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1 ABSTRACT

During drug research and development, biomarkersbewadly used
to improve the understanding of drug mechanism dion, to
investigate drug efficacy and safety, to suppoet gblection of target
patient population and to optimize treatment schedu Among
different classes of biomarkers, genomic biomarkeesdefined as a
measurable DNA or RNA characteristics that arecattir of normal
biologic processes, pathogenic processes, and/gpomee to
therapeutic or other intervention.

A genomic biomarker can consist, for example, ie on more DNA
characteristics such as single nucleotide polymemps (SNPS),
insertions, deletions or RNA characteristics sustR&IA expression
levels, RNA processing (splicing and editing) androRNA levels.
The present research aimed at developing new gesdrmased tools
using non-conventional biological samples that migdupport
biomarker investigations in clinical settings.

Concerning DNA biomarkers, Single Nucleotide Polypiisms
(SNP) analysis was validated on DNA extracted ffeonmalin-Fixed
Paraffin-Embedded (FFPE) tissue, from Hematoxylimd aEosin
(H&E) stained FFPE slides, and from serum samples.
Unconventional samples represent a challenge foetgeanalysis due
to limitation of biological material and/or the poguality of the DNA
extracted. For example, due to fixation effect andmaldehyde
interaction DNA extracted from FFPE samples areradtarized by
degradation, cross-link, limitation of material, tndol derivatives
and PCR inhibitors presence. Therefore before amay these
samples a method validation is necessary to preva ckliability in
accordance with Regulatory Agencies guidelines #ratourage the
scientific community to perform a fit-for-purposesthod validation to
support any pharmacogenetic data submission.



SNPs were investigated by Real-Time PCR using TaqN&lP
genotyping assays. Polymorphisms in a panel of gemeolved in
EGFR pathway, which is directly associated with ynadgpe of
cancer, were evaluated. In particular, each siragsay was first
validated for accuracy, intra-assay precision (@aégiglity under the
same operating conditions) and ruggedness (repitatityc with
different operators, different batches). These patars were tested
first on good quality DNA such as DNA extractednfreell lines and
then on real sample to evaluate the non-conventroatix.

On this purpose, the impact of fragmented DNA (FEREmples) and
H&E staining on FFPE samples was evaluated. DNA amsacted
from different tissues of 10 commercial donors. DNanotyping
results of unstained FFPE and H&E staining were pamed with the
genotype obtained from high quality genomic DNAragted from
Fresh Frozen (FF) tissues obtained from the sammerdolused as
reference samples).

Overall, these results demonstrate that SNP gemgypan be
performed on archived FFPE tissues providing ridiadsults.

As additional test serum was used as source of BiNgerform SNPs
analyses. Serum is usually used to investigatepréiomarker and is
generally collected in most of the clinical trialt has been
demonstrated indeed that free circulating DNA isspnt in serum: in
particular, DNA is present in healthy individuallatv concentration
while levels are higher in cancer patients, inrér# hepatitis (Board
et al., 2008; Gahana et al., 2008; Gormally e2&l07).

To validate SNPs analysis on serum, two aliquotstadle blood were
obtained from 35 healthy volunteers. For each siilgee aliquot was
used to extract good quality DNA, the other wasdute prepare
serum prior to DNA extraction.

As expected DNA quantity was very low for serum plas. As result,
even though DNA was not degraded, genotype analyss

successful only on 70% of the samples.
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Overall, the validation conducted showed that seconid be used as
source of biological material to conduct geneti@algses. However
limitation of DNA does not consent to perform agerpanel of
analysis. These could be further explored in p&isince circulating
DNA is present at higher levels in several diseases

Part of the present thesis focused also on thdatan of methods for
KRAS mutation analysis. This gene encodes for a G-protgiich

plays a key role in the Ras/mitogen-activated pnotenase (MAPK)

signaling pathway and located downstream Epidef@raivth Factor
Receptor (EGFR) which is involved in colorectal @an(CRC).

KRAS status can predict which patients benefit (KRwild-type) or

do not benefit (KRAS mutated) from anti-EGFR thgrapince KRAS

analysis is also used for diagnostic analysis, Grate validation of
the method was required.

The aim was to compare and validate two differeathods folKRAS

mutation detection on FFPE tumor specimens, antH&E stained

FFPE which represent an unconventional source mpkes for this

type of analysis.

In particular, DxS ThreraScreen KRAS mutation kit,Real-Time
PCR assay, was compared to the PyroMark KRAS Kasel on
pyrosequencing technology.

The DxS ThreraScreen KRAS mutation test kit is dbledetect 7
different mutations present in codons 12 and 13hefKRAS gene
while PyroMark KRAS Kit is able to detect RRAS mutations in

codon 12-13 and 5 mutations in codon 61.

Results from validation showed that both Pyrosequgnassay both
DxS ThreraScreen assay are accurate and reproelubibreover no
impact of degraded DNA obtained from FFPE or infice due to
H&E staining was observed in both methods.

In conclusion PyroMark KRAS Kit showed advantageshsas lower
amount of DNA needed for analysis, detection ofit@mital mutations

in cod.12/13 and codon 61 than DxS TheraScreen KR&nN the
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other hand DxS TheraScreen KRAS resulted more tsendihan
pyrosequencing assays and less time consuming.

This thesis focused also on establishing a simmthau to perform
gene expression investigation on hair follicles YldRd to evaluate its
applicability in clinical trials.

Despite 80% of solid cancers arising from epithdlssues, blood is
still one of the most common peripheral tissuesiuse biomarkers
and pharmacogenomic investigations in oncologyr ltdlicles may

offer a viable alternative since they can refledidgical response in
epithelial tissue, they are easy to collect (noragive) and available
from most individuals.

After the establishment of sample collection andARMtraction, HFs
were collected from 23 health donors to evaluaterimdividual
variability of RNA yield and quality.

Gene expression analysis was then conducted oaxtngcted RNA.
First it was evaluated a panel of 16 housekeepergeg to assess the
feasibility of the analysis. Then it was shown thmatHF a panel of
epithelial specific genes were expressed. Indeeehltihe PCR
analyses showed thBGFR, Keratin 19 KRT19), Collagen, Melan-A
were expressed in HFs but not in RNA derived frdoo@). On the
opposite FPR1 andPRF1 genes were expressed only in blood. These
results suggest that HF represents a valuabledialbsource to study
pathways active in epithelial tissue.

Finally, gene expression analysis was conductedaonn vivo
experiment to evaluate if a response to treatmaumiddoe observed in
HFs. In particular, PD markers of Interferon treatin were
investigated after in vivo subministration of Irfe¥on-beta (IFNB) in
Macaca fascicularis. The expression of the known IHNresponding
genesVIXA was investigated both in blood and in anagen Riésults
showed thaiMxA induction was observed both in blood and HF: gene
induction in blood was observed at 6 hours aftbnsnistration while
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in HF at 24 hours probably due to a different IFMistribution. These
data suggest that gene expression analysis camarbedcout in HF
samples. However, it is important to highlight timHF the response
had a lower degree of induction and higher variigttihan in blood.
However this preliminary observations need to béhér explored in
pilot clinical studies to evaluate its applicalyilit

Overall the validation of different genomic ana/sn unconventional
sampled opens the possibility to conduct biomankeestigations on
several clinical trials conducted in the past or pan new
investigations with non invasive methods.

In addition, from the deep evaluation of the cutrgaidelines from
the Regulatory Agencies (and from the open debatide scientific
community) a proper strategy to validate genomialyital assays
was proposed according to fit-for-purpose criteria.
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2 RIASSUNTO

Durante il processo di ricerca e sviluppo di umfaco i biomarkers
risultano particolarmente vantaggiosi in quantospog, ad esempio,
migliorare la conoscenza del meccanismo di azidnendfarmaco,
delle sue caratteristiche di efficacia e sicureziraltre alcuni
marcatori possono essere utilizzati per identicarpazienti che
rispondono meglio al trattamento.

Tra le differenti classi di biomarkers, i marcatggnomici vengono
definiti come una caratteristica misurabile del DN&d esempio i
polimorfismi a singolo nucleotide, inserzioni, dati) o del’RNA
(livelli di espressione, splicing o editing, liviellli microRNA) che
fornisce indicazioni rispetto a un processo biatoge/o ad una
risposta terapeutica.

Lo scopo di questo lavoro é stato quello di svikngpnuovi metodi in
ambito genomico per l'analisi di biomarkers su campbiologici
non convenzionali al fine di supportare studi dini

Tra i marcatori a livello del DNA, in questo studi® stata condotta
I'analisi di polimorfismi a singolo nucleotide (SINBu genomi estratti
da tessuti inclusi in paraffina e fissati in formal (FFPE), slides
colorate con eosina ed ematossilina (H&E) e dasier

| campioni non convenzionali rappresentano unaasfidr le analisi
genetiche dato che il DNA ottenuto da queste fentimitato e di

scarsa qualita. Ad esempio il DNA estratto da FIriB&ta degradato
e contiene inibitori della PCR a causa del procefisbissazione e
della presenza di formaldeide. Di conseguenza pumanalizzare
questi campioni € necessario un approfondito methdealidazione

che dimostri I'attendibilita dei dati secondo lende guida delle
principali autorita regolatorie (FDA e EMA). Recentente questi
organismi hanno incoraggiato la comunita scierdtifec validare i

metodi analitici per supportare la sottomissioneddii riguardanti i

biomarkers.
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L’analisi sui polimorfismi & stata effettuata medta Real-Time PCR
utilizzando i saggi TagMan. Per ciascun saggio aaswalutata
l'accuratezza, la precisione (ripetibilita nelleesge condizioni
operative) e la robustezza ( riproducibilita delbéisi fra differenti

operatori e lotti).

Questi parametri sono stati testati prima su DNAaogeico di buona
gualita derivante da linee cellulari e poi su campireali per

valutarne la matrice non convenzionale. Infattinescstati valutati

limpatto del DNA frammentato ottenuto dai campioRFPE e

I'effetto della colorazione H&E sui campioni FFPEEDNA e stato

estratto da diversi tessuti (disponibili commemmiahte) di 10
donatori. Il genotipo ottenuto dai campioni FFPH molorati e H&E

FFPE é stato confrontato con quello ottenuto daL collezionati in
azoto liquido (usati come controllo di qualita).

| risultati ottenuti dai differenti tessuti sondeatdibili e mostrano che
e possibile effettuare analisi di polimorfismi sesguti inclusi in
paraffina di studi clinici.

Un’altra fonte di materiale genomico non convenalenutilizzata in
guesto progetto € costituita dal siero. Generalenéinsiero viene
collezionato nella maggior parte degli studi clinper I'analisi di
marcatori proteici ma non per analisi di genetlc®NA presente nel
siero viene denominato DNA circolante ed €& preséntguantita
maggiori in soggetti affetti da tumore o altre pagoe (artrite, epatite)
rispetto a individui sani (Board et al., 2008; Gaheet al., 2008;
Gormally et al., 2007).

Per effettuare la validazione di polimorfismi sidrs, due aliquote di
sangue intero sono state collezionate da 35 vaicsdai. Per ciascun
donatore una aliquota e stata utilizzata per estrBNA di buona
qualita, I'altra e servita per preparare il siero.

La quantitd di DNA ottenuta dal siero é stata lamie, come atteso.

Nonostante il DNA non risultasse degradato, €& statssibile
assegnare il genotipo solo per il 70% dei campidnittavia il
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genotipo dei campioni di siero assegnati e risoltatcurato se
confrontato con il corrispettivo ottenuto da sangue

Le analisi condotte mostrano, quindi, che e polesiliilizzare il siero

come fonte per analisi genetiche ma con alcunirgaooenti dato che
il materiale che si ottiene & minimo. Ulteriori &sigpotrebbero essere
effettuate su pazienti reali in cui la quantita RINA circolante e

maggiore.

Un’altra parte di questo progetto & stata dediedita validazione di
metodi per I'analisi mutazionale del gelRBAS. Questo gene codifica
per una proteina ad attivita GTPasica che giocauolo chiave nella
via di trasduzione del segnale delle MAP chinaseesituata a valle
del recettore epiteliale di crescita (EGFR) coitwahel cancro del
colon retto (CRC). Lo stato d{RAS pu0 essere di aiuto nella scelta
della terapia in pazienti affetti da CRC. Infaii KRAS risulta wild-
type i pazienti potranno ricevere benefici da uattémento anti-
EGFR; nel caso in cui KRAS risulti mutato la teempnti-EGFR non
avra alcun effetto poiché la via di trasduzione sieginale risultera
sempre attivata.

Lo scopo di questo lavoro é stato confrontare edaed due metodi
diversi per I'analisi mutazionale #{RAS su DNA ottenuto da tessuti
tumorali (FFPE) e slide colorate (H&E FFPE) chepragentano la
fonte non convenzionale di DNA.

E’ stato utilizzato un metodo basato sulla tecnaldgeal-Time PCR
(DxS TheraScreen KRAS mutation kit) e confrontade cin metodo
basato sulla tecnologia di pirosequenziamento (Rsrk KRAS kit).

Il kit DxS TheraScreen KRAS e in grado di riconasc@ differenti
mutazioni presenti nei cod. 12 e 13 del gene mehki¢é PyroMark
KRAS riconosce 9 mutazioni in questi codoni e ingiagta 5
mutazioni sul cod. 61. | risultati dimostrano cmérambi i saggi sono
accurati e riproducibili; non é stato rilevato alcaffetto dovuto al
DNA degradato (FFPE) o alla colorazione dei teqH&IE).
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In conclusione il kit PyroMark KRAS e vantaggiosno guanto
richiede una quantita di DNA minima e consente mili@azare piu
mutazioni (nei codoni 12-13 e 61) rispetto al kit TheraScreen
KRAS. Dall'altra parte quest’ultimo risulta piu s2hbile e veloce.

Con guesta validazione sono state gettate le leasira valutazioni di
un largo pannello di mutazioni utili per gli studclinici.

L'applicazione dei marcatori genetici in campo diastico,
prognostico e nella scelta del trattamento farn@gob possono
essere utili per muovere un ulteriore passo versa medicina
personalizzata migliorando I'outcome dei pazienti.

Un’altra parte della tesi si e focalizzata sullassg a punto di un
metodo semplice per effettuare I'espressione gesitaollicoli dei
capelli e valutarne I'applicabilita negli studimili. Infatti i follicoli
potrebbero essere una fonte vantaggiosa di stadipanto riflettono
la risposta dei tessuti epiteliali che sono aljore di circa '80% dei
tumori solidi. Inoltre i follicoli sono facilmenteollezionabili (e in
modo non invasivo) e sono disponibili nella maggparte degli
individui.

Dopo aver stabilito un metodo per il collezionanoegt I'estrazione
del’lRNA si & proceduto con I'analisi di follicoBu 23 donatori sani
per valutare la resa e la qualita del’/RNA tra iivadividui.

Le analisi di espressione genica sono state edtettisullRNA
estratto. Prima € stato valutato un pannello dig&6i di controllo
(housekeeping genes) in modo da valutare |a fhtdiloiell’analisi; poi
e stato dimostrato che nei follicoli sono espregsni epiteliali
specifici. Infatti le analisi di PCR Real-Time hanmostrato che i
geni EGFR, KRT19, COL1A e MLANA sono espressi nei follicoli ma
non nel sangue. Al contrario, i geRPR1 e PRF1 sono espressi nel
sangue ma non nei follicoli. Da questi dati si eeirche i follicoli
rappresentano una fonte biologica adatta per stugathway presenti
nei tessuti epiteliali.
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Infine, I'espressione genica e stata verificatannesperimentin vivo
per valutare se il follicolo puo essere utilizzater monitorare un
trattamento farmacologico.

A questo scopo alcuni marcatori farmacodinamicil’idegrferone
sono stati analizzati dopo la somministraziong=t-p in scimmie del
tipo Macaca fascicularis. L'espressione del geé@xA, noto per essere
un gene di risposta dell’interferone, é stata ieih nel sangue e nei
follicoli. Dai risultati emerge che l'induzione dVxA avviene in
entrambi i tessuti ma a tempi diversi: per i falidl picco massimo
registrato e visibile dopo 24 ore dalla sommindtae mentre per il
sangue dopo 6 ore. La causa € da ricercarsi pilotaiie in una
differente distribuzione nei tessuti dell'interfem | dati suggeriscono
comunque che analisi di espressione genica posssare condotte in
guesto tipo di tessuto anche se & importante swtok che il livello
di risposta nei follicoli € piu basso e piu varlahbispetto al sangue.

| follicoli, quindi, potrebbero essere utilizzatroe promettente fonte
non invasiva per studiare i meccanismi molecolaei dessuti
epiteliali. Tuttavia le informazioni preliminari tenute necessitano di
ulteriore approfondimento nel caso che il metoddbde essere
applicato a studi clinici.

La validazione di diversi metodi per marcatori gémnesu campioni
non convenzionali di questo lavoro apre la postibidli condurre
analisi di marcatori su diversi studi clinici cortilan passato o di
pianificarne di nuovi attraverso la raccolta di eratle biologico non
invasivo.

Inoltre dalla valutazione delle attuali linee guidkelle autorita
regolatorie e dall'analisi del dibattito in corsdl'iaterno della
comunita scientifica si € proposta una strategialgpe/alidazione di
metodi analitici per marcatori genomici.
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3 INTRODUCTION

3.1 Biomarkers

According to a consensus definitionbeomarker is a characteristic
that is objectively measured and evaluated as dicator of normal
biological processes, pathogenic processes, or n@taiogic
responses to a therapeutic intervention.

Biomarkers have many valuable applications in disedetection and
monitoring of health status. These applicationslute use as a
diagnostic tool for the identification of those ipats with a disease or
abnormal condition (i.e., elevated blood glucoseceatration for the
diagnosis of diabetes mellitus), as an indicatogposis or staging of
disease, for prediction and monitoring of clinia@sponse to an
intervention (i.e., blood cholesterol concentrasidor determination
of the risk of heart disease).

Two others concepts that are related to biomarkertlze following
(Biomarkers Definitions Working Group, 2001):

- Clinical endpoint is a characteristic or variable that reflects how
a patient feels, functions, or survives. Clinicaldpoints are
distinct measurements or analyses of disease ¢hasticS
observed in a study or a clinical trial that refldwe effect of a
therapeutic intervention. Clinical endpoints are thost credible
characteristics used in the assessment of theiteartl risks of
a therapeutic intervention in randomized clinicells.

- Surrogate endpointis a biomarker that is intended to substitute
for a clinical endpoint. A surrogate endpoint ispested to
predict clinical benefit (or harm or lack of benefr harm) based
on epidemiologic, therapeutic, pathophysiologic, other
scientific evidence. Surrogate endpoints are a efulbsf
biomarkers. Although all surrogate endpoints carcdmesidered
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biomarkers, it is likely that only a few biomarkesxdl achieve
surrogate endpoint status.

Biomarkers play an important role in drug discovengl development
from target identification and validation to clialapplication in order
to make the overall process a more rational approac

Biomarkers could be useful in decisions regardingineal dose

selection, benefit-risk assessment, and regulappyovals related to
new formulations, populations, and/or indicatiorss drugs with

demonstrated effectiveness using clinical end poimh fact, the

general principles of using biomarkers for regulatdecisions are
described clearly in several regulatory guidanced publications.

Moreover, currently many efforts have been done mfro
pharmaceutical companies to discover and develomdnikers in the

various phases of drug development. Biomarker dgvegirocess

includes discovery, qualification, verification, say optimization,

clinical validation and at the end commercializatio

Among biomarkers that have been used extensivelr tive past
decades there are for example an elevated levalriaE human
chorionic gonadotropin (hCG) as a measure of nopnagnancy, a
disproportional body weight as a primary determirnanobesity, and
increased blood pressure and cholesterol levelpasameters of
cardiovascular risks. Other examples of biomarkees reported in
Table 1 and include bone density in osteoporosi \aral load in
infectious diseases.
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Table 1. Example of biomarkers and their related ¢hical endpoints.

Therapeutic class H

Biomarkers

H Clinical endpoint

Antihypertensive drugs

{ Blood pressure

| Stroke

Drugs for glaucoma

1 Intraocular pressure

Preservation of vision

Drugs for osteoporosis

T Bone density

{ Fracture rate

Antiarhythmic drug I Arrhythmias 1 Survival
Antiretroviral drugs I Viral RNA TCD4 T Survival
Antidiabetic drugs  Blood glucose 4 Morbidity

{ Cholesterol
I PSA

Lipid-lowering drugs I Coronary disease

Tumor response

Drugs for prostate cancer

Advances in technology have allowed the incorporatiof
measurements of many biomarkers in patient careowitincreased
risk to patients. In fact, almost all types of can@re nowadays
treated with testing biomarkers. Some biomarkers dgcriminate
normal from diseased states (i.e. diagnostic bi@eraj, while others
predict the likely course of disease progressioe. (prognostic
biomarkers) or response to therapy (i.e. stratiicabiomarkers) or
drug effect (pharmacodynamic or PD biomarkers).

A more exhaustive overview of biomarker charactron is reported
in Table 2 (from Hu et 312005).

18



Table 2. Some categories of biomarkers.

Key Validation

Type Characteristics Sources of Biomarkers .
Requirements

. . . E>.<pre53|on analygs Correlation with a
Diagnostic Discriminate normal Disease mechanism o

. P ) specific disease or
Biomarkers from a specific disease studies )

. . . disease state
Epidemiology studies
Predict the likely course . .

. : - Expression analysis . .
Prognostic of disease progression : Correlation with a
Biomarkers independent of a An!mal models . clinical outcome

- Epidemiology studies
specific therapy
Identify patients that Correlation with a
Stratification respond to a specific Pre-clinical studies clinical response
Biomarkers drug or suffer fromits  Clinical trials upon administration
side-effects prior to Epidemiology studies of the drug in
administration of the controlled trials
drug
Correlation with
Correlate response to a the concentration or
PD/PK specific drug with Drugs or metabolites activity of a
Biomarkers concentrations of the ~ Animal models specific drug in
drug or its metabolites animal and human
studies
Monitor the beneficial Correlation with
Efficac effects of a specific Molecular targets or the concentration or
Biomar)I/<ers drug on the intended downstream molecules  activity of a
drug target or medical  Clinical trials specific drug in
condition clinical trials with
placebo controls
Monitor the advgrse Histopathology Correlation with
.. effects of a specific g ! .
Toxicity ) Clinical chemistry the concentration or
) drug on any unintended X . L
Biomarkers Toxicology studies activity of a
cellular processes, cells, ~.". ; " .
. Clinical trials specific drug in
tissues or organs e .
clinical trials

The ideal clinical biomarker should include:

- Clinical relevance meaning that the biomarker should have a
rational basis for drug (influenced by exposuretdrug and is
assumed to be related to the drug pharmacologionacr
intended clinical effect).

