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• Triple-negative breast cancer (TNBC) has the poorest BC prognosis, being chemotherapy 

the mainstream treatment [1].

• Recent in vitro studies revealed a potential synergistic effect of selected natural 

compounds  in combinatorial therapy with anti-cancer drugs [2] such as doxorubicin (Dox) 

which is frequently used for TNBC [3].

• Because of its antioxidant [4] and antitumor effects [5], the brown seaweed phytosterol 

Fucosterol (Fct) is one of these promising compounds.

• Aim: Using a TNBC cell line (MDA-MB-231), we aimed to test the effects of Fct alone and in 

combination with Dox on cell viability and proliferation, in monolayer and three-

dimensional (3D) cultures.
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MDA-MB-231 Fct 5 µM

Viability assays

- MTT and Resazurin (viability assays)

- BrdU (proliferation assay)

Figure 1. Effect of fucosterol (Fct) at 5 µM alone and in combination with Doxorubicin (Dox) at 0.1, 1 and 2 µM, on cell
viability in monolayer (A) and 3D (B) assessed by MTT assay. Cells treated with 0.1% DMSO (SC) and Dox 5 µM were
included as negative and positive controls, respectively. The results were expressed as the percentage of cell viability
relative to SC (* p < 0.05, ** p < 0.01; *** p < 0.001, **** p < 0.0001).

Figure 2. Effect of fucosterol (Fct) at 5 µM alone and in combination with doxorubicin (Dox) at 0.1, 1 and 2 µM, on cell
viability in monolayer (A) and 3D (B) assessed by resazurin assay. Cells treated with 0.1% DMSO (SC) and Dox 5 µM were
included as negative and positive controls, respectively The results were expressed as the percentage of cell viability
relative to SC (* p< 0.05, ** p < 0.01; *** p < 0.001; **** p < 0.0001).
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Statistical Analysis: Descriptive and inferential statistics were performed using GraphPad Prism 6.0 software (GraphPad Software,
La Jolla, CA, USA). The results are expressed as mean ± standard error of mean (SEM), relative to negative control of three
independent experiments (three duplicates per replica). Significant differences (p ˂ 0.05) were assessed by one-way ANOVAs,

followed by the post-hoc Holm-Šídák multiple comparison test, whenever the ANOVA disclosed significant results for the tested
effects. The normality and homogeneity of variance were confirmed by the Shapiro-Wilk test and the Levene test, respectively.
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Figure 3. Effect of fucosterol (Fct) at 5 µM alone and in combination with doxorubicin (Dox) at 0.1, 1 and 2 µM, on cell
proliferation in monolayer and 3D, assessed by BrdU assay. Cells treated with 0.1% DMSO (SC) and Dox 5 µM were
included as negative and positive controls, respectively. The results were expressed as the percentage of cell viability
relative to SC (* p < 0.05, ** p < 0.01; *** p < 0.001; **** p < 0.0001).

Fct alone did not have 
cytotoxic effects on the 
MDA-MB-231

Fct alone did not affect 
cell proliferation on the 
MDA-MB-231 

In monolayer, both assays 
Dox (≥ 1 µM) induced 
cytotoxic effects in all tested 
conditions (alone and in 
combination)

In monolayer, the
combination of Fct 5 µM 
with Dox 0.1 µM statistically 
differed from SC, and from 
the exposure of each 
compound alone

The effects on cell viability 
assessed by MTT and 
resazurin very were similar

In monolayer, 
Dox (≥ 1 µM) had anti-
proliferative effects on 
MDA-MB-231 

In monolayer, Dox 0.1 
µM alone did not affect 
cell proliferation, but in 
combination with Fcol 5 
µM, it reduced 
significatively the % of 
cell proliferation in 
relation to SC

In 3D culture:
- cell viability only differed from the control at Dox 5 µM 
- none of the tested conditions revealed effects on cell proliferation 

• Fct in low concentration seemed to have potentiated the Dox action. This is a very interesting result

that needs to be further explored.

• Of particular importance would be to study the mechanisms related to the interplay between Fct and

Dox, namely using a pathway-focused gene expression analysis and additional cell-based assays. As

to the latter, and because Fct may change the levels of reactive oxygen species (ROS) [6].

CONCLUSIONS
• Under certain conditions, Fct seem to have

potential to increase effects of Dox.

• Our results corroborate other studies

reporting more resistance of cancer cells to

treatments when in 3D culture.

• In this case, more resistance to the cytotoxic

activity of Dox and its combination with

fucosterol, reinforcing the importance of

using these more complex models for drug

screening.
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