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Patient-derived tumor xenograft (PDX) and cell-derived tumor xenograft (CDX) are important
techniques for preclinical assessment, medication guidance and basic cancer researches.
Generations of PDX models in traditional host mice are time-consuming and only working for a
small proportion of samples. Recently, zebrafish PDX (zPDX) has emerged as a unique host
system, with the characteristics of small-scale and high efficiency. Here, we describe an
optimized methodology for generating a dual fluorescence-labeled tumor xenograft model for
comparative chemotherapy assessment in zPDX models. Tumor cells and fibroblasts were
enriched from freshly-harvested or frozen pancreatic cancer tissue at different culture
conditions. Both cell groups were labeled by lentivirus expressing green or red fluorescent
proteins, as well as an anti-apoptosis gene BCL2L1. The transfected cells were pre-mixed and
co-injected into the 2 dpf larval zebrafish that were then bred in modified E3 medium at 32 °C.
The xenograft models were treated by chemotherapy drugs and/or BCL2L1 inhibitor, and the
viabilities of both tumor cells and fibroblasts were investigated simultaneously. In summary,
this protocol allows researchers to quickly generate a large amount of zPDX models with a
heterogeneous tumor microenvironment and provides a longer observation window and a
more precise quantitation in assessing the efficiency of drug candidates.

INTRODUCTION:

Precision oncology aims to find the most beneficial therapeutic strategies for individual
patient!. Currently, numerous preclinical models such as in vitro primary culture, in vitro
organoid culture?, and patient-derived xenografts (PDX) in mice before or after organoid culture
are proposed for diagnosis and to screen/assess the potential therapeutic choices®. PDX model
generated by the injection of human primary cancer cells into immune-compromised mice, is
one of the most promising tools for personalized drug screening in clinical oncology®*. Unlike
the cultured cell line in vitro, PDX models usually preserve the integrity and heterogeneity of
the in vivo tumor environment, better mimicking the diversity and idiosyncratic characteristics
of different tumor patients, and therefore, may predict the potential medical outcome of
patients®. However, the generation of PDX models in mice requires high quality patient samples
and months of time to gather sufficient cells and models for multi group experiments, and the
cellular/genetic compositions of the xenograft may drift from those of the original patient’s
biopsy. The success rate for establishing mice PDX model is also low, making it difficult to be
broadly implemented in clinical practice. For the patients carrying rapidly progressed cancers
like pancreatic cancer, they may not be able to obtain valuable information from the PDX
experiments in time.

In the past few years, zebrafish has been reported to be potential hosts for not only CDX (cell-
derived tumor xenograft) models, but also PDX models>. As a vertebrate model animal,
zebrafish harbors sufficient similarities with mammals in both genetics and physiology, with
two significant advantages: transparency and small in size!l. Zebrafish is also highly fecundity,
and hundreds of inbred larvae can be obtained within a few days from a single pair of adults*?.
Several studies have employed zebrafish to generate both transgenic and xenograft models of
cancer diseases'®'*, Compared to mice xenografts, zebrafish xenografts allow tracking at single
cell resolution. A certain amount of human tissues is capable of generating hundreds of
zebrafish PDX models (zPDXs), while may only be sufficient to generate a couple of mice PDX
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models'>1®, Besides, the zebrafish larvae at 2-5 dpf already develop complete circulatory
systems and metabolic organs such as liver and kidney, but not the immune system?’, while the
remaining yolk sac is a natural 3D medium, ideal for drug screening, drug resistance tests and
tumor migration observations®8-21,

With an ultimate attempt to use zPDX as a screening/testing platform for clinical use, here, we
describe an optimized proposal for zPDX model of pancreatic cancer, which allows the in vivo
candidate drug assessment within a short time using fewer cells at lower costs. Compared to
the previous references about zPDX®%19 we introduced several optimizations to make the
system more feasible and reliable for clinical personalized diagnosis: 1) pre-sorting different cell
groups in the primary tumor tissues and stabilizing primary cells for one week before further
experiments; 2) labeling the human cells and enhancing the cell viability in xenograft via
lentivirus-based genetic modification; 3) optimizing the zebrafish culture condition in both
nutriment supplements (glucose and glutamine) and temperature; 4) quantifying the drug
responses of different cell types in a comparative manner. We also made changes to the
injection solution by adding several supplementary materials. Altogether, those improvements
provide the possibility to quickly generate a more patient-like xenograft in zebrafish hosts that
can be used as a reliable tool to assess the response of candidate drugs.

