

[image: Unveiling hotspots of emerging research in the miRNA-related mechanism underlying cancer through comprehensive bibliometric analysis with implications for precision medicine and non-invasive diagnostics]
Unveiling hotspots of emerging research in the miRNA-related mechanism underlying cancer through comprehensive bibliometric analysis with implications for precision medicine and non-invasive diagnostics





REVIEW

published: 15 January 2025

doi: 10.3389/fonc.2024.1521251

[image: image2]


Unveiling hotspots of emerging research in the miRNA-related mechanism underlying cancer through comprehensive bibliometric analysis with implications for precision medicine and non-invasive diagnostics


Zhirui Zhang 1†, Wenhuan Song 2†, Wenyu Chen 2, Wenze Cui 2, Wenyi Chen 2, Qinheng Zhang 2, Wenwen Ji 2, Yinglin Wang 2, Jiayi Wang 2, Wenhao Yu 2, Mingkun Yu 3,4*, Tao Hao 5* and Hong Jiang 5*


1 Binzhou Medical University Hospital, Binzhou Medical University, Binzhou, Shandong, China, 2 College of Traditional Chinese Medicine, Binzhou Medical University, Yantai, Shandong, China, 3 Binzhou Medical College Affiliated Traditional Chinese Medicine Hospital, Binzhou, Shandong, China, 4 Shandong University of Traditional Chinese Medicine, University Science Park, Jinan, Shandong, China, 5 Department of Colorectal Hernia Surgery, Binzhou Medical University Hospital, Binzhou, Shandong, China




Edited by: 

Francesco Esposito, National Research Council (CNR), Italy

Reviewed by: 

Alexis Germán Murillo Carrasco, University of São Paulo, Brazil

Liuyun Gong, Xiamen University, China

*Correspondence: 

Mingkun Yu
 BZMUTX@163.com 

Tao Hao
 byfyht@163.com 

Hong Jiang
 bzbh519@163.com

†These authors have contributed equally to this work and share first authorship


Received: 01 November 2024

Accepted: 06 December 2024

Published: 15 January 2025

Citation:
Zhang Z, Song W, Chen W, Cui W, Chen W, Zhang Q, Ji W, Wang Y, Wang J, Yu W, Yu M, Hao T and Jiang H (2025) Unveiling hotspots of emerging research in the miRNA-related mechanism underlying cancer through comprehensive bibliometric analysis with implications for precision medicine and non-invasive diagnostics. Front. Oncol. 14:1521251. doi: 10.3389/fonc.2024.1521251






Background and objective

MicroRNAs (miRNAs) are implicated in cancer by exerting roles in tumor growth, metastasis, and even drug resistance. The general trends of miRNA research in diverse cancers are not fully understood. In this work, miRNA-related research in colorectal cancer, prostate cancer, leukemia, and brain tumors was analyzed in search of key research trends with clinical potential.





Methods

A bibliometric analysis of articles, spanning from 2014 to 2024, was carried out with the major focus laid on four types of cancers. The Co-citation network analysis, keyword bursts, and the collaborative pattern were done in VOSviewer and CiteSpace, respectively.





Results

Colorectal cancer had the highest publication volume, with research primarily focusing on gene expression, extracellular vesicles, and non-coding RNAs. Prostate cancer showed a shift toward clinical applications, while leukemia and brain tumor research, though less extensive, highlighted miRNA’s potential in early diagnosis and treatment. Co-citation analysis identified emerging research collaborations and key contributors.





Conclusion

miRNA plays a pivotal role in cancer diagnosis, biomarker development, and therapeutic interventions. With advancements in non-invasive diagnostics and personalized medicine, miRNA offers significant potential for clinical applications. Future research should focus on miRNA’s role in drug resistance and combination therapies to accelerate its clinical translation.
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1 Introduction

Cancer is a multifaceted disease that involves both genetic and epigenetic changes. MicroRNAs (miRNAs) play a vital role in tumorigenesis, progression, metastasis, and drug resistance by regulating oncogenes and tumor suppressor genes, thus influencing various pathological processes. As endogenous non-coding RNAs, miRNAs suppress the expression of multiple target genes, impacting a range of physiological and pathological mechanisms (1). Aberrant miRNA expression is linked to almost all types of malignancies, functioning either as oncogenes or tumor suppressors during tumorigenesis (2). Moreover, miRNAs regulate essential cancer cell processes, such as the cell cycle, DNA damage response, migration, and invasion, further affecting tumor behavior (3).

In cancer metastasis, miRNAs facilitate the invasiveness of the tumor by regulating various cellular activities that include migration, invasion, proliferation, epithelial-mesenchymal transition (EMT), angiogenesis, and apoptosis (4). Their inherent stability underlines their use in the verification and validation of biomarkers (4). Moreover, miRNAs indeed represent therapeutic possibilities, especially in personalized cancer management (4). The role of miRNAs in drug resistance development has also been largely investigated, and its most prominent example is tamoxifen-resistant breast cancer (5). In this way, the deeper understanding of miRNA-mediated regulation in cancer could uncover novel diagnostic and therapeutic possibilities (6).

