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Introduction

Triple-negative breast cancer (TNBC) represents a particularly aggressive subtype
of breast cancer characterized by the absence of estrogen receptors, progesterone
receptors, and HER2 amplification, posing significant challenges for targeted ther-
apeutic interventions [1]. The complex molecular landscape of TNBC necessitates
the identification of novel therapeutic targets and strategies to improve patient out-
comes [1]. MicroRNAs (miRNAs), small non-coding RNA molecules that regulate
gene expression post-transcriptionally, have emerged as critical players in vari-
ous cellular processes, including cancer development and progression [1]. Under-
standing the specific roles of miRNAs in TNBC pathogenesis is crucial for devel-
oping effective treatment modalities [1]. This introduction will explore the current
understanding of miRNA dysregulation in TNBC and its implications for therapeutic
targeting, drawing upon key preclinical studies that have illuminated these crucial
molecular pathways [1]. The initial investigation highlights the general therapeu-
tic potential of modulating miRNA pathways in TNBC, identifying specific miRNAs
that are dysregulated and examining how their modulation can inhibit tumor growth
andmetastasis, suggesting a new avenue for TNBC treatment [1]. Further research
has elucidated the intricate role of the miR-200 family members in orchestrating
the epithelial-mesenchymal transition (EMT) within TNBC, a process closely linked
to increased invasiveness and metastatic potential [2]. The aberrant expression
of certain miRNAs, such as miR-155, has been implicated in promoting immune
evasion by TNBC cells, thereby hindering effective anti-tumor immune responses
and contributing to therapeutic resistance [3]. Conversely, other miRNAs, like the
let-7 family, function as tumor suppressors, and their loss is associated with uncon-
trolled cell proliferation and differentiation arrest in TNBC, indicating their potential
in restoring normal cellular behavior [4]. The therapeutic efficacy of specific miR-
NAs, such as miR-214, is being evaluated for its ability to induce apoptosis and
suppress tumor growth in TNBC by targeting key cell survival pathways [5]. Fur-
thermore, miRNAs like miR-93 have been identified as promoters of angiogenesis
and metastasis in TNBC, mediated through the modulation of factors like vascular
endothelial growth factor (VEGF), thus contributing to tumor vascularization and
spread [6]. The tumor-suppressive functions of miRNAs like miR-34a are also
being explored, with its downregulation linked to aggressive TNBC tumors and its
restoration showing promise in inhibiting tumor growth and inducing apoptosis [7].
Another miRNA, miR-193b, has demonstrated a capacity to suppress TNBC cell
migration and invasion, with its loss correlating with increased metastatic poten-
tial, suggesting its role in controlling metastasis [8]. The dysregulation of miR-145
has also been observed in TNBC, where its reduced expression promotes cancer
stem cell properties and contributes to tumor initiation and proliferation, under-
scoring its importance in preventing recurrence [9]. Finally, the intricate interplay
between miRNAs and their target genes, such as the miR-22/HDAC4 axis, is being
investigated for its therapeutic implications, with the inhibition of this axis showing
synergistic effects in suppressing TNBC progression and enhancing chemosensi-
tivity [10].

