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20  SUMMARY:
21  Inthis article, primary lung endothelial cells were isolated and cultured from neonatal mice.
22
23 ABSTRACT:
24 Endothelial cells play critical roles in the regulation of vascular tone, immunity, coagulation, and
25 permeability. Endothelial dysfunction occurs in medical conditions including diabetes,
26  atherosclerosis, sepsis, and acute lung injury. A reliable and reproducible method to isolate pure
27  endothelial cells from mice is needed to investigate the role of endothelial cells in the
28  pathogenesis of these and other conditions. In this protocol, lung microvascular endothelial cells
29  were prepared from 5-7 day old neonatal mouse pups. Lungs are harvested, minced, and
30 enzymatically digested with collagenase |, and released cells are cultured overnight. Endothelial
31 cells are then selected using anti-PECAM1 (CD-31) IgG conjugated to magnetic beads, and cells
32  again are cultured to confluence. A secondary cell selection then occurs with anti-ICAM2 (CD-
33 102) IgG conjugated to magnetic beads to improve specificity to increase the purity of the
34  endothelial cells, and the cells again are cultured to confluence. The entire process takes
35 approximately 7-10 days before the cells can be used for experimentation. This simple protocol
36  vyields highly pure (purity >92%) endothelial cells that can be immediately used for in vitro studies,
37 including the studies focused on endothelial cytokine and chemokine production, leukocyte-
38 endothelial interactions, endothelial coagulation pathways, and endothelial permeability. With
39 many knockouts and transgenic mouse lines available, this procedure also lends itself to
40 understanding the function of specific genes expressed by endothelial cells in healthy and
41  pathologic responses to injury, infection, and inflammation.
42
43  INTRODUCTION:
44  Interestin studying the vascular endothelium has grown recently, as dysfunction of microvascular
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endothelial cells occurs in multiple human diseases, such as stroke, cardiovascular disease,
diabetes, acute lung injury, sepsis, and non-infectious injuries'>. To define the pathogenesis of
these conditions and understand the roles of specific genes in protective and dysregulated
endothelial cell responses, there is a need for reliable methods to isolate and culture high purity
microvascular endothelial cells from mice. While many studies utilize human endothelial cells
such as human umbilical vein endothelial cells (HUVEC) or human lung microvascular endothelial
cells (HMVEC), there are multiple reasons to use mouse endothelial cells to study endothelial
function and dysfunction. First, there is considerable heterogeneity in responses of endothelial
cells from different human donors, which leads to variability in results between individual
experiments®8. Second, silencing gene targets in primary human cell lines can also lead to
variable protein expression levels>19, In contrast, there is minimal heterogeneity in the responses
of mouse endothelial cells!, assuming the genetic background is the same between study
groups. Furthermore, large numbers of mouse endothelial cells can be prepared by pooling lungs
from several neonatal mice. The factors allow for more consistent and reproducible results
between experiments. Finally, the availability of knockout or transgenic mice also provides for
the isolation of cell types lacking proteins of interest.

The considerable challenges with isolating healthy and pure populations of mouse lung
endothelial cells using published methods!?'® led to developing a more reliable and
straightforward method to isolate high-quality mouse lung microvascular endothelial cells.
Advantages of the current protocol include using neonatal mice, which are readily available,
limiting animal husbandry and housing costs. Additionally, in our experience, the viability of
endothelial cells from neonatal mice is substantially higher than endothelial cells prepared from
adult mice. Because neonatal mice have small lung tissue, they can be digested by placing excised
lungs into collagenase, rather than using tracheal instillation of collagenase, which is
recommended for collection from adult mice®®. This also reduces the time between euthanizing
mice and getting their endothelial cells into cell culture media and the incubator without
affecting the purity or yield or the reproducibility of endothelial responses. Lastly, pure cell
populations were isolated without flow cytometry, which can damage or lead to lower yields of
the endothelial cells!**>17,

The current modified protocol consistently leads to high purity and viable endothelial cells in 7-
10 days that can be used immediately for in vitro experiments. Isolating cells directly from
knockout animals also minimizes the manipulation of cells before experimentation. These
methods could be used to investigate the role of various proteins in endothelial function to
discover endothelial-based therapeutic targets for multiple diseases.

