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Dear Editor,

MicroRNAs (miRNAs) are small 
non-coding RNA molecules that 

regulate gene expression by binding to 
the messenger RNA (mRNA) of specific 
genes [1]. In recent years, evidence has 
demonstrated the role of miRNAs in vari-
ous aspects of cancer progression, includ-
ing metastasis [2]. Indeed, their ability 
to influence multiple signaling pathways 
involved in tumor growth, angiogenesis, 
invasion, and immune response highlights 
their significance in cancer biology [3].
Breast cancer (BC) metastasis to the brain 
poses a formidable clinical challenge, re-
sulting in poor patient outcomes and lim-
ited treatment options [4]. Recent research 
has indicated that specific miRNAs are 
implicated in this process, either promot-
ing or suppressing brain metastasis forma-
tion [5]. For example, miR-10b has been 
identified as a metastasis-promoting miR-
NA, influencing tumor invasiveness and 
enhancing colonization of BC cells to the 
brain by targeting various genes involved 
in cell adhesion and angiogenesis [6]. 
Additionally, miR-520h has been shown 
to suppress the expression of genes asso-

ciated with the epithelial-mesenchymal 
transition, thus inhibiting BC cell migra-
tion and invasion to the brain [6]. Table-1 
indicates some important miRNAs [7-14] 
with the propensity of brain metastasis 
among patients with BC.
Furthermore, Jordan-Alejandre et al. [15] 
revealed the potential of miRNAs as prog-
nostic biomarkers in BC patients with 
brain metastasis (Table-2). For instance, 
elevated circulating levels of miR-210 
have been correlated with an increased risk 
of brain metastasis, suggesting its utility 
as a predictive biomarker for identifying 
patients at higher risk of developing brain 
metastasis [16]. Hence, manipulating the 
expression levels of specific miRNAs and/
or targeting miRNA-mRNA interactions 
could provide novel therapeutic strategies 
[17]. Although several pre-clinical studies 
[17, 18] have demonstrated encouraging 
results in inhibiting metastasis by either 
delivering synthetic miRNA mimics or 
using anti-miRNA agents to suppress on-
cogenic miRNAs (Table-3), further eluci-
dation of the intricate interplay between 
miRNAs and their target genes is essential 
for the successful translation of these find-
ings into clinical practice.
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Table 1. Some miRNA and Targeted Genes Involved in Brain Metastasis Among Patients with BC

miRNAs Targeted Genes Functions Ref

miR-10b HOXD10, TP53 Promotes invasion, metastasis, and angiogenesis [7]

miR-210 EFNA3, PTEN, RAD52 Induces angiogenesis and enhances cell survival [8]

miR-122 ADAM10, PKM2 Affects tumor growth, migration, and metabolism [9]

miR-127 BAI1, ZEB1, MMP16 Suppresses metastasis and inhibits EMT [10]

miR-146a EGFR, IRAK1, TRAF6 Regulates inflammation and tumor progression [11]

miR-200 family ZEB1, ZEB2, E-cadherin Suppresses EMT and inhibits metastasis [12]

miR-335 SOX4, TNC, TGFBR2 Modulates migration, invasion, and EMT [13]

miR-9 CDH1, CDH2, MMP14 Controls migration, invasion, and differentiation [14]

EMT: Epithelial-mesenchymal transition

Table 2. miRNAs as Prognostic Biomarkers for Prediction of Brain Metastasis in Patients with BC 

miRNAs Targeted Genes Functions

miR-10b HOXD10, TP53 Enhances invasion, migration, and EMT

miR-125b HER-2, ERBB2 Inhibits HER-2 expression and proliferation

miR-126 SPRED1, CRK, IRS-1 Regulates cell adhesion, migration, and 
angiogenesis

miR-146a TRAF6, IRAK1 Modulates inflammation and immune responses

miR-200 family ZEB1, ZEB2, E-cadherin Inhibits EMT and suppression of metastasis

miR-205 ZEB1, ZEB2, E-cadherin Regulates EMT and inhibits metastasis

miR-210 EFNA3, HOXA1, RAD52, TP53 Promotes angiogenesis and metastasis

miR-221/222 CDKN1B (p27), TIMP3, ICAM1, 
PTEN

Facilitates proliferation, angiogenesis, and 
invasion

miR-375 PDK1, SP1, JAK2 Inhibits invasion and migration

miR-520c-3p EGFR, HER-2 Targets EGFR and HER-2 to inhibit proliferation

EMT: Epithelial-mesenchymal transition; HER-2: Human epidermal growth factor receptor 2; EGFR: Epider-
mal growth factor receptor
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Also, close collaboration and interdis-
ciplinary efforts among neurosurgeons, 
researchers, oncologists, geneticists, and 
bioinformatics are necessary to integrate 
miRNA-based approaches into standard 
clinical practice.
In conclusion, the role of miRNAs in BC 
metastasis to the brain represents a poten-
tial treatment approach. Hence, by inves-
tigating the complex networks of miR-
NA-based molecular alterations and their 
potential role as prognostic biomarkers 
and therapeutic targets, we could provide 

more effective personalized strategies to 
reduce metastasis rates, especially to the 
brain, in patients with BC.
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