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Author Questionnaire

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for
performing a complex dissection, microinjection technique, or something similar? YES

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of
software usage? YES, all done

3. Filming location: Will the filming need to take place in multiple locations? NO

4. Testimonials (optional): Would you be open to filming two short testimonial statements live
during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s
promotional materials. NO

Current Protocol Length
Number of Steps: 25
Number of Shots: 55 (35 SC)
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Interviews

Videographer: Obtain headshots for all authors available at the filming location.

Authors: Please note that the questions will not appear on screen. Please answer in stand-
alone full sentence with sufficient context
We have retained 5 best answers as per our journal guidelines

INTRODUCTION:

1.1. Adriana Plesa: Our research focused on accurate quantification of measurable
residual disease, including Leukemic Stem Cells, in acute myeloid leukemia patients.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot,
looking slightly off-camera

1.2. Christophe Roumier: To implement multicenter and multiplatform monitoring, we

tailored the flow cytometer settings to each platform and a common analysis strategy.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot,
looking slightly off-camera

CONCLUSION:
What-does-this-protocol-allow-researchers-to-study-ormeasure?
1.3. lole Oster: This protocol allows researchers to measure the Leukemia aberrant

immunophenotype identified at diagnosis and leukemic stem cells in the CD34+CD38-
enriched fraction.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot,
looking slightly off-camera
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1.5. Adriana Plesa: The "crossroads" moment has arrived to move forward and incorporate
LSC quantification performed with great accuracy into future AML clinical trials at

diagnosis and follow-up.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot,

looking slightly off-camera

Videographer: Obtain headshots for all authors available at the filming location.
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Ethics Title Card

This research has been approved by the Human Ethics Committee of CHU Lyon and the
Ethics Committee of the Institutional Review Board of Lille CHU
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Protocol

Videographer: Please always record an audio slate while filming each shot mentioned in the
shotlist.

2. Cytometer Standardization

Demonstrator: lole Oster

2.1. To begin, prepare the 8-peak rainbow beads and determine the cytometer-specific
target values [1].

2.1.1. WIDE: Talent preparing the 8-peak rainbow beads. Videographer: Please
obtain CU shot as well for this shot.

2.2. Set each machine according to the target values [1] and ensure that each channel's
measured value is within 5% of its target [2].

2.2.1. Talent setting the machine according to the target values.

2.2.2. LAB MEDIA: Table 1.

Bone Marrow Sample Preparation

2.3. Collect 1 to 2 milliliters of bone marrow in EDTA from acute myeloid leukemia patients
at diagnosis, during treatment monitoring, and at relapse, when applicable [1-TXT]. For
morphologic examination, place a drop of bone marrow aspirate on a glass slide [2] and
gently spread the sample [3]. After 30 minutes, stain the smear with May-Grunewald-
Giemsa [4] and examine the sample under a microscope at 100x magnification [5]. Next,
add 15 milliliters of ammonium chloride lysing solution to the collected bone marrow
sample [6]. Mix gently and incubate for 10 minutes at room temperature [7].

2.3.1. Talent adding bone marrow sample to EDTA tubes and labeling the tubes as
‘Diagnosis’, MRD-1. TXT: Treatment monitoring: MRD-1 to 4; MRD: Measurable
Residual Disease Authors: This labeling is just for representation

2.3.2. Talent adding a drop of sample on a slide.
2.3.3. Talent spreading then sample.
2.3.4. Talent adding the stain on the sample.

2.3.5. LAB MEDIA: Supplementary figure 10. Video editor: Label the left panel as
‘Healthy regenerating marrow’ and right one as “Acute myeloid leukemia

© 2026, JoVE June 17, 2026 Page 10 of 20
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3.

2.4.

patient”
2.3.6. Talent adding ammonium chloride lysing solution to the bone marrow sample.

2.3.7. Talent gently mixing the sample and keeping it aside.

Then, centrifuge the sample at 450 g for 5 minutes at room temperature [1] and discard
the supernatant [2]. Resuspend the cell pellet in 10 milliliters of PBS with 0.1% BSA [3].
Repeat the centrifugation step at 450 g for 5 minutes [4]. After discarding the
supernatant, resuspend the cell pellet at a concentration of 30 x 10® white blood cells
per milliliter in PBS [6].

