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Abstract

Recurrent hormone receptor-positive (HR+) breast cancer is a leading cause of cancer mortality in women. Recurrence and
resistance to targeted therapies have been difficult to study due to the long clinical course of the disease, the complex nature
of resistance, and the lack of clinically relevant model systems. Existing models are limited to a few HR+ cell lines, organoid
models, and patient-derived xenograft models, all lacking components of the human tumor microenvironment. Furthermore,
the low take rate and loss of estrogen receptor (ER) expression in patient-derived organoids (PDOs) has been challenging.
Our protocol allows simultaneous isolation of PDOs and matching cancer-associated fibroblasts (CAFs) from primary and
metastatic HR+ breast cancers. Importantly, our protocol has a higher take rate and enables long-term culturing of PDOs
that retain ER expression. Our matching PDOs and CAFs will provide researchers with a new resource to study the influence
of the tumor microenvironment on various aspects of cancer biology such as cell growth and drug resistance in HR+ breast
cancer.

Key features

e  Propagation of patient-derived organoids and matching cancer-associated fibroblasts from primary and metastatic
hormone receptor (HR+) positive breast cancer.

e  Optimized media for long-term culturing of HR+ organoids from primary tumors and bone metastasis.

e Co-culture model to assess the influence of the tumor stroma on breast cancer progression.

Keywords: Patient-derived organoids, Cancer-associated fibroblasts, Co-culture model, Tumor-stroma crosstalk, Hormone
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Graphical overview of the key steps for establishing patient-derived organoid cultures and matching cancer-
associated fibroblasts from hormone receptor-positive breast cancer

Background

Breast cancer is the second leading cause of cancer-related mortality in women with over 600,000 deaths yearly. The
majority of newly diagnosed breast cancers are hormone receptor-positive (HR+), expressing estrogen receptor (ER) with
or without progesterone receptor (PR) [1]. These patients are treated with targeted therapies, such as endocrine therapies
and CDK4/6 inhibitors [2]. Although HR+ breast cancers typically respond well to these therapies, approximately 30% of
the patients will relapse. Unfortunately, recurrent HR+ breast tumors are usually metastatic and incurable. Besides tumor-
intrinsic factors, the breast tumor microenvironment contributes to adaptive resistance [3]. Cancer-associated fibroblasts
(CAFs) significantly impact tumor biology and are known to induce resistance to targeted therapies [4-9]. Despite this,
CAFs are rarely incorporated into studies on breast cancer recurrence and resistance.

Patient-derived organoids (PDOs) are 3-dimensional multicellular clusters that are grown in basement membrane extract
(BME). PDOs have self-renewal and self-organization capabilities and retain several features of the original tumor such as
morphology and mutational landscape [10]. Compared to the traditional 2-dimensional cell cultures, PDOs capture
intratumoral heterogeneity and are superior at predicting drug responses. To date, PDOs have been generated from several
tumors, including breast cancer [11-13]. However, growing HR+ PDOs has been a challenge due to a low take rate (10%),
overgrowth of normal breast epithelial cells, and the PDOs losing their HR expression and ceasing to grow after only a few
passages [14,15]. In addition to PDOs, breast tumor organoids can be propagated from patient-derived xenografts (PDxO)
[16,17]. Similar to the HR+ PDOs, HR+ PDxOs have a take rate of 9% for primary tumors and 16% for metastatic tumors.
Currently, there are only a few models of metastatic HR+ breast cancer available [16,18]. Thus, there is an unmet need for
novel models of HR+ primary and metastatic breast cancer that would advance our understanding of HR+ disease relapse
and drug resistance.

We set out to develop patient-derived model systems for HR+ breast cancer that would also incorporate elements of the
tumor microenvironment. Our optimized protocol allows for the efficient generation of HR+ PDOs from both primary and
metastatic HR+ breast cancer with ~50% take rate. Importantly, we further optimized the media to support isolation and
long-term passaging of HR+ bone metastasis that has been extremely difficult to grow. Our method also provides the
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advantage of reducing the cost and time by circumventing the necessity to passage through a mouse host. Furthermore, we
isolate the matching CAFs that most protocols discard; thus, our optimized protocol offers the advantage of enabling the
investigation of resistance mechanisms induced by the CAFs. Besides utilizing the patient-derived model for studying HR+
breast cancer and drug resistance [19-21], this model system can be applied to studying various aspects of tumor-stroma
interactions.

