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Abstract

The drug discovery process for novel anti-metastatic therapies depends upon robust screening assays that mimic 
3-Dimensional tumor cell invasion through an extracellular matrix.  Tumor cells invade through a 3-Dimensional 
extracellular matrix (ECM).  We have utilized the 96-well Oris™ cell-based assay platform* to perform 3-D invasion 
assays.  Cells are seeded into wells coated with an extracellular matrix, such as basement membrane extract 
(BME) or type I collagen.  These wells contain silicone stoppers that occlude cells from the well centers and 
following cell attachment, the stoppers are removed to reveal a central exclusion zone that is void of cells.  A 
second layer of ECM is overlaid onto the wells and cells are then permitted to invade into the exclusion zone.  We 
have established the relative invasiveness of two widely studied human cancer cell lines, HT-1080 fibrosarcoma 
and MDA-MB-231 breast carcinoma, using different concentrations of ECM overlays.  Cells were fixed, stained, and 
results read with an Acumen® eX3 high content microplate cytometry system.  Results demonstrate that HT-1080 
cells invade more aggressively than MDA-MB-231 cells into both BME and type I collagen gel overlays and that the 
amount of invasion for a given cell line is inversely proportional to the concentration of ECM used in the overlay.  
Additionally, use of the nuclear stain DAPI provides a more accurate quantitation of the number of invading cells 
compared to the F-actin stain.  Our results suggest that 3-D invasion assays can be optimized for use with a variety 
of cancer cell lines by employing high content screening systems for data acquisition and to generate Z’-factors 
suitable for compound screening. 
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Materials and Methods 

Reagents and Sources: FBS, Atlanta Biological; Growth Factor Reduced Cultrex™ BME and Collagen I, Trevigen; 
Cytochalasin D, Enzo; Oris™ Cell Invasion and Detection kits and Oris™ Collagen I Coated plates, Platypus 
Technologies, LLC.

Cell Lines and Sources: MDA-MB-231 breast cancer epithelial cells were cultured in DMEM media containing 10% 
FBS.  HT-1080 fibrosarcoma cells were cultured in RPMI 1640 media containing 10% FBS and supplemented with 
sodium pyruvate and sodium bicarbonate.  Cells were maintained at 37 ºC in a humidified atmosphere with 5% 
CO2.  All cell culture reagents were obtained from Invitrogen.

3-D Cell Invasion Assays:  A 3.5 mg/mL BME solution was prepared in PBS and held on ice.  The wells of a  
96-well Oris™ compatible plate were coated by dispensing and immediately withdrawing 100 µl of the BME 
solution.  The coated plate was incubated for 30-60 minutes prior to insertion of Oris™ Cell Seeding Stoppers.  For 
the Collagen I invasion assay, Oris™ Collagen-I Coated plates populated with Oris™ Cell Seeding Stoppers were 
utilized.

Assay wells were seeded with HT-1080 (35,000 cells/well) or MDA-MB-231 (30,000 cells/well) cells that were 
allowed to attach for 2-4 hours.  Stoppers were removed and wells were washed with PBS or serum-free media.   
Cells were overlayed with 40 µl of either BME containing 10% FBS or Collagen I adjusted to the desired test 
concentrations and the plates were incubated for 1 hour to permit gelling of the overlay.  Cell culture medium with 
10% FBS (100 µl) was added to each well.  Cytochalasin D in 0.1% (v/v) DMSO served as control.  For 
pre-invasion reference wells (n=4), stoppers remained in place until one hour prior to termination of the experiment 
when they were pulled from pre-invasion reference wells and 40 µl of appropriate overlays were applied.  After 48 
hours, wells were fixed with 0.25% glutaraldehyde and labeled with either DAPI (1:4000; 10-15 min) or 
TRITC-phalloidin (1:100; 45 min).  Images were acquired using a Zeiss Axiovert microscope.  

Invading cells were quantitated using an Acumen® eX3 high content microplate cytometry system (TTP LabTech).
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 Visualization of Cell Invasion into BME Using Multiple Fluorescent Labels

Quantitation of Cell Invasion into BME Using DAPI & TRITC-phalloidin

HT-1080 cells (35,000/well) were seeded onto Oris™ plates 
coated with BME and populated with Oris™ Cell Seeding 
Stoppers.  Following removal of the stoppers, 40 µL aliquots of 10 
mg/ml BME containing 10% FBS were overlayed in each well.  
After 48 hrs, the cells were fixed, stained with DAPI and 
TRITC-phalloidin, and imaged using a Zeiss Axiovert microscope 
(5X objective).  DAPI and TRITC-phalloidin images were 
pseudocolored blue and red, respectively.

Results:  Cells in a 3-D BME Matrix can be 
stained in situ for nuclei (DAPI) and F-actin 
(TRITC-phalloidin).  

