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Abstract

BACKGROUND

Emerging research suggests that microRNAs (miRNAs) play an important role in
the development of hepatocellular carcinoma (HCC). A comprehensive analysis of
recent research concerning miRNAs in HCC development could provide
researchers with a valuable reference for further studies.

AIM
To make a comprehensive analysis of recent studies concerning miRNAs in HCC.

METHODS

All relevant publications were retrieved from the Web of Science Core Collection
database. Bibliometrix software, VOSviewer software and CiteSpace software
were used to visually analyze the distribution by time, countries, institutions,
journals, and authors, as well as the keywords, burst keywords and thematic map.

RESULTS
A total of 9426 publications on this topic were found worldwide. According to the
keywords analysis, we found that the studies of miRNAs focused on their
expression level, effects, and mechanisms on the biological behaviour of HCC.
Keywords bursting analysis showed that in the early years (2013-2017), “micro-
RNA expression”, “gene expression”, “expression profile”, “functional poly-
”, “circulating microRNA”, “susceptibility” and “mir 21” started to
attract attention. In the latest phase (2018-2022), the hot topics turned to

morphism”,
“sorafenib resistance”, “tumor microenvironment” and so on.

CONCLUSION

This study provides a comprehensive overview of the role of miRNAs in HCC
development based on bibliometric analysis. The hotspots in this field focus on
miRNAs expression level, effects, and mechanisms on the biological behavior of
HCC. The frontiers turned to sorafenib resistance, tumor microenvironment and
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Core Tip: The main objective of this work is to systematically analyse the recent research concerning microRNAs (miRNAs)
in hepatocellular carcinoma (HCC). Annual publications provided an overview of the trends in this area, while distribution
by countries, institutions, journals, and authors analysis were outstandingly representative and provided some cooperation
situation information. According to the keywords analysis, the studies of miRNAs focused on their expression level, effects,
and mechanisms on the biological behaviour of HCC. Keywords bursting analysis showed that in the latest phase
(2018-2022), the hot topics turned to “sorafenib resistance”, “tumor microenvironment” and so on.
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INTRODUCTION

It is estimated that in 2020, 905700 people were diagnosed with liver cancer worldwide and 830200 died from liver cancer,
with China accounting for 45.3% of the world's liver cancer cases and 47.1% of the world's liver cancer deaths[1]. In
southern China, where liver cancer death rates are high (22.3 per 100000), especially in rural areas (26.6 per 100000), Fusui
County in Guangxi Province is one of the nine regions with the highest incidence of liver cancer in the country[2]. As the
understanding of the carcinogenic factors that cause liver cancer has improved worldwide, researchers have developed
new treatment strategies, such as immunotherapy and targeted therapies. The continuous development of new techno-
logies and drugs provides hope for further diagnosis and treatment of liver cancer[3]. Hepatocellular carcinoma (HCC)
accounts for 85%-90% of primary liver cancers and is highly drug-resistant, making it difficult to treat. Most patients are
diagnosed at an advanced stage, greatly affecting the prognosis and five-year survival rate[4]. Therefore, new therapies
for HCC remain an unmet medical need. In this regard, important insights into the biology of the disease have been
obtained through genomics, transcriptomics and epigenomics studies[5]. In recent years, exploration in the field of
noncoding genes has provided a new understanding of the pathogenesis and development of HCC, early diagnostic
markers, and novel therapeutic targets.

MicroRNA (miRNA), a small noncoding RNA molecule approximately 22 nucleotides in length, is estimated to
regulate almost 60% of human protein-coding genes[6]. miRNA is closely associated with the pathogenesis of various
types of tumors[7]. Previous research has shown that a great quantity of miRNAs are aberrantly expressed in various
cancer cell lines and tissues, and they participate in the biological processes such as the tumor invasion, metastasis,
autophagy, regulation of the tumor microenvironment, chemotherapy resistance, and immunotherapy modulation[8-12].
As competitive endogenous RNAs, long noncoding RNAs (IncRNAs) and circRNAs contain miRNA binding sites and
promote miRNA target gene expression through competition with miRNAs[13-17]. For example, Wang et al[18] identified
and verified a novel MAGI2-AS3/miRNA-374-5p/FOXO1 network that was associated with HBV-related HCC.
Therefore, the identification of miRNAs and their binding sites on tumor will help to explore new mechanisms of tumor
occurrence and development, as well as to discover new tumor diagnostic markers and therapeutic targets[19,20].

