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28 SUMMARY:
29 We present a protocol to evaluate the expression levels of circulating microRNA (miRNAs) in
30 plasma samples from cancer patients. In particular, we used a commercially available kit for
31 circulating miRNA extraction and reverse transcription. Finally, we analyzed a panel of 24
32  selected miRNAs using real-time pre-spotted probe custom plates.
33
34  ABSTRACT
35 There is increasing interest in liquid biopsy for cancer diagnosis, prognosis and therapeutic
36 monitoring, creating the need for reliable and useful biomarkers for clinical practice. Here, we
37 present a protocol to extract, reverse transcribe and evaluate the expression levels of
38 circulating miRNAs from plasma samples of patients with colorectal cancer (CRC). microRNAs
39 (miRNAs) are a class of non-coding RNAs of 18-25 nucleotides in length that regulate the
40 expression of target genes at the translational level and play an important role, including that of
41  pro- and anti-angiogenic function, in the physiopathology of various organs. miRNAs are stable
42  in biological fluids such as serum and plasma, which renders them ideal circulating biomarkers
43  for cancer diagnosis, prognosis and treatment decision-making and monitoring. Circulating
44  miRNA extraction was performed using a rapid and effective method that involves both organic
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and column-based methodologies. For miRNA retrotranscription, we used a multi-step
procedure that considers polyadenylation at 3' and the ligation of an adapter at 5' of the
mature miRNAs, followed by random miRNA pre-amplification. We selected a 24-miRNA
custom panel to be tested by quantitative real-time polymerase chain reaction (qRT-PCR) and
spotted the miRNA probes on array custom plates. We performed qRT-PCR plate runs on a real-
time PCR System. Housekeeping miRNAs for normalization were selected using GeNorm
software (v. 3.2). Data were analyzed using Expression suite software (v 1.1) and statistical
analyses were performed. The method proved to be reliable and technically robust and could
be useful to evaluate biomarker levels in liquid samples such as plasma and/or serum.

INTRODUCTION

CRC represents the third most frequently diagnosed malignancy and the fourth cause of cancer-
related death worldwide. To date, bevacizumab (B), a monoclonal antibody directed against
vascular-endothelial growth factor (VEGF), and cetuximab (C) or panitumumab (P), monoclonal
antibodies directed against epidermal growth factor receptor (EGFR), have been approved for
first-line treatment in combination with chemotherapy (CT) regimens.

Mutations in K-RAS and N-RAS genes are the only clinically useful biomarkers capable of
identifying patients who are least likely to benefit from anti-EGFR-based CT. Although several
studies have been conducted to search for biomarkers that are predictive of response to
B-based CT, there is still a substantial lack of reliable and effective drugs for use in clinical
practicel.

miRNAs are small RNAs (18-25 nucleotides in length) that regulate the translation of target
genes and play a crucial role in numerous physiopathological processes, including
embryogenesis and carcinogenesis. These molecules are highly stable in biological fluids such as
plasma/serum, urine and sputum, which renders them robust biomarkers to use for non-
invasive sampling?. Using a panel of miRNAs involved in the angiogenic pathway, we aimed to
identify new circulating biomarkers capable of predicting clinical outcome in patients with
metastatic CRC (mCRC) treated with a B-based CT regimen.

We analyzed a series of 52 mCRC patients treated with B-based CT within the prospective
multicenter randomized phase lll trial "Italian Trial in Advanced Colorectal Cancer" (ITACa). The
present protocol was approved by the Local Ethics Committee (Comitato Etico Area Vasta e
Istituto Scientifico Romagnolo per lo Studio e la Cura dei Tumori (IRST) IRCCS, no. 674) on 19t
September 2007. All patients gave informed consent before blood sample collection. For each
patient, venous blood samples were collected before treatment and at the first clinical
evaluation (after 8 weeks) to evaluate baseline miRNA expression and its modulation during
treatment in relation to patient outcome.

