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Cancer progression (initiation, growth, invasion and metastasis) occurs through
interactions between malignant cells and the surrounding tumor stromal cells. The
tumor microenvironment is comprised of a variety of cell types, such as fibroblasts,
immune cells, vascular endothelial cells, pericytes and bone-marrow-derived cells,
embedded in the extracellular matrix (ECM). Cancer-associated fibroblasts (CAFs)
have a pro-tumorigenic role through the secretion of soluble factors, angiogenesis and
ECM remodeling. The experimental models for cancer cell survival, proliferation,
migration, and invasion have mostly relied on two-dimensional monocellular and
monolayer tissue cultures or Boyden chamber assays. However, these experiments do
not precisely reflect the physiological or pathological conditions in a diseased organ.
To gain a better understanding of tumor stromal or tumor matrix interactions,
multicellular and three-dimensional cultures provide more powerful tools for
investigating intercellular communication and ECM-dependent modulation of cancer
cell behavior. As a platform for this type of study, we present an experimental model in
which cancer cells are cultured on collagen gels embedded with primary cultures of
CAFs.
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Short abstract:

Here we present a protocol to co-culture in three-dimensions, which is useful for
investigating multicellular interactions and extracellular matrix-dependent modulation
of cancer cell behavior. In this experimental model, cancer cells are cultured on
collagen gels embedded with human cancer-associated fibroblasts.

Long abstract:
Cancer progression (initiation, growth, invasion and metastasis) occurs through
interactions between malignant cells and the surrounding tumor stromal cells. The
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tumor microenvironment is comprised of a variety of cell types, such as fibroblasts,
immune cells, vascular endothelial cells, pericytes and bone-marrow-derived cells,
embedded in the extracellular matrix (ECM). Cancer-associated fibroblasts (CAFs)
have a pro-tumorigenic role through the secretion of soluble factors, angiogenesis
and ECM remodeling. The experimental models for cancer cell survival, proliferation,
migration, and invasion have mostly relied on two-dimensional monocellular and
monolayer tissue cultures or Boyden chamber assays. However, these experiments
do not precisely reflect the physiological or pathological conditions in a diseased
organ. To gain a better understanding of tumor stromal or tumor matrix interactions,
multicellular and three-dimensional cultures provide more powerful tools for
investigating intercellular communication and ECM-dependent modulation of cancer
cell behavior. As a platform for this type of study, we present an experimental model
in which cancer cells are cultured on collagen gels embedded with primary cultures of
CAFs.

Introduction:

Cancer tissue can be perceived as a type of organ, which evolves through close
interactions between the cancer and the tumor stromal microenvironment, composed
of cancer-associated fibroblasts (CAFs), immune cells, tumor vessels and the
extracellular matrix (ECM). CAFs are the major source of soluble factors (cytokines,
growth factors and chemokines) that exert mitogenic, pro-migratory and pro-invasive
effects on cancer cells. They also stimulate tumor vessel formation and recruit
precursor cells, such as bone marrow-derived cells (BMDC). Activated CAFs are
involved in the production and remodeling of the ECM, thereby promoting the growth
and spread of cancer cells’. CAFs also provide a niche that facilitates tumor cell
colonization and metastasis and are capable of conferring stem cell phenotypes onto
neighboring cancer cells. Pathological observations suggest that stromal reactions or
fibrotic changes in cancer tissues are indicative of a poor prognosis. Recent studies
have also demonstrated that tumor stromal features, such as the gene signature, can
predict patient prognosis. Furthermore, CAF-derived factors can modulate sensitivity
to chemotherapy, highlighting the role of CAFs in determining drug sensitivity and
resistance’.

As CAFs play a multifaceted role in the promotion of tumor progression through
signaling pathways that mediate interactions between CAFs and different cell types
within the tumor microenvironment, they have attracted increasing attention as novel
targets for cancer therapies. The heterogeneity of the cell populations within the
cancer microenvironment presents an obstacle for targeting CAFs. Several markers
for CAFs have been proposed, such as a-smooth muscle actin (a-SMA), fibroblast
activation protein (FAP), and fibroblast specific proten-1 (FSP-1: also called S100A4);
however, these molecular markers are not specific for distinguishing CAFs from other
cells present in non-cancerous tissues®. Therefore, further studies are needed to
obtain more knowledge about the specific properties of CAFs. To this end, it is
informative to characterize primary cultured CAFs compared with patient-matched
normal fibroblasts.

