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1.0 Introduction  
 
 

Cancer remains a leading cause of death globally, presenting formidable challenges to 

healthcare systems around the world. Each year, millions of new cancer cases are identified, 

and the burden is expected to grow significantly in the coming decades [1,2]. According to the 

latest WHO reports, cancer is a major contributor to global mortality, accounting for about one-

sixth of all deaths and affecting nearly every household [1]. In 2022, approximately 20 million 

new cancer cases were reported, resulting in 9.7 million deaths worldwide. Projections indicate 

that by 2050, the cancer burden will increase by around 77%, further straining health systems, 

individuals, and communities [2]. In 2023, nearly 2 million people in the United States alone 

were diagnosed with cancer, with breast cancer being most common among women and 

prostate cancer among men [3]. 

Prostate and breast cancer can be influenced by factors such as physical inactivity, obesity, age, 

family history, and the use of oral contraceptives. The development of these cancers involves 

both genetic and epigenetic alterations, primarily through epigenetic mechanisms including 

DNA methylation and histone modifications like methylation, acetylation, phosphorylation, 

sumoylation, and ubiquitination.[5]. Among various factors which inducing cancer 

development and progression, the major hallmark feature will be the epigenetic 

dysregulation.[3]. Multicellular organisms consist of specialized cells formed by specific genes 

being switched on or off to establish cellular identity. In the 1940s, Conrad H. Waddington 

introduced "epigenetic" factors, proposing the "epigenetic landscape" to describe how cellular 

differentiation is regulated epigenetically [7-8]. Advances in the twenty-first century have 

expanded our understanding of epigenetic regulatory mechanisms in gene expression. 

Defective epigenetic factors can cause dysregulated gene expression, leading to various 

diseases, including cancer [9-12]. Researchers now target these dysregulated regulators, 

resulting in clinically approved 'epigenetic drugs' or 'epidrugs,' with many under clinical trials 

[10]. Researchers are increasingly focusing on 'epigenetic drugs' or 'epidrugs' to treat cancer, 

targeting dysregulated epigenetic factors, these epidrugs, some of them already clinically 

approved and others in trials, offer promising new avenues for cancer therapy [14-18]. The 

following sections discuss the key features of different epigenetic modifications and their 

relevance to cancer, and finally, the potential of understanding the anti-proliferative 

mechanisms of naturally occurring chemical molecules for various medicinal applications is 
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reviewed and documented. A literature survey was conducted to explore the possibilities and 

challenges of modulating epigenetic mechanisms generally deregulated in cancer. 

1.1  The Versatility of Epigenetic mechanisms 

The adaptability and versatility of epigenetic mechanisms stem from a myriad of processes 

operating within cells, including DNA methylation process, post-translational modifications 

(PTMs) of histones, and miRNA (microRNA) mediated signaling (Figure-1) [19]. 

 

Figure 1: Pictorial Representation of Epigenetic Mechanisms in the Nucleus and 

Cytoplasm-This figure depicts the major epigenetic mechanisms occurring within the nucleus and cytoplasm 

of a cell. Key processes include: DNA Methylation: The addition of methyl groups to DNA, primarily at cytosine 

bases within CpG islands, typically leading to gene silencing. Histone Modification: Various chemical 

modifications of histone proteins, such as acetylation, methylation, phosphorylation, and ubiquitination, which 

influence chromatin structure and gene expression. These modifications can either activate or repress transcription 

depending on the specific modification and its location. Non-coding RNA Regulation: The involvement of 

microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) in post-transcriptional regulation of gene 

expression. These RNAs can bind to messenger RNAs (mRNAs) or chromatin to modulate gene expression and 

protein synthesis. These mechanisms work together to dynamically regulate gene expression and maintain cellular 

function, and their dysregulation can contribute to the development and progression of cancer. (Image adapted 

from Rotondo et al, 2021.)   

These intricate processes orchestrate a diverse array of chemical modifications within the 

nucleosome, crucial for maintaining the integrity and functionality of genetic material. 
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Enzymes play pivotal roles in catalysing the 'addition' of chemical groups, such as methyl, 

acetyl, ribosyl, ubiquityl, and sumoyl groups, alongside phosphates.  

Conversely, another set of enzymes facilitates the removal of these chemical modifications, 

allowing for dynamic changes in epigenetic marks. Beyond enzymatic processes, proteins 

adept at 'reading' these chemical signatures transmit altered epigenetic information to various 

biological machinery, ultimately culminating in epigenetic-based cellular responses [17]. This 

intricate interplay involves a complex network of writers, readers, and erasers, encompassing 

a multitude of epigenetic regulators (Figure-1.1). Subsequent sections delve into these 

regulators, offering comprehensive insights into their mechanisms of action and biological 

functions.  

 

Figure 1.1:  Concept of Epigenetic Readers, Writers, and Erasers: Illustration of roles of 

epigenetic readers, writers, and erasers in the regulation of gene expression: Writers: Enzymes that add chemical 

modifications to DNA and histones. Examples include DNA methyltransferases (DNMTs), which add methyl 

groups to DNA, and histone acetyltransferases (HATs), which acetylate histones to promote transcriptional 

activation. Erasers: Enzymes that remove chemical modifications from DNA and histones. Key examples are 

histone deacetylases (HDACs), which remove acetyl groups from histones leading to chromatin condensation and 

gene repression, and ten-eleven translocation (TET) enzymes, which are involved in DNA demethylation. 

Readers: Proteins that recognize and bind to specific epigenetic modifications, interpreting the epigenetic code to 

modulate chromatin structure and gene expression. Examples include bromodomain-containing proteins that 

recognize acetylated histones and methyl-CpG-binding domain proteins that bind to methylated DNA. Together, 

these components establish, maintain, and interpret epigenetic marks, thereby regulating gene expression patterns 

essential for cellular identity and function. Dysregulation of these processes is often implicated in cancer and other 

diseases (Image adapted from Falkenberg, et al.,2014.) 
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1.1.1 DNA methylation 

DNA methylation is a crucial and familiar epigenetic mechanism that modifies gene expression 

and ensures genome integrity in eukaryotic cells. This process involves adding a methyl group 

to the DNA molecule, specifically targeting cytosine bases within CpG dinucleotides. DNA 

methylation’s primary function is to regulate gene activity and it is crucial for differentiation, 

normal development, and cellular activity. DNA methylation is carried out by DNA 

methyltransferase enzymes, primarily DNMT1, DNMT3A, and DNMT3B. DNMT1 is 

responsible for maintaining existing methylation patterns during DNA replication, while 

DNMT3A and DNMT3B are crucial for establishing new methylation marks. [21-24]. These 

enzymes add methyl groups to cytosines, predominantly in CpG islands located near gene 

promoters. This methylation generally suppresses gene expression by recruiting proteins 

transcription factor and preventing transcription factor binding that compact chromatin 

structure [24-27]. In addition to its role in gene regulation, which also involves in crucial 

biological functions like genomic imprinting and X-chromosome inactivation. However, 

abnormal methylation patterns are linked to various diseases, especially cancer, where 

excessive methylation of tumor suppressor genes can inhibit their expression and contribute to 

malignancy. Hence, DNA methylation process is a main focused area of study for 

understanding gene regulation and developing epigenetic therapies [27-28]. 

1.1.2 Histone modifications  

Post translational histone modifications are pivotal for regulating gene expression and 

chromatin structure. These alterations, which go beyond DNA methylation, encompass a broad 

spectrum of post-translational changes to histone protein’s amino acid side chains. These 

modifications occur in a highly orchestrated manner, influencing how DNA is packaged and 

accessed by various cellular machinery. Among the most extensively studied histone 

modifications, methylation of arginine and lysine residues and lysine acetylation are well 

studied. These modifications act as dynamic switches, fine-tuning gene expression patterns and 

ultimately impacting biological processes such as development, differentiation, and response 

to environmental stimuli. [29].  

One particularly noteworthy aspect of histone modification is its intersection PRCs, which 

determines the epigenetic landscape. PRCs are essential regulators of chromatin structure and 

function, exerting control over gene expression programs through their ability to modify 
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histones. By catalysing specific histone modifications, PRCs plays a contribution role in 

transcriptional repression establishment and maintenance, in so doing influencing cellular 

identity and fate. Understanding the intricate interplay between histone modifications and 

PRCs provides valuable insights into the mechanisms governing epigenetic regulation and 

underscores their implication in moulding biological functions and disease states [30-31]. 

1.1.3 Non-coding RNA mediated signaling pathways 

ncRNAs (non-coding RNAs) are varied group of RNA molecules that are not translated into 

proteins but are essential for regulating gene expression and cellular activities. Among these, 

microRNAs (miRNAs) are small, typically 20-24 nucleotides long, and are main players in 

post-transcriptional regulation of the genes. Their role in epigenetic mechanisms has garnered 

significant attention due to their capacity to regulate the expression of various genes and 

influence numerous cellular processes. [32]. 

1.1.3.1 MicroRNAs: Biogenesis and Function 

The formation of microRNAs (miRNAs) occurs through several stages. Initially, RNA 

polymerase II transcribes primary miRNAs (pri-miRNAs). These pri-miRNAs are 

subsequently processed in the nucleus by the Drosha-DGCR8 complex into precursor miRNAs 

(pre-miRNAs). These pre-miRNAs are approximately 70 nucleotides in length and have a 

characteristic hairpin structure. These pre-miRNAs are transported by Exportin-5 to cytoplasm. 

In the cytoplasm, the enzyme Dicer further processes them into mature miRNA duplexes. One 

strand of the duplex, identified as the guide strand, is merged into the RISC (RNA-induced 

silencing complex), while on the other strand, called the passenger strand, is usually degraded. 

Once integrated into the RISC complex, miRNAs guide the complex to complementary 

sequences on target messenger RNAs (mRNAs), resulting in mRNA degradation or 

translational repression. This effectively reduces the target gene expression. Through this 

mechanism, miRNAs fine-tune the expression of numerous genes involved in several cellular 

pathways, plays key role in regulation of epigenetic mechanism by influencing chromatin 

structure, DNA methylation, and histone modification pathways. They target DNA 

methyltransferases to regulate DNA methylation, modulate histone modifications by targeting 

enzymes like EZH2, and interact with polycomb repressive complexes. Dysregulation of 

miRNAs is implicated in diseases, particularly cancer, making them promising therapeutic 

targets [34]. 
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1.1.4 Protein methyltransferases (PMTs) 

Protein methyltransferases (PMTs) are enzymes responsible for transferring methyl groups 

from S-adenosylmethionine (SAM) to specific amino acid residues found on target proteins. 

primarily lysine and arginine [35]. This post-translational modification mediates a key 

functional role in protein regulation, stability, and interaction with other molecules, impacting 

various cellular processes. Arginine methyltransferases (PRMTs) and lysine 

methyltransferases (KMTs) are the two main classes of these enzymes. KMTs, such as the SET 

domain-containing family, modify histone proteins by adding methyl groups to lysine residues, 

influencing chromatin structure and gene expression. For example, SETD1 and SETD2 are 

involved in the methylation of histone H3 at lysine 36 (H3K36), and lysine 4 (H3K4) 

respectively, marks connected with active transcription [36-37]. PRMTs methylate arginine 

residues and are classified into type I, II, and III, based on the kind of methylation reaction they 

mediate. PRMT1, type I PRMTs generate ADMA (asymmetric dimethylarginine), whereas 

type II PRMTs, such as PRMT5, generate SDMA (symmetric dimethylarginine) (Figure-1.2). 

These modifications can regulate gene expression, RNA processing, and signal transduction 

[38-39]. Dysregulation of protein methyltransferases is connected to several diseases, including 

cancer. Thus, they are targets for therapeutic intervention, with inhibitors being developed to 

modulate their activity and restore normal cellular functions [40]. 

1.14.1 Arginine methylation and lysine methylation  

1.1.4.2 Arginine Methylation 

Arginine methylation plays a crucial role as post-translational modification that regulates 

numerous cellular processes. Executed by protein PRMT’s, this modification entails adding a 

methyl group to arginine residues within proteins. Its impact spans gene expression, RNA 

processing, signal transduction, and protein-protein interactions. PRMTs can either activate or 

repress target proteins' functions through arginine methylation, as exemplified by its role in 

histone proteins' methylation for chromatin remodeling and gene transcription regulation. 

Furthermore, arginine methylation influences RNA-binding proteins' activity, thereby 

affecting RNA metabolism and processing [41-42]. Dysregulation of this process is concerned 

in various diseases, such as neurodegenerative disorders and cancer. Understanding arginine 
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methylation's mechanisms and consequences provides insights into both normal physiology 

and disease pathology, offering potential therapeutic avenues [43]. 

 

Figure 1.2: Arginine Methylation by Protein Arginine Methyltransferases (PRMTs): (a) 

Arginine Methylation Reaction: This panel illustrates the methylation reaction catalyzed by PRMTs, 

using S-adenosylmethionine (SAM) as the methyl donor. PRMTs transfer methyl groups to the guanidino nitrogen 

atoms of arginine residues on target proteins. The types of PRMTs include: Type I PRMTs: Catalyze the formation 

of asymmetric dimethylarginine (aDMA). Type II PRMTs: Catalyze the formation of symmetric dimethylarginine 

(sDMA). Type III PRMTs: Catalyze the formation of monomethylarginine (MMA). (b) Crystal Structure of 

PRMT5-MEP50 Complex: This panel shows the crystal structure of the PRMT5-MEP50 complex interacting with 

both histone and non-histone substrates. PRMT5, a type II PRMT, works with its cofactor MEP50 to facilitate the 

symmetric dimethylation of arginine residues, highlighting the structural basis for substrate recognition and 

catalysis. (c) Active and Repressive Marks: This panel depicts the role of arginine methylation marks in gene 

regulation. Active marks (such as H3R17me2a, catalyzed by type I PRMTs) are associated with transcriptional 

activation, while repressive marks (such as H4R3me2s, catalyzed by PRMT5) are linked to transcriptional 

repression. These modifications influence chromatin dynamics and gene expression by recruiting specific reader 

proteins that interpret these epigenetic marks. 

1.1.4.3 Lysine Methylation 

Lysine methylation is another crucial post-translational modification vital for cellular 

regulation. Catalyzed by lysine methyltransferases, this modification entails adding a methyl 

group to lysine residues within proteins (Figure-1.3). Its roles encompass gene expression, 

DNA repair, and protein-protein interactions. Lysine methylation of histone proteins works by 

either activating or repressing gene transcription, conditional on the lysine residue involved 

chromatin environment conditions. [44-45]. Moreover, lysine methylation regulates non-histone 

proteins, impacting signaling pathways and metabolic processes.  
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Figure 1.3: Lysine Methylation with Respect to Enhancer of Zeste Homolog 2 (EZH2) 

and Polycomb Repressive Complexes (PRCs): (a) Lysine Methylation: This panel illustrates the 

lysine methylation reaction, a key epigenetic modification catalyzed by histone lysine methyltransferases 

(HKMTs). Lysine residues on histone tails are mono-, di-, or trimethylated, leading to alterations in chromatin 

structure and gene expression regulation. (b) EZH2 with Polycomb Repressive Complex (PRC) and Other 

Domains: This panel depicts EZH2, a histone lysine methyltransferase component of the Polycomb Repressive 

Complex 2 (PRC2). EZH2 catalyzes the methylation of histone H3 lysine 27 (H3K27me3), leading to 

transcriptional repression. The figure also shows other domains of EZH2, such as the SET domain responsible for 

methyltransferase activity and the WD40 domain involved in protein-protein interactions within the PRC2 

complex. (c) Repressive and Active Marks: This panel highlights the role of lysine methylation marks in gene 

regulation. Repressive marks, such as H3K27me3 catalyzed by EZH2, are associated with transcriptional 

repression, while active marks, such as H3K4me3, are linked to transcriptional activation. These modifications 

contribute to the establishment of chromatin states that regulate gene expression patterns and cellular identity 

(image adopted and modified accordingly Morales2016, Kim 2021, & Gan 2018). 

Dysregulation of this process is implicated in diseases like cancer and metabolic syndromes, 

emphasizing its role in cellular balance. Understanding lysine methylation's mechanisms and 

consequences provides insights into both normal physiology and disease progression, offering 

potential therapeutic targets [45-46]. 

1.1.5 Poly comb repressive complexes 

Epigenetic regulation plays a crucial role in controlling gene expression by reorganizing local 

chromatin structures. Among the factors regulating chromatin, Polycomb group (PcG) proteins 

are key players in epigenetic control and chromatin organization. The initial PcG gene, 

Polycomb (PC), was discovered in Drosophila melanogaster in 1947 by Dr. Pamela Lewis, 

who noticed that Pc mutant larvae exhibited altered segmentation phenotypes [194]. Later 

genetic screens identified more genes with similar phenotypes, defining the group of Polycomb 

(PcG) genes. Research, including yeast two-hybrid assays and biochemical studies, has 
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demonstrated that PcG proteins assemble into two main protein complexes: PRC1 (Polycomb 

Repressive Complex) and   PRC2 (Polycomb Repressive Complex 2) [195,196]. 

PRCs are critical regulatory mechanisms in eukaryotic cells, essential for gene silencing and 

directing developmental processes. These complexes consist of Polycomb group proteins and 

are primarily categorized into PRC1 and PRC2, each with distinct roles in modulating gene 

expression. 

1.1.5.1 PRC2 Composition and Function 

PRC2 consists of core subunits such as EZH2 (Enhancer of Zeste Homolog2), EED 

(Embryonic Ectoderm Development), and SUZ12 (Suppressor of Zeste 12). PRC2 is 

responsible for trimethylating H3K27me3 (histone H3 at lysine 27) [47-48], a repressive histone 

modification essential for gene silencing. This modification signals chromatin compaction and 

transcriptional repression, regulating genes that must be inactive during specific developmental 

stages or cell types [197-198]. 

1.1.5.2 PRC1 Composition and Function 

PRC1, which includes core components such as Chromobox (CBX) proteins, Ring finger 

proteins (RING1A/B), and Polyhomeotic (PHC) proteins, recognizes the H3K27me3 mark 

established by PRC2. PRC1 is then recruited to these sites, where it monoubiquitinates 

H2AK119ub (histone H2A at lysine 119). These modification leads to further chromatin 

compaction and stable gene repression. The interplay between PRC1 and PRC2 ensures precise 

control over gene expression patterns, which is crucial for processes like cellular 

differentiation, stem cell maintenance, and embryonic development [48-50]. 

1.1.5.3 Biological Roles of PRCs 

PRCs are indispensable for regulating gene expression throughout development and 

maintaining cellular identity. During developmental processes, PRCs facilitate the transition 

from pluripotent stem cells to differentiated cell types by dynamically modulating gene 

expression. They create a repressive chromatin environment at specific genomic loci, crucial 

for the activation and repression of genes needed for determining cell fate. In stem cells, PRCs 

help maintain pluripotency by silencing lineage-specific genes, thus preserving the 
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undifferentiated state. When differentiation signals are received, PRC-mediated repression is 

lifted at these genes, allowing for their expression and the emergence of specialized cell 

identities. 

Beyond their roles in development, PRCs play significant roles in maintaining cellular 

homeostasis and responding to environmental changes. These proteins are involved in 

numerous cellular processes, including DNA repair, stress responses and cell cycle regulation. 

By modulating genes responsive to stress, PRCs enable cells to adapt to changing conditions 

and maintain proper physiological functions. For instance, in DNA repair, PRCs can silence 

genes that promote apoptosis, allowing for cell survival and recovery. PRCs regulates cyclins 

expressions and cell cycle-associated proteins in cell cycle, thereby ensuring controlled cell 

proliferation and preventing uncontrolled cell growth, which can lead to cancer. 

1.1.5.4 Dysregulation of PRCs and Disease 

Aberrations in Polycomb complex function are implicated in various pathologies, underscoring 

their significance in normal cellular physiology and disease etiology. Dysregulation of PRCs 

can lead to improper activation or gene silencing leading to diseases mainly such as cancer, 

neurodevelopmental disorders, and other age-related conditions. For example, overexpression 

of EZH2, a component of PRC2, has been notified in several cancers, which includes breast 

and prostate cancer, where it leads to the tumor suppressor genes silencing and promotes 

uncontrolled cell proliferation. Similarly, mutations in components of PRC1 and PRC2 have 

been connected to developmental disorders for example Kabuki syndrome and Wiedemann-

Steiner syndrome, which are characterized by intellectual disability, growth delays, and distinct 

facial features [199-200]. 

In cancer, the dysregulation of PRCs often contribute to the tumor suppressor genes silencing 

and oncogenes activation, contributing to tumor development and progression. In 

neurodevelopmental disorders, mutations in PRC components can lead to aberrant neuronal 

differentiation and function, resulting in cognitive impairments and other neurological 

symptoms. In age-related diseases, changes in PRC function can affect the regulation of genes 

implicated in cellular senescence and aging, potentially contributing to the decline in tissue 

function and the onset of age-related pathologies. In summary, PRCs are essential for 

regulating gene expression, maintaining cellular identity, and ensuring proper development and 

physiological function. The dysregulation of PRCs can contribute to a several of diseases, 
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emphasizing the importance of comprehending their mechanisms and roles in both health and 

disease [199-201]. 

1.2 Epigenetics and Cancer  

Epigenetics, is the branch of science, refers to the study of heritable changes in gene expression 

without any alterations in the DNA sequence, is increasingly recognized as a critical factor in 

cancer development. Dysregulation of DNA methylation, histone modifications, and chromatin 

remodeling, contributes to abnormal gene expression patterns observed in various cancers [51]. 

Key regulators of these processes, such as DNMTs, HDACs, and HATs, and ATP-dependent 

chromatin remodelers, play crucial roles in maintaining genomic stability, controlling cellular 

differentiation, and regulating pathways involved in tumor suppression and oncogenesis. 

Dysregulation of these epigenetic regulators can lead to oncogenes activation or tumor 

suppressor genes silencing and promotes cancer initiation, progression, and metastasis. 

Moreover, epigenetic alterations contribute to the heterogeneity of cancer cells and their 

adaptation to changing microenvironments, complicating treatment strategies [52]. 

Understanding the intricate interplay between epigenetic dysregulation and cancer biology 

offers opportunities for the progress of novel epigenetic therapies and precision medicine 

methods tailored to target specific epigenetic vulnerabilities in individual cancers, potentially 

improving patient outcomes [52-53]. 

1.3 Overview of breast cancer (India & abroad): 

1.3.1 Cancer Statistics: 

Cancer continues to be a significant global health burden, with millions of new cases diagnosed 

annually. According to recent data, cancer affects people of all ages and backgrounds, with 

incidence rates varying across regions and populations [58]. In many countries, cancer incidence 

rates are rising due to factors such as population growth, aging populations, changes in lifestyle 

habits, and environmental exposures. This trend emphasizes the urgent need for comprehensive 

cancer prevention and control strategies aimed at mitigating the impact of this disease on 

individuals and communities worldwide. Among the myriad types of cancer, certain forms are 

consistently reported at higher rates across different populations. These include lung cancer, 

which is strongly connected with tobacco smoking and consumption, and breast cancer, which 

affects both genders but is more common in women. Other frequently observed cancers include 

prostate cancer in males and colorectal cancer in both females and males. These cancers often 
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receive heightened attention due to their significant impact on morbidity, mortality, and 

healthcare resources [3,59]. 

