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SUMMARY:

Here we present a protocol for the isolation of leukemic cells from leukemia patients bone
marrow and analysis of their metabolic state. Assessment of the metabolic profile of primary
leukemia cells could help to better characterize the demand of primary cells and could lead up
to more personalized medicine.

ABSTRACT:

The metabolic requirement of cancer cells can negatively influence survival and treatment
efficacy. Nowadays, pharmaceutical targeting of metabolic pathways is tested in many types of
tumors. Thus, characterization of cancer cell metabolic setup is inevitable in order to target the
correct pathway to improve the overall outcome of patients. Unfortunately, in a majority of
cancers, the malignant cells are quite difficult to obtain in higher numbers and the tissue biopsy
is required. Leukemia is an exception, where a sufficient number of leukemic cells can be isolated
from the bone marrow. Here, we provide a detailed protocol for the isolation of leukemic cells
from leukemia patients bone marrow and subsequent analysis of their metabolic state using
extracellular flux analyzer. Leukemic cells are isolated by the density gradient, which does not
affect their viability. The next cultivation step helps them to regenerate, thus the metabolic state
measured is the state of cells in optimal conditions. This protocol allows achieving consistent,
well-standardized results, which could be used for the personalized therapy.

INTRODUCTION:

The metabolic profile is one of the main characteristics of cells and altered bioenergetics are now
considered one of the hallmarks of cancer'=. Moreover, changes in the metabolic setup could be
used in the treatment of cancer by targeting signal transduction pathways or enzymatic
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machinery of cancer cells*®. Knowing the metabolic predisposition of cancer cells is thus an
advantage and can help improve the current therapy.

There are a plenty of already established methods which can assess the metabolic activity of cells
in culture. Regarding glycolysis, glucose uptake can be measured by the radioactive labeling,
using 2-NBDG (2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl)Amino)-2-Deoxyglucose) or extracellular
lactate levels measured enzymatically’”®. Fatty acid oxidation rate is another metabolic
parameter measured by isotopically labeled palmitate®1°, Oxygen consumption rate is a method
widely-used for determining mitochondrial activity in cells'*!?, together with the mitochondrial
membrane potential evaluation!®!4, ATP/ADP (adenosine 5'-triphosphate/Adenosine 5'-
diphosphate) ratio measurement® or total intracellular ATP measurement®®. Signaling pathways
known to regulate metabolic processes could be determined by protein quantifications and can
improve the understanding of metabolic measurements’-%°,

However, all these methods measure only one or, in the best scenario, a few metabolic
parameters in one sample simultaneously. Importantly, simultaneous measurement of the
oxygen consumption rate (OCR) and extracellular acidification rate (ECAR) can be achieved by the
extracellular flux analysis by, for example, Seahorse XFp Analyzer. OCR is an indicator of
mitochondrial respiration and ECAR is mainly the result of glycolysis (we cannot ignore CO;
production possibly elevating ECAR of cells with high oxidative phosphorylation activity)?°. So far,
various cell types have been studied using these analyzers?:-23,

Here we describe the protocol for the extracellular flux analysis of primary blasts (leukemia cells
derived from the immature hematopoietic stage) from leukemia patients. To the best of our
knowledge, a specific protocol for primary blasts is not available yet.

PROTOCOL:

All samples were obtained with the informed consent of the children’s parents or guardians and
approval of Ethical committee of Charles University in Prague, Czech Republic, the study no.
NV15-28848A.

1. Preparation of Reagents

1.1 Prepare 500 mL of PBS by dissolving 137 mM NaCl, 2.7 mM KCl, 4.3 mM Na;HPOQOg4, 1.47 mM
KH2POa, in ddH,0. Adjust the pH to 7.4 with HCI. Sterilize by autoclaving.

1.2 Prepare 100 mL of RPMI medium: RPMI-1640 medium with L-Alanyl-Glutamine
supplemented with 10 % fetal bovine serum (FBS), penicillin (100 U/mL) and streptomycin (100

ug/mL).

1.3 Prepare 50 mL of 0.1 M NaHCOs in distilled water. Adjust the pH to 8.1, filter sterilize (0.22
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um) and store at 4 °C.

