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Abstract

Endometrial cancer (EC) is the leading cause of gynecologic cancer morbidity and mortality in the U.S. Despite
advancements in cancer research, EC death rates are increasing, particularly high-grade endometrial cancers. The
development of three-dimensional (3D) patient-derived organoid (PDO) models for EC is crucial, as they provide a more
accurate representation of the biological and genetic complexity of a patient’s tumor compared to traditional 2D cell lines.
Here, we describe a protocol for cultivating PDO models from normal endometrium and EC across different EC subtypes.
These EC PDO models can be expanded across multiple passages and facilitate the exploration of tumor behavior and
drug responses, thereby advancing our understanding of the disease and potentially leading to more effective and
individualized novel therapeutic strategies.

Key features

Establishment of patient-derived EC and normal endometrium organoids.

Accurate replication of the various histologic and molecular subtypes of EC within the organoids.

Our approach provides a clinically relevant platform for studying EC development, metastasis, progression, and
recurrence.

It offers potential for developing targeted therapeutic interventions tailored to specific EC subtypes.

Keywords: Endometrial cancer, Patient-derived organoids, Long-term expansion, Tumor selectivity, Translational research

Cite as: Barbi, M. et al. (2024). Generation and Maintenance of Patient-Derived Endometrial Cancer Organoids. Bio-

protocol 14(20): e5093. DOI: 10.21769/BioProtoc.5093. 1
Copyright: © 2024 The Authors; exclusive licensee Bio-protocol LLC.

This is an open access article under the CC BY-NC license (https://creativecommons.org/licenses/by-nc/4.0/).



https://creativecommons.org/licenses/by-nc/4.0/
mailto:beyaz@cshl.edu

bio-protocol Published: Oct 20, 2024

Graphical overview

(I:En”zymatic dilg\‘IEStigr‘}'w"ITE () Vi ,\r)/

Place the endometrial ollagenase [v-and Tryp F) (?;. X

tissue in a dish with PBS, bl
and cut the tissue into

~Tmm pieces

Patient-derived organoids (PDOs)
from normal and malignant
endometrial tissue

-

L -
us.
ue

“l"l v '@

Endometrial Organoid Organoid RNA
organoids DNA
biobank
expansion
and storage

Schematic overview of endometrial cancer and normal organoid preparation from patient-derived samples

Background

Endometrial cancer (EC) is the fourth most common cancer and the sixth leading cause of cancer mortality among
women in the US. It is one of the few cancers experiencing a rapid rise in both incidence and mortality rates, and
by 2040, it is projected to become the third most prevalent cancer and the fourth leading cause of cancer death,
surpassing lung and colorectal cancers. Furthermore, EC presents a significant challenge due to its racial disparity,
with the largest Black/White difference in 5-year relative survival among all cancers (63% vs. 84%) [1-4]. These
concerning trends highlight the urgent need for research into the molecular and cellular basis of EC to advance our
understanding and develop more effective therapeutic strategies.

Immortalized 2D cell lines and mouse models have been commonly used for EC research; however, they do not
provide reliable models. 2D cell culture systems lack the critical 3D structure inherent in primary endometrial tissue,
affecting glandular cell function influenced by their microenvironment and orientation. Similarly, mouse models do
not accurately represent the biology of the human endometrium, highlighting the need for reliable biological models
that mimic human EC biology [5,6].

Patient-derived organoids (PDOs) are 3D structures that precisely replicate the microenvironment and cellular
composition of endometrial tissue, providing a clinically relevant model for studying specific histologic and
molecular subtypes of EC [7—11]. This is particularly valuable for the rarer and more aggressive EC subtypes that
disproportionately affect minority populations, especially African American women [2,12—-14]. Additionally, the
establishment of PDOs addresses the limitation of tissue samples by providing a sustainable cellular resource for
ongoing research [15]. PDOs have been shown to maintain their phenotype and genotype through multiple passages,
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making them reliable models that preserve biological integrity over extended periods in culture [16,17]. However,
there remains a need to enhance organoid culture techniques, as organoid cultures may exhibit heterogeneity and
variable complexity in cellular composition, as well as poorly controlled morphogenesis during the self-assembly
process [18].

