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1.0 Introduction

The mammary gland is composed of a series of branched epithelial ducts that drain alveolar structures during
lactation, with the epithelium embedded within a fibrous and fatty stroma. The mammary epithelium in the
resting (non-pregnant) gland is made up of two general lineages of epithelial cells: luminal cells that surround
a central lumen and basally positioned myoepithelial cells (Figure 1). Luminal cells can be further subdivided
into two sub-lineages: the hormone-responsive estrogen/progesterone receptor (ER/PR)-expressing lineage
and the secretory precursor lineage (Asselin-Labat et al.; Chang et al.; Gray et al.; Shehata et al.; Sleeman
et al.). Secretory precursor cells have a phenotype intermediate between luminal and basal cells. Common
markers used to characterize each lineage are summarized in Figure 1. The stem cell model of the adult
mammary gland was historically the subject of considerable debate. Although some studies provide evidence
of a rare multipotent stem cell underlying homeostasis (Rios et al.; Wang et al. [2015]), more studies have
demonstrated that each lineage is maintained by its own lineage-restricted stem cell (Giraddi et al.; Prater

et al.; Van Keymeulen et al. [2011]; Van Keymeulen et al. [2017]; Wang et al. [2017]).

MammoCult™ Organoid Kit (Human) is a modular kit that can promote the growth of different types of
mammary stem cells (Figure 2). Three types of media can be prepared through different combinations of
MammoCult™ components:

1. MammoCult™ Luminal Organoid Medium (LOM): for culturing organoids composed of hormone-
responsive and secretory precursor-lineage luminal cells. This formulation can also be used to expand
pure luminal cells, including hormone-responsive cells, in two-dimensional (2D) adherent culture on
collagen I-coated 6-well plates.

2. MammoCult™ Multilineage Organoid Medium (MOM): for culturing pure basal-cell organoids. This
formulation can also be used to grow multilineage organoids from luminal- and basal-cell aggregates.

3. MammoCult™ Growth Factor-Reduced (GFR) Medium: for inducing lumen formation in basal cell-derived
organoids.

Dissociated normal breast cells can be seeded directly into three-dimensional (3D) organoid culture. To
increase organoid-forming efficiency, it is recommended to pre-culture cells in 2D adherent culture in either
MammoCult™ LOM or EpiCult™ Plus Medium prior to seeding in 3D organoid culture. EpiCult™ Plus
Medium promotes the growth of luminal secretory precursor cells and basal cells in 2D adherent culture;
however, the proportion of luminal cells will decrease with passaging. MammoCult™ LOM selects for both
subtypes of luminal cells in 2D adherent culture. Mammary epithelial cells can be maintained in EpiCult™
Plus Medium or MammoCult™ LOM for 1 - 3 passages prior to seeding into 3D organoid culture. A pre-
culture step also allows rapid expansion of small tissue samples and represents a convenient platform for
performing gene editing prior to 3D organoid culture.

NOTE: Pre-culture of breast tumors in 2D format is not recommended since it would strongly favor the
outgrowth of contaminating normal cells, which would eventually dominate the culture.

MammoCult™ Organoid Kit (Human) was developed using normal human reduction mammoplasty tissue
from pre- and postmenopausal donors; it was not comprehensively tested on freshly isolated human breast
tumor samples. Since MammoCult™ LOM enables the culture of normal human luminal cells, we hypothesize
that the medium may also be suitable for human breast tumors that have luminal features. Tumors with
pronounced epithelial-to-mesenchymal transition features, such as claudin-low tumors, may benefit from
culture in MammoCult™ MOM. Recommendations for growing different subtypes of human breast tumors
given herein are for guidance only.

NOTE: MammoCult™ Organoid Kit (Human) is not recommended for culturing mouse mammary organoids.
For culturing mouse mammary organoids, use MammoCult™ Organoid Kit (Mouse; Catalog #100-1560).
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Figure 1.The Epithelial Cell Types in the Human Breast

(A) lllustration depicting the spatial organization of the three epithelial lineages of the human mammary epithelium:
hormone-responsive (HR), secretory precursor, and basal (myoepithelial) cells. The inset lists commonly used markers for
each cell type. (B) A representative flow cytometry plot of primary human breast tissue (EpCAM vs. CD49f) identifying
three epithelial populations: hormone responsive, secretory precursor luminal cells, basal, and stromal cells.
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Figure 2. Workflows for Culturing Mammary Cells with Different Formulations of MammoCult™
Organoid Kit

MammoCult™ Organoid Kit (Human) is a modular kit that can be used to grow luminal or basal organoids seeded from
single cells. Multilineage organoids can be generated from tissue fragments or aggregates of basal cells, luminal cells,
and fibroblasts.
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2.0 Materials, Reagents, and Equipment

2.1 MammoCult™ Organoid Kit (Human)

The components listed below are sold as a complete kit and are not available for individual sale. For
component storage and stability information, refer to the product information sheet for MammoCult™
Organoid Kit (Human; Document #10000034602), available at www.stemcell.com, or contact us to request a
copy.

PRODUCT NAME CATALOG # | COMPONENT NAME COMPONENT # | QUANTITY
MammoCult™ Organoid Basal
Medium 1 (Human) 100-1684 88 mlL
MammoCult™ Organoid Basal
Medium 2 (Human) 100-1688 90 mlL

o MammoCult™ Organoid Supplement 100-1689 5mL

MammoCult™ Organoid Kit | |11 1car A (Human)

Human i

( ) MammoCuLtTM Organoid Supplement | 1 4 o, 5 ml
B (Human)
MammoCult™ Organoid Supplement 100-1687 1 mL
C (Human)
MammoCult™ Organoid Supplement 100-1686 1 mL
D (Human)

*This product contains material derived from human plasma. Donors have been tested and found negative for hepatitis B surface antigen (HBsAg) and HIV-I
antibodies and/or HIV-I antigen. However, this product should be considered potentially infectious and treated in accordance with universal handling
precautions.

2.2 Additional Required Materials and Reagents

PRODUCT CATALOG #

MATERIALS REQUIRED FOR BREAST TISSUE DISSOCIATION

70 um Reversible Strainer 27260

Bovine serum albumin e.g. Sigma A2058

Collagenase/Hyaluronidase 07912

CryoStor® CS10 07930

Dispase (5 U/mL) 07913

DMEM/F-12 with 15 mM HEPES 36254

DNase | Solution (1 mg/mL) 07900

Falcon® Conical Tubes, 15 mL 38009

Falcon® Conical Tubes, 50 mL 38010

Fetal bovine serum e.g. Avantor® 97068-085

HBSS with 10 mM HEPES, Without Phenol Red 37150

Insulin e.g. Sigma 91077C

Optional: Antibiotics (e.g. Gentamicin) e.g. Sigma G1264

Sterile forceps e.g. Sigma 2168696

Sterile glass Petri dish e.g. Sigma CLS3160102
1800 667 0322 +1 604 877 0713
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PRODUCT

CATALOG #

Sterile scalpels

e.g. Fisher Scientific 36-101-5639

Tissue Dissociation Flasks (baffled)

27300

Trypan Blue

07050

Trypsin-EDTA (0.25%)

07901

ADDITIONAL MATERIALS REQUIRED FOR 2D ADHERENT CELL CULTURE

Advanced DMEM/F-12

Thermo Fisher Scientific 12634010

Ammonium Chloride Solution 07800
CellAdhere™ Collagen |-Coated Plates 100-0362

EpiCult™ Plus Medium 06070

Fetal bovine serum e.g. VWR 1500-500
HBSS with 10 mM HEPES, Without Phenol Red 37150
Trypsin-EDTA (0.25%) 07901