(A) HT-1080 (35,000 cells/well) and MDA-MB-231 (30,000 cells/well) cells were seeded onto BME coated Oris™ plates populated 
with Oris™ Cell Seeding Stoppers.  Following removal of the stoppers, 40 µL aliquots of 10 mg/mL BME containing 10% FBS were 
overlayed in each well. After 48 hrs, the cells were fixed, stained with TRITC-phalloidin and DAPI, and images were captured using 
an Acumen eX3.  

(B) Cell invasion was quantitated using an Acumen eX3.  Each condition represents n=12 wells.  Z’ factors were calculated 
according to Zhang et al., J. Biomol. Screen. 1999;4(2):67-73.  
 

Results:  HT-1080 cells are at least 2X more invasive into a BME overlay than MDA-MB-231 cells.  The 
punctate staining pattern of DAPI may provide a more robust determination of cell number.  Z’ factors 
calculated from quantitation of TRITC-phalloidin and DAPI stained HT-1080 cells indicate that this assay 
is suitably robust for high content screening.  

Effect of Cytochalasin D on Cell Invasion

OrisTM Cell Invasion Assay Schematic

Conclusions

Oris™ 3-D Cell Invasion Assays can be optimized for use with different cell lines, stains and ECM overlays to  
obtain Z’ factors suitable for compound screening in a 96-well plate format.

Acumen eX3 high content screening instrument is conducive for rapid data acquisition with analysis of 3-D        
Oris™ Cell Invasion Assays within 10 minutes for a 96-well assay plate.

The degree of 3-D invasion observed for a given cell line is a function of the ECM concentration in the overlay.

Inhibitors of actin polymerization, such as Cytochalasin D, are effective in submicromolar concentrations to      
block cellular invasion into 3-D matrices.

Oris™ Cell Invasion Assays offer the versatility of obtaining data using multiple probes in a single well and          
the flexibility of data capture using a microscope, digital imager, or fluorescence microplate reader.

Effect of 3-D Collagen I Overlay Concentration on Cell Invasion

(A) HT-1080 (35,000 cells/well) and (B) MDA-MB-231 (30,000 cells/well) cells were seeded onto Oris™ Collagen I Coated plates 
populated with Oris™ Cell Seeding Stoppers. Following removal of the stoppers, 40 µL aliquots of Collagen I at 2, 3 and 4 mg/mL 
were overlayed in each well.  After 48 hrs, the cells were fixed, stained with DAPI and quantitated using an Acumen eX3.  Each cell 
line and concentration was tested for n=12 wells.
  
Results:  HT-1080 cells are at least 10X more invasive into a 3-D Collagen I overlay than 
MDA-MB-231 cells at comparable Collagen I overlay concentrations.  Increasing the 
concentration of the Collagen I restricts the ability of cells to invade into the Detection Zone.  

(A) HT-1080 cells (35,000 cells/well) were seeded onto BME coated Oris™ plates populated with Oris™ Cell Seeding Stoppers.  
Following removal of the stoppers, 40 µl aliquots of 10 mg/mL BME containing 10% FBS were overlayed in each well.  The actin    
polymerization inhibitor, Cytochalasin D, at the indicated concentrations or 0.1% (v/v) DMSO vehicle was added to the cell culture 
media above the BME overlay.  After 48 hrs, the cells were fixed, stained with DAPI, and quantitated using an Acumen eX3.  Each 
condition represents n=8 wells. 

(B) & (C) Representative images of HT-1080 cell invasion treated with Cytochalasin D into the BME overlay after 48 hrs were       
captured by an Acumen eX3.  

Results: Cytochalasin D effectively abolishes HT-1080 cell invasion into a 10 mg/mL BME overlay with an 
IC50 of 0.16 µM.  Visualization of Cell Invasion into a 3-D Collagen I Matrix 

Using Multiple Fluorescent Labels 

HT-1080 cells (35,000/well) were seeded onto Oris™ Collagen I Coated plates around the Oris™ Cell Seeding Stoppers. 
Following removal of the stoppers, 40 µL aliquots of 3 mg/mL Collagen I were overlayed in each well.  After 48 hrs, the cells were 
fixed, stained with DAPI and TRITC-phalloidin, and imaged using a Zeiss Axiovert microscope.
  

Results: Cells in a 3-D Collagen I matrix can be stained in situ for nuclei (DAPI) and F-actin 
(TRITC-phalloidin).  

Effect of BME Overlay Concentration on Cell Invasion

(A) HT-1080 cells (35,000 cells/well) were seeded onto BME coated Oris™ plates populated with Oris™ Cell Seeding Stoppers.  
Following removal of the stoppers, 40 µL aliquots of BME (10, 12.5 and 15 mg/mL) containing 10% FBS were overlayed in each well.  
After 48 hrs, the cells were fixed, stained with DAPI, and 5X phase contrast images were captured using a Zeiss Axiovert                  
microscope.  

(B) Cell invasion was quantitated using an Acumen eX3.  Each condition represents n=12 wells.  

Results: Increasing the concentration of the BME overlay restricts the invasion of HT-1080 cells.  Similar 
observations were made with MDA-MB-231 cells (data not shown).
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