Here, we present an optimized method for establishing, expanding, and banking endometrial organoids derived from
patient tissue samples of normal endometrium and endometrial cancers.

Materials and reagents

Biological materials

1. Fresh tissue endometrial specimen in RPMI-1640 medium (Thermo Fisher Scientific, catalog number:
11879020)

Reagents

Advanced DMEM/F12 (Thermo Fisher Scientific, catalog number: 12634028)
Matrigel® matrix (Corning, catalog number: 356234)
RPMI-1640 medium (Sigma-Aldrich, catalog number: R73-88)
GlutaMAX (Thermo Fisher Scientific, catalog number: 35050061)
HEPES (Sigma-Aldrich, catalog number: S7067)
R-Spondin conditioned media (homemade) [19], filter through a 0.2 pm mesh prior to use
N2 supplement (Life Technologies, catalog number: 17502048)
B27 supplement minus vitamin A (Thermo Fisher Scientific, catalog number: 12587010)
Chemically defined lipid concentrate (Thermo Fisher Scientific, catalog number: 11905031)
. Recombinant human Noggin (PeproTech, catalog number: 120-10c)
. Primocin (InvivoGen, catalog number: ant-pm-1)
. Nicotinamide (Sigma-Aldrich, catalog number: N0636)
. N-Acetyl-L-cysteine (NAC) (Sigma-Aldrich, catalog number: A9165-5G)
. Y-27632 dihydrochloride (Tocris, catalog number: 1254)
. A83-01 (Sigma-Aldrich, catalog number: SML0788)
. Recombinant human EGF (PeproTech, catalog number: AF-100-15)
. Recombinant human FGF-a (PeproTech, catalog number: 100-26)
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. Recombinant human FGF-4 (PeproTech, catalog number: 100-31)

. Recombinant human HGF (PeproTech, catalog number: 100-39)

. Recombinant human IGF-1 (PeproTech, catalog number: 100-11)

. Recombinant human FGF-10 (PeproTech, catalog number: 100-26)

. Recombinant human FGF-f (PeproTech, catalog number: 100-18B)

. SB202190 (p38i) (Sigma-Aldrich, catalog number: S7067)

17-p Estradiol, water soluble (Sigma-Aldrich, catalog number: E4389)

. Collagenase from Clostridium histolyticum (Sigma-Aldrich, catalog number: C9407)

. Cell recovery solution (Corning, catalog number: 354253)

. Recovery™ cell culture freezing medium (Thermo Fisher Scientific, catalog number: 12648010)
. TrypLE™ express enzyme (1x), no phenol red (Thermo Fisher Scientific, catalog number: 12604103)
. Phosphate buffered saline (PBS) (Thermo Fisher Scientific, catalog number: 10010023)

. ACK buffer lysis (Sigma-Aldrich, catalog number: A1049201)

. Trizol reagent (Fisher Scientific, catalog number: 15-596-018)
. 0.4% trypan blue solution (Thermo Fisher, catalog number: 15250061)
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Solutions

1.  Human tumor endometrial organoid media (see Recipes)
2. Human normal endometrium organoid media (see Recipes)

Recipes

1. Human tumor endometrial organoid media (50 mL)

Reagent Final concentration Quantity or Volume
Advanced DMEM/F12 1% 30 mL
GlutaMAX 1% 500 pL
HEPES 12.5 mM 500 uL
R-Spondin conditioned media 10% SmL
B27 2% 1 mL
N2 1% 500 uL
Lipid concentrate 1% 500 uL
Noggin (NOG) 100 ng/mL SuL
Primocin 100 pg /mL 100 pL
Nicotinamide 2 mM 250 pL
NAC 1.25 mM 102 uL
Y-27632 dihydrochloride 10 uM 5uL
A83-01 0.25 uM 0.25 uL
hEGF 50 ng/mL 2.5ul
hFGF-a 25 ng/mL 2.5uL
hFGF-4 50 ng/mL SuL
hHGF 20 ng/mL 4 uL
hIGF-1 40 ng/mL 2 uL
SB202190 0.1 uM 0.25 uL
17-p Estradiol 10 nM SuL
Total (optional) n/a 50 mL

Store at 4 °C for a maximum of 10 days.