Colorectal cancer (CRC) is among the most common gastrointestinal malignancies worldwide, and early diagnosis is an important factor in reducing mortality. In recent years, miRNAs have shown great promise in this area. Dysregulated miRNA expression is closely associated with CRC initiation and progression (7). These miRNAs serve as biomarkers for early detection and are also integral to prognosis assessment and therapeutic decision-making (8). For instance, elevated serum levels of miR-21 and miR-92a have been identified as potential early detection biomarkers for CRC (9, 10). Specifically, miR-21 functions as an oncogenic miRNA, promoting tumor proliferation, invasion, and metastasis through the regulation of multiple target genes and signaling pathways (8, 11). Additionally, miR-92a correlates with various clinical features of CRC, highlighting its diagnostic potential (12, 13). Monitoring miRNA expression could thus provide novel strategies for early CRC diagnosis (7, 14).

miRNAs have also garnered significant attention for their roles in various other cancers. In malignant brain tumors, elevated miR-21 levels are linked to tumor growth and resistance to apoptosis, while the miR-34 family exerts tumor-suppressive effects (15). Similarly, in leukemia, miRNAs such as miR-125b are associated with poor prognosis, while miR-155 (16) and miR-181 (17) contribute to chemotherapy resistance (18). In prostate cancer, miR-145 and miR-221 regulate tumor invasion and prognosis (19). Furthermore, miRNA expression profiles offer valuable insights into patient responses to treatment, advancing the development of personalized therapies.

These four cancer types were selected due to their clinical significance and diverse representation of cancer biology. Colorectal and prostate cancers are among the most prevalent and well-studied cancers globally, with high morbidity and mortality rates, making them critical for understanding miRNA’s role in epithelial malignancies. In colorectal cancer (CRC), dysregulated miRNAs have been linked to tumorigenesis, with specific miRNAs acting as oncogenes or tumor suppressors (20). In prostate cancer, the role of miRNAs is equally significant. For instance, miR-137 has been identified as a critical regulator of hypoxia-mediated migration and epithelial-to-mesenchymal transition (EMT) in prostate cancer cells, highlighting its potential as a therapeutic target (21). Leukemia, as a representative of hematologic malignancies, offers insights into the regulatory functions of miRNA in blood and immune cell dysregulation. MicroRNAs (miRNAs) are crucial post-transcriptional regulators that play significant roles in the development and function of various immune cells, including those involved in hematological malignancies such as leukemia. For instance, miRNAs have been shown to influence the differentiation and function of natural killer (NK) cells, which are vital for early host defenses against tumors and infections (22). Brain tumors, particularly glioblastoma, highlight miRNA’s potential in addressing challenges in neurological cancers characterized by their aggressive nature and limited treatment options. For instance, specific miRNAs such as miR-21 and miR-34 have been shown to influence critical signaling pathways involved in cell proliferation, apoptosis, and differentiation, which are essential in the context of brain tumors (23). This selection ensures a comprehensive analysis of miRNA’s role across distinct cancer types, encompassing solid tumors, blood cancers, and malignancies with unique microenvironments and clinical challenges.

As research on miRNAs and cancer continues to progress, the rapid expansion of related literature presents a challenge for researchers to systematically summarize and evaluate these studies. Bibliometric analysis offers a valuable solution, enabling the identification of high-impact research, leading institutions, core journals, and key collaborative networks. It reveals research hotspots and future trends in fields such as colorectal cancer, brain tumors, leukemia, and prostate cancer. Additionally, bibliometric analysis can quantify the research focus and developmental trajectory of specific miRNAs across different cancer types, providing guidance for future studies. For instance, analyzing the study frequency of miR-21 and miR-145 across various cancers and their potential applications could highlight their diagnostic or therapeutic prospects. The interplay between the two is particularly noteworthy, as they exhibit antagonistic relationships in some cancer contexts, influencing cell behavior and treatment responses (24, 25). Besides, bibliometric analysis will identify gaps in knowledge, underlining the further need to explore miRNAs in particular subtypes of cancer. While the profound role of miRNAs has been unraveled in cancer diagnostics and treatments, bibliometric analysis traces progress within global research, optimizes the use of resources, and ensures that due attention is accorded to emerging topics. Finally, bibliometric analysis advances a systematic and holistic grasp of the place of miRNAs in cancer research.




2 Methods



2.1 Data collection

Literature published between 2014 and 2024 was identified from key databases, focusing on four significant cancer types: colorectal cancer, prostate cancer, leukemia, and brain tumors. These cancers were chosen for their clinical significance and the extensive research involving microRNA (miRNA) in their pathophysiology. To ensure a comprehensive analysis, the search strategy combined miRNA-related terms, including “MicroRNAs,” “Micro RNA,” “MicroRNA,” “miRNA,” and “miRNAs,” with cancer-specific terms tailored for each cancer type. For colorectal cancer, terms such as “Colorectal Neoplasms” and “Colorectal Cancer” were used; for prostate cancer, terms included “Prostatic Neoplasms” and “Prostate Cancer”; for leukemia, the search incorporated terms like “Leukemia” and “Leucocythaemia”; and for brain tumors, an extensive list was applied, including “Brain Neoplasms” and “Primary Brain Tumors.” Boolean operators (AND) were employed to combine miRNA-related terms with cancer-specific terms, ensuring a focused dataset for each cancer type. The search targeted journal articles, reviews, and conference papers to cover high-impact studies comprehensively. The detailed search strategy is provided in Appendix 1.




2.2 Bibliometric indicators

The main bibliometric indicators, taken into account for this study, are four: volume of literature, which refers to the total number of publications each cancer type has; citation count, which is a measure of academic impact at the publication level; impact factor (IF), which calculates reputation and influence of journals based on the average citation rates; and keyword burst detection, a method for detecting emerging trends in research or significant breakthroughs by means of detecting keywords with notable growth in their citation during a certain period.




