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Effect of Natural Products on  
Cancer Cell and Cytokine Production 

 
Introduction 

The purpose of this 6-day training is to study the effect of a natural substance on the 

production of cytokines and growth of cancer cells. We have chosen to study the action of 

different products, known or unknown, on cell proliferation and induction of apoptosis. For 

this purpose, the preceding lectures give a theoretical and technological background on the 

topics of cytokine production and apoptosis. After going through this background, as well as 

the different available biomaterial, reagents and experimental protocols, you will be asked to 

implement a true scientific process: problem definition, choice of strategy, experimental 

design and implementation, data collection and analysis, interpretation and discussion.  

Due to time constraints, it is suggested that the participants arrange in groups of six people 

and focus their attention on a limited number of tests as indicated by your instructors. It is 

recommended that each group consults with the other groups in order to address different and 

complementary questions. At the end of the week, the methodological approach and results of 

the different groups will be presented for group discussion. This should allow all participants 

to familiarize with standard and up-to-date techniques and procedures commonly used in 

immunology (flow cytometry & quantitative PCR), as well as allow them to make a better and 

critical use of the theoretical concepts and techniques learnt during training or from the 

literature. 

This handout gives, in a first part, a presentation of the subject which should lead you to 

hypotheses which you will try to answer through experiments. In the second part, you will 

find a series of experimental protocols describing the techniques which you can implement as 

well as the list of the available biologic material and reagents. It will be up to you to choose 

among these protocols, by adapting them if necessary. 

Consequently, you will take care to properly document your strategy, experimental design and 

implementation. This will allow you to report to other groups at the end of the week so that 

critical comparison of selected strategies and techniques can be made. The objective of this 

reporting is to achieve capacity to approach the problem, to set hypotheses, to implement 

experiments to test these hypotheses, to analyze and to discuss the obtained results. 
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Introductory background  

Each participant shall refer to the lecture handouts on the Immunoregulatory effect of natural 

products, and apoptosis. A number of molecules derived from natural products, in particular 

those found in herbal and traditional medicine, exhibit immunomodulatory properties: they 

can either activate or inhibit proliferation of cancer cells or induce apoptosis.  

We have selected different compounds as proliferation or apoptosis inducers and you will 

have the opportunity to test your own natural compounds. Based on the available biomaterial 

and reagents (Annexe B), as well as technique protocols presented in Annexe C, you will 

design relevant experiments in order to characterize the properties of these compounds. A 

tentative schedule for the following days is provided in Annexe A; it will be completed during 

the first with your instructors. 

For additional information on relevant techniques: 

 Annexe I : Few notions in flow cytometry and intracellular cytokine detection – Sylvie 

Garcia 

 Annexe J : Quantitative PCR – Sophie Dulauroy and Adrien Six 
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Annexe A : Tentative schedule 

Date Activities 

July 19, Morning 
 

- Workshop presentation and objectives (0h30) 

- Problem analysis and rationale, choice of strategy (1h) 

- Experimental design and planning (1h) 

July 19, Afternoon 
- Experimental design and planning (1h) 

- Experiments (cell culture and RT-PCR) 

July 20, Morning 
- Brief review of Experimental design and planning 

- Experiments  

July 20, Afternoon - Experiments 

July 21, Morning 
- FACS acquisition 

- End of experiments 

July 21, Afternoon 
- Interpretation of real time RT-PCR 

- Combine data & interpretation 

July 22, Morning 
- Presentation of data from individual group 

- Summary discussion of overall experiments 

July 22, Afternoon 
- Discussion on potential research collaboration 

- Question & answers  
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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. 

Culture media, solutions and reagents 

Note: The protocols presented in this handout have been designed with the following reagents; it 
is possible to use alternate brands or references with appropriate adjustments and optimization. 

