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methods, their troubleshooting, and integration with the morphological evaluation, p57
immunohistochemistry, and fluorescence in situ hybridization (FISH) to reach a correct and
robust diagnosis. Here, the authors share the methods and lessons learned in the past 10 years
from the analysis of approximately 400 products of conception.

INTRODUCTION:

A hydatidiform mole (HM) is an abnormal human pregnancy characterized by abnormal
embryonic development, hyperproliferation of the trophoblast, and hydropic degeneration of
chorionic villi (CV). Historically, HM used to be divided into two types, complete HM (CHM) and
partial HM (PHM) based only on morphological evaluation®. However, it has been shown that
morphological evaluation alone is not sufficient to classify HM into the two subtypes (CHM and
PHM) and distinguish them from non-molar miscarriages*.

Because CHM and PHM have different propensities to malignancies, it is therefore important to
accurately determine the genotypic type of HM to provide appropriate follow-up and
management to the patients. Consequently, in the past decades, several methodologies have
been developed and evolved for the purpose of identifying the parental contribution to the
molar tissues and reaching a correct classification of HM. These include karyotype analysis,
chromosomal banding polymorphism, human leukocyte antigen (HLA) serological typing,
restriction fragment length polymorphism, variable number of tandem repeats, microsatellite
genotyping, flow cytometry, and p57 immunohistochemistry. This has allowed accurate
subdivision of HM conceptions based on the parental contribution to their genomes, as follows:
CHM, which are diploid androgenetic monospermic or diploid androgenetic dispermic, and
PHM, which are triploid, dispermic in 99% and monospermic in 1% of the cases>®. Furthermore,
there is another genotypic type of HM that emerged in the past two decades, which is diploid
biparental. The latter is mostly recurrent and may affect a single family member (simplex cases)
or at least two family members (familial cases). These diploid biparental moles are mostly
caused by recessive mutations in NLRP7 or KHDC3L in the patients®'2. Diploid biparental HM in
patients with recessive mutations in NLRP7 may be diagnosed as CHM or PHM by
morphological analysis and this appears to be associated with the severity of the mutations in
the patients'®!4, In addition to the classification of HM according to their genotypes, the
introduction and use of several genotyping methods allowed the distinction of the various
molar entities from non-molar miscarriages, such as aneuploid diploid biparental conceptions
and other types of conceptions>*>. Such conceptions may have some trophoblast proliferation
and abnormal villous morphology that mimic, to some extent, some morphological features of
HM.

The purpose of this article is to provide detailed protocols for multiplex genotyping and flow
cytometry of formalin-fixed paraffin-embedded (FFPE) tissues, and comprehensive analyses of
the results of these methods and their integration with other methods for correct and
conclusive diagnosis of molar tissues.

PROTOCOLS:
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This research study was approved by the McGill Institutional Review Board. All patients
provided written consent to participate in the study and to have their FFPE products of
conception (POCs) retrieved from various pathology departments.

NOTE: While there are several methods for genotyping and ploidy determination by flow
cytometry, the protocols provided here describe one method of analysis using one platform for
each.

1. Genotyping
1.1. Selection of the best FFPE block

1.1.1. For each FFPE product of conception (POC), prepare 4 um-thick hematoxylin and eosin
(H&E) stained sections as described in sections 1.2 and 1.3, one for each available block, for
morphological evaluation by microscopy.

1.1.2. Using the H&E slides and a light microscope, select the FFPE block that has the largest
amount of chorionic villi (CV), and if possible, the block that has CV separate from, and not
intermingled with, maternal tissues.

1.2. Sectioning
1.2.1. Place the chosen block on ice for 15 min to facilitate the sectioning.

1.2.2. Adjust the microtome to cut sections that are 4 um thick for microscopic morphological
evaluation and 10 um thick for DNA extraction.

1.2.3. Place the cold block in the microtome and cut one section from each block for H&E
staining and 10-30 sections from the chosen block, depending on the amount of CV in the
block, for DNA extraction.

NOTE: For blocks that are full of CV, 10 sections are sufficient for DNA extraction. If only about
10% of the block contains CV while the rest are maternal tissues, then 20-30 sections are
needed to ensure sufficient amounts of DNA.

1.2.4. Using forceps, transfer each section to a 45 °C water bath. Pick up the section from the
water bath with a positively charged slide (Table of Materials) that is previously labelled with
the sample identification number using a pencil.

1.2.5. Place the slides containing the sections in an oven at 65 °C to allow the sections to adhere
to the slides. Keep the slides for H&E in the oven for 25 min. Keep the slides for DNA extraction
in the oven for 20 min.
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NOTE: The shorter incubation time makes the tissues slightly less adherent to the slides and
consequently facilitates the removal of the maternal tissues.

1.3. H&E staining
1.3.1. Allow the slides to cool down to room temperature (10 min).
1.3.2. Reagent preparation

1.3.2.1. Prepare Eosin Y working solution (0.25%) as per Table 1. Mix well and store at room
temperature.

[Place Table 1 here]

1.3.2.2. Prepare working hematoxylin solution by diluting stock solution of hematoxylin 5x in
water (i.e., mix 80 mL of water with 20 mL of hematoxylin).

NOTE: Wrap stock solution of hematoxylin in foil for storage.
1.3.3. Prepare staining jars with the correct reagents under a fume hood according to Table 2.
[Place Table 2 here]

1.3.4. Perform the H&E staining by submerging the slides into the appropriate staining jars for
the correct time period according to Table 2.

1.3.5. Mount the 4 um sections for morphological analysis with mounting medium and coverslip
with glass coverslips.

NOTE: The 10 um sections for genotyping should not be coverslipped.

1.3.6. Leave the 10 um sections under the fume hood for a minimum of 3 h in order for the
toxic xylene odors to dissipate.