2.3 Burst detection

Through the use of bibliometric software, burst detection analysis of keywords traces trends and emerging topics in research. The strength of each burst was calculated, with the start and end years recorded. This analysis pinpointed key areas where academic interest surged during specific periods, such as gene expression profiling, the role of microRNA in cancer progression, and extracellular vesicles in the tumor microenvironment.




2.4 Visualization and collaboration network analysis

Co-citation and keyword co-occurrence networks were created to examine collaboration patterns among authors, institutions, and countries. These visual maps identified the leading research groups and nations in cancer research. Co-citation analysis of the journal has also identified those core journals that have substantial academic influence in each area of cancer research.




2.5 Data analysis tools

The data in bibliometrics was processed and analyzed by using specialized tools like VOSviewer and CiteSpace, which are designed for visualizing a citation network and discovering the trending of research. The result would be presented in some tables and figures in country, institution, and journal rankings. They also provide an insight into the emerging directions identified through burst detection.





3 Results

The final count was 5,524 articles on leukemia, 9,153 on colorectal cancer, 3,658 on brain tumors, and 6,466 on prostate cancer. Figure 1 illustrates a systematic review focusing on the relationship of microRNA (miRNA) with four types of cancers: colorectal, prostate, leukemia, and brain tumors, from 2014 to 2024. There is erosion of interest in miRNA research for some of these malignancies. Colorectal cancer was thus, by the data, the highest regarding publications, starting with a steady rise from 2014 to a high of 1,005 papers in the year 2021. This steady rise suggests that miRNA involvement in colorectal cancer has become a prime area of research during the last ten years, with its magnitude significant between 2019 and 2021. It is likely that such a surge goes forward impelled by discoveries about the potential of miRNA regarding the diagnosis, prognosis, and treatments of colorectal cancer, thus giving more credence to its stature as a major research priority. Prostate cancer is second regarding the number of publications. While there was a progressive increase in the number of publications between 2014 and 2021, reaching a peak of 561 papers, it then rapidly declined to 227 papers by 2024. Although there is some sustained interest in the miRNA-prostate cancer relationship, the fluctuation in output indicates a reduction in enthusiasm compared with colorectal cancer. This leveling off may reflect changes in priorities, resource allocation, or other external factors affecting the evolution of miRNA research in prostate cancer.




Figure 1 | Bibliometric analysis of microRNA-related research publications in colorectal cancer, prostate cancer, leukemia, and brain tumor (2014–2024).



Compared to colorectal and prostate cancer, miRNA research in leukemia has been relatively limited. In 2014, 264 papers on miRNA-leukemia were published, but decreased in 2016 and further reduced to a level of 164 by 2024. This difference is impressive considering the high value of leukemia in research among hematologic malignancies. Although miRNA represents an important area of cancer research, much more work has focused on its role in solid tumors compared with leukemia, reflecting a decided imbalance in both the emphasis of research efforts and investment of resources. It is possible that the concentration of research on solid tumors has eclipsed miRNA research in leukemia, perhaps leading to a poor division of labor across tumor types. Among the four cancer types, research on miRNA and brain tumors has produced the fewest publications. In 2014, only 180 papers were dedicated to miRNA-brain tumor associations. Although the number of publications fluctuated, a peak of 358 papers was reached in 2022. This increase was short-lived, however, as publication numbers dropped sharply to 172 by 2024. This pattern suggests that, despite brain tumors being major malignancies of the central nervous system with significant clinical demand, miRNA research in this area has not maintained a consistent momentum. The limited allocation of research resources may be contributing to the relatively low volume of studies compared to other cancer types.

Table 1 illustrates that China has demonstrated exceptional performance in both the volume of publications and citation counts, particularly in colorectal and prostate cancer research, with 5,241 and 2,782 publications, respectively, ranking first globally. Notably, the United States, Germany, and Italy have also achieved significant results across various cancer research domains. Leading institutions, such as Nanjing Medical University, Shanghai Jiao Tong University, and Sun Yat-sen University, have contributed a substantial number of high-impact publications. In the realm of brain tumor and leukemia research, American institutions, including Ohio State University and the University of Texas MD Anderson Cancer Center, stand out for their notable contributions. Overall, cancer research is becoming increasingly concentrated in Chinese and American institutions, reflecting the dominant global influence these nations exert in the field.


Table 1 | Top 10 countries/regions and organizations related to colorectal cancer, prostate cancer, leukemia, and brain tumor.



Based on author coupling analysis of miRNA-related research across these cancer domains (Figure 2), the current research landscape, collaboration networks, and developmental trends were examined in detail. The size, color, and connections of the nodes in the map help to identify major research teams, authors with significant academic influence, and emerging research hotspots. In colorectal cancer, miRNA-related studies show the highest publication volume, with the most intricate collaboration networks among authors. Figure 2A highlights several highly interconnected research groups, particularly the green network centered around Ajay Goel, which illustrates his authoritative position in this field. The presence of other large-scale collaborative groups underscores the widespread interest in miRNA’s role in colorectal cancer, particularly as a regulatory factor in tumorigenesis and progression, and as a potential diagnostic and therapeutic biomarker. Since 2014, research on miRNA and colorectal cancer has grown steadily, peaking between 2019 and 2021, emphasizing its central importance in cancer research. The increasing density of these collaboration networks reflects a growing trend of interdisciplinary cooperation, further advancing the depth and scope of research in this area.




