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23  SUMMARY:
24 The ayBs integrin is a type of adhesion protein that is highly expressed on activated endothelial
25 cells undergoing angiogenesis. Thus, evaluating the integrity of the integrin is of great interest in
26  oncology. Here, we introduce a method to prepare %8Ga-labeled radiopeptides and a method to
27  assess its biological effectiveness.
28
29  ABSTRACT:
30 The ayBs integrin is a heterodimeric adhesion molecule involved in tumor cell migration and
31 angiogenesis. The integrin is overexpressed in angiogenic tumor endothelial cells, where it
32  typically has a low concentration. This specific expression of a,f3 makes it a valid biomarker for
33 antiangiogenic and imaging drugs. As a functional imaging modality, positron emission
34  tomography (PET) provides information about biochemical and physiological changes in vivo, due
35 to its unique high sensitivity at the nanomolar scale. Hence, radiometal-based PET
36  radiopharmaceuticals have received great attention for the non-invasive quantification of tumor
37  angiogenesis. This paper provides a systemic protocol to prepare a new radiometal-labeled
38 peptide for the evaluation of angiogenesis. This protocol contains information about
39 radiochemical reliability, lipophilicity, cell uptake, serum stability, and pharmacokinetic
40  properties. The ®8Ga-RGD-peptide is one of the representative PET ligands toward o,Bs integrin.
41  Here, we introduce a protocol to prepare a #8Ga-RGD-peptide and the evaluation of its biological
42  efficacy.
43
44  INTRODUCTION:
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Angiogenesis is a biological process that is characterized by the development of new blood
vessels. Among many angiogenetic factors, a3 integrin is associated with invasiveness, because
the integrin is highly expressed in angiogenic tumor vessels but is absent in normal tissue®,

Radiolabeled receptor-binding peptides with the arginine glycine aspartate (RGD) domain, which
has a high affinity toward a3 integrin receptors, are considered promising angiogenesis imaging
agents?”. Several radiopharmaceuticals have been created for PET and its biological properties
have been validated in various animal models®!!. In terms of a radionuclide, ®8Ga has several
advantages over other radioisotopes. Firstly, it has a high accessibility for users and is
economically advantageous because a cyclotron is not required. Secondly, %Ga-based
radiopharmaceuticals produce high spatial resolution compared with single-photon emission
computed tomography (SPECT), allowing more accurate quantification. Lastly, the 67.71 minutes
half-life of ®Ga may be sufficient for the preparation of small peptides or proteins.

To produce a stable complex with ®8Ga, many chelators have been developed. Representative
chelators are 1,4,8,11-tetraazacyclotetradecanetetraacetic acid (TETA), 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA), 1,4,7-triazacyclononane-1,4,7-triacetic
acid (NOTA), diethylenetriaminepentaacetic acid (DTPA), and N,N’-di(2-
hydroxybenzyl)ethylenediamine-N,N’-diacetic acid (HBED). NOTA has been reported to form a
highly stable complex with %8Ga (log stability constant 30.98)%14,

The purpose of the present study is to provide a concise protocol for the development of a new
radiopeptide (Figure 1). As an example, we prepare ®®Ga-labeled RGD-peptides and present
methods for the biological evaluation of these analogues in a xenograft model.

PROTOCOL:

All animal experiments were conducted in compliance with the Guidelines for the Care and Use
of Research Animals under protocols approved by the Korea Institute of Radiological and Medical
Sciences Animal Studies Committee. All reagents and solvents were purchased and used without
further purification. NOTA-RGD-peptides were prepared according to literature methods®.
CAUTION: ®8Ga emits both positron and gamma rays. All experiments, including direct or indirect
contact with radioactive substances, must be undertaken by trained and permitted personnel
only. When handling radioactive materials, proper protective equipment, shielding, radiation
dosimeter badge and rings, and a survey meter should be used.

1. Radiolabeling RGD-peptides with %8GaCls

Note: 68Ga (t1/2 = 68 min, B* = 89%, and EC = 11%) was obtained from the ®8Ga/%Ge generator.

1.1. Elute the ®8GaCls from the generator with 4 mL of 0.05 M HCI.

1.2. Purge with nitrogen gas at 80 °C for 30 min to dry ®GaCls (333 kBg, 1 mL) in a 5 mL reaction
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vial.

1.3. Add a solution of RGD-peptide (100 pg) in 1 M sodium acetate (100 pL, pH 5 - 6) to the
reaction vial containing %8GaCls from step 1.2.

