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ABSTRACT

Introduction: the aim of this study was to assess the
potential role of cfDNA as a simple and not invasive tool
for endometrial cancer (EC) diagnosis by comparing
two rapid and inexpensive methodologies.

Methods: a cohort of 57 EC serum samples was
analysed by both direct SYBR gold stain and qPCR-
Alu. As control, we used 21 serum samples from
healthy women. Concentrations were extrapolated
from a standard curves. The DNA integrity index was
calculated as the ratio of longer to total amount of DNA,
quantified by qPCR-Alu247 and qPCR-Alu115. Receiver
operating characteristic (ROC) analysis was performed
to evaluate the discriminating capability between
healthy and EC patients of both tests.

Results: cfDNA levels, measured with both SYBR gold
stain and qPCR-Alu can differentiate between healthy
women and EC patients. Augmented cfDNA content
significantly increases in high EC grades.
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SOMMARIO

Introduzione: lo scopo di questo studio e quello di
valutare il potenziale ruolo del DNA libero circolante
(cfDNA) come strumento semplice e non invasivo per
la diagnosi del cancro endometriale (EC) confrontando
due metodologie rapide e poco costose.

Metodi: una coorte di 57 campioni di siero e stata
analizzata attraverso saggio di colorazione diretta con
SYBR gold che attraverso gPCR-Alu. Come controllo,
abbiamo utilizzato 21 campioni di siero da donne
sane. Le concentrazioni sono state extrapolate da curve
standard. L'indice di integrita del DNA e stato calcolato
come rapporto tra la pit1 lunga e la quantita totale del
DNA, quantificato da qPCR-Alu247 e qPCR-Alull5.
L’analisi della caratteristica operativa del ricevitore
(ROC) e stata effettuata per valutare la capacita
discriminante tra pazienti sani e con EC con entrambi
itest.

Risultati: i livelli di ¢fDNA, misurati con SYBR gold
e qPCR-Alu, sono in grado di differenziare tra donne
sane e pazienti con EC. II livello di c¢fDNA aumenta
notevolmente nei gradi elevati di EC. Valori piu alti
di indice di integrita del DNA si ottengono nei grado
pitt elevati di EC, molto probabilmente associati al
continua...
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A higher DNA integrity index is observed in higher
EC grade, very likely associated with the occurrence of
tumor lymphovascular space invasion (LVSI).
Discussion: cfDNA content may help clinical
management. SYBR gold assay may represent a
sensitive tool for absolute quantification, whereas
qPCR-Alul15 and DNA integrity index could be used
as rapids complementary tools to stratify high grade EC
with risk of metastasis.

Key words: uterine fibroids; uterine artery embolization;
sexuality; quality of life.

INTRODUCTION

Worldwide, endometrial cancer (EC) is the
second most common gynecological occurring in
reproductive and postmenopausal women, and
the sixth most common cancer overall among
women . About 75% of women have a cancer
confined to the uterus (stage I) and have generally
a good prognosis since early diagnosis, however
the prognosis for recurrent or metastatic EC
remains poor. Identification of patients with poor
prognosis represents a particular therapeutic
challenge.

Circulating cell-free DNA (cfDNA) provides
rapid and noninvasive “liquid biopsy” tool, which
gives important complementary information
on diagnosis and therapeutic management in
cancer patients @. CfDNA is a double-stranded
molecule, highly fragmented, including nuclear
and mitochondrial DNA that is released in the
blood stream through several physiological
and pathological processes, such as apoptosis,
necrosis, autophagy, secretion, and necroptosis ©-.
The presence of cfDNA within the plasma was
first reported in the blood of healthy individuals .
Because of technological limitations, only several
years later Stroun at al provided the first study
supporting that ¢fDNA does indeed contain
tumor DNA in cancer patients ®. The higher levels
of cfDNA are found in serum or plasma of cancer
patients than in healthy controls ®19. Elevated
release of cfDNA occurs in several other disorders,
such as infectious and autoimmune diseases,
stroke, infarction and trauma ", thus more
specific and accurate methodologies are needed
to discriminate the source of cfDNA. CfDNA
harbours cancer specific somatic and genetic
alterations, such as gene mutations, methylation
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verificarsi di invasione dello spazio linfovascolare
tumorale (LVSI).