2. Human normal endometrium organoid media

Reagent Final concentration Quantity or Volume
Advanced DMEM/F12 1x 30 mL
GlutaMAX 1% 500 pL
HEPES 12.5 mM 500 pL
R-Spondin conditioned media 15% 7.5 mL
B27 2% 1 mL
N2 1% 500 pL
Lipid concentrate 1% 500 pL
Noggin (NOG) 100 pg/mL 5uL
Primocin 100 pg /mL 100 pL
Nicotinamide 2 mM 250 uL
NAC 1.25 mM 102 uL
Y-27632 dihydrochloride 10 uM 5uL
A83-01 0.25 pM 0.25 pL
hEGF 50 ng/mL 2.5uL
hFGF-10 10 ng/mL 1 pL
FGF-3 2 ng/mL 2 uL
SB202190 10 uM 25 uL
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17-B Estradiol 1 nM 0.5 uL
Total (optional) n/a 50 mL
Store at 4 °C for a maximum of 10 days.

Laboratory supplies

Falcon 15 mL tube (Corning, catalog number: 352097)
Falcon 50 mL tube (Corning, catalog number: 352098)
Eppendorf 1.5 mL tube (Eppendorf, catalog number: 22364116)
Eppendorf 5.0 mL tubes (Eppendorf, catalog number: 0030119487)
CRYOVIALP internal thread with silicone washer seal (Simport, catalog number: T311-1)
Mini-strainer 40 pm mesh (Corning, catalog number: CLS431750)
Mini-strainer 100 pm mesh (Corning, catalog number: CLS431752)
Falcon® 6-well cell culture plate (Corning, catalog number: 353046)
PYREX® 100 x 10 mm Petri dish (Corning, catalog number: 3160-100)
. Pipette tips, 10, 20, 200, 1000 pL
. Cell lifter (Corning, catalog number: 3008)
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. Forceps (Roboz Surgical Instrument, catalog number: RS-5136)
. Scissors (Roboz Surgical Instrument, catalog number: RS-5910)
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Equipment

Sterile tissue/cell culture hood (Labgard Class II TYPE A2)

Humidified CO: incubator (Binder Incubator, model: CB150)

Water Bath (Sheldon Manufacturing Shel Lab H2O Bath Series)
Refrigerated centrifuge (Eppendorf, model: Centrifuge 5810R)

Light microscope (Nikon, model: Microscope Eclipse Ts2)

Portable Pipet-Aid (Thermo Scientific, model: S1 Pipet Fillers)

Cell drop automated cell counter (DeNovix, catalog number: CellDrop BF)
Fridge and freezers (4 °C, -20 °C, and -80 °C)
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Software and datasets

1. NIS-Elements D Imaging Software
Images were acquired using the NIS-ELEMENT D_ VS5 software (Nikon) with a Nikon Eclipse TS2 microscope.

Procedure

Fresh tumor and normal endometrial tissue specimens were obtained from patients undergoing hysterectomy for EC.
Institutional Review Board approval was obtained (study IRB #18-0897), and all patients provided informed consent
prior to specimen collection. The hysterectomy specimens were transported from Northwell Health LIJ Medical
Center to Cold Spring Harbor Laboratory shortly after surgery or the following morning. If tissue could not be
delivered or digested the same day as the surgery, it was stored overnight at 4 °C.

A. Generation of organoids from endometrial tumor and normal tissue

1. Pipette 4.5 mL of RPMI media from the sample and transfer to a 15 mL Falcon tube.
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2. Remove the rest of the media from the original specimen tube and wash the tissue once with 5 mL of cold
1x PBS.

