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Tumor organoids are three-dimensional (3D) ex vivo tumor models that recapitulate

the biological key features of the original primary tumor tissues. Patient-derived
tumor organoids have been used in translational cancer research and can be
applied to assess treatment sensitivity and resistance, cell-cell interactions, and tumor
cell interactions with the tumor microenvironment. Tumor organoids are complex
culture systems that require advanced cell culture techniques and culture media
with specific growth factor cocktails and a biological basement membrane that
mimics the extracellular environment. The ability to establish primary tumor cultures
highly depends on the tissue of origin, the cellularity, and the clinical features
of the tumor, such as the tumor grade. Furthermore, tissue sample collection,
material quality and quantity, as well as correct biobanking and storage are crucial
elements of this procedure. The technical capabilities of the laboratory are also crucial
factors to consider. Here, we report a validated SOP/protocol that is technically and
economically feasible for the culture of ex vivo tumor organoids from fresh tissue
samples of pancreatic adenocarcinoma origin, either from fresh primary resected

patient donor tissue or patient-derived xenografts (PDX). The technique described
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herein can be performed in laboratories with basic tissue culture and mouse facilities
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Introduction

and is tailored for wide application in the translational oncology field.

Tumor organoids are ex vivo three-dimensional (3D)
organized cultures that are derived from fresh tumor tissue
and provide cancer models. Tumor organoids recapitulate the
biological key features of the original primary tumor!-2:3.4
and can be expanded for up to several months and
cryopreserved, similar to conventional immortalized cell
lines. Tumor organoids provide a biobank of patient-derived
tumor models for translational/personalized medicine® and
represent an important advance in cancer cell biology
systems/models. Patient-derived tumor organoids can be
used as ex vivo models to predict the efficacy of (neo)adjuvant
oncological/pharmacological therapies, for which cultures are
established from fresh tumor tissue and drug sensitivity
assays or pharmacotyping are performed on a patient-
specific basis to identify effective agents for subsequent
lines of therapy' 4. Furthermore, tumor organoids overcome
the limitation of the availability of primary tumor tissue
and, more importantly, provide an excellent alternative or
complementary system to in vivo mouse models, such
as patient-derived xenografts (PDX)2. The complexity of
tumor organoids is increased if the primary tumor cells
are combined with stromal cells that are found in the
tumor microenvironment (TME), such as cancer-associated
fibroblasts (CAFs), endothelial cells, and immune cells,
which mimic the functioning and complex cellularity of the
primary tumor. Tumor organoids have been established for
many tumor types using standardized protocolse'7’8*9'10.

Organoid propagation from different solid tumors, including

colorectal and breast cancer tissue, is well-established and

technically affordable’?-12.13,14.15

Surgical tumor resections or tumor biopsies provide primary
tumor tissue specimens. ldeally, tumor tissue specimens
should come from the center of the tumor mass or the
invading edge of the tumor, as well as normal-looking
tissue adjacent to the tumor. Compared to conventional 2D
cultures, tumor organoids require several "add-ons", including
a biological basement membrane (such as Matrigel, hydrogel,
or a collagen-based scaffold), which mimics the extracellular
TME, and a liquid growth medium that supplies specific
nutrients and growth factors and supports cell proliferation

and viability in culture®.

The most basic steps in primary cell culture are washing
the tissue in saline solution to prevent contamination,
mechanically cutting/digesting the tumor into small pieces of
1-3 mm?3, and treatment with collagenase for the enzymatic
digestion of the tissue. The digested mix is then filtered to
remove large tissue fragments, resuspended in a biological
basement membrane such as Matrigel, and plated as domes
in low-attachment culture plates to enhance non-attachment
growth. The basement membrane matrix domes are covered
with liquid culture medium and supplemented with glutamine
and antibiotics to avoid contamination, as well as with specific
growth factors depending on the tissue type7'8'9’16'17.
Other relevant cells present within the bulk tumor and the TME
may also be isolated, such as cancer-associated fibroblasts
(CAFs) and immune cells. This technique, which has recently

q18

been reviewe , allows the establishment of co-cultures
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with different cell types to study the response to therapy
in a more "realistic" tumor environment. Furthermore, cell-
cell interactions and the interaction between tumor cells
and components of the surrounding biological matrix can be

studied.