Discussione: il contenuto di ¢fDNA puo aiutare la
gestione clinica. Il test attraverso colorazione con
SYBR gold pud rappresentare uno test sensibile per
la quantificazione assoluta del cfDNA, mentre valori
ottenuti da qPCR-Alul15 e l'indice di integrita del DNA
potrebbero essere utilizzati come rapide metodologie
complementari per stratificare EC di alto grado con
rischio di metastasi.

Parole chiave: endometrial cancer, circulating cell-free
DNA, SYBR gold assay, qPCR-Alu, DNA integrity
index, lymphovascular space invasion, cancer grade,
cancer stage, rOC curve, cut-off.

and microsatellite instability ¢'>* that discriminate
cancer cfDNA from normal ¢fDNA and assure it
as a specific biomarker that provides personalized
information to detect residual disease or monitor
tumor progression during therapy. However, the
technical complexity and high cost associated with
analysis of cancer associated genetic and somatic
alterations in c¢fDNA represent a limitation
in its practical application in routine patient
management.

CfDNA level rapidly increases in blood stream
during tumor development mainly by an excessive
DNA release by apoptotic and necrotic cells, and
the variability of its levels, ranging from 3% to 93%
of the total cfDNA in cancer patients ¥, associates
with tumor burden, stage, vascularity, cellular
turnover, and response to therapy with highest
levels in advanced and metastatic disease 5.
In healthy individuals, the cfDNA in circulating
blood is released by apoptosis, whereas in cancer
patients the source is throught both apoptosis
as well as by necrosis ). The major portion of
cfDNA in cancer patients is of apoptotic origin,
i.e. shorter fragments with 180-200 base pairs or
multiples of this unit in length. Increased levels
of longer fragments of cfDNA in blood has been
shown to be a predictive marker for the presence
of malignant tumor DNA (7). Basing on these
evidences, currently the DNA integrity, calculated
as the ratio of longer to shorter DNA fragments ,
has been assessed for its diagnostic and prognostic
potential in cancer patients.

Alu-quantitative real-time PCR (qPCR-Alu) is
the most common method used to detect DNA
integrity ®. The quantification of cfDNA by the
qPCR of Alu repeats uses sets of Alu primers that
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amplifies shorter (truncated by apoptosis) and
longer DNA fragments, with a detection limit
of approximately 0.01 ng @Y. Alu sequences are
the most abundant short interspersed elements
accounting for approximately 10% of the human
genome. The molecular weight of each Alu
element is 300 bp. ®. The most commonly used
primers for qPCR-Alu are Alull5 and Alu247 ®.
Annealing sites of Alull5 are within the Alu247
sequence, thus results from qPCR-Alull5
represent the total amount of cfDNA. Alu247
primers amplifies only longer DNA fragments.
DNA integrity is generally measured as a ratio
of longer to shorter DNA fragments, or as a ratio
of longer to total amount of DNA quantified by
qPCR-Alu247 and qPCR-Alul15,

In our study, we used two rapid and not-
expensive methodologies, the SYBR gold staining
and the qPCR-Alu, to evaluate the utility of
cfDNA content and degree of fragmentation as
prognostic tool to help clinical management in
EC. Both methods are based on the direct analysis
on serum, without preceding DNA purification,
thus overcoming artifacts associated with DNA
isolation, such as the prevailing short-comings of
DNA extraction methods. The SYBR gold assay is
based on use of the fluorochrome SYBR gold stain
and is a simple, inexpensive and accurate test for
total cfDNA quantification ®¥. Several studies
have already shown the specificity and clinical
relevance of this fluorometric assay .