Note: For two 8-well extracellular flux analyzer plates, prepare 250 uL of 0.1 M NaHCOs pH 8.1.
1.4 Prepare 1 mL of 2 M D-glucose in distilled water. Filter sterilize (0.22 um) and store at -20 °C.
1.5 Prepare 100 pL of 1 mM Oligomycin A in ethanol. Filter sterilize (0.22 um) and store at -20 °C.

1.6 Prepare 250 uL of 1 M 2-deoxy-D-glucose (2-DG) in Minimal DMEM (Dulbecco's Modified
Eagle's medium). Warm to 37 °C and adjust the pH to 7.4 (carry out pH measurement at 37 °C).
Filter sterilize (0.22 um) and store at -20 °C.

1.7 Prepare 100 pL of 1 mM FCCP (carbonyl cyanide-p-trifluoromethoxyphenylhydrazone) in
DMSO. Filter sterilize (0.22 um) and store at -20 °C.

1.8 Prepare 100 uL of 1 mM Rotenone in ethanol. Filter sterilize (0.22 um) and store at -20 °C.

1.9 Prepare 100 pL of 1 mg/mL Antimycin A in ethanol. Filter sterilize (0.22 um) and store at -20
°C.

1.10 Just before the use, prepare 10 mL of Glycolysis stress test medium. Warm Minimal DMEM
to 37 °Cin a water bath and adjust the pH to 7.4 (carry out pH measurement at 37 °C).

1.11 Prior to the use, prepare 10 mL of Cell Mito stress test medium with BSA. Supplement
Minimal DMEM with 2 mM L-glutamine, 10 mM D-glucose, 1 mM HEPES (pH 7.4), 1 mM pyruvate
and 0.1 % BSA (bovine serum albumin). Warm to 37 °C in a water bath and adjust the pH to 7.4
(carry out pH measurement at 37 °C).

1.12 Prior to the use, prepare 10 mL of Cell Mito stress test medium without BSA. Supplement
Minimal DMEM with 2 mM L-glutamine, 10 mM D-glucose,1 mM HEPES (pH 7.4) and 1 mM
pyruvate. Warm Cell Mito stress test medium without BSA to 37 °C in a water bath and adjust
the pH to 7.4 (carry out pH measurement at 37 °C).

Note: BSA is added to the Cell Mito stress test medium because the cells respond better to FCCP
when the medium is supplemented with BSA (different conditions were tested). Cell Mito stress
test medium without BSA is used for loading the ports as the manufacturer does not recommend
using BSA in the medium.

2. Isolation of Mononuclear Cells from Bone Marrow

Note: Ideally, measurement of metabolic state of primary leukemia cells should start
immediately after bone marrow collection and cell isolation. Nevertheless, relevant data could
be also obtained from cells isolated after transportation from other hematology centers in the
Czech Republic. Perform all sub-steps in a sterile tissue culture hood.



131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

2.1 Warm up PBS and the density gradient medium to room temperature.

2.2 Dilute the bone marrow sample of leukemia patient with PBS, in a ratio of 1:1. Make sure
that the sample contains at least 80% of leukemic blasts.

2.3 Determine the percentage of blasts by flow cytometry using specific CD markers for
immunophenotype characterization of cell types. After density gradient separation, detect
nucleic acid positive events with a nuclear dye in order to establish the overall cell count.

2.4 Then, determine leukemia cells using specific CD markers for each type of leukemia: B-ALL
(CD19, CD45), T-ALL (CD3, CD4, CD8, CD5, CD7, CD99) and AML (CD45, CD33, and specific myeloid
markers)?*. Divide the number of leukemia cells positive for specific CD markers by all nuclear
cells to determine the percentage of leukemia blast cells.

Note: The bone marrow has to be collected into the tubes with anticoagulants.

2.5 Carefully layer 6 mL of diluted bone marrow sample over 6 mL of the density gradient medium
in a 15 mL conical tube. Centrifuge at 400 x g for 35 min at 4 °Cin a swinging-bucket rotor without

the brake.

Note: Larger volume of the sample could be divided into more aliquots or 50 mL conical tube can
be used with the larger amount of density gradient medium.

