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23 SUMMARY:
24 Here, we present a protocol to establish liver cancer patient-derived xenograft models for the
25  preclinical study of novel anticancer drugs.
26
27  ABSTRACT:
28  Patient-derived xenograft (PDX) models are established by transplanting immune-compromised
29  mice with tumor samples from cancer patients. The application of PDX models has facilitated the
30 development of anticancer drugs in preclinical studies. In this article, we present a method to
31  establish a liver cancer PDX model. Human liver cancer tissues are subcutaneously injected into
32  scid mice to generate a bank of tumors, which are subsequently passaged into different
33  generations of mice to maintain the liver cancer PDX models. The liver cancer PDX models mostly
34  resemble their original tumor properties as determined by immunohistochemistry analysis and
35 western blot assay. Treatment with sorafenib, a Food and Drug Administration (FDA)-approved
36 standard first-line drug that has been used for the treatment of unresectable liver cancers,
37  suppresses the tumor growth in the liver cancer PDX model. Although there are limitations to
38 this liver cancer PDX model, it has helped scientists to investigate, in preclinical studies, novel
39 therapies for liver cancer treatment which are more precise and clinically relevant.
40
41 INTRODUCTION:
42  PDX models are established by transplanting immune-compromised mice with tumor samples
43  from cancer patients®2. PDX models have been established in various types of cancers, including
44  breast cancer, lung cancer, liver cancer, pancreatic cancer, and so on3. PDX models retain the
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genomic, histologic, and biological properties of the corresponding primary tumors. More
importantly, the response of PDX models after anticancer drug treatment has been found to be
associated with the clinical outcome of cancer patients, which is important for healthcare
professionals when making therapeutic decisions for the better management of cancer. Ruiz et
al.* developed a triple-negative breast cancer 1, early onset (BRCA1)-mutated PDX model and
depicted a link between transcription factor 4 expression and breast cancer chemoresistance.
Yao et al.> showed that epidermal growth factor receptors (EGFRs) and RAF inhibition
demonstrate synergistic antitumor activity for colorectal cancer PDX models with a KRAS or BRAF
mutation. Nicolle et al.® showed that PDX models from pediatric liver cancer predict tumor
recurrence and advise clinical management. In this regard, PDX models have been regarded as
the most suitable preclinical models for anticancer development and the research into the
mechanisms of cancer development.

Liver cancer is the third leading cause of cancer-related deaths worldwide. According to the
statistics, an estimated 30,000 new cases and 40,000 deaths occurred in the United States in
2017, and China has the highest incidence rates for liver cancer’. As far as we know, sorafenib is
the only FDA-approved standard first-line drug that was used for the treatment of unresectable
liver cancers. Unfortunately, due to the multiple mutations in the liver cancer, sorafenib only
improved the overall survival of liver cancer patients by around 3 months®. Drugs that targeted
the specific mutation would provide more effective treatments for liver cancer patients.
Therefore, the preclinical validation of the effectiveness of drugs by using PDX models will
facilitate the anticancer treatment for liver cancer.

The first liver cancer PDX model was reported in 1996°. However, due to the low engraftment
rate, the progression of liver cancer PDX models developed very slowly. Recently, due to the wide
application of PDX models and improvement of experimental protocols, the engraftment rate of
PDX models was increased to around 40% and many liver cancer PDX models have been used for
the screening of anticancer drugs for liver cancer®®. Although liver cancer PDX models have been
extensively applied in the research, there are still challenges, such as the long time (2—4 months)
it takes liver tumors to engraft and the high rate of engraftment failure. In this regard, it is
important to refine and improve the experimental protocols for liver cancer PDX models to
increase the engraftment rates.

In our laboratory, we have previously developed an experimental protocol to generate liver
cancer PDX models with a good engraftment rate, and the establishment of the PDX models made
it possible to reveal some important anticancer mechanisms?®. In this article, we describe in detail
a method for the generation of a liver cancer PDX model with a high engraftment rate.

PROTOCOL:
This protocol has been conducted at the University of Hong Kong with approval from the

Institutional Review Board of the University of Hong Kong/Hospital Authority of Hong Kong
(UW05-3597/1022).

