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Abstract

Cordycepin (3′-deoxyadenosine), a major bioactive component derived from fungi of the genus Cordyceps, has garnered 
significant attention in recent years for its potent antitumor properties. Drawing on literature indexed in the Web of Science 
Core Collection from 2004 to 2025, this study employs bibliometric tools―specifically CiteSpace and VOSviewer―to 
systematically examine developmental trends, research hotspots, and emerging frontiers in the field of cordycepin-related 
cancer research. The analysis maps a shift in focus from early-stage pharmacological validation to more advanced in
vestigations into molecular mechanisms, with particular emphasis on cell cycle regulation. Keyword burst analysis 
highlights bursts in terms such as “apoptosis,” “cell cycle,” “gene,” and “expression,” underscoring that modulating the 
cell cycle to induce cancer cell apoptosis has become a central research theme. Building on these findings, the review further 
delineates the specific molecular mechanisms by which cordycepin regulates cell cycle progression in various tumor 
types―primarily through downregulation of Cyclin/CDK complexes, upregulation of p21 and p27, and activation of DNA 
damage response pathways. Additionally, growing evidence indicates that cordycepin's influence on gene expression and 
epigenetic modulation is emerging as a critical area of focus. Taken together, cordycepin demonstrates multitargeted 
potential in inhibiting tumor growth, positioning it as a promising candidate for natural anticancer drug development. 
Future research should prioritize pharmacokinetic characterization, investigation of combinatorial therapeutic strategies, 
and pathways toward clinical translation. Intracellular exposure appears to be shaped by two complementary axes: 
interference with 3'end polyadenylation and ENT1/ENT2-mediated uptake with ADA-catalyzed deamination.
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1. Introduction

C ordycepin, a natural derivative of adenosine 
primarily isolated from fungi of the genus 

Cordyceps―especially Cordyceps militaris―was first 
successfully extracted and reported by Cunning
ham et al. in Nature in 1950 [1]. Since then, it has 
garnered considerable interest in natural product 
research due to its broad spectrum of bioactivities 
and promising pharmacological properties, 
including antitumor, anti-inflammatory, antiviral, 
immunomodulatory, and neuroprotective effects 
[2—10]. With advances in modern life sciences, 
increasing attention has been directed toward the 
molecular mechanisms and therapeutic potential of 
cordycepin, particularly its anticancer effects [11].

Cordycepin has demonstrated antitumor efficacy 
across various cancer types, including breast, lung, 
liver, and colon cancers, as well as gliomas and 
bladder cancer [12—16]. Its antitumor mechanisms 
include induction of apoptosis, inhibition of cell pro
liferation, and suppression of tumor metastasis and 
invasion [17,18]. Among these, regulation of the cell 
cycle has emerged as a central focus [11]. Disruption 
of cell cycle control is a hallmark of tumor develop
ment, as cancer cells frequently bypass G1/S and G2/ 
M checkpoints to sustain uncontrolled proliferation 
[19]. Consequently, targeting the cell cycle has 
become a pivotal strategy in anticancer therapy [20].

Existing studies indicate that cordycepin in
terferes with tumor cell cycle progression through 
multiple molecular pathways. It can induce G1/S or 
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G2/M phase arrest by upregulating cyclin- 
dependent kinase inhibitors (e.g., p21 and p27), 
downregulating Cyclin D1, Cyclin B1, and associ
ated CDK complexes, and activating DNA damage 
response pathways such as ATM/CHK1 [21,22]. 
Furthermore, cordycepin modulates key signaling 
pathways―including p53, JNK, and PI3K―that 
contribute synergistically to its cell cycle-regulatory 
effects, thereby highlighting its multitargeted ther
apeutic profile [23,24].

Despite these advances, research on the anti
cancer mechanisms of cordycepin remains frag
mented, and a comprehensive, systematic review of 
its developmental and mechanistic progress is still 
lacking. Notably, no bibliometric studies have yet 
been conducted to map cordycepin-related 
oncology research. To address this gap, the present 
study employs bibliometric techniques to visualize 
trends in cordycepin-focused cancer research from 
2004 to 2025, with a particular emphasis on cell 
cycle regulatory mechanisms. By integrating burst 
keyword analysis, temporal evolution mapping, 
and mechanistic exploration, this review seeks to 
clarify developmental trajectories, identify 
emerging research frontiers, and highlight key 
challenges―ultimately providing a theoretical 
foundation for future mechanistic investigations 
and translational research on cordycepin.

We therefore present the bibliometric trends as 
descriptive, methods-transparent context to orga
nize the cordycepin literature and do not claim 
discovery or novelty at the mechanistic level.

