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SIGNIFICANCE STATEMENT:
Provide a 120-word-maximum statement about the significance of the protocols/topic described in your manuscript. This should be understandable to undergraduate-educated scientists outside their field of specialty. The goal is to explain the relevance of the work context to a broad readership. It will be used in promotion of the article following publication.
Understanding the mechanisms underlying lung injury and repair is critical to develop novel therapeutics to tackle lung diseases. Despite significant advances in the development of various in vitro models, these fall short of mimicking the in vivo environment of the injured lung. To address this unmet need, we have established the acid-injury and repair (AIR) model using precision-cut lung slices (PCLS) which retain the cell populations and architecture of the in vivo lungs. With the robust markers and highly reproducible read-outs established for the study of lung injury and early repair processes in the mouse lung, this model could be adapted for use in other organs or with human PCLS to provide further clinical relevance.

ABSTRACT:
The abstract should be no more than 250 words long and provide a summary of the contents of the manuscript. Please note that you will have to copy the abstract to the appropriate place as part of your ScholarOne upload.
Recent advances in cell culture models like air-Liquid interface culture and ex-vivo models such as organoids have advanced studies of lung biology, however gaps exist between these models and tools that represent the complexity of the three-dimensional environment of the lung. Precision-cut lung slices (PCLS) mimic the in vivo environment and bridge the gap between in vitro and in vivo models. We have established the acid-injury and repair (AIR) model where a spatially restricted area of tissue is injured using drops of hydrochloric acid combined with pluronic gel. Injury and repair are assessed by immunofluorescence using robust markers, including Ki67 for cell proliferation and pro-surfactant protein C (proSP-C) for alveolar type 2 / progenitor cells. Importantly, the AIR model enables the study of injury and repair in mouse lung tissue without the need for an initial in vivo injury and the results are highly reproducible. Here we present detailed protocols on the generation of PCLS and the AIR model. We also describe methods to analyse and quantify injury in AIR-PCLS by immunostaining with established early repair markers and fluorescence imaging. This novel ex vivo model is a versatile tool for studying lung cell biology in acute lung injury, as well as for semi high-throughput screening of potential therapeutics.
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INTRODUCTION:
Briefly introduce the purpose of the method, what problem(s) it addresses, and what data can be obtained by executing the protocols. Most of the background literature should be cited in the Commentary section (see below). The final paragraph of the introduction should, in sentence form, list all the protocols in the document and provide a brief summary of each one.
The lungs possess an innate capacity for repair following injury (Basil et al., 2020; Pardo-Saganta et al., 2015). Understanding the precise mechanisms of lung injury and repair is key for developing novel regenerative medicine strategies to enhance tissue repair. Numerous in vitro, ex vivo and in vivo approaches have been developed to study lung tissue repair processes, however there are few exclusively ex vivo models of lung injury and repair that do not require an initial in vivo injury. The advances in cell-based and organoid culture models are promising yet require many cells or generation of large amounts of complex tissue in order to mimic whole lungs (Schilders et al., 2016; Tan et al., 2017; Evans and Lee, 2020). In the case for organoids, experimental reproducibility both within and across labs is a challenge (Gkatzis et al., 2018; Huch et al., 2017).
Recently, the use of precision-cut lung slices (PCLS) has been employed by a number of groups to study aspects of lung biology (Akram et al., 2019a, Akram et al., 2019b; Alsafadi et al., 2019; Liu et al., 2019; Gerpe et al., 2018). A major advantage of using PCLS over organoids and other in vitro models is that PCLS provide the ability to monitor cell behavior within complex three-dimensional lung tissue, which closely mimics the in vivo situation. The use of PCLS enables the reduction of animal use as many lung slices can be obtained from a single lung. There are a growing number of tools that use PCLS, including our recently published real-time imaging of alveologenesis in early postnatal mouse PCLS (Akram et al., 2019b). More recently, we have developed a novel ex vivo tool to study lung injury and early repair processes (Kim and Mongey et al., 2020).
Here we describe methods to generate precision-cut lung slices from mouse lungs (Basic Protocol 1) and to establish the AIR model (Basic Protocol 2). In the AIR model, lung injury is achieved by administering hydrochloric acid to a restricted area of PCLS within drops of thermosensitive gel. To determine the extent of injury and repair efficiency, AIR-PCLS are immunostained using established early repair markers and imaged using a widefield microscope with ApoTome for optical sectioning and increased resolution (Basic Protocol 3). 

STRATEGIC PLANNING (optional)
Occasionally a method is sufficiently complex that a Strategic Planning section is required. This section describes, in paragraph form, various procedural options that are essential to know before starting the protocol(s) below.

