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[Abstract] The invasive ability of cancer cells is a crucial function for cancer metastasis and the
surrounding microenvironment of cancer cells in living tissues is three-dimension (3D). Therefore,
to establish an in vitro invasion assay in a 3D system to predict cancer invasive ability is valuable
in the research for cancer metastasis. Here, we describe a 3D invasion assay for observing the
morphology and comparing the invasive ability of cancer cells in artificial 3D environments (Yang
et al., 2012). Collagen | gels are used to cover on the top of cancer cells attached on coverslip
glass dish and medium containing FBS is added as a chemoattractant. After incubation for a
suitable time, the cells are fixed and stained. The invasion index can be calculated and the

morphology can be imaged with a laser confocal microscope.

Materials and Reagents

1. Cell lines: OECM-1(Huang et al., 2004) and FaDu (ATCC® HTB-43™)
2. 0.1% Trypsin-EDTA (Life Technologies, Gibco®, catalog number: 15400)
3. 0.1 mg/ml poly-L lysine (Sigma-Aldrich, catalog number: P9404-25MG)
4. PBS
5. FBS (Thermo Fisher Scientific, catalog number: SH30071.03)
6. PureCor® bovine collagen solution (Advance Biomatrix Inc., catalog number: 5005-B)
7. 1 M NaOH solution
8. 5x RPMI medium
9. 3% Paraformaldehyde (Sigma-Aldrich, catalog number: P6148-500G)
10. 0.5% Triton X100 (Bionovas, catalog number: 56-81-5)
11. Alexa Fluor® 488 Phalloidin (Life Technologies, catalog number: A12379)
12. DAPI (Sigma-Aldrich, catalog number: D8417)
13. 1% BSAin PBS
14. 1.8 mg/ml collagen | mix solution (see Recipes)

Equipment

1. Lab-Tek® chambered #1.0 coverglass system (NUNC, catalog number: 155383)
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2. Laser confocal microscope with 60x oil lens (Olympus, model: FV1000)
3. COzincubator

Software
1. Olympus FV10-ASW 1.7 software

Procedure

Day 1

1. Treat Lab-Tek® chambered #1.0 coverglass system with 300 pl of 0.1 mg/ml poly-L lysine

solution for one hour at 37 °C.

Aspirate the poly-L lysine solution and wash one time with PBS.

Trypsinize cells and 2 x 10° cells in 500 pl medium were plated on coverglass system for
attachment.

4. After attachment time for 3 to 6 h, prepare the appropriate volume of collagen | mix
solution (final concentration 1.8 mg/ml) on ice then carefully remove the medium from
coverglass system (avoid to wash cells again) and add 500 pl of collagen | mix solution to
coverglass system.

Cells were incubated at 37 °C, 5% COz2 for 2 h.
Overlay with 400 pl of medium containing with 15% FBS on collagen gels.
Incubate at 37 °C, 5% CO2 for 24 to 48 h.

Day 2 or 3

1. Carefully aspirate medium from wells and rinse wells including collagen gel invaded by
cells with PBS once.

2. Carefully pour 400 pl of 3% paraformaldehyde in PBS for 40 min at RT to fix cells.

3. Carefully rinse two times with 400 pl PBS.

4. Permeabilization in 400 pl of 0.5% Triton X-100 in PBS for 40 min at RT.

5. Carefully rinse two times with 400 pl PBS.

6. Incubate cells with 400 pl of 1% BSA in PBS for 40 min at RT.

7. Stain cells with 500 pl of Alexa Fluo™ 488 Phalloidin diluted to 1 units/ml in PBS for 90 min
at RT.

8. Carefully rinse two times with PBS.

9. Stain cells with 500 pl of 2 pg/ml DAPI in PBS for 30 min.

10. Wash three times with 400 pl PBS and aspirate all PBS.

11. Samples can be stored at 4 °C for 2 weeks or ready to be imaged by a laser confocal
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microscope. Imaging and quantification.

12. Use an Olympus FV1000 laser confocal microscope with 60x oil lens to capture images.
The volume of observation is xyz = 210 x 210 x 50 pm?.

13. Confocal Z slices are collected each well at 50 um from the bottom of the well and z
interval is setto 1 um.

14. Images of sequential Z sections were obtained and reconstructed by Olympus FV10-ASW

1.7 software.
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Figure 1. Representative image of FaDu overexpressing Twistl cells that invaded

into collagen after 24 h (please refer to Reference 1 for the detail)

15. The invasion index is quantified as the number of cells existing at the distance from the
bottom of slide between 30 to 50 um divided by the total number of cells.
Note: The cells that are partially fallen into the range of 30-50 pum can also be counted.
16. The data are presented as the percentage of the invasion index of the control sample and

representative vertical sections.

Recipes

1. 1.8 mg/ml Collagen | mix solution
1.7 ml PureCor® bovine collagen solution (3 mg/ml)
0.6 ml 5x RPMI
18 ul 1 M NaOH
Add dH20 to 3 ml
All buffers must be on ice before polymerization in the tissue culture incubator. This mix

solution must be prepared freshly to use.

Copyright © 2013 The Authors; exclusive licensee Bio-protocol LLC. 3



bio-protocol

http://www.bio-protocol.org/e885 Vol 3, Iss 17, Sep 05, 2013

Acknowledgments

This protocol was carried out as described in Sanz-Moreno et al. (2008) with minor
modifications. The establishment of this protocol was funded by the National Health Research
Institutes (NHRI-EX100-10037BI to M-H.Y.; NHRI-EX100-9931BI to K-J.W.); the National
Science Council (NSC 99-2314-B-010-007-MY3 and 100-2321-B-010-015 to M-H.Y.; NSC
100-2321-B-039-002 to M-C.H.); Taipei Veterans General Hospital (VGH 100-C-088,
101-C-005 to M-H.Y.); Veterans General Hospitals University System of Taiwan Joint
Research Program (VGHUST101-G7-4-1 to M-H.Y.); a grant from the Ministry of Education,
Aim for the Top University Plan (to M-H.Y.); a grant from the Department of Health, Center of
Excellence for Cancer Research (DOH100-TD-C-111-007 to M-H.Y; DOH101-TD-C-111-005
to M-C.H.); and the Sister Institution Fund of China Medical University and Hospital and MD

Anderson Cancer Center.

References

1. Huang, G. C., Liu, S. Y, Lin, M. H., Kuo, Y. Y .and Liu, Y. C. (2004). The synergistic
cytotoxicity of cisplatin and taxol in killing oral squamous cell carcinoma. Jpn J Clin
Oncol 34(9): 499-504.

2. Yang, W.H.,, Lan, H. Y., Huang, C. H., Tai, S. K., Tzeng, C. H., Kao, S. Y., Wu, K. J., Hung,
M. C. and Yang, M. H. (2012). RAC1 activation mediates Twistl-induced cancer cell

migration. Nat Cell Biol 14(4): 366-374.

Copyright © 2013 The Authors; exclusive licensee Bio-protocol LLC. 4


http://www.ncbi.nlm.nih.gov/pubmed/15466821
http://www.ncbi.nlm.nih.gov/pubmed/15466821
http://www.ncbi.nlm.nih.gov/pubmed/22407364
http://www.ncbi.nlm.nih.gov/pubmed/22407364