2.4.1. Talent placing the sample in the centrifuge.

2.4.2. Talent discarding the supernatant.

2.4.3. Talent resuspending the cell pellet in PBS with 0.1% bovine serum albumin.
2.4.4. Talent placing the sample in the centrifuge.

2.4.5. Talent resuspending the cell pellet in PBS.

Immunostaining the Bone Marrow Cells

3.1.

3.2.

3.3.

Distribute the monoclonal antibodies in tubes T1, T2, and T3 according to the platform
[1-TXT].

3.1.1. Talent distributing monoclonal antibodies into tubes T1, T2, and T3. TXT: See
Table 2 for antibody panel configurations

Add 2 to 3 x 10° lysed cells per tube in 100 microliters of cell suspension [1] and incubate
the cells with antibodies for 15 minutes in the dark at room temperature [2].

3.2.1. Talent adding lysed cells to each tube.

3.2.2. Talent placing the tubes in a dark chamber for incubation at room temperature.

Wash the cells by adding 3 milliliters of PBS [1] and centrifuging at 450 g for 5 minutes
[2]. Discard the supernatant [3] and resuspend the stained cells in 300 microliters of
PBS [4].

3.3.1. Talent adding PBS to the cells.
3.3.2. Talent placing the tubes in the centrifuge.

© 2026, JoVE June 17, 2026 Page 11 of 20
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3.3.3. Talent discarding the supernatant.

3.3.4. Talent resuspending the stained cells in PBS.

4. Flow Cytometry

4.1. Open the MRD assay or acquisition protocol with the adapted settings and
compensation matrix [1].

4.1.1. SCREEN: MRD assay or acquisition protocol being opened with the adapted
settings and compensation matrix.

Videographer: Please record the computer screen for the shots labeled as SCREEN as back-
up. The screen should be in focus and the fonts should be clearly visible.

4.2. Load the samples and acquire a minimum of 500,000 to 1,000,000 white blood cells [1]
in each tube at diagnosis and follow-up [2].

4.2.1. Talent loading the samples.
4.2.2. SCREEN: Acquisition in process.

Leukemia-Associated Immunophenotype (LAIP) Analysis
4.3. Use a common template and dot-plot sequence [1].

4.3.1. SCREEN: SCREEN-4.3 00:00-00:05

4.4. Capture leukemia-associated immunophenotype, patterns in bulk blasts by drawing a
single-cell gate based on forward scatter width versus forward scatter height [1].

4.4.1. SCREEN: SCREEN-4.4 00:05-00:21

4.,5. Draw a live-cell gate based on forward scatter versus side scatter [1].

4.5.1. SCREEN: SCREEN-4.5 00:07-00:16

© 2026, JoVE June 17, 2026 Page 12 of 20
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4.6.

4.7.

Then, draw a blast gate on CD45 dim and side scatter [1], followed by the primitive
marker gate using CD34 and CD117 [2].

4.6.1. SCREEN: SCREEN-4.6.1 00:05-00:17
4.6.2. SCREEN: SCREEN-4.6.2 00:05-00:17

Using fixed biparametric dot plots, draw the relevant gates, including LAIP 1 through
LAIP 8 [1]. After identifying and excluding relevant physiological and nonspecific
populations, apply the Boolean gating strategy for LAIP analysis [2-TXT].

4.7.1. SCREEN: SCREEN-4.7.1 00:06-00:11 AND 00:35-00:38

4.7.2. SCREEN: SCREEN-4.7.2 00:10-00:22. TXT: See text protocol for the LAIP
approach Boolean operators

5. Different-from-Normal (DfN) Analysis

5.1.

5.2.

5.3.

5.4.

To capture a DfN (D-F-N) pattern in bulk blasts, draw live cells using forward scatter and
side scatter [2].

5.1.1. SCREEN: SCREEN-5.1.2 00:05-00:14

Draw single cells by removing doublets based on the forward scatter peak and the side
scatter area [1]. Then, draw the mononuclear cell gate using forward scatter and side
scatter [2].