1.4. Heat the reaction mixture at 80 °C for 5 min. Then, cool it down to room temperature.

1.5. Purify the crude product with high-performance liquid chromatography (HPLC). Use the
following system: a C-18 column, a flow rate of 0.5 mL/min, a gradient slope of acetonitrile of
1.17%/min (5% - 40% in 30 min), and elution components: A = 0.1% trifluoroacetic acid (TFA) in

acetonitrile, B = 0.1% TFA in water.

Note: The HPLC is equipped with a photodiode array detector and a radioactivity detector. The
68Ga-RGD-peptide was collected at a retention time of 12.5 min (Figure 2).

1.6. Purify the resulting ®8Ga-RGD-peptide using a solid phase extraction system.
1.6.1. Pass the solution through a C18 reverse-phase cartridge and wash with 2 mL of saline.

1.6.2. Elute %8Ga-RGD-peptide with 0.7 mL of 95% ethanol. Remove the solvent at 80 °C under
nitrogen gas for 20 min and reconstitute with phosphate-buffered saline (PBS) before use.

1.6.3. Filter the radiolabeled product through a 0.22 um sterile filter and formulate in 1 mL of
sterile saline solution.

1.7. Check the radiochemical yield by radio-thin-layer chromatography (TLC).
1.7.1. Spot 1 plL on an instant thin layer chromatography plate (ITLC, 10 cm in length). Develop
the plate in a chamber containing the eluent (aqueous 0.1 M citric acid, pH 5.0) until 9 cm away

from the spot.

Note: The retention factor for ®8Ga-RGD-peptide is 0 and the retention factor for unreacted %8Ga3*
is 1.

1.8. Calculate the final specific activity from the ratio of radioactivity corresponding to the non-
radioactivity as MBg/nmol.

Note: After the injection of 100 pL of the formulated ®Ga-RGD-peptide to HPLC, the amount of
non-radioactive component was calculated from the standard calibration curve using

nonradioactive Ga-RGD-peptide.

2. In Vitro Cellular Uptake
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Note: Uppsala 87 Malignant Glioma (U87MG) human glioblastoma cells were grown in Dulbecco's
modified Eagle’s media (DMEM), supplemented with 10% fetal bovine serum and 1% penicillin-
streptomycin. Cells were grown in 150 mm dishes at 37 °Cin a humidified atmosphere of 5% CO..
Cells were harvested or split by trypsinization: 0.25% (w/v) trypsin and 0.02% (w/v)
ethylenediaminetetraacetic acid (EDTA) in PBS at 37 °C for 3 - 5 min.

2.1. Seed US7MG cells into 6-well plates at a density of 1 x 10° cells/well.

2.2. Incubate the cells with 8Ga-RGD-peptide (111 kBq) at 37 °C for 30, 60, 90, and 120 min.
Prepare samples in triplicate.

2.3. Wash the cells 2x with 2 mL of PBS and harvest by trypsinization. Use 0.25% (w/v) trypsin
and 0.02% (w/v) ethylenediaminetetraacetic acid (EDTA) in PBS at 37 °C for 3 - 5 min.

2.4. Collect the cell suspension (500 pL) and measure in a y-counter.
2.5. Calculate the percent uptake of the compound by the cells by % (counts in cells/total counts).
3. In Vitro Serum Stability

3.1. Add 500 pL of freshly prepared mouse serum, 500 pL of human serum, and 500 plL of PBS.
Incubate the mixture at 37 °C for 2 h.

3.2. Evaluate by ITLC at the specified time intervals (30, 60, 90, and 120 min). Spot 1 - 2 pL aliquot
of the mixture to the ITLC plate (mobile phase: 0.1 M citric acid). Develop the plate as in step 1.7.

Note: %8Ga>* is expected to move with the solvent front, whereas the labeled compound will
remain at the origin.

4. Determination of Lipophilicity
4.1. Add %8Ga-RGD-peptide (3.7 MBq, 3.7 pL) to the octanol-PBS system (1:1, v/v, total 1 mL).

4.2. Mix the vials vigorously for 5 min at room temperature and centrifuge at 10,000 x g for 5 min
at room temperature.

4.3. Take 100 pL samples from each layer and measure the radioactivity with a y-counter. The
reported log P value is based on the average of three samples.

5. Tumor Model
Note: BALB/c nude mice (6 - 8 weeks old, female, n = 23) were used for this study. The mice were

subsequently used for PET studies (n = 3) and biodistribution (n = 20) when the tumor volumes
reached 200 - 300 mm?3 (1 - 2 weeks after implantation).
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5.1. Load tumor cells into 28 G, 1/2 inch insulin syringes.

