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Microplastics (MPs) are increasingly implicated in cancer biology through effects on gene expression, stress responses, and treatment susceptibility; however, causal links remain provisional. We systematically screened PubMed and Google Scholar (through September 2025) to identify cancer-related genes reported to be altered by MP exposure and then evaluated microRNAs (miRNAs) with anticancer activity that may target those genes. Mature miRNA sequences were retrieved from RNAcentral and assessed against MP-altered genes using RNAhybrid for target-site prediction and minimum free-energy (mfe) hybridization. MPs were reported to modulate genes across multiple tumor types—including breast, gastric, liver, lung, colorectal, cervical, pancreatic, and skin. In silico analyses identified candidate miRNAs with favorable mfe values for these targets, including miR-483-3p, miR-365, miR-331-3p, miR-138-5p, miR-760, miR-1-3p, miR-665, miR-490-3p, miR-370-3p, miR-520a, miR-638, miR-559, miR-532-3p, miR-593-5p, and miR-29b. These interactions suggest putative avenues to counter MP-associated oncogenic programs and therapy resistance. Because mfe predictions do not establish functional regulation, all findings should be interpreted as hypothesis-generating. Priorities for validation include reporter assays, gene/protein modulation, phenotypic rescue, and in vivo testing in MP-exposed models. Collectively, our results nominate miRNAs as candidate tools to interrogate and potentially mitigate MP-associated carcinogenic mechanisms.
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1 INTRODUCTION
Microplastics (MPs) are conventionally defined as plastic particles <5 mm (5,000 µm) in diameter, while nanoplastics (NPs) are generally <1 µm. For the purposes of this review, we focused on the range of 1–5,000 μm, consistent with commonly reported experimental studies (Hale et al., 2020). Among these, human health is one of the most critical concerns. Studies have confirmed the presence of MPs in the human body worldwide, where they can accumulate in various types of cells (Vethaak and Legler, 2021). This accumulation may lead to several adverse health outcomes, including gut microbiota disruption and respiratory disorders (Winiarska et al., 2024).
Microplastics (MPs < 5 mm) have been detected in human tissues and may perturb cancer-related pathways including oxidative stress, lipid metabolism, inflammation, and drug transport. Studies report that MPs can upregulate efflux transporters (ABCB1/ABCG2) and alter chemotherapeutic susceptibility (Rosellini et al., 2023), enhance metastatic features in breast cancer (Park et al., 2023), promote therapy resistance via ASGR2 in gastric cancer (Kim et al., 2022), and aggravate radiation-induced intestinal injury (Chen Y. et al., 2024). Despite these observations, mechanisms remain poorly defined.
One of the most concerning potential health impacts of MPs is cancer. Previous studies have suggested MPs as possible contributors to carcinogenic processes, but the evidence remains preliminary and largely associative (Kumar et al., 2024). In addition to initiating tumorigenesis through mechanisms such as DNA damage (Hu et al., 2022), may also influence the response of cancer cells to anti-cancer therapies, potentially contributing to drug resistance (Kim et al., 2022). These findings underscore the need to explore novel strategies for cancer treatment.
Therefore, scientists have attempted to develop various kinds of anti-cancer therapeutic agents in recent years (Sun et al., 2023). Recent research has focused on developing innovative anticancer strategies, including advanced drug platforms (Kaliyev et al., 2024), stem-cell–based therapies (Kaliyev et al., 2024), and public education initiatives (Barani, 2024). Among these, microRNAs (miRNAs) have emerged as promising anti-cancer agents.
miRNAs are ∼22-nucleotide non-coding RNAs that guide Argonaute complexes to complementary mRNA regions, leading to mRNA degradation or translational repression. Each miRNA regulates many targets, allowing broad control of oncogenic networks involving proliferation, apoptosis, invasion, and drug resistance (Szczepanek et al., 2022). These regulatory properties make miRNAs attractive therapeutic candidates for MP-associated cancers. miRNAs possess several advantageous properties, including the ability to regulate cancer-related pathways, modulate drug sensitivity, deliver therapeutic molecules, and enable personalized treatment approaches (Szczepanek et al., 2022), making them strong candidates for treating MP-associated cancers. However, there is still a lack of comprehensive understanding regarding the potential of miRNAs to treat MP- associated tumors and the molecular mechanisms through which they exert anti-cancer effects. Most previous studies have focused on how MPs alter miRNA expression and function (Chen T. et al., 2024).
Therefore, the present study aims to investigate the therapeutic potential of miRNAs in MP-associated cancers through an in silico analysis. Additionally, this review explores possible molecular mechanisms underlying the anti-cancer activity of miRNAs and offers insights for future in-vivo and in-vitro research to further clarify their role in treating MP-associated malignancies.
2 MATERIALS AND METHODS
2.1 Literature identification and selection
We queried PubMed and Google Scholar from database inception to 30 September 2025 (Figure 1). Example search string (PubMed): (microplastic* OR nanoplastic* OR “plastic-related”) AND (cancer OR tumor OR carcinoma OR leukemia) AND (gene OR transcript* OR “drug resistance” OR efflux OR MAPK OR ABCB1 OR ABCG2) and for miRNAs: (microRNA OR miRNA) AND (anticancer OR tumor suppress* OR apoptosis OR chemosensit*) AND (breast OR gastric OR liver OR lung OR colorectal OR cervical OR pancreatic OR melanoma).
[image: Flowchart illustrating a research process involving five steps. Step 1 involves searching for genes affected by microplastics in cancer cells using specific keywords. Sources include Google Scholar with 178 surveys and PubMed with 181 surveys. Steps 2 and 3 focus on finding nucleotide sequences of microRNAs and genes affected by cancer microplastics. Step 4 involves molecular docking analysis using the RNA hybrid tool. Step 5 is about visualizing results with 2D and 3D visualization tools.]FIGURE 1 | The total paradigm of the searching strategy of the present study.Inclusion criteria: (i) primary in vitro/in vivo/clinical studies in human cancer models or human tissues reporting MP exposure (or plastic-related compounds) and gene/protein/pathway changes; (ii) peer-reviewed; (iii) English. Exclusion: reviews, editorials, non-human non-cancer models, studies reporting expression changes without cancer relevance, or miRNAs lacking anticancer functional evidence. Two reviewers independently screened titles/abstracts and full texts; disagreements were resolved by a third reviewer.
2.2 Sequence sources and target selection
Mature miRNA sequences were retrieved from RNAcentral; human gene sequences (mRNA/UTR/coding region where available) were obtained from NCBI Gene/RefSeq. We evaluated genes previously reported as MP-altered in cancer contexts (Tables 1–3). (Chen T. et al., 2024).