Recently, analyses on patient-derived CAFs have been reported in several cancer
types, revealing unique gene expression patterns and cell behaviors compared with
fibroblasts derived from non-cancerous tissues. Using isolated CAFs from human
lung cancer tissues, we developed a three-dimensional co-culture method, enabling



us to evaluate the properties of lung CAFs. In this model, we investigated the effects
of the CAFs on lung cancer cell invasion, proliferation and collagen gel contraction,
which experimentally recapitulated the tumor-promoting roles of lung CAFs*,

Protocol Text:

This study was approved by the appropriate Ethics Committees.
1. Primary culture of human lung fibroblasts

1.1) Collection of lung tissue

1.1.1) Obtain human lung tissue samples from the surgical operating room directly.
Collect approximately 1 cm?® blocks from cancerous and non-cancerous lung tissue,
with the non-cancerous sample collected as far away from the tumor as possible.

1.1.2) Suspend the samples in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 100 units/ml penicillin, 100 ug/ml streptomycin and 0.25 pg/mi
amphotericin B (serum-free medium). Maintain the suspended samples in sterile 50 ml
tubes and transfer to the laboratory.

Note: Fibroblasts are highly migratory and proliferative compared with other cell types,
such as epithelial, endothelial and smooth muscle cells. The outgrowth method takes
advantage of these features of fibroblasts, and outgrowing cells from tissue sections
are abundant in fibroblasts. After several cell passages, other cell types fail to survive
and propagate in DMEM with 10% fetal bovine serum (FBS), resulting in purified
fibroblast cell cultures. The cells could be used 3-7 passages following primary
culture.

1.2) Explant culture and conditioning for cell outgrowth

1.2.1) Perform primary culture of fibroblasts using a previously reported protocol with
modifications>.

1.2.2) In the laboratory, place the tissue sample on a 10 cm tissue culture dish without
culture medium and cut into small sections ~2-3 mm in size using sterile forceps and
a scalpel. During this process, avoid making the section dry, otherwise the efficiency
of cell outgrowth is impaired.

1.3) Separation of the epithelial cell layer and connective tissue

1.3.1) Soak the cut tissue sections in culture medium containing 2,000 PU/ml dispase
| and culture for 16 h at 4 °C.

1.3.2) Transfer the tissue sections to a dish, and separate the epithelial cell layer from
the adjacent connective tissue. Process the sections in a clean bench to avoid
contamination of microorganisms.

1.3.2.1) If primary culture of epithelial cells is needed, perform step 1.3.2. If only
fibroblasts are to be isolated, omit step 1.3.2 because the subsequent explant culture



and cell passages are unfavorable for epithelial cells, which yield purified fibroblast
populations.

1.4) Fixation of tissue sections

1.4.1) Mince the tissues into 1 mm pieces using two scalpels. If the pieces are not
small enough, they detach more easily from the dish, and the cells will fail to outgrow
on the dish surface.

1.4.2) Place small lung tissue sections apart from each other to maintain an empty
area surrounding each piece. Make scratches on the surface of the tissue culture dish
using a scalpel blade to provide an obstacle for spreading cells.

Note: Scratching also appears to facilitate cell outgrowth, providing tracks along
which cells can migrate.

1.4.2.1) Alternatively, place minced tissue pieces individually into each well of a 6-well
plate, and cover them with a cover slip. Attach the cover slip to the surface of the
plate using silicone grease.

1.4.2.2) Place silicone grease at two points 1 cm apart in each well using a sterile pin.
Coverage of tissue pieces enhances the efficacy of cell outgrowth and cell
propagation following several passages.

1.5) Subsequent explant culture

1.5.1) Gently add culture medium to the dish before the tissue sections dry out, as
efficient cell outgrowth is lost for the most part if the samples dry out. Do not pour the
medium too rapidly as the tissue sections would detach.

1.5.2) Culture cells in DMEM with 10% FBS. Use enough medium to just cover the
tissue, but not too much that it allows floating, as additional buoyancy promotes
detachment from the dish.