5.2. Inject US7MG cells (5 x 10°) in 100 pL of PBS into the left arm region.

5.3. Anesthetize the mouse with 2% isoflurane in oxygen gas during cell injection.

5.3.1. Ensure that the mouse has been anesthetized by the loss of the pedal withdrawal reflex
following pinching with forceps between the toes of the right hind foot. Do not leave an animal
unattended until it has regained sufficient consciousness to maintain sternal recumbency.

6. In Vivo Quantification of a,Bs3 Integrin Using PET

6.1. Anesthetize the mice with 2% isoflurane in oxygen.

6.1.1. Ensure that the mouse has been anesthetized by the loss of the pedal withdrawal reflex
following pinching with forceps between the toes of the right hind foot. Do not leave an animal
unattended until it has regained sufficient consciousness to maintain sternal recumbency.

6.2. Place the head in the center of the PET gantry.

6.3. Intravenously administer the ®8Ga-RGD-peptide solution (7.4 MBgq, 200 pL) to the xenograft
mouse model via the tail vein for 1 min.

6.4. At the same time, perform a PET scan in list mode (dynamic scan) for 150 min.

Note: The raw PET data were reconstructed by a user-defined time frame (i.e., every 30 min).
After the PET scan, a micro-computed tomography (CT) scan (50 kVp of X-ray, 0.16 mA) was
conducted for attenuation correction.

7. Ex Vivo Biodistribution

7.1. Inject ®8Ga-RGD-peptide (0.37 MBq, 200 pL) into the tail vein of the xenograft mouse model.
Anesthetize the mouse with 2% isoflurane in oxygen gas during the injections.

Note: BALB/c nude mice, as described in section 5, were divided into four groups and sacrificed
at different time points (n = 5 per group).

7.2. Wake the mice immediately after the administration of ®Ga-RGD-peptide and sacrifice them
at 30, 60, 90, and 120 min postinjection with carbon dioxide euthanasia.

Note: The tissues of interest were extracted. Selected targets were the blood, muscle, heart, lung,
liver, spleen, stomach, intestine, kidneys, bone, and tumor.
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7.3. Weigh the tissue and measure the radioactivity with a y-counter.
Note: Results were expressed as the percentage injected dose per gram of tissue (% I1D/g).

REPRESENTATIVE RESULTS:

The chelation of ®8GaCl; with the NOTA-RGD-peptide was straightforward, and the radiolabeling
yield was 99%. Reaction impurities were successfully removed as shown in Figure 2. The
radiochemical purity of ®8Ga-RGD-peptide was greater than 99%, and specific activity at the end
of the synthesis was 90 - 130 MBg/nmol (Figure 3).

The cell uptake values for ®8Ga-RGD-peptide were 1.49%, 0.85%, 0.36%, and 0.39% at 30, 60, 90,
and 120 min, respectively. Serum stability showed that ®3Ga-RGD-peptide remained almost intact
after 2 h of incubation with human or mouse serum as well as PBS (> 92% stability at 2 h). The
partition coefficient (log P) was 2.96, indicating high lipophilicity. PET showed an initial high
uptake in the major organs, including the liver, kidney, heart, muscle, and tumor. However, in
the late period (90 - 150 min), the tumor region was clearly visualized. The tumor-to-muscle ratio
at 90 min was 17.57 and remained unchanged, indicating kinetic stability. The ex vivo
biodistribution showed that the accumulated radioactivity in the tumor was 6.19, 4.96, 4.44, and
4.39 (% ID/g) at 30, 60, 90, and 120 min, respectively. The results of the ex vivo experiment were
in accordance with the in vivo PET findings (Figure 4).

FIGURE LEGENDS:

Figure 1: Flow diagram of the experimental procedures. This figure shows a schematic overview
of the development of radiopharmaceutical.

Figure 2: Purification of ®8Ga-RGD-peptide by HPLC. Blue is radioactivity signal and black is
ultraviolet (UV) signal. The UV wavelength is 314 nm. The X-axis is time and the Y-axis is
absorbance unit (AU). The %8Ga-RGD-peptide has 12.4 min of retention time.

Figure 3: Structure of 3Ga-RGD-peptide and its radiochemical purity. The ITLC of ®8Ga-RGD-
peptide showed high radiochemical purity.

Figure 4: PET imaging (upper) and ex vivo biodistribution data for ®8Ga-RGD-peptide (lower).
PET data were expressed on the SUV scale from 0 to 5. Biodistribution data shown are the mean
* the standard deviation from five mice at each time point.

