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Abstract. Tumors severely threaten human health, and traditional therapies often struggle with 
immune escape and drug resistance. Non-coding RNAs (ncRNAs), which do not encode proteins, 
can regulate tumor innate immune cell functions and related signaling pathways, becoming a 
research focus. This study explores ncRNAs’ mechanisms in tumor innate immunity and clinical 
prospects. It first sorts out ncRNAs’ classification and characteristics, then analyzes their roles in 
remodeling immune cell functions (regulating immune cell differentiation, polarization, etc., to affect 
tumor progression) and regulating immune signaling pathways. It also elaborates that ncRNAs 
interact with cells/factors via exosomes in the tumor microenvironment to modulate immune cells, 
cytokines, and the extracellular matrix, noting ncRNAs’ potential as therapeutic targets and 
biomarkers. Unlike previous studies that mostly focused on a single type of ncRNA or a single 
mechanism, this article constructs a comprehensive regulatory network by analyzing the synergistic 
and antagonistic effects among miRNAs, lncRNAs, and circRNAs, providing a more systematic 
perspective for related research. Despite challenges, with advances in single-cell sequencing and 
nano-delivery, ncRNAs are expected to advance tumor innate immunity research and clinical 
translation. 
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1. Introduction 

Tumors pose a severe threat to human health, and traditional treatment methods often fail to achieve 

ideal outcomes. For instance, some lung cancer patients still experience recurrence after postoperative 

chemotherapy [1], which makes exploring new therapeutic directions an urgent priority [2]. A large 

number of studies have confirmed the close association between non-coding RNAs (ncRNAs) and 

tumor occurrence and development. Among them, Herbst et al. pointed out in their research on non-

small cell lung cancer that the limitations of traditional therapies are closely related to the disorder of 

intracellular regulatory networks, and ncRNAs may be key molecules to fill this regulatory gap. 

Subsequently, Song et al. further verified in colon cancer studies that ncRNAs can participate in tumor 

progression by regulating immune-related pathways, laying a foundation for exploring ncRNAs as 

new therapeutic targets. Numerous studies indicate a close ncRNA-tumor link; non-protein-coding 

ncRNAs regulate cellular processes (notably tumor innate immunity) and mediate its regulation via 

pathways affecting immune cells [3], signaling, and tumor microenvironment [4]. 

Although these studies have initially revealed the regulatory potential of ncRNAs in tumor innate 

immunity, there are still many unsolved mysteries in this field. Previous studies mostly focused on a 

single type of ncRNA or a single mechanism of action: for example, Michaela Kafida et al. only 

explored the regulatory role of long non-coding RNAs (lncRNAs) in the transcription process [5]. 

Research on the interactions, synergistic effects, and overall regulatory networks among different 

types of ncRNAs is relatively scarce [6], in addition, Giuseppina et al. also emphasized that there are 

even more significant research gaps in the field of ncRNA research related to rare cancers, which 

limits the universality of ncRNA-based therapeutic strategies [7]. 

The article explores ncRNAs' tumor innate immunity role (mechanism, clinical prospects), details 

three ncRNA types' features (immune cell/tumor regulation), key pathway participation (e.g., JAK-

STAT) and exosome-mediated tumor microenvironment interaction, notes their 
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therapeutic/biomarker potential, and aids immunotherapy, clinical translation and prognosis via a 

comprehensive ncRNA regulatory network. 

2. Exploration on Classification and Analysis of Characteristics of ncRNAs 

Cellular molecular regulation is complex; as key players, ncRNAs have diverse characteristics, so 

clarifying ncRNA types is fundamental to understanding their functions. Specifically, ncRNAs are 

defined as RNA molecules that do not encode proteins yet still exert crucial regulatory effects in 

various biological processes [8], among them, the primary categories include microRNAs (miRNAs), 

long non-coding RNAs (lncRNAs), and circular RNAs (circRNAs). 

MiRNA is a type of single-stranded RNA molecule. It induces gene silencing through complementary 

base pairing with the 3' untranslated region of target mRNAs, thereby playing a crucial role in post-

transcriptional gene regulation [9]. The main focus is on immune cell activity: miR-9 promotes M1 

polarization by inhibiting PPARδ, while miR-124 promotes M2 polarization by inhibiting STAT3 

and TNF-α converting enzyme, thereby influencing tumor progression [10]. 

