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activation status, participating in ECM remodeling, facilitating tumor cell migration, and
stimulating tumor-associated angiogenesis, among other pro-tumorigenic roles. The objective
of this method is to create a three-dimensional matrix with a fiber composition that is similar to
in vivo matrices, using immortalized fibroblasts or human primary CAFs. Fibroblasts are
cultured in pre-treated cell culture plates and grown under ascorbic acid stimulation. Then,
fibroblasts are removed and matrices are blocked for further cell seeding. In this ECM model,
fibroblasts can be activated or modified to generate different kinds of matrix, whose effects can
be studied in cell culture. 3D matrices are also shaped by cell signals, like degradation or cross-
linking enzymes that might modify fiber distribution. In this context, angiogenesis can be
studied, along with other cell types such as epithelial tumor cells.

INTRODUCTION:

The extracellular matrix (ECM) is a dynamic structure present in all types of tissue. It consists of
proteins and polysaccharides that create a net of fibers crucial for cell adhesion, migration, and
communication®. ECM composition varies depending on the tissue. While type-I collagen is the
most prevalent structural protein, collagen types Il, Ill, V and Xl can also be found in various
tissues?. Fibronectin generated by fibroblasts is needed for cell adhesion?. Moreover, there are
other structural molecules like elastin, laminin and surface receptors called integrins that
mediate fiber assembly and are specific to the different ECM tissues?. The ECM plays an
important role as a cell scaffold and can also be involved in both physiological and pathological
processes!. Abnormalities in the ECM are observed in pathologies such as cancer, which alters
ECM composition and/or its organization. In tumors, the ECM represents the non-cellular
component of the tumor microenvironment (TME), a complex milieu of cell components such
as fibroblasts, immune cells, endothelial cells, pericytes and a variety of soluble factors. It is
known that the TME promotes cancer progression and metastasis; cancer-associated
fibroblasts, as a predominant cell type in the tumor stroma, take part in this process3. Unlike
normal fibroblasts, CAFs are in permanent activation, showing increased secretion of ECM
proteins and growth factors (e.g., Transforming Growth Factor-B, TGF-B), as well as a higher
expression of some markers, such as a-smooth muscle actin (a-SMA) and fibroblast activation
protein (FAP)%. However, CAFs are a heterogeneous cell population, showing different levels of
activation or marker expression®. It can be assumed then that the composition and structure of
fibroblast-derived matrices will depend on fibroblast status and characteristics.

In this context, the goal of this methodology is to establish an appropriate in vitro model for
ECM generation by fibroblasts equivalent to the in vivo ECM setting. We propose this approach
as an in vitro translational methodology for further studies of tumor cell functions, like
chemoresistance or migration, mediated by ECM. As our group has published elsewhere, CAFs
can be obtained from fresh tissue samples, but it has to be noted that the CAFs’ survival in
culture is limited and their cell passage number is reduced®. In addition, CAF primary cultures
established from patients” samples can be used for matrix generation. Manipulation of gene
expression in fibroblasts is also an interesting way to produce varied in vitro matrices to assess
the possible effects on matrix composition, fiber orientation, etc. Along these lines, our group
has recently reported the role of Snail-expressing fibroblasts in the composition and fiber
orientation of various derived matrices’.
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Furthermore, CAFs and ECM are involved in the vascular system, both in vessel generation and
as part of the vase outer layer®. ECM remodeling induces angiogenesis; matrix
metalloproteinases (MMPs) seem to be the most important enzyme type contributing to this
process®!0. The tissue vascularization of primary cells that generate the ECMs, ECM
macromolecules, residual growth factors included in the ECM, matrix elasticity, and matrix
thickness are described as factors involved in endothelial cell activation!. In tumors, hypoxia
increases ECM stiffness and endothelial sprout generation!?. Moreover, CAFs secrete vascular
endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF) that stimulate
angiogenesis in tumor stroma®3. In this field, in vitro matrix generation could be used to study
angiogenesis processes or MMP action under different experimental conditions. Thus, the in
vitro reproduction of the most analogous in vivo matrix could be a valuable tool to investigate
ECM'’s role in angiogenesis or micro-environmental cell interactions.

