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The miRNA-449 family mediates doxorubicin resistance in triple-negative breast cancer by regulating cell cycle
factors.
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Background. Chemotherapy treatment is the standard in triple negative breast cancers (TNBC), a cancer
subgroup which lacks a specific target. The mechanisms of treatment response, as well as the markers to identify
groups of patients prior to treatment, are still unknown. In parallel, there is evidence that microRNAs modulate the
expression of oncogenes and tumor suppressors and are also implicated in promoting anticancer drug resistance.
The miR-449 family, composed of miR-449a, miR-449b and miR-449c, has been shown to mediate cell proliferation
and chemosensitivity in several types of cancer. Since doxorubicin (DOX) has been used for a long time in breast
cancer treatment, and resistance mechanisms are not clear understood, the aim of this work was to find how this
miRNA family could modulate response to doxorubicin in triple negative breast cancer.

Methods. Four breast cancer cell lines (MDA-MB-231, DOX-resistance-acquired MDA-MB-231R, and MDA-
MB-468 as TNBC, and MCF-7 as control) were cultured in normal conditions or treated with DOX 5?M for 24 hours.
The miR-449 family expression was analysed by PCR real-time, as well as the expression of their putative target
genes involved in cell cycle. In addition, the effect of this miRNA family expression was measured in terms of
viability (MTT) and cell cycle regulation (flow cytometry).

Results. Doxorubicin treatment upregulated the miRNA-449 family in TNBC, and their overexpression through
transfection assays sensitized TNBC cells to this treatment. In contrast, miRNA-499 family expression was
unaltered by doxorubicin in MDA-MB-231R cells but miRNA-449 mimic transfection significantly reduced the
doxorubicin resistance of this cell line. Besides, target genes analysed were deregulated according to miRNAs
overexpression results obtained. The cell-cycle regulators E2F1 and E2F3 were upregulated by doxorubicin in wild-
type MDA-MB-231 cells but were not modified in the resistant cell line, while CDK2 expression was elevated in
MDA-MB-231R independently of the treatment. In parallel, interaction between miRNAs and genes was suggested
through transfection and expression assays. Moreover, modulation of this miRNA family expression and thus its
targets, showed significant changes in viability and cell cycle regulation.

Conclusion: We propose the miRNA-449 family and some of its target genes as possible predictive markers of
doxorubicin response in TNBC. In addition, overexpression of this family of miRNAs increases doxorubicin
sensitivity, which can be advantageous in terms of using lower drug doses, thus reducing patient side effects. On
other hand, the fact that the expression of this family of miRNAs remains unaltered in resistant cells supports the
idea that it is implicated in apoptosis and that doxorubicin resistance is produced by cell cycle regulation. In
addition, we saw evidence for a resistant-cell sensitization mechanism after introducing miRNA-449-family mimics,
and this may prove to be important for devising ways to revert the development of resistances at the level of clinical
application.
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