1.3.2 Cancer in India and around the world: 

In India, the projected number of cancer new cases for the year 2022 was 1,461,427, with a 

raw data of 100.4 per 100,000 individuals. Frighteningly, it is reported that one in nine people 

in India may develop cancer during their lifetime. Lung cancer emerged as the predominant 

cancer amongst males, although breast cancer ranked highest among females (Figure 1.4).  

 

Figure 1.4: GLOBOCAN 2020 Cancer Data Analysis: Comprehensive analysis of global cancer 

data from globocan 2020: total number of cancer cases in 2020 across both sexes and all age groups- illustrating 

the total number of cancer cases and deaths globally across all ages and both sexes. Among the various cancer 

types, breast cancer emerged as the most diagnosed, surpassing lung cancer, with an estimated 2.3 million new 

cases, representing nearly 12% of all new cancer cases in 2020. Additionally, the total number of cancer-related 

deaths in 2020 is depicted, with breast cancer accounting for 7% (684,996 deaths) of the total fatalities across both 

sexes and all age groups. 

Among children aged 0-14 years, lymphoid leukemia was the most prevalent cancer type. 

Projections indicate a worrisome increase of 12.8% in cancer cases by 2025 compared to 2020 

[58]. These findings highlight the critical importance of implementing comprehensive cancer 

prevention and control strategies, focusing on early detection, risk reduction, and effective 

management to combat this growing health challenge in India.  
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According to the latest GLOBOCAN data, in 2023 (https://gco.iarc.fr/en)  the estimations 

revealed that occurrence of 19.3 million cancer cases and approximately 10 million global 

cancer deaths. The most prevalent cancers included lung, breast, prostate, colorectal, and 

stomach cancers. Breast cancer was the maximum frequently diagnosed, (Figure-1.5) lung 

cancer remained the top cause of cancers with 2.3 million new cancer cases, and leading cause 

for cancer death. responsible for 1.8 million fatalities. These statistics underscore the critical 

need and action plan for enhanced early detection for cancer prevention, and effective treatment 

strategies worldwide to address the growing burden of this disease [59]. 

 

Figure-1.5: In-depth analysis of cancer mortality from GLOBOCAN 2020 data: Detailing 

the total number of deaths across various cancer types, both sexes, and all age groups. Leading cancers such as 

lung, colorectal, and liver cancer are highlighted, along with their respective mortality figures. Additionally, the 

percentage of deaths attributable to each cancer type is calculated, providing a comprehensive overview of global 

cancer burden. 

1.3.3 Breast Cancer: most highly reported cancer among all   

Breast cancer stands out as one of the most highly reported cancers globally, affecting millions 

of women each year. The prevalence of breast cancer is particularly notable in countries like 

India and abroad. Several factors contribute to the high incidence of breast cancer in these 

regions. Firstly, lifestyle changes, including delayed childbearing, reduced breastfeeding, and 

increased alcohol consumption, have been linked to an elevated risk of breast cancer [6]. 

Additionally, genetic predisposition, family history, and hormonal factors play significant roles 
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in breast cancer development [3]. Furthermore, limited access to screening, early detection, and 

healthcare services in certain regions exacerbates the problem. In India, cultural and societal 

factors may also influence breast cancer reporting and diagnosis, including stigma associated 

with the disease, lack of awareness, and misconceptions about breast health. In conclusion, 

breast cancer's high incidence in India and abroad is multifactorial, arising from a complex 

interaction of genetic, environmental, lifestyle, and healthcare access issues [60]. Addressing 

these challenges requires a comprehensive approach, including awareness campaigns, 

educational trips, equitable access to screening and treatment services and improved healthcare 

infrastructure, by addressing these underlying issues, these factors can work towards reducing 

the burden of cancer incidences especially breast cancer and which eventually improves 

outcomes for affected individuals globally [61]. 

1.3.4 Dysregulation of Epigenetic regulators lead to cancer 

Dysregulation of epigenetic regulators is a pivotal driver in cancer development, where 

alterations in gene expression patterns and chromatin structure contribute to oncogenesis. 

Aberrant activity of enzymes like DNMTs, HMTs and HDACs disrupts the normal epigenetic 

landscape, promoting tumor initiation and progression (Table-1.1). This dysregulation can 

eventually lead to oncogenes activation or tumor suppressor genes silencing, fuelling 

uninhibited cell growth, metastasis, and therapeutic resistance. Understanding and targeting 

these epigenetic abnormalities offer promising avenues for cancer diagnosis, prognosis, and 

therapy development, heralding a new era in precision oncology [64]. 

1.4 Cancer databases: 

Cancer databases are vital tools in oncology, compiling genetic, clinical, and molecular data to 

advance research. Developed through large-data scale projects such as the International Cancer 

Genome Consortium (ICGC), and well-known The Cancer Genome Atlas (TCGA) and these 

databases gather and store information from genomic sequencing, medical imaging, clinical 

trials, and patient records. Platforms like cBioPortal provide user-friendly access to this data, 

facilitating analysis and visualization. Multidisciplinary teams, including bioinformaticians 

and oncologists, ensure data accuracy through continuous updates and validation. These 

databases foster global collaboration, significantly contributing to cancer research and the 

development of new treatments.  
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Table-1.1 Epigenetic Dysregulation and its Association with Various Cancer Types 

Epigenetic 

Regulator 

Alteration Reference 

EZH2 Histone methyltransferase activity leading to H3K27 methylation and gene 

silencing 

[65,68] 

PRMT5 Protein arginine methyltransferase activity affecting histones and non-

histone proteins 

[67,68] 

DNMT3B DNA methyltransferase activity leading to DNA methylation and gene 

silencing 

[69] 

HDACs Histone deacetylase activity leading to histone deacetylation and gene 

repression 

[70] 

TET2 Loss-of-function mutations leading to altered DNA methylation and gene 

expression 

[71] 

MLL Rearrangements and fusion proteins leading to histone H3K4 methylation 

and gene activation 

[69, 72] 

IDH1/2 Gain-of-function mutations leading to the production of 2-hydroxyglutarate 

and altered DNA/histone methylation 

[73] 

LSD1 Histone demethylase activity leading to H3K4 demethylation and gene 

regulation 

[74] 

 

Cancer databases like TCGA [52](https://www.cancer.gov/ccg/research/genome-

sequencing/tcga) and cBioPortal [53-54] (https://www.cbioportal.org/) offer comprehensive 

molecular characterization of cancer, aiding researchers in understanding genetic alterations 

and clinical outcomes across various cancer types. Researchers can easily access and retrieve 

data from these platforms, integrating information from diverse cancer projects and atlases to 

facilitate in-depth analyses and accelerate discoveries in cancer research. Freely available 

cancer databases provide valuable resources for researchers to access and analyse the database 

of genomic, transcriptomic, and clinical datasets for various cancer types. 

1.4.1 The Cancer Genome Atlas (TCGA) 

TCGA is an all-inclusive and comprehensive resource that provides molecular characterization 

of various cancer types, including genomic, transcriptomic, and epigenomic data. It contains 

data from thousands of cancer patients and is a cornerstone of cancer research.  

 

 

https://www.cancer.gov/ccg/research/genome-sequencing/tcga
https://www.cancer.gov/ccg/research/genome-sequencing/tcga
https://www.cbioportal.org/
https://www.cbioportal.org/
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1.4.2 cBioPortal for Cancer Genomics 

cBioPortal is an open-access cancer database platform that enables visualization and analysis 

of large-scale database and curative cancer genomics databases, together with data from TCGA 

and other studies. It allows researchers to explore genetic alterations, gene expression, and 

clinical outcomes across different cancer types. cBioPortal offers user-friendly interfaces for 

querying and visualizing genomic data, making it accessible to researchers with varying levels 

of bioinformatics expertise. It integrates diverse types of data, including copy number 

alterations, somatic mutations, and mRNA expression, facilitating comprehensive analyses of 

cancer genomes. Additionally, cBioPortal provides tools for exploring relationships between 

genetic alterations and clinical outcomes, aiding in the identification of potential therapeutic 

targets and biomarkers.  TCGA datasets, available through cBioPortal and other platforms, 

have revolutionized cancer research by providing a wealth of molecular data from a large 

cohort of patients. These datasets enable researchers to conduct integrative analyses, 

uncovering novel insights into the molecular mechanisms driving cancer progression and 

finding possible therapeutic opportunities. By leveraging freely available resources like 

cBioPortal and TCGA datasets, researchers can accelerate discoveries in cancer biology and 

facilitate the development of personalized cancer therapies. 

1.4.3 Versatile role of PRMT5 and EZH2 

PRMT5 and EZH2 are frequently overexpressed in cancer, playing crucial roles in regulating 

gene expression through methylation mechanisms. PRMT5 catalyzes the methylation of 

arginine residues on both histones and other proteins, while EZH2 mediates the methylation 

process on lysine 27 of histone H3. Table 1.2 summarises the role of PRMT5 and EZH2 in 

various cancers and their mechanism of action clearly. 

The detailed literature and web-based search information related to the role of PRMT5 and 

EZH2 in cancer, along with an up-to-date chronological list of inhibitors and clinical trial 

compounds for PRMT5 and EZH2 are tabulated in Table-1.3 & 1.4 
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Table 1.2 Role of PRMT5 and EZH2 in various cancers and their mechanism of action 
 

Target Role in Cancer Mechanism Associated Cancer Types References 
PRMT5 Promotes tumor 

growth and 

survival 

Methylates arginine 

residues on histones and 

other proteins, 

regulating gene 

expression 

Glioblastoma, lymphoma, 

lung cancer, breast cancer, 

prostate cancer, leukemia, 

melanoma, bladder cancer, 

ovarian cancer 

[156-160] 

PRMT5 Modulates 

splicing of 

mRNA 

Alters the splicing of 

pre-mRNA, affecting 

protein production and 

cell cycle regulation 

Prostate cancer, leukemia, 

breast cancer, lung cancer, 

melanoma 

[68, 

159,160] 

PRMT5 Induces 

epigenetic 

silencing 

Represses tumor 

suppressor genes 

through methylation of 

histone H4R3 

Melanoma, bladder cancer, 

lung cancer, ovarian cancer 

[160-162] 

EZH2 Enhances cancer 

cell proliferation 

Methylates lysine 27 on 

histone H3 

(H3K27me3), leading to 

gene silencing 

Prostate cancer, breast 

cancer, lymphoma, lung 

cancer, ovarian cancer, 

glioblastoma, leukemia, 

bladder cancer 

[163-165] 

EZH2 Facilitates 

metastasis 

Regulates epithelial-to-

mesenchymal transition 

(EMT), promoting 

invasion and metastasis 

Prostate cancer, ovarian 

cancer, breast cancer, 

melanoma, lung cancer 

[166-167] 

EZH2 Inhibits 

differentiation 

Maintains stemness and 

inhibits differentiation 

of cancer stem cells 

Leukemia, glioblastoma, 

breast cancer, prostate 

cancer, lung cancer 

[163, 

167,168] 

 

 

Table-1.3- Role of PRMT5 in cancer and chronological order of PRMT5 Inhibitors and 

clinical trials up to June 2024 

Discovery of PRMT5 role in Cancer 

S. 

No 

Event happened Year  Reference 

1 Initial characterization of PRMT5 and its catalytic activity on 

symmetric dimethylarginine residues was published 

1998-2001 [202] 

2 PRMT5 was identified as a regulator of histone methylation, 

implicating it in transcriptional repression of tumor suppressor 

genes 

2004 [203] 

3 PRMT5 was implicated in the regulation of cell proliferation 

and differentiation, hinting at its potential involvement in 

oncogenesis 

2010 [204] 

4 Studies demonstrated that PRMT5 is overexpressed in several 

cancers, including lymphoma and leukemia, suggesting its role 

in cancer development 

2013 [205] 

5 Further research confirmed that PRMT5 promotes 

tumorigenesis through epigenetic silencing of tumor 

suppressor genes 

2014 [206] 

Discovery of PRMT5 Inhibitors and Clinical Trials 

6 Discovery of the first small-molecule inhibitors targeting 

PRMT5. These inhibitors showed promise in preclinical 

models of cancer (Cell Stress). 

2015 [207] 
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The role of PRMT5 in solid tumors, including lung and breast 

cancer, was established 

7 PRMT5 inhibitors were further optimized for better efficacy 

and specificity. 

Preclinical studies demonstrated that PRMT5 inhibition could 

synergize with other cancer therapies, including chemotherapy 

and immunotherapy. 

2016 [208] 

8 Clinical interest in PRMT5 inhibitors increased, with several 

pharmaceutical companies initiating drug development 

programs. 

Initial preclinical studies indicated that PRMT5 inhibitors 

could overcome resistance to existing cancer treatments  

2017 [209] 

9 Early-phase clinical trials (Phase I) for PRMT5 inhibitors 

began, focusing on safety, tolerability, and preliminary 

efficacy in patients with advanced cancers. GSK and Epizyme 

were notable companies initiating these trials. 

2018 [210] 

10 Ongoing Phase I clinical trials showed encouraging signs of 

anti-tumor activity in patients with hematologic malignancies 

and solid tumors. GSK's GSK3326595 and Epizyme's EZM-

2302 were prominent PRMT5 inhibitors in these trials. 

2019 [207-210] 

11 Phase II clinical trials were initiated to further evaluate the 

efficacy and safety of PRMT5 inhibitors in a larger cohort of 

patients. Companies like GSK and Epizyme led these efforts. 

Combination studies with other targeted therapies and immune 

checkpoint inhibitors were launched. 

2020 [207-210] 

12 Results from Phase I/II trials were published, demonstrating 

significant clinical benefit in certain patient populations, 

particularly those with PRMT5-dependent tumors. 

Prelude Therapeutics joined the efforts with its PRMT5 

inhibitor, PRT543, entering clinical trials. 

2021 [211] 

13 Expanded Phase II trials included a broader range of cancers, 

and biomarker studies were initiated to identify patients most 

likely to benefit from PRMT5 inhibition. GSK, Epizyme, and 

Prelude Therapeutics were key players. 

Novel PRMT5 inhibitors with improved pharmacokinetic 

properties entered clinical trials. 

2022 [212] 

14 Ongoing trials continued to show promising results, with some 

PRMT5 inhibitors advancing to Phase III trials. Research into 

the mechanisms of resistance to PRMT5 inhibitors and 

potential combination strategies intensified. GSK's 

GSK3326595 and Prelude's PRT543 were among the leading 

candidates. 

2023 [207-212] 

15 The first Phase III trial results were anticipated, potentially 

leading to the first regulatory approvals of PRMT5 inhibitors 

for specific cancer indications. Continued exploration of 

PRMT5 inhibitors in combination with other therapies, 

including immunotherapy and targeted agents. GSK, Epizyme, 

and Prelude Therapeutics remained at the forefront of these 

developments. 

2024 [207,212] 
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Table-1.4- Role of EZH2 in cancer and chronological order of EZH2 inhibitors and clinical 

trials till date. 

Discovery of EZH2 role in Cancer 

S. 

No 

Event happened Year  Reference 

1 The significance of EZH2 in cancer was first realized when 

Varambally and colleagues linked EZH2 upregulation to prostate 

cancer prognosis, indicating its association with advanced stages and 

poor prognosis 

2002 [213] 

2 Studies identified EZH2 overexpression in various solid malignancies, 

including breast, lung, liver, colorectal, and pancreatic cancers, 

establishing its role in cancer progression and poor prognosis 

2003-04 [214] 

3 EZH2 was shown to promote epithelial-mesenchymal transition 

(EMT), invasion, and metastasis in multiple cancers, including 

melanoma, pancreatic cancer, and breast cancer 

2007-10 [215] 

4 Research demonstrated that EZH2 overexpression could lead to drug 

resistance in cancer treatment, notably in prostate cancer, by 

interacting with androgen receptor signaling 

2011 [216] 

5 The first in vivo studies showed that EZH2 knockdown could 

significantly reduce metastasis in mouse models of melanoma and lung 

cancer 

2013 [217] 

6 EZH2 was found to play a dual role in cancer, acting as both an 

oncogene and a tumor suppressor depending on the cellular context. 

This was particularly noted in myeloid malignancies and some solid 

tumors 

2015-17 [218-219] 

7 Detailed mechanistic studies uncovered the involvement of EZH2 in 

various signaling pathways, such as PI3K/Akt, Wnt/β-catenin, and 

p53, highlighting its central role in cancer cell survival, proliferation, 

and metastasis 

2020 [220] 

Year-wise discovery of EZH2 inhibitors and clinical trials 
6 Discovery of the first EZH2-specific inhibitor, EPZ-6438 

(Tazemetostat), by Epizyme. Preclinical studies demonstrated its 

potential in reducing tumor growth in EZH2-mutant cancers 

2012 [221] 

7 Tazemetostat entered Phase I clinical trials for patients with relapsed 

or refractory B-cell non-Hodgkin lymphomas and advanced solid 

tumors 

2014 [222] 

8 GSK126, another EZH2 inhibitor developed by GlaxoSmithKline, 

showed promising results in preclinical studies and entered early-

phase clinical trials for various cancers 

2017 [223] 

9 CPI-1205, an EZH2 inhibitor by Constellation Pharmaceuticals, began 

Phase I/II clinical trials, focusing on patients with metastatic 

castration-resistant prostate cancer (mCRPC) 

2018 [224] 

10 Tazemetostat received accelerated approval from the FDA for the 

treatment of epithelioid sarcoma, marking the first EZH2 inhibitor to 

reach the market 

2019 [225] 

11 Novartis initiated Phase I clinical trials for MAK683, targeting 

hematologic malignancies and solid tumors with EZH2 dysregulation 

2021 [226] 

12 Additional clinical trials were launched for Tazemetostat, exploring its 

efficacy in combination therapies for various cancers, including 

ovarian and endometrial cancers 

2022 [227] 

13 Ongoing trials for newer EZH2 inhibitors, such as PF-06821497 by 

Pfizer, are exploring their potential in treating different types of 

lymphoma and solid tumors 

2023 [228] 
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Both enzymes influence chromatin structure as well as show influence on transcription, 

impacting gene expression levels and contributing to oncogenic methods such as uncontrolled 

cell proliferation, metastasis, and resistance to apoptosis. Their dysregulation makes them 

attractive targets for cancer therapy development. (Figure-1.6) and table-1.2 summarizes the 

roles and mechanisms of PRMT5 and EZH2 in various cancers, based on data from cBioPortal 

and other sources. 

Inhibition of PRMT5 and EZH2 activity has shown promise in preclinical studies and clinical 

trials, with several small molecule inhibitors under investigation. Targeting these enzymes 

offers a multifaceted approach to cancer treatment, potentially disrupting key pathways driving 

tumor growth and development. As research progresses in deciphering the complexities of 

epigenetic regulation in cancer, PRMT5 and EZH2 remain focal points for drug discovery 

efforts focused on enhancing patient outcomes and broadening treatment options in oncology. 

 

Figure-1.6: The Versatile Role of PRMT5 and EZH2 in Cancer PRMT5 and EZH2 play 

multifaceted roles in cancer, with their overexpression being strongly associated with various cancer types. Both 

enzymes have emerged as prominent drug targets due to their pivotal involvement in epigenetic regulation and 

cancer pathogenesis. PRMT5 catalyzes arginine methylation, while EZH2 mediates lysine methylation, impacting 

gene expression and chromatin dynamics. Their dysregulation contributes to oncogenic processes, making them 

attractive targets for therapeutic intervention in cancer treatment strategies. 

1.5  Epigenetic Targets: A Frontier in Cancer Therapy 

Epigenetic regulators serve as promising targets for anti-cancer therapeutics by orchestrating 

gene expression and chromatin dynamics. Modulating enzymes like DNMTs, HDACs and 

HMTs aims to rectify aberrant epigenetic patterns, curtailing tumor advancement. This targeted 
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approach offers potential for heightened efficacy and diminished toxicity compared to 

conventional chemotherapy. DNMT and HDAC inhibitors, among emerging epigenetic drugs, 

show substantial clinical promise, undergoing extensive preclinical and clinical scrutiny. Novel 

epigenetic-based therapies signify a frontier in oncology, paving the way for precision 

medicine and ameliorated patient outcomes [75]. In tandem, Protein Arginine 

Methyltransferases (PRMTs) and Polycomb Repressive Complexes (PRCs) emerge as pivotal 

anti-cancer targets. Collaborating with DNMTs and HDACs, these enzymes regulate gene 

expression and chromatin dynamics crucial for tumor modulation. Targeting PRMTs and PRCs 

tailors’ cancer treatment, striving to normalize epigenetic signatures and impede tumor 

progression. The advent of PRMT and PRC inhibitors heralds promising prospects for 

personalized cancer therapy, augmenting the oncological arsenal with precision medicine. This 

dynamic frontier in oncology promises innovative therapeutic strategies, fostering enhanced 

precision and efficacy in combating cancer [76]. 

1.5.1 Epidrugs and natural phytocompounds as cancer therapeutics 

Epidrugs, or epigenetic drugs, specifically target the reversible and dynamic modifications of 

the epigenome, which show a vital role in cancer development and progression. These drugs 

focus on DNA methylation, post-translational histone modification, and non-coding RNA 

mediated signaling pathway regulation. 

Epigenetic therapeutic drugs offer innovative approaches to cancer treatment by targeting the 

reversible modifications of the epigenome. These drugs include FDA-approved inhibitors of 

DNMTs and HDACs, which are critical for regulating gene expression. DNMT inhibitors, for 

example azacitidine and decitabine, work by demethylating DNA, thereby reactivating silenced 

tumor suppressor genes. HDAC inhibitors, like Vorinostat and romidepsin, enhance histone 

acetylation, leading to a more open chromatin structure and the reactivation of repressed genes. 

Additionally, there are several inhibitory molecules targeting other epigenetic regulators, such 

as PRMT5 and EZH2, currently undergoing clinical trials. These inhibitors show promise in 

altering gene expression to combat tumor progression. Furthermore, natural phytocompounds 

are being explored for their potential as epigenetic modulators, offering a diverse and 

promising avenue for future drug development.  This multifaceted approach to targeting 

epigenetic mechanisms underscores the potential of epigenetic drugs to advance precision 

medicine and improve cancer treatment outcomes. 
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1.5.2 DNA Methyltransferase inhibitors 

This process includes the attachment of a methyl group to the DNA molecule, regularly leads 

to gene silencing. Epidrugs like DNA methyltransferase inhibitors (DNMTis) can reverse this 

methylation, reactivating tumor suppressor genes. Examples of DNMTis include azacitidine 

and decitabine, which have demonstrated efficacy in treating hematological malignancies such 

as myelodysplastic syndromes and acute myeloid leukemia. 

Table 1.5 Comprehensive table summarizing the status of epigenetic drugs, including those 

targeting DNMTs, HDACs, IDHs, HMTs, PRMTs. 

