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32 SUMMARY:
33  The goal of this protocol is to identify lymphatic endothelial cell populations within the liver using
34  described markers. We utilize collagenase IV and DNase and a gentle mincing of tissue, combined
35 with flow cytometry, to identify a distinct population of lymphatic endothelial cells.
36
37  ABSTRACT:
38  Within the liver, lymphatic vessels are found within the portal triad, and their described function
39 istoremove interstitial fluid from the liver to the lymph nodes where cellular debris and antigens
40 can be surveyed. We are very interested in understanding how the lymphatic vasculature might
41  be involved in inflammation and immune cell function within the liver. However, very little has
42  been published establishing digestion protocols for the isolation of lymphatic endothelial cells
43  (LECs) from the liver or specific markers that can be used to evaluate liver LECs on a per cell basis.
44  Therefore, we optimized a method for the digestion and staining of the liver in order to evaluate
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the LEC population in the liver. We are confident that the method outlined here will be useful for
the identification and isolation of LECs from the liver and will strengthen our understanding of
how LECs respond to the liver microenvironment.

INTRODUCTION:

The role of lymphatic vessels and LECs in the liver is not well understood. While lymphatic vessels
are found within the portal triad of the liver! and expand during disease?, very little is understood
regarding the function and phenotype of LECs within the liver. With the discovery of markers that
are found primarily on LECs3, the importance of these cells within different tissue niches in
homeostasis and disease will fill a significant gap in our understanding. LECs have a major role in
maintaining peripheral tolerance in the lymph node and in metastatic tumors by interacting
directly with T cells**3. LECs in the lymph node can promote protective immunity via their
interactions with migratory dendritic cells'*6. Therefore, there are multiple roles for LECs which
may be specific to the tissues and interactions in which they are present. However, very little is
understood about how LECs interact with immune cells in the tissue or how LECs function in
different organ systems; thus, evaluating LECs on a per cell basis within the liver or other organs
may lead to advances in how LECs program tissue-specific immunity. While much of the literature
that focuses on LECs in the liver uses microscopy to visualize LECs using one or two markers and
morphology'’, very little has been done to specifically evaluate LECs on a cell by cell basis using
flow cytometry, though one study did evaluate differences between liver sinusoidal endothelial
cells (LSECs) and LECs*®. Being able to analyze LEC populations in the liver by flow cytometry
allows for the in-depth study of LEC phenotype during normal homeostasis or disease.

To evaluate LECs by flow cytometry, multiple surface markers are needed. Typically, LECs are
visualized by the expression of prospero-related homeobox 1 (Prox-1), lymphatic vessel
endothelial hyaluronan receptor 1 (LYVE1) or vascular endothelial growth factor receptor 3
(VEGFR3) using microscopy. However, in the liver, the expression of these markers is not
restricted to LECs. Prox-1 is widely expressed by hepatocytes during liver development,
regeneration, and injury!®, and LYVE1 and VEGFR3 are expressed by the liver sinusoidal
endothelial cells'®. In the lymph node, LECs are identified using flow cytometry as clusters of
differentiation (CD) CD45-, CD31+, and podoplanin+ (PDPN)!¢. However, this approach is too
minimal to isolate LECs in the liver since CD45- CD31+ cells will capture endothelial cells, and the
predominant population of vascular endothelial cells in the liver are LSECs. Thus, other markers
are needed to distinguish the rare LEC population from the abundant LSEC population. Both
CD16/32 (expressed by mature LSECs'®) and CD146 (a common vascular endothelial cell marker
that is predominately expressed within the liver sinusoids by liver sinusoidal endothelial cells?°
with little to no expression by lymphatic endothelial cells?!) were candidate markers.

