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Abstract

In recent years, the need to identify molecular mark-
ers characterized by high sensitivity and specificity in
detecting and monitoring early and colorectal cancer
lesions has increased. Up to now, none of the markers
or panels of markers analyzed have met the rigorous
standards required of a screening program. The impor-
tant discovery of circulating nucleic acids in biological
fluids has aroused intense scientific interest because
of their usefulness in malignant and non malignant
diseases. Over time, their yield and stability have been
identified and compared with other “standard” biomar-
kers. The analysis of circulating DNA from blood and
stool is a relatively simple and non-invasive procedure,
representing a very attractive marker to detect genetic
and epigenetic mutations and to monitor disease pro-
gression. A correlation between blood and stool bio-
markers could also help to enhance currently available
diagnostic approaches. However, various processing
and analytic problems need to be resolved before such
an approach can be applied in clinical practice.
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Core tip: Although the importance of circulating free
DNA is widely recognized, numerous studies evaluating
its presence in blood and stool samples have reported
analytic variability and non conforming approaches.
Nonetheless, circulating free DNA has shown high po-
tential as a biomarker for the early non-invasive detec-
tion of cancer and for monitoring disease progression.
Population studies are now needed to confirm its use-
fulness for colorectal cancer diagnosis.
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HISTORY OF CIRCULATING NUCLEIC
ACIDS

Circulating nucleic acids in the plasma of healthy and

diseased individuals were identified"’ a few years before
the discovery of the double helical structure of DNA,
Almost 20 years later, circulating DNA was identified in
the serum and plasma of subjects with systemic lupus
erythematosus™. Around the same time, circulating DNA
was identified in other diseases characterized by tissue
destruction such as hepatitis, metastatic carcinoma and
miliary tuberculosis, suggesting that serum DNA might
originate from endogenous tissue breakdown!”. In 1977,
levels of circulating DNA in the serum of individuals
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with different types of cancer were found to be related to
response to radiotherapy treatment. In particular, for the
first time, circulating DNA was more accurately quanti-
fied using a sensitive radioimmunoassay based on anti-
DNA antibodies obtained from lupus erythematosus
patientsm. This quantification revealed that increased or
high DNA circulating levels were mainly present in pa-
tients characterised by a lack of response to treatment.

The presence of extractable amounts of DNA in the
plasma of cancer patients was also identified, suggesting
that circulating DNA may be shed from tumours'. Other
researchers reported findings of KRAS and NRAS gene
mutations from the primary tumor in the plasma and se-
rum of individuals with cancer, providing clear evidence
of the origin of circulating DNA from tumors . Ex-
tracellular nucleic acids, present in different body fluids
such as plasma, serum, bronchial lavage, urine and faecal
fluids, have aroused the interest of the scientific com-
munity in recent years' ' representing a valid biomarker
for the early, non-invasive detection of cancer or for the
monitoring of disease progression. Early diagnosis is
fundamental to reduce morbidity and mortality, especially
as patients diagnosed at early stages show long-term sut-
vival”.

Unfortunately, the quantity of circulating free DNA
in these body fluids is usually low and its isolation re-
mains a challenge. However, rapid technological advances
have led to an improved sensitivity and specificity for the
detection of cell-free nucleic acids, opening up new pos-
sibilities for the non-invasive detection and monitoring

. . . 15
of various malignant diseases'”