TABLE 1 | Genes that are affected by microplastics (MPs) in various types of cancer cells.	Microplastic	Type of cancer cell	Cancer type	Affected gene	Effect of microplastics on gene	The final impact on the cancer cell	Reference
	MP	CEM/ADR5000 cells	Leukemia	ABCB1
ABCG2	Inhibition	Increasing cytotoxicity	Rosellini et al. (2023)
	MDA-MB-231-BCRP cells	Breast cancer	Disruption of detoxification pathways
	Heightening cell susceptibility to xenobiotics
	PMMA	HepG2	Liver cancer	HO-1	Upregulation	Increasing oxidative stress	Boran et al. (2024)
	Promotion of inflammation
	PPARγ	Increasing lipid accumulation
	LXR-α	Disruption of lipid homeostasis
	Increasing inflammation
	FABP1	Downregulation	Promoting inflammation
	Promoting lipid accumulation
	PPARα	Downregulation	Mitochondrial damage
	Lipid metabolism disruption
	Polythene	SCL-1	Skin cancer	NLRP3	Increased expression	Enhancing proliferation	Wang et al. (2023)
	A431	Enhancing the inflammatory response
	PP	MDA-MB-231	Breast cancer	TMBIM6	Increased expression	Enhancing cell cycle progression	Park et al. (2023)
	AP2M1	Increased expression	Increasing secretion of pro-inflammatory cytokine IL-6
	PTP4A2	Increased expression	Promoting metastatic features
	FTH1	Reduced expression
	PS	NCI-N87	Gastric cancer	CD44	Increased expression	Multidrug resistance	Zhao et al. (2024),Brynzak-Schreiber et al. (2024),Li et al. (2023),Yan et al. (2020)
	ASGR2	Increased expression	Enhancing cancer hallmarks
	Enhancing proliferation
	Enhancing migration
						Drug resistance	
	Colorectal cancer cells	MUC2	Reduced expression	Loss of mucosal barrier protection
	Increasing inflammation-driven carcinogenesis
	Promotion of colorectal cancer risk
	Lung cancer cells	TIM4	Potential binding and internalization of PS microplastics	Altering the tumor immune microenvironment
	Cervical cancer cells	Immune suppression and modulation
	Colorectal cancer cells	Tumor progression
	Gastric cancer cells
	Pancreatic cancer cells
	AGS	Gastric cancer cells	Bax	Overexpression	Decreasing cell viability
	Inducing apoptosis
	Inducing DNA damage
	PTFE	A549	Lung cancer	MAPK Family	Activating	Induction of oxidative stress	K et al. (2023)
	NLRP3	Reduced expression	Induction of an inflammatory response
	BCL2	Increased expression	Induction of carcinogenic processes


A431, human epidermoid carcinoma cell line; ABCB1, ATP-binding cassette sub-family B member 1; ABCG2, ATP-binding cassette sub-family G member 2; AGS, adenocarcinoma gastric cancer cells; AP2M1, adaptor-related protein complex 2 subunit mu 1; ASGR2, asialoglycoprotein receptor 2; A549, human lung carcinoma cell line; Bax, Bcl-2-associated X protein; BCL2, B-cell lymphoma 2; CEM/ADR5000 cells, doxorubicin-resistant human acute lymphoblastic leukemia cells; CD44, cluster of differentiation 44; FABP1, fatty acid-binding protein 1; FTH1, ferritin heavy chain 1; HO-1, heme oxygenase 1; LXR-α, liver X receptor alpha; MAPK, family, mitogen-activated protein kinase family; MDA-MB-231, human breast adenocarcinoma cell line; MDA-MB-231-BCRP, cells, breast cancer resistance protein-overexpressing MDA-MB-231, cells; MP, microplastic; MUC2, mucin 2; NCI-N87, human gastric carcinoma cell line; NLRP3, NACHT, LRR, and PYD, domains-containing protein 3; PMMA, polymethyl methacrylate; PP, polypropylene; PPARα, peroxisome proliferator-activated receptor alpha; PPARγ, peroxisome proliferator-activated receptor gamma; PS, polystyrene; PTFE, polytetrafluoroethylene; PTP4A2, protein tyrosine phosphatase type IVA, member 2; SCL-1, squamous cell carcinoma cell line; TMBIM6, transmembrane BAX, inhibitor motif-containing 6; TIM4, T-cell immunoglobulin and mucin domain-containing protein 4.
TABLE 2 | Detailed information about gene function and molecular mechanisms that are affected by MPs, based on previous studies.	Gene	The total function of genes in cancer	Type of cancer	Function of the gene in cancer cells	The molecular mechanism by which genes exert their function in cancer	Reference
	ABCB1	+ Substance transportation
+ Role in Vascular Transport
+ Vascular Processes in the Circulatory System
+ Ion Channel Interactions	+ Breast cancer
+ Leukemia	Preventing the accumulation of toxic substances inside cells	Actively pumps chemotherapeutic drugs out of cancer cells, thereby reducing intracellular drug accumulation	Miao et al. (2017),Altamura et al. (2022)
	Preventing the accumulation of certain chemotherapeutic drugs
	Controlling the transport of substances between blood and tissues	Contributes to MDR by lowering the efficacy of various anticancer drugs
	Reducing drug penetration into certain tissues	Increased efflux of chemotherapeutic drugs, reducing their cytotoxic effects
	Impacting pharmacokinetics and limiting drug efficacy in cancer therapy
	Influencing the selective permeability of blood vessels	Barrier Integrity and Selectivity: By regulating the efflux of molecules, P-gp contributes to maintaining the selective permeability of vascular barriers
	Affecting drug distribution and clearance	Drug Resistance in Circulatory Tumors: P-gp impacts drug efficacy by limiting the systemic retention of drugs within the vascular environment
	Regulating apoptosis	P-gp may regulate or interact with ion channels, contributing to cellular responses and influencing apoptosis and drug resistance
	Regulating proliferation	Facilitating cellular adaptation to stress conditions, such as chemotherapy exposure
	ABCG2	+ Response to the drug
+ Substance transportation	+ Breast Cancer
+ Leukemia	Increasing drug efflux	Reducing intracellular retention of chemotherapeutic agents	Wang et al. (2020),Franczyk et al. (2022)
	Transporting a wide range of chemotherapeutic agents and limiting their cytotoxic effects in cancer cells
	Acting as a barrier in tissues like the blood-brain barrier, liver, and intestines	Regulating the bioavailability and toxicity of drugs
	AP2M1	Vesicle coat	Breast Cancer	Promoting intracellular trafficking	Coating vesicles during endocytosis	Shin et al., 2021; Münz (2020),Xue et al. (2021)