CAUTION: All the staining steps need to be performed under a fume hood. Xylene products
need to be kept under the hood at all times because xylene odors are toxic. Furthermore,
xylene and hematoxylin need to be discarded in special containers. Once these containers are
full, they need to be discarded as recommended by the laboratory’s safety organization.

1.4. Isolation of CV
1.4.1. Under a light stereomicroscope, use forceps and small pieces of water-moistened paper

wipes (Table of Materials) to scrape off unwanted maternal tissues from H&E-stained 10 um
thick sections.
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NOTE: The end goal is to keep nothing but CV or fetal membranes (when present) on the slides
and thus to remove all other tissues. This step may need a lot of time and patience, depending
on the block, as it requires meticulous attention to details.

1.4.2. Have a second person double-check the slides after the cleaning to ensure that they are
free of maternal tissues.

1.4.3. Take photos of the cleaned slides or document the following to help with data
interpretation: 1) whether the tissue was difficult to clean, hemorrhagic, or very clean, 2) the
number of sections used, and 3) the approximate amount of cleaned tissues.

NOTE: Figure 1 provides an example of a slide that is easy to clean. For a block containing
roughly this amount of CV, 10 sections are sufficient for DNA extraction. The slide in Figure 2
has very few CV that are intermingled with maternal tissues, making it very difficult and time-
consuming to clean. For a block containing roughly this amount of CV, 30 sections are needed
for DNA extraction.

[Place Figure 1 here]
[Place Figure 2 here]

1.4.4. Collect the CV using small moistened pieces of paper wipes. Using the forceps, tear a tiny
piece out of the moistened paper wipes and use it to collect the CV.

1.4.5. Place the pieces of paper wipes with their attached CV into a labelled 1.5 mL tube.

1.4.6. Minimize the amount of paper wipes used in this step as too much may clog the DNA
extraction column and consequently reduce the final amount of collected DNA. On average,
aim to use less than seven small pieces of paper wipes per sample. If that is not possible due to
the presence of large quantities of CV, split the sample among two tubes to facilitate the
extraction.

1.5. Follow the protocol of the DNA extraction from FFPE kit (Table of Materials) to perform
DNA extraction.

NOTE: Some kits recommend using 15-20 uL of elution buffer for the final elution. From
experience, elution with 15 pL of elution buffer works well for most samples. Dilutions may be
prepared from the stock DNA as needed.

1.6. DNA quantification

1.6.1. Using a lab spectrophotometer device, load 1 pL of DNA and measure absorbance at 260
nm for quantification.
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1.6.2. Load 1 pL of DNA on a 2% agarose gel and run gel electrophoresis at a voltage of 80-100
V for qualitative evaluation.

1.6.3. Based on the results of steps 1.6.1 and 1.6.2, choose the volume of DNA to be used in the
multiplex short tandem repeat (STR) polymerase chain reaction (PCR) amplification. Aim to use
a minimum of 1000 ng of DNA in the PCR amplification that follows.

NOTE: Figure 3 demonstrates representative examples of gels along with the concentrations of
the DNA (based on the spectrophotometer results), and the volume of the DNA solution that is
recommended for the multiplex STR PCR that follows.

[Place Figure 3 here]

1.7. PCR amplification

1.7.1. Perform fluorescent microsatellite genotyping using a multiplex STR system (Table of
Materials).

1.7.2. Use the PCR conditions shown in Figure 4 for the PCR amplification using the multiplex
STR system (Table of Materials).

NOTE: The following primers are used in this multiplex STR system: D18S51, D21S11, THO1,
D3S1358, Penta E, FGA, TPOX, D8S1179, vWA, Amelogenin, CSF1PO, D16S539, D7S820,
D13S317, D5S818, and Penta D.

[Place Figure 4 here]

1.8. Resolve the PCR products by capillary electrophoresis.

1.8.1. Suspend 1 pL of each amplified sample in 0.5 uL of the multiplex system’s internal
standard lane and 9.5 L of highly deionized formamide (Table of Materials).

1.8.2. Run samples through a capillary electrophoresis instrument (Table of Materials) using an
appropriate separation matrix (Table of Materials) for the instrument and the multiplex
system’s dye set.

1.9. Data analysis

1.9.1. Analyze the data with a DNA fragment analysis software and compare the POC alleles to
the parental alleles to determine their origin.

1.9.2. Set up a size standard.
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NOTE: This allows the software to recognize the ladder that is used in the multiplex STR system,
and to assign basepairs to the amplicons based on the ladder. The following steps are for one
specific software (Table of Materials) but may be of help for setting up other types of software
as well.

1.9.2.1. Open the software. Click on Start New Project and then on New Size Standard.

1.9.2.2. Give the size standard a name (e.g., ABI_600).

1.9.2.3. In the box named Enter New Size Standard definition: enter the following: 60, 80, 100,
120, 140, 160, 180, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, 500, 550, 600.
Then click on Add Size(s).

NOTE: The numbers entered will appear under the box on the right, which is named Current
Size Standard Definition (see Figure 5).

[Place Figure 5 here]
1.9.2.4. Click on Save.

1.9.3. To import and analyze a file, click on Add Files, and choose the fsa file to be analyzed.
Click on Add Selected Files and then on OK. Then follow these steps:

1.9.3.1. Locate the Size Standard column and choose ABI_600 (or whichever name was given to
the size standard).

1.9.3.2. Under Analysis Method, click on Sizing Default — NPP and then click on the green
Analyze button.

1.9.3.3. The file is now ready for viewing. Adjust the viewing options to view the data as
desired.

1.9.4. Troubleshooting — analysis method

NOTE: The software may sometimes fail to identify peaks and align them correctly. This
happens when the peaks are either too low or too high. The following two analysis methods can
correct for this and should be tried before a sample is retested.

1.9.4.1. Analysis method 1 for high peaks:

1.9.4.1.1. Click on New Analysis Method and name it High Peaks (or another name as per
personal preference).
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1.9.4.1.2. Click on Range and then on Partial Range for the analysis and sizing. Then type in 100
for the Start Point and Start Size.