Materials and reagents

Biological materials

1. Core needle biopsy, primary or metastatic breast cancer
2. Fine-needle aspiration (FNA), lymph node positive for tumor cells
3. Ascites, pleural, or peritoneal fluid

Reagents

. Phosphate buffered saline (PBS) (Cytiva, catalog number: SH30028.FS)

. Penicillin-streptomycin (Pen/Strep), 100x (Thermo Fisher, catalog number: 15140122)
. Dispase-II solution (Sigma, catalog number: SCM133)

. Collagenase type I (Sigma, catalog number: SCR103)

. Human fibronectin solution (Sigma, catalog number: F0556)

. Glucose solution, 200 g/L (Thermo Fisher, catalog number: A24940-01)

. L-Glutamine solution, 200x (Thermo Fisher, catalog number: 25030-081)

. HEPES solution, 1M (Sigma, catalog number: HO887-100ML)

. Y-27632 2HCI, 10 mg (Selleckchem, catalog number: S1049)

. Advanced DMEM/F12, 1x (Gibco, catalog number: 12634-010)

. Primocin, 500 mg (InvivoGen, catalog number: ant-pm-05)

. B27 supplement, 50x (Thermo Fisher, catalog number: 17504044)

. Nicotinamide (Sigma, catalog number: N0636)

. N-Acetyl-L-Cysteine (Sigma, catalog number: A9165)

. A82-01 (Tocris, catalog number: 2939)

. SB202190 (Selleckchem, catalog number: S1077)

. 17B-Estradiol (Sigma, catalog number: 3301)

. Hydrocortisone (Sigma, catalog number: HO888)

. Human EGF (Thermo Fisher, catalog number: AF-100-15)

. Human R-Spondin3 (Thermo Fisher, catalog number: 120-44)

. Human noggin (Thermo Fisher, catalog number: 120-10C)

. Human heregulin-p1 (Thermo Fisher, catalog number: 100-03)

. Human FGF7 (Thermo Fisher, catalog number: 100-19)

. Human FGF10 (Thermo Fisher, catalog number: 100-26)

. Human CXCL12 (Thermo Fisher, catalog number: 300-28A)

. Human IGF-I (Thermo Fisher, catalog number: 100-11)

. Human osteopontin (Thermo Fisher, catalog number: 120-35)

. Cultrex growth factor-reduced basement membrane extract type II (Fisher Scientific, catalog number: 353301002P)
. Human fibroblast expansion basal medium, 1% (Thermo Fisher, catalog number: M106500)
. Low serum growth supplement, 50x (Thermo Fisher, catalog number: S00310)
. Fetal bovine serum (FBS) (R&D Systems, catalog number: S11550H)

. Trypsin-EDTA, 0.25% (Thermo Fisher, catalog number: 25200056)

. TrypLE Express, 1x (Thermo Fisher, catalog number: 12604013)

. Dimethyl sulfoxide (DMSO) (Sigma, catalog number: D2650)

. Corning cell recovery solution (Corning, catalog number: 354253)
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. CryoStor CS10 cryopreservation media (Sigma, catalog number: C2874)
. Paraformaldehyde (PFA), 16%, EM grade (Electron Microscopy Sciences, catalog number: 15710-S)
. HistoGel™ (Fisher Scientific, catalog number: 22-110-678)
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39. Hematoxylin (Sigma, catalog number: MHS32-1L)
40. 10% formalin (Electron Microscopy Sciences, catalog number: 15740-04)

41. Bovine serum albumin (BSA) (Sigma, catalog number: A8806)

42. Goat serum (Thermo Fisher, catalog number: 16210064)
43. Triton X-100 (Sigma, catalog number: X100-500ML)

44. Cytoseal 60 (Fisher Scientific, catalog number: 23-244256)
45. Vectashield antifade mounting medium with DAPI (Fisher Scientific, catalog number: NC9524612)

46. Primary antibodies (Table 1)

Table 1. Primary antibodies for validation of ER status and characterization of CAFs

