
 
 

  

 

Lab Course Handout 
(December 18-20, 2003) 

 
 
 

 
Sylvie Garcia, Institut Pasteur  

Eric Tartour, Université René Descartes 
Adrien Six, Université Pierre et Marie Curie et Institut Pasteur 

 
 
 

The 2nd PSU International Teaching Platform  
on Tumour Immunology and Immunotherapy 

 
Jointly organized by 

Prince of Songkla University, Université Pierre et Marie 
Curie (Paris 6) and Institut Pasteur 

 
December 15 – 20, 2003 

At The Department of Biomedical Sciences 
Faculty of Medicine, Prince of Songkla University, 

Hat Yai, Songkhla, Thailand 



The 2nd PSU International Teaching Platform on Tumour Immunology and Immunotherapy December 18-20, 2003 

 2 

Cytokine production determination by ELISPOT  
and intracellular flow cytometry 
The purpose of this practical study is to determine the cytokine levels by two different 

methods, the ELISPOT and intracellular flow cytometry methods. The objective of this 3-day 

lab course session is to demonstrate the ease of use and the power of these two techniques 

which can be applied in both basic and clinical research.  

In this handout, you will find a detailed protocol for the experimental steps that will be carried 

out during the next days, as well as some reference information on the techniques, protocols, 

reagents and equipments.  

Although these techniques routinely apply to the follow-up of anti-tumour immune response, 

it was not possible to implement them on actual patient samples during this 3-day lab course. 

In order to make this course as practical as possible for participants, we selected a mouse 

model for the experiments that you will perform. The protocols described below are fully 

applicable to human samples; the references for human reagents are given in Annexe D. 

Additional information on these techniques can be read in the following sections: 

� Annexe E : Techniques for the detection of specific T-lymphocytes – Application to 

the immunomonitoring of cancer vaccine protocols, Eric Tartour 

� Annexe F : Detection of functional T lymphocytes, Eric Tartour 

� Annexe G : Few notions in flow cytometry and intracellular cytokine detection, Sylvie 

Garcia 

� Annexe H : Rentzsch, C. et al. (2003) - Clinical Cancer Research Vol. 9, 4376–4386. 
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Analysis of Results and Discussion  

Conclusion 

More and more research findings demonstrate the importance of studying cytokine up- and 

down-regulation in immunocompetent leucocytes. Studies in humans clearly show that Th1 

dominated responses are effective in protection against several intracellular microorganisms 

and usually drive their complete clearance or at least contribute to reduce their load. The 

important physiologic function of Th2 cells may be the regulation or suppression of some 

immune responses (e.g. regulation of inflammatory processes in non-lymphoid tissues, B-cell 

coactivation in secondary lymphoid organs). 

Although the choice of the methods to implement is still under discussion, cytokines are now 

routinely measured, during fundamental or clinical research projects, in order to estimate the 

anti-tumoral response of the immune system. This will be discussed along the lab course 

through lectures and article discussion with your trainer. 
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Annexe A : Tentative schedule 

 
 

Date  Activity 

Dec. 17, evening - Isolation of mouse splenocytes 

- Activation in culture with 
PMA/Ionomycin/BrefeldinA 

Dec. 18, Morning 
 

- Cell counting and fixation 

- Introduction and general instructions 

- Introduction on Elispot and intracellular staining 

Dec. 18, Afternoon - Intracellular staining 

- Demonstration of Elispot revelation 

Dec. 19, Morning - Group 1: Acquisition on flow cytometer 

- Group 2: Reading and analysis Elispot/Exercise 
session 

Dec. 19, Afternoon - Group 2: Acquisition on flow cytometer 

- Group 1: Reading and analysis Elispot/Exercise 
session (if time allows) 

Dec. 20, Morning - Analyze flow cytometry results 

- Analyze ELISPOT results 

Dec. 20, Afternoon - Short presentation of results by each group 

- Discussion of results and conclusion 
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Annexe B : Reagents, solutions, disposable and equipment 

Note:  Please use care to keep the biological reagents at -20°C or +4°C as indicated. 