Through a search of the literature, we selected 21 miRNAs correlated with the angiogenic
process that are known to be detectable in human plasma: hsa-miR-107, hsa-miR-126-3p, hsa-
miR-145-5p, hsa-miR-194-5p, hsa-miR-199a-5p, hsa-miR-200b-3p, hsa-miR-20b-5p, hsa-miR-21-
5p, hsa-miR-210-3p, hsa-miR-221-3p, hsa-miR-24-3p, hsa-miR-27a-3p, hsa-miR-29b-3p, hsa-
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miR-335-5p, hsa-miR-424-5p, hsa-miR-497-5p, hsa-miR-520d-3p, hsa-miR-92a-3p, hsa-miR-17-
5p and hsa-miR-155-5p. We also selected hsa-miR-223-3p and hsa-mir-484 for endogenous
normalization®®, and cel-miR-39 purified from C. elegans as a spike-in for exogenous
normalization. All data normalizations were performed using the 2"~ (AACt) method.

The detection of circulating miRNAs presents some technical difficulties because the molecules
are present at very low levels in plasma and their amplification is chemically challenging given
their short sequence. For these reasons, we selected a procedure that considers both organic
extraction with phenol and a glass-fiber column-based methodology. Circulating miRNA
extraction is a hot topic in the field of liquid biopsy, and we selected a commercial kit that has
shown to be one of the most reliable in terms of amount and quality of recovered yields”8. We
selected a protocol to reverse transcribe miRNAs by the addition of an adapter at 5' and a
poly(A) tail to 3' of the mature miRNA to enhance the selectivity and specificity of the reaction.
Given the robustness of the method, we designed custom plates with pre-spotted probes for
RT-PCR to assess each sample in duplicate and analyzed 2 patients within each plate, as shown
in Figure 1.

PROTOCOL

NOTE: Perform all of the following steps under a sterilized fume hood according to Good
Laboratory Practice (GLP).

1. Plasma Collection and Storage

1.1.  Collect 3 mL of peripheral blood sample in a K3E EDTA tube.

1.2.  Centrifuge the tube at room temperature at 1880 x g for 15 min.
1.3.  Recover the supernatant plasma in aliquots of 450 pL.

1.4. Store the samples at -80 °C until use.

NOTE: Process the peripheral blood tube within 2 h of collection. When recovering the plasma
from the tube, do not disturb the lymphocyte layer.

2. Extraction of Circulating miRNAs from Plasma Samples (Table of Materials)
2.1.  Prepare all the required solutions and thaw the samples for the extraction steps.
2.1.1. Add 375 uL of 2-mercaptoethanol to the 2x denaturating solution and mix well.

2.1.2. Add 21 mL of ACS grade 100% ethanol to the miRNA wash solution | and mix well.
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2.1.3. Add 40 mL of ACS grade 100% ethanol to the wash solution 2/3 and mix well.

2.1.4. Allow a plasma aliquot to thaw at room temperature and then begin the extraction
steps.

2.2.  Organic extraction

2.2.1. Transfer 400 uL of the plasma sample into a RNase-free 2 mL tube.

2.2.2. Add 400 pL of 2x denaturating solution, mix by vortexing and briefly centrifuge.
2.2.3. Add 4 pL of 1 nM spike-in, mix by vortexing and briefly centrifuge.

2.2.4. Add 800 pL of acid phenol-chloroform.

2.2.5. Vortex for 60 s and centrifuge at maximum speed (210,000 x g) for 15 min.

2.2.6. Transfer the upper aqueous phase to a fresh tube. Do not disturb the interphase. Note
the volume recovered and discard the tube containing the non-acqueous phase.

NOTE: The 2x denaturing solution is stored at 4 °C and may solidify at this temperature. Before
use, warm the solution to 37 °C, agitating occasionally for 10-15 min. Be careful to withdraw
the bottom phase containing the acid phenol-chloroform, not the acqueous buffer that lies on
top of the mixture. Preheat the elution solution or nuclease-free water to 95 °C. Be careful to
heat an adequate volume of solution (100 pL per sample + 10% excess).

2.3. Small RNA enrichment

2.3.1. Add 1/3 volume of ethanol 100% to the aqueous phase from step 2.2.6 and mix
thoroughly.

2.3.2. Place afilter cartridge into a fresh collection tube for each sample.

2.3.3. Transfer up to 700 pL of lysate from step 2.3.1 and ethanol into the filter cartridge and
centrifuge at 10,000 x g for 30 s.

2.3.4. If thereis > 700 pL of mixture left, place the filtrate in a fresh tube and repeat step 2.3.3;
repeat until all the mixture has passed through the filter cartridge.

2.3.5. Measure the total volume of the flow-through.
2.3.6. Add 2/3 volume of ethanol 100% to filtrate and mix thoroughly.