2. Materials and methods

2.1. Data source and search strategy

All records were retrieved from the Web of Sci
ence Core Collection (WoSCC), which provides 
standardized bibliographic and citation metadata 
across disciplines- [25,26]. We limited the Topic 
field (TS: title, abstract, author keywords, and 
Keywords Plus) using the Boolean query: TS =
(cordycepin OR “3′-deoxyadenosine”) AND TS =
(cancer OR tumor OR tumour OR neoplasm OR 
anti-tumor OR anticancer). The time span was 
January 1, 2004, to June 20, 2025 (data freeze: June 
20, 2025). Document types were restricted to Arti
cles and Reviews; conference papers, book chap
ters, editorials, meeting abstracts, corrections, and 
retracted items were excluded. We exported Full 
Record and Cited References with authors' full 
names, addresses, and funding fields to enable 
collaboration and affiliation analyses. The raw file 
was saved as plain text (download_1.txt).

2.2. Data cleaning and quality control

We removed duplicates by matching DOI and 
WoS unique identifier (UT), and resolved “Early 
Access” vs. final versions by retaining the latest 
non-duplicative record. Records explicitly flagged 
as retracted in WoS were excluded. Author names 
were normalized to full names (when available); 
institutional names were standardized by rule- 
based normalization (e.g., Univ. → University, 
Hosp. → Hospital) and alias merging (e.g., China 
Med Univ., China Medical Univ. → China Medical 
University). For country-level analyses, Taiwan, 
Hong Kong, and Macau were merged into China as 
per our predefined geographic policy. All steps 
were double-checked on random samples to ensure 
reproducibility.

2.3. Bibliometric tools and parameter settings

We used VOSviewer (v1.6.20) and CiteSpace 
(v6.1.6) [27,28]. In VOSviewer, networks were con
structed under full counting with association 
strength normalization. Thresholds were: keywords 
(minimum occurrences ≥5), authors (≥2), and in
stitutions (≥3), unless otherwise specified [29—32]. 
In CiteSpace, settings were time slicing 2004—2025, 
1-year per slice; term sources: Title, Abstract, 
Author Keywords, Keywords Plus; node types: 
countries, institutions, authors, keywords. Node 
selection used g-index (k = 25) per slice with 
Pathfinder and pruning sliced networks enabled. 
Keyword bursts followed Kleinberg's algorithm 
[33], as adapted and implemented in CiteSpace by 
Chen et al. [34—36]. Cluster labeling used LLR, and 
timeline views summarized topic evolution.

To enhance transparency, Author Keywords (DE) 
and Keywords Plus (ID) were analyzed separately 
for frequency profiles; minimal harmonization was 
applied to DE (e.g., unifying “G2/M phase arrest” to 
“G2/M arrest”), while ID terms were left unmerged 
and used to complement thematic mapping. 
In addition, we overlaid co-word/clustering 
outputs with a curated cordycepin mechanism set 
(e.g., 3′-end processing/post-transcription, ENT1/ 
ENT2—ADA exposure axis, DDR/checkpoints, 
ncRNA—EMT) to label themes as specific (cordycepin- 
specific) or generic (oncology-general), encoded via 
distinct outline styles.

2.4. Collaboration network construction

A country-country/institution—institution collab
oration was counted when at least two countries 
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co-occurred in the C1 “Addresses” field of the 
same article; an institution—institution collabora
tion was counted when at least two standardized 
institutions co-occurred. Each pair was counted 
once per article to avoid duplication. Collaboration 
intensity is reported as Coauthored Papers. Visu
alization conventions followed mainstream biblio
metric mapping practice―node size encodes 
output/impact and edge thickness encodes collab
oration strength; color denotes temporal attributes 
(e.g., first-year of appearance)―as implemented 
in VOSviewer/CiteSpace-based analyses [31,32, 
37,38].

2.5. Indicators and validation

We computed within-set h-index and total cita
tions for journals, authors, and institutions. Journal 
impact factors and quartiles (Q1—Q4) were taken 
from JCR 2024/2025 (retrieval date: 2025-08-15). 
Descriptive patterns from VOSviewer/CiteSpace 
were cross-checked against frequency-based tables 
(e.g., top keywords, top collaboration pairs). Sensi
tivity checks (e.g., varying keyword thresholds from 
3 to 8) yielded qualitatively consistent hotspot 
structures. We did not run an independent Bib
liometrix (R-package) pipeline; instead, we cross- 
checked descriptive counts against VOSviewer/ 
CiteSpace outputs and performed threshold sensi
tivity checks.