BASIC PROTOCOL 1
BASIC PROTOCOL TITLE 
Provide a title for each protocol.
GENERATION OF PRECISION-CUT LUNG SLICES (PCLS)
Introductory paragraph:
Briefly introduce protocol. Tell the user what they are doing, how they are doing it and what they should expect if the protocol is conducted properly. Important notes can be added here such as safety hazards, or animal handling guidelines.
In this section, we describe a protocol for generating PCLS from mouse lungs. It begins with a detailed protocol of dissecting and harvesting the lung after filling with agarose gel in preparation for the lung to be cut into slices. Approximately 30 similar sized PCLS are generated from the middle of a left lobe of a mouse lung when this protocol is followed. Obtaining good quality PCLS by carefully following the protocol (especially filling the lung with optimal amount of agarose and ensuring sufficient similar sized PCLS are obtained) forms an important foundation for downstream experiments such as establishing the AIR and alveologenesis models (Akram et al., 2019a, Akram et al., 2019b). All animal handling should be approved by the animal facility.
Materials:
Provide an EXHAUSTIVE list the item(s), materials, reagents, solutions and instruments used for this protocol in the order introduced in the protocol steps below. Complex solutions (more than 2 components) and reagents should be listed here – with the recipe details written in the Reagents and Solutions section (the components of those recipes are NOT listed here). Please ensure that enough detail for each material is added such that someone could obtain the exact material listed – depending on the material this might be supplier information, product numbers, CAS numbers, antibody clone numbers etc. 
Example of a detailed materials list:
Anti-CD3 (Bio X Cell, cat. no. BE0001-1, RRID:AB_1107634)
Anti-CD28 (Bio X Cell, cat. no. BE0015-1, RRID:AB_1107624)
MACS Naive CD4+orCD8a+T Cell Isolation Kit, mouse (Miltenyi Biotec, cat. no. 130-104-453 or 130-096-543)
Low Salt Wash Solution (see recipe)
HEK 293T cells (ATCC, cat. no. CRL-3216, RRID:CVCL_0063)

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]C57BL/6 mouse aged 10 to 12 weeks (Charles River)
Agarose, low melting point (Sigma; cat. no. A9414) made to a 2% solution (see recipe)
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Hank’s Balanced Salt Solution 1× (HBSS; Thermo Fisher Scientific; cat. no. 14025050) containing 1% 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer solution (Thermo Fisher Scientific; cat. no. 15630122)
Serum-free Dulbecco’s Modified Eagle Medium (SF-DMEM; Sigma; cat. no. 31966-021) supplemented with 1% penicillin-streptomycin (Thermo Fisher Scientific; cat. no. 15140122)
Pentobarbitone sodium 200mg/ml solution for injection (Pentoject; Animalcare)
21G rigid metal cannula
Surgical suture
70% ethanol
Wet ice
Syringes (1ml, 5ml, 60ml)
Sterile tubes (5ml or similar size) for transporting mouse lungs
Needles (18G for drawing up pentobarbitone solution and 23G for injection)
Forceps (one curved tip and one straight tip)
Surgical scissors 
Fine tipped spring scissors (World Precision Instruments; cat. no. 14125)
Scalpel blade
24-well tissue culture plate
Small metal spatula
An automated vibratome (Compresstome® VF-300-0Z; Precisionary Instruments LLC)
Narrow stainless steel blades (Campden Instruments; CI.7550-1-SS/50)
Super glue
Syringe chilling block
Specimen holder and specimen tube
Incubator set to 37°C and 5% CO2

Protocol steps — Step annotations:	
Numbered protocol steps describe the how to perform the protocol. Use the active voice (start each sentence with a verb such as weigh, place, measure) and include sufficient detail that the procedure can be successfully completed on the first attempt. Provide any pointers, additional information or explanation for a protocol step as an annotation, directly below the step to which it applies and in italics. Not every step requires an annotation, but authors are strongly encouraged to add annotations to enrich the instructions. 
Example of a properly written protocol step with an annotation:
3. Plate 1 × 106 cells/ml in R10 medium with 10 nM OVA257-264SIINFEKL peptide in individual wells of a 24-well or 6-well plate or a flask to activate cells.
Usually during the first 24 h, cell numbers will decrease by 25%. Please recount the cells after the incubation to make sure you use the correct amount in the following step.