The reported success rate of tumor organoid establishment
using fresh tissue from biopsies or resected gastrointestinal
tumor tissue is around 50%'", and the success rate from
the latter is largely dependent on the tissue type and
origin4, particularly the tumor grade and overall tumor
cellularity. Three-dimensional tumor models have varying
complexity, from simple unicellular aggregates to highly
complex engineered models consisting of various cell types.
The terminology used to describe 3D cultures in the literature
is highly inconsistent'9:20:21 a5 different terms such as
spheroids, tumorspheres, and organoids are used, although
the difference between them is unclear. As a clear consensus
on the definition has not yet been reached, in this article,
a tumor organoid is described as an organized tumor cell

culture embedded into a biological basement membrane.

Herein, a validated protocol is reported for the establishment
of tumor organoids from fresh tissue samples originating
from fresh primary resected or PDX-derived pancreatic ductal
adenocarcinoma (PDAC), and this protocol can be performed
in most laboratories with basic tissue culture facilities. This
protocol has been adapted from several state-of-the-art
reported protocols that are currently used to establish tumor
organoids or tumoroids from digestive tumor tissue from
the groups of David Tuveson?, Hans Clevers®, and Aurel

Perren’ .

This protocol does not discuss how the fresh tissue
is harvested. To obtain high-quality fresh human tumor

tissue, it is important to have efficient coordination between

the surgeons that harvest the tissue and the pathology
department that extracts the tissue sample for organoid
culture. Likewise, when using PDX as a fresh tissue source,
efficient coordination with the person that harvests the
tissue sample is also important. It is critical to obtain the
tissue sample as quickly as possible (within 30-60 min from

harvesting time) in order to maintain a high quality.

Protocol

All procedures were performed in compliance with the
institutional guidelines for the welfare of experimental animals
approved by the Universidad Auténoma de Madrid Ethics
Committee (CEI 103-1958-A337) and La Comunidad de
Madrid (PROEX 294/19) and in accordance with the
guidelines for Ethical Conduct in the Care and Use of
Animals as stated in The International Guiding Principles for
Biomedical Research Involving Animals, developed by the
Council for International Organizations of Medical Sciences
(CIOMS). The protocol followed the ethical principles for
biomedical research with written informed consent. Prior
ethical approval was obtained for the use of fresh tissue
for the establishment of the tumor organoid cultures. The
samples were provided by the BioBank Hospital Ramén y
Cajal-IRYCIS (National Registry of Biobanks B.0000678),
integrated into the Biobanks and Biomodels Platform of
the ISCIIl (PT20/00045), and processed following standard
operating procedures with the appropriate ethical approval.
The tumors were subcutaneously implanted, as previously
described??, into immunocompromised 6 week old female
NU-Foxn1nu nude mice (see Table of Materials) and

passaged in vivo to establish PDAC PDXs.

1. Experimental preparation

1. Handle human samples in a class Il biosafety cabinet.
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Wear a lab coat, protective gloves, and glasses
throughout the procedure to avoid infection by tissue-
borne pathogens.

NOTE: A minimum of 3 h is required to process the fresh

tissue sample and plate the organoids and fibroblasts.

Measure, photograph, and wash the tissue (step 1.3)
with 3 mL of Advanced DMEM-F12 (Dulbecco's Modified
Eagle's Medium (DMEM)/Nutrient Mixture F-12 Ham
(F12), supplemented with 5% fetal bovine serum

(FBS), 15 mM Hepes, 1% L-Glutamine, 1% Penicillin-

3 . 29 . , Streptomycin, 125 ng/mL Amphotericin B, 0.1 mg/mL
- Process the fresh tissue samples“< within a maximum of

) oo Normocin) (see Table of Materials) by pipetting up and
24 h from harvesting, and store at 4 °C in tissue culture

medium (DMEM supplemented with 10% FBS and 1% down and then wash with 3 mL of phosphate-buffered

. . , , saline (PBS) by pipetting up and down.
penicillin-streptomycin) until processing.