The stimulation of cultured fibroblasts with ascorbic acid to enhance matrix deposition and
generate an ECM is an accepted way of producing analogous in vivo matrices. Immortalized
fibroblast cell lines are easily cultured and are activated by diverse growth factors, like PDGF-
BB, Tumor Necrosis Factor-o (TNF-a) or TGF-B!4. Within the TME, CAFs synthesize type-l
collagen and fibronectin as the main components of ECM*. Similarly, these components are
found as major components of in vitro-generated fibroblast-derived matrices (Figure 1).

There are different in vitro methodologies to simulate in vivo ECM. The use of coated culture
dishes with mixtures of ECM fibers was extended in past years, but this 2D approach needed
improvement to 3D structures, such as cross-linked gels (e.g., Matrigel)l. The Matrigel-like
setup has become the standard method for simulating a 3D matrix. Fibrin is also an alternative
when generating matrices but fails in terms of strength and durability of the ECM?. Collagen
used in combination with other ECM components amends some of the abovementioned issues.
However, these collagen gels form a strong network with fibers that can be oriented, but are
highly heterogeneous, which can be a problem in experiment repetitions!. Nevertheless, it
must be assumed that, depending on the objective of the experiments, the use of Matrigel or
other hydrogels is more appropriate (e.g., in matrix contraction studies in which gel contraction
can be easily detected).

The potential immunogenicity of the generated matrices could be an issue in experiments with
some cell types. Therefore, to reduce the possibility of immune responses due to ECM-
generating cells when using our method, matrices are decellularized and washed, although cell
fragment removal could not be total>. The ideal ECM needs to be compatible with cell culture
and able to communicate and react to cell signals. Our procedure allows the introduction of
changes without difficulty during ECM production (e.g., adding fibroblast-stimulating growth
factors).

PROTOCOL:

Human tissue samples were obtained with the approval of the Research Ethics Board of the
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Hospital Ramon y Cajal, Madrid.
1. Preparation of solutions

1.1.  Prepare 0.2% gelatin solution: add 1 g of gelatin to 500 mL of PBS. Autoclave the
solution and keep at 4 °C. Filter with a 0.22 um filter before use.

1.2.  Prepare 1% glutaraldehyde: Add 1 mL of 25% glutaraldehyde stock solution to 24 mL of
PBS. Filter with a 0.22 um filter before use.

1.3.  Prepare 1 M ethanolamine: prepare ethanolamine solution with sterile H,O. Filter with a
0.22 um filter before use.

NOTE: As ethanolamine is provided with a security cap, a needle and syringe will be needed.

1.4. Prepare ascorbic acid: add 0.1 mL of 50 mg/mL stock solution ascorbic acid (light-
sensitive) to 100 mL of medium.

1.5.  Prepare lysis buffer: prepare PBS 0.5% Triton 100X with 20 nM of NH,OH. Add NH4OH
right before use.

1.6.  Prepare PBS Pen/Strep: dilute Pen/Strep stock solution to 100 U/mL Pen and 100 pg/mL
Strep.

1.7. Prepare 10% DMEM: Add 10% FBS to 500 mL of DMEM. Supplement with 100 U/mL
penicillin, 100 pg/mL streptomycin, 0.1 mg/mL Normocin and 0.25 pug/mL amphotericin B.

1.8.  Prepare 2% BSA heat denatured: add 2 g of BSA to 100 mL of sterile water. Warm in
boiling water for 7 min.

1.9. Prepare FBS with antibiotics: supplement FBS with 200 U/mL penicillin, 200 pg/mL
streptomycin, 100 pg/mL gentamicin and 2.5 g/mL amphotericin B.

2. Cell culture preparation
2.1. Immortalized fibroblasts cell line

2.1.1. Culture recombinant telomerase transfected immortalized human foreskin fibroblasts
(BJ-hTERT, ATCC CRL-4001) in 10% DMEM in FBS and maintain at 37 °C and 5% CO..

