Journal of Visualized Experiments
Exosome isolation after in vitro shock wave therapy

Article Type:
Manuscript Number:
Full Title:

Corresponding Author:

Corresponding Author's Institution:
Corresponding Author E-Mail:
Order of Authors:

Additional Information:

Question

Please indicate whether this article will be
Standard Access or Open Access.

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Please confirm that you have read and
agree to the terms and conditions of the
author license agreement that applies
below:

Please specify the section of the
submitted manuscript.

Please provide any comments to the
journal here.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

--Manuscript Draft--

Invited Methods Article - JoVE Produced Video
JoVE61508R2
Exosome isolation after in vitro shock wave therapy

Leo Poelzl
Medizinische Universitat Innsbruck
Innsbruck, Tyrol AUSTRIA

Medizinische Universitat Innsbruck
leo.poelzi@i-med.ac.at

Leo Poelzl

Felix Nagele

Jakob Hirsch

Michael Graber

Michael Grimm

Can Gollmann-Tepekdyli

Johannes Holfeld

Response

Standard Access (US$2,400)

Innsbruck, Tyrol, Austria

| agree to the Author License Agreement

Medicine


https://www.jove.com/files/Author_License_Agreement.pdf

Manuscript Click here to access/download;Manuscript;61508_R2.docx %

1  TITLE:
2  Exosome Isolation after in vitro Shock Wave Therapy
3
4  AUTHORS AND AFFILIATIONS:
5 Leo PolzI*?, Felix Nagele!, Jakob Hirsch!, Michael Graber!, Michael Grimm?, Can Gollmann-
6 Tepekoyli?, Johannes Holfeld?!
7
8 !Department of Cardiac Surgery, Medical University Innsbruck, Innsbruck, Austria
9  Znstitute of Clinical and Functional Anatomy, Innsbruck Medical University, Austria
10
11  Email addresses of co-authors:
12  Felix Nagele (felix.naegele@i-med.ac.at)
13 Jakob Hirsch (jakob.hirsch@i-med.ac.at)
14  Michael Graber (Michael.graber@i-med.ac.at)
15  Michael Grimm (michael.grimm@i-med.ac.at)
16  Can Gollmann-Tepekoyli (can.tepekoeylue@i-med.ac.at)
17  Johannes Holfeld (Johannes.holfeld@i-med.ac.at)
18
19  Corresponding author:
20 Leo Polzl (leo.poelzl@i-med.ac.at)
21
22  KEYWORDS:
23 shock wave therapy, bio engineering, mechanotransduction, exosome isolation, in vitro, human
24 endothelial cell culture, angiogenic therapy, in vitro shockwave trials, innovative therapeutic
25  option
26
27 SUMMARY:
28  Exosomes are released upon in vitro application of shockwaves. Here, we describe how to apply
29  shockwaves on cultured endothelial cells and subsequently isolate exosomes for further
30 investigation.
31
32  ABSTRACT:
33  Shock wave therapy is routinely applied in orthopedic indications including tendinopathies such
34  as lateral epicondylitis (tennis elbow) and Achilles tendinitis (heel spurs) as well as non-healing
35 wounds and bones. Despite different pathologies, the combination of an angiogenic and an anti-
36 inflammatory effect of shock wave therapy leads to regeneration in soft tissue and bones. In over
37 30 years of clinical application, no side effects were observed. Furthermore, basic research even
38 revealed regenerative effects on ischemic myocardium.
39
40 In a previous work we could show that the mechanical stimulus of cultured cells is translated via
41  an exosome release into a biological response. However, the exact mechanism remains to be
42  elucidated. Mechanical coupling is crucial when applying shock wave therapy as even small air
43  bubbles can absorb shock waves. The previously described water bath method is a valid method
44  to guarantee adequate and reproducible shock wave application in vitro.
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We were able to develop a feasible and replicable protocol to isolate exosomes from cultured
cells after shock wave application. Thereby we demonstrate a possibility to study underlying
mechanisms of mechanotransduction as well as the regenerative and angiogenic potential of
shock wave released exosomes.