5.2.1. SCREEN: SCREEN-5.2.1 00:07-00:20
5.2.2. SCREEN: SCREEN-5.2.2 00:08-00:18

Apply a cleanup gate to remove lymphocytes using CD45, CD33, and side scatter [1].
Next, apply a cleanup gate to remove erythroblasts and debris using CD45 and CD36

[2].
5.3.1. SCREEN: SCREEN-5.3.1 00:06-00:16
5.3.2. SCREEN: SCREEN-5.3.2 00:04-00:06 and 00:13-00:18

Use two input gates, CD34 positive, CD45, and side scatter [1], and CD117 positive,
CD45, and side scatter, to define the empty boxes [2].

© 2026, JoVE June 17, 2026 Page 13 of 20
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5.4.1. SCREEN: SCREEN-5.4.1 00:05-00:10
5.4.2. SCREEN: SCREEN-5.4.1 00:13-00:20

5.5. Draw each DfN empty box based on internal control populations, including lymphocytes
for cross-lineage markers and normal myeloid precursors for loss, decrease, or
overexpression markers [1]. Compare the empty boxes with reference bone marrow
samples, including regenerating, inflammatory, and healthy donor bone marrow.
Define abnormal populations as clusters of abnormal cells separated from normal cells
by at least 0.5 decade on the log scale [2].

5.5.1. SCREEN: SCREEN-5.5.1 00:10-00:25
5.5.2. SCREEN: SCREEN-5.5.2 00:04-00:20

6. Leukemic Stem Cell Analysis and CD38 Threshold Definition

6.1. Define the leukemic stem cell, or LSC, input gate as mononuclear cell CD34-positive [1].

6.1.1. SCREEN: SCREEN-6.1.1 00:01-00:10

6.2. Next, set the CD38 channel high enough to distinguish CD38-negative populations from
CD38-positive populations with good resolution [1].

6.2.1. SCREEN: SCREEN-6.2 00:01-00:10 and 00:18-00:19

6.3. Use bright reference populations to establish the CD38 signal range [1]. Identify plasma
cells as the brightest population and hematogones according to the measurement
range of each platform [2].

6.3.1. SCREEN: SCREEN-6.3.1 00:00-00:05
6.3.2. SCREEN: SCREEN-6.3.2 00:00-00:05 and 00:10-00:12

6.4. Then, define the CD34-positive CD38-negative population P6 using the CD38
fluorescence-minus-one approach validated by an isoclonic CD38 control [1-TXT].
Outline P7, the CD34-positive and CD38-low population, using the hematogone-
negative level [2]. Define P8, the CD34-positive and CD38-high population, using the
hematogone-positive and plasma-cell negative levels [3].

© 2026, JoVE June 17, 2026 Page 14 of 20
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6.5.

6.6.

6.7.

6.4.1. SCREEN: SCREEN-6.4.1 00:03-00:13 TXT: See text protocol for the Boolean
operators

6.4.2. SCREEN: SCREEN-6.4.2
6.4.3. SCREEN: SCREEN-6.4.3 00:05-00:16

Apply the same CD38-negative threshold across the harmonized group, with robust
methods such as CD38 fluorescence minus one or an isoclonic CD38 control [1].

6.5.1. SCREEN: SCREEN-6.5.1 00:05-00:16

Include at least one aberrant immunophenotype in the CD34-positive CD38-negative
fraction to define LSC-enrichment [1]. Use LSC markers or lineage markers for this
identification [2-TXT]. Use CD36 to remove nonspecific events from the final MRD LSC
gate [3].

6.6.1. SCREEN: SCREEN-6.6.1 00:03-00:08 and 00:11-00:16

6.6.2. SCREEN: SCREEN-6.6.2 00:05-00:13. TXT: LSC markers:
CLL1/TIM3/CD97/CD45RA/CD123

Lineage markers: CD7/CD19/CD56/CD33
6.6.3. SCREEN: SCREEN-6.1.3 00:03-00:06 and 00:10-00:15

Apply the assay sensitivity thresholds, with a limit of quantification of 107 and a limit
of detection of 107° [1]. Finally, define LSC positivity at diagnosis as at least 1% of CD45-
side-scatter-positive blasts [2], and at MRD follow-up as at least 0.01% of white blood
cells. Provide the harmonized clinical flow report [3].

6.7.1. SCREEN: SCREEN-6.7.1 00:05-00:17
6.7.2. SCREEN: SCREEN-6.7.2 00:05-00:14
6.7.3. SCREEN: SCREEN-6.7.2 00:16-00:25
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Results

7. Results

7.1.