LncRNA is a type of RNA molecule with a conserved secondary structure transcribed by RNA 

polymerase, and its length exceeds 200 nucleotides [11]. Similar to miRNAs, lncRNAs regulate 

tumor innate immunity (mainly influencing immune cell vitality); custom arrays identified hundreds 

of lncRNAs in human/mouse splenic CD8+ T cells [12]. 

CircRNA is a unique type of exosomal ncRNA. It lacks a 5' cap structure and a 3′ polyadenylated tail, 

thus possessing excellent stability and a longer half-life [13]. Breast tissue-associated circKIF4A can 

act as a miR-375 sponge to regulate KIF4A expression, thereby modulating triple-negative breast 

cancer cell proliferation and migration [14].  Figure 1 presents the characteristics, sources and action 

sites of the above ncRNAs. 

 

Figure 1. Characteristics, Sources, and Action Sites of NcRNAs by Figdraw 

The above outlines ncRNAs' main types/characteristics and further details their significance and 

research status in tumor innate immunity; critical are their characteristic differences: miRNAs (short 

linear, easily degraded, low fluid stability) are for clinical targeted therapy via delivery systems, 
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circRNAs (circular closed, degradation-resistant, high fluid stability) are for early diagnosis 

biomarkers, and their stability difference directly defines clinical application focuses. 

3. NcRNAs Remodel the Functions of Tumor Innate Immune Cells 

After clarifying the types of ncRNAs, we can further explore how these different types of ncRNAs 

exert precise and crucial regulatory effects on the functions of immune cells through their unique 

molecular structures and modes of action. The immune cells that play a role in cancer mainly include 

macrophages, dendritic cells, natural killer cells, and T cells [15]. 

3.1. Mechanism of miRNA-Mediated Regulation of Tumor Innate Immune Cell Functions 

To elaborate on the mechanism of miRNA - mediated regulation of tumor innate immune cell 

functions, it's essential to first grasp how miRNAs exert their regulatory effects at the molecular level. 

MiRNAs regulate immune cells mainly by regulating gene expression at the post - transcriptional 

level (inhibiting mRNA translation or promoting mRNA degradation) [16]. Based on this, the 

expression levels of related factors change, affecting the differentiation, maturation, polarization, and 

other processes of immune cells. 

3.1.1. MiRNA-Mediated Regulation of Macrophage Polarization and Tumor Impact. 

Macrophages play a crucial role in the body's physiological and pathological processes, with 

polarization into M1 and M2 subtypes that exert distinct effects on tumor progression [17]. For 

instance, miRNAs regulate macrophage polarization through multiple pathways: they can promote 

inflammation by inhibiting DINPP5D, or regulate M1 polarization by inhibiting SOCS1/BCL6 [18]; 

specifically, miR-155 blocks M2 polarization (silences IL-13RA, stabilizes TNF, targets CEBP/β), 

exosomal let-7a promotes M2 polarization (hypoxic tumor), miR-149 impairs M2 macrophage 

infiltration, miR-214 inhibits M2 polarization (suppresses JAK2/STAT3) [19]. These findings 

suggest that regulating miRNAs can guide the polarization direction of macrophages, thereby 

effectively inhibiting tumor progression. 

3.1.2. MiRNA-Mediated Regulation of Dendritic Cell Maturation and Immune Functions. 

Dendritic cell (DC) function is linked to multiple factors. As key components of immunity, DCs 

perform antigen presentation, immune activation, regulation, and surveillance [20]. MiRNAs affect 

DC maturation: miRNA-146a regulates DC maturation and proinflammatory cytokine secretion by 

targeting CD40L, TRAF6, and IRAK1, reducing NF-κB signaling; miR-17-5p overexpression 

inhibits DC surface molecule expression and enhances DC endocytosis. MiR-221 silencing increases 

p27kip1 protein levels and moderate apoptosis in immature DCs, indicating miR-221 supports 

immature DC survival after monocyte differentiation [21]. 

3.1.3. MiRNA-Mediated Regulation of NK Cell Development and Cytotoxic Functions. 

Natural killer (NK) cells are crucial in the tumor immune system and have dual functions: directly 

recognizing and killing tumor cells, and secreting cytokines to regulate immune responses [22], 

miRNAs exert a significant impact on both the development and functions of NK cells [23]. 