ORIGIN OF CIRCULATING FREE DNA

Circulating free DNA is a double-stranded molecule of
low molecular weight which, although mainly fragmented
in 70-200 base pairs (bp), also has sections up to 21 kilo-
bases in lengthm]. In healthy individuals, apoptosis and
necrosis of lymphocytes and other nucleated cells are
mainly involved in the release of circulating nucleic acids
into the blood. Apoptosis leads to DNA degradation
in which chromosomal DNA is first cleaved into large
fragments (50-300 kb) and then into multiples of nucleo-
somal units (180-200 bp)""”. The contents of apoptotic
cells are rapidly ingested by phagocytes or neighbouring
cells® and the DNA is consequently completely digested
by DNase I in lysosomes'"”. Thus, DNA fragments re-
leased by apoptosis may be removed before entering the
circulation”). However, apoptotic DNA is probably the
primary source of circulating nucleic acids, especially if
we take into account the fact that normal plasma DNA
on electrophoresis exhibits band sizes equivalent to
whole-number multiples of nucleosomal DNA (185-200
bp)m]. In cancer patients, the origin of circulating nucleic
acids remained unknown for many years. Although in-
creased circulating free DNA levels cannot be regarded as
specific to cancer, different size distributions have been
observed in cancer patients™. Currently, the hypothesis
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on the endogenous origin of circulating DNA proposed
by Tan ez o/’ is widely acceptedm. Initially, circulating
DNA was thought to be a derivative of increased and ab-
normal apoptotic pathways in cancerous lesions™* be-
cause of its ladder pattern revealed by gel electrophoresis

26,27
P52 Howevert,

similar to the one shown by apoptotic cells
it must be remembered that apoptosis is a mechanism
apparently lost by proliferating cancer cells and that its
restoral is highly problematic[9’24’27]. Another hypothesis
is that circulating DNA derives from “micrometastatic”
tumor cells shed in the circulation. However, some au-
thors reported that the amount of DNA isolated from
the plasma of cancer patients was very high and did not
correspond to the number of cancer cells present in the
circulation®™?”. Tumor necrosis is thought to be related
to high amounts of DNA fragments found in the plasma
of patients with large or advanced/metastatic tumors,
suggesting that this mechanism may be related to circulat-
ing DNA®" However, other pathways could also be
involved™, and probably abnormal DNA degradation or
secretion mechanisms may lead to increased DNA levels
and differing DNA fragmentation, contributing to the
presence of high levels of circulating free DNAP (Fig-
ure 1).

ORIGIN OF CIRCULATING FREE RNA
33)

Less is known on the origin of circulating free RNAPY,
Morte than 25 years ago, RNA in proteolipid complexes
were first identified in the serum of cancer patients[m.
Initially, circulating RNA was found in the serum of
healthy individuals and patients with melanoma, breast
cancer and hepatocellular carcinoma” ", Numerous
studies have reported that specific RNA is present in
the plasma of patients with a variety of cancers and that
these molecules are more stable than expected[38], sug-
gesting that free circulating RNA is probably protected
by vesicles or vesicle-like structures. Apoptosis would also
appear to be involved in the release of circulating free
RNA, and the binding of proteins or phospholipids may
explain the resistance to RNase degradation in the blood-
stream”™, Moreover, mRNA and miRNA are found in
particles such as exosomes released into the bloodstream,
which may help to preserve these nucleic acids in the
blood and increase the amount in circulation. In fact, it
has been seen that the higher levels of mRNA identified
in cancer patients than in healthy individuals are mainly

. . . BT
associated with exosome fraction””

EARLY DIAGNOSIS OF COLORECTAL
CANCER

Colorectal cancer (CRC) incidence and mortality rates
vary markedly around the world. However, rates ate sub-

stantially higher in males than in females!"") representing
the third most commonly diagnosed cancer in males and
¥ CRC is caused by a molecular
alteration in the epithelial cells of the colon, specifically,

the second in females
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Figure 1 Hypothesis for circulating free DNA development. The primary tumor releases cells into the bloodstream or intestinal lumen. In healthy individuals, apop-
tosis and necrosis are the main pathways linked to cell degradation and, consequentially, to DNA fragmentation. In cancer patients, in addition to the aforementioned
necrosis and apoptosis, there would seem to be abnormal mechanisms of DNA degradation or secretion that increase levels and fragmentation of DNA. CTC: Circu-

lating tumor cells.