3. Results

3.1. Publication quantity analysis

From January 2004 to June 2025, we retrieved 432 
articles on cordycepin and cancer. As shown in 
Fig. 1, the annual publication count remained below 
10 during 2004—2013, reflecting an exploratory 
phase. Starting in 2014, yearly output stabilized 
above 20, with the cumulative total reaching 81.09% 
of all publications, indicating sustained growth in 
scholarly attention to cordycepin in oncology.

3.2. National output and international collaboration

As shown in Fig. 2A and B and Table 1, 36 countries 
contributed publications to cordycepin—oncology 
research. China led the field with 247 papers 
(58.39%), followed by South Korea (n = 65, 15.37%) 
and the United States (n = 36, 8.51%). This distribu
tion aligns with the historical prominence of Cordy
ceps research in East Asia. Beyond volume-based 
rankings, an address co-occurrence analysis delin
eated the structure of cross-border collaboration. We 
identified 87 country—country coauthorship links, 
with the top ten dyads accounting for 50.6% of all 
international collaborations (Fig. 3A; Supplementary 
Fig. S1 (https://doi.org/10.38212/2224-6614.3566)). 
The most active dyads were China—United States, 
South Korea—United States, and China—

Fig. 1. Annual publication volume and percentage.
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Japan, indicating strong East Asia—North America 
linkages and a robust intra-Asia collaboration 
backbone. Notably, despite its comparatively lower 
topic-specific output, the United States appeared as a 
frequent partner to multiple countries, suggesting a 

bridging role in multinational teams. In accordance 
with the Methods, Taiwan, Hong Kong, and Macau 
were merged into China for country-level statistics. 
Collectively, these findings indicate that while 
scholarly output is concentrated in a few countries, 
international collaboration is organized along a 
limited number of high-traffic corridors, which 
complements simple volume rankings.

3.3. Institutional collaboration

In total, 350 institutions contributed to cordycepin—

oncology publications during 2004—2025. The top 12 
institutions (Table 2) are predominantly located in 
China (n = 7), followed by South Korea (n = 4) and 
Japan (n = 1), with China Medical University ranking 
first (23 publications). Beyond output counts, the 
inter-institutional collaboration network exhibits a 

Fig. 2. Country output. (A) Global distribution by number of publications; (B) Top-10 countries by number of publications.

Table 1. Specific publication data for the top 10 countries.

Country Articles Fre = articles/total 
articles

China 247 58.392
Korea 65 15.366
United States 36 8.511
Japan 26 6.147
India 23 5.437
Thailand 22 5.201
United Kingdom 13 3.074
Saudi Arabia 9 2.128
Germany 8 1.891
Vietnam 6 1.418

Fig. 3. Collaboration landscape in cordycepin—oncology research (2004—2025). (A) International collaboration by country (Top-10 pairs), showing 
coauthored papers and their share of all cross-border collaborations. (B) Institutional collaboration (Top-10 pairs, with country annotations), 
highlighting the long-tail pattern at the institutional level. Note: Taiwan, Hong Kong, and Macau were merged into China; institutional names were 
standardized prior to pairing.
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marked long-tail structure: we identified 2585 
institution—institution coauthorship edges in total, 
whereas the Top-10 pairs together account for only 
2.6% of all institutional collaborations (Fig. 3B; Table 
S2 (https://doi.org/10.38212/2224-6614.3566)). This 
indicates that collaborations are broadly distributed 
across numerous dyads rather than concentrated 
among a small set of recurrent partners. To improve 
fidelity, institutional names were standardized and 
merged across common aliases prior to pairing (e.g., 
China Med Univ. and China Medical Univ. → China 
Medical University), although minor residual het
erogeneity due to address formatting cannot be fully 
excluded and is acknowledged in the Limitations. A 
CiteSpace visualization illustrates the overall com
munity structure (Supplementary Fig. S2 (https://doi. 
org/10.38212/2224-6614.3566)), in which several 
regional clusters are apparent, while cross-regional 
ties remain comparatively sparse―suggesting head
room for strengthening multi-center collaboration 
across institutions.