2.2. Endothelial cells

2.2.1. Culture human umbilical vein endothelial cells (HUVECs, ATCC PCS-100-013) in EBM-2
medium containing 2% FBS and maintain at 37 °C and 5% CO,.
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2.3.  Fibroblast primary culture

NOTE: For CAF establishment and culture, the protocol previously published by our group was
followed®.

2.3.1. Briefly, cut tissue samples into small pieces of approximately 2-3 mm?3 and seed in FBS
with high concentration of antibiotics.

2.3.2. When the first fibroblasts appeared, replace medium with FBM medium for cell
maintenance.

NOTE: Depending on tissue origin, cell cultures can be contaminated easily. Wash samples in
PBS supplemented with antibiotics, with highly contaminated tissue (e.g., colon®) and shake for
30-45 min.

3. Fibroblast-derived 3D matrices (Adapted from Castell6-Cros and Cukierman?®)

3.1. Add 2 mL of 0.2% gelatin solution to each well of a 6-well plate and incubate for 1 h at
37 °Cor overnight at 4 °C.

3.2.  Aspirate gelatin and wash it in 2 mL of PBS.

3.3.  Add 2 mL of 1% glutaraldehyde and incubate for 30 min at RT. Glutaraldehyde will cross-
link gelatin.

3.4. Aspirate glutaraldehyde and wash wells in 2 mL of PBS for 5 min. Repeat 3 times.

3.5. Add 2 mL of 1 M ethanolamine and incubate for 30 min at RT. Ethanolamine will act to
block the remaining glutaraldehyde.

3.6. Aspirate ethanolamine and wash wells in 2 mL of PBS for 5 min. Repeat 3 times.

3.7. Add 1 mL of 10% DMEM. If the medium immediately turns pink, remove the medium,
wash in 2 mL of PBS and add again 1 mL of 10% DMEM.

3.8. Seed 1 mL of fibroblast suspension, with 5 x 10° cells in each well. Total volume in each
well will be 2 mL.

3.9.  Culture cells until 100% confluence is reached. Then remove the medium and replace
with 10% DMEM with 50 pg/mL ascorbic acid and additional treatment if used.

3.10. Replace medium with fresh 10% DMEM and 50 pg/mL ascorbic acid every 2 days for 6
days.
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NOTE: If additional treatment is used (e.g., PDGF-BB, TGF-B and/or other grow factors), add
them the same days as ascorbic acid treatment is added.

3.11. Two days after the last ascorbic acid treatment, remove the medium and wash in 2 mL
of PBS.

3.12. Slowly add 1 mL of lysis buffer, pre-heated at 37 °C, to each well. Incubate for 5-10 min
at RT until fibroblasts are lysed (observable under the microscope).

3.13. Carefully and without removing lysis buffer, add 2 mL of PBS. Then aspirate
approximately 2.5 mL of PBS. Repeat twice for a total of three washes.

3.14. Eventually, remove 2.5 mL of PBS and add 2 mL of PBS with Pen/Strep (100 U/mL and
100 pg/mL, respectively). Seal with film and keep at 4 °C for up to 3 months.

NOTE: Depending on the experiment, long-term storage of the generated matrices may affect
results. We recommend using matrices as soon as possible, and even more so if the experiment
involves cell seeding, due to possible protein degradation. If matrices are used for structural
assays, such as collagen observation, matrices can be fixed and stored for longer periods. This
protocol is indicated for a 6-well culture plate. Other plates can be used, but reactive volumes
and cell suspension concentration need to be recalculated according to well area.

4, Tube formation assay

4.1.  Grow HUVEC cells in EBM-2 2% FBS until maximum confluence.

4.2. Replace medium with EBM-2 without FBS for 8 h.

4.3.  Prepare matrices before seeding cells.

4.3.1. Remove matrices from the refrigerator and place for 1 h at RT.

4.3.2. Block matrices by adding 2 mL of heat-denatured 2% BSA. Incubate 1 h at 37 °C.

4.3.3. Aspirate BSA and wash in 2 mL of PBS.

4.4, Seed 2 x 10°> HUVEC cells in FBS-depleted medium on each well of a 6-well plate
previously coated with 3D fibroblast-derived matrices.

