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Abstract 

 

High invasive cancer cells are thought to recruit specialised actin-rich protrusions for invasion in metastasis process. These protrusions are 

termed invadopodia. To study invadopodia formation, one of the first challenges faced by researchers has been to optimise the cell line passage 

number in order to be used for the invadopodia assay. Therefore, this study aims to investigate the effects of the passage number on invadopodia 

formation in MDA-MB-231 breast cancer cell line. Invadopodia assay was used to achieve the aim of the study. The results provided evidence 

that invadopodia formation is affected by the high passage number. The cells were also tested with dimethyloxalylglycine (DMOG) a hypoxic 

mimicking agent which is known to be an invadopodia inducer, the results showed that the cells in low passage number (P7) treated with 

DMOG increase the cells forming invadopodia, while the cells with high passage number (P35) showed that DMOG fails to stimulate the cells 

to form invadopodia. Furthermore, the cells with high passage number after passage 15 are starting to lose the ability to degrade the gelatin. 

In conclusion, this study suggests that only cells with a low passage number, less than passage 15 should be used in the study of invadopodia 

formation to obtain the results in the search for molecular targets and signaling at invadopodia. 
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1.0 Introduction 

 

Breast carcinoma cells need to invade the surrounding extracellular matrix (ECM) to achieve metastasis successfully. Metastasis is 

a multistep process in which the cancer cells spread from primary breast tumor site to a secondary site such as bone or brain (Paz et al., 2014). 

The majority of cancer mortalities are primarily due to metastasis (Xie et al., 2017), therefore investigation of the mechanism of cancer cells 

to invade the ECM during metastatic cascade is critical in cancer study (Bowden et al., 1999).  

In recent years, actin-rich subcellular protrusions have been shown to be critical for ECM degradation. Accordingly, these protrusions 

are termed invadopodia and are formed in the ventral of highly invasive cancer cells. Invadopodia consists of actin core surrounded by several 

essential proteins for ECM degradation, namely; matrix metalloproteinases (MMPs), Abl kinase signalling, cortactin, fascin-1, LPA1 receptor 

and EGFR (Harper et al., 2018; Paz et al., 2014; García et al., 2016; Smith-Pearson et al., 2010; Beghein et al., 2018). Invadopodia are reported 

to be formed by various types of malignant cells, including the MDA-MB-231 breast cancer cell line. In a study reported by Hashim et al., 

(2013), the invasiveness of MDA-MB-231 breast cancer cells increases due to increased expression of the hypoxia-inducible factor-1α (HIF-

1α) under hypoxic environment. Furthermore, invadopodia formation also found increased in MDA-MB-231 cells when treated with a cell-

permeable prolyl-4-hydroxylase inhibitor dimethyloxalylglycine (DMOG) (Salvi et al., 2017; Hashim et al., 2013). HIF-1α promotes 

invadopodia formation in hypoxia conditions.  

Studies showed that the overexpression of HIF-1α increases the number of cells forming invadopodia as well as increased the 

degradation of gelatin due to the molecular component activation of invadopodia such as MT1-MMP, MMP2, Arp2/3, β-PIX, and MMP-9 

(Egeblad and Werb, 2002; Hashim et al., 2013; Gould and Courtneidge, 2014). The effect of hypoxia on breast cancer cell invasion in MDA-

MB-231 cell line is dramatically higher than MDA-MB-435 cell line. Moreover, MMPs activation cascades are essential in the hypoxic MDA-

AMB-231 cell. The previous report has shown that there are two proteins significantly increased in hypoxia and important for invadopodia to 

degrade ECM, those proteins are MT1-MMP and MMP-2 (Castro-Castro et al., 2016; Poincloux et al., 2009). In addition, when designing an 

experiment, it is important to optimise the cell line passage number especially in the study on invadopodia formation. Passage number, the 

number of periods a cell culture has been subcultured. Many previous and more recent studies on invadopodia formation in various types of 

cancer cell lines have been carried out on the signaling and regulation of invadopodia. However, none of these studies identified the effect of 

the passage number on invadopodia formation (Gurski et al., 2012; Choi et al., 2013; Harper et al., 2018; Ren et al., 2018).  
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In this study, invadopodia assay was used to investigate the effect of the passage number on invadopodia formation of MDA-MB-

231 cells. Thus, the present study aims to use DMOG as inducer to activate HIF-1α that is known to increase invadopodia formation in low 

passage number. Though there is no evidence on MDA-MB-231 cells if can form invadopodia in high passage number and if can response to 

DMOG to form invadopodia in high passage number as well. The findings of the study will provide the researcher with a mini guideline to 

study invadopodia in MDA-MB-231 cell line. 

