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Abstract

Nasopharyngeal carcinoma (NPC) presents a significant therapeutic challenge due to its aggressive nature
and limited treatment options. Although morusin, a compound found in traditional Chinese medicines,
exhibits significant tumor-inhibiting properties, its specific effects on NPC proliferation remain unclear.
This study aims to elucidate the inhibitory effects of morusin on NPC survival and proliferation while
exploring the underlying mechanisms through the utilization of network pharmacology, molecular
docking, and experimental validation in vitro and in vivo. Network pharmacology analysis identified 117
potential targets of morusin against NPC, with 8 hub targets including AKT1, BCL2, CASP3, CTNNBI,
ESRI, HSP90AAI1, MMP9, STAT3, and the IL-17 signaling pathway. Further investigation of public data
indicated that the expression levels of BLC2, CASP3, CTNNBI, HSP90AAI, and STAT3 in NPC tissue
were significantly elevated compared to normal nasopharyngeal tissue. Docking studies exposed robust
binding activity between morusin and key gene molecules. Additionally, biological assays demonstrated
that morusin effectively inhibits NPC growth both in vivo and in vitro. Through a comprehensive
investigation, this study identified the pharmacological mechanisms essential for morusin-induced
inhibition of NPC growth by targeting multiple molecular targets and signaling pathways. These findings
show the potential to contribute to the development of novel clinical agents for treating NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) belongs to the
category of head and neck squamous cell carcinoma
(HNSCC) [1], displaying distinctive epidemiological
characteristics, including regional, racial, and
sex-specific patterns [2]. According to the World
Health Organization, China accounts for 80% of
global nasopharyngeal cancer cases. Additionally, a
notable aspect of NPC is its pronounced male
predominance, with males being two to four times
more likely to develop the disease than females in
high-risk populations [3]. Despite a global decline in
NPC incidence in recent years, clinical diagnosis often
occurs during the intermediate and advanced stages

of the disease due to the subtle nature of early
symptoms [4]. While NPC exhibits sensitivity to
conventional radio/chemotherapy, its 5-year overall
survival rate remains suboptimal, ranging from 32%
to 62% [5]. Therefore, elucidating the molecular
mechanisms driving NPC progression is imperative
for the development of targeted and efficacious
pharmaceutical interventions.

Morusin, a flavonoid derived from the Morus
plant, has garnered attention for its exceptional
antioxidant capabilities when compared to other
flavonoids, owing to its distinct chemical structrue
and bioactive properties [6]. Previous studies have
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observed its diverse pharmacological effects,
including antibacterial, antioxidant, and anti-
inflammatory properties [7]. Particularly, morusin has
emerged as a modulator of cellular processes
implicated in apoptosis, anti-proliferation, and
autophagy, exerting its influence through multiple
signaling pathways [8]. While laboratory studies have
shown morusin's potential to inhibit the development
of breast, ovarian, and colon cancers primarily by
inducing apoptosis [9], the precise mechanisms
underlying its anticancer properties remain
incompletely understood. Hence, investigating the
specific cancer types targeted by morusin and its
mechanisms of action is crucial.

In line with this imperative, the present study
aims to evaluate morusin’s anticancer efficacy against
human NPC both in vitro and in vivo. Moreover, the
concept of network pharmacology was first
introduced by Prof. Hopkins in 2007[10], proposing
that the pharmacological effects of drugs may involve
complex network interactions rather than simple
point-to-point interactions [11]. By elucidating the
connections between disease-related targets and drug
targets, network pharmacology offers a promising
research approach to drug discovery and
development. Thus, leveraging the concept of
network pharmacology, our study seeks to explore
the potential mechanism by which morusin inhibits
NPC proliferation. Additionally, the inhibitory effect
of morusin was assessed in vitro using NPC cell lines
(CNE1 and CNE2), and in vivo. The present findings
provide a promising approach aimed at advancing
the comprehensive application of morusin in both
drug development and treatment strategies for NPC,
addressing a critical unmet need in the field of
oncology.

Methods and Materials
Usage of PubChem

The molecular and pharmacological properties
data of morusin was obtained from PubChem
Database, with the search term ‘morusin’.