in proto-oncogenes and tumor supptressor genes such as
APC, KRAS, SMAD 2/4 and p53. Epigenetic alterations
have gained recognition as a key mechanism in color-
ectal carcinogenesis. In particular, hypermethylation of
CpG islands present in gene promoter sequences leads
to the inactivation of tumor suppressor genes. The vast
majority of tumors (about 50%-80%) present chromo-
somal instability, while a smaller fraction (10%-15%) is
characterized by microsatellite instability (MSI). CRCs
with hypermethylation changes in numerous different
CpG-rich DNA regions are defined as showing CpG
island methylation phenotype (CIMP). CIMP-positive
cancer also seems to be associated with MSI and BRAF
mutations . Conversely, hypomethylation of specific
sequences may decrease the fidelity of chromosomal
segregation[45], suggesting that it could be involved in the
chromosomal instability phenotype[46]. DNA methylation
changes probably cause adenomatous precursor lesions
to progress into malignant tumots.

The importance of screening tools to identify early
stage CRC is acknowledged worldwide. Colonoscopy is
currently considered to be the “gold standard” for CRC
screening. However, it is estimated that less than 60% of
eligible individuals over 50 years of age have undergone
this test for various reasons, the main one being the inva-
siveness of the procedurem. The immunochemical fecal
occult blood test (FOBT), a non invasive screening CRC
approach that uses antibodies against human globulin,
has reduced CRC mortality by 15%-33%"*\. However,
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this test is characterized by frequent false-negative and
false-positive results, and its sensitivity in detecting pre-
cursor lesion such as adenomas is very low (1 0%-20%)""

NUCLEIC ACIDS IN SERUM AND PLASMA

Numerous studies have been published on circulating
free DNA in both plasma and serum of different tumor
types including colorectal” ™. A summary of the most
important studies on colorectal cancer patients is shown
in Table 1.

It is known that serum contains a higher amount of
free circulating DNA than plasma. Different hypotheses
for this have been put forward, eg., an unequal distribu-
tion of DNA during separation from whole blood"".
However, differing levels of circulating free DNA have
been observed in experiments using serum and plasma,
and the optimal material to process remains open to de-
bate™".

The most important serum markers for CRC detec-
tion are carcinoembryonic antigen (CEA), carbohydrate
antigen 19-9 (CA19-9) and tissue inhibitor of matrix met-
alloproteinases (TIMP)-1. However, CEA is currently the
only marker used for prognosis, follow-up and monitor-
ing of disease status. Although high levels of serum CEA
are often associated with an increased tisk of recurtrence
and poor prognosis. It is not uncommon to detect nor-
mal levels in patients with advanced CRC or early stage
patients who subsequently develop recurrence or distant
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Table 1 Summary of studies that have tested DNA integrity and genetic alteration markers in blood samples in colorectal cancer