4.5, Incubate endothelial cells at 37 °C for 16 h.

4.6. Examine tube-like structure formation under a standard bright field microscope at 20-
40x magnification.
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REPRESENTATIVE RESULTS:

PDGF-BB stimulated fibroblasts create a thicker ECM. Herrera et al. showed how PDGF-
stimulated fibroblasts generated a thicker matrix as well as higher fiber orientation’. BJ-hTERT
fibroblasts were incubated with or without PDGF and representative areas observed showed a
more aligned cell distribution in matrices produced by PDGF-stimulated fibroblast (Figure 1a).
Collagen | and fibronectin protein expression was increased in matrices derived from PDGF-
stimulated fibroblasts (Figure 1b) and, consequently, matrix thickness was increased (Figure
1c). Moreover, collagen | and fibronectin show parallel patterns, as shown in directionality
histograms (Figure 1d).

3D matrices derived from PDGF-BB-stimulated fibroblasts induce tubulogenesis in endothelial
cells. HUVEC cells were seeded onto decellularized matrices derived from PDGF-stimulated or
non-stimulated BJ-hTERT fibroblasts. Endothelial cells seeded on matrices generated by PDGF-
stimulated fibroblasts showed more capillary-like structures than under non-stimulated
conditions (Figure 2).

FIGURE AND TABLE LEGENDS:

Figure 1: PDGF-stimulated fibroblasts enhance thicker and anisotropic ECM. (A) Binary images
representative of cellular orientation of the BJ-hTERT fibroblasts treated or not with PDGF-BB
(above) and directionality histograms (below), which represent the frequency of distribution of
cell angles (centering on the 0° angle). (B) Increase in protein expression of the extracellular
proteins fibronectin and collagen | in PDGF-stimulated fibroblasts derived from ECM. (C)
Increase in ECM thickness in those ECMs derived from PDGF-stimulated fibroblasts. (D) Increase
in protein and organization of extracellular proteins such as fibronectin and collagen | in PDGF-
stimulated fibroblasts derived from ECM. Below, directionality histograms. *p < 0.05; ***p <
0.001. Adapted from Herrera et al.’

Figure 2: PDGF-stimulated fibroblasts promote endothelial cell activation, which was
observed by the formation of capillary-like structures on matrices derived from PDGF-
stimulated fibroblasts. The “Particle analysis” tool from ImageJ showed an increase rate of 1.81
in HUVECs seeded on matrices from PDGF-stimulated fibroblasts regarding those seeded on
matrices from non-stimulated fibroblasts. Adapted from Herrera et al.’

DISCUSSION:

Matrices can be generated with immortalized fibroblasts or primary fibroblast cultures.
Fibroblasts are easy to maintain in in vitro culture with a high growth rate and stress resistance.
They can even be isolated from post-mortem tissue3, although contamination could be a
restriction, depending on the tissue origin.

The 3D-matrix model here offers a novel and effective system to successfully study ECM
composition and fiber orientation. It is also suitable for the analyses of fibroblast activation
status, gene/protein expression, interactions with other cell types, etc. It is important to
highlight that matrices generated with fibroblasts from patients make personalized study of
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stroma-related mechanisms in tumors possible. For instance, this approach can be applied to
studies of chemo-resistance, in which the ECM has an important role. The translation of this
type of study could aid in decision making on the treatments of patients in clinical practice,
implementing personalized medicine.

Even though the 3D-matrix protocol can be tedious, interesting results can be achieved by
following instructions. It must be noted that multiple washing steps are needed, so avoiding
matrix damage is essential. In addition, we recommend that when different cell culture
conditions are tested with this protocol, matrices should be generated at the same time due to
minimal differences that may occur during experiments (e.g., using the same fibroblast
suspension when seeding pre-treated plates).

