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27  SUMMARY:
28 Here, we present a protocol to process fresh bone marrow (BM) isolated from mouse or human
29 for high-dimensional mass cytometry (Cytometry by Time-Of-Flight, CyTOF) analysis of
30 neutrophil-lineage cells.
31
32  ABSTRACT:
33 Inthisarticle, we present a protocol that is optimized to preserve neutrophil-lineage cells in fresh
34  BM for whole BM CyTOF analysis. We utilized a myeloid-biased 39-antibody CyTOF panel to
35 evaluate the hematopoietic system with a focus on the neutrophil-lineage cells by using this
36 protocol. The CyTOF result was analyzed with an open-resource dimensional reduction
37 algorithm, viSNE, and the data was presented to demonstrate the outcome of this protocol. We
38 have discovered new neutrophil-lineage cell populations based on this protocol. This protocol of
39 fresh whole BM preparation may be used for 1), CyTOF analysis to discover unidentified cell
40 populations from whole BM, 2), investigating whole BM defects for patients with blood disorders
41  such as leukemia, 3), assisting optimization of fluorescence-activated flow cytometry protocols
42  that utilize fresh whole BM.
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In the past few decades, cytometry methods have been a powerful tool to investigate the
hematopoietic system in the BM. These methods include fluorescence-activated flow cytometry
and the new method of CyTOF using heavy metal-labeled antibodies. They have led to discoveries
of many cell types in a heterogeneous biological specimen by identification of their unique
surface marker expression profiles. Increased spectrum overlaps that’s associated with more
channels leads to higher data inaccuracy in fluorescence-activated flow cytometry applications.
Therefore, unwanted cells are routinely removed in order to enrich cell populations of interest
for fluorescence-activated flow cytometry analysis. For example, Ly6G (or Gr-1) and CD11b are
considered mature myeloid cell markers and Ly6G* (or Gr-1*) and CD11b* cells are routinely
removed from BM samples by using magnetic enrichment kits prior to flow cytometry analysis of
hematopoietic stem and progenitor cells (HSPCs) or by combining these markers in one dump
cocktail channel'3. Another example is that neutrophils are routinely removed from human
blood specimen to enrich peripheral blood mononuclear cells (PBMC) for immunological studies.
Whole bone marrow isolated from mouse or human, however, is rarely investigated intact for
cytometry analysis.

Recently, CyTOF has become a revolutionary tool to investigate the hematopoietic system*®.
With CyTOF, the fluorophore-labeled antibodies are replaced by heavy element reporter-labeled
antibodies. This method allows for the measurement of over 40 markers simultaneously without
the concern of spectrum overlap. It has enabled the analysis of intact biological specimen without
pre-depletion steps or a dump channel. Therefore, we can view the hematopoietic system
comprehensively with high-content dimensionality from conventional 2-D flow cytometry plots.
Cell populations omitted in the past during depletion or gating process can now be brought into
light with the high-dimensional data generated by CyTOF*>. We have designed an antibody panel
that simultaneously measures 39 parameters in the hematopoietic system with a focus on the
myeloid linage’. Compared to the conventional flow cytometry data, the interpretation and
visualization of the unprecedented single-cell high-dimensional data generated by CyTOF is
challenging. Computational scientists have developed dimensionality reduction techniques for
the visualization of high-dimensional datasets. In this article, we used the algorithm, viSNE, which
uses t-Distributed Stochastic Neighbor Embedding (t-SNE) technique to analyze the CyTOF data
and to present the high-dimensional result on a 2-dimensional map while conserving the high-
dimensional structure of the data®°. On the tSNE plot, similar cells are clustered into subsets
and the color is used to highlight the feature of the cells. For example, on Figure 1 the myeloid
cells are distributed into several cell subsets based on the similarities of their expression patterns
of 33 surface markers resulted from CyTOF (Figure 1)*. Here we investigated mouse bone marrow
with our previously reported 39-marker CyTOF panel by viSNE analysis 7. viSNE analysis of our
CyTOF data revealed an unidentified cell population that showed both HSPC (CD117*) and
neutrophil (Ly6G*) characteristics (Figure 2)’.

In conclusion, we present a protocol to process fresh whole bone marrow for CyTOF analysis. In
this article, we used mouse bone marrow as an example, while this protocol can also be used to
process human bone marrow samples. The details specific to human bone marrow samples are
also noted in the protocol as well. The advantage of this protocol is that it contains details such
as incubation time and temperature that were optimized to preserve neutrophil-lineage cells in
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the whole bone marrow to enable investigation on the intact whole bone marrow. This protocol
may also be easily modified for fluorescence-activated flow cytometry applications.