Drug Class Drug 

Name 

Target Indication Status References 

DNMT 

Inhibitors 

Azacitidine 

(Vidaza) 

DNMT Myelodysplastic 

Syndromes (MDS) 

Approved [169] 

 
Decitabine 

(Dacogen) 

DNMT Myelodysplastic 

Syndromes, Acute 

Myeloid Leukemia 

(AML) 

Approved [170-171] 

 
Hydralazine DNMT Various (Exploratory) Investigational [172] 

HDAC 

Inhibitors 

Vorinostat 

(Zolinza) 

HDAC Cutaneous T-cell 

Lymphoma 

Approved [173-175] 

 
Romidepsin 

(Istodax) 

HDAC Peripheral and 

Cutaneous T-cell 

Lymphoma 

Approved [176] 

 
Belinostat 

(Beleodaq) 

HDAC Peripheral T-cell 

Lymphoma 

Approved [177] 

 
Panobinostat 

(Farydak) 

HDAC Multiple Myeloma Withdrawn (2019) [178] 

 
Chidamide 

(Epidaza) 

HDAC Peripheral T-cell 

Lymphoma (China) 

Approved (China) [179] 

IDH 

Inhibitors 

Enasidenib 

(Idhifa) 

IDH2 Acute Myeloid 

Leukemia (AML) 

Approved [180]  

 
Ivosidenib 

(Tibsovo) 

IDH1 Acute Myeloid 

Leukemia (AML) 

Approved [181] 

HMT 

Inhibitors 

Tazemetosta

t (Tazverik) 

EZH2 Epithelioid Sarcoma, 

Follicular Lymphoma 

Approved [182] 

 
Pinometostat 

(EPZ-5676) 

DOT1L Leukemia Investigational [183-184] 

PRMT 

Inhibitors 

GSK332659

5 

PRMT5 Various Cancers Investigational [185-186] 

 
EPZ015666 

(GSK33687

15) 

PRMT5 Various Cancers Investigational [187] 

Sirtuin 

Inhibitors 

SRT1720 SIRT1 Metabolic Diseases Investigational [188] 

 
Selisistat 

(EX-527) 

SIRT1 Huntington's Disease Investigational [189] 

Bromodomai

n Inhibitors 

OTX015 

(MK-8628) 

BRD2/3/

4 

Hematologic 

Malignancies 

Investigational [190] 

 
CPI-0610 BRD4 Various Cancers Investigational [191] 

Histone 

Demethylase 

Inhibitors 

GSK-J4 JMJD3/

UTX 

Inflammatory Diseases, 

Cancer 

Investigational [192] 

 
IOX1 KDMs Various Cancers Investigational [193] 
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1.5.3 Histone deacetylase inhibitors 

Histones are proteins around which DNA winds, and their modification can significantly 

impact gene expression. Histone deacetylase inhibitors (HDACis) are a prominent type of 

epidrugs that target this mechanism.  

By inhibiting histone deacetylases, these drugs can increase acetylation levels, leading to a 

more relaxed chromatin structure and reactivation of suppressed genes. Notable HDACis 

include Vorinostat (SAHA) and romidepsin, which have been effective in treating certain solid 

tumors and hematological cancers, such as cutaneous T-cell lymphoma. Epidrugs represent a 

promising approach in oncology by modulating gene expression through epigenetic pathways. 

By reactivating tumor suppressor genes and altering the expression of oncogenes, these drugs 

offer significant therapeutic potential for various cancers, leading to advancements in precision 

medicine and improved patient outcomes. Comprehensive the status of epigenetic drugs, 

including those targeting DNMTs, HDACs, IDHs, HMTs, PRMTs are tabulated in table 1.5 & 

1.6 

1.5.4 Non-coding RNA Regulators 

Non-coding RNAs, together with microRNAs (miRNAs) and long non-coding RNAs 

(lncRNAs), are involved in regulating gene expression at the post-transcriptional level. 

Although this area is still under exploration, targeting non-coding RNA pathways holds 

potential for developing new epidrugs. 

Table 1.6:  PRMT5 targeted drugs in clinical trials: phases, companies, and indication 

Drug Name Phases Company Indications 

GSK3326595 Phase 1 GlaxoSmithKline Hematologic Neoplasms, Lymphoma, and 

Multiple Myeloma 

JNJ-64619178 Phase 1/2 Janssen Hematologic Neoplasms, Lymphoma, and Solid 

Tumors 

PRT543 Phase 1/2 Prelude Solid Tumors 

CC-90009 Phase 1 Celgene Solid Tumors, Lymphoma, and Multiple Myeloma 

PF-06939999 Phase 1/2 Pfizer Solid Tumors, Lymphoma, and Multiple Myeloma 

Despite significant advancements in the development of clinical trial compounds targeting 

PRMT5 and EZH2, none of these compounds have yet been approved for market release. These 



25 
 

epigenetic regulators have shown promise in preclinical and early clinical studies, 

demonstrating potential efficacy in treating various cancers by modulating gene expression. 

However, the rigorous process of clinical validation, including ensuring safety, efficacy, and 

therapeutic benefit over existing treatments, has so far precluded any of these compounds from 

receiving final approval from regulatory authorities.  

Table 1.7: EZH2 targeted drugs in clinical trials: phases, companies, and indication 

Drug Name Phases Company Indications 

GSK3326595 Phase 1 GlaxoSmithKline Hematologic Neoplasms, Lymphoma, and 

Multiple Myeloma 

JNJ-64619178 Phase 1/2 Janssen Hematologic Neoplasms, Lymphoma, and Solid 

Tumors 

PRT543 Phase 1/2 Prelude Solid Tumors 

CC-90009 Phase 1 Celgene Solid Tumors, Lymphoma, and Multiple 

Myeloma 

PF-06939999 Phase 1/2 Pfizer Solid Tumors, Lymphoma, and Multiple 

Myeloma 

Tables 1.6 and 1.7 provide comprehensive summaries of clinical trials investigating targeted 

drugs aimed at PRMT5 and EZH2, respectively. These tables outline the development phases, 

pharmaceutical companies involved, and specific cancer indications being studied for each 

drug. They serve as valuable resources for understanding the current landscape of therapeutic 

interventions targeting these epigenetic regulators and their potential implications for cancer 

treatment strategies. Therefore, we are focusing on targeting PRMT5 and EZH2 using 

phytocompounds, which offer a novel and potentially effective approach to overcome the 

current limitations and advance these promising therapies toward clinical use. Below is the list 

of compounds which are under various clinical phases for PRMT5 and EZH2. 

1.5.5 Natural Phytocompounds in Cancer Treatment 

Natural phytocompounds are bioactive chemicals derived from plants that exhibit potential 

anticancer properties. These compounds offer a complementary approach to conventional 

cancer therapies by targeting various molecular pathways involved in cancer progression. 

Phytocompounds such as curcumin, resveratrol, and EGCG have shown promising impact on 

both preclinical and clinical trials. Their mechanisms of action include antioxidant activity, 
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inhibition of cell proliferation, apoptosis induction, and along with suppression of metastasis. 

Phytocompounds are being explored for their synergistic effects when combined with 

traditional chemotherapy and radiotherapy (Figure 1.7). 

1.5.6 Phytocompounds as Epidrugs 

Some natural phytocompounds act as epidrugs, modulating the epigenetic landscape of cancer 

cells. These compounds can influence key epigenetic mechanisms like DNA methylation, 

histone modification, and non-coding RNA mediated expression, leads to changes or 

alterations in gene expression that inhibit cancer cell growth and promote apoptosis. Examples 

of phytocompounds with epigenetic effects include: 

 

Figure-1.7: Epigenetic Therapeutic Molecules:(A) US FDA-approved drugs targeting DNA 

methyltransferases (DNMT) and histone deacetylases (HDAC). (B) Inhibitory molecules targeting epigenetic 

regulators PRMT5 and EZH2 currently under clinical trials. (C) Phytocompounds acting as epigenetic modulators. 

(Chemical structures sourced from PubChem). 

The necessity for developing natural compounds as epidrugs stems from the urgent need to 

find safer and more effective treatments for various diseases, particularly cancer. Epigenetic 

alterations have a vital role in gene regulation, and dysregulation is often linked to disease 

progression. Synthetic epigenetic drugs have shown promise but also come with significant 

challenges, including potential toxicity and resistance. Natural compounds, derived from plants 

and other sources, offers a rich reservoir for bioactive molecules with inherent biological 

compatibility and fewer side effects. By harnessing these natural compounds as epidrugs, 

researchers aim to develop innovative therapies that can modulate epigenetic targets with 
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improved safety profiles and therapeutic efficacy, eventually leads to best and better patient 

outcomes and advancing the field of precision medicine. (Table 1.8) presents the molecular 

targets of anti-proliferative agents, focusing on epigenetic regulators and their crucial roles in 

cancer therapy. These targets include key enzymes like PRMT5 and EZH2, whose inhibition 

is being explored to disrupt cancer progression and improve treatment outcomes. 

1.5.7 Antiproliferative Compounds as Epigenetic Modulators: 

Accumulating reports of bioactive molecules with anti-proliferative properties in various 

experimental and clinical studies have augmented the field of anti-cancer drug discovery [72-

77]. These molecules, often isolated from natural sources like medicinal plants or derived 

synthetically from them, exhibit promising potential in targeting various hallmarks of cancer. 

They facilitate the restoration of tumor suppressors and the inactivation of oncogenes, 

ultimately leading to increased cancer cell death [78,79]. As discussed in the preceding section, 

numerous epigenetic modifications significantly contribute to neoplastic development 

alongside genetic mutations. Cancer emerges as a disease rooted in deregulated epigenetic 

mechanisms upon a backdrop of genetic susceptibility. This reversible behavior of epigenetic 

changes has spurred the process and development of therapeutic strategies aimed at undoing 

dysregulated epigenetic alterations for cancer treatment. A concise survey of literature reveals 

that many anti-proliferative natural molecules target epigenetic regulators of DNA/histone 

methylation and histone acetylation (see Table 1.6). Among these molecules, commonly 

known phytochemicals such as curcumin, EGCG, genistein, resveratrol, sulforaphane, 

phenethyl isothiocyanate, etc., target DNMTs, HDACs, and HATs in cancer cells, inducing 

growth arrest and apoptosis. So far, several nature-derived molecules have either been 

approved as epigenetic drugs (epidrugs) or are undergoing testing for efficacy in multiple 

clinical or preclinical studies [69,70,79]. When used in combination with chemotherapeutics or 

immune-therapeutics, epidrugs show higher potential for cancer treatment, although numerous 

pharmacokinetic and mechanical challenges remain, necessitating further investigations into 

the mechanism of action. To address such challenges effectively, there is an ongoing need to 

discover novel epidrugs for therapeutic targeting of various epigenetic enzymes or proteins 

(writers, erasers, and readers) as well as non-coding RNAs. As illustrated in Table 1.6, natural 

molecules modulate several epigenetic regulators alongside the target genes responsible for 

their antiproliferative characteristics. In the following discussion, a few commonly studied 
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natural molecules are explored in terms of their molecular targeting and modulation of 

epigenetic regulators. 

Anacardic acid (2-hydroxy-6-pentadecylbenzoic acid) is well-known phenolic lipid 

compound abundantly found in the shell of cashew nuts. It emerges as a therapeutic agent for 

various pathophysiological disorders, including cancer, oxidative damage, inflammation, and 

obesity. Anacardic acid acts as a nonspecific inhibitor of histone acetyltransferase enzymes 

(p300/CBP and PCAF) [80,81]. 

Brazilin is an organic heterotetracyclic compound and a natural red dye obtained from the 

wood of the Caesalpinia sappan plant, and it exhibits diverse pharmacological activities, 

including anticancer effects, as well as roles as a histological dye, antioxidant, and anti-

inflammatory agent [84-87]. 

Capsaicin is a significant chemical ingredient which has pungent ingredient in Capsicum 

fruits, induces apoptosis in various human cancer cells, making it a potential candidate for 

cancer therapy [89-93]. 

Curcumin is a vibrant yellow-pigmented bioactive polyphenolic compound obtained from the 

rhizome of Curcuma longa, commonly known as turmeric. This compound shows various 

biological processes such as anti-cancer, anti-inflammatory, anti-lipidemic and anti-oxidative, 

properties. Recent research highlights its involvement in epigenetic regulation, including the 

reversal of DNA methylation, modification of histones, and targeting of various miRNAs. [99-

103]. 

Ellagic acid is usually can be found in many fruits (cranberries, strawberries, raspberries, and 

pomegranates) and in few vegetables. It is under investigation as a potential and strong drug 

for of Follicular Lymphoma treatment (phase II), brain injury protection of growth-restricted 

(intrauterine) babies (phase I/II), and improvement of cardiovascular function in obese adults 

(phase II). Its therapeutic action mostly involves antioxidant and anti-proliferative effects as it 

inhibits several enzymes, such as inositol-trisphosphate 3-kinase, inositol-polyphosphate 

multikinase, DNA topoisomerase, tyrosinase, arylamine N-acetyltransferase, glycogen 

phosphorylase, glutathione transferase, DNA-directed DNA polymerase and nucleoside-

diphosphate kinase [108-111]. 
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(-) Epigallocatechin-3-gallate well known as EGCG, is a bioactive polyphenol compound 

abundantly found in green tea, extensively studied for its potent anti-cancer properties. EGCG 

(Epigallocatechin gallate) demonstrates its anti-cancer effects through diverse mechanisms, 

notably by inhibiting epigenetic-modifying enzymes like DNMTs (DNA methyltransferases) 

and HATs (histone acetyltransferases) [98,105-108]. 

Eugenol is naturally available phenolic compound can obtain from various plants like 

cinnamon, clove, and bay leaves. It is known for its various biological activities ranging from 

anti-inflammatory, antipyretic, antioxidant, neuroprotective antifungal, and analgesic 

properties, though the precise mechanisms remain unclear [112-114]. 

Gambogic acid is a xanthonoid derived from the resin of the Garcinia hanburyi tree that can 

modulate various cellular targets involved in apoptosis induction, cell cycle arrest, and cancer 

therapy [118-120]. 

Piperine is an alkaloid commonly present in both long pepper (Piper longum) and black pepper 

(Piper nigrum) that can modulate various cellular targets involved in antioxidant defense, anti-

inflammatory responses, and bioavailability enhancement of other compounds [136-137]. 

Resveratrol is well known for its phytoalexin ingredient which can be found in many fruits 

but rich in red grape skin and berries. It is a non-flavonoid polyphenol with significant 

antioxidant, anti-inflammatory, and anticancer properties in many cancers through modulation 

of epigenetic mechanisms such as DNMT and HDAC inhibition. Several reports revealed the 

anticancer activity of resveratrol has been widely studied for its impact on various tumors at 

different stages, including cancer initiation and progression, through multiple mechanisms. Its 

therapeutic efficacy against breast cancer patients is well-documented [95, 144-145]. 

Sulforaphane (SFN) is an isothiocyanate compound found in mainly cruciferous vegetables 

that can modulate various cellular targets involved in cell proliferation, apoptosis induction, 

and cancer protection [146-148]. 
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Table-1.8: Molecular targets of anti-proliferative agents: epigenetic regulators and their role 

in cancer therapy 

Molecule Source Antiproliferative 

activity against 

Reference

s 

Epigenetic target 

mechanism 

Referenc

es 

Anacardic acid Anacardium 

occidentale 

Human breast 

cancer cells 

[80] inhibits histone 

acetyltransferases (HATs), 

leading to reduced histone 

acetylation and subsequent 

suppression of gene 

expression involved in 

cancer cell proliferation. 

[81] 

Betulin Betula alba; 

Betula 

pendula 

Several human 

cancer cell lines; 

human tumor 

primary cultures 

[82] induces apoptosis and 

inhibits cancer cell 

proliferation by modulating 

epigenetic mechanisms, 

including the inhibition of 

histone deacetylases 

(HDACs) 

[83] 

Brazilin Haematoxylu

m brasiletto; 

Caesalpinia 

sappan 

Human cancer cell 

lines; 
[84,85] modulates epigenetic 

mechanisms by inhibiting 

histone deacetylases 

(HDACs), protein arginine 

methyltransferases 

(PRMTs), and DNA 

methyltransferases 

(DNMTs), leading to 

altered histone acetylation, 

methylation, and DNA 

methylation, respectively, 

resulting in suppression of 

oncogene expression and 

inhibition of cancer cell 

proliferation. 

[87,88] 

Brazilein Caesalpinia 

sappan 

Human cancer cell 

lines 

[88,89] modulates epigenetic 

mechanisms by inhibiting 

histone deacetylases 

(HDACs), leading to 

altered histone acetylation 

and suppression of 

oncogene expression, 

contributing to its anti-

proliferative effects in 

cancer cells. 

[90] 

Capsaicin Capsicum 

annuum 

Several human 

cancer cell lines 

[89-92] acts as an epigenetic 

regulator by modulating 

histone acetylation and 

DNA methylation, thereby 

influencing gene 

expression linked to 

inflammation, cancer, and 

metabolic disorders. 

[93] 

Cambinol Synthetic Burkitt lymphoma 

cell lines 

[94] epigenetic regulator by 

inhibiting SIRT1 and 

SIRT2 deacetylases, 

leading to increased 

acetylation of histones and 

[94] 
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non-histone proteins, 

which affects gene 

expression and has 

potential anticancer 

properties. 

Chaetocin Chaetomium 

minutum 

Myeloma cell lines [95] acts as an epigenetic 

regulator by inhibiting the 

histone methyltransferase 

SUV39H1, leading to 

reduced H3K9 methylation 

and affecting gene 

expression related to cancer 

and other diseases. 

[96] 

Cinnamic acid Cinnamomu

m 

verum 

Human melanoma 

cell line 

[97] serves as an epigenetic 

regulator by modulating 

histone acetylation and 

inhibiting histone 

deacetylases (HDACs), 

thereby influencing gene 

expression involved in 

inflammation, cancer, and 

metabolic disorders. 

[98] 

Curcumin Curcuma 

longa 

Human breast 

tumor      -cell lines; 

Human gallbladder 

adenocarcinoma 

cells 

[99,100] DNMTs; HATs; HDACs; 

miRNAs; EZH2 

[101-

103] 

Diallyl sulfide, 

Diallyl disulfide, 

Diallyl 

trisulfide 

Allium 

sativum 

Human cancer cell 

lines 

[104] act as epigenetic regulators 

by modulating histone 

acetylation and DNA 

methylation, thereby 

affecting gene expression 

linked to cancer, 

inflammation, and 

cardiovascular health. 

[104] 

EGCG Camellia 

sinensis 

Human 

hepatocellular 

carcinoma cells; 

Human pancreatic 

cancer cells 

[105,107] functions as an epigenetic 

regulator by inhibiting 

DNA methyltransferases 

(DNMTs), histone 

deacetylases (HDACs), 

protein arginine 

methyltransferases 

(PRMTs), and the enhancer 

of zeste homolog (EZH), 

thereby altering gene 

expression involved in 

cancer, neurodegenerative 

diseases, and metabolic 

disorders. 

[98, 107] 

Ellagic acid Punica 

granatum; 

Fistulina 

epatica 

Colorectal, Breast, 

Lung, Prostate, 

bladder and 

hepatocellular 

cancer cells 

[108] acts as an epigenetic 

regulator by inhibiting 

DNA methyltransferases 

(DNMTs) and histone 

deacetylases (HDACs), 

protein arginine 

methyltransferases 

(PRMTs), and the enhancer 

of zeste homolog (EZH), as 

[109-

111] 
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well as modulating histone 

acetylation, thereby 

affecting gene expression 

related to cancer, 

inflammation, and 

metabolic disorders. 

Eugenol Syzygium 

aromaticum 

Human breast 

cancer cell lines; 

Several human-

cancer cells 

[112,113] functions as an epigenetic 

regulator by modulating 

histone acetylation and 

inhibiting histone 

deacetylases (HDACs), 

thereby influencing gene 

expression associated with 

cancer, inflammation, and 

neuroprotection. 

[114] 

Erucin Eruca sativa Human prostate 

cancer cells; breast 

cancer cells 

[115-117] acts as an epigenetic 

regulator by modulating 

histone deacetylation and 

DNA methylation, thereby 

influencing gene 

expression linked to cancer 

prevention, inflammation, 

and detoxification 

processes. 

[117] 

Gambogic acid Garcinia 

hanburyi 
Human 

hepatocellular 

carcinoma cells 

[118] functions as an epigenetic 

regulator by inhibiting 

histone deacetylases 

(HDACs) and modulating 

histone acetylation, thereby 

affecting gene expression 

related to cancer, apoptosis, 

and cell cycle regulation 

and miRNA 

[119-

120] 

Garcinol Garcinia 

indica 
Human colon 

cancer cells; human 

gallbladder 

carcinoma cell lines 

[121,122] acts as an epigenetic 

regulator by inhibiting 

histone acetyltransferases 

(HATs) and modulating 

histone acetylation, thereby 

influencing gene 

expression linked to 

cancer, inflammation, and 

neurodegenerative 

diseases. 

[123] 

Genistein Glycine max Hepatocellular 

carcinoma cell line 

[124] modulates histone 

acetylation and DNA 

methylation, influencing 

gene expression tied to 

cancer, cardiovascular 

health, and hormone-

related disorders. 

[104] 

Gingerol Zingiber 

officinale 
Several human 

cancer cell lines 

[125] acts as an epigenetic 

regulator by modulating 

histone acetylation, 

affecting gene expression 

associated with 

inflammation, 

gastrointestinal health, and 

cancer prevention. 

[126] 
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Hydroxycitrat e Garcinia 

gummi-gutta 
Neuroblastoma cell 

line 

[127] functions as an epigenetic 

regulator by inhibiting 

histone acetyltransferases 

(HATs), impacting gene 

expression linked to 

metabolism and weight 

management. 

 

[128] 

Kaempferitrin Justicia 

spicigera 
HeLa cells [129] serves as an epigenetic 

regulator by modulating 

histone modifications, 

influencing gene 

expression involved in 

antioxidant activity, 

inflammation, and cancer 

prevention. 

[130] 

Kazinol Q Broussonetia 

kazinoki 
Human breast 

cancer cells 

[131] acts as an epigenetic 

regulator by modulating 

histone acetylation, 

affecting gene expression 

related to cancer, 

inflammation, and 

neuroprotection. 

[131] 

Lycopene Solanum 

lycopersicum 
Human breast 

cancer cell lines 

[132] influences epigenetic 

mechanisms through 

modulating DNA 

methylation and histone 

modifications, impacting 

gene expression associated 

with cancer prevention and 

cardiovascular health. 

[132] 

Phenethyl 

isothiocyanate 

Cruciferous 

vegetables 

Human ovarian 

cancer cells; human 

laryngeal 

carcinoma cells 

[133,134] functions as an epigenetic 

regulator by inhibiting 

histone deacetylases 

(HDACs), influencing gene 

expression involved in 

cancer prevention, 

inflammation, and 

detoxification. 

[135] 

Piperine Piper nigrum HeLa cells [136] acts as an epigenetic 

regulator by modulating 

histone modifications, 

affecting gene expression 

linked to metabolism, 

inflammation, and cancer 

prevention. 

[137] 

Protosappanin B Caesalpinia 

sappan 
Human bladder 

cancer cell line 

[138] modulates histone 

acetylation and DNA 

methylation, influencing 

gene expression tied to 

inflammation, 

cardiovascular health, and 

cancer. 

[139] 

Psammaplin A Marine 

sponge 
Human endometrial 

cancer cells 

[140] serves as an epigenetic 

regulator by inhibiting 

histone deacetylases 

(HDACs) and DNA 

methyltransferases 

(DNMTs), impacting gene 

[141] 
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expression involved in 

cancer, inflammation, and 

neurodegenerative 

diseases. 

Quercetin Many 

organisms 
Human 

hepatocellular 

carcinoma cells 

[142] acts as an epigenetic 

regulator by modulating 

histone acetylation and 

DNA methylation, 

influencing gene 

expression linked to 

inflammation, 

cardiovascular health, and 

cancer prevention. 