Our study indicates the utility of quantification
of cfDNA level by SYBR gold and qPCR-Alu and
degree of fragmentation by qPCR-Alu247 value
/qPCR-Alull5 value in association with the
clinicopathological characteristics of pre-surgical
EC patients as complementary tools in clinical
diagnosis.

MATERIAL AND METHODS

Patient cohort: All healthy volunteers and
EC patients were recruited at the Regina Elena
National Cancer Institute. We collected serum
samples from 21 healthy volunteers and 57 EC
patients. According with the histologic grade,
we analyzed samples from 12 G1, 28 G2 and 17
G3 ECs. Table I depicts clinical-pathological
characteristics of patients enrolled in this study.
The blood of cancer patients was obtained before
surgery and before the beginning of any treatment.
Information about patients was obtained by
reviewing their medical charts.
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Table 1.

Clinico-pathological features of our cohort of 57 EC patients.
Endometrial cancer Gl G2 G3
(grade)

No of cases 12 28 17
Median Age 57 57 61
(years) (range 48-71) | (range 30-73) | (range 52-78)
<65 years old (%) 58,3 76,6 64,7
>65 years old (%) 41,7 23,4 35,3
BMI <30 (%) 58,3 53,3 70,5
BMI >30 (%) 41,7 46,7 29,5
Figo Stage (%0)

I 100 89,6 41,2
i 0 6,8 23,5
III 0 34 353
v 0 0 0
Lymph node metastases (%) 0 0 17,6

Serum blood samples storage: Whole blood
samples were collected in Vacutainer tubes
without anticoagulant. After collection of the
whole blood, the blood was leaved at room
temperature to allow to clot. The blood serum will
be separated by centrifuging at 1,000-2,000 x g for
10 minutes in a refrigerated centrifuge and stored
at -20°C or lower.

Measurement of cfDNA levels: SYBR gold
stain was performed as described by Goldeshtein
et al. ®@. SYBR Gold Nucleic Acid Gel Stain
(Invitrogen) was diluted first at 1:1000 in dimethyl
sulphoxide (DMSO) and then at 1:8 in phosphate-
buffered saline (PBS). Ten microliters of DNA
solutions or sera were applied to a black 96-well
plates. Forty microliters of diluted SYBR Gold
were added to each well (final dilution 1:10,000)
and fluorescence measured with a 96well
fluorometer at an emission wavelength of 535 nm
and an excitation wavelength of 485 nm. Serum
samples were diluted in PBS fivefold (20%). Assay
was performed in triplicate. Standards were
prepared with commercial Salmon sperm DNA.

For qPCR-Alu assay, serum preparation was
performed as described by Umetani et al. ®9.
Briefly, serum proteins which might hinder the
qPCR results by binding to template DNA or
DNA polymerase were deactivated by mixing
20 pL of each serum sample with 20 pL of a
preparation buffer that contained 2.5% of tween
20, 50 mmol/L Tris, and 1 mmol/L EDTA. This
mixture was digested with proteinase K (20 pg)
solution for 50 min (Promega) at 56°C, followed by
5 min of heat deactivation and insolubilization for
10 min at 95°C. After subsequent centrifugation
of 10,000xg for 5 min, 0.2 pL of supernatant was
used as a template for each quantitative real-time
polymerase chain reaction (QRT-PCR) using SYBR
Green Master Mix (Applied Biosystems, CA, USA)
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followed by evaluation of the average of CT values
from triplicate reactions from Real Time PCR
software. qPCR reaction.

