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ABSTRACT

Several studies have shown that epigenetic meahanias microRNAs (miRs)
expression and gene methylation are involved incegnby regulating cell
proliferation, apoptosis and angiogenesis. Acca@iginepigenetic changes occur
from early stages and accumulate during cancerr@ssgpn, by contributing to
cancer development and progression.

Since tumour specific genetic and epigenetic ditara can be detected not only
in cancer tissues but also in circulating serurplasma cell-free DNA (cfDNA),
this method is considered promising for improvirapsnvasive cancer detection
and monitoring.

The present work includes three papers presengngtg and epigenetic changes
that could contribute to the identification of nean-invasive cancer biomarkers.
The aim of first work was to compare the statuKBAS mutation andSEPT9
methylation between the primary tumors and matgilasma samples in patients
affected by colorectal cancer (CRC).

KRAS mutations andSEPT9 promoter methylation resulted present in 34.1%
(29/85) and in 95.3% (81/85) of the primary tumtssue samples. Patients with
both genetic and epigenetic alterations in tisquexisnens (31.8%, 27/85) were
considered for further analyses on cfDNA. In 4 m@ign tumours withKRAS
mutations, identical mutations were not observedhm corresponding plasma
samples. The median methylation rate in tumouuéissand plasma samples was
64.5% (12.2-99.8%) and 14.5% (0-45.5%), respectivdlhe medianKRAS
mutation load (for matched mutations) was 33.6%-86%) in tissues and 4% (O-
17%) in plasma samples. A statistically significaatrelation was found between
tissue and plasm&EPT9 methylation rate (r=0.41, p=0.035), whereas no
association was found between tissue and plasR@AS mutation load (r=0.09,
p=0.65).

These data show a discrepancy in epigenetic vgrsistic alterations detectable
in cfDNA as markers for tumour detection. Many @astcould affect the mutant
cfDNA analysis including the sensitivity of the detion method and the presence
of tumour clonal heterogeneity.



GENETIC AND EPIGENETIC ALTERATIONS AS SERUM MARKERS FOR CANCER DETECTION Marco Benati

The second line of research has focused on patdietsted by epithelial ovarian
cancer (EOC).Serum levels of miR-199a and miR-125b were foundb&
significantly higher in EOC patients compared talttey controls (p=0.007 and
p=0.002, respectively). A statistically significacarrelation was found between
miR-199a and miR-125b expression levels (r=0.38).@3). The ROC curve
analysis of the diagnostic performance healthy controls and EOC patients
revealed that HE4 had a significantly higher araden the curve (AUCO0.90)
when compared to CA125 (AUC: 0)85miR-199a (AUC: 0.70) and miR-125b
(AUC: 0.67). Despite the low specificity, mainly in pre-menopalusvomen,
CA125 and HE4 seem to have better diagnostic pagnce compared to miRs
investigated.

The third line of research has focused on investigahuman endometrial cancer
(EC) the expression of miR-186, miR-222, miR-228 anR-204.

Serum levels of miR-186, miR-222 and miR-223 rexulsignificantly up-
regulated in patients compared to healthy conti(gs0.004, p=0.002 and
p<0.0001). Contrarily, miR-204 resulted signifidgndown-regulated in EC
patients compared to healthy controls (p<0.0001). pésitive significant
correlation was observed between miR-186 and ba®222 (r=0.71, p<0.0001)
and miR-223 (r=0.64, p<0.0001) as well also betweeR-222 and miR-223
(r=0.57, p<0.0001). The AUCs for the selected mi&sged from 0.70 to 0.87,
significantly higher than for CA125 (0.59).

Our results confirm that these miRs are implicate@C and hold promise as a
novel blood-based biomarker for the diagnosis.

In conclusion, our results indicate that circulgtimucleic acids are a potentially
promising source of tumor-specific biomarkers inigras affected by different
solid cancer. Accordingly, we have demonstrated sloane circulating tumour-
specific biomarkers can be detected at any timenguhe course of the disease
and once detected indicate that a tumour is prghaielsent.

The biggest challenge remains to standardize thbadelogies including sample
storage and DNA or miRs extraction to translate dhantitation of circulating
epigenetic biomarkers into a clinical routine f@ncer diagnosis and prognosis

prediction.
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RIASSUNTO

Recenti studi hanno dimostrato che cambiamentiesygtici, quali ad esempio
alterata espressione di microRNA (miR) o deregolazinella metilazione di
promotori, sono coinvolti nei processi di canceragg in quanto eventi chiave
nella regolazione del ciclo cellulare, nell'apoptosell'angiogenesi.

Le alterazioni epigenetiche sono eventi precocionsliluppo del tumore e
accompagnano l'intero processo di formazione netipia

E possibile studiare le alterazioni epigenetiche solo a livello tissutale, ma
anche nei liquidi biologici quali ad esempio il gae.

Lo studio di marcatori tumorali nel sangue pud essm potente strumento per
studiare la dinamicita tumorale, tuttavia, ad ogmpche molecole hanno una
sensibilita e specificita tali da essere usateargthtica clinica.

Il presente lavoro di tesi include tre studi vadill analizzare i cambiamenti
genetici ed epigenetici circolanti in pazienti #fela tumori solidi, al fine di
identificare nuovi biomarcatori diagnostici, misbitain modo non invasivo.

Nel primo studio abbiamo analizzato lo stato di amidne del gen&RASe lo
stato di metilazione del promotore del g&tEPT9in tessuto tumorale primario e
in campioni di plasma ottenuti da pazienti affddicancro al colon-retto (CRC).
Le mutazioni diKRAS sono risultate presenti nel 34.1% (29/85) dei damp
tissutali, mentre l'alterato stato di metilaziored gromotore del genSEPT9nel
95.3% (81/85).

| pazienti che presentavano entrambe le alteraZ®hi8%, 27/85) nel tessuto,
sono stati selezionati per analizzarne il plasma.

La mediana del tasso di metilazione nei tessutbraie nei campioni di plasma
e stata 64,5% (12,2-99,8%) e 14,5% (0-45,5%), tlisjaenente.

La mediana del carico di mutazione KIRASé stata del 33,6% (1,2-86%) nei
tessuti e del 4% (0-17%) nei campioni di plasmaa Dorrelazione statisticamente
significativa e stata osservata tra il tasso dilambne diSEPT9nel tessuto ed il
tasso di metilazione misurato nel plasma (r=0.44).@35), mentre non € stata
trovata alcuna associazione tra il carico mutazeodal geneKRASIn tessuto e
plasma (r=0.09, p=0.65).
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Questi dati mostrano una discrepanza nella rilétallelle alterazioni genetiche
ed epigenetiche nel plasma. Molti fattori possomituenzare I'analisi del DNA
circolante inclusa la sensibilita del metodo dievdzione e la presenza di
eterogeneita clonale della massa tumorale.

La seconda linea di ricerca ha riguardato il tunepieliale all'ovaio (EOC).

| livelli sierici di miR-199a e miR-125b sono risati significativamente piu
elevati nelle pazienti con tumore rispetto ai coltitrsani (p=0.007 e p=0.002,
rispettivamente). Una correlazione statisticamemignificativa, anche se
marginalmente, e stata trovata tra i livelli di egsione del miR-199a e miR-
125b (r=0.38, p=0.03). L'analisi della curva ROQyltax ad analizzare le
performance diagnostiche dei miR studiati, ha ateiche HE4 presenta un'area
sotto la curva significativamente piu alta (AUC9Q@) rispetto a quella del CA125
(AUC: 0.85), del miR-199a (AUC: 0.70) e del miR-b2AUC: 0.67).

Nonostante la bassa specificita, soprattutto milae in pre-menopausa, CA125
e HE4 sembrano quindi avere una migliore perforraasiagnostica rispetto ai
miR esaminati nel nostro studio.

La terza linea di ricerca ha riguardato lo studedi'espressione di 4 miR (miR-
186, miR-222, miR-223 e miR-204) nel siero di patieaffette da tumore
all'endometrio, al fine di analizzarne la performaiagnostica.

I livelli sierici di miR-186, miR-222 e miR-223 sorrisultati significativamente
piu alti (p=0.004, p=0.002 e p<0.0001) e l'espmssidi MiR-204 e risultata
significativamente piu bassa nelle donne affettenelaplasia rispetto ai controlli
sani (p<0.0001). E stata inoltre osservata unaelzmione statisticamente
significativa tra miR-186 e miR-222 (r=0.71, p<00Q) e tra miR-186 e miR-223
(r=0.64, p<0.0001), cosi come tra miR-222 e miR-223.57, p<0.0001). Le
AUC per i miR selezionati sono risultate signifigamente superiori a quella del
CA125.

| nostri risultati confermano che questi miR somplicati nella patogenesi del
cancro all'endometrio e potrebbero essere utiiizzane marcatori di diagnosi

precoce.

10
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| lavori condotti dal nostro gruppo di ricerca inegt'ambito, indicano che gli
acidi nucleici circolanti sono una fonte potenziahte promettente di
biomarcatori tumore-specifici in pazienti affett diverse forme di cancro.

Senza dubbio, il valore diagnostico di tali marcatpigenetici, in pannelli
multipli o in combinazione con biomarcatori tradizali, potrebbe essere

superiore a quello osservato per marcatori utitizzagolarmente.

11



GENETIC AND EPIGENETIC ALTERATIONS AS SERUM MARKERS FOR CANCER DETECTION Marco Benati

1. INTRODUCTION

1.1 Epigenetic and cancer

Cancer is a major public health problem in the &bhiStates and many other parts
of the world. The overall estimate of 1,658,370 neages is the equivalent of
more than 4,500 new cancer diagnoses each dayLk(2Q

Cancer is not a single disease, but a diverse gobupnditions that all share in
common an increase in cell numbers within partictissues.

The development of colorectal cancer (CRC), fomepia, is a multistep process
that involves an accumulation of mutations in tunsmppressor genes and
oncogenes. It has provided a useful model for ti@erstanding of the multistep
process of carcinogenesis, characterized by theugdien of various cellular
processes through the damage of their control nmesing(2).

These are mainly faulty DNA repair system, dysfioral cell cycle checkpoints
leading to excessive cell proliferation, the fa@lusf apoptosis, loss of contact
inhibition, and cellular migration into other tigguto form distant metastases.
Hanahan et al. in 200038) proposed that six hallmarks of cancer together
constitute an organizing principle that provides lagical framework for
understanding the remarkable diversity of neoptatiseases. These six hallmarks
were: sustaining proliferative signalling, evadiggopwth suppressors, activating
invasion and metastasis, enabling replicative intality, angiogenesis and
resisting cell death.

Implicit in their discussion was the notion that asrmal cells evolve
progressively to a neoplastic state, they acquisai@ession of these hallmark
capabilities, and that the multistep process of dnutumor pathogenesis could be
rationalized by the need of incipient cancer calscquire the traits that enable
them to become tumorigenic and ultimately malignant

It has long been accepted that genetic alterateams cause cancer, however,
throughout the last decades the importance of aptgechanges in initiation and
progression of cancer has been widely acknowledfed.genetic and epigenetic

processes seem to be interconnected in drivingdlielopment of tumours.

12
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The cancer stem cell hypothesis was first propd€e®l years ago. Cell surface
marker expression analysis indicates that cellsunfours can be sorted into a
major and a minor population, where the latter tanss less than 1% of the
cells in the tumou(4). The cells of the minor population display seveailities
which resemble those of stem cells, for exangglé-renewal and differentiation,
both crucial properties in driving malignancy. Selhewal drives tumorigenesis,
whereas differentiation contributes to the hetenegg phenotype of the tumours.
Because stem cells have an unlimited ability tdifemate, it is likely that the
tumorigenic cancer stem cells are the drivers dfistep tumorigenesib).
However, accumulating evidence in the recent yeadscate that tumor cell
heterogeneity is in part due to significant conttibn of ‘epigenetic’ alterations
in cancer cellg6-8). Consequently, it is now becoming apparent thagespatic
plasticity together with genetic lesions drives turprogression, and that cancer
is the manifestation of both genetic and epigemabdifications.

Genetic information of an organism is encoded ire tBNA sequence.
“Epigenetics” refers tohe regulation of gene expression through certaenucal
changes such as DNA methylation or histone modiboa or the function of
noncoding RNAs, without involving mutational chasge DNA sequencg9).

The term “epigenetics” was coined by Conrad Waddingn 1942 (10)and
initially taken to describe the discipline in bigipthat studies “the interactions of
genes with their environment that bring the phepetynto being” (11).

In 2009, a more complete definition proposed tlzat épigenetic trait is a stably
heritable phenotype resulting from changes in ammsome without alterations
in the DNA sequence” (12). In fact, all cells oE@amplex multicellular organism
contain the same genetic information but duringettgyment, each single cell
differentiates into a specific phenotype withouy ananges in DNA sequence.
This feature of epigenetics implies that the accyia epigenetic modifications is
vital for maintaining the genome integrity and thell phenotype. Aberrant
epigenetic modifications are associated with ddifer heritable (for example
imprinting disorders and some cancers) and nortaidel diseases (for example
most cancer types). Indeed, epigenetics contribtbeshe understanding of

mechanisms underlying different diseases for wigiehetic mutations are not the

13
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only cause. Among the possible epigenetic modiboat DNA methylation,
histone modifications and microRNAs (miRs) expressare the most intensively
studied by epigenetic researchers for unravelllmgrtrole in gene expression
regulation and their involvement in diseases.