Figure 2 | Bibliographic coupling networks of authors in miRNA research across four cancer types. (A) Bibliographic Coupling Network for Colorectal Cancer miRNA Research; (B) Bibliographic Coupling Network for Prostate Cancer miRNA Research; (C) Bibliographic Coupling Network for Leukemia miRNA Research; (D) Bibliographic Coupling Network for Brain Tumor miRNA Research.



Although the volume of research on prostate cancer is not as extensive as that on colorectal cancer, the author coupling analysis in Figure 2B reveals a notable collaboration network. In particular, the research teams led by Sharanjot Saini and Rajvir Dahiya have established themselves as dominant forces in this field. However, the overall collaboration network for prostate cancer remains relatively fragmented, with weaker links between research groups. This indicates that miRNA research in prostate cancer has yet to reach the highly concentrated collaborative framework seen in colorectal cancer. Despite this, significant breakthroughs have been achieved, particularly in the discovery of biomarkers, disease prognosis evaluation, and the development of targeted therapies for prostate cancer, offering promising applications in personalized medicine. Moving forward, it will be essential to strengthen interdisciplinary and international collaboration to enhance overall research efficiency and impact. Research on miRNA in leukemia exhibits characteristics that are markedly distinct from the previous two cancer types. Figure 2C reveals a highly concentrated literature coupling network, with a red cluster centered around Carlo M. Croce, indicating that a small number of highly influential teams dominate research in this field. Despite the relatively lower volume of publications on leukemia, these core researchers and their teams have made substantial contributions, particularly in elucidating the mechanisms through which miRNA regulates the development and progression of the disease. Additionally, miRNA’s potential applications in the diagnosis and treatment of leukemia have been systematically explored. While this highly centralized collaboration network reflects the solid foundation of leukemia research, further expansion is needed to increase the breadth and diversity of studies in this area.

Compared to the other three cancers, miRNA research in brain tumors is still at a relatively early stage of development. Figure 2D shows that the author coupling network in this field is smaller in scale, with a more fragmented collaboration network. While research teams led by Zhang Wei and Ondrej Slaby have made notable contributions, the overall volume of miRNA research remains limited, and the density of collaboration is low. This may be due to the biological complexity of brain tumors and limitations in research funding and resources. Nonetheless, early findings on miRNA’s role in regulating the tumor microenvironment and tumor growth highlight the potential of this research. As more researchers join this field, the scale of studies and collaboration networks is expected to expand, potentially driving future breakthroughs in understanding and treating brain tumors.

Figure 3 and Table 2 provide a systematic analysis of co-cited authors, mapping the relationships among researchers studying microRNA (miRNA) across four cancer types: colorectal, prostate, leukemia, and brain tumors. These co-citation networks not only identify the most influential scholars but also reveal key research hotspots, emerging trends, and collaborative partnerships.




Figure 3 | Co-citation networks of authors in miRNA research across four cancer types. (A) Co-Citation Network for Colorectal Cancer miRNA Research; (B) Co-Citation Network for Prostate Cancer miRNA Research; (C) Co-Citation Network for Leukemia miRNA Research; (D) Co-Citation Network for Brain Tumor miRNA Research.




Table 2 | Top 10 authors and co-cited authors related to colorectal cancer, prostate cancer, leukemia, and brain tumor.



In colorectal cancer research, miRNA studies demonstrate high academic activity and concentrated collaboration. Co-citation analysis identifies Bartel, DP as one of the most frequently cited scholars, whose work on miRNA’s role in colorectal cancer has profoundly shaped the field. The red cluster centered around Wang, Y, and Zhang, Y, points to the crucial contribution these authors have made in establishing not only miRNA’s regulatory role in tumor initiation and progression but also its potential as a biomarker. Meanwhile, the green cluster, featuring Schetter, AJ, and Slattery, ML, underlines their influence in the exploration of the diagnostic and therapeutic application of miRNA. Another very important contributor is Goel, Ajay, who has shared an immense contribution with a total of 79 publications and 5,931 citations. Collectively, these researchers have fostered a close-knit academic network with frequent collaborations. The primary focus of miRNA research in colorectal cancer remains on its regulatory mechanisms in tumor biology and its clinical application potential.

Although miRNA research in prostate cancer has developed a collaborative network, it remains less concentrated than in colorectal cancer. Co-citation analysis shows that Bartel, DP still plays a significant role in this field. However, the research landscape is more fragmented, characterized by several relatively independent academic groups. The red cluster, centered on Wang, Y, and Zhang, Y, highlights their crucial contributions to biomarker development and disease progression mechanisms. At the same time, Mitchell, PS, and Bryant, RJ, represented in the green cluster, focus primarily on the application of miRNA in non-invasive diagnostics. Among the prominent figures, Saini, Sharanjot, with 62 publications and 2,938 citations, stands out as a leader in miRNA research related to prostate cancer. While the collaborative network remains somewhat loose, miRNA research shows significant promise as a diagnostic tool and therapeutic target, with future efforts likely moving towards more cohesive collaboration. miRNA research in leukemia is largely driven by a small group of core scholars. Co-citation analysis reveals that Garzon, R, and Marcucci, G dominate the field, focusing on miRNA’s role as a regulatory factor in hematologic malignancies and its potential as a therapeutic target. Similarly, the green cluster, led by Calin, GA, has made significant contributions, particularly in exploring how miRNA influences the proliferation and differentiation of leukemia cells. Among the leading scholars, Croce, Carlo M., with 98 publications and 17,411 citations, stands out for his pivotal contributions to leukemia research. Overall, research on miRNA in leukemia has converged molecular directions, and there is close collaboration among key scholars. This model has benefited the translation of miRNA in the clinical applications of leukemia. Compared to other cancer types, miRNA research in brain tumors is still at an early stage of development, characterized by a more fragmented collaborative network. While Bartel, DP remains a central figure in the field, showcasing his broad influence, the red cluster, centered on Wang, Y, and Zhang, Y, highlights their contributions to studying miRNA’s regulatory role in tumor cell growth and differentiation. Meanwhile, the yellow cluster, featuring Calin, GA, and Ostrom, QT, focuses on miRNA’s potential applications in brain tumor diagnostics and therapy. Another influential figure in this area is Krichevsky, Anna M., with 23 publications and 8,708 citations. Although the miRNA-brain tumor research network is less concentrated than in other cancer fields, the research directions are becoming increasingly clear. With continued collaboration, miRNA’s role in the pathophysiology of brain tumors is expected to be further elucidated.