Identification of NPC- and morusin-related
target genes

Morusin-related targets and NPC-associated
targets were collected from several public databases,
including The Comparative Toxicogenomics Database
(CTD) [12], PharmMapper [13], SwissTarget
Prediction [14], Pharmgkb, and GeneCards, Online
Mendelian Inheritance in Man (OMIM), Therapeutic
Target Database (TTD) [15], DisGeNET (v7.0),
respectively.

To identify genetic targets associated with NPC,
data from several public databases were collected,

including The Comparative Toxicogenomics Database
(CTD) [12], PharmMapper [13], SwissTarget
Prediction [14], Pharmgkb, and GeneCards. The
keyword “nasopharyngeal carcinoma” was used to
obtain the gene targets related to the disease. For
morusin-related targets, data from Online Mendelian
Inheritance in Man (OMIM), Therapeutic Target
Database (TTD) [15], and DisGeNET (v7.0) were used.
This step provided a comprehensive list of genes used
for further investigation that may play a role in the
interaction between morusin and NPC. The molecular
and pharmacological properties of morusin were
obtained from PubChem database (CID: 5281671),
which also provided the molecular structure of
morusin.

Protein-protein interaction (PPI) network
construction and hub target analysis

Overlapping target genes of NPC and morusin
were detected by intersecting the related genes
previously identified. These targets were screened
and visualized by VennDiagram R package.
Subsequently, the PPI network was constructed using
the STRING (12.0) database with a medium
confidence threshold of 0.4[16]. The PPI network was
visualized and analyzed using Cytoscape (3.10.1) [17]
with CytoHubba [18] and MCODE plugin [19],
enabling the identification of the hub targets within
the network. We use a Degree Cutoff of 2, a Node
Score Cutoff of 0.2, a K-Core of 2 and a Max.Depth of
100 as a threshold to filter the hub targets. The hub
targets were then visualized by VennDiagram R
package.

Pathway enrichment analysis

Candidate hub genes were subjected to Disease
Ontology (DO), Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway  enrichment  analyses  using  the
clusterProfiler package R [20] to obtain the biological
functions and pathways associated with NPC and
morusin target genes.

Molecular docking

Molecular docking studies were conducted to
investigate the interaction between morusin and the
identified hub targets. Briefly, the molecular
structures of hub targets were obtained from Protein
Data Bank (PDB), including AKT1 (PDB-ID:1h10),
BCL2 (PDB-ID:1gbm), CASP3 (PDB-ID:1nme),
CTNNB1  (PDB-ID:2z6h), ESR1  (PDB-ID:2bj4),
HSP90AA1 (PDB-ID:1byq), MMP9 (PDB-ID:1gkc),
and STAT3 (PDB-ID:6njs). Online CB-Dock2 database
was used to run the molecular docking simulation
between morusin and the hub targets.
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Single-cell RNA-seq dataset collection and
processing

Single-cell RNA sequencing (scRNA-seq) data of
NPC was downloaded from NCBI Gene Expression
Omnibus (GEO) with the accession number
GSE152048 and processed using the Tumor Immune
Single-cell Hub 2 (TISCH2) database [21] online
analysis. Cells were visualized by the uniform
manifold approximation and projection (UMAP)
method, facilitating the visualization of distinct cell
populations and their relationships.

NPC cell culture

CNE1 was obtained from School of Basic
Medical Sciences, Guangzhou University of Chinese
Medicine, China. CNE2 was obtained from College of
Pharmacy, Guilin Medical University, China. Cells
were cultured and maintained in Dulbecco’s Modified
Eagle Medium (DMEM) supplemented with 9% fetal
bovine serum (FBS) and 1% penicillin/streptomycin
at 37 °C in a humidified incubator (Thermo Fisher
Scientifc) with 5% CO». Reagents were obtained from
Gibco (Thermo Fisher Scientific).

Cell viability assay

To determine cell viability, CNE1 or CNE2 cells
were seeded in 96-well plates, after incubation
overnight, the cells were treated with the indicated
concentrations of different agents for the indicated
hours. Following these incubation conditions, cell
viability was assessed using a standard colorimetric
assay by adding 10 pL Cell Counting Kit-8 reagent
(MedChemExpress) to each well. After 2 hours of
incubation at 37 °C, the supernatant was discarded
and the absorbance was measured at a wavelength of
450 nm wusing a microplate reader (Molecular
Devices). Cell viability was calculated as a percentage
relative to untreated control cells. Morusin (CAS
No.:62596-29-6) was purchased from MCE Company.

