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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
3.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The step 3.5 is most difficult, because almost cells are dying, and a little remaining cells grow very slowly. Therefore, sometimes the cell-culture might be quitted. Please do not give up to culture the remaining cells.
5. Will the filming need to take place in multiple locations? N 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Toshimitsu Yamaoka: The study of novel acquired resistance mechanisms will contribute to the development of more effective and safe therapeutic strategies in patients with anti-cancer agent-resistant, unresectable lung cancer [1]. 

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

1.2. Toshimitsu Yamaoka: Unfortunately, cases in which drug resistance fails to develop are generally not reported. This stepwise, dose-escalation method is considered the most reliable technique for obtaining acquired resistant cells lines [1].
 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Section - Protocol
2. Initial Afatinib PC-9 Cell Exposure Determination by 3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT) assay
2.1. To determine the appropriate afatinib-resistance concentration, culture PC-9 (P-C-nine) cells in growth medium in a 10-centimeter, cell-culture treated dish at 37 degrees Celsius and 5% carbon dioxide [1-TXT].
2.1.1. WIDE: Talent adding cells to dish, with medium container visible in frame TEXT: See text for all medium/solution preparation details
2.2. Resuspend the PC-9 cells at a 4 × 104 cells/milliliter of growth medium concentration [1] and seed the cells at 50 microliters of cell suspension/well in a 96-well microplate [2].
2.2.1. MED: Talent using automated cell counterTC20 
2.2.2. MED: Talent adding cells to well(s)
2.3. After an overnight incubation in the cell culture incubator, treat the cells with 50 microliters of afatinib solution per well at 6 replicates of the indicated concentrations [1-TXT] and, after a 96-hour incubation in the cell culture incubator, add 15 microliters of MTT (M-T-T) dye to each well [2].
2.3.1. CU: Afatinib being added to well(s), with afatinib container label visible in frame TEXT: i.e., 0, 0.002, 0.006, 0.02, 0.06, 0.2, 0.6, 2, 6, and 20 micromolar
2.3.2. CU: 15 microliters of dye solution per well being added to well(s), with dye container label visible in frame
2.4. After 4 hours in the cell culture incubator, add 100 microliters of solubilization-stop-solution to each well [1] and return the plate to the incubator overnight [2].
2.4.1. MED: Talent adding solution to well(s), with solution container visible in frame
2.4.2. MED: Talent placing plate into incubator
2.5. The next morning, measure the optical density at 570 nanometers on a microplate reader [1-TXT].
2.5.1. MED: Talent loading plate onto reader TEXT: Repeat experiment x3

3. Continuous Afatinib Exposure 

3.1. For continuous afatinib exposure, culture PC-9 cells in p100 dishes containing 10 milliliters of growth medium until the cells reach sub-confluency [1].

3.1.1. WIDE: Talent adding cells to dish(es)

3.2. Transfer the sub-confluent cultures into three new p100 dishes of 9 milliliters of growth medium per initial culture dish [1] and return the cells to the cell culture incubator [2].

3.2.1. MED: Talent adding cells to dish(es), with initial culture dish visible in frame
3.2.2. MED: Talent placing dish into incubator

3.3. The next morning, add 0.1 nanomolar or 1/10th of the half maximal inhibitory concentration of afatinib to each set of three culture dishes [1].

3.3.1. MED: Talent adding afatinib to dish(es), with working afatinib container visible in fame

3.4. When the afatinib-treated cells become sub-confluent, use a 1-milliliter pipette to thoroughly mix the cultures [1] and transfer 1 milliliter of cells from each dish to 9 milliliters of fresh growth medium in new p100 dishes [2].

3.4.1. CU: Cells being mixed
3.4.2. CU: Cells being added to dish

3.5. Add 10-20% higher concentrations of afatinib to the new cultures [1], increasing the afatinib concentration by stepwise dose escalation each time the cultures reach sub-confluency over a 10-12-month period [2-TXT].

3.5.1. MED: Talent adding 0.12 nM afatinib to dish(es), with working afatinib solution container visible in frame
3.5.2. MED: Talent placing dish(es) into incubator TEXT: When afatinib approaches IC50, cell growth decelerates

3.6. When an afatinib concentration of 1 micromolar is reached, perform the MTT (M-T-T) assay as demonstrated to confirm that the cells have developed afatinib resistance [1].

3.6.1. MED: Talent loading plate onto reader

4. PC-9 Cell Growth Curve Determination 

4.1. To determine the growth curve for the cell lines, culture parental PC-9 and the three afatinib-resistant cells lines in growth medium in the cell culture incubator for 24 hours [1].

4.1.1. WIDE: Talent adding cells to dish(es), with PC-9 and AFR cell culture and growth medium containers visible in frame

4.2. Resuspend the cell from each culture at a 5 × 103 cells/milliliter of growth medium concentration [1] and seed 12, 100-microliter replicates of each cell population/well in a 96-well microplate [2].