PROTOCOL:

All experiments followed approved guidelines of the La Jolla Institute for Allergy and Immunology
Animal Care and Use Committee, and approval for the use of rodents was obtained from the La
Jolla Institute for Allergy and Immunology according to criteria outlined in the Guide for the Care
and Use of Laboratory Animals from the National Institutes of Health.

1. Harvest mouse bone marrow (BM).

1.1. Purchase C57BL/6J mice from a commercial vendor. Feed the standard rodent chow diet and
house in microisolator cages in a pathogen-free facility.

1.2. Use male mice, 6-10 weeks of age, for experimental purpose. Euthanize by CO; inhalation
followed by the cervical dislocation.

1.3. Place the mouse onto a sterile surgical pad with the abdomen side up. Sterilize the skin of
the abdomen and hindlimbs area by spraying 70% ethanol. Use a pair of dissecting surgical
scissors to cut the abdominal cavity open.

1.4. Remove the skin to expose hindlimbs. Use a pair of blunt-tip dressing forceps to hold the
mouse tibia right below the ankle. Use another pair of curved dressing forceps to stabilize the
tibia below the blunt-tip dressing forceps. Break the tibia and expose the bone by ripping off the
muscle with the blunt-tip dressing forceps.

NOTE: The tibia is loosely attached to the knee joint and can be easily picked out by using the
blunt-tip dressing forceps.

1.5. Place the tibia in cold 1x PBS.

1.6. Next, move the stabilizing curved dressing forceps downward to the femur. Slide the blunt-
tip dressing forceps below the knee joint and hold the kneecap. Dislocate the kneecap by gently
pulling it up. Expose the femur by ripping off the muscle attached to the kneecap. Hold the
exposed femur by the curved dressing forceps and cut the femur off from the bottom of the bone
using dissecting surgical scissors.

1.7. Place the femur in cold 1x PBS.

1.8. Punch a hole in 0.5 mL microcentrifuge tube with an 18 G needle.

1.9. Place both tibia and femur into the same 0.5 mL microcentrifuge tube with the open end of
the bones facing downwards to the hole.
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1.10. Place the 0.5 mL tube containing both tibia and femur into a 1.7 mL microcentrifuge tube.

1.11. Spin the double-layered tubes containing both tibia and femur at 5510 x g for 15 s in the
micro-centrifuge.

1.12. Ensure that the BM is extracted from the bones and pelleted at the bottom of the tube.
Toss the 0.5 mL tube containing the hallowed bones. The mouse BM is ready for next steps.

NOTE: Human BM is harvested at clinical resources as previously described 1.

2. Stain BM cells for CyTOF

2.1. Resuspend the BM in 1 mL 1x Red Blood Cell (RBC) lysis buffer. For human BM, resuspend
the whole BM in a 10x volume of 1x Red Blood Cell (RBC) lysis buffer. Incubate for 10 min at room

temperature (RT).

2.2. Spin the tube at 350 x g for 5 min at 4 °C. For human BM, repeat step 2.1 and 2.2 before
proceeding to step 2.3.

2.3. Carefully aspirate the supernatant and leave the pellet undisrupted. Resuspend the pellet
with 1 mL of cold 1x PBS. Filter the pellet into a 15 mL conical tube through a 70 um cell strainer.
The BM cells are now completely isolated into the tube from the muscle and bone debris. Wash
the cells by adding 9 mL of cold 1x PBS into the tube.

2.4. Spin the 15 mL tube at 350 x g for 5min at 4 °C.

2.5. Carefully aspirate the supernatant and resuspend the BM cells with 10 mL cold PBS. Take an
aliquot of cells for counting. Count cells using a hemocytometer.

2.6. Aliquot 5 x 108 BM cells into a new 15 mL tube for CyTOF staining.
2.7. Spin the 15 mL tube aliquot at 350 x g for 5 min at 4 °C.

2.8. Carefully aspirate the supernatant and resuspend the BM cells with 125 nM Cisplatin in 1 mL
of CyTOF Staining Buffer as a viability indicator for the sample. Incubate for 5 min at RT.

2.9. After incubation, add 4 mL of CyTOF staining buffer to the tube. Spin the tube at 350 x g for
5 min at 4 °C. For human BM, add 10% human AB serum into the CyTOF staining buffer.

2.10. Carefully aspirate the supernatant and resuspend the BM cells with 50 pL of Fc Receptor
blocking solution. Incubate for 10 min at 4 °C. Skip this step for human BM.