ADDITIONAL MATERIALS REQUIRED FOR PREPARATION OF ECM SOLUTION

37 um Reversible Strainer

27250

CellAdhere™ Type I, Collagen, Bovine, Solution

07001

Corning® Matrigel® Growth Factor Reduced (GFR)
Basement Membrane Matrix, Phenol Red-free, LDEV-free

Corning 356231

GlutaMAX™ Supplement

Thermo 35050061

HEPES Buffer Solution (1 M)

e.g. Thermo 15630106

Sodium bicarbonate 7.5% solution

e.g. Thermo 25080094

Sodium hydroxide solution (1 N)

e.g. Sigma S2770

ADDITIONAL MATERIALS REQUIRED FOR ORGANOID CULTURE

17 beta-Estradiol

100-1647

24-well flat-bottom plate, non-tissue culture-treated

e.g. Avantor® 73521-142

Advanced DMEM/F-12

Thermo Fisher Scientific 12634010

Corning® Matrigel® Growth Factor Reduced (GFR)
Basement Membrane Matrix, Phenol Red-free, LDEV-free*

Corning 356231

Fetal bovine serum

e.g. VWR 1500-500

HBSS with 10 mM HEPES, Without Phenol Red 37150

Progesterone 100-1648

Trypsin-EDTA (0.25%) 07901

Y-27632 (Dihydrochloride) 72308

ADDITIONAL MATERIALS REQUIRED FOR MULTILINEAGE AGGREGATE CULTURE
Advanced DMEM/F-12 Thermo Fisher Scientific 12634010
AggreWell™ 400 Microwell Plates 34411

Anti-Adherence Rinsing Solution 07010

Ammonium Chloride Solution 07800

Fetal bovine serum e.g. VWR 1500-500
HBSS with 10 mM HEPES, Without Phenol Red 37150
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2.3 Equipment Required

e -150°C freezer or liquid nitrogen (LN2) vapor tank

e -20°C freezer

e -80°C freezer

e 37°C water bath

e Biosafety cabinet certified for Level Il handling of biological materials

e Freezing container (e.g. Corning® CoolCell® LX Cell Freezing Container)

e Hemocytometer (e.g. Catalog #100-1181) or Nucleocounter®

e Incubator with humidity and gas control to maintain 37°C and 95% humidity in an atmosphere of 5% CO2
in air

e Insulated box with ice

e Inverted microscope

e Low-speed centrifuge with a swinging bucket rotor

e Orbital shaker (e.g. Celltron INFORS HT 169222)

e Pipette-Aid with appropriate serological pipettes (e.g. Catalog #38002)

e Pipettors with appropriate tips (e.g. Catalog #38059)

e Refrigerator (2 - 8°C)

e  Sterile filtration unit

¢ Swinging bucket rotor fitted with plate holders
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3.0 Preparation of Media and Reagents

Media and reagents should be prepared close to the time of use. If not used immediately, store complete
medium (basal media + supplements) at 2 - 8°C for up to 3 weeks. Do not exceed the expiry date of the

individual components.

3.1 Complete Mammary Organoid Medium (Human)
Three types of media can be prepared through different combinations of MammoCult™ components:
1. MammoCult™ Luminal Organoid Medium (LOM): to culture luminal cell-derived organoids.

2. MammoCult™ Multilineage Organoid Medium (MOM): to culture branching basal cell-derived organoids,
and multilineage organoids derived from tissue fragments and aggregates.

3. MammoCult™ Growth Factor-Reduced (GFR): to induce lumen formation in basal cell-derived organoids.

Use sterile technique to prepare complete MammoCult™ media.
1. Thaw Supplements at room temperature (15 - 25°C) or at 37°C. Mix thoroughly.

NOTE: If not used immediately, aliquot and store at -20°C. After thawing aliquots, use immediately; do not

re-freeze. Do not exceed the expiry date as indicated on the label.

2. To prepare the indicated volumes of MammoCult™ LOM, MOM, or GFR Medium, refer to Table 1 for the
required components and volumes. If preparing other volumes, adjust accordingly.

3. Invert the bottle to mix thoroughly.
4. Optional: Add antibiotics.

NOTE: If antibiotics are added, reduce basal medium volume to accommodate antibiotic volume.

Table 1. Components and Volumes for Preparing Complete MammoCult™ Media

MAMMOCULT™ MAMMOCULT™ MAMMOCULT™
CORIFOINENT LOM MOM GFR MEDIUM
MammoCult™ Organoid Supplement A (Human) 5mL 5mL 5mL
MammoCult™ Organoid Supplement B (Human) 5mL 5mL -
MammoCult™ Organoid Supplement C (Human) 0.2mL 1mL -
MammoCult™ Organoid Supplement D (Human) - 1mL -
Y-27632 (Dihydrochloride) T0 2.5 uM final T02.5 uM final ;
concentration concentration
Progesterone To 5 nM final To 5 nM final )
9 concentration concentration
17 beta-Estradiol To 5 nM final To 5 nM final )
concentration concentration
MammoCult™ Organoid Basal Medium 1 ) 88 mL )
(Human)
MammoCult™ Organoid Basal Medium 2
(Human) 90 mL - 90 mL
Final volume ~100 mL ~100 mL 95 mL
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3.2 Extracellular-Matrix (ECM) Solution

To facilitate branching morphogenesis of basal cell-derived organoids, collagen | must be added to the
extracellular-matrix (ECM) domes (Figure 3).

CellAdhere™ Type |, Collagen, Bovine, Solution is supplied as an acidic solution and must be neutralized to
~pH 7.5 before mixing with Corning® Matrigel®.

NOTE: Prepare Matrigel®/collagen I-ECM mixture and use immediately prior to cell culture. Do not store for
longer than 2 hours.

NOTE: Matrigel® and collagen | must be prepared in a sterile biosafety cabinet and kept continuously on ice
to avoid premature gelation.

The following example is for preparing 2 mL of ECM solution, sufficient for ~15 domes. Each dome requires
120 uL of Matrigel®/Collagen I-ECM solution.

1. To bring the collagen | solution to ~pH 7.5, add reagents in a 15 mL conical tube, on ice, following the
order in Table 2.

2. Mix thoroughly after each addition. Avoid introducing bubbles while mixing, especially after the addition of
collagen I. The final concentration of collagen | in the neutralized solution should be ~4 mg/mL.

Table 2. Preparation of a Neutralized Collagen-l Solution

REAGENT VOLUME
MammoCult™ Organoid Basal Medium 1 358 pL
GlutaMAX™ Supplement 10 uL
HEPES Buffer Solution (1 M) 15 uL
Sodium bicarbonate 7.5% solution 12 L
Sterile-filtered water 15 uL
CellAdhere™ Type I, Collagen, Bovine, Solution (~6 mg/mL) 830 uL
Sodium hydroxide solution (1 N) 10 pL
Total Volume 1250 pL

3. Thaw the required volume of Matrigel® on ice; each dome requires ~60 pL of Matrigel®.

4. Mix equal volumes of Matrigel® and collagen | solution; for example, add 1 mL of the neutralized collagen
| solution (4 mg/mL) to 1 mL of Matrigel®. The final concentration of collagen | in the ECM solution is
~2 mg/mL.
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Collagen |

Figure 3. Collagen | Supports Organoid Branching Morphogenesis

Non-sorted mammary epithelial cells were seeded into 3D organoid culture in Matrigel® domes supplemented with
increasing concentrations of collagen |. The degree of organoid branching was proportional to the concentration of
collagen I. Scale bars = 100 pm.