1.6) Cell passage

1.6.1) Handle the culture medium with care at all times as repeated movements of the
culture dish can lead to detachment of the tissue sections.

1.6.2) Place the culture dishes in an incubator at 37 °C for 5- 7 days. Refresh the
medium every other day, and handle the culture dishes minimally during the medium
changes. Fibroblasts outgrow from the edge of the tissue sections over the next few
weeks.

Note: After ~2-3 weeks, outgrowing fibroblasts almost reach confluence, depending
on the amount of surface area.

1.6.3) Wash cells with 1X PBS, and add 1 ml of trypsin | to the plate.

1.6.4) After trypsinization, detach the cells using 9 ml of DMEM supplemented with



10% FBS. Collect cells suspended in the medium in a 10 ml tube, together with the
tissue sections.

1.6.5) Seed the cells and tissue sections onto a new culture dish, at which point the
tissues fail to attach to the dish while the cells adhere and grow. The following day,
remove the floating tissue pieces by aspiration, and change the medium. Attached
fibroblasts propagate with subsequent cultures.

2. Three-dimensional co-culture of human lung fibroblasts and cancer cells
2.1) Preparation of cells and reagents

2.1.1) Approximately use 2 x 10° epithelial cells and 2.5 x 10° fibroblasts per well.
Prepare Collagen type 1A (3 mg/ml, pH 3), FBS (100%), Reconstitution buffer (50 mM
NaOH, 260 mM NaHCOg3, 200 mM HEPES), 5x DMEM, DMEM supplemented with
10% FBS for fibroblast culture, and a 3D co-culture medium (a 1:1 mixture of
fibroblast culture medium (DMEM with 10% FBS) and culture medium) for cancer
cells.

2.1.2) Culture A549 lung adenocarcinoma cells, the fibroblasts and the A549 3D
co-culture in DMEM supplemented with 10% FBS.

2.2) Collagen gel formation

2.2.1) Wash fibroblasts cultured on 10 cm dish with 1X PBS, and add 1 ml of trypsin |
to the plate. After trypsinization for ~5 min at 37 °C, detach the cells using 9 ml DMEM
supplemented with 10% FBS. Collect cells suspended in the medium in a 10 ml tube,
and centrifuge them at 200~300 x g to form cell pellets.

2.2.2) Resuspend the resulting pellets in 100% FBS at a density of 5 x 10°/ml.

2.2.3) Prepare the collagen gel on ice. Cool the reagents, pipettes and tubes in a
refrigerator prior to the following procedure. Even on ice, the mixture solidifies to
some extent, and the total volume is less than the sum of all constituents.

2.2.4) In each well, prepare the collagen gel by mixing 0.5 ml of fibroblast suspension
(2.5 x 10° cells) in FBS, 2.3 ml type IA collagen, 670 pl 5x DMEM, and 330
reconstitution buffer. Allow the gels to set readily at room temperature.

2.2.4.1) Vigorously pipette to ensure a homogenous mixture. Avoid creating bubbles
during the pipetting process.

2.2.5) Add the mixture (3 ml) to each well of a 6-well plate and allow to gelatinize in
the incubator at 37 °C without disturbance for 30- 60 min.

2.3) Cancer cell culture on the collagen gel

2.3.1) Perform three-dimensional co-culture using a previously reported protocol with
modifications®.

2.3.2) Resuspend cancer cells in the 3D co-culture medium (or in DMEM with 10%



FBS in the case of A549 cells) at a density of 1 x 10°/ml.

2.3.3) Pour two milliliters of the resuspended cell solution (2 x 10° cells) onto the
surface of each gel. Modify cell number of cancer cells or fibroblasts in co-culture
depending on experimental conditions.

2.4) Gel contraction

2.4.1) Incubate gels overnight at 37 °C so the cancer cells can adhere to the collagen
gel. Detach each gel, and generate a ‘floating culture’ in each well of the 6-well plate.

Note: By using a floating culture, various changes in gel size are induced by
mechanical tension and collagen degradation, which are mediated by cellular
interaction between co-cultured cancer cells and fibroblasts.

2.4.2) Use an angled 21-gauge needle or small spatula to separate each gel from the
edge of the well. Every 2-3 days, refresh the wells with 2 ml of 3D co-culture medium.
Measure the size of each gel every day for 5 days.

