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i. Summary
Metastasis is the major cause of breast cancer deaths. To spread from the primary tumor sites to
distant tissues, solid tumor cells need to degrade the surrounding extracellular matrix (ECM). The
protrusive membrane structures named invadopodia have been shown to play a critical role in the
degradation of the ECM and invasion of invasive cancer cells. In this chapter, we describe a
detailed protocol to examine invadopodia in human breast cancer cells.
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1 Introduction

Metastasis is a process in which cancer cells spread from their primary sites to colonize at
distant organs (1,2). Patients with metastatic tumor usually have poor prognosis. About 90
percent of breast cancer deaths are due to metastases (1,3). During metastasis, solid tumor
cells invade the surrounding extracellular matrix (ECM), intravasate into the circulatory
system through the endothelium, then extravasate into a distant tissue, where they eventually
establish secondary tumors (1,2). One major way of invasion requires cancer cells to degrade
ECM components through matrix-digesting proteases. In recent years, increasing evidences
has shown that the subcellular structures known as invadopodia are critical for the
breakdown of ECM in the multiple steps of metastasis, such as local invasion, intravasation
and extravasation (4,5).

Invadopodia are protrusive membrane structures rich in actin cytoskeleton and
metalloproteases in invasive cancer cells. The primary function of invadopodia is to degrade
ECM through recruiting various matrix proteases to the contacting sites of the plasma
membrane and ECM, thus allowing cancer cells to leave the primary sites during metastasis.
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Invadopodia have been shown to be critical for the invasion of many types of cancer cells,
such as melanoma, breast cancer, colon cancer, lung cancer and prostate cancer (6-10).
Disruption of the key players of invadopodia, such as Twist, cortactin, Tks5, and Tks4,
blocked cancer metastasis in several cancer mouse models (11-14). Because of the specific
presence of invadopodia in invasive cancer cells and their critical roles in tumor metastasis,
inhibition of key components or regulators of invadopodia has become a very attractive and
unique strategy to target tumor metastasis (4,5).

In this chapter, we describe a protocol for examining invadopodia formation in the invasive
MDA-MB-231 human breast cancer cells using fluorescently labeled gelatin, one of the
major components in the ECM (15). In combination with inhibitor treatment, overexpression
and knockdown/knockout of the genes of interest, this protocol can be used to study the
signaling pathways that regulate different steps of invadopodia formation.

2 Materials

The water used for all solutions in this protocol is from the purified deionized water with a
sensitivity of 18 MQ cm at 25°C. The storage condition varies for different solutions and
reagents.

2.1 Reagents for gelatin labeling

1 Dylight 488 labeling kits (Thermo, Rockford, IL, 53024): The Dylight
Fluor is activated N-hydroxysuccinimide (NHS) ester, which is the most
commonly used reactive group for labeling protein. NHS esters react with
primary amines; forming stable, covalent amide bonds and releasing the
NHS groups. The kit contains: Dylight Alexa 488 labeled-NHS Ester,
Borate Buffer (0.67M), Purification Resin, Spin Column and
Microcentrifuge Collection Tubes (see Note 1).

2. Phosphate-Buffered Saline (PBS): Dissolve 8 g of NaCl, 0.2 g of KCI,
1.44 g of NagHPO4 and 0.24 g of KH,PO4 in 800 mL distilled H50.
Adjust the volume to 1 L with additional distilled H,O. Adjust the pH to
7.4 with 1 M HCI. Store at room temperature.

3. Gelatin: Type A gelatin form porcine skin (Sigma, G-2500).

2.2 Reagents for coating coverslips with labeled gelatin

1 Parafilm “M” laboratory film (Bemis Flexible Packaging, Neenah, WI
54956).

2. 12 mm diameter circular microscope coverslips (Fisher, Waltham, MA,
USA).

3. Poly-L-lysine solution: Dilute the stock poly-L-lysine (Sigma, P8920) to

50 pg/mL in distilled H50.

INHS ester-activated fluorophores are moisture-sensitive. Keep them in a dark and dry environment.
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Glutaraldehyde solution: 0.5% glutaraldehyde is diluted from 25%
glutaraldehyde stock using PBS. Store the diluted solution in refrigerator
and use it in 1 month.

Gelatin mix solution: Mix fluorescent conjugated gelatin and 1 mg/mL
unconjugated gelatin at a ratio of 1:25-1:2 (see Note 2). The optimal ratio
of labeled to unlabeled gelatin is dependent on the signal intensity of
labeled gelatin. We used 1:4 in this protocol (see Note 3).

Fluorescein-conjugated gelatin (Thermo Scientific, Rockford, IL,
(G13187): Fluorescent labeled gelatin from some companies may be also
used for invadopodia assay.

Sodium borohydride (5 mg/mL): Dissolve 10 mg of sodium borohydride
in 2 mIL PBS. The solution must be freshly made before use.