Figure 4 and Table 3 analyze citation patterns across various academic journals, revealing key research hotspots, emerging trends, and the impact of different journals in advancing miRNA (microRNA) research. By coupling literature sources, the analysis highlights miRNA’s significant role in colorectal cancer, prostate cancer, leukemia, and brain tumor research, while also showcasing the contributions of key journals in these areas.




Figure 4 | Bibliographic coupling networks of journals in miRNA research across four cancer types. (A) Bibliographic Coupling Network for Colorectal Cancer miRNA Research; (B) Bibliographic Coupling Network for Prostate Cancer miRNA Research; (C) Bibliographic Coupling Network for Leukemia miRNA Research; (D) Bibliographic Coupling Network for Brain Tumor miRNA Research.




Table 3 | Top 10 journals and co-cited journals related to colorectal cancer, prostate cancer, leukemia, and brain tumor.



In colorectal cancer research, miRNA has developed into a highly concentrated academic network, with a few key journals leading the way. The International Journal of Molecular Sciences, Oncotarget, and PLOS One are among the most frequently cited, emphasizing their importance as primary outlets for this research. Much of the work centers on miRNA’s role as a biomarker, particularly in tumor microenvironment regulation, early diagnosis, and personalized therapy. Oncotarget leads with 264 publications and 13,581 citations, with an impact factor of 5.168 and a ranking in the first quartile (Q1) of the JCR. PLOS One is similarly influential, with 221 publications and 12,936 citations. In contrast, the network of miRNA research in prostate cancer is more dispersed, within which several high-impact journals make significant contributions. The International Journal of Molecular Sciences has been central in the publishing of key findings on the role of miRNA as a biomarker of prognosis and therapeutic response. PLOS One has focused on non-invasive diagnostic technologies, concerned particularly with the detection of miRNA in blood and urine. Furthermore, the publishing of research letters in Oncology Letters has also contributed to the translational clinical research applications of miRNAs. Generally, miRNA research in prostate cancer is progressively moving toward clinical practice and has great potential to influence future personalized treatment strategies.

In leukemia studies, miRNA research is very concentrated, and the field is dominated by a few core journals. Among these, there are two of the most powerful journals: Blood and Leukemia. These two journals place great emphasis on the regulatory functions of miRNA in the proliferation, differentiation, and apoptosis of leukemia cells and have driven increasing interest in miRNA as a target for novel leukemia therapy. Thus, Blood has issued 315 articles altogether that have reached the level of 15,756 citations, establishing the journal’s position among the most influential ones in leukemia research. In contrast, miRNA research in brain tumors is still in its early stages, although it has grown rapidly in recent years. Oncotarget and PLOS One have actively published significant research on miRNA’s role in regulating brain tumor cell growth, differentiation, and invasiveness, particularly in relation to glioblastoma, a highly malignant tumor. Similarly, journals like Neuro-Oncology and Cancer Research have contributed to exploring miRNA’s mechanisms, especially concerning the tumor microenvironment and treatment response. While miRNA research in brain tumors has yet to form a highly concentrated network, it is expected to consolidate further as research in this area deepens.

An analysis of highly cited literature reveals research hotspots, emerging trends, and the clinical potential of miRNA across various cancer types (Figure 5; Table 4). The following sections examine miRNA’s role in colorectal, prostate, leukemia, and brain tumors.




Figure 5 | Citation networks of key miRNA research publications across different cancer types. (A) Citation Network for Colorectal Cancer miRNA Research; (B) Citation Network for Prostate Cancer miRNA Research; (C) Citation Network for Leukemia miRNA Research; (D) Citation Network for Brain Tumor miRNA Research.




Table 4 | Top 10 references related to colorectal cancer, prostate cancer, leukemia, and brain tumor.



In colorectal cancer research, the citation network identifies studies by Muzny (2012) (5,216 citations) and Schwarzenbach (2011) (2,169 citations) as central works, primarily focusing on miRNA’s role as an early diagnostic biomarker and its function in tumor biology. MiRNA plays a pivotal role in regulating colorectal cancer cell proliferation, migration, and invasion, making it a valuable tool for diagnosis and a promising therapeutic target. Similarly, studies by Chen (2008) (3,056 citations) and Yamakuchi (2008) (1,115 citations) delve further into miRNA’s regulatory functions in cancer progression, highlighting its potential not only for diagnostics but also for guiding treatment decisions. High citation rates of these studies indicate the maturity and importance of miRNA research in the field. These works represent the citation cores: Mitchell (2008), with 6,488 citations, and Volinia (2006), with 4,782 citations, focus on miRNA expression patterns in prostate cancer and their critical roles in the initiation and progression of cancer. These articles emphasize miRNA as a biomarker with good potential for early detection and prognosis. Schwarzenbach (2011) (2,169 citations) further supports miRNA utility in non-invasive diagnostics by blood and urine testing, offering new diagnostic possibilities for early prostate cancer screening in a minimally invasive way. Additional studies by Porkka (2007) and Hoesel (2013) explore miRNA’s role in personalized therapies, particularly in the development of novel treatment strategies. Together, this body of research underscores miRNA’s significant potential not only as a diagnostic tool but also as a therapeutic agent.