MiR-186-5p can target DAP10, a key adaptor protein of NKG2D, and inhibit NKG2D-DAP10-

mediated activation signals to suppress NK cell cytotoxicity [24]. MiR-186-5p targets DAP10 

(NKG2D adaptor) to inhibit NKG2D-DAP10 signals and NK cell cytotoxicity; PCR shows miR-

181a-5p/miR-223-3p decrease in NK cells of aged/aging mice [25]. These findings suggest that 

different miRNAs can be selected as markers for patients of different age groups, providing a 

reference for precise tumor diagnosis and personalized treatment. 

3.2. Mechanism of lncRNA-Mediated Regulation of Tumor Innate Immune Cell Functions 

After exploring miRNA-mediated immune cell regulation, we turn to lncRNAs—they share 

similarities with miRNAs in influencing immune cell differentiation, polarization, and infiltration but 
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differ in targets (miRNAs focus on macrophage polarization/DC maturation; lncRNAs on 

macrophage expression/DC differentiation/infiltration). 

Similar to miRNAs, lncRNAs also regulate macrophage polarization [26]. LncRNA MAGI2-AS3 is 

abnormal in various cancers; as a molecular scaffold, it recruits chromatin complexes for polarization 

regulation (KDM1A-mediated H3K4me2 demethylation/RACGAP1 downregulation, EZH2-

mediated H3K27 trimethylation/HOXB7 inhibition), altering gene networks, cell polarization and 

correlating with tumor malignant phenotypes [27]. LncRNAs can regulate DC 

differentiation/maturation: HOTAIRM1 binds miR-3960 to promote HOXA1, preventing DC 

differentiation [28]. LncRNAs also affect immune cell infiltration: prostate cancer study shows 

PCAT14 expression is negatively correlated with DC infiltration [29]. 

T cells include subsets (cytotoxic, helper, regulatory T cells) with surface receptors for antigen 

recognition [30]. In cancer, cytotoxic T cells kill tumor cells, helper T cells assist immune activation 

[31]. LncRNAs affect T cell differentiation and infiltration. Colon cancer: exosomal lncRNA 

CRNDE-h binds RORγt' s PPXY motif to block its degradation, boost RORγt/IL-17 promoter activity 

and promote Th17 differentiation [32]. In breast cancer, GSEA/TIMER analysis shows lncRNA 

TCL6 may correlate with immune cell infiltration [33]. 

Collectively, these findings indicate that screening lncRNA-targeted agents to regulate immune cell 

function-related lncRNA activity, or directly modulating lncRNA expression to alter immune cell 

differentiation, polarization, and infiltration, could enhance the body’s anti-tumor immunity and 

inhibit tumor progression. 

3.3. Mechanism of circRNA-Mediated Regulation of Tumor Innate Immune Cell Functions 

After examining miRNAs and lncRNAs, we now focus on circRNAs—unlike the two, they use 

unique mechanisms, targets, and modes to regulate immune cells: miRNAs regulate post-

transcriptional genes, lncRNAs regulate differentiation, and circRNAs involve protein regulation, 

miRNA interaction, and cytokine modulation. 

In addition to regulating T cell differentiation and maturation, circRNAs also play a role in regulating 

macrophage polarization, just like other ncRNAs. Tumor-expressed PD-L1 binds PD-1, inhibiting T 

cell activation [34]. CircRNAs impact T cell activity via PD-L1: circ-CPA4 inactivates CD8+ T cells 

by boosting exosomal PD-L1 and sponging miR-let-7; circRNA_104889 modulates activity T cells 

through the miR-34a/miR-28-5p/PD-L1/PD-1 axis [35]. 

CircRNAs—like miRNAs and lncRNAs—are also involved in inducing macrophage polarization: 

circN4bp1 sponges miR-138-5p to regulate polarization via EZH2; circRNAPLCE1, circITGB6, 

circ_0001142, hsa_circ_007485 mediate M2 polarization; circRNACdyl, circPrkcsh, circPPM1F 

drive M1 polarization [36]. Developing drugs to inhibit protumor circRNA function or enhance 

antitumor circRNA activity can precisely regulate macrophage status for tumor therapy. 

Key ncRNAs' roles in Table 1. 

