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Author Questionnaire

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done

3. Filming location: Will the filming need to take place in multiple locations?   No


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No  


Current Protocol Length
Number of Steps: 24
Number of Shots: 52

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 
1.1. Mustafa Ark: Senescent cancer cells secrete SASP factors influencing neighboring cells. We present three in vitro models to study SASP-driven paracrine and juxtacrine effects on HeLa cell proliferation.
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 


How will your findings advance research in your field?
1.2. Aysun Özdemir: Real-time impedance monitoring and live-cell imaging enable dynamic, kinetic, and morphological analysis, revealing senescent and microenvironmental paracrine effects beyond traditional endpoint assays.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
2. Real-Time Cell Analysis Setup and Background Recording with HeLa Cell Seeding
Demonstrator: Yaprak Dilber Şimay Demir 
Video Editor: Please freeze frame for SC files where necessary 
2.1. To begin, power on the real‑time cell analysis system before cell seeding [1]. Launch RTCA (R-T-C-A) software version 2.0 (Two-point-Oh) [2]. Click the Exp Notes (Exp-Notes) button and enter the experimental details [3].
2.1.1. WIDE: Talent switching on the RTCA system.
2.1.2. SCREEN: Screen-2.1.2,-2.1.3.mp4	00:00-00:04
2.1.3. SCREEN: Screen-2.1.2,-2.1.3.mp4.	00:05-00:15
2.2. Click the Schedule button and add two steps to record background and to monitor cell proliferation every fifteen minutes for seventy‑two hours [1]. Choose the first step and click Play to record background impedance [2]. Manually add fifty microliters of complete medium to each well of the e‑plate view [3].
2.2.1. SCREEN: Screen-2.2.1,-2.2.2.mp4.		00:00-00:21
2.2.2. SCREEN: Screen-2.2.1,-2.2.2.mp4.		00:22-00:24
2.2.3. Talent adding 50 µL of complete medium to each well. 
AUTHOR’S NOTE: Take 2 is the best take
2.3. Next, wash both the senescent and non‑senescent HeLa (hee-la) cells with 5 milliliters of sterile pre‑warmed PBS [1]. After aspirating, add 1 milliliter of pre‑warmed 0.05 percent trypsin and incubate [2-TXT].  
2.3.1. Talent adding 5 mL PBS to the cells.
2.3.2. Talent pipetting 1 mL trypsin to the cells.  TXT: Incubation: 37 °C, 2 mins
2.4. Neutralize the trypsin with 5 milliliters of antibiotic-supplemented complete DMEM [1-TXT]. Then, centrifuge the cells at 500 g at room temperature for ten minutes [2]. After discarding the supernatant, resuspend the cell pellets in 5 milliliters of antibiotic-supplemented complete DMEM [3].
2.4.1. Talent neutralizing with serum‑containing complete medium. TXT: Supplemented DMEM medium: 10% FBS, penicillin (100 U/mL), and streptomycin (0.1 µg/mL)
AUTHOR’S NOTE: Take 2 is the best take


2.4.2. Talent loading tubes in centrifuge.
2.4.3. Talent resuspending pellets in complete medium.
AUTHOR’S NOTE: Take 2 is the best take

2.5. Now, seed non‑senescent HeLa cells into each well of one e‑plate view in 100 microliters of antibiotic-supplemented complete DMEM [1-TXT]. Place the e‑plate view in the cradle of the real‑time cell analysis system to allow the cells to attach to the plate surface in the incubator [2]. Choose the second step on the schedule and click Play to start impedance measurement using RTCA software 2.0 for seventy‑two hours [3].
2.5.1. Talent pipetting non-senescent HeLa cells into wells. TXT: Seeding density: 5 x 103 cells/well
AUTHOR’S NOTE: Take 3 is the best take
2.5.2. Talent placing e‑plate into RTCA cradle, move to incubator.
2.5.3. SCREEN: Screen-2.5.3.mp4		00:00-00:05
3. E-Plate Insert Seeding and Real-Time Cell Proliferation Analysis
Demonstrator: Yaprak Dilber Şimay Demir 