Note: If the sample is bloody, add 1 mL of ACK buffer lysis to the plate and keep on ice for 10—15 min.
Spin and then remove supernatant. Proceed to step A3.

2. Mince 5 g of tissue with shears in a Petri dish to obtain 1 mm fragments.

3. Transfer the tissue to a 5 mL centrifuge tube with 4.5 mL of RPMI, 500 pL of 1 mg/mL Collagenase IV,
and 10 uM Y-27632 dihydrochloride.

Incubate for 1-1.5 h at 37 °C. Vigorously shake the Falcon tube approximately 10 times every 15-30 min.

5. Evaluate digestion for dissociated fragments under light microscopy intermittently.

6. Allow any remaining tissue pieces to settle to the bottom of the tube. Then, collect the supernatant and
transfer to a new Falcon tube. Alternatively, filter through a 100 pm mesh. Spin down at 300x g for 5 min
at4 °C.

7. Remove the supernatant and resuspend the pellet in a mixed solution of 1 mL of TrypLE and 10 uM Y-
27632 dihydrochloride.

8. Incubate for a maximum of 15 min at 37 °C. Every 5 min, pipette up and down before placing it back in
the incubator at 37 °C, confirming that the larger pieces of tissue are being digested. Aim for small clumps
of organoids, not single cells.

9. Dilute contents 1:1 with advanced DMEM to stop the reaction. Pipette up and down to mix and then spin
down at 300 g for 5 min at 4 °C.

10. Remove supernatant and resuspend in a separate centrifuge tube in a 70:30 Matrigel and media mixture
(900 pL of Matrigel and 300 pL of media for a total of 12,00 uL of volume).

11. Plate densely (100 cells/uL) in a 6-well plate and allow 5—-10 min for the dome to polymerize in the CO2
incubator. Plate four domes (50 pL each) in each well.

12. Add 3 mL of culture media to each well and place in a 30 °C incubator.

On passage 0, day 1:

Check back the next day to assess organoid growth and health. The human normal crypts should have formed
oval-shaped organoids. Organoids from the tumor isolation can vary greatly in size but check to see that they
are growing and not dark.

On passage 0, day 2:

Freeze some normal human organoids before they turn dark (refer to Section C). If possible, take two tubes of
Trizol for RNA isolation as well. Also, take two tubes of Trizol for RNA isolation of the human tumor organoids.
Split (see Section B) some of the normal human organoids to see how they respond to passaging. This can be a
trial run with only a few wells or more if you want to try various techniques.

On passage 0, day 3:
Freeze some human tumor organoids. Test their response to passaging on this day. Check on the normal human
organoids that were split the day before and split most or all of the remaining ones this day.

On passage 0, day 4:

Check back on the tumor organoids. Split most or all of the remaining tumor organoids, if needed. Check to see
if less dense normal organoids need to be combined into one well. Do not forget to exchange media with new
media (2.7 mL).

Continue to assess confluency, dissociation requirements, and consolidation as your P1 organoids grow. From
this point, the normal and tumor organoids can differ greatly in their needs and must be considered at different
time points due to their growth rate (Figure 1).

B. Passaging of organoids

1. Aspirate media from desired wells and scrape off the Matrigel domes using a cell lifter.
2. Tilt the plate and collect all the Matrigel and organoids into the corner of the well closest to you.
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Use Corning’s cell recovery solution (CRS) to collect the dome (minimum 3x volume of Matrigel domes
collected) and then transfer to a new Eppendorf tube. For example, for 200 uL of Matrigel, add 600 pL of
minimum CRS (for 3 wells, 1.2 mL).

Keep the tube on ice for 1 h or until organoids visibly settle. Evaluate intermittently under light microscopy
for dissociation into single cells.

Spin down at 300x g for 5 min at 4 °C.

Remove supernatant and resuspend the pellet with TrypLE + 10 uM Y-27632 (> 500 pL of TrypLE for a
25 pL cell pellet). Lightly pipette up and down to a maximum of 10 times to break up the pellet.