4.0 Protocol Diagram

MammoCult™ Luminal Organoid Medium (LOM)
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Figure 4. MammoCult™ Organoid Kit Protocol Diagram and Representative Images of Expected
Culture Morphology
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5.0 Preparation of Mammary Tissues and Cells

The following protocols are for dissociating normal human mammary tissue and subsequently culturing and
passaging cells in 2D culture. To dissociate human tumor breast tissue, follow the protocol adapted from
Navin et al. and Engelbrecht and Twigger et al.

Read the entire protocol before proceeding. Use sterile technique when performing all protocols. Avoid the
use of glass pipettes and tubes when handling mammary epithelial cells, as mammary cells adhere to glass.

5.1 Dissociation of Normal Human Mammary Tissue
1. Prepare DMEM/F-12 with 15 mM HEPES supplemented with 5% fetal bovine serum (FBS).

2. Transport the reduction mammoplasty specimen from the operating room on ice in a sterile container in
DMEM/F-12 with 15 mM HEPES supplemented with 5% FBS.

NOTE: Whole tissue may be stored at 4°C in Advanced DMEM/F-12 supplemented with 5% FBS for a
maximum of 48 hours prior to dissociation without adversely affecting cell viability or state.

3. Transfer the tissue to a sterile glass Petri dish using sterile forceps. Add 2 mL of Advanced DMEM/F-12
to the dish and use sterile scalpels to mince the tissue into ultra fine pieces.

4. Prepare 1X or 2X Human Mammary Dissociation Mixture (Table 3) and filter sterilize through a 0.2 ym
filter. Tissue can be dissociated for 6 hours using the 2X Human Mammary Dissociation Mixture or
overnight (i.e. 16 hours) using the 1X Human Mammary Dissociation Mixture.

NOTE: It is recommended to use the 6-hour dissociation protocol, as it better preserves the native cellular

composition of the tissue and the corresponding gene expression profiles than the overnight dissociation
protocol. The shorter dissociation protocol also results in liberation of cells with greater organoid-forming
potential (Figure 5).

Table 3. Preparation of 1X or 2X Human Mammary Dissociation Mixture

REAGENT SO = =
CONCENTRATION | FINAL VOLUME/| FINAL VOLUME/
CONCENTRATION | MASS CONCENTRATION | MASS
DMEM/F-12/HEPES - - 34 mL - 28 mL
Bovine serum albumin - 2% (w/v) 800 mg 4% (wiv) 1649
Collagenase/Hyaluronidase | 10X 1X 4 mL 2X 8 mL
Human recombinant insulin | 10 mg/mL 1 pg/mL 4 L 1 pg/mL 4 L
DNase | Solution 1 mg/mL 50 pg/mL 2mL 100 pg/mL 4 mL
Antibiotics (Optional) 5 mg/mL 50 pg/mL 400 uL 50 pg/mL 400 uL
Total volume - - ~40 mL - ~40 mL

NOTE: DNase may be inactivated by proteases present in the collagen mixture.

5. Place the tissue fragments into a baffled, sterile Tissue Dissociation Flask ( ~10 g tissue per 40 mL).

6. Add enough Dissociation Mixture to cover the tissue and to bring the volume up to the widest portion of
the Dissociation Flask (e.g. ~40 mL of Dissociation Mixture per 10 g of tissue). The tissue fragments
should be well suspended in the Dissociation Mixture. Use additional flasks if required. Do not overload
the Dissociation Mixture with tissue.

7. Cover the opening of the flask with sterile aluminum foil.
NOTE: The flasks should be sealed with Parafilm® if the orbital shaker is not in a 5% CO2 incubator.
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10.

1.

12.

13.

Place the flask on an orbital shaker at 37°C using the following speeds:

e For the 16-hour dissociation using the 1X Human Mammary Dissociation Mixture: 70 RPM

e For the 6-hour dissociation using the 2X Human Mammary Dissociation Mixture: 90 RPM.
NOTE: Monitor the dissociation hourly to assess completion; smaller samples dissociate faster.

Examine the dissociated tissue under a microscope. Dissociation is complete when the bulk of the
material can be drawn up though the bore of a 10 mL pipette, and terminal duct lobular units and ductal
fragments are visible under a light microscope (Figure 6).

Transfer the dissociated tissue fragments to 50 mL conical tube(s). Wash the flasks vigorously with warm
Advanced DMEM/F-12/HEPES and transfer the wash to the same conical tube(s).

Perform differential centrifugation to enrich for epithelial mammary cells:

a. Centrifuge the tube(s) at 80 x g for 30 seconds. Remove the overlying fat layer and discard. The first
pellet is highly enriched for epithelial duct and lobular fragments (Figure 6). Save and label this fraction
“Pellet A”.

b. Transfer the supernatant to a new 50 mL conical tube. Centrifuge at 200 x g for 4 minutes. The second
pellet is enriched for stromal, epithelial, and red blood cells. Save and label this fraction “Pellet B”.

c. Transfer the supernatant to a new 50 mL conical tube and centrifuge at 450 x g for 5 minutes. This
third pellet is enriched for stromal cells. Save and label this fraction “Pellet C”.

NOTE: Human mammary fibroblasts in pellet C can be expanded in adherent culture in DMEM/F-12
with 15 mM HEPES and supplemented with 10% FBS. These cultured cells can be used in
subsequent mammary organoid co-culture experiments as described in section 8.2.

d. Remove and discard the supernatant.

e. Add 10 mL of Advanced DMEM/F-12/HEPES to each pellet, resuspend gently, and centrifuge at
300 x g for 5 minutes.

f. Remove and discard supernatant.
g. Repeat the washing step once more. The washes remove any traces of residual enzymes.

The different cell fractions can be cryopreserved as cell clumps for later use or further digested to
generate single-cell suspensions (section 5.2).

NOTE: Cryopreservation of cell clumps leads to better cell viability than cryopreservation of single-cell
suspensions.

For cryopreservation, resuspend each pellet in CryoStor® CS10 cell freezing medium. Divide the pellet
into the appropriate number of aliquots based on their sizes. Cryopreserve cells using a standard slow

rate-controlled cooling protocol. Freeze at -80°C for ~4 hours or overnight, then store at -135°C (liquid

nitrogen). Long-term storage at -80°C is not recommended.
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Figure 5. Dissociation Time Influences Lineage-Specific Cell Recovery and Subsequent Organoid-
Forming Efficiency

Patient-matched healthy human breast tissue from reduction mammoplasties was subjected to one of two enzymatic
workflows: a short dissociation (overnight storage of whole tissue at 2 - 8°C followed by a 6-hour incubation in

2X Dissociation Mixture) or a long dissociation (16-hour incubation in 1X Dissociation Mixture). The resulting epithelial and
stromal fragments were further dissociated to single cells using trypsin. (A) Left: Representative flow cytometry plots of
EpCAM and CD49f expression, which identify and quantify the specific cell lineages liberated by each dissociation
method. Right: Representative brightfield images of passage 0 organoid cultures on day 12, seeded using cells
dissociated with the short or overnight protocol then grown in MammoCult™ LOM. Scale bars = 200 ym. (B) Percentages
of stromal (gray), basal (orange), secretory luminal (green), and hormone-responsive luminal (blue) lineages obtained
after short (6-hour) or long (overnight) enzymatic dissociation protocols (n = 4).
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Pellet A Fragments Ducts

Figure 6. Characterization of Dlssomated Human Mammary Tissue Fragments in Pellet A

Left: Representative brightfield images of epithelial fragments recovered in Pellet A after differential centrifugation and
before single-cell reduction. Scale bars = 200 pm. Right: Representative confocal immunofluorescence images of
epithelial fragments from Pellet A showing the two primary functional units of the mammary gland: terminal duct lobular
units (TDLUs) and ducts. Basal/myoepithelial cells are identified by K14 (red) or smooth muscle actin (SMA; red), while
luminal cells are identified by K8 (green). Scale bars = 50 ym.

