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Abstract  

 Breast cancer is among the most prevalent malignancies affecting women globally. Metastasis is a common clinical 

issue associated with a poor prognosis for breast cancer patients. Bones are one of the most common target organs for 

metastasis found in breast cancer patients, with a frequency of 70% in metastatic breast cancer. Dysregulation of 

microRNA (miRNA) is one of the critical molecular factors that mediates bone metastasis in breast cancer. miRNAs 

expressed by primary breast cancer tissue are known to shape the pre-metastatic bone microenvironment and cause 

osteolytic bone metastasis in breast cancer. Further investigation is required into the biological implications of alterations 

in miRNA expression during bone metastasis. In summary, recent advancements in understanding the role of miRNAs in 

breast cancer bone metastasis have explained the fundamental mechanisms of this process and introduced novel 

possibilities for improved diagnostic, prognostic, and therapeutic approaches. 
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Introduction  

 Breast cancer is among the most prevalent 

malignancies affecting women globally. Data from 

GLOBOCAN 2022 reported that there were 

approximately 2,296,840 cases of breast cancer 

worldwide, with a mortality rate reaching 666,103 per 

year. Research conducted by Arnold et al. [1] predicts 

that the global cases of breast cancer will increase by 

more than 3 million new cases and 1 million deaths by 

2040. Metastasis is a common clinical issue associated 

with poor prognosis of breast cancer patients [2]. 

Metastasis spreads and develops secondary tumors in 

surrounding tissues and organs distant from the primary  

 

cancer site. Metastasis has become one of the hallmarks 

of cancer, and it is responsible for the high number of 

cancer-related deaths, especially in breast cancer [3]. 

During metastasis development, cancer cells undergo 

various molecular and epigenetic events that ultimately 

facilitate the cancer cells to “escape” from the primary 

cancer tissue [4]. 

 Bones are one of the most common target organs 

for metastasis found in breast cancer patients, with 

approximately 70% of breast cancer patients 

experiencing bone metastasis [2]. Bone metastasis in 

breast cancer is generally found in the axial skeleton. 
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Previous study reported that the most common sites of 

bone metastasis occur in the ribs (69.2%), femur 

(58.5%), spine (36.9%), and pelvis (23.1%) [5]. Bone 

metastasis in breast cancer patients is associated with a 

poor prognosis and a significant decrease in life 

expectancy of about 2 - 3 years after diagnosis [6].  

 Bone metastasis in breast cancer is a complex 

process involving several stages and molecular events. 

Dysregulation of microRNA (miRNA) is one of the 

crucial factors that has been linked to the occurrence of 

bone metastasis in breast cancer. miRNA expressed by 

primary breast cancer tissues is known to play an 

essential role in influencing the pre-metastatic bone 

microenvironment and causing osteolytic bone 

metastasis in breast cancer [7]. A more comprehensive 

understanding of the involvement of miRNA 

dysregulation in the process of bone metastasis in breast 

cancer is crucial for the development of more effective 

diagnostic and therapeutic strategies. Therefore, this 

review will focus on exploring the clinical implications 

of miRNA dysregulation related to bone metastasis in 

breast cancer. 

 

Pathophysiology of bone metastasis in breast cancer  

 Bone is one of the organs that most frequently 

becomes the site of metastasis. This is due to the bone 

microenvironment that favors cancer cells to develop 

and form metastatic colonies, such as the abundant 

blood supply in the bone matrix and red bone marrow, 

the presence of adhesive molecules released by cancer 

cells to bind with stromal cells in the bone marrow, and 

the increased production of angiogenic factors and bone 

resorption factors that play a crucial role in facilitating 

the spread of cancer cells to the bone [8]. Therefore, the 

composition of the bone microenvironment and its 

interaction with cancer cells can explain the 

mechanisms underlying the organotropism of 

metastasis.  

 Organotropism or “organ-specific metastasis” is a 

term used to explain the process where cancer cells tend 

to metastasize to certain specific organs, and this 

process is not random. The term organotropism was first 

introduced by Paget as part of the “seed and soil” 

hypothesis [9]. Various breast cancer studies have 

supported this hypothesis, and researchers have 

explained the genetic basis for cancer colonization in 

distant organs. In addition, the host’s microenvironment 

and the adaptive processes experienced by cancer cells 

at metastatic sites play a role in the extravasation and 

colonization of cancer cells at specific metastatic 

locations [10]. A brief visualization of the mechanism of 

bone metastasis in breast cancer can be seen in Figure 

1. 