Sample Data (to be incorporated directly into the steps of the protocol)
Provide data in the form of either figures or tables that your lab has generated FOR EACH PROTOCOL. This data will act as a benchmark for the field demonstrating to a user exactly what they should achieve if they replicate your experiment correctly. This content should be incorporated throughout the protocol steps – but is often incorporated at the end. Some protocols do not produce much data such as growing cells or purifying a peptide. In these instances, please provide a sufficiently detailed written description of the protocol results such that a user could determine if they have accurately reproduced your steps.
1. Humanely kill mice by intraperitoneal injection of pentobarbital (50 mg/kg body weight) or other methods approved by the animal committee, except cervical dislocation should not be used as it damages the trachea.
Pinch a paw and wait longer if there is a response. Usually mice will die in 5-10 min after injection.
2. Confirm death by exsanguination of femoral artery.
3. Spray 70% ethanol over the anterior abdomen, chest and neck.
4. Pinch the skin from the anterior abdominal wall and make an incision using fine scissors along the midline extending from the abdomen to the chest wall then to the chin.
5. Retract the skin on both sides to expose the upper part of the abdomen and chest wall.
6. Lift the lower end of the sternum using forceps and gently make an opening to the diaphragm to expose the collapsed lungs.
7. Remove the anterior chest wall carefully using scissors without touching the lungs. 
8. Expose the trachea by gently removing muscle and surrounding tissue using forceps and fine scissors.
9. Make a small incision in the trachea near the cricoid cartilage using fine tipped spring scissors.
10. Insert a 21G rigid metal cannula into the trachea through the incision and tie a suture around the trachea to hold the cannula inside.
11. Fill a 5-ml syringe with approximately 2 ml of 2% agarose solution heated to 37°C.
12. Inflate the lungs using approximately 1 ml of 2% agarose solution. If the lungs are not fully inflated, continue filling the lung with additional 100-400 µl of 2% agarose solution until observing the ‘flick’ at the end of the post-caval lobe that occurs when all lung lobes are filled. Ensure that the lungs are not overinflated.
13. Keep the syringe attached to the cannula to avoid leakage of agarose and place wet ice wrapped in laboratory paper towel over the chest cavity until the agarose solidifies. This may take 2-3 min.
14. Pull out the cannula from the trachea and tighten the suture knot.
15. Excise the top of the trachea and hold onto the top of the trachea using forceps while removing the heart and lungs from the chest cavity.
16. Remove the esophagus, if still attached, by pulling with forceps.
17. Submerge the whole heart and lungs in ice-cold HBSS/HEPES solution inside a sterile tube and place tube on wet ice until slicing.

[Insert Figure 1 showing mouse dissection]

18. Set up the vibratome for slicing by wiping the buffer tray, specimen holder and specimen tube using 70% ethanol then air dry. Place the syringe chilling block in -20°C freezer for 15 – 30 min.
19. Attach a blade to the blade holder using super glue and leave to dry.
20. [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Prepare 24-well plates filled with 1 ml per well of cold, sterile SF-DMEM.
21. Transfer the heart and lung block from the tube to a clean petri dish and separate the left and right lobes of the lung from bronchi using a scalpel blade.
22. Cut a small portion at the end of a lung lobe to make it flat using a scalpel blade.
23. Assemble the specimen holder inside the metal specimen tube and glue the flat end of the lung lobe using a small drop of super glue on the specimen holder, holding it vertically while the glue sets and the lung lobe adheres.
24. Pull the specimen holder down until the top of the lung lobe is leveled 1 mm beneath the end of the metal specimen tube and fill the specimen tube (the area surrounding the lung lobe) with 2% agarose solution heated to 37°C using a 5 ml syringe.
25. Hold the agarose-filled specimen tube with the cold syringe chilling block until the agarose solidifies.
26. Insert the specimen tube into the buffer tray and adjust the blade so that it is around 1 mm away from the end of the specimen tube.
27. Fill the buffer tray with ice cold HBSS/HEPES buffer.
28. Generate PCLS by setting the parameters on the vibratome controller to the thickness of 300 µm, cutting speed to 5, cutting oscillation frequency to 5, and select ‘continuous mode’.
29. Collect precision-cut lung slices (PCLS) from the buffer tray using a small metal spatula (see Troubleshooting). Discard the first third of the lung lobe for which the sizes vary and take PCLS from the middle third of the lung lobe for similar sized lung slices and transfer them to the 24-well plate filled with SF-DMEM (prepared in step 20), placing one slice per well. Ensure that only PCLS is collected from the buffer tray and no excess agarose surrounding the PCLS is collected.
30. Stop the vibratome by switching to ‘single mode’ when a sufficient number of PCLS is collected.
31. Take out the HBSS/HEPES from the buffer tray using a 60-ml syringe and take out the specimen tube from the buffer tray to discard the remaining sample/agarose using a scalpel.
32. Repeat steps 23 to 30 to generate additional PCLS from other lung lobes. 
33. Incubate PCLS at 37°C and 5% CO2: (i) overnight for the AIR model, or (ii) for 3 h for the alveologenesis experiment, with a washing step at 2 h using warm SF-DMEM to remove excess agarose prior to further 1 h incubation. 