5.2 Generation of Single-Cell Suspensions

1.

© © N>R W

Prepare HF solution: HBSS with 10 mM HEPES Without Phenol Red, supplemented with 5% FBS. Keep
cold.

If working with fresh cell pellets from section 5.1, proceed to step 3 below to lyse any contaminating red
blood cells. If working with cryopreserved cell pellets, follow thawing instructions below (a - f) then
proceed directly to step 8.

NOTE: A lysis step with Ammonium Chloride Solution is not required if starting with cryopreserved cells,
as red blood cells do not survive cryopreservation.

a. Obtain a vial of cryopreserved human mammary cells (pellet A).

NOTE: If pellet A is depleted, pellet B can be used. Pellet B contains a higher number of
contaminating non-epithelial cells.

b. Thaw cells by gently swirling the vial in a 37°C water bath. To reduce the possibility of contamination,
keep the O-ring and cap out of the water. Remove the vial when only a small frozen cell pellet
remains. Do not vortex cells.

Wipe the outside of the vial with 70% ethanol or isopropanol.
Transfer the cell suspension to a sterile 15 mL conical tube and slowly add 5 mL of cold HF solution.
Centrifuge at 300 x g for 5 minutes.

=0 ao

Remove and discard the supernatant.

Add 1 mL of cold HF solution to the pellet.

Add 4 mL of cold Ammonium Chloride Solution.
Triturate using a 1 mL pipettor to mix the cells.
Incubate on ice for 1 minute to lyse red blood cells.
Centrifuge at 300 x g for 5 minutes.

Remove and discard supernatant.

Resuspend the cells in 1 mL of pre-warmed Trypsin-EDTA (0.25%) and triturate with a 1 mL pipettor ten
times to break up fragments into single cells.

NOTE: If using pellet B, trypsinization may not be necessary as most cells may already be single cells.
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10.

11.
12.
13.

14.
15.
16.
17.
18.
19.
20.
21.

Incubate at 37°C for 3 minutes then triturate again ten times. For best results, inspect the cell suspension
under the microscope to determine if further trypsin incubation is necessary. Do not incubate in trypsin
longer than needed.

Add 10 mL of cold HF solution to inactivate trypsin.

Centrifuge at 300 x g for 5 minutes.

Remove and discard the supernatant.

NOTE: The pellet may be viscous at this stage due to the presence of free DNA.

Add 1 - 2 mL of pre-warmed Dispase solution supplemented with 0.1 mg/mL DNase | to the cell pellet.
Triturate using a 1 mL pipettor ten times to break up the fragments into single cells.
Incubate at 37°C for 1 minute and then triturate again ten times.

Add 10 mL of cold HF solution.

Filter the 11 mL of cell suspension through a 70 um Reversible Strainer into a new tube.
Centrifuge the eluent (containing single cells and small fragments) at 300 x g for 5 minutes.
Remove and discard the supernatant.

The single-cell suspension is now ready for seeding into either 2D adherent (section 5.3) or 3D organoid
culture (sections 6.0 or 7.0).

NOTE: Pre-culturing cells in 2D culture prior to 3D culture is highly recommended to increase organoid-
forming efficiency (Figure 7).

5.3 Pre-culturing Human Mammary Cells in 2D Adherent Culture

1.

Prepare the appropriate complete medium and warm to 37°C.

To culture luminal cells, prepare complete MammoCult™ LOM (section 3.0). To culture a mixed
population of luminal and basal cells, prepare complete EpiCult™ Plus Medium. For instructions on how
to prepare the complete EpiCult™ Plus Medium, refer to the product information sheet

(Document #10000005201), available at www.stemcell.com, or contact us to request a copy.

Resuspend the cells in 1 mL of the appropriate medium.
Count live cells using Trypan Blue and a hemocytometer or Nucleocounter®.

Remove an aliquot of ~2 x 10”5 cells and transfer to one well of a 6-well CellAdhere™ Collagen I-Coated
Plate containing 3 mL of the desired cell culture medium.

NOTE: A collagen I-coated plate must be used for 2D culture.
Place the lid on the plate and incubate at 37°C and 5% COa.

Perform a full-medium change every 3 - 4 days by removing medium from the well and adding 3 mL of
fresh, warm (37°C) complete medium (MammoCult™ LOM or EpiCult™ Plus Medium).

After ~3 - 6 days in culture, the cells should reach ~80% confluency and the cultures are ready for
passaging.

5.4 Passaging Human Mammary 2D Adherent Cell Cultures

1.

Prepare the appropriate cell culture medium (MammoCult™ LOM to enrich for luminal cells or complete
EpiCult™ Plus Medium to maintain a mixed population of luminal and basal cells).

Warm medium and Trypsin-EDTA (0.25%) in a 37°C water bath.
Remove the cell culture medium from the well and discard.
Add 1 mL of pre-warmed Trypsin-EDTA (0.25%).
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5. Incubate the plate at 37°C until the cells have detached from the culture plate.

6. Transfer the trypsin/cell suspension to a 15 mL conical tube containing 10 mL of cold (2 - 8°C) HF
solution to inactivate trypsin.

7. Centrifuge at 300 x g for 5 minutes.
8. Resuspend the cells in 1 mL of the appropriate cell culture medium.
9. Count live cells using Trypan Blue and a hemocytometer or Nucleocounter®.

10. Remove an aliquot of ~2 x 1075 cells and transfer to one well of 6-well CellAdhere™ Collagen I-Coated
Plate containing 3 mL of the desired cell culture medium.

11. Place the lid on the plate and incubate at 37°C and 5% CO:..

12. Perform a full-medium change every 3 - 4 days by removing medium from the well and adding 3 mL of
fresh, warm (37°C) complete medium (MammoCult™ LOM or EpiCult™ Plus Medium).

13. After ~3 - 6 days in culture, cells should reach ~80% confluency and cultures are ready for passaging.
14. Cultures from passages 0 - 3 can be seeded directly into 3D organoid culture or cryopreserved for later use.

15. To detach cells, follow steps 2 - 7 above and resuspend cells in the appropriate medium for the
subsequent procedure.

EpiCult™ Plus Medium MammoCult™ Luminal Organoid Medium

K8 K14 DAPI K8 K14 DAP
- - 0

MUC1 DAPI

Luminal

65.90% Luminal

6
19 92.77%

10°

10*

EpCAM-AF647
EpCAM-AF647

10° 10* 10° 10°
CD49f-AF488

10° 10* 10° 10°
CDA49f-AF488

Figure 7. Pre-Culture of Normal Human Mammary Epithelial Cells in 2D Adherent Culture

(A) Culturing cells in EpiCult™ Plus Medium gave rise to a mixed population of K8+ luminal cells (green) and K14+ basal
cells (red). Scale bars = 100 ym. A representative flow cytometry plot of EpCAM vs CD49f confirmed the presence of the
luminal and basal cell populations. (B) Culturing cells in MammoCult™ LOM positively selected for K8+ luminal cells
growing in tightly packed clusters. A flow cytometry plot of EpCAM vs CD49f showing a predominantly luminal population.
These cells also expressed ER (red), PR (red), and MUC1 (pink), consistent with a luminal cell identity. K14+ basal cells
were rarely observed. DAPI (blue). Scale bars = 100 ym.
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6.0 Luminal Organoid Culture
Read the entire protocol before proceeding. Use sterile technique when performing all protocols.

6.1 Establishing Human Mammary Luminal-Cell Organoid Cultures

The following protocol describes establishing luminal-cell organoids (Figure 8) from fresh or cryopreserved
cells, with or without prior 2D culture in MammoCult™ LOM.