Study Biomarker(s) Methods Case analyzed Main results
Flamini et al™, 2006 Serum cfDNA qRT PCR CRC: 75 Sensitivity Specificity
CEA HD: 75 81% 73%
cfDNA and CEA 39% 97%
88% 71%
Frattini et al®", 2006 Plasma cfDNA  DNA Dipstick Kit CRC: 70 CRC (To) mean value DNA: 495.7 ng/mL
HD: 20 CRC (FU at 4 mo) mean value DNA: 170.6 ng/mL
CRC (FU at 10 mo) mean value DNA: 240.9 ng/mL
CRC (FU at 10 mo)(DFP) mean value DNA: 136.2 ng/mL
CRC (FU at 10 mo)(RP) mean value DNA: 694.4 ng/mL
HD: mean value DNA 10.3 ng/mL
Altered in only 37% of CRC patients
Umetani et al'", 2006 Plasma cfDNA ALU qRTPCR  Breast, Colorectal, Thyroid Mean + SD value plasma cfDNA: 180 + 150 pg/pL
Serum cfDNA Ti}a::z[iz 5 Mean + SD value serum cfDNA: 970 + 730 pg/pL
Umetani et al'*”, 2006 Absolute serum ALU qRT PCR CRC: 32 CRC (I-1I) mean absolute value DNA: 1.63 ng/uL
DNA HD: 51 CRC (I-1I) mean integrity DNA: 0.22 ng/pL
Integrity serum DNA CRC (II-IV) mean absolute DNA: 1.73 ng/pL
Alu repeats (2 sites) CRC (II-IV) mean integrity DNA: 0.22 ng/pL
Boni et al®, 2007 Plasma cfDNA qRT PCR CRC: 67 CRC: Mean value DNA 57.93 ng/mL
CEA HD: 67 HD: Mean value DNA 0.85 ng/mL
Evaluated in only 47% of patients
Danese et al'*”, 2010 Serum cfDNA RT-PCR CRC: 118 Sensitivity Specificity
CEA P: 49 83% 92%
HD: 26 36% 100%
Mead et al®, 2011 Plasma cfDNA PCR CRC: 24 AUC: ¢fDNA: 0.81
(4 DNA markers) ELISA P: 26 AUC (CEA and c¢fDNA): 0.855
CEA HD: 35 P: Sensitivity: 83%; Specificity 72%
Czeiger et al*, 2011 Serum cfDNA Fluorometric CRC: 38 Sensitivity Specificity
Assay HD: 34 42% 94%
da Silva Filho et al'”, Serum cfDNA qPCR CRC not operated on: 27 CRC not operated on: 0.08-62.10 pg/pL

2013 Alu repeats (2 sites)

CRC operated on: 33

CRC operated on: 0.01-186.7 pg/uL
HD: 0.01-26.11 pg/pL
Mean value range (according to different Alu analysis)

HD: 30

cfDNA: Cell-free circulating DNA; HD: Healthy donors; A: Adenomas; P:

Polyps; To: Time 0; FU: Follow up; DFP: Disease free patients; RP: Recurrence

patients; AUC: Area under the receiver-operating characteristic (ROC) curve; qRT PCR: Quantitative real time polymerase chain reaction; ELISA: Enzyme-

linked immunosorbent assay.

metastases . Thus, the use of CEA assessment for the
early diagnosis and monitoring of CRC is limited by
relatively poor sensitivity and speciﬁcity[63]. In 20006, Frat-
tini ef al™” quantified circulating DNA plasma levels of
70 patients submitted to sutgery for primary CRC at the
time of surgery and during follow-up and comparing this
marker with CEA. It was found that circulating DNA
levels in all patients at the time of surgery were about
25-fold higher those of 20 healthy donors. Of note, only
37% of patients had altered CEA levels”". Moreover,
Boni ¢ al”® observed a statistically significant difference
in plasma circulating DNA levels between healthy donors
and CRC patients. A significant difference was also ob-
served between circulating DNA and CEA values in CRC
cases, calculated in only 47% of cases'™”,

Sensitivity and specificity of serum free circulating
DNA and CEA values were also examined in other stud-
ies, confirming high levels of circulating free DNA in
CRC patients with respect to healthy individuals. Con-
versely, sensitivity values of CEA were around 35%, even
when specificity was higher'' **”. Sensitivity and specificity
values increased to 88% and 71%, respectively, consider-
ing the two markers in combination'”. Moteover, Frattini
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et al’" observed that circulating free DNA levels de-
creased progressively during follow-up in disease-free pa-
tients but increased in those who relapsed. This finding is
in line with the first observation on circulating free DNA
made by Leon ¢ al” who suggested that the decrease in
free DNA in cancer patients before and after treatment
may be due to the therapy’s inhibitory effect on the pro-
liferation of cancer cells. Conversely, in the early stages
of cancer, when little cell death occurs, circulating DNA
may already be present in higher than normal concentra-
tions.