3.1. Seed cells in the e‑plate insert wells containing 60 microliters of antibiotic-supplemented complete DMEM, under 3 different experimental setups [1]. Maintain the e‑plate insert at 37 degrees Celsius in an incubator with 5 percent carbon dioxide for six hours for attachment [2].
3.1.1. Talent pipetting into e‑plate insert wells.
AUTHOR’S NOTE: Take 1 is the best take
AND 
TEXT ON PLAIN BACKGROUND:
Group 1 (Negative Control): No cells seeded (media only) 
Group 2: 2 x 10⁴ non-senescent HeLa cells
Group 3: 1 x 105 senescent HeLa cells
3.1.2. Talent placing insert plate in incubator overnight.
AUTHOR’S NOTE: Take 2 is the best take
3.2. Click Pause after six hours of cell seeding [1]. Then gently aspirate the culture medium from each well of the e‑plate view to remove serum and non‑adherent cells [2]. 
3.2.1. SCREEN:  Screen-3.2.1.mp4.
3.2.2. Talent pipetting out the medium gently.
3.3. Wash wells two times with pre‑warmed PBS at 37 degrees Celsius [1]. Add 140 microliters of serum‑free DMEM to each well of the e‑plate view [2]. Remove the medium, wash wells of e-plate insert with PBS then add 60 microliters of serum‑free DMEM [3].
3.3.1. Talent pipetting pre-warmed PBS to the wells.
3.3.2. Talent adding 140 µL of serum‑free medium.
AUTHOR’S NOTE: Take 2 is the best take
3.3.3. Talent adding 60 µL serum‑free medium.
3.4. Now position the e‑plate insert into the e‑plate view [1].  Gently press down until the insert is fully seated in the well [2]. 
3.4.1. Talent placing insert in the e-plate view. 
3.4.2. Shot of the insert being gently pushed into the well.
3.5. Insert the combined plate into the real‑time cell analysis system [1].  Click Play to resume real‑time monitoring of cell index values at fifteen-minute intervals using the software [2]. Normalize the cell index values at the time point when the e‑plate view and e‑plate insert are combined and inserted into the real‑time cell analysis system [3].
3.5.1. Talent inserting the plate into the RTCA system.
3.5.2. SCREEN: Screen-3.5.2,-3.5.3.mp4		00:00-00:03
3.5.3. SCREEN: Screen-3.5.2,-3.5.3.mp4		00:04-00:09
3.6. Next, press the Data Analysis button to calculate the proliferation rate and quantity using the maximum cell index and slope data obtained from the real‑time cell analysis system [1]. Then, analyse the data using an appropriate statistical program [2].
3.6.1. SCREEN: Screen-3.6.1.mp4		00:00-00:11
3.6.2. SCREEN: Screen-3.6.2.mp4		00:00-00:06
4. Preparation of Conditioned Media and Real-Time Cell Proliferation Assay with HeLa Cells
Demonstrator: Yaprak Dilber Şimay Demir 
4.1. Aspirate the culture medium from both six‑well plates containing the senescent and non‑senescent HeLa cells [1]. Wash the cells two times with pre‑warmed PBS at 37 degrees Celsius to remove residual serum and cell debris [2]. 
4.1.1. Talent pipetting out the media from 6-well plates with HeLa cells.
4.1.2. Talent adding PBS to the plates.
4.2. Add 2 milliliters of serum‑free antibiotic supplemented -DMEM media into each well [1], then incubate the cells in a humidified incubator at 37 degrees Celsius with 5 percent carbon dioxide for 48 hours [2].
4.2.1. Talent adding 2 mL serum‑free medium into each well.
AUTHOR’S NOTE: Take 2 is the best take
4.2.2. Talent placing plates into incubator.
AUTHOR’S NOTE: Take 2 is the best take
4.3. Collect the conditioned media from each well into sterile tubes in a laminar safety cabinet [1-TXT]. 
4.3.1. Talent collecting media under hood. TXT: Trypsinize and count cells using trypan blue dye exclusiob
4.4. Centrifuge the collected conditioned media at 1000 g for 10 minutes at four degrees Celsius to remove cell debris [1], followed by centrifugation at 10,000 g for 10 minutes at four degrees Celsius to obtain the clarified supernatant [2]. Then, centrifuge the conditioned media using 2‑milliliter ultra‑centrifugal filter units at 4 degrees Celsius for 60 minutes at 3000 g to concentrate it to 400 microliters [3]. 
4.4.1. Talent transferring tubes with collected conditioned media into a centrifuge.
4.4.2. Talent changing speed on the centrifuge.
4.4.3. Talent transferring conditioned media into 2 mL ultra-centrifugal filters.
4.5. Dilute the obtained concentrate with fresh serum‑free medium to prepare 1x, 2x and 3x concentrated conditioned media in sterile tubes in a laminar safety cabin [1-TXT].
4.5.1. Talent adding serum-free media into labelled tubed with concentrate.  TXT: Perform cell seeding and RTCA software 
4.6. When the cells have attached, gently aspirate the culture medium from each well of e-plate view to remove serum and non‑adherent cells and wash with PBS [1-TXT]. Next, pipette 200 microliters pre‑warmed collected conditioned media at thirty‑seven degrees Celsius into each group [2].
4.6.1. Talent pipetting out the culture medium. TXT: PBS wash: 3 x, pre-warmed at 37 °C
4.6.2. Talent adding 200 µL conditioned media for each group.
AND
TEXT ON PLAIN BACKGROUND:
Group 1: Fresh media
 Group 2: 1x non-senescent HeLa cell conditioned media
 Group 3: 2x non-senescent HeLa cell conditioned media
 Group 4: 3x non-senescent HeLa cell conditioned media
 Group 5: 1x senescent HeLa cell conditioned media
 Group 6: 2x senescent HeLa cell conditioned media
 Group 7: 3x senescent HeLa cell conditioned media
4.7. Insert the e‑plate view into the real‑time cell analysis system and click Play to resume real‑time monitoring of cell index values at fifteen-minute intervals for forty‑eight hours [1]. 
4.7.1. SCREEN: Screen-4.7.1.mp4		00:00-00:03


