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Short Abstract: should include a general description of the article (10 words minimum, 50 words maximum)
Cultures of human breast cells within biomimetic matrices are powerful tools for the accurate identification and characterization of factors affecting the biology of the human breast as well as other tissues.  Such 3D cultures allow the researcher to reach physiologically-relevant conclusions, whereas conventional 2D cell culture often generates irrelevant results. (50 words)
Long Abstract: (150 words minimum, 400 words maximum)
The Bissell laboratory has for over 30 years been developing methods for the culture of human breast or murine mammary cells under physiologically-relevant conditions, primarily in three-dimensional biological matrices (3D) that provide a basement-membrane-like microenvironment for the cells.  The conclusion that such 3D cultures facilitate observations that are more relevant, as compared to those made using 2D cell culture on tissue-culture plastics, is based on repeated observations of cellular polarity, architecture, functions, signaling cascades, and phenotypes analogous to those observed in vivo and in the clinic.  Thus 3D cultures are the “research method of choice” if one is to reach clinically applicable conclusions; conclusions based on conventional 2D systems are often erroneous.  
The most accessible biological matrices for 3D cultures are derived from Engelbreth-Holm-Swarm murine sarcomas (EHS) {commercialized under the tradenames Cultrex (Trevigen) and Matrigel (BD)}, or collagen I alone or in a mixture with EHS.  The critical qualities of these matrices include extracellular signaling agents and physical and mechanical properties of the matrices, all of which are finely tuned to generate biomimetic context for cell culture.  More recently, we and others have generated synthetic matrices whose nanofibrillar and viscoelastic properties can be tuned for optimal cell culture, and to which specific adducts can be applied at will, thus allowing dissection of the various microenvironmental cues controlling cell growth, differentiation, gene and epigenetic activity, and cancerous transformation.
The ‘visualized experiment’ presented here is the basic method for culturing human breast cells by embedding them either in a gel of growth-factor reduced, laminin-rich extracellular matrix (lrECM); or by culturing them in a lrECM ‘slurry’ on top of a gelled layer of lrECM.  The merits of each will be explained in the video and protocol.  This protocol may be adapted readily for use with other matrices such as collagen I or hyaluronin-based synthetics, or with other epithelial cell types.
Protocol Text: 

A) Length – There is no limitations to the length, BUT  if your protocol will exceed 3 pages of text formatted according to the example below, you MUST highlight the steps and sections that you think are essential for filming.  JoVE will film only 3 pages worth of highlighted material
B) Style – Protocol Text should be a step-by-step description of the experimental procedure.  Background information about the procedure should be included in the Abstract,  Discussion, and Representive Results. 

Describe procedure in sufficient detail so that the work can be reproduced.   Please use complete sentences, and write with a style similar to the example below. 

C) Format – Your protocol should be formatted to closely match the example below with respect to spacing and numbering.  12 pt Times New Roman font should be used throughout the document.   

Example:

2) Stabilizing Peptides for Cross-Linking

2.1)  Before solubilizing the HFIP-treated peptides for cross-linking reactions, one needs to prepare the cross-linking and quenching reagents. 

2.2)  Weigh out ammonium persulfate (APS, Mr 228.2 g/mol) and prepare a 20 mM solution in 10 mM sodium phosphate, pH 7.4. Mix using a vortex until the solution is clear.

2.3)  Prepare 1 mM solution of Tris(2,2-bipridyl)dichlororuthenium(II) hexahydrate (RuBpy, Mr 748.63 g/mol) in 10 mM sodium phosphate, pH 7.4. Mix using a vortex and verify complete dissolution. Protect the tube from light using aluminum foil.
Protocol for seeding human breast cells into 3D lrECM or EHS cultures, either embedded or “on top with EHS drip”
Preparation to be completed day before putting cells into lrECM or EHS 3D cultures
1. Assure that your cells will be healthy when transferred to 3D cultures:

a. For cells grown in 2D, this means feeding the cells at least once in the past 24-48 hours, cells must not have been trypsinized less than 24 hours prior to transfer to 3D, and cultures must be less than 75% confluent on day of transfer to 3D culture.

b. For primary cells, cells should be dispersed from tissue the same day they are placed in 3D cultures (i.e. do not passage these cells in 2D culture).