	Promoting cancer progression	Facilitating the recruitment of cargo proteins to clathrin-coated vesicles
	Maintaining cellular homeostasis
	Regulating the availability of key signaling molecules
	Promoting tumor growth and progression	Influencing the internalization and trafficking of cancer-related receptors such as EGFR
	Antigen Processing	Playing a role in endocytosis	Modulating cancer cell signaling
	Modulating cancer cell nutrient uptake
	Modulating cancer cell receptor recycling or degradation
	Curbing oncogenic pathways
	Internalization of MHC class I molecules	Regulating the trafficking and recycling of MHC molecules
	Ensuring proper antigen display to T cells
	receptor-mediated endocytosis	Promoting cancer progression	Increasing receptor endocytosis
	Modulating cancer cell proliferation and survival pathways	Regulating CME
	Mediating the trafficking of receptors such as EGFR
	ASGR2	Regulation of immune response	Gastric Cancer	Influencing the tumor microenvironment	+ Targeting glycoproteins with terminal galactose or N-acetylgalactosamine residues for degradation
+ Glycoprotein recycling
+ Immune regulation	Xue et al. (2021)
	Promoting tumor metastasis
	Worsening of tumor prognosis
	Increasing tumor aggressiveness
	Increasing tumor survival
	Bax		Gastric cancer	Inducing apoptosis in cancer cells	Collapsing the mitochondrial membrane potential, which results in the release of cytochrome C, which leads to apoptosis	Shabani et al. (2020),Shen et al. (2023)
	Activation caspases 3, 7, and 9
	BCL2	Regulation of the extrinsic apoptotic signaling pathway	Lung cancer	Preventing cancer cell death	+ Inhibiting the pro-apoptotic protein Bax
+ Inhibiting the activation of caspases 3, 7, and 9
+ Inhibiting the activation of the cleavage of PARP	Ramkumar et al. (2023),Alam et al. (2022a),Alam et al. (2022b)
	Promoting cancer cell survival
	Promoting resistance to chemotherapy and radiation
	Preventing the induction of apoptosis
	Avoiding programmed cell death
	Blocking the activation of downstream caspases	Preventing the release of cytochrome c from mitochondria
	Promoting cancer growth
	Promoting the persistence of cancer cells
	CD44	Cell-matrix adhesion	Gastric cancer	Enhancing antioxidant defense	Stabilizing the xCT cystine transporter	Jang et al., 2011; Zavros (2017)
	Reducing oxidative stress
	Enhancing the antioxidant defense of cancer stem cells
				Tumor cell survival		
	Promoting tumor growth
	Tumor initiation	Interaction with extracellular matrix components such as hyaluronan
	Tumor progression	Involvement in signaling pathways like c-Met activation
	FABP1	Lipid oxidation	Liver cancer	Enhancing tumor progression	Interacting with PPARG in TAMs to promote FAO	Tang et al. (2023)
	Maintaining the M2 phenotype of TAMs
	Immune suppression
	FTH1	Iron ion homeostasis	Breast Cancer	Iron storage	Activating, binding, and stabilizing the tumor suppressor p53 under oxidative stress	Di Sanzo et al. (2020),Jia et al. (2024)
	Oxidative damage protection
	Regulation of angiogenesis
	Inhibiting ferroptosis	Chelating ferrous iron and reducing ROS accumulation
	Inhibiting chemotherapy resistance
	Stabilizing high levels of antioxidant capacity in breast cancer cells
	HO-1	Heme metabolic process	Liver cancer	Reducing oxidative stress	Playing a role in the Nrf2 signaling pathway	Alharbi et al. (2022)
	Creating Cytoprotective Effects	Facilitating the production of biliverdin, CO, and free iron from heme
	Modulating tumor cell proliferation	Anti-apoptotic and antioxidant properties​
	Enhancing cancer cell resistance to treatment	Activation of survival pathways
	Enhancing tumor progression	Suppression of apoptosis​
	Enhancing metastasis
	LXR-α	Fatty acid biosynthetic process	Liver cancer	Lipid accumulation	Modulating downstream target genes, such as SREBP-1c, PPARγ, and FAS	Han et al. (2023)
	Inflammation	Inhibiting Cancer Progression
	Immune responses	Inhibiting tumor cell proliferation	Upregulation of genes like SOCS3 and suppression of oncogenes like FOXM1
	Inducing cell cycle arrest
	Inducing apoptosis
	Reducing tumor invasiveness​	Interacting with the Wnt/β-catenin and NF-κB signaling pathways
	Reducing tumor migration
	MAPK Family		Lung cancer	Increasing cancer cell proliferation	Activation of Ras/Raf/MEK/ERK cascade	Jain et al. (2021),Zhou et al. (2020a)
	Increasing cancer cell metastasis
	Promoting cancer cell resistance to targeted therapies
	Promoting cancer cell proliferation	Activation of receptor α4β1 integrin leads to phosphorylation of MAPK components such as JNK and p38
	Promoting cancer cell migration
	Promoting cancer cell invasion
	MUC2	Glycoprotein biosynthetic process	Colorectal cancer cells	Regulating immune response and inflammation	+ Decreasing IL-6 secretion
+ Inhibiting the STAT3 and Chk2 signaling pathway
+ Activation of CREB phosphorylation
+ Upregulation of E-cadherin	Hsu et al. (2017)
	Decreasing tumor cell migration
	Decreasing EMT
	Decreasing metastasis
	Decreasing cancer progression
	NLRP3	Regulation of the inflammatory response	+ Skin Cancer
+ Lung cancer	Inducing inflammation	Activation of NLRP3, ASC, and caspase-1 which leads to Activating IL-1β and IL-18	Ciazyn et al. (2020)
	Regulation of cytokine production is involved in the inflammatory response	Increasing tumor growth
	Increasing tumor angiogenesis
	Increasing tumor immune evasion mechanisms
	Inducing DNA damage
	Suppressing apoptosis
	Creating a tumor-promoting environment
	PPARα	Regulation of the inflammatory response	Liver cancer	+ Increasing tumor cell proliferation
+ Decreasing tumor cell apoptosis
+ Increasing tumor cell invasiveness	Regulating lipid metabolism	Pan et al. (2024)
	Regulation of cytokine production is involved in the inflammatory response	Regulating glucose metabolism
	Regulating oxidative stress
	Regulating inflammation
	Interacting with several signaling pathways like NF-κB
	PPARγ	Transcription coactivator activity	Liver cancer	Inducing the transcription of genes involved in anti-inflammatory, anti-fibrotic, and anti-oxidative responses	Binding with the RXR to specific DNA sequences called PPREs	Pan et al. (2024),Ishtiaq et al. (2022)