1. Thaw 100 uL of Matrigel® on ice for each well to be cultured.
NOTE: Keep all consumables and reagents on ice.
2. Warm a non-tissue culture-treated 24-well plate in a 37°C incubator for at least 1 hour.

NOTE: It is highly recommended to use non-tissue culture-treated plates; their hydrophobic surface
substantially improves the formation and integrity of the ECM domes.

3. Prepare MammoCult™ LOM (section 3.0) and warm to 37°C.

4. |If culturing cells directly from a fresh, uncultured single-cell suspension (section 5.2) or pre-cultured cells
(sections 5.3 and 5.4), proceed to step 5. If using cryopreserved cells, follow thawing instructions
(steps a - g) below then proceed to step 5.

a. Obtain a vial of cryopreserved human mammary single-cell suspensions with or without prior 2D
culture in MammoCult™ LOM.

b. Thaw cells by gently swirling the vial in a 37°C water bath. To reduce the possibility of
contamination, keep the O-ring and cap out of the water. Remove the vial when only a small frozen
cell pellet remains. Do not vortex cells.

c. Wipe the outside of the vial with 70% ethanol or isopropanol.

d. Gently transfer the cell suspension to a sterile 15 mL conical tube and slowly add 5 mL of cold HF
solution.

e. Centrifuge at 300 x g for 5 minutes.
f. Remove and discard the supernatant.
g. Gently resuspend the cell pellet in 1 mL of HF solution.
5. Count live cells using Trypan Blue and a hemocytometer or Nucleocounter®.
6. Remove an aliquot of ~2 - 3 x 10”4 cells and transfer to a 15 mL conical tube containing 1 mL of HF solution.

NOTE: If seeding organoid cultures from a fresh, uncultured single-cell suspension, a higher number of
cells is required (i.e. ~4 - 6 x 10*4 cells) to compensate for reduced epithelial cell content and organoid-
forming potential.

7. Centrifuge at 300 x g for 5 minutes at 2 - 8°C.

8. Carefully aspirate the supernatant using a 1 mL pipettor followed by a 200 uL pipettor; tilt the tube while
aspirating to ensure the tip is away from the cell pellet.
NOTE: Residual medium will dilute the Matrigel® and reduce the integrity of dome structures. Aspirate as
much supernatant as possible while being careful not to disturb the cell pellet.

9. Retrieve the warm, non-tissue culture-treated 24-well plate from the incubator and place it in a biosafety
cabinet.

10. Add 100 pL of cold Matrigel® to the cell pellet.
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12.

13.

14.
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17.
18.
19.

20.

Set a 200 pL pipettor to 90 pL and pipette the Matrigel®/cell suspension up and down 10 times to mix the
cells evenly.

NOTE: To avoid generating bubbles, keep the pipette tip submerged and do not dispense past the
halfway point while mixing.

Slowly dispense 90 uL of the mixed Matrigel®/cell solution into the center of a well of the 24-well plate.
Start with the tip just above the surface of the plate and draw the pipette upward while dispensing to form
a dome structure. Dispense most of the solution, leaving a small amount in the pipette tip to avoid
generating bubbles on top of the dome.

NOTE: Any bubbles introduced into the dome will disappear after 5 days.

Place the lid on the culture plate and let the plate sit undisturbed at room temperature (15 - 25°C) in the
biosafety cabinet for 5 minutes to allow the domes to partially solidify.

Carefully transfer the plate to a 37°C incubator for 15 minutes to allow the domes to complete gelation.
Transfer the plate back to the biosafety cabinet.

Without disturbing the domes, add 1 mL of warm (37°C) MammoCult™ LOM to the well by gently
pipetting down the side of the well. Do not pipette medium directly onto the domes.

Add sterile PBS or water to any unused wells.
Place the lid on the plate and incubate at 37°C and 5% COa..

Perform a full-medium change 3 times per week by removing medium from the well and adding 1 mL of
fresh, warm medium (37°C). To avoid weekend medium changes, perform medium changes on Mondays,
Wednesdays, and Fridays. Add 2 mL of medium on Friday.

NOTE: To monitor organoid growth, take images of the same field of view every 2 - 3 days until they are
passaged.

After ~10 - 15 days in culture, the organoids are ready to be passaged.

1800 667 0322 +1 604 877 0713

INFO@STEMCELL.COM TECHSUPPORT@STEMCELL.COM FOR GLOBAL CONTACT DETAILS VISIT WWW.STEMCELL.COM



K8 K14 DAPI MUC1 EpCAM MUC1 EpCAM ER DAPI

K8 PMCA2

Luminal
94.34%

EpCAM-AF647
3

p
Lo
QO

2%

-10% 10* 10410°10°107 10®
CD49f-APC-Cy7
KIT-negative luminal

B KiT-positive luminal

Figure 8. Expected Organoid Morphologies from Single Cells After ~2 Weeks of Culture in
MammoCult™ LOM

Pure luminal organoid cultures (passage 1) were generated from a non-sorted, single-cell suspension of cells seeded in
MammoCult™ LOM. Most organoids stained positive for the luminal markers MUC1 (green), K8 (green), and PMCA2
(pink). The presence of secretory-lineage luminal cells was confirmed by expression of KIT and, more rarely, by co-
expression of both K8 and K14. DAPI (blue). Scale bars = 100 ym.

6.2 Passaging Human Mammary Luminal Cell Organoid Cultures

1.

2.
3.
4

i
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Thaw 100 pL of Matrigel® on ice for each well to be cultured.
Warm a new non-tissue culture-treated 24-well plate in a 37°C incubator for at least 1 hour.
Warm Trypsin-EDTA (0.25%) and MammoCult™ LOM in a 37°C water bath.

Retrieve the plate containing the organoids from the incubator. Without touching the dome, aspirate the
medium from each well to be passaged and discard.

Using a 1 mL pipettor, forcefully add 1 mL of warm Trypsin-EDTA (0.25%) to the center of the dome.
Triturate 10 - 15 times or until the organoids are broken up into a mixture of small fragments and single
cells. Take care to minimize the generation of bubbles.

Transfer the cell suspension to a 15 mL conical tube containing 5 mL of HF solution to inactivate trypsin.
Centrifuge at 300 x g for 5 minutes at 2 - 8°C.

Remove and discard the supernatant.

Resuspend the pellet in 1 mL of HF solution.

. Passage the organoids 1:5 to 1:2 by removing an aliquot of 200 - 500 pL. Transfer the appropriate

volume to a new tube containing 1 mL of HF solution.

11. Follow steps 7 - 20 in section 6.1.
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7.0 Basal-Cell Organoid Culture

Read the entire protocol before proceeding. Use sterile technique when performing all protocols.

7.1 Establishing Human Mammary Basal-Cell Organoid Cultures
from Single-Cell Suspensions

The following protocol describes establishing basal-cell organoids from fresh or cryopreserved single-cell
suspensions, with or without prior 2D culture in EpiCult™ Plus Medium.

1. Warm a non-tissue culture-treated 24-well plate in a 37°C incubator for at least 1 hour.
2. Prepare MammoCult™ MOM (section 3.0) and warm to 37°C.

3. If culturing cells directly from a fresh, uncultured single-cell suspension (section 5.2) or pre-cultured cells
(sections 5.3 and 5.4), proceed to step 4. If using cryopreserved cells, follow thawing instructions
(steps a - g) below then proceed to step 4.

a. Obtain a vial of cryopreserved human mammary cells that have been pre-cultured in EpiCult™ Plus
Medium in 2D adherent cell culture.

