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Metastasis represents the most important cause of breast cancer-associated mortality. Even for early diagnosed stages,
the risk of metastasis is significantly high and predicts a grim outcome for the patient. Nowadays, efforts are made for
identifying blood-based biomarkers that could reliably distinguish patients with highly metastatic cancers in order to
ensure a closer follow-up and a more personalized therapeutic method.
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| 1. Introduction

In 2020, GLOBOCAN indicated that breast cancer (BC) had become the leading cause of global cancer incidence
worldwide, accounting for 11.7% of all cancers. Among women'’s cancers, BC accounts for 25% of new cases and about
17% of deaths [, BC represents a highly heterogeneous disease with specific molecular, histological, and clinical features
2. Gene expression profiling has enabled the molecular portraying of breast cancer which led to the PAM50 classification
of breast tumors into five intrinsic subtypes: Luminal A and normal-like (characterized by ER+/PR+ and Ki67 low and
good-to-intermediate prognosis), Luminal B (differentiated from Luminal A by high Ki67 and a decline in the patient’s
prognosis), HER2+ (characterized by HER2 amplification and the lack of ER and PR), and TNBC (characterized by the
lack of receptors ER-, PR-, and HER2-), with both the HER2+ and TNBC subtypes predicting a poor outcome Bl. While
the clinical classification based on the expression of estrogen and progesterone receptors (ER, PR) and human epidermal
growth factor receptor-2 (HER2) has utility in the selection of targeted therapies, the short-term patient responses and
long-term survival remain difficult to predict 4. In addition, each BC subtype possesses its own proliferation and
metastasis capabilities, further hindering the patient’s outcome &,

Despite new insights on molecular subtypes and the improvement of therapy management [, about 90% of BC deaths
are due to metastases B, BC metastasis represents a multistep evolutionary process involving a variety of cellular and
molecular mechanisms. Shortly, this process is depicted as a series of sequential events by which: tumor cells leave their
primary site, enter the lymphatic or blood stream, arrive by organotropism in specific secondary sites, and seed and
colonize these sites by evading immune surveillance and acquiring resistance to therapeutic intervention . Nevertheless,
the molecular mechanism that underlies this process is very complex RN and not yet fully elucidated.

Moreover the clinical-molecular landscape of BC metastasis has revealed two types of metastasis, referred to as de novo
BC metastasis (dnBCM) and recurrent metastatic breast cancer (rMBC) 13l DnBCM is identified in patients that present
with stage IV disease at the time of diagnosis, while rMBC appears during tumor evolution after a while in patients initially
diagnosed with locally advanced BC. The dnBCM has an incidence of about 6-10% of BC at the point of diagnosis,
regardless of the improved screening programs 4. A TCGA data analysis revealed significant clinical, pathological, and
molecular differences between these types of BC metastasis, indicating that dnMBC patients are more responsive to the
treatment, with better survival than rMBC patients 22181 Although difficult to predict, early diagnosed recurrences in BC
patients have a 17-20% chance of improved survival 4,

Consequently, current data regarding the genomic drivers and phenotypic heterogeneity for each clinical BC subtype 18!
(191 were used to develop several recurrence gene expression-based predictors, including Oncotype Dx, MammaPrint,
MapQuant D, Endopredict, the Breast Cancer Index (BCI), and PAM50-ROR [29. Although gene expression tests have
proven their usefulness for predicting the risk of recurrence of ER-positive BC patients, they have limitations in assessing
the temporal heterogeneity of cancer and monitoring its evolution [, Therefore, identifying the phenotype alterations
responsible for tumor evolution remains a challenging task.



A liquid biopsy represents the ideal method for investigating the dynamic BC phenotype of patients in order to identify their
risk of relapse and the early detection of systemic dissemination. Previous data have pointed out the role of circulating
tumor cells (CTCs), tumor-derived extracellular vesicles, circulating miRNAs, circulating tumor DNA (ctDNA), tumor-
associated proteins, and tumor-educated blood platelets as promising and valuable biomarkers for a BC prognosis 221231,
While CTCs and ctDNA are mostly associated with a liquid biopsy, they have some limitations in both sensitivity and
specificity, especially for early cancer diagnostics (241,

A promising new class of BC biomarkers is arising in the form of miRNAs transported by tumor-delivered exosomes
(miRNA-TDEXx) [25126] MicroRNAs (miRNAs) are small, non-coding RNAs that regulate gene expression at the post-
transcriptional level, being considered master modulators of the cancer phenotype. Therefore, miRNAs are involved in all
the hallmarks of cancers, having oncogenic (oncomiR) or suppressor (tumor-suppressor miR) potential. The exosomes
are small vesicles of approximately 100 nm, secreted by all cell types, with a role in local and systemic cell-to-cell
communication. BC-derived exosomes are essential supporters of BC metastasis by modulating the phenotype of
recipient cells and playing an important role in setting the pre-metastatic niche 22[28],