Incubate at 37 °C for 10 min.

Mix the solution to break apart organoids and assess for level of dissociation under light microscopy.
Repeat steps B7 and B8 as needed until organoids are broken down to the desired level, checking every 5—
10 min based on the rate of digestion. Neutralize the TrypLE with an equal volume of media.

Spin down at 300x g for 5 min at 4 °C.

Remove supernatant and resuspend with 75%/25% Matrigel and culture medium. (For 3 wells, 450:150
pL ratio; for 6 wells, 900:300 pL ratio.)

Plate and wait 10 min for the dome to polymerize at 37 °C.

Add culture medium to each well (2.7 mL/well in a 6-well plate).

. Freezing organoids

Aspirate media from desired wells and scrape off the Matrigel domes using a cell lifter.

Tilt the plate and collect all the Matrigel and organoids into the corner of the well closest to you.

Use Corning’s cell recovery solution (CRS) or matrix melting solution (MMS) to collect the dome
(minimum 3x volume of Matrigel domes collected), then transfer to a new Eppendorf tube.

Keep the tube on ice for 1 h.

Spin down at 300x g for 5 min at 4 °C.

Remove supernatant and suspend in 500 pL of freezing media.

. Thawing frozen organoids

Remove cryovials from liquid nitrogen storage.

Warm in a 37 °C water bath for 1 min.

Add culture medium 1:1 (500 pL) and transfer to Eppendorf tube.

Spin down at 300x g for 5 min at 4 °C.

Remove supernatant and resuspend with 75%/25% Matrigel and culture medium. (For 3 wells, 450:150;
for 6 wells, 900:300.)

Plate and wait 10 min for the dome to polymerize at 37 °C.

Add culture medium to each well (2.7 mL/well in a 6-well plate).

RNA isolation (low yield 50 cells/pL)
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Aspirate media from desired wells.

Wash wells gently with 5 mL of 1x PBS and then remove PBS.

Add 400 pL of Trizol reagent directly to the well.

Break up Matrigel using a cell lifter and pipette up and down to mix, doing so until the solution is clear
(all organoids/cells have been lysed).

Transfer to a labeled Eppendorf tube.

Vortex the tube for ~30 s.

Immediately freeze in -80°C.

Cite as: Barbi, M. et al. (2024). Generation and Maintenance of Patient-Derived Endometrial Cancer Organoids. Bio-
protocol 14(20): e5093. DOI: 10.21769/BioProtoc.5093.



bio-protocol Published: Oct 20, 2024

F. RNA isolation (normal yield 100 cells/pL)

1. Aspirate media from desired wells and scrape off the Matrigel domes using a cell lifter.

Tilt the plate and collect all the Matrigel and organoids into the corner of the well closest to you.
Use Corning’s cell recovery solution (CRS) or matrix melting solution (MMS) to collect the dome
(minimum 3x volume of Matrigel domes collected) without mixing.

Transfer the CRS with organoids to an Eppendorf tube and pipette up and down 10 times gently.
Keep on ice for 45 min.

Spin down at 300x g for 5 min at 4 °C.

Remove supernatant and resuspend the pellet with 400 pL of Trizol.

Pipette up and down until the solution is clear (all organoids/cells have been lysed).

Vortex the tube for 30 s.

10 Immediately freeze at -80 °C.
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G. Quantification of organoids

1. Aspirate media from desired wells and scrape off the Matrigel domes using a cell lifter.

2. Tilt the plate and collect all the Matrigel and organoids into the corner of the well closest to you.

Use Corning’s cell recovery solution (CRS) or matrix melting solution (MMS) to collect the dome
(minimum 3x volume of Matrigel domes collected), then transfer to a new Eppendorf tube.

Keep the tube on ice for 1 h.

Spin down at 300x g for 5 min at 4 °C.

Remove supernatant and suspend in 500 pL of culture media.