 In the following lists “E” indicates reagents of equipment required for ELISPOT 

when “I” indicates reagents of equipment required for intracellular flow cytometry analysis. 

Animals 

� 8-week-old albino Swiss mice E/I 

Antibodies 

� Anti-IFNγ capture antibody (BD-Pharmingen Ref. 551216; 1 mg) E 

� Anti-IFNγ biotinylated detection antibody (BD-Pharmingen Ref. 554410; 
0.5 mg) 

E 

� Streptavidin Alcaline Phosphatase (BD-Pharmingen Ref. 554065; 1 mL) E 

� Coat 96 well Multiscreen plate MAHA S45 10 (Millipore) E 

� Anti-mouse CD4 FITC antibody (BD-Pharmingen Ref. 553047; 0.5 mg) I 

� Anti-mouse IFNγ PE antibody (BD-Pharmingen Ref. 554412; 0.1 mg) I 

� Anti-mouse CD8α Percp antibody (BD-Pharmingen Ref. 553036; 0.1 mg) I 

� Anti-mouse CD3ε APC antibody (BD-Pharmingen Ref. 553066; 0.1 mg) I 

Culture media, solutions and reagents 

� Bovine serum albumin (Sigma Ref. A7030) E/I 

� Demineralised water E/I 

� Ethanol 70% (Prolabo Réf : UN1170) E 

� Fetal calf serum (ATGC Biotechnologies Ref. 04-001-1B) E/I 

� Formaldehyde 37% (Sigma Ref. F-1635)  I 

� Ionomycin calcium salt (Sigma Ref. I-0634; 1 mg) E/I 

� Brefeldin A (Sigma Ref. B7651; 5 mg) I 

� NaN3 (Sigma Ref. S-2002) I 

� PBS (50 tablets Sigma Ref. P4417-50 or 1X Invitrogen Ref. 14190094) E/I 

� Phorbol 12 Myristate 13 acetate (PMA; Sigma Ref. P-8139; 1 mg) E/I 
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� Saponin (Sigma Ref. S-7900) I 

� Tween 20 (Merck Eurolab Ref. 822184) E 

� β2-mercaptoethanol  I 

� RPMI 1640 culture medium with glutamax (Invitrogen Ref. 61870-010) I 

� Hepes buffer 1M solution in distilled water I 

� Penicillin-Streptomycin 10000U/10 mg/mL (Invitrogen) I 

� Washing buffer PBS 1X, 0.1% Tween 20: For one plate, dilute 100 µl 
Tween 20 in 100 ml PBS 1X. 

E 

� Cell suspension buffer: PBS 1X, 2% fetal calf serum, 0.1% NaN3 I 

� Fixation buffer: 10.8 mL 37% formaldéhyde in 89.2 mL PBS 1X I 

� Permeabilization buffer: washing buffer with 0.1% Saponin I 

� Washing buffer: PBS 1X, 2% fetal calf serum, 0.1% NaN3 I 

 Disposables 

� 1.5 mL microfuge tubes E/I 

� Absorbent paper E 

� Beakers (for liquid waste) E/I 

� Centrifuge tubes “Falcon” 15 mL E/I 

� Centrifuge tubes “Falcon” 50 mL E/I 

� FACS tubes 5 ml (Falcon Ref. 352052) I 

� Gloves latex L E/I 

� Gloves latex M E/I 

� Gloves latex S E/I 

� Micropipette tips (200-1000 µL) E/I 

� Micropipette tips (20-200 µL) E/I 

� Sterile Petri dishes (for organ collection and isolation of lymphocytes) E/I 

� Sterile pipettes 10 mL E/I 

� Sterile pipettes 5 mL E/I 

� Tissue culture flasks 75 cm3 I 
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� Cell culture plate (x6 or x12 wells) I 