PROTOCOL:

All animal procedures were approved by the Institutional Animal Care and Use Committee of the
University of California San Francisco. Male C57BL/6 neonatal mouse pups (age 5-7 days) were
used for the study. The entire protocol takes 7-10 days (Figure 1).

1. Preparation of endothelial cell medium
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1.1. Prepare the basal medium: Dulbecco's Modified Eagle Medium with 4,500 mg/L of
glucose and 4 mM of L-Glutamine (DMEM) supplemented with 20% (v/v) heat-inactivated fetal
bovine serum, 100 U/100 pg/mL of penicillin/streptomycin, and 25 mM of HEPES (see Table of
Materials). Sterile filter with 22 uM filter. Store basal medium at 4 °C and use it within a month
of preparation.

1.2.  Prepare the complete medium: Basal medium supplemented with 100 pug/mL of heparin,
100 pg/mL of endothelial cell growth supplement, 1x non-essential amino acids, and 1 mM
sodium pyruvate (see Table of Materials). Sterile filter with 22 uM filter. Store at 4 °C and use
within a month of preparation.

2. Precoating of anti-rat magnetic beads

2.1.  Make 50 mL of bead wash buffer: Phosphate-buffered solution (PBS) supplemented with
0.1% (w/v) bovine serum albumin (BSA). Sterile filter with 22 uM filter and store at 4 °C and use
within a month of preparation.

2.2. Vortex the magnetic beads for a few seconds to resuspend the beads and pipette 50 pL
of the beads (2 x 107 beads) into two 1.5 mL microcentrifuge tubes, one for CD-31 and one for
CD-102 (see Table of Materials). Add 1 mL of bead wash buffer and mix well.

NOTE: All the mentioned volumes were used to isolate endothelial cells from 3-4 neonatal mouse
pups (5-7 days old). CD-31 and CD-102 are the endothelial cell surface markers used for magnetic
immunobead selection.

2.3. Place the tubes on a magnetic separator and remove the supernatant with a glass Pasteur
pipet. Repeat wash 3 times with 1 mL of bead wash buffer each time.

2.4. Resuspend beads in original bead volume, 50 uL, with bead wash buffer. Then add 5 pL
(2.5 pg) of antibody (CD-31/CD-102) to every 50 pL of beads.

2.5. Incubate bead suspension on gentle rotation on an end-over-end rotator overnight at 4
°C or for 3 h at room temperature. Repeat wash 4 times.

2.6.  Resuspend the immunobeads in the original volume, 50 uL, with bead wash buffer and
store at 4 °C and use within 1-2 weeks.

3. Isolation and plating of the lung cells
3.1. Prepare Type 1 collagenase solution on the day of isolation: Add 25 mg of Type 1

collagenase to 25 mL of HBSS (see Table of Materials). Incubate at 37 °C for 1 h with gentle
rotation and sterile filter using 22 uM filter. Keep solution warm at 37 °C.
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3.2.  Inject 5-7 day old mouse pups intramuscularly with heparin (25 uL/mouse, 1,000 U/mL)
10 min before euthanasia to minimize endothelial cell activation and clot formation41>.

3.3.  Euthanize the mouse pup with decapitation and pin the mouse to dissection board with
ventral side up.

3.4. Spray the carcass with 70% ethanol, then expose the thoracic cavity by first cutting the
diaphragm and then cutting superiorly upwards along the entire lateral walls of the chest. This
reflects the rib cage back and exposes the heart and lungs.

NOTE: Use smaller forceps and scissors for this step given the small size of neonatal mice, and
ensure not to pierce the heart or lungs as this will lead to inadequate blood removal from the
lungs.

3.5. Attach a 25 G needle to a 10 mL syringe, and inject 5 mL of cold DMEM into the heart's
right ventricle to remove blood from the lungs. The lungs will turn white.

3.6. Remove the lungs from the thoracic cavity, one lobe at a time, by cutting the lobes distal
to the corresponding bronchi.

3.7.  Pool all the lung lobes into a 50 mL conical tube prefilled with 20 mL of ice-cold basal
medium (from step 1.1).

3.8. Repeat steps 3.2-3.7 with the other mouse pups, pooling all lung lobes into the same 50-
mL conical tube.

3.9. Gently agitate the tube by hand for 10-15 s to wash any excess red blood cells visually
appreciated on the surface of the lungs.

