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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? No

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: 30/08/2026


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


Current Protocol Length

Number of Steps:  18
Number of Shots:  54 

Introduction 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Mustafa Titiz: Our research develops patient-derived corneal organoids to investigate how PAX6 mutations alter corneal development in aniridia-associated keratopathy.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Mustafa Titiz: Existing models poorly capture patient-specific corneal pathology; our protocol generates three-dimensional organoids directly from patient-derived induced pluripotent stem cells.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Mustafa Titiz: This protocol enables researchers to examine corneal development, tissue organization, and disease-associated molecular changes in patient-specific organoids.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the most important consideration or challenge when performing this protocol.
1.4. Mustafa Titiz: The most critical challenge during the procedure is isolating transparent corneal primordia without damaging the developing organoid structures.
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. Mustafa Titiz: Future studies can combine multi-omics and drug screening to identify mutation-specific mechanisms and personalized therapeutic responses.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Ethics Title Card

This research has been approved by the ethics committee at Hacettepe University 
Authors: Let us use our format and keep this simple. Please check

Protocol  
2. Initiation of Human Induced Pluripotent Stem Cell Culture 
Demonstrator: Click here to enter name of demonstrator(s)
2.1. To begin, leep a 6-well plate on ice [1] and coat 1 of the wells with 1 milliliter of 0.1 milligrams per milliliter ice-cold extracellular matrix solution [2]. Incubate the plate at 37 degrees Celsius for at least 30 minutes [3].

2.1.1. WIDE: Talent placing the 6-wel plate on ice.
2.1.2. Talent adding ice-cold extracellular matrix solution to a well. 
2.1.3. Talent placing the coated 6-well plate in the incubator.

2.2. In a 15-milliliter tube, add 1 milliliter of complete maintenance medium containing 10 micromolar Rho-Associated Protein Kinase inhibitor [1-TXT]. Then, thaw a cryopreserved aliquot of 1 x 106  human induced pluripotent stem cells until around half of the volume remains frozen [2-TXT]. Immediately pour the semi-frozen cell suspension into the prepared 15 milliliter tube [3].
2.2.1. Talent adding 1 mL complete maintenance medium containing 10 µM to the 15 mL tube. 
2.2.2. Talent thawing the cryovial and monitoring the partially thawed cell suspension. TXT: Healthy donor cells: WT; Patient-derived cell lines: AAK1, AAK2, AAK3
2.2.3. Talent pouring the semi -frozen cell suspension into the prepared 15 mL tube.

2.3. After centrifuging the cell suspension at 300 g for 5 minutes, discard the supernatant [1]. Resuspend the pellet in 1 milliliter of complete maintenance medium containing the Rho-associated protein kinase inhibitor [2]. Determine the cell density with trypan blue exclusion [3]. Add the cells into the previously coated well in the 6-well plate at 2 × 10⁴ viable cells per square centimeter [4-TXT].

2.3.1. Talent taking out the tube from the centrifuge and discarding the supernatant.
2.3.2. Talent resuspending the cell pellet in complete maintenance medium.
2.3.3. Talent mixing an aliquot of cells with trypan blue. Authors: Can you provide a microscopic image of the stained sample to show as an inset?
2.3.4. Talent seeding the cell suspension into the coated well of the 6-well plate. 

2.4. Use a phase-contrast microscope at 10x magnification to examine the cells [1]. Then, incubate the 6-well plate at 37 degrees Celsius with 5 percent carbon dioxide [2].

2.4.1. SCOPE: Show cell morphology and attachment by phase-contrast microscopy at 10X magnification.
2.4.2. Talent placing the 6-well plate in the incubator. 

3. Spontaneous and Retinal Differentiation

3.1. When the cells attain 70 to 80 percent confluency, aspirate and discard the medium [1]. Then replace the medium daily with 1 milliliter of fresh differentiation medium per well until Day 3 [2-TXT].
3.1.1. Talent aspirating and discarding the culture medium from the well.
3.1.2. Shot of the talent adding 1 mL of fresh differentiation medium to a well. TXT: Refer to the text protocol for media preparation Authors: I have removed media preparation steps and replace it with this text

3.2. On Day 3, aspirate the differentiation medium [1] and add 1 milliliter fresh retinal differentiation medium, or RDM (R-D-M) [2]. Carefully replace the spent medium with fresh RDM daily for 30 days [3].

3.2.1. Talent removing the differentiation medium from the well.
3.2.2. Talent adding 1mL fresh RDM to the well.
3.2.3. Talent removing the differentiation medium from the well.

