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Abstract Background/purpose: Accumulating evidence indicates that aberrant activation of 

certain cellular signaling pathways occurs during the development and progression of oral can

cer. The purpose of this study was to analyze the scientometric characteristics of Wnt and 

Notch pathways in oral potentially malignant disorders (OPMD) and oral squamous cell carci

noma (OSCC).

Materials and methods: All the papers on Wnt and Notch pathways in OPMD/OSCC were 

comprehensively retrieved from the Scopus database.

Results: A total of 301 and 169 papers on Wnt and Notch signaling pathway in the field of 

OPMD/OSCC were retrieved, respectively. As for Wnt pathway in OPMD/OSCC research, distinc

tive keywords included canonical Wnt signaling, β-catenin, CTNNB1 protein, cyclin D1, frizzled 

protein, Myc, Bcl-2, transcription factor, DNA methylation, long noncoding RNA, and microRNA. 

As for Notch pathway, distinctive keywords of bioresearch aspect included cancer stem cell, 

angiogenesis, genetic association, oncogene, and Jagged1. There were the same common key

words of bioresearch aspect, such as metabolism, genetics, signal transduction, apoptosis, cell 

proliferation, carcinogenesis, tumor marker, epithelial mesenchymal transition, protein func

tion, drug screening, and gene mutation.
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Conclusion: This study for the first time elucidated the scientometric characteristics of all the 

publications on Wnt and Notch pathways in OPMD/OSCC, and would provide new insights for 

researchers to delve into the mechanisms of Wnt and Notch related OPMD/OSCC and translate 

into clinical studies.

© 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier 

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons. 

org/licenses/by-nc-nd/4.0/). 

Introduction

Oral squamous cell carcinoma (OSCC) accounts for over 90 % 

of oral cancers, and oral potentially malignant disorders 

(OPMD) describe a recognizable group of oral mucosal dis

eases that have a significantly increased risk of progressing 

to OSCC.1 Accumulating evidence indicates that aberrant 

activation of certain cellular signaling pathways, such as 

Wnt and Notch pathways, occur during the development 

and progression of OSCC.2,3 Wnt and Notch signaling are 

two important pathways that determines cell fate, and 

have been extensively involved in tumorigenesis and cancer 

progression. They as oncogenic pathways can lead to the 

dysregulation of cell proliferation, cycle, differentiation, 

and apoptosis, thus causing the malignant transformation 

of cells and ultimately causing oral carcinogenesis.2,3

Studying the signaling pathways that play roles in oral 

carcinogenesis, tumor progression, invasion and metastasis 

is critical in the understanding of the process and in 

determining molecular targets against OSCC. In general, in- 

depth understanding of the Wnt and Notch pathways will 

help us to elucidate the molecular mechanisms and provide 

insights for the treatment of oral cancer.

Two earlier review articles published in the same issue 

(volume 97, No. 6) of Journal of Dental Research summarized 

seminal discoveries and advances in Wnt and Notch pathways 

in head and neck squamous cell carcinoma.4,5 Recent years, 

increasing papers on Wnt and Notch-related OPMD/OSCC 

research have accumulated rapidly and received extensive 

attention.2,3 Scientometrics is a useful tool that utilizes 

citation and bibliometric data to measure scientific output 

and research trend of a specific research field.6—8 The pre

vious bibliometric analyses of Wnt and Notch pathways have 

been applied in some fields, such as Wnt signaling in bone and 

liver diseases and Notch signaling in pan-cancer.9—11 To our 

knowledge, a scientometric/bibliometric analysis of the two 

pathways in OPMD/OSCC is still lacking. Such analysis would 

be important for understanding the research output and 

hotspots of this field and guiding future research directions. 

Therefore, the purpose of this study was to analyze the sci

entometric characteristics of Wnt and Notch signaling 

pathways in OPMD/OSCC, so as to give inspiration and stra

tegies of basic and clinical research in this field.

Materials and methods

As per the methodology described previously,6—8 All the pa

pers on Wnt and Notch pathways in OPMD/OSCC were 

comprehensively retrieved from the Scopus database on 22 

May 2025. According to the search strategy described in 

Supplementary Table S1, we used medical subject terms 

“Wnt OR Notch” in the title AND OPMD or OSCC and their 

synonyms in the title/abstract/keywords in literature 

search. The scientometric characteristics of all the eligible 

papers were recorded for the following information: title, 

keyword, citation count, publication year, journal of publi

cation, article type, authorship, affiliation, and country/ 

region of origin. Data search and extraction were performed 

independently by two investigators, and any discrepancy of 

results was resolved in a consensus symposium. Microsoft 

Office Excel 365 was used for index model building, and the 

Bibliometrix Biblioshiny R-package software was used for 

bibliometric statistics. In this descriptive study, variables 

were presented as numbers and percentages. No compari

sons were made, and thus no P-values were set.