NOTE: It is not necessary to remove all blood from within or around the lungs; however, this
improves purity. Any further tissue handling needs to be done in a sterile hood.

3.10. Use a cell strainer to remove the lungs from the media, and transfer the tissue to a sterile,
disposable 100 mm diameter tissue culture dish and mince with sterilized scissors.

3.11. Transfer the minced tissue to the 50 mL conical tube with 25 mL of pre-warmed
collagenase solution (step 3.1). Gently agitate on a rotating mixer for 45 min at 37 °C.

NOTE: Overdigestion for even 60 min can lead to lower yields.
3.12. Attach a 20 mL syringe to a 15 G blunt cannula (see Table of Materials) and triturate the

suspension 10-15 times to break up the tissue to a cellular suspension. Be vigorous, but avoid
over-frothing.
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NOTE: There will no longer be visible pieces of the lung, and instead, the suspension will be cloudy
upon completion of this step.

3.13. Filter the suspension through a 70 um cell strainer into a fresh 50 mL conical tube.
Further, rinse the conical tube used for the digestion and the cell strainer with an additional 15
mL of basal medium.

3.14. Centrifuge the cellular suspension at 400 x g for 8 min at 4 °C.

3.15. Remove the supernatant with a glass Pasteur pipet and resuspend the pellet in 2 mL of
complete medium. Transfer to a T-75 flask and add 8 mL of complete medium—culture at 37 °C
in a humidified, 5% CO;incubator.

3.16. The following day, wash flasks twice with 10 mL of Hank's Balanced Salt Solution without
calcium and magnesium (HBSS/CMF) (see Table of Materials) and add 10 mL complete medium.

NOTE: After 2-3 days, the culture will be 90-95% confluent and ready for primary immunobead
isolation.

4, Primary immunobead isolation and culturing of endothelial cells

4.1. Wash adherent endothelial cells twice with 10 mL HBSS/CMF. Add 2 mL of trypsin-free
cell detachment solution (see Table of Materials) and incubate at 37 °C for ~5 min. Ensure all the
cells have been lifted from the flask.

NOTE: A trypsin-free detachment solution needs to be used instead of trypsin as trypsin can
disrupt cell surface adhesion marker CD-31.

4.2. Add 8 mL of basal medium to neutralize the cell detachment solution and transfer
contents to a 15 mL conical tube. Spin down at 400 x g for 4 min at room temperature.

4.3. Remove the supernatant using a glass Pasteur pipet and resuspend cells in 2 mL of basal
medium. Transfer the 2 mL cell suspension to a 5 mL round bottom polystyrene tube (see Table
of Materials).

4.4. Vortex anti-CD-31 coated beads for a few seconds to resuspend the beads and add 30 plL
of beads for every 2 mL of cell suspension. Secure the lid.

4.5. Incubate tube for 10 min at room temperature on an end-over-end rotator. Then place
the tubes on a magnetic separator and leave for 2 min.

4.6. Gently using a glass Pasteur pipet, aspirate the supernatant. Remove the tube from the
magnet, resuspend the bead-cell pellet by adding 3 mL of basal medium to the tube, and pipette
up and down several times.
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4.7. Replace the tube on the magnetic separator for 2 min, and then carefully aspirate the
supernatant using a glass Pasteur pipet.

4.8. Repeat washes (step 4.6-4.7) at least 4 times until the supernatant appears clear.

4.9. Afterthe final wash, resuspend the bead-cell pellet in 3 mL complete growth medium and
transfer it to a T-75 flask. Add 7 mL of the complete growth medium, and incubate at 37 °Cin a
humidified 5% CO; incubator.

4.10. The next day wash cells with HBSS/CMF, then add 10 mL of fresh complete medium.

NOTE: Once cells are ~¥90-95% confluent, which takes ~3-4 days, the culture is ready for secondary
immunobead isolation.

5. Secondary immunobead isolation and culturing of endothelial cells
5.1.  Wash adherent endothelial cells twice with 10 mL of HBSS/CMF. Add 2 mL of trypsin-free
cell detachment solution and incubate at 37 °C for ~5 min. Ensure all the cells have been lifted

from the flask.