Analysing two sites of Alu repeats by a quantitative
PCR approach, Umetani ez al®” found that serum DNA
integrity values were higher in 32 CRC patients than in
controls. Interestingly, the serum free circulating DNA
concentration was 4- to 6-fold higher in patients than
in healthy individuals. This ALU sequencing approach
would also appear to be able to discriminate between
healthy individuals, CRC patients who have undergone
surgery and those who have not been submitted to surgi-
cal treatment”.

These studies revealed a higher sensitivity of circulat-
ing DNA then CEA quantitation in CRC patients. Serum
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CA19-9, CA72-4 and TIMP-3 are currently being evalu-
ated for screening purposes™ ™, while serum methyla-
tion markers such as TAC1, SEPT9 and EYA4 are under
investigation as biomarkers for adenoma and early CRC
detection". In particular, SEPT9 has been investigated
with the aim of improving detection rates of malignant
lesion precursorsm, but sensitivity values do not appear
to be better than those obtained with stool”. Ahlquist
et al” reported higher SEPT9 values than those of the
stool DNA multimarker test only for stage IV CRC.
Available data do not, therefore, justify the application of
SEPTY as a single biomarker for the detection of prema-
lignant and early malignant lesions in a screening popula-
tion. The analysis of paired samples, ze., stool DNA mul-
timarker test and plasma SEPT 9, showed a sensitivity of
82% and 14% for adenoma detection, respectively, and
87% and 60% for CRC, respectively”.

Interestingly, a recent meta-analysis by Yang e# al™
concluded that stool DNA was not suitable for CRC
screening in average- rather than high-risk individu-
als, yielding a low detection value for precancerous le-
sions. Amir e¢f @/ demonstrated a correlation between
SEPT9_V1 overexpression and drug resistance in various
cancer cell lines. The potential of plasma biomarkers to
identify individuals at risk of developing drug resistance
was also demonstrated by Misale ¢z /" in a metastatic
colorectal cancer population.

Cell free mRNA has also been evaluated in plasma,
in particular by the quantification of mRNA levels of
hTERT, a ribonucleoprotein involved in the maintenance
of correct length of telomeric chromosome ends, overex-

pressed in a wide number of tumors, including colon and
(77

rectal cancers’ ™. In particular, a correlation has been
found between plasma mRNA levels and tumor stage in
CRC patients, suggesting that plasma RNA quantification

could be useful for early diagnosis and follow up'™".

NUCLEIC ACIDS IN STOOL

Non-invasive, no bowel preparation and the sampling

design are some of the main advantages of molecular
stool analysis. A greater understanding of the molecular
pathogenesis and the natural history of CRC has helped
researchers to improve methods for molecular stool
screening . In 1952, Bader et a/*" reported that cancer
of the rectum, sigmoid and descending colon could be
detected by the cytological analysis of colonocytes. DNA
from colonocytes shed in stool can be used to charactet-
ize the colonic epithelium involved in carcinogenesis.
Colonocytes are, in fact, exfoliated continuously into the
fecal stream™ and their concentration in the intestinal
lumen of CRC patients can increase of 4.5-fold with
respect to healthy individuals®. Tt has been seen that an-
other important stool element are mucus and its cellular
cargo, found on the surface of stool after defecation™ ™,
Colonic mucus would seem to have protective properties
that create a niche in which colonocytes are preserved

in relative abundance®*!. For these reasons, although
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the mucus present on stool surface after defecation may
have been picked up in the distal large bowel, it may also
contain cells detived from the entire colorectal mucosa®.
This would explain why malignant cells from the cecum
and other right-sided CRCs can be isolated from stool
after defecation™ despite the luminal contents gener-
ally being liquid in the most proximal part of the large
bowel. Stool tests based on isolated colonocytes rather
than blood markers may offer better results due to the
higher rate of neoplastic cell exfoliation, especially when
used alone or in combination with current routine diag-
nostic tests, such as iIFOBT™. However, as it is extremely
difficult to discriminate between normal and malignant
cells using standard morphological criteria, considerable
interest has arisen in identifying biomarkers secreted by
CRC cells rather than normal colonocytesm. Adeno-
mas and CRC characteristically exfoliate non-apoptotic
colonocytes, unlike normal colonic mucosa, which typi-
cally sheds apoptotic colonocytes™. The carcinogenetic
process can lead to genetic mutations and/or epigenetic
alterations that prevent normal colonocytes apoptosis[sm.
Non-apoptotic colonocytes shed from diseased mucosa
and isolated in the stool can release segments of 200 bp
or more in length of intact DNA (I.-DNA), making the
latter a potentially effective stool biomarker.