- Sensitivity defined as the ability to detect the intended
measurement and that change of biomarker refleetchange
of clinical endpoint.
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- Specificity meaning a biomarker which is able to identify pers
with a target disease or responding to certain affertics
intervention.

- Reliability that refers to the ability to measure analyticalig
biomarker or change in biomarker with acceptableusacy,
precision, robustness, and reproducibility. Theseumeters are
used for biomarker measurement and in particulay tefer to
the quality and variability of the assay.

- Practicality which means a non-invasive procedure or at least

less invasive as possible for healthy volunteersatients.

- Simplicity in order to avoid sophisticated equipment or ojeera
skills and decrease time and cost. This is an itapbfeature for
applying biomarkers in drug development and evenenfor
clinical practice.

3.1.1 Genomic Biomarkers

Genomic biomarkers (PGBM) are defined as a meau@aNA or

RNA characteristics that are indicator of normall@gic processes,
pathogenic processes, and/or response to therapeuti other

intervention (EMA - ICH Topic E15, 2007). A genomomarker

could, for example, reflect the expression, funcamd regulation of a
gene, which can be used as predictors of diseasgrgssion or
response to treatment at the molecular level. Aogeabiomarker can
consist of one or more DNA and/or RNA charactesssti

DNA characteristics include for example single eotide

polymorphisms (SNPs), variability of short sequenoepeats,
haplotypes, DNA modifications (methylation), dedeis or insertions
of one or more nucleotides, copy number variatiprGytogenetic
rearrangements such as translocations, duplicatidetetions, or
inversions.

RNA characteristics include RNA sequences, RNA esgion levels,
RNA processing, such as splicing and editing, niRété levels.
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The definition of a genomic biomarker is not lintitdo human
samples, but includes samples from viruses andttiofes agents as
well as animal samples. For example genomic bioerarkould be
used also for non clinical and/or toxicologicaldias.

Genomic biomarker definition does not include theasurement and
characterization of proteins or low molecular weigtetabolites that
are features of proteomics and metabolomics.

Genomic biomarker is the main features of pharmacomics (PGx).
Indeed, pharmacogenomics is defined as the studyaoétions of
DNA and RNA characteristics as related to drug oasp while
pharmacogenetics (PGt) is a subset of pharmacogesoamd is
defined as the study of variations in DNA sequeseelated to drug
response. This latest includes the processes af absorption and
disposition (pharmacokinetics, PK), and drug efect
(pharmacodynamics, PD; drug efficacy, and advedifsets of drugs).
Pharmacogenomics and pharmacogenetics have thentipbtéo
improve the discovery, development, and use of girgach of the
International Conference on Harmonisation (ICH) iosag has
published specific pharmacogenomic and pharmacadgegédelines,
or concept papers, and is in the process of devgjayhers.

In the following sections are reported some exammé genomic
biomarkers and their clinical application.

3.1.1.1 SNP

Single nucleotide polymorphisms (SNPs) are the kstpand the
most abundant type of sequence variation in theamugenome. They
occur throughout DNA with a frequency of about 11iy900 bp in
coding or noncoding regions (Shastry, 2007). Somlgnporphisms
have no effect, others are located in coding regi@nin regulatory
regions and might lead to several biological conseges. For
example, SNPs might influence gene expressiongpratability and
function and therefore they may be directly involvim different
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pathologies such as diabetes, inflammatory diseasascer and
coronary heart diseases (Anderson et al.,, 2006;st6§ha2009;
Zhernakova et al., 2009). The interest in idemifyinew SNPs and
their role in disease progression or in drug respdras increased over
recent years. This investigation was also facddaty advanced
technology, indeed many genome-wide associatiodiegudentified
an increasing number of loci that might be usedeasetic markers
(Dutt et al., 2007; Huang et al., 2009; Kirk et 2002; LaFramboise
et al., 2009; McCarthy et al., 2008).

Clinical pharmacogenetic investigations study thealation between
variation in DNA sequences and drug response Wit @im of
developing a personalized medicine that allowstrimeat efficacy to
be improved according to one’s personal genotyme. éxample,
polymorphisms involved in drug metabolism, disttibn, absorption
and excretion, such as cytochrome CYP2C9 and CYP2@dants or
vitamin K epoxide reductase (VKORC1) isoforms (Kineiner et al.
2005) have been largely studied.

In clinical trials SNPs investigation may lead toopplation
stratification able to identify subgroups whichpesd better to drug
treatment or present adverse drug reaction.

In the present study the following panel of SNPs employed:

- Polymorphisms on the Fc fragment of IgG, low affnilla
(FCGR2A) and llla FCGR3A) genes, that are members of a
family of immunoglobulin Fc receptor found on therface of
many immune response cells. The proteins encodé¢ddsg genes
are a cell surface receptor found on phagocytit¢s calich as
macrophages and neutrophils. They are involved nibady-
dependent cellular cytotoxicity (ADCC) that mighe linked to
response after monoclonal antibody treatment (Akbaet al.,
2007; Bibeau et al., 2009; Bruhns et al., 2009;etait al., 2009).
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Polymorphisms of genes involved in the epidermalgin factor
(EGF) pathway. In the EGF pathway, variations in ligarahd
receptor might influence the response to monoclardlbody
therapy. For instance, a polymorphism BGFR in codon 421
results in an amino acid substitution of an argn{R) with a
lysine (K) and could make the cell even more sefstib targeted
receptor inhibition through cetuximab as the polypmtsm is
located next to the interaction site between EGHRI &he
monoclonal antybody (Saridaki et al., 2010). Anotlxeample is a
polymorphism in the natural ligand EGF. Inde&fGF 61 A/G
gene polymorphisms have been analyzed in colorezdacer
(CRC) and other cancers but the functional effemftsthese
polymorphisms has to be still completely elucidateelcause
overall survival (OS) and progression free surviiRbF) in some
cases are not concordant (Garm Spindler et al.9;200u et al.,
2009).

Polymorphism of cyclinD1 gene that was reported to be
implicated in susceptibility to and early onsetoforectal cancers
(Hong et al., 2005). CycliD1 is a key cell cycle regulator that is
upregulated by the b-catenin/Tcf pathway in coltakec
tumourigenesis and its proliferation is associatath a poor
clinical outcome. As a consequence the gene coeldided as
predictive molecular marker of cetuximab therapari{@ki et al.,
2010).
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3.1.1.2 Mutation

A mutation is any change in the sequence of DNAodimg for a
gene.

Mutation effects are different according to theipos in which the
mutation occurs and if the protein function is itk In most of cases
the mutation is has damaging effect but in othemld be
advantageous or at least neutral meaning thatois chot affect the
amino acid sequence of the protein and no appreciegimnges in
organism phenotype are detected. A subgroup ofralenrutation is
silence mutation that codify for the same aminodageven if the
sequence is different.

A mutation is defined as somatic mutation whenoésinot occur in
cells that give rise to gametes and it is not mhsdeng to the next
generation by sexual means. On the contrary ifrib&tion occurs in
the germ line cells, the mutation will be passed tonthe next
generation and it will be called germinal mutation.

Furthermore mutation can occur spontaneously famgte when a
cell divides, it makes a copy of its DNA and sommets the copy is not
quite perfect; in other case mutation could be aeduby different
factors such as radiations, chemical agents whigfntnibe similar to
bases or that are able to modify them.

There are many different ways by which changesazaur in DNA
and as a consequence there are many classes ofiomsitaFor
instance, substitution when a base is exchangddamibther, deletion
when a sequence of DNA is lost or deleted and ae%® insertion
when extra bases are inserted in the sequence.rsOthipes of
mutation include frameshift, caused by base insertir deletion and
altering the mRNA message and base inversion.

An example of somatic mutation used as biomarkéra&RAS gene,
which is reported by Food and Drug Administratianite a Valid
Genomic Biomarkers in the Context of Approved Duadpels.
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KRAS gene, a Kirsten ras oncogene homolog from the maiamras
gene family, encodes a protein that is a membéhetmall GTPase
superfamily involved in the Epidermal Growth FactBeceptor
(EGFR) signaling pathway. Gene is located on chsone 12 with a
total of 6 exons (Van Krieken et al., 2008). A sen@mino acid
substitution is responsible for an activating motat The
transforming protein is implicated in various makbgpcies, including
colorectal carcinoma, the most important, lung adarcinoma,
mucinous adenoma, ductal carcinoma of the pan¢Raiserts et al.,
2010).

KRAS mutation status is a useful and important biontadspecially
in Colorectal Cancer (CRC) treatment decision itiis et al.,
2009). Indeed, mutation of th€RAS gene yields to a constitutive
activated protein.

EGFR forms a heterodimer with other receptors flER family and
becomes able to receive signals from growth facitis leads to
EGFR activation and as a consequence to auto-pbpgation of the
heterodimer and transcription in the nucleus. Irtipaar, in the cell
nucleus specific genes are up or down regulatedingato cell
response like proliferation, survival or invasiordanetastasis.
Monoclonal antibodies against EGFR block signaliygthe receptor
and inhibit downstream events, including effectdiaeed by KRAS
(Figure 1). When KRAS is mutated and permanentiytch&d on,
blocking EGFR will not prevent events downstreanK&AS and in
this case, anti-EGFR therapy will not prevent thmar from growing
and spreading. Therefore, blocking EGFR with a netov@al antibody
will only be effective in KRAS wild-type tumors (Baelli et al., 2010;
Lievre et al., 2008).
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Figure 1. Schematic representation of EGFR pathway(A) and action of
monoclonal antibody against EGFR receptor (B). Fige taken from
www.progettokopernico.it.
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The mutation in KRAS gene was present in over that 30%
colorectal cancer and the most frequent mutatian isodon 12 and
13 located in exon 2 of the gene as repdridtie Catalogue of
Somatic Mutations In Cancer (COSMIC:
www.sanger.ac.uk/genetics/ CGP/cosmicDthers minor proportion
mutations are in codon 61 which clinical relevaacestill unclear.

In 2008 the American Society of Clinical OncologASCO)
announced that CRC patients that have a mutatidthelKRAS gene

do not respond to therapies that inhibit EGFR; a&udmab and
Panitumumab (Allegra et al., 2009). However mangdehlll studies
demonstrated that patients treated with anti-EGFRgsl show a
significant survival advantage, but only if the tnmhas a non-mutated
KRAS gene.KRAS mutations are associated with poor responses to
therapy, reduced PFS and shorter OS in coloreetater patients
treated with cetuximab alone (De Hertogh et al1®Me Roock et
al., 2007,) or in combination with chemotherapyg(Fe 2).
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Figure 2. Example of Progression-free survival of atients according to the
presence or absence &¢RAS mutation (from Liévre, et al.,2008).
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Following recommendations by ASCO, patients areayotksted for
the KRAS gene mutation, in order to determine which kindh&rapy
is most effective for their treatment.

KRAS testing mutations comprises referral KiIRAS mutation testing,
selection of the tissue block containing the tum@a of interest and
finally DNA extraction andKRAS mutation analysis.

However, there is a lack of validated testing mdghand standardized
operating procedures for the detection KRAS mutations. The
concordance between different diagnostic methodsiss largely
unknown. Therefore, there is an urgent need tobksia and
implement clinical practice guidelines and standaedl procedures for
KRAS mutation testing in patients with colorectal cance

3.1.1.3 Gene expression

Cells are able to regulate gene expression acaprtbndifferent
stimuli that they received or in response to various exjygrtal
conditions. Indeed, some genes are only express@articular cell
types or cell cycle phase but their expression ccotihange at
developmental stage or in response to extra celkignals. Gene
expression can be regulated both at the transmmigitiand post-
transcriptional levels. Gene expression is an exangd PD/PK
biomarkers. Indeed, there are examples of geneessipin studies that
include validation of the extent of transcriptiohaogene in order to
study the difference in expression of a gene in diseased state
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compared to the normal state; change in expredsiocells that are
exposed to a chemical substance (e.g., drug, tdxammone or
cytokine); quantification of non-coding RNA genepeassion.
Quantifying gene expression levels has become aoriant analysis
in molecular laboratories because it allows meagutihe amount of
cellular RNA and determining what extent that maftr gene is
being expressed (VanGuilder et al., 2008).

Depending on the number of genes and samples bgamgined there
is a multitiered technological approach (Figure Bdyr large-scale
discovery experiments the common method used is g&pression
microarrays (Lesko et al., 2003), however in solgecsome specific
studies focus on microarrays to study few genes lerge number of
samples. Due to the costs of whole-genome micoarnRT-qPCR is
used to validate discovery obtained from microasraryin that case in
which gene to investigate is already known.

Figure 3. Types of technologies for gene expressianalyses.

The plot shows the relation between number of gemes number of sample, the
technologies go from being discovery tools to todls validation and
implementation (from VanGuilder et al., 2008).
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Among genes studied for their variation of expr@ssthere are
Interferon (IFN) responding genes which are acsigidiy transcellular
signal transduction (Der et al., 1998; Rani et20Q7).

Briefly, IFN-B is part of IFNs family, releases from lymphocystesl

belongs to Type | together with IF-and IFNy (Borden et al.,
2007). IFNs genes are normally transcriptionalkerdi and IFNs is
produced only in presence of pathogens or in respoh tumor cells
(Williams, 1991). In these situations molecules iaduced by TLR-

activated transcription factors that bind to thwmoter. IFN binds

to specific cell surface complex including IFN-receptor known as
IFNAR1 and IFNAR2. This trimeric high affinity corfgx initiates a
signaling cascade that results in the activatiothef IFN-stimulated
gene factor 3 (ISGF3) heterotrimeric complex, whigltomposed of
STAT1, STATZ2, and IFN regulatory factor 9 (IRF9)ctAve ISGF3

translocates to the nucleus, binds to specific secgs (termed IFN-
stimulated response elements or ISRE) present enptomoter of
interferon regulated genes (O'Doherty et al., 20@&f)d induces
transcription of target genes (Figure 4).

Figure 4. Schematic representations of the threeadses of Interferon.
Different signal transduction of IFN classes: thading complex between ligand
and receptor changes according to Type I, Il arftdm Borden et al., 2007).
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Interferon-Beta (IFN3) is used as the most common treatment for
Multiple Sclerosis (MS) but its effects are complend its
pharmacodynamics at the genomic level in humanspasrly
understood (Weinstock-Guttman et al.,, 2008). As M3 chronic
heterogeneous inflammatory disease of the centrabns system and
in rate of progression, patient stratification igficllt. However it
might be possible only with defined group of biokes so that
relative contribution of each of different pathogga mechanisms can
be determined (Habek et al., 2010; Scagnolari.e@07).

There are many studies that investigate gene esipresn patient
affected by MS versus healthy volunteers to idgnmgw biomarkers
(Booth et al., 2005; Brynedal et al., 2010; Riveedsl., 2010). What
emerged from these analyses is that Inteferon agggib high number
of genes; more than 300 genes mediate the biolognchtherapeutic
effects of IFN stimulation (Serana et al., 2008)amples are 2'5'-
oligoadenylate synthetases which inhibit a broadgea of RNA
viruses (corresponding tOASL and OASR2 genes) and the antiviral
protein Mx that was identified because of the tasise of mouse
strain A2G to influenza A viruses. The human horgoless gene is
MxA which codifies for a cytoplasmatic protein asstedawith the
intracellular membranes (Pachner et al., 2003).

3.2  Biomarkers in drug development

Biomarkers are widely used in drug development,trdauting to
increased productivity and improved patient camessa spectrum of
drug development activities. The increase in bidkaaresearch is due
to the widespread belief that appropriate applecadf biomarkers to
preclinical and clinical drug development will alsrate the process
(i.e., speeding time to market), increase efficyetiny providing early
indications of efficacy or toxicity), and faciligatdose selection prior
to expensive phase lll clinical trials (Lee et aD05).
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Given the interest in biomarkers in the pharmacaufind diagnostics
companies, also regulatory and government ageri@ssbegun to
focus on them. Indeed, biomarkers are included h@ National

Institute of Health Road Map which aims to factitaa more efficient
and productive system of medical research (Cu®982 and the FDA
has published different guidelines about generadiwh submission of
genomic data obtained from trials investigating newmarkers

(FDA, CDRH - Pharmacogenomic Data Submissions - @aonon

Guidance. 2007; Pharmacogenetic Tests and Genedgts Tfor

Heritable Markers. 2007).

Regulatory agencies encourage development of blersasince the
first phases of drug discovery. In particular inBMBassay the co-
development with a drug should be seen as a canisiprocess that
goes through analytical validity of the PGBM assayarly stage of
the drug development, clinical validity studies ®EBM (to ensure
that the PGBM assay is able to select/stratifygods) and ultimately
clinical usefulness. This latest refers to theigbdf the PGBM test to
ensure that the patient selected will have an ingmobenefit-risk

profile when treated with the drug after PGBM tegtin addition to

conventional clinical features (EMA, CHMP. Reflextipaper on co-
development of pharmacogenomic biomarkers and Assaythe

context of drug development. 2010).

Figure 5. Parallel paths of drug development and lbimarker development.
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3.2.1 Drug Discovery and Preclinical Development

It is important that the development of the PGBMagsis initiated
early in the drug development process to be abléridge data
obtained later during clinical PGBM qualificatioBiomarkers also
play an important role in the preclinical assessnwnpotentially
beneficial and harmful effects of a new drug caatidMoreover new
approaches for target discovery such as epidemolsiydies and
microarrays could help to identify links betweerorbarker and
pathophysiology. In particular, screening tests animals using
biomarkers provide important demonstration thabamound is likely
to have the intended therapeutic activity in pdsieifhis is the first
step of a sequential process to establish a bienaak surrogate
endpoint to predict clinical outcome.

For example, HIV-1 RNA levels are measured in plas®s prognostic
indicators to help guide therapy directed at sugging viral
replication and preventing opportunistic infectighathia et al., 2009;
Lesko et al., 2001). Another example of biomarkesWwHER2/neu
protein that was initially identified as an oncogdryin vitro studies
and then its overexpression or gene amplificatias Wnked to lymph
node involvement by correlation with clinical stesli Her2/neu is
now one of the most important targets in humandtreancer and is
indicative of poor patient prognosis. (Harris et &007; Hu et al.,
2005).

At this step not only the biomarkers identificatisnmportant but it is
also important to develop a prototype assay to tooitine biomarker.
At this stage, however, the prototype should have éssential
characteristics permitting its evaluation: accelgtainethods/assays,
tissue and disease specificities. Parameters assdavith sensitivity
and specificity of the biomarker shall be propartite to supporting
the rationale for the non-clinical and clinical &pations of the
biomarker (BM), and according to the developmerdgghprecision,
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accuracy, reproducibility, detection levels justifi for the intended
use. The prototype of the assay could also rely somplified
procedures, it could be intuitive and easy-to us@h dynamic
visualization, lowered consumption of samples, eeég) and energy -
to keep up with standard analytical capabilitiekerefore the assay
should have a flexible design environment for iivei layout
(Colburn et al., 2003).

Moreover, for future clinical utilization of the atform chosen,
appropriate plans are also required at the stagpraibtype assay
development for an efficient control and the aypilib generate
sufficient and appropriate data to validate theagsgo facilitate
incorporation of quality assurance and control roess and, as
appropriate, to meet the legal requirements fordvVD

3.2.2 Early phase Clinical Development

During this phase of drug development, the biomaassay is used to
confirm that the results fronm vitro and animal studies (or the initial
observation about the behavior of the PGBM for gxanpossible
safety marker identified n preclinical data) arevant to the human
in vivo context.

The pre-requisite of a translational BM is therefdhat the same
entity is identified and measured both in animal aman and that the
functionality associated to the BM is consistentthe two species.
Therefore the PGBM assay needs to be consistenighno support
the extrapolation of PGBM effects observed in anhisi@dies in
humans, among a complex set of variables and sitigat

It should be demonstrated that the assay identiiesame BM as in
animal studies; the analytical performance charisties of the assay,
such as the limit of detection appropriate for tinéended use,
accuracy, and repeatability need to be confirmatiatstage. In some
situations the assay of animal studies has to bptad to the human
situation to cope with respective differences asleia acid sequence
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differences of the gene of interest. Moreover basgay performances
generated has to be compared between clinical aedlimpcal
specimens (EMA, CHMP. Reflection paper on co-dgwelent of
pharmacogenomic biomarkers and Assays in the cobraéxdrug
development. 2010).

In phase 1 clinical trial new drugs investigation performed on a
restricted number of patient or healthy voluntetrsevaluate its
tolerance at different doses and to define pharfogaal effect. In
the following step which is phase Il of clinicaldtes, the number of
patients involved is no more than several hundudgests.

In the past the biomarkers used during these stegre safety
parameters, rate of absorption and excretion. Tisesety and PK
parameters establish the duration of exposureetalithg and serve as
a guide for safe dose selection and escalation.edewthe recent
trend is to develop targeted therapies that higkdig biomarker
therapeutic relevance (Marrer et al., 2010). Fangxe, members of
the human epidermal growth factor receptor (EGFBRilly of
transmembrane tyrosine kinases has been discoiceptay important
roles in a series of new targets and in differaidstumors such as
breast cancer (Abd EI-Rehim et al., 2004) and noalscell lung
cancer (Socinski, 2010). Biomarkers of potentiad toy stratification
of patients include the target receptor or enzyarnafug intervention
and modalities that can confer resistance to thg.ddowever at this
exploratory level there are a list of possible cdatk biomarkers
obtained from safety data and patients monitoring desponse.
Regulatory agencies encourage clinical endpointd aarrogate
endpoints at this early clinical stages. Howevhrs is not always
possible because biomarkers that show a correlatitndrug could
be used for facilitate future large-scale clinicals and even in failed
clinical trials biomarker testing might provide axplanation for
failure and help future drug design.
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To summarize, clinical PGBM qualification includstability of the
PGBMs over time and in relation to different ph#siedus of the
clinical phenotype, biological rationale and prefiary data to
especially differentiate (disease) prognostic PGBbmM predictive
PGBM (drug response), performance of the test aGBNP in

predicting response/outcome. All these aspectsGBM use should
be GCP-compliant especially if the PGBM is intendedbe used in a
clinical context for the purpose of patients setettas diagnostic,
prognostic, predictor of dose-exposure, predictbrdug response
(safety, efficacy).

3.2.3 Late Clinical Development

Phase lll trials are required to collect the addidl information about
effectiveness and safety that is needed to evathateverall benefit-
risk relationship of the drug for specific and emged indications and
provide an adequate basis for extrapolating theltseso the general
population.