In our research, we used bibliometrics to explore the research relationship between miRNAs and HCC. Bibliometrics
are able to study the distribution focus, number relationship and change pattern of literature in related fields using
mathematical, statistical and other econometric research methods[21]. Potential relationships between large amounts of
literature were presented in bibliometric plots, and large bibliometric plots were visualized and analysed with
VOSviewer and CiteSpace. Related software was used to summarize and display the relationships between countries,
institutions, journals, authors, and keywords. Then, the topic was examined at a macro level to discuss future directions
and the extent of progress, providing a better overview and new ideas for the researchers involved.

MATERIALS AND METHODS

Search strategy

All relevant publications were retrieved from the Web of Science Core Collection (WOSCC) database with the following
search strategies: ((“hepatocellular carcinoma” OR “hepatocarcinoma” OR “HCC” OR “liver cancer” OR “liver
carcinoma” OR “hepatic cancer” OR “hepatic carcinoma”) AND (“miRNA” OR “microRNA” OR “miR”)) AND
Document types = (Article OR Review) AND Language = English, index = Science Citation Index Expanded (SCI-
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EXPANDED), with a limited time frame from 2013 to 2022. In total, 9,426 publications were ultimately included.

Data extraction

The bibliographic information was downloaded from the WOSCC database, including title, authors, year of publications,
country, institution, keywords, citations, abstract and reference. The Bibliometrix software was used to extract all data
eligible for inclusion in this study by two investigators alone and then imported into Microsoft Excel. Where there was
any disagreement between the two investigators, a third investigator resolved it.

Statistical analysis

Microsoft Excel was used to calculate descriptive statistical analysis, including institutions, journals, and authors. Visual-
ization analysis was based on the Bibliometrix software, VOSviewer software and CiteSpace software. Visual network
analysis consisted of the node size, distance, and colour. Nodes represent specific elements, and the size of the node
indicates the quantity or frequency of publication. The larger the node, the more often the element presented. A line
between nodes meant that these nodes appeared together in the same article in the 9426 publications. The thicker the line,
the more often they appeared together.

RESULTS

Publication output

A total of 9426 records were initially found based on the search criteria. Annual publications provided an overview of the
research field of miRNA in HCC. Figure 1 shows the distribution of publications related to the field of miRNAs in HCC
development from 2013 to 2022. Noticeably, the annual output of papers was nearly tripled compared to 2013 (380 public-
ations) in 2017 (1067 publications). A turning point occurred in 2020, and the number of publications began to decline. In
2021 and 2022, the number of publications was 1132 and 931, respectively. The change in the average annual number of
citations is also shown in Figure 1. The result reflects that the average yearly citations decreased yearly.

Distribution by countries and institutions

Figure 2 shows the number of articles in each country. Figure 3 shows the top 10 productive countries based on total
citations in the research field of miRNA in HCC. China, the United States, Japan, and Italy contributed to the majority of
scientific publications. China was the country with the most publications (7186 articles) and had the highest number of
total citations (193462), followed by the United States (962 publications and 46707 total citations) and Japan (271 public-
ations and 9038 total citations). According to the network map, the larger a node was, the more articles a country
produced, while the thickness of lines between nodes indicated the strength of collaboration (Figure 4). The results show
that China was the most prolific country and collaborated substantially with other countries. Table 1 shows the top 10
productive institutions based on citations concerning miRNA research in HCC. Sun Yat Sen University published 346
articles and had the most total citations (12488), followed by Nanjing Med University (337 publications and 11397 total
citations) and Fudan University (311 publications and 11612 total citations).

Distribution by journals

Table 2 shows the top 10 productive journals, their impact factor and their JCR ranking. Oncotarget (335) has the largest
number of publications, followed by Oncology Letters (248) and PLoS One (200). Among the top 10 productive journals,
Biomedicine and Pharmacotherapy has an impact factor greater than 5, and two journals (Biomedicine and Pharmaco-
therapy, Scientific Reports) belong to JCR quartile 1 (Q1).

Distribution by authors

The author distribution was examined to identify the author with the strongest influence. Supplementary Table 1 shows
the top 10 most prolific researchers. The most prolific author was Masaki Tsutomu from Kagawa University (42 public-
ations), followed by Fan Jia from Fudan University (40 publications) and Morishita Asahiro from Kagawa University (40
publications).