2.11. Add 50 pL of the homemade CyTOF antibody cocktail® to the sample so the total staining
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volume is 100 pL. Gently pipette to mix. Incubate for 30 min at 4 °C. The final volume of the
antibody cocktail is 100 pL for both mouse BM and human BM samples.

2.12. Add 2 mL of CyTOF staining buffer to each tube following the incubation to wash the cells,
spin the tube at 350 x g for 5 min at 4 °C.

2.13. Repeat step 2.12 for a total of two washes.

2.14. Prepare a fresh 1.6% formaldehyde solution from the 16% stock ampule. Dilute 1 part of
the stock formaldehyde with 9 parts of 1x PBS.

2.15. Carefully aspirate the supernatant and resuspend the pellet with 1 mL fresh 1.6% FA
solution. Incubate for 15 min at RT.

2.16. Spin the tube at 800 x g for 5 min at 4 °C.

2.17. Carefully aspirate the supernatant and resuspend the cell pellet with 125 nM intercalation
solution in 1 mL fix/perm buffer.

2.18. Incubate the sample in intercalation solution overnight at 4 °C.
3. Prepare cells for CyTOF acquisition
3.1. Gently vortex and spin cells at 800 x g for 5 min at 4 °C.

3.2. Wash cells by adding 2 mL of CyTOF staining buffer, spin cells at 800 x g for 5 min at 4 °C and
remove the supernatant by aspiration.

3.3. Resuspend cells in 1 mL of diH,0. Reserve a small volume (approximately 10 uL) from each
tube to count cells.

3.4. Spin cells at 800 x g for 5 min at 4 °C.
3.5. Repeat step 3.3 and 3.4.

3.6. Carefully aspirate the supernatant and leave the cells in the pellet. The BM cells are now
ready for resuspension to the concentration of 1 x 108 cells/mL for CyTOF acquisition.

REPRESENTATIVE RESULTS:
Figure 1 is presented as an example result from CyTOF experiments. On this tSNE plot the cells
across multiple mouse tissues were clustered into subsets based on the similarity of their surface

marker expression profiles measured by a 33-parameter CyTOF panel. Cells with more similar
properties were automatically clustered together such as the neutrophils, macrophages, or the
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DCs based on the expression of the 33 markers on each cell.

Figure 2 is presented as an example result for the mouse BM CyTOF experiment using the
protocol presented in this study. The protocol preserved the integrity of the whole BM, leading
to the discovery of a previously unknown cell population that co-expresses neutrophil (Ly6G*,
Figure 2A) and HSPC (CD117*, Figure 2B) signature surface markers simultaneously. This cell
population shows a distinct pattern of the surface marker expression measured by our CyTOF
panel (Figure 2C) and was omitted by previous myeloid progenitor research due to Ly6G* cell
depletion3. More importantly, this result led to the discovery of the small subset of the cluster
to the left side of the viSNE map that doesn’t express Ly6G however was clustered closely to the
CD117*Ly6G" cells, which suggests the similarity of these cells to the neutrophil-lineage based on
the expression of the 39 markers used for this CyTOF experiment.

We used the marker expression profile from the CyTOF data shown in Figure 2C to build a 13-
color FACS (fluorescence-activated cell sorting) panel that allows us to isolate the neutrophil
progenitors by flow cytometry for downstream functional assays (Figure 3).

FIGURE AND TABLE LEGENDS:

Figure 1. Example of the tSNE plot resulted from CyTOF. Aggregate tSNE dimensionality reduced
single-cell data from all mice tissues analyzed were plotted and color coded by the 28
'unsupervised' clusters. The coarse identities of each cluster were annotated based on various
published analyses. This figure has been modified from %

Figure 2. Automated single-cell analysis of Lin"CD117*Ly6A/E- HSPC cells in bone marrow
identifies a distinct neutrophil progenitor population. ViSNE maps of Lin"CD117*Ly6A/E" HSPC
cells are shown as dot overlays to display the 5 automated clusters. (A) Ly6G and (B) CD117
expression pattern is shown on viSNE map of Lin\CD117*Ly6A/E" HSPC cells as spectrum colored
dots. (C) The expression patterns of the indicated markers are shown as histogram overlays of
each cluster. This figure has been modified from reference’.

Figure 3. FACS gating strategy demonstrated with mass cytometry (CyTOF) dataset. Manually
gated target population was back gated to automated viSNE map for validation. This figure has
been modified from reference’.