Antibody Host Company Catalog number
Estrogen receptor rabbit Abcam ab16666
Alexa 488 anti-rabbit secondary antibody goat Thermo Fisher A-11008
Fibronectin 1 (FN1) mouse Thermo Fisher MAS-1198
f}l)?;e(:;?l;c:;rlved growth factor receptor o rabbit Cell Signaling Technology 3174
Vimentin (VIM) rabbit Cell Signaling Technology 5741
a-Smooth muscle actin (aSMA) rabbit Abcam ab5694
Caveolin 1 (CAV1) rabbit Cell Signaling Technology 3267
Fibroblast activating protein (FAP) rabbit Cell Signaling Technology 66562
Podoplanin (PDPN) rabbit Cell Signaling Technology 9047

Thyl cell surface antigen (THY1) rabbit Cell Signaling Technology 13801

Solutions

. Biopsy collection solution (see Recipes)
. Digestion solution (see Recipes)

. PDO isolation wash solution (see Recipes)
. Fibronectin coating solution (see Recipes)
. Breast PDO media (see Recipes)

. Bone metastasis PDO media (see Recipes)

. Fibroblast media (see Recipes)

. Freezing media (see Recipes)

. IF blocking buffer (see Recipes)
10. TF wash buffer (see Recipes)
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Recipes

1. Biopsy collection solution (500 mL)

Reagent Final concentration Quantity or Volume
PBS n/a 500 mL

Pen/Strep 100x 1% SmL

Glucose (200 g/L) 4.5 g/L 11.25 mL

2. Digestion solution (10 mL)

Make fresh for every digestion. Sterile filter before use.

Reagent

Final concentration

Quantity or Volume

Dispase-II solution 1x
Collagenase-I (200 mg/mL)
Y-27632 2HCI (5 mM)

n/a
2 mg/mL
5 uM

10 mL
100 pL
10 uL

3. PDO wash solution (500 mL)

Reagent Final concentration Quantity or Volume
Advanced DMEM/F12 n/a 500 mL
Glutamine (200 mM) 2 mM 5SmL
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HEPES (1 M) 10 mM SmL
Pen/Strep (100x) 1% SmL
Primocin (50 mg/mL) 50 pg/mL 500 uL

4. Fibronectin coating solution (5 mL)

Reagent Final concentration Quantity or Volume
PBS n/a SmL
Fibronectin 500 pg/mL 2 pg/mL 20 pL

5. Breast PDO media (50 mL)
Store at 4 °C for a maximum of two weeks. Add Y-27632 2HCI only for the first 4—6 days after isolation.

Reagent Final concentration Quantity or Volume
Advanced DMEM/F12 n/a 48 mL
Glutamine (200 mM) 2 mM 500 uL
HEPES (1 M) 10 mM 500 pL
Pen/Strep (100x) 1x 500 pL
Primocin (50 mg/mL) 50 pg/mL 50 uL
B27 supplement (50x) 1x 100 pL
Nicotinamide (1 M) 1 mM 50 uL
N-Acetyl-L-Cysteine (500 mM) 500 uM 50 uL
A82-01 (5 mM) 500 nM 5uL
SB202190 (5 mM) 500 nM S5uL
17B-Estradiol (5 pg/mL) 0.5 ng/mL SuL
Hydrocortisone (50 pg/mL) 50 ng/mL 50 uL
Human EGF (5 pg/mL) 5 ng/mL 50 uL
Human R-Spondin3 (100 pg/mL) 200 ng/mL 100 pLL
Human noggin (40 pg/mL) 80 ng/mL 200 pL
Human heregulin-p1 (25 pg/mL) 25 ng/mL 50 uL
Human FGF7 (10 pg/mL) 5 ng/mL 25 uL
Human FGF10 (20 pg/mL) 20 ng/mL 50 uL
Y-27632 2HCI (5§ mM) 5uM 10 uL

6. Bone metastasis PDO media (50 mL)
Store at 4 °C for a maximum of two weeks. Add Y-27632 2HCI only for the first 4-6 days after isolation.