2.6 Using a Pasteur pipette, carefully transfer the interphase layer which consists of mononuclear
cells (Figure 1) to a new 50 mL conical tube with 5 mL of PBS. Centrifuge at 400 x g for 10 min at
4 °Cin a swinging-bucket rotor.

Note: Transfer all mononuclear cell layers into a single 50 mL conical tube with 5 mL of PBS.

2.7 Aspirate the supernatant and resuspend the cell pellet in 2 mL of sterile PBS. Count the cells
using a hemocytometer.

Note: The number of leukemia cells in one mL of aspirated bone marrow differs significantly
among patients?>,

3. Overnight Cultivation of Mononuclear Cells
Note: Perform all sub-steps in a sterile tissue culture hood.

3.1 Prepare two T75 flasks with 20 mL of RPMI. To each flask, add 30 x 10° isolated mononuclear
cells. Incubate the cells with the flask standing up for 16- 24 h at 5% CO; and 37 °C.
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4. Preparation of Cell Adhesive-coated Plates
4.1 Coat two 8-well extracellular flux analyzer plates.
Note: Perform the coating in a sterile tissue culture hood.

4.2 Add 2.2 uL of cell adhesive (density: 2.54 mg/ml) to 250 pL of 0.1 M NaHCOs, pH 8.1, and
pipette immediately 12.5 pL of the solution into each well.

Note: Cell adhesive stock solutions can differ in their density, adjust the volume added to NaHCO3
accordingly.

4.3 Let the plates sit in the hood for about 20 min, then aspirate the cell adhesive and wash each
well twice using 200 uL of sterile water. Let it sit in the hood with the lid open until wells are dry.

4.4 Use the plates right away or save up to 1 week at 4 °C with the rim wrapped in paraffin film
to avoid condensation. Ensure that the plates are warmed up to room temperature (for about 20
min) in the hood before seeding the cells.

5. Hydration of Sensor Cartridge

Note: Hydrate two 8-well extracellular flux analyzer cartridges.

5.1 Separate the utility plate and the sensor cartridge. Place the sensor cartridge upside down
on the lab bench.

5.2 Fill each well of the utility plate with 200 pL calibrant. Fill each moat around the outside of
the wells with 400 pL of calibrant.

5.3 Return the sensor cartridge to the utility plate that now contains the calibrant.
5.4 Place the cartridge assembly in a humidified, non-CO,, 37 °C incubator overnight.
5.5 Turn on the extracellular flux analyzer and let it warm to 37 °C overnight.

6. Seeding Cells in Cell Adhesive-coated Plates

Note: For Glycolysis stress test, use Glycolysis stress test medium. For Cell Mito stress test, use
Cell Mito stress test medium with BSA.

6.1 Seed cells for the Glycolysis stress test and the Cell Mito stress test in separate plates. For
each test, use cells from one flask with overnight culture.

6.2 Centrifuge cells at 200 x g for 5 min at room temperature. Resuspend cells in 1 mL of the
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appropriate medium and count them.

6.3 Add 4 x 10° of live cells to the final volume of 400 uL (use appropriate medium).

6.4 Plate 50 uL of the cell suspension into wells B-G. Ensure 500,000 cells are seeded in one well.
Note: It is crucial to seed exactly 500,000 cells per well as no other normalization is performed.
That way, the results from different patients can be compared. The optimal number of replicates
is six, as is described here. Using less replicates is not recommended since primary cells could

sometimes behave erroneously.

6.5 Add 180 puL of the appropriate medium into wells A and H (these wells will serve as a
background correction).

6.6 Centrifuge the plate at 400 x g for 5 min at room temperature with brake set to 1.

6.7 Add 130 pL of appropriate medium to wells B-G in two 8-well extracellular flux analyzer plates
slowly and carefully. Visually confirm that the cells are stably adhered to the bottom of the wells
by viewing under the microscope.

6.8 Place the plate into a humidified, non-CO;, 37 °C incubator for 30 min.

7. Loading the Sensor Cartridge

7.1 For the Glycolysis stress test, prepare 250 L each of 100 mM glucose, 20 uM Oligomycin A
and 1 M 2-DG, all in Glycolysis stress test medium.

7.2 For the Cell Mito stress test, prepare 250 plL each of 20 uM Oligomycin A, 15 uM FCCP, 30 uM
FCCP and a mixture of 10 uM Rotenone and 10 pg/ml Antimycin A, all in Cell Mito stress test
medium without BSA.