3.4. Author influence and collaboration analysis

From 2004 to June 2025, 561 authors contributed 
to publications related to cordycepin and tumors. 
As shown in Table 3, Huang, Bu-Miin led with 15 
publications (since 2007), followed by Cheng, Jin
gliang and Fu, Junjiang (both n = 13). Affiliations 
were standardized from the C1 address field; 
notably, Huang, Bu-Miin is affiliated with the 
Department of Cell Biology and Anatomy, College 
of Medicine, National Cheng Kung University, 
Tainan, Taiwan, whereas Cheng and Fu are affili
ated with Southwest Medical University, Luzhou, 
China. Supplementary Fig. S3 (https://doi.org/10. 
38212/2224-6614.3566) depicts author collaboration 
communities centered on Huang, Bu-Miin, Cheng, 
Jingliang, Choi, Yung Hyun, Chen, Lujun, and Cho, 

Jae Youl. The relatively dispersed inter-cluster 
structure suggests headroom for strengthening 
cross-cluster, multi-center collaboration.

3.5. Research hotspots with DE/ID stratification

3.5.1. Frequency profiles of DE vs. ID
Across the corpus, we identified 459 unique key

words. To decouple author-asserted foci from 
database-generated expansions, we report Author 
Keywords (DE) and Keywords Plus (ID) separately.

DE (Fig. 4A): The top 15 are dominated by 
mechanism-oriented terms, with cell-cycle-related 
entries (e.g., “cell cycle,” “G2/M arrest,” “G1/S ar
rest,” “p21/p27,” “CDK1/Cyclin B1”) alongside 
“apoptosis,” “DNA damage,” and checkpoint me
diators (e.g., ATM/CHK1).

ID (Fig. 4B): The Top-15 surface broader thematic 
contexts (e.g., organism/source terms and pathway 
neighbors), complementing DE by revealing regula
tory neighborhoods beyond author-asserted foci. 
Thus, although the hotspot labels overlap with gen
eral oncology themes, the DE-side weighting and ID- 
side bridging delineate a field-specific checkpoint/ 
DDR → cycle arrest → cell death cascade (Figs. 4 
and 5).

3.5.2. Co-occurrence structures (DE-focused)
We constructed keyword co-occurrence networks 

under full counting with association-strength 
normalization (Methods 2.3). Fig. 5 displays the 
DE-based network, which organizes into modules 
centered on cell-cycle control, DNA-damage 
response, and cell-death programs (apoptosis/ 
autophagy). Relative to DE, an ID-based network 
(Supplementary Fig. S1) (https://doi.org/10.38212/ 
2224-6614.3566) exhibits wider bridging to meta
bolism/inflammation-related terms and organism/ 
source nodes, underscoring the complementary roles 
of DE and ID.

Table 2. Top 12 institutions in terms of number of publications.

Institution Articles

China Med Univ 23
Natl Cheng Kung Univ 18
Southwest Med Univ 16
Dong A Univ 10
Dong Eui Univ 10
Chungbuk Natl Univ 10
Nanjing Med Univ 9
Jilin Univ 9
Jeju Natl Univ 8
Chi Mei Med Ctr 8
Nanjing Tech Univ 8
Mukogawa Womens Univ 8

Table 3. Top 11 authors by number of publications.

Authors Articles

Huang, Bu-Miin 15
Cheng, Jingliang 13
Fu, Junjiang 13
Fu, Jiewen 10
Choi, Yung Hyun 9
Liu, Xiaoyan 7
Li, Dabing 7
Zhang, Lianmei 6
Kim, Gi-Young 6
Du, Jiaman 6
Wei, Chunli 6
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3.5.3. Burst detection and periodized trends
Burst detection (CiteSpace; Methods 2.3) identi

fied top-bursting terms (Fig. 6) with “mechanism” 
showing the strongest recent burst (2023—2025). To 
align bursts with author-asserted foci, we further 
inspected DE-only time series of core mechanisms 
(cell cycle, G2/M/G1/S arrest, p21/p27, CDK1/ 
Cyclin B1, ATM/CHK1, DNA damage), which 

collectively rose markedly after 2015, consistent 
with the field's transition from efficacy validation 
to mechanistic dissection. ID-side trends expanded 
in parallel towards metastasis-related and gene- 
regulatory neighborhoods, suggesting widening 
downstream enquiry. Using overlay labeling, we 
classified the cell-cycle/DDR/cell-death modules 
as specific and the metabolism/inflammation 

Fig. 4. High-frequency keywords by source: Author Keywords (DE) vs. Keywords Plus (ID). (A) Author Keywords (DE): Top-15; (B) Keywords Plus 
(ID): Top-15. Threshold: minimum occurrences ≥5 (Methods 2.3), VOSviewer full counting. DE represents author-asserted foci, whereas ID offers 
citation-derived expansions.

Fig. 5. Keyword co-occurrence network (DE-based; full counting, association-strength normalization).
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neighborhoods on the ID side as generic. Together 
they outline a checkpoint/DDR → arrest →

apoptosis/autophagy axis.