Reagent Final concentration Quantity or Volume
Advanced DMEM/F12 n/a 48 mL
Glutamine (200 mM) 2 mM 500 pL
HEPES (1 M) 10 mM 500 pL
Pen/Strep (100%) 1x 500 pL
Primocin (50 mg/mL) 50 pg/mL 50 uL
B27 supplement (50%) 1x 100 pL
Nicotinamide (1 M) 1 mM 50 uL
N-Acetyl-L-Cysteine (500 mM) 500 uM 50 uL
A82-01 (5§ mM) 500 nM 5uL
SB202190 (5 mM) 500 nM 5uL
17B-Estradiol (5 pg/mL) 0.5 ng/mL 50 uL
Hydrocortisone (50 pg/mL) 50 ng/mL 50 uL
Human recombinant EGF (5 pg/mL) 5 ng/mL 50 uL
Human R-Spondin3 (100 pg/mL) 200 ng/mL 100 uL
Human noggin (40 pg/mL) 80 ng/mL 200 pL
Human heregulin-f1 (25 pg/mL) 25 ng/mL 50 uL
Human FGF7 (10 pg/mL) 5 ng/mL 25 ul
Human FGF10 (20 pg/mL) 20 ng/mL 50 uL
Human CXCL12 (10 pg/mL) 10 ng/mL 50 uL
Human IGF-I (20 pg/mL) 20 ng/mL 50 uL
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Human osteopontin (10 pg/mL)
Y-27632 2HCI (5 mM)

10 ng/mL
5 uM

50 uL
10 pL

7. Fibroblast media (500 mL)

Reagent

Final concentration

Quantity or Volume

Human fibroblast expansion basal medium 1x  n/a 500 mL
Low serum growth supplement 50% 1x 10 mL
FBS 4% 10 mL
Pen/Strep 100x 1x SmL
Primocin 50 mg/mL 50 pg/mL 500 uL

8. Freezing media (5 mL)

Reagent Final concentration Quantity or Volume
CryoStor CS10 n/a SmL
Y-27632 2HCI (5 mM) 5uM 5uL

9. IF blocking buffer (100 mL)

Reagent Final concentration Quantity or Volume
PBS n/a 100 mL

BSA 1% lg

Goat serum 5% SmL

Triton X-100 0.3% 300 uL

10. IF wash buffer (1,000 mL)

Reagent

Final concentration

Quantity or Volume

PBS
Triton X-100

n/a
0.3%

1,000 mL
3mL

Laboratory supplies
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. 50 mL centrifuge tube (Celltreat, catalog number: 229106)
. 15 mL centrifuge tube (Celltreat, catalog number: 229411)
. 25 mL serological pipettes, individually wrapped (Thermo Fisher, catalog number: 170357N)
. 10 mL serological pipettes, individually wrapped (Thermo Fisher, catalog number:170356N)
. 1,000 pL pipette tips (VWR, catalog number: 89082-350)
. 200 pL pipette tips (VWR, catalog number: 89082-366)

. 20 pL pipette tips (VWR, catalog number 89082-338)

. 24-well plates (Thermo Fisher, catalog number: 142475)
. 6-well plates (Thermo Fisher, catalog number: 140675)

. 10 cm plates (Thermo Fisher, catalog number: 150350)
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. 1.5 mL microcentrifuge tubes (Eppendorf, catalog number: 0030120086)

. 1.2 mL cryogenic vials (Corning, catalog number: 430487)

. Mr. Frosty™ freezing container (Thermo Fisher, catalog number: 5100-0050)

. TissueTek cryomold (VWR, catalog number: 25608-922)

. #10 Bard-Parker™ protected disposable scalpel (Fisher Scientific, catalog number: 02-688-78)
. #11 Bard-Parker™ protected disposable scalpel (Fisher Scientific, catalog number: 02-688-79)
. Tissue cassette (VWR, catalog number: 18000-134)

. BD disposable syringes (Fisher Scientific, catalog number: 14-823-435)

. 25 G precision glide needles (Fisher Scientific, catalog number: 14-826-49)

. Falcon™ 4-well chamber slides (Fisher Scientific, catalog number: 08-774-209)

. Coverglass 24 x 60 (Fisher Scientific, catalog number: NC1672857)

. Forceps (Fisher Scientific, catalog number: 08-953G)
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Equipment

. Laminar flow hood (Baker, model: SterilGARD)

. Incubator (Thermo, model: Forma Stericycle i160)

. Centrifuge (Thermo, model: Sorvall legend XI)

. Cell counter (Countess II FL)

. Fisherbrand mini-tube rotator (Thermo Fisher, catalog number: 88-861-051)
. Thermal mixer (Thermo Fisher, catalog number: 13687712)

. Microscope (Olympus, model: CK2)

. Microscope (Olympus, model: BX43)

. Confocal microscope (Zeiss, model: LSM880)
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Software and datasets

1. Zeiss (ZEN lite)
2. Fiji (version 2.14.0/1.54f)

Procedure

A. Isolation of patient-derived organoids from core-needle biopsies

1. Collect core-needle biopsies in a 50 mL tube with 10-20 mL of cold biopsy collection solution. Place tube on ice and
transport to research laboratory within 30 min.