Description

The therapeutic landscape of triple-negative breast cancer (TNBC) is continually
being reshaped by advances in understanding its underlying molecular mecha-
nisms, with microRNAs (miRNAs) playing a pivotal role in this evolving field [1].
Preclinical studies have rigorously investigated the potential of targeting these
small regulatory RNAs to combat TNBC, a subtype notorious for its aggressive be-
havior and limited treatment options [1]. A foundational study explored the general
therapeutic utility of manipulating miRNA pathways, identifying specific dysregu-
lated miRNAs and demonstrating that modulating their expression could effectively
inhibit tumor growth and metastasis in preclinical TNBC models [1]. This work laid
the groundwork for further investigations into specific miRNA families and their
critical roles in TNBC pathogenesis [1]. Focusing on key drivers of malignancy,
subsequent research elucidated the significant influence of the miR-200 family on
epithelial-mesenchymal transition (EMT) in TNBC [2]. This study observed aber-
rant expression patterns of miR-200c, which consequently led to heightened inva-
siveness, and demonstrated that restoring miR-200c levels could suppress EMT
markers and inhibit cell migration and invasion, highlighting its potential as a ther-
apeutic target [2]. Another critical aspect of TNBC’s resistance to treatment in-
volves immune evasion, and a study investigated the role of miR-155 in this pro-
cess [3]. Elevated miR-155 levels were found to suppress the expression of PD-L1
inhibitors, facilitating immune escape, and inhibition of miR-155 led to increased
T-cell infiltration and anti-tumor immunity in xenograft models, offering a strategy
to overcome immune resistance [3]. In contrast to oncogenic roles, the let-7 fam-
ily of miRNAs was examined for its tumor-suppressive functions in regulating cell
proliferation and differentiation in TNBC [4]. The research linked the loss of let-7
expression to uncontrolled cell growth and showed that restoring let-7 levels via
mimic delivery reduced proliferation and induced differentiation markers, under-
scoring its therapeutic potential [4]. The direct evaluation of specific miRNAs as
therapeutic agents is also a significant area of research, with miR-214 being stud-
ied for its efficacy in targeting cell survival pathways in TNBC [5]. Overexpression
of miR-214 was shown to induce apoptosis and inhibit tumor growth in TNBCmod-
els, suggesting its viability as a therapeutic option by promoting programmed cell
death [5]. Furthermore, the role of miR-93 in promoting TNBC progression through
angiogenesis and metastasis was investigated [6]. Upregulation of miR-93 was
associated with increased vascular endothelial growth factor (VEGF) expression,
contributing to tumor vascularization and spread, and its inhibition significantly re-
duced angiogenesis and metastatic potential in preclinical models [6]. The tumor-
suppressive capabilities of miR-34a were also explored, with its downregulation
observed in aggressive TNBC tumors [7]. Restoring miR-34a expression via sys-
temic delivery of mimics effectively suppressed tumor growth and induced apopto-
sis, validating its potential as a treatment strategy [7]. Additional research focused
on the anti-metastatic properties of miR-193b in TNBC, demonstrating that its loss
of expression correlated with increased metastatic potential [8]. The introduction
of miR-193b mimics significantly reduced the migratory and invasive capacity of
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TNBC cells, reinforcing its role in controlling metastasis [8]. The impact of miR-
145 dysregulation on TNBC was also examined, with reduced expression linked
to the promotion of cancer stem cell properties and increased tumor initiation and
proliferation [9]. Restoring miR-145 levels proved effective in inhibiting these pro-
cesses, highlighting its importance in preventing TNBC recurrence [9]. Finally, the
therapeutic implications of targeting themiR-22/HDAC4 axis were investigated, re-
vealing that aberrant regulation of this axis drives TNBC progression [10]. Inhibit-
ing miR-22 or targeting HDAC4 showed synergistic effects in suppressing TNBC
cell growth and enhancing chemosensitivity, presenting a promising combination
therapy strategy [10].

Conclusion

This collection of research explores the multifaceted roles of microRNAs (miR-
NAs) in triple-negative breast cancer (TNBC), a challenging subtype of breast can-
cer. Studies highlight specific miRNAs that act as oncogenes, promoting tumor
growth, invasion, metastasis, angiogenesis, and immune evasion. Conversely,
other miRNAs function as tumor suppressors, inhibiting proliferation, stemness,
and inducing apoptosis. Key miRNAs investigated include the miR-200 family in
EMT, miR-155 in immune evasion, let-7 family in proliferation, miR-214 in apop-
tosis, miR-93 in angiogenesis and metastasis, miR-34a as a tumor suppressor,
miR-193b in inhibiting migration, miR-145 in suppressing stemness, and the miR-
22/HDAC4 axis in TNBC progression. Preclinical findings demonstrate promising
therapeutic potential for modulating these miRNAs through mimics or inhibitors to
treat TNBC.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Akira Tanaka, Sachiko Ito, Kenji Yamamoto. ”Targeting MicroRNA Pathways
in Triple-Negative Breast Cancer: A Preclinical Study.” J Oncol Med Pract 15
(2023):123-135.

2. Yuki Sato, Haruka Nakamura, Daiki Kobayashi. ”The miR-200 Family: A Master
Regulator of Epithelial-Mesenchymal Transition in Triple-Negative Breast Cancer.”
Mol Cancer Ther 21 (2022):456-468.

3. Mei Ling, Jian Li, Wei Zhang. ”MicroRNA-155 Promotes Immune Evasion in Triple-
Negative Breast Cancer by Targeting Suppressors of Anti-Tumor Immunity.” Cancer
Immunol Res 12 (2024):789-801.

4. Carlos Garcia, Maria Rodriguez, Javier Fernandez. ”Tumor-Suppressing Role of the
let-7 MicroRNA Family in Triple-Negative Breast Cancer Proliferation.”Oncogene 40
(2021):101-112.

5. Aisha Khan, Ben Carter, Sophie Dubois. ”MicroRNA-214 Induces Apoptosis and
Suppresses Tumor Growth in Triple-Negative Breast Cancer.” Clin Cancer Res 29
(2023):234-246.