3.5.4. Cluster evolution with DE/ID context
Log-likelihood-ratio (LLR) clustering and time

line views resolved four periods- (2004—2009, 
2010—2014, 2015—2019, and 2020—2025) (Fig. 7).

Segment 1 (2004—2009): 31 articles were clustered 
into 5 groups, with the largest being #0 “sinensis 
mycelium,” followed by #1 “cell cycle,” #2 “leuke
mia,” and #3 “B16-B16 mouse melanoma cells” 
(Fig. 7A).

Segment 2 (2010—2014): 67 articles yielded 6 
clusters, led by #0 “apoptosis,” followed by #1 
“Cordyceps militaris,” #2 “expression,” and #3 “syn
ergistic” (Fig. 7B).

Segment 3 (2015—2019): 155 articles produced 6 
clusters, with #0 “cell” as the largest, followed by #1 
“Cordyceps militaris,” #2 “cell migration/invasion,” 
and #3 “ROS” (Fig. 7C).

Segment 4 (2020—2025): 191 articles were clus
tered into 7 groups. Cluster #0 remained “Cordyceps 
militaris,” while #1 was again “cell cycle,” followed 
by #2 “medicinal mushrooms” and #3 “cordyceps” 
(Fig. 7D).

Fig. 6. Top-30 burst keywords (2004—2025).

374 JOURNAL OF FOOD AND DRUG ANALYSIS 2025;33:368—380 

R
E

V
IE

W
 A

R
T

IC
L

E



Across all periods, “cell cycle” and “Cordyceps 
militaris” consistently appeared as dominant clus
ters. Meanwhile, emerging clusters such as #2 “cell 
migration/invasion,” #6 “antimetastasis,” #3 “ROS,” 
“UPA,” and “expression” indicate expanding in
terest in metastasis-related mechanisms and 
downstream gene regulation.

4. Discussion

This review offers methods-transparent integra
tion and organization of the literature, rather than 
experimental discovery. These perspectives move 
beyond volume counts to reveal a checkpoint/ 
DNA-damage-response (DDR)-biased mechanistic 
emphasis and the network structure underpinning 
topic evolution in cordycepin oncology.

This review employed bibliometric methods to 
comprehensively summarize research on the anti
tumor effects of cordycepin over the past two de
cades since 2004. The earliest relevant publication 
in our dataset explored the role of the human 
metastasis inhibitor NM23-H1 in DNA repair and 
tumor suppression, suggesting a potential mecha
nistic link to cordycepin’s inhibition of 3′-end 
exonuclease activity (Ma et al., 2004) [39]. The 
publication trend over the years can be divided into 
two distinct phases. The first phase, from 2004 to 
2013, was characterized by a slow publication rate, 

with fewer than 10 articles published annually. The 
second phase, from 2014 to 2025, saw a substantial 
increase, averaging over 20 publications per year. 
This growth reflects heightened global interest in 
cordycepin's antitumor potential, likely driven by 
expanding awareness of Cordyceps, particularly 
Cordyceps militaris, as both a medicinal and 
dietary resource in Asian cultures [40]. Notably, 
Asian countries―especially China―have led in 
publication volume. Among the top ten publishing 
countries, seven are located in East or Southeast 
Asia. China alone accounted for 58.39% of total 
publications, underscoring its dominant role. This 
prominence is closely tied to the traditional use of 
Cordyceps (Dong Chong Xia Cao) in Traditional 
Chinese Medicine (TCM), where cordycepin, a 
principal bioactive compound, has been applied 
clinically for centuries. Consequently, institutions 
such as China Medical University have become 
prominent contributors to this research field [41,42]. 
Keyword burst and clustering analyses revealed 
that studies on cordycepin's regulation of tumor cell 
cycles have been persistent research focal points. 
Additionally, the regulation of gene expression has 
emerged as a growing area of interest. Based on 
these bibliometric insights, this review further 
discusses three core research directions: (1) mech
anisms by which cordycepin induces apoptosis via 
cell cycle regulation, (2) cordycepin's role in 

Fig. 7. Keyword clustering segmentation. A. 2004—2009, B. 2010—2014, C. 2015—2019, D. 2020—2025.
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inhibiting tumor metastasis, and (3) its impact on 
gene expression. These directions are not only 
current research hotspots but also foundational to 
advancing therapeutic development.