. . 3. Remove the media by aspiration from the tissue culture
4. Keep all the samples and reagents on the ice during the

. . 3 . . .
entire procedure, and ensure to pre-set a refrigerated plate and cut the tissue into 1 mm™ pieces in a sterile

centrifuge to 4 °C and use it at a low speed to avoid tissue culture plate using two sterile blades and 2

damaging the cell preparation. mL of Digestion Medium (Advanced DMEM-F12 + 10
mg Collagenase 1V/mL, 0.000625% Trypsin-EDTA, and
5. Store P1,000 and P200 pipette tips in a —20 °C freezer
10 pg/mL DNase). Collect the tissue in a 50 mL tube
to use during the protocol.
with 5 mL total of Digestion Media and incubate for 1

6. Aliquot the basement membrane matrix (see Table of h at 37 °C with mechanical digestion with commercially

Materials) prior to use. For this protocol, 250 mL aliquots available equipment (see Table of Materials) or with

are recommended. periodic mixing of the sample, by pipetting the sample up

2. Processing fresh primary tumor tissue to and down.

establish tumor organoids and primary fibroblasts

b

Add 5 mL of Advanced DMEM-F12 to inactivate the

NOTE: A minimum of 3 h is required to process the fresh trypsin, and filter the sample through a 70 um pore

tissue sample (either primary human resectable tumors or strainer to remove large debris.

PDXs) and to plate the tumor organoids and fibroblasts. 5. Add 2 mL of DMEM with 10% FBS to the top of the filter,

An outline of the organoid preparation process is shown in and collect the debris and tissue remnants to establish

Figure 1, from tissue digestion to the plating of the tumor cultures of fibroblasts (see step 5).

organoids. Before starting the protocol, take out an aliquot of 6. Centrifuge the filtrate at 200-300 x g for 5 min at room

the basement membrane matrix from the —20 °C freezer, and . .
temperature, and aspirate the supernatant, leaving only

leave it on ice for approximately 30-60 min before use. the cell pellet. Add 5 mL of Advanced DMEM-F12, and

. ) centrifuge for 5 min at 300 x g.
1. Put a 6-well culture plate in a 37 °C cell culture incubator

3 h before plating the organoids. 7. Resuspend the pellet in 4 mL of ammonium-chloride

potassium (ACK, see Table of Materials) lysis buffer.

Copyright © 2023 JoVE Journal of Visualized Experiments jove.com May 2023 - - €65229 - Page 4 of 14


https://www.jove.com
https://www.jove.com/es/

jove

10.

11.

12.

13.

14.

Pass the mixture to a 15 mL tube, and incubate at room
temperature for 2 min to lyse the red blood cells.
NOTE: This red blood cell lysis step can be removed

when there is no visible evidence of contamination.

Centrifuge at 300 x g for 5 min at room temperature, and
aspirate the supernatant. Add 5 mL of Advanced DMEM-
F12, and centrifuge for 5 min at 300 x g.

Add 1 mL of commercially available cell dissociation
reagent (see Table of Materials) supplemented with
DNase (1 pg/mL) to the cell pellet, and incubate for 2-3

min at room temperature.

Centrifuge at 300 x g for 5 min, and aspirate the
supernatant. Add 5 mL of Advanced DMEM-F12, and

resuspend the cell pellet.

Pipette up and down 30 times with a P1,000 pipette to
dissociate the cells, centrifuge for 5 min at 300 x g, and

remove the supernatant.

Take P1,000 and P200 pipette tips from the -20 °C
freezer, and resuspend the cell pellet in the membrane
matrix using a P1,000 pipette and cold tips (50 pL per
drop, taking into account the pellet volume, six to seven
domes per well). Take out the previously heated plate
from the incubator. Set a P200 pipette to 48 L, and use
cold tips to create domes of the basement membrane

matrix in the pre-heated 6-well plate.

Put the plate with the basement membrane matrix-cell

domes into the 37 °C 5% CO, incubator for 15 min to

solidify the basement membrane matrix.