NOTE: Cells at passage 4 or earlier are optimal.

b. Thaw cells by gently swirling the vial in a 37°C water bath. To reduce the possibility of
contamination, keep the O-ring and cap out of the water. Remove the vial when only a small frozen
cell pellet remains. Do not vortex cells.

c. Wipe the outside of the vial with 70% ethanol or isopropanol.

d. Gently transfer the cell suspension to a sterile 15 mL conical tube and slowly add 5 mL of cold HF
solution.

e. Centrifuge at 300 x g for 5 minutes.
f. Remove and discard the supernatant.
g. Gently resuspend the cell pellet in 1 mL of HF solution.
4. Count live cells using Trypan Blue and a hemocytometer or Nucleocounter®.

5. Remove an aliquot of ~1.5 x 104 cells per dome to be seeded and transfer to a 15 mL conical tube
containing 1 mL of HF solution.

NOTE: It is recommended to seed cultures from cells that have been pre-cultured in EpiCult™ Plus
Medium. If using fresh, uncultured single-cell suspension, a higher number of cells is required
(i.e. ~3 x 10”4 cells).

6. Centrifuge at 300 x g for 5 minutes at 2 - 8°C.

7. Carefully aspirate the supernatant using a 1 mL pipettor followed by a 200 uL pipettor. Avoid disturbing
the cell pellet; tilt the tube while aspirating to ensure the tip is away from the cell pellet. The pellet is often
not visible but remains attached to the tube even if fully inverted.

NOTE: Residual medium will dilute the ECM and reduce the integrity of dome structures. Aspirate as
much supernatant as possible while being careful not to disturb the cell pellet.

8. Prepare Matrigel®/collagen |I-ECM solution (section 3.2).
NOTE: Work quickly and keep tubes and reagents on ice to avoid premature gelation.
9. Resuspend the cell pellet in 120 L of the Matrigel®/collagen I-ECM solution.

10. Retrieve the warm non-tissue culture-treated 24-well plate from the incubator and place it in a biosafety
cabinet.
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11. Set a 200 uL pipettor to 100 uL and pipette the ECM/cell suspension up and down 10 times to mix the
cells evenly throughout the ECM.

NOTE: To avoid generating bubbles, keep the pipette tip submerged and do not dispense past the
halfway point while mixing.

12. Slowly dispense 100 uL of the mixed ECM/cell suspension into the center of a well of the warm 24-well
plate. Start with the tip just above the surface of the plate and draw the pipette upward while dispensing

to form a dome structure. Dispense most of the solution, leaving a small amount in the pipette tip to avoid
generating bubbles on top of the dome.

13. Place the lid on the culture plate and let the plate sit undisturbed at room temperature (15 - 25°C) in the
biosafety cabinet for 5 minutes to allow the domes to partially solidify.

14. Carefully transfer the plate to a 37°C incubator for 15 minutes to allow the domes to complete gelation.

15. Transfer the plate back to the biosafety cabinet. Without disturbing the domes, add 1 mL of warm (37°C)
MammoCult™ MOM to the well by gently pipetting down the side of the well. Do not pipette medium
directly onto the domes.

16. Add sterile PBS or water to any unused wells.
17. Place the lid on the plate and incubate at 37°C and 5% CO:..

18. Perform a full-medium change 3 times per week by removing medium from the well and adding 1 mL of
fresh, warm medium (37°C). To avoid weekend medium changes, perform medium changes on Mondays,
Wednesdays, and Fridays. Add 2 mL of medium on Friday.

19. Organoids will form branching ductal outgrowth typically after 10 - 15 days but may take longer depending
on the donor.

NOTE: After 10 - 15 days in culture, lumen formation can be induced in the branch tips by changing
medium to a GFR Medium (section 3.1). Organoids form lumen within 2 - 3 days (Figure 9) and will
survive a few days before collapsing.

20. After 10 - 17 days in culture, organoids are ready for passaging.

MammoCult™ Multilineage Organoid Medium MammoCult™ GFR Organoid Medium
Ki67 EpCAM DAPI K8 K14 DAPI Ki67 EpCAM DAPI K8 K14 DAPI

Figure 9. Expected Organoid Morphologies After ~2 Weeks of Culture in MammoCult™ MOM

Organoid cultures from single-cell suspensions seeded in MammoCult™ MOM generated a mixture of pure luminal- and
pure basal-cell organoids. Changing the culture medium to a MammoCult™ GFR Medium promoted lumen formation
(indicated by the asterisk) in pure basal-cell organoids. Organoids were stained for Ki-67 (green), epithelial cell adhesion
molecule (EpCAM; red), K14 (red), K8 (green), and DAPI (blue). Scale bars = 100 pm.
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7.2 Passaging Human Mammary Basal-Cell Organoid Cultures

1.
2.
3.
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12.

Warm a non-tissue culture-treated 24-well plate in a 37°C incubator for at least 1 hour.
Warm Trypsin-EDTA (0.25%) and MammoCult™ MOM in a 37°C water bath.

Retrieve the plate containing the organoids from the incubator. Without touching the dome, aspirate the
medium from each well to be passaged and discard.

Add 1 mL of warm Trypsin-EDTA (0.25%) directly to the well. Use a 5 mL or 10 mL serological pipette to
triturate and forcefully break up the ECM dome structure.

NOTE: Collagen | makes the domes dense; they must first be broken up using 10 mL or 5 mL serological
pipettes that have a larger bore. Pin the domes between the pipette and plate bottom to physically force
the dome into the pipette.

Incubate the plate at 37°C for 1 minute.

Triturate ten times with a 1 mL pipettor. Add more trypsin if necessary.

Incubate the plate at 37°C for 1 minute.

Transfer the cell suspension to a 15 mL conical tube containing 5 mL of HF solution to inactivate trypsin.
Centrifuge at 300 x g for 5 minutes at 2 - 8°C.

. Remove supernatant and resuspend in 1 mL of HF solution.
. Passage the organoids between 1:5 to 1:2 by withdrawing an aliquot of 200 - 500 pL and transferring the

cells to a new tube containing 1 mL of HF solution.

NOTE: To increase branching morphogenesis after passaging, add ~5,000 human mammary fibroblasts
to the cell suspension at this point.

Proceed to step 6 in section 7.1 above to seed the cells into organoid culture.
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8.0 Multilineage Organoid Culture

To generate multilineage organoids, terminal ductal lobular units (TDLUs) and ductal fragments can be
seeded directly in 3D organoid culture in MammoCult™ MOM following collagenase/hyaluronidase digestion
of normal human breast tissue (section 5.1). However, a more efficient method for generating multilineage
organoids is to pre-culture basal cells in EpiCult™ Plus Medium (section 5.3), luminal cells in MammoCult™
LOM (section 5.3), and mammary fibroblasts in DMEM/F12/HEPES with 10% FBS, and to combine the three
cell types by seeding them into AggreWell™ 400 Microwell Plates in MammoCult™ MOM to promote the
formation of cellular aggregates. These aggregates can be subsequently seeded into organoid culture in
MammoCult™ MOM where they will grow to branched multilineage structures (Figure 11). Aggregates require
the presence of fibroblasts and collagen | to facilitate branching morphogenesis in organoid culture (Figure 3).
The advantage of this workflow is that pre-culturing in 2D adherent culture improves cell aggregation and
yields uniformly sized aggregates. The size of aggregates is regulated by the number of cells seeded into the
AggreWell™ Microwell Plate. This process also generates very large numbers of aggregates, which can be
cryopreserved for later use. Multilineage organoids do not passage well since they drift towards being
composed solely of basal cells; however, a large number of multilineage aggregates can be generated using
AggreWell™ Microwell Plates, without the need for passaging to harvest large numbers of organoids.

Read the entire protocol before proceeding. Use sterile technique when performing all protocols.