Other tissue-engineering methods are being developed, but additional steps like sterilization
are needed to create compatible ECM and tissues for human use. Although new technologies
are arising, they can be costly and may be difficult to adapt to standard laboratory facilities. The
use of primary CAFs obtained from patients makes it possible to generate “personalized
matrices” to test different treatments. Along this line, our group has been using this
methodology to demonstrate that matrices generated by CAFs are different to the ones
generated by NFs, showing thicker and more organized matrices’. We have reported that
capillary-like structures derived from endothelial cells are dependent on fibroblast Snaill
expression, and there are future studies to observe that effect on CAFs-derived matrices.

ECM requires further study before we can understand the underlying mechanisms responsible
for chemotherapy resistance or tumor relapse. Therefore, we suggest the use of CAF-derived
matrices from cancer patient tissues as a procedure to investigate microenvironmental
behavior in cancer and ECM communication with cancer cells or other stromal cells.
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Ammonium hydroxide (NH4OH) Roth A990.1
Amphotericin-B Corning  30-003-CF
Bovine Serum Albumin (BSA) Sigma A7906-50G
Dulbecco’s Modified Eagle Medium (DMEM) Corning  10-014-CVR
Endothelial Basal Medium (EBM) Lonza CC-3121
Endothelial cell Basal Medium Supplements (EGM-2) Lonza CC-4176
Ethanolamine Sigma 411000-100ML
Fetal Bovine Serum (FBS) Biowest  S181B-500
Fibroblast Growth Basal Medium (FBM) Lonza CC-3131
Fibroblast Growth Medium Supplements and Growth Factors (FGM-2) Lonza CC-4126
Gelatin from bovine skin Sigma G9391-100G
Glutaraldehyde Sigma g5882
L-Ascorbic Acid Sigma A92902-100G
L-Glutamine Lonza BE17-605E
Normocin Invivogen 3ANT-NR-2
Pencillin/Streptomycin (Pen/Strep) Gibco 15140122
Phosphate Buffered Saline (PBS) Corning  21-040-CVR
Triton X100 Roth 3051
Recombinant telomerase transfected immortalized human foreskin fibroblasts (BJ-hTERT) ATCC ATCC CRL-4001

Human umbilical vein endothelial cells (HUVECs) ATCC PCS-100-013


https://www.editorialmanager.com/jove/download.aspx?id=1105258&guid=25e744a5-9aab-4c3c-a993-da6ec9b80780&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1105258&guid=25e744a5-9aab-4c3c-a993-da6ec9b80780&scheme=1

Comments/Description

add supplements before use

heat-inactivated before use
add supplements before use

light sensitive



‘ Author License Agreement (ALA)

e
1 Atewite Centar 8200
Gambridge, MA 02140

5
VISUALIZED Bearags www,jove.com

Click here to access/download;Author Li;:gnse Agreement
(ALA);renamed_a7{82.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | FIBROPUAST DERIVED D URTRICES SYSTEM APPLICARLE TO
ENDOTHELIAL TUBE FORMATION  ASSAY

Author(s):

C. GNINDD -POHARIND, A. HBIUIGTLA , A WORDY, R, CRRRATO
M. Bonenpn , C-PEON

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

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

ESta ndard Access

Item 2: Please select one of the following items:

DOpen Access

@The 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.

25 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.

3N 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.

612542.6  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

g | TS 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. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13, Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication 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 USS$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: : DEY | (&

ame CRISTINA i / Menceo>  Hepsna

Department: o i A YR THooG
PEDICAL NOWGY / ONCole=xY o, Ph B

Institution:

RAMAY Y (AJAC  HespiTAL / KaraiposkA st TOTE

Title: DP\ / D,Q '

Signature:

C_—7

Date: QZ = S\“ QO/{C\

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

2. Faxthe 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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3 September 2018
To:

Dr. Phillip Steindel
Review Editor
JoVE

We are grateful for the constructive criticism of our manuscript, JoVE60304 "Fibroblast
Derived 3d Matrices System Applicable to Endothelial Tube Formation Assay," by
Galindo-Pumarino et al. We have attach a revised version addressing the issues raised
by the reviewers’ comments.

