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24 SUMMARY:
25  This protocol describes the removal and purification of pulmonary artery endothelial cells
26  (PAECs) that adhere to the balloon tips of Swan-Ganz catheters while they are wedged in the
27  pulmonary artery during right heart catheterization and remain adherent to the deflated
28  balloon following removal from the patient’s body.
29
30 ABSTRACT:
31 A variety of pathologies lead to pulmonary hypertension (PH), which is defined as a mean
32  pulmonary artery pressure exceeding 25 mmHg at rest. To further diagnose and manage PH,
33  patients undergo repeated right heart catheterizations (RHC) wherein a Swan-Ganz catheter is
34  advanced into a branch of the pulmonary artery and a balloon is inflated to wedge the catheter
35 tip. This article illustrated a protocol whereby pulmonary artery endothelial cells (PAECs) may
36 be harvested from the balloon tips of Swan-Ganz catheters after RHC, and purified with an anti-
37 CD146 affinity column technique to purify putative PAECs. These cells might be used to provide
38 an in situ snapshot of the biological state of the pulmonary vasculature endothelium to
39 complement hemodynamic measurements obtained during RHC. Harvested and purified PAECs
40 may be used for either cell culture or for subsequent analytical assays such as flow cytometery.
41
42  INTRODUCTION:
43  Current U.S. and European guidelines require right heart catheterization for the diagnosis of
44  pulmonary hypertension?®. Physicians and scientists seeking to understand this disease desire
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biological samples from the pulmonary vasculature to complement the hemodynamic data that
is gathered during RHC. Unfortunately, the risk associated with pulmonary vascular biopsy is
very high, and therefore biological samples of the pulmonary vasculature are rarely if ever
obtained from living patients undergoing RHC. While much insight has been gained from
pulmonary vascular tissue obtained from cadaveric or explanted lungs, these samples are
unable to reflect the biology of the PH disease process as it is unfolding in a living patient. In
2013, we first reported that pulmonary artery endothelial cells (PAECs) are denuded from the
branches of the pulmonary artery by physical contact with the balloon tip of the Swan-Ganz
catheter during RHC, and can be recovered in small numbers from the catheter tips after the
procedure?.

This article illustrates our technique for the removal and purification of pulmonary artery
endothelial cells (PAECs) from the balloon tips of Swan-Ganz catheters following right heart
catheterization. Heretofore, the methodology for performing this harvest technique has been
described in insufficient detail in the literature to ensure uniform results between laboratories
performing the technique. This article is intended to overcome this deficiency, offering
visualized demonstration of the technique, from bedside collection of catheter tips to the final
product of purified CD146+ endothelial cells. This technique should aid in advancing research
into the pathobiology of various etiologies of PH, and possibly result in the development of new
diagnostic assays to complement hemodynamic data gathered during RHC.

The importance of this technique to the field of pulmonary vascular medicine and research is
that it provides access to a snapshot of the biology of the pulmonary endothelium in situ and in
contrast to earlier studies on explanted or cadaveric lungs, does not represent an endpoint for
the subject’s lung. Recently, we have shown that an anti-apoptotic biomarker in these cells may
have usefulness in more precisely phenotyping related varieties of pulmonary hypertension3.
The yield of cells obtained is relatively small, ~5,000-25,000 PAECs per sample, and these cells
are difficult (but not impossible) to culture. We believe that clever clinicians and researchers
will find synergies between these companion techniques in order to advance pulmonary
vascular research, diagnostics and prognostics.

PROTOCOL:

All studies described in this article were approved by the Institutional Review Board of the
Allegheny Health Network. All patients provided informed consent before the administration of
sedative agents and were de-identified by being assigned a study number.

1. Bedside Collection

Note: Everything in this protocol should be done on ice, using pre-chilled solutions. It is
important to induce cold stasis in the cells to preserve their in situ biological phenotype. This
protocol involves the handling of blood and cells obtained from humans and therefore universal
precautions should be observed.
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1.1 After withdrawal of the catheter from the sheath, immediately immerse the catheter in
a 50 mL centrifuge tube containing 40 mL of chilled sterile saline. Swirl the catheter several
times to remove blood, and flush the line if necessary to remove blood retained within the line.

