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[Abstract] Cell invasion assays have been used to study the interactions between tumor cells 

and the extracellular matrix (ECM), which not only provides a structural scaffold for the cell, but 

also contains various biological factors for the survival and growth of the cell. ECM gel contains 

the basic components of the ECM that provides a structural support for the cell to grow and move.  

Cells can secrete enzymes that degrade certain components of the ECM to move towards 

chemoattractants, or to simply establish niches for growth. Metastatic tumor cells often show 

more invasiveness to the ECM gel due to their higher motility and/or enzymatic activity for 

degrading ECM components. This protocol describes a tumor cell invasion assay to study the 

interactions between tumor cells and the ECM.  

 

Materials and Reagents 

 

1. ECM gel (Sigma-Aldrich, catalog number: E1270) 

2. Human MDA-MB-231 cell line (ATCC, catalog number: HTB-26™) 

3. Dulbecco's modified eagle medium (DMEM) (Life Technologies, Invitrogen™, catalog 

number: 10313-021) 

4. Fetal bovine serum (FBS) (ATCC, catalog number: 30-2020™) 

5. Trypsin-EDTA (Life Technologies, Invitrogen™, catalog number: 25200-056) 

6. Phosphate buffered saline (PBS) (Life Technologies, Invitrogen™, catalog number: 

14190-144) 

7. Glutaraldehyde (Sigma-Aldrich, catalog number: G6257) 

8. Ethanol (Sigma-Aldrich, catalog number: 459836) 

9. Crystal violet (Sigma-Aldrich, catalog number: C3886) 

 

Equipment 

 

1. Cell culture incubator: 37 °C and 5% CO2 

2. Millicell cell culture inserts of 12 mm diameter 8 μm pores (Merck KGaA, catalog number: 

PI8P01250) 

3. Cotton swabs 
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Procedure  

 

1. Grow cells in DMEM supplemented with 10% FBS. 

2. Thaw ECM gel overnight at 4 °C and keep on ice. 

3. Chill Millicell insert and plate to 4 °C, keep on ice. 

4. Dilute ECM gel in ice-cold, serum-free DMEM to a final concentration of 2 mg/ml. 

Note: ECM gel final concentration may vary, depending on the cell type studied. 

5. Add 100 μl ECM gel from step 4 into the upper compartment of the Millicell insert. 

6. Immediately incubate the plate, with insert and ECM gel inside, at 37 °C for 2 h. This 

allows the liquid ECM gel to solidify. 

7. Wash cells with 1x PBS and trypsinized the cells. Wash cells 2 times with serum-free 

DMEM and resuspend in DMEM at 5 x 105 cell/ml. 

8. To the well of the plate (lower compartment), add 1.5 ml of DMEM supplemented with 

10% FBS as attractant. Position the insert into the well, with the bottom of the insert 

merged in medium. 

9. Gently add 1 x 105 cells from step 7 to the upper compartment of the insert. 

10. Incubate the plate at 37 °C for 24 h. 

11. After the incubation period, take the insert out carefully. Cells and the gel in the upper 

compartment of the insert need to be gently removed by gently wiping the upper side of 

the membrane with a cotton swab. We recommend to 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 ddH2O as needed but be sure to remove any 

excess water. Several wipes may be needed to completely remove any cell debris on the 

membrane. 

12. Fix the cells on the lower side of the insert membrane with 5% glutaraldehyde for 10 min, 

followed by staining with 1% crystal violet in 2% ethanol for additional 20 min. 

13. Quickly merge the insert in ddH2O for 3-4 sec to remove excess dye, and immediately 

drain excess water using a cotton swab. Dry the insert completely. 

14. Count the number of cells on the lower side of the filter under a microscope. Randomly 

choose different views and take average counting.  
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