Historically, the epigenetics was used to desaibbiological phenomena that do
not follow normal genetic rules. Nowadays, the fieldepigenetics is considered
as one of the most rapidly expanding fields of nmod®ology that has enormous
influences on the understanding of biological pmeeoa and diseases, including
cancer.

Recent work suggests that the global epigenetiogd®in cancer may involve
the dysregulation of hundreds of genes during tigeaesis (13).

The mechanism by which a tumor cell accumulate$ suidespread epigenetic
abnormalities during cancer development is stilt mally understood. The
selective advantage of these epimutations duringptuprogression is possible,
but it is unlikely that the multitude of epigenetlterations that reside in a cancer
epigenome occur in a random fashion and then adetennside the tumor due to
clonal selection. A more plausible explanation wiolié that the accumulation of
such global epigenomic abnormalities arises froitiainalterations in the central
epigenetic control machinery, which occur at a veayly stage of neoplastic
evolution. Such initiating events can predisposmadu cells to gain further
epimutations during tumor progression in a fashsionilar to accumulation of the
genetic alterations that occurs following defeatsONA repair machinery in
cancer. The “cancer stem cell” model suggeststh®epigenetic changes, which
occur in normal stem or progenitor cells, are thei@st events in cancer initiation
(14).

Since epigenetic mechanisms are central to maintenaf stem cell identity (15),
it is reasonable to speculate that their disruptiway give rise to a high-risk
aberrant progenitor cell population that can unddrgnsformation with gain of
subsequent genetic mutations. Such epigeneticpdisns can lead to an overall
increase in number of progenitor cells along withigcrease in their ability to
maintain their stem cell state, forming a high-r@kostrate population that can

readily become neoplastic on gain of additionalegemmutations.

14
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Moreover, genetic and epigenetic mechanisms aresepdrate events in cancer;
they can intertwine and take advantage of eachr odlueing tumorigenesis.
Alteration in epigenetic mechanisms can lead toejemmutations, and genetic

mutations in epigenetic regulators lead to an edt@pigenomé€L6).

1.2 DNA methylation

DNA methylation is a widely used epigenetic contr@chanism in cellEl7) and

it is associated with the silencing of repetitived acentromeric sequences and

transposable elements throughout the genome, dsasv@ genomic imprinting

and X-chromosome inactivation (dosage compensatibnman femaleg)18).

DNA methylation is involved in the control of genmmmprinting, which is an

epigenetic form of gene regulation whereby a gengemomic domain can be

biochemically marked with information about its @atial origin.Methylation of

cytosine (C) in CpG repeat-rich elements is consi¢o be the one of the most

important epigenetic traits in the regulation o&nscriptional repression in

mammals (19).

In normal tissue the methylation of particular sulups of CpG island promoters

can be detected. Impacts on gene transcriptiontdU2NA methylation may

occur in two different ways:

1. The binding of transcriptional proteins to the gemey be physically impeded
by DNA methylation(20)

2. More importantly, methyl-CpG-binding domain proteifviBDs) may bind to
methylated DNA(21)

Jin et al. proposed a direct and simple mechanisrrdnscriptional regulation by

DNA methylation. They showed in their work thatea#td affinity/stability

between Tfs (Trascription Factors) and DNA elements caused DMA

methylation (particularly by non-CpG methylatiogncserve as a direct source

for fine tuning of gene expressi@22).

DNA methylation is also influenced by histone mamifions(23).

After MDBs binding, they are recruited more proteins to tiei$ such as histone

deacetylases and other chromatin remodelling pretefhe ATP-dependent

15
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chromatin assembly factorACF), for example, is a dimeric motor that spaces
nucleosomes to promote formation of silent chrom@).

These proteins can also recruit histone modifyingymes that alter nearby
chromatin.

Aberrant patterns of DNA methylation may cause 6mect” gene expression of
certain genes, and in cancer, aberrant methylation, as veall both

hypomethylation and hypermethylation, have beernesl.

1.2.1 Molecular mechanism of methylation genes

The existence of methyl-modified cytosine (5mChature was first discovered
in 1925 byJohnson and Coghill, as a structural unit of ngchaids isolated from
tubercle bacillus, as anticipated by Wheeler arithdon, the first to synthesize 5-
methyl-cytosine in 1904. More than two decadesraltehnson and Coghill's
discovery, Wyatt showed that 5mC occurred in theeia acids of higher animals
and plantq25). Cytosine methylation in vertebrates occurs predantiy at CG
dinucleotide sequences (26), termed CpG sitg@damily of proteins, known as
the DNA methyltransferase®NMTS9, catalyzes the transfer of a methyl group
from S-adenosylmethionine to a cytosine resi@2e).

Four knownDNMT proteins exist in mammal®nmt1(28), Dnmt3A/B(29), and
Dnmt3I(30).

Work by Bessman et al. in 1958 characterizing threetion of DNA polymerase
showed that the enzyme cannot distinguish betwden methylated and
unmethylated cytosine nucleoti@l) prompting the possibility for the existence
of a methyltransferase responsible for propagd@am@ through DNA replication.
Dnmtl was originally reported by Bestor et al. (IZ2))imt1 contains proliferating
cell nuclear antigenRCNA-binding and replication foci targeting sequence
(RFTS domains, which are thought to contribute to nenance methylation
during replication. (33).

Dnmtlalso shows a preference for hemi-methylated DNAvlich one strand is
methylated, although it has de novo DNA methyltfarase activity (34). This set
of features is the reason why Dnmtl is often refitrto as the ‘maintenance

methyltransferase’.

16
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Dntm3aandDnmt3bare responsible for the de novo methylation of ettnylated
DNA (35) and have both overlapping and disparateADdé¢quence affinities.
Although somatic tissues show very little expressaf Dnmt3a or Dnmt3h
Dnmt3ais ubiquitously expressed throughout the early rgmlwhile Dnmt3b
expression is specific to the forebrain and ey&smt3b isoforms can act as
accessory proteins thatteract with catalytically active enzymes to réagdish
DNA methylation and could be one of many key fastfmr initiation of de novo
DNA methylation during tumorigenes{86), while Dnmt3a has been shown to
methylate all CpGs regardless of genomic conteky (3
Dnmt3aandDnmt3bseem also to play a role in methylation maintera@rly
knockout studies showed that embryonic stem catikihgDnmt3aandDnmt3b
enzymes lose nearly all 5mC over progressive cdeiions, indicatingDnmtlis
insufficient to fully maintain 5mC (38).

Dnmt3 has no active methylase domain but seemdatp @ role in ensuring
proper methylation of imprinted loci and transpdeablements through the
interaction withDnmt3aandDnmt3b

More recentlyDnmt3btogether withDnmt3ahave been shown to be responsible

for CpG and non-CpG methylation in oocy(83).

1.2.2 DNA methylation and cancer

The function of tumor suppressors is often lostancers, enabling uncontrolled
cell proliferation, division and growth. In additido alterations in the genome
tumor suppressor genes can also be silenced byopgomNA hypermethylation
(39).

The majority of primary tumors show tissue-specifiains of methylation as
compared to their normal counterpa#§).

However, the mechanism of cancer-associated hygleylagon remains unclear.
One possibility is that aberrant CpG island hypehylation in cancer occurs
through the interaction of increas®dNMTs and oncogenic transcription factors
(41-42).An analysis comparing normahd cancer cell lines also showed that the
presence of stalled or active RNA polymerase imabrcells predicts resistance

to aberrant hypermethylation in cancer cél3).
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Thirty years ago, the first epigenetic change ole®in cancer was loss of pattern
methylation.

Hypermethylation in cancer has been suggesteddar ac hight frequency at the
CPG islands in the promotors regiqdd).

Another epigenetic process was global DNA hypomation.

Hypomethylation is a process that reduces the radtby level of proto-
oncogenes in the cell. Some studies have found that large variety of
hypomethylated tumour samples, the changes in ¢heare not only correlated
with altered methylation patterns but also withré@ased tumour progressifb).
Global DNA hypomethylation has been detected inousr types of cancer such
as breast46), colorectal(47), ovarian(48).

Hypomethylation has been located to the intergarigion associated with higher
expression of repetitive DNA sequenc¢49).

Consequently, particular DNA hypomethylations arkedd to cancer initiation.
Tumour cells also exhibit hypomethylation of Cp@utileotides in various DNA
regions that are responsible for increased genession, invasion and metastasis

of cancer cells.

1.2.3 Methods for DNA methylation analysis

The appropriate approach for analysis of DNA mettigh depends upon the
goals of the study.

The earliest studies on DNA methylation were airmedetermining the overall
levels of 5-methylcytosines in the genome by hygliolg DNA chemically and
quantifying the hydrolysed products by high perfanoe liquid chromatography
(HPLC) (50).

DNA hydrolysis can be carried out by incubation hwitbormic acid at high
temperature.

However, Catania et af51) suggested the use of hydrofluoric acid for chaic
hydrolysis of DNA to prevent deamination of cytasiand methylcytosine, which
often occurs with formic acid.

In any case, enzymatic hydrolysis of the DNA isarted to be a better alternative
for quantifying the degree of DNA methylati@?).
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Resulting deoxyribonucleosides are subsequentlaraggdd by HPLC, and the
methylcytosine levels are quantified by comparihg telative absorbance of
cytosine and methylcytosine at 254 nm in the samyille external standards of
known bases.

A major advance in DNA methylation analysis was diegelopment of a method
for sodium bisulfite modification of DNA to convednmethylated cytosines to
uracil, leaving methylated cytosines unchanged.

This allows one to distinguish methylated from utimkated DNA via PCR
amplification and analysis of the PCR products. ibmrPCR amplification,
unmethylated cytosines amplify as thymine and nlathg cytosines amplify as
cytosine.

Methylation-specific PCR(53), is one of the most effective choices for
investigating the methylation profile of these cets.

It is an application of bisulfite sequencing methé@r a sequence in a gene
containing CpGs, the allele on which those CpGsnaethylated and another on
which those CpGs are unmethylated should give rdiffesequences after bisulfite
modification.

When a primers set that are complementary to tlpgesee with methylated
CpGs, but are not complementary to the originalgme sequence with
unmethylated CpGs, is used for PCR, only the sempéallele) with methylated
CpGs should be amplified. The same is true for ghmer pair specific for
sequence with unmethylated CpGs.

An other assay is the LUMA (luminometric methylaticassay) technique,
published by Karimi and colleagues in 2006 (54)tiizes a combination of two
DNA restriction digest reactions performed in pllaland subsequent
pyrosequencing reactions to fill-in the protrudiegds of the digested DNA
strands. One digestion reaction is performed vhth €pG methylation-sensitive
enzyme Hpall; while the parallel reaction uses thethylation-insensitive
enzyme Mspl, which will cut at all CCGG sites.

The enzyme EcoRl is included in both reactionsram#ernal control. Both Mspl
and Hpall generate 5-CG overhangs after DNA clgayvavhereas EcoRI

produces 5-AATT overhangs, which are then filled with the subsequent
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pyrosequencing-based extension assay. Essentthly,measured light signal
calculated as the Hpall/Mspl ratio is proportiot@ithe amount of unmethylated
DNA present in the sample. As the sequence of ntides that are added in
pyrosequencing reaction is known, the specificityhe method is very high and
the variability is low, which is essential for thketection of small changes in
global methylation. LUMA requires only a relativedynall amount of DNA (250—
500 ng), demonstrates little variability and has lenefit of an internal control to
account for variability in the amount of DNA inpudowever, high quality DNA
IS essential to ensure that complete enzymatic sd@e occurs, and the
polymerase extension assay requires a pyrosequemenhine and reagents.
WGBS (BS-seq; MethylC-seq) theoretically coverstladi C information (55). In
this method, genomic DNA is purified and shearedo ifragments. The
fragmented DNAs are end-repaired; adenine basesdided to the 3 end (A-
tailing) of the DNA fragments, and methylated aeaptare ligated to the DNA
fragments (56). The DNA fragments are size-selettefibre sodium bisulfite
treatment and PCR amplification, and the resullimgry is sequenced. It should
be noted that a high number of PCR cycles and nogpiate selection of a uracil-
insensitive DNA polymerase may result in an ov@resentation in the
methylated DNA data (57). Starting with sufficieggnomic DNA may avoid a
loss of information from regions of interest angeamplification.

The major advantage of WGBS is its ability to assém® methylation state of
nearly every CpG site, including low- CpG-densiggions, such as intergenic
‘gene deserts’, partially methylated domains arstlaiiregulatory elements. It can
also determine absolute DNA methylation level aenkeal methylation sequence

context.

1.3 Histone modifications

Chromatin is the higher order of organization ofn@mic information.
Nucleosome constitutes its basic unit, which is posed by a histone octamic

protein core.
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The structure of the nucleosome core is relativielyariant from yeast to
metazoang58) and includes a 147 bp segment of DNA and teoies each of
four core histone proteins.

Chromatin proteins function as building blocks tckage eukaryotic DNA into
higher order chromatin fibers. Each nucleosome encompassietramer of 2
histone 2A (H2A) and 2 histone 2B (H2B) molecul#anked by H3 and H4
dimers. The histone proteins coordinate the chahgaseen tightly packed DNA
(heterochromatin) that is inaccessible to transiomp and exposed DNA
(euchromatin) that is available for binding to semption and regulation of
transcription factorgs9).