1.2 Cut off the distal 5 cm of the cath tip and allow it to fall into the 50 mL centrifuge tube
containing chilled saline. Immediately remove the cath tip with forceps and transfer it to a 15
mL centrifuge tube containing 15 mL of endothelial cell (EC) growth medium.

1.3 Seal the tube, place it on ice and transfer to the lab to prepare for processing or
shipping. It is critical that the balloon stays immersed in medium, so make sure there is minimal
headspace in the 15 mL tube by filling it completely with EC growth medium.

1.4 Process the sample immediately by proceeding to Step 2.1 or seal and ship the sample
on wet ice overnight for processing at a laboratory skilled in this protocol. If cells are ultimately
going to be used for cell culture, it is strongly recommend that the cath tip be immediately
processed at the same site at which it was collected.

2. Cell Harvest

Note: Everything in this protocol should be done on ice, using pre-chilled solutions. The cells are
in cold stasis, and it is important to avoid awakening them until they are ready to be fixed or
cultured. This entire protocol should be performed in a laminar flow hood, using sterile
instruments, if the ultimate intent is culture of the harvested PAECs. If culture is not planned
(e.g., flow cytometry analysis), it is not necessary to observe sterile precautions.

2.1 Add 5 mL of cell detachment solution to a 15 mL centrifuge tube; place on ice.

2.2 Draw 1 mL of EC media from that remaining in the bedside collection tube into the 1 mL
syringe.

2.3 Quickly complete steps 2.3 through 2.5. Grip the cut end of the catheter tip with
hemostats.

2.4 Carefully insert the needle of the 1 mL syringe into the “white” hole opposite the guide
wire (“black hole”). Take great care to avoid injury with the needle.

2.5 Transfer the cath tip into the 15 mL centrifuge tube containing the cell detachment
solution.

2.6 Inflate the balloon, being careful not to burst it; inflating the balloon with approximately
200 pL of media works well.

2.7 Allow the catheter to sit in cell detachment solution on ice for 5 min with the balloon
inflated. If the balloon deflates on its own during the 5-min incubation, this is acceptable.



133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

2.8 Pour the contents of the 15 mL centrifuge tube into the 100 mm dish. Place the balloon
in the cell detachment solution “puddle”.

2.9 Scrape the inflated balloon with a cell scraper. The cell scraper can be drawn around the
balloon in a circular motion or a brushing motion. Focus on the “poles” of the balloon, where it
meets the catheter. Ensure that the cell scraper contacts the entire surface of the balloon at
least twice. Rinse the cell scraper in the cell detachment solution “puddle” periodically.

2.10 Deflate the balloon and scrape it with a brushing motion. Rinse the cell scraper in the
cell detachment solution “puddle”.

2.11 Discard the cath tip, needle and cell scraper in the appropriate waste container.

2.12  Pour the cell detachment solution containing the cell harvest into a 50 mL centrifuge
tube. Shake the collection tube and pour the remaining media from the collection tube into the
collected sample as well.

2.13  Centrifuge the sample at 650 x g at 4 °C for 10 min. It is important to note that
oftentimes a pellet will NOT be seen. It can be helpful to mark the location where a pellet
would be seen, if visible, to avoid aspirating the pellet in the event it is too small to be seen.

Note: Normally, a pellet is only seen when the sample has been contaminated by blood. Blood
contamination is immaterial to the ultimate harvest product because blood fails to bind the
CD146 beads and washes through the column. Extensive testing has demonstrated that the
specific brand of 1.5 mL microcentrifuge tubes referenced in the Table of Materials minimizes
cell loss relative to other tubes utilized during protocol optimization.

2.14  Carefully aspirate media, and avoid disturbing or aspirating the pellet.

3. Cell Purification

Note: Everything in this protocol should be done on ice, using pre-chilled solutions. The cells are
in cold stasis, and it is important to avoid awakening them until they are ready to be fixed or

cultured.

3.1 Resuspend the pellet in 1 mL of chilled red blood cell lysis solution, and transfer it to a
1.5 mL microfuge tube; gently rock for 10 min at 4 °C.

