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Jiang et al.: Network Pharmacology and Effect of Bioactive Substances on Acute Myeloid Leukemia

Studies have shown that natural flavone and flavonoids are molecules derived from the natural source and can 
selectively kill certain cancer cells. However, the exact process by which these bioactive substances affect acute 
myeloid leukemia is still unknown. To further understand about the medication resistance and find possible 
treatments for pediatric acute myeloid leukemia, we used network pharmacology methods. We specifically 
examined the pharmacological impacts of polyphenols, particularly kaempferol, catechin and quercetin on 
the treatment of acute myeloid leukemia. Using public databases including PubChem, Kyoto Encyclopedia of 
Genes and Genomes Mapper, Universal Protein Resource, DisGenet and cystoscope databases, we conducted 
a thorough search for the potential targets of polyphenols and acute myeloid leukemia. Consequently, we 
identified polyphenol target genes and acute myeloid leukemia disease targets. Among the 253 genes showed 
overlapping; however, some might be potential as polyphenol-based acute myeloid leukemia therapy targets. 
The specific method by which these bioactive substances exert their anti-acute myeloid leukemia effects has 
been elucidated through the use of protein-protein interaction network analysis, gene ontology analysis and 
Kyoto Encyclopaedia of Genes and Genomes pathway enrichment analysis. Further cytological examinations 
confirmed these results, illustrating the polyphenol's capacity to hinder the growth of acute myeloid leukemia 
cells through different pathways. Our study combines network pharmacology-based predictions with 
systematic review studies for polyphenolic-mediated therapy of acute myeloid leukemia. This provides new 
perspectives on therapeutic approaches to address drug resistance in pediatric acute myeloid leukemia. 
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Among many different types of blood cancers, 
Acute Myeloid Leukaemia (AML) is characterised 
by undifferentiated growth of myeloid cells in the 
blood and bone marrow[1]. Especially for children 
with AML, medication resistance is a major 
obstacle despite advances in treatment methods 
such as targeted treatments, stem cell 
transplantation and intense chemotherapy[2]. There 
are numerous biological mechanisms that 
contribute to the emergence of drug resistance. 
These include changes in drug metabolism, 
upregulation of drug efflux pumps, improved 
Deoxyribonucleic Acid (DNA) repair mechanisms 
and dysregulation of apoptotic pathways[3]. The 
short non-coding Ribonucleic Acid (RNA) 
molecules known as microRNAs (miRNAs) target 
particular messenger RNAs (mRNAs) for the 

destruction or translational suppression, and they 
play an essential role in controlling gene 
expression[4]. There is mounting evidence that 
microRNAs are involved in a wide range of 
biological functions, such as drug resistance, cell 
differentiation, apoptosis and cell proliferation. 
Imbalanced miRNA expression profiles in AML 
have been associated with leukemogenesis, 
progression of the disease and medication 
resistance[5,6]. Some microRNAs have been linked 
to AML, and one of these, miR-186, may be a 
tumour suppressor that controls cell growth, death 
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and resistance to drugs[7]. Multiple investigations 
have shown that miR-186 is downregulated in 
AML samples and cell lines, which may indicate 
that it plays an important role in leukemogenesis 
and the development of the illness[7]. With this 
study, we hope to learn more about miR-186 
function in childhood AML and whether it can be 
used as a target for therapy to combat medication 
resistance. To understand how miR-186 regulates 
various processes, this study will use a holistic 
strategy that integrates experimental methods with 
network pharmacology. Notably, this study aims to 
explore the regulatory pathways and targets 
associated with miR-186, with a particular focus 
on the potential interaction between miR-186 and 
B-lymphoma Moloney murine leukemia virus 
Insertion region-1 (BMI1), a key regulator of the 
stem cell self-renewal and is implicated in 
leukemogenesis. By leveraging bioinformatics 
tools and molecular biology techniques, this study 
seeks to identify and validate the downstream 
targets of miR-186 and elucidate the molecular 
mechanisms underlying its tumor-suppressive 
functions in AML. The integration of network 
pharmacology approaches in this study holds the 
potential to uncover novel therapeutic strategies 
by identifying drug-target interactions and 
predicting the efficacy of existing or novel 
compounds in modulating the miR-186-mediated 
pathways implicated in drug resistance. Overall, 
our systematic analysis and therapeutic use of 
network pharmacology explored the mechanisms 
of treatment resistance and the involvement of 
miR-186 in pediatric AML, providing a 
comprehensive and multidisciplinary strategy to 
address the key clinical challenge. By elucidating 
the molecular underpinnings of miR-186 
dysregulation and its impact on drug resistance, 
this study aims to lay the foundation for developing 
targeted therapeutic interventions and improving 
treatment outcomes for paediatric AML patients. 
Polyphenols, which comprise flavonoids and 
flavanols, are thought to mediate many of the 
effects. Flavanols, which are also known as 
catechins, including (-) Epiafzelechin (EZ), 
(+)-Catechin (C), (-)-Epicatechin (EC), 
(+)-Gallocatechin (GC), (-)-Epigallocatechin 
(EGC), their respective 3-Gallate Esters (-)-EZG, 
(+)-CG (11), (-)-Epicatechin-3-Gallate (ECG), 
Gallocatechin Gallate (GCG), and (-)-EGCG, and 
two 3-(3-O-methyl) gallate esters (-)-ECMG and 