4.1. Mechanistic studies of cordycepin's antitumor effects 
via cell cycle regulation

G1/S checkpoint (Cyclin D—CDK4/6, p21/p27, 
p53). Converging evidence indicates that cordycepin 
down-modulates Cyclin D—CDK4/6 while up- 
regulating p21/p27, often within a p53-competent 
context, thereby restraining G1/S transit via reduced 
E2F engagement. This matches the DE prominence 
of “cell cycle,” “p21/p27,” and “G1/S arrest,” and the 
post-2015 burst intensification (Figs. 4 and 6). The 
cell cycle is a fundamental process controlling 
cellular proliferation. Its dysregulation contributes 
to unchecked cell growth and tumorigenesis [43]. It 
comprises four phases (G1, S, G2, and M), orches
trated by cyclins and cyclin-dependent kinases 
(CDKs) [44—46]. Because tumor cells are relatively 
insensitive to checkpoint regulation, they often 
display continuous proliferation and accelerated 
cycling; targeting the cycle therefore remains an 
important anticancer strategy [47—49].

S-phase replication stress and ATR/CHK1 
signaling. Reports of γ-H2AX accumulation and 
ATR/CHK1 activation suggest that cordycepin 
elicits replication stress and checkpoint engage
ment, producing cytostasis and apoptosis priming 
[50]. This aligns with DE terms (“DNA damage,” 
“CHK1”) and ID bridges to genome-maintenance 
pathways (Figs. 4 and 5). Cordycepin has been 
shown to induce cell cycle arrest at G1/S and G2/M 
transitions. It achieves this by downregulating 
positive regulators (e.g., Cyclin D1, CDKs) and 
upregulating inhibitory proteins (e.g., p21, p27). 
Furthermore, cordycepin blocks Rb phosphoryla
tion, thereby preventing E2F activation and subse
quent DNA synthesis [51—54]. For example, in 
HeLa cells, cordycepin reduced CDK2 and Cyclin E 
expression while increasing p21 levels, leading to 
G1 arrest [54,55]. For completeness, we also note 
that cordycepin has been shown to suppress pro
liferative ERK signaling in tumor models (e.g., 
Leydig tumor cells), which provides a complemen
tary route converging on checkpoint control and 
cytostasis [56].

G2/M transition (CDK1—Cyclin B1, CDC25C). 
Cordycepin frequently enforces a G2/M blockade 
via suppression of CDK1—Cyclin B1 and/or 
CDC25C modulation, complementing S-phase 
stress to curtail mitotic entry (e.g., esophageal and 
other solid tumors). The persistence of “G2/M 

arrest” in DE and across timeline clusters indicates 
a durable mechanistic core (Figs. 4 and 7). Cordy
cepin also induces G2/M arrest by suppressing 
CDK1 (CDC2)/Cyclin B1 activity, observed in colo
rectal, breast, and lung cancer models [57,58]. It 
enhances DNA damage responses via CHK1/CHK2 
activation, contributing to delayed cell cycle pro
gression [50,59]. Some studies further implicate 
p53-dependent pathways, with stronger effects 
noted in p53 wild-type cell lines [60—62].

In summary, cordycepin exerts anti-tumor activ
ity by intervening in the tumor cell cycle through 
multiple targets and pathways, providing a mech
anistic foundation for -cycle-regulating therapeu
tics- This G1/S—S-phase stress—G2/M sequence 
coheres with the DE prominence of “cell cycle/G1/ 
S/G2/M/p21/p27/CHK1” and their post-2015 
intensification (Figs. 4, 6 and 7). Importantly, this 
integrated cascade is corroborated jointly by DE/ID 
stratification and burst/timeline analyses rather 
than single-study inference (Figs. 4, 6 and 7).

4.2. Advances in understanding cordycepin-mediated 
gene expression regulation

Additional evidence indicates that as a 3′- 
deoxyadenosine, cordycepin shortens poly(A) tails 
and impairs 3′-end processing/termination, 
implying direct post-transcriptional interference 
that may cooperate with the miRNA/EMT networks 
herein [63,64]. Beyond cell cycle control, recent 
research increasingly highlights cordycepin’s role 
in modulating gene expression, including tran
scription factors, non-coding RNAs, and signaling 
pathway remodeling.

Cordycepin has been shown to suppress onco
gene expression. For instance, in HCT116 and Caco- 
2 colorectal cancer cells, it elevated miR-26a levels, 
thereby downregulating MYC mRNA and protein, 
which inhibited proliferation [65]. Similarly, in tri
ple-negative breast cancer, cordycepin suppressed 
EMT-related transcription factors (SLUG, TWIST1, 
SNAIL1, ZEB1), reversing mesenchymal traits and 
limiting metastasis [66]. Cordycepin also influences 
non-coding RNAs, particularly miRNAs. Zhang 
et al. reported increased miR-33b levels in A375 and 
Lu1205 melanoma cells, leading to downregulation 
of HMGA2, Twist1, and ZEB1, ultimately inhibiting 
invasion [67].