1.9.4.1.3. For the Stop Point, enter 10,000. For the Stop Size, enter 1000.

1.9.4.1.4. Then click on Minimum peak heights and change the numbers such that the peak
threshold for the colors is as follows: Blue: 50; Green: 50; Yellow: 20; Red: 100; Orange: 5000.

1.9.4.1.5. Save the new analysis method.
1.9.4.2. Analysis method 2 for low peaks:

1.9.4.2.1. Click on New Analysis Method and name it Low Peaks (or another name as per
personal preference).

1.9.4.2.2. Click on Range and then on Partial Range for the analysis and sizing. Then type in 100
for the Start Point and Start Size.

1.9.4.2.3. For the Stop Point, enter 10,000. For the Stop Size, enter 1000.

1.9.4.2.4. Then click on Quality Flags and change the Pass Range such that it reads From 0.5 to
1. Change the Low Quality Range such that it reads From 0.0 to 0.0. Change Assume Linearity
to the following: from (bp) 100.0 to (bp) 800.0.

1.9.4.2.5. Save the new analysis method.

NOTE: It is now possible to reanalyze a file by choosing Low Peaks or High Peaks under Analysis
Method and then clicking on the green Analyze button.

2. Flow cytometry
2.1. Choosing the ideal FFPE block

2.1.1. Using H&E slides and a light microscope, select an FFPE block that has about 50-70% of
its tissues composed of CV.

NOTE: Figure 6 is a representative example of an appropriate block for flow cytometry analysis,
as it is composed of roughly 50% CV (right half of the section) and 50% maternal tissues (left
half). The presence of maternal tissues is important because they serve as an internal control
for the diploid peak.

[Place Figure 6 here]
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2.1.2. For blocks that do not have the ideal amount of CV, enrich for CV as the sectioning is
performed. To do so, identify which side of the freshly cut sections contains more CV according
to its corresponding H&E slide. Based on that, use a blade to cut off the other half that needs to
be discarded in order to enrich for CV.

NOTE: Figure 7 shows a block that does not have sufficient CV for flow cytometry analysis. For
blocks such as this one, the sections need to be cut such that the half that contains less CV gets
discarded in order to increase the amounts of CV with respect to maternal tissues, as shown in
the figure. Be sure to cut more sections to compensate for what is discarded.

[Place Figure 7 here]

2.2. Sectioning

2.2.1. Leave the blocks on ice for 15 min to facilitate the sectioning.

2.2.2. Using the best possible FFPE block, cut four sections that are 50 um thick (or two 100 pm
thick sections) using a microtome.

NOTE: For flow cytometry it is preferable to have thicker sections.

2.2.3. In the case that an ideal FFPE block is not available, aim to maintain the ratio of CV to
maternal tissue nonetheless. For example, if only 30% of the block is made up of CV while the
rest has maternal tissues, then remove at least half of the section that contains the maternal
tissues and use more sections to compensate (see Figure 7).

2.2.4. Place the sections in labelled 15 mL tubes.

NOTE: Be sure to tape over the labels because the organic reagents used in the next step can
dissolve and remove ink.

2.3. Flow cytometry protocol from FFPE tissues

2.3.1. For deparaffinization and rehydration, perform the following washes (Table 3) under a
fume hood to remove xylene.

[Place Table 3 here]

CAUTION: The discarded liquids contain xylene and should be disposed of in xylene waste
containers.

2.3.2. Solution preparation
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2.3.2.1. Prepare citrate solution by dissolving 2 g of citric acid in 1 L of double distilled water.
Bring the pH to 6. Store at 4 °C.

2.3.2.2. Prepare pepsin solution by dissolving 0.01 g of pepsin in 2 mL of 9 parts per thousand
NaCl, pH 1.64.

NOTE: This is for one sample.

CAUTION: Pepsin is toxic and can easily disperse and become airborne. Wear a mask when
handling pepsin in its powder form and wipe down all of the working area after using it.

2.3.2.3. Propidium lodide (Pl)-ribonuclease A solution preparation for one sample.
2.3.2.3.1. Mix 50 pL of Pl with 450 pL of PBS (to dilute 10x).

2.3.2.3.2. Add 50 pL of ribonuclease A (1 mg/mL) to the mixture. Keep wrapped in foil at all
times.

2.3.3. Digestion and staining

2.3.3.1. Add 4 °C citrate solution to the 15 mL tubes then place in an 80 °C water bath for 2 h.
2.3.3.2. Let the solution cool down to room temperature (15 min).

2.3.3.3. Rinse with 1x PBS, vortex, and wait 1-2 min to allow the tissues to settle to the bottom.
2.3.3.4. Add 1 mL of pepsin solution (preheated to 37 °C) and place in a 37 °C dry bath for 30
min. Vortex every 10 min. Prepare the Pl-ribonuclease A solution in the last 10 min of this
incubation.

2.3.3.5. Rinse with 1x PBS, vortex, and wait 1-2 min to allow the tissues to settle to the bottom.

2.3.3.6. Add 550 pL of the Pl-ribonuclease A solution and place the samples in a 37 °C dry bath
for 30 min.

NOTE: At this point, the samples can be wrapped in foil and left overnight at 4 °C till the next
morning.

2.3.3.7. Filter the solution through a 48 um filtration mesh. Collect the filtrate in polystyrene
round-bottom tubes, which can be used with the flow cytometer. Use forceps to place a 5 cm
by 5 cm piece of filtration mesh in the top part of the tube, such that the liquid can be pipetted
through the mesh and into the tube.
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NOTE: The samples are now ready to be run with the flow cytometer. Keep them wrapped in
foil until they are ready to be run.