This new version has been edited and revised by a native English speaker to improve
readability and understanding. We have add new quantification data, references and
explanations to clarify some issues and to improve data presentation.

A detailed point-by-point summary of the revision is provided in the following pages.

We hope that you will find this revised version of the manuscript suitable for
publication and look forward to hearing from you,

yours sincerely,

Cristina Pefa

Instituto Ramon y Cajal de Investigacion Sanitaria (IRYCIS), Laboratorio de Oncologia
Meédica, Laboratorio de Investigacion de Oncologia Médica. Planta -2 Dcha. Carretera
de Colmenar, km 9,100. 28034 Madrid, Spain

Email address: cristinapenamaroto@gmail.com; Phone: +34 91 334 13 07
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Editor’'s comments:

General:

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

The manuscript has been revised by an English native speaker.

2. Please ensure that the manuscript is formatted according to JoVE guidelines—letter
(8.5” x 11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to
the left margin, single spacing within paragraphs, and spaces between all paragraphs
and protocol steps/substeps.

Format has been revised.

3. Please use periods for decimals (e.g., 0.05 instead of 0,05).

We replaced “.” Instead “,” in all decimals.

4. JoVE cannot publish manuscripts containing commercial language. This includes
trademark symbols (™), registered symbols (®), and company names before an
instrument or reagent. Please limit the use of commercial language from your
manuscript and use generic terms instead. All commercial products should be
sufficiently referenced in the Table of Materials and Reagents.

For example: Matrigel, Normocin.

Matrigel TM symbol has been removed, although the word “Matrigel” is needed in the
text.

Protocol:

1. If necessary, please include an ethics statement before the numbered protocol
steps, indicating that the protocol follows the guidelines of your institution’s human
research ethics committee.

A clarifying sentence has been added in protocol section 2.3

2. For each protocol step, please ensure you answer the “how” question, i.e., how is
the step performed? Alternatively, add references to published material specifying how
to perform the protocol action. If revisions cause a step to have more than 2-3 actions
and 4 sentences per step, please split into separate steps or substeps.

Specific Protocol steps:
1. 2: Where do the cells in 2.1 and 2.2 come from? They are not in the Table of
Materials.

ATCC references has been included in protocol sections 2.1 and 2.2 and in the Table
of Materials.

2. 3.13: How many times total is this done? It looks like it can only be done twice, but
the instructions seem to indicate 3 times (done once, then repeated twice). Please
clarify.

The washing is done 3 times. A clarifying sentence has been added in protocol section
3.13

3. 4.1: Around how long will this take?



It will depend on culture conditions. HUVECs ATCC reference has been included in the
text if maintenance guidance is needed.

Figures:
1. Please remove ‘Fig. 1’ etc. from the Figures themselves.

Labels Fig.1 and Fig 2 were removed from the corresponding figures.

2. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor
or a link to the editorial policy that allows re-prints. Please upload this information as a
.doc or .docx file to your Editorial Manager account.

Editorial policy has been revised and informative links are listed below

https://www.nature.com/oncsis/

https://www.nature.com/authors/editorial policies/index.html

https://www.nature.com/authors/editorial policies/license.html

https://www.nature.com/nature-research/reprints-and-permissions

https://www.nature.com/nature-research/reprints-and-permissions/permissions-requests

References:

1. Please ensure that the references appear as the following: [Lastname, F.I.,
LastName, F.I., LastName, F.l. Article Title. Source. Volume (Issue), FirstPage —
LastPage (YEAR).] For more than 6 authors, list only the first author then et al.

References has been revised and author list edited as indicated.
Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment
used, especially those mentioned in the Protocol.