2.5) Analysis of collagen gels

2.5.1) Measure the collagen content of each gel using collagen quantitation methods,
such as the Sircol assay. Perform transcriptomic analysis or quantitative RT-PCR
after collecting RNA from the gels”>.

3. Air-liquid interface culture and invasion assay

3.1) After culturing the collagen gels at 37 °C for 5 days, expose the contracted gels
to air by placing them on a mesh (70 um pore size) in new 6-well plates. Make the
mesh from commercially available cell strainers used for flow cytometry.

3.2) Position the gels onto the mesh using a sterile spoon, and remove any remaining
medium from the gels.

3.3) Gently fill each well with 11 ml of 3D co-culture medium. On this condition,
submerge gels in the medium while expose the upper surface of the gel to air. Define
this culture condition as air-liquid interface.

Note: After 5-7 days of maintaining the air-liquid interface culture at 37 °C in the
incubator, invasive cancer cells migrate into the gel. Depending on the cell type and
as a result of cellular interactions, variable degrees of cell morphological change in
the cancer cells are induced by the air-liquid interface culture.

3.4) For histological evaluation, fix the gel in formalin solution overnight at room
temperature and embed in paraffin. Stain vertical sections (4 ym) with hematoxylin
and eosin (H&E). Perform immunohistochemical analysis on the sections®.

Representative Results:
This co-culture method, mimicking the tumor microenvironment, is a useful tool to
investigate the interactions between cancer cells and fibroblasts embedded in



collagen gels. In the previous study, three parameters were evaluated in this
experimental model: collagen gel contraction, cancer cell invasion and morphological
change. Cancer cell proliferation was also estimated using Ki67 immunostaining®.
Lung tissue samples were collected from cancerous and non-cancerous sections of a
resected lung lobe (Figure 1A). Samples were minced into small pieces and cultured
in DMEM supplemented with 10% FBS (Figure 1B). Fibroblasts growing out of the
tissue section were observed under the microscope (Figure 1C). Primary cultured
lung fibroblasts were embedded into a collagen gel (Figure 2A, a) and A549 lung
cancer cells were co-cultured on the gel (b). After floating culture in the medium (c),
the gel was further cultured under the condition of air-liquid interface (d). The gel was
fixed in formalin and used for immunohistochemical analyses (e). For air-liquid
interface culture, the gel was placed on a mesh in a well of 6-well plate (Figure 2B).
Histological analyses of the gel revealed invasion of A549 cells into the collagen gel
embedded with lung cancer-associated fibroblasts (Figure 3).

Figure 1. Outgrowth of fibroblasts from surgically resected human lung tissue.

(A) Samples were collected from cancerous and non-cancerous sections of a
resected lung lobe. (B) Samples were minced into small pieces and cultured in
DMEM supplemented with 10% FBS. (C) Fibroblasts grew out of the tissue section
(arrow). Note that the cells migrated along the scratches made by the scalpel blades
on the culture dish. Scale bar, 200 ym.

Figure 2. Air-liquid interface culture of the collagen gel.

A549 cells were co-cultured on a collagen gel embedded with the fibroblasts, and the
layer of A549 cells was exposed to air by placing the gel onto a mesh in medium

(A) Experimental procedures of three-dimensional co-culture and air-liquid interface.
(a) Collagen gel embedded with lung fibroblasts. (b) A549 cells co-cultured on the
collagen gel. (c) Floating culture. (d) Air-liquid interface (ALI). (e) Fixation of the gel in
formalin. (B) Representative picture of the gel placed on the mesh in a well of 6-well
plate. O/N: overnight.

Figure 3. Hematoxylin and eosin staining of cross-sections of a three-dimensionally
cultured gel composed of A549 cells and human lung fibroblasts. Note that A549 cells
cultured on the collagen gel invaded the gel embedded with fibroblasts (arrows).
Scale bar, 200 pm.

Discussion:
CAFs form a major component of the ECM surrounding cancer cells and not only
provide a scaffold for the tumor, but also actively participate in tumor development’.
Accumulating evidence unravels the impact of CAFs or their related molecules on the
eventual prognosis, highlighting the critical roles of CAF-mediated tumor
progression®.