[Insert Figure 2 showing the generation of PCLS]


Detailed protocols for Live imaging of lung alveologenesis are published by our lab (Akram et al., 2019a) and extensive data are also published separately (Akram et al., 2019b).

BASIC PROTOCOL 2 
Protocol describing the recommended or most universally applicable approach(es). You may include as many Basic Protocols as deemed necessary, but they must be numbered sequentially.
BASIC PROTOCOL TITLE
THE ACID INJURY AND REPAIR (AIR) MODEL 
Introductory paragraph:
Briefly introduce protocol. Tell the user what they are doing, how they are doing it and what they should expect if the protocol is conducted properly. Important notes can be added here such as safety hazards, or animal handling guidelines.
In this section, we describe a protocol for establishing the AIR model using mouse PCLS to enable the study of early repair responses in an ex-vivo environment that closely mimics the in vivo situation. By following the protocol, a spatially restricted area of PCLS is injured using acid, killing the majority of the cells while the extracellular matrix remains intact. Successful application of injury to a restricted area of tissue can be monitored by observing a colour change in the media where the acid has been applied (pink to yellow due to pH change). The AIR model enables the investigation of cell behavior in response to injury and if desired, pharmacological agents that modify tissue repair may be added to the media to assess the subsequent changes in repair efficiency. Care should be taken when handling hydrochloric acid with appropriate personal protective equipment and dilutions should be prepared inside a fume hood.
Materials:
Precision-cut lung slices (Basic Protocol 1)
Serum-free Dulbecco’s Modified Eagle Medium (SF-DMEM; Sigma; cat. no. 31966-021) supplemented with 1% penicillin-streptomycin (Thermo Fisher Scientific; cat. no. 15140122)
Pluronic® F-127 (Sigma; cat. no. P2443-250G) made to 30% (w/v) gel using ice-cold DMEM (containing 1% penicillin-streptomycin)
Hydrochloric acid diluted to 0.2M using ice-cold SF-DMEM (containing 1% penicillin-streptomycin)
Pyrex® cloning cylinder (Sigma; cat. no. CLS31668)
Silicon grease (Sigma; cat. no. Z273554)
Petri dish
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Curved tip forceps
Fine tipped spring scissors
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Small metal spatula
24-well tissue culture plates
Metal spatula

Protocol steps—Step annotations:
	Sample Data (incorporated into the protocol steps)
1. Prepare Pluronic gel 30% (w/v) using ice-cold SF-DMEM on the day of obtaining PCLS, placed inside a secondary container containing wet ice, inside the fridge (4°C) overnight to dissolve.
2. Prepare hydrochloric acid (HCl) solutions using SF-DMEM to obtain final acid concentrations (0.1M, 0.01M and 0.001M) with 15% pluronic gel.
3. Discard media from the 24-well plate containing PCLS after overnight incubation and wash PCLS using pre-warmed SF-DMEM to remove excess agarose. Repeat three times to ensure removal of all excess agarose.
4. Remove media from one well while positioning the PCLS in the middle of the well.
5. Hold a cloning cylinder using forceps and coat the bottom rim of the cylinder using silicon grease ensuring a similar thickness of grease around the whole rim.
6. Place the cylinder inside the well at the position to surround one end of the PCLS, where the acid injury should take place. Press the top rim of the cylinder gently using forceps to ensure a complete seal. 
Ensure that the cylinder is placed not too close to the edge of the PCLS in order to obtain a decent-sized injured region.
7. Fill the outer area of the well using pre-warmed 500 µl SF-DMEM and observe to ensure that there is no leakage to the region inside of the cylinder.
8. Fill the inside of the cylinder using 100 µl HCl solution (prepared in step 2) for 1 min acid injury and check that no acid is leaked from the inside the cylinder by monitoring that there is no colour change in the surrounding media.
9. After 1 min, remove the acid solution and wash the injured region 5 times with 200 µl SF-DMEM.
10. Remove the cylinder carefully using forceps and transfer PCLS using a small metal spatula to a new 24-well plate containing fresh SF-DMEM.
11. [bookmark: OLE_LINK40][bookmark: OLE_LINK41]Incubate PCLS at 37°C and 5% CO2 for up to 48 hrs after injury. Ensure to keep additional uninjured PCLS as a control group.