Table 1. Core Regulatory Roles of ncRNAs in Tumor Innate Immunity 

Type Core Regulatory Targets Key Roles and Tumor Associations 

MiRNA 
Immune cell polarization, 

signaling pathways 

Regulates macrophage M1/M2 polarization, DC maturation, 

NK cytotoxicity; affects tumor progression 

LncRNA 
Immune cell differentiation, 

cell infiltration 

Regulates T cell/DC differentiation, correlates with TME 

immune infiltration; modulates tumor malignancy 

CircRNA 
Immune escape, cell 

function maintenance 

Regulates PD-L1/PD-1-mediated T cell inactivation, 

macrophage polarization, NK functions; serves as stable 

biomarkers 
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Summary: The three ncRNAs exert synergistic or antagonistic effects—lncRNA synergizes with 

miRNA to regulate macrophage polarization, circRNA antagonizes miRNA in the context of T cell 

activation (with lncRNA also aiding this regulatory process), and miRNA inhibits NK cell signals 

(while circRNA complements by influencing cytotoxicity) to maintain NK cell function and affect 

tumor innate immunity. As for the table content, it systematically lists the specific regulatory roles of 

each of these three ncRNAs (lncRNA, circRNA, and miRNA) and the nature of their interactions 

(whether synergistic or antagonistic) in different immune-related processes, such as macrophage 

polarization, T cell activation, and NK cell function modulation. This summary integrates and 

elaborates on the relationships and mechanisms that are presented in the table. 

4. NcRNAs and Tumor Innate Immune Signaling Pathways 

Immune cell function hinges on signaling networks (ncRNA immune regulation is linked to these); 

exploring ncRNAs in tumor innate immunity pathways (JAK-STAT, NF-κB, TLR) holds the key to 

mechanisms, immune escape and novel therapies. 

The JAK-STAT pathway is a crucial intracellular signal transduction pathway [37]. STAT proteins 

bind phosphorylation sites via SH2 domains, are phosphorylated by JAK kinases, dissociate to form 

dimers, enter the nucleus through nuclear localization signals, and bind specific DNA in the nucleus 

to regulate gene transcription [38]. 

The TLR (Toll-like receptor) pathway is critical for defending against pathogens and maintaining 

immune homeostasis [39]. Pathogen-associated factors activate TLRs by binding and recruiting 

MyD88-like adaptors; IRAK's cascade (TRAF6, TAK1, IKK) degrades IkB, releases NF-κB, and 

NF-κB enters the nucleus for immune gene transcription and immune-inflammatory responses [40]. 

NF-κB is a nuclear protein factor that specifically binds to the κB sequence in the immunoglobulin κ 

light chain gene enhancer [41]. It enters the nucleus via nuclear localization signal, binds to κB site 

in target gene promoters to initiate transcription, and triggers inflammation-like responses [42]. 

The three pathways are not isolated; their transduction routes and interactions are in Figure 2. 

 

Figure 2. Tumor Signaling Pathway Diagram. By Figdraw 

NcRNAs regulate above pathways by inhibiting/promoting signal transduction: lncRNA-

IL7R/lncRNA-EPS activate TLR pathway; miR-9 modulates TLR pathway (suppresses 

inflammation), miR-139 activates RIG-I (induces IFN-β); miR-3570/122/125a/125b/22/3470b 
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inhibit MAVS post-transcriptionally, MAVS-related antiviral lncRNA inhibits miR-122 (as ceRNA); 

[43]; miR-23b [44] and miR-146a [45] both inhibit IRF3/7. MiRNAs/lncRNAs roles in Figure 3. 

 

Figure 3. Schematic of ncRNA Effects on Tumor Signaling Pathways. By Fig draw 

The above studies explored ncRNA interactions: in the TLR pathway, lncRNA-IL7R etc. promote 

activation while miR-9 suppresses inflammation; miR-3570 etc. inhibit MAVS, yet MAVS-related 

antiviral lncRNA binds miR-122 to inhibit its activity. These ncRNAs antagonize to co-regulate 

immune cell function and responses. 

5. NcRNAs in the Tumor Microenvironment: Key to Intercellular Communication 

Building on the previous discussion about ncRNAs regulating immune signaling pathways, during 

tumor progression, these key regulatory ncRNAs further interact with cells and factors in the tumor 

microenvironment (TME) to regulate the TME itself. As a core site for tumor cell growth, 

proliferation, and metastasis, the TME mainly consists of tumor cells, immune cells, extracellular 

matrix, and soluble molecules [46]. 