In the previous study, we employed outgrowth method to isolate lung CAFs®. In this
experiment, the maintenance of tissue section adhesion onto the dish surface is
critical. Cells are unable to migrate out from tissue sections floating in the culture
medium, and once the tissue sections become detached from the surface, they can
no longer be used for cell outgrowth on the same culture dish. Cutting of the tissue
yields exudates, which serve as a glue for attachment to the dish surface. When fixing
the tissue section with a cover slip, the amount of grease used is also critical. Small



amounts of grease fail to keep the cover slip attached, while excessive grease
obscures the cell culture area. Attachment of tissue sections using a cover slip and
the appropriate pressure is also a key to facilitating cell outgrowth.

The experimental models for cancer cell proliferation and invasion have mostly relied
on two-dimensional monolayer tissue cultures or Boyden chamber assays. To better
understand intercellular communication and ECM-dependent modulation of cancer
cell behavior, three-dimensional co-cultures are powerful tools. Organotypic cultures
are also useful for investigating multicellular interactions, though they need higher
technical skills and experimental conditions are limited.

Our co-culture model serves as a platform to evaluate tumor-stromal interactions
under conditions mimicking the tumor microenvironment. Cells with specific gene
overexpression or knockdown are easily applicable in our culture system, which is an
advantage over organotypic culture. Notably, our previous observations suggested
that co-cultured fibroblasts actively modulate cancer cell differentiation and invasion®.
It would be of interest to test possible multicellular interactions in our experimental
setting, such as endothelial cells, inflammatory cells and non-cancerous epithelial
cells.

Distinct characteristics of CAFs have been demonstrated in co-culture studies or bgy
gene expression profiling, using primary CAF cultures and their normal counterparts®.
On the other hand, these studies have also shown intra-tumoral or inter-individual
heterogeneity of CAFs™, part of which might be attributable to different levels of
growth factor signalling™ or transcription factor activation®?. Thus, it is essential to
further characterize heterogeneous CAFs derived from cancer patients™®. Following
repeated cell passages, the characteristics of primary cultured CAFs may be modified.
Therefore, it would be better to characterize CAFs at early passages.

CAFs contribute to ECM deposition and remodeling, which in turn, may activate CAFs
through tension-triggered cell signaling. Such a mechanotransduction-mediated
feed-forward loop of CAF activation has been suggested*®, and our collagen gel
contraction model may provide insights into these mechanisms. The mechanisms of
collagen gel contraction include cell contraction, proliferation, migration,
differentiation, and collagen remodeling®. Detailed histological studies and
experiments using ligands, inhibitors or sSIRNAs may be helpful to gain a mechanistic
insight into tumor-stromal interactions.
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Materials:

Name Company
DMEM Sigma-Aldrich
FBS GIBCO

Collagen type IA

Nitta gelatin Inc.

Reconstitution buffer

Nitta gelatin Inc.

Cover slip NUNC

Silicone grease Dow Corning Toray
Dispase | WAKO

6-well plate BD Falcon

Cell strainer (70 um) BD Falcon
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Catalog Number

D5796

10437

CELL-1A

174934

High vacuum grease

386-02271

353046

352350
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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.




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

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the 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.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a 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.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:

C AP Sito

Name:

Department: | Do o~ Heod th Coiie ?nmoﬁm

Institution: | The Vnlieesty od= Tokya

Avrticle Title: Three - CLM@v\)’fmap Co—Lud e Mu’(e! “I/'Or FTumor- g’hxmﬂik}\jgrfg
]

Signature: CZ/ AN SZYQ/ v FDare: | £©C {Hﬁ/‘7 /L;,L

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd 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 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments
Click here to download Rebuttal Comments: 20140812 rebuttal letter.docx

Dr. Nam Nguyen
Science Editor,

Journal of Visualized Experiments

Dear Dr. Nguyen,

Thank you very much for kindly providing us the opportunity to revise our manuscript
entitled “Three-dimensional co-culture model for tumor-stromal interaction”
(JoVE52469R1). We have followed your suggestion and reviewers’ comments and

revised the manuscript. Our responses to the comments by the reviewers are as follows:

Reviewer #1:

Manuscript Summary:

The manuscript describes a technique to allow co-culteures, in tridimesion, of stromal
cells with cancer cells

Major Concerns:

N/A

Minor Concerns:

the manuscript deserves publication. My only concers is to solicit a couple of phases
explaining the reason to allow floatation and the interface with air. In my opinion this is
not well explained in the text.