 

 

Figure 1 Bone metastasis mechanism in breast cancer [11].  

Created in BioRender. Dewi, D. (2025) https://BioRender.com/t08x596  
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 In general, the bone metastasis process can be 

divided into several stages: The release and spread of 

cancer cells, adhesion and invasion into the bone, and 

metastasis in the bone. During the process of 

transforming normal epithelial cells into breast cancer 

cells, the adhesion process of basal membrane cells will 

be disrupted, allowing the release of cancer cells and 

invasion into the surrounding tissue. At the same time, 

this process requires cancer cells to exit the 

microenvironment of their primary tumor tissue and to 

be able to degrade extracellular matrix proteins. To enter 

the bloodstream and colonize local metastatic sites, 

cancer cells must pass through the basement membrane 

and extracellular matrix. Matrix metalloproteinases 

(MMP) are a superfamily of several proteinases that can 

degrade extracellular matrix proteins and enhance the 

migratory capacity of breast cancer cells towards 

surrounding tissues and target metastatic organs [12].  

 Epithelial-mesenchymal transition (EMT) is an 

essential process in bone metastasis. EMT refers to the 

ability of cancer cells to change their phenotype from 

epithelial cells to mesenchymal cells through a series of 

morphogenetic processes [13]. After breast cancer cells 

change their phenotype, the cancer cells will initiate the 

metastasis process by intravasation into the nearest 

capillaries to facilitate neovascularization for survival. 

Intravasation is the process of cancer cells spreading to 

distant organs through the lumen of blood vessels, 

mediated either actively or passively. This process 

depends on the type of cancer, the microenvironment, 

and the blood vessels [14]. Cancer cells located along 

the edges of blood vessels can disrupt the vascular 

endothelium through a mechanism mediated by mitosis, 

after which the cancer cells are released into the 

circulation [15]. 

 Angiogenesis is one of the abilities of cancer cells 

to form new blood vessels that will supply nutrients and 

oxygen to cancer cells, and migrate to the target 

metastasis organs. The process of angiogenesis involves 

various factors known as pro-angiogenesis and anti-

angiogenesis. In cancer, the process of angiogenesis 

occurs due to an imbalance between pro-angiogenesis 

and anti-angiogenesis signals [16]. Angiogenic and 

growth factors enable cancer cells to invade through the 

basal membrane, adhere to the endothelial membrane, 

and pass-through gap junctions to spread into the 

circulation [17]. Since being in the bone 

microenvironment, breast cancer cells can release 

various factors that stimulate bone resorption and 

angiogenesis, leading to the growth of bone metastases 

and increasing the attraction of new breast cancer cells 

to the bone [18]. 

 Breast cancer metastatic cells that have 

successfully undergone intravasation through the blood 

or lymphatic circulation will become circulating tumor 

cells (CTC). In the circulation, CTCs will face many 

obstacles, including shear forces in circulation, 

collisions with host cells, and encountering the body’s 

immunity. All of these factors can affect the survival of 

CTCs and limit their ability to metastasize to distant 

organs [19]. Most CTCs will be phagocytosed or 

undergo apoptosis, leaving only a few CTCs that can 

survive to reach the target metastasis organ. To survive, 

CTCs must evade the immune system surveillance after 

detaching from the primary cancer tissue. One of the 

blood cells that CTCs can exploit after entering 

circulation is platelet activation. By inducing platelet 

aggregation, CTCs will be protected from immune 

system surveillance, experience arrest in blood vessels, 

and its survival will increase [20]. 

 Adhesion and capture of breast cancer cells on the 

endothelium is an essential step in the extravasation 

process mediated by the interaction of multiple ligands 

and receptors, including selectins, cadherins, integrins, 

CD44 cell surface adhesion receptors, immunoglobulin 

superfamily receptors, and also chemokine receptors, 

such as CXCR4 and CXCR7 [21]. Surviving CTCs will 

pass through and become trapped in small capillary 

vessels. This will cause the capillaries to rupture, 

leading CTCs to undergo the process of transendothelial 

migration (TEM) and extravasation into the surrounding 

tissue [22]. Bone has highly permeable sinusoidal 

vessels, allowing CTCs to metastasize to the bone and 

liver. Once CTCs reach the surrounding tissues, they can 

proliferate again to form solid secondary cancer tissues 

[23].  

