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Introduction

Breast cancer is a major public health problem
worldwide being the most diagnosed cancer in
women [, Triple negative breast cancer (TNBC)
represents 10-20% of all breast cancers and is
characterized by the absence of hormone
receptors (progesterone and estrogen) and lack
of expression of epidermal growth factor receptor-
2. Furthermore, it is also described to have poor
prognosis due to its propensity to metastasize to
visceral organs early in the clinical course 2,

In accordance with the lack of recurrently altered
targets at the genomic level, there is a shortage
of approved targeted agents for TNBC, remaining

cytotoxic chemotherapy the mainstay of
treatment. Even though, various distinct
molecular signaling pathways have been
implicated in TNBC phenotypes. Of these,

aberrant activity of the mitogen-activated protein
kinase/ extracellular signal-regulated kinase
(MAPK/ERK) signaling activity is revealed to be
important in the initiation and progression of
cancer 58, Therefore, we sought to uncover the
potential of MAPK/ERK cascade downregulation
in TNBC through the use of an exosome-
mediated system loaded with RNA interference
(RNAI)-based therapeutics.

Materials and Methods

Exosomes derived from BJ cells were isolated by
differential centrifugation and further
characterized by nanoparticle tracking analysis,
transmission electron microscopy, flow cytometry
and western blot. Moreover, in vitro uptake

experiments and biodistribuition experiments
were accomplished to assess performance.
These exosomes were further electroporated with
MEK1-targeting siRNA (iexoMEKL) being the
impact of downregulation in the metastatic
phenotype of highly invasive breast cancer cells
evaluated by measuring migration, invasion and
proliferation. Changes in the regulation of direct
and indirect genes were also assessed.
Moreover, implantation of TNBC cells treated with
iexoMEKL in  chicken embryo chorioallantoic
membrane (CAM) was also executed.

Results and Discussion

We showed that MEK1-targeting siRNA (siMEK1)
led to an efficient downregulation of MEK1 in
different TNBC cell lines, but the effects on the
downstream MAPK/ERK cascade are different.
Moreover, we also demonstrated that the
SiMEK1-mediated silencing led to a cell
proliferation impairment that can be supported by
the induction of apoptosis for all TNBC cell lines
under study, including MDA-MB-231, MDA-MB-
157 and Hs 578T.

In our study, we also showed a clear decreased
ability of all TNBC cells to migrate and invade
upon MEK1 downregulation. Such impairment in
migration/invasion was in part explained by the
reversion of the epithelial-mesenchymal transition
(EMT) phenotype, characterized by the loss of the
mesenchymal markers, including vimentin and n-
cadherin and by the gain of epithelial markers,
namely e-cadherin. Additionally, a clear decrease
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of MMP-2 and MMP-9 expression levels was
observed for all the cell lines under study.
Furthermore, we confirmed that engineered
exosomes loaded with sSIMEK1 (iexoM&K1) are not
altered in their physical properties and overall
integrity, being able to induce a powerful
downregulation of MEK1 expression. The in vivo
experimental data demonstrated that iExoMEKL
induces a significant regression of the tumor size
in relation to control conditions. Supported by the
decrease of the number of recruited blood
vessels, a reduction of metastasis and
consequent inhibition of the formation of a second
tumor was observed for iExoMEK!-treated
condition.

Conclusions

In summary, we have here clarified the role of
MAPK/ERK suppression using a RNAi-based
approach in different TNBC cell lines.
Proliferation, migration and invasion impairments
explained by the reversion of the EMT phenotype
and the MMP-2/MMP-9 downregulation was
verified upon MEK1 downregulation. Additionally,
a successful exosome-based platform was
generated for the siRNA-targeting MEK1 loading
(iIExoMEK1)  showing no changes in their physical
properties and overall integrity in relation to
unmodified exosomes. Ultimately, an in vivo
tumor regression and angiogenesis decrease
were observed after exosome-mediated MEK1
downregulation, certifying this strategy as a novel
promising approach towards TNBC.
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