2. The day before setting up the 3D cell cultures, transfer an adequate amount of EHS or lrECM matrix from the freezer to a container of ice in the refrigerator.  This is important to allow the matrix to thaw slowly overnight. Refer to Table 1 for the amount of matrix required.

3. Assure that the protein concentration of your matrix is adequate: for EHS it should be close to 10 mg/ml; for Cultrex or NCI matrix it should be around 15-17 mg/ml.  Concentrations lower than ~8.5 mg/ml for EHS or lrECM fwill not work well.  Do not dilute matrices below these concentrations.

4. Transfer required pipettes and culture plates to 4ºC to chill at least one hour before use.

5. Make sure you have a level surface on which to incubate coated plates at 37ºC so that gel layers are even.

6. Assure you have sterile tools, including adequate number of 1.5 ml microcentrifuge tubes.

On day of 3D culture seeding:
1. Place matrix into a container full of ice near or in tissue-culture hood for easy access.

2. Prepare culture plates by precoating the chilled culture surface with a thin layer of matrix (on ice).  To do this, pipette matrix onto dish, tilting dish to encourage spread of matrix evenly and quickly over the entire culture surface and to minimize the formation of a meniscus, taking care not to introduce any bubbles. Transfer coated plates to a level, 37ºC surface to allow matrix layer to gel for about 30 minutes (may take less time; check a test plate to be certain of your particular gelling times). 

a. Troubleshooting: If you have trouble coating the entire surface before the matrix begins to solidify, place the culture plate on top of and in good contact with the ice, then spread the matrix; this will ensure that all is kept cold.  Once the lrECM matrix warms it solidifies.
3. Meanwhile, prepare a single cell suspension of your cells (trypsinize from 2D culture, or dissociate from primary tissue according to your lab’s protocol), determine cell density and verify health of the culture (e.g. trypan blue or other live/dead staining).

4. Aliquot cells to be plated in 3D into 1.5 ml microcentrifuge tubes (or larger tubes if appropriate for your culture size).  The number of cells per tube should be adjusted at this step so that each cell pellet can be resuspended and plated directly into 3D without further adjustment.  Densities for each cell type will need optimization, however we recommend starting with these cell densities: 0.85x106 per ml of matrix for non-malignant cells, and 0.5 x106 per ml of matrix for malignant cells. 
5. Gently pellet cells at ~115g for 2-5 minutes. 
6. Aspirate supernatant without dislodging cell pellet and leaving just a tiny bit of media for resuspending the cell pellet, and place tube with cell pellet onto ice.  The cells must be resuspended into single cells before addition of the matrix. Therefore resuspend cell pellet by flicking the tube to mix the cells with the media meniscus remaining after the bulk of the media was aspirated, or if needed add a tiny drop more of media to facilitate suspension. You may also need to back-pipet to resuspend the cells well.  Replace tube of cells into ice.
This is the point at which the protocol for 3D embedded cultures departs from the protocol for on-top drip cultures.

The following is for 3D embedded cultures:

7. Add appropriate amount (see Table 1) of cold matrix to each tube on ice, and gently mix the cells in this cold, undiluted matrix without introducing air bubbles.
8. Culture additives: Antibodies now, small molecules later
a. If you wish to add a small molecule to your cultures, such as a soluble drug, simply mix the drug into your culture media so that the drug will be delivered whenever (including in the initial feeding today) you add media to the 3D culture. 

b. Antibodies, on the other hand, should be mixed with the cells immediately after they have been resuspended in matrix to ensure even distribution of these rather large molecules over the cell surfaces prior to matrix solidification.  We generally do not replenish the antibodies at any other time during the culture period, as antibody delivery after the matrix has gelled is very inefficient.  
9. Immediately transfer matrix containing cells to the coated culture vessel, distribute quickly and evenly by rocking the plate or spreading, then place culture vessel on level surface, 37ºC, to allow matrix to gel for about 30 minutes.

10. After the matrix has gelled, add appropriate volume of media (usually a little more than the volume of matrix used, see Table 1).

