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SUMMARY:
The presented diagnostic FL-DNA kit is a time-saving and user-friendly method to determine the
reliable probability of the presence of colorectal cancer lesions.

ABSTRACT:

Nowadays, stool DNA can be isolated and analyzed by several methods. The long fragments of
DNA in stool can be detected by a qPCR assay, which provides a reliable probability of the
presence of pre-neoplastic or neoplastic colorectal lesions. This method, called fluorescence long
DNA (FL-DNA), is a fast, non-invasive procedure that is an improvement upon the primary
prevention system. This method is based on evaluation of fecal DNA integrity by quantitative
amplification of specific targets of genomic DNA. In particular, the evaluation of DNA fragments
longer than 200 bp allows for detection of patients with colorectal lesions with very high
specificity. However, this system and all currently available stool DNA tests present some general
issues that need to be addressed (e.g., the frequency at which tests should be carried out and
optimal number of stool samples collected at each timepoint for each individual). However, the
main advantage of FL-DNA is the possibility to use it in association with a test currently used in
the CRC screening program, known as the immunochemical-based fecal occult blood test (iFOBT).
Indeed, both tests can be performed on the same sample, reducing costs and achieving a better
prediction of the eventual presence of colorectal lesions.

INTRODUCTION:
Colorectal cancer (CRC) derives from a multi-step process in which healthy epithelium slowly
develops into adenomas or polyps, which progress into malignant carcinomas over time2.
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Despite CRC’s high incidence rate, a downward trend in the percentage of deaths has been
observed over the past decade3. Indeed, early diagnostic tools adopted in screening programs
have led to early detection and removal of pre-neoplastic adenomas or polyps*. However, due to
the different technical limits, none of these methods is optimal. Indeed, in order to improve
sensitivity and specificity, many stool DNA tests have been proposed alone or in combination
with current routine diagnostic tests>®.

Typically, healthy mucosa sheds into the fecal stream apoptotic colonocytes, whereas diseased
mucosa exfoliates non-apoptotic colonocytes. Fragments of 200 bp or more in length
characterize non-apoptotic DNA. This DNAis called long DNA (L-DNA) and has become a utilizable
biomarker for CRC early diagnosis. The L-DNA can be isolated from stool specimen and quantified
by gqPCR using an in vitro diagnostic FL-DNA kit’-12,

The test consists of two assays for the detection of FL-DNA fragments ranging from 138 bp to 339
bp. Each assay allows the amplification of FL-DNA (FAM) as well as spike-in DNA (HEX). To ensure
optimal amplification of all fragments, the test has been divided into two assays (named “A” and
“B”). The A assay detects two regions of exon 14 of the APC gene (NM_001127511) and a
fragment of exon 7 of the TP53 gene (NM_001276760). The B assay detects a fragment of exon
14 of the APC gene (NM_001127511) and two regions of exons 5 and 8 of the TP53 gene
(NM_001276760). The assays do not distinguish between the regions detected. The spike-in DNA
corresponds to the Oncorhynchus keta salmon DNA and enables verification that the procedure
has been done properly and checks for the possible presence of inhibitors, which may yield false
negative results. The FL-DNA concentration is evaluated by absolute quantification using the
standard curve method and is expressed as ng/reaction.

The FL-DNA method is a non-invasive and inexpensive stool DNA test that, combined with the
immunochemical-based fecal occult blood test (iFOBT), is currently used in CRC screening
programs and allows for better predictions of CRC and/or high-risk adenoma lesions*?.

PROTOCOL:

Patients were recruited at the Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori
(IRST) of Meldola (FC, Italy) between 2013 and 2015. Enrolled patients were into protocol
IRSTB002, approved by the Ethics Committee of IRST - IRCCS AVR (25/10/2012, ver. 1). All
methods were performed in accordance with relevant guidelines and regulations. Written
informed consent was obtained from all patients.

1. DNA extraction from stool
1.1. Use a kit to prepare stool samples (see Table of Materials). Select and treat the fecal material
by performing the extraction according to the manufacturer’s instructions. Amplify the purified

DNA directly or store at -20 °C for subsequent analysis.

2. Preparation of positive control, standards, spike-in DNA, and clinical samples
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2.1. Preparation of standards and samples

2.1.1. To prepare the positive control, standards, spike-in DNA, and all clinical samples, centrifuge
an aliquot of positive control, standards, and spike-in DNA, then resuspend each reagent by
adding the correct amount of provided water (see below). Then, carefully vortex the positive
control, standard, and spike-in DNA, then centrifuge for 10 s. To achieve a complete resuspension
of the dry reagents, store the liquid reagents at room temperature (RT) for 30 min before use.