This section focuses on the exosome-mediated pathway: prostate cancer exosomes containing 

miRNA let-7a-5p downregulate integrin-β3 (inducing M2 polarization and PCa cell migration), and 

CRC cell exosomes are high in miR-21-5p [47]. Exosomes derived from renal cell carcinoma also 

deliver overexpressed circSAFB2 to TAMs, inducing M2 polarization [48]. During tumor 

development, ncRNA-enriched exosomes impact progression through target sites; using exosomes as 

biomarkers or intervening in their pathways helps inhibit tumors. 

NcRNAs regulate cytokines in the microenvironment: miR-155 targets and inhibits SOCS1 

expression [49]; circRNA-002039 sequesters miR-29b to relieve its suppression on target genes, 

altering cytokine (e.g., interleukin-10) expression and facilitating cancer cell immune escape [50]. 

Clearly, ncRNAs have a broad range of effects, offering multiple perspectives for exploring tumor 

suppression methods. 
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Additionally, ncRNAs shape the extracellular matrix: miR-29 downregulation promotes myocardial 

fibrosis (excessive extracellular matrix synthesis/deposition); lncRNA NEAT1 upregulation in 

degenerated human nucleus pulposus cells affects ERK/MAPK pathway for extracellular matrix 

degradation [51]. 

To summarize, the three ncRNAs exert synergistic/antagonistic effects in the tumor 

microenvironment—miRNAs and circRNAs synergistically regulate immune cell polarization and 

antagonize each other (with examples), while all three together maintain its balance (e.g., miR-29 and 

lncRNA NEAT1 affect extracellular matrix synthesis and degradation respectively). 

6. Potential of non-coding RNAs as Targets for Tumor Innate Immune Therapy 

Exploring ncRNAs' tumor effects aims to open avenues: identifying ncRNA-mRNA interactions as 

therapeutic targets and using ncRNA enrichment as biomarkers for tumor diagnosis and treatment 

efficacy; taking MAVS (in tumor immune signaling pathways) as an example, its protein network 

(Fig. 4a) and node centrality (Fig. 4b) were analyzed, and TAAF6, DDX58, and TBK1 (with high 

centrality) may be key therapeutic targets, which helps develop related approaches and outlines the 

prospects of targeted therapy. 

 

Figure 4. MAVS Network and Betweenness Centrality 

Note (a) MAVS Protein Network (b) Node Betweenness Centrality 

Acting as key biomarkers, NcRNAs are indispensable for early disease detection. Three core 

attributes underpin this significance: their expression alterations occur earlier than both clinical 

symptoms and shifts in traditional biomarkers; they are closely associated with disease progression; 

and their monitoring supports prognosis evaluation and treatment planning. 

7. Conclusions and Prospects 

This article systematically reveals that ncRNAs mainly include miRNAs, lncRNAs, and circRNAs, 

each with unique structural and functional traits. In remodeling tumor immune cell functions, they 

precisely regulate the differentiation, polarization, maturation, and activity of macrophages, DCs, NK 

cells, and T cells, thereby affecting tumor progression. In immune signaling pathway regulation, 

ncRNAs participate in key pathways like JAK-STAT, NF-κB, and TLR, and influence immune cell 

activation and immune response intensity by inhibiting or promoting signal transduction. In the tumor 

microenvironment, ncRNAs interact with cells and cytokines via exosome mediation, regulating 

immune cell functions, cytokine secretion, and extracellular matrix state—exerting a notable impact 

on tumor growth, invasion, and metastasis. Additionally, ncRNAs hold potential as tumor therapeutic 

targets and biomarkers, offering new directions and insights for tumor treatment and diagnosis. 
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Looking ahead to the future, although research on ncRNAs has made certain progress, there are still 

many challenges, such as the relatively limited focus on rare cancers. With the continuous 

advancement of single-cell sequencing technology, it has become possible to deeply analyze the 

expression patterns and functions of ncRNAs at the single-cell level, which helps identify more 

tumor-related ncRNA biomarkers. Nanotechnology can be used to develop more efficient ncRNA 

delivery systems, improving the efficacy and safety of ncRNAs as therapeutic agents. Gene editing 

technologies such as the CRISPR/Cas system can precisely regulate the expression and function of 

ncRNAs, providing a powerful tool for studying the mechanism of action of ncRNAs and developing 

targeted therapeutic strategies. By comprehensively applying these technologies to conduct in-depth 

research on the role of ncRNAs in tumor innate immunity, it is expected to open up new avenues for 

tumor immunotherapy, significantly improve the prognosis of tumor patients, and bring new hope for 

overcoming cancer, a major disease. 

