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25 SUMMARY:
26  Regenerative therapies using human induced pluripotent stem cells (hiPSCs) have recently
27  attracted much attention. In this study, we use anticancer immunotherapy with peptide
28  vaccination to prevent hiPSC-derived tumorigenesis. Our results show that glypican-3 (GPC3)
29  works as a pluripotent state-specific immunogenic antigen in hiPSCs.
30
31  ABSTRACT:
32  Much attention has been focused on human pluripotent stem cells (hPSCs) due to their potential
33  ascell sources in regenerative therapies. Especially in the area of cardiac regenerative medicine,
34  which is challenged by organ shortage, transplantation of human induced pluripotent stem cells
35  (hiPSC)-derived cardiomyocytes has potential to treat many patients with severe heart failure.
36 However, to achieve transplantation of hiPSC-derived cardiomyocytes, removal of contaminated
37 immature cells with high accuracy is essential to eliminate the risk of teratoma formation caused
38 by residual undifferentiated hiPSCs. Peptide vaccination is well-known as an effective anticancer
39 immunotherapy because of selective cellular cytotoxicity. To establish immunological elimination
40 of contaminated immature hiPSCs, we identified glypican-3 (GPC3) as a pluripotent state-specific
41  carcinoembryonic antigen. Immunostaining showed that hiPSCs expressed GPC3, especially in
42  pluripotent states. Undifferentiated hiPSCs were rejected by cytotoxic T cell (CTL) clones
43  sensitized with HLA-class I-restricted GPC3 peptides. These results indicate that GPC3-specific
44  CTLs can prevent hiPSC-derived tumorigenesis, which may occur by contamination by
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undifferentiated cells. Our results indicate that GPC3 works as a pluripotent state-specific
immunogenic antigen in hiPSCs. These results show the applicability of GPC3-mediated
immunotherapy to ensure safety in regenerative medical procedures using hiPSCs.

INTRODUCTION:

Recently, regenerative therapies using human induced pluripotent stem cells (hiPSCs) have
attracted much attention as new cell sources for regenerative therapies. Especially in cardiac
regenerative medicine, transplantation of hiPSC-derived cardiomyocytes is expected to resolve
the challenge of organ shortage®?.

Retinal regeneration requires a small number of cells; hence, the possibilities of tumor formation
due to residual undifferentiated stem cells are negligible. In contrast, regenerative procedures of
the heart and liver, which require a large number of cells, are difficult to perform safely.

Until now, many different methods of eliminating undifferentiated human pluripotent stem cells
(hPSCs) from hiPSC derivatives have been reported because of teratoma formation induced by
undifferentiated hPSC contamination in hiPSC derivatives®>”’. However, to achieve transplantation
of hiPSC-derived cardiomyocytes, complete removal of residual undifferentiated cells in vivo is
important because a massive number of cells is required for transplantation.

Peptide vaccination has been used for cancer patients as an anticancer immunotherapy with
selective cellular cytotoxicity®. In this study, we aim to prevent hiPSC-derived tumorigenesis with
CTLs using peptide vaccination methods.

GPC3 is one of the carcinoembryonic antigens and is widely expressed in human embryos®'1. It
is also overexpressed in 72-81% of patients with hepatocellular carcinoma (HCC)'?, and
expression of GPC3 has been reported in melanoma, Wilms tumor, hepatoblastoma, ovarian
clear cell adenocarcinoma, yolk sac tumor, and other carcinomas!*3-19, |n this study, we report
that hiPSCs uniquely express the oncofetal antigen GPC3, and GPC3-specific CTLs can be used in
immunotherapy for removal of undifferentiated hiPSCs from hiPSC derivatives for future
regenerative medical procedures.

PROTOCOL:

1. Immunofluorescence staining of hiPSCs with GPC3 and OCT4

1.1. Grow cultured hiPSCs in stabilized feeder-free maintenance medium (mTESR1; Table of
Materials) at a density of 3 x 10 cells/cm? using 12 well plates. Incubate the dish at 37 °Cin a 5%

CO; incubator overnight.

1.2. Remove the medium of each well and wash with 1 mL of phosphate-buffered saline (PBS)
for each well 1x and then remove the PBS.