At this stage, incorporation of validated surrogaii@markers for the
stratification and monitoring of patients might beeful to cost-
savings in drug development (Hu et al., 2005). Ais tstage,
biomarker is tested on large cohort studies, theeethe specific assay
need to be robust. Indeed, it should be ensuredttieacandidate
companion diagnostic used in clinical trials istabie for clinical
validation and clinical usefulness (e.g. determaratof the cut-off,
determination of threshold values for quantitathigsays). Moreover a
full documentation of all aspects of analytical fpenance shall be
available to prepare and facilitate the transitioh the testing
methodology in the post approval clinical use.
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3.3 Biomarker Validation Approach

In biomarker validation it is important to distingh between analytic
method validation and clinical qualification. Thest is defined as the
process of assessing the biomarker assay, its rpafce
characteristics and the optimal conditions thatl wnerate the
reproducibility and accuracy of the assay; the sdcoefers to a
linking process between the biological process @imical endpoints
(Taylor et al., 2008).

Clinical qualification is observed in the co-devaioent of biomarkers
and drugs with the use of these biomarkers limitethe application
of the drug. But this co-development imposes theessity to generate
specific guidelines for analytic test validationarder to facilitate the
rapid transfer in clinical diagnostic laboratories.

The assay used has to include some specific a#sbsuch as
analytical sensitivity, diagnostic sensitivity, &ecal specificity,
diagnostic specificity, accuracy, repeatabilitypnaducibility, linear
range of quantitative assays and limits of detectidnalytical
performance criteria should be defined and justifie a pragmatic
way so as to be proportionate to the stage of dpwaknt and to risks
and benefits of its intended use (“fit-for-purpgskée et al., 2006).
Method validation is thus a continuous and iteefwocess of assay
refinement with validation criteria that is drivey the application of
the biomarkers with increasing rigor at each sugigesvalidation step
and focusing on method robustness, cross-validati@mnd
documentation control.

The first step of the biomarker method validatisrtie choice of the
right assay followed by developing of the assay iat validated
method.

When an assay is selected there are some attrithaedhave been
considered. At the beginning it is important to leage sample type
(including any matrix factors), conditions and pegiion for
sampling, sample handling such as storage condition extraction
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procedure, patient or subject selection criteriarthiermore many
analytical factors have to be investigated. Fomg)da assay protocol,
assay platform including amplification efficiendinearity, precision,
dynamic range as well as limit of detection, caibrs and quality
control, software and algorithms used for the prtetation of results
and performance variables (Chau et al., 2008).

Biomarker method validation is more complicatedntha typical
bioanalytic assay because it is an endogenous atbastic and also
includes key variable assay elements that range fhe choice of the
matrix to maintaining sample integrity, to assagnsiardization and
accuracy.

Biomarker production, physiology and distributiohtlbe biomarkers
are the main parameters to select the biologicatixnnat should be
readily accessible, such as whole blood, plasmanseor urine. This
choice is important because matrix can influence Walidation
process as evidenced by feasibility in the acqarsibf biological
material during the study, such as in the collectad noninvasive
(sputum, urine, feces, and saliva) versus minimalgasive (blood or
plasma) samples (Chau et al., 2008).

If the method has sufficient sensitivity, then theeferred matrix
choice is based on ease of sample collection aalysas. However, if
sensitivity is a factor and measurement of the lid@r in the
specified matrix poses as a challenge, then théempee matrix is
chosen based on sample concentration even if thgepts as a greater
challenge for sample collection and preparationadidition to the
influence of sample sources, material collectiod processing should
be examined to maintain sample integrity.

It is important for researchers to realize thatsperimen collection
varies across populations; how they are handled daffiekrences in
sample processing variables can dramatically affieetresults of a
trial. Thus, appropriate conditions for collectimgndling, and storing
study samples need to be standardized along wétuede training of
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the clinical trial management personnel to preseimeestability and

integrity of the analyte. Sample integrity can bkeected by repeated
cycles of freeze-thawing specimens or by long-testorage, and
hence, the stability of the sample becomes comeaniDepending
on the type of samples (biological fluids or tissyeninimization in

variability at each step of this procedure fromlexion to processing
is critical to ensure consistent and valid analgteasurement at
subsequent biomarker assays.

Biomarker analysis requires a systematic reviewtlsd analyte
stability in calibration standards, quality consrdlQCs), and study
samples as in bioanalytic method validation. Inegah QCs are
prepared to evaluate limited ranges of standardecuthe lower,
middle, and upper. Whereas QC samples are useagdstudy sample
analysis to judge the acceptability of assay rwadidation samples
(VS) are used in assay validation experiments tonage intra-run
and inter-run accuracy/ precision and stability.aMas only three VS
concentrations are required in GLP bioanalytic yssa least five
different concentrations of VS should be analyzediuplicate on at
least six different runs during the prestudy valma because
guantitative biomarker assays often exhibit nommealibration
curves; thus, more VS are required (Smolec etZ4l(Q5).

Other important components of biomarker assay &abd include the
reference materials, precision and accuracy, dynaange, sample
recovery, sample volumes, and instrument validatidbdditionally,
the variability in method validation can also bdeafed by assay
results at different locations and the correctbration of the assay at
different test sites. Because biomarkers are emunge substances,
difficulty may arise in obtaining biomarker/anahftee matrices
either to do specificity studies on or to prepaoe the calibration
curve. Most of the time, the target biomarker molegs not available
to act as a certified calibration standard. Re$eascthen may rely on
the use of a non-certified standard, a recombinaotein, or a
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surrogate matrix to construct the calibration culfessay standards
are prepared in a nonauthentic matrix, QC samlesld be prepared
and tested in the same matrix as the study samplskow that the
assay performance is similar between authentic mamaauthentic
matrices. Parallelism studies should be conductéeénwsurrogate
standards and matrices are used for calibratiopgsess (Chau et al.,
2008).

3.4  Unconventional samples for biomarker
analysis

Genetic biomarker investigations are often perfarnoa biological
material of good quality especially from blood sd®sp However, as
pharmacogenetics is a recent science, biologiaaicseois not always
available in retrospective clinical studies. The@adage of use these
samples is that all retrospective clinical data already available;
therefore genetic data generated from these stuthasbe easily
evaluated for association to response to treatnheiiese cases only
biopsies such as formalin-fixed paraffin-embedd&dRE) tissue
samples or Hematoxylin and Eosin (H&E) stained FFH#es are
stored and can be used to perform genetic investiga These tissue
types are a potential source of information becahey are often
collected for different diseases and clinical siahd are then stored in
biological specimen banks (Andreassen et al., 2004)

Interest in new biological source is not limitedsiample collected in
archived clinical studies. Recently, some methods/eh been
developed to extract DNA or RNA from unconventiosamples that
allow also a non invasive collection. For examphAextracted from
saliva samples could be used to perform Human LeykoAntigen
(HLA) typing (McWhinnie et al., 2010).

In the present study, it was evaluated the pogsgibib carry out
MRNA expressions analysis on single plucked humains lduring
clinical trials.
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3.4.1 Hair Follicle

Despite 80% of cancer arising from epithelial tessyperipheral blood
is the most common surrogate tissue used for biensr and
pharmacogenomic investigation in oncology. Haitiétds (HF) may
offer a viable alternative since they are easyoltect, available from
most individual and they can reflect biologicalpesse in epithelial
tissue. Hair follicles are widely study in order better understand
problems related growth and loss of hairs. Howeremently interest
in biomarker investigation in Hair follicles is irasing for example
to study gene expression in subject with hirsut{&im et al., 2006;
Oliveira et al., 2003) or to use it in monitoringlogical response in
epithelial tissue (Brady et al., 2007).

The hair is a complex structure consisting of egigh and
mesenchymal tissue which interacted in utero tenfdr During this
time, the precise distribution of hair folliclesesvthe surface of the
body was established and the future phenotypeasf kair (e.g., long
scalp hair and short eyebrow hair) was determiNedadditional hair
follicles are formed after birth even if the siZete follicles and hairs
can change with time. The precise spacing andildigion of the
follicles are established by genes that are expdessry early in the
morphogenesis of the follicles (Krause et al., 2004us et al., 1999).
Hair is composed of two main structures: the hlaaftswhich growth
out of dermis and hair follicle that is locatedidesit.

The hair shaft serves as an instrument of sociaingonication, a
protective device, and as a container for sequegtend excreting
unwanted compounds. It consists of dead cells lihae turned into
keratins.
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Hair shaft is composed of different parts:

- Cortex which is a packed with strands of keratin and eotst
granules of hair pigment melanin and also a cenwed called
central Medulla.

- Matrix which is a mass of sulphur-rich keratins whichdhel
together cortex keratin strands.

- Cuticle which is the outer layer and it is formed of oapping
layers of long cells (from 6 to 10 layers, 3 thick, 10@m
long)

The active part of the hair is hair follicle whighcharacterized by the
bulb, composed by melanocytes which produce melgranules and
by highly proliferating keratinocytes which can fdientiate into
trichocytes, or cells of the inner root sheath (IRBhis ability allows
it to completely reform itself over the cycle.

Thehair bulb is composed of:

- Dermal papilla (DP) which is the “command center” and
determines the size of the anagen hair bulb, thatida of
anagen, and the hair shaft diameter.

- The bulge stem cellsvhich form the secondary hair germ, and
is involved in the generation of the new hair. Tlvap even be
reconstituted by dedifferentiating keratinocytesr@sponse to
wounding of the bulge area.

Figure 6. Hair composition.

PanelA shows a complex overview of the hair compositidmlevpanelB shows
details of hair shaft and pan€l details of the bulb. Picture from Schneider et al.
2009.
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Each individual displays an estimated total nundfes million hair
follicles, of which 80,000 to 150,000 are located the scalp
(Bernard, 2006). It has been estimated that art &dsla surface scalp
between 550 and 650 émAge influences follicle numbers for ém
1135 at birth, 635 at 30 years, 415 at 60 years.
Each hair follicle perpetually goes through thrégges which have
different duration and that compose the hair ftalicycle:

- Anagen phasefrom 2 to 6 years

- Catagen phasefew weeks

- Telogen phasefrom 2 to 4 months
Approximately 85% to 90% of all scalp hairs are gara follicles,
while 10-14% are in the telogen phase, and 1-2%rathe catagen
phase (Alonso et al., 2006).
Numerous key factors such as proteins, hormoneayiggofactors and
growing factor receptors are important for haifiété development
and cycling.
The purpose of hair cycling in mammals with indived
(asynchronous) follicle waves (i.e. humans) isasbbvious, but may
include cleaning the skin surface of debris anégites, and excretion
of deleterious chemicals by encapsulation withichticytes. In
addition, follicle cycling might serve as a regolabf paracrine or
even endocrine secretion of hormones and growth uratms
produced within the follicle and secreted into #kén or circulation
(Ito et al., 2005; Rendl et al., 2009; Stenn et 2001). Finally, hair
follicle cycling may act as a safe-guarding systgainst malignant
degeneration by protecting rapidly dividing keratigtes from
oxidative damage by deletion during catagen phase.
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Figure 7. Scheme of development and cycling of hdiollicles (from Paus et al.,
1999).
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The Anagen is the phase characterized by active growth and it
further subdivided into six sub-stages accordingntorphological
criteria (Stenn et al., 2001). These are:

- Stage | -growth of the dermal papilla and on-set of mdoti
activity in the germ-like overlying epithelium.

- Stage Il -bulb matrix cells envelop the dermal papilla d&egdin
differentiation, evolving bulb begins descent aldhg fibrous
streamer.

- Stage lll-bulb matrix cells show differentiation into all
follicular components.

- Stage IV-matrix melanocytes reactivate.

- Stage Mhair shaft emerges and dislodges telogen hair.

- Stage VEknew hair shaft emerges from skin surface.
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The Catagenphase is characterized by a highly controlled pead
involution (like apoptosis). In this phase:
- Follicular melanogenesis ceases
- Toward the end of the catagen stage, the dermalllgpap
condenses and moves upward, coming to rest undbriiea
hair-follicle bulge.
- If the dermal papilla fails to reach the bulge dgrthe catagen
stage, the follicle stops cycling and the haiost |

The Telogen phase is characterized by quiescence. The follicle
remains in this stage until it is reactivated biyarand extra follicular
signal. In this stage:

- The hair shaft matures into a club hair, whichviergually shed
from the follicle, usually during combing or wasbin

- Most people lose 50 to 150 scalp hairs per day.

- An increase in the percentage of scalp follicleghe telogen
stage leads to excessive shedding. Therefore, dthgs
maintained or reduced the percentage of folliceshis stage
would be valuable in treating hair loss.

3.4.2 FFPE and H&E FFPE

Formalin-fixation and paraffin-embedding is thenstard method for
tissue handling and stored clinical tissue biopsfexording to this
procedure the fresh biopsy is first fixed in formato stop vital

activity of cells, then water is removed by washstgps in alcohol at
increasing concentrations. Tissue is treated wytbne which allows
the substitution of alcohol with paraffin and filyalith the paraffin

(embedded step). The result is a tissue block dcdtbemalin-fixed

paraffin-embedded (FFPE) that could be maintaingdesor cut by
microtome in section of different thickness. Sliddgained are often
used for histological and immunohistochemical steyrfor medical

diagnosis.
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For example, hematoxylin and eosin (H&E) stainisgtihe main
procedure used by pathologists to identify tumasdphilic structures
are stained in blue with hematoxylin while eosinbplstructure such
as cytoplasm and connective tissues are counteestan red with
eosin.

FFPE are the widest resource for retrospectiveodesy studies and
genomic analyses such as polymorphisms or mutatimakeed in
recent years the identification and validation afl@ular markers in
these tissues has been a field of intensive rdsdar@aid in cancer
diagnosis and to guide cancer treatment. Where KHEdes are the
only source available it is possible to modify aiiahl methods to use
them.

The advantage of using FFPE is that they are stableoom
temperature and so they are easy to store. Howeweleic acid
obtained from FFPE is characterized by degradatooss-linking,
shortage of material, methylol derivatives and Habitors presence
(Srinivasan et al., 2002). Damage is caused by dffect of
formaldehyde which denatures the AT-rich regiondpiong sites for
chemical interactions, which affect DNA quality antegrity.
Nevertheless increasing efforts have been madevisiigate genetic
germline variations to study their influence on mpbiype, cancer
susceptibility and disease outcome (Chen et al8R00

Recently some studies focused on evaluate the lplitysto extract
RNA from FFPE to perform gene expression analySesrggher et
al., 2008; Penland et al., 2007) and to study rRbdlA profiling
(Doleshal et al., 2008; Goswami et al., 2010; Lemm&010; Liu et
al., 2009).
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4 AIM OF THE STUDY

During drug research and development, biomarkersbewadly used
to improve the understanding of drug mechanism dion, to
investigate drug efficacy and safety, to suppoet gblection of target
patient population and to optimize treatment scheadu

Among different classes of biomarkers, genomic lasidwars are
defined as a measurable DNA or RNA characteristitat are
indicator of normal biologic processes, pathogemimcesses, and/or
response to therapeutic or other intervention. Geadiomarkers are
the main subject of pharmacogenomics. As PGx iscant science,
conventional biological sources to perform genoamalysis are not
always available especially in retrospective chihstudies.

The PhD research aimed at developing new genonaisseb tools
using non-conventional biological samples that migdupport

biomarker investigations in clinical settings.

In particular the focus was on establishing anddasihng method to
analyze genomic biomarker on non-conventional sam@uch as
Formalin-Fixed Paraffin-Embedded (FFPE) tissue, Hiexylin and

Eosin (H&E) stained FFPE, hair follicles.

Among different DNA and RNA characteristics, singiecleotide

polymorphisms (SNPs), mutations and gene expressiatyses were
evaluated in different unconventional tissues.

This study was also useful to identify the propeategy to validate
analytical methods as required by Regulatory Agenai the field of
pharmacogenomics. Methods developed will be usedsupport

biomarker investigation in clinical trials and toopuce data for
regulatory decision making. The possibility to gawut genomic
biomarker investigation in clinical trials mightlal stratifying the

population in order to identify patients who betteenefit from

therapeutic treatment. This is a further step towaa personalized
medicine.
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5 MATERIALS AND METHOD

51 Nucleic acid Extraction

5.1.1 DNA Extraction Procedures

DNA extraction was performed from different tisdypes and using
different technologies. In particular Fresh Frozaopsy samples,
Formalin-Fixed Paraffin-Embedded (FFPE) tissues ldadmatoxylin
& Eosin stained FFPE (H&E FFPE) were extracted gisaffinity
columns method. DNA obtained from these sourcesused in single
nucleotide polymorphism or mutation analysis.

Whole blood and serum derived from the same dowers also used
for DNA extraction. One aliquot of whole blood wased for
automatic DNA extraction using paramagnetic pasticithe other
aliquot of blood was collected to obtained serurflADfrom serum
was then extracted by affinity columns. Blood aedusn DNA were
used for polymorphism analysis.

5.1.1.1 DNA extraction from Fresh Frozen biopsies

DNA extraction was performed with affinity columnssing the
DNeasy Blood & Tissue kit (QIAGEN) according to
manufacturer’s instructions and working instrucsiohis method
foresees a first step of lysis, followed by thediigy of the DNA to
the column membrane. Remaining contaminants andynenz
inhibitors are then removed by washing steps befbee DNA is
eluted in water or buffer.

Briefly, about 25mg of tissues were placed in aril.Bicrocentrifuge
tube. 18Ql of Buffer ATL and 20ul proteinase K were added at each
sample. Samples were mixed thoroughly by vortexargl incubated
at 56°C until tissues were completely lysed. #20Buffer AL was
added to each sample, and mix thoroughly by vamtexihen 200l
ethanol (96-100%) was added and the mixture wassfeared
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(including any precipitate) into the DNeasy Minirsgolumn placed

in a 2 ml collection tube. Samples were washed with different
washing buffers provided by the kit. Then, samplese centrifuged
for a minute at 20000 g to remove any residual ethanol. Elution was
performed in 100 Buffer AE which was added directly onto the
DNeasy membrane.

5.1.1.2 DNA extraction from Formalin-Fixed
Paraffin- Embedded (FFPE)

DNA extraction from FFPE slides was performed walffinity
columns using the QlAarfipDNA FFPE Tissue kit (QIAGER)
according to manufacturer's instructions and irderrworking
instructions.

This procedure removes first the paraffin from eaample. Then
samples are incubated for the lysis step and heatpdrtially reverse
formaldehyde modification of nucleic acids. DNAtlsen bound to
membrane while remaining contaminants and enzyrhibitors are
removed by two washing steps. DNA is then elutedater or buffer.
Briefly, slide was placed for 10 min in a bath gfene, then in a bath
of ethanol (96-100%) for two minute. Slide was w&ka drying at
room temperature for few minutes. The tissue wasped with
scapel and placed in a 1.5 ml microcentrifuge tabgresence of 180
ul of Buffer ATL and 20ul of proteinase K. Sample was incubated at
56°C for 1 h under mixing (or until the sample teeen completely
lysed) and then at 90°C for 1h . 2(Dof Buffer AL and 200ul of
ethanol (96-100%) were added to the sample, and, thexed
thoroughly by vortexing. The entire lysate was s$farred to the
QIAamp MinElute column (in a 2 ml collection tube)d centrifuged
at 6000 xg for 1 min. QlAamp MinElute column was washed with
500 pl of Buffer AW1 and 500ul of Buffer AW2. At each step of
centrifugation (8000 g for 1 min) the flow-trough was discarded.
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A centrifugation step at 20,000g«for 3 min was required to dry the
membrane completely. Elution step was performe20inl of Buffer
ATE.

51.1.3 DNA extraction from H&E FFPE

DNA extraction from H&E FFPE sample slides was perfed with
affinity columns using the QlAanip DNA FFPE Tissue Kkit
(QIAGEN®) according to manufacturer's instructions and rimaé
working instructions.

Compared to the extraction of unstained FFPE, H&PE samples
required an additional step to allow the detachnoénihe cover glass
before DNA extraction. For this purpose slides we@ibated in a
xylene bath for about 24h. Time of incubation dejseon preparation
protocol and storage. Once the cover glass wasiueda samples
were incubated in a bath of 100% of ethanol for itOtinen they were
left to dry at room temperature. Samples were wasbith 1ml of 1X
PBS and tissues remove by a scalpel. Sample wereitimediately
transferred in 1.5 ml tube and extracted as desttrib the previous
section.

5.1.1.4 DNA extraction from peripheral blood

Whole blood (5ml) was collected into sodium hepabes from

healthy volunteers. DNA was extracted from di0@f peripheral

blood by automated purification using Maxwelé system (Promega).
This method is based on paramagnetic particles @Mkhich

provides a mobile solid phase that allows captyrigshing and
eluting DNA. The instrument is a magnetic partickndler that
transports the PMPs through purification reagentshie prefilled

cartridges.

Briefly, samples were loaded into the cartridgestbgr with plungers
in a lysis buffer. For each sample an empty elutidse was placed
into cartridge rack and then filled with 1@0of elution buffer. The
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cartridge rack was placed into the instrument amel éxtraction

started. First of all plungers were fixed into thagnetic rod assembly
then particles were captured by plungers and tearesf into the well

contained sample and lysis buffer. DNA was boundaisticles and

transferred into the others wells of the cartrifigewashing step. At

the end of the extraction program samples wereasekt into elution

tubes and transferred by pipetting into new cledres. A scheme of
the procedure is shown in Figure 8.

Figure 8. DNA extraction from peripheral blood using Maxwell® procedure.

(1) Samples and plungers are loaded into the dggr{2) Elution tubes are placed
into the cartridge rack. (3) The cartridge rackomded into the instrument to allow
DNA extraction. The program of the instrument is (4) Elution tubes are removed
from the cartridge rack and DNA eluted is transfdrinto a new tube.

51.15 DNA extraction from serum

Serum was obtained from separation from periphiel@d. 5ml of
blood were collected from healthy volunteers intb Bacutainer™
SST™ Tubes. Samples were left 30 minutes at roonpeeature to
allow the clotting before centrifugation and cotlen. A schematic
representation of the procedure is reported inrei§u

Figure 9. Schematic representation of serum prepaten.

After 30min

N\ 4=
Inverted tubes —- ) ‘ < > —
5 times and Centrifuged .
i at full speed )
allow clotting. (3000rpm) for SL_urnatant was split on 500 pl
10 min. aliquots and stored at -80C.
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Serum was split on 5Q0aliquots and stored at -80°C until extraction.
DNA extraction from serum was performed with affincolumns by
QlAamp® DNA Investigator kit (QIAGEN) according to
manufacturer’s instructions and internal workingtractions.