References 

[1] Herbst, R.S., D. Morgenstern, and C. Boshoff, The biology and management of non-small cell lung cancer [J]. 

Nature, 2018. 553 (7689): p. 446 - 454. 

[2] Xiujun Song, Hongling Ou, Yingying Ma, et al. Research Progress on Non-coding RNAs in Colon Cancer [J]. 

Labeled Immunoassays and Clinical Medicine, 2024, 31 (12): 2349 - 2353. 

[3] Junbin Zhong, Jianchang Wei, Qiang Wang, et al. Study on the Mechanism of Role of Non-coding RNAs in Immune 

Cells in Gastrointestinal Tumor Microenvironment [J]. Systems Medicine, 2023, 8 (15): 121 - 126. 

[4] Xuemei Hu, Baolong Pan, Yingying Bai, et al. Research Progress on the Regulatory Effect of Exosomal Non-Coding 

RNA on Osteosarcoma Metastasis [J]. Chinese Journal of General Practice, 2025, 23 (01): 122 - 126. 

[5] Kafida, M., M. Karela, and A. Giakountis, RNA-Independent Regulatory Functions of lncRNA in Complex Disease 

[J]. Cancers, 2024. 16 (15): p. 2728. 

[6] Zheng Yu, Huaxia Luo, Xueyi Teng, et al. NPInter v5.0: ncRNA interaction database in a new era [J]. Nucleic Acids 

Research, 2022. 51 (D1): p. D232 - D239. 

[7] Giuseppina L, Margherita C, Annarosaria C D, et al. The Role of lncRNAs in Rare Tumors with a Focus on HOX 

Transcript Antisense RNA (HOTAIR) [J]. International Journal of Molecular. Sciences, 2021, 22 (18): 10160 - 

10160. 

[8] Mattick, J.S. and I.V. Makunin, Non-coding RNA[J]. Human Molecular Genetics, 2006. 15 (suppl_1): p. R17 - R29. 

[9] Juan Liu. Study on the Effect of Gastric Cancer Cell-Derived Exosomes on CD8+ T Cells and the Mechanism of 

Action in the Immune Microenvironment [D]. Soochow University, 2020. 

[10] Kobina E, Yutian L, Jiuzhou H, et al. MiRNA-Mediated Macrophage Polarization and its Potential Role in the 

Regulation of Inflammatory Response[J]. Shock (Augusta, Ga.), 2016, 46 (2): 122 - 31. 

[11] Huang Q, Zhong X, Li J, et al. Exosomal ncRNAs: Multifunctional contributors to the immunosuppressive tumor 

microenvironment of hepatocellular carcinoma [J]. Biomedicine & pharmacotherapy = Biomedecine & 

pharmacotherapie, 2024, 173116409 - 116409. 

[12] Sigdel R K, Cheng A, Wang Y, et al. The Emerging Functions of Long Noncoding RNA in Immune Cells: 

Autoimmune Diseases[J]. Journal of Immunology Research, 2015, 2015 (2): 848790. 

[13] Qianliang Wang, Jianpeng Chen, Yuanbin Wang, et al. Mechanism of circ05188 Targeting miR-199a-5p in 

Hyperalgesia of Rat Models with Lumbar Disc Herniation [J]. Chinese Journal of Tissue Engineering Research, 

2025, 29 (20): 4230 - 4238. 

[14] Meilan Zhang, Xue B, Xuemei Z, et al. circRNA-miRNA-mRNA in breast cancer [J]. Clinica chimica acta; 

international journal of clinical chemistry, 2021, 523120 - 130. 

[15] Rio P, Caldarelli M, Chiantore M, et al. Immune Cells, Gut Microbiota, and Vaccines: A Gender Perspective[J]. 

Cells, 2024, 13 (6): 2073 – 4409. 

[16] Yumei Dai, Wenya Du, Guofu Wang, et al. Research Progress on the Regulatory Effect of Exosomal Non-Coding 

RNA on Innate Immune Cells [J]. Chinese Journal of Biologicals, 2024, 37 (10): 1268 - 1274. 

[17] Hao Zhang, Wei Zhu. Research Progress on the Immunomodulation of Tumor Mesenchymal Stem Cells in the 

Tumor Microenvironment [J]. Chinese Journal of Clinical Laboratory Science, 2024, 42 (11): 864 - 868. 