INTRODUCTION:

Shock waves (SW) are sound pressure waves that appear in nature when a high amount of energy
is released in a short period of time (e.g., thunder with lightning). In clinical routine, shock waves
are used in lithotripsy to disintegrate kidney stones without relevant side effects for over 30
years®2. By incident, a thickening of the iliac bone was observed in X-rays after kidney stone
disintegration. This observation provided the basis for research in bone healing disorders and
lead to treatment in long-bone non unions3=.

Indications for shock wave therapy were expanded and today the method is in routine clinical
use in orthopedic indications including tendinopathies such as lateral epicondylitis (tennis elbow)
and Achilles tendinitis (heel spurs)®’. Furthermore, basic research demonstrated a high
angiogenic potential of shock wave therapy (SWT). Therein, a study showed an increase in
angiogenic growth factors such as VEGF (vascular endothelial growth factor), PIGF (placental
growth factor) and FGF (vascular endothelial growth factor) upon SWT followed by angiogenesis®.

To investigate a possible beneficial role of shock wave induced angiogenesis in other pathologies,
we applied SW therapy in an animal model of ischemic heart disease®!°. After a regenerative
effect in the ischemic myocardium could be demonstrated, we could identify the indispensable
role of the innate immune receptor TLR 3 (Toll like receptor 3) upon shock wave therapy*'*2,
Further studies showed that the mechanical stimulus of SW therapy is translated into a biological
signal via exosome release. Compared to exosomes physiologically released from endothelial
cells, exosomes released upon SWT contain an increased cargo of angiogenic microRNA. Injected
into ischemic myocardium, SWT released exosomes induced regeneration?3.

Since air absorbs SW, perfect coupling between the applicator and the cell culture flasks is crucial.
A standardized water bath represents a feasible method to apply SWT in vitro and a reproducible
experimental setup. In order to avoid a reflection and consequently interference of waves, a
wedge-shaped absorber destructs the primary waves running to the back of the water bath. For
this reason, we recommend applying shock waves in vitro using the described water bath only.

In this protocol we describe the application of shock waves in vitro to release angiogenic
exosomes into the supernatant. This protocol provides the possibility to investigate the role of
exosomes in mechanotransduction and is the basis for further investigation of exosome release
upon SWT.

PROTOCOL:

Human umbilical vein endothelial cells were obtained from caesarean sections at the Department
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of Gynecology. Therefore, written informed consent of patients was obtained. Permission was
given from the ethics committee of Innsbruck Medical University (no. UN4435).

NOTE: Work under a sterile laminar flow hood to avoid contamination.
1. 24 h before the experiment

1.1. Prepare exosome free endothelial growth medium by ultra-centrifuging fetal bovine
serum (FCS) at 4 °C and 120,000 x g overnight.

1.2. Coata 75 cm? cell culture flask using 10% gelatin.
1.3.  Seed human endothelial cells in the cell culture flask using endothelial growth medium.
Experiment day:

NOTE: Pre-warm 4 L of ddH>0, exosome free FCS, Endothelial Cell Growth Basal Medium and PBS
to 37 °C.

2. Prepare the shock wave therapy application

2.1. Prepare exosome free endothelial growth medium by adding supplements from the
commercial kit (e.g., Bullet Kit) and adding ultracentrifuged exosome free FCS instead of common
FCS to endothelial growth medium.

2.2.  Fill a water bath with approximately 3.5 L of 37 °C prewarmed ddH,O.

2.3. Connect the SW applicator to the water bath.

2.4. Define treatment parameters (energy flux density, impulse frequency) on the SW device.
We recommend 500 impulses at an energy flux density of 0.07 mJ/mm? and a frequency of 5 Hz.

3. Shock wave application
3.1. Survey cell viability by morphological appearance and the density of endothelial cells via
a microscope using a 100x total magnification. Use flasks with high confluence for an increased

amount of exosomes only.