	Ligand-activated transcription factor activity	Anti-inflammatory and anti-fibrotic effects	+ Inhibiting the expression of TNF-α, IL-6, IL-1 through inhibiting the NF-κB signaling pathway
+ Promoting the expression of anti-inflammatory cytokines like IL-10, TGF-β
+ Inducing the expression of antioxidant enzymes such as SOD and catalase
+ reduces ROS levels
+ Limiting DNA damage and oxidative stress
	Regulation of the inflammatory response	Inhibiting hepatic fibrosis progression and inflammation
	Regulation of cytokine production is involved in the inflammatory response	Suppressing tumor microenvironment remodeling
	Decreasing cancer cell apoptosis
	Suppressing ECM deposition in liver fibrosis	Suppressing the activation of HSCs
	Enhancing glucose consumption
	Enhancing lactate generation
	Enhancing cancer cell proliferation
	PTP4A2		Breast Cancer	Promoting angiogenesis	Regulation of VEGF-A and DLL-4/Notch-1 signaling pathways	Yu et al. (2023)
	Enhancing tumor cell migration	Regulation ERK signaling pathway
	Enhancing tumor cell invasion
	Supporting oncogenesis	Interaction with CNNM3
	Enhancing tumor progression and metastasis	Regulating intracellular magnesium concentration
	TIM4	Antigen processing and presentation	Lung cancer cells	Tumor progression	Binding to PtdSer on apoptotic cells, mediating their uptake by DCs	Liu et al. (2020),Wang et al. (2021),Astuti et al. (2024),Caronni et al. (2021)
	Leukocyte migration	Lung cancer cells	Tumor cell proliferation	Interacting with αvβ3 integrin via its Arg-Gly-Asp (RGD) motif
	Colorectal cancer cells	Enhancing the EMT
	Gastric cancer cells	Enhancing the migration of cancer cells
	Enhancing the invasion of cancer cells
	Recruitment of tumor-associated macrophages	Activating PI3K/AKT/mTOR signaling pathway
	Activation of angiogenesis
	Pancreatic cancer cells	Suppressing the immune system	Arg1 upregulation, which suppresses CD8+ T cell activity
	Facilitating tumor immune evasion
	TMBIM6	Regulation of response to endoplasmic reticulum stress	Breast Cancer	Increasing chemo resistance	Elevating the levels of cytosolic ROS and calcium	Robinson et al. (2025),Junjappa et al. (2019),Shin et al. (2023)
	Apoptotic mitochondrial changes	Increasing cancer metastasis	Inducing paraptosis via ERAD II mechanisms
	Increasing cancer progression	Activating lysosomal biogenesis
	Enhancing migration and invasion	Activating the MAPK/ERK signaling pathway
	Increasing the expression of mesenchymal markers, MMP-9, and Snail-1 and Snail-2
	Cancer progression	PKC activation enhances Sp1-mediated TMBIM6 transcription
	Supporting cellular processes like metastasis
	Facilitating resistance to apoptosis


Arg1, Arginase-1; CME, clathrin-mediated endocytosis; CO, carbon monoxide; DCs, dendritic cells; EGFR, epidermal growth factor receptor; EMT, epithelial-mesenchymal transition; ERK, Extracellular signal-Regulated Kinase; FAO, fatty acid oxidation; HSC, hepatic stellate cell; MDR, multidrug resistance; MEK, MAPK/ERK, kinase; MMPs, metalloproteinases; MMP-9, matrix metalloproteinase-9; PARP, poly-ADP, ribose polymerase; P-gp, P-glycoprotein; PKC, Protein kinase-C; PPARG, peroxisome proliferator-activated receptor gamma; PtdSer, phosphatidylserine; Raf, Rapidly Accelerated Fibrosarcoma; Ras, Rat Sarcoma virus; ROS, reactive oxygen species; SOD, superoxide dismutase; TAMs, tumor-associated macrophages.
TABLE 3 | Various effects of MPs on the anti-cancer agents and the final effect caused by these impacts on cancer cells.	Type of MP	Type of MP-affected cancer	Affected anti-cancer agent	Effect of MP on anti-cancer agents	Effect of MP on cancer	Reference
	Plastic-related compounds	Breast cancer cells	Doxorubicin	Altering the uptake and intracellular accumulation of doxorubicin	Increasing the cytotoxicity in cancer cells	Rosellini et al. (2023)
	Leukemia cells	Enhancing the intracellular concentration of doxorubicin	Affecting the therapeutic outcome
	PS	Abdominal and pelvic tumors	Radiotherapy	Aggravating radiation-induced intestinal injury	Enhancing the side effects of the anti-cancer approaches	Chen et al. (2024a),Yan et al. (2020),Zhou et al. (2020b)
	Decreasing the efficacy of radiotherapy
	Gastric cancer	Bortezomib	+ Inducing drug resistance
+ Influencing the bioavailability and toxicity of Tetracycline	Enhancing cancer progression
	Paclitaxel	Enhancing cancer proliferation
	Gefitinib	Enhancing cancer migration
	Lapatinib	Enhancing cancer invasion
	Trastuzumab	Poor survival rates
	Tetracycline	Enhancing the cytotoxicity of cancer cells
	Reducing cancer cell viability
	Increasing oxidative stress in cancer cells
	Increasing cancer cell apoptosis


2.3 In silico hybridization
We used RNAhybrid to predict target-site hybridization and minimum free energy (mfe). Default parameters were applied unless noted; where possible we scanned 3′UTRs preferentially and considered coding sequence if 3′UTR data were unavailable. For each gene, we screened multiple miRNAs with anticancer evidence and recorded the lowest mfe site per miRNA-gene pair. Lower (more negative) mfe was interpreted as more stable predicted binding. No single mfe threshold was used for exclusion; instead, candidates were prioritized by relative mfe within gene-specific comparisons (Chen T. et al., 2024; Jain et al., 2021). MFE criteria included: RNAhybrid minimum-free-energy (mfe) values were interpreted as strong (≤−20 kcal mol−1), suggestive (−15 to −19.9), and borderline (>−15). Pairs above −20 were retained only if supported by prior functional evidence and are flagged as low-priority hypothese.
2.4 Visualization and networks
Two-dimensional pairing diagrams were exported from RNAhybrid. 3D miRNA cartoons were rendered in Discovery Studio Visualizer for illustrative purposes only. Cytoscape was used to depict miRNA–gene–pathway relationships (Figure 2). Representative 2D pairing plots, 3D illustrations, and network diagrams are shown in Figure 3.