As aberrant miRNA expression is associated with the cancer phenotype, the identification of aberrantly expressed
miRNAs in a liquid biopsy could be used to monitor the patient's cancer status for the early detection of systemic
recurrence. The discovery of new predictive miRNA-TDEx biomarkers in a liquid biopsy is essential for improving the
management of breast cancer patients by periodical monitorization. Therefore, researchers focus on identifying miRNA-
TDEXx with a proven role in BC metastasis prediction that could become useful in clinical practice. Moreover, considering
the lack of standard methods for evaluating exosomal miRNA, researchers also discuss the challenges and the technical
aspects underlying this issue. Therefore, researchers performed a thorough research of the literature presenting the
potential role of exosomal miRNAs as biomarkers for metastasis prediction in breast cancer, up to May 2022. The
PubMed database was queried using the following keywords: “miRNA exosomes breast cancer metastasis” and “miRNA
extracellular vesicles breast cancer metastasis”. From the extensive list of retrieved papers, researchers focused on
reviewing the research articles that evaluated aberrantly expressed tumor-derived exosomal miRNAs in metastatic breast
cancer. The papers reporting miRNA evaluation from whole blood lysates or other types of vesicles, as well as small
RNAs secreted by stromal or other cell types were excluded. The detailed search strategy is depicted in Figure 1.
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Figure 1. Study selection flow chart depicting the search strategy used for selecting papers.

A thorough research of PubMed literature was performed. Reviews were excluded from the retrieved results and papers
were screened for relevant articles investigating the role of exosomal miRNAs as breast cancer metastasis biomarkers.
MiRNAs of interest were grouped by their level of relevance to the clinic into two tables: one containing miRNAs with
immediate applicability as liquid biopsy biomarkers and another one containing miRNAs validated in preclinical studies,
with potential application to the clinical setting.



2. Clinically Validated Exosomal miRNAs as Biomarkers for Breast Cancer
Metastasis by Site

Breast cancer subtypes display different particularities with regard to therapy approaches, invasiveness, and survival rate.
Moreover, each subtype develops a different metastatic pattern, with specific lesion rates in the secondary organs (Figure
2). Up to 70% 22 of metastases develop in the bone, which is the preferred niche for hormone receptor-positive (HR+)
cancers &I, Of all metastatic sites, bone metastasis tends to predict a better prognosis for the patient in terms of overall
survival BB The liver represents the second most common metastatic site, affecting between 40-50% of all cases, and
it is mostly associated with HR— and Her2+ breast cancers [22. Patients with TNBC have the highest rate of lung and brain
metastases B34l Although brain metastasis accounts for the smallest percent of metastatic events in all types of breast
cancers, 10-30% 23l more and more cases are being characterized with these particular lesions that unfortunately bare
the grimmest overall survival rates BB, Even though the metastatic disease is typically defined as the cancer spread to
distant organs, the local progression of breast cancer to the lymph nodes represents a critical event that is indicative of a
worse prognosis for the affected patients 23, Even in the early stages, 10-26% of breast cancer patients diagnosed with

T1 tumors present lymph node metastases which have been proven to be correlated with a higher risk of distant spread
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Figure 2. The distribution of miRNAs associated and validated with breast metastasis sites: brain (miR-576-3p, miR-130a-
3p, miR-181c), bone (MiR-21-5p, miR-218-5p), and lymph node (miR-363-5p, miR-370-3p, miR-222, miR148a, miR-3662,
miR-146a, miR-1290, miR-188-5p). Breast cancer has several preferential metastasis sites, with different incidences of
secondary lesions. Exosomal miRNAs released by tumor cells have been investigated as blood-based biomarkers for
metastasis prediction with regard to the metastatic site. Several miRNAs reported in the literature have been validated in
liquid biopsy samples of breast cancer patients and represent potential biomarkers with immediate applicability for the
clinic.

MicroRNAs are key regulators of all the hallmarks of cancer 2728l and their role as potential biomarkers for breast cancer
progression and therapy response has also been reviewed elsewhere 2. However, researchers believe it is noteworthy
to highlight the importance and the potential use of exosome-encapsulated miRNAs in the clinical setting. Researchers
present a set of exosomal miRNAs that were identified in liquid biopsy samples of breast cancer patients and were
associated with metastatic events at different sites (Figure 2). As their biological functions were also validated in
experimental settings, researcer consider that these miRNAs might represent potential biomarkers that could open new
avenues for the early detection of breast cancer metastasis with minimal discomfort for the patient.
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