3.2. Carefully replace endothelial cell medium with approximately 250 mL of PBS to
completely fill the flask and repress all residual air.

3.3. Use parafilm or airtight caps to seal the flask.

3.4. Hold the cell culture flask in a vertical position inside a water bath with the cell covered
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side opposite the SW device. Make sure the distance of flask to the applicator is in line with the
indicated marking. For the Orthowave 180c device, use a distance from 10 cm.

3.5.  Utilize 250 impulses of SW therapy to the lower half of the cell culture flask.
3.6.  Turn the flask 180° and utilize 250 impulses to the upper half of the cell culture flask.

3.7. Subsequent remove the flask sealing and replace PBS with 15 mL of endothelial growth
medium with exosome free FCS.

3.8.  Culture therapized cells in an exosome free medium for an appropriate time for the
experiment setup. The highest amount of exosomes can be gathered 4 h after SW therapy (Figure

1).

NOTE: In the sham operated group, subject cell culture flasks to same treatment (see section
above) without utilizing SW therapy.

4, Isolation of exosomes

4.1. Transfer the supernatant into a collection tube and centrifuge at 4 °C and 300 x g for 10
min. This step removes all cells in the supernatant.

4.2. For removal of cell debris, transfer the supernatant to a new tube and centrifuge at 4 °C
and 3,000 x g for 20 min.

4.3.  Strain the supernatant through a 200 nm filter into a centrifugal tube to remove apoptotic
bodies.

4.4. Centrifuge filtered supernatant at 4 °C with 120,000 x g for 70 min. Discard the
supernatant and resuspend exosome pellet with 300 uL of PBS.

4.4.1. Since the exosomes pellet is not visible after ultracentrifugation, vortex the
ultracentrifugation tube for 30 seconds to make sure the exosome pellet is resuspended. Adjust
the volume of PBS for the experimental needs and further experiments.

4.5. Store resuspended exosomes at -80 °C.

NOTE: The protocol can be pause after transferring the supernatant into a collection tube or
before ultracentrifugation by freezing the supernatant at -80 °C.

5. Pitfalls

5.1. Make sure that the SW applicator is connected tightly to the water bath. An incomplete
connection can lead to a leaky water bath.
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5.2.  Ensure that there is an accurate distance from the flask to the applicator to utilize the
same amount of energy flux density to different flasks.

5.3.  Mark the cell culture flasks that were subjected to SW therapy and the cell culture flasks
that were the control samples.

5.4.  Dry flasks before putting them back into incubator to avoid contamination.

REPRESENTATIVE RESULTS:

Using the described protocol, we subjected human endothelial cells (HUVECs) as well as human
coronary artery endothelial cells (CAECs; PromoCell) to shock wave therapy (e.g., Orthowave
180c). Released vesicles were quantified via nano tracking analysis (NTA). Thereby, we could
observe an increase in microvesicle release upon SW therapy (Figure 1A,B). Imaging of HUVECs
released vesicles via transmission electron microscopy revealed the characteristic 100 nm size of
the exosomes (Figure 1C) as well as the typically described cup shaped form (Figure 1D). Since
flow cytometer analysis revealed the presence of exosome protein markers CD9, CD81 and CD63
there can be no doubt that HUVECs released microvesicles are exosomes (Figure 1 E-G).

FIGURES AND TABLES:

Figure 1: Exosome release upon shock wave therapy in vitro.

(A) HUVECs released microvesicles were quantified via NTA in a time course manner after SW
therapy. Data are expressed as means + SEM. *P<0.05. n=3-6. (B) Increased levels of
microvesicles were found in supernatant of CAECs 4 hours after SW therapy. Data are expressed
as means + SEM. ****p < 0.0001. n=4-6. (C-D) NTA revealed typical size and transmission
electron microscopy revealed typical exosome shape. n=3-5. Scale bar = 200 nm. (E-G) Released
microvesicles express exosome markers CD 9, CD 63 and CD 81. Data are expressed as means +
SEM. n=6. Statistical comparisons between two groups: Student’s t-test, multiple groups: one-
way ANOVA with Tukey post hoc analysis. Modified from Gollmann-Tepekdyli et al.*3.