Analysis of keywords and burst keywords

We analysed the high-frequency keywords mentioned most frequently in the research articles related to miRNAs in HCC
to help us understand the main research hot spots in this field. The top 20 keywords with the highest frequency are
shown in Figure 5. “Expression”, “cancer”, “metastasis”, “proliferation”, “invasion”, “growth”, “down-regulation”,
“apoptosis”, “progression”, and “cells” comprised the top 10, suggesting that the research on miRNAs focuses on their
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expression level in HCC and their impact on the biological behaviour of HCC. “Migration”, “breast-cancer”, “cell-prolif-

eration”, “tumor-suppressor”, “promotes”, “epithelial-mesenchymal transition”, “gene”, “colorectal-cancer”, “identi-
fication”, and “gastric-cancer” are the next 10 keywords, indicating that the research focuses on the effects and
mechanisms of miRNAs on the biological behaviour of HCC, and applies to other tumors.

Burst keywords were regarded as an indicator for the frontiers of the specific field during a period of time. We used
CiteSpace to explore the 20 keywords with the strongest citation bursts of the last 10 years (Figure 6). From 2013 to 2022,
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“microRNA expression”, “gene”, “in vivo”, “human hepatocellular carcinoma”, “gene expression”, “functional
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polymorphism”, “circulating microRNA”, “expression profile”, “hepatocarcinogenesis”, “susceptibility”, “pre
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Table 1 Top 10 productive institutions based on citations

Institutions Publications Citations
Sun Yat Sen University 346 12488
Nanjing Med University 337 11397
Fudan University 311 11612
Shanghai Jiao Tong University 267 11300
Xi’an Jiao Tong University 262 7411
Zhejiang University 261 8164
Zhengzhou University 230 5638
Huazhong University Sci & Technol 209 5223
Wuhan University 189 5180
Shandong University 346 4749

Table 2 Top 10 productive journals and their impact factor and JCR ranking

Rank Journal Publications 2021 impact factor 2022 JCR quartile
1 Oncotarget 835 Removed =

2 Oncology Letters 248 3.111 Q4
B PLoS One 200 8752 Q2
4 Oncology Reports 198 4.136 Q3
5 Molecular Medicine Reports 189 3.432 Q3
6 Oncotargets and Therapy 188 4.345 Q2
7 European Review for Medical and Pharmacological Sciences 162 3.784 Q2
8 Biomedicine and Pharmacotherapy 160 7.419 Q1
9 Tumor Biology 156 Removed -
10 Scientific Reports 154 4.996 Q1

microRNA”, “tumor suppressor gene”, “liver” and “mir 21” started to attract attention in the early years (2013-2017).
Regarding the latest phase (2018-2022), “statistics”, “ceRNA”, “IncRNA”, “sorafenib resistance”, “circular RNA” and
“tumor microenvironment” became trend topics.

The timeline spectrum of keywords can clearly represent the time span of each cluster and the development trend of a
specific cluster, explore the time characteristics of the research field reflected by each cluster, and thereby verify the
evolutionary trend of hotspots. According to Figure 7, the articles on miRNA research in the HCC field published from
2013 to 2022 could be categorized into 6 main clusters. The first cluster was “#0 hepatitis ¢ virus”, and followed by “#1
hepatocellular carcinoma”, “#2 proliferation”, “#3 circular RNA”, “#4 DNA methylation” and “#5 polymorphism”. The
tree-rings with different sizes on the timeline indicate which keywords have a higher frequency.

We used Bibliometrix software to draw a thematic map of miRNA in the field of HCC research, and the results indicate
that topics such as “expression”, “cancer”, “metastasis”, “proliferation”, “invasion”, “mircoRNAs”, “growth”,
“apoptosis”, “progression” and “cells” were in the Motor Themes, as well as the topics such as “circulating microRNAs”,
“in-vivo”, “serum”, “infection”, “mir-122”, “hepatitis-b-virus”, “replication”, “DNA”, “fibrosis” and “potential
biomarkers”; the topic “nanoparticles” was in the Niche Themes; and the topics such as “susceptibility”, “functional
polymorphism” were in the Emerging or Declining Themes, as well as the topics such as “risk”, “squamous-cell

carcinoma” and “association”; “hepatocellular-carcinoma”, “down-regulation”, “breast-cancer”, “tumor-suppressor”,
Ve

“colorectal-cancer”, “gastric-cancer”, “microRNA”, “up-regulation”, “lung-cancer” and “prostate-cancer” were in the
Basic Themes (Figure 8).