[98,143] 

Resveratrol Grapes and 

Berries 

Human breast 

cancer cell line; 

human hepatoma 

cells 

[144,145] functions as an epigenetic 

regulator by modulating 

histone acetylation and 

DNA methylation, 

impacting gene expression 

involved in aging, cancer 

prevention, and 

cardiovascular health. 

[95] 

Sulforaphane Cruciferous 

vegetables 
Human ovarian 

cancer cell line 

[146] acts as an epigenetic 

regulator by modulating 

histone modifications, 

affecting gene expression 

related to inflammation, 

detoxification, and cancer 

prevention. 

[147,148

] 

Trichostatin A Streptomyces 

hygroscopicu

s 

Human leukemic 

cells 

[149] inhibits histone 

deacetylases (HDACs), 

influencing gene 

expression involved in 

cancer, neurodegenerative 

diseases, and epigenetic 

research. 

[150] 

Ursolic acid Apple, pears, 

prunes 
Human cervical 

carcinoma cell lines 

[151] serves as an epigenetic 

regulator by modulating 

histone modifications, 

impacting gene expression 

linked to inflammation, 

muscle growth, and cancer 

prevention. 

[151] 

Valproic acid Synthetic Human prostate 

cancer cells 

[152] inhibits histone 

deacetylases (HDACs), 

influencing gene 

expression involved in 

epilepsy, bipolar 

disorder, and cancer. 

[152] 

 

1.5.8 Clinical Potential and Challenges 

While epidrugs and natural phytocompounds offer promising avenues for cancer therapy, 

several challenges remain. The bioavailability and stability of phytocompounds can be limiting 

factors, necessitating the development of advanced delivery systems. Additionally, the 

specificity and potential side effects of epidrugs require careful consideration in clinical 

applications. Ongoing research aims to optimize the therapeutic efficacy and safety profiles of 
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these agents, with the goal of integrating them into standard cancer treatment regimens. 

Combining epidrugs and phytocompounds with existing therapies holds potential for more 

effective and personalized cancer care. 

1.6 Objectives of the study: 

The scope of this work encompasses the identification and evaluation of phytochemicals with 

antiproliferative properties, focusing on their effects on gene expression of epigenetic 

regulators. The study aims to screen and identify plant-derived compounds that inhibit cancer 

cell growth and modulate epigenetic gene expression. Furthermore, the research will validate 

the inhibition of key epigenetic regulators, PRMT5 and EZH2, by these phytochemicals using 

in vitro methods. Finally, the tumor inhibitory potential of the identified phytocompounds will 

be investigated through mouse xenograft models, providing comprehensive insights into their 

therapeutic efficacy and mechanisms of action. To achieve these the following objectives were 

designed and planned:  

I. To screen and identify the phytochemicals with antiproliferative properties and its 

effects on gene expression of epigenetic regulators. 

II. To validate inhibition of PRMT5 and EZH2 by phytocompounds using in vitro 

methods. 

III. To investigate the tumor inhibitory potential of phytocompounds using mouse 

xenografts. 
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2.1 Introduction 

Epigenetic mechanisms play a fundamental dynamic role in development and maintenance and 

controls the gene expression patterns in humans [1]. Dysregulations in these mechanisms can 

trigger altered gene expression, initiating malignant cellular transformations. Global changes 

in the epigenetic landscape are implicated in various molecular mechanisms underlying the 

"hallmarks of cancer [2]. While cancer was perceived as a genetic disease at initially, but now 

it was recognized that epigenetic abnormalities also lead a significant role in its initiation and 

progression alongside genetic alterations. The complexity of cancer lies in its manifestation 

across more than a hundred types, spanning various tissue types, making it a formidable 

challenge. However, advancements in medical technology have led to the development of 

several therapeutic modalities, including chemotherapy, immunotherapy, surgical tumor 

removal, and radiation therapy, all aimed at diagnosis and treatment [3]. Often, a combination 

of these therapies yields better results. Despite this progress, challenges such as poor prognosis 

persist, although strides in early detection, accurate diagnosis, and precision targeting are 

gradually improving outcomes. 

Recent advances in epigenetic drugs, also known as epidrugs, have shown promise as they 

target DNA and chromatin structures, disrupting transcriptional and post-transcriptional 

modifications by regulating crucial enzymes [4]. The FDA has approved various epidrugs for 

cancer treatment [5]. These medications, whether administered alone or as part of combination 

therapies, have showcased effectiveness and promise in both preclinical and clinical trials. 

However, many of these authorized drugs, along with those undergoing clinical scrutiny, 

belong to the category of nucleoside analogs [6], carrying potential long-term side effects. 

Multiple research studies have identified anti-proliferative molecules for assessment, with a 

focus on their influence on the expression of epigenetic regulators like DNA methylating 

enzymes, histone methyltransferases and genes linked to the polycomb repressive complex (as 

outlined in Table 1.8). Phytocompounds offer distinct advantages over synthetic drugs such as 

epidrugs due to their lower or negligible side effects, rendering them potentially safer for 

prolonged usage. Moreover, their abundance and natural sourcing render them a sustainable 

and cost-effective alternative for cancer therapy with certain limitations. 

Additionally, the diverse chemical compositions of phytocompounds impart a wider range of 

epigenetic modulatory effects, augmenting their therapeutic potential in cancer treatment. This 
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approach holds significant promise for devising novel cancer therapy strategies with potentially 

reduced side effects, tapping into the extensive reservoir of natural compounds found in plants. 

As research advances along this trajectory, it holds the potential to unveil safer and more 

efficacious cancer treatments. To tackle this issue, we advocate for the screening of 

phytocompounds as natural epigenetic modulators, contrasting them with synthetic compounds 

due to their lower or negligible side effects and enhanced availability. 

2.2 Materials & Methods 

2.2.1 Databases and Chemicals 

2.2.1.1 Databases 

The following databases were used in current study, for chemical library preparation we 

utilized following datasets: PubMed [7], Scopus[8], Google scholar[9], natural drug databases 

such as Natural Product Activity and Compound Tracking (NPACT)[10], Natural Product 

Activity and Screening System (NPASS)[11], South African Natural Compound Database 

(SANCDB)[12], Screening Unified Natural Product Database: Enhanced Natural Products 

Database for Structure-Activity Relationships (SUPER NATURAL-II)[13], Yale University 

Traditional Chinese Medicine (YaTCM)[14,15], and ADMET  prediction analysis by Swiss 

ADME[16]. 

To investigate the roles of PRMT5 and EZH2 in cancer, we utilized the cBioportal dataset [17], 

an exploratory analysis tool designed for exploring large-scale cancer genomic datasets sourced 

from curated data which includes The Cancer Genome Atlas (TCGA), Therapeutically 

Applicable Research to Generate Effective Treatments (TARGET), and individual lab 

publications. To assess the correlation between PRMT5 and EZH2 expression and patient 

survival in cancer, we employed the Km plotter [18]. Specifically, we analyzed data from breast 

cancer patients and plotted Kaplan-Meier curves for both oncoproteins (PRMT5 and EZH2). 

2.2.1.2 Chemicals 
 

Epigallocatechin-3-gallate (EGCG), Ellagic-acid (EA), Brazilin (Brz), Curcumin (Cur), 

Resveratrol (Rvr), Piperine (Ppr), Quercetin (Qct), Gambogic acid (Gba), Apicidin (Apdn), 

Anethol (Atl), Eugenol (Egl), capsaicin (Cpcn), Eucalyptol (Ect), Sulforaphane (Sfp), 3-(4,5-

Dimethylthiazol-2-yl)-2,5Diphenyltetrazolium-Bromide (MTT), Dimethyl sulfoxide 

(DMSO), were acquired from Sigma-Aldrich United states.  All other chemicals were of 

analytical or higher standards unless otherwise specified. 
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2 

2.2.2 2,  Literature and database search for medicinal plants and Indian spices:  

In this study, our primary objective was to find medicinal plants and Indian spices by 

extensively scouring databases and literature. To accomplish this, we utilized widely accessible 

literature search engines including PubMed, Scopus, and Google Scholar. Additionally, we 

delved into natural product databases such as Natural Product Activity and Compound 

Tracking (NPACT) [10], Natural Product Activity and Screening System (NPASS) [11], South 

African Natural Compound Database (SANCDB) [12], Screening Unified Natural Product 

Database: Enhanced Natural Products Database for Structure-Activity Relationships (SUPER 

NATURAL-II) [13], and Yale University Traditional Chinese Medicine (YaTCM) [14]. 

2.2.3 Chemical library preparation and ADMET analysis 

The structural information for all compounds was obtained in line notation format, known as 

SMILES (Simplified Molecular-Input Line-Entry System), saved from databases such as 

PubChem [19], ZINC [20], and ChEBI [21]
. This data was crucial for conducting ADME analysis 

using the SwissADME web tool [22]. Compounds lacking proper two-dimensional (2D) or 

three-dimensional (3D) structures in these databases were excluded from further consideration. 

For compound selection, we employed two filters, often referred to as rules of drug likeness, 

based on ADME analysis. The first filter, known as the Lipinski (Pfizer) filter [23] or 'the rule 

of 5', imposed limits on the molecular weight  ≤500 Dalton , M OGP  Moriguchi  og P  

 ≤4.15 , hydrogen-bond acceptors number    or O   ≤10 , and hydrogen-bond donors’ number 

    or O    ≤5 . The second filter, termed the Veber  G K  filter [24], considered the rotatable 

bond numbers  ≤10  and the topological polar surface area dimensions were  TP A   ≤140 . 

While most of the phytocompounds had to adhere to these criteria, exceptions were made for 

a few compounds with certain violations if other properties deemed suitable during ADME 

analysis. 

2.2.4 Chemical preparation of modulators 
 

The purest form of anti-proliferative molecules mentioned in section 2.2.12 were purchased 

from Sigma-Aldrich. These anti-proliferative molecules were solubilized in either dimethyl 

sulfoxide (DMSO) or Phosphate buffer saline (PBS) to make 5µM main stock solution based 

on their molecular weight and sterilized through 0.2 µm syringe filter, and final working stock 

solutions were prepared in serum free media freshly just before use.  
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2.2.5 Cell culture and maintenance 
 

 

In-vitro assays utilized various human malignant cell lines obtained from the National Centre 

for Cell Science (NCCS) in Pune, Maharashtra, India. These included MCF7 (breast), MDA-

MB-231 (breast), Du-145 (prostate), A549 (lung), HeLa (cervix), Hep G2 (liver), PC-3 

(prostate), and HEK293 (human embryonic kidney). The maintenance of these cell lines 

followed standard sterile cell culture protocols to ensure low passage numbers. Cells were 

cultured in DMEM  Dulbecco’s Modified Eagle’s Medium  high glucose  from  imedia), 

supplemented with 10% fetal bovine serum (Himedia) and 1x antibiotic-antimycotic solution 

(Himedia), and maintained at 37°C in a humidified chamber with 95% air and 5% CO2. 

 

2.2.6 Cell proliferation assay using MTT 
 

When cells reached approximately 80% confluence, detached by using 0.05% trypsin-EDTA 

solution and sub-cultured. This involved aspirating the media, washing with PBS, incubating 

with approximately 1 mL trypsin-EDTA for 3-5 minutes at 37°C, neutralizing with DMEM 

complete media, and subjected to centrifugation at 1500 rpm for 5 minutes. Cell density was 

determined using the Neubauer chamber with Trypan blue exclusion. Subsequently, cells were 

seeded at a density of 5 x 103 cells/well in a 96-well plate and incubated overnight at 37°C in 

CO2 incubator. 

The anti-proliferative effects of screened phytochemicals on selected cell lines were examined 

by using the MTT assay. This assay measures cell viability by assessing the change in optical 

density resulting from MTT's interaction with the mitochondrial reductase enzyme in live cells. 

Working concentrations of 1 mM in serum-free media were prepared from 5 mM stock 

solutions in DMSO for all compounds. Cells were seeded at a density of 5 x 103 cells/well in 

96-well plates and incubated overnight at 37°C CO2 incubator. After removing the media, cells 

were allowed to treat with different concentrations of compounds (control, 0.2% DMSO, 1, 5, 

10, 15, 20, 40, 50 µM) for 24 and 48 hours in culture media. 

Cells cultured without any drug served as the negative control, while 0.2% DMSO acted as the 

positive control for the MTT assay. After the specified incubation period, cell culture media 

was removed, and cells were washed with PBS twice. Then, 20 µL of MTT solution (5 mg/ml 

in 1x PBS) and fresh serum-free media 80 µL were added to each well, followed by incubation 

for 3 hours at 37°C. After the formation of purple formazan crystals, solubilization was 

achieved by adding 100 µL of DMSO to each well. The resulting color intensity was measured 
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at 540 nm using a microplate reader. Two independent experiments were conducted in 

triplicate, and cell viability was considered relative to the control well (considered 100%). 

Mean ± standard error (SE) was calculated for all phytocompounds studied, and the cell 

response (%) versus drug concentration (µM) was reported. 

 

2.2.6.1 Trypan blue dye exclusion assay 

Trypan blue dye exclusion test was performed as per previously established protocols (25). Begin 

by preparing a cell suspension containing the cells of interest, either from a culture or obtained 

from a tissue sample. Treat the cell suspension with EGCG and EA according to the 

experimental conditions. After the treatment, add Trypan Blue dye to the cell suspension. 

Trypan Blue is a vibrant dye that can penetrate non-viable cells with compromised membranes, 

staining them blue. However, viable cells with intact membranes eliminate the dye and appear 

transparent. Prepare a slide with a small volume of the stained cell suspension and examine it 

under a microscope. Observe the cells to determine whether they have absorbed (stained blue) 

or excluded (transparent) the Trypan Blue dye. 

To Count blue-stained cells numbers (non-viable) cells and transparent (viable) cells in the 

microscopic field. Cell viability percentage can be estimated by employing the following 

formula: 

% 𝑜𝑓 𝑉𝑖𝑎𝑏𝑙𝑒 𝐶𝑒𝑙𝑙𝑠 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑖𝑎𝑏𝑙𝑒 𝑐𝑒𝑙𝑙𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠
 𝑋 100 

plotted a graph based on the percentage of viable cells versus non-viable cells. 

2.2.7 Impact of phytocompounds on epigenetic regulators through-qPCR (Real time 

quantitative polymerase chain reaction assay) 

To analyse alterations or changes in transcription levels of multiple epigenetic regulators, their 

mRNA levels were simultaneously quantified using qPCR. Initially, RNA was converted to 

cDNA and then amplified in a PCR, with real-time detection facilitated by a DNA-binding dye 

like SYBR Green. The cycle number at which fluorescent signal surpasses background noise, 

known as  t value, indicates amplification.  hanges in  t values between samples  Δ t  were 

utilized to determine relative fold increase via the 2-ΔΔ t formula, normalized with a reference 

gene, commonly GAPDH. 
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Total RNA, devoid of DNA, was extracted from samples by using the RNA isolation kit (High 

Pure RNA Isolation kit manufactured by Roche Diagnostics GmbH, Risch-Rotkreuz, 

Switzerland) as per the manufacturer's instructions.  

Table 2.1. Details of the primers used for RT-PCR studies 

 

Gene Forward Primer (5´-3´) Reverse Primer (5´-3´) 

GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA 

DNMT1 AGGTGGAGAGTTATGACGAGGC GGTAGAATGCCTGATGGTCTGC 

DNMT3A CCTCTTCGTTGGAGGAATGTGC GTTTCCGCACATGAGCACCTCA 

DNMT3B TAACAACGGCAAAGACCGAGGG TCCTGCCACAAGACAAACAGCC 

TET1 CAGGACCAAGTGTTGCTGCTGT GACACCCATGAGAGCTTTTCCC 

TET2 GCTTACCGAGACGCTGAGGAAA AGAGAAGGAGGCACCACAGGTT 

TET3 CCACAAGGACCAGCATAACCTC CTCGCTACCAAACTCATCCGTG 

PRMT1 TGCGGTGAAGATCGTCAAAGCC GGACTCGTAGAAGAGGCAGTAG 

PRMT2 GCAGTTGGACATGAGAACCGTG AGGCTCTGGAAGTGGACGCTAA 

PRMT3 CACTGTCTGCTGAAGCCGCATT GTAGATGACGAGCAGGTTCTGAC 

PRMT4 TTCCAGTCACCACTGTTCGCCA CCAGGAGGTTACTGGACTTGGA 

PRMT5 TGAGGCCCAGTTTGAGATGCCTTA AGTAGCCGGCAAAGCCATGTAGTA 

PRMT6 TGGCTTTGCCATCTGGTTCCAG TAGAGGAGCGCCTGTTTCCAGT 

PRMT7 CCACGATGACTACTGCGTATGG GACGTACCGATCAGTTCTGTCC 

PRMT8 AGCAAGTGGTGACCAATGCCTG TGGACGTAGTCGTTGCGCTGTA 

PRMT9 GGACATTGGAGCAGGAACTGGA GTTTGCTGCCACGACATCACAG 

KAT1 GGTAGCCTGTCAACAATGTTCCG CGTGTTTGTGCAAAATCCAGGTG 

KAT2A GAGGTCATGCTGACCATCACTG CAGTGAGTTGCCGATGACATGG 

KAT2B GCACCATCTCAACGAAGACTGC GTGTGGTTTCGTACCGAGGTAG 

KAT3B GATGACCCTTCCCAGCCTCAAA GCCAGATGATCTCATGGTGAAGG 

HDAC1 ACCGGGCAACGTTACGAAT CTATCAAAGGACACGCCAAGTG 

HDAC2 TCATTGGAAAATTGACAGCATAGT CATGGTGATGGTGTTGAAGAAG 

HDAC3 TTGAGTTCTGCTCGCGTTACA CCCAGTTAATGGCAATATCACAGAT 

HDAC4 AATCTGAACCACTGCATTTCCA GGTGGTTATAGGAGGTCGACACT 

HDAC5 TTGGAGACGTGGAGTACCTTACAG GACTAGGACCACATCAGGTGAGAAC 

HDAC7 CTGCATTGGAGGAATGAAGCT CTGGCACAGCGGATGTTTG 

HDAC8 TCCCGAGTATGTCAGTATATATGA GCTTCAATCAAAGAATGCACCAT 

SIRT1 TAGACACGCTGGAACAGGTTGC CTCCTCGTACAGCTTCACAGTC 

SIRT2 CTGCGGAACTTATTCTCCCAGAC CCACCAAACAGATGACTCTGCG 

SIRT3 CCCTGGAAACTACAAGCCCAAC GCAGAGGCAAAGGTTCCATGAG 

SIRT4 GTGGATGCTTTGCACACCAAGG GGTTCAGGACTTGGAAACGCTC 

RNF1 CCTATCTGCCTGGACATGCTGA GCTTCTTTCGGCAGGTAGGACA 

RNF2 CAGTCACAGCATTGAGGAAGGAC GCTTCCTGATTGCTATGTGTGGA 

PCGF2 CACTATCGTGGAGTGCCTGCAT GGTTTTATGGACCTGCACGTCAC 

PCGF4 GGTACTTCATTGATGCCACAACC CTGGTCTTGTGAACTTGGACATC 

EZH1 CACCACATAGTCAGTGCTTCCTG AGTCTGACAGCGAGAGTTAGCC 

EZH2 GACCTCTGTCTTACTTGTGGAGC CGTCAGATGGTGCCAGCAATAG 

EED GACGAGAACAGCAATCCAGACC TCCTTCCAGGTGCATTTGGCGT 

SUZ12 CCATGCAGGAAATGGAAGAATGTC CTGTCCAACGAAGAGTGAACTGC 

 

The purified RNA was converted into cDNA using the QuantiTect Reverse Transcription Kit 

(Qiagen, Hilden, Germany) following the instructions. Triplicates of cDNA from each 
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treatment group were subsequently analyzed by real-time PCR using LightCycler® 480 SYBR 

Green I Master reagents (Roche) on a LightCycler® 480 Instrument II from Roche according 

to the recommended protocol. The amplification protocol included an initial 5-minute 

incubation at 95ºC, with 40 cycles of denaturation (10 sec/95ºC), annealing @10 sec/55-60ºC 

with single fluorescence acquisition), and elongation (10 sec/72ºC). 

Melting curve analysis was performed with temperature settings of 30 sec/95ºC, 30 sec/65ºC, 

followed by a gradual increase in temperature at 0.1ºC/sec while continuously acquiring 

fluorescence. Finally, the plate was cooled at 40ºC for 30 seconds. Ct values of the target gene 

and the housekeeping gene (GAPDH) were normalized and compared across treatment groups 

to calculate relative changes in gene expression fold. Specific details of the human primers 

used in this experiment can be found in Table 2.1. 

2.2.8 CBioPortal dataset search for PRMT5 & EZH2 Pathogenesis in cancer 

To investigate the roles of PRMT5 and EZH2 in cancer, we utilized the cBioportal dataset, an 

analytical tool specifically designed for exploring extensive cancer genomic data from large 

consortiums such as The Cancer Genome Atlas (TCGA), Therapeutically Applicable Research 

to Generate Effective Treatments (TARGET), and individual laboratory publications. Within 

the cBioportal platform, we accessed and analyzed available cancer datasets, focusing on data 

related to EZH2 and PRMT5 genes. Our analysis included parameters such as amplifications, 

mutations, deletions, and other alterations. 

Our objective was to assess the correlation between PRMT5 and EZH2 gene expression levels 

and patient survival consequences across a dataset encompassing 30,000 samples from 21 

different tumor types. These tumor types included breast cancer, ovarian cancer, gastric cancer, 

lung cancer, colon cancer, acute myeloid leukemia, and myeloma. Through this comprehensive 

analysis, we aimed to uncover potential associations between the expression of these genes and 

survival rates among patients with various types of cancer. 

2.2.9 Kaplan Meier survival plot analysis of PRMT5 & EZH2 in breast cancer patient 

datasets 

To examine the potential relationship between the expression levels of PRMT5 and EZH2 and 

the survival outcomes of cancer patients, we conducted an extensive analysis encompassing 

30,000 samples derived from 21 distinct tumor types, including breast, ovarian, gastric, lung, 

colon, acute myeloid leukemia, and myeloma. Our investigation utilized the cBioportal dataset 

a powerful tool developed specifically for the discovery and validation of survival biomarkers 
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in cancer research. Specifically, we focused our analysis on breast cancer patients' data and 

utilized the Kaplan-Meier estimation method to plot survival curves for both PRMT5 and 

EZH2. The Kaplan-Meier curve is a widely recognized statistical tool used to assess the 

fraction of subjects (in this case, patients) who survive for a specified duration after treatment. 

This analysis is particularly valuable in clinical trials and community interventions, as it 

provides a quantitative measure of the intervention's impact on patient survival over time. By 

examining the survival curves for PRMT5 and EZH2, we aimed to elucidate any potential 

associations between the expression levels of these oncoproteins and patient survival outcomes 

in breast cancer and potentially other tumor types as well. 

2.2.10 Statistical analysis 

The experiments were conducted with three technical replicates to ensure robustness and 

reliability. Mean and standard error of the mean (SEM) were calculated from pooled sample 

data. Statistical significance among multiple groups was evaluated using one-way analysis of 

variance  A OVA  followed by Tukey’s posthoc test  p < 0.05 , conducted using Origin 

software. Data visualization was carried out using Origin to present the results graphically. 

2.3 Results 

 

2.3.1 The ligand library signifies chemically, diverse natural phytochemicals 

In pursuit of identifying potential enzymatic inhibitors for PRMT5 and EZH2, a thorough 

investigation was conducted on natural molecules. 