DISCUSSION:

In multiple basic research works, the regenerative effect of the shock wave therapy could be
demonstrated and is routinely applied in orthopedic indications3™. In diverse animal models, the
regenerative effect on the ischemic myocardium could be demonstrated and lead to the initiation
of the CAST-HF trial®*°. This randomized controlled trial aims to evaluate the benefit of direct
cardiac shock wave therapy applied additionally during coronary artery bypass surgery®. The
indispensable role of exosomes upon shock wave therapy could be demonstrated in a previous
work!3. However, the exact mechanism of exosome release as well as the exact cargo of released
exosomes remains unclear. To study the release as well as the regenerative effect of released
exosomes, we established a feasible and standardized protocol to obtain exosomes upon shock
wave therapy.

To our knowledge, this is the first protocol describing a method to isolate exosomes upon shock
wave therapy. A water bath is necessarily needed for the protocol to guarantee adequate SW
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application, as it avoids air absorption®> . Thereby, all exosomes isolated with this protocol arise
from endothelial cells treated with the same amount of energy flux density.

Since we only have experience in producing exosomes from endothelial cells, we cannot
recommend an exact experiment setup for experiments with other cell lines. However, we are
convinced that mechanotransduction via exosomes upon SW therapy plays a crucial role in other
cell types as well. Regardless, further investigations must prove this theory. When working with
other cell lines besides endothelial cells, we would recommend a pilot trail. While working with
endothelial cells, we found it necessarily to coat the flasks carefully before seeding cells.
Otherwise, cells will detach upon SW therapy. We believe this also applies to other cell lines.

Moreover, an accurate connection between the applicator and the water bath, as well as
knowing the exact distance from applicator to the cell culture flask, is important for comparable
results. Since the source (e.g., electrode tips in an electro-hydraulic system) located inside the
applicator is positioned differently in diverse SW applicators, be aware that the distance
between the applicator and the cell culture flasks differs with different SW devices.
Furthermore, we recommend using adherent cells only, since in a suspension culture there is
no constant distance between the applicator and each cell. A limitation of this protocol is the
need for an ultracentrifuge. However, this method avoids the purchase of exosome isolation
kits.

Altogether, this protocol provides a standardized method to study the role of extracellular
vesicle release upon shock wave therapy and might therefore be a crucial tool for the
understanding of molecular SW effects.
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Name of Material/ Equipment Company Catalog Number Comments/Description

Cell culture flasks Cellstar 658170 75 cm?
Collection tubes — Falcon Tube Corning 352070
Endothelial Cell Growth Medium-2

) Lonza CC-3162
BulletKit
Endothelial Cell Growth Basal Medium Lonza CC-3121
Fetal bovine serum Sigma F0804
Parafilm Pechiney | PM996
Phosphat buffered saline gibco 14190-904

Shockwave applicator MTS Orthowave 180c
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Rebuttal letter

General response:

All new modifications upon reviewer’s comments are highlighted green in the
manuscript.

Reviewer #1:

Comment 1: Major Concerns: The authors have carried out some cosmetic
modifications without addressing the lacunae in the data. There is clear lack of any
serious effort on part of the authors to address the major issues and points raised by
the reviewer.

Response 1: The aim of this methods article is to introduce the reader to a
novel protocol for exosome isolation upon shockwave therapy. The data and
experiments shown exemplarily in this article are parts of an already published work
(1). We believe that the representative data presented in this manuscript give a good
overview on the effectiveness of the protocol.

1. Gollmann-Tepekdyli C et al. miR-19a-3p containing exosomes improve
function of ischemic myocardium upon shock wave therapy. Cardiovascular
Research. doi:10.1093/cvr/cvz209, (2019)

Reviewer #3:

Comment 1: Major Concerns: There are still many spelling or grammatical errors
throughout the manuscript.