DISCUSSION

In this study, we conducted a bibliometric and visualized analysis of the last 10 years focusing on studies based on
miRNAs in HCC. We achieve insight into the role of miRNAs in HCC. Annual publications provided an overview of the
trends in this area, while distribution by countries, institutions, journals, and authors analysis were outstandingly repres-
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Figure 1 Yearly changes in the number of publications and average number of citations. The change in the number of publication in corresponding
year is shown with a blue line, and the change in the average annual number of citations is shown with a brown line.
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Figure 2 The number of articles in each country. The closer the color is to red, the higher the number of articles issued in this country.

entative and provided some cooperation situation information.
Keywords analysis could discover emerging trends or study frontiers in the field of miRNAs in HCC. In our study, we
used Bibliometrix and CiteSpace software to analyze the active keywords mentioned most frequently in the research

papers related to miRNA in HCC. The top 20 keywords with the highest frequency were “expression”, “cancer”,
" L : : LTS : A oo : A L : oo s : . ”
metastasis”, “proliferation”, “invasion”, “growth”, “down-regulation”, “apoptosis”, “progression”, “cells”, “migration”,

oo

“breast-cancer”, “cell-proliferation”, “tumor-suppressor”, “promotes”, “epithelial-mesenchymal transition”, “gene”,
“colorectal-cancer”, “identification” and “gastric-cancer”. Based on this result, we conclude that the studies of miRNAs
focus on their expression level and impact on the biological behaviour in HCC, as well as the mechanism exploration.
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Figure 3 Top 10 countries with most publications and citations.

Interestingly, other tumor types also appeared in our results. After carefully reviewing the included literature, we found
studies on tumors having different miRNA, and the miRNA in one tumor can also be applied to other tumors. This
suggests that searching for specific miRNAs in one type of tumor and finding miRNAs with similar effects in multiple
types of tumors is routine in tumor research. For example, we found that miR-21-3p plays an important role in the
progression of multiple tumors, such as HCC, lung cancer, colorectal cancer, breast cancer and ovarian cancer[22-26].

Keywords bursting analysis shows that in the early years (2013-2017), “microRNA expression”, “gene”, “in vivo”,
“human hepatocellular carcinoma”, “gene expression”, “functional polymorphism”, “circulating microRNA”,
“expression profile”, “hepatocarcinogenesis”, “susceptibility”, “pre microRNA”, “tumor suppressor gene”, “liver” and
“mir 21” started to attract attention. In the latest phase (2018-2022), the hot topics turned to “statistics”, “ceRNA”,
“IncRNA”, “sorafenib resistance”, “circular RNA” and “tumor microenvironment”. At the early exploration stage,
laboratory techniques such as Northern blotting and quantitative polymerase chain reaction were the main methods for
studying miRNA expression. Further exploration of miRNAs was limited to some extent by the limitations of these
techniques. The development of sequencing technology has greatly promoted the research of miRNAs in various diseases
[27]. For example, Murakami et al[28] used next-generation sequencing and microarrays to evaluate the miRNA
expression profile of HCC and detected novel miRNAs that could not be detected by microarrays, providing diagnostic
insights for the study of miRNAs in HCC.

Polymorphism is mainly concentrated in the early stages of relevant research in the timeline spectrum, and as a major
keyword, it shows significant significance. The same gene or protein exhibits different functions in different
environments or cells, indicating polymorphism. Therefore, the high-frequency occurrence periods of polymorphism,
gene, and gene expression are basically coincident. This polymorphism is closely related to the risk of HCC occurrence
and progression[29-32]. For example, after long-term alcohol exposure, liver cells lacking ALDH2 produce a large amount
of harmful oxidative mitochondrial DNA, which can be received by adjacent HCC cells. Subsequently, multiple
carcinogenic pathways are activated, thereby promoting alcohol-related liver cancer[33]. With the growing
understanding of the mechanism of miRNA action, research on polymorphism in HCC has shifted towards clinical drug
therapy research, resulting in a decrease in the frequency of keyword occurrences. The deepening of miRNA research is
often accompanied by the synchronization of circulating miRNA research, partly because circulating miRNAs exist in
body fluids and have the characteristics of simple collection and detection for cancer prediction, showing high clinical
application value and can be used as biomarkers for cancer[34-37].