 7-AAD (Sigma Ref. A9400-1)  

 AD (Sigma Ref. A1410)  

 C2-ceramide (Sigma Ref. A1410)  

 CFSE (Invitrogen, 25mg, Ref. C1157 or Fluka Ref. 21888)   

 CO2 (for cell incubator)  

 Cycloheximide (Sigma Ref. C4859)  

 Demineralised water  

 DMSO (Sigma Ref. D4540)  

 Etoposide (Sigma Ref. E1383)  

 FACS buffer (PBS – 2% FCS – 0,01% NaN3)  

 Fetal calf serum (ATGC Biotechnologies Ref. 04-001-1B)  

 Hepes buffer 1M solution in distilled water  

 NaN3 (Sigma Ref. S-2002)  

 Paraformaldehyde (Sigma Ref. P6148)  

 PBS (50 tablets Sigma Ref. P4417-50 or 1X Invitrogen Ref. 14190094)  

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

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

 Trypan blue (Invitrogen-Gibco Ref: 15250-06) (for cell counting)  

Molecular biology solutions and reagents 

Note: The protocols presented in this handout have been designed with the following reagents; it 
is possible to use alternate brands or references with appropriate adjustments and optimization. 

 Bromo-Chloro-Propane (RNA grade)  

 dNTP (Promega Ref. C1141)  

 Ethanol 70% (Prolabo Réf : UN1170)  

 Glycogen (Sigma Ref. G1767)  

 H20 PCR   

 H20 RNAse-free   

 Isopropanol (RNA grade)  

 Oligo-dT (17mer)  
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 RNAsin (Promega Ref. N2511)  

 RT-AMV (Roche Ref. 1495062)  

 SYBR green mix (Gene system Ref. 4309155 or Sigma Ref. S4438)  

 Trireagent (Invitrogen Ref. 15596-026)  

Primers for quantitative PCR (housekeeping, pro- & anti-apoptotic genes) 

Note: For more information regarding the primer list see the references provided in Annexe K. 

 Bax 01 DO (5’-ACAAAGATGGTCACGGTCTGCC-3’)  

 Bax 01 UP (5’-ACCAAGAAGCTGAGCGAGTGTC-3’)  

 Bax 02 DO (5’-GGCGGCAATCATCCTCTG-3’)  

 Bax 02 UP (5’-TGCTTCAGGGTTTCATCCAG-3’)  

 BCL2 01 DO (5’-GGAGAAATCAAACAGAGGCC-3’)  

 BCL2 01 UP (5’-GTGAACTGGGGGAGGATTGT-3’)  

 BCL2 02 DO (5’-GCCGGTTCAGGTACTCAGTCA-3’)  

 BCL2 02 UP (5’-CATGTGTGTGGAGAGCGTCAA-3’)  

 BCL2 04 DO (5’-GCTCAGTTCCAGGACCAGGC-3’)  

 BCL2 04 UP (5’-AGGAAGTGAACATTTCGGTGAC-3’)  

 BCL-XL 01 DO (5’-GCGATCCGACTCACCAATAC-3’)  

 BCL-XL 01 UP (5’-CCCAGAAAGGATACAGCTGG-3’)  

 BCL-XL 02 DO (5’-GGTCGCATTGTGGCCTTT-3’)  

 BCL-XL 02 UP (5’-TCCTTGTCTACGCTTTCCACG-3’)  

 Bim DO (5’-GACAATGTAACGTAACAGTCG-3’)  

 Bim UP (5’-GAGAAGGTAGACAATTGCAG-3’)  

 B2M DO (5’-TCTCTGCTCCCCACCTCTAAGT-3’)  

 B2M UP (5’-TGCTGTCTCCATGTTTGATGTATCT-3’)  

 BA DO (5’-AAGGGACTTCCTGTAACAATGCA-3’)  

 BA UP (5’-CTGGAACGGTGAAGGTGACA-3’)  

 EF1a DO (5’-GCCGTGTGGCAATCCAAT-3’)  

 EF1a UP (5’-CTGAACCATCCAGGCCAAAT-3’)  

 GAPDH DO (5’-GGCATGGACTGTGGTCATGAG-3’)  

 GAPDH UP (5’-TGCACCACCAACTGCTTAGC-3’)  

 HPRT DO (5’-GGTCCTTTTCACCAGCAAGCT-3’)  

 HPRT UP (5’-TGACACTGGCAAAACAATGCA-3’)  

 Disposables 

Note: Brand and reference is mostly indicative. 