1.3. Fix cells with 500 pL of 4% paraformaldehyde for 30 min at 4 °C.
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1.4. Wash 3x with 1 mL of PBS for each well and then remove PBS.
1.5. Permeabilize with 500 pL of 0.2% triton X-100 in PBS for 15 min at room temperature (RT).
1.6. Remove triton X-100 in PBS, wash cells with 1 mL of PBS 3x for 5 min, and then remove PBS.

1.7. Incubate cells in the anti-GPC3 and anti-OCT4 antibodies diluted 1:200 in 2% fetal bovine
serum (FBS) in PBS overnight at 4 °C.

1.8. Decant the solution and wash the cells 3x for 5 min in PBS.

1.9. Incubate the cells with the secondary antibodies (Alexa Fluor 488 anti-mouse IgG, Alexa Fluor
546 anti-rat 1gG) diluted 1:200 in 2% FBS in PBS for 1 h at RT in the dark.

1.10. Decant the secondary antibody solution and wash with PBS 1x for 5 min in the dark.

1.11. Stain cells with 4’,6-diamidino-2-phenylindole (DAPI; 1 ug/mL final concentration) for 5 min
at RT.

1.12. Decant the solution containing DAPI and then wash the cells 2x with PBS for 5 min in the
dark. After the wash, observe by fluorescence microscopy.

2. Cell viability assays

2.1. Culture hiPSCs in 96 well plates at a density of 1 x 10* cells/cm? in mTESR1 with ROCK
inhibitor at a final concentration of 10 uM at 37 °C.

2.2. Culture hiPSC-derived cardiomyocytes in 96 well plates at a density of 2 x 10* cells per well
with alpha minimum essential medium (aMEM) with 5% FBS at 37 °C in static culture.

NOTE: hiPSC-derived cardiomyocytes were generated as previously described?%2%,
2.3. After 24 h, remove the medium in steps 2.1 and 2.2.

2.4. Adjust HLA-A2 restricted-GPC3 specific CTLs to 5 x 10° cells in 100 pL of each medium and
add to both plates in steps 2.1 and 2.2.

NOTE: HLA-A*02:01-restricted GPC3144-152 (FVGEFFTDV)-reactive CTL clones were previously
established using peripheral blood mononuclear cells from HCC patients administered a GPC3
vaccination??,

2.5. After 48 h of coculture with CTLs, stain cells with 1 uM calcein-AM by adding 1 uL of calcein-
AM to 100 pL of aMEM (cardiomyocytes) or mTESR1 (hiPSCs) in each well.



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

2.6. Incubate plates for 15 min at 37 °C.

2.7. Remove each medium with calcein-AM and wash the wells 2x with PBS.

2.8. Observe live cells by fluorescence microscopy.

3. Coculture of hiPSCs and hiPSC-derived cardiomyocytes with GPC3-specific CTLs

3.1. Culture hiPSCs at a density of 1 x 10° cells/cm? in 6 well plates with mTESR1 for 5-7 days at
37 °Cin a 5% CO; incubator.

3.2. Culture hiPSC-derived cardiomyocytes at a density of 5 x 10* cells/cm? in 12 well plates with
oaMEM for 3 days at 37 °Cin a 5% CO; incubator.

3.3. Remove the mTESR1 medium from hiPSC culture and collect the cells with 500 pL of
dissociation buffer for 5 min at 37 °C. Centrifuge cells in a 10 mL conical tube at 200 x g for 5 min
at RT.

3.4. Remove the supernatant and fluorescently label hiPSCs with 1 mL of mTESR1 containing 1
UM green 5-chloromethylfluorescein diacetate (CMFDA), then incubate at 37 °C for 1 h.

3.5. After 1 h of incubation, replace the mTESR1 medium containing CMFDA with basic mTESR1
medium.

3.6. Seed labeled hiPSCs from step 3.5 (at a density of 1.5 x 103 cells/cm?) in the 12 well plates
where the cardiomyocytes are cultured. Then return the plates to the incubator.

3.7. After 24 h from seeding, adjust HLA-A2 restricted-GPC3 specific CTLs to 3 x 10° cells in 100
pL of mTESR1 and coculture cells at 37 °Cin a 5% CO, incubator in either the presence or absence

of GPC3 CTLs.