PROTOCOL:

All animal procedures were approved and followed the guidelines of the Animal Ethics
Committee at Fudan University and all pancreatic cancer specimens were obtained from Fudan
University Shanghai Cancer Center. Ethical approval was obtained from the FUSCC Ethics
Committee, and written informed consent was obtained from each patient.

1. Preparing the equipment for the microinjection

1.1. Preparing the injection plate.

1.1.1. Prepare a 50 mL solution of 1% agarose dissolved in E3 solution (0.6 g/L aquarium salt in
double distilled water + 0.01 mg/L methylene blue). Boil the solution until the agarose
dissolves.

1.1.2. Pour 50 mL of the agarose solution into a 10 cm Petri dish and then place the zebrafish
embryo fixation mold on the surface. Remove the mold when the agarose solution becomes

solidified.

1.1.3. Add 20 mL of E3 solution to the injection plate and maintain it at 4 °C for long-term
storage.

1.2. Preparing the injection needles.

1.2.1. Pull a 10 cm glass capillary with an inner dimension of 0.9 mm into two needles on a
needle puller.
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1.2.2. Use forceps to cut the end of the needle to create an opening under the microscope.
2. Preparing embryos for transplantation

2.1. Place 1 to 2 pairs of adult zebrafish in a mating tank at 7-9 pm and collect the fertilized
eggs at around 8 am of the next morning.

2.2.  Transfer the fertilized eggs from the mating tank to a Petri dish containing 40 mL of
fresh E3 solution and incubate at 28.5 °C.

2.3. After 8 h of incubation in E3 solution, add 0.03% 1-phenyl-2-thiourea (PTU) into E3
solution to inhibit pigmentation. Incubate the embryos in E3 solution with 0.03% PTU at 28.5 °C
until 48 hpf. This step can be omitted if using in-bred Casper mutant zebrafish.

3. Isolation and culture of primary human cells from fresh surgical pancreatic cancer
specimen or frozen tissue.

3.1.  Obtain specimens of human pancreatic cancer tissue of the size around 1 cm? during an
abdominal surgery, and immediately transfer the tissue into growth media (DMEM with 10%
fetal bovine serum (FBS), 10 uM Y-27632, 100 pg/mL primocin, 10 pg/mL putrescine
dihydrochloride, 10 mM nicotinamide and 1% penicillin streptomycin).

3.2. Transfer the pancreatic cancer sample into a Petri dish and remove the surrounding
necrotic tissue, adipose tissue and connective tissue.

3.3.  Rinse the cancer tissue for 5-6 times with phosphate buffer (PBS) and cut the tissue into
1 mm?3 pieces using scalpels.

3.4. Transfer the shredded tissues into 5 mL of HBSS in a 50 mL tube and add collagenase
type IV, hyaluronidase and DNase | at final concentrations of 200 units/mL, 100 mg/L and 20
mg/L, respectively. Pipette the mixture up and down to mix well.

3.5. Incubate the mixture at 37 °C in a 5% carbon dioxide incubator for 15-20 min. Pipette
the mixture up and down a few times every 5 min.

3.6. Add 7 mL of DMEM to the tube and centrifuge at 110 x g for 5 min at 4 °C when
digestion is complete.

3.7. Decant the supernatant and re-suspend the tumor mixture in DMEM.
3.8. Plate the mixture into a 6 cm Petri dish in 3 mL of full growth media (DMEM with 10%

FBS, 20 pg/mL insulin, 100 ng/mL bFGF, 10 ng/mL EGF, 10 uM Y-27632, 100 pug/mL primocin, 10
ug/mL putrescine dihydrochloride, 10 mM nicotinamide, 1% penicillin streptomycin). Separate
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the cells into two groups.