[image: Diagram showing various microRNA hairpin structures and their targeted gene characteristics associated with different cancer types including breast, cervical, colorectal, gastric, leukemia, and liver cancers. Each microRNA structure is labeled with specific genetic sequence data, positions, and targets.]FIGURE 2 | Detailed data about molecular interactions between microRNAs with anti-cancer activity and genes affected by MPs. The 3D structure at the top of the figure represents microRNA with the highest binding affinity toward the gene affected by MPs. The data about the targeted gene is depicted in the lower part of the figure. ABCB1, ATP Binding Cassette Subfamily B Member 1; ABCG2, ATP Binding Cassette Subfamily G Member 2; AP2M1, Adaptor Related Protein Complex 2 Subunit Mu 1; ASGR2, Asialoglycoprotein Receptor 2; Bax, BCL2 Associated X, Apoptosis Regulator; BCL2, B-cell CLL/lymphoma 2; BRAF, B-Raf Proto-Oncogene, Serine/Threonine Kinase; c-jun, Jun Proto-Oncogene, AP-1 Transcription Factor Subunit; CD44, CD44 Molecule (Indian Blood Group); ERK, Extracellular Signal-Regulated Kinase; FABP1, Fatty Acid Binding Protein 1; FTH1, Ferritin Heavy Chain 1; HO-1, Heme Oxygenase 1; JNK, c-Jun N-terminal Kinase; KRAS, KRAS Proto-Oncogene, GTPase; LXR-α, Liver X Receptor Alpha; MAP2K1, Mitogen-Activated Protein Kinase Kinase 1; MAP2K4, Mitogen-Activated Protein Kinase Kinase 4; MAPK14, Mitogen-Activated Protein Kinase 14; MUC2, Mucin 2; NLRP3, NLR Family Pyrin Domain Containing 3; NLRP3, NLR Family Pyrin Domain Containing 3; PPARα, Peroxisome Proliferator-Activated Receptor Alpha; PPARγ, Peroxisome Proliferator-Activated Receptor Gamma; PTP4A2, Protein Tyrosine Phosphatase Type IVA, Member 2; TMBIM6, Transmembrane BAX Inhibitor Motif Containing 6; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4.[image: Network diagrams illustrating interactions in lung and skin cancer pathways. Nodes represent molecules or pathways, with directional arrows showing functional relationships. Red arrows indicate inhibition, blue arrows indicate promotion, and dashed lines denote indirect interactions. Yellow nodes highlight specific microRNAs involved in the pathways.]FIGURE 3 | MicroRNAs with the in-silico capability to suppress genes in MPs-based cancers and their possible targeted molecular pathways. The blue, red, green, and gray arrows represent activation (or upregulation), inhibition (or downregulation), regulation, and interaction, respectively. Moreover, yellow hexagons, blue ovals, and green ovals demonstrate microRNAs, targeted genes, and pathways affected by targeted genes, respectively. ABCB1, ATP Binding Cassette Subfamily B Member 1; ABCG2, ATP Binding Cassette Subfamily G Member 2; AP2M1, Adaptor Related Protein Complex 2 Subunit Mu 1; ASGR2, Asialoglycoprotein Receptor 2; Bax, BCL2 Associated X, Apoptosis Regulator; BCL2, B-cell CLL/lymphoma 2; BRAF, B-Raf Proto-Oncogene, Serine/Threonine Kinase; c-jun, Jun Proto-Oncogene, AP-1 Transcription Factor Subunit; CD44, CD44 Molecule (Indian Blood Group); ERK, Extracellular Signal-Regulated Kinase; FABP1, Fatty Acid Binding Protein 1; FTH1, Ferritin Heavy Chain 1; HO-1, Heme Oxygenase 1; JNK, c-Jun N-terminal Kinase; KRAS, KRAS Proto-Oncogene, GTPase; LXR-α, Liver X Receptor Alpha; MAP2K1, Mitogen-Activated Protein Kinase Kinase 1; MAP2K4, Mitogen-Activated Protein Kinase Kinase 4; MAPK14, Mitogen-Activated Protein Kinase 14; MUC2, Mucin 2; NLRP3, NLR Family Pyrin Domain Containing 3; NLRP3, NLR Family Pyrin Domain Containing 3; PPARα, Peroxisome Proliferator-Activated Receptor Alpha; PPARγ, Peroxisome Proliferator-Activated Receptor Gamma; PTP4A2, Protein Tyrosine Phosphatase Type IVA, Member 2; TMBIM6, Transmembrane BAX Inhibitor Motif Containing 6; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4. 2.5 Interpretive caveats
mfe predictions do not prove targeting; they require orthogonal validation (reporter assays with wild-type/mutant sites, miRNA gain/loss, protein readouts, and phenotypic rescue under MP exposure).
3 RESULTS
3.1 MPs modulate cancer-relevant genes across tumor types
Across studies, MPs were linked to changes in efflux transporters (ABCB1, ABCG2), stress and survival mediators (TMBIM6, HO-1), immune modulators (TIM4), metabolic regulators (PPARα/γ, LXR-α, FABP1), and ECM/adhesion factors (CD44). In breast cancer models, polypropylene increased AP2M1, PTP4A2, and TMBIM6 while reducing FTH1, a pattern consistent with enhanced trafficking/ER-stress signaling and diminished iron-mediated tumor suppressive functions. In gastric cancer, polystyrene exposure associated with higher CD44 and ASGR2, aligning with stemness/adhesion and glycoprotein handling. In liver cancer, PMMA upregulated HO-1 and downregulated PPARα/FABP1, suggesting oxidative stress and lipid dysregulation. Lung cancer models exposed to PTFE implicated MAPK cascade genes and BCL2, consistent with proliferation and apoptosis evasion. Collectively, these reports converge on MP-associated activation of survival and resistance programs with tumor- and polymer-specific nuances. An overview of MP-altered genes by tumor type is summarized in Figure 3 (Table 1).
3.2 Functional roles of MP-altered genes
Table 2 maps each gene to cancer functions and mechanisms. Notable axes include: (i) drug efflux (ABCB1/ABCG2) → reduced intracellular drug levels; (ii) endocytosis/trafficking (AP2M1) → receptor signaling and nutrient uptake; (iii) immune modulation (TIM4) → efferocytosis and immune tolerance; (iv) metabolism/oxidative balance (PPARs, LXR-α, FABP1, HO-1) → growth and stress adaptation; (v) MAPK signaling → proliferation/migration; and (vi) cell death control (BAX↑, BCL2↑) → apoptosis set-point shifts. These roles provide mechanistic context for potential miRNA interventions (Table 2).
3.3 Impact of MPs on anticancer therapies
Reports indicate both sensitization and resistance, but the weight of evidence suggests attenuation of therapy efficacy in several contexts (e.g., altered uptake/efflux; MAPK-mediated survival; inflammation-mediated radioprotection). The table summarizes polymer/tumor-specific patterns and implicated agents (e.g., doxorubicin, taxanes, HER2/EGFR inhibitors), emphasizing the need to measure MP exposure in preclinical efficacy studies (Table 3).
3.4 miRNAs as therapeutic candidates
We collated anticancer miRNAs with functional evidence (apoptosis, invasion, chemosensitization). This pool served as input to the in silico screen. Where multiple candidates mapped to one target, prioritization was by relative mfe plus prior functional plausibility. Examples of anticancer miRNAs selected for screening are illustrated in Figure 3 (Supplementary Table S1).
3.5 Predicted miRNA–gene interactions
For breast cancer, miR-483-3p and miR-138-5p showed favorable predictions against ABCB1/PTP4A2 and TMBIM6, respectively, while miR-365 and miR-331-3p mapped to ABCG2/AP2M1. In gastric cancer, miR-665 and miR-760 targeted CD44 and ASGR2; in liver cancer, miR-638 showed broad predictions (e.g., HO-1, PPARα/γ). Lung cancer candidates clustered on MAPK nodes (miR-532-3p, miR-593-5p, miR-29b). These pairings nominate tractable validation sets (reporter assays ± MP exposure, phenotypic readouts). Representative RNAhybrid pairing diagrams and 3D cartoons for top-ranked pairs appear in Figure 3, and the integrated miRNA–gene–pathway network is provided in Figure 3 (Table 4).