DISCUSSION:

In past decades, fluorescence-based flow cytometry was used as the main method to study
cellular lineages and heterogeneity®3. Although flow cytometry has provided multi-dimensional
data, this method is limited by choices of parameters and spectral overlap. To overcome the
weakness of flow cytometry we took advantage of CyTOF, which uses heavy metal isotopes
instead of fluorophores to label antibodies that eliminates crosstalk between detector channels
or autofluorescence of the cells, therefore, can measure many more parameters simultaneously
at the single-cell level and generate a much deeper assessment of cellular diversity!2. Cell
populations omitted in the past during depletion or gating process, especially important immune
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cells like neutrophil-lineage cells which were for long considered homogeneous® 4, can be
better characterized by CyTOF 237,

To accommodate this powerful cytometry tool of CyTOF to study cell heterogeneity and
characterize rare cell populations, protocols that preserve the integrity of biological specimens
are extremely practical for heterogeneity studies. Here we described a protocol to process whole
BM for CyTOF that enables comprehensive characterization of new cell populations in intact
whole BM, which may be used for mouse or human studies. Whole bone marrow isolated from
mouse and human contains cell populations, especially neutrophil-lineage cells that are highly
fragile and sensitive to environmental changes such as temperature and culture conditions. In
this protocol, we have optimized the temperature and incubation conditions for each step in
order to preserve these sensitive populations to the maximum level. By doing so the integrity of
the whole bone marrow cells is well protected. With personalized marker panel incorporated to
this protocol, researchers may identify more cells of interest in different research fields.

Although CyTOF is a powerful end-point analytical tool for discovery of new cell populations and
is able to predict the new populations’ function by their marker characteristics, this technology
is limited for further downstream functional studies. To enable downstream functional studies,
we used ViSNE to comprehensively characterize each cluster by examine their expression level of
each 39 markers and found the distinct marker combinations as shown in Figure 2C. Although
CyTOF data could not be applied to current sorting technologies, its advantage on the
measurement of many parameters simultaneously could assist us to identify the best
combination of markers within limited parameters. This critical step of data analysis assisted us
to take full advantage of CyTOF results to design a FACS-compatible fluorescence-based sorting
panel. For example, in this experiment, we used this information in Figure 2C to build a 13-color
FACS panel that allows us to isolate the neutrophil progenitor (NeP) by flow cytometry for
downstream functional assays (Figure 3). By using CyTOF and FACS in a pipeline, these methods
together could enable the isolation of newly discovered cell types for functional studies such as
morphology, versatility, in vitro assays, and in vivo studies.
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CyTOF Antibodies (mouse)

Anti-Mouse CDA45 (Clone 30-F11) -89Y Fluidigm
Anti-Human/Mouse CD45R/B220 (Clone
RA36B2)-176Yb

Anti-mouse CD105 (Clone MJ7/18)-Purified [Biolegend

Anti-mouse CD115 (CSF-1R) (Clone AFS98)-
Purified

Anti-Mouse CD117/c-kit (Clone 2B8)-166Er |Fluidigm

Fluidigm

Biolegend

Anti-mouse CD11a (Clone M17/4)-Purified Biolegend
Anti-Mouse CD11b (Clone M1/70)-148Nd Fluidigm
Anti-Mouse CD11c (Clone N418)-142Nd Fluidigm
Anti-mouse CD127 (IL-7Ra) (Clone A7R34)-M{Biolegend

Anti-Mouse CD150 (Clone TC1512F12.2)-
167Er

Anti-mouse CD16.2 (FcyRIV) (Clone 9E9)-Puri{Biolegend
Anti-Mouse CD162 (Clone 4RA10 (RUQ))-
Purified

Anti-mouse CD169 (Siglec-1) (Clone

Fluidigm

BD Biosciences

3D6.112)-Purified Biolegend

Anti-mouse CD182 (CXCR2) (Clone Biolegend

SA044G4)-Purified

Anti-mouse CD183 (Clone CXCR3-173)- )
Biolegend

Purified
Anti-mouse CD335 (NKp46) (Clone 29A1.4)-MBiolegend

Anti-mouse CD34 (Clone MEC14.7)-Purified [Biolegend

Anti-mouse CD41 (Clone MWReg30)-MaxPar Biolegend
Anti-Mouse CD43 (Clone S11)-146Nd Fluidigm
Anti-Mouse CD48 (Clone HM48.1)-156Gd Fluidigm
Anti-mouse CD62L (Clone MEL-14)-MaxPar R{ThermoFisher
Anti-mouse CD71 (Clone RI7217)-Purified Biolegend

Anti-mouse CD90 (Clone G7)-Purified Biolegend
Anti-Mouse F4/80 (Clone BM8)-159Th Fluidigm
Anti-mouse FceRla (Clone MAR-1)-MaxPar .