1. Preparation of the patients’ tumor sample (~*2 cm x 2 cm)
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1.1. Prepare Hank’s balanced salt solution (HBSS; 140 mM NaCl, 5 mM KCl, 1 mM CaCl,, 0.4 mM
MgS0s-7H20, 0.5 mM MgCl;-6H;0, 0.3 mM NazHPO4, 0.3 mM KH;POs4, 6 mM glucose, 4 mM
NaHCOs3) containing 10% penicillin and 10% streptomycin and collect 20-25 mL into a sterile
collection tube for tumor specimen collection.

1.2. Retrieve tumor samples in a sterile tube containing Dulbecco’s modified Eagle’s medium
(DMEM)/F12 on ice.

NOTE: The liver cancer tumor tissues are removed by a surgeon and collected by a pathologist.
The tissues are collected into a sterile collection tube containing DMEM/F12 medium.

1.3. Bring the tumor samples to the animal facility for implanting them into
immunocompromised mice.

2. Tissue processing
NOTE: Perform this step in a laminar flow hood to maintain sterility.

2.1. Place the tumor sample into a sterile Petri dish (100 mm in diameter x 13 mm in depth) from
the collecting tube and rinse the tumor tissues 2x with cold HBSS solution.

2.2. Use autoclaved small scissors and forceps to cut the tumor tissues into 1 mm x 1 mm pieces.
Transfer the tissue pieces to an autoclaved 1.5 mL microcentrifuge tube filled with 300 pL of
gelatin solution. Keep the tube on ice.

2.3. Alternatively, for the preparation of tumor cells from tumor tissues, rinse the collected
tumor samples 2x with 0.5 mL of ice-cold HBSS and incubate in DMEM/F12 medium containing

10% penicillin and 10% streptomycin for 30 min at 37 °C.

2.4. Slice the tumor tissues into 1 mm x 1 mm pieces by using autoclaved small scissors and
forceps. Digest the tumor tissues with 0.02 mg/mL collagenase IV for 45 min at 37 °C.

2.5. Filter the tissues through 100 um and 40 um meshes. Lyse the red blood cells by incubating
them with ammonium chloride for 30 min at 37 °C. Collect the tumor cells by centrifugation at

800 x g for 10 min; then, rinse them with DMEM/F12 1640 medium.

2.6. Culture the isolated cells (1 x 10°) in 10 mL of DMEM/F12 medium containing 10% fetal
bovine serum for 24 h.

NOTE: Use these tumor cells for the subcutaneous injection into the mice (see section 3).

3. Implantation of patient-derived tumor xenografts
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3.1. Use eight 6- to 8-week-old male scid or NOD/scid mice for each separate patient-derived
tumor tissue.

NOTE: The mice injected with the original human tumor are designated as the FO generation, and
then the next generation is generated by injection tumors from the previous generation and is
designated as F1, F2, F3, and so on.

3.2. Load one piece of tumor from the gelatin or load cells from the culture medium into
autoclaved 12 G trocars and make sure that the tumor is completely pushed into the trocar.

3.3. Perform anesthesia in an anesthesia box placed in a laminar flow hood. Place eight mice into
the anesthesia box, which is connected to an isoflurane anesthesia machine (2%—3% isoflurane
with 3%—4% oxygen for the maintenance of anesthesia).

3.4. Pinch a mouse’s toe for the observation of pedal reflex to ensure that the mouse is fully
anesthetized. Once a lack of pedal reflex is observed, place the mouse on a sterile place and inject
the tumor or cells into the middle dorsal neck region. Do this with autoclaved 12 G trocars by
sliding the trocar down subcutaneously until the flank region is reached.

3.5. Before the mouse is fully awake, inject buprenorphine (0.1 mg/kg) subcutaneously. Next,
place each mouse individually into the cage and monitor it until it is awake and moving.

4. Establishment of patient-derived tumor xenograft bank

4.1. Monitor the growth and health of the mice weekly. Track tumor sizes, the data of tumor
injection, and the health of the mice. Using a caliper to measure the dimension of the tumor,
calculate the tumor volume based on the following formula: (width x width x length)/2.

4.2. When the tumors are around 500 mm?3 (which takes about 3 weeks), anesthetize the mice
(10-12 mice) with isoflurane (2%—3%) followed by cervical dislocation.