2.3.7. Place a second filter cartridge in a fresh collection tube.
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2.3.8. Transfer up to 700 pL of sample volume into the cartridge and centrifuge at 10,000 x g
for 30 s. Discard the flow-through.

2.3.9. Repeat step 2.3.8 until all the mixture has passed through the filter cartridge.

2.3.10. Apply 700 uL of miRNA wash solution 1 to the filter cartridge and centrifuge the filter
cartridge with the collection tube at 10,000 x g for 15 s. Discard the flow-through. Place the
filter cartridge in the same collection tube.

2.3.11. Apply 500 puL of wash solution 2/3 to the filter cartridge and centrifuge the filter
cartridge with the collection tube at 10,000 x g for 15 s. Discard the flow-through. Place the
filter cartridge in a fresh collection tube.

2.3.12. Place the filter cartridge in a fresh collection tube and repeat step 2.3.11 with 500 pL of
wash solution 2/3. Discard the flow-through and transfer the filter cartridge to a fresh
collection tube.

2.3.13. Centrifuge the tubes with the filter cartridges at 10,000 x g for 1 min.

2.3.14. Transfer the filter cartridge into a fresh 1.5 mL collection tube and add 100 plL of
preheated (95 °C) elution solution or nuclease-free water.

2.3.15. Centrifuge at 10,000 x g for 30 s to recover miRNAs and store at -80 °C.

NOTE: A white precipitate may form in the wash solution 2/3. This is excess EDTA released
from the solution. Avoid drawing up these crystals during the pipetting steps.

3. Perform Reverse Transcription and miRNA Pre-amplification (Table of Materials)
3.1. Perform polyadenylation reaction

3.1.1. Thaw all reagents on ice, then briefly vortex and centrifuge to spin down the contents.
In addition, thaw 50% PEG 8000, allowing it to reach room temperature.

3.1.2. Prepare the reaction mix in a 0.5 mL centrifuge tube, obtaining a final volume of 3 pL of
reaction cocktail for each sample. Use the following volumes, plus 10% excess volume for each

reagent.

3.1.3. Add 1.7 pL of RNase-free water, 0.5 pL of 10x Poly(A) buffer, 0.5 pL of 10 mM ATP, and
finally 0.3 pL 5 U/uL PolyA enzyme.

3.1.4. Briefly vortex and centrifuge the cocktail mix to spin down the contents.

3.1.5. Transfer 2 pL of the sample to each well of the reaction plate or reaction tube and add
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3 uL of the reaction cocktail. Briefly vortex and centrifuge to spin down the contents.
3.1.6. Place the plate/tubes into a thermal cycler and perform the following steps.
3.1.7. Incubate at 37 °C for 45 min (polyadenylation step).

3.1.8. Incubate at 65 °C for 10 min (stop reaction), with a following hold at 4 °C.
3.2.  Perform the ligation reaction.

3.2.1. Prepare the reaction mix in a centrifuge tube with the following volumes for each
sample and 10% of volume in excess.

3.2.2. Add 0.4 uL of RNase-free water, 3 uL of 5x DNA ligase buffer, 0.6 puL of 25x ligation
adaptor, 4.5 L of 50% PEG 8000, and finally 1.5 uL of RNA ligase.

3.2.3. Briefly vortex and centrifuge the cocktail mix to spin down the content.

3.2.4. Add 10 pL of the mix to each well/reaction tube containing the poly(A) tailing product.
Mix by a plate shaker at 1900 rpm for 1 min or by briefly vortexing and spin down the contents.

3.2.5. Place the plate/reaction tubes in a thermal cycler with the following settings: incubation
at 60 °C for 60 min, with a following hold at 4 °C.

NOTE: 50% PEG 8000 is highly viscous. Use at room temperature, aspirating and dispensing
slowly. After each aspiration and dispensing step, hold the plugger for 10 s to allow the reagent
to flow up and down.

3.3. Perform the reverse transcription reaction.

3.3.1. Prepare the reaction mix in a centrifuge tube, with the following volumes for each
sample and 10% of volume in excess.

3.3.2. Add 3.3 pL of RNase-free water, 6 uL of 5x RT buffer, 1.2 uL of dNTP mix (25 mM each),
1.5 pL of 20x Universal RT primers, and finally 3 pL of 10x RT enzyme mix.