Note: Injecting two concentrations of FCCP in one assay is recommended since there is not
enough patients’ material for the FCCP titration. Nevertheless, the concentrations should be
determined by the researcher.

7.3 Load the compounds into the appropriate injector ports of the cartridge as follows (Table 1):
8. Setting Up the Program

8.1 For the Glycolysis stress test, set up the program as described in Table 2.

8.2 For the Cell Mito stress test, set up the program as described in Table 3.
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8.3 Start the program. Replace the calibrant plate with the assay plate (when prompted).
9. Evaluation and Interpretation of the Results

9.1 In the Glycolysis stress test results, subtract the lowest ECAR value after 2-DG injection from
all other ECAR values.

Note: This lowest value represents the non-glycolytic acidification. Usually, the lowest value is
from the 4" measurement.

9.2 Calculate Basal acidification, Glycolysis, Maximal glycolysis and Glycolytic reserve parameters
from glycolytic function (Figure 2A). After subtracting the lowest ECAR value, calculate Basal
acidification as a mean of ECAR from the first three measurement points (omit the first ECAR
value if it significantly differs from the other two), calculate Glycolysis as a mean of ECAR from
three measurement points after glucose injection and calculate Maximal glycolysis as a mean of
ECAR from three measurement points after Oligomycin A injection. Calculate Glycolytic reserve
as Maximal glycolysis minus Glycolysis.

Note: Alternatively, for Maximal glycolysis calculation, use the highest ECAR value from the three
points measured.

9.3 In the Cell Mito stress test results, subtract the lowest OCR value after Rotenone/Antimycin
A injection from all other OCR values.

9.4 Calculate Basal respiration, ATP production, Maximal respiration and Spare capacity
parameters from mitochondrial function (Figure 2B). After subtracting the lowest OCR value,
calculate Basal respiration as a mean of OCR from the first three measurement points.

Note: Maximal respiration is the highest OCR value after FCCP injection.

9.5 For ATP production calculation, subtract the mean of the three OCR measurement points
after Oligomycin A injection from Basal respiration. Calculate Spare capacity as the Maximal
respiration minus the Basal respiration.

Note: Always calculate the Maximal respiration from the highest OCR value, regardless of the
FCCP concentration used.

REPRESENTATIVE RESULTS:

Figure 3 shows the curves after Glycolysis stress test and Cell Mito stress test measurements of
leukemic blasts from the BCP-ALL (B-cell precursor acute lymphoblastic leukemia) and AML
(acute myeloid leukemia) patients. The calculation of metabolic parameters from these
measurements is also indicated. 500,000 cells per well were seeded and all measurements were
done in hexaplicates.
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In the Glycolysis stress test, the only basal medium is used, so that the cells are deprived of
nutrients. The first parameter obtained is the Basal acidification, which should reflect the amount
of glucose stored in cells. After the first injection, ECAR is increased since cells utilize glucose and
can ferment it to lactate. Oligomycin A in the second injection inhibits ATP-synthase and thus
directs the cells to produce ATP mainly via glycolysis. This should cause further elevation of ECAR.
Injection of 2-DG completely inhibits glycolysis and ECAR drops.

In the Cell Mito stress test, a medium supplemented with glutamine and glucose are used, so
that the cells are not deprived of all nutrients and the Basal respiration parameter reflects their
basal metabolic state. After first injection with Oligomycin A, cells inhibit mitochondrial
respiration and switch to glycolysis which is represented as a decrease of OCR. FCCP (the second
and third injection), on the other hand, uncouples ATP production from respiration, so that the
cells now consume oxygen at a maximal rate and OCR rise to its highest value. The last injection
of Rotenone and Antimycin A mixture completely inhibits mitochondrial respiration and OCR is
decreased close to zero.

FIGURE AND TABLE LEGENDS:
Figure 1: Density gradient centrifugation of the bone marrow sample. Mononuclear cells
enriched for leukemic cells are separated by density gradient medium.

Figure 2: Outline of Glycolysis stress test and Cell Mito stress test. A. Exemplary result of
Glycolysis stress test. B. Exemplary result of Cell Mito stress test. Parameters are indicated within
the curves.