Equipment 

� Dissection tools (scissors, forceps…) E/I 

� Cell culture CO2 incubator E/I 

� Cell culture hood E/I 

� ELISPOT plate reader (optional) E 

� Flow cytometer (FACScalibur, Becton Dickinson) I 

� Incubator (37°C) E 

� Refrigerated centrifuge (for 15/50 mL tubes) E/I 

� Benchtop centrifuge  E/I 

� Malassez cytometer E/I 

� Microfuge tube racks E/I 

� Micro-pipettes  1000 µL E/I 

� Micro-pipettes  200 µL E/I 

� Micro-pipettes  20 µL E/I 

� Microscope E/I 

� Multi-channel pipettes E 

� Vortex  E/I 
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Annexe C : Detailed protocols 

Cytokine secretion by T-cell populations 

a. Isolation of mouse splenocytes 

a-1. One mouse is killed by exposition to CO2 during at least 5 minutes. 

a-2. The animal is dissected and the spleen is taken. 

a-3. The spleen is dilacerated in PBS 1X and the cell suspension is transferred to a 15 mL 
tube. 

a-4. After 5 minutes, the cell suspension is decanted to a new 15 mL tube. 

a-5. Centrifuge (5 min at 300 x g) and wash twice in PBS 1X. Carefully remove the 
supernatant. 

a-6. Resuspend in 10 mL of complete RPMI culture medium (500 mL RPMI w/Glutamate 
supplemented with 50 mL fetal calf serum, 5 mL streptomycin/penicillin antibiotic 
solution,  5 mL Hepes 1M and 1 mL β2-mercaptoethanol). 

a-7. Count cells on a hemocytometer.  

a-8. Dilute cells to 2.5x106 cells/mL into two separate culture flasks. 

a-9. For intracellular staining, add 50 ng/mL PMA and 500 µg/mL Ionomycin to one flask. 

a-10. Incubate flasks at 37°C, 5% CO2.  

a-11. After 5 hours of culture, add Brefeldin A (10 µg/mL). 
N.B.: Brefeldin A if a fungal metabolite which disrupts the structure and function of the Golgi 
apparatus. Therefore, protein secretion is inhibited and newly synthesized proteins accumulate inside 
de cells. Since it is toxic, Brefeldin A should not be added too long. 

a-12. The remaining cells will be incubated directly in the ELISPOT plates with or without 
PMA/Ionomycin. 

b. ELISPOT protocol  
The principle of this technique is to detect and measure cytokine-producing cells which are 

revealed by a coloured spot following the capture of cytokine that they produce by the anti-

cytokine antibodies coated on the ELISPOT plates. Each spot reveals the presence of a 

cytokine-producing cell. It is somehow possible to estimate the amount of cytokine produced 

by the relative size of the spots. See the following Annexes for additional information: 

� Annexe E : Techniques for the detection of specific T-lymphocytes – Application to 

the immunomonitoring of cancer vaccine protocols, Eric Tartour 
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� Annexe F : Detection of functional T lymphocytes, Eric Tartour 

b-1. Coating: 

� Coat 96 well Multiscreen plate MAHA S45 10 (Millipore) with rat anti-mouse IFNγ 

mAb clone R4-6A2 at 2-4 µg/ml diluted in PBS (100µl/well). 

� Cover the plate and incubate for 4-24 hrs at room temperature. 

b-2. Saturation: 

� Empty the plate and wash five times with PBS 1X. 

� Add 200 µl per well of culture medium containing fetal calf serum and incubate for 

one hour at 37°C, 7% CO2. 

b-3. Cell transfer and incubation: 

� Discard the blocking solution. 

� Wash once with 100 µL PBS 1X. 

Note: Typically add 100 µL of cell suspension per well containing serial dilutions of responder 
cells (106, 5.105, 2.5.105… cells/well, 2 wells/dilution), 5.105 irradiated splenocytes per well as feeder 
cells, with or without 1 µg/mL of peptide (specific antigen). The best way is to prepare serial 
dilutions of responder cells (2.107, 107, 5.106… cells/mL), add 50 µL/well of these cell suspensions 
and then add 50 µL of complete medium containing 107 feeder splenocytes/ml, and +/- 2µg/mL of 
specific peptide. 