3.9. Ingroup |, add 100x inhibitor of pancreatic cancer fibroblasts into the medium after 48 h
to remove the overgrown fibroblasts, leaving the cancer cells as the major cell types;. In group
I, the fibroblasts will outgrow the cancer cells within a week.

3.10. Culture both cell groups for 1-2 week depending on the cell densities/purities and
change the media every three days. The expected cell types in both group | & Il can occupy over
98% in proportion in a typic successful experiment.

4. Labeling the cells with lentivirus expressing anti-apoptosis gene BCL2L1 (BCL-XL) and
different fluorescent proteins separately

4.1. Lentivirus production

4.1.1. Plate 3 x 10% HEK 293T cells with complete DMEM medium (DMEM supplied with 10%
FBS) in 10 cm dishes and culture overnight at 37 °C in a 5% carbon dioxide incubator. Replace
the medium with 6 mL of serum-free media before transfection.

4.1.2. Prepare solution A: 8 ug of BCL2L1-containing lentiviral vectors (pCDH-EFla-mKate2-
E2A-BCL2L1-WPRE or pCDH-EFla-eGFP-E2A-BCL2L1-WPRE), 2.4 pg of pVSVG, 4 pg
pMDL(Gag/Pol), 1.6 ug of pREV and serum-free DMEM in a total volume of 500 uL. Gently pipet
the mixture several times, and place it at room temperature for 5 min.

4.1.3. Prepare solution B: 40 uL of PEI (polyethyleneimine) in 460 pL serum-free DMEM. Place
it at room temperature for 5 min.

4.1.4. Slowly add solution B into solution A and leave the tube at room temperature for 30
min.

4.1.5. Add the final mixture into the HEK 293T cell culture dish prepared in step 4.1.1 and
incubate at 37 °C in a 5% carbon dioxide incubator. After 12 h, add an additional 5 mL of the

complete DMEM medium. After 48 h, harvest the medium containing the lentivirus.

4.1.6. Filter the supernatant using a 0.45 um sterile filter, add the supernatant into a
concentration column, centrifuge at 6000 x g for 25-30 min at 4 °C. The lentivirus aliquots of
100 pl per tube are made and stored at -80 °C.

4.2. Infection of the primary cells

4.2.1. Seed the cells (group | & 1) to be infected in a 12-well plate with 30-40% density and
culture the cells overnight at 37 °C in a 5% carbon dioxide incubator.

4.2.2. Replace the medium with 500 pL of serum-free medium containing 8 pg/mL of
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polybrene for 4 h. Then, add an additional 100 pL of the lentivirus into the medium (eGFP-E2A-
BCL2L1 for Group | or mKate2-E2A-BCL2L1 for Group Il). After 12 h, replace the medium with 10
mL of complete medium.

4.2.3. Check the fluorescence markers after 48 h.

4.2.4. Harvest the infected cells and mix them at 1:1 ratio with a final concentration of 108/mL.
4.2.5. Centrifuge the cells at 110 x g for 5 min and re-suspend the cell mixture in 50 pL of
injection solution (1640 medium with 10% FBS, 0.05% hyaluronic acid sodium salt, 0.05%
methylcellulose).

5. Injecting mixed cell suspension into the zebrafish

5.1. Add 10x tricaine solution into E3 water to anesthetize zebrafish larvae and transfer the
larvae (from step 2.3) to the injection plate filled by modified E3 (E3 with 1 g/L glucose and 5

mmol/L L-glutamine).

5.2.  Fill 25 pL of mixed cell suspension into micro capillaries needle and insert the needle
into the micro-injection manipulator.

5.3.  Set injection pressure and time. Inject 50-80 cells (~8 nlL) into the yolk sac of 48 hpf
zebrafish.

6. Culture of the xenografted Zebrafish (zPDX model)

6.1. Transfer the post-xenografted zebrafish larvae into 40 mL of mix solution (E3 solution
with 1 g/L glucose and 5 mmol/L L-glutamine) at 32 °C.