Therefore, we optimized a method for isolating and visualizing LECs in the liver using the above
markers, CD45, CD31, CD146, CD16/32, and PDPN for flow cytometry. We describe the use of
collagenase IV, DNase 1, and mechanical separation for liver tissue digestion into a single-cell
suspension. We also describe the use of iodixanol density gradient for the isolation of non-
parenchymal cells (NPC) and to eliminate cellular debris. Finally, using multiple markers, we
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determine the optimal flow cytometry gating strategy to identify LECs from the liver with PDPN
as the predominant marker.

PROTOCOL:

All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) of the University of Colorado Anschutz Medical Campus.

1) Preparation of the Materials

1.1) Make a 5 mg/mL solution of DNase | in phosphate-buffered saline (PBS).

1.2) Make a digestion mixture by adding 5,000 U/mL of collagenase IV to Click’s EHAA media.

1.3) Warm the digestion mixture at 37 °C for 30 min prior to use.

1.4) Make an isolation buffer by adding 4.8% bovine serum albumin (BSA) and 2 mM
ethylenediaminetetraacetic acid (EDTA) to Hanks’ balanced salt solution (HBSS).

1.5) Make a red blood cell (RBC) lysis buffer by adding 100 mM ammonium chloride, 10 mM
KHCO3, and 0.1 mM EDTA to distilled H30.

2) Preparation of a Single-cell Suspension from a Mouse Liver
2.1) Euthanize the mouse with CO; and cervical dislocation.

2.2) Spray down the mouse with 70% ethanol to wet its fur. Pin the mouse’s feet to a dissection
board.

2.3) Using dissection scissors to cut the skin about 1 cm above the anus, being careful to cut only
through the skin (about 1 mm). Pull the skin away from the body with toothed forceps and insert
the scissors between the skin and peritoneum. Open the scissors to separate the skin from the
peritoneum and, then, cut the skin from the incision to the neck.

2.4) Pin the skin to the dissection board using one pin under each arm and above each leg. Pull
the peritoneal sac up and cut upwards toward the neck. Grab the lobes of the liver and cut just
below the sternum.

Note: Care should be taken if any of the liver will be used for immunohistochemistry (IHC).

2.5) Cut around the liver and remove the liver from the mouse and place it in 4 mL of Click’s EHAA
media.

2.6) Using a scalpel, cut the liver in ~1-mm-diameter pieces.
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2.7) Add 500 pL of the digestion mixture and 500 pL of the DNase | (2 mg/mL) to the liver.
2.8) Incubate the liver for 30 min at 37 °C. After 15 min, mix the liquid using a 5-mL pipette.

2.9) After 30 min of incubation, transfer the digested sample through a 100-um strainer to a 50-
mL conical tube.

2.10) Gently push the remaining pieces through the filter with the plunger of a 1-mL syringe.
2.11) Wash the filter with 5 mL of isolation buffer and gently push the tissue through the strainer
with the back of a plunger from a 1-mL syringe. Repeat this until the filter is washed with 25 mL
of isolation buffer.

2.12) Centrifuge the cells at 400 x g for 5 min. Carefully aspirate off the supernatant.

2.13) Resuspend the pellet with 4 mL of RBC lysis buffer. Incubate the cells at room temperature
for 5 min.

2.14) Wash the cells with 10 mL of isolation buffer and centrifuge at 400 x g for 5 min.
2.15) Count the cells on a hemocytometer to determine the full liver count.

2.16) Resuspend cells in 5 mL of 20% iodixanol and layer them with 1 mL of PBS.

2.17) Centrifuge the cells at 300 x g for 15 min without a brake.

2.18) Remove the layer between the PBS and the iodixanol and place them, through a 100-um
filter, into a new 50-mL conical tube.

2.19) Wash the cells with 10 mL of isolation buffer and centrifuge at 400 x g for 5 min.

2.20) Discard the supernatant and resuspend the cells in 500 uL of PBS with 2% fetal bovine
serum (FBS).

3) Flow Cytometric Analysis of Single Cells from the Liver

3.1) Count the cells using a hemocytometer and microscope, using trypan blue exclusion to
measure viable cells. Add 10 uL of the cells to 10 pL of trypan blue and immediately place them
on a hemocytometer and count the live cells (not blue) under a microscope. Then, calculate the
number of cells per microliter.