7.2.

7.3.

7.4.

7.5.

After applying the defined settings, the cell staining patterns overlapped across the 4
flow cytometer platforms [1], with the main difference being a translation of the cell
clouds along the logarithmic scales [2].

7.1.1. LAB MEDIA: Figure 6.

7.1.2. LAB MEDIA: Figure 6. Video editor: Emphasize that the cell clouds (with red
centers) in 2" row as an example.

The wet external quality assessment or EQA showed reproducible distributions of P6
cells [1] and mononuclear cell CD34 positive cells among the white blood CD45 positive
cells across the 5 assessment rounds [2].

7.2.1. LAB MEDIA: Figure 7A.
7.2.2. LAB MEDIA: Figure 7B.

More than 90% of the locally analyzed data were included within the centralized
interval based on the series mean in Dry-EQA-2017 (20-17) [1] and Dry-EQA-2024 (20-
24) [2].

7.3.1. LAB MEDIA: Figure 8A. Video editor: Highlight the data points clustered around
the central reference line

7.3.2. LAB MEDIA: Figure 8B. Video editor: Highlight the data points clustered around
the central reference line

The leukemia-associated immunophenotype cartography established at diagnosis [1]
was applied to the follow-up sample to quantify measurable residual disease [2].

7.4.1. LAB MEDIA: Figure 9A. Video editor: Highlight the black cell population marked
as the leukemia-associated immunophenotype in the diagnosis panels.

7.4.2. LAB MEDIA: Figure 9A. Video editor: Highlight the black measurable residual
disease population in the follow-up panels.

The DfN approach identified abnormal cells in the areas not observed in normal bone
marrow [1].
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7.6.

7.7.

7.8.

7.9.

7.5.1. LAB MEDIA: Figure 9B. Video editor: Highlight the black potted regions.

The leukemic stem cell-enriched cells expressing the defined marker profile were
identified at diagnosis within the CD34-positive CD38-negative fraction [1], and the
measurable residual disease leukemic stem cell-enriched cells with the same profile
persisted at follow-up [2].

7.6.1. LAB MEDIA: Figure 10A. Video editor: Highlight the orange cell population in the
diagnosis samples.

7.6.2. LAB MEDIA: Figure 10B. Video editor: Highlight the orange cell population in the
follow-up samples.

The limit of blank for leukemic stem cell detection was less than 0.0005% [1],
corresponding to 14 events in the leukemic stem cell Boolean gate [2].

7.7.1. LAB MEDIA: Figure 11A. Video editor: Highlight the value showing 0.0003%.

7.7.2. LAB MEDIA: Figure 11A. Video editor: Highlight the boxed cluster labelled with
“14” events on the right.

The serial dilution of leukemic stem cell-enriched cells showed a correlation between
the measured measurable residual disease values and the theoretical values [1].

7.8.1. LAB MEDIA: Figure 11B. Video editor: Highlight the points aligned along the
correlation line in the graph.

The serial dilution of blasts with different leukemia-associated immunophenotypes
showed a correlation between the measured measurable residual disease values and
the theoretical values [1].

7.9.1. LAB MEDIA: Figure 12A. Video editor: Highlight the data points following the
trend line in the dilution graphs.

7.10. The limit of quantification reached the 0.1% clinical threshold for all tested leukemia-

1.

associated immunophenotypes [1].

7.10.1. LAB MEDIA: Figure 12B. Video editor: Highlight the blue bars and the red
horizontal line marking the 0.1% clinical threshold.