The QIAamp DNA Investigator procedure consists ateps: sample
lysis: under denaturing conditions with protein&sedNA binding to
the membrane, washing away of residual contamireardselution.
Serum aliquot was allowed thawing at room tempeeaaind added
with 500 pl of Buffer AL and 25ul of proteinase K. Sample was
incubated at 56°C for 10 min under mixing and thienefly
centrifuged. 20Qul of ethanol (96—-100%) were added to the sample
and mixed thoroughly by vortexing. The entire lgsatas transferred
to the column (in a 2 ml collection tube) and ciénged at 6000 >g
for 1 min. Column was washed with 5(Dof Buffer AW1, 500ul of
Buffer AW2 and 500ul of ethanol (96-100%). At each step of
centrifugation the flow-trough was discarded.

A centrifugation step at 20,000g«for 3 min was required to dry the
membrane completely. Elution step was performe2Qinl of Buffer
ATE.

5.1.2 RNA Extraction Procedures

Total RNA was extracted from Hair Follicles (HFshich were used
as alternative source of biological material fowudsing gene
expression. For RNA extraction two different methodvere
compared: RNeaSyMicro Kit (QIAGEN®) and RNAqueous Micro
Kit (Ambion). Both kits are based on affinity colarbinding.

Since HFs in a non-conventional biological source §enomic
analysis and that RNA is affected by degradatiofirsh attempt for
the extraction was performed on fresh samples. @&st tthe
applicability of the method in clinical studies,rohg which samples
need to be stored and shipped to the analytical#abry, a collection
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and a stabilization method was also evaluated.ahtiqular, follicles
were stabilized in RNFater® solution before total RNA extraction.
Moreover to study tissue specific gene expressRNA was also
extracted from a pool of peripheral blood obtairfedm healthy
volunteers. This analysis was performed in ordecdmpare gene
expression from different tissues.

RNA integrity was monitored after each extractioetihod.

5.1.2.1 RNA extraction from Hair Follicles:
QIAGEN ® RNeasy Micro Kit

RNA extraction from HFs samples was performed waiffinity
columns by RNea$y Micro Kit (QIAGEN®) according to
manufacturer’s instructions and internal workingtractions.

This technology is based on selective binding prtogee of a silica-
based membrane of the columns. Guanidine-thiocganahtaining
lysis buffer and ethanol is added to the samplprtonote selective
binding of RNA to the membrane. Traces of DNA thety copurify
are removed by DNase treatment on the RNeasy MieE§pin
column. DNase and any contaminants are then waséiede eluting
the RNA.

Briefly, the lysis step was performed adding anatgwlume of lysis
buffer and ethanol (350 of Lysis Buffer and 350l of 70% ethanol).
The lysate was centrifuged at 20009 for 3 min and supernatant was
transferred to the column and again briefly cenggd. Total RNA
bound to the membrane was first washed withu8®d Buffer RW1
and then incubated with DNase | to remove any DMAidual.
Sample was washed with 380f Buffer RW1, 500ul of Buffer RPE
and 500ul of 80% ethanol. At each step of centrifugatiofd8 x g
for 1 min) the flow-trough was discarded.

Total RNA was eluted in 12 RNase-free water by centrifugation for
1 min at 20000 x.
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51.2.2 RNA extraction from Hair Follicles: Ambion
RNAqueous’-Micro Kit

RNA extraction from HFs samples was performed waiffinity
columns by RNAqueo(fsMicro Kit (Ambion) according to
manufacturer’s instructions and internal workingtractions.

The procedure requires the lysing the sample in gresence of
guanidinium thiocyanate. The lysate is then mixethethanol and
apply to a silica-based filter that selectively bduRNA. A post-
elution DNase treatment is performed to remove gead®NA that
could interfere with RT-PCR assays. The DNaseeas tiemoved after
digestion using a specific resin.

Briefly, the lysis step was performed adding anatégwlume of lysis
buffer and ethanol (1Q0 of Lysis solution and 1Q0 of 100%
ethanol). The mixture was loaded into a Micro Fil@artridge
Assembly and centrifuged 10s at 2000 to bind RNA to the filter.
Sequential washing step with 180ul of Wash Solutioand Wash
Solution 2/3 were required. The flow-trough wascdrsled and the
cartridge replaced in the same collection tube. adiditional 1min
centrifugation at 20000 g was required to remove residual fluid and
dry the filter. The filter was transferred in tHeteon tube and 10ul of
preheated to 75°C Elution Solution was added (im $wbsequent step
of 5ul to increase the yield). A DNase treatment vpeerformed
adding 1pl of DNase | Buffer and 1ul of DNase l.nfpée was
incubated at 37°C for 20 min and then treated &ithl of DNase
Inactivation Reagent and left at room temperatarg fmin. To pellet
the DNase Inactivation Reagent sample was cenétfiag 20000 X
for 1.5 min and total RNA transferred in a new R&&=e tube.

5.1.2.3 RNA extraction from peripheral blood

RNA extraction from peripheral blood was performadth the
PAXgene Blood RNA System which consists of a blaotlection
tube (PAXgene Blood RNA Tube) and nucleic acid focation kit
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(PAXgene Blood RNA Kit). The first part of the kitllows sample
collection and avoids RNA degradation limiting cgas in gene
expression. The second allows RNA isolation andfipation trough
affinity columns.

Briefly, 2.5ml of blood from healthy volunteers wasllected into
PAXgene Blood RNA Tube then before extraction samplere
maintained for at least two hours at room tempeeata complete
lysis of blood cell. A pellet was obtained by céntyation of sample
at 3000 xg for 10 min. Then pellet was resuspended and tearesf to
a microcentrifuge tube (as shown in Figure 10A).séhematic
representation of RNA purification trough affinitplumn is reported
in Figure 10B; elution was performed in pl0of elution buffer.
Details of the procedure followed were reportedmanufacturer’s
instruction and internal working instruction.

Figure 10. Schematic representation of the PAXger&lood RNA Procedure.
(A) Sample collection and stabilizati¢B) Purification of total RNA.

A
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5.2  Nucleic acid quantification

5.2.1 RNA and DNA Quantification

After DNA or total RNA extraction, samples were qtied with
NanoDrof’ND-1000 a full-spectrum (220-750nm) spectrophot@mnet
The instrument is able to quantify the sample usmgimal amount;
indeed 1ul sample was pipetted onto the end of a fiber opigle. A
second fiber optic cable was then brought into acnvith the liquid
sample causing the liquid to bridge the gap betwibenfiber optic
ends. A pulsed xenon flash lamp provided the lightirce and a
spectrometer using a linear Charge Coupled Dev{€¥dD) array
analyzed the light after passing through the saripture 11).

Figure 11. NanoDrog principle.

A liquid sample bridges the gap between the rengifiber and the source fiber to
enable spectrophotometrical measurement using segpidenon flash lamp. (From
NanoDrof® ND-1000 Spectrophotometer User’'s Manual).

lower
measurement
pedestal

When the measurement of a sample is taken, thesityeof light that
has transmitted through the sample is recorded s@h®le intensities
along with the blank intensities were used to dateuthe sample
absorbance according to the following equation:

Absorbance = -log (Intensitysample/Intensityblank)

The sample concentration was calculated according tmodified
Beer-Lambert equationc = (A * e)/b
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Where c is the sample concentration in ply/
A is the absorbance (A 260) represented in absogbanc
units
e is the wavelength-dependent extinction coefficient
ng*cmiuL (for double-stranded DNA: 50 ng*cpd/
single-stranded DNA: 33 ng*cmi, and RNA: 40
ng*cmiul)
b is the path length in cm

The ratio of absorbance at 260 and 280 nm (A2600A2&s used to
assess the purity of nucleic acid. A ratio includetween 1.8 and 2
was generally accepted for pure RNA and DNA. If tado was

lower, it indicated the presence of protein, pherwl other

contaminants that absorbed strongly at or near280The ratio of

sample absorbance at 260 and 230 nm (A260/A230)awsesondary
parameter of nucleic acid purity. This value forguucleic acid was
commonly in the range of 1.8-2.2 but if it was ampably lower, it

may indicate the presence of co-purified contantsman

5.3  Nucleic Acid Quality Control

5.3.1 Capillary Electrophoresis for RNA analysis

To determine RNA quality, capillary electrophoregias performed
using the RNA 6000 Pico Chip (RNA 6000 Pico Kit) an Agilent

2100 Bioanalyzer (Agilent Technologies). The eleghroretic assays
from Agilent are based on the traditional electangisis principles,
but have been transferred to a multi-well chip fatifrigure 12).
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Figure 12. Example of Bioanalyzer chip.
The picture shows the internal part of Bioanalyghip, in particular wells and
micro-channel.

The chip contains sample wells, gel wells and d feelan external
standard (ladder). Wells are interconnected by tavar& of glass
micro-channels which are filled, during chip preggam, with a
sieving polymer and fluorescence dye. Once thesweslld channels
are filled, the chip becomes an integrated eledtr@rcuit. The
samples are injected into the micro-channels aeddie molecules
intercalate into RNA strands. Sample components are
electrophoretically separated by size and compaenarm detected by
laser-induced fluorescence.

Data is translated into gel-like images (bands) @ledtropherograms
(peaks). With the help of a ladder that contains cmponents of
known sizes (0.2, 0.5, 1.0, 2.0, 4.0 and 6.0 kisjamdard curve of
migration time versus fragments size is plotted. éxample is
reported in Figure 13.

Figure 13. Electropherogram of a Pico RNA Ladder.
The first pick corresponds to the markers while oligers to the ladder. For each
peak nucleotide length is reported.

—_—
Marker

25nt 200 nt 500 nt | 1000 nt | 2000 nt 4000 nt 6000 nt
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From the migration times measured for each fragnretite sample,
the size is calculated. Two marker fragments (fdtARonly one

marker fragment) are run with each of the samplexiketing the
overall sizing range. The “lower” and “upper” markeare internal
standards used to align the ladder data with data the sample
wells. This is necessary to compensate for dritta$é that may occur
during the course of a chip run. The area undeufiper marker peak
is compared with the sample peak areas. Becausmtioentration of
the upper marker is known, the concentration fahesample can be
calculated. Besides this relative quantificationn aabsolute

guantification is available for protein assaysngsexternal standard
proteins.

For RNA assays, quantification is done considetimg ladder area.
The area under the ladder is compared with the sithe sample
peak areas. The area under the “lower” marker is taken into
consideration. For total RNA assays, the ratioilbbsomal subunits
(28S/18S) is determined as a quality parameterRgpee 14).

Figure 14. Example of a report after run.

In the electropherogram marker peak and the ribassabunit peaks (18S and 28S)
are showed.
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Overall Results for sample 3 :

RNA Area:

RNA Concentration:

FRNA Ratio [285 | 185];

RNA Integrity Number [RIN):

Result Flagging Color:

Result Flagging Label:

Fragment table for sample 3 :

Mame StartSize [nt] End Size [nt] Area % of total Area

185

285

3174
5114

4,003
8.280

5914
3,018 pg/pl
20

7.5 (B.02.03)

RIN: 7.50

662
1287

1.2
218
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Additionally, the RNA integrity number (RIN) can hatilized to
estimate the integrity of total RNA samples based the entire
electrophoretic trace, including the presence seabe of degradation
products.

Before starting to prepare the chip, all reagengsewequilibrated to
room temperature for 30 minutes. Sample aliquots ladder were
heat denatured for two minutes at 70°C. For gebgmation 550uL
RNA 6000 Pico gel matrix was pipetted into a spilerf and
centrifuged at 1500 g for 10 minutes. 1L Vortexed RNA 6000 Pico
dye concentrate was diluted in @& filtered gel. The Gel-Dye Mix
was vortexed and centrifuged for ten minutes aD030g. 9 uL Gel-
Dye Mix were added into the designed chip positionsa RNA 6000
Pico chip and dispensed into the microchannel Bystsing the chip
priming station for exactly 30 secondsul9 Gel-Dye mix were added
into two other designed chip positionsuBof the RNA 6000 Pico
conditioning solution were pipetted into the deswell. 5 uL RNA
Pico marker were pipetted into all twelve sampldlsvand into the
ladder well. 1uL ladder or 1uL of each sample were added into the
appropriate wells. The chip was vortexed for onautg at 2400 rpm
and then run in the Agilent 2100 Bioanalyzer.

5.3.2 Agarose Gel Electrophoresis for DNA analysis

DNA integrity and quality was evaluated by agarosel
electrophoresis. For this purpose samples were yzatl with
ReadyAgarose Precast Gel with Etidium Bromide (BidH.

Gel concentration differs according to DNA sizengme DNA was
analyzed by 1% agarose gel while PCR products bygéds Gel
loading solution (Sigma-Aldric) was added to each sample in order
to facilitate the loading. According to sample aumed different
ladders were used. In particular about 500ng ofblDMNA Ladder
(Invitrogen) was used for genomic DNA because it waitable for
sizing linear double-stranded DNA fragments fron® 3 to 12 kb.
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For smaller DNA fragment about 500ng of 50 bp DN&dHer as used
because it was suitable for sizing double-strandbl\ from 50 to
800 bp. The electrophoresis gel analyses were npeefd using
ReadySub-Cell GT horizontal electrophoresis celistesns (BioRad)
in TAE buffer at 80V for about 35 min. To acquirel gnmage GelDoc
XR (BioRad) was used. The instrument included anttdly which
was able to detect DNA staining with ethidium brdmi

54 DNA  amplification: whole  genome
amplification

Limiting amounts of human biological material oftgeld insufficient
guantity and of poor quality genomic DNA (gDNA) fearious assays
and reliable analyses. In these situations, wheteme amplification
(WGA) methods can be applied to obtain enough nahtdor
molecular analysis (Barker et al., 2004; Bredeklet2005; Lee CI et
al., 2006).

Whole Genome Amplification was applied on DNA egtel from
blood and serum samples using the REPLIMyhole Genome
Amplification (Qiagef?) kit. This method is based on multiple
displacement amplification (MDA). MDA is an isotieal (30°C),
linear amplification using random hexamer primensl #hi29 DNA
polymerase.

Random primers attach randomly to the template raddi
complementary base pairs to one strand, while attspg the other
DNA strand. Primary products initiate secondarynmg on the
displaced DNA strand and continue displacing toat@emultiple
branches. If the initial sample of genomic DNA ighhquality, it can
be amplified one million-fold while maintaining agate loci and
allele representation.

Phi29 DNA is a high processivity polymerase wherecpssivity
refers to the average number of bases the polymedds to a DNA
strand being synthesized before the polymeraseciietafrom the

60



template nucleic acid. Phi29 DNA polymerase does dissociate
from the genomic DNA template allowing the genenatof DNA

fragments up to 100 kb without sequence bias. Tigyree has a
3'—>5’ exonuclease proofreading activity and providesrerates 100
times lower than Tag DNA polymerase-based methadschematic
representation of REPLISgprinciple is shown in Figure 15.

Figure 15. Schematic representation of REPLI-g DNAamplification.

After annealing of the primers, Phi 29 DNA polynsmramoves along the DNA
template strand displacing the complementary strahd displaced strand becomes
a template for replication allowing high yieldstifh-molecular-weight DNA to be
generated.

REPLI-g® Midi kit was used for WGA of DNA extracted from wieo
blood and serum. In particular for blood samplesfhDias previously
extracted according to procedure explained insedil.1.4 and then
amplified. WGA reaction was performed using 25ngDidA. The
procedure of buffer and mix preparation was caraetlaccording to
manufacturer’s instructions. Then samples werehatad at 30°C for
16 hours into a GeneAfifPCR System 9700 (Applied Biosystems).
A briefly step at 65°C is required to stop the temarc

For serum amplification a different protocol wasdis500ul were
directly used for WGA. Sample was centrifuged ad@pm for 10
min and the supernatant discarded. Pellet was peaded adding 50
ul TE buffer and vortexing for 5s. Sample was cémgged 8000rpm
for 10 min and the supernatant discarded. Pellet mesuspended
adding 10ul TE buffer and vortexing for 5 s. 10l Buffer D2
(prepared before amplification with DTT, 1 M andcoastituted
Buffer DLB) was added to each sample and maintaorecte for 10
min. 10 ul Stop Solution were added to each microcentrifugee.
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The master mix preparation was the same used foodblas
temperature-time amplification profile.

The obtained DNA was used for single nucleotideymairphism
analysis in order to increase the number of geat/aable.

55 RealTime PCR Analysis

Real-time Polymerase Chain Reaction (RT-PCR) is dh#ity to
monitor the progress of the PCR as it occurs (netgal time) and it
has a great application potential.

In the present work RT-PCR was used for differgagliaations such
as gene expression analysis, genotyping or detecfimutations.

5.5.1 Reverse Transcription of Total RNA

This procedure was performed for gene expressiatysis on total
RNA. Indeed, reverse transcription step was useg@répare first-
strand cDNA prior to conventional PCR amplification

Several methods of reverse transcription were et@tlin order to
select the most appropriate.

First, it was used the TagManHigh Capacity cDNA Reverse
Transcription Kit(Applied Biosystems) according to manufacturer’s
instruction and internal working procedure.

In this method random primers, as the most non#pegariming
method, were used to synthesize cDNA and as gjapwmint for
reverse transcriptase. Random primers bound toouwsrisites
throughout the length of the RNA and also RNA witha Poly-A tail
can be reverse-transcribed.

About 500ng of total RNA was brought to a totalurak of 10uL
with nuclease-free water. The diluted RNA was addetOulL master
mix prepared as indicated in Table 3.
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Table 3. Volume reagents for for a total of 2f)L/reaction.

Reagents Volume
RT Buffer 10X 2.0ul
dNTP Mix 25X (100mM) 0.8l
Random Primers 10X 2u0
e e e X
RNA 500ng (variable volume)

Reaction was performed into a GeneAmPCR System 9700
(Applied Biosystems) according the temperature-tpradile reported
in Table 4.

Table 4. Reverse transcription temperature-time préile of High Capacity
cDNA Reverse Transcription Kit.

Step Temperature Time
Incubation 25°C 10 min
Reverse transcription 37°C 120 min
Enzyme inactivation 85°C 5 min
Storage 4°C )

The resulting cDNA was stored frozen (-80°C) uatisayed by Real-
Time qPCR.

As alternative method, it was used the High CapdgNA-to-cDNA

Master Mix (Applied Biosystems) kit.

The main characteristic of this method was a réddgter Mix which

provided all the components needed for first-strasyhthesis
including the enzyme. Procedure details were fadidvaccording to
manufacturer’s instruction.

Briefy, RNA was diluted into 1@ of H,O (50ng-500ng
RNA/reaction) and added taquhof Master Mix (final concentration
1X). Sample was gently mixed, centrifuged and tpkted into the
thermocycler GeneAnfhPCR System 9700 (Applied Biosystems).

The temperature-time profile is shown in Table 5.
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Table 5. Reverse transcription temperature-time préile of High Capacity
RNA-to-cDNA Master Mix.

Step 1 Step 2 Step 3 Step 4
Temperature 25°C 42°C 85°C 4°C
Time 5 min 30 min 5 min o0

Moreover it was compared the Quantitect Reversensbréption

(Qiagen) kit

The method was based first on elimination of reslidijenomic DNA

and then on reverse transcription. Procedure devedre followed
according to manufacturer’s instruction. A scherhéhe procedure is
reported in Figure 16.

Figure 16. Quantitect Reverse Transcription (Qiagef) procedure.
The method is based on a first step in which redifNA is removed and then
RNA is reverse transcribed in cDNA.

Mix RNA, Add Quantiscript Reverse
gDNA Wipeout Buffer, Transcriptase, Quantiscript RT
and RNase-free water Buffer, and RT Primer Mix, and mix

— &
Incubate a1 42°C
for 2 min
Incubate at 42°C
for 15 min

1 1 Incubate at 95°C for 3 min to
Q ooy nflfﬂilve, inactivate Quantiscript Reverse

reul-iime PCR Transcriptase

Briefly, the purified RNA sample (diluted in gRH,O for 50ng-
500ng RNA/reaction) was incubated in gDNA WipeouftfBr (2ul) at

42°C for 2 minutes to effectively remove contamimgtgenomic
DNA.

After genomic DNA elimination, the RNA sample wasady for
reverse transcription using a master mix preparech fQuantiscript
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Reverse Transcriptase y), Quantiscript RT Buffer (dl) and RT
Primer Mix (1ul). The entire reaction taked place at 42°C anithés
inactivated at 95°C.

- Finally theSuper Scrigt Reverse Transcriptag@vitrogen) kit
was evaluated

The distinctive feature of this method is the S@eeipt® Il Reverse
Transcriptase which is genetically engineered ey ititroduction of
point mutations that increases thermal stabilitpcBdure details were
followed according to manufacturer’s instruction.
The first step of the procedure was to preparexaahiandom primers
(50-250 ng), total RNA (50-500 ng) andi110 mM dNTP Mix (10
mM each dATP, dGTP, dCTP and dTTP at neutral pHgril§
distilled water was added to get iBvolume. Then, the mixture was
heated to 65°C for 5 minutes and incubated on areat least 1
minute.
The second step was the addition of 5X First-Stianffer (4 ul), 0.1
M DTT (1 ul), RNaseOUT™ Recombinant RNase Inhibitoq(Land
SuperScript™ Il RT (200 unitgl, 1 ul). The reaction was incubated
at 25°C for 5 minutes and after this at 50°C for réthutes. To
inactivate the reaction tube was heated at 70°@3aninutes.

5.5.2 Principals of the TagMan® Assay for Gene
Expression

TagMarf is a real time quantitative PCR chemistry firssctébed by
Heid et al. (1996). This assay measures the amgiiin of PCR
product, which allows gene expression analysispdrticular in the
present thesis this application was used to evaleapression of
tissue specific genes, interferon responder gemessame human
housekeeping genes.

The method is based on the 5’ nuclease activith®fTag-polymerase
and a non-extendible hybridization probe which abeled at the
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extremities. The probe consists of a oligonuclextispecific for the
gene under investigation, linked with a reportee dg the 5-end
(FAM, 6-carboxyfluorescein) of the probe and a fiolerescent
guencher at the 3-end of the probe (TAMRA, 6-casgbo
tetramethylrhodamine) shown in Figure 17.

Figure 17. Scheme of TagMafi technology.