[bookmark: OLE_LINK60][bookmark: OLE_LINK61][Insert Figure 3 showing the AIR model and live/dead images]

BASIC PROTOCOL 3 (optional)
Protocol describing the recommended or most universally applicable approach(es). You may include as many Basic Protocols as deemed necessary, but they must be numbered sequentially.
BASIC PROTOCOL TITLE
ANALYSIS OF AIR-PCLS – IMMUNOSTAINING AND IMAGING


Introductory paragraph:
In this section, we describe a protocol for the analysis of the AIR-PCLS model by immunostaining using established markers of an early repair response (Ki67 and proSP-C) and imaging using a widefield microscope with Apotome. PCLS can be incubated with high viability for up to 72 h from the time of harvesting the lung. Typical time points used for assessment of repair are 24 and 48 h after injury for experiments such as cell viability assays, immunostaining with cell type specific antibodies or isolation of ribonucleic acid for analysis of gene expression (Kim and Mongey et al., 2020). Confocal microscopy can be used for obtaining high resolution images of PCLS, however widefield microscope is recommended for semi-high throughput screening of multiple PCLS. Widefield microscopy with Zeiss Apotome operation enables the acquisition of sharp, crisp images from the PCLS using optical sectioning, however deconvolution software could also be used (Akram et al., 2019a).
Materials:
PCLS with or without acid injury (Basic Protocol 1 and 2)
Phosphate buffered saline 1× (PBS) made by using PBS tablets (Fisher Scientific; cat. no. 10209252)
Formaldehyde 4% solution made from diluting 16% formaldehyde solution (ThermoFisher; cat. no. 28908) with PBS
Triton™ X-100 (Sigma-Aldrich, cat. no. X-100) made to 0.5% solution by dilution with PBS
[bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]PBS-BT solution (see recipe; made using bovine serum albumin (Sigma-Aldrich; cat. no. A7030-100G) and Triton™ X-100)
Ki67 monoclonal antibody clone SolA15 (ThermoFisher Scientific; cat. no. 14-5698-82)
Anti-Prosurfactant Protein C (ProSP-C) antibody (Merck Millipore; cat. no. AB3786)
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Goat anti-rat IgG, Alexa Fluor 568 (Invitrogen; cat. no. A-11077)
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Goat anti-rabbit IgG, Alexa Fluor 488 (Invitrogen; cat. no. A-11008)
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]DAPI (diamidino-2-phenylindole) 1 mg/ml solution (Life Technologies; cat. no. 62248)
ProLong® Gold Antifade Mountant (ThermoFisher Scientific; cat. no. P36930)
SuperFrost Plus™ glass slides (Fisher Scientific; cat. no. 10149870)
Plastic tubes for preparing antibody solutions
Glass coverslips 
Small metal spatula
Laboratory rocker
Aluminium foil
Zeiss Axio Observer inverted microscope with Apotome
Zen acquisition software
ImageJ software