7. Drug administration on the xenografted zebrafish and the assessment of tumor
cells/fibroblasts viabilities

7.1. Determining the optimal concentration of gemcitabine/navitoclax.
7.1.1. Place 10 wildtype zebrafish embryos at 48 hpf into each well of a 12-well plate.

7.1.2. Add different concentrations of gemcitabine or navitoclax in each well and incubate at
32 °C for two days.

7.1.3. After 2 days, calculate the maximal tolerance dosage (MTD) of gemcitabine and
navitoclax at which the zebrafish larvae do not shown significant malformation and abnormal

behavior, and the working concentrations are set below the MTD.

7.2. Treatment of zPDX models with gemcitabine/navitoclax.
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7.2.1. Place 10 xenografted larvae into each well of a 12 well plate.

7.2.2. Divide the larvae into four groups, treat the control group in E3 containing 0.1% DMSO,
and treat the other groups with 5 ug/mL gemcitabine and/or 50 uM navitoclax, and incubate at
32 °C for two days.

7.3. Assessment of the cell viabilities and cellular composition in zPDX models.

7.3.1. Anesthetize the xenografted larvae post-treatment and place them in 3%
methylcellulose.

7.3.2 Image the larvae from the lateral view using a fluorescence microscope or confocal
microscope.

7.3.3 Quantify the intensity of red and green fluorescence signals using Imagel and GraphPad
software.

REPRESENTATIVE RESULTS:

A schematized outline of the procedure is represented in Figure 1. In short, the primary cancer
tissue cells were seeded into the complete medium after digestion with or without the addition
of pancreatic cancer fibroblast inhibitors. Cancer cells and fibroblasts were enriched as two
distinct populations that fibroblasts dominated without inhibitors, and cancer cell growth
prevailed after the addition of inhibitors (Figure 2). Two lentiviral packaging vectors were
constructed, which expressed green or red fluorescent proteins and BCL2L1 as shown in Figure
3. The virus-based fluorescent labeling also represented the survival status of the cells. The
mixed cancer cells and fibroblasts were injected into the zebrafish yolk sac at 48 hpf and were
treated by gemcitabine and/or navitoclax for two days. The cell viabilities in different
populations and cellular composition of the xenograft were changed as the responses to the
drug treatment (Figure4).

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic diagram of the generation and drug assessment of the zebrafish
xenograft model derived from pancreatic cancer. Surgically removed tissues from patients
with pancreatic cancer are sheared and digested, followed by culture at two different
conditions, one of which is added by a fibroblast inhibitor, and the other group is not. After 1-2
weeks, the primary cells were genetically modified to express an anti-apoptotic protein BCL2L1
and different fluorescent proteins. After that, the two populations were mixed and co-injected
into 48 hpf zebrafish larvae to assess the effects of chemotherapeutic drugs.

Figure 2: Culture and enrichment of pancreatic cancer cells and fibroblasts. Images of cancer
cells and fibroblasts enriched from three different pancreatic cancer patients after 10-days
culture. Scale bar, 100 um.
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Figure 3: Structure of lentiviral vector expressing BCL2L1 and different fluorescent proteins.
Schematic diagram of two lentiviral vectors constantly expressing mKate2-E2A-BCL2L1 or eGFP-
E2A-BCL2L1, respectively.

Figure 4: Effects on xenograft by gemcitabine. (A) Lateral view of the xenograft in the yolk sac
of zebrafish larvae at 3 h post transplantation (hpt). (B) Representative images of the
xenografts in zebrafish larvae at 60 hpt, treated by DMSO or gemcitabine. (C) Representative
3D rendering of the xenografts at 60 hpt. (D) Statistics of the fluorescence intensity of the
xenograft before and after gemcitabine and/or BCL2L1 inhibitor treatment. N = 10 per group
for each assay. Scale bar, 100 um; NS, not significant; *P < 0.05; ***P < 0.0001; mean * SD, with
statistical differences determined by one-way ANOVA.