Response 1: The manuscript was proofread again and minor spelling or
grammatical errors were corrected.

Comment 2: Minor Concerns: Minor comment related to the response to my first
Comment 8: If CAEC were not obtained by the authors (in which case, the protocol
should be referenced), the provider (ATCC, etc) should be made known.

Response 2: We misunderstood the reviewer in his previous comment
addressing this issue. The source of the CAECs were added to the manuscript.

“Using the described protocol, we utilized human endothelial cells (HUVECS) as well
as human coronary artery endothelial cells (CAECs; obtained from PromoCell) to
shockwave therapy using the Orthowave 180c from MTS.”

Reviewer #5:
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Manuscript Summary:

In this study, the Authors document the release of exosomes upon in vitro application
of shockwaves.

The experimental protocol is carefully planned, executed and thoroughly made
accessible to the Readers, in such a way that it can be replicated in other Labs on
the same cell type.

Overall the issue is highly relevant for its application in regenerative/precision
medicine. Moreover, the availability of an accurate protocol to exploit physical means
(i.e. shock waves) to enhance the number and characteristics of available exosomes
has been so far an unmet requirement in basic and translational research.

Major Concerns: None

Minor Concerns: None

Reviewer #6:

Manuscript Summary:

In the present study, the authors reported the experimental protocol to isolate
exosomes from cultured cells after shock wave application. This paper is of
interest. There are, however, some concerns that should be addressed by the
authors.

Comment 1: Major Concerns: In the Discussion section, the study design paper of
the CAST-HF trial that your group have published should be cited.
Trials. 2020 May 30;21(1):447. doi: 10.1186/s13063-020-04369-0.

Response 1: We thank the editor for this comment. We cited the mentioned
paper.

Comment 2: Minor Concerns: Typo (Page 7, line 3); "divers" would be "diverse".

Response 2: We corrected this error and furthermore the manuscript was
proofread again and minor spelling or grammatical errors were corrected.



Supplemental File (Figures, Permissions, etc.)

Click here to access/download;Supplemental File (Figures,

Permissions, etc.);OXFORD UNIVERSITY PRESS

OXFORD UNIVERSITY PRESS LICENSE

TERMS AND CONDITIONS

May 19, 2020

This Agreement between Medical University Innsbruck -- Leo Polzl ("You") and Oxford
University Press ("Oxford University Press™) consists of your license details and the terms
and conditions provided by Oxford University Press and Copyright Clearance Center.

The publisher has provided special terms related to this request that can be found at the end
of the Publisher’s Terms and Conditions.

License Number
License date

Licensed Content Publisher
Licensed Content Publication

Licensed Content Title

Licensed Content Author
Licensed Content Date
Type of Use

Requestor type

Pharmaceutical support or sponsorship

for this project

Format

Portion

Number of figures/tables
Will you be translating?
Number of languages
Circulation/distribution

Title of new article

Lead author

Title of targeted journal
Publisher

Expected publication date
Portions

Specific Languages

Requestor Location

4804631320286

Apr 09, 2020

Oxford University Press
Cardiovascular Research

miR-19a-3p containing exosomes improve function
of ischaemic myocardium upon shock wave
therapy

Gollmann-Tepekdoyll, Can; Pélzl, Leo
Aug 13, 2019

Journal

Author of this OUP content

No

Print and electronic
Figure/table

3

Yes

1

3000

Exosome isolation upon shockwave therapy in
vitro

Leo Polzl

Jove

Benjamin Werth, Senior Editor
Oct 2020

Figure 1, 2, and Graphical abstract
German

Medical University Innsbruck
Innrain 52, Christoph-Probst-Platz,

Innsbruck, Tyrol 6020
Austria
Attn: Medical University Innsbruck


https://www.editorialmanager.com/jove/download.aspx?id=1239136&guid=b08bfce8-be79-46c3-ad77-b13459805dd6&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1239136&guid=b08bfce8-be79-46c3-ad77-b13459805dd6&scheme=1