Figure 3: Extracellular flux analysis of leukemic blasts from BCP-ALL (A, B) and AML (B, C)
patient. A and C. Glycolysis stress test results. Please note that the first measurement point can
significantly differ from the rest and should be excluded from the analysis in that case. B and D.
Cell Mito stress test results. Parameters are indicated within the curves.

Table 1: Compound volumes.
Table 2: Program for Glycolysis stress test.
Table 3: Program for Cell Mito stress test.

DISCUSSION:

The above-described protocol allows for the measurement of the metabolic activity assessed by
OCR and ECAR values in primary leukemic blasts derived from patients with acute lymphoblastic
leukemia (ALL) or acute myeloid leukemia (AML). The advantage of measurement using an
extracellular flux analyzer is that it enables the detection of metabolic profile in the real time in
the live cells. Essentially, every step in the provided protocol could be adjusted depending on the
cell type one plans to study. Here, we will discuss the most important parameters which could
affect the results and could provide less than optimal values.
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The first step towards optimization was a comparison of data obtained from fresh material vs
frozen material. The ability to measure the metabolic activity from the frozen material would
allow for retrospective studies of patients’ samples stored in liquid nitrogen bank. In case of ALL
samples, we were able to detect consistent metabolic activity only from the fresh material
whereas AML cells were measured also after de-freezing with optimal results.

The second step towards optimization is the cultivation of primary leukemic blasts. We have
tested the metabolic activity of the cells straight after the density gradient separation (without
culturing) or after culturing overnight. Even if the cells after the density gradient separation
looked viable and vital under a microscope, their metabolic activity was impaired. Overall ECAR
and OCR values were lower and also, after injection, OCR or ECAR values did not respond
optimally as they did in cultivated cells.

Cultivation under different conditions can also influence the results. Using insulin transferrin
sodium selenite supplement (ITS) is considered a good practice when cultivating primary blasts®,
but this supplement interferes with the metabolic activity of the cells. During Cell Mito stress
test, leukemic blasts cultivated with ITS did not respond to Oligomycin A (OCR should decrease
in order to calculate ATP-linked respiration). We also tried to co-cultivate the cells with
mesenchymal stem cells (MSC), but in this case, OCR and ECAR values have been lower compared
to the cells cultivated without MSCs. In summary, cultivating primary blasts from leukemia
patients in RPMI medium with 10 % FBS is the best option.

Patients suitable for the characterization of their metabolic profile must meet certain criteria
which on one hand limit the number of tested samples but on the other will yield relevant results.
We measured the metabolic function of patients with high cellularity (for one measurement we
seeded 500,000 cells/per wells in hexaplicate) and only samples with 80 and a higher percentage
of leukemic blasts could be measured to avoid detection of unspecific metabolic activity of other
cell types present in the suspension.

One of the crucial steps in data analysis is the normalization, so that metabolic parameters
between different leukemic samples could be compared. According to our previous experiments
performed with leukemic cell lines, we found that normalization to the number of the cells gives
the best results. The specific number of cells per well needs to be determined by the researcher
and depends on the size and metabolic activity of tested cells.
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Table 1

Click here to download Table Table_1.xIsx

Port

Glycolysis stress test

Load to the port

Final concentration in the wells

20 pL of 100 mM glucose

10 mM glucose

22 pL of 20 uM Oligomycin A 2 uM Oligomycin A

25 plL of 1 M 2-DG

100 mM 2-DG

olo|lw|>

X

*
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Cell mito stress test

Load to the port Final concentration in the wells

20 pL of 20 uM Oligomycin A 2 UM Oligomycin A

22 pL of 15 uM FCCP 1.5 pM FCCP

25 plL of 30 uM FCCP 4.5 uM FCCP

25 uL of 10 uM Rotenone and 10 pg/ml Antimycin A 1 uM Rotenone and 1 pug/ml Antimycin A




Table 2 Click here to download Table Table_2.xIsx %

Step Settings

Calibration Automatic

Equilibration Automatic

Baseline measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port A Injection

Measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port B Injection

Measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port C Injection

Measurement Four times: Mix — 3 min, Wait — 0 min, Measure —3 min
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Table 3 Click here to download Table Table_3.xlsx 2