Biolegend
Ready

Anti-mouse GM-CSF (MP1-22E9 (RUO))-Purifi|BD Biosciences
Anti-Mouse I-A/I-E (Clone M5/114.15.2)-
174Yb

Anti-Mouse Ki67 (Clone B56 (RUO))-Purified [BD Biosciences

Anti-Mouse Ly-6A/E (Sca-1) (Clone D7)-
169Tm

Anti-Mouse Ly6B (Clone 7/4)-Purified abcam
Anti-mouse Ly-6G (Clone 1A8)-MaxPar Ready|Biolegend
Anti-Mouse NK1.1 (Clone PK136)-165H0 Fluidigm
Anti-Mouse Siglec-F (Clone E50-2440
(RUQ))-Purified

Anti-Mouse TCRB (Clone H57-597)-143Nd  |Fluidigm

Fluidigm

Fluidigm

BD Biosciences
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Anti-mouse TER-119/Erythroid Cells (Clone T§Biolegend

Chemicals, Peptides and Recombinant

Proteins

Antibody Stabilizer CANDOR Bioscience
Bovine Serum Albumin Sigma-Aldrich
Cisplatin-194Pt Fluidigm
eBioscience 1X RBC Lysis Buffer ThermoFisher

eBioscience Foxp3 / Transcription Factor

Staining Buffer Set ThermoFisher

EQ Four Element Calibration Beads Fluidigm
Ethylenediaminetetraacetic acid (EDTA) ThermoFisher
Fetal Bovine Serum Omega Scientific

HyClone Phosphate Buffered Saline solution |GE Lifesciences

Intercalator-Ir Fluidigm
MAXPAR Antibody Labeling Kits Fluidigm
Paraformaldehyde Sigma-Aldrich
Sodium azide Sigma-Aldrich
Triton X-100 Sigma-Aldrich
Trypsin EDTA 1X Corning

Experimental Model: Organism/Strains

Mouse: C57BL/6J The Jackson Laboratory

Software Alogrithm

Bead-based Normalizer Finck et al., 2013
Cytobank Cytobank
Cytofkit v1.r.0 Chen et al., 2016

t-SNE van der Maaten and Hinton, 200
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

@ Standard Access

Item 2: Please select one of the following items:

|:| Open Access

The Author is NOT a United States government employee.

I:lThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

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
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means MylJove 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 JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE 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
appear.

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 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. If the “Open Access” box has been
checked in Item 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.

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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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
Item 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 limitation, 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 disclaims 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 Item 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 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 Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) 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.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

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
JOVE 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
all 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 all
institutional, laboratory, 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.
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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 harmless 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

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include 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 Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion 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 successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts 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 all 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.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name: - N o ;

\I"‘““-Fw‘a’ P%\ Shuas . (ptharine C Healvel
Department: " . .
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Title: \ !
Signature: L,/\/W Date: 2. Qo
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
Reviewers.docx

Reviewers' comments:

Please note that novelty is not a requirement for publication and reviewer comments
guestioning the novelty of the article can be disregarded.

Reviewer #1:

Manuscript Summary:

This methods paper describes how CyTOF, cell sorting, and single-cell transcriptional profiling
can enable high-dimensional characterization of discrete populations in complex tissue. This
pipeline overcomes the technological hurdles of flow cytometry that depends on marker
selection and spectral overlaps.

Major Concerns:
A resource should be provided for the ViSNE algorithm (Line 178).

We appreciate your careful review. The manuscript is revised accordingly and Righighteédin'Green.

Minor Concerns:
Line - no comma

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 47 - delete "had"
Adoptive transfer experiments confirmed that the newly discovered cell

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 60 - delete "a" and replace "had" with "has"
In the past few decades, the development of multi-channel flow cytometry has led to

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 65 - comma after "(GMP)" and delete "could be identified"
Granulocyte Monocyte Progenitor (GMP), by differential expression of

Line 69 - delete "accordingly" and add comma
complicated, leading to higher data inaccuracy.

Lines 69-70 - replace "this reason” with "these reasons," "
"are
Due to these reasons, many of the cellular markers are omitted by depleting certain fractions of
the specimen prior to flow

a lot" with "many," and "were" with

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.
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Line 71 - replace "maximum" with "maximize"
cytometry analysis in order to maximize available fluorescent channels for analysis of the cells

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.
Lines 72-73 - replace "were" with "are" (twice) and delete "as"

For example, Ly6G (or Gr-1) and CD11b are considered mature myeloid cell markers therefore
the Ly6G+ (or Gr-1+) and CD11b+ cells are routinely removed from bone

We appreciate your careful review. The manuscript is revised accordingly and RighightedNiniGreen.