Publisher Tax ID GB125506730
Billing Type Invoice

Medical University Innsbruck
Innrain 52, Christoph-Probst-Platz,

Billing Address

Innsbruck, Austria 6020
Attn: Medical University Innsbruck

Total 0.00 EUR
Terms and Conditions

STANDARD TERMS AND CONDITIONS FOR REPRODUCTION OF MATERIAL
FROM AN OXFORD UNIVERSITY PRESS JOURNAL

1. Use of the material is restricted to the type of use specified in your order details.

2. This permission covers the use of the material in the English language in the following
territory: world. If you have requested additional permission to translate this material, the
terms and conditions of this reuse will be set out in clause 12.

3. This permission is limited to the particular use authorized in (1) above and does not
allow you to sanction its use elsewhere in any other format other than specified above, nor
does it apply to quotations, images, artistic works etc that have been reproduced from other
sources which may be part of the material to be used.

4. No alteration, omission or addition is made to the material without our written consent.
Permission must be re-cleared with Oxford University Press if/when you decide to reprint.

5. The following credit line appears wherever the material is used: author, title, journal,
year, volume, issue number, pagination, by permission of Oxford University Press or the
sponsoring society if the journal is a society journal. Where a journal is being published on
behalf of a learned society, the details of that society must be included in the credit line.

6. For the reproduction of a full article from an Oxford University Press journal for
whatever purpose, the corresponding author of the material concerned should be informed
of the proposed use. Contact details for the corresponding authors of all Oxford University
Press journal contact can be found alongside either the abstract or full text of the article
concerned, accessible from www.oxfordjournals.org Should there be a problem clearing
these rights, please contact journals.permissions@oup.com

7. If the credit line or acknowledgement in our publication indicates that any of the figures,
images or photos was reproduced, drawn or modified from an earlier source it will be
necessary for you to clear this permission with the original publisher as well. If this
permission has not been obtained, please note that this material cannot be included in your
publication/photocopies.

8. While you may exercise the rights licensed immediately upon issuance of the license at
the end of the licensing process for the transaction, provided that you have disclosed
complete and accurate details of your proposed use, no license is finally effective unless



and until full payment is received from you (either by Oxford University Press or by
Copyright Clearance Center (CCC)) as provided in CCC's Billing and Payment terms and
conditions. If full payment is not received on a timely basis, then any license preliminarily
granted shall be deemed automatically revoked and shall be void as if never granted.
Further, in the event that you breach any of these terms and conditions or any of CCC's
Billing and Payment terms and conditions, the license is automatically revoked and shall be
void as if never granted. Use of materials as described in a revoked license, as well as any
use of the materials beyond the scope of an unrevoked license, may constitute copyright
infringement and Oxford University Press reserves the right to take any and all action to
protect its copyright in the materials.

9. This license is personal to you and may not be sublicensed, assigned or transferred by
you to any other person without Oxford University Press’s written permission.

10. Oxford University Press reserves all rights not specifically granted in the combination
of (i) the license details provided by you and accepted in the course of this licensing
transaction, (i1) these terms and conditions and (iii) CCC’s Billing and Payment terms and
conditions.

11. You hereby indemnify and agree to hold harmless Oxford University Press and CCC,
and their respective officers, directors, employs and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.

12. Other Terms and Conditions: -This permission covers the use of the adapted Material in
the German language in the following territory: World. -Inclusion under a Creative
Commons license or any other open access license allowing onward reuse is prohibited. -
The credit line and any copyright/ disclaimer notices provided by OUP shall be included on
the same page as the Material, translated into the language of the republication, with the
exception of trade mark names: Author, title, journal, year, volume, issue number,
pagination, DOI number. Reprinted and translated by permission of Oxford University
Press on behalf of the European Society of Cardiology. Translation disclaimer: “OUP and
the ESC are not responsible or in any way liable for the accuracy of the translation.
Springer Medizin is solely responsible for the translation in this publication/reprint.”

vl.4

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



mailto:customercare@copyright.com