(-)-EGCMG. Beyond that, three flavonoids namely 
kaempferol, quercetin and myricetin-have been 
identified[6]. There are wide range of bioactivities 
that have spurred extensive study, through several 
studies detailing these findings. Nonetheless, 
EGCG which is a primary catechin was the primary 
focus of the majority of these investigations due to 
its potential anticancer effects. The many 
bioactivities are not supported by such biased 
research. Kaempferol and quercetin are the only 
two examples of the many different Green Tea 
Polyphenolics (GTPs) that have demonstrated 
diverse bioactivities; these compounds may have 
anti-inflammatory properties[8]. In addition, GTPs 
frequently bind to several proteins. One such 
example is EGCG, which binds to numerous sites 
in cancer cells and is thus able to mediate various 
signal pathways[9]. Further, data mining was 
carried out. By utilising search in PubMed and 
Google Scholar, we were able to gather all of the 
research on GTP targets. Among the biological test 
results, only the confirmed and active targets were 
chosen. To find the ligands and receptors, 
researchers used the web server PubChem[9], based 
on the three Dimensional (3D) similarity 
procedure; to predict powerful targets, we used 
Keggs-Mapper, which is based on the similar 
property principle, which states that molecules 
with similar structures should have the same 
bioactivities[10]. Higher hybrid score indicates that 
the query and target molecules are more closely 
aligned in terms of form and chemotype 
identities[11]. An innovative technique called 
reverse docking can fit a chemical with a 
recognised biological function into the binding 
sites of every 3D structure in a specific protein 
database. The Mapper server is an open-source 
web application that uses pharmacophore mapping 
to find possible binding sites for small molecule 
probes, such as medicines, natural products, or 
newly found compounds without known binding 
site[12]. Supporting this is a database that has a 
wide variety of pharmacophores retrieved from all 
of the targets in Target Bank, DrugBank, 
BindingDB and Potential Drug Target Database 
(PDTD). As far as human protein targets go, 
PharmMapper has over 7000 receptor-based 
pharmacophore models stored which are accessible. 
Users can submit molecules and the programme 
will determine the optimal mapping postures for 
them. Network construction and analysis was 
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carried. Three kinds of visual networks namely, a 
network of interactions between active 
polyphenolic compounds and their potential 
targets, known as the Compound-Target (C-T) 
network; potential targets and their associated 
pathways make up the Target-Pathway (T-P) 
network and based on the known therapeutic 
targets and the probable targets of polyphenols, 
Target-Target (T-T) network was constructed[13].
Universal Protein Resource (UniProt) database 
was utilised to construct the unique interaction 
networks for every protein. This database 
integrates both known and anticipated protein 
interactions[14]. The chosen network interactions 
were based on network and cytoscape (http://www.
cytoscape.org/) software version 2.8.3. From the 
outcomes of the pathway enrichment, the 
interactions that made up the "target-pathway" 
network were chosen. The degree of a node was 
proportional to its size. The bioactive molecule 
depicted in fig. 1 was sought using PubMed, 
ChemDraw and other databases such as binding 
database Kyoto Encyclopedia of Genes and 
Genomes (KEGG) Mapper, for creating a network. 
The finding of targets for diverse components was 
made possible by selecting just the functional and 
confirmed targets from the PubMed search results. 
The ChemDraw employs a 3D similarity search to 
offer several targets, whereas the binding database 
provides targets together with a fit score value. 
Due to the presence of a common structural 
framework, polyphenols frequently have shared 
targets. Following the elimination of redundant 
and non-Homo sapiens targets, only Homo sapiens 
targets were chosen for further study.  Interactions 
between drugs and their target molecules was 
studied. The intricate web of interactions between 
medications and their targets is illustrated in fig. 
2. Proteins of interest were classified according to 
the diseases with which they were related, as found 
in the Disease and Gene Annotations (DGA) 
database[15]. All the targets identified were 
associated with cancer, which aligns with prior 
research findings that indicate this compound has 
anti-cancer properties[16]. In addition, there was a 
correlation between the remaining targets and 
diseases like diabetes, heart disease, Alzheimer's, 
muscle disease, mental illness and inflammation. 
The degree directly correlates to the size of the 
nodes. According to the results, most of the GTPs 
had multiple targets, such as 13 (kaempferol), 14 