4.2.1. MED: Talent adding medium to cells, with medium container visible in frame
4.2.2. CU: Cells being added to well(s)

4.3. Then perform the MTT assay on days 0, 1, 2, 3, 5, and 7 of culture as demonstrated [1] and plot the results using an appropriate statistical analysis software program [2-TXT].

4.3.1. MED: Talent loading plate onto reader
4.3.2. LAB MEDIA: Figure 4 TEXT: Repeat experiment x3

5. Epidermal Growth Factor Receptor (EGFR) Genomic DNA Alteration Evaluation 

5.1. To identify alterations in epidermal growth factor receptor, or EGFR (E-G-F-R), genomic DNA expression by reverse transcriptase-polymerase chain analysis, isolate genomic DNA from the cell culture of interest using a DNA purification kit according to the manufacturer’s instructions [1] and measure the concentration of 25 nanogram-microliter concentrations of the isolated genomic DNA on a spectrophotometer [2].

5.1.1. WIDE: Talent taking reagents out of genomic DNA isolation kit
5.1.2. MED: Talent loading sample onto spectrophotometer

5.2. Then amplify 50 naongrams of genomic DNA using a SYBR (cyber) Green master mix [1] and analyze the results using a fluorescence-based reverse transcriptase-polymerase chain reaction-detection system [2].

5.2.1.  MED: Talent adding master mix to sample, with master mix container visible in frame
5.2.2. MED: Talent loading sample onto PCR

5.3. To identify alterations in EGFR genomic DNA expression by sequencing, amplify the genomic DNA using specific primers for EGFR exons 19-21 [1-TXT].

5.3.1. MED: Talent adding sample to thermocycler TEXT: See text for PCR cycling parameter details

5.4. Then purify the amplified PCR products using a PCR purification kit according to the manufacturer’s instructions [1] and sequence the amplicons [2].

5.4.1. MED: Talent opening purification kit
5.4.2. LAB MEDIA: Figure 7

6. Epidermal Growth Factor Receptor (EGFR) Protein Alteration Evaluation 

6.1. To identify alterations in epidermal growth factor receptor protein expression by western blot analysis, treat the cells with afatinib for 24 hours [1].

6.1.1. WIDE: Talent adding afatinib to dish(es), with working afatinib solution container visible in frame

6.2.  [1] [2].

6.2.1. CU: Cells being washed, with PBS container label visible in frame 
6.2.2. MED: Talent adding cells to dish, with growth medium container visible in frame

6.3. After 24 hours, wash the cell cultures two times with 5 milliliters of ice-cold PBS per culture per wash [1] and lyse the cells in radioimmunoprecipitation assay buffer supplemented with 0.1% protease cocktail and phosphatase inhibitors two and three for 30 minutes at 4 degrees Celsius [2].

6.3.1. MED: Talent washing cells, with PBS container visible in frame
6.3.2. MED: Talent adding RIPA buffer to cells, with RIPA buffer, protease cocktail, and phosphatase inhibitor containers visible in frame

6.4. At the end of the incubation, collect the lysates by centrifugation [1-TXT] and use the bicinchoninic acid assay to determine the protein concentration of the lysate samples [2].

6.4.1. MED: Talent placing tube(s) into centrifuge TEXT: 10 min, 100 x g, 4 °C
6.4.2. MED: Talent opening bicinchoninic acid assay kit

6.5. Adjust the protein samples to 0.5 or 1 microgram/microliter concentrations in 4x sample buffer [1] and boil the samples at 96 degrees Celsius for 5 minutes [2-TXT].

6.5.1. CU: Sample buffer being added to tube, with tube labels and sample buffer container label visible in frame
6.5.2. MED: Talent placing samples at 96 °C TEXT: Store samples at -80 °C until western blot analysis

6.6. For western blot analysis of the samples, assemble ethanol-cleaned glass plates and spacers [1] and load the mold with 8% poly-acrylamide gel with the appropriate experimental supplements [2-TXT]. 

6.6.1. MED: Talent assembling mold
6.6.2. CU: Gel being poured into mold TEXT: See text for all gel preparation details

6.7. While the gel is polymerizing, add stacking gel solution to an appropriate mold [1], insert the comb, and allow the stacking gel to polymerize for 20-30 minutes at room temperature [2].

6.7.1. CU: Gel being poured into stacking gel mold
6.7.2. CU: Comb being placed into mold

6.8. When both gels have polymerized, place them in the electrophoresis apparatus [1] and fill the tank with running buffer [2].