 Aluminum foil   
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 Benchcoat (Whatman Benchkote for example)  

 Culture plate [6wells]   

 Detergent   

 Dry ice   

 FACS Tube (Falcon Ref. 352052)  

 Filter bottle 0.2 µm (for medium sterilization)  

 Gloves L   

 Gloves M   

 Gloves S   

 H20 Demineralised   

 Hand towel   

 Marker   

 Parafilm   

 PCR Plate (Gene system Ref. N801-0560)  

 PCR Plate cover (Gene system Ref. 4313663)  

 Pipette [10mL]   

 Pipette [5mL]   

 Saran wrap   

 Soap   

 Tip [10µL] (Bioactive Ref. 37660-10R)  

 Tip [1000µL] (Bioactive Ref. 10130-10R)  

 Tip [200µL] (Bioactive Ref. 15370-10R)  

 Tip filter [10µL] (Bioactive Ref. SRS38000-01R)  

 Tip filter [1000µL] (Bioactive Ref. SRS???)  

 Tip filter [200µL] (Bioactive Ref. SRS37850-01R)  

 Tissue culture flask [75mL]   

 Tube [1,5mL]   

 Tube [15mL] (Gibthai Ref. )  

 Tube [2mL]   

 Tube [50mL]   

Equipment 

 Bench bin   

 Benchtop centrifuge (for 2.0/1.5 mL tubes)  

 Benchtop centrifuge refrigerated (for 2.0/1.5 mL tubes)  

 Cell culture CO2 incubator  

 Cell culture hood    
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 Centrifuge refrigerated (for 15/50 mL tubes)  

 Chemical hood    

 Dessicator   

 Electric pipetor   

 Flow cytometer    

 Freezer -20°C   

 Glassware   

 Hemocytometer   

 Ice bucket    

 Labcoat  

 Microfuge tube rack    

 Micro-pipettes  1000 µL  

 Micro-pipettes  20 µL  

 Micro-pipettes  200 µL  

 Microscope    

 Microtube rack    

 Multi-channel pipettes  

 Propipette    

 Protection glass   

 Refrigerated centrifuge   

 Vortex  

 Water bath [37°C]   

 Water bath [42°C]   
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Annexe C : Detailed protocols 

Analysis of T cell activation 
Measure of proliferation and cytokine detection 

a. Jurkat T-cell line culture 

a-1. Jurkat T-cell line is diluted with 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) in a tissue culture flask. 

a-2. Incubate flasks at 37°C, 5% CO2.  

b. Cell culture and activation 
This section describes the cell culture step that you will implement in order to test the effect 

of your molecule with regard to cell activation or apoptosis induction. It is therefore 

dependent upon your choice of experiment, as well as the nature and number of controls.  

This cell culture step will be performed on 6-well cell culture plates in 1-2 mL culture 

medium for each well, as follows: 

b-1. Dilute cells with RPMI culture medium to 2.106 cells/mL (“2X” concentration). 

b-2. Distribute 1-2 mL of cells per culture well. 

b-3. Depending on the conditions to be tested, add 1-2 mL medium with or without 
“additives” at 2X in order to obtain the appropriate final concentration: 

- Etoposide (10 µM) 

- Cycloheximide (20 µg/mL) 

- Your product(s) (typical concentration: 1 µg/mL) 

b-4. Incubate flasks at 37°C, 5% CO2.  

c. Measure of proliferation by CFSE staining  
CFSE (carboxyfluorescein diacetate, succinimidyl ester) is a fluorescent dye that is widely 

used for the analysis of cell generation and proliferation. This fluorescent SE (succinimidyl 

ester) covalently couples to both intracellular and cell-surface proteins by reaction with lysine 

side chains and other available amine groups. When cells divide, the SE labeling is 

distributed equally between the daughter cells, which are, therefore, half as fluorescent as the 

parents. As a result, each successive generation in a population of proliferating cells is 

marked by a halving of cellular fluorescence intensity that is readily followed by flow 
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cytometry. Using flow cytometric analysis of CFSE labeling, one can resolve up to ten 

successive generations of lymphocytes (see Figure 1).  

 

Figure 1: Mitogen-induced proliferative responses measured using CFSE incorporation. 