Colony formation

The colony formation assay was performed to
investigate the long-term inhibitory effect of morusin
on NPC cell proliferation. CNE1 or CNE2 cells were
seeded at a density of 500 cells/well in 6-well plates
and incubated overnight. Subsequently, the cells were
treated with varying concentrations of morusin (0, 1, 3
pg/mL). Following 2 weeks of incubation, the
cultures were fixed with 4% paraformaldehyde and
stained with crystal violet to visualize cell growth.
Colonies containing more than 50 cells were counted.

Tumor xenograft experiments

To further assess the inhibitory effects of
morusin on NPC cell growth in an in vivo setting,

tumor xenograft experiments were conducted in nude
mice of 5 weeks old. First, mice (n=5) were injected
subcutaneously with CNE1 or CNE2 cells. The
experimental groups of mice were injected
intraperitoneally with morusin (10 mg/kg) every two
days. The tumor volume was measured using the
formula: volume (mm3) = width? x length/2. The
animals were euthanized and the tumors were
extracted. All experiments were approved by the
Animal Experimental Ethics Committee of Shenzhen
Institute of Otorhinolaryngology and the ARRIVE
guidelines drawn up by the National Centre for the
Replacement, Refinement and Reduction of Animals
in Research (NC3RS).

Statistical analysis

Statistical analysis was performed using
GraphPad Prism software. Student’s t-test was used
to compare two groups, and multiple groups were
compared using one-way ANOVA. Cell viability and
tumor volume were examined by two-way ANOVA.
Data were expressed as the mean * standard error of
the mean (SEM). Each experiment was repeated
independently at least three times and p-value (p) <
0.05 was considered significant.

Results

As shown in Fig.l, a bioinformatics diagram
illustrating the optimized target genes by network
pharmacology used to illustrate the anti-growth effect
of morusin in NPC cells.

Identification of NPC-related target genes and
signaling pathways

A bioinformatics analysis of genetic expression
datasets was conducted to identify potential novel
therapeutic targets for NPC. Initially, a total of 2913
NPC-associated target genes were collected using
data from GeneCards, OMIM, TTD, and Parmgkb
databases (Fig. 2A). Subsequent analyses using GO
and KEGG pathway enrichment revealed 10
significantly enriched items that represent potential
therapeutic pathways (Fig. 2B and C). Specifically,
these results showed that “epithelial cell
proliferation”,  “regulation of epithelial cell
proliferation”, and “translation regulator activity”
were the most significantly enriched items in
biological processes, cellular components, and
molecular functions, respectively. Additionally,
KEGG pathway enrichment analysis showed that
“MicroRNAs in cancer” and “Phosphatidylinositol
3-kinase/protein kinase B (PI3K-AKT) signaling
pathway” comprised the largest number of targets
(Fig. 2Q).
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Identification of morusin-related targets and
signaling pathway

Constitutional formula for morusin was shown
in Fig. 3A and B. Next, we identified key genes and
signaling pathways that may be affected by morusin.
A total of 350 morusin-associated targets were
collected using PharmMapper, CTD,
SwissTargetPrediction, and TargetNet databases. (Fig.
4A and B). Following GO and KEGG pathway
enrichment analyses, results showed that “response to
xenobiotic stimulus”, “response to oxidative stress”,
and “intrinsic apoptotic signaling pathway” were the
most significantly enriched items in biological
processes, cellular components, and molecular
functions, respectively (Fig. 4C). Moreover, the KEGG
pathway  enrichment analysis detected the
involvement of pathways such as “apoptosis” and
“lipid and atherosclerosis” which comprised a higher

number of targets (Fig. 4D). The morusin target
pathway network is presented in Fig. 4E and depicts
the 12 pathways and 178 nodes, including significant
pathways like MAPK, IL-17, and NF-xB.