A number of authors have proposed different meth-
ods to develop valid DNA integrity analysis (DIA) assays
to improve sensibility and specificity in the detection of
pre-malignant and malignant lesions. Results from studies
carried out on stool biomarkers since 2000 are summa-
rized in Table 2.

In one of the first studies to focus on this topic,
Boynton e al’ evaluated the length and integrity of
L-DNA fragments using oligonucleotide-based hybrid
captures with specific target sequences of 200 bp, 400
bp, 800 bp, 1.3 kb, 1.8 kb and 24 kb in PCR reactions;
56% sensitivity and 97% specificity were obtained. The
authors concluded that CRC was related to the presence
of high molecular weight bands”". Another approach to
quantify stool L-DNA was carried out using fluorescence
primers, capillary electrophoresis and standard curves
(fluorescence long DNA, FL-DNA) P2, In this pilot study
on 56 patients and 38 healthy volunteers, FI.-DNA evalu-
ation using a cut-off of 25 ng showed a sensitivity of
about 76% and a specificity of 93% compared to a spe-
cificity of 97% and a sensitivity of only 50% when a non
quantitative DNA amplification method was utilized™.

Long DNA has been also evaluated by analysing hu-
man Alu repeats using Real Time PCR assay showing a
specificity of 100% but a sensitivity of 44%". To im-
prove accuracy in detecting neoplastic and pre-neoplastic
lesions, different combinations of DNA integrity and
genetic alteration analyses have been proposed in the last
few years. Ahlquist e al™ explored the feasibility of stool
assays evaluating panels of selected DNA alterations to
discriminate between subjects with colorectal cancer and
healthy individuals. The pilot study, using an assay based
on L-DNA analysis, APC, TP53 and KRAS gene deter-
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Table 2 Summary of studies that have tested DNA integrity and genetic alteration markers in stool samples