3.3.3. Briefly vortex and centrifuge the cocktail mix to spin down the contents.

3.3.4. Add 15 pL of the mix to each well/reaction tube containing the ligation product. Mix by
a plate shaker at 1900 rpm for 1 min or by briefly vortexing and spin down the contents.

3.3.5. Place the plate/reaction tubes in a thermal cycler with the following settings.

3.3.6. Incubate at 42 °C for 15 min (reverse transcription).



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

3.3.7. Incubate at 85 °C for 5 min (stop reaction), with a following hold at 4 °C.
NOTE: The RT product can now be stored at -20 °C and will remain stable for up to 2 months.
3.4. Perform the miR-Amp reaction (Table of Materials).

3.4.1. Prepare the reaction mix in a centrifuge tube with the following volumes for each
sample and 10% of volume in excess.

3.4.2. Add 17.5 pL of RNase-free water, 25 pL of the 2x miR-Amp master mix, and 2.5 pL of 20x
miR-Amp primer mix.

3.4.3. Briefly vortex and centrifuge the cocktail mix to spin down the contents.

3.4.4. For each sample, transfer 45 uL of the reaction mix to each well of a new reaction plate
or a reaction tube. Add 5 pL of the RT product to each well or reaction tube. Mix by a plate
shaker at 1900 rpm for 1 min or by briefly vortexing and spin down the contents.

3.4.5. Place the plate/reaction tubes in a thermal cycler and run as shown in Table 1.

4. Perform Real-Time PCR

4.1. Dilute each cDNA sample 1:10 in 0.1x TE buffer.

4.2.  Calculate the number of wells/replicates for each sample. Prepare the reaction mix in a
centrifuge tube with the following volumes for each sample, adding 10% of volume in excess.

4.3. Add 4 pL of RNase-free water, 10 pL of 2x fast advanced master mix (Table of
Materials), and finally 5 uL of diluted cDNA.

4.4. Mix by vortexing and briefly centrifuge to spin down the contents.
4.5. Transfer 19 plL of reaction mix to each well, seal the plate and briefly centrifuge.
4.6. Perform the thermal protocol (Table 2) on a RT-PCR system.

REPRESENTATIVE RESULTS

We analyzed a panel of angiogenesis-related circulating miRNAs in relation to progression-free
survival (PFS), overall survival (OS) and objective response rate (ORR) in a 52 mCRC patients
treated with B-based CT. The evaluation of such biomarkers in plasma samples is challenging
because of technical difficulties. We used established methods for miRNA extraction from
patient plasma samples, reverse transcription and pre-amplification. Following the
manufacturer’s instructions and with only a few modifications required, especially in the
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extraction steps, we successfully evaluated all our targets in the patient population (Figure 2).

In particular, we analyzed 2 plasma samples/patient, correlating baseline and therapy-modified
miRNA expression with patient outcome.

We performed serial dilutions of cel-miR-39 at 0.05 nM, 0.5 nM, 5nM and 5 pM in 800 pL of
plasma sample (400 pL of plasma plus 400 uL of 2x denaturating solution) to determine the
spike-in concentration to use. As shown in Figure 4, the exogenous control showed threshold
cycle (Ct) values that were congruent with the serial dilutions, indicating the robustness of the
entire protocol (i.e., extraction, reverse transcription and qRT-PCR evaluation). Moreover, these
serial dilutions enabled us to select the spike-in concentration that would not interfere with the
reverse-transcription of all target miRNAs.

This method allowed us to correlate baseline miRNAs with clinical pathological features. In
particular, we found that hsa-miR-199a-5p, hsa-miR-335-5p and hsa-miR-520d-3p were
significantly upregulated in left-sided with respect to right-sided lesions (p=0.03, p=0.006 and
p=0.008, respectively). Conversely, hsa-miR-21-5p was significantly downregulated in RAS-
mutated patients (K-RAS, p=0.01 and N-RAS, p=0.008), whereas hsa-miR-221-3p was
upregulated (p=0.05, p=0.01, K- and N-RAS, respectively).

Comparing the expression levels of miRNA between baseline and first clinical evaluation, we
observed that an increase in hsa-miR-155-5p expression levels was associated with shorter PFS
(p=0.04) and OS (p=0.02). In particular, in patients with a 230% increase in hsa-miR-155-5p, PFS
was 9.5 months (95% Cl, 6.8-18.7) and OS was 15.9 months (95% Cl, 8.4-not reached) compared
to 22.3 months (95% Cl, 10.2-25.5) and 42.9 months (95% Cl, 24.8-not reached) for those with a
<30% increase (Figure 3). The median value of variation in the case series (30%) was set as the
cutoff point. Circulating basal levels of miRNAs were dichotomized into “high” or “low”
according to median values®.

