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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 

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

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k

As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 10/27/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps: 19
Number of Shots:  59 

Interviews 

Authors: Some statements have been edited for length and clarity. Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

Author: Please provide the name of the author who will deliver each interview statement after the video shoot so that the script can be updated accordingly.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Aekkacha Moonwiriyakit (or Dhanpisit Toyingsirikul):   Our research focuses on establishing a stable STAT6 reporter cell line to investigate how individual air pollutants contribute to allergic airway inflammation.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Describe the research contexts or systems in which this protocol can be applied.
1.2. Aekkacha Moonwiriyakit (or Sirapop Lusawat) : This protocol can be applied to human airway epithelial research, high-throughput toxicant screening, and studies investigating links between air pollution and allergic disease.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

CONCLUSION:

Describe the most important consideration or challenge when performing this protocol.

1.3. Pawit Santiwong: The key challenge is optimizing the lentiviral dose and puromycin selection while monitoring cell viability to prevent cytotoxicity from affecting the results.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

Are there any additional methods or analyses that can be performed following this procedure?

1.4. Pawit Santiwong: Following this procedure, endogenous STAT6 target genes, such as mucins and chemokines, can be validated by RT-qPCR and their secreted proteins by ELISA.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 

How can future studies build on this work? Describe the questions or research directions that can be investigated next.

1.5. Pawit Santiwong: Future studies can build on this work by testing source-resolved air pollutants, screening anti-inflammatory drug libraries, and adapting the assay to primary human cells.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 




Protocol 
Author: Please film all listed shots if possible. If shot reuse is necessary, suggested reusable shots are indicated in parentheses where the same well-plate size is used. Please reuse a shot only when the medium volume and color are also visually consistent. Additionally, please capture multiple versions of these shots from different angles to help avoid visual monotony in the final video.
2. Determination of Puromycin-Induced Cytotoxicity
Demonstrator: Pawit Santiwong

2.1. To begin, obtain the 16HBE14o− (sixteen H-B-E fourteen-O) cells [1] and maintain them in minimum essential medium supplemented with 10% FBS and 1% penicillin–streptomycin [2]. Culture the cells at 37 degrees Celsius in a humidified atmosphere containing 5% carbon dioxide [3], replacing the culture medium every other day [4].
2.1.1. WIDE: Talent bringing the cells and placing them in the biosafety cabinet
2.1.2. Talent adding complete culture medium to maintain the cells
2.1.3. Talent placing the cells at 37 °C with 5% carbon dioxide
2.1.4. Talent replacing the culture medium 

2.2. Seed the 16HBE14o− cells at 2 × 10⁴ cells per well into separate 96-well culture plates designated for the 24, 48, and 72-hour time points [1]. Incubate the plates at 37 °C in a humidified atmosphere containing 5% carbon dioxide overnight [2]. Replace the medium with fresh puromycin-containing medium [3-TXT].
2.2.1. Talent transferring the cells to a 96-well culture plate
2.2.2. Talent placing the cells at 37 °C with 5% carbon dioxide
TXT: Final puromycin concentration: 0.5, 1, 2, or 4 µg/mL
2.2.3. Talent replacing the medium with fresh culture medium containing puromycin

2.3. Carefully add 5 microliters of cell-counting reagent to each well without introducing air bubbles [1] and incubate the plate at 37 degrees Celsius for 1 hour [2]. Place the 96-well plate in the plate reader [3], set the measurement wavelength to 450 nanometers and the reference wavelength to 650 nanometers on the plate reader [4]. 
2.3.1. Talent carefully adding 5 µL of cell-counting reagent to each well without introducing air bubbles
2.3.2. Talent placing the plate at 37 °C 
2.3.3. Talent placing the plate in the plate reader
2.3.4. SCREEN: Measurement wavelength being set to 450 nm and reference wavelength being set to 650 nm

Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page: https://review.jove.com/account/file-uploader?src=21866718 

