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SUMMARY

The elevation of glycolysis in autoreactive T cells is a key target for the preven-
tion and treatment of T cell-related autoimmune diseases, such as type 1 dia-
betes (T1D). Here, we describe a simple and efficient protocol for isolating
human peripheral blood mononuclear cells (PBMCs) and T cells, and the subse-
quent assessment of T cell glycolysis using Seahorse analyzer. This protocol is
useful to analyze different subsets of T cells and applicable to different autoim-
mune disease models (i.e., T1D, multiple sclerosis).
For complete details on the use and execution of this profile, please refer to Kong
et al. (2021).

BEFORE YOU BEGIN

The main steps of the protocol include human T cell isolation and real-time metabolic flux assess-

ment of therapeutic drugs in real-time T cell activation. This protocol requires both 37�C/CO2

and 37�C/non-CO2 incubator throughout the protocol. Work fast, keep cells cold, and use pre-

cooled solutions. The entire protocol should be performed within the same day. Users need to

have an access of Seahorse XFe24 equipment to carry out this experiment. Also, note that this pro-

tocol requires institutional permission for recruitment of human patients and healthy controls. For

this protocol, one healthy control was enrolled from the Division of Endocrinology and Metabolism,

Department of Internal Medicine, Seoul National University Hospital (IRB no. 1808-151-967).

Peripheral blood mononuclear cell (PBMC) isolation

Timing: 3 h

Below we provide a detailed protocol on isolating PBMC using Ficoll-PaqueTM (r=1.077 g/mL) and

density gradient centrifugation. This protocol is optimized for PBMCs from human blood only. For

mouse blood, it is recommended to use either Ficoll-paqueTM or OptiPrepTM ((r=1.320 g/mL) (Liu

et al., 1996; Mendez-David et al., 2013). It is important to note that the maximum blood volume

obtained from different species (i.e., mouse (1–1.5 mL from 30 g/mice), rat (7–10 mL from 400 g/

rat), rabbit (30–300 mL from 1 kg/rabbit)) vary highly (Wolfensohn & Lloyd, Handbook of Laboratory

Animal Management and Welfare, Third Edition, 2003). Thus, the blood dilution with PBS-EDTA,

volume of Ficoll-paqueTM, and centrifugation time may vary accordingly (Liu et al., 1996).

Note: This protocol was performed using freshly isolated cells from human donors. Cryopres-

ervation could affect T cell viability and function depending on thawing time and temperature
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(Buhl et al., 2012; Farrant et al., 1973; Germann et al., 2013; Heo et al., 2009; Knight et al.,

1972) that cryopreserved T cells should be compared for T cell function before assessing

them with freshly isolated cells.

1. Preparation before density gradient separation (Figure 1).

Figure 1. Isolation of peripheral blood mononuclear cells (PBMCs) using density gradient centrifugation

This protocol is optimized for the preparation of PBMCs from human blood using Ficoll-paqueTM. This figure is to

show detailed steps for ‘‘before you begin’’
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a. Collect 30–40 mL of blood in heparinized tubes from both healthy and type 1 diabetes donors

according to institutionally-approved protocols.

Note: Samples from no more than 8 subjects/conditions, including healthy controls and pa-

tients, can be carried out at once for Seahorse XFe24 users.

Note:Other types of anti-coagulant (i.e., EDTA, citrate) coated tubes can be considered instead

of heparinized tubes. Previous reports suggest different type of anti-coagulant may show

different immune cell proliferation, frequency, and cytokine production (Cedrone et al., 2017;

Diks et al., 2019; Duvigneau et al., 2007). Previous work on EDTA has shown slightly purer mono-

nuclear cell population compared to heparin (Boyum, 1976). Thus, we recommend using the

same type of tube throughout the experiment rather than using several types of tubes.

b. Load 15 mL of Ficoll-PaqueTM (r = 1.077 g/mL) in a 50 mL conical tube.

c. Mix blood samples with PBS-EDTA (2 mM, pH 7.2) buffer in a 1:1 to 1:3 ratio.

Note: The more diluted the blood sample, the better the purity of the mononuclear cells.

Note: EDTA can be replaced by other supplements such as anti-coagulant citrate dextrose

formula-A (ACD-A) or citrate phosphate dextrose (CPD). Anti-coagulant is needed in the

PBS buffer to keep blood samples from clotting.

d. Pour 30–35 mL of the blood and PBS-EDTA (2 mM) buffer mixture from step 1c over the Ficoll-

paqueTM from step 1b.

