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Abstract 

Background and Objectives: Worldwide, breast cancer affects more than 2.3 million women each year, 

and its treatment has been a challenge in the field of oncology. Its tendency to develop drug 

resistance, as well as the heterogeneity of the disease, poses a clinical challenge for its eradication. In 

order to overcome these barriers, this project focused on evaluating the response of breast cancer cells 

to exposure to an aromatase inhibitor (anastrozole) and a MEK inhibitor (binimetinib) as a 

combination drug treatment, in terms of their viability and migration. Materials and Methods: The 

cytotoxicity of the treatment was evaluated in the 3T3-L1 cell line; viability and migration were 

evaluated in the MCF-7 and MDA-MB-231 breast cancer cell lines; and a synergy analysis of the 

combination of drugs was performed. Results: Synergy in cytotoxicity was observed with the 

combination of drugs at concentrations of 50 μg/mL for anastrozole and 6 μg/mL for binimetinib in 

MCF-7 and at concentrations of 100 μg/mL for anastrozole and 2 μg/mL for binimetinib in MDA-MB-

231. Cytotoxicity was observed in breast cancer cell lines but not in 3T3-L1 fibroblast cells at the 

selected doses. A significant decrease in cell migration was obtained in the MCF-7 cell line with the 

combination of drugs compared to the control. Conclusions: In vitro results suggest that both 

binimetinib and its combination with anastrozole are potential treatments for future studies against 

hormone receptor-positive breast cancer.  
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1. Introduction 

Worldwide, breast cancer affects more than 2.3 million women each year, and its treatment has 

been a challenge in the field of oncology [1]. As biomolecular and clinical research has deepened the 

understanding of the different characteristics of this disease, it has become increasingly evident that 

the approach to breast cancer treatment requires a multiple and highly personalized approach due 

to its diversity [2]. 

An important aspect to consider is breast cancer's tendency to develop drug resistance as well 

as the heterogeneity of the disease, since cancer cells constantly adapt to drug therapies, reducing 

their effectiveness, which presents a clinical challenge for its abatement [3]. One of the major 

contributors to resistance is the overexpression of ATP-binding cassette (ABC) transporters, such as 

P-glycoprotein (ABCB1), which actively pump chemotherapeutic agents out of cancer cells, reducing 

intracellular drug concentration [4]. Current research is focused on overcoming these barriers 

through combination therapies, targeted inhibitors, and epigenetic modulators to restore drug 

sensitivity and improve patient outcomes. 

For this reason, combinatorial therapies have emerged as a potential treatment for this disease. 

These therapies involve the simultaneous administration of multiple drugs in a complementary 

manner. The importance of combinatorial therapies lies in their ability to avoid drug resistance, 

maximize efficacy, and personalize treatment, using the benefits of multiple therapies as an 
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advantage. This strategy offers a promising option to improve patient prognosis [5]. For instance, the 

combination of endocrine therapy with CDK4/6 inhibitors has significantly improved progression-

free survival in hormone receptor-positive (HR+) breast cancer by preventing cell cycle progression 

[6]. In HER2-positive breast cancer, using trastuzumab and pertuzumab, along with chemotherapy, 

has shown superior outcomes compared to single-agent HER2-targeted therapy [7].  

One potential disadvantage of combining drugs to treat breast cancer is the increased risk of 

toxicity and adverse side effects due to overlapping mechanisms of action. However, these challenges 

can be mitigated through optimized dosing strategies, biomarker-guided patient selection, and 

supportive care measures. 

This project sought to evaluate the response of breast cancer cells to the exposure of an aromatase 

inhibitor and a MEK inhibitor as a combinatorial drug treatment, in terms of their survival and 

migration. In vitro evidence of their efficacy represents a key guideline for developing a new therapy 

with the previously mentioned benefits of a combinatorial treatment. 

2. Materials and Methods 

2.1. Drugs  

Anastrozole (a) and binimetinib (b) were purchased from Sigma-Aldrich (A2736; SML3385). 

Both drugs were resuspended in DMSO. 