5. Real-time Monitoring Cell-Cell Interaction 
Demonstrator: Tuğçe Tayyar
5.1. Seed cells onto a micro-Slide under three experimental setups and incubate at 37 degrees Celsius in a humidified atmosphere with 5 percent carbon dioxide [1-TXT]. 
5.1.1. Talent seeding cells onto the µ-Slide. TXT: Incubation: 37 °C, 5% CO2
AND
TEXT ON PLAIN BACKGROUND:
Experimental Groups:
Group 1: 7x 103 GFP-HeLa cells 
Group 2: 18 x 103 non-senescent HeLa cells + 7000 GFP-HeLa cells 
Group 3: 18 x 103 senescent HeLa cells + 7000 GFP-HeLa cells
5.2. After 8 hours of attachment, wash the cells twice with pre-warmed PBS at 37 degrees Celsius [1]. Add 200 microliters of serum-free Dulbecco’s Modified Eagle Medium to each well [2].
5.2.1. Talent adding pre-warmed PBS to the well plate. 
5.2.2. Talent pipetting 200 microliters of serum-free Dulbecco’s Modified Eagle Medium into each well of the µ-Slide.
AUTHOR’S NOTE: Take 2 is the best take
5.3. Turn on the Temp-Controller 2002-2 and set it to 37 degrees Celsius [1]. Turn on the CO₂-Controller 2000 and set it to 5 percent carbon dioxide [2]. Switch on the fluorescence light source [3].
5.3.1. Talent switching on the Temp-Controller 2002-2 and adjusting it to 37 degrees Celsius.
5.3.2. Talent switching on the CO₂-Controller 2000 and adjusting it to 5 percent carbon dioxide.
5.3.3. Talent powering on the fluorescence light source.
5.4. Place the slide on the stage-top incubation chamber [1]. Launch the software on the computer [2].
5.4.1. Talent carefully placing the µ-Slide on the stage-top incubation chamber.
5.4.2. SCREEN: Screen-5.4.2.mp4.		00:00-00:10, 00:44-00:45
5.5. Select the 20X objective, add phase contrast channel and fluorescence FITC channel [1]. Using the stage controller, mark the positions for each location [2].
5.5.1. SCREEN: 5.5.1..mkv. 	00:02-00:17
5.5.2. SCREEN: 5.5.2..mkv.		00:02-00:15
5.6. Set the time interval to 30 minutes and the acquisition duration to 48 hours, then start the acquisition [1-TXT]. Count green fluorescent protein positive cells at both time points and calculate the percentage increase for analysis [2].
5.6.1. SCREEN: 5.6.1..mkv. 	00:00-00:16
TXT: Export the best-focused images at 0 and 48 h
5.6.2. SCREEN: 5.6.2.-(1).mkv	00:05-00:23