Identification of the anti-NPC comprehensive
pathway analysis of morusin

To further identify potential therapeutic
pathways by which morusin exerts its effect on NPC
cells, a total of 117 intersection targets were screened
from the previous analyses (Fig. 5A and B, Table S1).
The resulting enriched GO and KEGG pathway terms
are shown in Fig. 5C and D. Of note, pathways such as
“IL-17  signaling pathway”, “HIF-1 signaling
pathway”, and “TNF signaling pathway” emerged as
the key enriched pathways (Table S2 and S3), strongly
suggesting their involvement in mediating morusin’s
effects on NPC cells.
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NPC-associated targets, respectively. (B) The 10 representative terms with the lowest p-value of biological processes (BPs), cellular components (CCs), and molecular functions
(MFs) of the GO enrichment analysis (p < 0.05). (C) The 20 significantly enriched KEGG pathways of NPC-associated targets (p < 0.05).
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Figure 3. Constitutional formula for morusin.
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The core targets of morusin in NPC were
investigated through the PPI network (Fig. 6A). By
employing algorithms such as MNC, Degree and
MCC of CytoHubba, 8 core targets were identified as
focal in NPC modulation, including AKT1, CTNNBI,

HSP90AA1, BCL2, STAT3, CASP3, ESR1, and MMP9
(Fig. 6B). Interestingly, MCODE analysis discovered a
significant module within the network with a score of
29.758 and consisting of 34 nodes and 491 edges. (Fig.
6C), further emphasizing the biological relevance of
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these targets. Based on the PPI network analysis, eight
hub targets were selected to perform molecular
docking with morusin. The docking binding energies
and binding details of morusin with these hub targets
are shown in Fig. 7 and Table 1.

Distribution of core target expression in NPC
tissue

To further understand the distinct expression
levels of core targets across different NPC cell types,
data from GSE150430 was explored to identify the
different cell types of NPC tissues and detect the core
target expression. As a result, a total of 32 clusters
were acquired and 10 different cell types were
classified based on their marker gene expression,
including B cells, CD4* conventional T cells, CD8*
regulatory T (Treg) cells, dendritic cells (DC),
malignant cells, mono/macro cells, plasma cells, T
prolif cells, Treg cells, and plasmacytoid DC (PDC)
(Fig. 8A and B). Upon examining the gene expression
within these cell types, notable trends emerged. For
instance, AKT1 exhibited the highest expression levels
in PDC of NPC cells (Fig. 8C). CTNNB1, HSP90AA1,
CASP3, and BCL2 demonstrated increased
upregulation in malignant, mono/macro, T prolif,
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and Treg cells of NPC, while STAT3 displayed
widespread expression in every cell type (Fig. 8C).
Moreover, MMP9 exhibited selective expression
primarily in DC cells, whereas ESR1 showed
relatively lower expression levels across NPC cells
(Fig. 8C). Overall, this comprehensive analysis
provides insights into the distribution of core target
expression within the complex microenvironment of
NPC tissue, showing the potential significance of
AKT1, CTNNB1, HSP90AA1, CASP3, BCL2, STATS,
and MMP9 in driving NPC pathogenesis, while
highlighting ESR1's potential regulatory divergence.

In vitro and in vivo validation of morusin effect
against NPC

In order to validate the effects of morusin against
NPC as previously predicted by MCODE and
CytoHubba analyses, in vitro cell proliferation assays
were performed using CNE1 and CNE2 cell lines. The
results showed that morusin inhibited NPC cell
viability in a concentration-dependent manner (Fig.
9A and B). By the colony formation assay, morusin
was also found to inhibit cell proliferation ability (Fig.
9C and D).
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Figure 7. Molecular docking results of morusin and hub targets. (A) Morusin-AKT1. (B) Morusin-CTNNBI. (C) Morusin-HSP90AA1. (D) Morusin-BCL2. (E) Morusin-STAT3.

(F) Morusin-CASP3. (G) Morusin-ESR1. (H) Morusin-MMP9.

The results of the network pharmacology and
cellular experiments were further fundamented by
conducting tumor xenograft experiments of CNE1 or
CNE2 cells in nude mice. The mice were afterwards
treated with morusin to evaluate the effect of the
compound on tumor growth. The results indicated
that morusin induced a significant antitumor effect in
CNE1 and CNE2 xenograft models, as shown by
tumor volume (Fig. 9E and F). The excised tumors are
shown in Fig. 9G and H.