70% ethanol: Dilute 200 proof ethanol to 70% with distilled H,O.

2.3 Other reagents for cell culturing and the invadopodia assessment

1

3 Methods

Cell line: MDA-MB-231 human breast cancer cells (American Type
Culture Collection, ATCC).

DMEM: Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) from Hyclone. Store at 4 °C.

Enzyme-free cell dissociation solution (Millipore, S-014-B).

4% paraformaldehyde (PFA) solution: Dissolve 0.4 g paraformaldehyde
powder in 10 mL PBS. Heat the solution in 60 °C water bath, shake
vigorously every few minutes to help dissolve. Store at 4 °C, use within 1
week.

0.1% Triton X-100: Dilute from 10 % Triton X-100 using PBS.
Alexa Fluor® 594 phalloidin (Life Technologies, A22287).

Mounting medium: Make 4% r-Propy| gallate (w/v) in 90% glycerol (v/v)
and 10% PBS. Aliquot and store at —20 °C.

Clear nail polish (Electron Microscopy Sciences, 72180).

3.1 Label gelatin with Dylight 488

1

Prepare 2 mg/mL gelatin solution in PBS (put it in 37°C water bath to help
dissolve).

2pre-warm the labeled gelatin and 1 mg/mL unlabeled gelatin in 37 °C water bath before mixing. Frozen gelatin must be thawed
completely to prevent precipitation. Gelatin that was incompletely dissolved can cause uneven bright spots on coverslips.

The stiffness of ECM can directly affect the ability of breast cancer cells to form invadopodia. It is critical to use appropriate
concentrations of gelatin in invadopodia experiments. The gelatin concentration (labeled and unlabeled) used for coating the slides in

this protocol is about 1.2 mg/mL.
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Add 40 L of Borate Buffer (0.67M) to 0.5 mL gelatin solution.

Take out the vial containing Dylight 488 NHS Ester from freezer, and let it
warm to room temperature. Add the prepared gelatin solution to the vial
and vortex gently or invert 10 times.

Briefly centrifuge the vial to collect the sample in the bottom of the tube.

Incubate the reaction mixture for 60 min at room temperature. Protect
from light during incubation.

Place two spin columns in two microcentrifuge collection tubes.

Mix the purification resin to ensure uniform suspension and add 400 pL of
the suspension into both spin columns. Centrifuge for 45 seconds at ~1000
x g to remove the storage solution. Discard the used collection tubes and
place the columns in new collection tubes.

Add 250-270 L of the labeling reaction mixture to each spin column and
mix the sample with the resin by pipetting up and down or briefly
vortexing.

Centrifuge columns for 45 seconds at ~ 1000 x g to collect the purified
gelatin. Combine the samples from both columns (~ 0.5 mL total). Discard
the used columns. The concentration of labeled gelatin is around 2
mg/mL.

Store the labeled gelatin at 4 °C for up to one month, protected from light.
Alternatively, store labeled protein in single use aliquots at =20 °C. Avoid
repeated freeze/thaw cycles.

3.2 Coat coverslips with fluorescently labeled gelatin

1

Place coverslips on a piece of parafilm with point-ended tweezers (see
Note 4).

Pretreat coverslips with 50 pg/mL poly-L-lysine for 20 min. Wash
coverslips twice with PBS, 3 min each time.

Crosslink coverslips with 0.5% glutaraldehyde for 15 min. Wash three
times with PBS, 3 min each time (see Note 5).

Cut another parafilm and put it in a humid box with nontransparent cover.
Drop 40pL of mixed gelatin solution on the parafilm (see Note 6). Invert
the coverslips and place them face down onto the gelatin solution. After 20
min incubation, wash the coverslips with PBS once for 3 min.

4Coverslips with dirt can cause uneven spots with strong fluorescence. If necessary, clean the coverslips with acid alcohol (1 % HCl in

70% ethanol).

Glutaraldehyde is a divalent crosslinker. It is used here to irreversibly crosslink gelatin to the glutaraldehyde-pretreated poly-L-lysine
coating. The gelatin itself is not crosslinked. It binds to activated aldehyde groups associated with the poly-L-lysine after the

glutaraldehyde is washed away.

Gelatin-labeled with fluorescein or other fluorophores from commercial sources, such as Thermo Fisher can also be used.
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5. Quench the autofluorescence with 5 mg/mL sodium borohydride for 3
min. Wash three times with PBS (see Note 7).

6. Sterilize the coverslips with 70% ethanol for 5 min (see Note 8).
7. Wash the coverslips once with PBS and once with complete medium.
8. Incubate the coverslips in complete growth medium for 1 hour before use.