 

2.0  Materials and methods 

 

2.1 Cell culture and maintenance 

 

MDA-MB-231 cell line was cultured in DMEM (Dulbecco modified Eagle medium) high glucose medium containing 10 % FBS 

(fetal bovine serum), and 1 % pen/strep (penicillin and streptomycin). The MDA-MB-231 breast cancer cell line was purchased from American 

Type Cell Culture Inc (ATCC Manassas, VA, USA). The cells were thawed and collected to falcon tube containing 5 mL media then 

centrifuged for 5 min, 250 RCF at 4 ˚C, after that, the supernatant was discarded and added 2mL DMEM media to the pellet, then the cells are 

re-suspended and transferred to T25 flask contain 3 mL DMEM media then incubated at 37˚C with humidified air of 5 % CO2 until 80 % 

confluence to avoid post-confluent growth. The cells were then washed twice with PBS (phosphate buffer saline) after discarding the medium. 

Next, 1 mL of 0.25 % trypsin was added to the flask and incubated for 5 min at 37 ˚C until the cells de-attached. The cells were next harvested 

into falcon tube and centrifuged for 5 min, 250 RCF at 4˚C. After that, re-suspend the cells with 4 mL media then the cells were counted then 

seeded into a six-well plate each plate contain 5 x 104 cells/ mL for invadopodia experiment. The remaining cells were subcultured for next 

invadopodia experiment. The cells were observed daily under the microscope (Leica Microsystems, Wetzlar, Germany) and regularly examined 

for the presence of Mycoplasma contamination by Hoechst stain. 

 

2.2 Gelatin coated coverslip preparation 

 

Oregon Green® 488 Conjugate from Porcine Skin (Invitrogen) was used to coat round glass coverslip (12 mm) before seeding with 

MDA-MB-231 cells. The protocol was adapted from (Enderling et al., 2008; Harun et al., 2018). The working concentration of gelatin was 

0.2 mg/mL from stock 1mg/mL, and the working concentration of gelatin was achieved by dilution with PBS containing 2 % sucrose. Each 

coverslip was then placed onto parafilm with 40 μL of 0.2 mg/ml gelatine for 10 min where the coverslips were then transferred using forceps 

onto a new parafilm with 100 μL of 0.5 % glutaraldehyde solution. Following 15 min of incubation in a dark humidified environment, the 

coverslips were transferred into a 24-well plate with the gelatin-coated side facing up followed by washing 3 times with PBS. Then 1 mL of 

sodium 5 mg/ml borohydride was added to each well for 3 min, shaking every minute to avoid air bubbles. This was followed by discarding 

the sodium borohydride and washing gently 3 times with PBS and 3 times 70 % ethanol. Finally, the ethanol was aspirated off, and the 

coverslips were left to dry on the bench for 2 min in complete darkness. The gelatin-coated coverslips could be stored at 4 ˚C for a maximum 

of one week or used directly in the Invadopodia assay. For invadopodia assay, the gelatin-coated coverslips were quenched with DMEM 

medium for 1 hr in a tissue culture prior seeding cell. 

 

2.3 Invadopodia assay 

 

The low passage or high passage number of MDA-MB-231 cells were seeded into a 6-well plate, with each well-containing 5 x 104 

cells/ mL and incubated overnight. This was followed by 6 hr incubation in the case of treatment with 0.5 mM DMOG. Next, the gelatin-

coated coverslips were quenched with DMEM medium for 1 hr in a tissue culture incubator where the cells were then re-trypsinised and re-

seeded (2 x 104 cells/ mL) onto a gelatin-coated coverslip for precisely 3 hrs. The incubation of the cells on the gelatin-coated coverslips had 

been optimised to avoid cells moving to other areas of the gelatine after degrading the matrix (Hashim et al., 2013). Following 3 hrs, the 

medium was discarded, and the coverslips were gently washed one time with PBS where the cells were then fixed with 4 % paraformaldehyde 

for 20 min. The coverslips were permeabilised with 0.2 % Triton X-100 in PBS for 5 min after being washed gently 3 times with PBS. The 

cells were next stained with Rhodamine phalloidin (Invitrogen) diluted in 3 % BSA in PBS for 1 hr in a dark humidified environment followed 

by staining the cells with Hoechst 33342 (Invitrogen) for 10 min to label the nucleus and to observe any signs of mycoplasma infection (Chen, 

1977). This was followed by mounting the gelatin-coated-coverslips onto ProLong Gold antifade (Invitrogen). The slides were then ready to 

be observed for invadopodia formation under a fluorescent microscope. The cells were scored for the presence of underlying invadopodia and 

the mean percentage of cells with invadopodia formation was calculated. The sample size for each experiment was 100 cells from three 

independent experiments.  