See Annexe I : Few notions in flow cytometry and intracellular cytokine detection – Sylvie 

Garcia for further information. 

c-1. Prepare the stock solution of CFSE in DMSO at 5 mM. Aliquot in small volume and 
keep it frozen at –20°C. 

c-2. Resuspend the cells at 2.107/mL in PBS (make sure that the PBS is suitable to the cell 
survival – good pH). 

c-3. Add the same volume of CFSE at 5 µM (2X=1/1000) and mix gently. 

c-4. The final concentration of cells will be 107/mL and of CFSE 2.5 µM. 

c-5. Incubate for 10 min at room temperature, agitating gently from time to time. 

c-6. Wash once in a big volume of cold complete medium (5 % FCS). 

c-7. Resuspend the cells at 2.106/mL of complete medium and incubate overnight in the 
presence or not of the adequate drugs. 

c-8. After cell culture with the appropriate stimuli (see above), cells can be analyzed for 
CFSE staining with a flow cytometer for evaluation of proliferation. 
NB: Check by Facs that the totality of the cells is stained as an homogeneous peak. 

c-9. Induction of apoptosis can be evaluated by different techniques:  

- 7AAD labelling (see section d) 

- Quantitative RT-PCR of pro- and anti-apoptotic genes (see section e and following) 
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d. Measure of apoptosis induction by flow cytometry 
The principle of this technique is to detect and measure apoptotic cells by fluorescence 

staining and flow cytometric analysis. In the present experiment, we will detect apoptosis by 

labeling cells with 7AAD. See Annexe I : Few notions in flow cytometry and intracellular 

cytokine detection – Sylvie Garcia for further information. 

d-1. Experimental procedure for 7AAD staining: 

 Transfer cells for staining in 15 mL. 

 Cells are washed once in “Facs buffer” (PBS 1X, 2% fetal calf serum, 0.1% NaN3) 

and centrifuged 5 minutes at 1500 rpm. 

 Resuspend the cell pellet in 100 µL of Facs buffer containing 20µg/ml 7AAD. 

 Incubate for 20 min on ice in the dark. 

Note: longer time will cause “unspecific” staining. 

 Wash twice with 1 mL Facs buffer (PBS 1X, 2% fetal calf serum, 0.1% NaN3) and 

centrifugation microfuge tube 5 min at 2000 rpm. 

 Resuspend cells in 500 µL of Facs buffer containing 20µg/ml AD and run the sample 

on the flow cytometer as soon as possible. 

d-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 with the 

appropriate controls and gating on the relevant cell population. 

e. Quantitative RT-PCR – RNA extraction 
Note: All reagents and plasticware must be of RNA-grade and performer must wear gloves at all 
time in order to prevent contamination with RNAse. All steps must be performed under a chemical 
hood. 

e-1. Resuspend up to 1.106 cells in 1 mL of Trizol/TriReagent [See Annexe F for 

manufacturer’s recommendations]. 

e-2. Add 200 µL/ml of BCP. 

e-3. Vortex to mix the 2 phases. 

e-4. Incubate 5 min at room temperature. 

e-5. Centrifuge 15 min at 4°C. 
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e-6. Add 1 µL of glycogen (20 et 35 mg/mL) in an empty new tube. 

e-7. Transfer the aqueous phase (be careful) and add to this new tube. 

e-8. Add 500 µL of isopropanol/mL of Trizol. 

e-9. Incubate in dry ice 20 to 30 min for precipitation. 

e-10. Incubate 5 min at room temperature. 

e-11.  Centrifuge 10 min at 4°C (10000 tr/min). 

e-12. Remove the supernatant carefully with a pipette. 

e-13. Wash twice : 

- Wash the pellet in 1 mL of EtOH 70%, without dissolving the pellet (do not vortex!) 