Add 1 pL of 0.4% trypan blue solution to 1 pL of suspension and vortex.

Place 1 pL of the mixture into a cell drop automated cell counter to determine quantification.
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Figure 1. Patient-derived organoids from normal endometrium and cancerous tissues. A. Organoids from
normal endometrium, FIGO1 (low grade), FIGO2 (intermediate grade), FIGO3 (high grade), serous cancer, and
carcinosarcoma demonstrating that all histologic subtypes can be cultured and maintained through several
passages. B. Serous cancer organoids demonstrating survival and maintenance over several passages in culture
at passage 1 (P1), passage 7 (P7), and passage 14(P14). Scale bars: 100 um (10%) and 200 pum (4x).

Validation of protocol

This protocol or parts of it has been used and validated in the following research articles:
e Chung, et al. [20]. Abstract 2511: Autologous patient-derived organoid-immune cell co-culture platform for
therapeutic discovery in high-grade endometrial cancer. Cancer Res.
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e Nizam, et al. [21]. Abstract LB236: Utilizing endometrial tumor organoids to model cancer
immunomodulation. Cancer Res.

General notes and troubleshooting

General notes

1. Passaging should be done before organoids exhibit signs of stress or poor health. These signs are a noticeable
accumulation of dead cells surrounding the organoid, loss of three-dimensional morphology, and darker color.

2. Collecting the dome can be done with cold 1% PBS or CRS. CRS may be helpful if you do not aim to dissociate
with trypsin but just want to replate while getting rid of the Matrigel. It can also help if you notice that your
organoids have not been breaking up as well as expected. To facilitate dissociation, organoids can be incubated
on ice in CRS for ~20 min. When using 1x PBS or CRS, any volume from a few hundred microliters to 1 mL
can be used at a time to wash the dome off.

3. Always orient Eppendorf tubes in the centrifuge correctly to help you predict where the pellet will form.
Organoids/cells should be pelleted properly before the supernatant is removed.

5. Organoid dissociation involves mechanical shearing, enzymatic, or non-enzymatic digestion. Mechanical
shearing can be either with pipetting or mixing with a vortex. Enzymatic digestion utilizes trypsin or Trypl
Express (TrypLE) to cleave proteins that hold the cells together. Non-enzymatic digestion via EDTA or gentle
cell dissociation reagent helps break the organoids apart via calcium chelation. Normally, we will dissociate
with trypsin for a few min to “loosen” up the organoid, before pipetting up and down to completely break it up.
In some situations, organoids can only be mechanically sheared and then replated. This should also be
considered if the organoids are very unhealthy and may not survive trypsinization. Mechanical shearing on its
own also makes it extremely hard to get small organoids or single cells and is a benefit when you want to have
grown organoids in only a few days. For dissociation, we use TrypLE (gentler) or Pan Trypsin (harsher). Cells
will begin to lyse if left in trypsin or TrypLE for too long. Ideally, the duration of trypsinization is long enough
that organoids are loose and will easily separate with a bit of pipetting. Another option is to use gentle cell
dissociation reagent (GCDR) for non-enzymatic dissociation.

Troubleshooting

1. Collapsing domes: It is beneficial to first prewarm the plates while you are passaging, with an emphasis on 24
and 48 wells. The dome may easily collapse when plating on a room-temperature plate. Although most
protocols state that a 70/30 Matrigel media ratio is best, this can vary based on your goals. For maintenance,
you can go as low as 50/50, especially if the wells are large (6 wells). On the other hand, if plating in a 48-well
plate, you could do 80/20 to help make sure the dome does not collapse. Pure Matrigel or a pre-made mixture
can be added if working with exceedingly small amounts of cells.

2. Carry-over of unhealthy organoids: Healthy organoids will be bright and clear, but it is important to note when
some organoids are dying but others are healthy. This can happen with carry-over from a previous passage and
should be taken into consideration when deciding the next time to split. This can also occur when organoids
compete for resources, i.e., they are plated densely or grow too large and take up too much room.
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