Discussion

The diagnosis of NPC often occurs at advanced
stages due to the absence of effective screening
protocols and early detection strategies [4].
Consequently, many patients present locoregionally
advanced or metastatic disease that leads to
challenges in treatment and poor outcomes even after
comprehensive therapy [22]. Conventional salvage
therapies, including radiotherapy, chemotherapy, and
surgery, frequently yield severe adverse effects and
limited efficacy [23]. As a result, there is increasing

interest in exploring natural products with potential
anticancer properties as adjuvant or alternative
therapeutic options for NPC [24].

Table 1. Interaction parameters of 8 hub targets and morusin.

Protein PDBID CurPocketID Vinascore Cavity volume (A3)
AKT1 1h10 C3 -6.2 110
BCL2 1gbm  C3 -8.7 285
CASP3 Inme C3 7.1 216
CTNNB1 2z6h Cc1 -7.7 293
ESR1 2bj4 C4 -8.0 572
HSP90AA1  1byq Cc1 =79 705
MMP9 1gke C2 -9.6 437
STAT3 6njs C2 -8.0 525

Morusin, a prenylated flavonoid extracted from
the root bark of Morus alba, has been extensively
studied for its diverse biological properties [25, 26]
and previous research has reported its potential
antitumor activity against various cancer types, both
in vitro and animal models studies. These include
cervical cancer [27], epithelial ovarian cancer [28],
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gastric cancer [29], colorectal cancer [30], and
hepatocellular carcinoma [7]. Given these findings,
the objective of this study is to elucidate the potential
molecular targets and pathways underlying the
therapeutic effects of morusin in the treatment of NPC
by employing a combination of network
pharmacology, molecular docking, and in vivo/in vitro
experimental validation.

Using publicly available data, the network
pharmacology prediction model was employed to
forecast drug targets and hub targets through
topological analysis. Molecular docking is commonly
utilized to evaluate interactions between drugs and
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interactions between morusin and the identified
targets. Our findings identified 350 morusin-related
targets and 2913 targets associated with NPC,
suggesting that the “IL-17 signaling pathway” and
“PI3K-AKT signaling pathway” may be the primary
potential targets implicated in NPC treatment.
Additionally, PPI network construction, GO, and
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KEGG pathway analysis suggested that morusin
may exert its anti-NPC effects through modulation of
the MAPK, IL-17, and NF-xB signaling pathways,
with particular involvement of the previously
screened key proteins. Of note, AKT is an abundantly

expressed oncogene in NPC linked to metastasis and
poor prognosis [32]. Hence, the present results show
that morusin may potentially attenuate AKT's
oncogenic activity by interacting with other targets
within these pathways. Furthermore, molecular
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docking studies demonstrated a robust binding
affinity between morusin and the hub targets,
especially the AKT1 gene. It also adds to proof that
AKT1 is a candidate target for the against of NPC with
morusin.

Regarding the biological assays, our in vitro
experiments with CNE1 and CNE2 cell lines
confirmed that morusin inhibited NPC cell viability in
a dose-dependent manner. This observation aligns
with previous studies demonstrating morusin’s
potential anticancer effect on human hepatocellular
carcinoma (HCC) cells, both in vitro and in vivo, by
inducing apoptosis and inhibiting anti-angiogenesis
[7]. Building on these results, our bioinformatic
analysis identifies a potential mechanistic basis for
morusin's antitumor and anti-NPC effects, suggesting
the induced downregulation of STAT3, AKT1, MMP,
and NF-xB [27, 33, 34].

Morusin was reported to reduce STAT3 activity
by inhibiting its  phosphorylation, nuclear
accumulation, and DNA binding activity-induced
apoptosis in human prostate cancer cells [33]. STAT3
plays a regulatory role in NPC oncogenesis by
modulating processes within cancerous cells and their
interactions with the tumor microenvironment, which
is critical in the initiation, progression, and metastasis
of NPC [35]. Similarly, the PI3K-AKT pathway is a
common oncogenic pathway in a variety of cancers
including NPC [8, 36]. AKT is a serine/threonine
kinase, also referred to as protein kinase B (PKB), that
regulates the metabolism of carbohydrates and cell
survival, growth, and proliferation [37]. Specifically,
PI3K-AKT is involved in processes related to tumor
initiation/progression and closely related to the
clinicopathological features of NPC [38]. Notably,
phosphorylated AKT overexpression has been identi-
fied as a therapeutic target for malignant cancers, as it
promotes the proliferation of breast cancer [39].
Moreover, matrix metalloproteinase (MMP) expres-
sion is regulated by miR-299-3p, leading to significant
inhibition of NPC migration and growth [40]. In fact, a
family of enzymes designated as MMPs has emerged
as potential targets for therapy and diagnosis of
human tumors, such as breast cancer [41], ovarian
cancer [42] and so on. Furthermore, recent reports
suggest that Ring finger protein 219 (RNF219) pro-
motes NPC progression through the NF-xB pathway
[43]. Together, these discoveries emphasize the
promising role of morusin as a possible treatment for
NPC, providing valuable insights into how it works at
the molecular level and pointing towards exciting
possibilities for future research and clinical use.