2. Use forceps to place one biopsy on a 6 cm dish with approximately 500 puL of digestion solution (Figure 1A).

Optional: Remaining biopsies can be placed in a cryotube with freezing media and frozen down and/or fixed using 4% PFA
and used for histology. Frozen fragments can be stored at -196 °C for years.

Figure 1. Key steps during the isolation process. A) Place the core-needle biopsy into 500 puL of digestion solution. B)
Slice the biopsy into 1-3 mm pieces. C) Move pieces into a 50 mL tube containing 10 mL of digestion solution. D) Stop
digestion when pieces appear smaller and/or the digestion solution becomes “cloudy.” E) Spin down supernatant to pellet
fragments. F) Pipette 50 uL of Cultrex and fragment mix into the middle of the well. G) Add PDO media by pipetting to the
wall of the well.

3. Slice the biopsy into 1-3 mm pieces by using forceps and a 10-blade scalpel.
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Note: Scissors can be used instead of a scalpel (Figure 1B).

4. Use forceps to move larger pieces to a 50 mL tube containing digestion solution. Pipette 1 mL of digestion solution to the
6 cm dish and move the solution containing smaller pieces to the 50 mL tube (Figure 1C).

5. Incubate biopsy pieces in an orbital shaker at 220 rpm for 45—-60 min at 37 °C. Check on the progression of the digestion
every 15 min. Stop the digestion when the pieces are visibly smaller or difficult to detect by the eye, and/or the digestion
solution becomes “cloudy” (Figure 1D).

Critical: Do not exceed 60 min.

6. Shear the pieces by vigorously pipetting up and down using a 10 mL serological pipette. Let the fragments settle to the
bottom of the tube and move the digestion solution to a new 50 mL tube. Add 10 mL of PDO wash solution supplemented
with 5% FBS and pipette the pieces again. Move the wash solution containing tissue fragments to the same 50 mL tube.

7. Spin fragments down at 400x g for 5 min. Remove the supernatant and resuspend using 10 mL of fresh PDO isolation
wash buffer (no FBS). Pipette 10 puL onto a glass slide and check for tissue fragments under a microscope. Spin down at
400% g for 5 min (Figure 1E).

Note: Pelleting the tissue fragments can be challenging if the biopsy has a high content of connective tissue, fat, and/or
extracellular matrix. We transfer the supernatant into a separate 50 mL tube and store it until we have confirmed that we
have obtained tissue fragments.

8. Remove supernatant and resuspend fragments in 1 mL of PDO isolation wash buffer. Count fragments using a
hemocytometer and microscope (Olympus CK2). Set aside approximately 200 pL of the suspension for CAF isolation
(section C). Pellet the fragments at 400x g for 5 min.

9. Embed fragments into Cultrex.

a. Thaw Cultrex on ice and keep it on ice for the whole duration.

b. Calculate the volume of Cultrex needed for the total number of fragments. Embed 800—1,000 fragments per 50 uL of
Cultrex.

c. Carefully aspirate supernatant and resuspend pellet in Cultrex by slowly pipetting up and down using a 200 pL tip. This
step should be done on ice.

d. Pipette 50 pL of the mix into the middle of the well on a 24-well plate or a 4-well chamber slide. The 50 puL drop should
form a dome in the middle of the well (Figure 1F).

e. Place the 24-well plate into the incubator with standard conditions and incubate for 30 min at 37 °C.

10. Add 500 pL of breast PDO or bone metastasis PDO media supplemented with 5 pM Y-27632 2HCI to each well (Figure
1G). Change media every 4-5 days.

Note: Avoid adding media directly on top of the Cultrex dome.

11. Expand PDO cultures over the next 3—6 weeks. Image (Figure 2A) and freeze down PDOs during each passage.

a. Collect PDOs from 2-3 wells by scraping the bottom of the well with a 1,000 puL pipette tip and move the media and
PDOs to a 15 mL tube. Spin down at 350x g for 5 min.

b. Resuspend the pellet with freezing media, move it to cryogenic tubes, and freeze using a Mr. Frosty™ freezing container.

o o » - o ‘, . AT
Figure 2. Patient-derived organoids (PDO) morphology at different passages. A) Representative images of PDOs
established from a core-needle biopsy. B) Representative images of PDOs established from ascites. Scale bar: 200 um.
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12. Validate ER expression after three passages by immunohistochemistry (see section E) or immunofluorescence staining
(see section F).