The absolute equivalent amount ofDNA
in each sample was determined by a standard
curve with serial dilutions (15 ng-0.015 pg) of
gently prepared genomic DNA obtained from
peripheral blood leukocytes of healthy donor
volunteers. A negative control (without template)
was performed in each plate. All qPCR assays
were performed in a blinded fashion without
knowledge of specimen identity. Mean values
were calculated from triplicate reactions. The
sequences of the ALU115 primers were forward:
5-CCTGAGGTCAGGAGTTCGAG-3 and
reverse: 5-CCCGAGTAGCTGGGATTACA-3;
ALU247 primers were forward:
5-GTGGCTCACGCCTGTAATC-3 and reverse:
5-CAGGCTG GAGTGCAGTGG-3. DNA integrity
index was calculated as qPCR-Alu247 value /
qPCR-Alul15 value of each sample.

Statistical analysis

Data were reported as mean and standard
deviation. In all experiments, comparisons of
results between two groups were based on
Student’s t-test and one-way analysis of variance
(ANOVA). P<0.05 was deemed to be significant
variation. The predictive capability (i.e., diagnostic
performance) of cfDNA was investigated by
means of the area under the ROC (Receiver-
Operating Characteristics) curve (AUC). Cut-offs
were extrapolated from the curve.

RESULTS

Comparison between SYBR gold staining and
qPCR-Alul15 assay for f DNA measurement in EC.

Clinicopathological features of EC patients
enrolled in this study are depicted in Table 1.
Serum samples from 21 healthy patients were
used as control. We analysed serum samples
from 12 G1, 28 G2, and 17 G3 EC patients. We
prepared a standard curve using several dilutions
of commercial Salmon Sperm DNA to extrapolate
DNA concentrations. The fit of the standard
curve (R2) was higher than 0,98. We performed
the SYBR gold assay using 10 pL of serum and
40 pL of diluted SYBR gold. Fluorescence was
measured with a 96 well fluorometer at an
emission wavelength of 535 nm and an excitation
wavelength of 485 nm. For qPCR-Alu, we digested
20 pL of serum with proteinase K and used 0.2 pL
for the assay. The absolute equivalent amount
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of DNA in each sample was determined by a
standard curve with serial dilutions (15 ng-0.015
pg) of genomic DNA extracted from peripheral
blood leukocytes using a specific set of primers for
Alul15 amplification. The fit of the standard curve
(R2) was higher than 0,99. A significant increase in
cfDNA content in G1 and G2 EC patients compared
to G1 EC and control group was observed using
both assays (Fig. 1A and 1B). CfDNA levels in
G2 and G3 EC serum samples were very similar.
Analysis performed by SYBR gold assay allowed
us to detect a significant increase also in G1 EC
compared to control samples. This alteration of
cfDNA total amount was not related to EC stage,
since not significant differences were detected
using both assays (Fig. 1C and 1D). Our results
indicate that cfDNA levels increase in EC and is
associated with EC grading. Moreover, SYBR
gold assay seems to have a stronger sensibility in
discriminating low grade EC from healthy serum
samples (Fig. 1A and 1B).
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Figure 1.

Comparison between cfDNA level in healthy volunteers and EC
patients. Measurement of mean of cfDNA content with SYBR gold
assay (1A) and qPCR-Alul15 analysis (1B). Evaluation of cfDNA
content in different EC stages with with SYBR gold assay (1C) and
qPCR-Alul15 analysis (1D). Statistical significance: : *P<0.05,
**P<0.01. The error bars indicate the standard error.

Evaluation of the discriminating capability
between healthy and EC patients of SYBR gold
and qPCR-Alull5 assays.

To evaluate the predictive capability (i.e.
diagnostic significance) of cfDNA measurements
by SYBR gold and qPCR-Alull5 assays in EC
serum samples, we performed the receiver
operating characteristic (ROC) analysis. The
ROC curves obtained by plot at different cut-offs
(Fig. 2A and 2B) showed a moderate predictive
accuracy for both tests (Tab. 2).
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Figure 2.
Receiver operative characteristics (ROC) curves for ¢fDNA levels
measured with SYBR gold stain (2A) and qPCR-Alu115 (2B)

We identified two cut-offs that best
discriminated cfDNA content between healthy
women and EC patients: one cut-off, equal to
800 ng/ml, for the SYBR gold staining with 57%
sensitivity and 77% specificity, and another, equal
to 20 ng/m,l for qPCR-Alul15 assay with 52%
sensitivity and 84 % specificity (Tab. 2).