4.3. Use the above-mentioned procedures (sections 2 and 3) to collect 10—12 tumors for passage
into the next generation and collect the leftover tumor for future use.

4.4. Maintain the remaining mice (8—10 mice) until a new generation of mice has tumors of
around 500 mm?3.

5. Determination of the effects of sorafenib on the tumor growth of patient-derived tumor
xenografts

5.1. When most F1 tumors are larger than 20 mm?, start the treatments with a vehicle (saline, 20
mL/kg) or sorafenib (30 mg/kg) and monitor the tumor volumes and body weights of the mice
approximately 3x per week.
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5.1.1. Randomly and blindly divide the F1 tumor-bearing mice into a vehicle group (20 mL/kg)
and a sorafenib (30 mg/kg) group, making sure each group consists of six mice, each with at least
one PDX tumor.

5.1.2. Administer the vehicle (saline, 20 mL/kg) or sorafenib (30 mg/kg) to the mice via oral
gavage, 2x a day.

5.1.3. Treat the mice for 2 weeks and euthanize them after another 2 weeks with an overdose of
pentobarbital sodium (50 mg/kg).

5.2. Make a small incision (1-2 cm in length) with autoclaved small scissors and forceps to gently
and completely remove the PDX tumor from the mammary fat pad.

5.3. Use the collected tumor tissues to perform western blot for the detection of cyclin-
dependent kinase 1 (CDK1), phosphoinositide-dependent kinase 1 (PDK1), and beta-catenin
proteins and immunohistochemistry for biomarkers analysis (Hep-Par1, CK7, CK20, and CEA)L.

REPRESENTATIVE RESULTS:

An overview of the liver PDX model protocol is shown in Figure 1. A patient-derived tumor was
obtained after surgery and immediately injected into the mice subcutaneously. After the
injection, the tumors were left to grow in the mice. The tumors were also observed in subsequent
generations and eventually expanded for treatment studies.

Figure 2A represents the mouse model of F1 PDX tumors. The immunohistochemistry analysis of
biomarkers (Hep-Parl, CK7, CK20, and CEA)!! showed that the expression pattern of these
biomarkers in PDX tumor models mostly resembled that of their original tumor tissues (Figure
2B). In addition, the western blot analysis showed that the levels of CDK1, PDK1, and beta-catenin
are specifically similar between the clinical tissues and paired PDX models (Figure 2C).

After the PDX mice were treated with saline (20 mL/kg) or sorafenib (30 mg/kg) for 2 weeks, the
mice were killed after another 2 weeks and the tumor tissues were dissected. Figure 3A shows
the images of the dissected tumor tissues from PDX mice by using tumor tissue from one patient.
The growth curves of the tumor in PDX models are shown in Figure 3B, and the results show that
the tumor growth was suppressed by more than 50% after sorafenib treatment when compared
to the control group (Figure 3B). In addition, there was no significant difference in body weight
between the control and the treatment group (Figure 3C).

FIGURE AND LEGENDS:
Figure 1: Establishment of liver PDX tumor model. The diagram of the established PDX tumor

model (FO and F1 generation) and the targeted drug administration schedule. This figure has been
modified from Wu et al.*%.
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Figure 2: F1 PDX tumor grafts resemble the patient tumors from which they are derived. (A)
The images represent the mouse model of F1 PDX tumors. (B) Hep Parl, cytokeratin 7 (CK7),
cytokeratin 20 (CK20), and CEA staining for F1 PDX tumors and paired clinical tissues. The scale
bar = 100 um. (C) In comparison to the protein expression levels (CDK1, PDK1, and beta-catenin),
PDX tumors highly mimic the paired clinical tumors analyzed by western blot. This figure has been
modified from Wu et al.1%.

Figure 3: The effectiveness of sorafenib on PDX tumors. (A) The growth curves of PDX models
after different treatments. (B) The representative images of the dissected tumor tissues from the
PDX models. (C) The body weight of the PDX models after different treatments. This figure has
been modified from Wu et al.%.