B. Propagation of patient-derived organoids from fine-needle aspiration or ascites

1. Place the tube or bottle containing pleural/peritoneal fluid or FNA on ice and transport it to the research laboratory.

2. Spin down the fluid for 5 min at 400x g and aspirate supernatant. Repeat this step until all fluid has been pelleted.

3. Wash the pellet with PDO isolation wash solution and spin down for 5 min at 400% g. Repeat this step twice.

4. Resuspend the pellet in 1 mL of PDO isolation wash solution and calculate the cell number. Set aside approximately 200
uL of the suspension for CAF isolation (section C).

5. Embed cells into Cultrex.

a. Thaw Cultrex on ice and keep it on ice for the whole duration.

b. Calculate the volume of Cultrex needed for the total number of fragments. Embed 800—1,000 fragments per 50 uL of
Cultrex.

c. Carefully aspirate supernatant and resuspend pellet in Cultrex by slowly pipetting up and down using a 200 pL tip. This
step should be done on ice.

d. Pipette 50 pL of the mix into the middle of the well on a 24-well plate. The 50 puL drop should form a dome in the middle
of the well (Figure 1F).

e. Place the 24-well plate into the incubator and incubate for 30 min.

6. Add 500 pL of breast PDO media Y-27632 2HCI to each well (Figure 1G). Change media every 4-5 days.

7. Expand PDO cultures over the next 3—6 weeks. Image (Figure 2B) and freeze down PDOs during each passage.

a. Collect PDOs from 2-3 wells by scraping the bottom of the well with a 1,000 pL pipette tip and move the media and
PDOs to a 15 mL tube. Spin down for 5 min at 350% g.

b. Resuspend the pellet with freezing media, move it to cryogenic tubes, and freeze using a Mr. Frosty™ freezing container.
8. Validate ER expression after three passages by immunohistochemistry (see section E) or immunofluorescence staining
(see section F).

C. Isolation and selection of cancer-associated fibroblasts

1. Add 1 mL of fibronectin coating solution per well to a 6-well plate and incubate the plate at 37 °C for 60 min. Wash wells
with PBS before plating CAFs. We usually coat 2-3 wells.

2. Plate cell fragments and/or cells from step A8/B4 (Figure 1E) and add 2 mL of fibroblast media.

3. Enrich for CAFs by short trypsinization. CAFs proliferate faster than cancer cells and can be easily distinguished based
on the elongated morphology. We usually observe cancer cells in 5%—10% of the initial CAF cultures (Figure 3). In case
both CAFs and cancer cells are observed, perform a short trypsinization that will detach CAFs but leave cancer cells attached.
a. Aspirate media, wash cells with 4 mL of PBS, and add 1 mL of Trypsin-EDTA.

b. Incubate at 37 °C for a maximum of 5 min. Check on the cells every minute. Once cells start to detach, gently move the
trypsin-containing CAFs into a 15 mL tube with 5 mL of fibroblast media.

Critical: Do not pipette or tap the plate to aid detachment.

c. Spin down at 350x g for 5 min and plate 1 x 10° cells/6 cm plate.

Mixed population

i

Pure population

Figure 3. Representative images of a mixed population and a pure cancer-associated fibroblast (CAF) population.
Scale bar: 200 um.
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4. Expand the CAFs over the next 3—6 weeks and freeze down early passages.

a. Wash plates with PBS, add 1.5 mL of trypsin-EDTA, and incubate for 5 min at 37 °C.

Note: Some CAF lines secret high amounts of extracellular matrix, which appears as a viscous membrane. We usually extend
the incubation time with trypsin to allow complete detachment.

b. Add 6 mL of fibroblast media, move the suspension to a 15 mL tube, and pellet the CAFs at 350% g for 5 min.

c. Resuspend the pellet with freezing solution, move it to cryogenic tubes, and freeze using a Mr. Frosty™ freezing container.
CAFs can be stored for years at -196 °C.