Compounds without defined 2D or 3D structures in chemical databases were excluded from 

the study. Canonical SMILES representations of all 1200 molecules were retrieved from 

PubChem or ZINC databases for ADME analysis using the SwissADME web tool. After 

filtering to comply with Lipinski and Veber rules for drug-likeness, 355 molecules were 

deemed compliant without any violations. Additionally, 14 molecules with minor violations 

were considered suitable for limited use in the molecular docking phase of the virtual screening 

process (Figure 2.3.1 -2.3.2). 
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Figure 2.3.1: Chemical Library Preparation Module Workflow. The diagram outlines the step-

by-step process for creating a chemical library. The process begins with a literature and database search using 

sources like PubMed, YaTCM, Specs, and SuperNatural II. This is followed by the selection of medicinal plants, 

identifying 320 species. Next, a chemical library is prepared, resulting in 1200 molecules. ADMET prediction is 

then performed to identify drug-likeness characteristics for 355 molecules. The top 14 interacting molecules are 

selected for molecular docking, simulation, and binding studies. Finally, cell-based assays, including MTT, anti-

proliferative, and gene expression studies, are conducted to evaluate the biological activity of the compounds. 

 

Figure 2.3.2: Diverse Chemical Landscape of natural molecules in ligand library 

preparation:  This figure illustrates the variety of natural molecules used in preparing a ligand library for 

virtual screening. It highlights the diverse chemical structures and properties of natural compounds selected for 

inclusion in the library. The purpose of this preparation is to explore and identify potential bioactive molecules 

through a virtual screening pipeline, which involves computational techniques to predict the interaction of these 

molecules with biological targets. The diversity of the chemical landscape ensures a broad spectrum of biological 

activities and potential therapeutic applications. 
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2.3.2 Impact of anti-proliferative molecules on cancer cell lines at different concentrations 

2.3.2.1 MTT assay 

Next, we interested to check the impact of these screened anti-proliferative molecules impact 

on various human malignant cell lines such as MCF7 (breast), MDA-MB-231 (breast), Du-145 

(prostate), A549 (lung), HeLa (cervix), Hep G2 (liver), PC-3 (prostate), and HEK293 (human 

embryonic kidney).  These cells were subjected to escalating concentrations of fourteen such 

anti-proliferative agents- Epigallocatechin-3-gallate (EGCG), Ellagic-acid (EA), Brazilin 

(Brz), Curcumin (Cur), Resveratrol (Rvr), Piperine (Ppr), Quercetin (Qct), Gambogic acid 

(Gba), Apicidin (Apdn), Anethol (Atl), Eugenol (Egl), capsaicin (Cpcn), Eucalyptol (Ect), 

Sulforaphane (Sfp), for both 24 and 48 hours, and calculated the  percentage of proliferating 

cells/viable cells was quantified using the MTT assay. The selection of these compounds was 

based on their availability in highly pure  ≥98%  forms and their potential as "epidrugs," given 

previous reports of their efficacy as anti-proliferative agents. as described in Section 1.6. 

Analysis of live or proliferating cells via the MTT assay revealed that increasing concentrations 

of the anti-proliferative compounds exerted differential effects on the growth of the screened 

malignant cells, with most inducing cell death beyond a concentration of 1 µM after 24 hours 

of exposure, regardless of the cell line (as depicted in Figures 2.3.3–2.3.9). Overall, MCF7, 

MDA-MB231, and DU145 breast carcinoma and prostate cells exhibited a notably higher 

responsiveness to the selected anti-proliferative compounds, displaying a significantly greater 

inhibition of proliferation compared to other human malignant cell lines (summarized in Table 

2.2). 

EGCG, a potent catechin found in green tea, and EA, a natural phenol antioxidant found in 

numerous fruits and nuts, were the focus of this study due to their documented anti-cancer 

properties. Exposure to these compounds for either 24 or 48 hours exhibited a potent reduction 

in cell proliferation across all seven malignant cell lines tested as the concentration of the 

compounds increased. As illustrated in Figures 2.3.8 and 2.3.9, concentrations above ten µM 

of EGCG and EA significantly decreased the percentage of proliferative cells. MDA-MB231 

(triple-negative breast cancer cells) and MCF7 (oestrogen receptor-positive breast cancer cells) 

exhibited the most pronounced effect under both exposure durations. For instance, after 24 

hours of treatment with 10 µM EGCG, the proliferation of MCF7 cells decreased by 35%, and 

with 50 µM EGCG, the reduction was even more substantial at 70%. Similarly, MDA-MB231 

cells exhibited a 30% reduction in proliferation at 10 µM and a 65% reduction at 50 µM EGCG. 
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EA demonstrated comparable effects, with significant decreases in cell proliferation at 

concentrations above 10 µM, particularly in MCF7 and MDA-MB231 cells. 

Figure 2.3.3 Impact of Curcumin (Cur) on the proliferation of human malignant cell 

lines: Cells were treated with increasing concentrations of Curcumin (Cur) for either 24 or 48 hours, and the 

proliferation rate was assessed using the MTT assay. The data presented are the mean ± SEM values derived from 

triplicate samples for each group. Significance levels are denoted as ‘’       <          ‘*’ for p < 0.001 when 

compared to the control (DMSO) group. 

 

Figure 2.3.4 Impact of Brazilin (Brz) on the proliferation of human malignant cell lines: 
Cells were treated with increasing concentrations of Brazilin (Brz) for either 24 or 48 hours, and the proliferation 

rate was assessed using the MTT assay. The data presented are the mean ± SEM values derived from triplicate 

samples for each group.  ignificance levels are denoted as ‘’       <          ‘*’ for p < 0.001 when compared 

to the control (DMSO) group. 
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Figure 2.3.5 Impact of Resveratrol (Rvr) on the proliferation of human malignant cell 

lines: Cells were treated with increasing concentrations of Resveratrol (Rvr) for either 24 or 48 hours, and the 

proliferation rate was assessed using the MTT assay. The data presented are the mean ± SEM values derived from 

triplicate samples for each group.  ignificance levels are denoted as ‘’       <          ‘*’ for p < 0.001 when 

compared to the control (DMSO) group. 

 

Figure 2.3.6 Impact of Piperine (Ppr) on the proliferation of human malignant cell lines: 
Cells were treated with increasing concentrations of Piperine (Ppr) for either 24 or 48 hours, and the proliferation 

rate was assessed using the MTT assay. The data presented are the mean ± SEM values derived from triplicate 

samples for each group.  ignificance levels are denoted as ‘’       <          ‘*’ for p < 0.001 when compared 

to the control (DMSO) group. 
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Figure 2.3.7 Impact of Quercetin (Qct), on the proliferation of human malignant cell 

lines: Cells were treated with increasing concentrations of Quercetin (Qct) for either 24 or 48 hours, and the 

proliferation rate was assessed using the MTT assay. The data presented are the mean ± SEM values derived from 

triplicate samples for each group.  ignificance levels are denoted as ‘’       <          ‘*’ for p < 0.001 when 

compared to the control (DMSO) group. 

 

Figure 2.3.8 Impact of Epigallocatechin-3-gallate (EGCG), on the proliferation of human 

malignant cell lines: Cells were treated with increasing concentrations of Epigallocatechin-3-gallate (EGCG) 

for either 24 or 48 hours, and the proliferation rate was assessed using the MTT assay. The data presented are the 

mean ± SEM values derived from triplicate samples for each group.  ignificance levels are denoted as ‘’       < 

         ‘*’ for p < 0.001 when compared to the control  DM O  group. 
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Figure 2.3.9 Impact of Ellagic-acid (EA), on the proliferation of human malignant cell 

lines: Cells were treated with increasing concentrations of Ellagic-acid (EA)for either 24 or 48 hours, and the 

proliferation rate was assessed using the MTT assay. The data presented are the mean ± SEM values derived from 

triplicate samples for each group.  ignificance levels are denoted as ‘’       <          ‘*’ for p < 0.001 when 

compared to the control (DMSO) group. 

However, the impact of EGCG and EA was relatively less pronounced in HepG2 cells (a 

hepatocellular carcinoma cell line). Even after 48 hours of exposure, only the higher 

concentration of 50 µM of EGCG and EA markedly decreased the number of proliferative cells 

compared to the control group treated with DMSO. Specifically, HepG2 cells showed only a 

15% reduction in proliferation at 10 µM EGCG, which increased to 40% at 50 µM. EA 

displayed similar results, with minimal impact at lower concentrations and only significant 

effects at the highest concentration tested. 

These findings underscore the differential sensitivity of various cancer cell lines to EGCG and 

EA, highlighting the potential of these compounds as selective anti-cancer agents. The greater 

responsiveness observed in MCF7 and MDA-MB231 cells suggests that these compounds 

might be particularly effective against certain types of breast cancer, while the relatively 

modest effect on HepG2 cells indicates a need for higher doses or combination treatments to 

achieve similar efficacy. 
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Table 2.2. Impact of anti-proliferative molecules on the malignant cell proliferation 
Anti-

proliferative 

molecules 

Affected cell lines 

(order of impact) 

IC50# value (µM) 

24 hr 48 hr 

Brazilin  MCF7>PC3>DU145>MDA-MB-

231>A549>HeLa> HepG2>HEK293 

19.74±3.1 8.96±2.1 

EGCG MDA-MB-

231>MCF7>DU145>PC3>A549>HeLa> 

HepG2>HEK293 

2.5±1.4 0.9±1.2 

EA MDA-MB-

231>MCF7>DU145>PC3>A549>HeLa> 

HepG2>HEK293 

18.8±4.6 15.8±3.3 

Curcumin MDA-MB-231>MCF7>DU145>PC3>A549> 

HeLa>HepG2>HEK293 

31.3±3.1 16.02±2.8 

Resveratrol DU145>MDA-MB-231>PC3>MCF7> 

A549>HeLa>HepG2>HEK293 

72.78±3.1 25.4±1.6 

Piperine DU145>PC3>MDA-MB-231> MCF7 > 

A549>HeLa> HepG2>HEK293 

33.4±3.5 27.9±1.2 

Quercetin MCF7>DU145>PC3> MDA-MB-231>A549>HeLa> 

HepG2>HEK293 

28.8±3.2 20.8±3.7 

# IC50 value for the most affected cell lines, ± values are calculated from repeated 

experiments 

2.3.2.2 Trypan blue dye exclusion assay 

The Trypan Blue exclusion assay was employed to evaluate the viable cell count in a treated 

cell culture suspension, assessing the potential anti-cancer activity of screened compounds. 

This method works on the principle that viable cells, with intact membranes, exclude dyes like 

Trypan Blue and propidium, whereas non-viable cells absorb the dye, appearing blue. After 

mixing the cell suspension with the dye, examination under a light microscope determined dye 

uptake or exclusion. Plotting the viable cells percentage (clear white cytoplasm) versus non-

viable cells (blue cytoplasm) provided insights into cell viability (Figure 2.3.10). The Trypan 

Blue assay was crucial for verifying the IC50 values of EGCG and EA, ensuring accuracy in 

determining their cytotoxic effects. 
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Figure 2.3.10: Trypan blue exclusion assay performed to determine the cell viability of 

compounds: EGCG and EA, (used their Ic50 concentrations) the data were plotted as a percentage of viable 

cells in HEK293, MCF7, MDA MB231, A549, DU145, HepG2, PC3 and Hela. Bar represents the mean ± SD 

 **P<0.01, ***P<0.001, unpaired  tudent’s t-test, n=3). 

 

2.3.3 Anti-proliferative molecules targeted the expression of epigenetic regulators 
 

Once anti-proliferative properties of these screened phytocompounds were carried out and IC50 

values were obtained and tabulated in table 2.2. We next focused to study the relative gene 

expression levels of different epigenetic markers upon treatment with phytochemicals on 

various human malignant cell lines such as DU145, PC3, A549, MCF-7, MDA-MB231, 

DU145, PC3, A549, HeLa and were assessed by qPCR analysis.  

 

To accomplish this, we allowed cells attachment and growth until reaching confluency 

(approximately 70%) in the designated culture medium, followed by total RNA purification 

and qPCR analysis. For reference and standardization, GAPDH expression was quantified 

alongside the mRNA levels of selected epigenetic genes responsible for DNA and histone 

methylation, histone acetylation, and the core catalytic/regulatory members of two polycomb 

repressive complexes. 
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As detailed in section 2.3.1, increasing concentrations of five selected anti-proliferative plant-

derived molecules (chosen for their commercial availability in purified form) were observed to 

reduce the proliferation of various malignant cell lines after 24 or 48 hours of exposure. To 

further evaluate the impact of these molecules, the expression of several epigenetic regulatory 

genes was analyzed using real-time qPCR after exposing the cells to appropriate concentrations 

of each molecule for 24 hours. The findings are illustrated in Figures 2.3.11 to 2.3.16, and 

summarized in (Table 2.3.) 

 

Figure 2.3.11. Impact of anti-proliferative molecules on the expression of DNA 

methyltransferases. The cells were treated with either DMSO (vehicle control) or one of the five anti-

proliferative molecules at specified concentrations for 24 hours. Subsequently, qPCR was conducted to measure 

the mRNA levels of DNMTs using the 2-∆∆ t method. The data   t values) were normalized to GAPDH (internal 

control) and are presented as mean ± SEM from triplicate samples for each treatment group. Statistical significance 

is indicated by '' for p<0.01 and '*' for p<0.001 when compared to the control (DMSO) group. 

Initially, the modulation of three DNA methyltransferases (DNMTs) was assessed via qPCR 

from total RNA isolated from, A549, MCF7, MD-MB231, and Du145, PC-3 cells. These cells 

were treated with either DMSO (control), Brz (10 µM), Cur (20 µM), EGCG (1 µM), EA (10 

µM), and Rvr (50 µM) for 24 hours. The results indicate that these anti-proliferative molecules 

generally exert a repressive effect on DNMTs, though the response varied depending on the 

cell line (Figure 2.3.11). Cur significantly affected all three DNMTs across all cell lines, 

whereas EGCG and EA notably reduced the expression of all three DNMTs in MCF7 and A549 

cells, respectively. Rvr significantly decreased the mRNA expression of DNMT3s specifically 

in A549 and MCF7 cells. Conversely, Brz at a 10 µM concentration selectively and 
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significantly reduced the transcript level of DNMT1 in all four cell lines, which expressed this 

gene at higher levels (Figure 2.3.11). 

The PRMTs (PRMT1, PRMT4, and PRMT5), which are abundantly expressed in these 

malignant cell lines, showed reduced transcript levels in A-431, MCF7, and PC-3 cells treated 

with curcumin compared to the DMSO control group. As illustrated in Figure 2.3.12, a 24-hour 

exposure to 20 µM Cur significantly decreased the transcripts of all three PRMTs. Specifically, 

PRMT5 expression alone was reduced approximately 8.33-fold in MCF7 cells, 5-fold in PC-3 

and A549 cells, and 4.16-fold in A-431 cells. Additionally, a 24-hour exposure to 50 µM Rvr 

significantly decreased mRNA levels of PRMT5 in all four malignant cell lines and 

significantly reduced PRMT1 in A549 cells and PRMT4 in MCF7 cells. Treatment with 1 µM 

EGCG and 10 µM EA also led to a notable reduction in PRMT5 levels across several cancer 

cell lines. The most pronounced reduction in PRMT5 expression occurred in MDA-MB231 

cells, followed by MCF7, PC3, A549, and DU145 cells. 

In MDA-MB231 cells, treatments with EGCG and EA resulted in a substantial decrease in 

PRMT5 levels, indicating high sensitivity of these triple-negative breast cancer cells to both 

compounds. In MCF7 cells, which are estrogen receptor-positive, the reduction in PRMT5 

expression was significant, though slightly less than in MDA-MB231 cells. In PC3 prostate 

cancer cells, the decrease in PRMT5 levels was moderate but still notable, demonstrating the 

potential effectiveness of EGCG and EA in inhibiting PRMT5 expression in prostate cancer. 

A549 lung carcinoma cells exhibited a similar moderate reduction in PRMT5 levels with these 

treatments. Lastly, DU145 prostate cancer cells showed the least reduction in PRMT5 

expression, indicating lower sensitivity to EGCG and EA compared to the other cell lines. Brz 

significantly reduced PRMT1 expression exclusively in A-549 but did not change PRMT1 than 

three cell lines and did not significantly affect PRMT4 or PRMT5 expression in these cell lines. 

Notably, unlike Cur, EGCG and EA did not cause significant changes in the expression of any 

PRMTs in these cell lines (Figure-2.3.12). 
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Figure 2.3.12. Impact of anti-proliferative molecules on the expression of protein arginine 

methyltransferases. The cells were treated with the specified concentrations of five anti-proliferative 

molecules or DMSO (vehicle control) for 24 hours. To quantify the mRNA levels of the PRMTs, qPCR was 

conducted using the 2-∆∆ t method. The data   t values  were normalized to GAPDH (internal control) and 

presented as mean ± SEM from triplicate samples for each treatment group. Statistical significance is indicated 

by '' for p<0.01 and '*' for p<0.001 compared to the control (DMSO) group. 

The lysine acetyltransferases, except for KAT1, exhibited lower expression levels in malignant 

cells (Figure 2.3.13). However, exposure to anti-proliferative molecules caused differential 

changes in the expression of KAT2A/B and KAT3B (p300). As depicted in Figure 2.3.11, Cur 

and EGCG significantly reduced their expression in A-431, A549, and MCF7 cells, while Brz, 

EA, and Rvr notably increased the expression of these three KATs across all four cell lines. 

Notably, treatment with 50 µM Rvr for 24 hours caused in an overall increase in the transcript 

levels of KAT2A, KAT2B, and KAT3B by approximately 6.6-fold, 4.5-fold, and 5.8-fold, 

respectively, in A-431 cells. Similarly, exposure of MCF7 cells to Rvr significantly increased 

KAT2A expression by approximately 6-fold, KAT2B by 4-fold, and KAT3B by 5-fold within 

24 hours as compared to control cells. 
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Figure 2.3.13. Impact of anti-proliferative molecules on the expression of the lysine 

acetyltransferases. The cells were treated with specified concentrations of five anti-proliferative molecules 

or DMSO (vehicle control) for 24 hours. Subsequently, qPCR was conducted to quantify the mRNA levels of 

KATs using the 2-∆∆ t method. The data   t values  were normalized to GAPDH (internal control) and are 

presented as mean ± SEM from triplicate samples for each treatment group. Statistical significance is denoted by 

'' for p<0.05, '' for p<0.01, and '' for p<0.001 compared to the control (DMSO) group. 

The impact of anti-proliferative molecules on the expression of these HDACs was investigated 

using qPCR. As illustrated in Figure 2.3.14, these molecules reduced HDAC expression only 

after 24 hours of exposure. Among them, Cur and EGCG were particularly effective in reducing 

HDAC mRNA levels across various cell lines. A 24-hour exposure to 20 µM Cur significantly 

decreased HDAC1 transcripts by approximately 8-fold in both A549 and MCF7 cells, and 

reduced SIRT1 levels by about 8.5-fold in A-431 and A549 cells. 

EGCG similarly reduced HDAC1, HDAC7, and SIRT1 transcripts by approximately 9.3-fold, 

8.5-fold, and 9.7-fold, respectively, specifically in A-431 cells, with comparable effects 

observed in A549 cells. Conversely, EA exhibited a less significant effect on the transcription 

of these HDACs. Unlike Brz, Rvr significantly reduced the transcription of all three HDACs 

in A-431 and MCF7 cells, while selectively decreasing HDAC1 in A549 cells and HDAC1 and 

HDAC7 in PC-3 cells to a significant extent. Brz exposure notably reduced HDAC1 and SIRT1 

transcripts in A-431 cells, and SIRT1 alone in MCF7 cells. 
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Figure 2.3.14. Impact of anti-proliferative molecules on the expression of the histone 

deacetylases. The cells were treated with specified concentrations of five anti-proliferative molecules or 

DMSO (vehicle control) for 24 hours. Subsequently, qPCR was conducted to quantify the mRNA levels of 

HDACs using the 2-∆∆ t method. The data   t values  were normalized to GAPDH (internal control) and are 

presented as mean ± SEM from triplicate samples for each treatment group. Statistical significance is denoted by 

'' for p<0.01 and '*' for p<0.001 compared to the control (DMSO) group. 

To assess the effects of selected anti-proliferative molecules on the expression of core 

functional subunits of the PRC complexes, the transcript levels of PRC1 components (RNF2, 

PCGF2, and PCGF4) were evaluated (Figure-2.3.15) Cur exposure at 20 µM significantly 

reduced RNF2 and PCGF4 transcripts in A-431, A549, and PC-3 cells, while only RNF2 was 

affected in MCF7 cells. Brz at 10 µM notably impacted RNF2 across cell lines except for A-

431, and in MCF7 cells alone, it significantly reduced PCGF4 transcript levels.  

In contrast, EA at 10 µM are not induced substantial changes in the expression of 

PRC1subunits. Interestingly, EGCG at 1 µM significantly reduced RNF2 expression in A549 

cells and PCGF4 expression in both A-431 and MCF7 cells after 24 hours of exposure. 
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Figure 2.3.15. Impact of anti-proliferative molecules on the expression of the polycomb 

repressive complex 1 core members: The cells were treated with specified concentrations of five anti-

proliferative molecules or DMSO (vehicle control) for 24 hours. Subsequently, qPCR was conducted to quantify 

the mRNA levels of the core members of PRC1 using the 2-∆∆ t method. The data   t values) were normalized 

to GAPDH (internal control) and are presented as mean ± SEM from triplicate samples for each treatment group. 

Statistical significance is denoted by '' for p<0.05, '' for p<0.01, and '' for p<0.001 compared to the control 

(DMSO) group. 

The transcription of PRC2 core subunit genes was notably influenced by selected anti-

proliferative molecules (excluding EA). According to Figure 2.3.16, Rvr was the sole 

compound significantly reducing EZH2, EED, and SUZ12 transcripts across malignant cell 

lines. A 24-hour exposure to 50 µM resveratrol diminished PRC2 transcript levels by over 8.5-

fold specifically in MCF7 cells, and approximately 5-fold in A-431 and A549 cells. 

EA did not affect the expression of any PRC2 regulators, unlike Brz, Cur and EGCG. As 

indicated in Figure 2.3.16, treatment with 1 µM EGCG and 10 µM EA led to in a notable 

reduction in EZH2 levels across multiple cancer cell lines, with EA exerting a particularly 

strong effect. The most significant reduction in EZH2 expression occurred in MDA-MB231 

cells, followed by MCF7, PC3 (prostate cancer), and A549 (lung carcinoma) cells. In MDA-

MB231 cells, characterized by triple-negative breast cancer, 10 µM EA significantly reduced 

EZH2 levels, indicating high sensitivity of these cells to the compound. EGCG at 1 µM also 

decreased EZH2 levels, though to a lesser extent compared to EA. Similarly, in MCF7 

(oestrogen receptor-positive) breast cancer cells, EA treatment led to a substantial reduction in 

EZH2 expression, with EGCG also contributing, albeit less significantly. In PC3 prostate 

cancer cells, EA at 10 µM showed notable effectiveness in reducing EZH2 levels, while EGCG 

 

   

   

   

   

 

   

 
  
 
  
 
  
 
  
  
  
 
  
  
  
 

                  

 

   

   

   

   

 

   

 
  
 
  
 
  
 
  
  
  
 
  
  
  
 

                       

 

   

   

   

   

 

   

 
  
 
  
 
  
 
  
  
  
 
  
  
  
 

                   

 

   

   

   

   

 

   

 
  
 
  
 
  
 
  
  
  
 
  
  
  
 

                 

 

   

   

   

   

 

   

 
  
 
  
 
  
 
  
  
  
 
  
  
  
 

                  

 

   

   

   

   

 

   

 
  
 
  
 
  
 
  
  
  
 
  
  
  
 

                  

 

    
 

 
 

 

 
 

 

 
 

 



71 
 

at 1 µM had a less pronounced effect. A549 lung carcinoma cells exhibited a moderate decrease 

in EZH2 levels upon treatment with both compounds, with EA demonstrating a stronger effect 

compared to EGCG. 