2.1.1.1. The positive control is human DNA in a dry format. Resuspend each aliquot with 750 pL
of water.

2.1.1.2. The spike-in DNA is salmon (Oncorhynchus keta) DNA, which is used as an exogenous
internal control to verify the possible presence of inhibitors in DNA samples extracted from stool.
Resuspend each aliquot with 100 pL of water.

2.1.2. To prepare the standard curve, produce four 1:5 dilutions starting from the stock solution.
The standard points must be 10 ng/reaction, 2 ng/reaction, 0.4 ng/reaction, and 0.08
ng/reaction.

2.2. Preparation of the 1x spike-in DNA

2.2.1. Prepare the spike-in DNA control directly before use.

2.2.2. Prepare the 1x spike-in DNA control by mixing 5 pL of FL-DNa spike with 20 uL of sterile
water. The number of 1x spike-in DNA control samples will be prepared according to the number
of the samples to be analyzed, plus the positive control.

2.3. Preparation of samples

2.3.1. Mix 75 pL of the samples (clinical samples or positive control) with 25 uL of 1x spike-in
DNA, yielding a total volume of 100 pL.

3. Amplification and determination of the FL-DNA value using qPCR Easy PGX

NOTE: Complete amplification mixtures containing specific primers and probes targeting the
human DNA and the internal control are provided in a lyophilised format in 8 well strips for FL-
DNA Mix A and FL-DNA Mix B. Standards, positive and negative controls, and samples must be
amplified with both lyophilized mixes. Clinical samples only must only be amplified in duplicate
with both lyophilized mixes.

3.1. See the Table of Materials for qPCR instrument and operating software.

3.1.1. Open the operating software and set up the plate and thermal profile:
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3.1.1.1. Set up the plate as shown in Table 1.

3.1.1.1.1. Set the well type for all eight positions in column 1 as Standard.
3.1.1.1.2. Set the well type for the A2 and B2 wells as NTC.

3.1.1.1.3. Set the well type for C2 and D2 (the positive controls) as Unknown.
3.1.1.1.4. Set the well type for all other positions as Unknown.

3.1.1.1.5. Select all 96 positions, and add the Dyes FAM and HEX. Click Sync Plate.
3.1.1.2. Set the thermal profile according to Table 2.

3.1.2. Centrifuge the needed number of strips for 10 s to bring the contents to the bottom of the
tube.

3.1.3. Gently remove the seals from the strips, while paying attention to retain the contents, and
add to the respective strips: negative control: 20 uL of water; sample: 20 uL of DNA; standard
curve: 20 pL of standard 1, 2, 3, or 4; positive control: 20 uL of positive control.

3.1.4. Close carefully all the strips using the 8 strip flat optical caps and vortex for few seconds.
3.1.5. Centrifuge the strips for 10 s and load them into the instrument. Then, start the run.

4. Data analysis

NOTE: Data analysis can be performed automatically or manually depending on the software (see
Table of Materials).

4.1. At the end of the run, select columns A, C, E, G for “FAM: FL-DNA-A” and “HEX: IC”, and
columns B, D, F, H for “FAM: FL-DNA-B” and “HEX: IC”.

4.2. Set the following for the Standard Quantities Starting Amount: 10 ng/reaction for Al and
B1 wells, 2 ng/reaction for C1 and D1, 0.4 ng/reaction for E1 and F1, and 0.08 ng/reaction for G1
and H1.

4.3. Set Threshold Fluorescence values to 150 for both FAM (FL-DNA A and FL-DNA B) and HEX
(IC) channels.

4.4. In the box Result Table, click Column Options | Select All | Ok to obtain the results in both
channels with their respective Cq (AR) and AR last values.
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NOTE: These values are supplied by the Real Time PCR instrument software. AR last corresponds
to the fluorescence value normalized to the last amplification cycle.

4.5. In the box Result Table, right-click on the table to open the context menu and click Send to
Excel to export the raw data.

4.6. Check the values of the standards to verify the suitability of the standard curve.

4.7. For each FL-DNA mix, check the R? [“R? (AR)” column] and efficiency [“Efficiency (%)” column]
values. If they are in an acceptable range, it is possible to proceed with analysis accordingly to
manufacturer’s instructions (Table 3).

4.8. If the results of the FAM channel are not in the expected range, omit one point of the
standard curve and reanalyze the run.