We have revised and filled with all information.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:

The manuscript deals with developing a natural extracellular matrix (ECM) developed
from fibroblast cell line as can be useful for obtaining 3D cultures. Also, the authors
describe the protocols to render the ECM almost cell-free and proved its usefulness for
in endothelial cell tube-formation. The protocols detailed/described will be useful for the
development of novel natural ECM matrices as can be used for a variety of applications
in the areas of 3D cell cultures and tissue engineering. Surely, an useful contribution to
the field.


https://www.nature.com/oncsis/
https://www.nature.com/authors/editorial_policies/index.html
https://www.nature.com/authors/editorial_policies/license.html
https://www.nature.com/nature-research/reprints-and-permissions
https://www.nature.com/nature-research/reprints-and-permissions/permissions-requests

We appreciate the generous comments from this reviewer.

Major Concerns:
Nil

Minor Concerns:
Nil

Reviewer #2:

Manuscript Summary:

Pena et al. propose fibroblast-derived 3D matrix that can be utilized for endothelial tube
formation assay. In their protocol, they used immortalized BJ-hTERT fibroblasts to
create 3D matrix and examined 3D matrix for capillary-like structure formation using
HUVECs.

Major Concerns:

1. First of all, the data (Fig. 1) is exactly the same as published in Oncogenesis, 2018. |
understand the publication policy of JOVE that is quite different from the other journals.
Nonetheless, | feel this is an ethical issue. | think no article can carry the same results
that was already published, even in the same research group.

Actually the scope of the JOVE is to deeply describe the methodology developed in
previous research. Thus, the manuscript is formatted as a methodology paper as
PubMed-indexed video article. In this way we may use previous results. However,
based on the comments from reviewer three minor changes have been added to the
figure 1.

2. In cell culture preparation, the authors noted three different cell types: BJ-hTERT,
endothelial cells, and primary fibroblasts (CAF). However, the result (Fig. 2) just
showed HUVECs on BI-hTERT derived matrix.

In the “Cell culture preparation” section, we just described the normal and standard
procedure to describe the cells which will be used to develop the protocol. As they are
ordinary procedures we did not show “Representative results”.

To generate the tube formation assay on fibroblasts-derived 3D matrix a fibroblasts cell
line has to be cultured followed the culture of the endothelial cell line. In this way we
described the conditions to culture the different cell lines but in the figure 2 we just
represent, as representative results, the end point of the experiment in which the
endothelial tube formation is observed.

3. The authors seem to be interested in developing a cancer-mimetic model in vitro. If
so, what kind of implications the present data represent? Actually no data are provided
using CAF.

In our previous studies, we described the validation of changes in ECM properties
depending on SNAIL expression and PDGF treatment using NFs and CAFs. In parallel
as we commented in the current manuscript, we describe the reproduction of the most
analogous in-vivo matrix which could be a valuable tool to investigate ECM’s role in
angiogenesis or micro-environmental cell interactions.



We did not provide CAF-derived matrix data because we just described the
methodology, which is the aim of the manuscript. We also think that conclusive studies
on this topic are beyond the scope of the present manuscript. Anyway, we have
introduced a sentence on page 7, line 274 to comment our CAF data.

4. | do not understand why we need thicker matrix for endothelial tube formation
assay? There is an early report that demonstrate the formation of capillary-like
structure on fibroblast-derived matrix (Tissue Eng Part A 2014, 20(17-18):2365-77)

This comment appears to be based on a misunderstanding. The data presented in this
manuscript as “Representative results” are those referred to Herrera et al,
Oncogeneisis 2018. In that study, we described the orientation and the parallel
alignment of the extracellular matrix fibers as the main cause of endothelial tube
formation. Certainly, this anisotropic fibers are accompanied to the generation of a
ticker ECM.

Moreover, in the cited manuscript (Tissue Eng Part A 2014, 20(17-18):2365-77) the
authors observed a very active response of endothelial cell on matrix derived from
fibroblasts or preosteoblast, but not on matrix from chondrocytes. Regarding the
compositional and physics differences in those matrix which could be related with this
different endothelial cell response the author argued the tissue origin of primary cells
(vascular/avascular), production of macromolecules, residual growth factors, matrix
elasticity, and, as we similarly described, matrix thickness. Thus, in line with our data,
the authors observed that matrix derived from chondrocytes was much thinner than
those derived from fibroblasts or preosteoblast. We have introduce a sentence on page
2, line 80, referring to this data/manuscript.