The high-frequency occurrence period of the keyword susceptibility was almost in the early and middle stages of the
entire related research. This is because studying the sensitivity of miRNAs can help determine which miRNAs have
therapeutic potential in HCC and provide a basis for individualized treatment of HCC. From the selection of miRNAs
related to HCC to the predictive role of miRNAs in HCC, it has important research significance. In the study by Zhang et
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Figure 4 Country-level cooperation network map. Each node represents a country, and the connecting lines indicate that there were associations between
these countries, different colors identified different research communities.
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Figure 5 Word cloud. A word cloud of the 20 most frequently used research keywords, the larger the font size the higher the frequency of occurrence.

al[38], it was found that miR-196a2 can be used as a predictive indicator of HCC sensitivity, especially for HBV-related
HCC. Previous and mid-term studies have focused on understanding the occurrence and development of HCC; therefore,
the keyword hepatocarcinogenesis contains the high-frequency occurrence period of relevant keywords. Existing
preclinical studies and clinical trials have discovered different miRNA profiles in hepatocarcinogenesis. For example,
miR-122 and miR-34a play important roles in hepatic lipid metabolism, which is associated with HCC[39,40]. miR-122
also has important roles in hepatic inflammation, as do miR-132 and miR-155[41-43]. miR-21 can mediate the activation of
hepatic stellate cells via the PTEN/AKT pathway during hepatic fibrosis[44]. Hepatitis B virus (HBV) is the most common
cause of HCC in China, and the miR-99 family can promote HBV replication, while miR-199-3p and miR-201 can suppress
HBV replication[45,46]. A cohort study suggested that miR-221 and miR-222 play pivotal roles in the progression of liver
fibrosis due to persistent hepatitis C virus (HCV) infection[47]. Another study demonstrated that miR-182 is associated
with alcoholic hepatitis[48].

In 2013, Liu et al[49] used TargetScan, PicTar, and miRanda prediction algorithms based on the discovery of a new class
of small molecule regulatory RNAs closely related to HCC and found that pre-microRNAs play important roles in cell
differentiation and mitosis. Subsequent studies have proven that pre-microRNAs can not only mediate RNA splicing and
cell signal transduction but also induce G1/S stagnation and may play a role in cancer. Meanwhile, Giacomo Diaz
detected a complete set of 2226 human miRNAs, including 1121 pre-miRNAs, 1105 mature miRNAs, and several tumor
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Top 20 Keywords with the strongest citation bursts

Keywords Year Strength Begin End 2013 - 2022

microrna expression 2013 28.26 2013 2016

gene 2013 24.61 2013 2014

in vivo 2013 19.75 2013 2016

human hepatocellular carcinoma 2013 1874 2013 2016

gene expression 2013 187 2013 2014

functional polymorphism 2013 16.84 2013 2014

circulating microrna 2013 16.51 2013 2015

expression profile 2013 1518 2013 2015

hepatocarcinogenesis 2013 15.08 2013 2017

susceptibility 2013 15.02 2013 2016

pre fnicrorna 2013 14.96 2013 2014

tumor suppressor gene 2013 1474 2013 2016

liver 2013 13.08 2013 2014

mir 21 2013 12.99 2013 2015

statistics 2018 14.15 2018 2020 —
cerna 2018 17.67 2019 2022 o —
Incrna 2018 16.27 2019 2022  —
sorafenib resistance 2019 1277 2019 2022 —
circular ra 2017 50.28 2020 2022 e —
turmor microenvironment 2020 15.03 2020 2022 —
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Figure 6 Top 20 keywords with the strongest citation burst. In the graph on the right, the red line indicates the keyword burst during this period.
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Figure 7 The timeline spectrum of keywords in the research articles related to microRNAs in hepatocellular carcinoma.

suppressors, by comparing tumor tissue with a wide range of liver specimens, further confirming that inactivation of
tumor suppressors is the cause of most human cancer development[50]. In the following years, a large amount of research
was conducted on tumor suppressor factors. Hishida et al[51] invented the triple array analysis method, which identified
genes with altered expression through gene expression profiles, single nucleotide polymorphisms, and methylation
arrays and subsequently identified tumor suppressor genes. Subsequently, a large number of tumor suppressors were
confirmed.

