUH_” -



http://dx.doi.org/10.3389/fonc.2014.00078
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Conclusions

« \What kind of question are you asking?

o \What kind of biomarker will you measure?

« \What type of sample will you have access to?
 How will your sample have been handled?
 How will your measurements be made?
 How reliable 1s your biomarker measurement?
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