Study Biomarker(s) Methods Assay for Long DNA Case analyzed Sensitivity  Specificity
Ahlquist et al®®, 2000 Stool DNA integrity L-DNA (4 sites) Hybrid CRC: 22 91% 93%
KRAS, TP53, APC Mutation analysis Capture A=1cm:11 82% NA
BAT 26 MsI PCR HD: 28
Tagore et al'®, 2003 Stool DNA integrity L-DNA (6 sites) Hybrid CRC: 52 64% 96 %
KRAS, TP53, APC Mutation analysis Capture AA: 28
BAT 26 MSI PCR HD: 212 57% NA
Calistri et al™, 2003 Stool DNA integrity L-DNA (8 sites) PCR CRC: 56 62% 97%
KRAS, TP53, APC Mutation analysis HD: 38
D25123, D55346, D175250
BAT 25, BAT 26 MsI
Boyton et al™, 2003 Stool DNA integrity L-DNA (6 sites) Hybrid CRC: 27 56% 97%
Capture HD: 77
PCR
Calistri et al®”, 2004 Stool DNA integrity FL-DNA (8 sites) Capillary CRC: 85 76% 93%
Electrophoresis HD: 59
Whitney et al'®, 2004 Stool DNA integrity L-DNA (4 sites) Magnetic CRC: 86 70% 96%
KRAS, TP53, APC Mutation analysis Bead-Based HD: 100
BAT 26 MSI Sequence-Specific
Purification
Capture
Imperiale et al™”, 2004 Stool DNA integrity L-DNA (4 sites) Hybrid Capture CRC: 31 52% 95%
KRAS, TP53, APC Mutation analysis PCR AA: 407 15% NA
BAT 26 MsI P: 648 8% NA
HD: 1423
Kutzner et al®, 2005 Stool DNA integrity L-DNA (4 sites) Hybrid CRC: 57 65% 91%
APC Mutation analysis Capture HD: 44
BAT 26 MsI PCR
Zou et al™, Stool DNA integrity L-DNA: Alu-assay (2 sites) RT PCR CRC: 18 44% 100%
2006 HD: 20
Ttzkowitz et al®”, 2007 Stool DNA integrity L-DNA (4 sites Locus D, Locus Y) RT PCR CRC: 40 88% 82%
Vimentin Methylation analysis HD: 122
Abbaszadegan et al™®, Stool DNA integrity L-DNA: (1476 bp fragments) PCR CRC: 25 64% 95%
2007 plé Methylation analysis HD: 20
BAT 26 MSI
Ahlquist et al®, 2008 Stool DNA integrity L-DNA (4 sites) PCR CRC: 12 25% 96%
KRAS, APC, TP53 Mutations Analysis A =1cm: 135 17% NA
BAT 26 MSI A <1cm: 469
Stool DNA test 1 P: 341 4% NA
HD: 1473 5% NA
Ttzkowitz et al*”, 2008 Stool DNA integrity ~ L-DNA (4 sites, Locus D, Locus Y) RT PCR CRC: 82 83% 82%
Vimentin Methylation Analysis HD: 363
Calistri et al", 2009 Stool DNA integrity FL-DNA (8 sites) Capillary CRC: 100 79% 89%
Electrophoresis HD: 100
Calistri et al"", 2010 Stool DNA integrity FL-DNA (8 sites) Capillary CRC:26  Cancer risk prediction with
iFOBT iFOBT Electrophoresis A HR: 264 markers combination
ALR: 54
HD: 216
Kalimutho et al™™, Stool DNA integrity L-DNA (4 sites) QdHPLC CRC: 28 86% 81%
2011 Calprotectin ELISA A: 69 17% NA
HD: 95 72% 75%
Ahlquist et al™™, 2012 Stool DNA integrity L-DNA QuARTS CRC: 252 85% 89%
KRAS Mutations Analysis A =1cm: 133 63% NA
NDRG4, BMP3, vimentin, Methylation Analysis A<1cm: 9% 54% NA
TFP12/a-actine HD: 293

L-DNA: Long-DNA; FL-DNA: Fluorescence long DNA; CRC: Colorectal cancer; A: Adenoma; AA: Advanced Adenoma; A HR: Adenoma high risk; A LR:
Adenoma low risk; HD: Healthy donors; HP: Hyperplasic polyps; NA: Not available; RT-PCR: Real time polymerase chain reaction; QdHPLC: Quantitative
denaturing high performance liquid chromatografy; QuARTS: Quantitative allele specific real-time target and signal amplification; MSI: Microsatellite in-
stability.

detecting CRC™. However, results from Imperiale’s study
confirmed that molecular analysis identified CRC and ad-
enomas more accurately than the standard FOBT", An-
other large study performed by Ahlquist some years later
using a similar approach based on L-DNA evaluation,