5. Characterize the CAFs by performing standard western blotting using the following fibroblast markers: FN1 (1:1,000),
PDGFRa (1:1,000), aSMA (1:1,000), VIM1 (1:1,000), FAP, (1:1,000), THY1 (1:1,000), and PDPN (1:1,000).

D. Set up co-culture model

1. Collect and pellet PDOs from several wells by scraping the bottom of the well with a 1,000 pL pipette tip and move the
media and PDOs to a 15 mL tube. Spin down for 5 min at 350x g.

2. Carefully aspirate the supernatant, add digestion solution, and incubate at 37 °C for 30-45 min. We add 500 pL of
digestion solution per collected well.

Note: The pellet containing PDOs and Cultrex detaches easily from the bottom of the tube. We usually use a 1,000 uL pipette
to remove the top layer of Cultrex.

3. Add 1 mL of PDO wash buffer, shear the PDOs by passing through a 25 G needle 10-20 times, and add 10 mL of PDO
wash solution supplemented with 5% FBS. Some PDO lines are more difficult to break down into smaller fragments and
require a 5 min TrypLE Express treatment. We advise to always passage new PDO lines with the digestion solution. Spin
down for 5 min at 350% g, add 1 mL of PDO wash solution, and count the fragments.

4. Embed 200-600 fragments/well in the same way as in steps A9 and A10. Set up PDO cultures on a 24-well plate if the
endpoint is a biochemical assay such as RNA isolation, or Falcon 4-well chamber slides for immunostainings (Figure 4).

1. Pellet PDOs 2. Perform enzymatic digestion 3.Mechanically disrupt PDOs

4.Embed PDO fragments into BME 5. Trypsinize and pellet CAFs 6. Transfer CAFs to the
culture slide with PDOs

N

Figure 4. Key steps for setting up a patient-derived organoid—cancer-associated fibroblast (PDO-CAF) co-culture

5. Set up co-culture 24 h later. Aspirate media, wash CAFs with PBS, and add 2 mL of trypsin to a 10 cm plate. Incubate
for 5 min at 37 °C, add fibroblast media, and pellet cells in a 15 mL tube for 5 min at 350% g. Aspirate supernatant, resuspend
pellet in 1 mL of fibroblast media, and count the cells.

6. Add 2,000-6,000 CAFs per well. The CAF number depends on how fast the CAF line proliferates.

a. Resuspend the correct amount of CAFs in breast PDO media or bone metastasis PDO media.
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b. Pipette 500 pL of the suspension around the PDO dome.
c. Wait 24 h before starting any experiments with the co-cultures.
d. The length of the co-culture depends on the downstream application. We assess drug resistance for 4-5 days.

E. Embed PDOs in HistoGel

1. Collect PDOs from two wells by scraping the bottom of the well with a 1,000 uL pipette tip and move the media and
PDOs to a 15 mL tube. Spin down for 5 min at 350 g.

2. Aspirate media, resuspend pellet in 1,000 pL of Corning cell recovery solution, and transfer the PDOs to a microcentrifuge
tube.

3. Extract PDOs by incubating for 45—60 min at 4 °C on a rotor.

4. Set up inserts while PDOs are on the rotor.

a. Preheat HistoGel at 65 °C.

b. Cut the tip of a 200 pL tip and carefully add 200 pL of HistoGel to a cryomold. Avoid air bubbles.

c. Place the insert on ice.

5. Spin down PDOs for 5 min at 350x g, aspirate the supernatant, and fix PDOs in 500 uL of 4% PFA for 30 min at room
temperature.

6. Add 1,000 pL of PBS, spin down for 5 min at 350% g, and aspirate the supernatant.

7. Stain PDOs using hematoxylin.

Note: This step is optional. We recommend staining the PDOs with hematoxylin as it makes the PDOs visible and easier to
complete the remaining steps.

a. Gently resuspend pellet in 100 pL of hematoxylin and incubate for 5 min.

b. Add 1,000 uL of PBS, spin down for 5 min at 350% g, and carefully aspirate the supernatant.

8. Embed PDOs in HistoGel.

a. Cut the tip of a 200 pL tip and resuspend PDOs in 200 pL of preheated HistoGel.

b. Pipette the HistoGel and PDO mix on top of the cooled-down HistoGel layer from step F4.

c. Place cryomold on ice and incubate for at least 20 min.

d. Use an 11-blade scalpel to cut the HistoGel along the cryomold walls, invert the cryomold, and remove the HistoGel by
gently pressing at the top of the cryomold.

e. Place HistoGel with PDOs into a tissue cassette.