In leukemia research, Lu (2005) (7,996 citations) and Ley (2013) (3,655 citations) are the most cited studies, reflecting broad recognition of miRNA’s pivotal role in leukemia cell regulation. Lu (2005) first uncovered miRNA’s regulatory function in leukemia cells, laying the groundwork for subsequent research. Ley (2013) further explores miRNA’s therapeutic potential, particularly in overcoming drug resistance and improving treatment response. Building on these foundational studies, Cortez (2011) and Garzon (2009b) focus on the clinical translation of miRNA into leukemia treatment, providing strong evidence for the development of personalized therapies in the future. In brain tumor research, Skog (2008) (3,876 citations) and Chan (2005) (2,087 citations) are the most cited studies, focusing on miRNA’s role in brain tumors, particularly gliomas. MiRNA is not only key in regulating tumor cell proliferation, differentiation, and migration, but also holds promise as a therapeutic target. Zhang (2007) (2,177 citations) and Ha (2016) (937 citations) further explore miRNA’s mechanisms within the tumor microenvironment, suggesting that miRNA’s clinical applications in brain tumor treatment are rapidly expanding, especially with the development of new therapies. The high citation rates of these studies highlight miRNA as an emerging research focus in brain tumor studies.

The co-citation analysis of colorectal cancer underscores Bartel’s broad influence on miRNA function, while Ng Eko (2009) and Chen (2009) clarify miRNA’s regulatory mechanisms in tumorigenesis and cancer progression. In prostate cancer research, the seminal works of Mitchell (2008) and Volinia (2006) reveal miRNA’s crucial role in diagnosis and prognosis, while Gao (2009) focuses on its regulatory role in tumor progression.In leukemia, studies by Calin (2002) and Chen (2004) uncover miRNA’s pathogenic mechanisms in hematologic malignancies, while Lu (2005) and Cimmino (2005) offer further insights into its roles in cell cycle regulation and signal transduction. In brain tumors, Stupp (2005) and Phillips (2006) highlight miRNA’s regulatory role in gliomas, while Bartel (2004) offers theoretical support for understanding its function in nervous system tumors. Overall, miRNA, as a key regulator of gene expression, has demonstrated great potential as both a biomarker and therapeutic target across multiple cancers, paving the way for future advancements in cancer diagnosis and treatment (Figure 6).




Figure 6 | Co-citation analysis of key references in miRNA research across cancer types. (A) Co-Citation Network in Colorectal Cancer miRNA Research; (B) Co-Citation Network in Prostate Cancer miRNA Research; (C) Co-Citation Network in Leukemia miRNA Research; (D) Co-Citation Network in Brain Tumor miRNA Research.



The bibliometric analysis offers valuable insights into significant trends and emerging research hotspots across colorectal cancer, prostate cancer, leukemia, and brain tumors. As shown in Figures 7, 8, the co-citation networks and keyword citation bursts highlight dynamic shifts in research focus over time for each cancer type. For colorectal cancer (Figures 7A, 8A), prominent keywords such as “microRNA,” “prognosis,” and “metastasis” underscore a strong focus on miRNA’s role in gene regulation and disease progression. Early citation bursts highlight “expression profiles” (burst strength 16.09, 2014–2015) and “microRNA expression” (burst strength 14.69, 2014–2016) as central to foundational studies, while recent attention has shifted to “extracellular vesicles” (burst strength 15.09, 2020–2024) and “tumor microenvironment” (burst strength 12.27, 2020–2024), emphasizing intercellular communication and its relevance for diagnostics and therapeutics. In prostate cancer (Figures 7B, 8B), the co-citation network centers on keywords like “microRNA,” “invasion,” and “growth,” reflecting a strong interest in miRNA’s impact on tumor proliferation and metastasis. Early research prioritized “microRNA expression” (burst strength 14.73, 2014–2015) for its relevance in diagnostics and prognosis, while recent trends focus on “extracellular vesicles” (burst strength 15.45, 2020–2024) and the emerging role of “circular RNAs” (burst strength 13.64, 2020–2024), expanding the scope of molecular targets in cancer progression. Leukemia research (Figures 7C, 8C) highlights keywords such as “microRNA,” “acute myeloid leukemia,” and “proliferation,” demonstrating a focus on hematological malignancies. Early studies (2014–2015) emphasized “chronic lymphocytic leukemia” (burst strength 9.75) and “tumor suppressor genes” (burst strength 6.87) to understand miRNA’s regulatory role, whereas more recent attention has shifted to “circular RNA” (burst strength 10.6, 2019–2024) and “non-coding RNA” (burst strength 7.67, 2020–2024), reflecting their growing importance as therapeutic targets. For brain tumors (Figures 7D, 8D), the co-citation network emphasizes keywords like “microRNA,” “glioma,” and “glioblastoma,” underscoring miRNA’s central role in understanding the molecular biology of these aggressive cancers. Early bursts focused on “malignant glioma” (burst strength 6.98, 2014–2016) and “brain tumors” (burst strength 9.69, 2014–2016), while recent research highlights non-invasive diagnostic approaches with keywords like “liquid biopsy” (burst strength 7.36, 2020–2024) and “extracellular vesicles” (burst strength 7.63, 2022–2024), showcasing their clinical potential.