DISCUSSION:

Both PDX and CDX models are vital platforms in the field of tumor biology??, and the critical
step of a successful inter-species transplantation is to improve the survival of the xenograft.
Recently, some studies have shown that transient expression of BCL2L1 (BCL-XL) or BCL2 may
significantly improve the viability of human embryonic stem cells in mice hosts without
affecting the cell identities and fates?®>%°. In our manuscript, we labeled the cells with lentivirus
constantly expressing anti-apoptosis gene BCL2L1 (BCL-XL), as well as fluorescent proteins. The
introduction of BCL2L1 greatly enhanced the survival time of xenograft human cells in zebrafish
to prolong the observation window for the studies, while the fluorescent signals not only label
the cells, but also report the living condition of the cells, as we found that the fluorescence
fades quickly with the cell death. Meanwhile, we are currently modifying the zebrafish as a
better host for human xenografts. On the one hand, the rag2 and prkdc are being knocked out
via CRISPR/Cas9 technology to prepare a combined immune-deficient zebrafish, which was
similar to combined immune-deficient mice, to make older zebrafish larvae also compatible
with human cells and tissues?®. On the other hand, the zebrafish was also modified to express
human proteins such as IGF1 and INS to better support the survival and proliferation of
implanted human cells by using the Tol2 transposon-mediated transgenic technology.
Moreover, zPDX also lacks a human-like functional immune system, and the interactions
between human stromal cells and the immune system, and in future, we may try co-injecting
human immune cells to rebuild a short-term humanized immune environment in zebrafish.

In the mice PDX models, the xenograft conditions were traditionally monitored by direct
observation on nodes of visible size, which require a long time to develop. In the transparent
zPDX models as comparison, the xenograft can be investigated under microscopy in real time.
However, it was difficult to assess the cell number alternations in a single-color population
without a proper control, and the idea to introduce two cell population of different
fluorescence significantly improves the quantitation of cell viability. By mixing and injecting
different cells at fixed ratios, we not only mimic the tumor microenvironment, but also are able
to accurately quantify the drug response by comparing the two cell groups. Although the
original ratio of cancer cells to fibroblasts in primary tissues is highly different, here we started
with 1:1 ratio, and the effects of drug treatment on the same cell composition of a different
ratio will be investigated in the future. Besides, the effects of 32 °C instead of 37 °C incubations
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on the behaviors of human cells also require detailed comparative studies. Lastly, the strategy
of the patient-derived heterogeneous xenograft model for pancreatic cancer for comparative
drug assessment can also be applied to other types of solid cancers. This approach is
particularly useful for PDX using zebrafish larvae as hosts, which are crystal-clear and feasible
for analysis at single-cell resolution.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

The patient-derived heterogeneous xenograft model using zebrafish larvae as hosts for comparative drug assessment

Author(s):

Lei Wang1, #, Huan Chen2 #, Fei Fei1,#, Xianfeng He3, Shaoyang Sun1, kunpeng Lv1, Bo Yu2, Jiang Long 2 ,4,5,6 *, Xu Wang1,*

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

m Standard Access

Item 2: Please select one of the following items:

D Open Access

MThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the 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; “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.

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 JoOVE 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. 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
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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 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:
Xu Wang; Long Jiang
Department: } . j i j }
School of Basic Medical Sciences; Fudan University Shanghai Cancer Center
Institution: , )
Fudan University
Title: . . .
Young Investigator; Archiater
Signature: Kee é(/ﬁ/?/ W'éﬁ’? Date: 12/06/2018
v

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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Dear Editor

Thank you for your comments, and we have fixed those issues and point-to-point

responses are listed as below:

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

A1: We further checked the manuscript and fixed a few errors.

2. The Summary is over the 50 word limit.

A2: We have reduced the number of words in the summary to 50.

3. JoVE cannot publish manuscripts containing commercial language. This includes

company names before an instrument or reagent. Please remove all commercial language

from your manuscript and use generic terms instead. All commercial products should be

sufficiently referenced in the Table of Materials and Reagents. Examples of commercial

language in your manuscript include CHI Scientific, NARISHIGE, etc.