Figure 2.3.16. Impact of anti-proliferative molecules on the expression of the polycomb 

repressive complex 2 core members. The cells were treated with specified concentrations of five anti-

proliferative molecules or DMSO (vehicle control) for 24 hours. Subsequently, qPCR was conducted to quantify 

the mRNA levels of the core members of PRC2 using the 2-∆∆ t method. The data   t values) were normalized 

to GAPDH (internal control) and are presented as mean ± SEM from triplicate samples for each treatment group. 

Statistical significance levels are denoted by '' for p<0.05, '' for p<0.01, and '' for p<0.001 compared to the control 

(DMSO) group. 

In conclusion, our study reveals that the selected anti-proliferative molecules not only inhibit 

the proliferation of malignant cells but also exert modulatory effects on multiple epigenetic 

regulators, as detailed in Table 2.3. Cur, EGCG EA and Rvr, were particularly noteworthy 

among the seven molecules, affecting a wide array of epigenetic regulator genes at the 

transcriptional level. Brz demonstrated selective repression of DNMT1 PRMT5, EZH2 and 

RNF2 while inducing KAT2A and KAT3B expression. 

In contrast, EGCG and EA selectively influenced the transcription of lysine acetylation 

regulator genes. The non-uniform modulation of these genes, dependent on the specific 

molecule and irrespective of the cell line, underscores EGCG and EA as versatile modulators 

of epigenetic regulation. The significant reductions in PRMT5 and EZH2 levels across multiple 

cell lines suggest a dual mechanism conveying fundamental the anti-proliferative effects of 

these compounds. Their profound impact of both EGCG and EA on PRMT5 and EZH2, 

particularly in MDA-MB231, MCF7, PC3, and A549 cells, highlights their potential for further  
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Table 2.3. Impact of the anti-proliferative molecules on epigenetic regulator expression. 
 

Anti-

proliferative 

molecule 

Concentration Epigenetic 

regulator(s) 

modulated 

Type of modulation@ Malignant cell 

line# 

Brazilin (Brz) 10 µM DNMT1 Decreased expression MCF7 

KAT2A Increased expression A-431 

KAT3B Increased expression A-431 

RNF2 Decreased expression MCF7 

Curcumin (Cur) 20 µM DNMT1 Decreased expression MCF7 

DNMT3A Decreased expression A549 

DNMT3B Decreased expression A549 

PRMT1 Decreased expression PC-3 

PRMT4 Decreased expression PC-3 

PRMT5 Decreased expression MCF7 

KAT2A Decreased expression MCF7 

KAT3A Decreased expression MCF7 

KAT3B Decreased expression A-431 

HDAC1 Decreased expression A549 

HDAC7 Decreased expression PC-3 

SIRT1 Decreased expression A-431 

RNF2 Decreased expression A549 

PCGF4 Decreased expression A-431 

Epigallocatechin-

3-gallate (EGCG) 

1 µM KAT2A Decreased expression PC-3 

PRMT5 Decreased expression MCF7, MDA 

MB231 

EZH2 Decreased expression MCF7, MDA 

MB231 

KAT3A Decreased expression A-431 

KAT3B Decreased expression A-431 

HDAC1 Decreased expression A-431 

HDAC7 Decreased expression A-431 

SIRT1 Decreased expression A-431 

Ellagic acid (EA) 10 µM KAT2A Increased expression A-431 

PRMT5 Decreased expression MCF7, MDA 

MB231 

EZH2 Decreased expression MCF7, MDA 

MB231 

KAT3A Increased expression A-431 

KAT3B Increased expression MCF7 

Resveratrol 

(Rvr) 

50 µM PRMT5 Decreased expression MCF7 

KAT2A Increased expression A-431 

 KAT3A Increased expression PC-3 

KAT3B Increased expression A-431 

HDAC1 Decreased expression MCF7 

HDAC7 Decreased expression PC-3 

RNF2 Decreased expression MCF7 

PCGF4 Decreased expression MCF7 

EZH2 Decreased expression MCF7 

EED Decreased expression MCF7 

SUZ12 Decreased expression MCF7 
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Piperine (ppr) 25 µM KAT2A Decreased expression MCF7 

  KAT3A Decreased expression MCF7 

KAT3B Decreased expression MCF7 

HDAC1 Decreased expression MCF7 

HDAC7 Decreased expression MCF7 

SIRT1 Decreased expression MCF7 

PRMT5 Decreased expression MCF7 

Quercetin (Qct) 35 µM KAT2A Decreased expression MCF7 

 KAT3A Decreased expression MCF7 

KAT3B Decreased expression MCF7 

HDAC1 Decreased expression MCF7 

HDAC7 Decreased expression MCF7 

SIRT1 Decreased expression MCF7 

PRMT5 Decreased expression MCF7 
@Recorded in >2 cell lines; #Cell line where the maximum level of modulation was recorded. 

research and development of targeted cancer therapies. Their ability to inhibit cell proliferation 

while modifying key epigenetic regulators represents a promising direction in oncological 

therapeutics. 
2.3.4 Comprehensive Analysis of Cancer Types: Insights from CBioPortal Dataset on 

Amplification, Mutation, Deep Deletion, and Multiple Alterations- 

Given that our study identified significant inhibition of PRMT5 and EZH2 by EGCG and EA, 

and literature indicates that these two oncoproteins are aggressively expressed in several 

cancers, we decided to further investigate their roles in cancer. To accomplish this, we utilized 

both cBioPortal database and The Cancer Genome Atlas (TCGA) datasets. This allowed us to 

elucidate the epigenetic roles of PRMT5 and EZH2 in various cancers, providing a broader 

context for their impact on tumor progression and potential as therapeutic targets.  

In this study, we utilized data from cBioPortal to investigate the alteration frequencies of EZH2 

and PRMT5 genes across various cancer types. We focused on four types of mutations, 

amplifications, genetic alterations, multiple alterations, and deep deletions. By querying the 

data by gene name, we aimed to comprehend the prevalence and consequence of these 

alterations in different cancer contexts. 

2.3.41 PRMT5 Gene Alterations 

The PRMT5 gene analysis included data from 10,851 patients and 11,632 samples, also 

spanning 25 studies. Like EZH2, PRMT5 amplifications were the most common type of 

alteration observed. Higher frequencies of PRMT5 amplifications were particularly noted in 

lymphoid neoplasm diffuse hepatocellular carcinoma and large B-cell lymphoma. The 

extensive dataset, comprising, mutation data, structural variant data, and CNA data, allowed 
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for a detailed assessment of PRMT5 alterations (Figure 2.3.17). The recurrent amplifications 

of PRMT5 in these cancers highlight its potential oncogenic role and importance in cancer 

biology. 

2.3.4.2. EZH2 Gene Alterations 

For the EZH2 gene, the data covered 102,039 patients and 106,960 samples from 25 studies. 

Among the different types of alterations, EZH2 amplification was notably more frequent. The 

analysis showed that, lung squamous cell carcinoma, bladder urothelial carcinoma and prostate 

adenocarcinoma exhibited the highest frequencies of EZH2 amplifications. The presence of 

mutation data, structural variant data, and CNA (Copy Number Alteration) data across these 

studies provided a comprehensive view of EZH2 alterations (Figure 2.3.18). The significant 

occurrence of amplifications suggests a versatile role of EZH2 in cancer progression and 

development 

 

Figure-2.3.17: Illustration of alteration frequencies of PRMT5 across different cancer 

types. This figure shows how often PRMT5 is changed in different types of cancer. It uses a bar chart to compare 

mutations, amplifications, deep deletions, and multiple changes. Across many cancer studies listed on the x-axis, 

PRMT5 amplification appears most often, shown in red on the chart. The table below summarizes data about 

PRMT5 from 25 studies, including the 799 and 791 number of patients and samples studied respectively. 
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Figure-2.3.18: Illustration of alteration frequencies of EZH2 across different cancer 

types. This figure shows how often EZH2 is changed in different types of cancer. It uses a bar chart to compare 

mutations, amplifications, deep deletions, and multiple changes. Across many cancer studies listed on the x-axis, 

EZH2 amplification appears most often, shown in red on the chart. The table below summarizes data about EZH2 

from 25 studies, including the 740 number of patients and samples studied. 

Given the prominence of amplifications in both EZH2 and PRMT5 genes across multiple 

cancer types, we decided to further analyze the amplification data for these genes. The detailed 

examination of amplification events will help in understanding their contribution to 

tumorigenesis and may guide the progression of targeted therapeutic strategies. The use of 

cBioPortal's extensive and well-annotated dataset provided a robust foundation for our 

analysis, enabling us to draw meaningful conclusions about the role of EZH2 and PRMT5 

amplifications in cancer. 

2.3.5 Amplification Analysis Unveils High-Frequency Presence: PRMT5 and EZH2 

Exhibit Over 90% Amplification Frequency in Breast Cancer 

From our comprehensive analysis utilizing cBioPortal, we examined the amplification 

frequencies and Oncoprint data for the PRMT5 and EZH2 genes across various cancer types. 

The results revealed a significant prevalence of amplifications for both genes. Specifically, 

breast cancer exhibited over 90% amplification frequencies for both PRMT5 and EZH2. These 

findings were consistent across multiple datasets, highlighting the robust nature of the observed 

genetic alterations. 
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The Oncoprint data analysis further supported these results. The visual representation of the 

genetic data confirmed that the overexpression of PRMT5 and EZH2 is closely related with the 

amplification events in the patients. This association was particularly pronounced in breast 

cancer, where amplification-driven overexpression was evident. The data from Oncoprint 

provided a clear and detailed view of the amplification patterns, reinforcing the importance of 

these alterations in cancer biology (Figure 2.3.19). 

The high frequency of PRMT5 and EZH2 amplifications observed majorly in breast cancer 

patients underscores the potential role of these oncogenes in tumorigenesis. The amplification 

of these genes may contribute to cancer progression through increased gene dosage, leading to 

enhanced expression of oncogenic proteins. The Oncoprint data, which shows a strong 

correlation between gene amplification and overexpression, supports this hypothesis. These 

findings have significant implications for cancer treatment and research.  

 
Figure-2.3.19- Amplification Data and Oncoprint Analysis of PRMT5 and EZH2 Genes 

in Various Cancer Types- From the analysis, it is evident that both PRMT5 and EZH2 amplifications are 

significantly reported in breast cancer, with more than 90% of the alterations being amplifications. The Oncoprint 

data analysis corroborates these findings, suggesting that the overexpression of PRMT5 and EZH2 in patients 

may be attributed to the high frequency of gene amplifications. 

Targeting the amplified PRMT5 and EZH2 genes could provide a therapeutic advantage, 

especially in breast cancer where these alterations are most prevalent. The consistent pattern of 

amplifications across multiple datasets and studies suggests that PRMT5 and EZH2 could serve 

as reliable biomarkers for diagnosis and prognosis of cancer. Future research directions must 

focus on understanding the molecular mechanisms driving the amplification of PRMT5 and 
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EZH2 and their role in cancer development. Additionally, exploring targeted therapies that 

specifically inhibit these amplified genes could lead to more effective cancer treatments, 

improving patient outcomes. The use of cBioPortal and Oncoprint in this study highlights the 

power of integrative data analysis in uncovering critical genetic alterations and their potential 

clinical significance. 

2.3.6 Survival Analysis Unveils Negative Correlation Between PRMT5 & EZH2 

Expression and Patient Survival in Breast Cancer: Oncoprint Data Validation 

We constructed a Kaplan-Meier plot to investigate the correlation between the expressions of 

PRMT5 and EZH2 and patient survival in breast cancer. For this analysis, we utilized data from 

the cBioPortal dataset, which offers comprehensive and robust cancer genomics data. Our 

findings indicate that elevated levels of PRMT5 and EZH2 are significantly associated with 

poorer patient existence or survival outcomes in breast cancer (Figure 2.3.20 & Figure 2.3.21). 

Interestingly, the overexpression of PRMT5 exhibits a particularly strong correlation with 

decreased survival rates compared to EZH2. These outcomes are reliable with previous studies 

that have highlighted the roles of PRMT5 and EZH2 as critical tumor promoters, both 

individually and synergistically. The pronounced association of PRMT5 overexpression with 

poor prognosis underscores its potential as a more prominent biomarker for patient outcomes 

in breast cancer. 

Furthermore, our analysis underscores the therapeutic importance of targeting PRMT5 and 

EZH2 in cancer treatment strategies. The significant correlation between high expression levels 

of these proteins and adverse patient survival outcomes reinforces the potential benefits of 

developing inhibitors for PRMT5 and EZH2. Such therapeutic interventions could improve 

survival rates for breast cancer patients by mitigating the tumor-promoting activities of these 

proteins. 
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Figure- 2.3.20- Survival Plot (Kaplan-Meier Plot) for PRMT5 in Breast Cancer Patients-This 

Kaplan-Meier survival plot illustrates the correlation between PRMT5 expression levels and overall patient 

survival in breast cancer. The plot compares survival rates between patients with high PRMT5 expression (red 

curve) and those with low PRMT5 expression (blue curve). The data indicates that patients with elevated PRMT5 

expression exhibit significantly poorer survival outcomes compared to those with lower expression levels. This 

finding suggests that high PRMT5 expression is a potential prognostic marker for worse survival in breast cancer 

patients. 
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Figure-2.3.21: Survival Plot (Kaplan-Meier Plot) for EZH2 in Breast Cancer Patients-
This Kaplan-Meier survival plot demonstrates the association between EZH2 expression levels and overall patient 

survival in breast cancer. The plot compares survival rates between patients with high EZH2 expression (red 

curve) and those with low EZH2 expression (blue curve). The results show that patients with higher EZH2 

expression tend to have worse survival outcomes than those with lower expression levels. These findings indicate 

that EZH2, like PRMT5, may serve as a prognostic marker for poor survival in breast cancer patients. 

 

2.3.7 Discussion 
 

In this chapter we aimed to screen the phytocompounds as antiproliferative molecules and 

checked their action on epigenetic modulators. Research has shown that phytochemicals, such 

as EGCG, Cur, and Rvr etc., can modulate the activity of key epigenetic enzymes like DNMTs 

and HDACs [64]. And literature search showed that profiling of the basal expression levels of 

various epigenetic regulators revealed significant overexpression in human malignant cell 

lines. This elevated expression was observed across several cancer types, including skin, lung, 

cervical, hepatic, breast, and prostate cancers. Epigenetic regulators such as DNMT1, PRMT1, 

PRMT5, HDAC1, SIRT1, RNF2, PCGFs, EZH2, EED, and SUZ12 were notably expressed at 

higher levels. And confirmed that epigenetic dysregulation as a hall mark for cancer [24, 25-27]. 
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Overexpression of key epigenetic regulators like DNMT1, PRMT5, HDAC1, and EZH2 

significantly contributes to the deregulated proliferation of malignant cells. 

For instance, DNMT1 is crucial for maintaining DNA methylation patterns, and its 

dysregulation can yield into silencing of tumor suppressor genes and oncogenes activation, 

driving tumorigenesis [65]. Similarly, PRMT5, which symmetrically dimethylates arginine 

residues on histones, is implicated in gene silencing and has been shown to promote malignant 

cell proliferation in various cancers [66]. HDAC1, another crucial regulator, removes acetyl 

groups from histones, consequential in chromatin condensation and transcriptional repression 

of tumor suppressor genes. Elevated levels of HDAC1 are correlated with unfavourable 

prognosis across multiple cancer types [67]. EZH2, an integral part of the Polycomb repressive 

complex 2 (PRC2), catalyzes the methylation of histone H3 at lysine 27 (H3K27), resulting in 

gene silencing. Overexpression of EZH2 is associated with more aggressive cancer behaviours 

and worse clinical outcomes [68]. 

These elevated expressions of epigenetic regulators underscore their critical role in cancer 

biology, particularly in maintaining the malignant phenotype through gene expression 

modulation. Targeting these regulators with specific inhibitors holds promise for cancer 

therapy, as evidenced by ongoing clinical trials exploring DNMT, HDAC, and EZH2 inhibitors 

[69]. Thus, understanding the mechanisms through these epigenetic changes contribute to cancer 

progression is essential for developing effective therapeutic strategies.  

DNMT1 is crucial in maintaining DNA methylation patterns during cell replication. It’s 

increased expression is linked to elevated global DNA methylation at CpG islands all around 

the genome, potentially leading to the silencing of many cell-cycle regulatory genes—a key 

event in tumorigenesis [27,28]. PRMT5 overexpression is associated with the methylation of 

non-histone proteins, such as p53, and promoter histones (H3R8 and H4R3), resulting in the 

silencing of tumor suppressor genes and cell cycle regulators like RBL2 and CDKN2A [29-31]. 

This overexpression promotes cell proliferation and neoplastic growth, recurrently observed in 

various cancers [31-33]. HDAC1, a core enzyme in chromatin remodeling complexes, plays a 

pivotal role in silencing target genes, including cell cycle regulators, through deacetylation of 

lysine residues on histones. Its aberrant expression is associated with cancer [34,35]. 
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Polycomb repressive complexes (PRCs), particularly their catalytic subunits RNF2 and EZH2, 

modify chromatin histones to maintain gene silencing. Overexpression of these subunits is 

common in cancer [36,37]. PRMT5 and EZH2 are overexpressed in several cancers, including 

endometrial, liver, breast, ovarian, small cell lung cancer, melanoma, prostate, glioblastoma, 

paediatric glioma, bladder cancer, and lymphomas. This overexpression correlates with disease 

progression and poor prognosis [38-40]. PRMT5 and EZH2 functionally subordinate, with 

PRMT5-mediated histone modifications potentially leading to a synergistic effect [41], making 

a combined therapeutic approach promising. 

Phytocompounds have been reported to inhibit or modulate epigenetic regulatory proteins like 

HDACs, DNMTs, PRC proteins and PRMTs. Compounds such as curcumin, resveratrol, 

brazilin, catechin, quercetin, and EGCG physically interact with proteins such as DNMT1 and 

HDAC1 within their catalytic pockets [42]. These phytochemicals mediated impact on 

epigenetic regulators, can cause the changes through directly or indirectly on their activity, 

exhibiting potential in cancer prevention and treatment, compounds such as genistein, 

curcumin, and resveratrol have been found to decrease DNMT activity, which results in the 

activation of tumor suppressor genes. Additionally, sulforaphane inhibits HDAC activity by 

forming complexes with the active sites of HDACs. [43]. 

In the current study, a panel of anti-proliferative molecules was screened for their optimal 

concentration and exposure times. The molecules inhibited the growth of multiple malignant 

cell lines under experimental conditions. Notably, EGCG and EA demonstrated strong IC50 

values and regulatory effects on PRMT5 and EZH2 in RT-PCR studies, leading to a focus on 

these compounds for further research. The IC50 values for Brz, Cur, EGCG, EA, and Rvr in 

MCF7 cells after 24 hours of exposure were 19.8, 38.3, 2.1, 21.5, and 72.3 µM, respectively. 

EGCG reduced the MCF7 cell population by half at about 2 µM, while resveratrol required a 

much higher concentration to achieve a similar effect. 

These molecules also affected the proliferation of other malignant cells, although the effect 

varied across cell lines. The anti-growth effect of these natural molecules has been reported in 

numerous studies both in vitro and in vivo [44-49]. For instance, curcumin has been shown to 

arrest HAG-1 human gallbladder adenocarcinoma cells in the G2/M phase and induce 

apoptosis through a MAPK-dependent mechanism [45]. EA exhibits anti-proliferative and 
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apoptotic effects towards multiple human cancer cells both in vitro (cell culture) and in vivo 

(animal models) [46]. It inhibits various aspects of tumorigenesis and metastasis, including 

tumor cell migration, extracellular matrix invasion, and angiogenesis. Resveratrol induces 

apoptosis in a dose-dependent manner studies in human pancreatic cancer cell lines via the 

inhibition of multiple proteins in the Hedgehog signaling pathway [49]. EGCG exerts an anti-

tumor effect against human pancreatic cancer by activating the forehead transcription factor 

FOXO3a in vivo [46]. 

The main objective of this study was to investigate and validate whether these anti-proliferative 

molecules modulate epigenetic mechanisms contributing to their anti-proliferative nature. 

Exposure to the sappanwood polyphenolic compound brazilin significantly impacted DNMT1 

expression, reducing MCF7 cell proliferation to 63.28% after 24 hours. Brazilin has previously 

been shown to activate HAT and repress HDAC1 and HDAC2 expression, resulting in G2/M-

phase arrest and programmed cell death i.e., apoptosis in U266 human myeloma cells [50]. The 

impact of brazilin on DNMT1 expression has not been reported before and warrants further 

exploration for its therapeutic potential. 

Curcumin, a well-studied anti-proliferative molecule, targets multiple epigenetic regulators, 

including DNMTs, EZH2, HATs, HDACs, and microRNAs [51-54]. In this study, curcumin 

significantly downregulated PRMT1, PRMT4, and PRMT5 expression in human prostate and 

breast cancer cell lines, whose proliferation was repressed under the same conditions. This 

suggests that curcumin's modulation of PRMTs, particularly PRMT5, may contribute to the 

repression of malignant cell proliferation. Given PRMT5's oncogenic potential [31-33], its 

downregulation by curcumin enhances its potential as an anti-cancer therapeutic molecule. 

EGCG and EA selectively influenced the transcription of lysine acetylation regulator genes. 

EGCG at one micromolar concentration non-specifically repressed KAT2A and KAT3A/B, 

while EA at ten µM increased their expression up to fivefold in human skin cancer A-431 cells. 

EGCG significantly diminished the expression of HDAC1, HDAC7, and SIRT1, but not EA. 

EGCG's impact on HDACs and KATs has been previously reported [55,56]. It was hypothesized 

that EGCG exposure reduced the association of HDAC3 and DNMT3A with E3 ubiquitin 

ligase UHRF1, resulting in their degradation in methylation-sensitive human colon cancer cells 

(HCT 116) [55]. Another study demonstrated that EGCG inhibited HDAC1 expression and 
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activity, along with reduced D MT3B levels, reversing the expression of  D 1, RARβ, and 

DAPK1 tumor-suppressor genes in HeLa cells [56]. Ellagic acid's impact on PRMT4 and 

HDAC9 is documented [57], and its novel KAT-modulatory action is investigated here. 

Resveratrol showed a significant inhibitory effect on the expression of crucial polycomb 

repressive complex genes, including RNF2 and EZH2. Although contradictory impacts of 

resveratrol on EZH2 expression and H3K27me3 level have been reported [58], recent studies 

show resveratrol downregulates EZH2 via ERK1/2 dephosphorylation-dependent mechanisms, 

has shown inhibition of growth of ER-positive breast cancer cell lines [59]. The underlying 

mechanisms require further investigation to enhance resveratrol's applicability as an anti-

cancer therapeutic molecule. 