Line 75 - delete comma
cytometry analysis of hematopoietic stem and progenitor cells (HSPCs) or by putting these

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 77 - replace "helps" with "is," comma with semicolon, and "led" with "lead"; insert "can"
before "also"
is to enrich the cells of interest; however, it can also lead to depletion of certain subtypes of the

We appreciate your careful review. The manuscript is revised accordingly and RighightedNin'Green.

Line 78 - replace comma with period; start new sentence; replace "could be" with "would have
been"

target cell. For example the HSPCs that co-express Ly6G (or Gr-1) or CD11b would have been
eliminated

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.

Line 79 - delete "in the past" and "the" before depletion
from the analysis due to depletion

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.

Line 81 - replace "were" with "are"
antibodies were replaced by heavy element reporter-labeled antibodies

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.

Line 82 - replace "makers" with "markers"
measurement of over 40 markers simultaneously without the concern of spectrum overlap

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.



Line 83 - add "a" before 'dump’
has enabled analysis of intact biological specimen without pre-depletion steps or a 'dump’

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.
Lines 84-85 - revise

Therefore, we are able to view the hematopoietic system comprehensively with high-content
dimensionality from conventional 2-D flow cytometry plots

We appreciate your careful review. The manuscript is revised accordingly and RighightedNiniGreen.
Lines 85-87 - revise

Cell populations omitted in the past during depletion or the gating process can now be brought
to light with the high-parameter data generated by CyTOF.

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.
Lines 87-88 - revise

Here we have designed an antibody panel that simultaneously measures 39 parameters in the
hematopoietic system with a focus on the myeloid

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 93 - replace "had" with "have"
Computational scientists have developed dimensionality reduction techniques for the

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 94 - replace "an" with "the"
In this article we used the algorithm, viSNE, which

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 96 - replace "yet conserve" with "while conserving"
and to present the high-dimensional result on a 2-dimensional map while conserving the high-

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 97 - add "the" before ViSNE
On the ViSNE map

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.



Line 99 - lowercase ViSNE
VISNE analysis of the CyTOF data we generated

We appreciate your careful review. The manuscript is revised accordingly and RighightedNiniGreen.
Line 103-104 - replace "identify" with "identifying" and "to" with "with"

Although CyTOF is powerful in identifying cell populations, current FACS sorting software is not
compatible with viSNE plots.

We appreciate your careful review. The manuscript is revised accordingly and Righightédlin'Green.
Line 104-105 - comma after "cluster”, replace "makers" with "marker", replace "that suits" with
"suitable”

Thus, in order to study the functions of the newly identified cell cluster, we examined the CyTOF
dataset to find the best marker combination suitable for 13-

We appreciate your careful review. The manuscript is revised accordingly and RighightedNiniGreen.
Line 107 - replace "the following" with "proceeding with"

to the CyTOF viSNE map to ensure the purity of the sorted cells before proceeding with
functional

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 112 - add "the" before "molecular"
the cellular complexity of NeP at the molecular level under homeostatic and cancer conditions

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.
Line 113 - replace "index" with "perform"

Genomics uses a 10x GemCode technology to deliver a scalable microfluidic platform to
perform

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 117 - delete comma, revise

mice and found that the NeP population consists of several distinct subpopulations that changed
in quantities with cancer

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 118 - replace "this result" with "these subpopulations" and "predict potential transcriptome”
with "potentially lead to"; delete "and will not be discussed here."



Further investigation of these subpopulations could potentially lead to targets in NeP cancer
treatment.

We appreciate your careful review. The manuscript is revised accordingly and RighightedNiniGreen.
Line 121-122 - replace "Overall" with "In conclusion”; add "the" before "NeP"

In conclusion, we have presented a pipeline using CyTOF, FACS sort, and 10x scRNA-seq
methods to discover, isolate, and investigate a new cell type, the NeP.

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.
Line 210 - Lowercase ViSNE

We appreciate your careful review. The manuscript is revised accordingly and RighightedNinGreen.

Line 213 - replace "of" with "for"
markers are shown as histogram overlays for each cluster

We appreciate your careful review. The manuscript is revised accordingly and RighightedNiniGreen.

Line 222-223 - replace "NeP" with "NePs" and "its" with "their"

ScRNA-Seq reveals the heterogeneity of NePs and their neutrophil precursor progeny in healthy
vs. tumor-bearing mice

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 235-236 - replace "for" with "characterize" and "characterization" with "populations”
Single-cell technologies have become powerful tools to study cell heterogeneity and
characterize rare cell populations.