6.8.1. CU: Gel(s) being placed into apparatus
6.8.2. CU: Tank being filled

6.9. Then load one 20-30-microliter volume of each protein sample into each well [1] and run the gel at 180 volts [2].

6.9.1. CU: Sample being added to well
6.9.2. MED: Talent starting gel

6.10. Stop the electrophoresis after approximately 60 minutes, once the dye front flows out of the gel [1] and wash the gel with tris-buffer saline supplemented with Tween for 1-2 minutes [2].

6.10.1. CU: Shot of dye front flowing out of gel NOTE: Couldn’t film this because it would take too long.
6.10.2. CU: Gel being added to TBST, with TBST container label visible in frame

6.11. Transfer the proteins on to a polyvinylidene fluoride membrane by semi-dry blotting for 1.5 hours at a constant current of 300 milliamps [1] and block the membrane with 5% nonfat dry milk diluted with tris-buffered saline plus tween solution for 1 hour at room temperature [2].

6.11.1. CU: Proteins being transferred
6.11.2. CU: Membrane on rocker in nonfat dry milk

6.12. Next, probe the membrane with the appropriate antibodies of interest at 4 degrees Celsius overnight [1-TXT].

6.12.1. CU: Antibody being added to membrane, with antibody container labels visible in frame TEXT: e.g., anti-EGFR, anti-phospho-EGFR, anti-HER2, anti-HER3, anti-MET, and anti-actin Abs

6.13. The next morning, wash the membranes with three, 10-minute washes with fresh tris-buffered saline per wash [1] before exposing the membrane to the appropriate secondary antibody for 1-1.5 hours at room temperature [2].

6.13.1. CU: Membrane being placed into TBST, with TBST container label visible in frame
6.13.2. CU: Antibody being added to membrane, with antibody container label visible in frame

6.14. Then wash the membrane five times with fresh tris-buffered saline per wash [1] and expose the membrane to enhanced chemiluminescence solution [2] for signal visualization using films [3].

6.14.1. CU: Membrane being placed into TBST, with TBST container label visible in frame
6.14.2. CU: ECL being added to membrane, with ECL container label visible in frame
6.14.3. LAB MEDIA: Figure 6



Section – Results
7. Results: Afatinib-Resistant Cell Characterization 

7.1. Here the decrease observed in the cell proliferation of parental PC-9 cells in response to increasing concentrations of afatinib is illustrated [1], confirming that PC-9 cells are sensitive to afatinib exposure [2].

7.1.1. LAB MEDIA: Figure 2: JoVE Video Editor please emphasize data line
7.1.2. LAB MEDIA: Figure 2

7.2. None of the three afatinib-resistant cell lines demonstrate a suppression of cell proliferation under afatinib exposure, however [2].

7.2.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize yellow, orange/red, and grey data lines

7.3. Afatinib-resistant cell lines exhibit significantly slower growth curves [1] than parental PC-9 cells [2].

7.3.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize yellow, orange/red, and grey data lines
7.3.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize blue data line

7.4. Afatinib-resistant cells express significantly higher [1] levels of EGFR genomic DNA and EGFR protein expression [2] than do parental PC-9 cells [3]. 

7.4.1. LAB MEDIA: Figures 5 and 6: JoVE Video Editor please emphasize yellow, orange/red, and grey data bars in Figure 5
7.4.2. LAB MEDIA: Figures 5 and 6: JoVE Video Editor please emphasize AFR1, AFR2, and AFR3 EGFR bands in Figure 6
7.4.3. LAB MEDIA: Figures 5 and 6: JoVE Video Editor please emphasize blue data bar in Figure 5 and blue data line in Figure 6

7.5. EGFR sequencing demonstrates that PC-9 cells [1] exhibit 15 base pair deletions in EGFR exon 19 and wild-type EGFR in exon 20 [2].

7.5.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize PC-9 Exon 19 box
7.5.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize PC-9 Exon 20 box

7.6. Afatinib-resistant 1 and 2 cell line cells, however, exhibit an amplification of wild-type EGFR exon 19 [1].

7.6.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize PC-9AFR1 and PC-9AFR2 Exon 19 boxes
 
7.7. Afatinib-resistant cell line 3 cells contain the same 15 base pair deletions in EGFR exon 19 as in PC-9 cells [1], but a point mutation in T790M (T-seven-ninety-M) is observed in EGFR exon 20 [2].

7.7.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize PC-9AFR3 Exon 19 box
7.7.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize PC-9AFR3 Exon 20 box



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

8.1. Toshimitsu Yamaoka: (Step 3.5.) Cell growth can become quite slow when the inhibitor concentration is close to IC50 value. Do not discard the culture, as the cells will continue to proliferate gradually [1].

8.1.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

8.2. Toshimitsu Yamaoka: These strategies were developed to mimic the conditions under which cancer patients develop clinically relevant resistance to assess acquired resistance mechanisms and to develop safe and effective therapeutic strategies [1].

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



 2018, Journal of Visualized Experiments	Page 1 of 15
image1.png