FIGURE AND TABLE LEGENDS
Figure 1. Design of custom plate layout. Probes were pre-spotted in each well.

Figure 2. Examples of qRT-PCR amplification plots. (A) Amplification plot of a single gRT-PCR
custom plate. All markers were evaluable in both single plate samples. (B) gRT-PCR of hsa-miR-
17-5p in the overall case series.

Figure 3. Experimental and clinical results relative to hsa-miR-155-5p. (A) Ct values for hsa-
miR-155-5p. Amplification plot of hsa-miR-155-5p in the overall case series. (B) PFS and OS of
patients with a > 30% or < 30% increase in circulating hsa-miR-155-5p. PFS was calculated as the
time from the date of randomization to the date of the first documented evidence of tumor
progression, last tumor assessment or death in the absence of disease progression. OS was
calculated as the time from the date of randomization to the date of death from any cause or
last follow-up.
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Figure 4. Experimental results for cel-miR-39 serial dilution. (A) gRT-PCR for serial dilutions of
cel-miR-39, with (B) relative Cts. Dilutions were performed at 5 nM, 0.5 nM, 0.05 nM and 5 pM
in plasma samples from the same patient. Such assay linearity enabled us to select the best
concentration to use in the overall case series.

Table 1. Thermal protocol of mir-AMP reaction.
Table 2. Thermal protocol of qRT-PCR.

DISCUSSION:

miRNAs are small non-coding RNAs (18-25 nucleotides in length) capable of binding the 3' UTR
region of their target messenger RNA and inhibiting and/or degrading it. They can thus be
considered gene expression regulators at the translational level. In the last decade, several
miRNAs have been correlated with cancer initiation and development, making them useful
clinical biomarkers for diagnosis, prognosis and therapy. Protected by RNases, miRNAs are
present in a stable form in biological fluids such as blood, plasma, serum, urine and saliva,
which has led to a growing interest in their potential usefulness in clinical practice®.

Despite this, the evaluation of circulating miRNAs is a challenging task and difficulties regarding
sample collection, target extraction, platform choice and global normalization are hotly
debated topics within the scientific community.

For sample collection and storage, pre-analytical variables are closely linked to plasma handling
and processing. We focused on plasma rather than serum samples given that there is ample
evidence of higher miRNA concentrations in the latter, possibly due to the release of these
molecules during the coagulation processi®!2, To address the issue of the release of cellular
nucleic acids deriving from blood cell lysis, we centrifuged the samples within 2 h of blood
collection. We also used K3E EDTA tubes because other anti-coagulants are known to interfere
with amplification steps (i.e., heparin) and may trigger hemolysis (i.e., citrate). As it is critical to
avoid platelet and lymphocyte contamination in the pre-analytical phase, we removed the
plasma from the tube very slowly and did not aspirate the last ~50 pL of the sample from the
tube.

Various studies have shown the superiority of column-based extraction methods over
guanidine/phenol/chloroform-based protocols'''3, but Khoury et al. effectively isolated good
quality small RNAs from serum using such reagents without contamination!®. The commercial
kit we used sequentially performs both extraction methods, permitting suitable miRNA yields in
terms of spike-in concentrations. We only performed one modification with respect to the
manufacturer's instructions, i.e., fresh collection tubes were always used after each filter
cartridge washing step to eliminate/reduce the risk of reagent contamination. In order to
identify the best spike-in concentration in our samples and thus avoid interference with
subsequent reactions, we first performed the entire protocol without adding the cel-miR-39
during the extraction step to evaluate the median expression levels of our targets. We then
performed de novo miRNA extraction from plasma samples of the same patient using a serial
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dilution of cel-miR-39 to identify the best concentration to add to the plasma samples of our
case series (Figure 4). It must, however, be underlined that the optimal cel-miR-39
concentration, identified for only one sample, may not necessarily be the best concentration
for the overall case series because of a series of internal variables such as age, gender or life
habits, which could influence absolute miRNA expression within blood.

miRNA reverse transcription and amplification represent 2 critical steps. Of the two main
techniques for miRNA detection (i.e., qRT-PCR and microarray), we chose gqRT-PCR given its high
sensitivity and our need to evaluate only a selected panel of miRNAs (a major limitation of this
methodology is its low throughput)®. We used reverse transcription chemistry based on 3'
polyA tailing and 5' ligation adaptor sequences to extend the mature miRNA and permit
annealing of universal RT primers. Based on single base-pair recognition, the 5' ligation adaptor
could help to avoid common biases such as those linked to 5' mismatch. This kit also includes a
pre-amplification step that is required for low yield samples, such as plasma. Although
necessary, this step could introduce some amplification biases before the detection step.