2.2. Cell Culture 

The following cell lines were cultured: 3T3-L1 fibroblast cells, MCF-7 breast cancer cells 

(estrogen receptors) (donation Dr. Angelina Rodríguez Torres, School of Natural Sciences UAQ) and 

MDA-MB-231 breast cancer cells (triple negative) (donation Dr. Brenda Anguiano, Institute of 

Neurobiology UNAM) in DMEM medium (Dulbecco's Modified Eagle Medium, Gibco-L0093-500) 

supplemented with 10% fetal bovine serum (GIBCO-26140-079) and 1% penicillin-streptomycin 

(Caisson-PSL01) (ATCC, 2023). The cells were incubated at 37°C and 5% CO2.       

2.3. Cytotoxicity Assay 

Using an MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazole bromide) assay, cytotoxicity 

evaluation was carried out on the 3T3 cell line, with anastrozole treatment at concentrations of 100, 

200, 300, 400 and 500 μg/mL, with binimetinib treatment at concentrations of 0.44, 2.2, 4.4, 8.8, 10 

μg/mL and with the combination of anastrozole (a) and binimetinib (b) at concentrations of 50 μg/mL 

of anastrozole + 6 μg/mL of binimetinib (50a+6b), and 100 μg/mL of anastrozole + 2 μg/mL of 

binimetinib (100a+2b). In a 96-well plate, 8,000 cells per well were grown for 24 h to reach 80% 

confluence. After this time, the supplementation medium was removed, and the drugs were added 

at different concentrations; the cells were incubated for 48 h. Later, the cells were washed with 100 

μL of PBS per well, after that 10 μL of MTT reagent and 100 μL of medium were added per well, and 

incubated for 4 h at 37°C. After this period, the MTT was removed with the medium, and 100 μL of 

DMSO was added per well. The plate was incubated for 10 min at 37°C protected from light, and 

absorbance was read in a spectrophotometer at 570 nm. 

To evaluate the cytotoxicity on MCF-7 and MDA-MB-231 cell lines, the cells were treated with 

anastrozole at concentrations of 50, 100, 150, 200, 300 μg/mL; with binimetinib at concentrations of 2, 

4, 6, 8, 10 μg/mL; and with the combination of anastrozole (a) and binimetinib (b) at concentrations 

of 50 μg/mL of anastrozole + 6 μg/mL of binimetinib (50a+6b), 50 μg/mL of anastrozole + 10 μg/mL 

of binimetinib (50a+10b), 100 μg/mL of anastrozole + 2 μg/mL of binimetinib (100a+2b), 100 μg/mL of 

anastrozole + 6 μg/mL of binimetinib (100a+6b), 100 μg/mL of anastrozole + 10 μg/mL of binimetinib 

(100a+10b), 200 μg/mL of anastrozole + 6 μg/mL of binimetinib (200a+6b); combinations based on the 

responses obtained from the evaluation of individual drugs. All concentrations of anastrozole and 

binimetinib had a final concentration of 1% DMSO in culture medium.     
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2.4. Migration Assay 

Using a wound assay, migration evaluation was carried out in MCF-7 cell line with anastrozole 

at concentration of 50 μg/mL, binimetinib at concentration of 6 μg/mL, and the combination of both 

drugs concentrations; MDA-MB-231 cell line was treated with anastrozole at concentration of 100 

μg/mL, with binimetinib at concentration of 2 μg/mL and with the combination of both drugs 

concentrations. All concentrations of anastrozole and binimetinib had a final concentration of 1% 

DMSO in culture medium.  

In a 6-well plate, 400,000 MCF-7 cells and 500,000 MDA-MB-231 cells were grown for 24 h at 80% 

confluence. Three wounds per well were made, using a 200 μL micropipette tip. Each wound was 

measured at different points at 0 h, 6 h, 12 h, and 24 h. 

2.5. Statistical Analysis 

The statistical analysis of tis work was performer with the GraphPad Prism6® program using 

one-way analysis of variance (ANOVA) followed by the Tukey post hoc test (p<0.0 

3. Results 

3.1. Cell Cytotoxicity (MTT) 

In 3T3-L1 cells, cell viability decreased as the dose of anastrozole was increased, with a minimum 

viability percentage of 64% at the highest dose (500 μg/mL) (Figure 1). In contrast, the lowest viability 

percentage for 3T3-L1 cells treated with binimetinib was 91% at a concentration of 4.4 μg/mL (Figure 

2).  