 Target organ colonization is the final step of the 

metastasis process, involving the ability of cancer cells 

to form solid secondary cancer tissues. Breast cancer 

cells that successfully pass through the endothelial 

barrier and infiltrate the target organ are called 

disseminated tumor cells (DTC). Even though they have 

successfully entered the target organ for metastasis, 

DTCs will still face challenges while adapting to the 
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new tumor microenvironment [22]. Cancer cells will go 

through the metastatic dormancy phase during migration 

to the distant organs. This metastatic dormancy phase 

occurs as part of the DTCs’ adaptation process to the 

new tumor microenvironment, where the cells reside in 

the metastatic organ as single cells or micrometastasis 

foci. In this phase, proliferation and apoptosis occur at 

the same rate, or the infiltration process is blocked in the 

G0 phase of the cell cycle. In breast cancer patients who 

have achieved remission, dormant cancer cells remain in 

the body and are considered responsible for the 

recurrence that occurs later [24].  

 

miRNA: biogenesis and function 

 miRNAs are short non-coding RNA molecules, 

approximately 18-25 nucleotides in size, known for their 

role in regulating gene expression at the post-

transcriptional level [25]. Each miRNA has several 

target genes whose expression can be inhibited by 

binding complementarily to the 3’-untranslated region 

(3’-UTR) of target mRNAs. After forming a binding 

complex with the 3’-UTR, miRNA will initiate the 

inhibition of the translation process or degradation of the 

mRNA, depending on the complementarity of the 

binding [26]. Additionally, miRNA can also bind 

complementarily to the 5’-untranslated region (5’-

UTR), coding region, and within the promoter region 

[27]. miRNA that has bound complementarily to the 5’-

UTR and coding region can silence gene expression 

[28]. 

 So far, it is known that around ± 2,000 miRNAs in 

humans have been identified and registered in miRBase, 

and each miRNA has hundreds or even thousands of 

mRNA targets [29]. miRNA plays an essential role as 

the primary regulator of about 30% of protein-coding 

genes in humans and also plays a crucial role in 

regulating various cellular biological activities, such as 

proliferation, differentiation, migration, and apoptosis 

[30]. Genes that encode miRNA are usually localized in 

non-coding regions or the intron regions of protein-

coding genes within the DNA, referred to as intragenic 

miRNA [31]. 

 The biogenesis of miRNA begins with the 

transcription of the miRNA-coding gene by RNA 

polymerase II into primary miRNA (pri-miRNA), which 

has a structure with a cap and a poly (A) tail. It is also 

known that RNA polymerase III can produce some pri-

miRNAs. Subsequently, pri-miRNA will be cleaved and 

further processed by the microprocessor complex, 

which consists of RNAse III Drosha and DiGeorge 

syndrome critical region 8 (DGCR8), into a stem-loop 

structure approximately 85 nucleotides long, known as 

pre-miRNA [32].  

 Pre-miRNA is then transported from the nucleus 

to the cytoplasm by the Ran/GTP/Exportin 5 complex 

and is further processed by RNAse III Dicer by 

removing the terminal loop, resulting in the formation 

of mature miRNA duplexes measuring approximately 

20 - 25 nucleotides. One strand of the duplex will 

undergo degradation, and the other strand will function 

as mature miRNA [32]. After that, the mature miRNA 

will be transported into a protein complex called RNA-

induced silencing complex (RISC), which also involves 

argonaute proteins and GW182. RISC can bind to the 

3’-UTR end of the target mRNA. The formation of a 

complementary and perfect binding between miRNA 

and the 3’-UTR end of the target mRNA can lead to the 

degradation of the target mRNA. On the other hand, if a 

complementary but imperfect binding occurs, it will 

inhibit the translation process [33]. A brief visualization 

of miRNA biogenesis can be seen in Figure 2. 
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Figure 2 miRNA biogenesis [32]. Created in BioRender. Dewi, D. (2025) https://BioRender.com/s83j389.  

The role of miRNA in breast cancer bone metastasis  

 The expression of miRNA in breast cancer shows 

specific and distinct patterns compared to normal breast 

tissue, indicating that miRNA has a potential role as a 

biomarker for the diagnosis and prognosis of breast 

cancer [34]. With the advancement of technology in the 

field of molecular biology, several methods have been 

developed to comprehensively analyze miRNA 

expression, leading to new findings regarding the role of 

miRNA in the oncogenesis of breast cancer, including 

its involvement in metastasis to visceral organs and the 

mechanisms of resistance to hormonal therapy [35]. 