Add 2-2.5 mL of Advanced DMEM-F12, supplemented
with 20 ng/mL recombinant human epidermal growth
factor (EGF), 100 ng/mL human placenta growth factor
(PIGF), 10 ng/mL recombinant human basic fibroblast

growth factor (bFGF), 769 ng/mL insulin-like growth

factor-1 (IGF-1), and 10.5 yM ROCK Inhibitor (Advanced
DMEM-F12 + growth factors) (see Table of Materials).

3. Monitoring the organoids

Monitor the tumor organoid culture visually for the first 7

days and then three times per week thereafter.

Change the medium twice per week with Advanced
DMEM-F12 containing 20 ng/mL recombinant human
epidermal growth factor (EGF), 100 ng/mL human
placenta growth factor (PIGF), 10 ng/mL recombinant
human basic fibroblast growth factor (bFGF), 769 ng/mL
insulin-like growth factor-1 (IGF-1), and 10.5 yM ROCK
inhibitor (Advanced DMEM-F12 + growth factors).

Capture images of the tumor organoid culture periodically
on day 1, day 3, day 7, day 10, and day 15 after
processing the sample and plating the culture in the

matrix to observe the growth and viability.

4. Passage and cryostorage of the organoids

4.

Remove the culture medium from the 6-well plate.

Add 1 mL of an appropriate cell recovery reagent
(see Table of Materials) to disassociate the basement
membrane matrix and obtain a cell suspension, and
recover the supernatant in a 15 mL tube. If the matrix
does not dissociate immediately, incubate the sample at

4 °C for 15-20 min until completely dissolved.

Add 1 mL of the same cell recovery reagent used in
step 4.2 to the well of the plate to recover additional
dissociated cells, and add the supernatant to the same

15 mL tube as in step 4.2.

Add 5 mL of cold Advanced DMEM-F12, and centrifuge

at 200 x g for 5 min.
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5. Remove the supernatant, and dry the pellet carefully
by removing any remaining liquid with a 5 mL pipette;
avoid moving the tube as much as possible. Resuspend
the cell pellet in twice the original volume of basement

membrane matrix in order to obtain a passage of 1:2.

6. For the cryostorage of the organoid cultures, resuspend
the pellet obtained in step 4.5 in 1 mL of freezing
medium (10% DMSO, 20% FBS, 50% DMEM-F12, 10.5
pM ROCK inhibitor), and store at =80 °C.

NOTE: The volume of basement membrane matrix can
be adjusted to perform different passages, such as 1:1
(using the same volume of basement membrane matrix
as the original) or 1:3 (adding three times the original

volume of basement membrane matrix).

5. Establishment of fibroblasts

1. After recovering the debris and tissue remnants in 2 mL
of DMEM with 10% FBS, add this to a 6-well plate, and
incubate at 37 °C with 5% CO».

2. Remove the tissue remnants from the fibroblast cultures
from step 2.5 by the aspiration of the medium 2 days or
3 days after plating, and replace with fresh DMEM with
10% FBS.

3. Monitor the fibroblast culture visually three times per
week, and change the culture medium at least twice per

week using DMEM supplemented with 10% FBS.

Representative Results

It is important to document how the tumor organoid culture

progresses over time, particularly in the first few weeks, in

order to estimate how the culture will behave in downstream
assays. Figure 2 shows an example of optimal tumor
cell isolation and tumor organoid establishment from fresh
tissue over a 15 day period. Sometimes, there is a large
volume of cell debris in the sample, and it is difficult to
see the developing tumor organoids, as shown in Figure
3. Furthermore, the phenotype of the developing organoids
can vary from isolated, rounded organoids (Figure 4A)
to spheroid/aggregate-like cultures (Figure 4B-D), and this
depends on the origin of the tumor. Fibroblasts are a common
by-product of primary tumor cell culture establishment from
solid tumors, especially those with a high stroma content,
and can often contaminate the organoid culture. Figure
5 shows how these cells migrated from the basement
membrane matrix domes and adhered to the culture plates
after approximately 7 days. These cells consume the nutrients
from the culture medium, thus compromising the optimal

growth of organoids.