2.3.4. Run samples with a flow cytometer with the help of the organization’s flow cytometry
platform technician.

NOTE: The phycoerythrin (PE) channel is used to detect the Pl-stained DNA and the flow rate
should be set to Slow during acquisition. Ensure that the voltage is chosen such that the diploid
peak is roughly at 200 along the PE-A x-axis to facilitate analysis and interpretation. Aim to
record a minimum of 20,000 events per sample.

2.4. Flow cytometry data analysis

2.4.1. Analyze data with a flow cytometry analysis software (Table of Materials).

NOTE: The following steps are for one specific software (Table of Materials) but may be of help
for setting up other types of software as well.

2.4.1.1. After running the samples on a flow cytometer, download FCS 2.0 files for analysis.
2.4.1.2. Open the flow cytometry analysis software, click on File | New Document.
2.4.1.3. Click on the Histogram icon, and then drag the pointer to make a rectangle.

2.4.1.4. Browse for the FCS file and then click on Open. Along the x-axis, click on FCS-A and then
select PE-A.

2.4.1.5. Click on the Dot Plot icon and then drag the pointer to create another rectangle
beneath the histogram plot. Then browse for the same FCS file that was selected for the
histogram.

2.4.1.6. Change the x-axis of the dot plot to PE-A and the y-axis to PE-W.

NOTE: Figure 8A demonstrates the appearance of the plots at this point.

2.4.1.7. Click on the Region icon and draw a box on the dot plot that starts before the diploid
peak (around 100 on the x-axis in Figure 8B) and that ends around 700 on the x-axis, as shown
in the dot plot in Figure 8B.

NOTE: The diploid peak in Figure 8 is roughly at 200 on the x-axis. This is chosen arbitrarily as

the samples are recorded through the flow cytometer, simply to facilitate analysis and
interpretation of the results.
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2.4.1.8. Click on Plot | Edit Regions/Gates, then type RO in the cell that is next to the GO cell
under Strategy. Then click on Close.

2.4.1.9. Click anywhere on the histogram, then on Plot | Format Plot/Overlay. Under Gate,
select GO = RO and then click on OK.

NOTE: This is the gating step that allows one to better visualize the ploidy peaks. The histogram
should now look like the histogram in Figure 8B. It is possible to play around with the gate
created (by moving the box drawn in step 2.4.1.7) in order to focus on specific regions of the
dot plot.

[Place Figure 8 here]

2.4.1.10. To label the plots, click on the Text Area icon, then drag the pointer to create a box at
the top of the document, and then type in the following information: Patient ID, POC ID and the
block used (since there may be several blocks for one POC), percent CV present on the block,
voltage used to run the sample, and the date.

REPRESENTATIVE RESULTS:

The complexity of molar tissues and the fact that they may have various genotypes necessitates
stringent analysis and the use of several methods such as morphological evaluation, p57
immunohistochemistry, microsatellite genotyping, flow cytometry, and FISH. For example, one
patient (1790) was referred with two PHM that were found to be triploid by microarray analysis
of the POCs only. The patient was therefore diagnosed with recurrent PHM. Microsatellite
genotyping of her two “PHM” along with the DNA of the patient and her partner revealed that
while the patient’s first mole is triploid dispermic (Figure 9A), her second “PHM” has a triploid
digynic genotype (Figure 9B) and is therefore not a PHM, but a non-molar miscarriage.

The first marker in Figure 9A (in black) shows two peaks in the POC. The first peak originates
from the mother, since only the mother has a peak of this size. Following the same reasoning,
the second peak originates from the father since he shares the same allele. Notice how the
second peak is a lot higher than the first, indicating that there are probably two doses of the
same paternal allele in that peak. Maternal contamination, which will be explained in more
detail later on, is very minimal in this POC because the POC displays a very tiny peak at the
position of the second maternal allele.

The second marker in Figure 9A (in blue) shows three peaks in the POC. Two of these peaks
originate from the father and one from the mother. Thus, it is apparent again from this marker
that there are three alleles present in the POC, two from the father and one from the mother.
The third and fourth markers in Figure 9A are similar to the first marker, and also show two
alleles coming from the father and one from the mother.



521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564

Since all four markers consistently show three alleles (by dose or by the presence of three
alleles of different sizes), two originating from the father and one from the mother, one can
conclude that this POC is triploid dispermic, and confirms the diagnosis of PHM.

All four markers in Figure 9B again show three alleles: the first marker shows two doses in the
first peak that originate from the mother and one dose in the second peak that originates from
the father. The second and fourth markers show three different peaks (i.e., three different
alleles), two of which are from the mother. The third marker shows one dose in the first peak
originating from the father and two doses in the second peak originating from the mother.
Therefore, this POC is triploid digynic in origin since two sets of chromosomes come from the
mother and one set comes from the father. It is therefore a non-molar miscarriage.

[Place Figure 9 here]

This patient was initially misdiagnosed with two PHM and was worrying about an increased risk
of more moles while she had a single PHM. This case highlights the limitation of SNP microarray
on the POC alone. SNP microarray is a powerful method and is the best to detect aneuploidies
of any chromosome (trisomies, monosomies, or non-diploid genotypes); however, when
performed on the POC alone without analyzing parental DNA, the origin of the triploidy cannot
be determined. For further explanations about genotype analysis and interpretation, please
refer to the study by Murphy et al.°.

Representative results shown in Figure 10A are of a triploid conception. The values of the x-axis
represent the nuclear DNA content. For example, 200 is an arbitrary number given to cells that
contain a certain amount of nuclear DNA content. Therefore, a peak at 400 represents cells that
contain double the amount of nuclear DNA content as compared to the 200 peak. The little
peak around 300 represents nuclear DNA content that is in between the 200 and 400 peak and
is therefore the triploid peak. Notice how a diploid conception (Figure 10B) does not contain
any peak at the 300 value.