3.2) Aliguot approximately 5 million of the remaining nonparenchymal cells into a single well of
a 96-well plate.
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3.3) Centrifuge the cells at 400 x g for 5 min.
3.4) Discard the supernatant and resuspend the cells in 90 pL of PBS with 2% FBS.

3.5) Add anti-CD45 (1:200), anti-CD146 (1:200), anti-CD31 (1:200), and PDPN (1:200) diluted in
10 pL of 10x 2.4G2 or anti-CD16/32 (1:200).

Note: No Fc block (2.4G2) was used when anti-CD16/32-labeled antibody was used.

3.6) To determine where positive and negative gates should be set, include a fluorescence minus
one (FMO) stain for each color and an isotype control antibody.

3.7) To determine live versus dead cells, stain with a viability marker (e.g., ghost red 780).
Incubate the cells at 4 °C for 30 min.

3.8) Wash the cells with 100 uL of PBS with 2% FBS.

3.9) Use a small aliquot of cells to adjust the laser and compensation settings on the flow
cytometer. Stain the cells with an antibody to each individual fluorophore and one without any
antibody.

Note: Depending on the flow cytometer being used, a compensation matrix should be established
to remove spectral overlap.

3.10) Place the sample tube onto the cytometer probe and collect and record all events.
4) Data Analysis

4.1) Looking at side-scatter area vs. forward-scatter area, gate on “live” cells based on size and
granularity and viability marker dye.

4.2) Next, using CD45 Brilliant Violet 510 and CD31 PerCp Cy5.5, gate on the CD45- CD31+ cells
using the isotype controls and FMO to determine positive and negative populations.

4.3) Lastly, using CD146 v450 or CD16/32 FITC and PDPN APC, take the CD146- PDPN+ or
CD16/32- PDPN+ cells, again using isotype controls and FMO, to determine positive and negative
populations. These cells are the LECs.

REPRESENTATIVE RESULTS:

Studies analyzing liver lymphatics have primarily used immunohistochemistry to quantitate the
frequency and diameter of lymphatic vessels in the liver. However, this method does not allow
for the evaluation of LECs on a cell-by-cell basis or for expression of multiple markers, cytokines,
chemokines, or transcription factors. Therefore, we asked whether liver LECs could be isolated
from the liver and evaluated using flow cytometry. Previous work isolating lymph node LECs was
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performed using Liberase DL (collagenase I-ll-and-dispase) and DNase 1 combined with the
mechanical separation of the lymph node tissue with needles'#®. Therefore, the same digestion
protocol on liver tissue was used, or collagenase IV and DNase 1 was used as previously
described, for immune cell isolation from the liver?? and followed the digestion with a density
gradient separation (iodixanol) step to remove hepatocytes and increase the frequency of other
cell types within the liver (Figure 1A). Following liver digestion and centrifugation with the density
gradient, the cells were stained with CD45, CD31, PDPN, and CD16/32. CD16/32 has been
described to be expressed by mature LSEC populations, but not LEC populations®®. Thus, LECs
were gated as CD45-, CD31+, CD16/32-, PDPN+ cells, while LSECs were gated as CD45-, CD31+,
CD16/32+ and PDPN- (Figure 1A). Gates were set on live cells (ghost red negative) and based on
isotype controls and FMO staining (Figure 1A). LYVE-1 APC on the LEC population was also
confirmed (Figure 1B). Both methods allowed the visualization of the LEC population within the
liver; however, the staining profile of the cells was visually better when using collagenase IV and
DNase 1 than collagenase I-ll-and-dispase (Figure 1C). Therefore, all future manipulations were
performed using collagenase IV and DNase 1, as described in the protocol. On average, we
obtained approximately 1,300 LECs per gram of liver tissue or 2,200 LECs per naive liver, using
this digestion method.