Figure 7 | Research hotspots and trends of miRNA in various cancer types. (A) Keyword Co-occurrence Network of miRNA-Related Research in Colorectal Cancer; (B) Keyword Co-occurrence Network of miRNA-Related Research in Prostate Cancer; (C) Keyword Co-occurrence Network of miRNA-Related Research in Leukemia; (D) Keyword Co-occurrence Network of miRNA-Related Research in Brain Tumors.






Figure 8 | Dynamic trends in microRNA-related research: Top 25 keywords with the strongest citation bursts across colorectal cancer, prostate cancer, leukemia, and brain tumors. (A) Top 25 Keywords with Strongest Citation Bursts in Colorectal Cancer Research; (B) Top 25 Keywords with Strongest Citation Bursts in Prostate Cancer Research; (C)Top 25 Keywords with Strongest Citation Bursts in Leukemia Research; (D)Top 25 Keywords with Strongest Citation Bursts in Brain Tumor Research.






4 Discussion

This bibliometric analysis identified significant trends and emerging research hotspots in miRNA-related cancer studies, focusing on four major cancer types: colorectal cancer, prostate cancer, leukemia, and brain tumors. Key research areas identified include gene expression profiles, extracellular vesicles, and non-coding RNAs. Among these, colorectal cancer research led in publication volume, demonstrating sustained interest. In contrast, brain tumor research exhibited the least activity, though a recent rise in studies indicates growing attention. Prostate cancer research showed fluctuating interest, gradually shifting toward clinical applications of miRNA. Although leukemia studies were fewer in number, high-impact research by leading scholars underscored the critical role of miRNA in hematologic malignancies.



4.1 Implications for future clinical applications

Through a comprehensive analysis of miRNA research trends across various cancer types, this study provides valuable insights for future clinical applications, particularly in the realm of personalized medicine.



4.1.1 Advancing miRNA-based precision medicine

Our study highlights the pivotal role of miRNA in colorectal cancer, prostate cancer, leukemia, and brain tumors, especially in the molecular mechanisms of tumor initiation, progression, metastasis, and drug resistance. These findings strongly support the application of miRNA in personalized cancer therapy. In colorectal cancer, miRNA’s well-established role as a tumor biomarker enables early diagnosis and guides treatment decisions. Moreover, our analysis reinforces miRNA’s significant interaction with the tumor microenvironment and intercellular communication, offering critical theoretical foundations for more precise, individualized therapeutic strategies.




4.1.2 Prospects for miRNA in non-invasive diagnostics

Our analysis of liquid biopsies and extracellular vesicles demonstrates the broad potential of miRNA in non-invasive diagnostic technologies. Simple blood or urine tests that monitor miRNA expression offer convenient and accurate tools for early detection, treatment monitoring, and relapse prediction. The widespread adoption of these technologies reduces the risks associated with traditional tissue biopsies while improving patients’ quality of life. In particular, our research underscores the clinical feasibility of these techniques in prostate cancer and brain tumors, where liquid biopsies have already proven effective as diagnostic tools.




4.1.3 Clinical potential of miRNA-targeted therapy

This study provides theoretical support for miRNA-targeted therapy by analyzing miRNA’s functional roles in various cancers. Our findings demonstrate that miRNA can serve both as a diagnostic biomarker and as a direct intervention in cancer progression by either restoring or inhibiting specific miRNA functions. For example, using miRNA mimics or anti-miRNA oligonucleotides (antagomirs) to target cancer-related miRNAs can effectively suppress tumor growth and overcome chemotherapy resistance. This analysis identifies potential therapeutic targets for future clinical trials, laying a solid foundation for the development of innovative miRNA-based therapies.




4.1.4 Advancing combined therapies with miRNA

Our findings suggest that combining miRNA with traditional therapies such as chemotherapy, radiotherapy, and immunotherapy may yield significant synergistic effects. By modulating miRNAs involved in immune evasion, the tumor microenvironment, and genetic mutations, combined therapies could enhance the effectiveness of cancer treatments and reduce recurrence rates. For instance, miRNAs potential in immune checkpoint inhibitor therapies warrants further investigation, especially for patients unresponsive to existing treatments. Future clinical research can build on the miRNA hotspots identified in this study to develop more effective combination therapies.




4.1.5 Accelerating the translation of miRNA from research to clinical practice

This study systematically maps miRNA research progress in cancer, providing a critical bridge from basic research to clinical practice. By identifying influential research hotspots and potential clinical applications, we offer scientific guidance for designing future clinical trials and developing miRNA-targeted drugs and diagnostic tools. This study highlights miRNA’s therapeutic potential and clinical feasibility, offering theoretical support for emerging miRNA therapies and paving the way for their rapid adoption in clinical practice.





4.2 Implications for future clinical research

This study systematically examines miRNA research trends across various cancer types, providing critical insights and guidance for future clinical research, with a particular focus on personalized medicine and the development of innovative therapeutic strategies.