Histone proteins contain a globular C-terminal domand an unstructured N-
terminal tail

The N-terminal tails can undergo a variety of poabslational covalent
modifications including acetylation, methylatiorhgsphorylation, ubiquitination
and ADP ribosylation on specific residues, the msstdied of which are
acetylation and methylation of specific lysine desis on histones H3 and H4
(60).

About 30 short chains of amino acids protrude frtbwn histones. These ‘histone
tails’ are subjected to various postanslational modifications, which form a
‘histone code’. By defining the accessibility oftkranscription machinery to
genes and gating the accessibility of the genomethier machineries, such as
repair and DNA replication, the ‘histone code™ datgs chromatin function and
thus determines gene expression patterns. Witleirhistone tails, lysine (K) and
arginine (R) residues are the major sites of maalifons. Reversible acetylation
and methylation of the basic side chains of thesea acids are commgp1l).
Histone acetylation was the first histone modifmat described and
hyperacetylatechistones were early associated with open chronfatimation
and transcriptional activatidi62).

Histone tails have a large number of lysine resdwehich act as target for
histone acetyltransferaselAT9 and histone deacetylasdsOYACS. Both hyper
and hypo histone acetylation of individual lysinare associated with
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trascriptional state. Histone acetylation can e#éctranscription by causing a
confirmation change of nucleosome core, allowingeater accessibility of DNA.
The attachment of acetyl groups to lysine residyjoes along with two functional
consequences. First, the positive charge of phygicdlly protonatec-amino
groups is abolished, resulting in altered elecatostas well as steric properties of
the affected protein region. Second, acetylatiorvese as a mark for distinct
“reader” domains, which comprise specialized teytiastructures (e.g.,
bromodomains) in proteins that undergo a seledtiteraction with acetylated
lysines(63).

Upon acetylation, local affinity of the modified skone protein to negatively
charged DNA is decreased, resulting in a less ams®te chromatin structure and
in exposure of promoter sites. As a consequentieeaincreased accessibility, the
DNA globally becomes more prone to access of thastriptional machinery
(64).

On the other hand, acetylation of histones caradittproteins to elongated
chromatin that has been marked by acetyl grougerf@smodifications serving as
a signalling platform to recruit or occlude effacfroteins.(65). These factors
specifically recognize modifications via unique dons. They possess enzymatic
activities such as remodelling ATPases and follgwtheir binding they can

further modify chromatin.

1.3.1 Histone acetylation and diseases

Acetylated histones represent a type of epigenetarker within chromatin.
Modifications of histones cannot only cause secondauctural changes at their
specific points but can also cause structural ceamgdistant locations which can
also affect function.

Aberrant acetylation levels have been connectedh witdiversity of disease
phenotypes including cancer, neurological disordewsd cardiovascular and
metabolic malignancig$6-68).

Dysfunction ofHDAC enzymes has been linked with a variety of humaeadiss,
because the reversal of acetylation BPACs correlates with transcriptional

repressionHDACSs can regulate diverse cellular functions, includoell cycle
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progression, survival, proliferatiqe9-70)and alsachanges in histone acetylation
have been reported to associate with inflammgfd).

For example Nitric OxideNO) plays an important role in a variety of physiatog
and pathophysiologic processes in multiple tissasspflammation processlO

is a dual regulator of inflammation, contributirigviasodilation and cell activation
as well as trocesses involved in the resolution of inflammatio

The interaction ofHDAC isoforms andNF-kB proteins to alter acetylation
provides the potential to fine-tune the expressibiNOS and other downstream
target genes contributing to inflammatory resporigas

Because these are ubiquitously expressed and ewalv cell proliferation and
survival, aberrations in their gene expression hiagen implicated in a wide
range of cancerdilDAC1-HDAC3genes are over-expressed in ovarian cancer
tissues and probably have a significant role inri@vacarcinogenesi§’3); these
HDAC isoforms are also highly expressed in Hodgkin’smipypoma (HL).
However, decreaseddDAC1 expression is accompanied by worse outcome in HL
(74). Over-expression oHDAC1 has also been reported in prostate and gastric
cancers (75)while contrastingly, under-expression was repoitedolorectal
cancer (76).

Because of the broad acceptance of substrategnéisicetyltransferases and
deacetylases are hence often referred to as |gsiegy/ltransferasekKAT9 and
lysine deacetylase&KDACSY, respectively (77).

Lysine acetylation of histone and non-histone pnsteare generally linked to
activation of transcriptional activity and theredoaffects pivotal physiological
processes within an organism. As a consequence isfegulated acetylase
activity, the manifestation and progression of aertmalignancy phenotypes
correlates with pathological aberrations of thety@agon equilibrium. This could
be either due to altered activity of the respomsérizymes or because of changes
in their expression levels. The role of distifCAT subtypes in diseases like
cancer, neurodegenerative disorders, viral andspi@ranfections, inflammation,
and metabolic and cardiovascular malignancies hdeen extensively
investigated78-79).
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CREB-binding protein (CBPand p300 are highly conserved and functionally
related transcription coactivators and histonefinotacetyltransferases and
involved in multiple cellular processes.

In human cancer, spontaneously occurring mutaiiotise P300 gene, that acts as
a crucial element in the eukaryotic gene regulanetwork was shown to be
regulated by phosphorylation, which greatly reduteBAT activity (80-81).

This reinforce the idea that indicaR300/CBP (PCAF)activity can be under
abnormal control in human diseaparticularly in cancer, which may inactivate a
p300/CBP tumor-suppressor-like activiB2).

p300andCBP seem to have a dual role in oncogenesis; theyeagither friends
or foes. On the one hand, genetic studies show ttlet can act as tumor
suppressors, a<BP and p300null chimeric mice develop hematological
malignancies. (83-84).

In addition tohistone proteindfi DACshave many non-histone protein substrates,
including p53 andSTAT which are important transcription factors regualgtthe
expression of a large number of ge(ts).

P53 acts as a tumor suppressor protein by inhibitelyaycle progression and S-
phase entry. Several reports have been shown teaglaion of the C-terminal
regulatory domain is involved in regulating acymitf p53(86).

Acetylation of this site is observed after DNA daya#n vivo, inducedp53 and
caused cell cycle arrest or apoptosis; therefover expression oPCAF can

cause growth arre§87).

1.3.2 Methods for histone acetylation analysis

Antibody-based techniques such as western blottiage been extensively
adopted to characterize histones. However, antitb@dgd approaches are limited
for the following reasons: I) they can only confithe presence of a modification
and cannot identify unknown histone post-transtationodifications PTM9); I1)
they are biased due to the presence of co-existiatks, which can influence
binding affinity; Ill) they cannot identify combit@rial marks, as only very few
antibodies are available for such purpose and ey tcross-react between highly

similar histone variants or simil@®TMs (e.g, di- and trimethylation of lysine
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residues). Egelhofer et.aescribed that more than 25% of commercial antésod
fail specificity tests by dot blot or western blaind among specific antibodies
more than 20% fail in chromatin immunoprecipitatexperiments (88).

Mass spectrometry (MS) is currently the most silgtamalytical tool to study
novel and/or combinatorid?TMs and it has been extensively implemented for
histone proteing9).

This is mostly due to high sensitivity and massuaacy of MS, and the
possibility to perform large-scale analyses.

A different method to analyze the chromatin is thehromatin
immunoprecipitation (ChIP). This involves crossiimk of the protein—-DNA
complex within an intact cell using crosslinkingeats, such as formaldehyde.
The DNA is then sheared to smaller piece$@0 bp) by sonication or nuclease
digestion. The sheared protein-bound DNA is themimoprecipitated using a
highly specific Ab against the protein. An aliquaft the sheared DNA before
immunoprecipitation is used as a reference sanipie.protein-DNA complexes
from reference and ChIP samples are then revemssslotked. The DNA is
purified and enrichment of ChiP-ed DNA over theerehce sample can be
analyzed using a number of techniques, such adtitateve PCR, sequencing or
microarray(90). Although ChIP has been widely used in other maystems,
there are only a few labs that have successfulgd UShIP in Caenorhabditis
elegang9l).

1.4 MicroRNAs

MicroRNAs (miRNAs) are endogenous, non-coding RNAsat are ~22
nucleotides in length. MiRNAs control gene expressby binding to target
MRNAs leading to their degradation or repressiotrasislation(92).

MiRNA biogenesis begins in the nucleus where they teanscribed byRNA
polymerase II(RNA Pol I) as long transcripts known as primary miRNA (pri-
mMIiRNA) (93). Like mRNAs, pri-miRNAs are poly-adenylated at tBieend and
carry a 7-methyl-guanosine cap at therxd(94).
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Pri-miRNA is cleaved by th&Nase Il enzyme Droshato a shorter (<100 bp)
transcript known as the precursor miRNA (pre-miRNAMposed of a stem-loop
structure which encodes the mature miRNA sequentieei stem(95).

The export receptor Exportin-5 (Exp5) binds to prdRNA and exports it from
the nucleus into the cytoplas(@6). Once in the cytoplasm, the terminal base
pairs and loop of the pre-miRNA are cleaved offamotherRNase Il enzyme,
Dicer. This cleavage leaves a small double stranded R&fé&rred to as the
MIRNA:MIRNA* duplex(97).

One strand of this duplex forms the mature miRNA @nincorporated into the
RNA-induced silencing complexR(SQ. The RISCis a ribonucleoprotein that
contains the mature miRNA and an Argonadteg) protein which is believed to
be responsible for translational repression (98).

The resultant complex between mature miRNA and RtSdenominated miRSC.
In mammals, selection of the guide strand is dectddy thermodynamic stability,
the less stable strand at the 5° end has more lgfitp@f being incorporated into
the RISC the remaining strandmiRNA*-passenger strand) is excluded and
generally degrade(®9).

However, miRNA sequencing data, demonstrate thatge number of miRNA*
are not degraded and are expressed in similar otatens to their
corresponding guide straQtio0).

Once the mature miRNA is incorporated into REC this complex inhibits the
translation of target mMRNA through 1) mRNA cleav&janRNA destabilization or
3) translational repression (101

Identification of mIRNA targets has been difficbkcause only the seed sequence
(about 6-8 bases) of the approximately 22 nuclestialigns perfectly with the
target mRNA'’s 3 untranslated regi¢tD2).

Bioinformatics approaches can identified putati@egéts for particular miRNAs
through analysis of the miRNA seed sequen¢E33) however, these miRNAs
need to be assayed in vitro or in vivo to deterniileey truly affect the proposed
MRNA. Once a sequence has been determined to beigaeumiRNA, the

miRBase registry assigns a name according to egigfilidelineg104).
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In the database, a sequence of 3 or 4 lettersradsig the species (e.g., “hsa” for
Homo sapiens); however, this prefix is usually ¢reg in the literature. The core
of the miRNA name is the designation “miR” (dengtia mature sequence)
followed by a sequentially assigned unique idemtgynumber. Lettered suffixes
are added to miRs that differ by only 1 or 2 bggeg., miR-10b), and numbered
suffixes are assigned to miRs that have the sapgesee but are derived from
different primary transcriptsA suffix of 5p or 3p is given when mature miRNAs

are derived from the 5 arm or the 3 arm, respelstj\of the precursor miRNA.

1.4.1 MicroRNAs and cancer

Epigenetic profiling of miRNAs has revealed newighss into the altered
epigenetic regulation of these molecules in distaseluding cancer.

Therefore, it is not surprising that studies haaentl miRNAs to be involved in many
cellular processes including development, cell ifexdtion, apoptosis, fat
metabolism, and cell differentiatiof@5).

Cancer in particular has been a major focus of oRBIA research over the past
decade, and many studies have demonstrated thetanpe of microRNAS in
cancer biology through controlling expression dditharget mRNAs to facilitate
tumor growth, invasion, angiogenesis, and immurasiew (106).

For almost three decades, carcinogenesis has besgrarity attributed to
abnormalities in oncogenes and tumor-suppressimgsgdt is now recognized
that miRNA also have a primary role in cancer omrset progression. Oncomir is
the term used to describe an miRNA involved in eanc

With such widespread regulatory functions in gerpression and key roles in
cancer associated cellular processes, the rolesRIflAs in cancer are now being
extensively explored.

Abnormal miRNA expression in malignant cells congahwith normal cells are
often attributed to alterations in genomic miRNApgonumbers and gene
locations (amplification, deletion or translocadion

The earliest discovery of miRNA gene locatdmange is the loss ofiR-15a/16-
1 cluster gene at chromosome 13ql4, which is fretyabserved in B-cell

chronic lymphocytic leukemia patien(ts07).
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This microRNA deletion was shown to act at leagtant through allowing higher
expression of themiR-15/16 anti-apoptotic target B-cell lymphoma BEL2).
Since then it has been documented that microRNAs hales in all of the cancer
hall-marks defined by Hanahan and Weinberg (108}, are implicated in the
clinical management of cancers at every stage.

Although many specific examples have been reported;oRNA functions fall
into two broad major functional categories: (i) hemstatic regulation of gene
expression, througffine-tuning’ of translation according to cellulegquirements;
and (ii) robustness in cellular responses, whicimigortant in cell fate decisions
in which groups of microRNAs can dictate the celiuifferentiation state, acting
as ‘locks’ to maintain cell identity, often via cptex reciprocal negative-
feedback loop$109).