Note: Cells to be tested with or without stimulation/inhibition agents are incubated in the ELISPOT 
plate wells in 100 µL of culture medium. A positive control is usually needed for each experiment: 
PBMC stimulated with 100 ng/mL PMA and 10 µM Ionomycin. 

� Dilute splenocytes prepared above in culture medium to a concentration of 106 cells 

per mL. 

� Separate into two halves. 

� Add 100 ng/mL PMA and 10 µM Ionomycin to one half. 

� Add 100 µL cells to ELISPOT wells (4 wells with PMA/Ionomycin; 4 wells without). 

� Incubate overnight (15-20 hours) at 37°C in an incubator with 5% CO2 without 

shaking. 

Note: It is critical to make sure the ELISPOT plate is not shaken nor moved during incubation so 
that cytokines produced by one cell are captured around that cell and do not diffuse in medium. 

b-4. Revelation (for one plate): 

� Empty the plate by taping over absorbent paper. 

� Wash twice with H2O-Tween 0.05%, then wash five times in PBS-Tween 0.05%, and 

pat dry. 
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� Dilute biotinylated rat anti-mouse γIFN mAb clone XMG1.2 at 4 µg/mL in PBS-

Tween 0.05%-1% BSA and distribute 100 µL/well. 

� Incubate the plate for 2-4 hours at room temperature. 

� Empty the plate and wash five times with PBS-Tween 0.05% and pat dry. 

� Dilute (1/1000) streptavidin-phosphatase alkaline in PBS-Tween 0.05%-1% SVF. 

Add 100 µL/well and incubate for 2-4 hours at room temperature. 

� Empty the plate and wash plate five times PBS-Tween 0.05% and pat dry. Wash the 

plate once in PBS without Tween and pat dry. 

� Add 100 µL/well of BCIP/NBT substrate and incubate at room temperature until blue 

spots develop (15 min). 

� To stop the revelation reaction, wash three times with demineralised water, carefully 

removing the excess of water and air dry the plate. Quantitate spots. Reading the 

plates will be better after one night; keep the plates in the dark (wrapped in aluminium 

foil). 

b-5. Calculation, results and interpretation 

� The number of spots is determined for each well representing the number of cytokine-

producing cells. 

� When available, an automatic ELISPOT plate reader can be used; in this case, it 

becomes possible to give an estimation of the spot intensity in addition to the number 

of spots. 

� A well is considered positive when one counts more than 10 spots per 105 cells above 

background. 

c. IFNγ detection by intracellular flow cytometry 
The principle of this technique is to detect and measure cytokine-producing cells detecting 

intracellular cytokines by antibody staining and flow cytometric analysis. In the present 

experiment, we will detect IFNγ producing cells. See Annexe G : Few notions in flow 

cytometry and intracellular cytokine detection, Sylvie Garcia for further information. 

Note: The phenotypic characterization of cells of interest (T lymphocytes, B lymphocytes…) is 
achieved by performing a standard membrane staining with a relevant monoclonal antibody before 
fixating the cells. It is important to include the relevant isotype-matched controls. 

Alternatively, the phenotypic characterization of cells can be performed intracellularly and 
concomitantly with the cytokine detection. This method will be used during this practical course. 
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For simultaneous analysis of activation markers, the first method (surface staining) will be 
preferred. 

c-1. Experimental procedure for intracellular staining: 

� Transfer cells for staining in 15 mL. 

Each group will perform intracellular staining of cells stimulated or not with PMA/Ionomycin. 

� Cells are washed twice in cold “suspension buffer” and centrifuged 5 minutes at 

1500 rpm. 

� Resuspend cells to a final concentration of 2.5x106 cells/mL in suspension buffer. 

� Transfer 200 µL of the cell suspension in a FACS tube. 

� Add 200 µL of “fixation buffer”.  