4.9. Determine the values of the negative and positive controls with the following formula,
considering the “No Cq” values as zero:

Q = [FL — DNA mix A quantity(ng) + FL — DNA mix B quantity(ng)]/2
FL-DNA = 1000 % Q/15

4.10. Compare the obtained values with those reported in Table 4.

4.11. If the reaction controls are in the range of expected values, proceed with analysis of the
samples.

NOTE: Verify that the Cq values obtained are generated from a real amplification reaction
(sigmoidal fluorescence curve) and not from an artifact (linear fluorescence curve).

4.12. To analyze suitability of the sample for each FL-DNA mix, compare the Cq values of the HEX
channel. If the value is 216, proceed with analysis of the samples. If the value is <16 or there is
no Cq, it is likely due to a dispensing error of the FL-DNA Spike. Therefore, it is not possible to
analyze the samples.

4.13. Calculate the average of the Cq values in the “HEX” channel of the positive control using
the following formula:

CqHEXy,s = (Cq HEX mix A + Cq HEX mix B)/2

4.14. Calculate the average of the Cq values in the “HEX” channel of the sample replicates using
the following formula:

CaHEX _ (Cq HEX mix A replicate 1 + Cq HEX mix A replicate 2 +>/
a sample = \ ' Cq HEX mix B replicate 1 + Cq HEX mix B replicate 2
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4.15. Calculate the ACqHEX values according to the following formula:
ACqHEX = CqHEX sqmpie — CQHEX s
4.16. Compare the ACqHEX values of the samples with those reported in Table 5.

4.17. For each mix (Mix A and Mix B), compare the Cq values of the FAM channel with those
reported in Table 6.

4.18. To determine the FL-DNA value of each suitable sample, use the following formula,
considering the “No Cq” values as zero:

_ (Quantity FL-DNA mix A replicate 1 + Quantity FL-DNA mix A replicate 2 +> /
Q= Quantity FL-DNA mix B replicate 1 + Quantity FL-DNA mix B replicate 2
FL-DNA = 1000 = Q/15

NOTE: Colorectal cancer risk and prevalence is a function of iFOBT and FL-DNA evaluations
according to the Fagan nomogram results obtained by Rengucci et al.'? (Table 7).

REPRESENTATIVE RESULTS:

The workflow of this protocol is shown in Figure 1. The workflow provides two control steps and
different actions according to these step results. First, if a sample presents unsuitable controls,
the amplification must be repeated. Second, if the amplification is inhibited, the sample must be
reprocessed from the beginning or classified as not valuable.

Figure 2 shows the fluorescence curves produced by positive and negative samples. (A) Shown is
an example of a suitable positive sample. The sample signal on the HEX channel is within the
acceptable range. The positive signal is above the threshold on the FAM channel. (B) Shown is an
example of a suitable negative/not positive sample. The sample signal is within the acceptable
range on the HEX channel. The negative control signal is below the threshold on the FAM channel.
(C) Shown is an example of a not-suitable sample. The sample signal is not within the acceptable
range on the HEX channel; thus, a potential inhibition can be assumed. This sample must be
repeated, starting from the extraction.

FIGURE AND TABLE LEGENDS:

Figure 1: Workflow for FL-DNA quantification.

Figure 2: Fluorescence curves showing the amplification of Mix A (or Mix B) target genes
(channel FAM) and internal control (channel HEX). (A) FL-DNA positive sample. (B) FL-DNA

negative sample. (C) Inhibition of sample amplification. Red curve: positive control; green curve:
negative control; black curve: clinical sample.
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Table 1: Set-up plate with distribution of control, curve, and samples. Column X indicates the
number imprinted on the top of the strip.

Table 2: Thermal profile for DNA amplification.

Table 3: Range of HEX and FAM channel values of the standards to verify suitability of the
standard curve.

Table 4: Range of HEX and FAM channel values of negative and positive controls to verify
suitability of the run.

Table 5: Range of HEX and FAM channel values of samples to verify suitability of the sample
analysis.

Table 6: Mix A and Mix B Cq values of the FAM channel to verify suitability of FL-DNA analysis.

Table 7: Cancer risk evaluation as a function of iFOBT and FL-DNA values. According to the
relationship between iFOBT and FL-DNA values, the table estimates the probability of colorectal
neoplastic lesions.

DISCUSSION:

Previous studies have demonstrated that DNA integrity analysis of stools extracted by manual
and semi-automatic approaches can represent an alternative tool for the early detection of
colorectal lesions”2, Molecular, noninvasive screening tests have been developed over the years
for the detection of colorectal cancer, but the widespread diffusion of these methods is limited
due to time-consuming approaches and poor cost-effectiveness compared to other screening
tests.