A3: We have removed CHI Scientific and NARISHIGE, and we did not find other commercial

term in the manuscript.

4. Step 7.1.2: What's the temperature for incubation?

A2: We have added the temperature as 32 degrees.

5. 7.2.2: Please write this step in the imperative tense.

A2: We have rephrased the sentence in imperative tense.

6. Please do not abbreviate journal titles for all references.

A2: We have fixed the problem.

*
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Best regards!

Xu
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Office: 86-021-54237926

Lab: 86-021-54237092

Email: wangxu2013@fudan.edu.cn
School of Basic Medical Sciences

Mailbox 238, N0.138 Yixueyuan Road, Shanghai, China 200032

Jan 07th, 2019

Dear Editors and Reviewers,

Happy New Year!

Enclosed please find our revised manuscript, “The patient-derived heterogeneous xenograft model of
pancreatic cancer using zebrafish larvae as hosts for comparative drug assessment”, which we are
re-submitting to JOVE.

We thank you and the reviewers very much for the insightful comments, which were all valid and helped us
substantially improve the manuscript, as well as clarify our model. We have attempted to address all of the
concerns through new experiments and extensive revisions, and the detailed responses are listed below.
We really thank you for your efforts for helping us with this paper and look forward to your response.

Sincerely,

Xu

Editorial comments:
The manuscript has been modified and the updated manuscript, 59507_R0.docx, is attached and located in

your Editorial Manager account. Please use the updated version to make your revisions.

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

2. Please provide at least 6 keywords or phrases.

3. For in-text referencing, please superscript the reference number and remove the parentheses before and
after the reference numbers.

4. Please ensure that the references appear as the following:

Lastname, F.l., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage,


mailto:wangxu2013@fudan.edu.cn
https://www.editorialmanager.com/jove/download.aspx?id=957301&guid=57300b3e-dcdf-41d8-9c7b-330f54f4425e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=957301&guid=57300b3e-dcdf-41d8-9c7b-330f54f4425e&scheme=1

(YEAR).

For more than 6 authors, list only the first author then et al.

5. Please add a one-line space between each of your protocol steps.

6. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol steps in
yellow (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e.,
the steps that should be visualized to tell the most cohesive story of the Protocol.

7. Figure 1: Please add a short description of the figure in addition to the figure title in Figure Legend.

8. Please do not abbreviate journal titles for all references.

9. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials.
10. Please use standard Sl unit symbols and prefixes such as uL, mL, L, g, m, etc.

11. Please use greek characters for Sl unit prefixed, e.g. use ‘yL’ instead of ‘uL’.

A: Dear Editor, we have fixed all the above problems except No. 8. It turns out that the full name data based
in EndNote are not really full names, but relatively Full names. We have referenced the entire manuscript in

a “JoVE” style downloaded from EndNote database, and hope it can fit your requirement.

Reviewers' comments:

Reviewer #1 (Remarks to the Author):

The authors underline the advantages of zebrafish larvae as a host for cell and patient derived xenografts
compared to mice as a tool for precision medicine. Emphasis is placed on the small scale of resources and
time required by this model as well as the favorable fluorescence visualization due to its transparency. They
propose to generate xenografts with this model using a co-culture of fluorescently labelled patient derived
pancreatic cancer cells and cancer associated fibroblasts to better mimic the tumor microenvironment

without compromising the read-out.

Major Concerns:

Q. Stable expression of anti-apoptotic protein (BCL2L1 gene) is used in this model to "enhance the survival

time of xenograft cells to prolong the observation window for the studies", however this is also expected to

decrease cancer cells and fibroblast drug sensitivity, likely resulting in "false negative" outcomes and



compromising the validity of this tool for clinical purposes. Could the authors address this matter?

A: Thank you very much for your comments, and we completely agree with your opinion. However, we think
it was necessary to genetically modify the primary cells somehow to improve the usefulness of PDX models
as real patient avatars, since most primary cells will naturally become apoptotic or senescent at the early

stages of culture and xenograft, and loses their original heterogeneity.