Recent reviews by Zhang and Kutateladze [60] and Carlos-Reyes and colleagues [61] on the 

epigenetic alterations induced by dietary phytochemicals, including curcumin, EGCG, and 

resveratrol, highlight the reversible nature of epigenetic mechanisms and the need for novel 

therapeutic targeting mechanisms. This study explored modulatory molecules with the 

potential to alter cancer-deregulated epigenetic mechanisms. The initial screening provided 

evidence that malignant cell lines could serve as ideal in vitro models for further investigations. 

Modulation of DNMT1 by brazilin, PRMT5 by curcumin, and EZH2 and KDAC/KATs by 

resveratrol are investigated in subsequent chapters. 

In contrast, EGCG and EA selectively influenced the transcription of lysine acetylation 

regulator genes. The non-uniform modulation of these genes, dependent on the specific 

molecule and irrespective of the cell line, underscores EGCG and EA as versatile modulators 

of epigenetic regulation. The significant reductions in PRMT5 and EZH2 levels across multiple 

cell lines suggest a dual mechanism underlying the anti-proliferative effects of these 

compounds. The profound impact of EGCG and EA on PRMT5 and EZH2, particularly in 

MDA-MB231, MCF7, PC3, and A549 cells, highlights their potential for further research and 

development of targeted cancer therapies. Their ability to inhibit cell proliferation while 

modifying key epigenetic regulators represents a promising direction in oncological 

therapeutics. 

Our comprehensive analysis utilizing cBioPortal examined the amplification frequencies and 

Oncoprint data for the PRMT5 and EZH2 genes across various cancer types. The results 
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revealed a significant prevalence of amplifications for both genes, with breast cancer exhibiting 

over 90% amplification frequencies for PRMT5 and EZH2. These findings were consistent 

across multiple datasets, highlighting the robust nature of the observed genetic alterations. The 

Oncoprint data further supported these results, showing that the overexpression of PRMT5 and 

EZH2 is closely connected with amplification events in patients, particularly pronounced in 

breast cancer. This data provided a clear and detailed view of the amplification patterns, 

reinforcing the importance of these alterations in cancer biology. The high frequency of 

PRMT5 and EZH2 amplifications in breast cancer models underscores the potential role of 

these oncogenes in tumorigenesis, potentially contributing to cancer progression through 

increased gene dosage and enhanced expression of oncogenic proteins. The Oncoprint data 

shows a strong correlation between gene amplification and overexpression, supporting this 

hypothesis. Interestingly, the overexpression of PRMT5 shows a particularly strong correlation 

with decreased survival rates compared to EZH2. These results are steady with previous studies 

highlighting the roles of PRMT5 and EZH2 as critical tumor promoters, both individually and 

synergistically. The pronounced association of PRMT5 overexpression with poor prognosis 

underscores its potential as a more prominent biomarker for patient outcomes in breast cancer. 

Furthermore, our analysis underscores the therapeutic importance of targeting PRMT5 and 

EZH2 in cancer treatment strategies. The significant correlation between high expression levels 

of these proteins and adverse patient survival outcomes reinforces the potential benefits of 

developing inhibitors for PRMT5 and EZH2, which could improve survival rates for breast 

cancer patients by mitigating the tumor-promoting activities of these proteins. In conclusion, 

the current chapter concludes that the notion that epigenetic dysregulation plays a crucial role 

in cancer progression. Particularly, DNMT1, PRMT5, HDAC1, and EZH2 are significantly 

overexpressed, contributing to the deregulated proliferation of malignant cells. The screening 

of phytocompounds with antiproliferative properties identified EGCG and ellagic acid (EA) as 

potent modulators of epigenetic regulation, significantly reducing PRMT5 and EZH2 levels 

across multiple cell lines. This dual mechanism highlights their potential for further research 

and development of targeted cancer therapies. The comprehensive analysis using cBioPortal 

further emphasized the critical roles of PRMT5 and EZH2 in tumorigenesis, particularly in 

breast cancer, where their overexpression correlates with poor patient survival. These findings 

suggest that targeting PRMT5 and EZH2 could be a promising therapeutic approach to improve 

survival rates in cancer patients. Our study underscores the importance of developing inhibitors 

for these proteins, as their modulation could provide significant benefits in cancer treatment. 
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CHAPTER# 3 

 

 
TO VALIDATE THE INHIBITION OF PRMT5 AND 

EZH2 BY PHYTOCHEMICALS USING IN-VITRO 

METHODS 
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3.1 Introduction: 

Cancer remains a frightening challenge in global health, necessitating the exploration of new 

therapeutic strategies to combat its progression [1]. One promising area of research involves the 

use of phytochemicals-naturally occurring compounds found in plants—for their potential 

anticancer properties [2]. PRMT5 and EZH2 are frequently amplified in various malignancies, 

including breast cancer, where their overexpression is linked to poor prognosis and aggressive 

tumor behavior. Alterations in histone modifications, like H3K27me3 by EZH2 and H4R3me2s 

by PRMT5, are crucial in these epigenetic changes. They disrupt normal gene expression, 

promote oncogene activation, and inhibit tumor suppressor genes [3-5]. 

In the previous chapter, we demonstrated that phytochemicals, such as EGCG and EA, impact 

both PRMT5 and EZH2. These compounds were chosen for further investigation in the context 

of cancer therapeutics, as they can modulate epigenetic markers and inhibit cancer cell 

proliferation. In-vitro models offer a controlled setting to investigate the molecular 

mechanisms through which these compounds exert their anticancer properties. This approach 

allows for precise measurement of changes in gene expression, protein activity, and cellular 

behavior in response to treatment. Phytocompounds, derived from medicinal plants, present a 

natural and potentially less toxic alternative to synthetic drugs. EGCG and EA are two such 

phytochemicals that have shown significant promise in preclinical studies. These compounds 

are not only known for their antioxidant and anti-inflammatory effects but also for their ability 

to modulate various cellular pathways, including those involved in epigenetic regulation. Given 

the critical roles of PRMT5 and EZH2 in cancer progression, there is a compelling need to 

validate the inhibitory effects of phytochemicals like EGCG and EA on these targets using in-

vitro methods [5-9]. 

The current study aims to validate the inhibition of PRMT5 and EZH2 by EGCG and EA using 

in-vitro methods. By exploring the binding efficacy of these phytochemicals to PRMT5 and 

EZH2, we can gain valuable insights into their potential as targeted therapies for cancer. The 

significant reductions in PRMT5 and EZH2 levels across multiple cell lines suggest a dual 

mechanism underlying the anti-cancer effects of these compounds. Future research should 

focus on detailed binding studies and further validation of their inhibitory effects in vivo. This 

work represents a crucial step towards harnessing the therapeutic potential of EGCG and EA, 

paving the way for their development as effective epigenetic modulators in cancer treatment. 

Exploring natural products in cancer therapy could lead to novel, safer, and more effective 

epigenetic therapies. 
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3.2 Materials and methods 
 

S-adenosyl methionine (SAM), 3-(4,5-Dimethylthiazol-2-yl)-2,5Diphenyltetrazolium-

Bromide (MTT), Dimethyl sulfoxide (DMSO), Recombinant proteins PRMT5:MEP50 

complex (SRP0145-25470 and EZH2 (SRP0379) were purchased from Sigma-Aldrich United 

states. CM5 Sensor chip for SPR studies (cat no: 50-105-5511) was purchased from GE 

Healthcare Bio-Sciences (Cytiva life sciences-USA). The antibodies Anti-PRMT5 antibody 

(#2252) Histone (H4) antibody (#2935), H3 antibody (#4499), EZH2 antibody (#5246), H3K27 

(#9733), anti-beta actin antibody (#4967), Ki67 antibody (#D3B5) was purchased from Cell 

Signaling Technology (CST) USA. H4R3me2s Polyclonal antibody (A3718-050) from 

Epigentek NY-USA, FITC- Annexin V Dead cell/ Apoptosis kit (V13242) from Invitrogen-

US.  PRMT5 monoclonal antibody (MA-125470), EZH2 monoclonal antibody (MA5-15101) 

procured from ThermoFisher Scientific US. The antibodies for signaling studies Bad (A1593), 

Beclin-1 (A7353), PARP (A8770), Cytochrome-c (A0225), BCL-2 (A0208), Bax (A0207), 

ATG5 (A0203), ATG12 (A19610), ATG7 (A19604), ATG3 (A19594), LC3 I/II (A19665), 

Cyclin-A2 (A7632), Cyclin-B1 (A19037), Cyclin-E1 (A14225), Cyclin-D2 (A1773) purchased 

from Abclonal USA. All other chemicals were of analytical or higher standards unless 

otherwise specified. for molecular docking studies we used Schrödinger platform glide model 

(Schrödinger Release 2019-3: Glide, Schrödinger, LLC, New York, NY, 2019, For molecular 

dynamic simulations we utilised Desmond package of Schrodinger. 

 

3.2.1 Preparation of the protein structure 

 

The crystal structures of the Homo sapiens PRMT5: MEP50 complex (with sinefungin, a SAM 

analog) and EZH2 (Enhancer of Zeste Homolog 2), determined by X-ray diffraction at a 

resolution of 2.35 Å, were obtained from the RCSB Protein Data Bank (PDB IDs for PRMT5: 

4X60, 4X61, 4X63; EZH2 PDB IDs: 5HYN and 4Mi5). The missing residues in both proteins 

were added using the Prime wizard in Schrödinger. The completed protein structures of the 

PRMT5: MEP50 complex and EZH2 were then processed with the Protein Preparation Wizard 

in the Maestro tool to assign bond orders, hydrogen atoms, and disulfide bonds. All seleno-

methionines were converted to methionine residues, and the protein structures were energy 

minimized using the OPLS3 force field (Figure-3.2.1). 
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Figure:3.2.1 Workflow for Molecular Docking-The workflow diagram outlines the molecular 

docking process using the Schrodinger software suite. The two main protein targets, PRMT5 and EZH2, are 

prepared using specific PDB files (PRMT5 - PDB 4X60, 4X61, 4X63; EZH2 - PDB 5HYN, 4MI5). The steps 

include: Protein Preparation: Initial preparation of protein structures. Grid Generation: Creation of a grid around 

the reference ligands. Ligand Preparation: Preparation of ligands. LigPrep Wizard: Optimization of ligands using 

the OPLS3 force field. Docking with Glide Module: Docking of ligands to the prepared protein, followed by 

screening based on Glide score to identify potential binders. 

3.2.2 Virtual screening  

3.2.2.1 Molecular docking  

For docking simulations, receptor grids were created around the active sites of the proteins, 

based on the interacting residues from the reference molecules in the crystal structures. Using 

Schrödinger's Glide program (Release 2019-3), all prepared ligands, along with the reference 

molecules, were docked. Default parameters were used for extra precision (XP) docking, 

including a Van der Waals radius of 1.0. The workflow included high-throughput virtual 

screening (HTVS), standard precision (SP), and finally XP mode to ensure accurate scoring 

and visualization of the docked ligands. The Glide results were analyzed by evaluating 

individual ligand poses, focusing on atomic proximity (within 5 Å), hydrogen bonds, and other 

interactions, as well as Glide XP scoring functions (Figure-3.2.2). 
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Figure 3.2.2: Structures of Compounds Used for Molecular Docking-This figure presents the 

chemical structures of various compounds used in the molecular docking studies. The compounds include 

Epigallocatechin Gallate, Ellagic Acid, Resveratrol, Piperine, Gambogic Acid, Apicidin, Acarbose, Eugenol, 

SAM (S-Adenosyl Methionine), Adenosyl, Sinefungin, SAHA (Suberoylanilide Hydroxamic Acid), 

Sulforaphane, Quercetin, Brazilin, Capsaicin, Eucalyptol, and Curcumin. Each structure is sourced from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) and is utilized to investigate their potential binding interactions with the 

target proteins PRMT5 and EZH2. 

3.2.2.2 Molecular dynamics (MD) simulations  

MD simulations were conducted by employing OPLS 2005 force field in the Desmond package 

incorporated in the Schrödinger suite [10]. MD simulations of the PRMT5 and EZH2 complexes 

with EGCG and EA were performed for 100 ns each. The Simple Point Charge (SPC) water 

model was used, and charges were neutralized with NaCl. The simulations began with an NVT 

ensemble at 10K for 10 ps, followed by an NPT ensemble at 10K. Subsequently, MD 

simulations were performed for 24 picoseconds (ps) for all non-hydrogen solute atoms in the 

NPT ensemble at 300K [11]. The trajectory of each ligand-protein complex was recorded for 

further analysis. 

3.2.3 Surface plasmon resonance analysis for protein-ligand interaction &     

pharmacokinetics analysis for phytocompounds 
 

SPR analysis was conducted using the Biacore-T200 system (GE Healthcare). Recombinant 

PRMT5-MEP50 complex and EZH2 were prepared at a concentration of 1 mg/mL in 1x PBS 

(pH 7.4). These proteins were immobilized onto a CM5 sensor chip through standard primary 
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amine coupling, with the immobilized protein amount estimated at 2500 response units (RU) 

per 2 ng/mm². Reference surfaces (flow cells FC1 and FC3) were deactivated with 1M 

ethanolamine (pH 8.5). Activation of immobilization surfaces (FC2 for EZH2 and FC4 for 

PRMT5-MEP50 complex) was achieved using a mixture of 200 mM EDC and 50 mM NHS. 

A stable baseline was established by flowing HBS-P buffer (10 mM HEPES pH 7.4, 150 mM 

NaCl, 0.005% P20 + DMSO) over the immobilized proteins. Measurements were carried out 

at 25°C using the same buffer. EA, EGCG, and their combination were prepared as 10 mM 

working stocks in PBS and injected over the PRMT5-MEP50 complex and EZH2 at a flow rate 

of 30 µL/min for 60 seconds at 25°C. Three-cycle kinetic analysis was performed with 

triplicate injections. Sensograms were analyzed using BIA-T200 evaluation software version 

2.1 (GE Healthcare). The relationship between protein concentration and RU value was 

calculated as 1000 RU = 1 ng/mm² for surface concentration and 1000 RU = 10 mg/mL for 

volume concentration. The dissociation rate constant (kd) was determined using the Langmuir 

adsorption model, providing insights into the binding kinetics of the interactions. 

3.2.4 Cell culture and treatment with EGCG, EA and combination: 
 

For in vitro assays, human cancer cell lines MCF7 (breast), MDA-MB-231 (breast), Du-145 

(prostate), A549 (lung), HeLa (cervix), Hep G2 (liver), PC-3 (prostate), and HEK293 (human 

embryonic kidney) were obtained from NCCS (National Centre for Cell Science), Pune-India. 

These cell lines were maintained and propagated at low passage numbers, by following 

standard sterile cell culture protocols. The cells were cultured in DMEM  Dulbecco’s Modified 

Eagle’s Medium  high glucose   imedia , supplemented with 10%  v/v  fetal bovine serum 

(Himedia) and 1x antibiotic-antimycotic solution (Himedia). Cultures were maintained at 37°C 

CO2 with 95% air and 5% CO2. 

3.2.5 Cytotoxicity assays: 

 

To assess cytotoxicity, we employed multiple assays, including the trypan blue exclusion assay, 

Acridine Orange (AO) and Ethidium Bromide (EtBr) dual staining, and Flow Cytometry 

(FACS) analysis. The Trypan Blue exclusion assays was employed to determine cell viability 

by counting live versus dead cells under a microscope. AO/EtBr staining allowed for the 

visualization of live and apoptotic cells based on membrane integrity. Flow Cytometry (FACS) 

provided a detailed analysis of cell cycle progression and apoptosis by staining cells with 

specific markers and quantifying fluorescence intensity. These comprehensive methods 
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ensured accurate evaluation of cell viability and cytotoxic effects. Detailed procedures and 

results of these assays will be discussed in the following sections. 

 

3.2.5.1 MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) assay 

 

The viability test was conducted to assess the anti-proliferative effects of phytocompounds. 

Cells were seeded at a density of 5000 cells per well in triplicate on 96-well plates and allowed 

to grow overnight in complete growth medium. Following overnight incubation, the medium 

was replaced with DMEM and cells were further incubated for 6 hours. Various concentrations 

of phytocompounds were then added to the wells, and cells were cultured for an additional 24 

and 48 hours. Post-incubation, the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide) assay was performed. MTT solution was added to each well and incubated for 3 

hours, allowing viable cells to convert MTT into formazan crystals. After aspirating the MTT 

solution, DMSO was added to dissolve the formazan crystals, and the absorbance was 

measured using a plate reader at 570 nm. The percentage viability of treated cells was 

calculated relative to untreated control cells based on absorbance readings. 

3.2.5.2 Trypan blue dye exclusion assay  
 

The trypan blue dye exclusion test was utilized to evaluate cell viability post-treatment with 

EA, EGCG, and their combination. This approach hinges on the principle that viable cells 

possess intact membranes, preventing dye absorption, while non-viable cells with 

compromised membranes absorb the dye, thereby becoming distinguishable under a light 

microscope. Post-treatment, cells were incubated with trypan blue dye, and microscopic 

inspection facilitated differentiation between viable cells (displaying clear white cytoplasm) 

and non-viable cells (exhibiting blue-stained cytoplasm). A graph depicting cell viability 

percentages was generated from these observations. Cell viability was quantitatively assessed 

using the formula: 

% Cell Viability = Abs (Test sample) / Abs (Control) × 100%.  

Additionally, 

% Cell Inhibition was calculated as 100% minus % Cell Viability 

providing insights into EA's potential impact on cell survival and proliferation. This assay 

offers a reliable approach to assess EA's effects on cell viability and its inhibitory potential. 

3.2.5.3 Ao-Etbr double staining assay  

 

The EB/AO double staining assay was employed to evaluate cell viability in this study. This 

method utilizes two fluorescent dyes: AO (acridine orange) and EB (ethidium bromide). AO 
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penetrates all cells and emits green fluorescence in live cells with intact membranes. In contrast, 

EB can only enter cells with compromised membranes, such as necrotic or late-stage apoptotic 

cells, causing them to emit red fluorescence. Cells undergoing necrosis, which absorb both 

dyes, display orange fluorescence, resembling viable cells under microscopic examination due 

to minimal changes in chromatin structure. MDA-MB-231 cells treated with EA, EGCG, and 

their combination were subjected to EB/AO staining after 24 hours of incubation. Fluorescence 

microscopy was employed to distinguish between live, apoptotic, and necrotic cells based on 

their fluorescence patterns. This approach provided detailed insights into the impact of EA, 

EGCG, and their combination on cell viability and the prevalence of apoptosis or necrosis 

within the cell population. 

3.2.6 Western blotting 

The cells were treated with varying concentrations of EGCG, EA, and their combination for 

the specified duration. Following treatment, cells were washed with phosphate-buffered saline 

and lysed using RIPA buffer supplemented with protease inhibitor cocktail, 1 mM DTT, and 1 

mM PMSF (Thermo Scientific) at 4°C. The lysates were then subjected to centrifuged at 10,000 

rpm for 10 minutes at 4°C. Protein concentration was determined using Bradford's assay, and 

equal amounts of proteins were loaded onto 10% SDS-PAGE gels following Laemmli's 

method. Subsequently, proteins were transferred to nitrocellulose membranes for 

immunoblotting. The membranes were blocked with skimmed milk in Tris-buffered saline 

containing Tween-20, follows by overnight incubation with primary antibodies against the 

target proteins. HRP-conjugated anti-rabbit secondary antibodies at a 1:10,000 dilution was 

applied. Protein bands were visualized using Clarity™ Western ECL Substrate (Bio-Rad), and 

band intensities were quantified using a VersaDoc Imaging System with Image Lab™ Software 

version 5.1 (Bio-Rad . β-actin served as a loading control for normalizing protein expression 

levels. 

3.2.7 Histones acid extraction from HEK293 cells  
 

Histones were extracted from HEK293 cells using a modified protocol based on [8], HEK293 

cells were treated with 5 mM sodium butyrate when reaching 50-60% confluency to maintain 

histone acetylation levels. Following an additional 24 hours incubation, cells were harvested at 

approximately 80% confluency by trypsinization. The obtained cell pellet was resuspended in 

TEB (Triton Extraction Buffer-composition is 1X PBS containing 0.5% Triton X-100, 2 mM 

of PMSF (phenylmethylsulfonyl fluoride), 0.02% NaN3) at a density of 5x103 cells per mL. 
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The cells were lysed on ice for 10 minutes with gentle stirring, followed by centrifugation at 

10,000 rpm/10 minutes in 4°C cooling centrifuge. The supernatant was discarded, and the 

procedure was repeated to collect the nuclei. The pellet was then resuspended in TEB buffer 

(half of the original volume), centrifuged again, and resuspended finally in 0.2 N HCl at a 

density of 4-5x107 nuclei per mL. The acid extraction of histones was achieved by incubating 

the suspension at 4°C overnight. After centrifugation at 10,000 rpm for 10 minutes at 4°C, the 

supernatant containing histone proteins was collected, and the acid was neutralized by adding 

2M NaOH (1/10 of the supernatant volume). Protein content in each sample was determined 

using the BCA assay. Aliquots of the extracted histones were stored at -20°C, and two portions 

were used as substrates for in vitro methylation studies. 

3.2.7.1 In-vitro methylation assay and ELISA 

 

The in vitro methylation assay was performed following the method described by Cheng et al., 

with minor adjustments [8, 9, 12]. PVC microplate wells were initially coated with extracted 

histones (40-50 µg/mL) in 0.2 M carbonate and bicarbonate buffer (pH 9.6). The microplates 

were allowed to overnight incubation at 4°C on a rocker. After removing the coating solution, 

the wells were washed twice with 1X PBS, followed by the addition of 100 µL of appropriately 

diluted samples containing PRMT5 with SAM or PRMT5 pre-treated with EGCG, EA, and 

their combination (pre-incubated for 0.5 h at 30°C). The reactions were carried out at 37°C for 

1.5 hours. Post-incubation, the reaction mixtures were removed, and the wells were washed 

twice with 200 µL PBS. Subsequently, the remaining protein binding sites were blocked by 

adding 200 µL of blocking buffer (5% BSA/PBS per well) and incubating at 37°C for 2 hours. 

After blocking, the plates were washed thrice with PBS (200 µL each, five minutes per wash). 

Following washing, 100 µL of diluted detection antibody (H4R3me2s, 1:10000) added to each 

well, incubated for 2 hours at room temperature. After incubation, the plates were washed with 

PBS and 100 µL of secondary antibody conjugated (diluted, 1:5000) in blocking buffer was 

added immediately before use, followed by incubation at room temperature for 1-2 hours. The 

plates were then washed thrice with 200 µL PBS for five minutes each wash. Substrate reagent 

TMB (100 µL) was added to each well, and the plates were covered with a lid and foil, followed 

by incubation for 15-30 minutes. The reaction was stopped by adding 0.2 M H2SO4, and the 

resulting absorbance was measured at 450 nm.  