This approach is relatively cheap and not too time-consuming. It also has increased accuracy in
detecting colorectal lesions due to a new procedure requiring few manual steps. The approach
described here is fast with fewer manual steps, and it is able to be easily performed on many
samples per week. The DNA extraction does not present particular issues and can be performed
through easy manual steps or use of an automatic instrument. In the latter case, it is necessary
to determine the automatic DNA extraction instrument, allowing for the most reproducible
results. The most critical step of DNA extraction is the collection of stool and method of its
storage before DNA extraction. It is advisable to keep the stool frozen and proceed with
extraction as soon as possible.

Another critical issue is represented by possible inhibitors of the amplification reactions. The
fecal extraction is not able to purify the genomic DNA, as impurities compromise the correct
amplification reaction. In this regard, the protocol requires the use of spike-in DNA for verifying
the presence/absence of reaction inhibitors.
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Until recently, the fecal occult blood test is the main approach used to detect colorectal lesions
in screening programs; although, it presents some limits in terms of accuracy. An alternative
strategy for the diagnosis of colorectal cancer is based on the analysis of DNA from exfoliated
cells excreted in stool. Several approaches have been evaluated in the past year, but none are
available for use in screening programs.

The FL-DNA integrity value can be a useful alternative, which in combination with the standard
screening iFOBT test value, can predict the presence of tumors and/or high-risk adenomas'12 by
a Fagan Nomogram approach®® (Table 7). This approach estimates the combined test probability
of neoplastic lesion presence, improving diagnostic accuracy compared to the standard approach
used alone.

This information may help clinicians in planning diagnostic tests in addition to an appropriate
colonoscopy and personalizing its surveillance. Indeed, the FL-DNA kit simplifies the manual steps
and ensures stable and consistent results. However, some issues remain to be clarified to
improve diagnostic accuracy of the method. For instance, the frequency at which the tests should
be performed and number of stool samples that need to be analyzed at specific timepoints for
each individual should be carefully selected. Given that this test must be performed concurrently
with iFOBT, a method that requires collection every 2 years, as is standard in numerous screening
protocols, is necessary to verify the effectiveness of this test as a replacement or alternative to
the current screening tests.
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Table 1 Click here to access/download;Table;Table1.xlsx 2

1 2 3 4 5 6
A Standard 1 WATER DNA2 DNA4 DNA6 DNAS8
B Standard 1 WATER DNA2 DNA4 DNA6 DNAS8
C Standard 2 POS DNA2 DNA4 DNA6 DNAS8
D Standard 2 POS DNA2 DNA4 DNA6 DNAS8
E Standard 3 DNA1 DNA3 DNAS DNA7 DNAS
F Standard 3 DNA1 DNA3 DNA5 DNA7 DNA9
G Standard 4 DNA1 DNA3 DNAS DNA7 DNAS
H Standard 4 DNA1 DNA3 DNA5 DNA7 DNA9
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Table 2

Step

Temperature and time

Hot Start (1 Cycle)

95 °C for 5 min

Amplification (40
cycles)

95°Cfor15s

54 °Cfor15s

60 °C for 45 s (Data
Collection)

Click here to access/download;Table;Table2.xlsx 2
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Table 3 Click here to access/download;Table;Table3.xlsx 2

FAM channel HEX channel
Effici
Cq AR last R? (AR) ciency Cq AR last
(%)
70 < Eff <
24<Cqg<35 > 500 >0.975 130 Cg=36 <500
Standard
24 Eff <7
curve Ca< <500 <0.975 <70 cq236 <500
Cg>35 Eff > 130
70 < Eff <
24<Cg<35 > 500 >0.975 130 Cq<36 > 500
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Results

Proceed with
analysis of the
reaction controls.

rOSIVIC CITOUT 111
the set up of the
reaction/run: it is
not possible to
analyze the

lconanlac




Table 4 Click here to access/download;Table;Table4.xlsx 2

FAM channel HEX channel
Results
Cq AR last FL-DNA Cq AR last
Proceed with
WATER Cq > 37 <400 <0.3 Cq > 37 <400 analysis of the
samples.
Possible
contamination: it is
<37 > 400 20.3 <37 2400 not possible to
analyze the
samples.
EasyPGX FL-
Y Proceed with
DNA 250<x< .
.. 24<Cq<28 > 400 16 <Cqg<24 > 400 analysis of the
positive 600
samples.
control
Possible
resuspension or
Cq <24 > 400 >600 |16<cq<24| =400 .
degradation error
of the positive
Cq>28 < 400 <250 |16<cq<24| »app |control: itisnot
possible to analyze
Possible
degradation or
250<x< . .
24<Cqg<28 2400 600 Cq<16 2400 resuspension/dispe
nsing error of the
FL-DNA Spike: it is
<x< .
24<cq<28] =400 il TSy <400 |not possible to
600 analyze the
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Table 5 Click here to access/download;Table;Table5.xlsx 2

ACqHEX Result
Proceed with analysis of
the samples.