Note: This step should be done in a very gentle and slow manner by slightly slanting the tube

or by rotating the tube while pouring the mixture on the tube wall.

2. Density gradient separation by centrifugation (Figure 1).

a. Centrifuge the mixture from step 1d at 400 g for 30–40 min at 20�C without applying brakes.

Note:Higher g Force centrifugation (800 g) will require shorter time (20–30min) (https://www.

miltenyibiotec.com/_Resources/Persistent/6d7e0fb8a3eab613958d142051e3c7050eb0c8a9/

SP_MC_PB_density_gradient.pdf, https://www.sigmaaldrich.com/KR/ko/technical-documents/

protocol/clinical-testing-and-diagnostics-manufacturing/hematology/recommended-standard-

method). Lower g Force centrifugation (400 g) will require longer time (30–40 min) (https://

www.stemcell.com/isolating-mononuclear-cells-from-whole-blood-by-density-gradient-

centrifugation.html).

b. After centrifugation, the PBMC layer (also known as buffy coat) would appear as a thin white

layer between the yellow plasma and white Ficoll-paque layer.

c. Aspirate the buffy coat into a new 50 mL conical tube.

Note: Avoid the red portion of the layer when aspirating the buffy coat.

d. Add PBS-EDTA (2 mM, with BSA 0.5%) buffer in a 1:1 ratio.

Note: PBMCsmay be stored in the refrigerator overnight in PBS containing 0.5% BSA or autol-

ogous serum.

e. Centrifuge at 300 g for 10 min at 20�C with brakes applied.

f. Confirm the pellet after centrifuging and discard the supernatant.

g. Resuspend the PBMC pellet in PBS-EDTA buffer (with BSA 0.5%).
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i. To count cells and check cell viability, stain cells with trypan blue and perform analysis. Use

1:1 ratio for trypan blue versus cell suspension to count cells.

h. Resuspend the PBMC in 40 mL of PBS-EDTA (with BSA 0.5%) per 107 cells.

T cell isolation

Timing: 1 h

3. T cell labeling with magnetic microbeads

Note: For human CD4+ T cell separation, please refer to the manufacturer’s instructions:

https://www.miltenyibiotec.com/upload/assets/IM0001983.PDF.

For human CD8+ T cell separation, please refer to the manufacturer’s instructions: https://

www.miltenyibiotec.com/upload/assets/IM0001984.PDF). These two protocols were used

for the following protocols for T cell labeling with magnetic microbeads.

a. Add 10 mL of either CD4+ or CD8+ T cell Biotin-antibody cocktail per 107 total cells to PBMC.

b. Mix well and incubate for 5 min at 2�C–8�C.
c. Add 30 mL of PBS-EDTA (with BSA 0.5%) buffer per 107 total cells.

d. Add 20 mL of either CD4+ or CD8+ T cell Microbead cocktail per 107 total cells.

Note: For purification, cells incubated with CD4+ T cell Biotin-antibody cocktail needs to be

mixed with CD4+ microbead cocktail. The same procedure is applied for CD8+ T cells. When

both types are required for analysis, PBMC need to be split before staining cells with Biotin-

antibody cocktail at step 3a.

e. Mix well and incubate for 10 min at 2�C–8�C.
f. Proceed to subsequent magnetic cell separation.

4. Magnetic cell separation

a. Place LS Columns in the magnetic field of MiniMACSTM, MidiMACSTM, or QuadroMACSTM.

Note:Depending on a patient, 30–40mL blood samples from a patient will give you 2–53 107

PBMCs. Thus, MiniMACSTM, MidiMACSTM, or QuadroMACSTM will be suitable for magnetic

cell separation. Less than 10% will be CD4+ T cells (2–5 3 106 cells).

b. Put 0.5mL of PBS-EDTA (2mM) with BSA (0.5%) in the column.Wait until the buffer completely

passes through the column.

c. Apply cell suspension onto the column.

d. Collect the unlabeled cells that pass through, representing CD4+ or CD8+ T cells.

e. Wash the column with 3 mL of PBS-EDTA (2 mM) with BSA (0.5%) buffer. Collect unlabeled

cells that pass through, representing the enriched CD4+ or CD8+ T cells, and combine with

the effluent from step d.

Note: To have higher purity of T cells, we recommend performing the step. 4, two times.

KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER

Antibodies

Purified NA/LE mouse Anti-Human CD3, 4 mg/mL BD Biosciences Cat#555329

Purified NA/LE mouse Anti-Human CD28, 20 mg/mL BD Biosciences Cat#555725

(Continued on next page)
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MATERIALS AND EQUIPMENT

Note: Poly-d-lysine (2�C–8�C, 2 years) and Cell TakTM (4�C, 3 months) can be used as an alter-

native. 50 mLof either poly-d-lysine (50mg/mL inDPBS, 1 h, room temperature (RT; 15�C–30�C))
or Cell TakTM (5.74 mL dissolved in 0.5mL of 0.1M sodium carbonate, pH 8.0 for 15–20min, RT)

is needed for a well. Use either coating solution to coat wells before cell seeding.

Continued

REAGENT or RESOURCE SOURCE IDENTIFIER

Chemicals, peptides, and recombinant proteins

Cell-TakTM Corning Cat#354240

l-Glutamine Agilent Cat#103579-100

NaOH solution 0.1N Merck Cat#1310-73-2

EDTA 0.5M, pH 8.0 Invitrogen Cat#15575020

BSA Merck Millipore Cat#820451

Poly-d-lysine Sigma-Aldrich P7405

DPBS Welgene LB 201-02

Biological samples

Human, Age: 32, Sex: Male Seoul National University Hospital IRB no. 1808-151-967

Critical commercial assays

CD8+ T cell isolation kit, human Miltenyi Biotec Cat#130-096-495

CD4+ T cell isolation kit, human Miltenyi Biotec Cat#130-096-533

LS columns Miltenyi Biotec Cat#130-042-401

MiniMACSTM starting kit Miltenyi Biotec Cat#130-090-312

Seahorse XFe24 FluxPaks (microplate/cartridge) Agilent Cat#102340-100

Seahorse XF RPMI Medium, pH 7.4 Agilent Cat#103576-100

Ficoll-paqueTM Cytiva Cat#17-1440-02

Heparinized tube BD Cat#367874

Software and algorithms

Wave Agilent https://www.agilent.com/ko-kr/product/cell-analysis/
real-time-cell-metabolic-analysis/xf-software/seahorse-
wave-desktop-software-740897

Prism v8 GraphPad https://www.graphpad.com/scientific-software/prism/

Other

Seahorse XFe24 equipment Agilent 102238

XF running medium

Reagent Final concentration Amount

l-glutamine 1 mM (50 mL per 10 mL XF media) 250 mL

XF medium (w/o phenol-red, pH 7.4) 49.75 mL

Total n/a 50 mL

Pass through sterile filter and keep warm in a water bath, medium should be freshly prepared for every new experiment.

Coating solution

Reagent Final concentration Amount

Poly-d-lysine 50 mg/mL 50 mL/well

Cell-TakTM 1 mg/cm2 50 mL/well

Testing compounds

Reagent Final concentration Amount

Drug of interest 83 concentration Depends on the drug

Purified NA/LE mouse Anti-Human CD3 4 mg/mL 2.5 mL

Purified NA/LE mouse Anti-Human CD28 20 ug/mL 12.5 mL

Drug of interest is separately dissolved in XF running medium. CD3 and CD28 antibodies are mixed in a separate XF running

medium.
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CRITICAL: Note that glucose and sodium pyruvate are not added in this protocol.

STEP-BY-STEP METHOD DETAILS

Real-time human T cell activation analysis using metabolic flux analyzer

Timing: 6–8 h

Below we provide a detailed step-by-step protocol about the real-time human T cell activation by

using Seahorse XFe24 (Figures 2, 3, 4, and 5).

Note: Glycolysis and mitochondrial respiration of T cells (i.e., murine splenocytes, CD4+ T cells,

CD8+ T cells, or Jurkat cells) can be measured by using commercially available kits (OXPHOS:

https://www.agilent.com/ko-kr/product/cell-analysis/real-time-cell-metabolic-analysis/xf-

assay-kits-reagents-cell-assay-media/seahorse-xf-cell-mito-stress-test-kit-740885; Glycolysis:

https://www.agilent.com/ko-kr/product/cell-analysis/real-time-cell-metabolic-analysis/xf-assay-kits-

reagents-cell-assay-media/seahorse-xf-glycolysis-stress-test-kit-740886) and by following previ-

ous protocols (Gotoh et al., 2021; Gu et al., 2021). However, this protocol does not require the

purchase of these commercial kits.