Step Settings

Calibration Automatic

Equilibration Automatic

Baseline measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port A Injection

Measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port B Injection

Measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port C Injection

Measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
Injection of the port D Injection

Measurement Three times: Mix — 3 min, Wait — 0 min, Measure — 3 min
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Table of Materials

Name of Material/ Equipment
RPMI 1640 Medium, GlutaMAX Supplement
Fetal Bovine Serum
Antibiotic-Antimycotic (100X)
Sodium bicarbonate
D-(+) Glucose
Oligomycin A
2-Deoxy-D-glucose
FCCP
DMSO
Rotenone
Antimycin A from Streptomyces sp.
Seahorse XF Base Medium, 100 mL

Company
Gibco, ThermoFisher Scientific

Biosera

Gibco, ThermoFisher Scientific

Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich
Sigma-Aldrich

Agilent Technologies

Click here to download Table of Materials JoVE_Materials.xls

Catalog Number Comments/Description
61870-010
FB-1001/100
15240-062
S§5761-500G
G7021-100G
75351-5MG
D8375-1G
C2920-10MG
D8418-100ML
R8875-1G
A8674-25MG
103193-100

*

L-glutamine solution, 200 mM Sigma-Aldrich G7513-100ML

HEPES solution, 1 M, pH 7.0-7.6 Sigma-Aldrich H0887-100ML

Sodium pyruvate Sigma-Aldrich P5280-25G

Bovine Serum Albumin Sigma-Aldrich A2153-10G

Ficoll-Paque Plus Sigma-Aldrich GE17-1440-02 Density gradient medium
Seahorse XFp FluxPak Agilent Technologies 103022-100

Corning™ Cell-Tak Cell and Tissue Adhesive ThermoFisher Scientific CB40240

Seahorse Analyzer XFp Agilent Technologies S7802A

Seahorse XFp Cell Culture Miniplate Agilent Technologies 103025-100
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ltem 1 (check one box): The Author elects to have the Materials be made available (as described at
Open Access

l Sandard Access

http://www.jove.com/: 1] via:

L]

Item 2 (check one box):

. The Author is NOT a United States government employee.

The Author is a United Sates government employee and the Materials were prepared in the

course of hisor her duties as a United Sates government employee.

The Author is a United Sates government employee but the Materials were NOT prepared in the

course of his or her duties as a United Sates 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; “Artide” 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, alongwith 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  Commerdial-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 Bxperiments;
“Materials’ means the Article and / or the Video; “Parties”
means the Author and JVE, "Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JVE 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.

612542.6

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 Artide and create
and transmit videos based on the Artide. 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 Rightsin Artide. In consideration of JoVE agreeing
to publish the Artidle, 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 Artide,
induding any extensions thereto) license (a) to pubtish,
reproduce, distribute, display and store the Artide 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
Artide into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (induding,
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 Artide
as provided in, but subject to all limitations and requirements
set forth in, the CRCLicense.
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4. PRetention of Rights in Article. Notwithstanding the
exclusive license granted to JVE in Section 3 above, the
Author shall, with respect to the Artide, retain the non-
excusive right to use all or part of the Artidle for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Artide on the
Institution’'s website or the Author's personal website, in each
case provided that a link to the Artide on the OVE website is
provided and notice of JVEs copyright in the Asticle is
induded. All non-copyright intellectual property rights in and
to the Artide, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Sandard Access. This Section 5
appliesif the “Sandard 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,
JVEis and shall be the sole and exdlusive owner of all rights of
any nature, induding, 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 rightsto 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 JVE subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Artide, induding 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
ollective 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 al such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRCLicense.

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 Sates government
employee, as indicated in ltem 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.SC 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6
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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 HOVEthe
maximum rights permissible within such statute.

8. Likeness Privacy, Personality. The Author hereby grants
JVE 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 Artice 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 al government, institutional and other
regulations, induding, 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
JVEin producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Artice 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 dedine any work submitted to JOVE JVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the fadilities of the Author or of the
Author's institution as necessary to make the Video, whether
actually published or not. bVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
daims, costs, and expenses, induding 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
JVE 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. Al sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's

ARTICLE AND VIDEO LICENSEAGREEMENT

expense. All indemnifications provided herein shall include
JVEs attorney's fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
indude 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 USH1,200 fee to
ocover pre-production expenses incurred by LVE If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JVEs 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.