MiRNAs discovery led to a worldwide research efftortestablish their roles in
cancer. MiRNAs regulate molecular pathways in carme targeting various
oncogenes and tumour suppressors, and have amratancer and stem cell
biology, angiogenesis, the epithelial-mesenchymanhsition, metastasis, and
drug resistance. For example tle-7 miRNA family has a role in cancer by
negatively regulatingRAS(110).

O’Donnell et al.(111) discovered that-Myc frequently upregulated in many
malignancies to regulate cell proliferation and @peis, activates the
transcription of oncogenic miR-17-92 cluster thiodmgnding to E-box elements
in miR-17-92promoter. Consistent with its oncogenic role, ceMyso represses
transcriptional activity of tumor suppressive miR&NAuch asnir-15a, miR-26,
miR-29, mir-30andlet-7 families.

In recent years, studies on miRNAs, especially targe scale using microarrays,
have provided a more comprehensive picture on olee of abnormal miRNA
expression in neoplasia ()12

Recently, a number of onco-miRNAs such as miR-R+i6H5, and miR-21 have
been shown to be implicated in cancer therapeugspanse, inducing
chemoresistance by modulating the expression dbtaeEe-associated genes
(113-114).
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Wang et al. has identified in plasma, microRNA pesf (miR-21, miR-27a and
miR-21§ for primary resistance t&GFR-TKIsin advanced lung cancer with
EGFR activating mutation (115).

Further studies are demanded in order to use miMAoRBrofiles as diagnostic

markers and conduct microRNA-based therapies imcdi practice.

1.4.2 Methods for analysis of miRNAs

The first step in gPCR of miRNAs is the accuratd aompleteconversion of
RNA into complementary DNA (cDNA) by reverse trangton. However, this
step is challenging as:

i. the template has a limited length (22 nt);

i. there is no common sequence feature to use foretiiehment and

amplification of miRNAs;

ii. the mature miRNA sequence is present in pre- amgtikmiRNAS.

A range of techniques have been developed to owercthe challenges of

mMiRNA profiling, as gPCR assay, miRNA array, RNAyse

Quantitative PCR miRNA assay

One of the most popular techniques for validatimgl accurately quantifying
mMIiRNAs is quantitative real time PCR (QPCR). As Ivad being sensitive and
quantitative, gPCR is also relatively inexpensivel dlexible making it the

preferred choice for validating novel miRNAs and fgse in relatively small
experiments.

This technique begins with the conversion of miRMACDNA. With the length

of a miRNA being comparable to that of a typical ®Nrimer, cDNA synthesis
from miRNAs presents its own challenges. The sofutio this is to make the
molecule longer, either by incorporating a poly¢ai) or stem-loop structure.

In poly(A) RT-gPCR, total RNAs, including miRNAs;eainitially polyadenylated

and reverse transcribed using poly(T) adapters @@dIAs, which are called
poly(A) RT, and gPCR is subsequently performed gisam miRNA-specific

forward primer and a partial sequence in the pglgdapter as the reverse primer.
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Once miRNA has been converted to cDNA it can bess$ using the same
approach as a conventional gPCR experiment. Arogtibn is initiated with an
miRNA-specific primer and a stem-loop/poly(A) prim&ither SYBR®Green or
a TagMan® probe is used to detect the amplifiedlypct

MiRNA array

Arrays are typically chosen for larger studies e¢onge multiple miRNA targets.
While they are the least quantitative of the threéRNA assay methods,
conventional DNA oligonucleotide arrays are a re&y inexpensive way to
measure hundreds of targets at once.

Thousands of probes can be easily spotted on slidesbuilt up by
photolithography, potentially enabling the parattelcking of all known miRNAs.
Arrays are probed by hybridizing fluorescently lddd DNA or RNA samples.
The brightness of individual spots can be usednferirelative changes in

expression between samples.

RNA-seq

This method of miRNA quantification uses the higheughput capability of

next-generation sequencing (NGS) platforms. WHileainnot quantify miRNA

levels with the molar resolution of gPCR, deep seging of miRNA does have
the advantage of being able to sample all miRNAs@nt in a sample, whether
the researcher knows the sequence or not, makiag itdeal discovery tool.

Furthermore, as sequences are read directly, RidAca@ distinguish closely
related miRNAs and isoforms

Currently, quantitative PCR (gqPCR) is the favouredthod for determining

MIRNA expression, due to its accuracy, simplicigproducibility and lower cost

than other hybridization or sequencing-based telognes.
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1.5 Circulating nucleic acids

Capturing and analysis of circulating biomarkeransalternative method to gain
insight into the molecular make-up of a cancer given patient.

Many cancers may remain asymptomatic until rel&tilete stages.

In managing the disease, effort ought to be focuse@arly detection, accurate
prediction of disease progression, and frequentitmamg. The current gold
standard of cancer diagnosis is based on hist@agluation of tissue biopsies.
Tumor cells release DNA or RNA into the blood, dahi$ offers the opportunity
to determine the genetic landscapes of solid cafroen the circulation, an
approach commonly called 'liquid biopsy”.

Alterations in epigenetic profiing may provide ionpant insights into the
aetiology and natural history of cancer. Since sdvepigenetic changes occur
prior to histopathological changes (}1they can serve as biomarkers for cancer
diagnosis and risk assessment.

The emergence of advanced technologies to detembngewide epigenetic
changes holds promise to advance our capacity telafe such biomarkers for
detecting cancers at early stage.

In solid tumours, circulating biomarker scan beaskd into bloodstream through
various events including necrosis, apoptosis, ahdrghysiological mechanisms
in thestromal microenvironment. Therefore, ‘liglbtpsies’ can capture spatial
and temporal heterogeneity during tumour formatmoml evolution. Epigenetic
aberrations offer dynamic and reversible targetscémcer therapy. Increasingly,
alterations via over expression, mutation, or seagement are found for genes
that control the epigenome (117).

The history of circulating nucleic acids goes bk finding in 1947 by Mandel
and Metais of RNA and DNA in the plasma of healdimg sick individual§118)
The presence of DNA and RNA in plasma of cancelept has been recognised
since the 1970s (119).

But it was not until the late 1980 that this cietihg DNA was shown to exhibit
tumour relatedlterations (120).

During the 1990, a large number of tumour assogigtenetic and epigenetic

changes were detected in the plasma/serum of cgatents: Ras and p53
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mutations, microsatellite alterations, aberrant npyter hypermethylation of
several genes, rearranged immunoglobulin heavynddiiA, mitochondrial DNA
mutations, and tumour related viral DNA (121-122).

In general, concentrations of cfDNAs are higheingtividuals with cancer than in
healthy controls, and levels are further increasednetastasis. Both tumor-
derived and normal germline cfNAs are released itite blood, and the
proportion of tumor-derived cfNA is broadly relatemthe extent of the disease
(123).

In 2007 Lawrie et alreported the presence of miRNAs in the blood ofgfioma
patients(124); the following year, it was demonstrated thaRNAs could be
useful as non-invasive biomarkers of cancer (125).

The presence of DNA and RNA in exosomes, vesidiat are actively released
by multiple cell types (including neoplastic cells also well documente126-
128).

Indeed intercommunication between cancer cellsvaitid their surrounding and
distant environments is key to tlseirvival, progression and metastasis of the
tumour. Exosomes play a role in this communicatimotesg129).

MicroRNA expression is frequently dysregulated umbur cells and can be
reflected by distinciexosomal miRNA (ex-miRNA) profiles isolated frometh

bodily fluids of cancer patients.
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2. AIMS

The knowledge of the fundamental epigenetic medmasi governing gene
expression and cellular phenotype is sufficientyanced that novel insights into
the epigenetic control of cancer disease are noargny. Researchers are in the
process of shedding light on the roles played by ADMhethylation,
histone/chromatin modifications and non-coding RNAsspecific pathologies.
The development of new early detection techniggesssential to improve the
outcome of patients with cancer. Blood-based bi&eraroffer promising means
of non-invasive detection however few moleculesehbeen found that have a
sensitivity and specificity high enough to be usedtandard clinical practice. For
example the finding that miRs are stably expressdtuman plasma and serum
and that they are differentially expressed in pasiewith cancer suggests the
utility of these molecules as biomarkers not ordy éarly detection, but also as
means of monitoring disease progression and rawereHowever, further
research into the factors that influence circutatimiRNA expression and
quantification is required before the full potehtid these molecules as cancer

biomarkers can be achieved.

The aims of this thesis were:

1) to analyse the status of the two best characte@@ genetic and epigenetic
(KRAS mutations andSEPT9methylation) alterations in a cohort of CRC
patients, and to compare the degree to which tlee gatterns move from
tissue to plasma in order to improve our understendf biology modulating
the concordance between tissues and plasma mabhyland mutation
profiles;

2) to investigate serum expression levels of miR-189a& miR-125b in ovarian
cancer patients in comparison to healthy contraisg to evaluate the
correlation between miRs expression and traditiobedmarkers serum
concentrations (i.e., CA125 and HE4);

3) to investigate the differential expression of fourusermiRs (miR-222, miR-
223, miR-186 and miR-204) in EC patients in conguaritohealthy subjects.

45



3. PAPERS

3.1 Comparison of genetic and epigenetic alteratienof primary
tumors and matched plasma samples in patients witkeolorectal

cancer
(PLoS One 2015;10:e0126417, Reproduced with peionigsom Plos One)

Introduction

The finding that tumor specific genetic and epidenalterations can be detected
in circulating DNA extracted from plasma of canpatients has shown promise
for improving early diagnosis, prognostication adease monitoring. The
overarching goal of utilizing cell free DNA as aobiarker entails medical
practice optimization, personalized medicine demelent, and quality of life
improvement due to the minimal invasiveness of tltesting. However, there is
still a challenge to authenticate the actual chhigalidity of various cfDNA
alterations as putative cancer biomarkers in dinpractice (1). Currently, the
main issue is represented by the fact that circigabNA fragments carrying
tumor specific alterations represent a variable geerally small fraction of the
total circulating DNA, thus generating a high vairigy in concordance rate
between alteration patterns detectable in tissue pofmary tumors and

corresponding plasma.

The factors influencing the quantitative as wellgaglitative changes of cfDNA

with respect to tissues of cancer patients areiphelland not yet fully explored so
far. However, efforts during the last decade hadetd important advances.

By evaluating the methylation pattern of tREDH10gene in tissue and plasma
of patients with CRC we have recently demonstrdabed the methylation rate

detected in plasma increased with increasing matiloyl rate in tumour tissues
only in early-stage cancers, whereas this coroglatvas apparently lost in

advanced cancers. Moreover, we showed that theedegrcfDNA methylation

was associated with some characteristics of cfD&UEh as its concentration and
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integrity, and that these correlations varied irerggth and direction in parallel
with tumour stage (2).

In the last two years two independent researchpgrehowed that the possibility
to detect tumor specific cfDNA in plasma of CRCigats largely depends on the
sensitivity of the PCR-based method for short nadtasequences (3-5), thus
emphasizing the importance of minimizing the askagth when analyzing
highly fragmented cfDNA, such as in the settingaficer patients.

A further issue which complicates the use of cfDARAliquid biopsy for cancer is
the intratumoral heterogeneity and clonal evolutduring progression, both
factors resulting in differences in the proportiand pattern of aberrations
detectable in the primary tumor and in the cirdaaDNA (6,7).

According to this evidence, different technical andlogical aspects should be
considered when analysing the variable concordéeteeen tissue and plasma
alterations in cancer patients, not least the patfithe underlying alterations.
Both epigenetic and genetic alterations are wetivkm aberrations involved in
colorectal carcinogenesis. Given their enormougmal as biomarkers in CRC
diagnosis, staging, prognosis and response tontezdf they have been
extensively investigated in the last decade. Howeveritical comparison of their
status in tissue and cfDNA is lacking. Therefohgs study was aimed to analyze
the status of the two best characterized geneticepigenetic alterations of CRC
(i.e., KRAS mutation andSEPT9 promoter methylation) in a cohort of CRC
patients, in order to improve our understanding tleé biological aspects
modulating the concordance between tissues andmplamethylation and
mutation profiles. Then, we also compared the degtavhich the genetic and the

epigenetic patterns move from tissue to plasma.

Material and Methods
Patients and Samples

The study cohort included 85 consecutive patienttetgoing surgery for CRC at
the University Hospital of Verona (ltaly) betweeandary 2010 and December
2010. Blood specimens were collected before intéror. Tumor samples were

47



obtained during the surgical procedure, immediatelgen in liquid nitrogen and
stored at -80°C. Histological diagnosis and tumtasigs were determined
according to the 2000 World Health Organization (@jHlassification system
for tumors of the digestive system and the Amerigaimt Committee on Cancer
(AJCC) staging system, respectively (8). Only pasiewith primary colorectal

adenocarcinomas untreated with neoadjuvant racdooltherapy were included
in the study. All subjects provided informed cortsg@mior to collection of

samples. The study was approved by the local étbaramittee (Department of
Life and Reproductive Sciences, University of Vepand performed in accord
with the Helsinki Declaration of 1975. Clinical erfnation was obtained from

medical records.