1. Start sensor hydration and instrument warm up.

Note: Sensor hydration has to be prepared a day before the experiment. Instrument warm up

has to start minimum 4 h before the experiment.

a. This preparation starts a day before the experiment.

b. In the clean bench, take out the ‘Sensor Cartridge (green) & Utility plate (pink)’ from Seahorse

XFe24 Fluxpaks.

c. Add autoclaved ddH2O 1 mL/well in Utility plate.

d. Place the Sensor Cartridge over the Utility plate and incubate this in non-CO2 incubator

(37�C), 24 h.

e. Pour 25 mL of ‘XF Calibrant (pH 7.4)’ in conical tube and incubate 24 h in non-CO2 incubator

(37�C).
f. Turn on XFe24 analyzer minimum 4 h before the experiment.

g. 1 h before the experiment, take out both ‘XF Calibrant’ and ‘Sensor Cartridge & Utility plate.’

h. Remove all ddH2O in Utility plate.

i. Add XF Calibrant 1 mL/well in Utility plate.

j. Incubate the ‘Sensor Cartridge & Utility plate’ with ‘XF Calibrant’ in non-CO2 incubator.

Note: If the experiment starts in the morning, turn of XFe24 analyzer a day prior to the

experiment.

2. Prepare XF running medium (Figure 2).

a. Adjust pH level of pre-warmed XF RPMI media with L-glutamine to pH level of 7.4 using NaOH

0.1 N.

Note: For adjustment of pH level to 7.4, approximately 80–100 mL of NaOH 0.1N needs to be

added for 40 mL XF RPMI medium. From this step, all XF RPMI media used in the experiment

should contain L-glutamine.

b. Keep the medium warm at 37�C in a water bath.
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Figure 2. Preparation of XF running medium and XF cell culture microplate for human T cells

This figure is to show detailed steps for ‘‘step-by-step method details’’. pH and temperature of XF running medium is

important factor in the experiment. Also, coating cell culture microplate for human T cells is essential to allow cells to

be positioned at the right spot for the measurement by sensor cartridge.
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CRITICAL: It is critical to keep the medium at 37�C, because pH level fluctuates depending

on the temperature of the XF RPMI medium. For non-phenol XF RPMI medium with pH 7.4,

this step is not required. Since ECAR equation involves the conversion of pH changes Fluc-

tuation of pH level affects the ECAR level.

3. Seed cells in XF cell culture microplate (Figure 2)

a. Coat the XF cell culture microplate, which is included in Seahorse XFe24 Fluxpaks: Use either

coating solution to coat wells before cell seeding.

Note: Suspension cells (i.e., T cells) require this step. Strongly adherent immune cells

(i.e., macrophages) do not require this step if cells were cultured and incubated 1 hour before

the experiment. Less adherent cell types may take 5–6 h for adhesion prior to the experiment.

Figure 3. Loading ports in the microplate cartridge for drug and soluble aCD3 and aCD28 injections

This figure is to show detailed steps for ‘‘step-by-step method details’’. The schematic diagram of XFe24 cell culture

microplate shows that the wells are double-layered in the top view. The side view of XFe24 cell culture microplate also

shows that cells and medium should be added separately to avoid cells seeding on the top-level. The XFe24 Sensor

Cartridge diagram has to be hydrated in utility plate before use. Also, the compounds and soluble aCD3 and aCD28

are loaded in this component as shown in steps 8 and 9.
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Figure 4. Diagram showing the Wave program set up for real-time T cell activation assessment

This figure is to show detailed steps for ‘‘step-by-step method details’’. Designing the program for the experiment is

shown here. The program set-up can be done before the experiment and the template can be saved for future

analyses.
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Note: Poly-d-lysine and Cell TakTM can be used as an alternative. 50 mL of either poly-d-lysine

(50 mg/mL in DPBS, 1 h, RT) or Cell TakTM (5.74 mL dissolved in 0.5 mL of 0.1 M sodium carbon-

ate, pH 8.0 for 15–20 min, RT) is needed for a well. Tilt and stir the plate slightly so that the

coating solution can be dispersed evenly in the well.

Note: The wells of XF cell culture microplate are smaller in size compared to the conventional

24-well plate, as illustrated (Figure 3). The seeding surface of microplate is similar to that of a

typical 96-well (0.275 cm2). Coated XF cell culture microplate can be stored for 1 week in 4�C.