3.3. On Day 32, use a 1000 microliter pipette tip to scrape the entire well and fragment the cell layer into small clusters [1]. Collect the cell clusters and transfer them into a low-attachment 6-well culture plate containing RDM to establish suspension culture conditions [2].

3.3.1. Talent scraping the well with a 1000 µL pipette tip 
3.3.2. Talent transferring the cell clusters into low-attachment 6-well culture plate containing RDM.

3.4. After 2 days of suspension culture, replace the spent medium with 2 milliliters of fresh RDM per well daily for 13 days [1]. Monitor the cultures regularly using a phase-contrast microscope at 4x [2] and 10x magnification [3].

3.4.1. Shot of the talent aspirating the medium and adding 2 mL of fresh RDM.
3.4.2. SCOPE: Show the 3D, transparent, corneal-like structures at 4X magnification
3.4.3. SCOPE: Show the 3D, transparent, corneal-like structures at 10X magnification


Corneal Differentiation Phase (Day 48 – 90)
3.5. Starting on Day 48, replace the RDM with 2 milliliters per well corneal differentiation medium, or CDM, every other day [1] and continue incubation, allowing maturation and spatial segregation of transparent corneal primordial regions from more opaque tissue compartments [2]. 
Authors: Please provide a representative image of the culture labelled ‘Inset 1’ showing the transparent, bubble‑like corneal primordial structures and mature, more opaque tissue compartments. Authors, please upload this to your project page at high resolution
3.5.1. Talent aspirating RDM and adding 2 mL CDM to each well of the plate.
3.5.2. Talent placing the plate in the incubator.

3.6. On Day 90, check the suspension culture in CDM at 10X magnification [1]. Use sterilized forceps and tweezers to separate the transparent corneal primordial regions from the opaque tissue compartments [2]. Return the isolated transparent corneal primordial structures to suspension culture. Intact organoids may be maintained for whole-organoid analyses [3].

Authors: Please check if [3] is correct now
3.6.1. SCOPE: Show the culture at 10X magnification on Day 90. 
3.6.2. Talent separating transparent corneal primordial regions from opaque tissue compartments with sterilized forceps and tweezers.
3.6.3. Talent returning either isolated corneal primordial structures or intact organoids to suspension culture dish in CDM.

4. Fixation and Cryosectioning Corneal Organoids

Demonstrator: Mustafa Titiz

4.1. Use an autoclaved scooper to transfer the corneal organoid from the culture into a 1.5 milliliter tube containing 4% paraformaldehyde [1]. Incubate for 20 minutes at room temperature [2]. Then, discard the paraformaldehyde from the tube without damaging the cornea organoid [3]. Add 1 milliliter of 30% sucrose solution and keep the tube at 4 degrees Celsius [4].

4.1.1. Talent transferring the cornea organoid with an autoclaved scooper into a 1.5 milliliter tube containing 4% paraformaldehyde. 
4.1.2. Talent placing the tube aside for incubation at room temperature.
4.1.3. Talent discarding paraformaldehyde from the tube while retaining the organoid.
4.1.4. Shot of the talent adding 30% sucrose solution to the tube and placing in a refrigerator.

4.2. After 24 hours, label a 5-milliliter tube and keep liquid nitrogen ready for optimal cutting temperature or OCT (O-C-T) compound fixation [1]. Discard the sucrose solution from the sample tube [2] and transfer the organoid into a sterile scooper [3]. Use a 20-microliter pipette to remove the excess sucrose solution from the organoid [4].

4.2.1. Talent labeling 5 mL tubes next to liquid nitrogen placed on a table.
4.2.2. Talent discarding the sucrose solution from the tube.
4.2.3. Talent transferring the organoid into a sterile scooper.
4.2.4. Talent removing excess sucrose solution from the organoid with a 20 µL pipette.

4.3. Pour the OCT compound into the cap of a 5-milliliter tube and place the organoid in the cap with another sterile scooper [1]. Add more OCT compound to cover the surface of the organoid [2] and use a needle to pop the bubbles in the OCT compound [3]. Close the cap of the 5-milliliter tube and dip it into liquid nitrogen using tweezers [4]. Store the sample at minus 20 degrees Celsius [5].

4.3.1. Shot of the talent placing the organoid into OCT compound in the cap of a 5- mL tube with a sterile scooper.
4.3.2. Talent adding OCT compound to cover the organoid.
4.3.3. Talent popping balloons/bubbles in the OCT compound with a needle.
4.3.4. Talent closing the cap and dipping the sample into liquid nitrogen with tweezers.
4.3.5. Talent placing the frozen sample into storage at -20 °C.