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 237 - replace "greatly advanced so far" with "flow cytometry has provided multi-dimensional
data"

Although flow cytometry has provided multi-dimensional data,

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 238 - replace "numbers of independent"” with "choice of"
method is limited by the choice of parameters

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 239 - pluralize "fluorophores"



We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 241 - replace "much more numbers of" with "many more"
This feature allows CyTOF to measure many more parameters simultaneously

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.
Line 245-246 - delete "Overall"; add "in" before "discoveries"; replace "new" with "previously
unidentified"; replace "population" with "populations”

CyTOF is a revolutionary cytometry method that could assist in discoveries of previously
unidentified rare cell populations by cellular expression of unique marker proteins.

We appreciate your careful review. The manuscript is revised accordingly and RighightedNinGreen.

Line 249 - add "a" before "FACS"
to design a FACS-compatible

We appreciate your careful review. The manuscript is revised accordingly and RighightedNin'Green.

Line 251 - replace "the discovered new" with "newly discovered"; delete "actual”
together could enable isolation of newly discovered cell types for functional studies

We appreciate your careful review. The manuscript is revised accordingly and RighightedNin'Green.

Line 252 - list should maintain parallel structure by retaining the same grammatical form

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 253 - pluralize NePs, replace "transcriptome" with "the transcriptional”, replace "further"
with "conducting"

investigate the heterogeneity of FACS-sorted NePs at the transcriptional level before conducting

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.

Line 259 - replace "advances" with "makes advancements"
This method also makes advancements in its

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.

Line 260 - add "the" before "collection”
droplet-based collection method that lowers the stress to single cells during the collection

We appreciate your careful review. The manuscript is revised accordingly and Righightedin'Green.



Line 261 - replace "preserving" with "preserve"
procedure, which could help preserve RNA quality of the sample

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.

Line 264-265 - replace "Overall" with "In summary"; replace "enables" with "enable"; replace
"transcriptome heterogeneity studies" with "single-cell transcriptional profiling"

In summary, we have described a pipeline for discovery of new cell types and methods to
isolate the cells that enable downstream analysis including single-cell transcriptional profiling.

We appreciate your careful review. The manuscript is revised accordingly and Righightedlin'Green.

Reviewer #2:

Manuscript Summary:

This description for a JoVE manuscript/presentation describes methods used by a lab group to
use single cell technologies to identify immune cell subsets for downstream flow sorts,
molecular characterization by 10X single cell RNAseq and suggests that this platform can be
used to study the function of cell subsets that are identified by this workflow. The groups uses
mouse bone marrow analysis as an example for their workflow. The authors provide a brief
overview of how they used CyTOF, FACS, and scRNAseq to characterize a bone marrow PMN
progenitor population call NeP. Overall, the workflow is logical and not really innovative for
research groups that have expertise with these methods. There are some points that should be
addressed to strengthen the impact of the article.

Major Concerns:
1. This workflow does not seem to be novel or difficult to work out for groups that know how
to use these technologies. If the goal is to demonstrate how to do CyTOF, FACS sorts,
and scRNAseq, then this is not really going to be all that helpful to others.

Novelty is not a requirement for publication on JoVE but we appreciate your review and revised the
discussion section and added a few highlights in the manuscript to make the goal of this manuscript more
clear and helpful to others.

2. The abstract indicated that they were going to present an analytical approach to develop
FACS sorting panels. That was not described in the manuscript.
We thank you for this reminder and added one more panel in Figure 2 along with a brief discussion in the
text to describe how the FACS sorting panel is developed.

3. The results with scRNAseq were not related back to the CyTOF findings. Was this their
intention or did the author want to use the tumor model as an example for how to use
this method.



We thank you for this reminder. We revised the manuscript to make it clear that the tumor model is an
example of using this method.

4. Why didn't they begin comparing normal and tumor-bearing mice by CyTOF and then
use CyTOF data to drive the development of FAC panels for sorts, followed by detailed
molecular analysis by sScRNAseq?

We appreciate your review. We revised the manuscript to make it clear that the tumor model is an
example of using this method.

5. Itis not clear how this work will be useful when presented in video format. Are they going
to show stains, sorts, and RNAseq OR are they going to describe their analytical
methods OR both. This should be clarified.

We appreciate your review. We added one more panel in Figure 2 and more discussion in the manuscript
to make the goal of this manuscript more clear.