Protocol steps—Step annotations:
	Sample Data (incorporated into the protocol steps)
1. Fix PCLS at the required time point (24 or 48 hr after injury) using 4% formaldehyde solution for 15 min at room temperature.
2. Wash PCLS with PBS three times, 5 min for each wash.
3. Permeabilise PCLS by incubating with 0.5% Triton X-100 for 30 min at room temperature with gentle rocking.
4. Incubate PCLS in a blocking solution (PBS-BT) for 1 hr at room temperature with gentle rocking to avoid non-specific binding of antibodies.
5. Prepare a combined solution of primary antibodies using a 1:500 dilution for both rat anti-mouse Ki67 and rabbit anti-mouse proSP-C antibodies in PBS-BT.
6. [bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK58][bookmark: OLE_LINK59]Incubate PCLS with primary antibodies in PBS-BT (made in step 5) overnight at 4°C.
7. [bookmark: OLE_LINK44][bookmark: OLE_LINK45]Wash PCLS three times with PBS-BT solution three times, 5 min for each wash, at room temperature with gentle rocking.
8. Prepare a combined solution of secondary antibodies using a 1:500 dilution for both goat anti-rat IgG, Alexa Fluor 568 antibody for Ki67 and goat anti-rabbit IgG, Alexa Fluor 488 antibody for proSP-C in PBS-BT.
9. [bookmark: OLE_LINK48][bookmark: OLE_LINK49]Incubate PCLS with secondary antibodies in PBS-BT (made in step 8) for 1 hr at room temperature with gentle rocking, in the dark (plate covered in aluminium foil).
10. Wash PCLS three times with PBS-BT solution three times, 5 min for each wash, at room temperature with gentle rocking.
11. [bookmark: OLE_LINK52][bookmark: OLE_LINK53]Prepare DAPI working solution (2 µg/ml) by diluting the stock solution by 1:500 using PBS-BT.
12. Incubate PCLS with DAPI for 15 min at room temperature with gentle rocking, in the dark.
13. Wash PCLS once with PBS-BT and place PCLS in PBS.
14. Transfer PCLS onto glass slides using a small metal spatula. Take care to lay PCLS flat without pressing on the PCLS with the spatula.
15. [bookmark: OLE_LINK54][bookmark: OLE_LINK55]Remove excess PBS surrounding PCLS by using a 200 µl pipette.
16. Place drops of ProLong Gold Antifade Mountant on top of PCLS (approximately 40 µl per PCLS) and place a coverslip on top.
17. [bookmark: OLE_LINK56][bookmark: OLE_LINK57]Cover the slide holder containing glass slides using foil and let the mountant set overnight at room temperature.
18. Keep the slide holder containing glass slides at 4°C until imaging.
19. Switch on the microscope and the ApoTome power unit then insert the ApoTome unit until a beep sound is made to indicate that it is correctly placed into the light path.
20. Start the Zen software using Zen Pro mode and set up the channels for 405, 488 and 568 nm respectively for visualising DAPI, proSP-C and Ki67.
21. Place the glass slide onto the slide holder (coverslip down for inverted microscope)
22. Locate the sample by switching on fluorescence under the ‘Locate’ tab and by moving the sample stage and adjusting focus while looking through the eyepiece.
23. Select ‘5’ for ‘Phase Images’ and ‘Conventional Fluorescence’ for the ‘Live Mode’ in the tab ‘ApoTome Acquisition’ (see Troubleshooting). 
24. Switch on ‘Live’ under the ‘Acquisition’ tab and adjust each channel so that there is good signal range with all channels but with no saturation.
25. Turn the focus knob to set the focal plane to the middle of the PCLS by finding the range for the top and bottom of PCLS then going back to the middle of PCLS. Avoid imaging regions where the airways are present, as there will be high density of cells and increased number of Ki67 positive cells.
26. Acquire an image by clicking ‘Snap’ and save the image.
27. Process the image under the ‘ApoTome’ tab by selecting ‘Optical sectioning’ for ‘Display mode’, ticking ‘Normalisation’, ‘Enable correction’ and ‘Phase correction’ with ‘Local bleaching’ selected for ‘Correction’.
28. Click ‘Create image’ to generate a sharp, crisp ApoTome image and save the image.
29. Repeat steps 25-28 to obtain three images for each injured and uninjured region per PCLS.
30. Open the saved images using ImageJ software and count the number of cells positive for Ki67, proSP-C and DAPI using a cell counter.
31. Calculate the number of Ki67 and proSP-C positive cells as a percentage of DAPI and compare the data between injured and uninjured regions and uninjured control PCLS.

[Insert Figure 4 showing the microscope with ApoTome and finding the correct focal plane]

REAGENTS AND SOLUTIONS:
Recipes for reagents or solutions that are unique to the protocols described in the manuscript. Provide details on how to produce these recipes and include storage information (temperature and duration).
Agarose 2% solution 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Dissolve 1 g low melting point agarose in 50 ml Hank’s Balanced Salt Solution supplemented with 1% 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer. Heat the solution for 20 sec using a microwave then stir well to assist dissolution. Repeat heating until the solution becomes clear and free from lumps of agarose. Keep at 37°C until use.

PBS-BT solution
Dissolve 1 g bovine serum albumin to 100 ml PBS to make 1% BSA solution. Add 200 µl Triton X-100 to achieve final concentration of 0.2% Triton X-100. Mix well using a stirring bar on a magnetic stirrer until complete dissolution. Keep at 4°C until use.