The present study suggests that morusin holds
promise as a therapeutic target for the treatment of
NPC. Our results indicating that morusin inhibits

NPC proliferation through induced apoptosis, which
is consistent with previous studies. The significant
inhibitory impact observed in NPC cells both in vitro
and in the mouse model, along with the elucidated
action mechanisms of morusin against NPC, provide
a new perspective and a robust foundation for further
clinical translational research. Moving forward, the
underlying mechanisms of morusin against NPC
growth will be clarified by high-throughput
sequencing, and models of NPC patients” xenografts
will be utilized to demonstrate the safety and
effectiveness of morusin.

Conclusion

In conclusion, our comprehensive approach
integrating network pharmacology, molecular
docking, and experimental validation emphasizes
morusin's versatility as a promising candidate for the
development of multi-targeted anti-NPC drugs. This
research provides a systematic methodology for
elucidating the pharmacological mechanisms of
morusin in the context of NPC treatment, with
implications for future clinical translational
investigations.

Supplementary Material

Supplementary tables.
https:/ /www jcancer.org/v15p4866s1.xlsx

Acknowledgements

Funding

The present study was supported in part by
Guangdong Basic and Applied Basic Research
Foundation (2021A1515010970); Shenzhen Innovation

of Science and Technology Commission (No.
JCYJ20230807091702005, JCYJ20210324132407019,
JCYJ20190813154405551, LGKCYLWS2022002);
Shenzhen Science and Technology Innovation

Program (No. RCJC20210706091950028); Shenzhen
Key Medical Discipline Construction Fund (No.
SZXK039), Longgang Medical Discipline Construction
Fund (Key Medica Discipline in Longgang District).

Awvailability of data and materials

All data generated or analysed during this study
are included in this published article.

Author contributions

Interpretation of analysis of data: PZ, HR and
DHY with the help of ZW; Preparation of the
manuscript: PZ, HR and DHY; Supervision and
editing the manuscript: YJW, XHZ and PZ. All
authors are aware of and approved the final
manuscript.

https://lwww.jcancer.org



Journal of Cancer 2024, Vol. 15

4878

Competing Interests

The authors have declared that no competing

interest exists.

References

1.

2.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal
carcinoma. Lancet. 2019; 394: 64-80.

Bossi P, Chan AT, Licitra L, Trama A, Orlandi E, Hui EP, et al.
Nasopharyngeal carcinoma: ESMO-EURACAN Clinical Practice Guidelines
for diagnosis, treatment and follow-up(dagger). Ann Oncol. 2021; 32: 452-65.
Tan CK, Beh SP, Lee RY, Pei Jye V, Damoderam S, Mohd Naseri NI, et al.
Gender differences in risk of developing nasopharyngeal cancer (NPC) in one
of the highest NPC ethnic in the world. Annals of Oncology. 2018; 29.

Lee HM, Okuda KS, Gonzalez FE, Patel V. Current Perspectives on
Nasopharyngeal Carcinoma. Adv Exp Med Biol. 2019; 1164: 11-34.

Sarmiento MP, Mejia MB. Preliminary assessment of nasopharyngeal
carcinoma incidence in the Philippines: a second look at published data from
four centers. Chin J Cancer. 2014; 33: 159-64.

Choi DW, Cho SW, Lee SG, Choi CY. The Beneficial Effects of Morusin, an
Isoprene Flavonoid Isolated from the Root Bark of Morus. Int ] Mol Sci. 2020;
21: 6541.