8.1 Establishing Human Mammary Multilineage-Organoid Cultures
from Fragments

1. Warm a non-tissue culture-treated 24-well plate in a 37°C incubator for at least 1 hour.

2. Prepare MammoCult™ MOM and warm to 37°C.

If culturing fragments directly from freshly dissociated human mammary cells (pellet A), proceed to step 3.
If using a cryopreserved pellet follow thawing instructions (steps a - f) below then proceed directly to
step 9.

NOTE: A lysis step with Ammonium Chloride Solution is not required if starting with cryopreserved cells,
as red blood cells do not survive cryopreservation.

a. Obtain a vial of cryopreserved human mammary cells (pellet A).

b. Thaw cells by gently swirling the vial in a 37 °C water bath. To reduce the possibility of
contamination, keep the O-ring and cap out of the water. Remove the vial when only a small frozen
cell pellet remains. Do not vortex cells.

c. Wipe the outside of the vial with 70% ethanol or isopropanol.

d. Transfer the cell suspension to a sterile 15 mL conical tube and slowly add 5 mL of cold HF
solution.

e. Centrifuge at 300 x g for 5 minutes.
f. Remove and discard the supernatant.
Gently resuspend the cell pellet in 1 mL of HF solution.
Add 4 mL of Ammonium Chloride Solution.
Triturate with a 1 mL pipettor to mix the cells.
Incubate on ice for 1 minute to allow lysis of red blood cells.
Centrifuge at 300 x g for 5 minutes.
Remove and discard the supernatant.
Resuspend the cells in 5 mL of cold HF solution supplemented with 50 uyg/mL DNase I.
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Examine the tissue fragments under the microscope. If TDLU and ductal fragments are < 500 um,
proceed to step 11 below. If the tissue fragments are > 500 um, mechanically dissociate the fragments
into smaller pieces using the “tip-on-tip” method as follows:

a. First, attach the 1000 uL pipette tip to the pipettor.

b. Then attach a 200 pL pipette tip to the 1000 pL pipette tip.
c. Triturate a 1 mL volume vigorously for 40 cycles.
d

Examine the fragment sizes under the microscope and repeat trituration until a desirable fragment
size has been achieved.

NOTE: For particularly dense/fibrous tissue, it may be necessary to triturate in cold trypsin (instead of
HF solution) to aid dissociation. Avoid over-digesting the fragments into single cells, as this would
necessitate reaggregating the cells using AggreWell™ (Section 8.2)

Centrifuge at 300 x g for 5 minutes.
Remove and discard the supernatant.
Resuspend the cells in 2 mL of cold HF solution.

To count fragments, transfer 3 x 10 pL of fragment suspension into an empty well of a 6-well plate to
create three separate droplets.

Place the plate containing the remaining fragments on ice.

Determine the approximate number of organoid fragments using the droplets in the 6-well plate, as
follows:

a. Using a light microscope, count the number of organoid fragments in each 10 yL droplet. Only count
fragments that are 50 - 500 pym.

NOTE: If the fragment density is too high to count, dilute the suspension using HF solution and repeat
the count.

b. Calculate the volume required to transfer ~300 fragments/well to the next passage.
NOTE: Optimization of seeding densities per donor line is recommended. The indicated density
supports a 10-day passaging schedule, on average, for most donors.

Example: 3 x 10 uL fragment counts = 35, 40, 42 fragments
Average fragment count per 10 uL = 39 fragments
Volume required to transfer 300 fragments to next passage = 77 LL.
Transfer ~300 fragments to a new tube containing 1 mL of HF solution.
Centrifuge the tube containing the fragment suspension at 300 x g for 5 minutes at 2 - 8°C.

Carefully aspirate the supernatant using a 1 mL pipettor followed by a 200 uL pipettor; tilt the tube while
aspirating to ensure the tip is away from the cell pellet. The pellet is often not visible but remains attached
to the tube even if fully inverted.

NOTE: Residual medium will dilute the ECM and reduce the integrity of dome structures. Aspirate as
much supernatant as possible while being careful not to disturb the cell pellet.

Prepare Matrigel®/collagen I-ECM solution (section 3.2).

NOTE: Work quickly and keep tubes and reagents on ice to avoid premature gelation.
Resuspend the cell pellet in 120 L of the Matrigel®/collagen [-ECM solution.
Retrieve the warm non-tissue culture-treated 24-well plate from the incubator.
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23. Set a 200 pL pipettor to 100 yL and pipette the ECM/cell suspension up and down 10 times to mix the
cells evenly.

NOTE: To avoid generating bubbles, keep the pipette tip submerged and do not dispense past the
halfway point while mixing.

24. Slowly dispense 100 uL of the mixed ECM/cell suspension into the center of a well of the warm 24-well
plate. Start with the tip just above the surface of the plate and draw the pipette upward while dispensing
to form a dome structure. Dispense most of the solution, leaving a small amount in the pipette tip to avoid
generating bubbles on top of the dome. Without disturbing the domes, let the plate sit undisturbed at
room temperature (15 - 25°C) in the biosafety cabinet for 5 minutes to allow the domes to partially
solidify.

25. Carefully transfer the plate to a 37°C incubator for 15 minutes to allow the domes to complete gelation.
26. Transfer the plate back to the biosafety cabinet.

27. Without disturbing the domes, add 1 mL of warm (37°C) MammoCult™ MOM to the well by gently
pipetting down the side of the well. Do not pipette medium directly onto the domes.

28. Add sterile PBS or water to any unused wells.
29. Place the lid on the plate and incubate at 37°C and 5% CO:..

30. Perform a full-medium change every 2 - 3 days by removing medium from the well and adding 1 mL of
fresh, warm medium (37°C). To avoid weekend medium changes, perform medium changes on Mondays,
Wednesdays, and Fridays. Add 2 mL of medium on Friday.

31. Continue growing cultures for a minimum of 10 days (until organoids have formed branching ductal
outgrowths; Figure 10).

MammoCult™ Multilineage Organoid Medium

K8 K14 DAPI K8 K14 DAPI K8 SMA DAPI

Breast
Tissue
Fragments

3 u";l g
3
.

Figure 10. Expected Organoid Morphologies from Tissue Fragments or Mixed-Cell Aggregates in
MammoCult™ MOM

Cultures derived from dissociated breast tissue fragments seeded in MammoCult™ MOM generated polarized organoids
with an inner layer of K8-expressing luminal cells and an outer layer of smooth muscle actin (SMA)/K14-expressing basal
cells. Branching morphogenesis is dependent on the amount of fibroblasts present in the culture. K8 (green), SMA and
K14 (red), DAPI (blue). Scale bars = 100 pm.
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8.2 Establishing Human Mammary Cell Aggregates

The following protocol describes generating aggregates from basal cells that have been pre-cultured in
EpiCult™ Plus Medium (section 5.3), luminal cells that have been pre-cultured in MammoCult™ LOM
(section 5.3), and human mammary fibroblasts that have been pre-cultured in DMEM/F12 with 15 mM HEPES
and 10% FBS (pellet C from section 5.1).

1.
2.
3.

10.
11.
12.
13.

Prepare MammoCult™ MOM and warm to 37°C.
Warm Advanced DMEM/F-12 to 37°C.

If using fresh cells, detach cells by trypsinization and proceed to step 4 below. If using cryopreserved
cells, follow thawing instructions below (steps a - €) then proceed to step 4.

a. Obtain a vial of cryopreserved cells that have been pre-cultured in 2D in EpiCult™ Plus Medium, one
vial containing cryopreserved cells that have been pre-cultured in MammoCult™ LOM, and one vial of
human mammary fibroblast cells.

b. Thaw cells by gently swirling the vials in a 37°C water bath. To reduce the possibility of
contamination, keep the O-ring and cap out of the water.