DISCUSSION:

Liver cancer has very a low survival rates and a high probability of metastasis, making it one of
the most aggressive cancers. In this article, we described a detailed protocol for the generation
of an improved liver cancer PDX model. In this model, patient-derived tumors were injected into
scid mice, passaged, and subsequently applied in the evaluation of the anticancer effects of
sorafenib. More importantly, this liver cancer F1 PDX model mostly retains the characteristics of
the original clinical tumor, has similar drug responsiveness, and is biologically stable. For the
successful establishment of the liver cancer PDX model, several key factors should be considered.
First, a professional clinical team was required to identify the pathology of the tumor tissues and
a clinical record of the patients and to ensure the quality of the collected liver cancer tissues.
Second, the fresh tumor tissues should immediately be kept in the proper medium with
antibiotics on ice to avoid tumor necrosis. Third, a research team with good technical skills for
processing the tumors and injecting the tumor tissues into nude mice is the most important.
These factors are important for the successful establishment of liver cancer PDX models and the
subsequent anticancer drug evaluation.

In our laboratory, the success rate of establishing a liver cancer PDX model was around 100%.
Several factors have indeed affected the success of the establishment of liver cancer PDX models.
For example, the collected tumor tissues were undergoing necrosis. Sometimes, the collected
tissues were very small, and the tissues were not enough for multiple mice injection, which
decreased the chance of success. In addition, some tissues collected from the clinical site were
just normal tissues without tumor tissues after histology evaluation. In this regard, it is essential
to have a reliable surgical team and experienced pathologist on site to ensure the quality of the
collected tumor tissues. In addition, the collected tissues should be annotated with detailed
clinical characteristics, which is important for the evaluation of anticancer effectiveness and
improving the therapeutic approach for the specific patient.

The liver cancer PDX model has been used in the determination of drug efficacy, drug resistance
mechanisms, and the effectiveness of drugs on cancer stem cell populations in various studies.
Yang et al. revealed that activating Janus kinase 1 mutation may predict the sensitivity of the
Janus kinase-signal transducer and activator of transcription inhibition in hepatocellular
carcinoma (HCC) by using the liver cancer PDX model®2. Nicolle et al. developed the pediatric liver
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cancer PDX preclinical platform, which could accelerate the identification and diversification of
anticancer treatment for aggressive subtypes of pediatric liver cancer®. Du et al. showed that
AMG337, a highly selective small molecule Met inhibitor, inhibited tumor growth in the Met-
high-expressing liver cancer PDX model*3. By using the liver cancer PDX model, we found that the
Notch inhibitor PF-03084014 inhibited HCC growth and metastasis via the suppression of cancer
stemness due to the reduced activation of notchl-stat3'#. In the subsequent study, we
demonstrated that blocking CDK1/PDK1/beta-catenin signaling by CDK1 inhibitor RO3306
increased the efficacy of sorafenib treatment by targeting cancer stem cells in the liver cancer
PDX model'!. All in all, these data implicate the importance of applying liver cancer PDX models
in the development of anticancer drugs, which may significantly improve the clinical outcomes
of patients with liver cancer.

As far as we know, there are several limitations to the PDX model. In the liver cancer PDX model,
the human stroma from the freshly collected tumor tissues was replaced with the mouse stroma
after implantation, which is a problem when mouse ligands failed to activate the receptors on
the human tumor cells>. Another problem for this model is that it does not make it possible for
scientists to study the role of the immune system in cancer development?®, which prevents the
investigation of immune-targeted agents in the PDX model.

In conclusion, we described a method of establishing a liver cancer PDX model that is useful in
determining the therapeutic efficacy of anticancer drugs. Although there are limitations to this
PDX model, the liver cancer PDX model makes a most precise and clinically relevant investigation
of novel therapies in preclinical studies possible.
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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 Ri in le. 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

"JideP 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 wuse, 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.

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
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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.

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 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.

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 payment is
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.
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Dear Editor,
We have revised the manuscript with based on the comments from the review editor.

Please see below for response to the comments.

Best regards

Chuanxing Wu

Editorial comments:

1. The editor has formatted the manuscript as per the journal's style. Please retain the same.

Response: Ok.

2. Please address all the specific comments marked in the manuscript.

Response: Ok. Addressed and revised the manuscript accordingly.
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