5.2. Add 8 mL of basal medium to neutralize cell detachment solution and transfer to a 15 mL
conical tube. Spin down at 400 x g for 4 min at room temperature.

5.3. Remove the supernatant using a glass Pasteur pipet and resuspend the cells in 2 mL of
basal medium. Transfer the 2 mL cell suspension to a 5 mL round bottom polystyrene tube.

5.4. Vortex anti-CD-102 coated beads for a few seconds to resuspend the beads and add 30
pL of beads for every 2 mL of cell suspension. Secure the lid.

5.5. Incubate the tube for 10 min at room temperature on an end-over-end rotator. Place the
tubes on a magnetic separator and leave for 2 min. Then gently aspirate the supernatant using a

glass Pasteur pipet.

5.6. Remove the tube from the magnet, resuspend the bead-cell pellet by adding 3 mL of basal
medium to the tube, and pipette up and down several times.

5.7. Replace the tube on the magnetic separator for 2 min before carefully aspirating the
supernatant using a glass Pasteur pipet.

5.8.  Repeat washes (step 5.6-5.7) 4 times or more until the supernatant appears clear.

5.9. Afterthe final wash, resuspend the bead-cell pellet in 3 mL complete growth medium and
transfer it to a T-75 flask. Add 7 mL complete growth medium, and incubate at 37 °C in a
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humidified 5% CO; incubator.

NOTE: Once the endothelial cells are fully confluent, they are ready for experimentation. The
cells should not be used beyond passage six as senescence may occur, and other cell types may
take over.

6. Confirmation of the endothelial cell surface markers by flow cytometry

6.1.  After using trypsin-free cell detachment solution to detach the cells, resuspend cell pellet
to 1 x 10° cells/mL and aliquot 100 puL of the cell suspension into three 1.5 mL microcentrifuge
tubes, labeled 1, 2, and 3.

6.2. Wash cells with 1 mL of 1x PBS. Centrifuge at 500 x g for 2 min at 4 °C. Remove wash
buffer and repeat twice.

6.3.  Resuspend the cell pellet in 100 pL of 1x PBS. To tube 1, add 1 uL of conjugated anti-
mouse CD-31 (PECAM-1) antibody (ex: phycoerythrin (PE) anti-mouse CD-31 antibody) and 1 uL
of conjugated anti-mouse CD-102 (ICAM-2) (ex: fluorescein isothiocyanate (FITC) anti-mouse
CD102 antibody) (see Table of Materials). To tube 2, add the appropriate isotype controls. Tube
no. 3 will remain unstained.

6.4. Incubate the tubes on ice and in the dark for 30-45 min.

6.5. Add 1 mL of PBS to each tube, vortex gently, and centrifuge at 500 x g for 2 min at 4 °C.
Remove wash and repeat three times. Resuspend the final pellet in 500 pL of PBS.

6.6. Keep the tubes covered with aluminum foil at 4 °C until analysis. Analysis needs to be
completed within 3-4 h.

6.7. Acquire flow data using a cytometer. Use an unstained sample as a negative control to
properly set laser voltage according to cell autofluorescence. Gate total cell population with a
forward scattered plot and side scatter plot.

NOTE: After excluding doublets, CD31+ CD102+ double-positive cells are defined as endothelial
cells.

REPRESENTATIVE RESULTS:

This simple protocol allows one to isolate, culture, and characterize mouse microvascular
endothelial cells over 7-10 days (Figure 1). Briefly, lungs are excised and enzymatically digested
before plating. Immediately after plating, endothelial cells and other cells will float in cell culture
media. By the following day, endothelial cells and the contaminating cells will be adhered to the
plate, and a vigorous washing technique is needed to remove debris and the floating cells. Once
the cells reach confluence, the first immunobead selection is performed. The CD-31-positive cells
then begin to grow in a cobblestone formation (Figure 2). Cells that do not have cobblestone
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morphology or overgrow are contaminants and not endothelial cells'3-16,

A second immunobead selection is then performed using anti-CD-102 coated beads to increase
the purity of endothelial cells, similar to other protocols31®, Cells that have grown to confluence
after second immunobead selection can then be used for experimentation. Fluorescence-
activated cell sorting (FACS) is used to confirm that the cell population is CD-31- and CD-102-
positive (Figure 3).