TABLE 4 | Detailed information about the binding affinity of microRNAs and genes in cancer affected by MPs.	Type of cancer affected by MPs	The kind of gene affected by MPs in this cancer	MicroRNA with therapeutic in silico effect on the gene affected by MPs	Sequence of microRNA
	The most proper therapeutic microRNA based on in silico data	Binding affinity
	Breast cancer	ABCB1	miR-483-3p	−28.2	UCACUCCUCUCCUCCCGUCUU
	ABCG2	miR-365	−31.8	AGGGACUUUUGGGGGCAGAUGUG
	AP2M1	miR-331-3p	−28.7	GCCCCUGGGCCUAUCCUAGAA
	FTH1	miR-3613-3p	−16.7	ACAAAAAAAAAAGCCCAACCCUUC
	PTP4A2	miR-483-3p	−31.9	UCACUCCUCUCCUCCCGUCUU
	TMBIM6	miR-138-5p	−34.4	AGCUGGUGUUGUGAAUCAGGCCG
	Cervical cancer	TIM4	miR-302c-3p	−25.1	UAAGUGCUUCCAUGUUUCAGUGG
	Colorectal cancer	MUC2	miR-144	−13.8	GGAUAUCAUCAUAUACUGUAAG
	TIM4	miR-296	−31.9	AGGGCCCCCCCUCAAUCCUGU
	Gastric cancer	ASGR2	miR-760	−32	CGGCUCUGGGUCUGUGGGGA
	Bax	miR-1-3p	−14.1	UGGAAUGUAAAGAAGUAUGUAU
	CD44	miR-665	−35.5	ACCAGGAGGCUGAGGCCCCU
	TIM4	miR-490-3p	−27.9	CAACCUGGAGGACUCCAUGCUG
	Leukemia	ABCB1	miR-370-3p	−24.7	GCCUGCUGGGGUGGAACCUGGU
	ABCG2	miR-520a	−26.6	CUCCAGAGGGAAGUACUUUCU
	Liver cancer	FABP1	miR-638	−20	AGGGAUCGCGGGCGGGUGGCGGCCU
	HO-1	miR-638	−37.4	AGGGAUCGCGGGCGGGUGGCGGCCU
	miR-4270-5p	−37.4	UCAGGGAGUCAGGGGAGGGC
		LXR-α	miR-559	−15.7	UAAAGUAAAUAUGCACCAAAA
	PPARα	miR-638	−39.3	AGGGAUCGCGGGCGGGUGGCGGCCU
	PPARγ	miR-638	−29.2	AGGGAUCGCGGGCGGGUGGCGGCCU
	Lung cancer	BRAF	miR-532-3p	−31	CCUCCCACACCCAAGGCUUGCA
	miR-593-5p	−31	AGGCACCAGCCAGGCAUUGCUCAGC
	c-jun	miR-92b	−33.8	AGGGACGGGACGCGGUGCAGUG
	ERK	miR-593-5p	−34.9	AGGCACCAGCCAGGCAUUGCUCAGC
	JNK	miR-532-3p	−34.9	CCUCCCACACCCAAGGCUUGCA
	MAP2K1	miR-593-5p	−33.9	AGGCACCAGCCAGGCAUUGCUCAGC
	MAP2K4	miR-611	−36.2	GCGAGGACCCCUCGGGGUCUGAC
	MAPK14	miR-377	−30.7	AGAGGUUGCCCUUGGUGAAUUC
	KRAS	miR-29b	−30.8	GCUGGUUUCAUAUGGUGGUUUAGA
	NLRP3	miR-92b	−33.1	AGGGACGGGACGCGGUGCAGUG
	BCL2	miR-593-5p	−37.7	AGGCACCAGCCAGGCAUUGCUCAGC
	TIM4	miR-425-5p	−25.7	AAUGACACGAUCACUCCCGUUGA
	Skin cancer	NLRP3	miR-365	−28.9	AGGGACUUUUGGGGGCAGAUGUG
	Pancreatic cancer	TIM4	miR-612	−25.4	GCUGGGCAGGGCUUCUGAGCUCCUU


Lower (more negative) mfe = stronger binding. Strong (≤−20), Suggestive (−15 to −19.9), Borderline (>−15). Borderline values are shown for completeness but require experimental validation.
Most high-affinity interactions showed mfe ≤ −20 kcal mol−1 (e.g., TMBIM6/miR-138-5p, CD44/miR-665, PPARα/miR-638, MAP2K4/miR-611). Moderate (−15 to −19.9) values such as FTH1/miR-3613-3p were retained due to prior experimental evidence of anticancer function. Borderline pairs (e.g., BAX/miR-1-3p, −14.1) were listed for transparency but are considered exploratory. Representative hybridization structures are illustrated in Figure 3.
4 DISCUSSION
Our results are consistent with prior evidence that MP exposure modulates canonical cancer pathways. Enhanced efflux and drug resistance observed experimentally (Rosellini et al., 2023) parallel our identification of ABCB1/ABCG2 as MP-responsive genes and their suppression by miR-483-3p and miR-365. Polypropylene-induced metastasis (Park et al., 2023) corresponds to increased AP2M1/PTP4A2/TMBIM6, predicted to be inhibited by miR-331-3p and miR-138-5p. Upregulation of ASGR2 in gastric cancer (Kim et al., 2022) matches our predicted targeting by miR-760. Similarly, activation of MAPK and BCL2 signaling (Jain et al., 2021; Ramkumar et al., 2023; Zhou Z. et al., 2020) is reflected in our miR-532-3p/miR-593-5p predictions. These consistencies strengthen the biological plausibility of our computational findings while emphasizing the need for experimental validation.
Besides, MPs affect some genes in cancer cells and suppress their effects. For instance, Polymethyl methacrylate (PMMA) inhibits liver cancer cells by downregulating FABP1 and PPAR alpha. According to prior surveys, MPs can downregulate specific genes in tumor cells, such as BCAS3, PHF19, and PRKCD, whose expression has been suppressed by microplastics in previous studies (Chen et al., 2025).
Moreover, our study demonstrates that MPs can affect some genes in breast cancer. ABCB1 is one of these genes that encodes P-glycoprotein (P-gp), an ATP-binding cassette (ABC) efflux transporter involved in multidrug resistance (MDR) in breast cancer, which expels chemotherapeutic drugs from cells, reduces drug efficacy, and contributes to treatment failure (Miao et al., 2017). It regulates ion channels, affecting apoptosis, proliferation, and other cancer-related processes (Altamura et al., 2022).