CRITICAL: All wells are needed to be coated with either poly-d-lysine or Cell TakTM. Do not

seed cells on A1, B4, C3, D6 wells (for blank/background correction wells in XFe24; blank/

background correction wells are preset settings in Wave program, but they can be

assigned manually in Wave program, which is used for all types of Seahorse analyzers

(i.e., XFe24)). Blank/Background correction wells are used to filter out artifacts, such

as temperature and buffering capacity, that can affect oxygen and pH that are not

due to changes in metabolism (https://www.agilent.com/en/support/cell-analysis/purpose-

of-background-wells). Thus, 4 wells needed to be used for blank/background correction,

and only 20 wells can be used for samples.

b. Aspirate off the coating media and wash the wells with autoclaved ddH2O twice and let wells

to air dry.

c. Adjust the concentrations to 1.0 3 106 cells/mL of T cells with XF running media containing

L-glutamine.

Note: All samples needed to be seeded in duplicates or triplicates. Also, optimal cell seeding

numbers vary widely, though are typically between 10,000–80,000 cells per well (http://www.

agilent.com/cell-reference-database/).

d. Add 100 mL of cells into the bottom of the wells (=1 3 105 cells/well for XFe24).

Note: This is due to the structure of the XF cell culture microplate as illustrated in (Figure 2).

The plate’s well is 2-layered that adding cells in one step will seed cells in an upper level of the

well, which the sensor cannot detect and measure.

e. Centrifuge 5 min at 400 g to allow the cells to settle down as a monolayer at the bottom of the

plate.

f. Slowly add 450 mL of XFmedia to each well making sure not to disrupt themonolayer. The total

volume of each well will be 550 mL for XF24.

Figure 5. Successful (left) and failed (right) outcome after performing metabolic flux analysis in human T cells

(A) The successful outcome shows that the ECAR level of human T cells after the treatment of soluble aCD3 and aCD28

is increased from 2 to 4 mpH/min. Data are presented as mean G standard error of mean (SEM)

(B) However, the failed outcome shows that the treatment of soluble aCD3 and aCD28 did not increase the ECAR level

of human T cells. Data are presented as mean G standard error of mean (SEM)
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g. Observe the cells under a microscope to determine that all groups have a monolayer of cells

without any that have dislodged.

h. Incubate the plate at 37�C in a non-CO2 incubator for 30–60 min.

Note: The incubation is necessary for de-gassing the plate, allowing for CO2 diffusion from

the cells, medium, and plate (https://www.agilent.com/en/support/cell-analysis/why-non-

co2-incubation). The contributions of CO2 to total extracellular acidification have been

considered negligible in the measurement platform, XFe24 analyzer (Mookerjee and Brand,

2015; Wu et al., 2007).

4. Prepare compounds to assess real-time T cell activation (Figure 3)

a. Prepare 83 compound, which will be tested as a drug of interest (i.e., MOTS-c), diluted with XF

running medium to be loaded into Drug Port A of sensor cartridge as below:

i. The final concentration is calculated based on the combined final volume [(drug of interest

(83) mixed with XF medium). Thus, 83 compound is added into Drug Port A.

Note: To assess the effects of a drug (i.e., MOTS-c), you will need to prepare 83 concentration of

a drug (i.e., 80 mMof MOTS-c). 75 mL of 83 drug is loaded into the drug port of sensor cartridge.

The drug loaded in the drug port of sensor cartridge will be automatically injected from the drug

port of sensor cartridge into the 550 mL of cell culturemicroplate during the assessment. The final

concentration will be 13 concentration of drug after the injection (i.e., 10 mM of MOTS-c).

b. Prepare aCD3 and aCD28 in 4 mg/mL and 20 mg/mL.

i. The final concentration is calculated based on the combined final volume [(drug in the port

(75 mL) mixed with XF medium). Thus, 4 mg/mL (aCD3) and 20 mg/mL (aCD28) is mixed and

added into Drug Port B.

Note: Until this stage, the experiment will take approximately 50–60 min.

c. Take out Sensor Cartridge + Utility plate, which was incubated for 1 h, from non-Co2 incubator

from Step 1.

d. Add prepared drug of interest to Port A and mixtures of aCD3 and aCD28 to Port B of Sensor

Cartridge + Utility plate.

e. Incubate Sensor Cartridge + Utility plate with drugs loaded in the ports in non-Co2 incubator

for 15–25 min.

5. Set up Seahorse program (XFe24) for real-time human T cell activation (Figure 4)

a. Initialization:12 min equilibrate

b. Basal Measurement: 2–3 min mixture; 5 min measurement (3 times)

c. Injection 1 (Drug of interest): 2–3 min wait; 5 min measurement (7 times)

d. Injection 2 (aCD3&aCD28): 2–3 min wait; 5 min measurement (14 times)

Note: The aCD3/aCD28 will be injected from the port to the cell after step c. and will be

measured for 49–56 min. Then, after the injection of drug at step d, 98–112 min will be

measured. With the interval time in between the injection, the total measurement period is

around 3–4 h.