These endothelial cells can then be used for many applications, such as studying endothelial
inflammatory pathways and endothelial barrier function. For example, it was observed that
treatment with murine cytomix (IFNg, TNFa, and IL1b, each at 10 ng/mL) induced IL-6 production
by endothelial cells (Figure 4A). Then Electric Cell-substrate Impedance Sensing (ECIS)*® was used
to measure transendothelial resistance (TER) to the flow of electrical current across murine lung
endothelial cell monolayers. It was observed that the cells treated with cytomix led to a decrease
in TER (Figure 4B), which is consistent with increased endothelial permeability. These examples
illustrate how the endothelial cells prepared using this protocol can study various endothelial
processes. This allows investigators to more easily study genes of interest in endothelial cells,
given the ever-growing numbers of available knockout and transgenic mice.

FIGURE LEGENDS:

Figure 1: Schematic for isolation of murine lung endothelial cells. Lungs from 5-7 day old
neonatal pups are harvested and minced. Minced tissue was enzymatically digested with
collagenase I. Cellular suspension is plated and cultured for 2-3 days. Cells then undergo primary
immunobead isolation with CD-31-coated beads and are cultured for another 3-4 days. Second
immunobead isolation with CD-102-coated beads before culturing another 2-3 days. Cells are
now ready for functional experimentation. The image was created by a web-based illustration
tool, Biorender.

Figure 2: Morphology of the murine lung endothelial cells. Cultured murine lung endothelial
cells display a cobblestone morphology.

Figure 3: Analysis of endothelial cells by flow cytometry. (A) All events are visualized on a dot
plot of the Forward Scatter (FSC) and Side Scatter (SSC). (B) Scatter plot confirmation of murine
lung endothelial cells being positive for both endothelial-specific cell surface antigens CD-31 and
CD-102. (C) Histogram of the isotype sample and sample stained with CD-31/CD-102 specific
antibody.

Figure 4: Cytomix induces murine lung endothelial cell IL-6 production and endothelial cell
permeability. Murine lung microvascular endothelial cells from C57BL/6 mice were treated with
cytomix (IFNg, TNFa, and IL1b, each at 10 ng/mL). (A) IL-6 levels were then quantified in culture
supernatants at 15 h (**p<0.01, n = 4 wells/condition). (B) Electric Cell-Substrate Impedance
Sensing was used to measure the transendothelial resistance (TER) repeatedly over 15 h. Data
were normalized to the resistance immediately before the addition of the cytomix as designated
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and was analyzed by two-way analysis of variance (ANOVA) followed by the Tukey post-test'®
(**p<0.01, n = 4 wells/condition).

DISCUSSION:

This simple protocol lends itself to high-purity endothelial cells from murine lungs. Although the
total time from start to finish is 7-10 days, the hands-on time is around 3-4 h. Compared to other
methods®3-1%, the current protocol is streamlined, keeping essential steps without compromising
yield and purity.

It is worth noting some critical aspects of this protocol. First, it is essential to use neonatal pups
rather than adult mice. In our experience, endothelial cells from adult mice do not proliferate as
quickly as cells from neonatal pups, and they are easily overrun by cells with spindle-like
morphology consistent with fibroblasts or mesenchymal stem cells'>'6, One possible explanation
for the difference is that lung development is in the alveolar stage in neonatal mice, characterized
by the more rapid proliferation of endothelial cells?®. There may also be some degree of
senescence with aging?!. Enzymatic digestion time also needs to be precise, as digestion can lead
to a low yield single-cell suspension.

In contrast, over digestion can lead to a substantial amount of cell death. The optimal time for
collagenase digestion is determined to be 45 min. This is then followed by mechanical
dissociation with a blunt cannula. Instilling intratracheal collagenase during enzymatic digestion
has also been reported!*'>; however, this can be time-consuming and leads to incomplete
digestion during the current work. Lastly, some protocols proceed directly to immunobead
isolation immediately following enzymatic digestion?>1®, It has been found that culturing the cells
from the dissociated lung in the medium for a day or two before making the immunobead
selection substantially increases the yield of viable and highly pure endothelial cells. This may be
related to the speed of getting isolated cells into the tissue culture medium, which leads to less
cell death in the early stages after removal from the mice, higher initial seeding density, and time
for the endothelial cells to adhere and proliferate before the first immunobead isolation.