BCL2L1(BCL-XL) was currently proposed as a compromised choice:1) BCL2L1 is endogenously expressed
in most cancer cells, and compared to other pro-survival factors (eg. TERT, HPV16, and pro-oncogenic
MYC, RAS, MDM2), the effects of BCL2L1 are relatively predictable and specific; 2) BCL2L1 antagonizes

mitochondria-apoptosis pathways, and there exist alternative apoptosis pathways that are

BCL2L1-independent/insensitive; 3) BCL2L1 does not directly block the damages in cancer cells by

chemotherapy, and the proliferation of cancer cells may still be arrested even the cells are not killed

immediately.

Nevertheless, to improve the validity of our tool for clinical purpose, we modify our proposal by adding an
additional control experiment (Fig. 1): Co-culture the zebrafish PDX models with Navitoclax (ABT-263) (an
oral BCL-XL inhibitor) during the drug test procedures, and Compare the results with the drug test results
without Navitoclax treatment. Such comparison will provide an assessment of drug resistances particularly

caused by BCL2-L1, and help identify the potential “false negative" outcomes (Fig. 4D).

Minor comments:

Q1. The authors wrote "In this paper, we labeled the cells with lenti virus constantly expressing anti
apoptosis gene BCL2L1, as well as fluorescent proteins." The BCL2L1 gene encodes both the
anti-apoptotic Bcl-xL protein and the pro-apoptotic Bcl-xS protein through alternative splicing [1], can the
authors clarify how is this controlled in the proposed model?

Al: Thank you very much for your comments. The cDNA sequence coding BCL2-L1 in our virus is the
Bcl-X(L) isoform, and we have emphasized it in the title of step 4 and discussion in the revised manuscript.

We also referenced the mentioned paper.

Q2. Have the authors validated the proposed model by demonstrating that it is actually able to screen for
therapeutic strategies benefitting patients?
A2. Thank you very much for your comments. To optimize our model to screen for real therapeutic

strategies benefitting patients is our final goal, and we have not reached it yet. Currently, we have tested this



model in around 20 cases, but the results were not used to affect clinical decisions made for the patients.

However, we will combine information from both bench and bedside, and perform retrospective study.

Q3. Could the authors comment on the applicability of this model to other solid cancers?
A3: Thank you very much for your comments. We comment it in the discussion section as:
“The strategy of patient-derived heterogeneous xenograft model of pancreatic cancer for comparative drug

assessment can also be applied to other types of solid cancers.”

Q4. Could the authors indicate the desired/expected purity of the two cultures after growth with or without
fibroblasts inhibitors for the suggested time?

A4: Thank you very much for your comments. We have inspected the cell morphology in the two cultures,
and observed over 98% purity of the expected cell types in the successful cases. We have commented it in

Step 3.10 in the revised manuscript.

Q5.The authors suggest mixing equal proportion of cancer cells and fibroblasts; does this reflect the original
ratio in the tumour?

A5: Thank you very much for your comments. The original ratio of cancer cells to fibroblasts in primary
tissues is highly different. In our project, we started with 1:1 ratio, and will investigate the effects of drug
treatment on the same cell composition with different ratio in the future studies. We have commented it in

the discussion in the revised manuscript.

Reviewer #2 (Remarks to the Author):

The manuscript describes an interesting and useful protocol for researchers who are interested to employ
zebrafish as a model to assess drug sensitivity. Zebrafish no doubt provides a more economical platform
compared to animal models for drug studies. The lenti constructs developed in this study will be useful for

other cancer types as well.

Minor Concerns:

Q1.There are typos and grammatical errors throughout the manuscript. Please re-check these errors using



a professional editing service.
Al: Thank you very much for your comments. We have gone through the manuscript and fixed some typos

and errors, and we are sorry for those mistakes.

Q2. Please provide error bars and statistical significance to the bars provided in Figure 4c.
A2: Thank you very much for your comments. We now performed a new experiment of zPDX drug treatment
in four groups (DMSO, gemcitabine, navitoclax (a BCL2-L1 inhibitor), and gemcitabine & navitoclax), and

remade the statistics as the new Figure 4D.