Several breast cancer subtypes exhibit distinct and 

specific miRNA expression patterns [36]. A brief 

visualization of the mechanisms of miRNAs in breast 

cancer bone metastasis can be seen in Figure 3. 

 

 

Figure 3 Regulatory mechanisms of oncogenic and tumor suppressor miRNAs in breast cancer bone metastasis [37].   

Created in BioRender. Dewi, D. (2025) https://BioRender.com/i70c694.  
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 Dysregulation of miRNA can lead to changes in 

miRNA expression, especially in cancer. Research 

results report that more than half of human miRNA 

genes are located in genomic regions involved in cancer 

[38,39]. Based on their role in oncogenesis, miRNAs 

can be classified into oncogenic miRNAs (oncomiRs) 

and tumor suppressor miRNAs (tsmiRs). Dysregulation 

of miRNAs in cancer generally occurs in oncomiRs that 

exhibit increased expression (upregulation) and in 

tsmiRs that exhibit downregulation, which are known to 

play essential roles in the mechanisms of oncogenesis 

[40]. It is also known that miRNA is classified based on 

their role in metastasis, namely pro-metastatic miRNA 

(metastamiR) and metastasis-suppressor miRNA [41]. 

 miRNA expressed by primary breast cancer tissue 

is known to play an essential role in influencing the pre-

metastatic bone microenvironment and causing bone 

metastasis in breast cancer. Metastatic breast cancer 

cells in the bone modify the bone microenvironment and 

facilitate the proliferation and dissemination of more 

cancer cells [42]. miRNAs produced by primary cancer 

cells can alter the bone stromal cells, including 

osteoblasts and osteoclasts, to establish a nutrient and 

growth factor-rich environment that facilitates the 

proliferation of cancer cells [43]. miRNAs also regulate 

the chemotaxis of cancer cells, which is their capacity to 

migrate toward specific chemical stimuli. Cancer cells 

that have separated from the primary breast cancer 

tissue will respond to chemotactic signals generated by 

the bone microenvironment, and this process is partially 

regulated by miRNA expression [44]. Moreover, 

miRNAs can modulate the expression of adhesion 

molecules on cancer cell surfaces, thus impacting the 

capacity of cancer cells to engage with the bone 

extracellular matrix and migrate through the tissue. 

 Metastatic cancer cells in the bone frequently 

avoid the immune system. miRNAs can help cancer 

cells evade the immune system through several 

mechanisms, such as suppressing the immune responses 

or enhancing the resistance of cancer cells to 

chemotherapy [45]. miRNAs have crucial regulatory 

roles in the interaction between cancer cells and the bone 

microenvironment, orchestrating several cell types, 

signaling molecules, and extracellular components. For 

example, miRNAs can modulate the secretion of growth 

factors by stromal cells, thus promoting the proliferation 

of cancer cells. Furthermore, miRNAs produced by 

cancer cells can interact with miRNAs generated by 

bone stromal cells, establishing an intricate regulatory 

network [46]. 

 Several miRNAs have been identified as key 

regulators in the bone metastases of breast cancer. MiR-

21 is one of the oncomiRs that is overexpressed in 

several cancers and has been associated with very poor 

prognosis in cancer patients. In breast cancer, miR-21 

promotes bone metastasis. The excessive expression of 

miR-21 in breast cancer cells is stimulated by 

lysophosphatidic acid (LPA1) through the 

LPA1/PI3K/ZEB1 signaling pathway [47]. MiR-940 is 

one type of oncomiR secreted by breast cancer cells, 

which is known to play a crucial role in inducing 

osteoblastic bone metastasis and is responsible for the 

bone remodeling modification process during the 

metastasis process [48].  A brief visualization of the 

roles of various miRNAs mediating the metastasis 

process from breast tissue to bone can be seen in Figure 

4. 
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Figure 4 Recent findings in the roles of microRNAs in breast cancer bone metastasis. Multiple miRNAs undergo 

alterations in their expression levels and influence tumor cells metastasis from breast cancer tissue to the bone [49]. 

Created in BioRender. Dewi, D. (2025) https://BioRender.com/g61m808.  