[18] Sergiu P, Ancuta J, Bobe P, et al. MicroRNA-155 Implication in M1 Polarization and the Impact in Inflammatory 

Diseases [J]. Frontiers in immunology, 2020, 11625. 

[19] Nasser R V, Pereira É Z, Livia C, et al. Regulation of Immune Cells by microRNAs and microRNA-Based Cancer 

Immunotherapy [J]. Advances in experimental medicine and biology, 2022, 1385175 - 108. 



 

132 

[20] Murphy, T.L. and K.M. Murphy, Dendritic cells in cancer immunology [J]. Cellular & Molecular Immunology, 

2022. 19 (1): p. 3 - 13. 

[21] Turner, M.L., F.M. Schnorfeil, and T. Brocker, MicroRNAs Regulate Dendritic Cell Differentiation and Function[J]. 

The Journal of Immunology, 2011. 187 (8): p. 3911 - 3917. 

[22] Wolf, N.K., D.U. Kissiov, and D.H. Raulet, Roles of natural killer cells in immunity to cancer, and applications to 

immunotherapy[J]. Nature Reviews Immunology, 2023. 23 (2): p. 90 - 105. 

[23] Bei Xu. In Vitro and In Vivo Study on the Effect of MiR-363 on Natural Killer/T-Cell Lymphoma via the 

SIRT6/PI3K/AKT Axis [D]. Hebei Medical University, 2023. 

[24] Ting H, Lina G, Na G, et al. miR-221-5p and miR-186-5p Are the Critical Bladder Cancer Derived Exosomal 

miRNAs in Natural Killer Cell Dysfunction [J]. International Journal of Molecular Sciences, 2022, 23 (23): 15177 

- 15177. 

[25] Jiao L, Shan L, Xiaopeng L, et al. Declined miR‐181a‐5p expression is associated with impaired natural killer cell 

development and function with aging [J]. Aging Cell, 2021, 20 (5): e13353 - e13353. 

[26] Jinhua Zou, Hui Wang, Dongyan Zhang, et al. SLC1A5 Accelerates the Progression of Hepatocellular Carcinoma 

by Promoting M2 Macrophage Polarization [J]. Journal of Southern Medical University, 2025, 45 (02): 269 - 284. 

[27] Larissa K, Eric C. a New Story of the Three Magi: Scaffolding Proteins and lncRNA Suppressors of Cancer [J]. 

Cancers, 2021, 13 (17): 4264 - 4264. 

[28] Xinyu L, Yuanheng L, Xiaoying J, et al. Long non-coding RNA: Multiple effects on the differentiation, maturity 

and cell function of dendritic cells [J]. Clinical immunology (Orlando, Fla.), 2022, 245109167 - 109167. 

[29] Yunkun Y, Jianjun L, Zhijian X, et al. lncRNA PCAT14 Is a Diagnostic Marker for Prostate Cancer and Is 

Associated with Immune Cell Infiltration [J]. Disease Markers, 2021, 20219494619 - 9494619. 

[30] Si Chen, Xiangqian Wang, Wanzhong Jia, et al. Classification and Functional Analysis of Hepatic T Cells in Patients 

with Alveolar Echinococcosis Based on Single-Cell RNA Sequencing Technology [J]. Chinese Journal of 

Schistosomiasis Control, 2024, 36 (05): 481 - 493. 

[31] Jiaxin Niu, Ju Zeng, Cong Zhang, et al. Research Progress on the Immune Role of Dendritic Cells in Head and Neck 

Squamous Cell Carcinoma [J/OL]. Chinese Journal of Clinical and Experimental, 2025, (01): 81 - 85+92 [2025 – 

09 - 08]. 

[32] Junfeng S, Haowei J, Xingqi B, et al. Tumor exosome promotes Th17 cell differentiation by transmitting the lncRNA 

CRNDE-h in colorectal cancer [J]. Cell Death & Disease, 2021, 12 (1): 123 - 123. 

[33] Yaqiong Z, Zhaoyun L, Meifang C, et al. lncRNA TCL6 correlates with immune cell infiltration and indicates worse 

survival in breast cancer [J]. Breast cancer (Tokyo, Japan), 2020, 27 (4): 573 - 585. 

[34] Ángeles R C, Susana G R, Estefania S C, et al. Role of Circular RNAs in the Regulation of Immune Cells in Response 

to Cancer Therapies [J]. Frontiers in Genetics, 2022, 13823238 - 823238. 