In this protocol, we analyzed a panel of 24 selected miRNAs correlated with angiogenesis. In
particular, we chose pre-spotted probe custom plates and followed the manufacturer’s
instructions for the qRT-PCR runs. The main issues relating to miRNA qRT-PCR are the choice of
reference genes and their subsequent data analysis normalization.

Although numerous studies have been conducted to identify the best miRNA to use for
normalization, no uniform consensus has been reached. To address this limitation, we carried
out a literature search to identify the circulating miRNAs that can be used as reference genes in
our case series.

We also selected the 4 miRNAs with strong evidence of stable expression in plasma samples
from mCRC patients and tested them in a smaller part of our case series. The 2 most stable
miRNAs were identified by GeNorm analysis as reference housekeeping genes.

In conclusion, the evaluation of circulating miRNAs in peripheral blood samples has a number of
known difficulties. However, we believe that the methodologies we used are reliable and
robust, allowing for an in-depth and accurate study of these biomarkers which have the
potential to change the treatment scenario for colorectal cancer.
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Step Temperature | Duration
Enzyme activation 95 °C 5 min
Denature 95 °C 3s
Anneal/extend 60 °C 30s
Stop reaction 99 °C 10 min
Hold 4°C Hold

Table 1
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Step Temperature Duration
Enzyme activation 95 °C 20s
Denature 95 °C 3s
Anneal/extend 60 °C 30s
Hold 4°C Hold

Table 2
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Table of Materials Click here to access/download;Table of
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Name of Material/ Equipment Company Catalog Number
Rnase-free Safe-lock 1.5 mL tubes Eppendorf 0030 123.328
Rnase-free Safe-lock 2 mL tubes Eppendorf 0030 123.344
Rnase-free 20 L tips Starlab $1123-1810
Rnase-free 200 pL tips Starlab $1120-8810
Rnase-free 1000 pL tips Starlab $1122-1830
mirVana PARIS RNA and Native Protein Purification Kit Thermo Fisher AM1556
TagMan Advanced miRNA cDNA Synthesis Kit Thermo Fisher A28007
100% ethanol anidrous ACS grade Carlo Erba Reagents 414605
2-mercapto-ethanol Sigma-Aldrich M3148
TagMan Fast Advanced Master Mix Thermo Fisher 4444558
TagMan Advanced miRNA Assays Thermo Fisher A25576
7500 Real-Time PCR System Applied Biosystems 4406984

0.2-2, 1-10, 2-20, 20-200, 100-1000 pL laboratory pipettes
Benchtop microcentrifuge

Vortex

Benchtop heating block

Fume hood

0.2 mL PCR tubes

L]
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ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

Item 2 (check one box):

. Open Access

— 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 MyJove 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, royaity-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 ltem
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
ltem 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 beiow, the exclusive,
royalty-free, perpetua! (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 Emplovees. 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
scape 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 wuse, 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. f 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, inciuding,
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 harmiless 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 taw. 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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We thank the Editor for all the comments. Here, we reply point by point.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
Reply: We checked the entire manuscript for grammar errors.

2. JoVE cannot publish manuscripts containing commercial language. This includes company names of an instrument or reagent.
Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be
sufficiently referenced in the Table of Materials and Reagents. Examples of commercial language in your manuscript include miRVANA
Paris kit, Tagman, 7500 Real-Time PCR System

Reply: We deleted all commercial languages from the entire manuscript.

3. Please combine steps 3.1.3-3.1.6 into one single step.
4. Please combine steps 3.2.2-3.2.6 into one single step.
5. Please combine steps 3.3.2-3.3.6 into one single step.
6. Please combine steps 3.4.2-3.4.4 into one single step.
7. Please combine steps 4.3-4.5 into one single step.

Reply: We modified the above step as suggested by the Editor.
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