mination and BAT26 microsatellite instability evaluation,
reported 91% sensitivity and 93% specificity in detecting
CRC™. This high accuracy was not confirmed in a large
multicenter study of more than 4000 subjects conducted
by Imperiale, who reported obtaining 52% sensitivity in
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an assessment of 21 tumor-specific point mutations and
BAT 26 microsatellite analysis reported a sensitivity of
only 25% in detecting cancer”. However, the author also
showed that sensitivity could be increased to 58% by us-
ing a different molecular approach based on 3 broadly in-
formative markers (KRAS mutation, .4PC mutator cluster
region and vimentin gene methylation) ). Around the same
time, Itzkowitz et al*” used an approach based on the
analysis of vimentin and different-sized DNA fragments of
different loci, obtaining a sensitivity of 83% and a specifi-
city of 82% in detecting CRC. Other combinations of ge-
netic and epigenetic, MSI and DNA integrity markers has
been tested over the past ten years in an attempt to define
an effective assay for CRC detection. Kalimutho e a/"™
used an approach based on quantitative-denaturing high
performance liquid chromatography detection of APC,
BRAF, KRAS and p53 genes to quantify fecal DNA integ-
rity status. Results showed that the four-gene amplification
analysis increased sensitivity with respect to single gene
amplification, calprotectin evaluation or iFOBT, the latter
two assessed using commercial kits"". More recently, a
next generation stool DNA test based on a quantitative al-
lele-specific real-time target and signal amplification assay
was developed with the aim of detecting early-stage CRC,
despite the laboriousness and cost of this approach, a
sensitivity of 85% for CRC and a specificity of 89% were
obtained""”. Long DNA values have also been evaluated
in combination with iFOBT, showing that a combined ap-
proach could better predict the presence of tumor or high
risk adenoma lesions in the colon""".

An interesting study by Kanaoka ez al™ comparing st-
ool cyclooxygenase-2 (COX-2) and CEA mRNA levels re-
vealed that faecal CEA mRNA specificity was lower than
that of COX-2. Furthermore, no significant differences in
median faecal CEA mRNA values between CRC patients
and control subjects were detected by Koga ez al"™. Us-
ing the RNA extraction method published by Kanaoka ez
al™, Hamaya ez al"™ confirmed significantly higher fae-
cal COX-2 mRNA expression levels in CRC patients than
in controls. Moreovet, faecal mRNA levels of CEA, E-cad
and CD45 showed significantly higher values in CRC pa-

tients than in controls.

CONCLUSION

Circulating cell-free nucleic acids are potentially excellent
marker for early diagnosis, disease monitoring and more
accurate tumour staging.

Molecular markers that could be used to monitor or
predict a relapse in a presymptomatic phase of follow-up
could have a great impact on the management and, po-
tentially the survival of CRC patients. Several studies have
proposed the use of the circulating free DNA quantifica-
tion as a screening method for CRC diagnosis. Extraction
of circulating DNA and RNA from biological fluids eg.,
blood and stool, is a simple, relatively noninvasive and
low cost procedure, thus representing a very attractive
tool to detect genetic and epigenetic mutations, whereas
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analysis of gene alterations are generally expensive and
time consuming. Furthermore, the evaluation of circulat-
ing free DNA exclusively derived from tumor cells rep-
resents a useful strategy to monitor disease progression.
In fact, molecular alterations present in metastatic and
primary tumors from the same patient can vary, deter-
mining different aggressiveness and/or responsiveness to
treatments. Thus, the possibility of monitoring molecular
alterations using simple tests based on nucleic acids ob-
tained from blood samples could permit a more efficient
assessment of disease status and response to treatments.
Unfortunately, the results from studies carried out
in this area also highlight great variability in terms of
DNA and RNA concentration, yield, and sensitivity and
specificity, indicating the presence of various pre-analytic
(serum preparation with or without coagulation accelera-
tor, interval between collection and centrifugation, stor-
age and cryopreservation of samples) and analytic factors
(type of extraction with organic solvents, commercial
kits, use of magnetic beads) that could influence the di-
agnostic value of the method. In addition, human faecal
RNA is an understudied type of biospecimen due to the
difficulty of sample preservau:ion[10
collection, storage and handling are very important issues
for DNA and RNA extracted from stool and could have
a substantial impact on the performance of a specific

N In particular, sample

test!"””"". For these reasons, standardization of sample
collection and analysis is fundamental to ensure good
reproducibility and large, multicenter studies are needed
to clarify the role of these molecular markers in a clinical
setting,
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