 

 A previous study indicated that breast cancer cells 

can release exosomes containing miRNA-19a to pre-

osteoclast cells and subsequently inhibit PTEN 

expression. The decrease in PTEN expression induces 

the activity of the NFκB and AKT signaling pathways, 

which promote osteoclast differentiation and bone 

resorption. The absorption of exosomes containing miR-

19a by preosteoclast cells depends on the concentration 

of exosomes; the higher the concentration of exosomes, 

the more miR-19a will be absorbed by the preosteoclast 

cells. Integrin-binding sialoprotein (IBSP) released by 

estrogen receptor (ER) positive breast cancer cells plays 

a role in attracting preosteoclast cells into the bone 

microenvironment and facilitating the regulation of 

miR-19a in the bone resorption process [50]. 

 miR-16, miR-133a, and miR-223 are also known 

to play a role in the occurrence of bone metastasis in 

breast cancer patients. In breast cancer, the increased 

expression of miR-16 is involved in bone metastasis by 

enhancing osteoclast function and increasing bone 

damage by upregulating RANKL, IL-1β, PTHrP, and 

other factors. The expression of miR-133a and miR-223 

also increases in breast cancer, but they inhibit bone 

damage by reducing the expression of osteolytic factors, 

thereby decreasing osteoclast activity. Further research 

is needed to precisely determine the role of miR-16 in 

the pathophysiology of bone metastasis in breast cancer 

[51]. 

 A previous study reported that two osteoclast 

miRNAs, miRNA-16 and miRNA-378, play a role in the 

osteoclast formation process, and their expression is 

increased in the serum of breast cancer patients with 

bone metastasis. In addition to oncomiRs, it is also 

known that tsmiRs are involved in the occurrence of 

bone metastasis in breast cancer. For example, miR-135 

and miR-203 are two tsmiRs frequently found in breast 

cancer with bone metastasis. In the breast, the 

expression of miR-135 and miR-203 increases in normal 

breast epithelial cells. In contrast, the expression of 

those miRNAs decreases in bone metastasis specimens 

of breast cancer patients compared to the normal bone 

specimens [52]. The expression of miR-135 and miR-

203 is known to play a role in protecting the bone from 

the formation of osteolytic lesions in metastasis animal 

model by directly targeting RUNX2 in breast cancer cell 

line MDA-MB-231 [53]. The results of this study 

suggest that miR-135 and miR-203 may act as tumor 

suppressors in the occurrence of bone metastasis in 

breast cancer. 

 miR-218 is known to play a role in regulating 

osteomimicry activity, which can also be referred to as 

“osteo-miR.” miR-218 is involved in controlling bone 
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formation through the upregulation of RUNX2 and the 

downregulation of Wnt signaling inhibitors (sclerostin, 

dickkopf-2, and secreted frizzled-related protein 2) in 

osteoblasts. miR-218 is also recognized as a pro-

metastatic miRNA that works by stimulating the 

expression of Wnt-related proteins (bone sialoprotein 

and osteopontin) in breast cancer cells that metastasize 

to the bone. Additionally, miR-218 can facilitate bone 

metastasis in MDA-MB-231 breast cancer cells by 

upregulating CXCR4. This chemokine receptor supports 

the migration of breast cancer cells to bone and mediates 

cancer cell growth in bone [54]. 

 Several studies have reported that bone metastasis 

can recur in breast cancer patients within ten years after 

remission. This indicates that cancer cells can remain 

dormant within the patient’s body for a prolonged period 

[55]. Several molecules and factors, including miRNAs, 

play essential roles in the dormancy process of cancer 

cells that retain the ability to metastasize [56]. Some 

research findings report that miR-127, miR-197, and 

miR-222 also play important roles in the dormancy of 

metastatic breast cancer cells [57].

 

Table 1 Summary of studies investigating the roles of miRNAs in breast cancer bone metastasis. 

Author 
Experimental model/ 

Sample types 
Methods miRNAs 

Pattern of 

expression 
Target genes Potential roles of miRNAs 

[47] - MDA-MB-231  

and Hs 578T cell lines  

- BALB/C nude mice 

 

 

miRNA 

microarray  

qRT-PCR 

miR-21 Upregulated - ZEB1 MicroRNA miR-21 has been 

classified as an oncomiR, facilitating 

metastasis in several cancer types. 