Results

Citation characteristics

With the search strategy algorithm, a total of 301 and 169 

papers on Wnt and Notch signaling pathway in the field of 

OPMD/OSCC were retrieved in the Scopus database, 

respectively. There were 48 (15.9 %) of 301 papers on Wnt 

involved in OPMD research, and there were 23 (13.6 %) of 

169 papers on Wnt involved in OPMD research. Meanwhile, 

there were 7 papers on both Wnt and Notch involved in the 

same paper. As for type of papers (Fig. 1A), there were 249 

articles and 30 reviews on Wnt pathways, and there were 

145 articles and 12 reviews on Notch pathways in OPMD/ 

OSCC. The total citation count was 9914 and the h index 

was 51 for the papers on Wnt pathways in OPMD/OSCC, and 

the total count was 4480 and the h index was 36 for the 

papers on Notch pathways in OPMD/OSCC.

To further concretize the trends of scientific output, we 

assessed the annual number and accumulated citations of 

the papers from 2005 to 2024 (Fig. 1B). The annual number 

of the papers on Wnt pathways in OPMD/OSCC ranged from 

3 to 27, and the accumulated citations of the papers 

increased from 70 to 1193 during 2005—2024. The annual 

number of the papers on Notch pathways in OPMD/OSCC 

ranged from 0 to 16, and the accumulated citations of the 

papers increased from 0 to 527 during this period. Table S2 

and Table S3 presents the detailed information on publi

cation year, authors, title, abstract, journal of publication, 

article type, citation count, institutions, and keywords of 

all the papers on Wnt and Notch pathway in OPMD/OSCC, 

respectively.
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Bibliometric characteristics

Fig. 1C displays cloud graphs of journals of publications, 

contributing authors, institutions, and countries/regions of 

origin of the papers on Wnt and Notch pathways in OPMD/ 

OSCC. As for Wnt pathways, the journal of publication, 

contributing author, institution and country of origin with 

largest number of papers was International Journal of 

Molecular Sciences (8 papers), Paluszczak, J. (8 papers), 

Sun Yat-Sen University (13 papers) and China (138 papers), 

respectively. As for Notch pathways, the journal of publi

cation, contributing author, institution and country of 

origin with maximum number was Investigational New 

Drugs (6 papers), Benhadji, K.A. (6 papers), The University 

of Texas MD Anderson Cancer Center (9 papers) and China 

(63 papers), respectively. Supplementary Table S4 presents 

the journals, contributing authors, institutions, and coun

tries/regions with largest number of papers (rank, 1—10).

Research characteristics

Based on the frequency of the main keywords in all the 

papers on Wnt and Notch pathways in OPMD/OSCC (Fig. 2A), 

a list of the common keywords is automatically recognized 

by the database, respectively. For the two pathways in 

OPMD/OSCC research, the most common study design was 

controlled study, followed by in vitro study and in vivo 

study. There were the same common keywords of bio

research aspect, such as metabolism, genetics, signal 

transduction, pathology, protein expression, apoptosis, 

gene expression regulation, cell proliferation, carcinogen

esis, tumor marker, epithelial mesenchymal transition 

(EMT), antineoplastic activity, protein function, drug 

screening, and gene mutation. Moreover, there were the 

same common keywords of experimental aspect, such as 

western blotting, animal experiment, immunohistochem

istry, Cal-27 cell line, cell migration, cell motion, cell 

viability, real time polymerase chain reaction, flow 

cytometry, small interfering RNA, tumor growth, and cell 

growth.

We highlighted the analysis of distinctive research key

words, which can reflect the directions and concerned 

topics of research. As for Wnt pathway in OPMD/OSCC 

research, distinctive keywords included canonical Wnt 

signaling, β-catenin, CTNNB1 protein, cyclin D1, frizzled 

protein, glycogen synthase kinase 3alpha/3beta, intercel

lular signaling peptides and proteins, Myc protein, Bcl-2, 

transcription factor, protein phosphorylation, DNA methyl

ation, long untranslated RNA, long noncoding RNA, and 

Figure 1 Bibliometric characteristics of the papers on Wnt and Notch signaling pathway in the field of OPMD/OSCC. (A) The 

numbers of different paper types. (B) The annual number and accumulated citations of the papers during 2005—2024. (C) Cloud 

graphs of journal of publication, contributing authors, countries and institutions of origin regarding furcation involvement publi

cations. The font size indicates the number of papers; a larger size means more papers in the cloud graphs.
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microRNA. Also, distinctive keywords of experimental 

aspect included colony formation, MTT assay, gene knock

down, gene silencing, transwell assay, and luciferase assay. 

As for Notch pathway in OPMD/OSCC research, distinctive 

keywords of bioresearch aspect included cancer stem cell, 

angiogenesis, genetic association, oncogene, amyloid pre

cursor protein secretases, antagonists and inhibitors, 

gamma secretase inhibitor, protein domain, protein Jag

ged1, transcription factor HES1, tumor xenograft, and 

xenograft model. Notably, the keywords of clinical study 

aspect included cohort analysis, retrospective study, clin

ical trial, phase I clinical trial, follow up, dose response, 

decreased appetite, diarrhea, fatigue, nausea, drug safety, 

drug tolerability, and cisplatin.