Primary fibroblasts can be obtained as an isolated culture
when they migrate out of the tissue sections, adhere to the
culture plates, and grow as a mono-layer culture, as shown in
Figure 6. This protocol recommends using standard DMEM
medium with 10% FBS for the culture of the fibroblasts.
However, a specialized medium for fibroblasts can also be
used. Adherent fibroblasts are visible approximately 7 days

post-plating (Figure 6).
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Step 2.2: Measure, photograph and cut the tissue Step 2.3: Digest the tissue Step 2.5: Filter the sample

Step 2.12: The cell pellet Step 2.12: Plate the cells forming matrix-cell drops
used to plate the organoids

Figure 1: Processing fresh tissue samples to establish tumor organoids. An outline of the tumor organoid preparation
process is shown, from tissue digestion to the plating of the organoids. Please click here to view a larger version of this

figure.

;I

Day 1

Figure 2: A tumor organoid culture established from a PDX originating from a fresh PDAC tumor. The progression of
the tumor organoid culture over several days is shown, with images of the organoids in one microscopic plane on day 1, day

3, day 7, day 10, and day 15. Scale bar: 100 pm. Please click here to view a larger version of this figure.
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Figure 3: Examples of a non-optimal tumor organoid culture on day 2 with excess cell debris. Scale bar: 100 um.

Please click here to view a larger version of this figure.

Figure 4: Established tumor organoids from different PDAC PDX tissues showing differences in size and
morphology. Tumor organoids can have a (A) classical rounded phenotype or (B-D) a more spheroid/aggregate-type
appearance. The average size of the organoids ranges from 80 uM to 100 uM, although some organoids may be as large as

200 uM. Scale bar: 20 ym. Please click here to view a larger version of this figure.

Figure 5: Examples of a non-optimal tumor organoid culture (A-C) contaminated with CAFs/fibroblasts after 30 days

in culture. Scale bar: 100 um. Please click here to view a larger version of this figure.
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Figure 6: Examples of primary fibroblast cultures established from the remnants of the digested primary tumor

tissue. (A) Confluent culture. (B) Non-confluent culture. Scale bar: 100 ym. Please click here to view a larger version of this

figure.

Supplementary File 1: Troubleshooting of tumor
organoid culture establishment. Please click here to

download this File.

Discussion

Major advances in pharmacological cancer therapies are
challenging, as the likelihood of the approval of drugs in
phase | oncology clinical trials is 5.1%, which is the lowest
of all disease type323. The main reason is that cancer
is very heterogenous, and therefore, patient cohorts do
not uniformly respond as expected to the given treatment,
which highlights that a more personalized approach is
needed. Two-dimensional (2D) cultures have been used in
translational cancer research for many years but lack the
structural 3D organization found in primary tumors. Thus,
they do not accurately reflect patient therapy responses
and tumor cell communication with one another or with
their microenvironment3-23. The underlying core principle
of all 3D culture systems is to promote cellular interaction
with the surroundings and to organize cells in a spatially

relevant manner, similar to in the primary tumor (in situ). The

morphology of tumor organoids varies from round, mass, and
grape-like to stellate depending on the inherent nature of
cultured cells and the culture conditions used, as shown in
Figure 4. Established patient-derived tumor organoid cultures
can be treated with the same first-line treatment used in
the patient in order to confirm that the tumor organoid
recapitulates the clinical situation (i.e., the clinical therapy

response)1 13,24,25

The tumor organoids can also be treated with novel
pharmacological agents, which provides an exploratory
approach for identifying novel therapies that could be used
in subsequent treatment lines in the clinic when standard
therapy options have been exhausted. The culture is
continuously monitored to assess the response of the tumor
organoid cultures to the agent in real-time. A feasibility study
of the molecular and immunohistochemical characterization
of patient-derived xenograft tumor (PDX) and PDX-derived
organoids showed that the morphology, protein expression,
and genomic alterations were comparable between the two

models. Furthermore, a pharmacotyping proof-of-concept
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study showed that the in vivo and ex vivo predictions were
also comparable and, thus, concluded that using tumor
organoids as a cancer/disease model is a feasible and robust

approach that can be applied in the clinical settingz.