Micro-RNA miR-21 was identified as 

one of the most significantly 

upregulated miRNAs in these cells 

after LPA activation. The functional 

interplay between ZEB1 and miR-21, 

which facilitates LPA-dependent 

metastasis via LPA1 in breast cancers, 

could significantly influence the 

identification of a possible target for 

the development of novel adjuvant 

medicines aimed at preventing 

metastatic recurrences in triple-

negative breast cancer patients. 

[48] - MDA-MB-231-Luc 

- UCB408E6E7TERT-33 cell 

lines 

- BALB/cAJcl-nu/nu mice 

  

 

miRNA 

microarray 

qRT-PCR 

miR-940 Upregulated - ARHGAP1  

- FAM134A 

miR-940 enhanced resistance to many 

chemotherapeutic agents, such as 

methotrexate and vinblastine. This 

study demonstrates that a cancer-

secreted miRNA induces osteoblastic-

type bone metastases, acting as an 

osteotropic factor in the bone 

microenvironment. 

[50] - MDA-MB-231  

- MCF7, T47D  

and RAW 264.7  

- The athymic-nu/nu mice  

- Serum samples from early 

and advanced breast cancer 

patients  

miRNA 

microarray,  

qRT-PCR 

miR-19a Upregulated - PTEN miR-19a and IBSP acts as mediators 

for intercellular communication 

between cancer cells and osteoclasts. 

This study elucidates the molecular 

basis of bone metastasis in ER+ breast 

cancer, necessitating further 

exploration of the miR19a-IBSP axis 

for the formulation of an effective 

therapeutic strategy. 
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Author 
Experimental model/ 

Sample types 
Methods miRNAs 

Pattern of 

expression 
Target genes Potential roles of miRNAs 

[51] - MDA-MB-231 cell line  

- RAW264.7 cell line 

- BALB/c nude mice 

qRT- PCR miR-16 

miR-133a 

miR-223 

Upregulated  

(miR-16);  

Downregulated  

(miR-133a  

and miR-223) 

- RANKL 

- IL-1β  

- IL-6  

- PTHrP 

- TNF- 

 

miR-16 may exacerbate bone 

degradation by promoting osteoclast 

activity through increased expression 

of osteoclast differentiation markers 

and osteolytic factors, whereas miR-

133a and miR-223 may inhibit this 

process. Further research is required to 

further understand the effect of 

miRNAs on cancer bone metastasis, 

the 3 miRNAs could potentially serve 

as biomarkers and therapeutic targets 

for breast cancer bone metastasis 

patients. 

[52] - Serum samples from breast 

cancer patients with bone 

metastasis, without bone 

metastasis and healthy 

individuals  

qRT-PCR miR-16, 

miR-378 

Upregulated - RANKL  

- GM-CSF  

- MIP-1α,  

- PTHrP,  

- IL-8,  

- IL-6 

 

Osteoclast miRNAs, including miR-

16 and miR-378, are prospective 

targets for treating abnormal 

osteoclast activity, such as osteolytic 

bone metastases. The increased levels 

of miR-16 and miR-378 in bone 

lesions and serum samples of patients 

with bone metastases suggest their 

potential utility as biomarkers for 

metastasis. 

[53] - Breast cancer tissues 

- MCF-10A 

- MCF-7  

- MDA-MB-231 

qRT-PCR 

 

miR-135 

miR-203 

Downregulated - RUNX2 

 

miR-135 and miR-203 act as 

inhibitors of breast cancer bone 

metastases in vivo by directly targeting 

the bone-associated transcription 

factor RUNX2. miR-135 and miR-203 

may function as biomarkers and 

therapeutic targets to impede the 

advancement of bone metastasis in 

breast cancer patients. 

[54] - MC3T3-E1 cell line  

- MDA-MB-231 cell line 

qRT- PCR miR-218 Upregulated - BSP 

- OPN 

- CXCR4 

- TCF-1  

- β-catenin,  

- Runx2 

miR-218 enhances Wnt activity and 

the aberrant expression of osteoblastic 

genes, facilitating the homing and 

proliferation of breast cancer cells to 

the bone. The miR-218/Wnt signaling 

pathway enhances the osteoblast and 

breast cancer cell activity associated 

osteomimicry in bone metastasis. 