The results of the individual drug evaluation indicate higher cytotoxicity with anastrozole. 

Instead, evaluating the synergic combination treatment, viability remains high and exceeding 100%, 

indicating an absence of over cytotoxicity and a possible compensatory proliferative effect (Figure 3). 

After 48 h exposure to anastrozole (a), binimetinib (b), or their combinations, MCF-7 cells 

showed a consistent, moderate reduction in viability across doses, with all combinations remaining 

below 80% of control (Figure 4A). In contrast, MDA-MB-231 cells exhibited a smaller decrement, with 

most combinations ranging between 80–90% viability; the exceptions were 100a+10b and 100a+2b, 

which fell below 80% (Figure 4B). No clear dose–response trend was observed.  

3.2. Drug–Drug Interaction (Combination Index) 

Drug interaction was quantified using the Combination Index (CI; CompuSyn; Chou–Talalay 

model). In MCF-7 cells (Figure 5A), 50a+6b was synergistic (CI = 0.82796), 100a+2b was borderline 

additive (CI = 0.99869), and higher-dose pairs were antagonistic (200a+6b, CI = 1.27568; 100a+10b, CI 

= 1.54273; 100a+6b, CI = 1.13934; 50a+10b, CI = 1.60385). In MDA-MB-231 cells (Figure 5B), synergy 

was detected at 100a+2b (CI = 0.79897), whereas all other tested combinations were antagonistic 

(200a+6b, CI = 3.16859; 100a+10b, CI = 1.27197; 100a+6b, CI = 2.83590; 50a+10b, CI = 3.96390; 50a+6b, 

CI = 1.96763). Values above CI=2 are not shown in the combination index plot as they exceed the 

limits plotted. Where a CI < 1 indicates a synergistic effect, CI = 1 indicates an additive effect, and CI 

> 1 indicates an antagonistic effect. 

3.3. Cell Migration by Wound-Healing Assay 

Wound closure was quantified as the percentage of uncovered area at 0, 6, 12, and 24 h using 

ImageJ. In MCF-7 cells (Figure 6A, 6C), differences were minimal and not statis-tically significant at 

6 h; by 12 h, all treatments increased the percentage of wound (re-duced closure) versus control, with 

binimetinib showing a significant effect. At 24 h, the control monolayer was nearly closed, while 

binimetinib maintained the largest and sta-tistically significant inhibition versus control; the 

combination anastrozole + binimetinib (a+b) and individual treatment with anastrozole (a) also 

reduced closure but to a lesser magnitude, with anastrozole reaching significance only relative to 
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binimetinib. In MDA-MB-231 cells (Figure 6B, 6D), wound closure was similar across groups at all-

time points; the combination showed a slight trend toward reduced closure, but no statistically 

significant differences versus control were detected for anastrozole, binimetinib, or the combination. 

 

Figure 1. Cytotoxicity of anastrozole in the 3T3-L1 cell line. Evaluation of the cytotoxic effect of anastrozole at 

concentrations of: 100, 200, 300, 400, 500 μg/mL in the 3T3-L1 cell line after 48 hours of treatment. Data are 

presented as mean ± standard error (n=3). One-way ANOVA analysis with Tukey's post-hoc analysis. 

 

Figure 2. Cytotoxicity of binimetinib in the 3T3-L1 cell line. Evaluation of the cytotoxic effect of binimetinib at 

concentrations of: 0.44, 2.2, 4.4, 8.8, 10 μg/mL in the 3T3-L1 cell line after 48 hours of treatment. Data are 

presented as mean ± standard error (n=3). One-way ANOVA analysis with Tukey's post-hoc analysis. 
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Figure 3. Cytotoxicity of the synergic drug combination in the 3T3-L1 cell line. Evaluation of the cytotoxic 

effect of the synergic combination treatment of anastrozole and binimetinib at concentrations of: 50 μg/mL of 

anastrozole + 6 μg/mL of binimetinib (50a+6b), based on MCF-7 synergic results, and 100 μg/mL of anastrozole 