The peculiar characteristic of the technology is plnesence of the probe which is
specific for the gene target. The probe containthatextremities a reporter and a
qguencer. If the probe is intact there is no floeee signal. During reaction, if the
probe is annealed to gene target, the DNA polyneedésplace the probe and cleave
reporter from quencer causing a fluorescence iserdaring the PCR reaction.
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During PCR forward and reverse primers are usehiplify the gene
target while the probe is used for detection. Wtenprobe is intact,
fluorescence energy transfer occurs and the rapdyte fluorescent
emission is absorbed by the quenching dye. If tiodghas bound to
the target, the fluorescent hybridization probeleaved by the 5’-3’
nucleolytic activity of the DNA polymerase duringet extension
phase of the PCR cycle. The reporter dye emisssomoi longer
transferred efficiently to the quencher dye, resglin an increase of
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reporter dye fluorescent emission spectra at 51.8Mamarge-coupled
device (CCD camera) in the sequence detector nesmasthe

fluorescent emission spectra from 500 to 650 nnticoausly during

the amplification. Therefore, the reactions are itooed in real time.

Fluorescence signal is proportional to DNA copy bemproduced
during PCR and it is correlated to the target stgr@mount

It is possible to detect a wide spectrum of emissiavelengths and
probes containing different reporter fluorescerdgsly

During the present study, a singleuBBeaction was prepared for each
sample in a 96-wells plate according to reagenntiies listed in
Table 6. Then, plate was mixed and centrifugedflgriel min at
1200rpm); samples were transferred in a 384-plateeach reaction
was analyzed in triplicate (0for well).

Table 6. TagMan® reaction mix for a single reaction in 35ul.
The table reports the volume for a single reactleor. multiple DNA samples an
extra volume should be consider.

Reagents Volume
TagMan Gene Expression

Master Mix 2X 17.5d
TagMan assay primers 20X 115
cDNA 3.5u
H,O Nuclease-free 12.26

In this work TagMan gene expression assays were tsanalyze a
panel of genes on RNA extracted from differentugssuch as blood
and hair follicles. A complete list of the gene lgnad is reported in
Table 7.
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Table 7. Genes used in this study analysis.
The table reports the complete name of the gemsyinbol and the TagM&3mssay
identification number according to manufacture picet (Applied Biosystems).

Gene

Gene Name Symbol Assay ID

RNA, 18S ribosomal 1 18S Hs99999901 sl
Interferon alpha, beta and OMegi-\ AR1 Hs00265057 m1
receptor 1 -
Interferon alpha, beta and OMegi-\ AR Hs01022059 m1
receptor 2 -
Epidermal Growth Factor receptor EGFR Hs01076092_m1
Keratin 19 KRT19 Hs0151611 gH
Collagen, type |, alpha 1 COL1A1 Hs00164004 ml

Melan-A codes for a melanocyte, AN Hs00194133 mil
differentiation antigen -

_Formyl pep_tlde receptor 1, 'nVO|VedFPR1 Hs00181830 mi
in neutrophils activation -

Perforin 1, pore forming protein, one
of the main cytolytic proteins of PRF1 Hs00169473_m1
cytolytic granules

The TagMan Gene Expression Master Mix contains doufind
AmpliTaq Gold® DNA Polymerase.

TagMan real-time PCR reactions were then perforored\Bl Real-
Time® 7900HT with the following thermal cycle profilif@able 8).

Table 8. PCR-reaction steps of the TagMahassay.
The temperature-time profile is reported in thelg¢abnd includes 40 cycles of
denaturation, annealing and extension.

Temperature Time

Enzyme activation 50°C 2 min
Initial Denaturation 95°C 10 min
Denaturation (40 cycles) 95°C 15 sec
Annealing and extension 60°C 1 min

(40 cycles)

Real-time PCR monitors the fluorescence emittednduthe reaction
as an indicator of amplicon production at each PGRIle (in
realtime).
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In this reaction to have a completed and precisantfication,
detection was performed in all PCR phases as slmoWwigure 18.

Figure 18. Detection points during PCR.
The plot shows PCR steps and stages in which dmteotcurs.) This symbol
indicates the phase of the detection.

Stage 1 Stage 2 Stage 3
Repeats E

930 930

i i

G0.0
a0.0 |
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5.5.3 TagMan® Low Density Array (LDA)

The TagMafi Array is a customizable 384-well micro fluidic dar
(array) that enables to perform hundreds of rea&tPCR reactions
simultaneously.

TagMar? Arrays require minimal amounts of sample and alfow1
to 8 samples to be run in parallel against 12 t B8gMarf Gene
Expression Assay targets (including manufacturimgtiols). The
primers are pre-spotted into the plate and thmaalan easy sample
loaded. Indeed, once the sample is loaded intgdne the plate is
centrifuged and sealed and it can be run (see €&ib@i.
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Figure 19. Scheme of TagMafi Arrays procedure.

(1) cDNA sample and TagM&rUniversal PCR Master Mix are loaded into each of
the eight loading ports of a TagMan Arrg®) The plate is then centrifuged to
dispense the sample mix into the individual weB.The plate is seale@d) PCR is
run on an Applied Biosysteig900HT Real-Time PCR System.

Load 2. Spin

e

=l

e

4. Run

The advantage of this method is that the plate m&arspotted with
customizable primers according to the applicatigioreover, some
panels are already commercially available for thalweation of genes
belonging to different pathways or for housekeepiggnes.
Housekeepings are constitutive genes requirechimntaintenance of
basal cellular function and expressed at relativaystant levels.
They are expressed in at least 25 copies per oell sbmetimes
number in the thousands. Housekeeping genes asslprased as
internal control for gene expression analysis.

TagMar? Endogenous Control Arrays are LDA containing agbanf
housekeeping genes designed to simplify the setecd endogenous
controls for gene expression studies in differepécges such as
human, mouse, or rat.

For this study Human TagM&rEndogenous Control Arrays was used
to investigate gene expression in a non-convertibesue such as
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hair follicles. The Array included 16 genes whick asted in Table 9
while a layout of the plate is shown in Figure 20.

Table 9. List of genes in TagMafi Endogenous Control Arrays.

Gene
Gene Name Symbol Assay ID
RNA, 18S ribosomal 1 18S Hs99999901 s1
Phosphoglycerate kinase 1 PGK1 Hs99999906_m1
Actin beta ACTB Hs99999903 m1
Polymerase (RNA) Il (DNA directed) polypeptide A  PRRA Hs00172187_m1
Beta-2-microglobulin B2M Hs99999907_m1
Peptidylprolyl isomerase A (cyclophilin A) PPIA H3®09904 m1
Glyceraldehyde-3-phosphate dehydrogenase GAPDH 399995 m1
Ribosomal protein, large, PO RPLPO Hs99999902_m1
Glucuronidase, beta GUSB Hs99999908 m1
TATA box binding protein TBP Hs99999910_m1
Hydroxymethylbilane synthase HMBS Hs00609297_m1
Transferrin receptor (p90, CD71) TFRC Hs99999911 m1l
Hypoxanthine phosphoribosyltransferase 1 HPRT1 H399@9 m1l
Ubiquitin C UBC Hs00824723_m1l
Importin 8 IPO8 Hs00183533_m1

Tyrosine 3-monooxygenase/trypt_ophan 5-  YWHAZ Hs00237047 m1
monooxygenase activation protein, zeta polypeptide -

Figure 20. Human TagMar® Endogenous Control Arrays Layout.
The array allows analyzing eight samples for 16egeifhe plate is designed to run
each gene in triplicate.

5.5.4 TagMan gene expression Data Analysis

At the end of PCR reaction, data were analyzedgu#iBl SDS
software 2.3v. The analysis results with a ploregsorted in Figure
21A in which three phases could be distinguish:oeential (DNA
theoretically doubles every cycle), linear (compueeare being
consumed, the reaction is slowing) and finally atgdu phase (the
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reaction stopped, no more products are being madetlze PCR
products begin to degrade).

Figure 21. Example of Real-Time PCR plots.

(A)The plot reports a general Real-Time PCR curvexiX-eepresents the number
of cycles while the Y-axis DNA copy number in loglaamic scale. Three main
phases could be distinguished exponential, linedrgateau(B) Amplification plot
shows the LogARn) graphed versus cycle. Ct Value is the fractiogale number
at which the fluorescence passes the threshdhth is the normalization of the Rn
obtained by subtracting the baselimkf = Rn - baseline) where Rn is the ratio of
the fluorescence emission intensity of the repatier to the fluorescence emission
intensity of the passive reference dye.
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OPIES
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Data gathered from these phase were used to dalcgame
parameters useful for analysis such as backgroigmhlsand Cycle
Threshold. € (threshold cycle) is the intersection between an
amplification curve and a threshold line (see Feg@dB). It is a
relative measure of the concentration of targeh&@PCR reaction and
must be set in the linear phase of the amplificatibhe G value
increases with a decreasing amount of template.
After defining a baseline and threshold, the résgltalues for were
exported into Excel. For further analysis, the agerCt values of the
triplicates were calculated.
Fold change were determined by the DDCt method escribed
below:

- for each replicate reaction calculate first therage Ct value

- calculate the DCt as the difference between theageeCt value

of the marker gene M and the average Ct value of an
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housekeeping gene (HK,e. 18S ribosomal RNA) used for
normalization (18S)

DCt = (Ct_gene-M — Ct_HK)

- then, fold change between one sample and its dofnio post

treatment vs. pretreatment) is calculated as:

fold change= 2" - (DCt post treatment - DCt pratmngent)
which is also equal to:

fold change= 2~-DDCt

5.5.5 Principals of the TagMan® Assay for SNP Analysis

Another application of TagM&nchemistry is allelic discrimination
which allows the determination of sample genotymombining PCR
amplification and allele detection.

The main principle is the same used for gene egmmesout in this
case there are two probes in the reaction mix twahpete for
hybridization to the target.

This type of assay is composed by:

- Sequence-specific forward and reverse primers tpligmhe
polymorphic sequence of interest.

- Two TagMaff MGB probes: one probe labeled with Vi@ye
detects the Allele 1 sequence; one probe labeléd FAM™
dye detects the Allele 2. Probes are different oialy one
nucleotide corresponding to the polymorphism.

During PCR, the 5’-nuclease activity of Taqg DNA yrokrase cleaves
the reporter dye (FAM or VIC) from an MGB probettiemcompletely
hybridized to the DNA strand (Figure 22).

When separated from the quencher, the reporter fily@esces.
However, if a single point mismatch is present leetmvthe probe and
the target DNA strand due to a SNP, the bindinthefprobe to DNA
is destabilized during strand displacement in P@Rch will reduce
the efficiency of probe cleavage and quenchinghef luorescent
reporter dye.
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Figure 22. Scheme of TagMafi SNP detection.
Allelic Discrimination is achieved by competitivg/iridization of TagMafi MGB
Probes.
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Therefore, an increase in either FAM™ or VI@ye fluorescence
indicates homozygosity for FAM™- or V{Gspecific alleles (X:X or
Y:Y), and an increase in the fluorescence of boylesdindicates
heterozygosity (X:Y).

The assay is based on a pre-read run records thkgroand

fluorescence of each sample before PCR. Then samapteamplified
by real-Time PCR and at the end of the run a pset-rrun were
performed. The pre-read fluorescence is subtrgotead the post-read
fluorescence to account for pre-amplification baokgd

fluorescence.

SDS software measures these parameters and iteiscaldlentify the
dye components, to determine the contribution chedye in the raw
data using the multi-component algorithm. The resdllthe allelic

discrimination run is a scatter plot of Allele Xrgas Allele Y in

which three clusters are observable: one correspgrid Allele X,

one to Allele Y and one to heterozygote group #haiws both alleles.
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PCR reactions were prepared according to Tablé Eingle reaction

for each sample was prepared and then split ihczie.

The analysis was performed by ABI PriSMO00HT system in a final
volume of 10uL and temperature-time profile for PCR amplificatio
was the same used for gene expression (see Table 8)

Table 10. TagMart reaction mix for a single reaction in 35ul.

Reagents Volume

TagMan Genotyping
Master Mix 2X 17.5ul
TagMan  SNP assayj ga
Primer Mix 40X '

DNA from 50ng/ul to 10ng/ul
H.O Nuclease-free 12.26

5.6 KRAS mutation analysis

KRAS mutation analysis was performed using two differen
technologies. The first method was based on pyrtesezng using
PyroMark KRAS kit while the second was based onlHeae PCR
using DxS TheraScreen KRAS mutations Kit.

Both kits detecKRAS mutation in a background of wild-type genomic
DNA in codon 12 and 13. Pyrosequencing technolsgglso able to
detect mutations in codon 61.

Both kits are CE- marked diagnostic tests in acmocd with the
European Unionn vitro Diagnostic (IVD) Medical Device Directive
98/79/EC.

5.6.1 Pyrosequencing Technology

Pyrosequencing is a technology able to sequence Dagment by
chemical synthesis. The first step of the methothées DNA target
amplification by PCR with a biotinylated primer. dtbiotinylated
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single-stranded PCR amplicons are purified throsgharose beads
covered of streptavidin. Then a sequencing primérybridized to the
amplicon that serves as a template for sequendihg. sequencing
reaction contains enzymes (DNA polymerase, ATP usyikise,
luciferase, and apyrase) as well as their substréaedenosine 5'
phosphosulfate, APS and luciferin).

Figure 23. Pyrosequencing Tecnhology scheme.

Target is amplify by PCR using a biotinylated prim8ingle biotinylated strand

target is purified and placed into PyroMark instamnhfor sequencing. Polymerase
enzyme catalyzes the reaction of sequencing byentides incorporation. Each
incorporations event starts some enzymatic reactihiat at the end produce a
profile called pyrogram. In this profile each peakresponds to a nucleotide and
high of peak is proportional to number of nucleesidncorporated.
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The instrument adds deoxyribonucleotide triphospldNTP) to the
reaction; DNA polymerase catalyzes the incorporatiof the
deoxyribonucleotide triphosphate into the DNA stranf it is
complementary to the base in the template strand.

Each incorporation event is accompanied by reledggrophosphate
(PPi) in an equimolar quantity to the amount of omporated
nucleotide. ATP sulfurylase converts PPi to ATPthe presence of
adenosine 5' phosphosulfate (APS). This ATP drivesluciferase-
mediated conversion of luciferin to oxyluciferinathgenerates visible
light in amounts that are proportional to the anmtafmATP. The light
produced in the luciferase-catalyzed reaction iealed by a charge
coupled device (CCD) chip and seen as a peak inatwedata output
(Pyrogram). The height of each peak (light sigmalproportional to
the number of nucleotides incorporated.

Apyrase, a nucleotide-degrading enzyme, continyowktgrades
unincorporated nucleotides and ATP. When degradasacomplete,
another nucleotide is added.

A schematic representation of the pyrosequencirgpni@ogy is
reported in Figure 23.

5.6.1.1 PyroMark KRAS Mutation kit

The kit is based on three main steps:

- Amplification of the interest region by PCR

- Purification of single strand DNA template

- Sequence analysis by Pyrosequencing instrument
The kit is able to detect and quantify KRAS mutatio codon 12, 13
and 61. The assay is design to detect the moreidrégmutations
which are in position 35 (second base of codonot 38 (second base
of codon 13). However a list of possible mutati@tedted for codon
12-13 is reported in Table 11 and for codon 61abl& 12.
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Table 11. Summary of possible mutation in codon 123 detected by the kit.

Codon  AA mutation Nucleotide changed Position
12 Glyl2Asp GGT>@T 35
12 Glyl2val GGT>AT 35
12 Glyl2Ala GGT>ET 35
12 Gly1l2Cys GGT*GT 34
12 Glyl2Ser GGTAGT 34
12 Gly12Arg GGTEGT 34
13 Gly13Asp GGC>@&C 38
13 Gly13Cys GGC*GC 37
13 Gly13Ser GGCAaGC 37

Table 12. Summary of possible mutation in codon 6detected by the kit.

Nucleotide changed

Codon  AA mutation Position
Forward Reverse

61 GIn61His CAA>CAC TTG>GTG 183

61 GIn61His CAA>CA TTG>ATG 183

61 GIn6lLeu CAA>CA TTG>TAG 182

61 GIn61Arg CAA>CGA TTG>TCG 182

61 GIn61Pro CAA>CA TTG>TGG 182

The kit includes two assay: one for codon 12-13 i¢iwhare

sequential) and one for codon 61. Codons 12-13saggienced in
forward direction while codon 61 in reverse direntas shown in the
figure below.
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Figure 24. Scheme of PyroMark KRAS assay.

Codons 12 and 13 are sequenced in the forwardtidngecodon 61 is sequenced in
the reverse direction. FP: Forward primer; FPB:waod biotinylated primer; RP:
Reverse primer; RPB: Reverse biotinylated primeq:Sequencing primer.

FP Seq
—p e > GGTGGAGTAGG
Codon 12 & 13
FPB RPB
Codon 61
odon
TCCAGTTCTC rrezeeees
Seq RP

As first step, PCR reactions were carried out udidgg of genomic
DNA in a final volume of 2Qul using a biotinylated primer. Amplicon
length of both assays is about 120bp which allow @imalysis on
degraded DNA deriving from FFPE samples.

Amplicons were immobilized on Streptavidin Sepharobligh

Performance beads. Single-stranded DNA was prepard the
corresponding sequencing primers were added tdDthA. As the

assays are independent two different sequencingepsi were used.
Then samples were analyzed by PyroMark Q24 Instnime

Details regarding PCR and sequence preparation fodleved as

described in manufacturer’s instructions and irderworking

instructions.

5.6.2 ARMS and Scorpion Technology

The second method that was validatedK&®AS mutation was based

on Real-Time PCR.

The kit used combined two different type of PCRhtedogies:

- Scorpion Technology

Scorpions are bi-functional molecules containingGR primer
covalently linked to a probe. The fluorophore ire tprobe
interacts with a quencher which reduces fluoreseeBeiring a
PCR reaction the fluorophore and quencher are aggghwhich
leads to an increase in light output from the rieactube. There
are two formats for Scorpions. The figure belowvghdhe bi-
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molecular Scorpion format. The alternative is knoas the
unimolecular format in which an integral stem Is®nuence is
used to bring the quencher close to the fluorophore

Figure 25. Scorpion PCR Tecnology.

Elements of a Scorpions Primer

PCR Primer

-----------

Fluorophore Blocker

Probe

Step 1 - The Scorpions primer is extended on target DNA.

Step 3 - As it cools the extended Scorpion undergoes an internal
rearrangement and begins to fluoresce in a target specific manner. Unextended
primer is quenched.

R

.10

- Amplification RefractoryM utationSystem orARMS PCR.
A common application of this method is the detectiof
individually point mutation. Tag DNA polymerase@asgtremely
effective at distinguishing between a match andismatch at
the 3-end of a PCR primer. Specific mutated segesrcan be
selectively amplified, even in samples where th¢onts of the
sequences do not carry the mutation as:
* When the primer is fully matched, the amplificatiproceeds
with full efficiency.
* When the 3’-base is mismatched, only low levatkgmound
amplification occurs.
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56.2.1 DxS Therascreen for KRAS Mutation

DxS ThreraScreen KRAS Mutation Test Kit (CE markisdbased on
a panel of 8 assays: one control reaction and Gtioes to detect
mutations present in codons 12 and 13 of the KR&Segmutations
are listed in Table 13).

Table 13. Summary of mutations detected by DxS Thascreen Kit.

Codon AA mutation Nucleotide changed

12 Gly12Asp GGT>@T
12 Glyl12val GGT>GT
12 Glyl12Ala GGT>GET
12 Gly12Cys GGT>GT
12 Glyl2Ser GGTAGT
12 Gly12Arg GGTEGT
13 Gly13Asp GGC>@BC

All reaction mixes contain an exogenous controtefimal control)
assay labelled with JOE fluorophore which is detcby 7500
RealTime PCR System, Applied Biosystems. The conassay,
labelled with FAM, is used to assess the total DNA sample. The
control assay amplifies a region of exon 4 of KRAS gene. The
primers and probe were designed to avoid any kndd@AS

polymorphisms. Each mutation assay, labelled wiMF contains
one Scorpion plus one ARMS primer, for discrimioatbetween the
wild-type DNA and the mutant DNA detected by a +&ale PCR
assay.

For each sample one control reaction and seveneprispecific
reactions were prepared. In particular total voluioreeach reaction
was 25 ul: 20 pl of mater mix plus 5ul of sample (DNA
concentration: 4-10 ngd).
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PCR profile included an initial hold step at 95°@ # minutes, a 2-
step amplification for 45 cycles with a denatunatat 95°C for 30
seconds and annealing at 60°C for 1 minute.

The fluorescence was acquired at the 60°C step.

After amplification, for each sample, the present@ mutation was
assessed by calculating the DeltaCt value betweah enutation
assay and the control reaction assay as follow:

DeltaCt = [mutation Ct] — [control Ct]

A mutation is detected when the DeltaCt value vgelothan the cut-
off values provided by the Kkit.
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6 RESULT AND DISCUSSION

6.1 SNP analysis on FFPE, H&E FFPE and
serum

A panel of TagMan SNP genotyping assays was vaiidlan FFPE,
H&E FFPE, and on serum samples. The validation nraragwas
carried out performing the following tests:

Accuracy and Precision on good quality DNA positbeatrol
Impact of fragmented DNA and H&E staining

Impact of limited quantity of material in FFPE sde
Impact of serum

Whole genome amplification and allelic drop-out

6.1.1 Accuracy and Precision on good quality DNA
positive control

As a first step, the performance of each SNP as&eytested using
good quality DNA extracted from cell cultures.

Samples were obtained from the Coriell InstituteMedical Research
(http://www.coriell.org. These DNA samples were used as positive
controls since their genotype is known for all gersted.

In this work a panel of SNPs was investigated idiclg
polimorphisms in Fc fragment of 1gG, low affinitfFCGR2A and
FCGR3A), in EGFR pathwayHGF and EGFR) and finally in a key
cell cycle regulator geneCCND1). Assay accuracy and precision
(intra and inter-run, different operator, differeagsay batches) were
evaluated. According to FDA guidelines, it is img@mt to
demonstrate that assays are able to distinguistelbata heterozygote
and homozygote. To satisfy this condition at leagb different
homozygote and one heterozygote positive controhpéa were
chosen for each assay, and accuracy and intra-gseaigion were
evaluated. TagMahtechnology was used to genotype positive control
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samples. During PCR amplification, a competitiveigization of the

two allelic-specific probes occurs. The amplificatiplot showed the
presence of only a fluorochrome fluorescence irsgeéa homozygote
samples or fluorescence increase of both fluoroubs in

heterozygote samples. An example of PCR amplibcatplot is

shown in Figure 26.

Figure 26. Example of amplification plots of two diferent genotypes.

(A) The homozygote sample shows one amplificationecuiue to detection of one
fluorochrome. (B) The heterozygote sample shows two amplificationvesir
corresponding to the presence in the sample ditballeles.