11. Incubate 37ºC at gas levels desired.

Protocol for “On-top drip” method:

Note that this method is particularly useful for live-cell imaging, and allows immunostaining directly in the culture vessel.  For both these imaging purposes, it is best to use glass chamber slides for the cell cultures.  This method uses less matrix (cost-saving), reaches phenotypic endpoints more rapidly than embedded method, and facilitates imaging as the cell clusters are in a single plane on the surface of the matrix used to precoat the vessel.  (However, some phenotypes are more robust in embedded cultures than in on-top drip.)
1. Follow protocol above on Preparation day, and steps 1-6 to precoat the culture vessel and prepare the single cell suspension.

2. Then add additional media to the cells to half the final volume listed in Table 1. Mix gently but thoroughly. 

3. Plate cells onto precoated culture vessels, rock vessel a few times to distribute cells evenly, and incubate at 37ºC to allow cells to settle onto the surface of the gelled matrix; usually 10-30 minutes – settling of cells can be followed microscopically.  Cell density will need to be optimized for each cell type, but start with 0.25 e 5 cells/cm2 for non-malignant cells, and 0.15-0.20 e 5 cells/cm2 for malignant cells.  Note that some cell types may aggregate rather than remaining as single cells in these low-density cultures, a phenomenon that may require live-cell imaging to track.
4. Add ice-cold matrix to the remaining half of the ice-cold media to a final 10% concentration.  Additives such as drugs or antibodies should be included in this mixture as well.

5. Gently drip this 10% ice-cold mixture onto the cells in the vessel without rocking the culture (avoid dislodging the cells).  Thus the final matrix concentration is 5%.

6. The timecourse of acinar formation, and tumor reversion, is faster than in such on-top drip cultures than in embedded cultures; often the phenotype is evident by day 4 in on-top drip, while it takes a full 10 days to become evident in embedded cultures.
Tracking your 3D culture, either embedded or on top drip:

1. Change media every 2 days.  Note that on top drip cultures must be carefully handled, as these cultures are semi-fluid.
2. If small molecules such as drugs were added to your media for your experiment they usually should be included in your feed media as well.  This is generally not necessary if you included antibodies in your original plating.
3. Phase micrographs can be taken at intervals including day of harvest to track the timecourse of culture morphology or phenotypic changes.

4. It is often helpful to add reagents such as BrdU or EdU (Invitrogen) on the last day of culture to determine proliferative state of the culture at the time of harvest.

5. Cultures can be fixed and prepared for immunostaining using either 4% paraformaldehyde or a 50:50 mixture of methanol:acetone, depending on whether your molecule(s) of interest are soluble or membrane-bound, respectively.

6. Cells cultured on-top drip method can be fixed and stained directly in the dish or chamber slide, followed by immunostaining and direct imaging.

7. Embedded cells can be fixed in-situ if the priority is to maintain a delicate architecture (e.g. stellate), or the cultures can be extracted from the matrix, smeared onto microscope slides, then fixed.
8. Once fixed, the slides or cultures can be stored at -20ºC for months or at 4ºC for several days.  Note that some immunostains are not as sensitive when used on samples that have been stored for long periods.

9. 3D-culture-specific detailed immunostaining and RNA/DNA/protein protocols can be found in publication Lee et al, Nature Methods, vol 4 no. 4, April 2007.

Representative Results: – What happens when the protocol is done correctly?  What is the purity of your nucleic acid sample?  After performing a cell culture prep, how will the cells look in optimal conditions? What do your labeled cells look like when imaged in vivo using 2-photon laser microscopy? Please add a “representative” outcome to the protocol to show a viewer what a “good” or even “bad” result looks like.  
Tables and Figures:  Please make sure that text in all tables or figures is made in Arial font.  Figures should be submitted separately as layered .tiff or .psd files at 300 dpi.   All tables and figures should be given an appropriate title and should have a corresponding figure legend.    Include here Table 1 similar to our Nat Methods paper
Discussion: Short discussion on critical steps, possible modifications, applications, significance, etc…
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Cultrex BME
	Trevigen
	
	

	Matrigel
	BD
	
	

	DMEM/F12
	Invitrogen
	
	

	EdU
	Invitrogen
	C10337
	This is 488nm; other fluors are available.

	tyrphostin
	
	
	

	Antisera to alpha6 integrin
	
	
	

	Antisera to beta-catenin
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