3.2 Centrifuge for 5 min at 500 x g and 4 °C. Aspirate the RBC lysis solution.

3.3 Resuspend the pellet in 60 uL of PBS, 20 uL of FcR blocker, and 20 uL of anti-human
CD146 microbeads. Incubate for 15 min at 4 °C.
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3.4 Add 1 mL of chilled PBS. Centrifuge for 5 min at 500 x g and 4 °C. Aspirate the
supernatant and resuspend the pellet in 1 mL of chilled PBS.

3.5 Place a magnetic LS column on a magnetic rack (see Table of Materials for specific
commercial identities of these items) at room temperature. Prime column by adding 1 mL of
PBS and allow the entire volume to flow through. Discard the flow-through.

3.6 Place the sample in the magnetic column. Discard the flow-through.

3.7 Wash column with 3 mL of chilled PBS three times. Discard the flow-through from each
wash.

3.8 Add 3 mL of chilled PBS to a 15 mL centrifuge tube. Remove the magnetic column from
magnet, pour the 3 mL of PBS from the 15 mL centrifuge tube into the column and quickly place
the column in the centrifuge tube to catch the flow-through. Immediately plunge with the
plunger supplied with column. The sample is now purified, ready for fixation/staining, or
culture.

REPRESENTATIVE RESULTS:

This protocol results in the purification of cells, from Swan-Ganz catheter tips after right heart
catheterization, that bind to a CD146 selection column and have forward/side scatter profiles
that are indistinguishable from cultured primary human pulmonary artery endothelial cells
(Figure 1). Given that the catheter balloon is in physical contact with only the introducer sheath
(a cell-free material), the pulmonary artery vessel wall, and the blood, data is provided herein
to demonstrate that these cells are not derived from the blood (Figure 2), and therefore it is
assumed that they are indeed derived from the pulmonary artery vessel wall. The reader should
note that the anti-CD146 magnetic beads that are used to purify the cells remain adherent to
the cell surface after the procedure, and thus it is suboptimal to attempt to analyze the cell
harvests for CD146 as a marker of endothelial cells. CD31 or other endothelial markers would
presumably be available for labeling and could be considered as alternatives.

Key elements of this protocol have been identified that may affect results. First, it is important
to rinse the catheter tip at the bedside in order to remove blood. Figure 3 shows Side scatter
(SSC)/Forward scatter (FSC) profiles of flow-through from the anti-CD146 column for one
sample that was properly rinsed and one that was not. The column appears to exclude blood-
derived cells from the harvests (Figure 2), but the rinsing step will ensure minimal possible
contamination from circulating endothelial cells (which are normally present at <50 cells/mL of
blood?). We have observed that eluate from the CD146 column is completely clear, even in the
case of very bloody catheter tip samples. This suggests that the column is able to handle
significant amounts of blood without clogging or retaining non-CD146+ bloodborne cells.

Second, it is important to inflate the balloon tip at least once during the cell detachment
solution/cell scraper step. Given that the putative PAECs on the balloon tip remain adherent
despite the saline rinse step, it seems likely they may be partially trapped by folds in the vinyl
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balloon as it is deflated in preparation for removal from the patient. Presumably, the inflation
step frees the PAECs, allowing them to be gently scraped away. It is not immediately clear one
might test this hypothesis, but lower yields of cells have been observed when the balloon is not
inflated (data not shown).

Finally, it is important to note that yields of PAECs derived from this method can vary
considerably. Presumably, patient-, disease state- and physician-specific factors contribute to
this variability, as the protocol does not contain steps that would be expected to result in major
loss of source material. Table 1 shows representative CD146+ yields from a variety of PAEC
harvests utilizing catheter tips obtained from a variety of patients with different disease states
of pulmonary hypertension and a variety of physician operators.

FIGURE AND TABLE LEGENDS:

Figure 1: SSC/FSC profiles of a typical catheter balloon tip harvest from a pulmonary
hypertension patient (A) and a similar number of cells from a commercially-acquired primary
human PAEC culture (B). Both samples were purified with the anti-CD146 column, fixed, and
permeablized as described in the protocol, prior to FACS analysis.

Figure 2: SSC/FSC profiles of a typical catheter balloon tip harvest from a pulmonary
hypertension patient (A) and serial 1:10 dilution of Ficoll gradient-purified human buffy coat
(B, C, D). (A) was purified with the anti-CD146 column whereas (B-D) were not. All cell samples
were fixed and permeablized as described in the protocol, prior to FACS analysis.