[35] Li Z, Yin S, Yang K, et al. CircRNA Regulation of T Cells in Cancer: Unraveling Potential Targets [J]. International 

journal of molecular sciences, 2024, 25 (12): 6383 - 6383. 

[36] Junjie G, Chongying S, Fei H, et al. Past, Present and Future: The Relationship Between Circular RNA and Immunity 

[J]. Frontiers in Immunology, 2022, 13894707 - 894707. 

[37] Yunmiao Cong, Hang Shang, Tianying Chang, et al. Research Progress on Traditional Chinese Medicine in Treating 

Cardiovascular Diseases Based on the JAK/STAT Signaling Pathway [J]. Chinese Journal of Gerontology, 2025, 45 

(02): 498 - 503. 

[38] Lv Y, Qi J, Babon J, et al. The JAK-STAT pathway: from structural biology to cytokine engineering [J]. Signal 

Transduction and Targeted Therapy, 2024, 9 (1): 221 - 221. 

[39] Puran Chai, Kaibo Chu, Yongjian Lai, et al. Study on the Mechanism of Xiaoqing long Decoction in Treating 

Chronic Glomerulonephritis via the TLR4/MyD88/NF-κB Signaling Pathway [J]. Acta Chinese Medicine and 

Pharmacology, 2024, 52 (12): 11 - 17. 

[40] Fisch D, Zhang T, Sun H, et al. Molecular definition of the endogenous Toll-like receptor signaling pathways [J]. 

Nature, 2024, 631 (8021): 635 - 644. 

[41] Xinglong Wu. A Preliminary Study on the Mechanism of Macrophage Exosomes and Their miRNAs Mediating the 

Pro-Inflammatory Effect of Palmitic Acid [D]. Southern Medical University, 2020. 

[42] Hui Y, Liangbin L, Zhiqiang Z, et al. Targeting NF-κB pathway for the therapy of diseases: mechanism and clinical 

study [J]. Signal transduction and targeted therapy, 2020, 5 (1): 209 - 209. 

[43] Ilgiz G, Manuel R E J D, Evgeniy G, et al. MiRNAs and lncRNAs in the regulation of innate immune signaling [J]. 

Non-coding RNA Research, 2023, 8 (4): 534 - 541. 

[44] Zhenhui L, Biao C, Min F, et al. MicroRNA-23b Promotes Avian Leukosis Virus Subgroup J (ALV-J) Replication 

by Targeting IRF1 [J]. Scientific reports, 2015, 5 (1): 10294. 



 

133 

[45] Mo L, Zeng Z, Deng R, et al. Hepatitis A virus-induced hsa-miR-146a-5p attenuates IFN-β signaling by targeting 

adaptor protein TRAF6 [J]. Archives of Virology, 2021, 166 (3): 1 - 11. 

[46] Yumeng Feng, Shijun Yuan, Na Zhang, et al. The Role of Tumor Extracellular Matrix in Tumors and Its Therapeutic 

Strategies [J]. Chemistry of Life, 2024, 44 (10): 1806 - 1812. 

[47] Zijie X, Yi C, Ling M, et al. Role of exosomal non-coding RNAs from tumor cells and tumor-associated 

macrophages in the tumor microenvironment [J]. Molecular therapy: the journal of the American Society of Gene 

Therapy, 2022, 30 (10): 3133 - 3154. 

[48] Hu Tong, Run Shi, Yunru Gu, et al. Cancer‐derived non‐coding RNAs endow tumor microenvironment with 

immunosuppressive properties [J]. WIREs RNA, 2023. 15 (1). 

[49] Xiang L, Shaomin W, Wei M, et al. Reactive oxygen species reprogram macrophages to suppress antitumor immune 

response through the exosomal miR-155-5p/PD-L1 pathway [J]. Journal of Experimental & Clinical Cancer 

Research, 2022, 41 (1): 41 - 41. 

[50] Saili D, Shan W, Tao H, et al. circRNAs: Insight into Their Role in Tumor-Associated Macrophages [J]. Frontiers 

in Oncology, 2021, 11780744 - 780744. 

[51] Cheng L, Xinjian M, Chenfei N, et al. LncRNA NEAT1 promotes nucleus pulposus cell matrix degradation through 

regulating Nrf2/ARE axis [J]. European Journal of Medical Research, 2021, 26 (1): 11 - 11. 