 

The potential clinical implications of miRNAs in 

breast cancer bone metastasis 

 The expression of several miRNAs has been 

reported to be drivers of molecular alterations in cells 

during bone metastasis in breast cancer [58]. Over the 

past decades, many studies have reported the potential 

of circulating miRNAs in providing clinical roles as 

diagnostic biomarkers, prognostic biomarkers, and 

therapeutic targets in breast cancer patients with bone 

metastasis [59]. In addition, miRNAs can also be 

potential biomarkers to predict tumor cell responses to 

certain chemotherapeutic agents [60]. One of the 

advantages of miRNAs is that they can be detected from 

formalin-fixed paraffin-embedded (FFPE) tissue blocks 

and liquid biopsies, such as blood, serum, urine, saliva, 

and milk fluids [61]. A brief visualization of the 
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potential clinical implications of miRNAs in breast 

cancer bone metastasis can be seen in Figure 5. 

 

 

 

Figure 5 The potential clinical implications of miRNAs in breast cancer bone metastasis [62]. Created in BioRender. 

Dewi, D. (2025) https://BioRender.com/w94q012  

 

 The ability to detect circulating miRNA in blood 

and body fluids can provide an alternative for early non-

invasive diagnosis [62]. The miRNA expression from 

FFPE tissue blocks that can be used as diagnostic 

biomarkers is miR-429 for bone metastasis in breast 

cancer [63]. The increased expression of miRNA-30b-

5p in peripheral blood samples from breast cancer 

patients with bone metastasis has the potential to 

become a diagnostic biomarker in non-invasive liquid 

biopsies. Further research is needed to precisely 

understand the role of miRNA-30b-5p in predicting the 

occurrence of bone metastasis in breast cancer patients 

[64].  

 Furthermore, increased expression of miR-21 is 

associated with poor prognosis in breast cancer patients 

with bone metastasis, making miR-21 a potential 

prognostic biomarker in breast cancer patients with bone 

metastasis [47]. The development of miRNA-based 

cancer therapies focuses on restoring the normal 

regulation of miRNA functions [65]. miRNA-based 

therapies can use two types of synthetic molecules 

specifically designed to mimic the functions of natural 

miRNA. miRNA mimics can be used to restore the 

function of endogenous miRNA and tumor suppressor 

miRNA expression, while antagomiR is specifically 

used to inhibit the overexpressed oncomiR in cancer 

cells [66]. Further research on the molecular 

mechanisms of miRNAs in regulating the occurrence of 

breast cancer metastasis to bone is essential to provide 

new insights for the development of new therapies for 

breast cancer patients with bone metastasis. 

 

Challenges and future directions 

 Research in molecular biology and oncology 

increasingly highlights miRNA and its role in 

developing bone metastasis in breast cancer. While there 

is mounting evidence regarding the role of miRNA in 

breast cancer bone metastasis, further research is still 

required. Further investigation into the biological 

implications of alterations in miRNA expression during 

the metastatic dissemination of tumor cells from 

primary breast cancer tissue to bone is still required. 

Furthermore, investigating the interplay among several 

miRNAs associated with breast cancer and bone 

metastasis is crucial for comprehensively understanding 

the complex mechanisms that drive the progression of 

bone metastasis in breast cancer. Additionally, 

investigating the interactions among various miRNAs 
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may facilitate the advancement of more precise 

diagnostic and prognostic tools and more effective and 

comprehensive therapeutic targeting modalities for 

breast cancer patients with bone metastases. Integrating 

scientific discoveries about the function of miRNAs in 

bone metastasis in breast cancer patients into clinical 

practice can improve quality of life and patients’ 

survival. 

 

Conclusions 

 Recent advances in miRNA research have 

promoted a comprehensive understanding of the roles of 

these molecules in breast cancer bone metastases. 

MiRNAs play a crucial role in the pathogenesis of 

breast cancer bone metastasis by regulating genes that 

promote the dissemination of breast cancer cells to the 

bone. Moreover, miRNAs have shown potential as 

biomarkers for the detection of bone metastasis in breast 

cancer and for predicting patients’ prognosis. 

Additionally, targeting specific miRNAs may become a 

promising therapeutic approach to inhibit disease 

progression. In summary, recent advancements in 

understanding the role of miRNAs in breast cancer bone 

metastasis have explained the fundamental mechanisms 

of this condition and introduced novel possibilities to 

improve diagnostic, prognostic, and therapeutic 

approaches. 
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