2.4. Shake the plate for 15 seconds [1] before recording the absorbance [2] and then calculate the cell viability [3].
2.4.1. SCREEN: Plate reader software showing the plate shaking for 15 seconds
2.4.2. SCREEN: Absorbance measurement being recorded 
2.4.3. SCREEN: Cell viability being calculated 

3.  Optimization and Selection of Transduced Cells
Demonstrator: Sirapop Lusawat

3.1. To optimize lentiviral transduction, seed the 16HBE14o− cells at 2 × 10⁴ cells per well in a 96-well white clear-bottom plate containing 100 µL of complete culture medium per well [1], then incubate the cells at 37 degrees Celsius in a humidified atmosphere containing 5% carbon dioxide overnight until the cells reach approximately 80% confluency [2]. Replace the culture medium with fresh medium containing polybrene and STAT6 (Stat-six) luciferase reporter lentivirus and prepare a mock control without lentivirus [3][4]. Continue culture for 48 hours under the same culture conditions [5].
3.1.1. Talent transferring the cells to a 96-well white clear-bottom plate
3.1.2. Talent placing the plates at 37 °C 
3.1.3. Talent replacing the medium with fresh culture medium containing polybrene and virus and adding medium without lentivirus for the mock control preparation
3.1.4. TXT ON A PLAIN BACKGROUND
Transduction conditions:
	Component
	Condition

	Polybrene
	5 µg/mL

	Lentivirus
	STAT6 luciferase reporter lentivirus

	Multiplicity of infection (MOI)
	1, 5, 10, or 20

	Control
	Mock control well without lentivirus



3.1.5. Talent placing the cells at 37 °C (Reuse 3.1.2.)

3.2. After transduction, replace the medium with fresh culture medium [1] and incubate the cells for an additional 24 hours under the same culture conditions [2]. Next, replace the medium with fresh medium containing interleukin-4 and interleukin-13, each at 10 nanograms per milliliter [3], and continue incubation for another 24 hours under these conditions [4]. Finally, add 25 microliters of luciferase assay reagent to each well, protect the plate from light, and incubate at room temperature for 20 minutes [5].
3.2.1. Talent replacing the medium with fresh medium 
3.2.2. Talent placing the cells at 37 °C (Reuse 3.1.2.)
3.2.3. Talent replacing the medium with fresh medium containing 10 ng/mL of  interleukin-4 and interleukin-13
3.2.4. Talent placing the cells at 37 °C (Reuse 3.1.2.)
3.2.5. Talent adding 25 µL of luciferase assay reagent and keeping the plate aside for 20 minutes at room temperature

3.3. Place the plate in the plate reader [1] and shake the plate linearly for 20 seconds [2]. Measure luminescence within one hour of adding the luciferase assay reagent in endpoint mode using a full-plate read with the gain set to 120 [3]. 
3.3.1. Talent placing the plate in the plate reader
3.3.2. SCREEN: Plate reader software showing the plate shaking for 20 seconds
3.3.3. SCREEN: Luminescence measurement being recorded in endpoint full-plate mode with the gain set to 120

3.4. For selection of transduced cells, seed the 16HBE14o− cells at 2 × 105 cells per milliliter in a 24-well culture plate [1]. Culture the cells overnight at 37 °C in a humidified 5% carbon dioxide atmosphere [2]. Exchange the culture medium with fresh medium containing the STAT6 luciferase reporter lentivirus at a multiplicity of infection of 20 and 5 micrograms per milliliter of polybrene [3]. Incubate the cells for 48 hours under the same culture conditions [4].
3.4.1. Talent transferring the cells into a 24-well culture plate 
3.4.2. Talent opening the door of the incubator, placing the cells at 37 °C and closing the incubator door 
3.4.3. Talent replacing the culture medium with fresh medium containing the STAT6 luciferase reporter lentivirus and polybrene
3.4.4. Talent opening the door of the incubator, placing the cells at 37 °C and closing the incubator door (Reuse 3.4.2.)