DISCUSSION:

In the present study, we introduced a protocol to prepare a radiopeptide targeting a.ps integrin
and its biological evaluation. Traditional drug development involves a complicated procedure. It
requires a large quantity of reference material and a relatively long evaluation time. Although
the suggested methodology cannot replace the delicate evaluation process, this system can be
used for screening purposes. This proposed system would considerably reduce the time and cost.
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Over the past decade, many radiolabeled RGD-peptides have been extensively studied as
radiotracers for imaging tumors'®, To obtain promising radiopharmaceuticals for clinical trials,
systemic approaches for drug development should be provided. Radiochemical feasibility, high
selectivity-affinity to the target, metabolic stability, and proper pharmacokinetics are four major
concerns. For a routine PET study, a reasonable radiochemical yield ensures the reliability of the
radiopharmaceuticals. The issues of high affinity (> nM) and selectivity (> 100x) to the target
protein are also satisfied. In terms of pharmacokinetics, the candidate PET tracer is rapidly
excreted from the non-target tissue and has a long retention time in the tumor, allowing a high
target-to-reference ratio. Candidate radiopharmaceuticals should not have troublesome
metabolites in vivo that could increase non-specific binding and provide low contrast imaging. It
is important to assess the comprehensive characteristics because each term influences the other
properties, which are not independent.

The radiopeptide introduced in this research has suitable drug-like properties. The 8Ga-RGD-
peptide has a high radiochemical yield of 99%, metabolic stability, and proper lipophilicity. In the
in vivo experiment, the radiopeptide exhibited high selectivity (tumor-to-reference ratio =17.57),
and the ex vivo biodistribution data also showed significant tumor uptake (up to 6.19% ID/g).
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Name of Material/ Equipment Company Catalog Number Comments/Description
%Ga/*®Ge generator ITG Company - 10 mCi
Hydrogen chloride solution Sigma-aldrich 84429

Sodium acetate Sigma-aldrich 52889

C18 reverse-phase cartridge Waters WAT020515

0.22-um sterile filter Milllipore SLGVO33RS

Radio-TLC scanner Bioscan AR2000

ITLC paper Agilent SGI001

Citric acid Sigma-aldrich 251275

Waters 1525 system containing binary
pump, photo diode array (Waters

HPLC Waters ) 2998), radioactivity detector (Raytest,
Gabi)

C-18 colunm Develosil HG31546150W ODS-HG-5, 150 X 4.6 mm, 5um

Acetonitrile J.T. Baker 14-650-359

Trifluoroacetic acid Sigma-aldrich 302031

Dulbecco's modified Eagle media Thermo fisher scientific 11965092

fetal bovine serum Thermo fisher scientific 16000044

T175 flasks Corning CLS431080

Trypsin-EDTA (0.25%) Thermo fisher scientific 25200072

penicillin-streptomycin Thermo fisher scientific 15240112

y-counter Perkin Elmer - 1480 Wizard 3

Insunlin syringe Becton Dickinson 326105

Synringe pump Harvard Apparatus 70-4500

micro-PET/CT Siemens Inveon -
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course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1 Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

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

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

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

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

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

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

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

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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JOoVE 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.

CORRESPONDING AUTHOR
Name: .
Joe Yorg  Chos
Department:
Pivigon of Aplied Rl
Institution: " = s
kovea, \nskitute of Radiologica) an) Mecharl Geiences
S Concis prvkecol Fovthe prepamtion of %6a-lapoles RGD FRPETE for angivaenes]
Signature: Jae Yong Chot Date: Aunguet o, 2018

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;author
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammar issues.

(Author response) We checked sentence.

2. Step 1.1: Please write this step in imperative tense.

(Author response) Changes made as suggested.

3. 1.5: Please ensure that all text is written in imperative tense.

(Author response) Changes made as suggested.

4. 1.6: Please ensure that all text is written in imperative tense.

(Author response) Changes made as suggested.

5. 1.7: Please ensure that all text is written in imperative tense.

(Author response) Changes made as suggested.

6. 1.8: Please ensure that all text is written in imperative tense.

(Author response) Changes made as suggested.

7. 2.1: Please ensure that all text is written in imperative tense.

(Author response) Changes made as suggested.

8. 5.1: Please write this step in imperative tense.

(Author response) Changes made as suggested.

9. 7.2: Please write this step in imperative tense.

(Author response) Changes made as suggested.
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