Discussion

To explore novel avenues for the development of innovative 

therapeutic strategies against oral carcinogenesis, it is 

imperative to study the basic oral oncogenic signaling 

pathways and related molecules. In this respect, inhibition 

of crucial molecules within clinically relevant oncogenic 

pathways will be important. This scientometric study 

attempted to analyze the bibliometric characteristics and 

research trends of all the publications on Wnt and Notch 

pathways in OPMD/OSCC retrieved from the Scopus data

base. The increasing numbers and citations of these papers 

each year suggest that the issue has governed increasing 

attention and investigation. It could be speculated that the 

numbers and citations will continue to grow in the coming 

years. The strength of this scientometric study was to 

highlight the analysis of the keywords that can reflect 

research directions and topics of concern (Fig. 2).

The canonical and non-canonical pathways are two 

types of Wnt signaling. β-catenin is the central component 

of canonical pathway. Frizzled protein is the Wnt ligands 

binding receptor.2,4 The involvement of the Wnt pathway in 

oral carcinogenesis occurs through cell proliferation upre

gulation, apoptosis inhibition, initiation of EMT activation, 

genetic mutation, epigenetic alteration, and local inva

siveness activation mechanisms.2,4 Furthermore, several 

Wnt molecules with potential pharacological value are 

being explored for future therapeutic interventions.12—16

For instance, Wnt5a expression was found to be increasing 

from normal oral mucosa to oral epithelial dysplasia and 

OSCC, and it expression increased along with increasing 

grade of dysplasia, and the highest expression was detected 

in OSCC.14,15 Moreover, Wnt5a expression was statistically 

associated with lymph node metastasis of OSCC.16 These 

outcomes offer an opportunity for Wnt5a which could be 

used as a potential biological marker for oral 

carcinogenesis.

Notch signaling pathway mainly contains Notch receptor 

(NOTCH1-4), ligands (e.g. Jagged1 and 2), binding proteins, 

and downstream target genes.5 A relationship between 

mutations in Notch pathway and CD8 Tþ cell infiltration via 

PD-L1 expression suggested it leading to enhanced anti

tumor immunity.17 Knockdown of Notch suppressed EMT and 

induced angiogenesis in oral submucous fibrosis (OSF) by 

regulating TGF-β1, suggesting that the Notch-TGF-β1 

pathway may serve as a therapeutic intervention target for 

OSF.18 The oncogenic role of NOTCH1 in oral lichen planus 

and OSCC was investigated, suggested NOTCH1 as a 

Figure 2 Research characteristics of the papers on Wnt and Notch signaling pathway in the field of OPMD/OSCC. (A) Cloud graph 

of all the main keywords. (B) Cloud graphs of distinctive keywords of papers. The font size indicates the number of papers; a larger 

size means more papers in the cloud graphs.
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biomarker for the assessment of the tumorigenesis process 

with a definition of a standard threshold for potentially 

malignant lesions and malignant tumors.19 Future research 

trends in this area include safety and targeting studies on 

monoclonal antibodies and small molecules, potential 

target drugs and clinical trials for the treatment of OSCC.20

Compared with Wnt pathway, dysregulation of the Notch 

pathway is a topic with more potential for further trans

lation to clinical research.

The crosstalk of Wnt and Notch pathways during oral 

carcinogenesis seems to be a rational approach for the 

development of potential therapeutic regimens. OSCC 

harbor inactivating mutations in NOTCH1, which are asso

ciated with enhanced β-catenin activity.21 Notch crosstalk 

with the Wnt pathway has provided intricate insights in 

cancer stemness maintenance and malignant behaviors in 

OSCC.22 Using combinations of drugs that individually target 

each pathway or repurposing available drugs, designing 

multi-target drugs against these pathways may be practical 

therapeutic approach. Indeed, this combined targeted 

therapy shows more satisfactory results when compared 

with single therapy in multiple cancer conditions.21 The 

development and well-defined combinatorial application of 

small molecule inhibitors, monoclonal antibodies and/or 

alternative treatment strategies at specific stages of OSCC 

development should be articulated for obtaining enhanced 

treatment efficacies and clinically meaningful results. 

Therefore, comprehensive knowledge of the impact of key 

regulatory molecules in the development and progression 

of OSCC is expected to provide novel options for the 

treatment of this highly aggressive malignancy.

In summary, this study for the first time elucidated the 

scientometric characteristics of all the publications on Wnt 

and Notch pathways in OPMD/OSCC. The limitation of the 

current study was that all the papers were retrieved from 

the Scopus database and thus may overlook important 

research in other databases. Moreover, the more recent 

important research could not accumulate enough citations 

at the time of this study. Overall, this study would help in 

improving in investigations on key signaling pathways in oral 

carcinogenesis, and provide new insights for researchers to 

delve into the mechanisms of Wnt and Notch related OPMD/ 

OSCC and translate into clinical studies.
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