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[Abstract] Transwell migration assays have been widely used for studying the motility of different
types of cells including metastatic cancer cells. The assay is also useful in screens for
compounds that act as chemoattractants or inhibitors of chemotaxis for cells. The assay employs
a permeable layer of support, usually a tissue-culture-treated microporous membrane, which is
positioned between two compartments that mimic two different sets of microenvironments for cell
survival/growth. Cells on one side of the membrane, when sensing chemoattractants placed on
the other side of the compartment that diffuses through the membrane, can migrate through the
pores in the membrane towards the source of the chemoattractants. Cells that migrate across the
membrane can be quantified by fixing and counting. Human breast epithelial adenocarcinoma
MD-231 cells grow relatively fast and are metastatic. The MB-231 cell line is used here to
describe the procedures of an in vitro cell migration assay using the transwell apparatus.
Materials and Reagents
1. Human MDA-MB-231 cell (ATCC, catalog number: HTB-26™)
2. Dulbecco's modified eagle medium (DMEM) (Life Technologies, Invitrogen™, catalog
number: 10313-021)
3. Fetal bovine serum (FBS) (ATCC, catalog number: 30-2020™)
4. Trypsin-EDTA (Life Technologies, Invitrogen™, catalog number: 25200-056)
5. Trypsin inhibitor (soybean) (Life Technologies, Invitrogen™, catalog number: 17075-029)
6. Phosphate buffered saline (PBS) (Life Technologies, Invitrogen™, catalog number:
14190-144)
7. Collagen I (Sigma-Aldrich, catalog number: C7661) or Fibronectin (BD Biosciences,
catalog number: 354008)
8. Glutaraldehyde (Sigma-Aldrich, catalog number: G6257)
9. Ethanol (Sigma-Aldrich, catalog number: 459836)
10. Crystal violet (Sigma-Aldrich, catalog number: C3886)
11. TCC-formulated Leibovitz's L-15 Medium (ATCC, catalog number: 30-2008™)
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Equipment
®

1. Corning

®

Transwell polycarbonate membrane inserts (Sigma-Aldrich, catalog number:

CLS3421) or Millicell Cell Culture Inserts (EMD Millipore, catalog number: PI8P01250)
2. Cotton swabs
3. Cell culture incubator: 37 °C and 5% CO2
Procedure
1. Carry MB-231 cells in DMEM with 10% FBS (use L-15 medium if needed).
2. Wash cells twice with 1x PBS and trypsinize.
3. Add 0.5 mg/ml Trypsin inhibitor in PBS to inactivate an equal volume of Trypsin. Aspirate
cells by pipetting up and down gently (Note: It is important to break down into individual
cells as much as possible).
4. Gently spin down the cells. Wash cells two times with DMEM containing 0.5% FBS to
remove trace amounts of trypsin and inhitibor. Resuspend the cells in DMEM with 0.5%
FBS and count.
5. Prepare the transwell compartments, 24-well format, with 8 μm pore size insert:
a. To the lower compartment, add 2.6 ml of DMEM with 0.5% FBS containing 40 μg/ml
Collagen I.
b. Add the transwell insert to the well by merging the bottom of the insert into the
medium in the lower compartment.
Note: Ensure that no air bubbles are trapped between the insert membrane and the
medium.
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6. To the upper compartment, gently add 1 x 10 cells from step 4.
7. Incubate the cells in the transwell plate at 37 °C and 5% CO2 for 2.5 h. This allows cells
to migrate toward the underside of the insert filter.
8. After 2.5 h, carefully take the insert out. Cells that do not migrate through the pores and
therefore remain on the upper side of the filter membrane need to be gently removed with
a cotton swab. Gently wipe the upper side of the filter membrane with a cotton swab to
remove the cell debris. We recommend that use each clean cotton swab for one wipe
only, in one direction and do not swipe in back-and-forth movement. The cotton swab can
be slightly moisturized with ddH 2O as needed but be sure to remove any excess water.
Several wipes may be needed to completely remove any cell debris on the membrane.
9. Fix the cells on the lower side of the insert filter quickly with 5% glutaraldehyde for 10 min.
10. Next, stain cells on the lower side of the insert filter with 1% crystal violet in 2% ethanol
for 20 min.
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11. Remove excess crystal violet by quickly merging the insert in ddH2O for 3 to 4 sec. Drain
excess water from the side of the insert using a cotton swab. Dry the insert membrane.
12. Count the number of cells on the lower side of the filter under a microscope. Randomly
choose different views and take average counting.
13. The same experimental procedure should be performed for control groups without
chemoattractants. Each migration condition should be tested with replicates.
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