DNA isolation from plasma and tissue samples

Blood samples were collected in 7 mL EDTA tubes pratessed within 1 h of
collection. After double centrifugation (800g fod iin centrifugation, followed
by separation and a second 1600g for 10 min cagatfon) plasma was
separated, stored in aliquots and frozen at -804t processing. DNA was
extracted from plasma and fresh frozen tissue @ectby the QlAamp DNA
Blood midi kit and the Gentra Purgene Kit (Qiagddilden, Germany)

respectively.

cfDNA concentration and | ntegrity index

cfDNA fragmentation was assessed by calculatingDN&A Integrity index as
previously described (2). In brief, it was deterednby calculating the ratio of
larger (247 bp) versus shorter (115 bp) targetshef consensus sequence of
human ALU repeats.

The ALU-gPCR result obtained with ALU115 primerssaglso used to quantify
total DNA.
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Methylation specific PCR (MSP)

Purified genomic DNA extracted from tissues andspia was subjected to
bisulfite treatment and DNA purification using tE@itect Bisulfite kit (Qiagen,
Hilden, Germany) according to manufacturer’s indians. A detailed protocol
has been previously reported elsewhere (2).

Bisulfite-modified DNA was used as template for REane PCR using a Sybr
green-based quantitative MSP. Primers for MSP vde®igned to specifically
amplify either a bisulfite-sensitive, unmethylatsland or a bisulfite-resistant,
methylated strand on the SEPT9 gene promoter redioa web-based software
MethPrimer (http://itsa.ucsf.edu/urolab/MethPrimegs used to select a specific
CpG island, which was recently found to display thghest susceptibility to
methylation changes in the adenoma-carcinoma segquéi

The sequences of the primer sets were as follows:
M-Fo: TTATTATGTCGGATTTCGCGGTTAAC
M-Rev: AAAATCCTCTCCAACACGTCCG

U- Fo: TAGTTATTATGTTGGATTTTGTGGTTAATG
U- Re: CAAAATCCTCTCCAACACATCCAC

(M: methylated, U: unmethylated).

The CpGenome Universal Methylated DNA (Chemiconljiptire Billerica, MA,
USA) was used as 100% methylated (positive) coranal DNA extracted from
peripheral blood mononuclear cells of normal indials was used as
unmethylated (negative) control.

The PCR reaction mixture was prepared in a findime of 20 pl, consisting of
final concentration: 0.375 uM of forward and reeemimers, 250 uM of each
dNTP (GE Healthcare, Little Chalfont, UK), 1x Haa8t Buffer (Qiagen), 2.5
mM MgCI2, 1.5 units HotStart polymerase (QiagenyM SYTO 9 (Invitrogen,
Life Technologies, Carlsbad, CA), and 1XxROX refeeedye (Invitrogen), 3 ul of
bisulfite-modified DNA.
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The PCR amplification was performed with precyclimgat activation of DNA
polymerase at 95 °C for 10 min, followed by 40 egcbf denaturation at 95 °C
for 30 sec, annealing at 64 °C for 30 sec and sianat 72 °C for 30 sec. An
ABI Prism 7500 Sequence Detection System (Appliezk¥stems — Foster City,
CA, USA) was used.

The PCR product was run on an 2% agarose gel tirmoproduct size and the
specificity of PCR, and then visualised under Ughti A band of 110 bp was
considered as diagnostic of methylation status,redsea band of 114 bp was

considered as diagnostic of unmethylation status.

KRAS mutation analysis

DNA extracted from tissue and plasma samples wdgesied to an allele
refractory mutation system gPCR (ARMS-qPCR) foredgbn of six of the most
common mutations in codons 12 and 13 ofKIRASgene (G12A, G12D, G12V,
G12S, G12C, and G13A). DNA was amplified in a 25 rgpaction mixture
containing 0.25 pM of each amplification primef02uM of each dNTP (GE
Healthcare, Little Chalfont, UK), 1x HotStart Buff@iagen, Hilden, Germany),
2 mM MgCh, 2 units HotStart polymerase (Qiagen, Hilden, Gerw, 2 uM
SYTO 9 (Invitrogen, Life Technologies, Carlsbad, )CAXROX reference dye
(Invitrogen) and 25 ng DNA. The primer sequencesehéeen previously
described elsewhere (10), with the exception ofchramon reverse primer which
has been re-designed in order to shorten the aomgliof both codon 12 (90 bp)
and codon 13 (85 bp) (originally of 149 and 144 ibpength). The resulting
sequence was as follows: TGTTGGATCATATTCGTCCACA.

The PCR amplification was performed with precyclimgat activation of DNA
polymerase at 95 °C for 10 min, followed by 40 egcbf denaturation at 95 °C
for 30 sec, annealing at 64 °C for 30 sec and sxtamat 72 °C for 30 sec, in a
ABI Prism 7500 Sequence Detection System (Applieab¥stems — Foster City,
CA, USA). The PCR product of mutated samples wasoma 2% agarose gel to

confirm the presence of the specific bands.
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Quantitative analysis and analytical performance

Threshold cycles (Ct) were used to calculate théhyhegion rate and the mutation
load in each sample according to the follow form@ts 100 / [1 + 2{Cletmut—
Ctunmevwd] (2,11). Ctmet and Ctunmet denote threshold cydpecific for the
methylated and unmethylated state, whereas MutVeimdrefer to mutated and
wild-type alleles, respectively. The proportions)(%f methylation rate or
mutation load detected in plasma compared to thiedected in tissues were
expressed as plasmal/tissue ratio (p/t ratio).

The median of at least two replicate measuremeassoalculated for each sample
and used for statistical analysis. Predefined tualiiteria were set such that
measurements with Ct values greater than 38 cywes excluded.

Since it has been observed that the sensitivitgf@NA assays can be increased
by shortening the size of amplicons (5,6), prinferdoth analyses were designed
to allow the amplification of products smaller th420 bp. The intra-assay
imprecision for the methylation test was 9%. Thevdo limit of detection of
methylated DNA for the MSP assays (assessed usngl glilutions of the
Universal Methylated DNA) was 1.5%.

The intra-assay imprecision for tl&RASanalyses ranged between 2% and 8%,
depending on the type of mutation. Cell line DNAMaxtures containing the
mutation of interest in a normal DNA background wasd to evaluate the limit
of detection and amplified in the same instrumenisrto act as positive controls.
The analytical sensitivity of ARMS-gPCR was belo%,2as previously reported
(12).

Statistical analysis

Normality distribution was checked with the Shapiik test and continuous
variables were reported as median (range) or mdanxfhen appropriate.
Statistical analyses and plotting of data were queréd with GraphPad Prism
(GraphPad Software Inc., San Diego, CA). The diagja@erformance of cfDNA
analysis was compared with the tumor-tissue arglgse current gold standard)
for its sensitivity and  specificity in  distinguisty = between
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mutated/hypermethylated and nonmutated/non me#d/laindividuals. The

predictive positive values and negative predictigkies were also calculated with
Fisher's exact test. The rate of concordance betwissue and plasma profiles
was determined with agreement test (and valuespies as weighted kappa +
standard error). Differences between continuoumbkes were analyzed by using
the Mann-Whitney U test. Correlations were testé&ll the Spearman correlation.

Values of p<0.05 were considered statistically iicgmt.

Results

Fifty six of 85 patients initially evaluated fordin potential inclusion in the study
were men, the remaining women, (mean age 69tl14syed@he tumor stage
distribution was as follow: 15 patients were atgstd (17.6%), 35 at stage Il
(41%), 24 at stage 1l (28.2%) and the remainingaiistage IV (12.9%). Twenty
nine out of 85 tumor tissue samples (34%) weretpesior one of the siIKRAS
mutations tested. Of these, 22 tumor tissues shaomadhed mutations in plasma
samples. There were nine discordant results amoagb samples examined.
Five results showed a WT genotype fdRAStested mutations by cfDNA
analysis, whereas tumor-tissue analysis showk®ASG13D mutation (n=2), a
KRASG12D mutation (n=2) or KRASG12V mutation (n=1). Two patients (both
at stage Il) showed KRASG12S and a G12A mutation by plasma analysis, but
were determined as WT by tumor-tissue analysisaliyintwo patients (both with
advanced metastatic CRC) showed unmatched mutabehseen tissue and
plasma. Overall, cfDNA analysis showed 89% conaacdafor KRASdetection
with tumor-tissue analysis.

The SEPT9promoter methylation was present in 82.3% (708%rimary tumor
tissue samples. The analysis exhibited 86% of aulacee with cfDNA analysis.
Discordant results only concerned patients withrraloé methylation oSEPT9in
tissue samples and unmethylated plasma sample)nFhe distribution of
positive and negative samples in tissue and plasmsilaown in table 1 along with

the analytical performance of cfDNA analyses.
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Table 1. Concordance between tur-tissue analysis and cfDNA analysis (n =
cfDNA: cell-free DNA; WT: wild type; SE: sensitivity; SP: specificity; PPV: positive predictive value; NPV:

negative predictive value.

cfDNA analysis Tumors-tissue analysis

KRAS Mutan WT Total |SE SF PPV NPV
Mutan 22 5 27 85% 93% B5% [93%
WT 5 53 58

Total 27 85

Agreement 76/85 (89.4¢

k=0.753+0.077, p<0.00(

SEPT9 Methylatec Unmethylate [Total |SE SF PPV NPV
Methylatec 58 0 58 83% |100% 4% 6%
Unmethylate 12 15 27




After exclusion of the two patients with differeKRASgenotype in tissue and
plasma, the 27 patients (81.5% male) presentiniy oth genetic and epigenetic
alterations in tissue specimens (31.8%, 27/85) wawasidered for further
quantitative analyses. In these patients the fatermcordance between tissue and
plasma was 93% (25/27) for the epigenetic altenatiod 81% (22/27) for the
KRAS mutation analysis (i.e., two cfDNA samples weregatve for the
methylation of SEPT9 and five were negative for the presence KRAS
mutations). Among the differeidRAS mutations tested, the G12V substitution
was the most represented (n=11), followed by G18B7) and G13D (n=7).
Finally, one sample had the G12A mutation and beeG12S. Overall, 74% and
26% of mutation sites were located in codons 121&)despectively.

The mediarSEPT9methylation rates in tumour tissues and plasmgpkwere
64.5% (12.2-99.9%) and 14.5% (0-45.5%), respegtiv€ehe medianKRAS
mutation load was 33.6% (1.8-86.3%) in tissues 21986 (0-17.3%) in plasma
samples. Quantitative data for both genetic andesatic alterations according to
different clinical pathological characteristics a@nmarized in Table 2. In both
tumour tissues and plasma samples, no significesbcaations were found for
gender, primary tumor site and differentiation watin terms of pathological
stage classification, the median methylation rateSEPT9 was significantly
higher in advanced-stage cancer tissues than inetry stage tissues. A
statistically significant correlation was found tine cohort between tissue and
plasmaSEPT9methylation rate (r=0.407, p=0.035), whereas rem@ation was
found between tissue and plasrtK&RAS mutation load (r=0.092, p=0.651)
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Table 2: Associations between SEPT9 methylation rate aRAK mutation load in tissue and plasma san

KRAS mutation Ioad (median, range)

SEPTY9 mutation load (median, range)

tissue P plasma P tissue o] plasma P
Gender (mean age+sd) | N (%) 0.2805 0.2099 0.4311 0.9535
Female (71+9) 6(22.2) | 46.8 (14.4-63.7) 8.1(1.1-13.9) 67.1 (63.7-76.1) 17.8 (0-35.8)
Male (70£17) 21(77.8) | 27.6 (1.8-86.3) 2.0 (0-17.3) 61.6 (0-35.8) 14.5 (0-45.5)
Tumor location 0.67382 0.4879 0.5613 1.00
Proximal 20 (72) | 33.7(7.7-79.6) 4.0 (0-17.3) 67.1 (12.2-98.1) 13.7 (0-45.5)
Distal 7(28) 32.4 (1.8-86.3) 2.3 (0-14.3) 62.6 (18.6-99.9) 23.5 (3.0-35.8)
Tumor differentiation 0.8514 0.1174 0.0656 0.4727
G1/G2 22 (80) | 33.0(1.8-86.3) 1.9 (0-17.3) 62.1 (12.2-99.9) 14.7 (0-45.5)
G3 5 (20) 33.8 (15.2-62.7) 4.6 (2.3-14.0) 80.8 (64.5-92.7) 10.8 (0-30.0)
Pathological stage 0.1204 0.6612 0.0009 0.7340
LI 14 (51.9) | 26.9 (1.8-63.7) 1.9 (0-17.3) 57.2 (15.2-76.0) 15.8 (3.0-40.3)
IV 13 (48.1) | 34.7 (11.2-86.3) 4 (0-14.0) 80.8 (12.2-99.9) 12.9 (0-45.5)




Additional analyses were performed on p/t ratioK&iRAS mutation load and
SEPT9methylation rate to identify any potential difface between genetic and
epigenetic degree of transition from tissue to pkasThe p/t ratio ofSEPT9
methylation rate was significantly higher than gieratio ofKRASmutation load
(24.2% vs 7.9%, p=0.023), both parameters showimgda spectrum of values
(range 0-72.9% foBEPT9p/t ratio and 0-62.6% fdKRASp/t ratio). This result
was almost entirely attributable to the large dipancy between genetic and
epigenetic p/t ratios detectable in early stageceen (p=0.0108), since the
difference in advanced stage cancers was no lasigeificant (p=0.68) (Figure
1).