+ 2 μg/mL of binimetinib (100a+2b), based on MDA-MB-231 synergic results; in the 3T3-L1 cell line after 48 hours 

of treatment. Data are presented as mean ± standard error (n=3). 
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Figure 4. Cell viability assessment in cancer cells treated with anastrozole and binimetinib. A) MCF-7 and B) 

MDA-MB-231 cells were treated for 48 hours with anastrozole, binimetinib and its combination at different 

concentrations (μg/mL), and cell viability was assessed using an MTT assay. Data are presented as mean ± 

standard error (n=3). 

 

Figure 5. Synergy analysis of the combination of anastrozole and binimetinib treatment in MCF-7 and MDA-

MB-231. Analysis of the combination index (CI) calculated using CompuSyn software in (A) MCF-7 and (B) 

MDA-MB-231 cells. Dose a (μg/mL): Anastrozole and dose b (μg/mL): binimetinib. The Fa-CI graphs show the 

nature of the interactions according to the effect (Fa) achieved. CI < 1 indicates a synergistic effect, CI = 1 indicates 

an additive effect, and CI > 1 indicates an antagonistic effect. . 
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Figure 6. Assessment of cell migration by wound healing assay in breast cancer cells treated with anastrozole 

and binimetinib. Representative images of the wound healing assay at 0, 6, 12, and 24 hours after wounding and 

treatment with anastrozole at concentration of 50 μg/mL, binimetinib at concentration of 6 μg/mL, and the 

combination of both drugs concentrations, in (A,C) MCF-7 cells; and treatment with anastrozole at concentration 

of 100 μg/mL, with binimetinib at concentration of 2 μg/mL and with the combination of both drugs 

concentrations in (B,D) MDA-MB-231 cells. The bar corresponds to 200 μm. (C–D) Statistical data for wound 

area are expressed as mean ± standard error (n = 3). One-way ANOVA analysis with Tukey's post-hoc analysis, 

different letters stand for statistical significance, p<0.05. 

4. Discussion 

The heterogeneity of breast cancer and the predominant signaling pathways in different cell 

lines are crucial factors that determine the response to therapies [8,9]. The observed differences in cell 

viability between MCF-7 and MDA-MB-231 cell lines following the combined treatment with 

anastrozole and binimetinib can be explained by their distinct molecular subtypes and the 

predominant signaling pathways involved in their proliferation and survival. 

The MCF-7 cell line represents a subtype of breast cancer characterized by estrogen receptor (ER) 

and progesterone receptor (PR) positivity. In these cells, proliferation and growth are heavily reliant 

on estrogen-mediated signaling [10,11]. Anastrozole, as an aromatase inhibitor, reduces endogenous 

estrogen levels, directly suppressing the growth and proliferation of ER-positive breast cancer cells 

[12]. This mechanism underpins the fundamental principle of endocrine therapy used for this 

subtype of cancer. 

Simultaneously, binimetinib, an inhibitor of MEK, blocks MEK phosphorylation, dis-rupting the 

MAPK/ERK signaling pathway, which is critical for cell proliferation and survival [13]. The 

combination of anastrozole, which decreases the availability of estrogen, and the inhibition of the 

MAPK/ERK pathway by binimetinib, provides a dual attack on critical signaling pathways in MCF-

7 cells. The proposed combinatorial strategy aligns with the literature supporting the therapeutic 

synergy between drugs, enhancing the antitumor effect by targeting multiple biological mechanisms 

[14,15]. In fact, previous studies with MCF-7 cells and other agents have shown significant reductions 

in proliferation and increased apoptosis, suggesting that the moderate response observed in MCF-7 

cells is expected and reflects their estrogen dependence [16]. 

In contrast, the MDA-MB-231 cell line represents a triple-negative breast cancer (TNBC) model, 

characterized by the absence of estrogen, progesterone, and HER2 receptors. TNBC is known for 

being one of the most aggressive and poor-prognosis subtypes due to the lack of specific molecular 
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targets for targeted therapies and a high resistance rate to drugs [17, 18]. In this context, the response 

of MDA-MB-231 cells to the combined treatment of anastrozole and binimetinib mainly relies on 

MEK inhibition and its impact on the MAPK/ERK pathway, which is frequently altered in TNBC [19]. 