Thank you for the comment. To address the reason to allow floatation, we added the
following phrases in the manuscript text.

‘Note: By using floating culture, various change in gel size is induced by mechanical
tension and collagen degradation, which are mediated by cellular interaction between
co-cultured cancer cells and fibrobalsts.’

The reason of air-liquid interface is described as follows.

‘Note: After 6-7 days of maintaining the air-liquid interface culture at 37 °C in the
incubator, invasive cancer cells migrate into the gel. Depending on the cell type and as a
result of cellular interactions, variable degrees of cell morphological change in the

cancer cells are induced by the air-liquid interface culture.’

Reviewer #2:
The manuscript by Horie et al, describes the procedures for 3D co-culture which is too
useful to study cancer-stromal interactions. This manuscript describes and important

tool for the field which could be useful to study different multicellular interaction. I


http://www.editorialmanager.com/jove/download.aspx?id=206817&guid=33e7911f-c3d3-4d79-861e-7794f3ea6546&scheme=1

think that the title and abstract are appropriate and the different methodological steps
are clear and well explained. Moreover references are well documented and
representative results and discussion are well explained and written. Only a couple of
minor point should be addressed:

- Step 1.4.2.2: line 173; "Subsequent explants culture" should be removed (the headline
is duplicated).

- Step 2.2.4: it should be placed before 2.2.3 or included as a "note".

Thank you for the comment. We corrected the above-mentioned points.

Reviewer #3:

Manuscript Summary:

The article describes a useful technique that can be readily performed in any laboratory
to isolate and culture cancer associated fibroblast (CAFs). The present a protocol to
co-culture cancer cells and patient derived fibroblast in in three-dimensions for the
investigating multicellular interactions and extracellular matrix-dependent modulation
of cancer cell behavior.

Major Concerns:

none

Minor Concerns:

many grammatical and sentence structuring errors throughout the manuscript. Please
revise before publication.

The English in our manuscript has been checked by at least two professional editors,
both native speakers of English. For a certificate, please see:

http://[www.textcheck.com/certificate/IvC85S

Reviewer #4:

Manuscript Summary:

This manuscript describes a methodology for primary 3D co-cultures of CAFs and
malignant cells from lung cancer. Briefly, primary CAFs are isolated and seeded in a
collagen gel, upon which malignant cells are seeded. Read-outs from this assay include
histological assessment of invasion and protein expression, as well as extraction of RNA
for gene expression analysis. The methodology is well described and comprises an
important contribution to the plethora of assays to analyze CAF-malignant cell
interactions.

Major Concerns:

1. The authors should discuss more in detail about the advantages and drawbacks of


http://www.textcheck.com/certificate/IvC85S

their methodology compared to other similar assays, including but not limited to
trans-well chambers, organotypic cultures etc.

Thank you for the comment. We added the following sentences in the discussion section
of the manuscript text.

The experimental models for cancer cell proliferation and invasion have mostly relied
on two-dimensional monolayer tissue cultures or Boyden chamber assays. To better
understand intercellular communication and ECM-dependent modulation of cancer cell
behavior, three-dimensional co-cultures are powerful tools. Organotypic cultures are
also useful for investigating multicellular interactions, though they need higher
technical skills and Iimited experimental conditions.’

‘Cells with specific gene overexpression or knockdown are easily applicable in our

culture system, which is an advantage over organotypic culture.’

2. The authors should diversify the reference list, as many of the review articles cited
are stemming from the same lab. Surely there are other authors, and more prominent
journals that have published recent reviews on this topic.

Minor Concerns:

N/A

Thank you for the comment. We added two recent reviews on this topic.

We hope we have addressed all of the reviewer’s comments and made necessary changes
in the revised manuscript. Your kind considerations for possible acceptance in the

Journal of Visualized Experiments are highly appreciated.

Sincerely yours,

Akira Saito

Department of Respiratory Medicine, Graduate School of Medicine

The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
E-mail: asaitou-tky@umin.ac.jp

Phone: +81-3-3815-5411

FAX: +81-3-3815-5954