3.5. Replace the transduction medium with fresh culture medium [1] and incubate the cells for an additional 24 hours under the same culture conditions [2]. Aspirate the culture medium and add fresh medium containing 1 microgram per milliliter of puromycin [3]. Continue incubation for 5 days at 37 °C in a humidified atmosphere containing 5% carbon dioxide [4] and replace the selection medium every 2 days until all cells in the non-transduced mock-control well are eliminated [5]. 
3.5.1. Talent replacing the transduction medium with fresh culture medium 
3.5.2. Talent placing the cells at 37 °C (Reuse 3.4.2.)
3.5.3. Talent aspirating the culture medium and adding fresh medium containing puromycin
3.5.4. Talent opening the door of the incubator, placing the cells at 37 °C and closing the incubator door (Reuse 3.4.2.)
3.5.5. Talent replacing the culture medium
4. Single-Cell Clone Isolation
Demonstrator: Dhanpisit Toyingsirikul
4.1. Detach and count the puromycin-selected STAT6 reporter cells [1]. Prepare a single-cell suspension at 5 cells per milliliter by serial dilution while preventing cell clumping during dilution [2]. Dispense 200 microliters of the cell suspension into each well of a 96-well culture plate to obtain an average density of approximately 1 cell per well [3].
4.1.1. Talent detaching the cells by pipetting and counting the puromycin-selected STAT6 reporter cells
4.1.2. Talent preparing a single-cell suspension at 5 cells/mL by serial dilution
4.1.3. Talent dispensing 200 µL of the cell suspension into each well of a 96-well culture plate

4.2. Examine each well using an inverted microscope within 24 hours and identify the wells containing a single cell [1]. Exclude the wells containing more than 1 cell or multiple spatially separated cell foci [2]. Replace the culture medium every 3 days [3].
4.2.1. SCOPE: Shot of a single cell visible in a well
4.2.2. SCOPE: Shot of More than 1 cell or multiple spatially separated cell foci visible in a well
4.2.3. Talent replacing the culture medium 

4.3. After the cells reach confluence, transfer each clone sequentially to a 6-well plate [1] and then to a T-25 culture flask when the cells reach the appropriate confluence [2].
4.3.1. Talent transferring each clone to a 6-well plate
4.3.2. Talent transferring each clone to a T-25 culture flask

4.4. To evaluate the reporter activity, seed each expanded clone at 2 × 105 cells per milliliter in a 96-well white clear-bottom plate [1] and culture the cells overnight at 37 °C in a humidified atmosphere containing 5% carbon dioxide [2]. Exchange the medium with fresh medium containing interleukin-4 and interleukin-13, each at 10 nanograms per milliliter [3] and incubate for 24 hours under the same culture conditions [4].
4.4.1. Talent transferring the cells into a 96-well white clear-bottom plate 
4.4.2. Talent opening the door of the incubator, placing the cells at 37 °C and closing the incubator door 
4.4.3. Talent replacing the culture medium with fresh medium containing interleukin-4 and interleukin-13
4.4.4. Talent placing the cells at 37 °C (Reuse 4.4.2.)

4.5. Measure the luciferase activity [1] and compare the induced reporter activity among the individual clones [2]. Repeat the luciferase assay over increasing cell passage numbers [3]. Select the clones that maintain consistent cytokine-induced reporter activity across passages [4].
4.5.1. SCREEN: Luciferase activity being measured 
4.5.2. SCREEN: Reporter activity being compared
4.5.3. Talent adding luciferase assay reagent to reporter cells from different passage numbers
4.5.4. SCREEN: Clones that maintain consistent cytokine-induced reporter activity across passages being selected
5. STAT6 Reporter Assay for Environmental Toxicant Screening
Demonstrator: Pawit Santiwong
5.1. Seed the STAT6 reporter cells at 2 × 105 cells per milliliter into a 96-well white clear-bottom plate using 100 microliters of complete culture medium per well [1]. Culture the cells overnight at 37 °C in a humidified atmosphere containing 5% carbon dioxide [2], then replace the culture medium with fresh medium containing each test compound at the desired final concentration of 10 micromolar [3]. Include a negative-control group containing 0.1 percent DMSO and a positive-control group containing interleukin-4 and interleukin-13, each at 10 nanograms per milliliter [4]. Incubate the plate for 24 hours under the same culture conditions [5].
5.1.1. Talent transferring the STAT6 reporter cells into a 96-well white clear-bottom plate 
5.1.2. Talent placing the plate at 37 °C 
5.1.3. Talent replacing the culture medium with fresh medium containing each test compound 
5.1.4. Talent preparing the negative-control and positive-control groups in the 96-well white clear-bottom plate
5.1.5. Talent placing the plate at 37 °C (Reuse 5.1.2.)