Minor Concerns:

1. There is no explanation about using 1% glutaraldehyde and 1M ethanolamine during
fibroblast derived 3D matrix preparation.

We have added an explanation of 1% glutaraldehyde and 1M ethanolamine use in
protocol sections 3.3 and 3.5, respectively.

Reviewer #3:

Manuscript Summary:

This manuscript describes a methodology for generating fibroblast derived 3D matrices
to then examine how different matrix conditions affect endothelial tube formation.
Overall, this methods manuscript is presented in a sequential manner that is easy to
follow. The figures are well set out with appropriate font sizes and labels, however
further statistical analysis could be performed in some cases to aid understanding. | am
concerned that the methodology lacks novelty as most of the protocol is published
elsewhere (Ref 15: Castell6-Cros, R. and E. Cukierman). Also, there are some minor
language issues with this manuscript. This paper should be edited and revised by a
native English speaker to improve readability and understanding. Overall, with minor
revisions, this manuscript and subsequent video would be of great interest to the
reader/viewership of JOVE.

Major Concerns:



1. No mention of PDGF-BB treatment in the protocol section yet all the figures relate to
this. Please include a section in protocol where you would stimulate the fibroblasts with
PDGF-BB or other growth factors/reagents.

A clarification sentence has been added in protocol section 3.10, as grow factors would
be added at the same time as ascorbic acid treatment.

2. Please perform statistics (e.g. non-parametric Mann-Whitney U tests) on all
orientation data supplied in Fig 1.

In statistics, the non-parametric test Mann—Whitney U test is a test of the null
hypothesis that it is equally likely that a randomly selected value from one sample will
be less than or greater than a randomly selected value from another independent
second sample having the same distribution.

To study the anisotropy of our samples we could have images with high anisotropy but
with a totally difference angles orientation between both samples. For instance, a
picture with all fibers presenting and orientation at 0°, and another picture with all fiber
showing an orientation of 90°. In this case the Mann—Whitney U test, would offer a very
statistical significant difference with a p value really low. However, both samples would
present a very similar anisotropy. In this way we cannot perform this kind of statistical
test.

A quantification procedure to show differences in the anisotropy of the
samples/pictures could be based in the quantification of the percentages of orientated
fibers accumulated in a range of £20° around the modal angle (Stanisavljevic et al,
Cancer Res 2014). We have performed this calculation and this data are now
presented in the figure 1A.

3. Please quantify superior endothelial tube formation in Fig 2 using Image analysis
software. Could analyse total/avg vessel length, avg branching per vessel etc.

Due to the small size of the pictures it is difficult to calculate total/average vessel length
or average branching per vessel. However, following the suggestion of the reviewer we
have quantified the images by analyzing the particles (Particle Analysis tool from Image
J software) to quantify vascular cells. This data are now added in the figure legend of
figure 2.

Minor Concerns:

1. The resolution of the figures is poor, please improve for publication.

We have improved the resolution of the images as JOVE guidelines requires.
2. Please provide scale bar on Fig 1b images.

The scale bar has been added to the image.

3. Spelling mistake at Line 35: "pro-tumorogenic roles"; Line 66: "EMC"; Line 77-78:
"Furthermore, CAFs and ECM are involved in the vascular system, both in vase
generation and as part of the vase outer layer". Grammatical error at Line 53, 88.
Please proofread the manuscript.

The manuscript has been edited and revised by a native English speaker to improve
readability and understanding as the reviewer suggested.



4. Reference required at Line 50: "Fibronectin generated by fibroblasts is needed for
cell adhesion".

The reference has been added.

5. Need to write acronyms in full first before using in both manuscript and protocol. Eg:
Vascular endothelial growth factor (VEGF).

TGF-B full named in line 61
MMPs full named in line 78
VEGEF full named in line 83
PDGF full named in line 84

TNF-a full named in line 92