Table 2.

Receiver operative characteristics (ROC) analyses. Receiver operative
characteristics (ROC) results and optimal cut-offs values for fDNA
evaluated by SYBR gold stain and gPCR-Alu115 analysis. AUC: area
under the ROC curve. CI: 95% confidence interval .

SYBR Gold Assay qPCR assay-Alull5
AUC (C]) 0,704 (0.632-0.777) 0,701 (0.612-0.789)
SE 0.037 0.045
Cut-off 800 ng/ml 20 ng/ml
Sensitivity 57% 52%
Specificity 77% 84%

We used these two cut-offs to cluster samples
and evaluate the percentage of serum samples
with cfDNA content higher than the cut-off values
in G1, G2 and G3 EC samples. The number of
patients with high levels of cfDNA was higher
high grade EC, and this increase was larger for
qPCR-Alull5 analysis compared to SYR gold
staining. Results are shown in Table 3.

Table 3.

Cluster analysis of EC patients with high levels of cfDNA. Percentage
of serum samples from G1,G2 and G3 EC patients with cfDNA content
higher than optimal cuf-offs extrapolated by ROC analysis measured by
SYBR gold assay (800 ng/ml) and gPCR-115 quantification (20 ng/ml).

fDNA concentration by SYBR Gold assay | fDNA concentration by qPCR-
>800 ng/ml Alull5 assay >20ng/ml
G1|33.3% 33.3%
G2 | 464% 60.7%
G3|53.0% 70.6%

DNA integrity index discriminates aggressive EC.

We also assessed the contribution of the
degree of fragmentation in discriminating cfDNA
from EC and from healthy sera, measuring the
DNA integrity index as qPCR-Alu247 value /
qPCR-Alull5value of each sample. We prepared
the standard curve with genomic DNA from
leukocytes by qPCR with specific primers for
Alu247 amplification.
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The fit of the standard curve (R2) was higher
than 0,99. From the curve, we extrapolated Alu247
concentration in all samples. Then, we calculated
DNA integrity as a ratio of qPCR-Alu247 to qPCR-
Alul15. We performed ROC analysis by plot at
different cut-offs of DNA integrity values. The
ROC curve obtained showed a low predictive
accuracy (0.5 < AUC < 0.7) in discriminating
healthy volunteers and EC patients. However,
analysis of the average of values obtained among
different EC grades showed that the DNA integrity
index was significantly higher in G3 (p<0,01)
compared to G1 and G2 EC samples (Fig. 3A),
whereas not significant alterations were observed
among the different stages (Fig. 3B). This result
indicates a trend towards lower level of DNA
fragmentation in higher EC grade, not dependent
on stage. We then investigated the possible
involvement of lymphovascular space invasion
(LVSI) in cfDNA release and integrity. We divided
G2-G3 EC serum samples from patients with LVSI
(LVSI+) and without LVSI (LVSI-). Measurement
of cfDNA, evaluated by SYBR gold assay (Fig. 3C)
and qPCR-Alull5 was very similar in LVSI+ and
LVSI- samples, whereas a significant modulation
was observed only for cfDNA fragmentation
levels, as indicated by the higher DNA integrity
index in LVSI+ serum samples (Fig. 3E).
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Figure 3.