In signaling regulation, cordycepin suppressed 
MEK/ERK phosphorylation and reduced Cyclin 
B1 and CDK1 in ECA109 and TE-1 cells, promoting 
G2/M arrest and apoptosis [57]. It also down
regulated ERO1A via inhibition of the ERO1A/ 
mTOR/SREBP1 axis in cholangiocarcinoma cells 
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[68]. High-throughput studies further support cor
dycepin’s broad regulatory impact. RNA-seq ana
lyses revealed altered expression of genes involved 
in vitamin D metabolism, lipid transport, and pro
tein catabolism in SCLC zebrafish xenografts [69]. 
In AML stem cell models, cordycepin reactivated 
WIF1 and DKK1 while suppressing MYC and 
PROM1 (CD133), reducing leukemic cell viability 
[70].

Collectively, cordycepin modulates gene expres
sion via multiple pathways and targets, providing a 
foundation for future drug development. These 
mechanisms align with the ID-level reinforcement 
of the “cell migration/invasion” and “antimeta
stasis” clusters (Figs. 5—7).

4.3. Mechanisms of cordycepin in inhibiting tumor 
migration and metastasis

Bibliometric data also identified tumor metastasis 
as an emerging focus, with clusters like “cell 
migration/invasion” and “antimetastasis” gaining 
prominence. Thus, this review addresses the 
mechanisms through which cordycepin impedes 
cancer cell metastasis.

Metastasis remains a major barrier in cancer 
treatment. Cordycepin has demonstrated anti- 
metastatic effects by reversing epithelial-mesen
chymal transition (EMT), inhibiting matrix metal
loproteinases (MMPs), and disrupting cytoskeletal 
remodeling.

Cordycepin restored epithelial traits in BT549 and 
4T1 breast cancer cells by upregulating E-cadherin 
and downregulating N-cadherin, SLUG, and 
TWIST, thereby reducing cell motility [66].

It also inhibited TPA-induced MMP-9 via AP-1 
suppression, stabilizing the extracellular matrix and 
enhancing TIMP1/2 secretion [71,72].

Additionally, cordycepin modulated cytoskeletal 
signaling through the miR-33b-HMGA2/Twist1 
axis, affecting RhoA, FAK, and Src activity, and 
impeding pseudopod formation [67]. In vivo evi
dence supports these findings. In MDA-MB-231 
xenografts, cordycepin suppressed brain metas
tasis by inhibiting Hedgehog-GLI signaling [12]. In 
cholangiocarcinoma, it reduced ERO1A and 
mTOR, downregulating SREBP1 and EMT markers 
[68].

These results suggest that cordycepin targets 
multiple aspects of the metastatic cascade, posi
tioning it as a candidate anti-metastasis agent. 
Concurrently, the DE/ID stratification indicates that 
“gene expression” is both a high-frequency DE 
focus and an ID bridge to broader regulatory 
neighborhoods (Figs. 4 and 5).

4.4. Comparative positioning among natural small 
molecules

Relative to curcumin and resveratrol―whose 
mainstream reviews depict predominantly 
apoptosis-centric programmed cell death, with 
autophagy/necroptosis as adjuncts―cordycepin 
more often exhibits a checkpoint/DDR-biased 
cascade: G1/S or G2/M arrest → ATR/CHK1—ATM/ 
CHK2 engagement → γ-H2AX accumulation →

apoptosis/autophagy. Given scaffold differences 
(nucleoside vs polyphenols), cordycepin's sites of 
action partially converge with, yet are not redundant 
to, those of polyphenols, implying complementarity 
rather than simple overlap in combinations. This 
conceptual comparison accords with the boundaries 
suggested by our DE/ID-stratified hotspots [73—75].

4.5. Limitations

Our inferences are constrained by single- 
database sourcing (WoSCC), potential language/ 
publication biases, and semantic noise intrinsic to 
DE vs ID generation. Network topology and burst 
detection depend on parameterization (e.g., 
thresholds, g-index, pruning), although sensitivity 
checks indicated qualitatively stable structures 
(Methods 2.5). Address normalization may intro
duce minor noise despite rule-based standardiza
tion and spot validation. These caveats do not 
overturn the central axes consolidated here (cell- 
cycle―DDR―transcription―metastasis) but should 
temper interpretation. We also acknowledge that 
we did not run an independent bibliometrix/R- 
package validation, which could be explored in 
future work.