3.8. After 48 h of coculture with CTLs, wash cells with PBS 3x for 5 min to remove CTLs. Then
analyze by flow cytometry or immunofluorescence staining.

3.9. Dissociate with 500 pL of dissociation buffer for 5 min and collect the cells by centrifugation
in 10 mL conical tubes at 200 x g for 5 min at RT.

3.10. After aspirating the supernatant, suspend the cells in 2% FBS in PBS using a pipette to
disaggregate cells.

3.11. Prior to data analysis, vortex each tube to avoid cell aggregates.

3.12. Use flow cytometry to calculate the percentage viability of hiPSCs in cocultured cells
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(fluorescently labeled cells are hiPSCs). Collect a minimum of 10,000 events. For analyses, gate
the live cell population excluding the dead cells. Determine the percentage of positive cells within
the gated population.

3.13. To analyze using immunofluorescence staining (similar to section 1), incubate the cells from
step 3.8 with diluted anti-troponin T and anti-OCT4 antibodies (use each at a dilution of 1:200)
at 37 °Cin a 5% CO, incubator. Then wash the cells 2x with PBS for 5 min in the dark. After the
wash, observe by fluorescence microscopy.

REPRESENTATIVE RESULTS:

Immunofluorescent staining showed that GPC3 and the typical pluripotent stem cell marker OCT4
were expressed in pluripotent states of hiPSCs (Figure 1A). GPC3-specific CTL clones revealed
cytotoxic effects against hiPSCs after coculture but not against hiPSC-derived cardiomyocytes
(Figure 1B).

After 48 h of coculture, using flow cytometry analysis, the viability (%) of hiPSCs in cocultured
hiPSCs and hiPSC-derived cardiomyocytes decreased from approximately 25% to 5% (Figure 1C).
GPC3-specific CTL clones could selectively eliminate undifferentiated hiPSCs from mixed cells of
hiPSCs (immunofluorescence stained with OCT4) and hiPSC-derived cardiomyocytes
(immunofluorescence stained by TroponinT) using immunofluorescence staining (Figure 1D).

FIGURE LEGENDS:

Figure 1: In vitro assay of suppression of pluripotent cells with GPC3 specific CTL. (A)
Immunofluorescence staining with anti-GPC3 and anti-OCT4 antibodies in hiPSCs (n = 3
independent experiments). Scale bars = 100 um. (B) hiPSCs were cultured with GPC3-specific CTLs
for 48 h. After the coculture, live cells were labeled with calcein-AM. Relative intensity was
analyzed by fluorescence microscopy (n = 3 independent experiments). Scale bars = 100 um. (C)
hiPSCs were mixed with hiPSC-derived cardiomyocytes and cocultured in either the absence
(control) or presence (GPC3-CTL) of GPC3-specific CTLs. After 48 h of coculture, using flow
cytometry analysis, the viability (%) of hiPSCs in cocultured hiPSCs and hiPSC-derived
cardiomyocytes was observed (n = 3 independent experiments). Data are presented as the mean
+ SD. *p < 0.05. (D) Immunofluorescent staining of undifferentiated hiPSCs (stained with anti-
OCT4 antibody) and hiPSC-derived cardiomyocytes (stained with anti-Troponin T antibody)
cocultured in either the absence or presence of GPC3-specific CTL clones (n = 3 independent
experiments). Scale bars = 400 um.

DISCUSSION:
In this study, we identified glypican-3 (GPC3) as a pluripotent state-specificimmunogenic antigen
and validated the applicability of GPC3 to remove undifferentiated cells from hPSC derivatives.

To date, many methods for eliminating undifferentiated hPSCs in hiPSC derivatives have been
reported, such as use of toxins, small molecules, and pluripotent state-specific antigens3”.
Antibody-mediated FACS and transfection of drug-resistant genes have also been used to
condense the target differentiated cells in other fields. However, the former is not applicable to
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a large number of cells, and the latter requires integration of external genes into the genome,
which sometimes causes safety-related issues. We also recently attempted to purify
cardiomyocytes and eliminate residual undifferentiated stem cells using mitochondrial
fluorescent dye or specific culture conditions based on metabolic differences between
cardiomyocytes and the other proliferating cells?%2324, Thus, for safer clinical applications,
elimination of residual undifferentiated stem cells from their derivatives represents a barrier that
may hinder clinical applications in regenerative medicine. In this study, we aimed to eliminate
undifferentiated hiPSCs using an anticancer immunotherapy called peptide vaccination.