Figure 3: SSC/FSC profiles of a catheter balloon tip harvest from a pulmonary hypertension
patient in which blood was visible on the catheter tip prior to processing. Prior to step 3.1 of
the protocol, the sample was split and lysis buffer was added to one aliquot and withheld from
the other. (A) and (C) show the SSC/FSC profiles of the lysed sample, both the cells retained by
the column (A) and the flow-through from the column. (B) and (D) show the SSC/FSC profiles of
the unlysed sample, both the cells retained by the column (B) and the flow-through from the
column (D). We conclude that lysis removes some but not all of the leukocytes but that
leukocytes are not retained by the column and are thus excluded from the final harvest,
regardless of lysis.

Table 1: CD146+ yields from a variety of PAEC harvests. Representative CD146+ yields from a
variety of PAEC harvests utilizing catheter tips obtained from a variety of patients with different
disease states of pulmonary hypertension and a variety of physician operators.

DISCUSSION:

The technique described in this article is best appreciated in the context of previous
experimental paradigms for studying the pulmonary vascular endothelium. Previous attempts
to obtain PAECs from humans have been limited to explanted/cadaveric lungs®> and a short-
lived attempt to develop a catheter capable of pulmonary artery biopsy®. As noted in a recent
review’, the present technique is distinguished from lung tissue harvest by its ability to obtain
PAECs from a living human, and to do so at multiple time points in the progression of the
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disease and/or therapy. However, it should be noted that a companion technique has recently
been reported whereby induced pluripotent stem cells (IPSCs) can be transdifferentiated into
PAECs*>. This technique produces abundant cultures of patient-specific PAECs and allows study
of the effects of patient-specific genetic background on PAEC biology. Despite these
advantages, these IPSC-derived PAECs cannot offer any information about the interaction
between local microenvironment and patient-specific genetic background. Our own group has
presented the view that the “cath tip” and IPSC techniques are likely to be synergistic in
advancing the field8.

Within this present and historical context, the limitations of this technique should be noted.
First, it is important to note that yields of PAECs derived from this method can vary
considerably. Presumably, patient-, disease state- and physician-specific factors contribute to
this variability, as the protocol does not contain steps that would be expected to result in major
loss of source material. Table 1 shows representative CD146+ yields from a variety of PAEC
harvests utilizing catheter tips obtained from a variety of patients with different disease states
of pulmonary hypertension and a variety of physician operators. Second, cell yields are overall
low, and their viability for culture has proven to be lower yet in our hands. While we have
previously grown cultures of PAECs using this method!, we assume those results represent
rescue of a subset of progenitor cells following die-off of most of the sample and is only
intermittently successful in our hands. For example, it is not unusual to find only a few dozen
adherent PAECs in culture the morning after a harvest has been plated. Often these micro-
cultures do not survive to expansion. Further work is needed to optimize this protocol in a
manner that will sustain the viability of PAECs and their conditions in culture to achieve the
desired aim of propagation of patient-specific PAEC harvests. Finally, the CD146 positive
selection we have adapted cannot exclude contamination with other CD146+ cells, such as
circulating endothelial cells?, pericytes, smooth muscle cells and rare CD146+ T cells°,
Nevertheless, these cells are presumed to be very few in number in samples collected in this
manner, and CD146 is considerably more specific for this protocol than other cell markers of
endothelial cells such as CD31 (which is also present on a variety of blood-borne cells including
platelets!!). Any future improvements aimed at improving specificity should be balanced
against their potentially negative effect on yield.
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Sample Date Cell Yield Diagnosis
433 4/17/2018 7364 PH-Interstitial lung disease
279 4/17/2018 7130 PH-Scleroderma
432 4/13/2018 3976 PH-Multifactorial
431 4/13/2018 3634 HFrEF
390 4/13/2018 5666 PAH
423 3/23/2018 9024 HFrEF
272  3/23/2018 7098 HFrEF
408 2/27/2018 4784 HFrEF
403 2/14/2018 10376 PH-ASD+mitral disease
396 1/26/2018 4890 HFpEF-IPCPH
397 1/26/2018 7672 Normal hemodynamics
318 1/4/2018 7002 HFrEF-LVAD present
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Name of Material/ Equipment