One way in which these cells could respond to anastrozole is through membrane estrogen receptors 

coupled to G proteins, such as GPER (GPR30), which can stimulate RAS activation [20], so aromatase 

inhibition would interfere with the availability of free estrogens for binding to these receptors. 

However, TNBC, including the MDA-MB-231 line, is characterized by the frequent activation of 

alternative survival pathways, such as the PI3K/AKT/mTOR pathway [21], which may compensate 

for MEK inhibition, explaining the smaller decrease in cell viability observed compared to MCF-7 

cells. The ability of these cells to activate alternative signaling networks in response to MEK inhibition 

underscores the complexity of their treatment and the need for more complex and personalized 

therapeutic strategies. 

The combination of therapies in TNBC cell lines needs to be extensively studied due to the 

difficulty in eradicating these cells with monotherapies. In this regard, the analysis of 

pharmacodynamic synergy using mathematical models, such as the Chou-Talalay method [22], 

enables the evaluation of drug interactions, identifying optimal therapeutic regimens that maximize 

efficacy and minimize toxicity. The results obtained in this study, which show a synergistic effect of 

the combination, support the idea that the joint inhibition of aromatase and MEK may provide a more 

effective treatment than monotherapy approaches. 

The inhibition of the MAPK/MEK/ERK pathway and its relationship with therapeutic efficacy in 

cancers such as TNBC has been documented [23,24]. The aberrant activation of this pathway in TNBC 

could promote cell proliferation and metastasis. Combination treatments, addressing multiple 

signaling pathways, have the potential to more effectively block tumor growth and metastatic 

progression, emphasizing the need for combinatorial therapies for this cancer subtype. 

Finally, tumor heterogeneity, driven by genetic mutations, epigenetic alterations, and 

microenvironmental variations, contributes to the variability in response to treatments [25]. 

Combination therapy offers the potential to reduce the dose of each drug, which may minimize 

toxicity in normal cells while maximizing efficacy in tumor cells. This ap-proach, focused on tailoring 

treatment to the specific characteristics of each tumor, is essential for improving clinical outcomes, 

particularly in TNBC, an extremely complex subtype. 

The study of cellular migration inhibition, mediated by anastrozole in MCF-7 cells, highlights 

the importance of hormonal modulation in the migration of tumor cells. This behavior can be 

explained by the role of aromatase in cancer regulation, whereby, by inhibiting the signaling pathway 

that is activated when estradiol is synthesized, it cannot bind to its receptors or translocated to the 

nucleus to bind to the regulatory regions of target genes involved, among other processes, in cell 

proliferation and migration [26]. In the case of MDA-MB-231 cells, inhibition of other signaling 

pathways, such as PI3K/AKT/mTOR and WNT [27,28], has also been shown to suppress cell 

migration, underscoring the importance of developing therapies targeting multiple pathways to 

improve the TNBC response. 

5. Conclusions 

The results obtained show that the synergic combination of anastrozole and binimetinib has a 

favorable preliminary safety profile in non-tumor cells (3T3-L1). The differential response of MCF-7 

and MDA-MB-231 cell lines to the combination of anastrozole and binimetinib in its viability and cell 

migration, is consistent with their molecular profiles and underlying signaling pathways. The 

estrogen dependency of MCF-7 makes it more susceptible to aromatase inhibition, while the complex 

network of survival pathways in MDA-MB-231 (TNBC) confers greater resistance and a lower overall 

response to this combination, despite MEK inhibition. This underscores the need for personalized 

strategies and drug combinations that address the complexity and heterogeneity of breast cancer 

subtypes, particularly triple-negative breast cancer (TNBC). 
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The following abbreviations are used in this manuscript: 

ABC ATP-binding cassette 

ABCB1 ATP-binding cassette P-glycoprotein 

DMSO Dimethyl sulfoxide 

ER Estrogen receptor 

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide 

TNBC triple-negative breast cancer 
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