In some cases, the triploid peak is very subtle (Figure 10C). Whenever a barely noticeable
triploid peak is noted, it is important to first consider the amount of CV that were present in the
sections used for the flow cytometry analysis. If the sections had less than about 20% CV, then
it will likely be a true triploidy since it is expected to be a very low peak. If the sections taken
had high amounts of CV, the POC becomes suspicious of mosaicism with the presence of
another diploid cellular population. This can be checked by re-reviewing the genotyping results
to see if they fit a perfect triploid dispermy or can also be confirmed by FISH with probes from
the X, Y, and 18 chromosomes. Also, using the software described in this article, it is possible to
set specific gates, as described in section 2.4.1, that allow the user to focus on a specific region
to enrich for triploid cells if they really exist.

[Place Figure 10 here]

FIGURES AND TABLE LEGENDS:
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Figure 1: Representative slide for genotyping. Top: A slide that needs to be “cleaned” to
become free of maternal tissues. Bottom: The same slide shown after it has been cleaned and
now contains nothing but CV for DNA extraction.

Figure 2: Representative slide for genotyping. Top: A slide that needs to be “cleaned” to
become free of maternal tissues. Bottom: The same slide shown after it has been cleaned and
now contains nothing but CV for DNA extraction.

Figure 3: Representative gel for DNA quantification. Included are the concentrations of each
DNA, as measured using a spectrophotometer, and the quantities used for the multiplex PCR.

Figure 4: PCR cycle conditions for the multiplex STR system.
Figure 5: Screenshot showing the Size Standard Editor.
Figure 6: H&E section representing a POC block that is ideal for flow cytometry.

Figure 7: H&E section representing a more difficult block for flow cytometry. This
representative H&E section shows that only the bottom half of this section should be used for
flow cytometry analysis, with the goal of enriching for the CV. The outlined area, labelled “CV,”
is mostly made up of CV.

Figure 8: Screenshot displaying a histogram and a dot plot of a representative sample that is
ungated (A) and gated (B).

Figure 9: Representative genotyping results of patient 1790. (A) Select genotyping results of
the patient’s first conception showing a triploid dispermic genotype. (B) Select genotyping
results from the patient’s second conception showing a triploid digynic genotype. The x-axis is
in basepairs; the labels and basepair sizes have been omitted for simplicity. The y-axis
represents peak height and is similarly omitted from the figure for simplicity.

Figure 10: Representative flow cytometry results demonstrating triploid conceptions (A,C),
and a diploid conception (B).

Figure 11: Genotyping results illustrating the effect of maternal contamination. The top panels
show the alleles that belong to the POC and the bottom panels show those that belong to the
mother. In (A), the POC is androgenetic monospermic and the level of contamination is
highlighted by an arrow and the letter “c.” In (B), the POC is diploid biparental, and the level of
contamination is highlighted by the letter “c.” In (C), the POC is triploid dispermic and the level
of contamination is highlighted by the letter “c.” The little black bars show how much of the
peak heights comes from maternal contamination and should therefore be taken into
consideration when comparing peak heights. The x-axis is in basepairs; the labels and basepair
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sizes have been omitted for simplicity. The y-axis represents peak height and is similarly
omitted from the figure for simplicity.

Table 1: Eosin Y working solution (0.25%) preparation.
Table 2: Reagents and durations for the H&E staining protocol.
Table 3: Reagents and durations for deparaffinization and rehydration.

Table 4: Typical order of analysis, expected results, and rare exceptions along with
recommendations to solve them. P57 immunohistochemistry aims to detect the expression of
p57, the protein coded by CDKNIC gene. This gene is paternally imprinted in the
cytotrophoblast and the villous stroma of first trimester placenta and is expressed only from
the maternal genome. It is therefore used as an ancillary marker to detect, in an easy and
inexpensive way, the presence of the maternal genome in the POC. It is recommended to
perform p57 immunohistochemistry for all POCs suspected to be HM in parallel to the
morphological evaluation. In the author’s laboratory, the p57 antibody and platforms indicated
in Table of Materials are used and the authors are very happy with the quality of the results.
Abbreviations: IHC = immunohistochemistry; Dip And = diploid androgenetic; Dip Bip = diploid
biparental; Chr = chromosome; MC = miscarriage; and TP = trophoblastic proliferation.

DISCUSSION:

HM are abnormal human pregnancies with heterogeneous etiologies and have different
histological and genotypic types, which makes their accurate classification and diagnosis
challenging. Histopathological morphological evaluation was often proven inaccurate and is
therefore unreliable on its own to classify HM into CHM and PHM and distinguish them from
non-molar miscarriages. Therefore, an accurate diagnosis of HM requires the use of other
methods such as multiplex microsatellite DNA genotyping, ploidy analysis by flow cytometry,
ploidy analysis by FISH, and p57 immunohistochemistry. Each of these methods has its own
limitations and advantages.

Limitations and advantages of multiplex genotyping and flow cytometry

Maternal contamination is one of the most common issues when working with FFPE tissues and
may lead to misdiagnosis, thus highlighting the importance of separating maternal from POC
tissues. It is important to identify maternal contamination in order to have an idea of what to
expect of the genotyping peaks and to help with their interpretation. If the level of
contamination is too large and prevents reliable interpretation of the results, then repeat the
DNA isolation and extraction, taking extra care in removing all possible maternal tissues. In
regions where the morphology of the tissues is not clear, it is better to remove such regions to
minimize the chance of maternal contamination. The first advantage of the method described
in this protocol, in addition to its lower cost, is that maternal tissues are removed from the
slides while other methods consist of collecting POC tissues (by covering them with solution
that polymerizes when exposed to air and lifting the tissues) without removing maternal
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tissues. The method described here thus allows one to take a second look at the remaining POC
tissues, re-clean them if necessary, as is often the case, and then collect and extract DNA from
them. The second advantage is that we clean tissues on uncoverslipped H&E stained sections,
which greatly facilitates the removal of maternal tissues, as opposed to the use of unstained
sections and a coverslipped map slide. However, the additional staining may further degrade
the DNA, and this is compensated for by adding more sections.