A range of challenges related to the establishment of tumor
organoid cultures originating from different tumor types have
been highlighted herein and recently reviewed?6-27,28 Key
issues include "contamination/overgrowth" by healthy cells,
which form organoids with a higher growth rate than cancer
cells, the high cost of culture maintenance compared to 2D
cultures, the low establishment rate, inconsistencies in the
somatic mutation profile and histology between the ex vivo
culture and the tumor of origin, primary tumor heterogeneity,
the use of a murine-based extracellular matrix, which may
not be optimal for human cells and may impede drug
delivery, the absence of the TME and associated cells,
the interference of growth factors or molecular inhibitors
with the drug response, and the lack of standardized and
validated protocols for the establishment and maintenance
of tumor organoids. However, over the years, the use of
primary tumor models in cancer research has increased, and
techniques to culture and maintain primary cultures have
improved. These delicate ex vivo cultures are established
and maintained by adding supplements to promote cell
growth and stability. The Rho kinase inhibitor (ROCK) is
now routinely added to primary cultures to avoid apoptosis
and enhance cell-cell adhesion, thus promoting the long-term
expansion of stable primary in vitro cultures?®. Furthermore,
it also increases the survival of thawed cryopreserved stem
cells, which is important when generating frozen stocks of
organoid cultures?®. Supplementation with heparin may also
be used to enhance the expansion of stem cells by increasing
WNT and FGF signaling and, thus, cell proliferation30. Other

important reagents used in this validated protocol to optimize

tumor organoid establishment include Accutase and DNase.
Accutase is a gentle digestion reagent recommended to
segregate individual stem cells or detach them from the
culture surfaces, and it helps to maintain cell viability better
than using other reagents designed for this purpose, such
as trypsin31. However, collagenases may also be used to
specifically target the collagen type incorporated into the
biological basement membrane. DNase has been used in
cell isolation methods for many years32 to eliminate DNA
remnants from dead and necrotic cells during the extraction
protocol and, thus, prevent the clumping/aggregation of cells
due to the increased viscosity of the sample preparation. Cell
pellets are often treated with lysis buffer, but this step can be
excluded when there is no visible evidence of red blood cell

contamination of the tissue sample® (Supplementary File 1).

The successful establishment of tumor organoids does
not come without inherent biological complications. Ideally,
tissues for tumor organoid cultures should be processed on
the same day as the harvesting to optimize cell viability. The
freezing of tissues is not always recommended as it may
significantly reduce cell viability. However, tumor organoids
can be established using samples that have been flash-
frozen or slowly cryopreserved in DMSO-containing freezing

medium?33.34

, which allows sample shipment and biobanking.
In some cases, it is possible to obtain 2D cultures from tumor
organoid cultures that have been passaged several times
by the recovery of the tumor cells attached to the plates
after removing the basement membrane matrix domes. In our
experience, the success rate of tumor organoid establishment
is much higher with PDX PDAC tissue than with fresh PDAC
tissue derived from a resected specimen4. This is due to
the fact that larger pieces of fresh PDX PDAC tissue are

usually available, and this tissue has higher cellularity, likely

due to the more hospitable in vivo environment provided by
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the PDX model compared with ex vivo-based approaches.
Non-toxic agents can be added to the culture medium to
monitor the cell viability and the proliferation of the culture.
Furthermore, the overgrowth of non-neoplastic organoids
must be avoided using selective conditions3%-3¢ . Pancreas
tissue may contain digestive enzymes that could affect the
viability of the isolated tumor cells; thus, trypsin may be added
to the digestion step to overcome this problem4. Many other
factors, such as the status of the patient/tissue (i.e., treated
or untreated with oncological therapy), the type of tumor,
the contamination of the sample from the operating room,
and the original grade of the tumor, can also significantly
influence the ability to establish a tumor organoid. Likewise,
not every tissue has enough viable tumor cells to establish
primary cultures. This is particularly true for PDAC tumors,
which are notoriously stroma-rich (approximately 90%-95%)
and contain a small percentage of epithelial tumor cells. In
addition, tissues with a high stroma content may be difficult
to cut and dissociate to obtain single tumor cells for culture.
Specialized and commercially available digestion media can
be added, or mechanical dissociation equipment can also be
used if the tissue is not fully digested. Alternatively, a thorough
tissue dissociation can be achieved by continuous cutting
using two scalpel blades until the tissue has a semi-liquid

appearance (see video demonstration).