Minor Concerns:
6. Minor, Ly6G is not GR-1. GR-1 is an antibody reagent that recognized Ly6C/G. We do
not use GR-1 in CyTOF. Instead we use anti-Ly6C and anti-Ly6G.
We appreciate your review. We did not use Gr-1 for CyTOF. Gr-1 was only mentioned in the context of
citing previous literatures using Gr-1 before it was replaced by Ly-6G.
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such permission is not obtained then that material may not be included in
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terms and conditions or CCC's Billing and Payment terms and conditions.
These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire
agreement between you and publisher (and CCC) concerning this
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information line on the bottom of each image; A hyper-text must be
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http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier
homepage for books at http://www.elsevier.com; Central Storage: This
license does not include permission for a scanned version of the material
to be stored in a central repository such as that provided by
Heron/XanEdu.

Licensing material from an Elsevier book: A hyper-text link must be
included to the Elsevier homepage at http:/www.elsevier.com . All
content posted to the web site must maintain the copyright information
line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above
the following clauses are applicable: The web site must be password-
protected and made available only to bona fide students registered on a
relevant course. This permission is granted for 1 year only. You may
obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition
to the above:

Preprints:
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has not been peer-reviewed, nor has it had any other value added to it by a
publisher (such as formatting, copyright, technical enhancement etc.).
Authors can share their preprints anywhere at any time. Preprints should
not be added to or enhanced in any way in order to appear more like, or to
substitute for, the final versions of articles however authors can update
their preprints on arXiv or RePEc with their Accepted Author Manuscript
(see below).
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users to find, access, cite and use the best available version. Please note
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Accepted Author Manuscripts: An accepted author manuscript is the
manuscript of an article that has been accepted for publication and which
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added to or enhanced in any way to appear more like, or to substitute
for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the
definitive final record of published research that appears or will appear in
the journal and embodies all value-adding publishing activities including
peer review co-ordination, copy-editing, formatting, (if relevant)
pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and
gold open access articles:

Subscription Articles: If you are an author, please share a link to your
article rather than the full-text. Millions of researchers have access to the
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find, access, cite, and use the best available version.

Theses and dissertations which contain embedded PJAs as part of the
formal submission can be posted publicly by the awarding institution with
DOI links back to the formal publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you
have additional private sharing rights for others' research accessed under
that agreement. This includes use for classroom teaching and internal
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programs), and inclusion of the article for grant funding purposes.

Gold Open Access Articles: May be shared according to the author-
selected end-user license and should contain a CrossMark logo, the end
user license, and a DOI link to the formal publication on ScienceDirect.
Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to
the above: Authors are permitted to place a brief summary of their work
online only. You are not allowed to download and post the published
electronic version of your chapter, nor may you scan the printed edition to
create an electronic version. Posting to a repository: Authors are
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permitted to post a summary of their chapter only in their institution's
repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation
your thesis may be submitted to your institution in either print or
electronic form. Should your thesis be published commercially, please
reapply for permission. These requirements include permission for the
Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply
single copies, on demand, of the complete thesis. Should your thesis be
published commercially, please reapply for permission. Theses and
dissertations which contain embedded PJAs as part of the formal
submission can be posted publicly by the awarding institution with DOI
links back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access
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open access publishing. Permitted third party re-use of these open access
articles is defined by the author's choice of Creative Commons user
license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published
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Any reuse of the article must not represent the author as endorsing the
adaptation of the article nor should the article be modified in such a way
as to damage the author's honour or reputation. If any changes have been
made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include
the end user license and a DOI link to the formal publication on
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If any part of the material to be used (for example, figures) has appeared
in our publication with credit or acknowledgement to another source it is
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the responsibility of the user to ensure their reuse complies with the terms
and conditions determined by the rights holder.

Additional Terms & Conditions applicable to each Creative
Commons user license:

CC BY: The CC-BY license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article
and to make commercial use of the Article (including reuse and/or resale
of the Article by commercial entities), provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI),
provides a link to the license, indicates if changes were made and the
licensor is not represented as endorsing the use made of the work. The full
details of the license are available at
http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to
create extracts, abstracts and new works from the Article, to alter and
revise the Article, provided this is not done for commercial purposes, and
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through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the
use made of the work. Further, any new works must be made available on
the same conditions. The full details of the license are available at
http://creativecommons.org/licenses/by-nc-sa/4 0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and
distribute the Article, provided this is not done for commercial purposes
and further does not permit distribution of the Article if it is changed or
edited in any way, and provided the user gives appropriate credit (with a
link to the formal publication through the relevant DOI), provides a link
to the license, and that the licensor is not represented as endorsing the use
made of the work. The full details of the license are available at
http://creativecommons.org/licenses/by-nc-nd/4.0. Any commercial reuse
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of Open Access articles published with a CC BY NC SA or CC BY NC
ND license requires permission from Elsevier and will be subject to a fee.
Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access

Article aggregation

Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of
those companies.

20. Other Conditions:

v1l.9

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.
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