Stage I/l Stage IlI/IV
p=0.0108 p=0.6806
80 —_— 80~
L ]
[ ]
60 " — 60 -
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: —— - ;’ °
= 40 . '% 404 .o "
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Figure 1. Differences between plasmal/tissue methylatioa aamd mutation load

in early and advanced cancer stages.

The concentration of cfDNA in early stages CRC grat8 (median 30.6 ng/mL,
4.6-66.8) was lower than that in advanced stagemiat(80.2 ng/mL, 31.0-195.0;
p=0.0001), and was also found to be more fragme(itadgrity index: 0.36,
0.0.7-0.85 vs 0.63, 0.33-0.95; p=0.0163). No sigaift associations were found
between cfDNA parameters and genetic or epigeradterations, except for a
weak correlation between cfDNA integrity index aKé&RAS mutation load in
advanced cancers (r=0.572, p=0.040).
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Discussion

Although the use of cfDNA as potential surrogatecahcer genome has been
originally suggested more than 30 years ago (1R) tle role of liquid biopsy has
been evaluated for its predictive and prognostloeran a number of settings with
promising results, cfDNA-based cancer tests havdeen developed for clinical
use so far.

The high degree of fragmentation coupled with thve blood concentration make
cfDNA a challenging analyte under a technical pectige. Moreover, the current
lack of knowledge about the kinetic of release whaor-related cfDNA into the
bloodstream and the genetic composition changesglprogression contribute to
render cfDNA a “hard to read” analyte even undbrodogical perspective.

The results of our study, other than confirmingtthiguid biopsy predicts
alterations of tumor tissues, are consistent whle typothesis that some
differences may exist among the rate with whichegierand epigenetic alterations
move from tissue to plasma.

In order to make results free from any potentiahtecal interference and make
genetic and epigenetic data reliable and directynmarable, we adopted a
number of methodological expedients adapted frooene publications. Firstly,
plasma was used for analysis since this biologmaltrix represents a better
source of cfDNA than serum (1,6). Then, we usedtingd short amplicons for
both determinations, and this was due to the fiaat amplicons length could
influence the sensitivity of mutation and methyatdetection (5,14,15). We have
also assured a high level of sensitivity for epegenassay by targeting a specific
CpG island, which has been recently found to dispite highest susceptibility to
methylation changes in the adenoma-carcinoma sequ@®). Finally, according
to the American Society for Clinical Oncology anditidnal Comprehensive
Cancer Network (NCCN), a high level of detectioterfas been obtained for the
KRAS mutation analysis by targeting hotspots in cod@nahd 13, which are
known to account for approximately 95% of all migas (16).

In the present study, a methylation specific qP@d an ARMS-gPCR based
methods were used f@EPT9methylation analysis anRASmutation analysis,
respectively. Owing to technological advances, meethods, including digital
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PCR (17), Inteplex gPCR (14) BEAMing technology )18MethyLight
quantitative or MethyLight digital PCR (19) and neeep sequences approaches
(20) are now available and allow absolute quariion of mutant or methylated
alleles at very low frequencies and with lowestfftaent of variations than those
reported here. However, the assays that we usddignstudy are those most
widely available in clinical laboratories and ansoacharacterized by optimal
sensitivity, being able to detect at least 2% miutara normal background (21).
Most importantly, the analytical performances oé thenetic and epigenetic
assays were very similar in terms of both sengytignd precision, which has
allowed to directly compare data of different adteyns.

The first part of the study, performed on the entiohort of 85 CRC patients,
substantially confirmed previous evidence that ysialof KRASand SEPT9in
plasma represents a reliable alternative to theuedis The status dKRAS is
generally used as a predictive marker for respdonsestablished epidermal
growth factor receptor (EGFR) inhibitors due to faet that mutanKRAS s
associated with resistance to anti-EGFR monocl@mibody immunotherapy
with agents such as centuximab or panitumumab 822Qonversely, aberrant
methylation in the promoter region of tIi8EPT9gene has been convincingly
proposed as sensitive and specific biomarker fdy een-invasive diagnosis of
CRC (24).

By following the suggestions recently proposed bgséérkort and co-authors (9)
thus targeting a specific CpG island on the promot¢he SEPT9 gene, we found
a very high number of hypermetylated tissues sasn(@2%) and even higher
than that previously reported in the literatureu@lly ranging between 78 and
81%) (25). The results obtained in matched plasanapes revealed a very high
global concordance (86%) and specificity (100%) parad with tumor-tissue
analysis. In the same sample KRAS mutation was detected in the 34% of
patients, in accord with data obtained in otheroctshof unselected CRC patients
(10,26). The corresponding analysis of plasma sasnplso revealed a high
degree of concordance (89.4%) and specificity (988tpared with tissue. Most
of the studies comparing the results from a cfDNgsay with tumor-tissue

analysis reported a much lower diagnostic perfogaawith values of specificity
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constantly lower than 80% (27-29). As an exceptioy two recent studies
reported values of specificity comprised betwee3%5(30) and 98% (14).

In the second part of the study, we have also ardlyhe rate of concordance
between tissue and plasma mutation load and méthyleate, and then compared
results obtained with the two assays. In the suljgmf 27 patients harbouring
tissue genetic and epigenetic alterations, KRASmutation load varied from 1.8
to 86.3% (almost 48-fold), thus showing a higheeininndividual heterogeneity
than theSEPT9methylation rate, which varied from 12.2% to 99.84old). In
the transition from tissue to plasma, five sampbesame wild type for the
mutation status and two were no longer hypermethgla The degree of
methylation moving from tissue to plasma was aln3osimes higher than the rate
of mutation load as resulting from comparison & tiwo p/t ratios (24.2% vs
7.9% for p/t ratio of SEPT9 methylation rate andKRAS mutation load,
respectively). In agreement with recent reports, finding might be explained by
the intratumoral heterogeneity of the primary tupwanich preferentially impairs
genetic rather than epigenetic analysis (7,31). él@wr, since the discrepancy
found between the two p/t rations is exclusivelyiladtable to results obtained in
early stage cancers, whereas clonal evolution lyswalcurs when metastasis
develop, the tumor clonality would only partiallymain our data (32).

For the KRAS analysis, comparable values of mutatioad were obtained
between early and advanced cancers in both tig€6i8% vs 34.7%) and plasma
samples (1.9% vs 4%), so that the p/t analysis rahtl revealed significant
difference according to the tumor stages (8.6%\&%). Conversely, a statistical
significant difference was found for the SEPT9 mgkettion analysis between p/t
ratio in early and advanced cancers (33.8% vs 1903%%.0108). This difference
was entirely attributable to a discrepancy in thethylation rate detected in
tissues (57.2% vs 80.8%, p=0.0009), since no eiffees were found in plasma
samples (15.8% vs 12.9% for early vs advanced stagéus, the transition of
DNA harbouring the epigenetic alteration into thiecdation in early stage
cancers is seemingly more consistent than theiti@msf DNA harbouring a
KRAS mutation. According with the most recent literatuthis data could be

interpreted as the result of differences in tissymes involvement previously

59



observed for CRC genetic and epigenetic signat{d®s In particular, while the
aberrant methylatiorSEPT9 originates in epithelial cells and is then rapidly
transferred to stromal cells (9), tH€RAS mutations harboured by epithelial
compartment are not shared by stromal cells (34koAdingly, the molecular
cross-talk between tumor epithelium and stroma wowy for the SEPT9
epigenetic alteration might facilitate the trarwsitiof aberrant DNA from primary
tumour to the circulation.

In conclusion, the results of the present studyfioonthat cfDNA analysis
represents a suitable strategy for comprehensia¢ysia of tumor genetic and
epigenetic profiles, even using routinely standaethods. Most importantly, we
provided first evidence that the rate at which tunderived cfDNA can be
detected into the circulation not only depends e densitivity of methods used
and the complexity of release kinetics, but alsotlb@ nature of the single
alteration. In an era of increasing use of genooagescomprehensive gene
expression studies of solid tumors to elucidatectiraplexity of tumor tissues and
heterogeneity of cell phenotypes, our study empkashe need to better
characterize cancer specific genetic and epigengtinatures according to
different tumour compartments in order to improkie significance and clinical

value of cfDNA assessment.
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3.2 MiR-199a and miR-125b expression levels in serum of

patients affected by epithelial ovarian cancer
(Biochim Clin 2016;40:328-33Reproduced with permission fromiochimica

Clinica)

Introduction

The Epithelial Ovarian Cancer (EOC) is the leadoayise of gynaecological
cancer-related mortality worldwide, since it is coonly detected at an advanced
and scarcely curable stage (Age-standardised incidence rates range from more
than 9,1 per 100 000 women in Central and Eastemode (2). The crude
incidence rate in Europe changes from 12,4 per0D00In the age group of 40-44
years to 35,9 per 100.000 in the age group of 6Qeéds. Since EOC is generally
asymptomatic in the early stages, about 75% ofeptti are diagnosed at an
advanced stage (3).

The Cancer Antigen 125 (CA125) is the “gold stadddor monitoring patients
affected by EOC, although being characterized hy densitivity and specificity
(4). Accordingly, elevated serum CA125 concentratican be found not only in
a broad range of benign gynaecologic diseases,alsat in malignancies of
different origin, including non-ovarian gynaecologcancers, other epithelial
tumors and non-epithelial malignancies (5).

Another serum biomarker, cleared by the Food anegyDXxdministration (FDA)
for monitoring patients with EOC, is human epididgrprotein 4 (HE4). Serum
measurement of HE4 shows advantages over CAl2&nmstof specificity, as it
is less frequently increased in patients with noalignant ovary diseases. In
2008, The FDA has approved the combined use of &teMCA125 for estimating
the risk for ovarian cancer in women with a pelwiass. Updated guidelines do
not recommend the use of these biomarkers isaootmmended for determining
the status of an undiagnosed pelvic mass (6).

Although recent meta-analyses have reported that Ebhibits higher rule-in
capability for EOC vs CA125 more studies focusimgearly tumour stages are
required (7-9).
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Carcinogenesis is characterized by the accumulatbnboth genetic and
epigenetic alterations which can be used as disbammarkers to provide
important information for early detection of mala diseases usually
asymptomatic at early stages (10-11). Notably,niimaber of genes involved in
development and progression of tumours which argeeptically silenced
probably overcomes the number of genes inactivhiednutation (12). Recent
reports showed that methylated DNA and microRNA&RGhexpression could be
readily detected in a wide variety of tissues, &l ws in various body fluids,
indicating that these epigenetic biomarkers coelpresent the next generation
biomarkers for cancer detection (13-14). MiRs,asglof small non-coding RNAs
involved in regulating a variety of biologic proses (15-16), have been reported
to be stably detectable in plasma and serum (17&k®) to exhibit resistance to
endogenous ribonuclease activity (19).

By targeting multiple transcripts, a single miR aagulate many fundamental
cellular processes such as cell proliferation, &pep, differentiation and
migration. On the other hand, any gene can be aeguiloy multiple miRs (20).
Alterations in miR expression are not simply areefffof tumorigenesis and may
have a causative role in cancer development. Theynaolved in the initiation,
progression and metastasis of human tumors. Idrial.e(21) first evaluated
genome-wide miR expression profiles of ovarian eanissues and normal ovary
tissues, concluding that miRs expression was diffigglly regulated in the two
groups. More specifically, miR-200a, miR-141, miBO2 and miR-200b were
found to be over-expressed in ovarian cancer, whilg-199a, miR-140, miR-
145, and miR-125b were down-regulated. Both miRal@®d miR-125b are
involved in many biological processes includingilition of tumor angiogenesis,
a fundamental process for cancer development amdtigr These miRs mainly
act by targeting the’3untranslated region of VEGF (22), by increasing--
activity (23) and by negatively regulating tumopptesor p53 (24).

Therefore, the aim of our study was to investighteserum expression levels of
miR-199a and miR-125b in ovarian cancer patientcamparison to healthy
controls, and to evaluate the correlation betweeiRsmexpression and
concentrations of CA125 and HE4.
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Materials and methods

Patients and samples

The study population consisted in 32 consecutivéiepisz (54+14 years)

diagnosed with EOC, and enrolled between Decem@@r 2nd February 2013 at
the Obstetrics and Gynecology Clinics of the Ursutgr Hospital of Verona

(Italy). Blood was drawn in vacuum tubes containing additives (Becton-

Dickinson, Oxford, UK) prior to any therapeutic pealure (i.e., surgery,

chemotherapy or radiotherapy). After centrifugatarl,500g for 10 min at room
temperature, serum was separated, stored in adicund kept frozen at -80°C
until measurement. The histopathology results weoafirmed by surgical

resection of the tumors, and the tumor stage wdmetk according to the

International Federation of Gynecology and Obstet(FIGO) system criteria
(25). The demographics and clinical features ofgagents are listed in Table 1.
The control population consisted of 31 healthy flem@ontrols (5517 years),

matched by age and ethnicity, and without previmusecent history of cancer or
other diseases. The study was carried out in aaocedwith the ethical standards
of the revised Declaration of Helsinki.
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Table 1 Demographics and clinical features of ovarian eapatients.