ABCG2 is another gene affected by MPs, and it encodes Breast Cancer Resistance Protein (BCRP), another ABC transporter involved in MDR by exporting chemotherapeutic agents, such as mitoxantrone and doxorubicin, out of cancer cells, reducing drug efficacy (Zhang et al., 2022). It also influences drug bioavailability and toxicity, acting as a barrier in the blood-brain barrier, liver, and intestines, with alterations linked to treatment failure in cancers with high ABCG2 expression (Wang et al., 2020; Franczyk et al., 2022).
AP2M1, a key component of the clathrin adaptor protein complex, facilitates receptor-mediated endocytosis in cancer cells, enhancing nutrient and growth factor uptake, which supports tumor growth and survival (Shin et al., 2021; Liu et al., 2021; Münz, 2020). Its overexpression is associated with aggressive cancer phenotypes and chemoresistance (Liu et al., 2023). Notably, this gene is also influenced by MPs in breast cancer.
Other genes affected by MPs in breast cancer include FTH1, PTP4A2, and TMBIM6. FTH1, a tumor suppressor, regulates iron storage and oxidative stress protection in cancer cells and stabilizes p53 under stress conditions. Silencing FTH1 leads to increased tumor growth, migration, and chemoresistance, along with upregulation of oncogenes like c-MYC and G9a (Di Sanzo et al., 2020; Ali et al., 2021). PTP4A2, upregulated in breast cancer, promotes cancer progression through various pathways (Chouleur et al., 2024). TMBIM6, a key regulator of stress responses, is linked to increased chemoresistance, cancer progression, and metastasis in breast cancer, as well as reduced patient survivalTMBIM6, a key regulator of stress responses, is linked to increased chemoresistance, cancer progression, and metastasis in breast cancer, as well as reduced patient survival (Robinson et al., 2025).
The other effect on MPs on genes in cancer cells is their effect on cervical cancer cells. Based on prior surveys, TIM4, along with TIM3, plays an essential role in the degradation of dying tumor cells via autophagy, reducing antigen presentation and impairing cytotoxic T lymphocyte (CTL) responses, creating immune tolerance, and weakening the antitumor immune response (Junjappa et al., 2019).
Furthermore, the present study demonstrates that two genes in colorectal cancer (CRC) cells are affected by MPs: MUC2 and TIM4. MUC2 is a protective barrier in epithelial cells, playing a role in cell differentiation and maintaining the balance of adhesion. Altered MUC2 expression impacts the progression of CRC by influencing cellular proliferation, apoptosis, and epithelial integrity (Iranmanesh et al., 2021). Notably, the silencing of MUC2 increases IL-6 secretion, which activates the STAT3 signaling pathway, promoting tumor cell migration, epithelial-mesenchymal transition (EMT), and metastasis. MUC2 downregulation leads to the activation of STAT3 and Chk2, suppression of CREB phosphorylation, and loss of E-cadherin, facilitating cancer progression and metastasis (Hsu et al., 2017). Moreover, TIM4 acts as an oncogene through different mechanisms, including supporting tumor cell proliferation, migration, invasion, and immune evasion, and contributing to tumor immune tolerance by impairing antigen presentation and cytotoxic T cell responses (Liu et al., 2020).
According to our findings, ASGR2, Bax, CD44, and TIM4 are genes impacted by MPs in gastric cancer cells. ASGR2 enhances tumor survival and metastasis, with higher levels linked to poor prognosis in gastric cancer (Xue et al., 2021). CD44 regulates cell adhesion, motility, and survival, promoting gastric cancer progression through tumor growth, invasion, and metastasis (Jang et al., 2011). It also supports tumor survival by enhancing antioxidant defenses and reducing oxidative stress (Zavros, 2017). TIM4 is overexpressed in gastric cancer tissues, correlating with increased angiogenesis, tumor growth, and poorer patient survival outcomes (Wang et al., 2021). In contrast, Bax induces apoptosis in gastric cancer cells through the mitochondrial pathway, promoting pro-apoptotic signaling, mitochondrial membrane collapse, and subsequent caspase activation (Shabani et al., 2020; Shen et al., 2023).
The other genes affected by MPs in cancer cells are ABCB1 and ABCG2 in Leukemia. ABCB1 is an efflux transporter that helps pump chemotherapy drugs out of cells, and its activation contributes to MDR. In AML, overexpression of ABCB1 has been linked to poor treatment outcomes ABCB1 (Sucha et al., 2022). ABCG2 functions as an efflux transporter that can extrude a wide variety of chemotherapy drugs out of the cells, thereby reducing their effectiveness and contributing to drug resistance in leukemia cells. Moreover, the overexpression of ABCG2 in leukemia cells is associated with poor clinical outcomes, including reduced complete remission rates and overall survival (Damiani and Tiribelli, 2023).
In addition, FABP1, HO-1, LXR-α, PPAR-alpha (PPARα), and PPARγ have been affected by MPs in liver cancer cells. FABP1 supports tumor progression by maintaining the M2 phenotype of tumor-associated macrophages (TAMs), which is associated with immune suppression and cancer progression. FABP1 deficiency in TAMs reduced tumor growth, invasion, and migration in vitro, highlighting its role in enhancing cancer cell proliferation and aggressiveness (Tang et al., 2023). HO-1 promotes cancer cell survival by suppressing pro-apoptotic pathways, regulating mitochondrial oxidative stress, activating the transcription of antioxidant and detoxifying genes, and enhancing the cell’s ability to counteract oxidative damage and resist apoptosis (Alharbi et al., 2022). LXR-α plays a crucial role in regulating lipid metabolism, inflammation, and immune responses in HCC. Its activation inhibits tumor cell proliferation by inducing cell cycle arrest and apoptosis, and reduces tumor invasiveness and migration (Han et al., 2023).
PPARα plays a significant role in the development and progression of liver cancer by controlling lipid metabolism, glucose regulation, and inflammation in the liver cells (Pan et al., 2024). PPARγ is a protective factor in liver cancer by some mechanisms, including inhibiting hepatic fibrosis progression and inflammation, suppressing tumor microenvironment remodeling, and promoting apoptosis and senescence in hepatocellular carcinoma (HCC) cells (Ishtiaq et al., 2022).
Additionally, genes involved in the MAPK signaling pathway include BRAF, c-Jun, ERK, JNK, MAP2K1, MAP2K4, MAPK14, and KRAS, which are genes affected by MPs in lung cancer cells. These genes are crucial for cell proliferation and survival, and their activation leads to the uncontrolled growth of cancer cells (Pradhan et al., 2019). Other genes, such as NLRP3, BCL2, and TIM4, are also affected by MPs in the mentioned cancer. The activation of NLRP3 creates chronic inflammation that promotes tumors by inducing DNA damage, enhancing angiogenesis, and suppressing apoptosis in cancer cells (Tang et al., 2020). The BCL2 gene contributes to the resistance of small cell lung cancer (SCLC) to Aurora kinase B (AURKB) inhibitors. It suppresses apoptosis and DNA damage caused by these inhibitors, allowing cells to avoid programmed cell death even under therapeutic stress (Ramkumar et al., 2023). TIM4 acts as an oncogene by supporting tumor cell proliferation, migration, invasion, and immune evasion, and also contributes to tumor immune tolerance by impairing antigen presentation and cytotoxic T cell responses (Liu et al., 2020).