Results

6. Results 

6.1. Doxorubicin treatment significantly induced cellular senescence in HeLa cells [1]. Quantification of SA-β-Gal(S-A-Beta-gal)-positive cells showed a significantly higher percentage in the doxorubicin-treated group compared to control [2].
6.1.1. LAB MEDIA: Figure 1A. Video editor: Please highlight the DOX image
6.1.2. LAB MEDIA: Figure 1B. Video editor: Highlight the tall red bar labeled "DOX" 
6.2. In the first approach, non-senescent HeLa cells co-cultured with senescent HeLa cells exhibited a significantly increased proliferation rate and capacity compared to cells co-cultured with non-senescent HeLa cells [1].
6.2.1. LAB MEDIA: Figure 3C, D. Video editor: Highlight the red bars (SC-NSC) in both graphs
6.3. Conditioned media derived from senescent HeLa cells at 2x and 3x concentrations significantly increased the proliferation rate and capacity of non-senescent HeLa cells compared to conditioned media from non-senescent cells [1].
6.3.1. LAB MEDIA: Figure 4C, D. Video editor: Highlight the red bars in both graphs corresponding to 2x and 3x SC-CM
6.4. In the third approach, after 48 hours of co-culture, GFP(G-F-P)-positive HeLa cells showed a significantly greater increase in proliferation when co-cultured with senescent HeLa cells [1] compared to non-senescent co-culture or GFP-only controls [2].
6.4.1. LAB MEDIA: Figure 1D. Video editor: Highlight the 48h image panel under “SC-GFP HeLa co-culture” 
6.4.2. LAB MEDIA: Figure 1E. Video editor: Highlight the red bar for “SC-GFP HeLa co-culture”



Pronunciation Guide:
  senescent
Pronunciation link: https://www.merriam-webster.com/dictionary/senescent
IPA: /sɪˈnɛsənt/
Phonetic Spelling: si‑NESS‑ent
  paracrine
Pronunciation link: https://www.merriam-webster.com/dictionary/paracrine
IPA: /pəˈreɪˌkraɪn/
Phonetic Spelling: puh‑RAY‑crine
  juxtacrine
Pronunciation link: https://www.merriam-webster.com/dictionary/juxtacrine
IPA: /ˈdʒʌkstəˌkraɪn/
Phonetic Spelling: JUKS‑tuh‑crine
  impedance
Pronunciation link: https://www.merriam-webster.com/dictionary/impedance
IPA: /ɪmˈpiːdəns/
Phonetic Spelling: im‑PEE‑dence
  centrifuge
Pronunciation link: https://www.merriam-webster.com/dictionary/centrifuge
IPA: /ˈsɛntrəˌfjuːʒ/
Phonetic Spelling: SEN‑truh‑fyoohj
  conditioned (as in conditioned media)
Pronunciation link: https://www.merriam-webster.com/dictionary/conditioned
IPA: /kənˈdɪʃənd/
Phonetic Spelling: kuh‑DIH‑shund
  fluorescent
Pronunciation link: https://www.merriam-webster.com/dictionary/fluorescent
IPA: /flʊˈrɛsənt/
Phonetic Spelling: floo‑RESS‑ent
  µ‑Slide (micro‑Slide)
Pronunciation link: No confirmed link found
IPA: /ˈmaɪkroʊ ˈslaɪd/
Phonetic Spelling: MY‑kroh SLIDE
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