� Carefully resuspend the cell pellet by pipetting in order to avoid aggregates. 

� Incubate for 20 min at room temperature. 

� Wash twice with 2 mL cold PBS 1X and centrifugation 5 min at 1500 rpm. 

� Resuspend the cell pellet in 100 µL of a mixture of the 4 antibodies diluted in the 

“permeabilization buffer” (anti-CD4 FITC 1/200, anti-γIFN 1/50, anti-CD8 percP 

1/50, anti-CD3 APC 1/50). 

� Incubate for 30 min on ice in the dark. 

� Wash twice with 2 mL cold PBS 1X and centrifugation 5 min at 1500 rpm. 

� Resuspend the cells in 500 µL PBS and run the sample on the flow cytometer as soon 

as possible. 

c-2. Flow cytometer: acquisition and analysis 

� The use of the flow cytometer will be demonstrated by an instructor for acquisition 

and analysis of data. 

� Results are expressed as a percentage of positive cells after normalization by the 

isotype-matched controls. 
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Annexe D : Reagents and alternative protocol used for humans 

d. Samples used for human samples 
 

� IFNγ PVDF ELISPOT kit (DIACLONE Ref. 856.051.010 for 10 plates or 
856.051.015 for 15 plates). 

 Note: Each kit contains capture and detection antibodies, saturation buffer (skimmed milk), 
streptavidine-alcaline phosphatase and BCIP/NBT substrate. ELISPOT kits for many other 
cytokines can be purchased by the same supplier. 

E 

� ELISPOT sterile PVDF plates (Diaclone 856.111.111 for 5 plates) E 

� Anti-CD3 FITC antibody (BD-Pharmingen Ref. 555332) I 

� Anti-IFNγ antibody PE (Diaclone Ref. 855.002.010) I 

� Isotype-matched mouse IgG1 antibody FITC (BD-Pharmingen Ref. 555748) I 

� Isotype-matched mouse IgG1 antibody PE (BD-Pharmingen Ref. 555749) I 

� Saturation solution (2% skimmed milk): For one plate, dissolve 0.2 g skimmed 
milk in 10 ml PBS 1X. 

E 

� Dilution buffer PBS 1X, 1% BSA: For one plate, dissolve 0.2 g de BSA (Sigma 
Ref. A-7030) in 20 ml PBS 1X. 

E 

 

e. ELISPOT protocol used for human samples 

e-1. Coating: 

� Transfer 100 µL of 70% ethanol per ELISPOT plate wells and wait for 10 min at 

room temperature. 

� Empty the plate and wash 3 times with 100 µL PBS 1X. 

� Dilute 100 µL of capture antibody in 10 mL PBS 1X and distribute 100 µL per well. 

Incubate overnight at 4°C. 

e-2. Saturation: 

� Empty the plate and wash once with 100 µL PBS 1X. 

� Distribute 200 µL per well of 2% skimmed milk and incubate for 2 hours at room 

temperature. 

e-3. Cell transfer and incubation: 

� Empty the plate by taping over absorbent paper. 
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� Wash once with 100 µL PBS 1X. 

Note: Cells to be tested with or without stimulation/inhibition agents are incubated in the ELISPOT 
plate wells in 100 µL of culture medium. A positive control is usually needed for each experiment: 
PBMC stimulated with 100 ng/mL PMA and 10 µM Ionomycin. 

� Dilute splenocytes prepared above in culture medium to a concentration of 106 cells 

per mL. 

� Add 100 ng/mL PMA (SIGMA Réf : P8139) and 10 µM Ionomycin (SIGMA Réf : 

I-0634). 

� Add 100 µL cells to ELISPOT wells. 

� Incubate overnight (15-20 hours) at 37°C in an incubator with 5% CO2 without 

shaking. 

Note: It is critical to make sure the ELISPOT plate is not shaken nor moved during incubation so 
that cytokines produced by one cell are captured around that cell and do not diffuse in medium. 

e-4. Revelation (for one plate): 

� Empty the plate and tap dry. 