Q3. Discussion section (lines 284-294): the discussion provided is irrelevant to the study. Hence, my
suggestion would be to discuss future experiments or work with the existing model.

A3: Thank you very much for your suggestions. We now reorganized the entire paper and put the first
paragraph in discussion into the introduction, and the new discussion is composed of two sections: 1) the
future optimization to improve the survival of xenograft; 2) the future studies on the composition ratios and

application of existing protocol in other tumor types.

Reviewer #3 (Remarks to the Author):

Authors present an interesting protocol to further develop zebrafish PDX in embryos. However, more

refinement is needed.

Major Concerns:

Q1. The title gives the impression of a general protocol but the protocol is only tested in pancreatic
adenocarcinoma primary cultures. Authors should better explain that their xenografts are derived from
primary cultures. If they want to propose a general protocol it should be tested in other cancers. If they are

not able to do so the title should include pancreatic cancer derived PDX.

Al: Thank you very much for your comments. We have changed the title as: “The patient-derived
heterogeneous xenograft model of pancreatic cancer using zebrafish larvae as hosts for comparative drug
assessment”



Q2. Authors should show a comparison of growth rate between primary cultures and same cells infected
with the lentivirus. If they are not differences this could be a great model but if they are the validity would be
lesser. In the discussion, authors need to analyse the impact on incubation temperature at 32 degrees in the
growth rate of cells.

A2: Thank you very much for your comments. We now modify the protocol by adding an additional control
experiment (Fig. 1): Co-culture the zebrafish PDX models with Navitoclax (ABT-263) (an oral BCL-XL
inhibitor) during the drug test procedures, and Compare the results with the drug test results without
Navitoclax treatment in four groups (DMSO, gemcitabine, navitoclax (a BCL2-L1 inhibitor), and gemcitabine
& navitoclax). Such comparison will provide an assessment of drug resistances particularly caused by
BCL2-L1, and help identify the potential “false negative" outcomes (Fig. 1). In the representative test, the
inhibition of BCL2-L1 does not significantly affect the viability of the infected tumor cell population (Fig. 4D).
We also added the temperature question into the discussion as a future work:” Besides, the effects of 32 °C

instead of 37 °C incubation on the behaviors of human cells also require detailed comparative studies.”

Q3. There is mention to the use of dyes but to my understanding there are no picture included with their use.
A3: Thank you very much for your comments. We have published the dyes-stained zebrafish CDX model of

pancreatic cancer before (Guo et al., 2014), and here we removed the relevant content in this manuscript.

Minor Concerns:
Q1. Line 128, | think authors meant ":--immediately transferred"

Al: Thank you very much for your comments, and we have fixed it

Q2. 2.3 why not using casper embryos instead of using PTU. Is PTU affecting cells? Authors should clarify
this.

A2: Thank you very much for your comments. There is current no evidence that 0.03% PTU affects human
non-melanin tumor cells in short-term incubation. However, we agree that it is a better idea to use Casper

line instead of PTU-treated embryos, and we now describe this option in Step 2.3.

Q3. 3.10 Why defer the injection for 1-2 weeks? Could it be done in less time? Authors should explain
thoroughly why 2 weeks are needed.

A3. Thank you very much for your comments.

At the beginning of this project, we injected the primary cells immediately after digestion, and found the
following issues: 1) many dead and dying cells; 2) many non-cell structure and substance; 3) unknown cell

composition. It was impossible to quantify the drug response.



After several tests, the 1-2 weeks stabilizing time in our protocol proves to be a critical step to isolate living

cells, label different cell types, and significantly improve the feasibility and reliability of the zPDX system.

Q4. 5.3 please describe volume? fL?

A4. Thank you very much for your comments. We have added the volume (8 nL)
We thank you again for your consideration and look forward to your response.

Sincerely,

Xu Wang, Ph.D.

Young Investigator

Department of Biochemistry and Molecular Biology
School of Basic Medical Sciences

Fudan University

01/07/2019