 

2.4 Statistical analysis 

 

Around 15-20 fields were randomly captured from each coverslip to quantify invadopodia formation in the cells. The values 

calculated from the three independent experiments were compared by conducting one-way ANOVA test, using GraphPad Prism 6. All groups 

were compared with low passage number (Passage 6). The results showed the control is passage number 6, which is the best passage number 

after thawing the cells from passage number 4. Moreover, P < 0.05 is considered statistically significant. Error bars represent the standard 

deviation (SD) of mean.  

 

3.0 Results and Discussion 

 

Breast carcinoma cells need to invade the surrounding extracellular matrix (ECM) to achieve metastasis successfully (Paz et al., 

2014). Thus, invadopodia formation has been known to degrade ECM and allow the malignant cells to migrate to the blood vessels (García et 

al., 2016). Passage number is one of the first cell culture practices taught in cell culture laboratories. It is important for many reasons, the most 

obvious being to create an adequate number of cells to obtain enough cells to perform the experiments (Crisostomo et al., 2006).  

Many of the previous reports focus on the effect of passage number in primary cells because their lifetime is limited. Also, the 

primary cells might change their behavior and function (Chennazhy and Krishnan, 2005; Calles et al., 2006). However, limited studies have 

been found on cancer cells. Thus, the present study aims to use invadopodia assay to investigate the effects of passage number on invadopodia 

formation in MDA-MB-231 cell line. The results provide evidence that the cells with high passage number (Passage 35) of MDA-MB-231 

cells are affected invadopodia formation thereby making it unable to accomplish gelatin degradation as a black spot (Figure 1A). While the 
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cells with low passage number (Passage7) form invadopodia as a black spot on gelatin (Figure 1B). Furthermore, passage number 6, 7 and 10 

are forming invadopodia normally with no statistical significance (Figure 2A). However, from passage number 15 onwards the number of cells 

that form invadopodia are statistically declined until passage number 35; whereby invadopodia formation almost disappears (Figure 2A). In 

addition, to observe whether invadopodia inducer (DMOG) can stimulate invadopodia formation in a low passage number (Passage 7) and 

high passage number (Passage 35), MDA-MB-231 cells in passage number 7 and passage number 35 were treated and incubated for 6 hrs with 

0.5 mM DMOG. DMOG a chemical compound well known to mimic hypoxia and induce invadopodia in the MDA-MB-231 cell line (Hashim 

et al., 2013).  

The results showed the inducer DMOG in passage 7 has successfully increased the number of cells to form invadopodia to 59 % 

compared with 34 % in grow (passage 7) as control (Figure 2B), whereas, in passage 35 the inducer DMOG fail to stimulate the cells to form 

invadopodia (Figure 2B). Therefore, the cells with high passage number could miss their signaling and molecular components of invadopodia 

formation that are essential to degrade ECM (Meirson and Gil-Henn, 2018; Jacob and Prekeris, 2015; Maziveyi et al., 2018). A study on 

LNCaP human prostate cancer cell line considered passage 60 as the highest passage number and passage 25 as the lowest passage, whereas 

PI3K/Akt pathway influenced by passage number (Esquenet et al., 1997) However, invadopodia formation in MDA-MB-231 cells shows 

influence after passage 15. Thus, the data could be used as a mini guideline to study invadopodia formation, especially in the highly invasive 

MDA-MB-231 breast cancer cell line. To validate these results, other invasive cancer lines should be tested for invadopodia formation in 

different passages to ensure that researchers can refer to the correct passage number(s) for optimal invadopodia formation. 
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Figure 1: The effect of passage number on invadopodia formation in low passage number (P7) and high passage number (P35). (A) 
Cells with high passage number (P35) show no gelatin degradation as noted in the arrow in green color images. (B) Cells with low passage 

number (P7) show gelatin degradation in green color images as a black spot and the red image shows cytoskeleton. P= Passage 
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Figure 2: Evaluation of the effect of passage number on invadopodia formation in MDA-MB-231 cells. (A) The effect of 

invadopodia formation on a variety of passage numbers. (B) The effect of passage number on invadopodia formation in low passage number 

(P7) and high passage number (P35) in cells treated with DMOG as invadopodia inducer. Statistical analysis was applied to reveal the 

significance when the measurements compared to passage 6 in (A) and passage 7 in (B) as a control by GraphPad Prism 6 (one-way ANOVA). 

Data presented as (Mean± standard deviation). *P< 0.05, ***P< 0.0005, significant. (n=3, sample size 100 cells each experiment), (P= Passage, 

ns= not significant). 

 

4.0 Conclusion 

 

Invadopodia formation is a primary step in metastasis. To target invadopodia and its molecular components, future researches should 

consider the passage number. The findings of the study suggested that the best accurate passage number to be used in invadopodia formation 

study must be less than passage 15. The present study could be used as a mini guideline to study invadopodia formation, especially in highly 

invasive MDA-MB-231 breast cancer cell line. 
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