5.2. Measure luciferase activity [1] and normalize the luminescence signal from each well to the corresponding cell-viability value [2]. 
5.2.1. SCREEN: Luciferase activity being measured
5.2.2. SCREEN: Luminescence signal from each well being to the corresponding cell-viability value












Results

6. Results 

6.1. At 24 hours, cell viability progressively decreased with increasing puromycin concentrations [1]. Viability was markedly reduced across all treatment groups after 48 [2] and 72 hours [3]. A puromycin concentration of 1 microgram per milliliter was the lowest concentration that effectively eliminated non-transduced cells within 48 hours [4].
6.1.1. LAB MEDIA:  Figure 3 Video Editor: Please sequentially highlight the bars from 0.5 to 4 µg/mL corresponding to 24 hours
6.1.2. LAB MEDIA:  Figure 3 Video Editor: Please highlight the bars from 0.5 to 4 µg/mL corresponding to 48 hours
6.1.3. LAB MEDIA:  Figure 3 Video Editor: Please highlight the bars from 0.5 to 4 µg/mL corresponding to 72 hours
6.1.4. LAB MEDIA:  Figure 3 Video Editor: Please highlight the 1 µg/mL bar corresponding to 48 hours 
6.2. Reporter activity increased with increasing multiplicity of infection  [1], with a  multiplicity of infection of 20 producing the highest luminescence signal [2]. Among the three monoclonal reporter cell lines, clones 2 and 3 showed strong STAT6-dependent reporter activity following cytokine stimulation [3]. Clone 3 was selected for further characterization due to its low basal signal and robust induction [4] and maintained stable STAT6 reporter activity across passages P9 to P21 [5].
6.2.1. LAB MEDIA:  Figure 4A Video Editor: Please sequentially highlight the bars for MOI 1, 5, 10, and 20
6.2.2. LAB MEDIA:  Figure 4A Video Editor: Please  highlight the bar for MOI 20
6.2.3. LAB MEDIA:  Figure 6A Video Editor: Please highlight the colored bars for clones 2 and 3
6.2.4. LAB MEDIA:  Figure 6A Video Editor: Please highlight both  bars for clone 3
6.2.5. LAB MEDIA:  Figure 6B Video Editor: Please highlight both bars for each of P9, P12, P16, and P21
6.3. The environmental compound screening identified benzo[b]fluoranthene [1] and particulate matter as significant activators of STAT6 reporter activity [2], while the remaining polycyclic aromatic hydrocarbons [3] and heavy-metal compounds did not significantly alter reporter activity [4].  
6.3.1. LAB MEDIA:  Figure 8 Video Editor: Please highlight the bars corresponding to benzo[b]fluoranthene  
6.3.2. LAB MEDIA:  Figure 8 Video Editor: Please highlight the bar corresponding to 100 µg/mL PM
6.3.3. LAB MEDIA:  Figure 8 Video Editor: Please highlight the 2nd, 3rd, 4th, and 5th bars from the left side of the graph
6.3.4. LAB MEDIA:  Figure 8 Video Editor: Please highlight the 8th, 9th , and 10th bar from the left side of the graph
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