Variables Ovarian cancer (n=32)
Age, years (£DS) 54.1 (x14.3)
> 55 anni, n (%) 15 (46.9)
< 55 anni, n (%) 17 (53.1)

FIGO stage, n (%)
| 4 (12.5)
T 2 (6.25)
I 26 (81.25)
Histological grade, n (%)
1 4 (12.5)
2 7 (21.9)
3 21 (65.6)
Histology, n (%)
Endometrioid 4 (12.5)
Clear cells 4 (12.5)
Undifferentiated 2(6.2)
Mixed epithelial tumor 3(9.4)
Serous 18 (56.2)
Transitional 1(3.1)
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Laboratory methods

Serum levels of CA125 were measured using a chemmkscent enzyme
immunoassay on the Liaison (DiaSorin, Saluggialy)itantra and inter-assay
coefficient of variation (CV) for this method aremprised between 1.4-2.2 and
4.6-5.8%, respectively. Serum levels of HE4 wereerde@ned using ELISA kit
developed by Fujirebio Diagnostic, Inc. (MalvernA)Pand were performed
according to the manufacturer’s specifications. alo€CV quoted by the
manufacturer is <10%.

The isolation of mMIRNA from serum samples was pened with the
miRNeasyTM RNA isolation kit (Qiagen, Valencia, CBSA) according to the
manufacturer’s instructions. Briefly, 200 ml of gser sample was added with 1
ml of QIAzol Lysis Reagent (Qiagen) and mixed bwytig vortexing. Aqueous
and organic phase separation was achieved by aadddf chloroform. The
aqueous phase was applied to an RNeasy spin collimrmicroRNA was eluted
from the column with 14l of nuclease-free water. Quantity of RNA was assds
using small-RNA chip on Bioanalyzer 2100 (AgileBanta Clara, USA). RNA
aliquots were stored at -80°C. For miRNA gPCR, reeetranscription was
performed using TagMan® MicroRNA Reverse TransaiptKit (Applied
Biosystems, Foster City, CA, USA) in a total voluofelOpuL containing 3.33.L
RNA, 1 uL 10 x reverse transcription buffer, 0.4 Mutiscribe Reverse
Transcriptase, 0.13L RNase Inhibitor. The reaction mixture was inceloafor
30 min at 16 °C, 30 min at 42 °C, 5 min at 85 °€3anin, and then held at 4°C.
The complementary DNA (cDNA) served as the tempfateReal-Time PCR.
The reactions were performed in triplicate on a07B®al-Time PCR System
(Applied Biosystems, CA, USA) using TagMan MicroRN&ssay (Applied
Biosystems, Foster City, CA, USA). Briefly, gRT-P@®Rs carried out in a total
of 20 ul volume containing 1.38l cDNA, 1 x Universal PCR Master Mix and 1
uL gene-specific primers and probe. PCR parametere as follows: 95°C for 10
min, followed by 40 cycles of 95°C for 15 s, and®@or 1 min. The comparative
cycle threshold (Ct) method was applied to quantifg expression levels of

miRNASs. The relative amount of miR-199a and miR1.28 small nuclear miR-
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16 was calculated using the equation@t, whereACt= (Ct miR-199a/miR-125b
- Ct miR-16) (26).

Statistical analysis

Data were tested for normality using the D'Agostiaiod Pearson omnibus
normality test. Non-normally and normally distribdtvariables were reported as
median (range) or mean = standard deviation (Sspectively. The

concentration of the different biomarkers were cared between cases and
controls using Kruskall-Wallis and Mann—Whitneytgeaccording to their value

distribution. The correlation between variables veasessed with Spearman’s
correlation coefficient (rs). For each miRNA andruse biomarkers, the

diagnostic performance in terms of discriminatoapability was calculated by
means of receiver operator characteristic (ROCyesirThe statistical analysis
was performed using GraphPad Prism 5.0 (GraphPdtiv&e, San Diego

California USA), and the level of statistical sificance was set at p<0.05..3

Results

The serum concentratief both CA125 and HE4 were found to be signifitant
higher in EOC patients than in controls (Table)e median CA125 and HE4
levels were not statistically different between aaved EOC stage (lll) and early
EOC stage (I-1l) (Table 2).
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Table 2. CA125 ed HE4 concentrations in EOC patients and healthy co

Patients Controls Stage I-1l Stage Il Grade 1-2 Grade 3
P value P value P value
(n=32) (n=31) (n=6) (n=26) (n=11) (n=21)
174.6 12.0 38.1 201.8 96.0 174.9
CA125, U/mL| (3.3-3158.0)] (5.0-32.0) |<0.0001| (6.8-2176.0)| (3.3-3158.0)] 0.22 | (6.5-2176.0) (3.3-3158.0)| 0.69
123.6 37.5 76.9 128.1 81.6 136.8
HE4, pmol/L |(34.1-2300.0) (25.0-121.2), <0.0001| (43.6-208.0)|(34.1-2300.0) 0.14 | (43.6-861.0)(34.1-2300.0) 0.24




In EOC patients, a statistically significant coatedn was found between CA125
and HE4 levels (r=0.46, p=0.009).

The serum concentrationsf miR-199a and miR-125b were found to be
significantly higher in EOC patients compared talttey controls (p=0.007 and
p=0.002, respectively) (Figure 1). The serum lew#lsniR-199a and miR-125b
were not significantly higher in patients with adead cancer (FIGO stages lll) in
comparison to early stages (I and Il) (p=0.72 an@.p2). Moreover, miR-199a
and miR-125b serum levels were found to be notifsigmtly different in patients
with grade 3 EOC compared to those with grade 12a(u=0.23 and p=0.35). A
significant correlation was found between miR-199a miR-125b serum levels
(r=0.38, p=0.03). The serum concentration of miRda.%vas not significantly
correlated with CA125 or HE4 values, whereas miRBblL2Zxpression levels
correlated significantly with CA125 (r=0.33, p=0M00but not with HE4. The
ROC curve analysis evaluating the capability tamisinate EOC from healthy
conditions, revealed that the single measuremehtEsf exhibited a significantly
higher area under the curve (AUC) compared to CAR#IR-199a and miR-125b
(Figure 2).
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Discussion

Survival of women affected by EOC is higher whea thagnosis is made at an
early stage, but it dramatically drops when theceamas spread to the pelvis and
peritoneum. Therefore, a better diagnostic appraastill needed to improve the
clinical outcome (27).

Several studies have demonstrated the limitatidnssimg CA125 for detecting
EOC. In fact CA125 may increase in patients wittheot malignant or
gynaecological benign diseases (i.e. endometriagslting in a poor diagnostic
specificity and in a high rate of false-positivesukts (28). Furthermore a low
sensitivity is generally well reported in all stagef ovarian cancer and
particularly in early-stages (29). For these rea0A125 is not useful to rule-out
or rule-in patients for EOC.

Between additional putative tumour biomarkers, Heéms the most promising
(30-32). In our study, the AUCs for HE4 and CAl2%rev 0.90 and 0.85
respectively, which agrees with previous evidenabliphed by Ghasemi et al
(33). Anyway a considerable expression of HE4ammal tissues and the lack of
increase in borderline tumors are the main linotatito HE4 specificity (34-35).
Accordingly to previous observations (36), we halso found that no significant
difference exist in the concentration of HE4 amaliferent EOC FIGO stages.
However, this result could be due to the low sanspde. Accordingly, the major
limit of our study is the small number of subjeicigestigated and in particular the
low number of patients in early stages.

Recently, miRs were identified as cancer biomarkercll-free serum, which can
be used for distinguishing diseased individualsnfrieealthy controls (37). They
are readily detected in blood and they can be medsnon-invasively, thus
opening new avenues about the clinical usefulnéspigenetic biomarkers for
early cancer detection (38-39).

The results of our study suggest that miR-199araiirli125b were up-regulated
in serum of EOC patients compared to controls. revipus studies based on
ovarian cancer tissues/cell lines, both these méslted instead found to be
down-regulated (21; 40). In another study earlieblighed by Chen et al., the
expression of miR-199a was found to be signifigahilgher in Type Il (high-
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grade, serous EOC) cancer compared with Type | EQK. Type | tumors
comprise low-grade serous, low-grade endometrioidar cell and mucinous
carcinomas. They are generally indolent, presestage | (tumor confined to the
ovary), and are characterized by specific mutationsluding KRAS, BRAF,
which target specific cell signaling pathways. Théamors rarely harbor p53
mutations and are relatively stable genetically.védtheless, the significant
difference between data obtained in these and quevstudies can be reliably
attributed to the different study populations eleal wherein 65,6% of our
patients were diagnosed in the most advanced stad)&6,2% of the EOC were
of serous origin. Notably, Chen et al. (41) pregigudescribed that hsa-miR-199a
has a functional role in carcinogenesis, by regujatKK3 expression, and this
evidence is seemingly in support of our findingttihégs miRNA may be somehow
involved in the pathogenesis of this type of cancer

As currently reported in the scientific literatureiR-125b may be up-regulated in
some tumors and down-regulated in others (42).efyands its biological activity
and function, this miRNA interplays with many targgenes related to tumor
growth, invasion and metastatic, progression safviand chemotherapy
recurrence, but its specific metabolic pathway resi&argely unclear (42). It has
been recently shown that protein p53, a well-knamti-tumor molecule, is a
putative miR-125b target (43). Le et al. (44), tliesnonstrating that miR-125b
may regulate cancer growth by inhibiting p53 exgi@s through direct binding
with p53 mRNA 3'UTR.

Taken together, our results show that HE4 retagtebdiagnostic performance in
EOC patients than the conventional cancer biomatiket25, and also better than
two promising miRNAs such as miR-199a and miR-128urrently, the
identification of cancer-specific miRNA profiles the circulation is an emerging
field of particular interest. Accordingly, the dence that the serum level of these
two miRNAs is considerably increased in patienthvidOC underpins that their
assessment may retain some biological interest dsicbresearch and for
increasing our understanding of the still intriggglBOC carcinogenesis. However,
a number of studies remain to be performed to etiei the biological

significance of these miRNAs in ovarian cancer.
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3.3 Aberrant miRNAs expression in patients with endmetrial

cancer
(Int J Gynecol Cancer 2017 doi: 10.1097/1GC.000Q00@0091,Reproduced

with permission frormint J Gynecol Cancer)

Introduction

Endometrial carcinoma (EC) is the most frequent aggological cancer in
developed countries and second only to cervicateaglobally (1,2). Several
randomized trials have confirmed that the inititdge of disease is the most
important prognostic factor in EC (3). In partiauleb-years survival rate
approximates 80% when the diagnosis is made at aly etage, but it
dramatically decreases to nearly 15-17% when theesds diagnosed at stage IV.
Despite several efforts that have focused on thentification of reliable
biological markers, no specific serum tumor markelisplay satisfactory
performance for either diagnosing or monitoring EGe Human Epididymis
Protein 4 (HE4), an innovative biomarker originafiyoposed for investigating
other gynecologic malignancies (i.e., ovarian can¢é,5), was found to be
sufficiently specific but poorly sensitive in patte with EC (6). Although the
diagnostic performance of HE4 appears better thah af Cancer Antigen 125
(CA125) in diagnosing EC at an early stage (7)ré@l value and efficacy for
management of EC has not been clearly demonstratedinical practice.
Therefore, discovery and validation of novel molesuor panels of biomarkers,
that can help identify endometrial tumors in thearliest stages with high
sensitivity and specificity should be regarded asnajor breakthroughs for
improving the outcome of patients with this typamdlignancy.

Epigenetics, conventionally defined as heritablangje in gene expression that is
not attributable to alteration of the DNA sequen@gresents a new avenue in
cancer research. Reliable evidence is accumuldhiaf epigenetic mechanisms
may play a key role in cancer progression and al &g in the onset of
chemotherapy resistance (8). Since blood can edslycollected through a
minimally invasive procedure, and also providesiteal substrate for miRNAs
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analysis, the assessment of non-coding RNAs (ncRKAs been proposed as a
valuable perspective for early diagnosis of a kimscope of different cancers (9).
Aberrant tissue miRNAs expression has been destiib&C (10-14) and, more
recently, circulating extracellular miRNAs have bedso been identified (15-17).
Notably, a genome-wide study aimed to assess semilRNA expression profile
in EC identified four putative serum miRNAs (i.enjR-222, miR-223, miR-186
and miR-204), which may be potentially useful faaghostics of EC (18).
Therefore, this study was aimed to investigatediffferential expression of four
serum mIiRNAs, as well as the concentration of twalely used serum
biomarkers (i.e., CA125 and HE4), in EC patientsl am a healthy control

population.

Materials and methods
Population

The study population consisted in 46 consecutivemaro diagnosed with EC, who
were scheduled to undergo radical surgical treatrnetween October 2007 and
February 2010. The patients were recruited at thetédics and Gynecology
Clinics of the University Hospital of Verona (ItalyAll patients underwent

radiological imaging by pelvic ultrasonography (U&mputed axial tomography
(CAT) scanning, and/or magnetic resonance imaditigl] within 6 weeks prior

to surgery, to identify the presence of endometmalss. Blood samples were
collected prior to any therapeutic procedure (isurgery, chemotherapy or
radiotherapy). The histopathology results were icowdd by surgical resection of
tumors, and the cancer stage was defined accotalithgg International Federation
of Gynecology and Obstetrics (FIGO) system crit€t@). The control population

consisted in 28 healthy female controls, matchedabgg and ethnicity, and
without previous or recent history of cancer oreottliseases. All healthy controls
underwent gynaecologic examinations and transvhgsoaographies in the
previous two years. The study was carried out icoatance with the ethical

standards of the revised Declaration of Helsinki.
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Laboratory methods

Blood samples were collected in vacuum tubes coimigiino additives (Becton-
Dickinson, Oxford, UK) after overnight fast. All sgles were collected from EC
patients the morning before surgery. After cengygfion at 1500 x g for 10 min at
room temperature, serum was separated, storedjuotd and kept frozen at -80°
C until measurement.