(quercetin), 6 ((-)-EGCG), and 15 (quercetin). It is 
possible for many polyphenols to act on the 
majority of targets at once. The degree of each 
node is a property which can be used to distinguish 
scale-free network topologies from random ones. 
The degree of distribution of nodes in a scale-free 
network is not uniform, in contrast to a random 
network where it usually follows a Poisson 
distribution. A scale-free structure is characteristic 
of most biologically-based network models. The 
polyphenol-modified network had a power-law 
distribution of node degrees. It appears that the 
network does not exhibit a random topology and 
seems to be scale-free. Pathway enrichment 
analysis was studied. We investigated the possible 
pathways because many bioactivities are affected 
by >1 pathway. To assess the likely pathways 
affected by the polyphenols, this study used 
pathway enrichment with the hypergeometric test; 
KEGG pathways were located at last. Making the 
protein-gene-disease pathway network confirmed 
the findings. The pathways, which include 
hsa05200, hsa05215, hsa05214, hsa04510 and 
hsa05218 are shown in fig. 3. In addition, 
alternative pathways pertinent to these diseases 
were selected for AML because of the historical 
links between green tea and cancer, diabetes, 
cardiovascular disease, neurological disease, 
muscle disease, inflammation and diabetes. 
Additional pathways pertinent to these disorders 
were selected for AML, in addition to the 
correlations of green tea to cancer, diabetes, 
cardiovascular disease, neurological conditions, 
muscular disease and inflammation. The anti-
cancer properties of green tea are among its most 
talked-about effects. A number of studies have 
shown that green tea may have chemotherapeutic 
effects against several cancers, including myeloid 
leukaemia. Overall, the unique pharmacological 
properties of green tea, including its ability to 
combat myeloid leukaemia, are highly intriguing. 
We employed a network pharmacology 
methodology to analyse the complex pathways by 
which the polyphenolic flavonoids found in green 
tea exert their many biological effects. Our 
investigation discovered a cooperative and 
mutually beneficial interaction among different 
polyphenols, which is consistent with the 
comprehensive approach of network pharmacology. 
Through the process of mapping the network of 
interactions between drugs, targets, pathways and 
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not only improves our comprehension of the 
mechanics of green tea, but also offers vital data 
for future research on creating powerful medicinal 
drugs that target specific signalling pathways.

diseases, we have obtained the information on how 
the components of green tea can influence various 
targets in complicated diseases. This understanding 
has led to positive therapeutic result. This study 

Fig. 1: Network of interactions between the drugs and their targets

Fig. 2: Polyphenol modified network indicating gene targets, exhibiting a random topology and which is scale-free

Fig. 3: Protein interaction network, composed of proteins and their interactions, represented by edges which has emerged from the 
existence of bioactive components after isolating individual nodes
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