DNA integrity indexes in different EC grades (3A) and stages (3B).
Mean levels of cfDNA measured by SYBR gold assay (3C), gPCR-
Alull5 assay (3D), and evaluation of DNA integrity index (3E) in
tumors without and with lymphovascular space invasion (LVSI- and
LVSI+, respectively). Statistical significance: : *P<0.05, **P<0.01. The
error bars indicate the standard error.
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DISCUSSION

EC is the most common type of uterine
cancer. The exact cause of EC is unknown. The
main risk factors of EC are family history of
EC, personal history of certain gynecological
diseases, alcohol consumption, and metabolic
disorders characteristic of metabolic syndrome.
At diagnosis, about 75% of women have a cancer
confined to the uterus (stage I) and the prognosis
is good, however the prognosis for recurrent or
metastatic EC remains poor, thus more sensitive
methods and complementary tools to help clinical
diagnosis and improve the stratification of EC
patients are needed.

In our study, we calculated the amount and the
degree of fragmentation of cfDNA in EC serum
samples in order to assess its potential role as a
simple and inexpensive not invasive tool for EC
detection and diagnosis. This study included
a cohort of 57 EC serum samples from pre-
surgical patients. CEDNA concentration in blood
serum was evaluated by SYBR gold assay and by
qPCR of Alu sequences, which are 300 base pair
(bp) interspersed repeat elements in the human
genome, having a copy number of approximately
1 million copies per genome'. We used serum
since it is believed to be better source of cfDNA
than plasma ©V.

We observed a significant increase of cfDNA
content in high grade EC with both methods, thus
indicating the relevance and specificity of cfDNA
quantification in EC blood sera. Interestingly, by
qPCR-Alull5 assay we could not detect differences
between G1 EC and healthy blood sera, whereas
a significant modulation was observed using the
SYBR gold assay. It is possible that this inability
to discriminate between G1 EC and healthy serum
samples through qPCR-Alul15 assay is due to the
lack of amplification of very small DNA fragments
that very likely compromise the yield, whereas
the direct SYBR gold assay detects fragments of
nucleic acids as small as 12~ 18 base pairs.

CfDNA can arise from cancer cells but also from
cells in the tumor microenvironment, immune cells
or other body organs. Under normal physiologic
circumstances, apoptotic and necrotic debris are
cleared by infiltrating phagocytes. This mechanism
is very likely hampered within the tumoral
mass, thus resulting in accumulation of cellular
debris and its secretion, includen DNA, into the
circulation 2. CfDNA is also actively released
in circulation during tumor growth, thus further
increasing its content ®®. We also hypothesises that
in G1 EC the clearance capacity of phagocytic is
still efficient resulting in a strong DNA nuclease
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activity and DNA degradation. This mechanism
may explain the lack of discriminating capability
of the qPCR-Alul15 method thus resulting in the
lack of detection of differences between healthy
and G1 EC samples. For these reasons, we suggest
that SYBR Gold stain may represent a better tool
in terms of absolute cfDNA quantification since it
does not require prior processing of samples and
further amplification steps.

An important criterion for further therapy
in cancer is represented by LVSI status. LVSI
is characterised by lymphatic and blood vessel
invasion involved in tumor metastasis by
enhancing dissemination of viable cancer cells
and release of DNA from malignant tumor into the
blood. Moreover, several studies suggested that
LVSI status represents an important prognostic
factor for relapse of disease and poor survival in
patients with several types of cancer #+*), included
EC®,

The integrity of cfDNA is elevated in many
kinds of cancer, and this biomarker shows great
promise for diagnosing cancer and other diseases
because of its high sensitivity ®. Interestingly, we
observed a significant increase of DNA integrity in
high grade EC serum samples. Moreover, cluster
analysis of tumors with LVSI and without LVSI
strongly indicate that DNA integrity index may be
a sensitive tool for discriminating more aggressive
and metastatic EC.

Altogether, our data indicate that assessment
of cfDNA content may help clinical management.
In particular, we suggest that SYBR gold assay
may represent a sensitive tool for EC detection,
in particular for low grade EC, whereas both
qPCR-Alul15 and DNA integrity index could be
a rapid tool to stratify high grade EC with risk
of metastasis. Future efforts need to better address
and validate the clinical utility of cfDNA analysis
in order to harmonize the techniques involved in
its quantification and also to include well-powered
sample size in study.
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