To assign the genotype of one sample, the softealoelates the ratio
between the end point fluorescence of the two flabromes. The
result is the allelic discrimination plot as shoimrFigure 27 in which
samples are distributed in three clusters: two haymotes (one for
Allele 1 and one for Allele 2) and the central esponding to
heterozygote.
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Figure 27. Example of allelic discrimination plot.

The X-axis shows the VIC fluorescence associated thie ancestral allele while the
Y-axis shows the FAM fluorescence associated wihk polymorphic allele.

Samples were attributed as homozygote for the palghic allele (blue),

heterozygote (green), and homozygote for the aratesilele (red). Negative
controls (no DNA) are given in black.

Marker, [FCaR2A ] call [t =l ’T EIRVIEYES
Allelic Discrimination Plot oo

X Unicletermined
* AleieX

Homozygote -
Allele 1 L

eneral)

Heterozygote

Allele ¥ (allele_2_FAM_g

D 2

For each gene, results obtained testing control pkesn are
summarized in Table 14.
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Table 14. Validation of TagMan® genotyping assaysising Coriell genomic
DNA.
Genomic DNA samples with known genotype are liswtording to Coriell

identification number. The expected genotype ardlaion results are reported for
each assay.

FCGR2A rs1801274 assay C_ 9077561 20
Expected Accuracy: Inrter?i':izf]?y Ruggedness:| Ruggedness:
Control erFI)ot e Concordance goncordénce Concordance| Concordance
9 YPE( of genotype . of operators | of batches
of replicates
NA10835 | AA Passed Passed Passed Passed
NA18620 | AA Passed Passed Passed Passed
NA10831 | GA Passed Passed Passed Passed
NA19005 | GA Passed Passed Passed Passed
NA10830 | GG Passed Passed Passed Passed
NA18854 | GG Passed Passed Passed Passed
FCGR3A rs396991 assay C 25815666 10
. Intra-assay . .
Accuracy: B Ruggedness:| Ruggedness:
Control E;(ng teg Concordance ?:rc?rfg)l?;énce Concordance| Concordance
9 YPE( of genotype . of operators | of batches
of replicates
NA18532 | AA Passed Passed Passed Passed
NA18949 | AA Passed Passed Passed Passed
NA10831 | CA Passed Passed Passed Passed
NA10835 | CA Passed Passed Passed Passed
NA17237 | CC Passed Passed Passed Passed
NA18561 | CC Passed Passed Passed Passed
EGFR rs2227983 assay custom
Accuracy: Intra_- a.SSEfly Ruggedness:| Ruggedness:
Expected precision:
Control Concordance Concordance| Concordance
genotype Concordance
of genotype . of operators | of batches
of replicates
NA18620 | AA Passed Passed Passed Passed
NA18561 | AA Passed Passed Passed Passed
NA10830 | GA Passed Passed Passed Passed
NA19005 | GA Passed Passed Passed Passed
NA18532 | GG Passed Passed Passed Passed
NA07019 | GG Passed Passed Passed Passed
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EGF rs4444903 assay C 27031637 10
Accuracy: Intra_- a.SSEfly Ruggedness:| Ruggedness:
Expected precision:
Control Concordance Concordance| Concordance
genotype Concordance
of genotype : of operators | of batches
of replicates
NA18532 | AA Passed Passed Passed Passed
NA18563 | GA Passed Passed Passed Passed
NA19005 | GG Passed Passed Passed Passed
CCND1 rs9344 assafC 744725 1
E Accuracy: Intra_- a.SSEfly Ruggedness:| Ruggedness:
xpected precision:
Control Concordance Concordance| Concordance
genotype Concordance
of genotype . of operators | of batches
of replicates
NA10830 | AA Passed Passed Passed Passed
NA10831 | GA Passed Passed Passed Passed
NA18561 | GG Passed Passed Passed Passed

Concordance with the expected genotype, amongcegp and
among runs was the acceptance criteria selecteddiatation. As
shown in Table 14, results for all assays satisfied required
conditions.

Additional tests were carried out to evaluate @iea under different
conditions. In particular, variability between twoperators and
concordance among TagManassay batches were assessed. As
reported in Table 14, it was observed that theswlitons had no
impact on results and each assay was accurateepratiucible.

6.1.2 Impact of fragmented DNA and H&E staining

To evaluate the performance of each SNP assay gradkd DNA
extracted from FFPE and H&E FFPE samples, a pertedsues from
10 donors was purchased from ProteoGenex, Inc.atticplar, for
each donor it was obtained:

Fresh Frozen Tissue~) in order to extract good quality
genomic DNA used as reference;

87



- Unstained Formalin-Fixed Paraffin-Embeddd¢FIPE) tissue
slices as source of degraded FFPE DNA;
- Hematoxylin and Eosin stained FFPE slicel&E FFPE) to
evaluate the impact of H&E staining on FFPE DNAlgya
All samples derived from gastric cancer donors.
As this validation is performed on unconventioraigles it was not
possible to obtain DNA extracted from FFPE slidds kaown
genotype commercially. Therefore genotypes obtaindm
fragmented DNA extracted from FFPE samples werepewed to the
genotypes obtained from DNA extracted from FF, Wwhi@s used as
high quality genomic reference source. After extoac and
guantification, electrophoresis analysis was penéd to evaluate
DNA quality. Comparison between FF and FFPE samphlesved
different DNA integrity: genomic DNA from FF is iatt while DNA
from FFPE is degraded into small fragments (Fiq@@e

Figure 28. Quality DNA comparison between fresh fsizen and FFPE samples.
Agarose gel electrophoresis (1%) shows a well-éeffiband for FF samples and a
smear for FFPE samples. Lane 1: DNA Ladder 1kbitfimyen); Lanes 2-3: DNA
extracted from two FFPE samples while Lanes 4-5A0NM the matching fresh
frozen samples.

12000 bp

2000 bp
1600 bp

1000 bp

500 bp

Given the poor DNA quality, assay performance wasluated
according to selected criteria. In particular, reamples validation
was carried out by testing accuracy and repeatgbiévaluating
concordance between FFPE and FF, among replicdifésrent runs
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and operators. For each assay, control DNA samplds known
genotype were used as positive control and negatverols were
also included. Results showed that fragmented DWAN®dt impact
genotyping analyses as all acceptance criteria wee (Figure 29
Panel A-B, Table 15).

Figure 29. Examples of allelic discrimination analsis - EGFR polymorphism
(rs2227893).

The X-axis shows the VIC fluorescence associatel thie ancestral allele while the
Y-axis shows the FAM fluorescence associated wibk polymorphic allele.
Samples were attributed as homozygote for the palghic allele (blue),
heterozygote (green), and homozygote for the aratesilele (red). Negative
controls (no DNA) are given in black. Panal) (shows FF samples, pan8)(FFPE
and panel€) H&E FFPE of the same DNA samples. DNA sampleseviested at

10 ng.
M I
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Another source of genomic DNA evaluated for thessags was
Haematoxylin and Eosin staining FFPE (H&E). Unlikestained
FFPE, histological slides are often used for patipplevaluation. For
this reason H&E FFPE are archived for many yeadsraight be the
only biological sources of clinical studies carrieat in the past. The
disadvantage is that the tissue is damaged by fdehgde effects and
analysis might be affected by staining with H&E fBachak et al.,
2000). To evaluate the impact of the staining osults reliability,

SNP analysis was conducted on DNA extracted fromEH®&ained
slides. Results were then compared to the genotypained from

unstained slides of the same donor (Table 15).h&sva in Figure 29,
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no impact on genotype analysis was due to H&E stgirFor these
samples accuracy and repeatability were testechlinlde acceptance
criteria were met. Samples are listed in Table 15.

Table 15. EGFR polymorphism (rs2227893) genotypingesults on commercial
samples.

Samples are listed according to Proteogenex, leference number. For each
sample different sources of tissue were availdfiesh Frozen (FF), Formalin-Fixed
Paraffin-Embedded (FFPE) and Hematoxylin and E@4&E) stained FFPE.

DCI’SO" FF FFPE FHlfLPEE Concordance
8312 GG GG GG Passed
8315 AG AG AG Passed
8323 GG GG GG Passed
8324 GG GG GG Passed
8325 GG GG GG Passed
8340 GG GG GG Passed
8341 AA AA AA Passed
8346 AA AA AA Passed
8352 AG AG AG Passed
8356 GG GG GG Passed

6.1.3 Impact of limited quantity of material in FFPE
samples

Additional analyses were also performed to validsieh SNPs assay
with lower amounts of DNA (1, 5 and 10 ng). Thisswaimed at
validating the assay for samples with a limited antoof material.
The evaluation of the method robustness using aalmwunt of DNA
is extremely important to avoid allelic drop effgcivhich may cause
the detection of only one allele in heterozygotesas (Lips et al.,
2005).

As shown in Figure 30, the limited amount of DNAh to 1 ng) did
not impact the genotype call since all samples wereectly assigned
in all analytical runs.
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However, since late amplification curves could pttdly have a
negative impact on the assay performance, it wasmeended to
perform the SNP assay with no less than 10 ng oA Bample.

Figure 30. Examples of analysis on decreasing amaisnof DNA — FCGR2A
polymorphism (rs1801274).

Allelic discrimination of FFPE samples analyzedlab and 10 ng. Coriell positive
controls and negative controls (no DNA, in blaclgrevincluded in the panel. Due
to the decreasing amount of DNA, clusters were a&preith fluorescence levels
closer to negative controls as shown for the alteleomozygote samples.

Allelic Discrimination Plot Legend

X Undetermine of
* Allele )

* Alele ¥
m HTC

Allele ¥ (allele_2_FAM_FCGR2A G)

0z 07 1z 1.7 22
Allele X (allele_1_VIC_FCGRZA A)

6.1.4 Impact of serum

In the present work serum was also evaluated adtemative source
of DNA. Serum is routinely used in clinical diagtios for protein
biomarkers (i.e. oncology) and it could be usedgenomic analysis
when whole blood is not available.

However, using serum as source of DNA requires ftiwing
considerations.
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First of all DNA detectable in serum is free ciatihg DNA
(CFDNA) which is present in healthy individual ain concentration
(ng/ml) while levels are higher in cancer patiemsrthritis, hepatitis.
Moreover the mechanism of DNA released is not fuihderstood.
The two major hypotheses are apoptosis/necrosisttandelease of
intact cells in the bloodstream and their subseglysrs.

Second the DNA must be separated from large amoainterum
protein, many of which are nucleolytic and musnbatralize to avoid
degradation.

To test the feasibility of genomic analysis fronruse, first whole
blood was collected from 35 healthy donors. Onquati of whole
blood was kept for DNA extraction; another aligweas used for
serum preparation. Whole blood DNA was used adipesiontrol.
DNA was extracted from whole blood thought Maxwellb
(Promega). Average yield on 35 samples was 50 nghal ratio
260/280 > 1.8 meaning that genomic DNA has a gauadity.

DNA was extracted from serum using QIAAMPNA Investigator kit
(QIAGEN®) and quantified with Nanodrop spectrophotometer.

For all serum samples total yield and quality weeey low (yield <
100ng and ratio 260/280<1.6). However, the qualiytrol performed
on serum samples showed that the DNA is not dedrddeeed, in
the gel electrophoresis analysis, there was otgral in whole blood
as well as in serum corresponding to the genomi& DN

Figure 31). The band was stronger for WB due to ghantity of
amount of DNA.
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Figure 31. Quality DNA comparison between WB and sam.

Agarose gel electrophoresis (1%) shows a well-éefiband for blood as well as
serum sample. Lane L: DNA Ladder 1kb (Invitrogeltdnes WB: DNA extracted
from blood sample while Lanes S: DNA from the maighserum sample.

Genotyping analysis on two geneBCGR2A and FCGR3A) was

performed on both types of samples. Blood was ellind analyzed
at 25 ng for reaction while for each sample of sefli5ul were used
regardless of the concentration. This discrepanay due to the low
serum extraction yield.

As shown in Figure 32 blood showed a good clustgasation for
both assay while for serum clusters were less défin
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Figure 32. FCGR2A (above) and FCGR3A (belove) allelic discrimination
comparison between DNA from blood and serum.

All pictures showed that while blood DNA (A) is aad source for genotyping
serum (B) has low quality. While for blood clusten® well-distinguish for serum
samples are spread and in some case near to reegatitrol.
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For each assay, all 35 samples analyzed for bloeck v@ssigned,
while for serum 26 were assigned 6CGR2A and 27 forFCGR3A
(about 70%); the remaining samples resulted unchéted.
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A complete list of samples and genotype is showraible 16.

Table 16. List of sample from blood and serum andheir genotype.
On the left are listed samples and genotypeHBGR2A, on the right those for

FCGR3A.

FCGR2A FCGR3A
Sample ID Call WB Call SERUM Call WB Call SERUM
ID1 Both Undetermined allele_2_FCGR3A A Undetermined
ID3 allele_1 FCGR2A A Undetermined Both Undetermined
ID4 Both Undetermined Both Undetermined
ID5 allele_2 FCGR2A G allele_2_FCGR2A G Both Both
ID6 Both Undetermined Both Undetermined
ID7 allele_2 FCGR2A G allele_2_FCGR2A G allele_2_FCGR3Aadlele_2 FCGR3A A
ID8 allele_2 FCGR2A G allele_2 FCGR2A G allele_2_ FCGR3Aallele_2_FCGR3A A
ID9 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3Adllele_1 FCGR3AC
ID10 Both Both Both Both
ID11 Both Undetermined allele_2 FCGR3A A allele_2 FCGRGA
ID12 Both Both allele_1 FCGR3AC allele_1 FCGR3AC
ID13 allele_1 FCGR2A A allele_1_FCGR2A A allele_2 FCGRBAallele_2 _FCGR3A A
ID14 Both Both Both Both
ID15 allele_1 FCGR2A A allele_1_FCGR2A A Both Both
ID16 allele_1 FCGR2A A allele_1_FCGR2A A Both Both
ID17 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3Aallele_1_ FCGR3AC
ID18 allele_1 FCGR2A A allele_1 FCGR2A A Both Both
ID19 allele_1 FCGR2A A Undetermined Both Undetermined
ID20 Both Both Both Both
ID21 allele_1 FCGR2A A Undetermined Both Undetermined
ID22 allele_1 FCGR2A A allele_1_FCGR2A A Both Both
ID23 allele_2 FCGR2A G allele_2_FCGR2A G allele_2_FCGR3Aallele_2 _FCGR3A A
1D24 Both Both Both Both
ID25 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3Aallele_1_ FCGR3AC
ID26 allele_1 FCGR2A A allele_1 FCGR2A A allele_2 FCGR8Aallele_2 FCGR3A A
ID27 Both Undetermined allele_2_ FCGR3A A Undetermined
ID28 Both Both allele_2 FCGR3A A allele_2 FCGR3AA
ID29 allele_2 FCGR2A G allele_2_ FCGR2A G allele_2_FCGR3Aallele_2 FCGR3A A
ID30 Both Both Both Both
ID31 allele_2 FCGR2A G allele_2_FCGR2A G Both Both
ID32 allele_2 FCGR2A G Undetermined Both Undetermined
ID33 Both Both Both Both
ID34 allele_1 FCGR2A A allele_1_ FCGR2A A Both Both
ID35 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3Aallele_1 FCGR3AC
ID36 Both Both allele 2 FCGR3A A allele 2 FCGR3A A
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Concordance of genotype between DNA sources wasuated.

Agreement was observed for all assigned samplesvekier, SNP

analysis from serum did not result robust sinceyrsamples were not
assigned.

The low percentage of call in serum could be aitetd to low quality
and quantity DNA. In the attempt to overcome thishglem, whole

genome amplification was applied to serum sampsscontrol the

same approach was performed for whole blood DNA.

6.1.5 Whole genome amplification and allelic drop-out

Whole genome amplification was used on DNA extmdtem blood
and from serum using the REPLY-git from QIAGEN. This method
is based on a linear multiple displacement amjglifan (MDA).

For each blood DNA samples 25 ng were used asngjariaterial
before amplification. For serum samples, 0 were directly used
after extraction for the amplification procedure.

As the amplification produced a great DNA quantity, sample
dilution was necessary before performing genotyjginglysis. During
preliminary phase, amplified DNA was functionalgsted and it was
established for both blood and serum a 1:100 ditutiefore analysis.
Amplified samples were then diluted and analyzedHGGR2A and
FCGR3A genotyping.

Results showed that all blood samples were coyrestsigned since
concordance between amplified and not amplifieddlsamples was
observed.

On the contrary, genotyping of amplified serum ska®showed a
more complex situation. First of all for both assdlye software was
not able to assign automatically the genotype. W@asin Figure 33
clusters were spread and not well-defined. In #iigation it is not
possible to distinguish between homozygote andbeggote classes.
In order to assign the genotype, borderline samplese excluded
from the analysis (highlight in light blue in Figu83).
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Figure 33. Allelic discrimination plots of amplified serum.

On the left it is shown the plot foFCGR2A while on the right forFCGR3A.
Samples appeared spread and it is not possiblieglitgh clusters. In both panel
borderline samples excluded from the analysis &y@ight in light blue.
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Excluding four samples foFCGR2A and five samples foFCGR3A
(run in triplicates), it was possible to assign g@motype as shown in
Figure 34.
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Figure 34. Allelic discrimination plots from serum after exclusion of borderline
samples

On the left it is shown the plot foFCGR2A while on the right forFCGR3A.
Samples were attributed as homozygote for the FAMbréphore (blue),
heterozygote (green), and homozygote for VIC flphvare (red). Negative controls
(no DNA) are given in black square while undetemmirsamples in black cross-
shaped .
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With this approach, one sample still resulted ueheined for
FCGR2A, while the others were assigned as reported iteTeh
Comparing genotype obtained from blood and thogaimdd from
serum there were some discrepancies. Discordangeraitype was
observed in one sample fBCGR2A and four samples fdFCGR3A.
The cause of this problem could be attributed llal drop-out effect
in which allele imbalance produce amplification afly one of the
two alleles as seen in the ID3 and ID14 sampld-fdGR3A analysis.
For other samples it has been observed an alleiéchsvor a
heterozygote gain. The possible explanation of tbenge in
genotype may have been an inefficient amplificaianng WGA due
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to the variable presence of DNA fragments or profgesence in the
serum samples (Li et al., 2006; Lips et al., 20Q5et al., 2005).

All together, these data showed that whole genomplification is
not a reliable approach for determining the genetyplimiting DNA
material obtained from serum. For this reason tesommended to
genotype serum sample without any amplification.

Regarding the high percentage of failed sampleshai$ to be
considered that in the present study, circulatingADwvas obtained
from serum of healthy volunteers. In clinical studgnducted on
patients (i.e. oncology, arthritis or hepatitis)sitpossible that higher
amount of DNA will be extracted reducing the faduate.
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Table 17. List of sample and their genotype obtairt from whole genome

amplification.

On the left are listed samples and genotypeHOGGR2A, on the right those for
FCGR3A. Samples underlined in red are excluded from tiadyais while samples
highlight in yellow showed a different genotype weén amplified serum and

amplified blood.

FCGR2A FCGR3A
pample Ampiried Call Ampliified Call wg ~ ATR hed G2 Amplified Call WB
ID1 Excluded Both allele_ 2 FCGR3AA allele_2 FCGR3AA
ID3 allele_2 FCGR2A G allele_1 FCGR2A A allele_2 FCGR3A A Both
ID4 Both Both Both Both
ID5 allele_2_ FCGR2A G allele_2 FCGR2A G Both Both
ID6 Excluded Both Both Both
ID7 allele_2 FCGR2A G allele_2 FCGR2A G allele_2_FCGR3A Aallele_2_FCGR3A A
ID8 allele_2 FCGR2A G allele_2 FCGR2A G__Excluded allele_2_FCGR3A A
ID9 allele_1 FCGR2A A allele_1 FCGR2A A allele_1_FCGR3A Callele_1 FCGR3AC
ID10 Both Both Both Both
ID11 Undetermined Both allele_1 FCGR3AC allele_2 FCGR3A A
ID12 Both Both allele_1 FCGR3AC allele_1 FCGR3AC
ID13 allele_1_FCGR2A A allele_1_FCGR2A Both allele_2 FCGR3A A
ID14 Excluded Both allele_2 FCGR3A A Both
ID15 allele_1 FCGR2A A allele_1_FCGR2A A Both Both
ID16 allele_1 FCGR2A A allele_1 FCGR2A A _Excluded Both
ID17 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3A allele_1 FCGR3AC
ID18 allele_1 FCGR2A A allele_1 FCGR2A A Both Both
ID19 allele_1 FCGR2A A allele_1 FCGR2A A Both Both
ID20 Excluded Both Both Both
ID21 allele_1 FCGR2A A allele_1 FCGR2A A Excluded Both
ID22 allele_1 FCGR2A A allele_1 FCGR2A A _Excluded Both
ID23 allele_2 FCGR2A G allele_2_FCGR2A G__Excluded allele_2_FCGR3A A
ID24 Both Both Both Both
ID25 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3A allele_1 FCGR3AC
ID26 allele_1 FCGR2A A allele_1 FCGR2A A allele_2 FCGRSA allele_2 FCGR3A A
ID27 Both Both allele_ 2 FCGR3A A allele_2 FCGR3AA
ID28 Both Both allele_ 2 FCGR3A A allele_2 FCGR3AA
ID29 allele_2 FCGR2A G allele_2_FCGR2A Both allele_2 FCGR3A A
ID30 Both Both allele_1 FCGR3AC Both
ID31 allele_2 FCGR2A G allele_2 FCGR2A G Both Both
ID32 allele_2 FCGR2A G allele_2 FCGR2A G Both Both
ID33 Both Both Both Both
ID34 allele_1 FCGR2A A allele_1 FCGR2A A Both Both
ID35 allele_1 FCGR2A A allele_1 FCGR2A A allele_1 FCGR3A allele_1 FCGR3AC
ID36 Both Both allele 2 FCGR3A A allele 2 FCGR3A A
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6.2 Mutations analysis on FFPE and H&E FFPE

Mutations in theKRAS oncogene are frequently found in human
cancers and the presence of these mutations degelath a lack of
response to certain EGFR inhibitor cancer therafoesxample in
metastatic colorectal cancer patients. ThereforeA&Rstatus can
predict which patients benefit (KRAS wild-type) do not benefit
(KRAS mutated) from anti-EGFR therapy. For thislgsia different
tissue type could be used such as fresh frozen leangy FFPE
samples. These latter are the most used due tdathethat many
samples are already available from tumor biopsyotAer source of
genomic DNA evaluated for these assays was Haewlatoand
Eosin staining FFPE (H&E) often used for pathol@yaluation and
conserved for long period of time.