COMMENTARY
BACKGROUND INFORMATION:
Historical background on the development of the technique(s) and/or comparison of the described technique with other methods that may be used for similar analyses.
The use of PCLS has increased considerably over the past decade. Some of the earliest studies using PCLS looked at airway smooth muscle contractility (Bergner and Sanderson, 2002; Wohlsen et al., 2003), vascular and airway responses in pulmonary vessels (Moreno et al., 2006) and local immune reactions of biologically active agents or chemical allergens (Henjakovic et al., 2008).
PCLS have major advantages over other models because they maintain the three-dimensional architecture of the lung and include all the resident cell populations present in vivo. Since PCLS are not connected to an active circulation immune cell recruitment cannot occur, however all resident cell types are present in their normal ratios and architectural relationships. Moreover, as many slices can be obtained from a single animal, PCLS enables a large number of replicates and thus has the advantage of reducing both animal numbers required and experimental error (Bryson et al., 2020).
The AIR model is a unique model that enables the study of injury and early repair processes using PCLS. In the AIR model, a restricted area of PCLS is injured and the adjacent areas of the tissue are uninjured, replicating the pattern of acute lung injuries in humans. Moreover, the use of acid to induce tissue injury is relevant to gastric aspiration injury, a common cause of acute lung injury in patients. One of the first animal models of acid aspiration-induced lung injury was developed in 1989 using a rat model, with the purpose of studying the pathophysiology of acute lung injury (Kennedy et al., 1989). In 1995, interleukin-8 (IL-8) was identified as a critical cytokine that contributes to the development of acid-induced lung injury in a rabbit model and neutralisation of IL-8 was reported as a potential treatment of acute lung injury after aspiration of gastric contents (Folkesson et al., 1995). Since the 1990s numerous animal models of acid-induced acute lung injury have been developed, none of which are exclusively ex vivo models, i.e do not require an initial in vivo injury with the exception of the AIR model. The parameters of the AIR model including pH of acid used and the time points used for the assessment of injury and repair are relevant to in vivo models of gastric aspiration (Patel et al., 2012; Wilson et al., 2017). The limitations of animal models that arise from the differences in the phenotype of the injury in animals and humans have inhibited translation of novel therapies for acute lung injury to date (Proudfoot et al., 2011). The AIR model may significantly improve our understanding of ling injury and repair, leading to improved translation of potential therapeutic treatments for lung disease.

CRITICAL PARAMETERS:
Factors that influence the protocol and to which special attention should be paid. This section is designed to provide detailed answers to the questions “What parameters should I consider before conducting these protocol(s)? What aspects of this experiment are the most sensitive to the user manipulation? Do certain samples have to be prepared in a special way to obtain reproducible results?”. Some authors address each protocol individually, but this section should be written in paragraph form.
Inflation of the lung using agarose solution
Proper inflation of the lung prior to harvesting the lung is important to obtain intact PCLS. Overinflation of the lung may damage the architecture of the lung and an underinflated lung will not cut evenly during the generation of PCLS. Approximately 1 ml of 2% agarose solution is used to inflate a mouse lung however additional 100-400 µl may be required until the lung is fully inflated which can be indicated by the ‘flick’ at the end of the post-caval lobe.
Ensuring restricted acid injury
An optimal amount of silicon grease should be used on one side of the cloning cylinder to ensure a complete seal around the rim. Too much silicon grease could lead to narrowing of the area that is to be injured with acid while too little silicon grease could lead to acid leaking outside the cylinder. Insufficient silicon grease and pressing down the top rim of the cylinder can also cut or tear the PCLS, applying a moderate amount of silicon grease and then gently tapping on the top rim of the cylinder using forceps should lead to a complete seal.

Imaging AIR-PCLS
When imaging AIR-PCLS it is critical that the focal plane is set to the middle of the PCLS (Figure 4B). This is not only to ensure a clear image is obtained, but more importantly as this ensures that the markers of injury and repair being analysed is due to the acid injury itself, instead of the damage done to the tissue from the process of tissue slicing.

TROUBLESHOOTING:
Common problems with the protocols, their causes, and potential solutions. The information may be presented in tabular form or it may be combined with Critical Parameters. This section should answer the follow “What aspects of the protocol are most likely to fail or not reproduce? If a protocol does not work – what are the most common causes and how does one resolve them?”. This section can be written in either paragraph form or entered as a table. 
Precision-cut lung slices
Connective tissue joining the lung slices together can interfere when collecting slices as the slices may not completely detach from the remaining sample attached to the sample holder. If this is observed, stop the vibratome by switching from ‘continuous mode’ to ‘single mode’ and carefully use fine tipped spring scissors to cut the connective tissue joining the slices together.

Imaging PCLS using a Zeiss widefield microscope with ApoTome
To ensure that ApoTome is set up correctly, the ‘ApoTome Acquisition’ window should show two green ticks for ‘ApoTome Active’ and ‘Channel Calibrated’. If there is a red cross for ‘ApoTome Active’, ensure that the ApoTome unit is inserted properly by pulling the unit out of the light path until you feel a gentle click. Then re-insert the ApoTome unit until a beep sound is heard. If there is a red cross for ‘Channel Calibrated’, this may be rectified by restarting the Zen software after ensuring the ApoTome unit is property inserted.

