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[Abstract] The use of three-dimensional (3D) cell culture systems is widely accepted as
representing a more physiologically relevant means to propagate mammary epithelial and breast
cancer cells. However, 3D cultures systems are plagued by several experimental and technical
limitations as compared to their traditional 2D counterparts. For instance, quantifying the growth of
mammary epithelial or breast cancer organoids longitudinally is particularly troublesome using
3

standard [ H]thymidine or MTT assay systems, or using computer-assisted area calculations.
Likewise, the nature of the multicellular aggregates and organoids formed by breast cancer cells
under 3D conditions precludes efficient recovery of the cells from 3D matrices, an event that is
time consuming and leads to spurious results. The assay described here utilizes stable expression
of firefly luciferase as means to quantify the longitudinal outgrowth of cells propagated within a 3D
matrices. The major advantages of this technique include its high-throughput nature and ability to
longitudinally track single wells over a defined period of time, thereby decreasing the costs
associated with assay performance. Finally, this technique can be readily combined with drug
treatments and/or genetic manipulations to assay their effects on the growth of 3D organoids.
Materials and Reagents
1.

Murine 4T1 mammary carcinoma cells (ATCC, catalog number: CRL-2539) or any cell line
of interest engineered to stably express firefly luciferase under the control of a
constitutively-active promoter such cytomegalovirus.
Note: Several Luciferase encoding plasmids are commercially available and typically
employ pcDNA3.1- or pBabe-based backbones to deliver firefly or renilla luciferases. In
either scenario, antibiotic administration is used to select and maintain stable expression
of luciferase in reporter cells.

2.

Cultrex: Reduced growth factor (RGF) basement membrane extract (BME) (Trevigen,
catalog number: 3433-005-01)

3.

Ice

4.

Dulbecco’s Modified Eagle Medium (DMEM) (Life Technologies, catalog number:
10313-021)

5.

®

Penicillin/Streptomycin (Pen/Strep) (Gibco , catalog number: 15140)
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6.

Fetal bovine serum (Sigma-Aldrich, catalog number: F1051)

7.

D-luciferin, Potassium Salt (15 mg/ml) in sterile H2O (Gold Bio, catalog number:
LUCK-1G)

Equipment
1.

2D culture dishes

2.

White walled, clear bottom 96-well culture dishes (Corning, Costar , catalog number:

®

3610)
3.

Luminometer capable of reading 96-well plate format (Promega GloMax-Multi Detection
System or similar bioluminescent plate reader).

4.

Hemocytometer or other means of cell counting

5.

37 °C/5% CO2 cell incubator

Procedure
1.

Cells are grown in DMEM supplemented with 10% FBS and Pen/Strep (full growth media).

2.

Cells are harvested from actively proliferating, sub-confluent 2D culture dishes.

3.

Cells are trypsinized, washed in excess full-growth media, and pelleted by gentle
centrifugation. Afterward, the resulting cell pellets are resuspended and allowed to recover
in full growth media for 2 h.

4.

During this time, coat the 96-well dish with 50 μl of 100% Cultrex per well and allow to gel
at 37 °C.
Note: Cultrex must be maintained on ice at all times to prevent solidification of the
matrices that transpires as the gel warms to >4 °C.

5.

Count the cells using the hemocytometer and dilute them to 1,000 cells in 150 μl of full
growth media, which is supplemented with 4% Cultrex. Thoroughly mix cells and
media/4% Cultrex solution and subsequently plate the cells on top of the solidified Cultrex
cushions.
Note: The 4% Cultrex solutions do not solidify, and as such, cells contained within these
mixtures will readily attach to solidified Cultrex cushions, thereby permitting top layer
media changes and/or replacements throughout the experiment.

6.

Prior to plating the cells, other compounds such as growth factors or chemical inhibitors
may be mixed with the cells and 4% Cultrex solutions. Each experimental condition should
be plated in triplicate.
Note: All test compounds must be screened initially by short-term exposure to verify that
these agents do not directly impact the expression of CMV-driven luciferase and/or the
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activity of luciferase: luciferin reactions.
7.

Two hours after plating the cells, obtain initial time zero (T0) luminescence readings by
adding 2 μl of D-luciferin (15 mg/ml) and gently tap the side of the plate to mix.
Note: Culture lid is open while in the plate reader, and as such, it is imperative that the
plate reader remain clean and well-sanitized, and potentially be located in a laminar flow
hood to prevent unwanted cell contamination. Culture medium does not need to be
replaced at this time.

8.

Place culture in a 37 °C incubator with 5% CO2.

9.

Four days after plating, multicellular organoids will have begun to form. Obtain a second
luminescence reading as described in step 7. Afterward, change and refresh all media and
experimental test components, being extremely careful not to disrupt the cells and
solidified Cultrex cushion.
Note: At this point, therapeutic protocols can be initiated to monitor the anticancer
activities of various chemotherapies against established organoids.

10.

For all experimental conditions, repeat steps 7-9 at days 8 and 11 post-plating.
Note: These time points may vary depending dramatically based on the relative growth
characteristics of the cell line under study. As such, longitudinal luciferase readings,
dosing regiments, and cell plating densities need to be determined empirically for each
cell line to be studied to maximize signal-to-noise ratios.

11.

Use Excel to normalize each luminescence value to the initial T0 value derived after
plating cells.
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