Gao L, Wang L, Sun Z, Li H, Wang Q, Yi C, et al. Morusin shows potent
antitumor activity for human hepatocellular carcinoma in vitro and in vivo
through apoptosis induction and angiogenesis inhibition. Drug Des Devel
Ther. 2017; 11: 1789-802.

Wang J, Liu X, Zheng H, Liu Q, Zhang H, Wang X, et al. Morusin induces
apoptosis and autophagy via JNK, ERK and PI3K/Akt signaling in human
lung carcinoma cells. Chem Biol Interact. 2020; 331: 109279.

Hafeez A, Khan Z, Armaghan M, Khan K, Sonmez Gurer E, Abdull Razis AF,
et al. Exploring the therapeutic and anti-tumor properties of morusin: a review
of recent advances. Front Mol Biosci. 2023; 10: 1168298.

Hopkins AL. Network pharmacology. Nat Biotechnol. 2007; 25: 1110-1.

Zhong Z, Guo X, Zheng Y. Network Pharmacology-Based and Molecular
Docking Analysis of Resveratrol's Pharmacological Effects on Type I
Endometrial Cancer. Anticancer Agents Med Chem. 2022; 22: 1933-44.

Davis AP, Wiegers TC, Johnson R], Sciaky D, Wiegers ], Mattingly CJ.
Comparative Toxicogenomics Database (CTD): update 2023. Nucleic Acids
Res. 2023; 51: D1257-D62.

Wang X, Shen Y, Wang S, Li S, Zhang W, Liu X, et al. PharmMapper 2017
update: a web server for potential drug target identification with a
comprehensive target pharmacophore database. Nucleic Acids Res. 2017; 45:
W356-W60.

Daina A, Michielin O, Zoete V. SwissTargetPrediction: updated data and new
features for efficient prediction of protein targets of small molecules. Nucleic
Acids Res. 2019; 47: W357-W64.

Zhou Y, Zhang Y, Lian X, Li F, Wang C, Zhu F, et al. Therapeutic target
database update 2022: facilitating drug discovery with enriched comparative
data of targeted agents. Nucleic Acids Res. 2022; 50: D1398-D407.

Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The
STRING database in 2021: customizable protein-protein networks, and
functional characterization of user-uploaded gene/measurement sets. Nucleic
Acids Res. 2021; 49: D605-D12.

Kohl M, Wiese S, Warscheid B. Cytoscape: software for visualization and
analysis of biological networks. Methods Mol Biol. 2011; 696: 291-303.

Chin CH, Chen SH, Wu HH, Ho CW, Ko MT, Lin CY. cytoHubba: identifying
hub objects and sub-networks from complex interactome. BMC Syst Biol. 2014;
8 Suppl 4: S11.

Bader GD, Hogue CW. An automated method for finding molecular
complexes in large protein interaction networks. BMC Bioinformatics. 2003; 4:
2.

Wu T, Hu E, Xu'S, Chen M, Guo P, Dai Z, et al. clusterProfiler 4.0: A universal
enrichment tool for interpreting omics data. Innovation (Camb). 2021; 2:
100141.

Sun D, Wang J, Han Y, Dong X, Ge J, Zheng R, et al. TISCH: a comprehensive
web resource enabling interactive single-cell transcriptome visualization of
tumor microenvironment. Nucleic Acids Res. 2021; 49: D1420-D30.

Huang H, Yao Y, Deng X, Huang Z, Chen Y, Wang Z, et al. Inmunotherapy
for nasopharyngeal carcinoma: Current status and prospects (Review). Int J
Oncol. 2023; 63: 97.

Solomon B, Young R]J, Rischin D. Head and neck squamous cell carcinoma:
Genomics and emerging biomarkers for immunomodulatory cancer
treatments. Semin Cancer Biol. 2018; 52: 228-40.

Tang B, Dong Y. Network pharmacology and bioinformatics analysis on the
underlying mechanisms of baicalein against oral squamous cell carcinoma. J
Gene Med. 2023; 25: €3490.

Ko HH, Wang JJ, Lin HC, Wang JP, Lin CN. Chemistry and biological
activities of constituents from Morus australis. Biochim Biophys Acta. 1999;
1428: 293-9.