Limitations of the preparation and analyses of mouse endothelial cells are as follows. Each mouse
only provides a limited number of cells that must be used within a few passages. This issue can
be overcome by pooling lung digest from several mice. Unfortunately, we are unsuccessful in our
efforts to cryopreserve and thaw the cells for future use. Despite these limitations, mouse
endothelial cells have some advantages. They can be helpful, particularly in situations where
human endothelial cells either cannot be used (e.g., gene knockout), when complementary
studies are required to corroborate results with human cells, or when the heterogeneity of
responses of endothelial cells from different human donors makes reproducibility between
experiments problematic®. The homogenous endothelial cell population from genetically
identical mice allows for reproducibility between experiments and the study of specific genes
and pathways under stable background conditions.

Mouse endothelial cells can be used for multiple applications to provide insights into endothelial
activation and dysfunction in different disease processes. For example, endothelial cells play an
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integral role in sepsis, contributing to both beneficial and pathological responses through their
roles in activating localized and systemic inflammation, promoting leukocyte trafficking and
activation in tissues, regulating coagulation, and modulating endothelial permeability??223, This
simple protocol provides viable, functional endothelial cells that can be used in assays for each
of these endothelial processes.
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To Dr. Mittal and the JoVE editorial board,

We are submitting a revised version of article entitled “Isolation of primary mouse lung
endothelial cells”. We greatly appreciated the thoughtful comments of the reviewers on the initial
submission and are pleased to have had the opportunity to improve the manuscript.

We have addressed each issue raised by the reviewers through edits to the manuscript text and

figures. Additional responses to the reviewers are included below. All changes to the manuscript
are tracked.

Respectfully,

%5

Erika Wong M.D.
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Editorial comments:

Editorial Changes

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure
that there are no spelling or grammar issues. I have corrected this throughout the
manuscript

2. JoVE cannot publish manuscripts containing commercial language. Please remove
all commercial language from your manuscript and use generic terms instead. All
commercial products should be sufficiently referenced in the Table of Materials. I
have corrected this throughout the manuscript.

For example: Dynabeads, Eppendorf, Parafilm, etc. I have corrected this throughout
manuscript.

3. Please also include the following in the Introduction with citations:

a) The advantages over alternative techniques with applicable references to
previous studies

b) A description of the context of the technique in the wider body of literature

¢) Information to help readers to determine whether the method is appropriate for
their application

I have included this in the introduction.

4. Please move to the ethics statement to the beginning of the numbered protocol.
This statement has been moved.

5. Please use SI units as much as possible and abbreviate all units: L, mL, puL, cm,
kg, etc. Use h, min, s, for hour, minute, second. I have corrected SI units
throughout manuscript.

6. Please avoid the usage of phrase “should be” throughout the Protocol. Any text
that cannot be written in the imperative tense may be added as a “"Note.” However,
notes should be concise and used sparingly. This has been corrected.

7. Please add more details to your protocol steps. Please ensure you answer the
“how” question, i.e., how is the step performed? I have added more detail.

Please provide the concentration of various reagents, antibiotics, etc. used. For
example, penicillin/streptomycin, non-essential amino acids, sodium pyruvate, etc.
I included the concentrations of various reagents.

Step 3.2: Was the heparin dose calculated based on the mouse’s weight? If not,
how was 25 uL chosen to be the dosage. What was the strain and sex of the mouse
used? How was the 10-minute time-point chosen? A citation would suffice here.
How many mouse pups were used for this study? I cited the article in the protocol.
Step 3.6: How were the lungs removed? Please describe all the steps associated.
This was clarified in the text.

Step 3.7: Were the lungs from all neonatal pups collected in the same container?
Lungs from all the neonatal pups were pooled into the same container. This was
clarified in the text.