- Centrifuge 10 min at 4°C (10000 tr/min) 

- Remove the EtOH (turn the tube upside down + hand towel then P20) 

e-14. Evaporate the EtOH under vacuum for 15 min in a dessicator. 

e-15. Dissolve the RNA pellet in 10 µL of RNA-grade water 

e-16. Keep at -80°C or –20°C before retrotranscription (see section f) 

f. Quantitative RT-PCR – cDNA synthesis 
f-1. Thaw the following reagents ahead of time:  

- 5X dNTP 5mM / oligo-dT 25µM mix 

- 5X RT buffer (vortex and quick spin before use) 

- RNA (10 µL; see section a above) 

f-2. Switch on water bath at 42°C and drying oven at 72°C. 

f-3. Add 4 µL of the 5X dNTP/ oligo-dT mix in the tube with RNA. 

f-4. Incubate 10 min at 70°C. 

f-5. Chill on ice. 

f-6. Centrifuge briefly 2 s. 

f-7. Prepare a mix (n tubes + 2) :  

 for 1 tube, mix :  

- 4 µL of 5X RT buffer  

- 1 µL of RNasin (Recombinant RNasin® Ribonuclease Inhibitor) 
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- 1 µL of AMV RT (Deoxynucleoside-triphosphate: DNA deoxynucleotidyltransferase [RNA-

directed] from avian myeloblastosis virus) 

f-8. Distribute 6 µL per tube. 

f-9. Homogenize reagents. 

f-10. Incubate 1h at 42°C. 

f-11. Centrifuge briefly 2 s. 

f-12. Keep at -20°C. 

g. Quantitative RT-PCR – Amplification 
Each RNA/cDNA sample of interest will be tested by quantitative PCR for a maximum of 12 

control or pro-/anti-apoptotic genes. The table below represents a suggested experimental 

design on a 96-well plate. 

 1 2 3 4 5 6 7 8 9 10 11 12 
A             

B             
C             
D             
E             
F             
G             
H             

Note: The sequence of available primers is provided in Annexe B. 

g-1. Dilute cDNA to an equivalent of 25 000 cells per µL. 

g-2. Distribute 2 µL of cDNA in each well. 

g-3. Prepare a mix as follows: 

 For 1 PCR point:  

 1 well     

SybrGreen 2X 12,5 µL  Master Mix:   

H20  5,5 µL   1 well 100 wells 

Primer Reverse 10 µM  2,5 µL  SybrGreen 12.5 µL 1250 µL 

Primer forward 10 µM  2,5 µL  Water 5.5 µL 550 µL 

cDNA  2,0 µL   Total: 1800 µL 

     

1. In 1 tube, mix SybrGreen and water. 

β

A 

B 

2

M 

 

G

A

P

D

H 

E 

F 

- 

1 
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C
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B

C

L 
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A
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B
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X 

 

 

 

B

C

L 
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X
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B

C

L 

-

X
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2. Distribute 150 µL of this mix in 12 tubes. 

3. Add 25 µL of each of the corresponding forward and reverse primers for each gene 

to be quantified. 

g-4. Distribute 23 µL of this mix in each well of the corresponding column. 

g-5. Set the plate on the real-time quantitative PCR machine using the following programme:  

1. Incubate at 95°C for 00:05:00 

2. Incubate at 95°C for 00:00:45 

3. Incubate at 55°C for 00:00:45 

4. Incubate at 72°C for 00:01:00 

5. Incubate at 79°C for 00:00:01 

6. Plate read 

7. Go to line 2 and repeat for 39 more times 

8. Incubate at 72°C for 00:30:00 

9. Melting curve from 65°C to 95°C read every 0.5°C hold 01 sec 

10. End 

Note: The PCR programme may need some adjustments depending on the Sybr Green kit and 
brand/model of real-time thermocycler. 

g-6. After PCR cycling and real-time plate measurement, results must be analysed with the 

thermocycler manufacturer’s software in order to determine ∆Ct values for each gene of 

interest, corresponding  to cycle number to which signal increases over background, which will 

be used for analysis. 
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Annexe D : CFSE recommendations 
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Annexe E : 7-AAD recommendations 
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Annexe F : Tri Reagent/Trizol recommendations 
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Annexe G : AMV Reverse Transcriptase recommendations 
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Annexe H : Sybr Green recommendations 
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Annexe I : Few notions in flow cytometry and intracellular 
cytokine detection – Sylvie Garcia 
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Annexe J : Quantitative PCR – Sophie Dulauroy and Adrien Six 
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