To optimize the gating strategy and combination of fluorophores and to eliminate contamination
of LSECs, both CD16/32 and CD146 were used. CD16/32 is Fc gamma receptors Il and Ill and is
expressed on mature LSECs but not on LECs!®. CD16/32 could distinguish the PDPN+ CD16/32-
cells from the PDPN- CD16/32+ cells, especially when using PDPN conjugated to APC or PE and
CD16/32 conjugated to FITC (Figure 1A), but less well when PDPN was conjugated to PE-Cy7
(Figure 1C). The expression of CD16/32 is not found on LECs but is found on LSECs. Fc block uses
the CD16/32 antibody to minimize the Fc receptor binding and nonantigen specific binding of
immunoglobulins to the Fc receptors. Since CD16/32 was used to visualize LSECs, the non-specific
binding of immunoglobulins was higher and CD146 was optimized as an alternative to measure
LSECs. Therefore, we tested CD146 conjugated to V450, a vascular endothelial cell marker
expressed highly by LSECs and other vascular endothelial cells?® but with low to no expression by
LECs?3. We first optimized the staining of CD146 using FMO and isotype controls for both CD16/32
and CD146 (Figure 2A). If we evaluated only the CD16/32+ cells or the CD16/32- cells, the
CD16/32+ cells were all CD146+ and PDPN- while the CD16/32- cells were primarily CD146- and
either PDPN- or PDPN+ (Figure 2B). To confirm this staining, FMO was used. By removing PDPN
from the stain, the PDPN+ population disappeared (Figure 2C). Interestingly, there were no
CD146+ PDPN+ cells, confirming that CD146 is not or very lowly expressed by PDPN+ LECs. Thus,
we are confident that either of these markers can be used to gate out vascular endothelial cells
in the liver.

To further validate that PDPN is an appropriate marker for LECs, liver sections from mice were
stained with both PDPN (green) and F4/80 (brown) (Figure 3A). Neither the vascular endothelium
nor macrophages expressed PDPN in the murine liver. We were also able to distinguish
cholangiocytes, which can stain positive for PDPN, from lymphatic vessels, based on the distinct
nuclear structures of the bile ducts and by cytokeratin 7 staining (Figure 3B; red: cytokeratin 7,
green: PDPN). Since multiple markers are used for flow cytometry, such as CD31, which is not
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expressed by cholangiocytes?®, we are confident that we are removing these cells from the
analysis, thereby confirming that cells from the liver that are CD45-, CD31+, CD146'°/"8, CD16/32-
, and PDPN+ are LECs. Finally, to provide evidence that the stained cells are LECs, we sorted this
population of cells and used qualitative real-time polymerase chain reaction to evaluate the
Vegfr3 and prox-1 expressions. Both Vegfr3 and prox-1 were evaluated, as these transcripts are
expressed by other cells in the liver—prox1 by hepatocytes and Vegfr3 by LSECS (among others)
— but no other cells besides LECs express both. The expression of both these markers was
significantly higher in the sorted population than in the cultured murine macrophage cell line
(RAW264.7) which does not normally express these markers but is similar in expression to
cultured murine LECs (Figure 3C).

FIGURE AND TABLE LEGENDS:

Figure 1: Representative flow cytometry analysis of collagenase I-lI-dispase and collagenase IV-
digested murine liver tissue. (A) This panel shows the gating strategy, fluorescence minus one
staining, and isotype controls for the procedure. (B) This panel shows the LYVE-1 staining of
CD16/32- PDPN+ cells. (C) This panel shows the final flow cytometry gate after digesting mouse
livers with either collagenase I-ll-dispase (e.g., Liberase DL) or collagenase IV and evaluating
CD16/32 PerCP X PDPN PE-Cy7 where LECs are CD16/32- and PDPN+.