The availability of parental DNA for the analysis is another challenge. The presence of both
parents greatly facilitates the analysis and interpretation of genotyping results. Unfortunately,
however, it is quite often the case that the father’s DNA is not available, which may sometimes
complicate the analysis, especially in cases where the quality of the POC DNA is poor due to
prior fixation or long-term storage (more frequent when working with recurrent HM).
Furthermore, maternal blood may not always be available for DNA extraction. In such cases,
maternal DNA can be extracted from maternal endometrial tissues present in the FFPE blocks
as previously described®. Also, characterizing molar tissues that resulted from the use of
assisted reproductive technologies may complicate microsatellite genotype analysis because, in
most of the cases, DNA from the donors (males or females) is usually not available.

Lastly, the fact that larger peaks tend to be shorter in terms of peak height is another possible
source of confusion, particularly when the peak heights need to be used to determine if there
are two doses or one dose in a single peak. One way to overcome this is to always keep in mind
that peaks of large allele size (number of base pairs) tend to be shorter, due to the degraded
nature of DNA from FFPE tissues, which makes less DNA available for the amplification of larger
alleles. In addition, a shorter PCR fragment amplification takes less time than a larger one, and
the exponential amplification of DNA leads to fewer amounts of larger alleles.

The main drawback of flow cytometry is that triploid conceptions may sometimes be missed,
and this could be due to insufficient amounts of CV in the block. However, the presence of a
triploid peak is a conclusive indication of a triploidy. Note that this method is not sensitive
enough to detect trisomies, tetraploid conceptions, or other aneuploidies using this protocol.
Tetraploid conceptions are not detectable by this protocol because the tetraploid peak
corresponds to the same peak of diploid cells in the G2 phase of the cell cycle.

Knowing these limitations and challenges helps in reducing mistakes. It is thus important and
sometimes necessary to analyze the same tissue with different methods, compare the results,
and make sure that they are concordant with one another. If they are not, results need to be
reconsidered and analyses need to be repeated. For the several cases that showed conflicting
results, discrepancies were resolved simply by repeating the experiments and taking
appropriate care to avoid the original problem. In other cases, discrepancies were resolved by
performing additional methods such as FISH on tissue sections or by performing additional
simplex genotyping with appropriate markers.

Identification of maternal contamination
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With respect to identifying contamination of the POC DNA with maternal DNA, the level of
contamination will be reflected or recognized by the presence of all maternal alleles at all loci in
the POC, in addition to the maternal allele(s) that are transmitted to the POC.

In Figure 11A, peaks originating from maternal DNA contamination are labelled with a “c”.
Notice how every peak marked with a “c” is also present in the mother, and we see these “c”
peaks in all three markers. Note that for the second marker (in blue), the maternal
contamination peak indicated by a “c” is higher than each “c” peak at the first marker because
the mother is homozygous for the second marker; the height of the contaminant is therefore
doubled for this marker. In this POC, there are no maternally derived peaks. In other words, this
POC did not inherit any alleles from the mother. There is only one real peak at each marker and
this peak is not present in the mother. We therefore know that the real peaks must have come
from the father. With ploidy information from either karyotype or flow cytometry analysis
demonstrating diploidy, it is possible to conclude that this POC is both androgenetic in origin
and diploid.

Furthermore, these three markers in Figure 11A reveal that there is always only one real peak
for every marker. Only three markers are illustrated here, however, multiplex kits often come
with many more markers that will also reveal the same pattern. Since this POC is diploid, there
must be two doses in each peak. With this information, we can conclude that this POC is
androgenetic monospermic and is homozygous at every single marker.

Figure 11B represents a diploid biparental POC. The little black bar across the first peak of the
first marker (in green) represents the estimated amount of contamination that is present within
this real peak. The “R” indicates the real portion of this peak coming from the POC DNA; the “c”
represents the contaminant portion of this peak coming from the maternal DNA. How can one
identify the level of contamination? It is possible, in this case, when a marker is heterozygous in
the mother because one of the maternal alleles is absent in the POC. The small peak in the first
marker labelled with “c,” for example, indicates that this is the level of contamination that
should be expected for the other maternally inherited peak. Consequently, all the POC peaks
that are of maternal origin are slightly higher than the paternally inherited peaks due to the
small added amount of contamination. For the third marker (in black) in Figure 11B, the level of
contamination is expected to be double the usual amount (because the mother is homozygous
for this specific marker), and one can therefore infer that there is only one dose in the first peak
in the POC.

Figure 11C illustrates a triploid dispermic POC. The first marker (in green) shows three peaks in
the POC. Since these three peaks have similar heights, it is possible to conclude that this POC is
likely triploid. Note that the third peak in this marker is shorter than the first. This is expected
because, as a general trend, larger peaks tend to be shorter. The second peak is slightly higher
than the first, and this can be accounted for by a small amount of maternal contamination, as
indicated by the bar and “c.” Furthermore, two of these three peaks are not present in the
mother, and therefore must have come from the father. Thus far, this marker indicates that the
POC could be triploid (or a trisomy) and that the origin of the extra set of chromosomes is
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paternal. It also indicates that it is a dispermic conception, since the POC inherited two
different alleles from the father.

The second marker (in blue) in Figure 11C has only two peaks. After accounting for the level of
contamination, the second peak appears higher than the first, and this is despite the general
trend for larger peaks to be smaller (a trend that must always be kept in mind during analysis).
Thus, it is likely that there are two doses in that one big peak. This is also supported by the fact
that the first marker is indicative of triploidy.

Lastly, the third marker (in black) in Figure 11C shows three peaks, again indicative of triploidy.
Since most markers in multiplex kits come from different chromosomes, it is possible to
conclude with confidence that a POC is triploid after observing the same trend of three alleles
across several different markers. Also note from this marker that two out of the three peaks
originate from the father, confirming the dispermic origin.