Asigned copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Rebuttal Letter Click here to download Rebuttal Letter Point by point
answers_reviews_JS.docx

We tried to address all of the comments to the best of our possibilities.

Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version.

We proofread the manuscript.

2. Please upload each Table individually to your Editorial Manager account as an .xls or .xlsx file.

3. Please expand the Summary to briefly describe the applications of this protocol.
Summary expanded.

4, Please define all abbreviations before use.
Abbreviations defined.

5. Please include a space between all numbers and their corresponding units: 15 mL, 37 °C, 60 s; etc.:
Done.

6. For culture media and buffer such as RPMI, DMEM, PBS, etc., please spell out at first use and
provide composition. If they are purchased, please cite the materials table.
We defined the composition of PBS, other media are purchased, Materials table cited.

7. 1.3-1.9: How to adjust pH? What type of filter is used? Roughly what volume is needed? Please
specify throughout.
We specified the filter and volumes in text.

8.1.10: Is a water bath used?
Yes, water bath is used.

9. 2.1/3.1: Please include this as a “Note” instead of a step.
Done.

10. 3.2/5.4: Please use subscripts in chemical formulae to indicate the number of atoms: CO2.
Done.

11. 6.1: Please add more details to this step. This step does not have enough detail to replicate as
currently written. Alternatively, add references to published material specifying how to perform the
protocol action.

This step only explains that you need to seed the cells in two XFp plates.

12. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one
highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please
ensure that the highlighted part of the step includes at least one action that is written in imperative
tense.

Done.

13. 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.

Done.

I+
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14. References: Please do not abbreviate journal titles. Please include volume and issue numbers for
all references.
Corrected.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The manuscript titled 'Assessment of metabolic profile of primary leukemia cells employing Seahorse
XFp Analyzer' is a very clear protocol to perform the procedure. It is well written and most of the
steps are very clearly explained. | have a couple of minor comments listed below to possibly further
improve the clarity of presentation.

Major Concerns:

It should be commented on how quickly after the bone marrow collection the procedure should be
initiated, to let interesting parties know if there is a possible wait/transportation window or not.
Note added (line 127): Ideally, measurement of metabolic state of primary leukemia cells should start
immediately after bone marrow collection and cell isolation. Nevertheless, we were able to get
relevant data also from cells isolated after transportations from other hematology centers from
Czech Republic.

Minor Concerns:
Line 47: Glucose uptake does not need to be measured radioactively, NBDG is not radioactive.
We added NBDG method as another procedure to be used for glycolysis function measurement.

Line 55: 'These methods allow to measure only one metabolic parameter in one sample' Given the
reference 11 listed in the section above, where respiration and mitochondrial membrane potential
are measured simultaneously, this statement is perhaps not completely correct.

We corrected the statement.

Line 84: Would the new Agilent-recommended procedure to use Hepes in the medium for pH
stability, i.e. not having to set the pH before every experiment, be applicable to the procedure?
Maybe this should be commented on.

We use HEPES only in the Cell mito stress test media, not in the Glycolysis stress test medium. And
because setting the pH to 7.4 is quite important, we recommend to adjust the pH before every
experiment and we do not recommend to use Hepes supplemented media in Glycolysis stress test.

Line 100 Point 1.12, it is not entirely clear when BSA should be added.
The sentence is corrected since in the point 1.12 we are describing the preparation of the Mito cell
stress medium without BSA.

Line 110: Maybe provide info on how to identify blasts to make sure they form 80% of cell
population?

Leukemic blast cells are identified by flow cytometry using specific immunophenotypic markers. First,
we adjust the total cell number by syto-16 dye which marks only nuclear cells. After that we use CD
markers typical for each type of leukemia, B-ALL (CD19+, CD45 dim/-), T-ALL (CD3, CD4, CD5, CDS,



CD7, CD99) and in case of AML (CD33 and other myeloid markers). We tried to addressed it also in
the text.