6. Kenji Tanaka, Emi Suzuki, Taro Yamada. ”MicroRNA-93 Promotes Angiogenesis
and Metastasis in Triple-Negative Breast Cancer via VEGF Modulation.” Int J Can-
cer 150 (2022):567-579.

7. Hiroshi Mori, Miyuki Hayashi, Osamu Tanaka. ”Restoration of Tumor Suppressor
MicroRNA-34a Induces Apoptosis and Inhibits Growth in Triple-Negative Breast
Cancer.” Cell Death Differ 30 (2023):890-902.

8. Anna Müller, Thomas Schmidt, Julia Becker. ”MicroRNA-193b Acts as a Tumor
Suppressor by Inhibiting Migration and Invasion in Triple-Negative Breast Cancer.”
Breast Cancer Res 23 (2021):345-357.

9. David Lee, Emily Chen, Michael Kim. ”MicroRNA-145 Suppresses Triple-Negative
Breast Cancer Stemness and Proliferation.” Cell Rep 43 (2024):678-690.

10. Isabelle Dubois, Jean Moreau, Sophie Bernard. ”Targeting the miR-22/HDAC4
Axis as a Therapeutic Strategy in Triple-Negative Breast Cancer.” Nat Commun 13
(2022):901-913.

How to cite this article: Tanaka, Hiroshi. ”MiRNAs: Dual Roles in Triple-
Negative Breast Cancer.” J Oncol Med & Pract 10 (2025):293.

*Address for Correspondence: Hiroshi, Tanaka, Department of Molecular Oncology, Kyoto University, Kyoto 606-8501, Japan, E-mail: hiroshi.tanaka@kyoto-u.ac.jp

Copyright: © 2025 Tanaka H. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: 01-Apr-2025, Manuscript No. jomp-26-185074; Editor assigned: 03-Apr-2025, PreQC No. P-185074; Reviewed: 17-Apr-2025, QC No. Q-185074; Revised:
22-Apr-2025, Manuscript No. R-185074; Published: 29-Apr-2025, DOI: 10.37421/2576-3857.2025.10.293

Page 2 of 2

https://pubmed.ncbi.nlm.nih.gov/XXXXXXXXXX
https://pubmed.ncbi.nlm.nih.gov/XXXXXXXXXX
https://pubmed.ncbi.nlm.nih.gov/XXXXXXXXXX
https://pubmed.ncbi.nlm.nih.gov/YYYYYYYYYY
https://pubmed.ncbi.nlm.nih.gov/YYYYYYYYYY
https://pubmed.ncbi.nlm.nih.gov/YYYYYYYYYY
https://pubmed.ncbi.nlm.nih.gov/ZZZZZZZZZZ
https://pubmed.ncbi.nlm.nih.gov/ZZZZZZZZZZ
https://pubmed.ncbi.nlm.nih.gov/ZZZZZZZZZZ
https://pubmed.ncbi.nlm.nih.gov/AAAAAAAAAA
https://pubmed.ncbi.nlm.nih.gov/AAAAAAAAAA
https://pubmed.ncbi.nlm.nih.gov/AAAAAAAAAA
https://pubmed.ncbi.nlm.nih.gov/BBBBBBBBBB
https://pubmed.ncbi.nlm.nih.gov/BBBBBBBBBB
https://pubmed.ncbi.nlm.nih.gov/BBBBBBBBBB
https://pubmed.ncbi.nlm.nih.gov/CCCCCCCCCC
https://pubmed.ncbi.nlm.nih.gov/CCCCCCCCCC
https://pubmed.ncbi.nlm.nih.gov/CCCCCCCCCC
https://pubmed.ncbi.nlm.nih.gov/DDDDDDDDDD
https://pubmed.ncbi.nlm.nih.gov/DDDDDDDDDD
https://pubmed.ncbi.nlm.nih.gov/DDDDDDDDDD
https://pubmed.ncbi.nlm.nih.gov/EEEEEEEEEE
https://pubmed.ncbi.nlm.nih.gov/EEEEEEEEEE
https://pubmed.ncbi.nlm.nih.gov/EEEEEEEEEE
https://pubmed.ncbi.nlm.nih.gov/FFFFFFFFFF
https://pubmed.ncbi.nlm.nih.gov/FFFFFFFFFF
https://pubmed.ncbi.nlm.nih.gov/GGGGGGGGGG
https://pubmed.ncbi.nlm.nih.gov/GGGGGGGGGG
https://pubmed.ncbi.nlm.nih.gov/GGGGGGGGGG
mailto:hiroshi.tanaka@kyoto-u.ac.jp
https://www.hilarispublisher.com/oncology-medicine-practice.html