� Add 100 µL PBS 1X with 0.1% Tween. Incubate 10 min at 4°C. 

� Wash 3 times with PBS 1X-0.1% Tween. 

� Dilute 100 µL detection antibody in 10 mL PBS 1X with 1% BSA. Distribute 100 µL 

in each well. Incubate 1h30 at 37°C. 

� Empty the plate and wash 3 times with PBS 1X-0.1% Tween. 

� Dilute 10 µL streptavidine-alcaline phosphatase in 10 mL PBS 1X-1% BSA and 

distribute 100 µL per well. Incubate 1 h at 37°C. 

� Empty the plate and wash 3 times with PBS 1X-0.1% Tween carefully removing the 

excess of solution. 

� Distribute 100 µL BCIP-NBT solution per well and follow for the revelation during 5 

to 20 min. 

� To stop the revelation reaction, wash 3 times with demineralised water, carefully 

removing the excess of water and dry the plate. Reading the plates will be better after 

one night; keep the plates in the dark (wrapped in aluminium foil). 

e-5. Calculation, results and interpretation 

� The number of spots is determined for each well representing the number of cytokine-

producing cells. 
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� When available, a automatic ELISPOT plate reader can be used; in this case, it 

becomes possible to give an estimation of the spot intensity in addition to the number 

of spots. 

� A well is considered positive when one counts more than 10 spots per 105 cells above 

background. 

f. Protocol used human samples for IFNγ detection by intracellular flow 
cytometry  

f-1. Experimental procedure for intracellular staining: 

� Transfer cells for staining in 15 mL. 

� Cells are washed twice in cold “suspension buffer” and centrifuged 5 minutes at 

1500 rpm. 

� Resuspend cells to a final concentration of 2.5.106 cells/mL in suspension buffer. 

� Transfer 200 µL of the cell suspension in a FACS tube. 

� Add 10 µL of anti-CD3 FITC antibody. 

� Incubate on ice for 30 min. 

� Wash twice in cold PBS 1X and centrifugation 5 min at 1500 rpm. 

� Resuspend the cell pellet in 500 µL of cold PBS 1X. 

� Add 500 µL of “fixation buffer”.  

� Carefully resuspend the cell pellet by vortexing in order to avoid aggregates. 

� Incubate for 20 min at room temperature. 

� Wash twice with 2 mL cold PBS 1X and centrifugation 5 min at 1500 rpm. 

� Resuspend the cell pellet in 300 µL of “permeabilization buffer” and incubate for 10 

min at room temperature. 

� Wash twice with 2 mL cold PBS 1X and centrifugation 5 min at 1500 rpm. 

� Resuspend the cell pellet in 300 µL of “permeabilization buffer” and add 10 µL of 

anti-cytokine antibody (anti-IFNγ antibody in our case). 

� Incubate for 30 min at room temperature in the dark. 

� Wash twice with 2 mL cold PBS 1X and centrifugation 5 min at 1500 rpm. 
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� Resuspend the cells in 500 µL PBS and run the sample on the flow cytometer as soon 

as possible. 

f-2. Flow cytometer: acquisition and analysis 

� The use of the flow cytometer will be demonstrated by an instructor for acquisition 

and analysis of data. 

� Results are expressed as a percentage of positive cells after normalization by the 

isotype-matched controls. 

 

 



The 2nd PSU International Teaching Platform on Tumour Immunology and Immunotherapy December 18-20, 2003 

 16 

Annexe E : Techniques for the detection of specific T-lymphocytes 
– Application to the immunomonitoring of cancer vaccine 

protocols, Eric Tartour 
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Annexe F : Detection of functional T lymphocytes, Eric Tartour 
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Annexe G : Few notions in flow cytometry and intracellular 
cytokine detection, Sylvie Garcia 
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Annexe H : Rentzsch, C. et al. (2003) - Clinical Cancer Research 
Vol. 9, 4376–4386.  
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