[Place Figure 11 here]
Examples of challenging cases

For a number of cases, it was only possible to arrive at a conclusion by having all three
assessments simultaneously (i.e., flow, p57€2, and multiplex genotyping). For example, one
case (808) was referred as a non-molar miscarriage. Histopathological evaluation lead to
suspicion of a molar conception and genotyping analysis of the POC revealed one marker that
clearly showed three peaks (two from the father and one from the mother). The p57 results
were not conclusive. The flow cytometry analysis revealed a small triploid peak that was
confirmed with FISH analysis, which also ruled out the presence of another diploid cellular
population. With confirmation from FISH, it was possible to conclude that the POC is indeed a
triploid dispermic mole.

Another case (1192) was also referred as non-molar miscarriage. The CV of this POC were
intermingled with maternal tissues and were highly necrotic as well, making the cleaning
process very challenging. Consequently, the first genotyping analysis showed a high level of
maternal contamination, such that every maternal allele could be seen in the POC (a good
indication of possible contamination). Furthermore, the p57 was unfortunately inconclusive,
most likely due to the necrotic nature of the tissue, perhaps because of delayed fixation. The
flow cytometry results, however, were indicative of triploidy, which was also confirmed by FISH.
The DNA was re-extracted with the goal of reducing the level of contamination and removing
tissues with unclear morphology. Analysis of the new genotyping results, while accounting for
the probable presence of maternal contamination, allowed us to conclude that the POC was a
triploid dispermic XXY PHM.

Table 4 outlines the typical methods used for analysis. It is recommended to use morphological
evaluation and p57 immunohistochemistry on all tissues suspicious of HM and at least one
genotyping method. Among genotyping methods, the most informative is multiplex DNA
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genotyping. When results between different methods are not concordant or when some results
are inconclusive, other genotyping methods need to be used. The table demonstrates expected
concordant results for each possible HM type along with rare exceptions and recommendations
to solve them.

[Place Table 4 here]

To the best of the authors’ knowledge, this article is the first to provide detailed protocols for
flow cytometry as well as low-cost and high-quality multiplex microsatellite DNA genotyping of
FFPE POC tissues. The interpretation of the results is also described, along with their
troubleshooting and integration with those of other methods to reach accurate conclusions and
diagnoses of POCs and HM. The authors sincerely hope that this article can be helpful for
researchers trying to understand this complex entity.
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Table 1 Click here to access/download;Table;Table 1.xIsx 2

Table 1. Eosin Y Working Solution (0.25%) preparation

Reagent Quantity
Eosin Y stock solution (1%) 250 mL
80% Ethanol 750 mL

Glacial Acetic Acid (Concentrated) 5mL
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Table 2 Click here to access/download;Table;Table 2.xIsx 2

Table 2. Reagents and durations for the H&E staining protocol

Reagent used (100 mL per bin) Duration
1) Xylene 5 min
Paraffin removal
2) Xylene 5 min
3) 100% Ethanol .
2 min
Beginning of hydration series
4) 95% Ethanol 2 min
5) 70% Ethanol 2 min
6) 50% Ethanol 2 min
7) Distilled water 5 min
8) Hematoxylin 4 min
Stains nuclei purple
9) Distilled water 5 min
10) Eosin .
1 min
Counterstain — stains all other tissues pink
11) 95% Ethanol .
5 min
Dehydration series
12) 100% Ethanol 5 min
13) Xylene
5 min
Removes ethanol and ensures miscibility for coverslipping
14) Xylene 5 min
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Table 3
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Table 3. Reagents and durations for deparaffinization and rehydration

Reagent used (6 mL each) Duration
1) Xylene 2 x 10 min
2) 100% Ethanol 2 x 10 min
3) 95% Ethanol 10 min
4) 70% Ethanol 10 min
5) 50% Ethanol 10 min
6) Distilled water 2 x 10 min
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Table 4
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Table 4. Typical order of analysis, expected results, and rare exceptions along witl

Morphol
orp. y ogY CHM PHM
compatible with:
P57 IHC Negative Positive
Multiplex Diploid Androgenetic

microsatellite
genotyping of
POC and mother

Monospermic - 85%

Diploid Androgenetic
Dispermic - 15%

Triploid Dispermic - 99%

Triploid Monospermic - 1%

Discrepancies
and
exceptions:

Diploid Biparental

Morphology: CHM or not typical CHM/PHM. p57 -,
Recommendation: Re-review reproductive history, analyze o
mutations in NLPR7 /KHDC3L /PADI6

1 - Dip And and p57+
retained maternal Chr
11/11p15
Recommendation:
Simplex Chr 11 markers,
FISH.

2 - Dip Bip and p57 -
deleted maternal Chr
11/11p15

Morphology: Not typical
CHM, no TP
Recommendation: Simplex
Chr 11 markers, FISH.

1 - Dip Bip aneuploid MC, up to
40%

Morphology: Not typical PHM,
no/mild TP

Recommendation: Microarray

2 - Triploid Digynic
Morphology: Not typical PHM,
p57 ++

3 - Tetraploid (Trispermic or 2
mat and 2 pat sets of Chr.):
<1%

Morphology: Not typical PHM
Recommendation: FISH
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h recommendations to solve them

Twins (CHM + fetus)/
Mosaic

Positive and negative

Mosaic: Dip And + Dip Bip
1 - One non-maternal
allele - monozygotic

2 - Two non-maternal
alleles - dizygotic
Recommendation:

- For mosaic cases, FISH
with X, Y, and 18 may
help.