From 2013 to 2015, studies were conducted on miR-21 (one of the most frequently overexpressed small RNAs in
cancer). Wagenaar et al[52] used cell culture and found that miR-21 is related to the regulation of cell metabolism and is
cell environment dependent. In 2019-2022, Wang, Antonio, and others identified the carcinogenic IncRNA IncUCID and
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Figure 8 Thematic map of keywords in the research articles related to microRNAs in hepatocellular carcinoma.

its role in the BRAF pathway. They found that upregulation of IncUCID can enhance CDK6 expression and promote HCC
growth. The IncRNA of BRAF is associated with cancer proliferation and tyrosine kinase inhibitor escape in HCC, and
inhibiting the use of IncRNA in the BRAF pathway may become a possible therapeutic strategy for HCC. These findings
provide insights into the biological function of IncRNAs, the regulatory network of cell cycle control, and the
development mechanism of HCC[53,54].

The keyword “sorafenib resistance” appeared frequently in 2019-2022 because sorafenib became the first-line treatment
drug for HCC and has been shown to effectively improve the prognosis of patients with advanced HCC by strong
evidence and clinical experience[55-60]. However, according to the research of Tang Weiwei and others, the number of
patients who can benefit from sorafenib is small (30%), and the population usually develops drug resistance within 6
months. The adverse events found in patients receiving sorafenib treatment mainly include digestive and skin diseases
and may even cause hypertension and abdominal pain, leading to treatment interruption. Therefore, it is urgent to study
the drug resistance mechanism of sorafenib and more reasonable clinical treatment methods[61]. Studies have explored
various relationships between miRNAs and sorafenib. For example, miR-23a-3p contributes to sorafenib resistance in
HCC by regulating ferroptosis[62]. miR-10b-3p can be a biomarker for predicting sorafenib efficacy[63]. miR-494-3p
promotes sorafenib resistance in HCC cells by targeting PTEN[64]. Wang et al[65] found that compared with patients with
HCC treated with sorafenib, patients treated with lenvatinib developed 3 differentially expressed miRNAs, including
miR-548ah, miR-888 and miR-196a-1. Wang et al[65] further investigated the adverse events of sorafenib and lenvatinib
and found that the patients in the sorafenib group and lenvatinib group developed different frequent symptoms, such as
hypertension, diarrhoea and hand-foot skin reactions. At present, systemic therapy has become the standard therapy for
unresectable HCC in the middle and late stages. Small molecule antiangiogenic targeted drugs and immune checkpoint
inhibitors are the main systemic therapy options. The combination of the two often has a synergistic effect and improves
the prognosis of HCC patients. During the use of these systems for treatment, changes in miRNA expression profiles and
levels in HCC patients may have important value in predicting drug efficacy, drug-related adverse events and prognosis
[66].

From 2020 to 2022, research in the field of miRNAs in HCC began to focus on the “tumor microenvironment”. The
tumor microenvironment is a complex environment in which tumor cells survive and develop, including surrounding
blood vessels, immune cells, fibroblasts, bone marrow-derived inflammatory cells, various signaling molecules and the
extracellular matrix. As the location of tumor cells survival, the tumor microenvironment plays a vital role in the
occurrence, development, and metastasis of tumors. The amount of research on the tumor microenvironment in HCC has
gradually increased, and some studies have focused on the mechanism, which involves some miRNAs. For example,
Zhou et al[67] found that exosomal miR-761 modulated the tumor microenvironment via SOCS2/JAK2/STAT3 pathway-
dependent activation of cancer-associated fibroblasts. In the research of Yugawa et al[68], the findings suggested that the
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loss of antitumoral miR-150-3p in cancer-associated fibroblast-derived exosomes greatly promotes HCC progression.
Research on the effect of miRNAs on the tumor microenvironment can provide more therapeutic strategies for HCC.