Since KRAS analysis was used for diagnostic analysis, anrateu
validation of the method was required.

In the present work two methods based on diffetectinology were
used as described in following sections.

6.2.1 Validation of KRAS mutation analysis using
Pyrosequencing

The analytical performances IKRAS mutation analysis was evaluated
following the Guidance for Industry on Pharmacogentests and
genetic tests for Heritable Markers and on Valmatof Analytical
Procedures.

In particular, for the validation of qualitativectenique such as the
mutation detection, the following parameters werensidered:
accuracy, precision, repeatability (intra-assagigien under the same
operating conditions) and ruggedness (reprodutybbetween two
different operators).

These tests were performed first on good qualitpogec DNA
obtained from cell line and then on real samplesparticular, the
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impact on the analysis of FFPE tissue samples a&# Bbtaining
FFPE tissue samples was evaluated.

Additionally, in order to evaluate the assays devisi the analysis of
different tumor percentage (sensitivity test) amditing amount of
material was performed on knowdiRAS status samples

The analyses were performed on both codon 12/12adon 61.

6.2.1.1 Accuracy and Precision on good quality DNA
positive control

The performance characteristics of the assays tested using good
quality DNA samples of known genotype extractearfreell cultures.
In particular, accuracy and precision (intra anterimun, different
operator) were evaluated for both codons.

In the following figures, some examples of pyrogsafrom cell line
samples are reported. In particular, Figure 35 shdole analysis
results for a wild-type sample (HT-29) in which thetation region is
highlighted in light blue. The sample resulted wijge since codon
12 sequence was GGT and codon 13 resulted GGChHeigoeak
was proportional to the number of base incorporatsdi accordingly
to sequence. Indeed, peak of nucleotide G was tasckigh as peak
of nucleotide T in codon 12 and peak of nucleot&levas twice as
high as peak of nucleotide C in codon 13.

Figure 35.KRAS pyrogram of sample HT-29 for codon 12-13 assay.
Analysis result shows that this DNA from cell ling wild-type with a codon
sequence: 12GGT and 13GGC.
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Ci 0%

G 99% A 0% C: 99%,
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An example of analysis of a mutated cell line igorted in Figure 36.
The mutation present in the cell line LS-174 wateded in codon 12.
Indeed it was possible to observe the presencepefl in position 2
of codon 12 (GGT>&T).

Figure 36.KRAS pyrogram of sample LS-174 for codon 12-13 assay.
Analysis result shows that this DNA from cell line mutated with a codon
sequence: 126T and 13GGC.

Gi 32% A 0% C: 99%)
T: 1%

T 0% G: 100%
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Another example is shown in Figure 37 where theatmn present in
the cell line SW480 was detected in position 3 a@dan 12
(GGT>GIT). In this case the pyrogram showed a decreageeak
corresponding to nucleotide G and an increase iclentide
corresponding to nucleotide T.

Figure 37.KRAS pyrogram of sample SW480 for codon 12-13 assay.
Analysis result shows that this DNA from cell line mutated with a codon
sequence: 12GT and 13GGC.

A 0% |
Ci 0%
Gi 0%
T: 100%

A 0% C: 99%)|
G:100% | T 1%
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If a mutation was detected in codon 13 it was fibsg0 observe the
presence of a peak in position 1 correspondinguideotide A and
mutation 13ASP as shown in Figure 38 (cell line HCA).

Figure 38. KRAS pyrogram of sample HCT116 for codori2-13 assay.
Analysis result shows that this DNA from cell lire mutated in codon 13 with a
codon sequence/3C while it is wild-type for codon 12 (sequence GGT)

A1

Gt 97% Ai 62% C: 100%

T 2% G: 38% T: 1%
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LB oomss e

B TR TR RTEFCORPINET] FRISPTRIISITATTRSITY RRTSRMTITRTNPEAIY NN SR WSCRIPRN ARPISSEr) SUNESOCS) (NRPIICS MESSEY MSSSI [T

The mutation of cell line HUP-T3 was detected ie finst position of
codon 12. In this case a peak was visible in tts finree positions of
the program (@C codifying for 12ARG) (Figure 39).

Figure 39.KRAS pyrogram of sample HuP-T3 for codon 12-13 assay.
Analysis result shows that this DNA from cell liree mutated in codon 12 with a
codon sequend@GT while it is wild-type for codon 13 (sequence GGT

A: 0%
C: 65%

G: 35% A 0% C: 100%
T: 0% Gi 100% T: 0%

Regarding the analysis of codon 61, Figure 40 sdowe result
obtained from the wt cell line HT-29.
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Figure 40.KRAS pyrogram of sample HT-29 for codon 61 assay.
Analysis result shows that this DNA from cell lirewild-type in codon 61 with a
codon sequence CAA (reverse sequence in the pyrogiias).

A 1%
G 1% A 0%
T: 98% Gi 100%

In Figure 41 is reported an example of mutatioected in the second
based of codon 61 from the cell line SW948 (TTGX).

Figure 41.KRAS pyrogram of sample SW948 for codon 61 assay.
Analysis result shows that this DNA from cell line mutated in with a codon
sequence TAG.
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The overall results obtained from cell line arearted in Table 18.
Cell lines were used as positive controls sincey tlage well
characterized as reported in the Catalogue of SorMitations in
Cancer (COSMIC).
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Table 18. Summary results for accuracy, repeatabily and second operator on
cell lines DNA

The expectedKRAS status refers to which ones reported in the Cagtedef Somatic
Mutations in Cancer (COSMIC) database
(http://www.sanger.ac.uk/genetics/CGP/cosiic/

Expected Obtained

Sample Concordance Concordance
IDp KRAS KRAS Accuracy of Replicates of Operators
status status
HT-29 WT WT Passed Passed Passed
HuP-T3 12ARG 12ARG Passed Passed Passed
Sw480 12VAL 12VAL Passed Passed Passed
SW116 12ALA 12ALA Passed Passed Passed
A549 12SER 12SER Passed Passed Passed
LS-174T 12ASP 12ASP Passed Passed Passed
HCT116 13ASP 13ASP Passed Passed Passed
Calu-1 12CYS 12CYS Passed Passed Passed
SwWo48 61LEU 61LEU Passed Passed Passed

Results showed concordance with the expected ge®otgmong
replicates and among runs (Table 18).

Additional tests were carried out to evaluate iea under different
conditions. In particular, variability between twoperators was
assessed. As reported in Table 18, it was obsetiat these
conditions had no impact on results and each assayaccurate and
reproducible.

6.2.1.2 Impact of fragmented DNA and H&E
staining

Since the DNA extracted from biological tissue sashFFPE has low
guality (due to degradation, cross-link, limitatiohmaterial, methylol
derivatives and PCR inhibitors presence) it is ingrt to evaluate the
performance of the mutation analysis method onsaaiple.

For this purpose some FFPE samples of differerd tfpcancer, were
commercially purchased. The complete list of sasdereported in
Table 19.
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Table 19. List of FFPE sample used during the valation.
The summary includes samples according to Protengedentification code.
Moreover for each sample tumor origin is reported.

Sample ID Source
21196 Colorectal cancer
21377 Colorectal cancer
66288 Colorectal cancer
21321 Colorectal cancer
66378 Colorectal cancer
21454 Colorectal cancer
66460 Colorectal cancer
21123 Colorectal cancer
21452 Colorectal cancer

13802T2  Cutaneous Malignant Melanoma
1382372  Cutaneous Malignant Melanoma
1383872  Cutaneous Malignant Melanoma

As no mutated sample in codon 61 was observed &@reliminary
screening (data not shown), some selected FFPE |leani®1454,
66460, 21123) which resulted WT for both codon B2ahd 61 were
spiked with SW948 cell line DNA to mimic the 61 LEhutation.
Results from FFPE sample showed that the assapust also on real
samples. Indeed, as shown in Figure 42 and FigBrendtation are
clearly detected when present. Comparing thesegpgnaes with those
obtained from cell line no impact was observed daoe DNA
degradation.

Figure 42.KRAS pyrogram of sample 21452 for codon 12-13 assay.
Analysis result shows that sample 21452 is wildetypith a codon sequence:
12GGT and 13GGC.
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Figure 43. Examples oKRAS pyrogram of FFPE samples for assay 12-13.

(A) Analysis results shows that sample 21452 is mutateddon 12 with sequence
GAT corresponding to 12ASP mutation while the sanmplild-type for codon 13.
(B) Analysis results shows that sample 66288 is mutateddon 12 with sequence
CGT corresponding to 12ARG mutation while the sanpieild-type for codon 13.
(C) Analysis results shows that sample 66378 is mutateddon 13 with sequence
GAT corresponding to 13ASP mutation while the sanplgild-type for codon 12.

A Sample 21377
Mut. 12ASP (Seg. G AT)
\_ | r“\
| ‘ ‘ ‘ ‘
B Sample 66288
Mut. 12ARG (Seq. CGT)
C Sample 66378
Mut. 13ASP (Seq. G AC)
1 | |
: AV M
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Concordance among runs and between operators wasedb for

both codon 12-13 and codon 61 analysis. Accuracy aaluated
comparing results obtained on the same samplesanitindependent
method (DxS see section 6.2.2).

As shown in Table 20 all analyses met the acceptariteria.

Table 20. Summary results for accuracy, repeatabily, second operator and

FFPE impact.
(*) During validation this sample were spiked wihv948 cell line DNA to mimic

61LEU mutation.
(**) Samples were cross-validated using DxS Thewest KRAS kit as independent

analysis method.

Expected Obtained

Sample Concordance Concordance

ID KRAS KRAS Accuracy™ of Replicates  of operator
status status
21196 12ASP 12ASP Passed Passed Passed
21377 12ASP 12ASP Passed Passed Passed
66288 12ARG 12ARG Passed Passed Passed
21321 12CYS 12CYS Passed Passed Passed
66378 13ASP 13ASP Passed Passed Passed
21454* 61LEU 61LEU Passed Passed Passed
66460* 61LEU 61LEU Passed Passed Passed
21123* 61LEU 61LEU Passed Passed Passed
21452 WT WT Passed Passed Passed
1380272 WT WT Passed Passed Passed
1382372 WT WT Passed Passed Passed
1383872 WT WT Passed Passed Passed

Finally, an additional test was performed to vakd&FPE tissue
stained with H&E. Mutational analysis was conducted DNA
extracted from stained slides of the same samples.

The figures below (Figure 44 and Figure 45) show plyrograms
comparison between FFPE and H&E FFPE for codon 3l2id
codon 61 while a summary of genotype obtained fstamed FFPE
is reported in Table 21. Concordance of genotypeden stained and
unstained was observed.
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Figure 44. Comparison between FFPE and H&E FFPE focodon12-13.
No impact was due to DNA degradation (FFPE sammpledue to H&E staining.
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Figure 45. Comparison between FFPE and H&E FFPE focodon 61.
No impact was due to DNA degradation (FFPE sammpledue to H&E staining.

FFPE matched H&E FFPE
samples samples
13802 Mel
wt
21377 CR(
wt i i
21454 +spke| e
CRC MUT
)
66460 + spiked CR(
MUT
N\
|
21123 +spikedCRQ
MUT n

111



Table 21. Summary ofKRAS status obtained from H&E FFPE.
As shown in table there was no genotype differenteKRAS status among
unstained and stained FFPE samples. (*) Duringlaitin this sample were spiked
with SW948 cell line DNA to mimic 61LEU mutation.

Concordance
Expected with KRAS

Sample 1D KRAS status status obtained
from H&E
21196 12ASP Passed
21377 12ASP Passed
66288 12ARG Passed
21321 12CYS Passed
66378 13ASP Passed
21454* 61LEU Passed
66460* 61LEU Passed
21123~ 61LEU Passed
21452 WT Passed
13802T2 WT Passed
13823T2 WT Passed
1383872 WT Passed

6.2.1.3 Impact of limited quantity of material in

FFPE samples

In order to evaluate the impact of limited quantfyDNA, a mutated
FFPE DNA sample (21196 mutated in codon 12) waslsediluted
before analysis. In particular, the analysis was$opemed at 20 ng, 10
ng and 2 ng of starting DNA material (Figure 46).

The different amount of DNA did not impact the a38éd as the
profile of the pyrosequencing showed that PCR ieffiity amplified
the target also at the minimum concentration teskédreover the
percentage between wild-type and mutated was niagatavith the
same ratio in all concentrations.

As mentioned before among FFPE samples screeneel Wexe no
sample mutated in codon 61. To reproduce the sastet codon 12-
13 instead of real sample DNA from cell line wasdisCell line DNA
SW948, which is mutated in codon 61, was spiked atwild-type
DNA cell line sample (HT-29) with ratio 1:2.
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Also this test confirmed that results were not imgzh by a decrease
in DNA quantity (Figure 47). Moreover the peak mar@age of the

mutation was comparable among different conceptma{imutated

base A 18%, 17%, 16%).

Figure 46.Impact of limited quantity of DNA for Codon 12.
Sample obtained by the mutated tumor FFPE DNA saniplL196) loaded at
different concentrations: 20, 10 and 2 ng/reaction.

A B C
8ng/uL 4ng/uL 0.8ng/uL
(20ng/reaction) (10ng/reaction) (2ng/reaction)
A 33% A 41% A 37%
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S

Figure 47. Impact of limited quantity of DNA for Codon 61.

Sample obtained by the mutated cell line DNA sanip&/948) was spiked with the
wild-type cell line DNA sample (HT29) at a ratio2land loaded at different
concentrations: 20, 10 and 2 ng/reaction.

A B C
8ng/uL 4ng/uL 0.8ng/uL
(20ng/reaction) (10ng/reaction) (2ng/reaction)
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6.2.1.4 Impact on the analysis of different tumor
percentage (Sensitivity test)

An additional test has been performed in order valuate the
PyroMark KRAS mutation kit sensitivity and to detene the
minimum percentage of tumor tissue necessary ctlatmutation in
order to avoid false negative results.

DNA from a mutated FFPE sample (21196) has beautedil with

DNA from wild-type FFPE sample (21123) at differeatio to mimic

real samples with different tumor percentages @4, 14, 10, and
5%). This test was performed on codon 12-13 assal & the
concentration of 20 ng/reaction.

As shown in Figure 48 the peak corresponding toatrart (nucleotide
A) decreased according to the tumor percentage.

Figure 48.KRAS mutation sensitivity test on codon 12-13.

It is represented only the codon 12 area of the atadt sample 21196
(12GGT>GAT) and the wild-type sample (WT, 21123) at diffdretumor
percentage.
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The analysis on codon 61 was carried out dilutiNACa mutated cell
line DNA (SW948) with a wild-type cell line DNA (HR9) at
different ratio to mimic the different tumor pert¢ages (70, 35, 14,
10, and 5%). For each reaction 20ng of DNA wereluse

As expected, the peak corresponding to mutatiorcl¢otide A)
decreased according to tumor percentage and tldetypé nucleotide
T peak showed an increase. Pyrograms are showiguneM49.
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Figure 49.KRAS mutation sensitivity test on codon 61.
It is represented only the codon6l area of the tadtasample SW948
(61TTG>TAG) and the wild-type sample (WT, HT29).
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Sensitivity test were repeated at different DNA @amtration (20, 10,
2 ng/reaction).

Data obtained from the sensitivity experiments werged to
establishing the limit of detection of the kit ath@ threshold mutation
peak detection.

Considering the ground noise, a peak thresholaniatated base was
established at 7%. In particular, if the peak petage of all mutated
bases was lower than 4% the sample was assigngidatype while
if the percentage was between or equal to 4% andaf¥ple resulted
as not-assigned (N.A). If the peak percentage wgigehthan 7% the
sample was assigned as mutated.

Using this threshold, the following results weretanbed (Table 22
and Table 23).

Table 22. PyrosequencindgKRAS sensitivity test codon 12-13.
Results are accurate till a 10% percentage of tuamor at 10ng of DNA sample.
N.A.: not assigned.

Sample 70% 35% 14% 10% 5% 3.5%
concentration MUT MUT MUT MUT MUT MUT
20 ng/reaction Mutated Mutated Mutated Mutatpd N.A. N.A.

10 ng/reaction  Mutated Mutated  Mutated  Mutatpd Mada N.A.
2 ng/reaction  Mutated Mutated Mutated Mutatpd Wilbe N.A.
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Table 23.Pyrosequencing KRAS sensitivity test codon 61.
Results are accurate till a 14% percentage of tuamor at 10ng of DNA sample.
N.A.: not assigned.

Sample 70%  35%  14%  [10% ., )
concentration MUT  MUT  MuT  [mur % MUT  35%MUT

20 ng/reaction Mutated Mutated Mutate N.A.  Wildggy Wild-Type
10 ng/reaction Mutated  Mutated Mutatel N.A.  Wildpgy Wild-Type
2 ng/reaction Mutated Mutated Mutatel N.A.  Wild-8yp Wild-Type

Looking at this data and assay specificationsputld be establishing
the minimum percentage of tumor needed to conchetanalysis to
reduce the risk of false negative results. In paldir the assay for
codon12-13 was reliable till 10% of tumor while thesay for codon
61 till 14% of tumor.

6.2.2 Validation of KRAS mutation analysis using DxS
Therascreen

The analytical performances IKRAS mutation analysis was evaluated
following the Guidance for Industry on Pharmacogiengests and
genetic tests for Heritable Markers and on Valmatof Analytical

Procedures.

For the validation of qualitative technique such the mutation
detection, the same parameters used K&®AS pyrosequencing
validation were considered. In particular it hagrbevaluated intra-
assay precision under the same operating conditi@msl

reproducibility under different conditions.

Tests were performed first on good quality geno@IA obtained

from cell line and then on real samples. In paldéicthe impact on the
analysis of FFPE tissue samples and H&E stainingB-Fissue
samples was evaluated. As these samples were momeaially

characterized this method allows a cross-validatioresults obtained
by pyrosequencing. Indeed accuracy could be ewduas an
independent and different technology was used.
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Additionally, in order to evaluate the assays dentsi the analysis of
different tumor percentage (sensitivity test) amditing amount of
material was performed on knowdiRAS status samples.

6.2.2.1 Accuracy and Precision on good quality DNA
positive control

The first step of this validation was to evaluabke tperformance
characteristics of genetic assays using good guBlNA samples of
known genotype extracted from cell cultures. Intipafar, accuracy
and precision (intra and inter-run, different operadifferent assay
batches) were evaluated.

Genomic DNA from different cell lines with knowKRAS status has
been used as positive controls. The expekiRaS status of these cell
lines is reported in the Catalogue of Somatic Matest in Cancer
(COSMIC) Database. In addition, a commercial poblsgnthetic
oligonucleotides (Trimgen) representing all mutasiccreened by the
kit was employed.

As this assay is based on the use of specific psifitg each reaction,
wild-type samples results only in the amplificatiof the control
curve. On the contrary, if a sample is mutated #swbservable
another amplification curve corresponding to onsesfen mutations.
An example of wild-type and mutated sample is reggbm Figure 50.
Concordance with the expected genotype, amongcesp and
among runs was the acceptance criteria selecteddiatation. As
shown in Table 24, all results generated from ¢ieé samples
satisfied the required conditions.

Additional tests were carried out to evaluate iea under different
conditions. In particular, variability between twoperators and
concordance among DxS Therascreen kit batches agmessed. As
reported in Table 24, it was observed that theswlitons had no
impact on results and the assay was accurate pratiecible.
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Figure 50. Example of DxS ThreraScreen KRAS mutatio results for codon

12/13.
On the left a wild-type sample in which is showryotine control reaction; on the

right a mutated sample in which is also shown tikation amplification curve.
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Table 24. Summary results of accuracy and repeataltly tests using cell line
controls.

The expectedKRAS status refers to which ones reported in the Cagtedef Somatic
Mutations in Cancer (COSMIC) database
(http://www.sanger.ac.uk/genetics/CGP/cosid/he synthetic control is used as

positive control as it was mutated in all sevenatiah detected by the Kkit.

Intra-assay

Expected Accuracy: recision: Ruggedness: Ruggedness:
Controls pecte Concordance p ’ Concordance Concordance
classification Concordance
of genotype . of operators of batches
of replicates
HT-29 Wild-type Passed Passed Passed Passed
Cal-62 12ARG Passed Passed Passed Passed
SwW480 12VAL Passed Passed Passed Passed
GEO 12ALA Passed Passed Passed Passed
A549 12SER Passed Passed Passed Passed
LS-174T 12ASP Passed Passed Passed Passed
HCT116 13ASP Passed Passed Passed Passed
Calu-1 12CYS Passed Passed Passed Passed
Synthetic Mutatgd Passed Passed Passed Passed
control  (all mutations)
Negative Undetermined Passed Passed Passed Passed
control

6.2.2.2
staining

Impact of fragmented DNA and H&E

The performance of the DxS Therascreen assays vasated on
matrices that mimic real samples. On this purposgrated DNA
extracted from 9 different FFPE samples was andlyloreover for
these samples Hematoxylin and Eosin stained FFREss(H&E
FFPE) were available and they were analyzed touat@lthe impact
of H&E staining on FFPE DNA quality.
The panel included all colorectal samples alreduyracterized and
used in the PyroMark Q24 KRAS kit validation.
Accuracy and precision were evaluated. To assessetltriteria
concordance of genotype under same conditions waduated.
Additionally, reproducibility of results under a nety of test
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conditions such as different operators, differergalRime PCR

instrument were tested.
Results are reported in Table 25.

Table 25. Summary results of repeatability and intemediate precision tests
using FFPE samples.

Real sample Intermediate Intermediate

Sample KRAS precision: precision: precision: Cv?lﬂﬁo:'(jg?gce
ID status Concordance Concordance Qoncordance FEPE
of replicates  of operators  instruments

21196 12ASP Passed Passed Passed Passed
21377 12ASP Passed Passed Passed Passed
66288 12ARG Passed Passed Passed Passed
21321 12CYS Passed Passed Passed Passed
66378 13ASP Passed Passed Passed Passed
21123 Wild-type Passed Passed Passed Passed
21454 Wild-type Passed Passed Passed Passed
21452 Wild-type Passed Passed Passed Passed
66460 Wild-type Passed Passed Passed Passed
Neg. Undeter- Passed Passed Passed Passed

control mined

All results met the acceptance criteria. It wasiasat, however, a
delay in the control amplification curve in degrddeNA obtained
from FFPE specimens compared to the amplificatibhigh quality
genomic DNA obtained from cell lines as shown igufe 51.

The amplification delay might result in a decreadethe assay
sensitivity. In fact, the sensitivity of 1% is gaatee only if the
control assay amplification is equal or lower thz@ cycles. This
effect can be balanced increasing the amount gbletenDNA used in
each reaction. However, highly degraded sampleswestholate
amplification regardless of the DNA amount useteasplate.
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Figure 51. Comparison of analysis between cell linBNA and FFPE DNA.