- Compare FISH with p57.
- Flow cytometry to
exclude triploid cells.

p57+/-, or p57+.
ther POCs, and search for




Table of Materials Click here to access/download;Table of Materials;JoVE_Table_of Materials.xlsx %

Name of Material/Equipment Company Catalog Number
BD FACS Canto Il BD BioSciences 338960
Capillary electrophoresis instrument: Genomes Applied Biosystems 3730xI DNA Analyz Applied biosystems 313001R
Citric acid Sigma 251275
Cytoseal 60, histopathology mounting medium Fisher 23244257
Eosin Y stock solution (1%) Fisher SE23-500D
FCSalyzer - flow cytometry analysis software SourceForge -
FFPE Qiagen kit Qiagen 80234
Forceps Fine Science Tools 11295-51
Glacial Acetic Acid (Concentrated) Sigma A6283-500mL
Glass coverslips: Cover Glass Fisher 12-541a
Hematoxylin Fisher CS401-1D
Highly deionized formamide: Hi-Di Formamide Thermofisher 4311320
IHC platform: Benchmark Ultra Roche -
Kimwipes Ultident 30-34120
Microtome Leica RM2135
Microtome blades Fisher 12-634-1C
Nitex filtering mesh, 48 microns Filmar 74011
p57 antibody Cell Marque 457M
Pasteur pipette VWR 53499-632
PCR machine Perkin Elmer, Applied Biosystems GeneAmp PCR System 9700
PeakScanner 1.0 Applied Biosystems 4381867
Pepsin from porcine gastric mucosa Sigma P7012
Polystyrene round-bottom tubes BD Falcon 352058
Positively charged slides: Superfrost Plus 25x75mm Fisher 1255015
PowerPlex 16 HS System Promega Corporation DC2102
Propidium lodide Sigma P4864
Ribonuclease A from bovine pancreas Sigma R4875
Separation matrix: POP-7 Polymer Thermofisher 4352759
UltraPure Agarose Fisher 16500-500

Xylene Fisher X3P1GAL
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Comments/Description

Service offered by the Centre for Applied Genomics (http://www.tcag.ca)

https://sourceforge.net/projects/fcsalyzer/

For sectioning and for the cleaning process

http://www.filmar.qc.ca/index.php?filet=produits&id=51&Ilang=en; any other filter is suitable, but this is an inexpensive and effective option fron

Software for genotyping analysis.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | Protocols for microsatellite DNA genotyping and flow cytometry ploidy analyses of
formalin-fixed paraffin-embedded hydatidiform molar tissues: challenges and solutions

Author(s):

Yassemine Khawajkie, Nawel Mechtouf, Phuong Nguyen, Rima Slim

Item 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

I:‘ 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.

DThe 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.

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.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such 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. Protection of the Work. The Author(s) authorize
JoVE to take stepsin the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. 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.
10. 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.

11. 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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video Llicense Agreements from each such
author, JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decling any work submitted to JoVE, JoVE and its
employees, agents and independent contraclors shall have
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, witheut limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like,

12, 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 centained herein, The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
atterney's fzes, resulting from the breach by the Author of
any representation or warranty contained hergin or from
allegations or instances of violation of intellectual groperty
rights, damage to the Author's or the Author's institution’s
facilities, fraud, licel, defamation, research, equipment,
expeniments, property damage, parsanal injury, violations
of instituticnal, 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 submissien 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

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a videc by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination  procedures  shall  be solely  the
respansibility of the Author and shall be undertaken at the
Author's expense, All indemnifications provided herein
shallinclude JoVE's attorney’s fees and costs relatad 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.,

13, Fees. To cover thie cost incurred for publication,
loVE must receive payment before production and
publication of 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,

14, 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
Commenwealth of Massachusetts without giving effect to
any conflict of Jaw prowision 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 agraement, & signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electranic 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 decument must be sent with all new submissions, Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: - ]

Rima Slim
Department:

Departments of Experimental Medicine, Human Genetics, and Obstetrics and Gynecolog

Institution: McGill University Health Center
Y
Title: Principal Investigator
1 :
Signature: | Date: | Max Yy Do 2ol 9

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe documentto +1.866,381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal letter for the manuscript JoVE60366R1 "Protocols for Microsatellite DNA
Genotyping and Flow Cytometry Ploidy Analyses of Formalin-Fixed Paraffin-Embedded
Hydatidiform Molar Tissues."

Editorial comments:

1. Please note that the editor has formatted the manuscript to match the journal's style.
Please retain the same. The updated manuscript is attached and please use this version to
incorporate the changes that are requested.

Reply: Thank you for taking the time to work on our manuscript. The version you sent us
was used and the formatting has not been changed.

2. Please add more details to your protocol steps. There should be enough detail in each
step to supplement the actions seen in the video so that viewers can easily replicate the
protocol. Please ensure you answer the “how” question, i.e., how is the step performed?
Alternatively, add references to published material specifying how to perform the protocol
action. See specific comments in the manuscript.

Reply: Details have been added to address the comments in the manuscript. Many steps
have also been added to explain how to use a flow cytometry analysis software.

3. After you have made all the recommended changes to your protocol section (listed
above), please highlight in yellow up to 2.75 pages (no less than 1 page) of protocol text
(including headers and spacing) to be featured in the video. Bear in mind the goal of the
protocol and highlight the critical steps to be filmed. Our scriptwriters will derive the video
script directly from the highlighted text.

Reply: Approximately 2.75 pages of protocol text have been carefully chosen and are
highlighted in yellow.

4. Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted steps form a cohesive narrative with a logical flow from one highlighted step to
the next. The highlighted text must include at least one action that is written in the
imperative voice per step. Notes cannot usually be filmed and should be excluded from the
highlighting.

Reply: All highlighted text is made up of complete sentences and includes at least one
action, except for section 1.5. - “Follow the protocol of the DNA extraction from FFPE kit
(Table of Materials) to perform DNA extraction,” which we do not intend to film. It is

*
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highlighted simply to be included in the narrative to ensure that a cohesive protocol is
portrayed in the video.

5. Please include all relevant details that are required to perform the step in the
highlighting. For example: If step 2.5 is highlighted for filming and the details of how to
perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are
provided must be highlighted.

Reply: All relevant details are included in the highlighting (except for section 1.5, as
explained in the reply to the previous comment).