Step 3.7, 3.10, 4.2, 5.2: 50 mL conical tube, flask? Please mention the plasticware
used for collection. The appropriate plasticware for collection was mentioned.

Step 3.10: Was the agitation done by hand or was an instrument used? Please
mention. This was clarified in text.

8. Please include a single line space between all the steps and sub-steps. Please
highlight up to 3 pages of the Protocol (including headings and spacing) that
identifies the essential steps of the protocol for the video, i.e., the steps that should



be visualized to tell the most cohesive story of the Protocol. Remember that non-
highlighted Protocol steps will remain in the manuscript, and therefore will still be
available to the reader. This has been completed.

9. Please discuss all the figures in the representative results. Please ensure that
representative results are described with respect to your experiment and brings out
how it is in line with the title e.g., how do these results show the technique,
suggestions about how to analyze the outcome, observations made, conclusions
deduced, etc.

10. Please include a title and a description of each figure and/or table. All figures
and/or tables showing data must include measurement definitions, scale bars, and
error bars (if applicable). I provided a title and description with each figure and a
scale bar was added to Figure 2.

11. Line 242-249: Please move these lines to the representative results section.
These lines were moved to the representative results section.

12. Figure 2: For all microscopy images please include a scale bar. A scale bar was
added to Figure 2.

13. Figure 4: Please mention the n number of the sample. Please use pg/mL for x-
axis labeling in A. Please use h for y-axis labeling in B. The axis were corrected for
Figure 4.

14. Please do not abbreviate journal names in references. This was revised.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

Pulmonary endothelial cells are essential component for lung alveolus function.
here, sequential sorting with CD31 and CD102 coated microbeads, Erika Wong etal
purified mouse lung endothelial cells from collagenase I digested neonatal lung
lobes. The purified cell populations can perform the cytokines determinization and
permeability test. This step-by-step protocol is well described with detailed notes.
Reviewer has following concerns and questions.

Major Concerns:

1. Why choose 7-10 day old neonatal pups for the isolation? Other age like younger
than 7day is still good? Is the age refer to alveolar stage? 7-10 days was an error.
We find that size 5-7 day pups work both for collection of sufficient tissue and for
staying without our IACUC requirements. The IACUC will not allow us to do
decapitation without anesthesia after 7 days. This time period is also within the
alveolar stage in mice and I suspect this could be why endothelium isolated from
younger mice proliferate easier than adult mice. I did not isolate cells from younger
mice as this would enter the saccular stage of development. I did not isolate cells
from older pups secondary to potential effects on needing to add anesthetic to
euthanasia and I worried this would have implications on endothelial cell function.
2. What specie are the mice? Wildtype mice? I describe an application of use in
wildtype mice, however also mention the possibilities of usage in transgenic mice
for other applications.

3. Please add the introduction of the reason to choose CD31 and CD102 for the



collected purification. Will the order of antibodies sorting effect the homogeneity? I
describe my choice of double selection as there is improved purity.

4. Procedure for cell identification would be recommended to be listed. This was
added.

Minor Concerns:

5. line65: please define the concentration for P/S. I defined the final concentration
of P/S.

6. line 118: please verify is it is 70 mm? I corrected this to be 70 um.

7. line 206: please specify the ECIS. I defined this.

8. line 260: excessive. Corrected this.

9. Fig2: Scale bar is missing. Scale bar has been added.

10. Fig3: please include a unstained or isotype antibody staining control for CD31
and CD102 channels.

11. Please check the name of Millipore S2GPUO2RE, the product name of corning
352350. I believe the name of the Millipore product is correct, and the name of the
Corning product has been corrected.

12. Please discuss the depletion methods of blood cells (CD45-) or the
heterogeneity of the isolated population. We did not do depletion methods of other
cells, rather just double selection with beads.

Reviewer #2:

Manuscript Summary:

This manuscript describes a novel method of isolation of primary mouse lung
endothelial cells. It is well written and illustrated. However, I concern a minor point.
It's best to polish it up before publication.

Major Concerns: N/A

Minor Concerns:

Discussion line 215. You mentioned, "we have narrowed down the more essential
steps without compromising yield and purity." How did you achieve the advantage?
You should elaborate on the key procedure and the difference from other protocols?
I elaborated on this in both the introduction and discussion.