Figure 2: Identification of CD146 and PDPN as appropriate markers for liver lymphatic
endothelial cells. (A) This panel shows fluorescence minus one and isotype controls for CD16/32
(left) and CD146 (right). (B) This panel shows gated CD16/32 positive or negative cells determined
from panel A. Shown is CD146XPDPN from both populations. (C) This panel shows fluorescence
minus one for PDPN to demonstrate that the staining is absent when the antibody is not added.

Figure 3: Identification of flow PDPN+ cells as lymphatic endothelial cells. (A) This panel shows
representative immunohistochemistry from a mouse liver stained with PDPN (blue/green) and
FA4/80 (brown). The lymphatic vessel (LV), blood vessel (BV), and macrophage (MF) are labeled.
The scale bar is 100 um. Formalin-fixed paraffin-embedded tissue was deparaffinized for 20 min
in xylene. Tissues were hydrated to water through a gradient of ethanol, and antigen retrieval
was performed using pH 6 antigen retrieval buffer in a pressure cooker for 15 min. Tissue was
blocked using 0.1% BSA and stained using anti-mouse PDPN and anti-mouse F4/80 for 1 h at
room temperature. Anti-hamster 1gG HRP and anti-rabbit IgG HRP were used as secondary
antibodies. 3,3'-Diaminobenzidine (DAB)+ and Vina Green were used to detect the F4/80 and
PDPN, respectively. Tissue was counterstained with hematoxylin and imaged on a Microscope.
(B) This panel shows the same experiment performed as in panel A, except here, PDPN is shown
in green, cytokeratin 7 in red, and 4',6-diamidino-2-phenylindole (DAPI) in blue. The scale bar is
100 pm. Tissue was blocked using 5% donkey and 5% goat serum and stained using anti-mouse
PDPN (8.1.1) 1:100 and anti-mouse cytokeratin 7 1:200 for 1 h at room temperature. Anti-
hamster I1gG AF647 and anti-rabbit IgG-PE were used as secondary antibodies. Tissue was
counterstained with DAPI and imaged. The scale bar is 100 um. The lymphatic vessel (LV), blood
vessel (BV), and bile duct (BD) are labeled. (C) This panel shows a log fold change in Vegfr3 and
prox-1 expression from sorted liver LECs based on the staining in the protocol (CD45-, CD31+,
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CD146'°/"e8, and PDPN+) compared to RAW cells or primary murine lymph node LECs. Sorted cells
were passed through a biopolymer-shredding column, RNA was extracted using an RNA
extraction kit, and cDNA was made using a reverse transcription kit. Transcript abundance was
normalized to the housekeeping gene, Gapdh, for every sample.

DISCUSSION:

The overall importance of LECs in immune homeostasis and regulation has recently come to
light?>. Much of the published lymphatic literature focuses on skin and lymph nodes; however,
lymphatics are found throughout the body?® and, thus, our understanding of their importance in
different organs is needed. Here we show a method in which LECs in the liver can be studied on
a cell-by-cell basis to better understand their concurrent expression of different surface markers,
cytokines, chemokines, and intracellular proteins such as transcription factors. This method will
be useful for future studies to assess the phenotype and function of LECs in the liver during health
and disease.

One of the hurdles for the identification of LECs in the liver is their relatively low frequency
compared to other cell types. Hepatocytes make up about 80% of the liver, and removing these
cells using density gradient (iodixanol) before running the liver on a flow cytometer requires less
time and, thus, provides better viability. In order to distinguish the population of LYVE1+ LECs in
the liver from LYVE1+ LSECs, we used the markers CD16/32 and CD146 found on LSECs and with
low to no expression by LECs. This, coupled with the lack or low expression of PDPN by any other
endothelial cell in the liver, allowed the validation by flow cytometry that the population we
identified were LECs. Indeed, downstream transcriptional analysis confirmed that this gating
strategy produced LECs (Figure 3C).