STATISTICAL ANALYSIS: (optional)
When applicable, discuss the most appropriate statistical approaches used to analyze the data. Discuss alternative statistical approaches, if any are available.

UNDERSTANDING RESULTS:
Provide examples of anticipated results that should be obtained using these protocols. If appropriate, also include negative results and examples of unanticipated findings. This section should be used to summarize all the sample data included in the manuscript and provide a thorough interpretation of the results obtained.
Basic Protocol 1
A typical example of freshly isolated mouse lung filled with agarose solution is shown in Figure 1C and images of PCLS generated using a vibratome is shown in Figure 2C. Optimal viability of PCLS is maintained for 72 hrs from the time of generating PCLS, which is ideally done soon after harvesting the lung. 
Basic Protocol 2
The AIR model enables inducing a restricted area of injury where the majority of cells are dead in the injured region while the extracellular matrix remains intact, as shown by a live/dead assay (Figure 3B). The uninjured region remains unaffected by the spatial acid injury, due to the complete seal achieved by the silicon grease on the cloning cylinder that contains the acid (Figure 3A).
Basic Protocol 3
After immunostaining AIR-PCLS with proSP-C and Ki67 antibodies and counterstaining with DAPI, examples of images obtained from a widefield microscope with ApoTome is shown in Figure 4C. When the number of cells expressing proSP-C and Ki67 are quantified, proSP-C is increased and Ki67 is decreased in the injured region while proSP-C remains unchanged and Ki67 is increased in the uninjured region compared to uninjured control PCLS (Kim and Mongey et al., 2020).

TIME CONSIDERATIONS:
Please describe how long it takes to complete each of the protocols described in the article
Generation of precision-cut lung slices
Preparing the solutions take ~20 min; harvesting the lung from mice takes ~30 min but may take longer depending on the number of mice; generation of precision-cut lung slices from a left lobe including the set-up of the vibratome takes ~1 hr but may take longer if both left and right lobes are being used.
AIR model
Preparing acid solutions takes ~10 min; washing PCLS to remove residual agarose takes ~20 min; establishing acid injuries take ~1 to 2 hrs depending on how many slices are being injured.
Analysis of AIR-PCLS
Fixation of PCLS takes ~30 min including washing steps; the first steps of immunostaining that includes permeabilisation and blocking PCLS takes ~90 min and incubation with primary antibodies is recommended to be overnight; incubation with secondary antibodies and DAPI takes ~2 hrs including washing steps; mounting onto glass slides should take ~30 min but could take longer depending on the number of samples and is recommended to leave the slides overnight for the mountant to set prior to imaging; imaging using the Zeiss widefield microscope with ApoTome takes ~25 min per slide containing 3-4 PCLS when imaging three areas in each injured and uninjured regions. 
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FIGURE LEGENDS:
Provide legends for each of the figures for the manuscript. DO NOT INCLUDE THE FIGURES IN THE MANUSCRIPT FILE. Figures should be submitted as separate high-resolution (266-300 dpi) tif, eps, or jpeg files. Figures may be of any size. If figures are reproduced from a published source, you must acknowledge the source appropriately in the legend and must supply us with documentation showing that permission for use was granted.
Figure 1. Dissection of the lung from a mouse: A. Confirming death by exsanguination of femoral artery and exposing the lung and trachea; B. Filling the lung with agarose solution and setting the agarose followed by harvesting the lung; C. Anterior and posterior view of the harvested mouse lung.
Figure 2. A. Preparation of lung tissue on a sample holder prior to fitting onto a vibratome; B. A photograph of a vibratome set up to obtain slices; C. Generation of precision-cut lung slices using a vibratome.
Figure 3. A. Establishing spatial acid injury in precision-cut lung slices using a cloning cylinder sealed with silicon grease to contain the acid to a defined region and media to protect the surrounding tissue; B. Live/dead images that show injured (red) and uninjured (green) regions at 48 hr post-injury.
Figure 4. A. A widefield microscope with ApoTome for the analysis of AIR-PCLS; B. Snapshots of images during the process of focusing on the middle of PCLS instead of the top or bottom of PCLS (Step 25); C. Sample images obtained from uninjured control PCLS and uninjured region and injured region of AIR-PCLS with fluorescently labelled proSP-C, Ki67 and DAPI.

TABLES: (optional)
Tables should be added to this document using Microsoft Word’s insert table feature.  
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