Line 153: Better perhaps: 'Let the plates with Cell-TAK sit in the hood for about 20 minutes.'
Corrected.

Line 156: 'with THE rim wrapped...'
Corrected.

Line 189: maybe state the optimal and lowest acceptable number of replicates, e.g. number of wells
used.

Sentence added: The optimal number of replicates is six, as is described here. We do not recommend
using less replicates, since primary cells could sometimes behave erroneously.

Line 237: 'After subtracting the lowest ECAR value'. While this is expected to be the value after 2DG
addition which represent non-glycolytic acidification, this should be clearly stated.
Sentence added to the point 9.1: This lowest value represents the non-glycolytic acidification.

Lina 238: the first three measurements (omit the first ECAR value if it significantly differs from the
other two): Use the expression 'measurement points' instead of 'measurements’, to make it clearer.
Measurement points are used instead measurements.

Line 252: the same as above
Measurement points are used instead measurements.

Line 291: Consider adding something like: 'Please note that the first measurement point can
significantly differ from the rest and should be excluded from the analysis in that case'.
Note added.

Reviewer #2:

Manuscript Summary:

In this manuscript Hlozkova K and Starkova J provide and describe a protocol to, first, isolate primary
blast leukemic cells from the bone marrow’s patients and second, to study the metabolic status
(oxigen consumption rate and extracellular acidification) of these cells using Seahorse analyzer XFp

Major Concerns:
No major concerns

Minor Concerns:

1.- We encourage the authors to revise the abstract writing, specifically regarding "the need of
metabolically characterize the leukemic cell population"- for example, the idea of the first three
sentences could be rephrase for a better comprehension

We revised the abstract.

2.- Provide the formulation of the Glycolysis stress media (as provided for the cell mito stress)
Formula was added. It is XF Base medium with the pH adjusted to 7.4.

3.- Why authors use BSA only in the Cell Mito Stress Test, but not in the Glycolysis. An explanation
would be useful for the scientific community.

BSA is used because the cells response better to FCCP with BSA in the medium. And FCCP is used only
in the Cell mito stress test.



Sentences added at the end of the point 1: NOTE: BSA is added to the Cell mito stress test medium
because the cells response better to FCCP when the medium is supplemented with BSA. Cell Mito
stress test medium without BSA is used for loading the ports as the manufacturer does not
recommend using BSA there.

4.- Why authors add pyruvate to the Seahorse media? We ask because we think that the cells need
to be monitored by the Seahorse in the same conditions as they grow (RPMI-no pyruvate)

We use pyruvate only in the Cell mito stress test, it is recommended by the manufacturer. Anyway,
the cells are not monitored in the same conditions as they grow because, among other things, during
the measurement, only atmospheric CO; is present and no FBS is added to the media.

5.- We encourage the authors to include a protein/cell number control in parallel (for example, seed
500.000 cells in a separate plate), as the number of cells/protein content is critical for the
normalization of the measurements.

Since we count cells prior to measurement and we measure them half hour after seeding we are sure
about the cell number. In case of adherent cells which are seeded day before it could be a relevant
point but in case of suspension cells we measure the number of cells added into the well.

6.- Step 6.8, we advice to increase the incubation time to 1 hour.
We cannot agree with this advice since primary cells die rapidly in a non-CO; environment.

7. Which is the final concentration of the drugs in the wells?
Final concentrations added to the Table 1.

8.- Step 9.1: it would be better to subtract the average of the measurement after
2DG/rotenone&antimycinA addition, instead of only consider the lowest value?

It is also possible but we think that using the lowest values is better and more correct way to
calculate the non-mitochondrial respiration and the non-glycolytic acidification.

9.- Why in the cycles authors do not include a "wait" step? Generally the normal setting used in
Seahorse are 3 cycles of: 2min mix, 2 min wait and 4 min measure.

We did not include wat step in the measurement since it is not recommended my manufacturer of
this specific Analyzer XFp. Details of the run we used are mentioned in the text. It is 3 cycles of 3 min
mix and 3 min measure for each parameter.

10.- Although we understand that the cell material is limited, we were wondering if a only-DMSO
port should be added as a control for the FCCP treatment.

Since the DMSO in the wells is approximately 200 times diluted, we decided to omit the wells with an
only-DMSO port.