There are many technical pitfalls during the procedure that
must also be highlighted. For example, tissue remnants may
block the filter, and the filter must then be changed, as the
remnants impede the passage of the liquid supernatant. The
filtration step can be repeated several times to recover the
maximum amount of dissociated tumor cells. Furthermore, it
is important to check the cell pellet after each centrifugation
step as sometimes it is difficult to see when there is a low cell

number. The pipetting of the cell pellets should be performed

gently and slowly, as aggressive pipetting may result in a
loss of cells or a reduction in the cell viability. Furthermore,
when preparing the matrix-cell mix, media precooled to 4 °C
and refrigerated tips stored at -20 °C should be used, as
the matrix solidifies quickly. Finally, and as mentioned above,
DNase helps prevent the clumping of cells during sample
preparation. Aliquoting the reagents used in the protocol and
preparing growth factors mixes are also recommended to

avoid the repetitive freeze-thawing of the reagents.

The isolation of primary fibroblasts is of interest, as they
are an important cell type in PDAC and can be used for
subsequent co-culture experiments to determine the effects
of the TME on tumor cell growth. After around 1 week, the
fibroblasts have migrated out of the tissue sections and can
usually be seen attached to the culture plates and growing
as a monolayer culture. However, the presence of fibroblasts
in the culture also has disadvantages, as they consume the
nutrients from the culture medium and, thus, compromise the
optimal growth of the tumor organoids. Ultra-low attachment
(ULA) plates are often recommended for culturing tumor
organoids to limit fibroblast growth, as they easily attach to
standard cell culture-treated plates. This validated protocol
recommends the use of standard DMEM media with 10% FBS
for the culture of primary fibroblasts, although specialized

media for fibroblasts may also be used.

It is important to document the state of the tumor organoid
culture over time, especially during the first week, as the
culture behaves differently depending on the tissue quality,
quantity, and source (primary human resectable tumors
versus PDXs). Non-toxic agents can be added to the culture
medium to monitor the cell viability and the proliferation of
the culture. The cultures must be visually monitored daily

during the first 7 days and then two to three times per
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week. Furthermore, the medium must be changed every
4-5 days or when it appears acidic (appears yellow), taking
care not to damage the basement membrane matrix domes.
At first, large brown clumps may appear due to a high
cell density. However, this should disappear after the first
passage, thus allowing clearly defined tumor organoids to be
obtained on a clear background of the basement membrane
matrix. Taking photographs of the tumor organoids is
recommended, especially during the first 3 weeks, in order
to determine the visual phenotype and growth rate of the
tumor organoids. The passage of the tumor organoid culture
is also a technical challenge. Generally, the culture medium
is removed, and the matrix domes are disassociated with
trypsin-based or specialized reagents at 4 °C until the
basement membrane matrix completely dissolves. The cell
pellet is then resuspended in fresh matrix, and the volume is
adjusted to perform the desired passage, such as 1:1 (using
the same matrix volume as the original) or 1:3 (adding three
times the original volume of the approach). The group of
David Tuveson, comprising experts in pancreatic organoids,
provides online resources with protocols for establishing,

maintaining, and staining pancreatic organoid337.

Patient-derived ex vivo tumor organoids provide a
valuable preclinical model for assessing patient-specific
treatment sensitivity for application in personalized medicine.
Furthermore, these models are more physiologically relevant
tumor models compared to traditional 2D adherent cell
monolayers. A clear and consistent nomenclature of 3D
tumor models with periodic photographic and descriptive
follow-up of the culture is needed in the tumor model
field. Moreover, working with standardized protocols is of
the utmost importance for the success of this technology
in the clinic in determining drug sensitivity on a patient-

specific basis. Researchers using this technology should

be aware of the obstacles and pitfalls of these sensitive
and complex models. However, working with a validated
protocol and clearly defined conditions and troubleshooting
options will aid in avoiding technical issues and optimize
the establishment and maintenance of the culture. Here,
a validated protocol is provided for establishing tumor
organoids and isolating fibroblasts that can be readily
implemented in many translational oncology laboratories with

standard equipment and tissue culture experience.
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