Cytometer
Pronunciation link: https://www.merriam-webster.com/medical/cytometer
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IPA: /sar'ta:moatar/
Phonetic Spelling: sy-taa-muh-ter
2. Myeloid
Pronunciation link: https://www.merriam-webster.com/dictionary/myeloid
IPA: /'maro loid/
Phonetic Spelling: my-uh-loyd
3. Leukemia
Pronunciation link: https://www.merriam-webster.com/dictionary/leukemia
IPA: /lu: 'ki:mio/
Phonetic Spelling: loo-kee-mee-uh
4. Morphologic
Pronunciation link: https://www.merriam-webster.com/dictionary/morphologic
IPA: / mor.fo'la:.dzik/
Phonetic Spelling: mor-fuh-laa-jik
5. Aspirate
Pronunciation link: https://www.merriam-webster.com/dictionary/aspirate
IPA: /"@s.pa.rot/
Phonetic Spelling: as-puh-ruht
6. Centrifuge
Pronunciation link: https://www.merriam-webster.com/dictionary/centrifuge
IPA: /'sen.tro fju:dz/
Phonetic Spelling: sen-truh-fyooj
7. Supernatant
Pronunciation link: https://www.merriam-webster.com/dictionary/supernatant
IPA: / su:..por'ner.tont/
Phonetic Spelling: soo-per-nay-tuhnt
8. Monoclonal
Pronunciation link: https://www.merriam-webster.com/dictionary/monoclonal
IPA: / ma:.na'klov.nal/
Phonetic Spelling: maa-nuh-kloh-nuhl
9. Immunophenotype
Pronunciation link: https://www.merriam-webster.com/medical/immunophenotype
IPA: / 1m.jo.nou fi..no tarp/
Phonetic Spelling: im-yuh-noh-fee-nuh-type
10. Biparametric
Pronunciation link: No confirmed link found
IPA: / bar paers metrik/
Phonetic Spelling: by-pair-uh-meh-trik
11. Lymphocytes
Pronunciation link: https://www.merriam-webster.com/dictionary/lymphocyte
IPA: /'lim.fa sarts/
Phonetic Spelling: lim- fuh-sites
12. Erythroblasts
Pronunciation link: https://www.merriam-webster.com/dictionary/erythroblast
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

IPA: /1'116.ro blaests/

Phonetic Spelling: ih-rith-ruh-blasts

Mononuclear

Pronunciation link: https://www.merriam-webster.com/dictionary/mononuclear
IPA: / ma:.nov nu:.kli.or/, / ma:.nov nju:.kli.or/

Phonetic Spelling: maa-noh-noo-klee-er / maa-noh-nyoo-klee-er

Hematogones

Pronunciation link: https://www.merriam-webster.com/medical/hematogone
IPA: /"hi:.mat.o gounz/, /h1 mat.o gounz/

Phonetic Spelling: hee-muht-uh-gohnz / hi-mat-uh-gohnz

Isoclonic

Pronunciation link: No confirmed link found

IPA: / ar.sou kla:.nik/

Phonetic Spelling: eye-soh-klaa-nik

Immunophenotypes

Pronunciation link: https://www.merriam-webster.com/medical/immunophenotype
IPA: / 1m.jo.nou fi..no taips/

Phonetic Spelling: im-yuh-noh-fee-nuh-types

Cartography

Pronunciation link: https://www.merriam-webster.com/dictionary/cartography
IPA: /kar ta:grofi/

Phonetic Spelling: kar-taa-gruh-fee

Leukemic

Pronunciation link: https://www.merriam-webster.com/dictionary/leukemia
IPA: /lu: 'ki:mik/

Phonetic Spelling: loo-kee-mik

Quantification

Pronunciation link: https://www.merriam-webster.com/dictionary/quantification
IPA: / kwa:n.ta.fo ker. fon/

Phonetic Spelling: kwaan-tuh-fuh-kay-shuhn

Physiological

Pronunciation link: https://www.merriam-webster.com/dictionary/physiological
IPA: / fizio'la:d3ikal/

Phonetic Spelling: fiz-ee-uh-laa-ji-kuhl

Ammonium

Pronunciation link: https://www.merriam-webster.com/dictionary/ammonium
IPA: /a'mouniam/

Phonetic Spelling: uh-moh-nee-uhm

Giemsa

Pronunciation link: https://www.merriam-webster.com/dictionary/Giemsa
IPA: /'gi:mza/

Phonetic Spelling: geem-zuh

Fluorescence

Pronunciation link: https://www.merriam-webster.com/dictionary/fluorescence
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IPA: /flo 'resons/
Phonetic Spelling: floo-res-uhns
24. Immunostaining
Pronunciation link: No confirmed link found
IPA: / 1m.jo.nov ster.nin/
Phonetic Spelling: im-yuh-noh-stay-ning
25. Erythroblasts
Pronunciation link: https://www.merriam-webster.com/dictionary/erythroblast
IPA: /1'110.ro blaests/
Phonetic Spelling: ih-rith-ruh-blasts
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