(A1) Wild-type cell line control sample resulted in difigation of only control
assay(A2) Analysis of a mutated cell line control sampleutesd in amplification
of both control assay and specific mutation astag;DeltaCt value resulted lower
than threshold limit(B1) Wild-type FFPE sample resulted in amplificationomily
control assay(B2) analysis of a mutated FFPE sample resulted in ifiogtion of
both control assay and specific mutation assayD#leaCt value resulted lower than
threshold limit.

Al Dreita Fin vs Gshe A2 DeMa Bn vs Cycle
CNT wt CNT Mut
CNT CNT
AT Mut
L - l - =
./.. 21 ’f -3
B1 Datta Bn vs Cycle B2 Detia Rr va Cvcle
FFPE wt FFPE Mut
ShI CNT
.//‘-_V =
ACt Mut
— 7
/"fﬁ sl
/z /

Another source of genomic DNA evaluated was Haexydto and
Eosin staining FFPE (H&E). Unlike unstained FFPEstdiogical
slides are often used for pathology evaluationeValuate the impact
of the staining on results reliability DNA was eadted from slide
obtained from the same donors. Genotype obtainedomenpared to
genotype obtained from unstained slides. In all@asconcordance
was observed and no impact on genotype analysisdwaso H&E
staining (Table 25). For these samples accuracyepehtability were
tested and all the acceptance criteria were met.
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6.2.2.3 Impact of different tumor percentage
(sensitivity test) and limited amount of material

An additional test has been performed in ordervauate the DxS
TheraScreen KRAS mutation kit sensitivity and taedmine the
minimum percentage of tumor tissue necessary &ctlatmutation.
For this purpose, each sample representing diffévenor percentage
was serially diluted to evaluate the impact of laeplification and to
test the assay sensitivity. Indeed, late amplifocatan be observed in
low quality-high fragmented DNA deriving from lorgjored FFPE
blocks.

First DNA from a mutated FFPE sample has beenatilutith DNA
from wild-type FFPE sample at different ratio tonmg real samples
with different tumor percentages (70, 35, 10, af€).5Then each
sample was analyzed as shown if Figure 52.

As expected the control amplification curve reslilstable among
samples (with €< 29 cycles), while the mutation amplification wer
shifted in function of the tumor percentage, detamng the increase
of the deltaCt value. Despite the increase of @GeNalue, the kit was
able to detect a mutation with tumor percentagerdimab%.

In addition, to evaluate the impact of limited m&te and late
amplification, each sample was then serially dduaed analyzed. An
example is reported in Figure 53 where the samfile 36% of tumor
was serially diluted down to 1.87 ng for each react
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Figure 52. KRAS mutation analysis results at different tumor perentage.A
Tumor FFPE DNA sample (~70% of tumor tissug)Tumor FFPE DNA sample
spiked in wild-type FFPE DNA sample at a ratio {B5% of tumor tissue)C
Tumor FFPE DNA sample spiked in wild-type FFPE DNample at a ratio 1:7
(~10% of tumor tissue)D Tumor FFPE DNA sample spiked in wild-type FFPE
DNA sample at a ratio 1:14 (~5% of tumor tissue).
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Figure 53.KRAS mutation analysis results at different sample diltions.

Tumor FFPE DNA sample spiked in wild-type FFPE DNa&mple at a ratio 1:1
(~35% of tumor tissue) loaded at different concmians: A 50 ng{l
(corresponding to 250ng/reactioB).12 ng{il (corresponding to 60ng/reactiold.3
ngiul (corresponding to 15ng/reaction)D 1.5 ng{l (corresponding to
7.5ng/reaction).E 0.75 ngfl (corresponding to 3.5ng/reactionf. 0.375 ngdl
(corresponding to 1.87ng/reaction).
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As result of the serial dilutions, both the ampthfion and the
mutation curves shifted towards late amplificationkile the deltaC
value resulted stable among dilutions.

Delay in the control amplification determines ar@ase in the assay
sensitivity. Results showed that the mutation fr&% tumor
percentage was not detected in samples with co@ttabher than 32,
and the mutation from 10% tumor percentage wasdetécted in
samples with control Ghigher than 34.

All results from sensitivity tests are reportedreble 26.
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Table 26. DxS TheraScreen KRAS sensitivity test cod 12/13.
Results are accurate till a 5% percentage of tuendrat 7.5ng of DNA sample for
each reaction.

sample 70% MUT | 35% MUT |10% MUT 5% MUT
concentration

(2C5t0 zr;glzrgfdion Mutated Mutated Mutated Mutated
?gtr;ggfgg;:tion Mutated Mutated Mutated Mutated
(1C5trj’3%/§i)0tion Mutated Mutated Mutated Mutated
ZC? gijfgez?ction Mutated Mutated Mutated Mutated
?CE; gg{;ia)\ction Mutated Mutated Mutated Wild-Type
(1sz73 z_gége)action Mutated Mutated | Wild-Type Wild-Type

Overall DNA obtained from unstained FFPE and fro&BHstained

FFPE slices resulted suitable for analysis. Thehotktresulted
sensitive enough to detect a mutation on sampletaicong at least
5% of tumor.

Reduction in assay sensitivity was evaluated to psup the

interpretation of results deriving from low quatiyghly fragmented
DNA. The present study provides a matrix in whighor percentage
and control amplification value were correlated. Aessults, low
guality samples with a late amplification contr@l ange 29-35) can
be assigned only if tumor percentage is higher tBa%. Samples
with low tumor percentage (< 35%) can be assigmdyg ibthe control

C: value is lower than 29 to exclude the risk oféategative results.

6.3  RNA expression analysis on Hair follicle
6.3.1 Collection, Storage and Extraction Method

The first step of the work was to establish an R&k#&action method
from hair follicles. Hair follicles are a non-comi®nal source of
nucleic acid that might provide useful informatias they can reflect
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biological response in epithelial tissue, they @asy to collect (non-
invasive), available from most individual.

In the literature there are some examples of ludlicle extraction by
TRIAZOL method but in order to improve yield andoal PCR
inhibitor, samples were extracted using bindingicatbased
membrane. This preliminary extraction was carried two donors
comparing two different methods: QiafeRNeasy Micro Kit and
Ambion RNAqueou’ Micro Kit.

For each donor four HFs were grasped with forcemsiammediately
extracted.

As shown in Figure 54, RNedsWMicro Kit Qiagerf showed better
quality RNA with a yield comparable to the TRIAZOMmethod
reported in the literature (Kim et al., 2006). Relyag the Ambion Kkit,
regardless of the high quantity of RNA quantifiedy b
spectrophotometer, electrophoresis analysis sholed extraction
yield and quality. Results are shown in Figure 54B.

Figure 54. Comparison of two kits for HFs RNA extration.
PanelA shows results obtained with Micro Kit provided bja@ar%FD while panelB

shows results obtained from RNAque%LMicro kit provided by Ambion. Quality
analysis shows an unexpected peak in Sample Ztedray Ambion kit.

A B
RNeasy Micro Kit Qiagen - Fresh Sample - RNAqueous Micro KitAmbion - Fresh Sample -
Kit . Total RNA | Total yield Kit . Total RNA | Total yield

Qiagen Follicle (ng/pl) RNA (ng) RIN Ambion Follicle (ng/pl) RNA (ng) RIN
Sample 1 4 16.3 163.2 8.9 Sample 1 4 87.6 875.9 7.9
Sample 2 3 6.13 61.3 8.3 Sample 2 4 25.7 256.8 6.5

Test 1Q Sample 2 Test 2A Sample 2
RIN: 8.30 RIN: 6.50

[Fu] . [Fu]
4
ZE} | Sj i
" | JUE e
0 - - 0 S SR i

— T T 7T T T T T 1T
25 200 4000 [nt] 25 200 4000 [nt]

For this reason Qiag&rRNeas§ Micro Kit was chosen for further
analysis.
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In order to apply gene expression analysis from Rsclinical
studies, it was important to evaluate a suitabfepta collection and
storage. For this reason, it has been tested actioth method to
stabilize biological samples.

The focus was to set up a simple but robust methatlallows HF
storage and maintenance of RNA integrity. Four fdiicles from the
same donors were grasped with forceps and incubaiied the
RNAlate® Tissue Collection solution which prevents RNA
degradation. Samples were maintained at 4°C ana tR&IA
extraction was performed after 5 days.

Qiagen extraction showed high quality RNA on bat#sh and frozen
tissue as their profile was comparable after Bibaes analysis
(Figure 55).

Figure 55. QC comparison between fresh HF and stodeHF obtained from
extraction by QIAGEN® kit.

(A) Bioanalyzer results of Fresh HF sam(8) Bioanalyzer results of stored HF
sample.
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RNA quality was not affected by storage proceduct tatal yield was
comparable to the one obtained from fresh follaseshown in Table

27.
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Table 27. Summary of data obtained from methods uskfor extraction.
The table above refers to yield and quality of bo#thod on fresh hair follicle. The
table belove reported data obtained from storedfbbicle.

Fresh . Total RNA | Total yield
Sample Follicle (ng/ul) RNA (ng) RIN
Sample 1
. 4 16.3 163.2 8.9
Qiagen
Sample 2
. 4 25.7 256.8 6.5
Ambion
Stored . Total RNA | Total yield
Sample Follicle (ng/pl) RNA (ng) RIN
Sample 1
. 4 235 2815 8.8
Qiagen
Sample 2
. 4 55.9 558.7 8.5
Ambion

In order to evaluate method reliability, an inceshsnumber of
samples was tested. In particular, 4 HF were daltedrom 23
individuals and stored in RNAlaféand maintained at -20°C until
extraction. Samples have been stored for a maxiofuiour weeks.
Yield obtained from samples was very variable: frarminimum of
4.03 ngil to a maximum of 99.95 ngl .

Inter-individual variability was also observed ilNR quality. Indeed,
RNA integrity number (RIN) ranged from 5.3 to 9Electrophoresis
profile showed a major degradation for those sampligh a low 18S
and 28S peaks.
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A complete summary of the total yield and the Bedgmer data is
reported in Figure 56.

Figure 56. Summary of data obtained to evaluate HFsinter-individual
variabilita.

(A) Summary of RNA extractions for all samples. Taielé reports the sample list,
total yield obtained and the number of HFs usedHerextraction.

(B) Summary of QC analysis obtained by Bioanalyzer.dach sample RIN value
is shown. The negative control (water) is alsouded.

A Total

) HF
Sample Yield Number
(ng)
Sample 1 97 4
Sample 2 775.1 4
Sample 3 1199.4 4
Sample 4 758.3 4
Sample 5 116 4
Sample 6 366.8 4
Sample 7 292.8 4
Sample 8 243.7 4
Sample 9 47.9 4
Sample 10 83.8 4
Sample 11 483.7 4
Sample 12 379.4 4
Sample 13 112 4
Sample 13b 91.9 1
Sample 14 539.5 4
Sample 15 177 4
Sample 16 305 4
Sample 17 230.3 4
Sample 18 71.6 4
Sample 19 63.4 4
Sample 20 241 4
Sample 21 44.3 4
Sample 22 1255 4
Sample 23 124.2 4
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6.3.2 Hair Follicle RNA Characterization

After the establishment of the collection, storaged extraction
method, RNA was tested to evaluate feasibility ehay expression
analysis.

For this reason, RNA extracted from 8 Hair Follicldonors was
reverse transcribed (20 ng for reaction). As prilary assay, the
expression level of housekeeping genes was evdluaseng the
TagMar? Endogenous Control Arrays.

As shown in Table 28 all genes resulted to be esgackin this type of
tissue. However for most of the genes Ct medium weag high near
to limit of detection.

Table 28. Results of TagMafi Endogenous Control Arrays.

Gene Symbol Ct range

18S 16-24
PGK1 28-30
ACTB 25-28

POLR2A 31-33
B2M 29-31

PPIA 28-29
GAPDH 28-30
RPLPO 27-29
GUSB 33-35
TBP 33-35
HMBS 33-35
TFRC 30-31
HPRT1 32-34
UBC 28-29
IPO8 32-34
YWHAZ 32-33

As second step, it was investigated the expressidissue specific
genes. To this purpose a literatures research waducted to select a
list of markers (see Table 7) which included:
- ubiquitously expressed gene$8% rRNA, interferon recepror
IFNARL andIFNAR2)
- genes expressed in blodeRAR1 andPRF1)
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- genes expressed in epithelial tissue6KR, KRT19, COL1A1,
MLANA)

The expression of all genes has then been testedtirea different
tissues:

- hair follicles as a source of unconventional sample

- human blood as a common source to conduct cliaitalyses

- human reference RNA constituted by a pool of séwt line

RNA and used as a positive control.

Based on previous analysis on housekeeping gemesgof total
RNA obtained from 4 HFs was chosen as starting ma&téor

analysis.

The Realtime PCR analyses showed that Formyl pepadeptor 1
(FPR1, involved in neutrophils activation) and PerfolifPRF1, one

of the main cytolytic proteins of cytolytic grang)egenes were indeed
detected in blood; while Epidermal Growth Factaregor EGFR),
Keratin 19 KRT19), Collagen (type I, alpha 1), Melan-A (codes for a
melanocyte differentiation antigen) were expressdg in HFs.

Table 29. Summary of tissue specific gene expressio

In the table gene specific for hair follicle aregtiighted in yellow while blood
specific gene in red.

- = Ctvalue undetected or > than 36; + = gezteaed with a Ct value < than 36.

Human Human Hair

Gene Reference Blood Follicles

+

+

18S
IFNAR1
IFNAR2
EGFR
KRT 19
COL1A1
MLANA
FPR1
PRF1

+
+

'+++++++

+ + 4+ + + o+ o+
1
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These results suggest that HF represents a valbadtegical source
to study pathways active in epithelial tissue.

In addition, to optimize and to evaluate analytipatformance of the
RealTime PCR method, 4 kits of reverse transcniptiave been
compared: the High Capacity cDNA Reverse Trangomptkit
(Applied Biosystems); High Capacity RNA-to-cDNA Mas Mix
(Applied Biosystems); QuantiTect Reverse Transompt kit
(QIAGEN); and the SuperScriptTM 1l Reverse Tranmstase
(Invitrogen).

For this scope, a pool of hair follicle RNA was d$60ng) andEGFR
and KTR19 genes were quantified. Results are summarizedabieT
30.

Table 30. Summary of data obtained from different nethods of reverse
transcription.

App. Bio. 1 =High Capacity cDNA Reverse Transcopti App. Bio. 2 =High
Capacity RNA-to-cDNA Master Mix; Qiagen=QuantiTecEverse Transcription;
Invitrogen=SuperScriptTM Ill Reverse Transcriptase.

: CV% -
Kit Gene Ct Average SADCH
Appl. Bio. 1 18S 10.52 -
Appl. Bio. 2 18S 9.65 -
Qiagen 18S 10.96 -
Invitrogen 18S 11.95 -
Appl. Bio. 1 EGFR 27.70 7.19
Appl. Bio. 2 EGFR 27.53 16.07
Qiagen EGFR 27.75 50.31
Invitrogen EGFR 27.27 63.86
Appl. Bio. 1 KRT19 30.56 7.57
Appl. Bio. 2 KRT19 29.78 22.18
Qiagen KRT19 30.16 25.50
Invitrogen KRT19 30.59 24.83

In this analysisl8S was used as housekeeping gene. Results showed
that among different protocols, the High CapacigN& Reverse
Transcription kit resulted more robust and reprdalec This method

was chosen for further analysis.
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6.3.3 Preliminary in vivo results

To evaluate if HF model can be informative, knowD farkers of
Interferon treatment were investigated aftevivo subministration of
Interferon-beta (IFN3) in Cynomolgus monkey. In particular, known
IFN-B responding genes such MgA were investigated in blood and
in HF.

Interferon Stimulated Genes (ISGs) are a diverseigof more than
300 genes that mediate the biological and therapetfects of IFN
stimulation.

Monkey HFs were grasped with forceps from the shody area at
different time points and stored on tubes contajiMNAlatef".

Anagen hair follicles (about 10) were selected ptioal microscope
and the RNA was extracted.

The extracted RNA had a total yield that rangedvbenh 90 and 435
ng RIN numbers that ranged between 3.1 and 7.2example of
results is shown Figure 57.

Figure 57. Example of Bioanalyzer analysis of RNA xracted from
Cynomolgus monkey hair follicles.
RIM: 8.40 RIM: 660

% 200 Yo [nt] 15 20 4000 k]

Even if RNA quality was very variable, it was pddeito perform
gene expression analysis using the interferon reipg geneMxA
(Mx1 Myxovirus resistance 1). The Housekeeping gene usé8S
Eukaryotic 18S ribosomal RNA. The analysis was cated on both
blood and HFs. In this experiment an IFN respondiysme was
chosen since its induction was expected to be préséoth tissues.
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After reverse transcription and RealTime PCR anmgly$MxA
expression level was normalized to #8S housekeeping gene (DCt).
Each sample was then normalized to the pre-dose ¢(ipDCt) and
expressed as “fold change” (2-DDCt).

Results are summarized in the following figure (Feg58).

Figure 58. Expression profile ofMxA gene after IFN stimulation.
MXA induction in blood and in Hair Follicles is compdr

20 MxA -200

—=
o

=150

10 =100

fold change HF
fold change Blood

Time (h)

== Whole Blood
== Hair Follicle

MxA induction was observed after exposure to IFXak®th in blood
and in HFs as expected.

Profiles from the two tissues differ for the timeeded to reach
maximum peak probably reflecting the IFN distriloati Moreover,
different degree of induction was observed.

Nevertheless, these results suggest that HF megihésent a valuable
biological source to study gene expression. Theylm use as non-
invasive collection to study molecular mechanisms eipithelial
tissues.
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7 CONCLUSION

The present research aimed at developing new gesdmased tools
using non-conventional biological samples that migdupport
biomarker investigations in clinical settings.

Methods developed were validated in accordance with fit-for-

purpose approach and Guidance for Industry encedraby

Regulatory Agencies.

Analytical methods developed focused on both DNAJ @&RNA

genomic biomarkers analysis; in particular singleicleotide
polymorphisms (SNP), mutations and gene expresanatyses were
evaluated.

SNP analysis was validated on DNA extracted fromnfadin-Fixed
Paraffin-Embedded (FFPE) tissue, from Hematoxylimd aEosin
(H&E) stained FFPE slides, and from serum samples.

First a panel of polymorphism assays was testegkf@nence samples
for accuracy and reproducibility. Moreover, con@nrde of genotype
between high quality DNA, extracted from fresh &nztissues, and
degraded DNA extracted from FFPE samples of theesgmmors was
demonstrated. In addition, it was shown that H&BEirshg did not
impact assay performance.

In conclusion FFPE and H&E FFPE could be a usedDBs\
unconventional source to investigate polymorphisins those
situations in which blood is not available.

A further effort was carried out to evaluate ifws®ercould be used as
alternative source of DNA for genotyping analyd&esults showed
that SNP analyses from serum are reliable but h fagure rate was

observed probably due to low quantity DNA extradhesn samples.

To overcome the problem whole genome amplificatias applied to

serum DNA. However the method did not result adeues allelic

drop out effect and change of allele were observed.
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Overall, the validation conducted showed that seconid be used as
source of biological material to conduct geneti@algses. However
limitation of DNA does not consent to perform agerpanel of

analysis. It has been considered that analysi®omeed in this thesis
were conduct on healthy volunteers. SNP analysiseoam could be
further explored in samples deriving from patiesiisce circulating

DNA is present at higher levels in several diseases

An additional study was conducted to validate twieecent methods
for KRAS mutation detection on FFPE tumor specimens anH&ia
stained FFPE which represent an unconventionalceoof samples
for this type of analysis.

In particular, the DxS ThreraScreen KRAS mutatioh based on
Real-Time PCR assay and the PyroMark KRAS Kit based
pyrosequencing technology were compared and vatidat

Results from validation showed that both Pyroseguenassay both
DxS ThreraScreen assay are accurate and reproeuoibl good
guality DNA and on unconventional samples. Foranse, no impact
of degraded DNA deriving from FFPE tissues or iefloe due to the
H&E staining was observed in both methods.

In conclusion PyroMark KRAS Kit showed advantageshsas lower
amount of DNA, detection of additional mutationsand.12/13 and
codon 61lthan DxS TheraScreen kit; on the other HayebMark
KRAS showed lower sensitivity and it is more tinesuming.

The experience gained through the establishmenthef KRAS
analysis, put solid bases for the evaluation ofaagdr panel of
mutations of interest in clinical trials.

The application of genomic markers in diagnosispgposis and
treatment could be useful to move towards a petg@tamedicine
which could improve patient outcome.
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Concerning RNA biomarkers, gene expression invastig on hair
follicles (HF) was evaluated to assess method egipility in clinical
trials. Hair follicles may offer a viable alternadi to study epithelial
tissue cancers since they can reflect their bicklgiesponse, they are
easy to collect (non-invasive) and available fromstrindividuals.
First a method for sample collection and RNA exioac was
established. Then, gene expression analysis wakuctad on a panel
of 16 housekeeping genes to assess the feasibilitye analysis. It
was shown that in HF it was possible to analyze gkpression of
epithelial specific genes not present in blood sstgg that HF
represents a valuable biological source to studhweys active in
epithelial tissues.

Finally, gene expression analysis was conductedaonn vivo
experiment to evaluate if a response to treatmemddoe observed in
anagen HFs. In particular, PD markers of Interfem@atment were
investigated aftem vivo subministration of Interferon-beta (IF)-in
Cynomolgus monkey. The expression of the known [Résponding
genes MxA resulted stimulated both in blood andHR. Gene
induction in blood was observed at 6 hours aftbnsnistration while
in HF at 24hours probably due to a different IgMistribution.

These data suggest that gene expression analyslsecearried out in
HF samples. However, it is important to highlighat in HF the
response had a lower degree of induction and higgr@ability than in
blood.

These preliminary results suggest that HF mightesgnt a non-
invasive valuable biological source to study molacmechanisms in
epithelial tissues. However this preliminary obsg¢ions need to be
further explored in pilot clinical studies to evala its applicability.

Overall the validation of different genomic anat/sn unconventional
samples opened the possibility to conduct biomarkerstigations on
several clinical trials conducted in the past or ptan new
investigations with non invasive methods.
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In addition, from the deep evaluation of the cutrguaidelines from
the Regulatory Agencies (and from the open debatthe field) a
proper strategy to validate genomic analytical yssaas designed
according to fit-for-purpose criteria.
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