100mm culture dish

15 mL Centrifuge Tubes
16% Formaldehyde

50 mL centrifuge tubes
Accutase

Cell Scraper

Endothelial Cell Growth media
Forceps

Hemostat

LoBind microfuge tube
Miltenyi CD146 beads
Miltenyi FCR blocker
Miltenyi LS columns
Miltenyi magnet
Miltenyi RBC lysis buffer
PBS

Scissors

Syringes

Company

Fisher
Midsci
Fisher
Midsci
Thermo
Fisher
Cell Applications
any

any
Fisher
Miltenyi
Miltenyi
Miltenyi
Miltenyi
Miltenyi
Fisher
any

BD

Catalog Number

NC9385690
C15R
P128908
C50R
A1110501
08-100-241
211-500

13-698-794
130-093-596
130-059-901
130-042-401
MidiMACS
130-094-183
BP2438-4

309597

Click here to access/download;Table of Materials;JoVE-NEBI-Materials.xls

Comments/Description

cell detachment solution
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Item 2 (check one box):

5 Standard Access >< Open Access

:}(The Author is NOT a United States government employee.

 The 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.

' The 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 fast
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 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 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.
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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 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.
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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 rights permitted under such
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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. 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.

9. 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,
jaboratory, 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.

10. 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 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, gquality, content
and the like.

11. 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 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
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expense. All indemnifications provided herein shail include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such iosses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. 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 US51,200 fee to
cover pre-production expenses incurred by JoVE. If paymentis
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is

received.

13.  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 required per submission.

CORRESPONDING AUTHOR:

Name: H‘C/I’\’“J j H’PC«‘;‘:) ""\CM

Department: L} I

Al eqbomy

Hcau(‘}/{\ /'UC%VJM'&

Institution:
Article Title: Maroe st o f  endotheliad  cell S
Signature: Date: L‘]'// 7/! g

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Click here to access/download;Rebuttal Letter;Rebuttal - 8-16-

<>
.‘ Allegheny-Singer Research Institute
a7 \/ \ AI I eg h e ny 320 East Horth Avenue
’ Health Network Pittsburgh, PA 15212-4772

August 16, 2018
Re: JoVE Submission JOVE58353R3
Dear Editor,

I am enclosing a revised manuscript;, responding to the Editorial comments. Editorial
comments are reproduced below, with responses in italics.

Sincerely Yours,

7P

Michael J Passineau, PhD

Director, Preclinical Research
Cardiovascular Institute, Allegheny Health Network
Associate Professor

Drexel University College of Medicine
Room 841, South Tower

320 East North Avenue

Pittsburgh, PA 15212-4772
412-359-6557 (voice)

412-359-4698 (fax)
mpassine@wpahs.org

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

2. Please remove all references from Abstract. Done

3. Step 1.4: Please write this step in imperative tense. Done

4. 2.2: What medium? Please specify. This has been clarified

5. 2.13: Please split this step into two or more steps. Please ensure that all text is written in imperative tense. Step 2.13 has
been shortened, and a note has been added to guide the reader past a potential pitfall.

6. 3.9: Please write this step in imperative tense. This step was unnecessary in light of revisions elsewhere and has been
omitted

7. Please use standard Sl unit symbols and prefixes such as pyL, mL, L, g, m, etc. Done

8. Please use h, min, s for time units. Done

9. Please do not abbreviate journal titles for all references. Done
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Figure 3
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Sample Date Cell Yield Diagnosis

433 4/17/18 7364 PH-Interstitial lung disease
279 4/17/18 7130 PH-Scleroderma
432 4/13/18 3976 PH-Multifactorial
431 4/13/18 3634 HFrEF

390 4/13/18 5666 PAH

423 3/23/18 9024 HFrEF

272 3/23/18 7098 HFrEF

408 2/27/18 4784 HFrEF

403 2/14/18 10376 PH-ASD+mitral disease
396 1/26/18 4890 HFpEF-IPCPH

397 1/26/18 7672 Normal hemodynamics
318 1/4/18 7002 HFrEF-LVAD present

Table 1