4.4. Section the sample at 5-micrometers thickness with a cryostat and store it at minus 20 degrees Celsius until staining [1].

4.4.1. Talent sectioning the sample with a cryostat at 5 micrometers thickness.

5. Immunofluorescence Staining of Tissue Sections

5.1. Dry the slides for 20 to 60 minutes on a heater at 37 degrees Celsius [1]. Wash the sections 3 times with PBS (P-B-S) containing 0.3% Triton X-100 (X-100) at room temperature for 10 minutes [2].
Authors: At which step do you place the sections on the slides?
5.1.1. Talent placing the slides on a heater at 37 degrees Celsius.
5.1.2. Talent washing the slides with phosphate-buffered saline containing 0.3% Triton X-100.

5.2. Clean the slide with tissue paper and draw a border with a PAP pen [1]. Add approximately 100-200 microliters of the blocking solution to cover the tissue section, then incubate at room temperature for 1 hour [2].

5.2.1. Talent cleaning the slide with tissue paper and drawing a border with a PAP pen.
5.2.2. Talent applying blocking solution to cover the tissue section on the slide.

5.3. After aspirating the blocking solution, draw a border again with the PAP pen [1]. Add 150 microliters of the primary antibody solution onto the slide and incubate at room temperature for 1 hour [2].

5.3.1. Talent marking the slide border with a PAP pen.
5.3.2. Talent applying the primary antibody solution onto the slide.

5.4. Wash the slide 2 times with PBS containing 0.3% Triton X-100 for 10 minutes [1]. Draw the border again with a PAP pen and add 150 microliters of secondary antibody solution containing anti-rabbit 488 and anti-mouse 594 [2-TXT]. Incubate the slide at room temperature under dark conditions for 2 hours [3]. Wash the slide 2 times with PBS containing 0.3% Triton X-100 at room temperature for 10 minutes [4]. After cleaning the slide, stain the nuclei with DAPI (dappy) solution [5] and visualize the stained samples using fluorescence or confocal microscopy at 4x and 10x magnification [6].

5.4.1. Shot of the talent washing the slide by adding the buffer.
5.4.2. Shot of the talent drawing the border with a PAP pen and then adding  the secondary antibody solution onto the slide under dark conditions.
5.4.3. Talent placing the slide in a dark chamber.
5.4.4. Shot of the talent washing the slide by adding the buffer.
5.4.5. Talent adding the slide with DAPI solution.
5.4.6. Talent placing the slide under fluorescence or confocal microscope.



Results
6. Results 
6.1. Early stages were characterized by the formation of compact cellular aggregates [1].

6.1.1. LAB MEDIA: Figure 3. Video editor: Highlight the small, clustered cell groups spread out uniformly in the images labelled “D2”

6.2. The emergence of epithelial-like structures was observed during intermediate stages of differentiation [1].

6.2.1. LAB MEDIA: Figure 3. Video editor: Highlight the rounded structures outlined with dashed lines in the images labelled “D30”

6.3. Organoids exhibited more organized, multilayered morphologies at later stages [1].

6.3.1. LAB MEDIA: Figure 3. Video editor: Highlight the large dense organoid structures in the images labelled “D90” showing layered appearance

6.4. Cytokeratin 19 was detected in specific epithelial populations, supporting corneal lineage commitment [1].

6.4.1. LAB MEDIA: Figure 5. Video editor: Highlight the red signals labelled “CK19” in the panel showing “CK19 / CK14 / DAPI”

6.5. Aquaporin 1 expression was observed in a subset of cells, indicating partial endothelial-like differentiation [1].

6.5.1. LAB MEDIA: Figure 5. Video editor: Highlight the red signals labelled “AQP1” in the panel showing “AQP1 / N-Cad / DAPI”

6.6. N-cadherin was prominently localized at intercellular junctions, supporting epithelial integrity [1].

6.6.1. LAB MEDIA: Figure 5. Video editor: Highlight the green signals labelled “N-Cad” where it appears between neighboring cells in the panel showing “AQP1 / N-Cad / DAPI”

6.7. Type IV collagen was detected in the basal regions, confirming extracellular matrix deposition and basement membrane formation [1].

6.7.1. LAB MEDIA: Figure 5. Video editor: Highlight the green signals labelled “ColIV” near the bottom edge of the organoid in the panel showing “CK3 / ColIV / DAPI”
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