The isolation of LECs from the lymph node is best done using collagenase I-ll-and-dispase;
however, we found that, while this method does extract LECs from the liver, a liver digestion
protocol using collagenase IV provides a better downstream analysis using flow cytometry. Using
a mechanical disruption of the liver allows the collagenase more surface area to better interact
with the extracellular matrix-associated cells, like LECs, and using Click’s EHAA media without FBS
allows for the digestion of the liver to occur in only 30 minutes. This decreased time maintains
LEC viability for downstream assays like flow cytometry or flow sorting. Indeed, we were able to
recover enough viable cells to visualize LECs by flow cytometry and flow sorting for downstream
transcriptional analysis.

Combined, the separation of hepatocytes from the non-parenchymal cells, the use of collagenase
type IV, and the clarification and demonstration of markers specific to LECs in the liver and
markers specific to other endothelial cell populations, such as CD16/32 and CD146, allowed the
proper identification of LECs in the liver. These methods fill a significant gap in the literature
about how LECs in the liver can be identified by flow cytometry, especially since the liver contains
a number of other cells that express markers known to be unique to LECs in the lymph node
(prox1 and vegfr3). Therefore, these methods will lead to downstream studies regarding liver LEC
function. Additionally, this method can be modified for other tissues in order to better evaluate
tissue-specific LEC markers and subsets.
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1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work"” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
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“CRC License” means the Creative Commaons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
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of the Materials; “JOVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; "Parties” means the Author and loVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by IoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
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2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto} license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed {including without limitation in print,
digital and electronic form} throughout the world, {b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works {including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in {a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Coliective Works andic) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in kem 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE's copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author,

5. Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
ltem 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without fimitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disciaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video - Open Access. This
Section 6 applies only if the "Open Access” box has been
checked in ltem 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in ali forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Coilective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (3} above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats,
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.5.C_ 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
loVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
alt applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author({s) listed at the top of this Agreement are the only
authors of the Materials. if more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation ail
institutional, l|aboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11, JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.



1 Alpwite Cantar 4200

Cambridge, MA G240
o o | VL 8178459051
VASUALLTED EXPE FAMENTS Www, |ove com

discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not, JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12, Indemnification, The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmiess JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’'s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JOVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall bhe solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shallinclude JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materiais. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or producticn decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approvat will
result in a US51,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
compietion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successars and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachuselts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but ail of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Dear editor, thank you for your careful reading and critique of our manuscript. We have made
all of the required corrections and outlined them below.

Please thoroughly revise the manuscript for run-on sentences, incorrect punctuation, missing
verbs, etc. | have tried to edit a bit but there were several scattered sentences that were hard to
understand and hence hard to edit. Please also reduce the instances of the personal pronouns

“we” and “our” to about half of the current uses.

We have revised the run-on sentences and punctuation, etc. We have also reduced the
instances of personal pronouns.

We have added references to the areas where references? was indicated.
Due to JoVE’s policy on commercial names, optiprep was replaced with iodixanol throughout.
OK
We have removed bullets and numbering from the protocol.
How and when are the cells counted?
We have added: “3.1) Count cells using a hemocytometer and microscope using trypan
blue exclusion to measure viable cells. Add 10yl of cells to 10ul and immediately place on

a hemocytometer and count live cells (not blue) under a microscope. Then calculate the
number of cells per microliter.”

We have changed Calibrate the flow cytometer to

3.4) Use a small aliquot of cells to adjust laser and compensation settings on the cytometer. Stain
cells with an antibody to each individual fluorophore and one without any antibody.
Depending on the cytometer being used a compensation matrix should be established to
remove spectral overlap.

3.5) Place the sample tube onto the cytometer probe and collect and record all events.

We have changed liberase DL (collagenase I,1l and dispase) and all of the remaining trade names

to their composition. We have also removed all commercial names with generic names.

We have added a figure title to figure 3.

Remove the catalog number from here and add to the table of materials.

We have removed the catalog number.
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We have added all reagents to the materials table.

Same for panel B as well?
We have added the scale bar length to panel B and changed the fragmented sentence.

We have clarified “an organ” by modifying the sentence.

We have changed BAT to BAJT.