3.3 Invadopodia formation assessment

1 One or two days before the experiment, plate MDA-MB-231 cells into a 6-
well plate (4 x 10° cells/well)(see Note 9). Grow cells in 10% FBS
DMEM in a 37°C 5% CO, incubator (see Note 10).

2. On the day of experiment, treat cells with appropriate inhibitors for 0.5-1
hr.
3. Remove medium in the well and detach the cells with 500 pL enzyme-free

cell dissociation solution. Let the plate stand for 5 min in 37°C 5% CO»
incubator (see Notes 11 and 12).

4, Check the cells under an inverted microscope. After the cells are
completely detached from the bottom of well, collect the supernatant and
spin at 500 x g for 5 min.

5. After centrifugation, remove the supernatant and re-suspend the cell pellet
with 100 uL 10% FBS DMEM.

6. Count cells and seed 1 x 10 cells per well into a 12-well plate containing
the coverslips coated with fluorescent labeled gelatin. Add appropriate
inhibitors if needed.

7. Incubate cells in 37°C 5% CO, for 3—4 hr (see Note 13).

8. Remove medium and fix cells with 4% PFA for 20 min at room
temperature. Wash the coverslips with PBS for 5 min (see Note 14).

7Sodium borohydride is used to reduce the autofluorescence generated by reversible Schiff’s bases in the aldehyde-NH2 reaction.
Prepare this solution on ice. Be cautious that sodium borohydride is highly caustic and prone to explode.

If the experiment lasts only several hours, this step is not necessary.

Invadopodia can be also easily examined in many other metastatic cancer cell lines, e.g., breast cancer cell line 4T1, melanoma cell
line RPMI7951 and lung cancer cell line A549.

More invadopodia can be observed when the cells are healthy.

Cells may be also detached by trypsin-EDTA solution. However, enzyme-free cell dissociation solution causes minimal disruption
of surface proteins; therefore greatly improves invadopodia formation.

The incubation time can be longer if the cells do not completely detach.

The time to form invadoposia varies in different cell types. An optimal plating time should be determined when a new cell line is
used. For MDA-MB-231 cells, we generally analyze invadopodia plaques 3-4 hr after plating. Longer incubation can increase both
number and size of the invadopodia plaques. However, cell migration and merging of individual invadopodium may occur after 5
hours, making the interpretation of result difficult.

The appropriate fixation method should be determined according to the experiment conditions, such as the antibodies used for
staining. For invadopodia visualization using fluorescent microscopy, PFA is our preferred fixation reagent. Other fixation methods,
such as cold methanol or glutaraldehyde, may be also used for visualizing specific antigens. However, cold methanol destroys the
native quaternary structure of F-actin, and hence is not suitable for actin staining with phalloidin. In addition, cold methanol removes
lipids and dehydrates the cells; therefore, it may also disrupt the fine cell structures.
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9. Permeabilize the cells with 0.1% Triton-X 100 for 10 min at room
temperature.

10. Wash coverslips with PBS for 3 times, 5 min each time.

11. Incubate coverslips with 1:200 diluted Alexa 594 phalloidin in PBS for 1
hr at room temperature. Wash coverslips 3 times with PBS, 5 min each
time.

12. After the final wash, carefully remove excess PBS by blotting the side of

the coverslip with a kimwipe. Place coverslip face down onto a drop of
anti-fading mounting medium on a microscope slide (see Note 15). Avoid
any air bubbles during the process (see Note 16).

13. Aspirate excess mounting medium along the coverslip. Seal them by
applying nail polish along the edge of coverslips. Observe the invadopodia
formation under confocal laser scanning microscope with 100x objective

(Fig. 1).

14. The formation of invadopodia will remove fluorescently labeled gelatin,
leaving black spots on coverslips. Invadopodia formation can be quantified
by the percentage of cells with invadopodia, and/or the number of
invadopodia per cell. Alternatively, the total area of degraded gelatin may
also be used to indicate the invasive activity.
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Gelatin F-actin

Figure 1.
A representative picture of invadopodia. MDA-MB-231 human breast cancer cells were

plated on Alexa 488 gelatin-coated coverslips for 3 hour. F-actin was stained with Alexa 594
phalloidin. The arrows show the degradation of Alexa 488 gelatin and F-actin staining,
indicating the presence of active invadopodia. The images were captured by a 100X
objective using a Nikon A1 laser confocal microscope.

Methods Mol Biol. Author manuscript; available in PMC 2016 December 12.



	i. Summary
	1 Introduction
	2 Materials
	2.1 Reagents for gelatin labeling
	2.2 Reagents for coating coverslips with labeled gelatin
	2.3 Other reagents for cell culturing and the invadopodia assessment

	3 Methods
	3.1 Label gelatin with Dylight 488
	3.2 Coat coverslips with fluorescently labeled gelatin
	3.3 Invadopodia formation assessment

	References
	Figure 1