9. Fix PDOs overnight at room temperature in 10% formalin and wash with PBS.

10. Embed in paraffin using standard protocol and stain for ER (1:100). Image using an Olympus BX43 microscope or
similar.

F. Validation of ER expression by immunofluorescence staining

1. Aspirate media and fix PDOs in 500 pL of 4% PFA for 30 min at room temperature.

2. Gently remove PFA using a 1,000 pL pipette.

Note: The Cultrex dome becomes fragile and may spread toward the walls of the well during fixation. We usually aspirate
the media from one corner of the well.

3. Wash with 500 pL of PBS. Repeat two times.

4. Permeabilize and block for 1 h at room temperature using 500 pL of blocking buffer.

5. Dilute ER antibody in blocking buffer at 1:100 ratio and incubate overnight at 4 °C.

6. Wash 10 times with IF wash buffer.

7. Dilute goat anti-rabbit secondary antibody 1:500 in blocking buffer and incubate for 2 h at RT.

Critical: Alexa 488 secondary antibody is light sensitive. Keep the culture slide covered from this step onward.

8. Wash 10 times with IF wash buffer.

9. Mount culture slide.

a. Wash once with H20 and carefully remove all H2O.

b. Remove the wells using the tool included with the culture slides.

c. Add Cytoseal 60 around the outer border of the culture slides.

d. Add a drop of Vectashield per well.

e. Gently press a coverslip on top of the culture slide. Avoid air bubbles.

f. Seal the staining by adding Cytoseal 60 around the outer border of the coverslip.

10. Image using a confocal microscope (Figure 5). We use a Zeiss LSM880 confocal microscope and Zeiss Zen Lite to
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convert acquired czi images into TIF format. Zeiss Zen Lite is the free version of Zen for basic image analysis.

Figure 5. Validation of estrogen receptor (ER) expression in patient-derived organoids (PDOs). Representative
confocal image of ER- and DAPI-stained PDO. Scale bar: 40 pm.

Validation of protocol

This protocol or parts of it has been used and validated in the following research article(s):

e Hogstrom et al. [20]. Simultaneous isolation of hormone receptor—positive breast cancer organoids and fibroblasts
reveals stroma-mediated resistance mechanisms. Journal of Biological Chemistry [(Figure 1; Figure S1; Figure 2, panel
A, B, D; Figure S2; Figure 3, panel B; Figure S3; Figure 5, panel B, C; Figure S5, panel A).

e Hillis et al. [21]. Targeting Cholesterol Biosynthesis with Statins Synergizes with AKT Inhibitors in Triple-Negative
Breast Cancer. Cancer Research. [(Figure 3, panel E-F; Supplementary figure S7)]

e Choi et al. [19]. Lineage-specific silencing of PSAT1 induces serine auxotrophy and sensitivity to dietary serine
starvation in luminal breast tumors. Cell Reports. [Figure 4, panel A, B, C, D).

General notes and troubleshooting

General notes

1. Our media recipe will support the growth of normal breast tissue. Similar to other published protocols, PDO cultures that
are generated from primary tumors may be contaminated with normal breast organoids. It is important to validate ER
expression and histology after three passages.

2. We recommend processing one biopsy and freezing down any additional biopsies as a backup.

3. Establishing and expanding PDOs and CAFs takes approximately 3—6 weeks. We set up co-cultures for downstream
analysis once we have validated ER expression in PDOs and characterized CAFs with fibroblast markers. This usually takes
place 4-8 weeks after establishing new PDO and CAF lines.

4. CAFs can be passaged 10-20 times before they undergo senescence. We recommend freezing as many vials as possible.

Troubleshooting

Problem 1: See General notes, point 1, regarding normal tissue contaminating the tumor PDOs.
Possible cause: The media supports the growth of normal breast tissue.
Solution: Validate the PDOs for tumor-specific markers, such as ER staining.

Problem 2: See General notes, point 3, regarding CAF undergoing senescence.

Possible cause: It is normal for CAFs to undergo senescence as they are not tumorigenic.

Solution: CAFs can be immortalized using hTERT to maintain replicative capacity beyond 20 passages. However, they will
not be considered normal CAFs anymore at this point.
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