Peptide vaccination has been used for anticancer treatment with selective cellular cytotoxicity,
especially with CTLs. We found that GPC3 is a carcinoembryonic antigen, which is also expressed
in hiPSCs, and is a good target antigen for immunotherapy. As a result, GPC3-specific CTL could
selectively eliminate hiPSC in hiPSC-derived cardiomyocytes without cytotoxic effects to the
cardiomyocytes. Although we have not determined whether the treated hiPSC-derived
cardiomyocytes with CTLs are indeed less teratogenic after transplantation so far, GPC3-specific
CTLs are expected to prevent teratoma formation or eliminate existing teratomas in vivo after
their administration. We propose that they will serve as an effective therapy for teratoma
eradication, for which surgical approaches are difficult.

Moreover, peptide vaccinations have several advantages, as they are already being safely used
for clinical applications. However, peptide vaccines have an HLA-associated restriction, and they
cannot be applied within the general population. Because their action is not sufficiently strong
compared with previous methods, stronger immunotherapies must be established for use in the
general population. Our method also offers the possibility of increased accuracy when used in
combination with other methods because of our unique approach for removing pluripotent cells.

As a conclusion, HLA-restricted GPC3-derived CTLs have potential as a pluripotent state-specific
immunogenic antigen in hiPSCs. Our results indicate that the immunotherapies against GPC3 may
prevent teratoma formation.
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Table of Materials

Name of Material/Equipment

100-mm tissue culture dish
15ml Centrifuge Tube
50ml Centrifuge Tube
96-well tissue culture plate

Alexa Fluor 488 anti-mouse IgG
Alexa Fluor 488 anti-rat IgG

Alexa Fluor 546 anti-mouse IgG
Alexa Fluor 546 anti-rabbit IgG

BD Matrigel Matrix Growth Factor
Reduced

Calcein-AM

Cell Tracker Green CMFDA
cTroponin | antibody

DAPI

D-PBS(-)
GPC3 antibody

Human/mouse OCT-3/4 antibody

mTeSR1 medium kit
Serum, Fetal Bovine

StemProAccutase
troponin T antibody
Y-27632

Company

Falcon
Greiner Bio-One
Greiner Bio-One
Falcon

invtrogen
invtrogen
invtrogen

invtrogen

BD Biosciences

Dojindo
Thermo Fisher
Scientific
abcam
Thermo Fisher
Scientific
Wako
biomosaics

R&D

STEM CELL
biowest
Thermo Fisher
Scientific
thermo

Wako Pure Chemical

Industries
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Catalog Number

353003
188271
227261
353078

A-21200
A-21470
A-11003
A-11010

354230

C396
C7025
ab52862
D1306

045-29795
BOO25R

MAB1759

5850
S$1780

A1110501
MA5-12960

Comments/Description

Thaw completely at 4°C overnight and dilute it
50 times with Dulbecco's Modified Eagle's
Medium before coating culture dishes

Warm at room temperature before use

dissociation buffer
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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.

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.

Si 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
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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 of 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.
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1. Upload an electronic version on the JoVE submission site
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Dear Editor,

Thank you for reviewing our manuscript submitted to The Journal of Visualized
Experiments and for your favorable comments on our manuscript. We have revised the
manuscript based on editorial comments, as described below.

Editorial comments:

1. Please address specific comments marked in the attached manuscript. Please turn on

Track Changes to keep track of the changes you make to the manuscript.

Thank you for pointing it out. We have revised the manuscript according to your

comments.

2. Figure 1B: Please include a scale bar, ideally at the lower right corner, to provide

context to the magnification used. Define the scale in the appropriate figure Legend.

Thank you for your comment.

We have revised the manuscript accordingly and included the scale cars.

3. Please ensure that each reference cited in text appears in the reference list.

Thank you for pointing it out. We have checked the reference list.
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