The thematic map is a two-dimensional map constructed with the density index as the vertical axis and the centrality
index as the horizontal axis. Density represents the strength of the connections between basic knowledge units within a
single topic. If the density value of a certain topic is higher, it indicates that the maturity of the topic is higher. Centrality
represents the strength of the connection between a certain topic and other topics. If the centrality value of a certain topic
is higher, it indicates that the topic is closely related to other topics and is at the core of all research topics. According to
the density and centrality value, the rectangular coordinate system is divided into four regions: Motor Themes, a core
theme with high maturity; Niche Themes, a highly mature isolated theme; Emerging or Declining Themes, new or
disappearing themes; Basic Themes, a basic theme with low maturity and some influence but has not been well
developed and should continue to be strengthened in the future. According to our results, themes such as “suscept-
ibility”, “functional polymorphism”, “risk”, “squamous-cell carcinoma” and “association” are the new or disappearing

”ou vou "o

themes, while “nanoparticles” is a highly mature but isolated theme. “Expression”, “cancer”, “metastasis”, “prolif-

A

eration”, “invasion”, “microRNAs”, “growth”, “apoptosis”, “progression”, “cells”, “circulating microRNAs”, “in-vivo”,
“serum”, “infection”, “mir-122”, “hepatitis-b-virus”, “replication”, “DNA", “fibrosis” and “potential biomarkers” are the
mainstream themes. “Hepatocellular-carcinoma”, “down-regulation”, “breast-cancer”, “tumor-suppressor”, “colorectal-
cancer”, “gastric-cancer”, “microRNA”, “up-regulation”, “lung-cancer” and “prostate-cancer” are the basic themes with
low maturity, which have some influence but have not been well developed and should continue to be strengthened in
the future.

Strengths and limitations

This study is novel for its comprehensive extraction and evaluation of research outputs from the available global data to
explore the relationship between miRNA and HCC. However, there are also some limitations in this study. For example,
it did not include all relevant literature and was limited to the Web of Science Core Collection database, which may lead
to selection bias. Meanwhile, some recently published high-quality papers might not be highlighted due to low citation
frequency because of the short time since their publication.

CONCLUSION

Our study provides a comprehensive overview of the role of miRNAs in HCC development from 2013 to 2022 based on
bibliometric analysis. According to the keywords analysis, we found that the studies of miRNAs focused on their
expression level, effects, and mechanisms on the biological behaviour of HCC. Keywords bursting analysis showed that
in the early years (2013-2017), “microRNA expression”, “gene expression”, “expression profile”, “functional

”oou

polymorphism”, “circulating microRNA”, “susceptibility” and “mir 21” started to attract attention. In the latest phase

a7

(2018-2022), the hot topics turned to “sorafenib resistance”, “tumor microenvironment” and so on.

ARTICLE HIGHLIGHTS

Research background

Over the past 10 years, studies have increasingly focused on the role of microRNAs (miRNAs) in hepatocellular
carcinoma (HCC), generating significant scientific output. The accumulated knowledge needs to be systematically
organized in order to improve research efficiency.

Research motivation
The purpose of this article is to make a comprehensive analysis of recent studies concerning miRNAs in HCC.

Research objectives

We aim to systematically analyze the research on miRNAs in HCC in the past decade. A comprehensive analysis of recent
research concerning miRNAs in HCC development could provide researchers with a valuable reference for further
studies.

Research methods

This study collected relevant publications from the Web of Science Core Collection database (https:/ /www.webofscience.
com/) with a specific search strategy and the limited time frame was from 2013 to 2022. Bibliometrix software,
VOSviewer software and CiteSpace software were used to visually analyze the distribution by time, countries,
institutions, journals, and authors, as well as the keywords, burst keywords and thematic map.

Research results
A total of 9426 publications on this topic were found worldwide. According to the keywords analysis, we found that the
studies of miRNAs focused on their expression level, effects, and mechanisms on the biological behaviour of HCC.

”oou

Keywords bursting analysis showed that in the early years (2013-2017), “microRNA expression”, “gene expression”,
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“expression profile”, “functional polymorphism”, “circulating microRNA”, “susceptibility” and “mir 21” started to

attract attention. In the latest phase (2018-2022), the hot topics turned to “sorafenib resistance”, “tumor microenvir-
onment” and so on.

Research conclusions

This study provides a comprehensive overview of the role of miRNAs in HCC development based on bibliometric
analysis. The hotspots in this field focus on miRNAs expression level, effects, and mechanisms on the biological behavior
of HCC. The frontiers turned to sorafenib resistance, tumor microenvironment and so on.

Research perspectives
Future research should focus on the application value of miRNAs as biomarkers in predicting clinical treatment outcomes
and prognosis in HCC patients.
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