Possible dispensing error
of the FL-DNA Spike: it is

-3 <ACQHEX <3

<-3 .
Sample not possible to analyze the
samples
Possible inhibition: it is not
>3 possible to analyze the

samples



https://www.editorialmanager.com/jove/download.aspx?id=1021323&guid=094ca2e0-21b1-410d-8f58-1c1ead967b4a&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1021323&guid=094ca2e0-21b1-410d-8f58-1c1ead967b4a&scheme=1

Table 6

CqFAM Result
CAFAM > 20 Proceej'd to thei samples
analysis (Considering the
or No Cq B ”
values “No Cq” = 0)
Sample Excess of DNA or presence
CqFAM < 20 of an amplification artifact:

it is not possible to analyze
the samples.

Click here to access/download;Table;Table6.xlsx 2
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Table 7

iFOBT [Hb ng/mL]

FL-DNA Hb<  100]|100<Hb<43 |Hb>432[ng
[ng/mL] [ng/mL] 2 [ng/mL] |/ml]

0-9 0.4% 4.1% 16.8 %
10-30 1.2% 11.3% 37.4%
>30 24.2 % 76.4 % 93.8%

Click here to access/download;Table;Table7.xlsx 2
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Table of Materials Click here to access/download;Table of Materials;JoVE_Materials ver22032019.xlsx %

Name of Material/ Equipment Company Catalog Number
1.5 mL and 2 mL polypropylene twist-lock
tubes (DNase-, RNase-, DNA-, PCR inhibitor-

free)

Absolute Ethanol (quality of analytical

degree)

Benchtop centrifuge
Diatech

EasyPGX analysis software version 2.0.0 Pharmacogenetics RT800-SW
Diatech

EasyPGX centrifuge/vortex 8-well strips . RT803
Pharmacogenetics
Diatech

EasyPGX gPCR instrument 96 , RT800-96
Pharmacogenetics
Diatech

EasyPGX ready FL-DNA RT029

Pharmacogenetics
Micropipettes (volumes from 1 to 1.000
uL)
Powder-free disposable gloves
QlAamp Fast DNA Stool Qiagen 51604
Sterile filter tips DNase-, RNase-free
(volumes from 1 to 1.000 ul)
Thermal block e.g. EasyPGX dry block Diatech . RT801
Pharmacogenetics
Vortex e.g. EasyPGX centrifuge/vortex 1.5 Diatech

. RT802
ml Pharmacogenetics
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Comments/Description

Consumables required for DNA extraction and Real Time PCR

Reagent required for DNA extraction

Maximum speed of 20000 x g. Instrument required for DNA extraction

Analysis software

Instrument recommended for the Real Time PCR assay
Instrument recommended for the Real Time PCR assay
Kit required for the Real Time PCR assay

Consumables required for DNA extraction and Real Time PCR

Consumables required for DNA extraction and Real Time PCR
Kit recommended for the DNA extraction and purification from stool

Consumables required for DNA extraction and Real Time PCR
Instrument required for DNA extraction

Instrument required for DNA extraction
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ARTICLE AND VIDEO LICENSE AGREEMENT

A diagnostic method for colorectal cancer evaluation by stool DNA integrity detection

Title of Article:

Rengucci C, De Maio G, Menghi M, Calistri D

Author(s):

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: \/ Standard Access

Item 2 (check one box):

Open Access

\/ The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JOVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JOVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Dear Dr. Steindel,

as requested, | send you the manuscript modified according to the editor comments.

We can’t satisfy the request to provide DNA primer sequences however the characteristics of
positive control and spike-in DNA are provided in the text.

Also the other six points are clarified in the manuscript.

Best regards
Daniele Calistri

Corresponding author: Daniele Calistri, daniele.calistri@irst.emr.it
Biosciences Laboratory, Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori (IRST)
IRCCS, via Piero Maroncelli 40-42, 47014 Meldola (FC), Italy
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