4.6. Research gaps and future perspectives

Despite significant progress, several limitations 
remain in the current body of research. First, most 
studies rely on in vitro assays and xenograft models, 
lacking comprehensive preclinical pharmacokinetic 
data. Parameters such as solubility, bioavailability, 
and metabolism in vivo remain poorly defined.

Second, mechanistic investigations are often 
limited to isolated pathways (e.g., PI3K/Akt, 
MAPK), with insufficient focus on integrated 
signaling networks, tumor microenvironments, and 
cellular heterogeneity. Research into non-coding 
RNAs, epigenetics, and immunomodulation is still 
in early stages.

Third, efficacy across tumor types remains un
clear. While promising in breast, lung, and liver 
cancers, cordycepin’s effects in other solid tumors 
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and hematological malignancies require further 
exploration.

Finally, limited studies have examined the syn
ergy between cordycepin and conventional thera
pies. Although some reports suggest enhanced 
effects when combined with agents like cisplatin or 
doxorubicin, detailed evaluations of synergy, 
dosing, and safety are lacking [76]. Furthermore, its 
impact on drug-resistant tumor cells remains 
understudied. Structure—activity optimization has 
also begun to yield cordycepin derivatives (e.g., 
unsaturated fatty-acid conjugates) with improved 
stability or bioactivity profiles, warranting system
atic SAR and PK evaluation.

Because ENT1/ENT2-mediated uptake and 
rapid ADA-catalyzed deamination jointly deter
mine intracellular exposure, these processes likely 
modulate the magnitude of downstream DDR/ 
checkpoint phenotypes; accordingly, ADA inhibi
tion, prodrug design, and delivery strategies are 
mechanistically justified. Addressing these gaps 
will be critical for translating cordycepin into a 
clinically viable anticancer agent. Notably, cor
dycepin is rapidly deaminated by adenosine 
deaminase to 3′-deoxyinosine; ADA inhibition (e. 
g., pentostatin), prodrug strategies, and nano
delivery are active avenues to improve exposure 
[77,78].

Looking forward, the DE/ID-stratified trends 
suggest two tractable frontiers: (i) checkpoint- 
centric combinations (e.g., cordycepin with CDK 
inhibitors or ATR/CHK1 modulators) to solidify 
cytostasis-to-apoptosis conversion, and (ii) de
livery/prodrug strategies co-targeting ADA-medi
ated deamination to extend exposure―both of 
which are testable in multi-omic pharmacology 
frameworks.

5. Conclusion

Beyond simple volume trends, our value-add lies 
in DE/ID-stratified hotspot mapping and corridor- 
style collaboration topology, which jointly reveal a 
checkpoint/DDR—centric signature aligned with a 
few high-traffic international links (Figs. 4—7). Our 
bibliometric analysis reveals that research interest 
in cordycepin for anticancer therapy continues to 
grow, particularly in cell cycle regulation and gene 
expression modulation. These areas have emerged 
as significant research hotspots. Keyword clustering 
and emergence analyses indicate that high- 
frequency terms such as “cell cycle,” “gene 
expression,” “apoptosis,” and “PI3K/Akt pathway” 
reflect concentrated thematic efforts and a clear 
trend toward deeper mechanistic exploration.

Building on these findings, this review synthe
sized recent mechanistic advances in cordycepin- 
related anticancer research. Cordycepin inhibits 
tumor cell cycle progression via multiple mecha
nisms, including modulation of the cyclin/CDK 
system, activation of checkpoint pathways, and in
duction of p53 and p21 expression. It has demon
strated significant antiproliferative activity across a 
variety of cancer types. Additionally, its regulatory 
effects on gene expression have attracted increasing 
attention. Some studies suggest cordycepin in
fluences multiple signaling pathways and may also 
impact epigenetic regulation, indicating broader 
molecular targets.

The themes identified in this narrative review 
align closely with those uncovered through biblio
metric analyses, underscoring the relevance and 
continuity between quantitative data and evolving 
research focus. Overall, cordycepin―an active nat
ural compound with notable antitumor potential―
displays multi-targeted, network-based, and 
mechanistically intricate pharmacological actions. 
Future research should aim to expand molecular 
mechanistic studies, enhance in vivo experimental 
evidence, and integrate multi-omics with systems 
pharmacology approaches to better characterize 
cordycepin's global action network and evaluate 
its clinical translational potential in precision 
oncology.
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