Our findings underscore the pivotal role of miRNAs in cancer initiation, progression, and resistance to therapy, with a particular emphasis on their regulation of the tumor microenvironment. These insights offer a clear direction for clinical research, especially in investigating how modulating miRNA levels could improve treatment efficacy and mitigate resistance. Future research should prioritize elucidating the connection between miRNAs and resistance mechanisms, particularly in cancers that are resistant to chemotherapy or immunotherapy. Identifying key miRNA signaling pathways will empower researchers to design more effective interventions that enhance therapeutic outcomes.

Our research has shown that microRNAs (miRNAs) play an important role in the occurrence and development of cancers such as colorectal cancer, prostate cancer, leukemia, and brain tumors. A large number of studies have found that certain miRNAs are upregulated or downregulated in tumor tissues and are closely related to tumorigenesis, metastasis, and drug resistance. However, the results of these studies are not completely consistent and there are still some controversies. Some studies have indicated that the overexpression of specific miRNAs may be associated with a tumor-suppressive effect, while other studies have found that the overexpression of the same miRNAs may promote the proliferation and metastasis of tumor cells. Different experimental designs, sample sources, and data analysis methods may lead to these differences. To address the limitations of miRNA therapy, future research needs to focus on improving the targeting and specificity of miRNAs. Nanotechnology can be utilized to specifically deliver miRNA carriers to tumor sites, thereby reducing their impact on normal tissues. Moreover, by employing synthetic miRNAs or miRNA inhibitors along with specific delivery systems, it becomes possible to enhance the therapeutic effect and reduce side effects.

This study also points out the very important potential of miRNA in noninvasive diagnostic technologies, especially through liquid biopsy applications. Detection of miRNA in blood or urine may allow clinical research to confirm its clinical use as an early diagnostic tool and for real-time monitoring of treatment outcomes of cancer. This approach not only improves patient outcomes but also greatly reduces the need for invasive procedures. Our bibliometric analysis points out that liquid biopsy and exosomes are the main hotspots in research, which may provide a clear direction for future studies, especially in prostate cancer and brain tumors.

Moreover, this work underlines the great potentiality of miRNA in individualized therapy. The accumulation or down-regulation observed in different patients might have paramount importance in designing specific therapeutic approaches. The clinical use in the future might allow for a tailored treatment plan by optimization of therapies according to tumor subtype, genetic background, and changes in the tumor microenvironment. Thus, it enhances the precision of treatment and reduces the number of unnecessary interventions, thus minimizing the side effects.

Further, this work has underlined the mutual interactions of miRNAs with other molecular biomarkers, notably circular and long non-coding RNAs. Further investigation might be directed at these complex interactions and their integrated contributions to the process of tumor development, thus constituting a theoretical basis for the elaboration of more sophisticated biomarker systems that could allow for a more precise identification of cancer type and stage of its progression.

Finally, this study provides a basis for future multi-institutional and interdisciplinary collaborations. We give a guide for international collaboration by finding the important scholars and networks of collaborations in different areas of cancer research. Besides encouraging miRNA research cross-border cooperation, which will accelerate the medical clinical application, the progress will also be rapid with the sharing of data and resources. Upcoming clinical research should extend international collaboration, particularly in the development and validation of new miRNA-based therapeutic and diagnostic agents, to expedite the transformation of research findings into actual clinical practice.




4.3 Strengths and limitations

This bibliometric analysis synthetizes the key research hotspots in miRNA-related studies across different types of cancer, thereby yielding a clear roadmap for future research directions. Among the major strengths of the present study are the use of robust co-citation network and burst analysis tools, which pinpoint critical research areas and trends that will most likely shape the landscape of clinical treatments in the future. The analysis of literature from 2014 to 2024 will provide adequate evidence that the trends identified are timely and relevant, thus showing the increasing importance of miRNA in cancer studies. Besides, the application of multi-analysis methods provides an overall view related to the development of cancer and points to either the advance of basic research or the possibility of clinical applications. Such an integrated approach lays the foundation for further research on miRNA-based diagnostics and treatments. It also serves to highlight high-impact studies and leading scholars, providing a very valuable resource for novice researchers and teams seeking to make a future contribution in this field.

However, there are some limitations to the study. First, the information in this review will be supported only by published literature and, thus, may not reflect unpublished or newly emerging data that could dramatically alter research directions in the field of miRNA. Second, the analysis will be focused only on four tumor types, so important developments concerning other malignancies will not be taken into consideration. Also, the selected period, 2014-2024, may miss more updated findings or changes in their research focus outside of this period. And lastly, while the critical hotspots of research trend provided in this study are sound, due to the inability to elaborate on the molecular mechanism of miRNA, further detailed information on its clinical application could not be explored.





5 Conclusion

From this comprehensive bibliometric overview, we extracted some hotspots in research, trends, and clinical potentials of miRNA related to colorectal cancer, prostate cancer, leukemia, and brain tumors. miRNA performed extensively in early diagnosis, biomarker development, therapeutic monitoring, regulation of the tumor microenvironment, and intercellular communication; the broad potential is further underlined. With the development of non-invasive diagnostic technologies such as liquid biopsy and personalized treatment strategies, miRNA has great potential in clinical settings. Future studies are also needed to further develop the role of miRNA within a network of non-coding RNA and its interaction synergistically with other molecular markers in the elements of drug resistance, combination therapies, and immunotherapy. This study, while underlining the varied potential of miRNA, further depicts those clinical trials and international collaborations will become indispensable in accelerating the translation process from basic research to clinics. In summary, miRNA is emerging as a key in diagnostics and treatment, opening totally new perspectives in therapy and thus laying the foundation for advances in precision medicine.
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