EXPECTED OUTCOMES

The overall goal of this experiment is to find out whether a drug of interest can lower the T cell acti-

vation, measured by ECAR, induced by aCD3/aCD28. For example, aCD3/aCD28 increased ECAR

level from the basal level of 2 mpH/min to 4 mpH/min. However, ECAR level of MOTS-c treated

T cells had subtle changes of ECAR after aCD3/aCD28 in our previous work (Kong et al., 2021).

MOTS-c treatment can cause a variety of metabolic changes in different cell types (Ahn et al.,

2020; Lee et al., 2015).
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The ECAR (mpH/min) during the initialization/basal measurement step will be constant. The activa-

tion of CD4+ or CD8+ T cells by aCD3/aCD28 will increase ECAR instantly (Figure 5A). Failure to in-

crease ECAR is indicative of unsuccessful T cell activation (Figure 5B).

Background or blank measurements are automatically measured and calculated by the program that

additional subtraction of values are not required. Furthermore, after the assay is done, you are able

to transfer the data in excel or prism files with graphs that no further editing is needed.

LIMITATIONS

In this experiment, we have utilized soluble aCD3 and aCD28. One of the main restrictions of real-

time stimulation of T cells is that the responsiveness to antibodies differs depending on the subset of

T cells. It is reported that CD4+ T cells show higher responsiveness to beads, whereas soluble aCD3

are more effective in CD8+ T cells (Li and Kurlander, 2010).

Subsets of double-positive and double-negative T cells for CD4 and CD8 have been identified in

autoimmune and chronic inflammatory diseases (Overgaard et al., 2017; Parel et al., 2007). Even

though the function of these cells remains controversial, these subset populations may lower the pu-

rity of T cell isolation.

The drugs can be tested one at a time in this protocol design. Thus, to test multiple drugs at once,

you have to use multiple plates for number of drugs you are testing. This will require greater number

of T cells, meaning higher volume of blood from patients and healthy controls.

Other immune cells (sorted or unsorted) can be analyzed and measured for activation. However,

it will require optimization for different cell types as they react differently to the same stimuli

(i.e., aCD3/aCD28).

Acquiring stable cell number from patients or healthy controls is critical factor in this experiment.

Thus, it is crucial to know howmuch cells can be yielded from a density gradient separation by centri-

fugation. 40 mL of blood will provide 2–5 3 107 cells of PBMC in healthy controls. Patients with

immunoregulatory or immunosuppressive drugs will provide lesser amount of PBMC to start.

Thus, higher volume of blood might be needed to acquire the same amount of PBMC as healthy

controls.

TROUBLESHOOTING

Problem 1

Viability of PBMCs and purified T cells (steps 1–4 in ‘‘before you begin’’).

Potential solution

Since gradient separation of blood and magnetic bead isolation can lead to cell loss and death, we

recommend using 30–40 mL of blood at the start to obtain a high number of cells.

Problem 2

Insufficient activation of CD4+ or CD8+ T cells (step 4).

Potential solution

We recommend adding aCD3 and aCD28 antibodies immediately prior to Seahorse measurements.

aCD3 and aCD28 antibodies should be aliquoted and stored at 4�C in appropriate volumes. Long-

term storage can reduce the efficacy of aCD3 and aCD28 antibodies. Also, we recommend trying

CD3 and CD28 microbeads when soluble CD3 and CD28 antibodies are insufficient for T cell acti-

vation. Other T cell activation protocols can be utilized, but needs optimization and confirmation.
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Problem 3

If the measurements are low on seahorse (step 5).

Potential solution

Basal measurement, which is measured after the initialization, is measurements without any stimuli.

Thus, these measurements have to stay steady. If these values are lower or higher than usual, two

factors should be considered, which are temperature and pH levels. These two factors influence

greatly to the ECAR level of T cells.

Problem 4

If the response after the drug injection is poor during seahorse measurements (step 5).

Potential solution

Drugs are prepared in different types of solvents. Since drugs loaded in the drug ports are injected

through a channel that is less than 6 mm in diameter, crystallization of drugs can stop drugs from

injection. We recommend testing serial dilution of drugs and the optimum solubility under XF

RPMI medium.

RESOURCE AVAILABILITY
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