Additionally, MPs affect NLRP3 in skin cancer cells. NLRP3 enhances inflammation, stimulates angiogenesis, and promotes the proliferation and migration of tumor cells (Ciazyn et al., 2020). Additionally, our study revealed that TIM4 is another gene in pancreatic cancer cells that MPs can influence. TIM4 is crucial in creating an immune-suppressive environment, enabling tumor cells to evade immune detection. It also supports tumor progression by reducing the effectiveness of immune cells, such as macrophages and T cells, in targeting cancer cells (Shi et al., 2021).
MPs may also influence the efficacy of cancer therapies. They can alter the metabolism and bioavailability of therapeutic drugs by interfering with their absorption and distribution in the body. This could lead to either reduced or enhanced drug activity, depending on the interactions between the MPs and the drugs (Deng et al., 2025). Interestingly, our study also shows that MPs can reduce and enhance the anti-cancer drug activity. However, according to the prior surveys and our study, MPs can deteriorate the impacts of anti-cancer drugs (Zhao et al., 2024) and exert this resistance against various anticancer agents.
The present study highlights the potential of certain microRNAs as candidate therapeutics in breast cancer models; however, these predictions are hypothesis-generating and require validation in experimental and clinical contexts (Zhao et al., 2019). Our in silico analysis highlights microRNAs targeting genes influenced by MPs in breast cancer cells, aligning with prior findings on their anti-breast cancer capabilities (Menbari et al., 2020). Specific microRNAs, including miR-483-3p, miR-365, miR-331-3p, and miR-138-5p, demonstrated strong binding affinity for genes such as ABCB1, ABCG2, AP2M1, PTP4A2, and TMBIM6, marking them as promising candidates for microRNA therapy. These microRNAs also target various molecular pathways, enhancing their anti-cancer effects (Liu et al., 2019; Zhao et al., 2020; Rasoolnezhad et al., 2021; Shen et al., 2020). In-silico analysis also revealed miR-3613-3p’s potential to target FTH1, a gene involved in iron homeostasis and oxidative stress regulation in cancer cells (Di Sanzo et al., 2020), making it a key therapeutic candidate.
In addition to breast cancer, microRNAs also exhibit anti-cancer effects in cervical cancer (Hasanzadeh et al., 2019; Ding et al., 2021), colorectal cancer (Cheng et al., 2020), gastric cancer (Spitz and Gavathiotis, 2022), leukemia (Gil-Kulik et al., 2024; Xiao et al., 2024), liver cancer (K et al., 2020; Ramalingam et al., 2024), lung cancer (Pradhan et al., 2019; Naeli et al., 2020), pancreatic cancer (Li et al., 2021; Javadrashid et al., 2021), and skin cancer (Mohamm et al., 2021). Our study corroborates these findings, with in silico analyses revealing specific microRNAs that interact with key genes associated with tumorigenesis in these cancers. For instance, miR-302c-3p targets TIM4 in cervical cancer, miR-144 targets MUC2 in colorectal cancer, miR-706 and miR-665 target ASGR2 and CD44 in gastric cancer, and miR-532-3p and miR-593-5p target MAPK genes in lung cancer. These microRNAs demonstrate their therapeutic potential by influencing various molecular pathways, as shown in Figure 4. Overall, the study reinforces the growing potential of microRNAs as targeted therapies across multiple malignancies.
[image: The illustration displays miRNA structures for three cancer types: lung (miR-425-5p), pancreatic (miR-612), and skin (miR-365). Each structure includes a circular representation of miRNA binding and a linear RNA structure in red and green. Targeted gene characteristics, including positions and sequences, are detailed in labeled boxes below each miRNA structure.]FIGURE 4 | MicroRNAs with the in silico capability to suppress genes in MPs-based cancers and their possible targeted molecular pathways. The blue, red, green, and gray arrows represent activation (or upregulation), inhibition (or downregulation), regulation, and interaction, respectively. Moreover, yellow hexagons, blue ovals, and green ovals demonstrate microRNAs, targeted genes, and pathways affected by targeted genes, respectively. ABCB1, ATP Binding Cassette Subfamily B Member 1; ABCG2, ATP Binding Cassette Subfamily G Member 2; AP2M1, Adaptor Related Protein Complex 2 Subunit Mu 1; ASGR2, Asialoglycoprotein Receptor 2; Bax, BCL2 Associated X, Apoptosis Regulator; BCL2, B-cell CLL/lymphoma 2; BRAF, B-Raf Proto-Oncogene, Serine/Threonine Kinase; c-jun, Jun Proto-Oncogene, AP-1 Transcription Factor Subunit; CD44, CD44 Molecule (Indian Blood Group); ERK, Extracellular Signal-Regulated Kinase; FABP1, Fatty Acid Binding Protein 1; FTH1, Ferritin Heavy Chain 1; HO-1, Heme Oxygenase 1; JNK, c-Jun N-terminal Kinase; KRAS, KRAS Proto-Oncogene, GTPase; LXR-α, Liver X Receptor Alpha; MAP2K1, Mitogen-Activated Protein Kinase Kinase 1; MAP2K4, Mitogen-Activated Protein Kinase Kinase 4; MAPK14, Mitogen-Activated Protein Kinase 14; MUC2, Mucin 2; NLRP3, NLR Family Pyrin Domain Containing 3; NLRP3, NLR Family Pyrin Domain Containing 3; PPARα, Peroxisome Proliferator-Activated Receptor Alpha; PPARγ, Peroxisome Proliferator-Activated Receptor Gamma; PTP4A2, Protein Tyrosine Phosphatase Type IVA, Member 2; TMBIM6, Transmembrane BAX Inhibitor Motif Containing 6; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4; TIM4, T-cell Immunoglobulin and Mucin-domain Containing-4.4.1 Limitations
First, studies linking MPs to gene changes are heterogeneous in polymer type, size, dose, and exposure model; many use surrogates (e.g., plastic-related compounds) rather than standardized particles. Second, mfe predictions do not demonstrate binding or regulation; off-targeting and RNA context effects are likely. Third, we did not perform a quantitative meta-analysis due to heterogeneity and incomplete reporting.
4.2 Future work
We propose a tiered pipeline: 1. verify MP-induced gene changes under standardized exposures; 2. validate miRNA targeting (luciferase wild-type/mutant, protein knockdown, rescue); 3. evaluate phenotypes (viability, invasion, efflux, radiosensitization) with and without MPs; 4. test delivery and safety in vivo.
5 CONCLUSION
MP exposure has been reported to perturb cancer-relevant genes and therapy responses across tumor types. Our in silico analyses nominate miRNAs that may counter these MP-associated programs. These findings are hypothesis-generating and require rigorous experimental and translational validation.
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