Serum levels of CA125 were assayed with the chemilascent enzyme
immunoassay CanAg CA125, on Triturus EIA analyZanifols, USA). The intra-
and inter-assay imprecision of this method is cosepr between 2.9-4.4% and
3.1-4.0%, respectively. The analytical sensitivatyd the upper reference limit of
the CanAg CA125 EIA assay are <1.5 U/mL and 35 U/mdspectively. The
serum levels of HE4 were measured using an ElAdkiteloped by Fujirebio
Diagnostic, Inc. (Malvern, PA) on Triturus EIA (®&is, USA). The HE4 ElA is a
solid-phase, non-competitive sandwich immunoassagedb on two mouse
monoclonal antibodies directed against two epitagfethe C-WFDC domain of
HE4. The total imprecision, the limit of detectiand the functional sensitivity of
this assay are <10%, <2.5 pmol/L and <5 pmol/L,peesively. Since no
conclusive diagnostic threshold has been reportedHE4 so far, the value
corresponding to the 95° percentile value of athgglopulation (74.2 pmol/L) is
conventionally used as diagnostic cut-off.

Total serum RNA was extracted using mirVana PARI& (Ambion, Life
Technologies). The TagMan MicroRNA Assay (Applied®/stems, Foster City,
CA) was used for quantitative real-time reversedcaiptase polymerase chain
reaction (QRT-PCR) to verify differential miR expston on an ABI 7500 Real-
Time PCR (Applied Biosystems). Briefly, 250 ng ofal RNA were transcribed
under the following condition: 16° C for 30 min,°4€ for 30 min, 85° C for 5
min. The PCR reaction conditions were as follows*@ for 10 min, 40 cycle of
95 °C for 15 sec and 60 °C for 1 min. All assaysenmerformed in triplicate. The
relative expression level of each miR was normdliwethat of miR-16 (Applied

Biosystems), and was finally calculated utilizihg 2°“'method (20).
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Statistical Analysis

The values of the different biomarkers were desctibs median (and range). The
concentration of the different biomarkers were cared between cases and
controls using Kruskall-Wallis and Mann—-WhitneytgesThe correlation between
variables was assessed with Spearman’s correlatioefficient (rs). The
diagnostic performance was calculated by means adeiver operator
characteristic (ROC) curves. The statistical analywas performed using
GraphPad Prism 5.0 (GraphPad Software, San Diedito®a USA), and the

level of statistical significance was set at p<0.05
Results

The demographics and clinical features of studyutain are described in Table
I. The serum concentrations of HE4, but not of CBl%ere found to be
significantly higher in EC patients than in constdlVhen the analysis was limited
to EC patients diagnosed with stage | cancer (n=tB2)difference in HE4 values
between cases and controls remained statisticadlyifisant (p<0.0001). The
concentration of CA125 and HE4 was higher than rispective diagnostic
thresholds in 12/46 (26%) and 27/46 (59%) EC p#&ielm patients with stage |
EC, the diagnostic thresholds were exceed in 513%606) cases for CA125 and

Table 1.Demographics and clinical features of endometancer patient
19/32 (59.3%) cases for HE4, respectively.

Variables Endometrial cancer (n=46)
Age, years (range) 65.0 (30-83)
Menopausal status, n (%)
Postmenopausal 42 (91.3)
Premenopausal 4 (8.7)
FIGO Stage, n (%)
I 32 (69.6)
I 7 (15.2)
-1V 7 (15.2)
Histological grade, n (%)
Well- or Moderately-differentiated (G1 or G2 34 (73.9)
Poorly-differentiated (G3) 12 (26.1)
CA125, U/mL (range) 10.3 (0.1-624.0)
HE4, pmol/L (range) 76.6 (28.0-782.0)
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:I'he serum concentration of miR-186, miR-222 and 228 was found to be

significantly higher in EC patients compared to Itiga controls (p=0.004,

p=0.002 and p<0.0001, respectively), whereas thatiB-204 was significantly

lower in cases than in controls (p<0.0001) (FigLyeThe significance of these
differences remained unchanged when the analyssslwated to EC patients

diagnosed with stage | cancer (p=0.002, p=0.009).0801 and p<0.0001
respectively) (Figure 2). Interestingly, serum H&hcentration was found to be
higher in patients with grade 3 EC compared toeghstgh grade 1 and 2 cancer
(105.1 vs. 71.7 pmol/L, p=0.03), whereas the vabferiRNAs and CA125 were

virtually identical among these groups.

The concentration of HE4 was found to be positivegyrelated with that of miR-

222 (r=0.36, p=0.002) or miR-223 (r=0.37, p=0.00Byt also negatively

correlated with miR-204 values (r=-0.60, p<0.0004p significant correlation

was instead observed between CA125 and each dodneniRNA measured in

this study.

The area under the curve (AUC) for identifying E@tipnts versus healthy
controls was 0.70 (p=0.004) for miR-186, 0.72 (©62) for miR-222, 0.88

(p<0.0001) for miR-223 and 1.00 (p<0.0001) for n@@4, respectively (Figure

3). When the evaluation of diagnostic performanaes Wmited to EC patients
diagnosed with stage | cancer, the AUC was 0.7®.(82) for miR-186, 0.71

(p=0.006) for miR-222, 0.85 (p<0.0001) for miR-22300 (p<0.0001) for miR-

204, 0.91 (p<0.0001) for HE4 and 0.55 (p=0.50)@&125, respectively (Figure

4). The best ROC curve-derived cut-off displaye890sensitivity and 0.79

specificity for HE4 (40 pmol/L), 0.50 sensitivityd 0.61 specificity for CA125.
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Discussion

Despite a large number of patients with EC recaivearly diagnosis (i.e., stage
I; cancer confined to the uterus), this malignanegresents the seventh most
common cause of death from cancer in women (21).

Unfortunately, no single biomarker that has beeteteso far exhibits diagnostic
performance for permitting an accurate preoperatidgnosis of patients with
early or advanced EC. In clinical practice, CA12%roadly used for screening
and diagnosis of EC, often in combination with dia@sfic imaging and clinics.
However, as also observed in our investigatiors, tiwmarker is poorly sensitive
and specific, especially in EC patients diagnoséti wtage | cancer. Previous
evidence was brought that the concentration of GAda@nh be actually increased
in up to 60% of EC patients (22), but its value wasnd to be above the
diagnostic cut-off in a rather limited number oftipats with stage | cancer,
typically lower than 10% (23). In our study popidatthe values of CA125 were
higher than the diagnostic threshold in 15.6% dfepés diagnosed with stage |
EC, and this finding is in absolute agreement wiigita previously published by
Beck et al., who also showed that CA125 was elevalove 35 U/ml in 15.2% of
patients diagnosed with cancer at this stage (24@restingly, HE4 seemingly
exhibits a much greater diagnostic sensitivity tiil25 for early diagnosis of
EC. In agreement with data previously published_lwyet al. (7), we found that
the values of this biomarker were increased abbeeoptimal cut-off in more
than half (i.e., 59%) of patients with early stdff@. Even more importantly, we
observed that serum HE4 values were significanighdr in patients with
advanced disease (grade 3) compared to those ovithot intermediate grades.
This is indeed a valuable finding considering tthet grade was shown to be as
important as the stage for the prognosis of thgetgf cancer (21). Another
interesting finding emerged from our study is tha serum concentrations of
CA125 and HE4, two traditional biomarkers of gym@egical malignancies,
were not significantly intercorrelated, contratibywhat has been earlier described
in patients with ovarian cancer (25). This is reslly surprising because HE4 has

been previously found to be a much more sensitivearker in the early stage of
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endometrioid adenocarcinoma, whereas the serune WlCA125 only increases
over the diagnostic cut-off in advanced canceres4g6).

The most interesting information was obtained franalysis of four candidate
mMiRNAs. Interestingly, each of these small non-ngdiRNA molecules
efficiently distinguished patients with EC from tbentrol population, displaying
an overall accuracy that was comparable (for miR}2#t even better (for miR-
204) than that of HE4. These findings are in agex@nwith those previously
published by Jia et al. (18), who also studied &tiepts with EC and 22 healthy
controls, and reported that the AUCs of the fouRNAs were between 0.73 and
0.87, thus much better than that of CA125 (i.e.,CAQI67). Moreover, the AUC
was 0.93 (specificity: 87.5%, sensitivity: 91.7%) dombining the four miRNAs
(miR-panel).

At variance with our results, however, Jia et aB)(found that miR-204 was
over-expressed in this type of cancer. This is atredictory and somehow
inexplicable finding, wherein miR-204 is a potenppressor of tumour growth
and metastases, the concentration of which has begorted to be down-
regulated in various types of malignancy, includimgnal, brain, ovary,
hematological and colon cancers (27). Differentultsscould be attributed to
differences in patients’ characteristics or methaged in the two studies.
Accordingly, in our study women affected by EC wetder (mean age: 64.3 vs.
55.5 years) and a greater number were in a posiaesal state (91.3% vs.
73.1%) compared to the patients enrolled in thdystf Jia and colleagues (18).
Moreover, in our population were also included Egfignts with advanced stages
of cancer (lll and V).

In addition, while in our study we measured thatree expression level of each
miR normalized to miR-16, by using theAZzt method (20), in the study of Jia et
al. (18) the authors calculated the absolute cdrattons of the target miRNAs
by using calibration curves.

The selection and validation of endogenous contimsmicroRNA expression
studies remains controversial. A down-regulationmiiR-16 has been reported in
some cancer, as chronic lymphocytic lymphoma (Cldifyitary adenomas, and

prostate carcinoma (28). However, several othedissuperformed in different
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tumors, including gynecological cancer (29) havendestrated that miR-16 is
presented in plasma/serum at similar levels acnossial controls and patients.
To the best of our knowledge, no study has dematestrthat miR-16 is
dysregulated (up- or down-) in endometrial canddoreover, we found no
differences in miR-16 Ct values between EC andthgatontrols patients by
using the same RNA concentrations.

The complex biological pathways involving the rofethe four miRNAs that we
have investigated have not been completely elusilab far. Nevertheless, it has
been hypothesized that miR-186 may consistentlyaedhe expression of tumor
suppressor FOXO1, and thereby deregulates celée aahtrol, by direct binding
the 3'-untranslated region of FOXOL1 transcript9.(8@th miR-221 and miR-222
are over-expressed in the majority of epitheliahdws, and they were found to
play a tumor-suppressive role in erythroleukemitsq81). Specifically, the miR-
221/222 system is seemingly involved in cell growtid proliferation due to its
effect on the cyclin-dependent kinase inhibitor Wpad (32), a cell cycle
regulatory protein. Recent evidence also suggestsniR-222 acts as oncomiR
in other cancer types through activation of the gpfinositide 3-kinase/v-akt
murine thymoma viral oncogene (PI3K/AKT) signalipgthway (33).

Despite the limited number of subjects includedthis study, our preliminary
findings underpin that the assessment of CAl125risially meaningless in EC
diagnostics, whereas the measurement of both HE# some circulating
epigenetic biomarkers, especially miR-204, may opew avenues for early
identification and management of patients with Efdeed, the greatest advantage
of measuring serum miRNAs is that the so-callediitigbiopsy is a more
practical, accessible and inexpensive approachi@stigating solid cancers than
conventional tissue biopsies (34). At variance withditional serum cancer
biomarkers, miRNAs are also released in larger artsoluiom tumor cells into the
circulation, so that their serum or plasma coneinins more accurately mirror
tumor development and progression (35). In thispective, miRNAs assessment
may be regarded as an accurate measure for idegtibatients at increased risk
of relapse, but they may also represent putatikgeta for innovative therapies
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specifically tailored to suppress oncogenes exmmess enhance the activity of
tumor suppressor genes in patients with EC or atledignancies (36).
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4. GENERAL CONCLUSIONS

In recent decades, the role of epigenetic altaratio carcinogenesis has received
greater attention more than ever before. Afteridatong the fundamental role of
epigenetic changes in human carcinogenesis, coabiée efforts have been
devoted to the development of epigenetic biomarkers

Our results reported here indicate that circulatmgleic acids are a potentially
promising source of tumor-specific biomarkers iigyas with cancer of various
grades and stages.

The development of molecular techniques has opapétie potential of utilizing
circulating nucleic acids as prospective cancemiiders.

This approach may also provide personalized ideatibn of tumor-specific
biomarkers in serum samples once genetic and egligesiberrations have been
characterized in the tumor specimen. We have detmated that these circulating
tumor-specific biomarkers can be detected at amg tiluring the course of the
disease and once detected indicate that a tunpoolsbly present.

Undoubtedly, the diagnostic value of epigenetic enoles in panels or in
combination with the conventional clinical biomarkecould be superior to
individual markers.

The biggest challenge is to standardize the metbgas including sample
storage and DNA or microRNAs extraction to traresldhe quantitation of
circulating epigenetic biomarkers into a clinicautine for cancer diagnosis and

prognosis prediction.

97