NOTE: It is recommended to use cells at passage 4 or earlier.

c. Transfer each cell suspension to separate 15 mL conical tubes and slowly add 5 mL of cold HF
solution to each tube.

d. Centrifuge at 300 x g for 5 minutes.

e. Remove and discard the supernatant.

Resuspend each pellet in 1 mL of HF solution and leave on ice.

Open an AggreWell™ 400 24-well Plate in a biosafety cabinet.

NOTE: Do not expose AggreWell™ plates to organic solvents, including ethanol or isopropanol.

Pre-treat wells with Anti-Adherence Rinsing Solution by adding 500 uL to each well to be used for
generating aggregates. Anti-Adherence Rinsing Solution prevents cell adhesion and promotes efficient
organoid formation.

Centrifuge plate at 1300 x g for 5 minutes in a swinging-bucket rotor fitted with plate holders.

NOTE: Plates must be well balanced. Prepare a balance plate using a standard plate filled with water to
match the weight of the AggreWell™ plate.

Observe the plate under a microscope to ensure that bubbles have been removed from microwells. If
bubbles remain trapped in any microwells, centrifuge at 1300 x g for an additional 5 minutes.

Aspirate Anti-Adherence Rinsing Solution from the wells and discard.
Rinse each well with 2 mL of warm Advanced DMEM/F-12.

Aspirate medium from the wells and discard.

Add 1 mL of warm MammoCult™ MOM to each well to be used.

Count the cell number in the cell suspensions from step 4 using Trypan Blue and a hemocytometer or
Nucleocounter®. Refer to Table 4 to determine the total number of cells required per well to achieve
aggregates of the desired size. The suggested proportions of cells are 50% luminal, 40% basal, and 10%
fibroblast. For example, to achieve aggregates of ~50 cells per aggregate, a total of 6 x 1074 cells should
be added to one well (~3 x 1024 luminal cells, ~2.4 x 10*4 basal cells, and 6,000 fibroblasts). Ratios of
cell types may be adjusted or optimized to suit experimental requirements.

NOTE: Each well contains 1200 microwells and therefore ~1200 aggregates will be generated per well.
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Table 4. Required Number of Cells per Well for AggreWell™ 400 Plates

24-WELL PLATES
DESIRED NUMBER OF CELLS PER MICROWELL*| REQUIRED NUMBER OF CELLS PER WELL*
50 6 x 1074
100 1.2x 10%5
200 2.4 x 1075
500 6x 10°5
1,000 1.2 x 10%6
2,000 2.4 x 1078

*The recommended range is 50 - 3,000 cells per microwell.

14. Adjust the concentration of the single-cell suspension and add sufficient volume to each well to achieve
the desired cell number.

15. Top up each well with MammoCult™ MOM to a final volume of 2 mL.

16. Prepare a centrifuge balance plate using a standard plate filled with water to match the weight of the
AggreWell™ plate.

17. Pipette cells up and down gently several times to ensure even distribution of cells throughout the well. Be
careful not to introduce bubbles into the microwells.

18. Immediately centrifuge the AggreWell™ plate at 100 x g for 3 minutes to capture cells in the microwells;
use the balance plate.

19. Observe the plate under a microscope to verify that cells are evenly distributed among the microwells.

20. Incubate the plate at 37°C with 5% CO2 and 95% humidity for 4 - 6 days. Observe the cells under a
microscope; aggregates are ready and cohesive enough to be transferred to 3D organoid culture when
they have sharp, defined borders.

Luminal + Basal + Fibroblast Aggregates Aggregate Organoids
Day 6 Day 5

P"’
Basal Lum Fibro

K& K14 DAPI

Figure 11. Formation of Branching Morphogenesis in the Presence of Fibroblasts and Collagen |

Human mammary epithelial cells were sorted into three lineages and recombined into aggregates using AggreWell™400
Microwell 24-well Culture Plates. After 6 days in MammoCult™ MOM, aggregates were stained for K8 (green), K14 (red),
and fibroblast-specific protein 1 (FSP1, yellow). Upon transfer to 3D organoid culture, aggregates containing fibroblasts
exhibited ductal elongation and branching structures in 5 days. DAPI (blue). Scale bar = 100 pm.
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8.3 Transferring Aggregates to Organoid Culture

1.
2.
3.

10.

11.
12.

13.

14.

15.
16.

17.
18.
19.

20.

Warm a non-tissue culture-treated 24-well plate in a 37°C incubator for at least 1 hour.
Prepare MammoCult™ MOM and warm to 37°C.

Using a serological pipette, remove approximately half of the culture medium from the well and dispense
forcefully back onto the surface of the plate to dislodge the aggregates from the microwells.

Pipette the suspension up and down 2 - 3 times using a wide-bore pipette to ensure even distribution.
Withdraw ~120 aggregates by aspirating 200 pL (~10%) of the volume of a well.

NOTE: The expected yield is ~1200 aggregates for 1 well of a 24-well plate.

Transfer the aggregates to a 15 mL conical tube containing 1 mL of HF solution.

NOTE: Leftover aggregates can be cryopreserved in CryoStor® CS10 for later use.

Allow the aggregates to settle by gravity for at least 5 minutes.

NOTE: Avoid centrifugation or excess trituration of aggregates as this may shear or merge aggregates.

Use a 1 mL pipettor followed by a 200 uL pipettor to fully aspirate all of the supernatant without disturbing
the cell pellet.

NOTE: Residual medium will dilute the ECM and reduce the integrity of dome structures. Aspirate as
much supernatant as possible while being careful not to disturb the cell pellet.

Prepare a solution of cold Matrigel® supplemented with 2 mg/mL neutralized bovine collagen | as
described in section 3.2.

NOTE: Work quickly and keep on ice to avoid premature gelation.
Resuspend the cell pellet in 120 pL of the Matrigel®/collagen |I-ECM solution.
NOTE: Ensure that all tubes and reagents are kept continuously on ice.
Retrieve the warm non-tissue culture-treated 24-well plate from the incubator.

Set a 200 pL pipettor to 100 pL and pipette the ECM/cell suspension up and down 10 times to mix the
cells evenly throughout the ECM.

NOTE: To avoid generating bubbles, keep the pipette tip submerged and do not dispense past the
halfway point while mixing.

Slowly dispense 100 yL of the mixed ECM/cell suspension into the center of a well of the warm 24-well
plate. Start with the tip just above the surface of the plate and draw the pipette upward while dispensing
to form a dome structure. Dispense most of the solution, leaving a small amount in the pipette tip to avoid
generating bubbles on top of the dome.

Place the lid on the culture plate and let the plate sit undisturbed at room temperature (15 - 25°C) in the
biosafety cabinet for 5 minutes to allow the domes to partially solidify.

Carefully transfer the plate to a 37°C incubator for 15 minutes to allow the domes to complete gelation.

Without disturbing the domes, add 1 mL of warm (37°C) MammoCult™ MOM to the well by gently
pipetting down the side of the well. Do not pipette medium directly onto the domes.

Add sterile PBS or water to any unused wells.
Place the lid on the plate and incubate at 37°C and 5% COa.

Perform a full-medium change 3 times per week by removing medium from the well and adding 1 mL of
fresh, warm MammoCult™ MOM medium (37°C). To avoid weekend medium changes, perform medium
changes on Mondays, Wednesdays, and Fridays. Add 2 mL of medium on Friday.

Continue growing cultures for 10 - 15 days (until organoids have formed branching ductal outgrowths).

NOTE: The degree of branching may vary depending on the donor as well as the proportion of basal cells
and fibroblast cells within each aggregate.
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