Vochyanova Z, Pokorna M, Rotrekl D, Smekal V, Fictum P, Suchy P, et al.
Prenylated flavonoid morusin protects against TNBS-induced colitis in rats.
PL0S One. 2017; 12: e0182464.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wang L, Guo H, Yang L, Dong L, Lin C, Zhang ], et al. Morusin inhibits
human cervical cancer stem cell growth and migration through attenuation of
NF-kappaB activity and apoptosis induction. Mol Cell Biochem. 2013; 379:
7-18.

Xue J, LiR, Zhao X, Ma C, Lv X, Liu L, et al. Morusin induces paraptosis-like
cell death through mitochondrial calcium overload and dysfunction in
epithelial ovarian cancer. Chem Biol Interact. 2018; 283: 59-74.

Wang F, Zhang D, Mao J, Ke XX, Zhang R, Yin C, et al. Morusin inhibits cell
proliferation and tumor growth by down-regulating c-Myc in human gastric
cancer. Oncotarget. 2017; 8: 57187-200.

Zhou Y, Li X, Ye M. Morusin inhibits the growth of human colorectal cancer
HCT116derived sphereforming cells via the inactivation of Akt pathway. Int J
Mol Med. 2021; 47: 1.

Wang X, Wang ZY, Zheng JH, Li S. TCM network pharmacology: A new trend
towards combining computational, experimental and clinical approaches.
Chin J Nat Med. 2021; 19: 1-11.

Ran H, Zhang ], Zeng X, Wang Z, Liu P, Kang C, et al. TOM40 regulates the
progression of nasopharyngeal carcinoma through ROS-mediated
AKT/mTOR and p53 signaling. Discov Oncol. 2023; 14: 109.

Lim SL, Park SY, Kang S, Park D, Kim SH, Um JY, et al. Morusin induces cell
death through inactivating STAT3 signaling in prostate cancer cells. Am J
Cancer Res. 2015; 5: 289-99.

Huang CC, Wang PH, Lu YT, Yang JS, Yang SF, Ho YT, et al. Morusin
Suppresses Cancer Cell Invasion and MMP-2 Expression through ERK
Signaling in Human Nasopharyngeal Carcinoma. Molecules. 2020; 25: 4851.

Si Y, Xu J, Meng L, Wu Y, Qi J. Role of STAT3 in the pathogenesis of
nasopharyngeal carcinoma and its significance in anticancer therapy. Front
Oncol. 2022; 12: 1021179.

Zhang Y, Weng Q, Chen J, Han J. Morusin Inhibits Human Osteosarcoma via
the PI3K-AKT Signaling Pathway. Curr Pharm Biotechnol. 2020; 21: 1402-9.
Datta SR, Brunet A, Greenberg ME. Cellular survival: a play in three Akts.
Genes Dev. 1999; 13: 2905-27.

Li HL, Deng NH, He XS, Li YH. Small biomarkers with massive impacts:
PI3K/AKT/mTOR  signalling and microRNA  crosstalk  regulate
nasopharyngeal carcinoma. Biomark Res. 2022; 10: 52.

Qiao M, Iglehart JD, Pardee AB. Metastatic potential of 21T human breast
cancer cells depends on Akt/protein kinase B activation. Cancer Res. 2007; 67:
5293-9.

Tang L, Xu M, Zhu H, Peng Y. MiR-299-3p Inhibits Nasopharyngeal
Carcinoma Cell Proliferation and Migration by Targeting MMP-2. ] Oncol.
2022; 2022: 2322565.

Javadian M, Gharibi T, Shekari N, Abdollahpour-Alitappeh M, Mohammadi
A, Hossieni A, et al. The role of microRNAs regulating the expression of
matrix metalloproteinases (MMPs) in breast cancer development, progression,
and metastasis. ] Cell Physiol. 2019; 234: 5399-412.

Zhang Y, Chen Q. Relationship between matrix metalloproteinases and the
occurrence and development of ovarian cancer. Braz ] Med Biol Res. 2017; 50:
€6104.

Li XD, Zhong QL, Luo DJ, Liang QF, Qiu JQ, Du QH, et al. RNF219 Promotes
Nasopharyngeal Carcinoma Progression by Activating the NF-kappaB
Pathway. Mol Biotechnol. 2023; 65: 1318-26.

https://lwww.jcancer.org