3.2.8 Apoptosis and Cell cycle analysis through flow cytometry 

Cells were seeded in a six-well plate at a density of 1.5 million cells per well and treated with 

varying concentrations (0.1 to 10 µM) of EGCG, EA, and their combination for 24 hours. After 
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incubation, cells were trypsinized and stained with Annexin V-fluorescein isothiocyanate 

(FITC) at a 1:100 dilution and propidium iodide (PI) at a concentration of 0.5 µg/mL for 15 

minutes at room temperature. The fluorescence intensities of Annexin V-FITC and PI were 

measured using a FACScan flow cytometer (Becton Dickinson, San Jose, CA, USA). The cell 

populations were gated as follows: Annexin V (+)/PI (-) cells were categorized as apoptotic, 

Annexin V (+)/PI (+) cells indicated cells in secondary necrosis, and Annexin V (-)/PI (+) cells 

were classified as necrotic. Data analysis was conducted using FlowJo software. 

For cell cycle analysis, cells treated with the specified concentrations were trypsinized, fixed 

in 70% ethanol overnight at -20°C, and then stained with RNase-A (100 µg/mL) and Propidium 

Iodide (PI, 50 µg/mL) for 15 minutes. Flow cytometric analysis was performed using a 

FACScan flow cytometer (Becton Dickinson, San Jose, CA, USA). 

3.2.9 Acidic vesicular organelles (AVOs) formation assay 

Acridine orange staining was employed to detect AVOs (Acidic Vesicular Organelles), a 

known hallmark of autophagy, following the method described previously [8,9]. Acridine 

orange (AO) is recognized for its facility to permeate cell membranes and organelles, and emits 

fluorescence throughout the cell excluding in acidic compartments like late autophagosomes, 

where it emits red fluoresces. This dual-color fluorescence indicates the acidification of 

autophagic vesicles during their maturation, reflecting an active autophagic process. The 

intensity of red fluorescence connects with the abundance of AVOs present in autophagic cells. 

After treating the cells with different concentrations of EGCG, EA, and their combination, they 

were incubated in fresh media with 5 µg/mL acridine orange for 10 minutes at 37°C. Following 

incubation, the cells were analyzed using a fluorescent microscope to evaluate the formation 

of AVOs and the autophagic activity stimulated by the treatments. 

3.2.10 Colony formation assay 

To assess the effects of EGCG, EA, and their combination on MDA-MB-231 cells, a colony 

formation assay was conducted. Initially, 500 cells were seeded per 30 mm culture dish and 

allowed to adhere. Once attached, the cells were treated with different concentrations of EGCG, 

EA, and their combination (0, 0.1, 1, and 10 µM) and incubated for 24 hours. After treatment, 

the media was replaced with serum-free media to prevent further cell growth, facilitating 

colony formation over time. 
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Visible colonies were subsequently observed. The media was carefully aspirated, and the 

dishes were washed with PBS to remove non-adherent cells. Each dish was then treated with 

2-3 mL of a solution containing 6% glutaraldehyde and 0.5% crystal violet, followed by a 30-

minute incubation. After incubation, the excess solution was discarded, and the dishes were 

gently rinsed with tap water before being air-dried at room temperature for 20 minutes. 

The experiment was performed in triplicate, and the number of colonies was counted and 

recorded. The results, presented as a percentage relative to the control group, provided insights 

into the potential inhibitory effects of EGCG, EA, and their combination on colony formation, 

reflecting their impact on cell proliferation and survival. 

3.3 Results 
 

3.3.1 Virtual screening revealed top 14 interacting molecules to PRMT5:MEP50 and 

EZH2 

Natural molecules extracted from medicinally significant plants, as reported in scientific 

literature, were meticulously evaluated during the ADMET (absorption, distribution, 

metabolism, excretion, and toxicity) analysis. This evaluation adhered to Lipinski's Rule of 

Five and Veber's rules to ensure the compounds met the necessary criteria.  This screening 

ensured the selection of compounds with drug-like properties, resulting in the creation of a 

comprehensive ligand library. Each ligand was then prepared using the LigPrep tool, 

optimizing their structures for docking studies. 

Subsequently, the pharmacophores for the PRMT5:MEP50 complex and the EZH2 (a member 

of PRC2 complex) were developed using the Schrödinger software suite. The pharmacophores 

represent the spatial arrangement of features necessary for molecular recognition by the target 

proteins. Once the pharmacophores were established, the ligands were docked to the target 

proteins using the Glide XP (extra precision) docking program, which predicts the binding 

affinity and interaction modes of the ligands with the protein targets. In total, from a chemical 

library of 1,200 natural molecules, 355 molecules were screened out through ADMET 

prediction and docked with the PRMT5 complex and EZH2 and identified top fourteen 

interacting molecules The docking results revealed several promising ligands, and the 

interaction profiles and docking scores of the top interacting molecules. The table 3.1 shows 

the top fourteen interacting molecules of PRMT5:MEP50 complex along with the known 

inhibitors SAHA, SAM, and SFG, as well as the known synthetic inhibitor EPZ015666. All 
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these 18 molecules details were listed in Table 3.1. Similarly, the docking study for the EZH2 

(a member of PRC2 complex) identified the top fourteen potential ligands, with their 

interaction profiles and scores provided in Table 3.2. These results highlight the most 

promising natural compounds that could serve as potential inhibitors or modulators of these 

target proteins, which are implicated in various diseases. 

Chemically, the molecules displayed a significant diversity among the classes of natural 

compounds, as illustrated in Figure 2.3.2. This diversity underscores the broad range of 

structural types within the natural molecules studied. Interestingly, both PRMT5 and EZH2 

methyltransferases share a conserved methyltransferase domain, which is evolutionarily 

conserved. This similarity led to the identification of several molecules that could potentially 

interact with both methyltransferases. Most of the natural molecules found to interact with 

PRMT5 and EZH2 methyltransferases obeyed to the Lipinski's Rule of Five and Veber's rules 

during the ADME prediction analysis. However, there were exceptions, such as EGCG which 

showed a few violations of these rules. Despite these violations, the natural molecules with the 

highest docking scores were selected for further investigation due to their promising 

interactions with the target proteins. 

Among the high-scoring molecules, EGCG and EA demonstrated notable interactions with 

both proteins. EGCG, a polyphenol found in green tea, exhibited strong interactions with the 

PRMT5 protein pharmacophore (as detailed in Table 3.1). On the other hand, EA, a phenolic 

compound, showed significant interactions with the EZH2 protein pharmacophore (as detailed 

in Table 3.2). These interactions were particularly noteworthy as they suggested a predictive 

and promising outcome from the virtual screening conducted in this study, as depicted in Figure 

3.3.1. All docking interaction poses of the top 14 molecules were included in the appendix of 

the thesis (appendix-1). This dual interaction profile underscores the potential of these natural 

compounds to target both PRMT5 and EZH2 methyltransferases, offering a foundation for 

further experimental validation and drug development. 
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S. 

No 

Ligand Chemical type Docking score 

(kcal/mol) 

Residues interacting with 

ligand (Pi-Pi stacking)  

Residues interacting with ligand 

 (H-bond) 

1 SAHA Natural product (inhibitor) -12.99 Lys393 Tyr334, Tyr324, Glu392, Cys449, Met420, Asp419, 

Glu435, Leu437, Glu444 

2 SFG SAM analogue (inhibitor)  -12.77 Lys393  Tyr324, Glu392, Asp419, Met420, Glu435, Glu444  

3 SAM Natural substrate  -12.60 Lys393  Asp419, Met420, Glu392, Tyr324, Glu435, Glu444, 

4a EGCG (4X60) Flavonoid -10.26 Lys333 Tyr324, Tyr334, Gly365, Leu437, Glu444, Pro314, 

Leu319 

4b EGCG (4X61) Flavonoid -9.02 Lys333 Leu312, Glu444, Ser310, Ser578, Phe327 

4b EGCG (4X63) Flavonoid  -10.62 Lys333  Gln309, Leu312, Tyr304, Phe577, Glu144, Ser578, 

Phe327 

5a EA (4X60) Phenolic -7.78 Lys393 Tyr324, Glu444, Glu-392 

5b EA (4X61) Phenolic -7.37 Phe327 Phe580, Phe577 

5c EA (4X63) Phenolic -6.79 Phe327 Phe580, Phe577, Tyr304 

6 Vorinostat Known inhibitor  -11.21 Lys393  Tyr324, Glu444  

7 EPZ015666 Known inhibitor  -10.02 Lys393  Met420, Glu435, Glu444  

8 Eucalyptol Terpenoid -1.91 --  --- 

9 Resveratrol Polyphenol  -6.10 --- Gly365, Arg368, Ser578 

10 Apicidin Fungal metabolite -4.61 Phe327 Glu444  

11 Quercetin Flavonoid  -3.20 Phe327 Phe580, Phe300 

12 Capsaicin Alkaloid  -4.87 Phe327 Glu444, Lys333, Ser578 

13 Brazilin Flavonoid  -7.43 --  Glu444, Glu309, Ser578, Glu435 

14 Anethole Flavonoid  -148 Phe327 Phe580 

15 Eugenol Phenylpropanoid -3.41 -- Glu444 

16 Gambogic acid Xanthonoid  -3.27 Phe327 Tyr307, Ser310 

17 Sulforaphane Isothiocyanate -4.61  --  Phe580, Asn239 

18 Piperine Alkaloid  -3.29 --  Pro314, Phe580 

Table 3.1 Top interacting molecules & known substrates to humanPRMT5:MEP50 complex- This table lists the top interacting molecules and known 

substrates that have shown significant binding affinity to the human PRMT5:MEP50 complex, identified through molecular docking studies. 
 

S. 

No 

Ligand Chemical type Docking score  

(kcal/mol) 

Residues interacting with ligand 

 (Pi-Pi stacking)  

Residues interacting with ligand  

(H-bond) 

1a Vorinostat 

(5HYN) 

Known inhibitor  -6.69 Cys449 Glu392, Lys333, Tyr334, Glu328 

1b Vorinostat 

(4mi5) 

Known inhibitor -5.16 --- Leu678, Trp629, Asn693 

2a EA (5HYN) Phenolic -10.46 ------ Trp624, Ser664, Ala622, Tyr728, Asp732 

2b EA (4mi5) Phenolic -8.29 ------ Leu671, Phe670, Phe72, Ser667 

3a EGCG (5HYN) Flavonoid  -9.07 Lys735 Ile109, Met110, Typ111, Trp624, Ala733, His689, 

Asn688, Arg685 

3b EGGC (4mi5) Flavonoid -7.05 Leu671 Ser669,Tyr731, Asn693, Trp629 

4a Resveratrol 

(5HYN) 

Polyphenol -4.06 --- Gly365, Arg368, Gly328, Ser578 

4b Resveratrol 

(4mi5) 

Polyphenol -6.02 Trp575 Phe577 

5 Piperine Alkaloid -3.51 ------ Met420, Lys393 

6 Sulforaphane Isothiocyanate -3.66 ------ Lys393 

7 Anethole Flavonoid  -2.22 ------ Met420, Lys393  

8 Apicidin Fungal metabolite -3.66 Phe327 ----  

9 Capsaicin Alkaloid  -4.66 Phe327 Lys333, Tyr334  

10 Quercetin Flavonoid -4.71 ---- Glu392, Glu444, Ser578, Lys333 

11 Eucalyptol Terpenoid -2.86 --- Gly365 

12 Eugenol Phenylpropanoid -3.41 Tyr324 Glu328, Arg368 

13 Gambogic acid Xanthonoid  --- ------ ----- 

14a Brazilin (5HYN) Flavonoid  -8.08 ------ Tyr324, Glu392, Glu444, Glu435 

14b Brazilin (4mi5) Flavonoid -7.92 Phe665 Met662, Ile109, Asn688 

Table 3.2 Top interacting molecules & known substrates to human EZH2 complex- This table lists the top interacting molecules and known 

substrates that have shown significant binding affinity to the human EZH2 complex, identified through molecular docking studies.
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Figure-3.3.1 Schematic Flowchart of In-Silico Screening Results-This flowchart illustrates the 

in-silico screening process. Out of 1200 natural molecules analyzed for ADMET properties, 355 molecules were 

selected for docking studies with the human PRMT5:MEP50 complex and PRC2 (EZH2) complex. The screening 

identified two molecules that interacted with their respective pharmacophores, achieving the highest docking 

scores among all natural molecules tested. 

3.3.2 Interaction of EGCG with PRMT5:MEP50 & EZH2 (Molecular docking) 

The ligand-protein docking revealed that EGCG (Figure 3.3.2.1) was interacting with human 

PRMT5-MEP50 complex & EZH2. The binding pattern of EGCG was analyzed in all the three 

forms of structures of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and 

SAHA respectively (Figure 3.3.2.2) and with EZH2 (5HYN, 4mi5) where ligand is SAHA and 

SET domain respectively (Fig2d-2e).  As shown in the Figure 2, EGCG has similar interactions 

as SFG, SAM and SAH, 5HYN, & 4mi5. The SFG interacted with PRMT5 protein at the 

Tyr324, Glu392, Asp419, Met420, Glu435, Glu444 with H-bonds, and a π-cation interaction 

at Lys393 position. SAHA interacted with EZH2 protein at the Trp624, Ile109, Ala733, 

His689, Asn688 and Arg685. Interestingly, EGCG interacted within the same pocket involving 

a π-cation interaction at Lys 333 and at least five H-bonds with the residues (Tyr324, Tyr334, 

Gly365, Leu437, and Glu444) in the PRMT5 pharmacophore.  Similarly, with 5HYN (EZH2), 

interacted with five hydrogen bonds (Trp624, Ile109, Ala733, Asn688 and His689), with 4mi5 

Leu671, Asn698, Ser669 and Tyr731. The common interactions of EGCG all structural forms 

of PRMT5 (4X60, 4X61, 4X63) and EZH2 (5HYN, 4mi5) were tabulated in (Table 3.3). 
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Figure-3.3.2.1- Chemical structure of Epigallocatechin-3-gallate (Mol wt. 458.372 g/mol, chemical formula: 

C22H18O11 

 

Figure-3.3.2.2- Interaction Profile of EGCG with Human PRMT5 and EZH2 Complexes- 

Illustration of the interaction profiles of EGCG with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of EGCG with PRMT5 (PDB IDs: 4X60, 4X61, 4X63). The hydrogen bonds are represented 

by green dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black 

ball-and-stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles 

of EGCG with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds 

shown as purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation 

interactions between EGCG, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are 

shown in green dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue 

and black ball-and-stick models. Non-bonded interactions are represented by residues with starbursts. 
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Table-3.3 The common interaction profiles of the EGCG with human PRMT5: MEP50 and 

EZH2 

  

Ligand     XP  

G-score 

π- cation Residues interacting with the ligand 

H-bonding 

PRMT5 
Sfg -12.776 Lys393 Tyr324, Glu392, Asp419, Met420, Glu435, Glu444,  

Sfg (LigPlot) Leu315, Tyr324, Lys333, Tyr334, Gly365, Ala366, Gly367, Pro370, Glu392, Lys393, Asn394, 

Ser418, Asp419, Met420, Arg421, Glu435, Leu436, Cys449 

EGCG 

(4X60) 

-10.266 Lys333 Tyr324, Tyr334, Gly365, Leu437, Glu444, Pro314, 

Leu319 

SAM -12.617 Lys393  Asp419, Met420, Glu392, Tyr324, Glu435, Glu444, 

SAM (LigPlot) Tyr334, Lys333, Gly365, Met420, Tyr324, Glu392, Arg421, Asp419, Cys449 

EGCG 

(4X61) 

-9.027 Lys333  Leu312, Glu444, Ser310, Ser578, Phe327 

SAH -12.992 Lys333  Tyr334, Tyr324, Glu392, Cys449, Met420, Asp419, 

Glu435, Leu437, Glu444 

SAH (LigPlot) Tyr334, Tyr324, Cys449, Lys333, Glu392, Asp419, Met420 

EGCG 

(4X63) 

-10.628 Lys333  Gln309, Leu312, Tyr304, Phe577, Glu144, Ser578, 

Phe327 

EZH2 

EGCG 

(5HYN) 

-9.072 Lys 735 Ile109, Met110, Typ111, Trp624, Ala733, His689, 

Asn688, Arg685 

EGCG 

(4mi5) 

-7.543 Leu671 Ser669,Tyr731, Asn693, Trp629 

 

3.3.2.1 Molecular Dynamic Simulation Studies: Interaction of EGCG with PRMT5 and 

EZH2:  

To assess the molecular stability of EGCG with PRMT5 and EZH2, molecular dynamics 

simulations were conducted, corroborating the docking study results. We examined the root 

mean square deviation (RMSD) and root mean square fluctuation (RMSF) over a 100 ns time 

frame. These analyses provided insights into the rigidity of the binding sites and the overall 

stability of both the ligand and PRMT5, which are crucial for pharmacokinetics. The backbone 

RMSD ranged between 1-3 Å, and the ligand RMSD correlated with the backbone RMSD. 

Additionally, the RMSF of the ligand remained within acceptable variations. The hydrogen 

bonding and hydrophobic π-π interactions were strong.  otably, Glu435 maintained a strong 

hydrogen bond with EGCG throughout the simulation (Figure 3.32.3), which is involved in 

peptide binding and is one of the stable bonds observed. More than 75% of the simulation time 

showed stable hydrophobic interactions involving Phe327, Leu364, and Gly365 (Figure 

3.3.2.3). In the case of EZH2 binding, EGCG demonstrated less stability compared to its 

interaction with PRMT5. The RMSD and RMSF analyses over a 100 ns time course revealed 

fluctuations indicating lower stability of the EGCG-EZH2 complex. Despite these fluctuations, 

EGCG still maintained significant interactions with EZH2, though not as strong as with PRMT. 
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These results indicate that EGCG forms a stable and strong interaction with PRMT5, 

confirming its potential efficacy as a compound. 

Figure 3.3.2.3: Root Mean Square Deviation (RMSD) and Root Mean Square Fluctuation 

(RMSF) Analysis of EGCG with PRMT5:MEP50 Complex and Enhancer of Zeste 

Homolog 2 (EZH2). This figure illustrates the structural stability and flexibility of the EGCG molecule when 

bound to the PRMT5 complex and EZH2. The RMSD graph shows the time evolution of the deviations in the 

positions of the protein atoms from a reference structure over the course of the simulation, indicating the overall 

stability of the protein-ligand complexes. The RMSF graph depicts the average fluctuation of each residue from 

its mean position, providing insights into the flexibility and dynamic behavior of specific regions within the 

proteins when interacting with EGCG. 

3.3.2.2 Surface Plasmon Resonance studies for EGCG with PRMT5:MEP50 and EZH2 

A surface plasmon resonance (SPR) assay was conducted to assess the interaction between 

EGCG and PRMT5-MEP50, as well as EZH2. Recombinant PRMT5-MEP50 and EZH2 

proteins were immobilized on the CM5 chip sensor surface, and sensograms illustrating the 

immobilization process are provided in (Figure 3.3.2.4). The Real-time bimolecular interaction 

analysis was employed to investigate the binding kinetics of EGCG with the immobilized 

PRMT5-MEP50 and EZH2 surfaces (Figure 3.3.2.5).  
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Figure 3.3.2.4: Surface Plasmon Resonance (SPR)- The sensorgram depicting the immobilization of PRMT5 

and EZH2 on a CM5 sensor chip are shown in panels (a) and (c), respectively. Panels (b) and (d) illustrate the 

control experiments where blank injections were performed with EZH2 and PRMT5, respectively. 

 

Figure 3.3.2.5: Surface plasmon resonance (SPR): The experiments were conducted to analyze the 

interaction of EGCG with PRMT5-MEP50 and EZH2 complexes on a CM5 sensor chip. Panel (a) shows the dose-

response sensorgram of EGCG with immobilized PRMT5-MEP50, while panel (b) displays the fitting of response 

versus concentration using BIAcore T200 Evaluation software version 2.0. Panel (c) presents the dose-response 

sensorgram of EGCG with immobilized EZH2, with panel (d) depicting the fitting of response versus 

concentration for EZH2 using the same software. The response units (RU) versus protein concentration plots were 

linear. The kinetic parameters obtained are as follows: for PRMT5-MEP50, the association constant (Ka) is 

2.07E+02 (M^-1 s^-1), the dissociation constant (kd) is 3.61E-03 (s^-1), and the equilibrium dissociation constant 

(KD) is 1.74E-05 M. For EZH2, the Ka is 82.78 (M^-1 s^-1), kd is 3.63E-03 (s^-1), and KD is 4.39E-05 M. 
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The results indicated that EGCG exhibited strong binding affinity in the nanomolar 

concentration range (200-1.56 nM) for both PRMT5-MEP50 and EZH2 proteins. The 

equilibrium dissociation constants (KD) were determined as 1.74E-05 M and 4.39E-05 M for 

EGCG with PRMT5-MEP50 and EZH2, respectively. The response versus concentration graph 

showed a linear relationship (Figure 3.3.2.5), Analysis of the association constant (ka) and 

dissociation constant (kd) revealed that EGCG has a higher affinity for PRMT5-MEP50 than 

for EZH2, consistent with the findings from molecular docking studies. 

3.3.3. Impact of EGCG on growth of multiple cancer cell lines 

The study included human cancer cell lines DU-145 (prostate), A549 (lung), HeLa (cervix), 

Hep G2 (liver), MCF7 (breast), MDA-MB-231 (breast), PC-3 (prostate), and HEK293 (human 

embryonic kidney). Cells were treated with varying concentrations of EGCG for 24 and 48 

hours, and cell viability was assessed to determine the IC50 values (Figure 3.3.2.6). 

 

Figure 3.3.2.6: Impact of EGCG on human malignant cell lines: Various human cancer cell lines, including 

DU-145 (prostate), A549 (lung), HeLa (cervix), Hep G2 (liver), MCF7 (breast), MDA-MB-231 (breast), PC-3 

(prostate), and HEK293 (human embryonic kidney), were exposed to different concentrations of EGCG for 24 

hours (top panel) and 48 hours (bottom panel) to assess cytotoxicity. IC50 values were calculated and tabulated. 
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MDA-MB-231 cells were incubated with indicated concentrations of EGCG for 24 hours to 

assess the levels of catalytic products of PRMT5 and EZH2, specifically H4R3me2s and 

H3K27me3. Results indicated a significant decrease in H4R3me2s and H3K27me3 levels, 

particularly at 10 μM concentration, compared to untreated cells, while the protein levels of 

PRMT5, EZ 2,  4, and  3 remained unchanged. β-actin was used as a loading control (Figure 

3.3.2.7 a-b). In-vitro methylation assays using PRMT5-MEP50 and EZH2 validated the 

methylation of H4 and H3 through ELISA. Pre-incubation of PRMT5-MEP50 and EZH2 with 

EGCG (1 µM, 10 µM) resulted in a dose-dependent decrease in symmetrical dimethylation of 

the third arginine of histone H4 and trimethylation of lysine 27 on histone H3 (Figure 3.3.2.7 

c), indicating strong inhibition of PRMT5 and EZH2 activities by EGCG. 

 

Figure 3.3.2.7: Impact of EGCG on methylation marks: MDA-MB231 cells were treated with increasing 

concentrations of EG G  0.1, 1, 10 μM  for 24 hours. Protein lysates were prepared as described in the methods 

section and analyzed for levels of H4R3me2s and H3K27me3 using immunoblotting. β-actin served as the loading 

control. (a) Western blots depict the levels of H4R3me2s and H3K27me3. (b) Protein intensity graphs illustrate 

the quantification of immunoblotting results. (c) ELISA was performed to assess in-vitro methylation using EZH2 

and PRMT5-MEP50 enzyme complexes with histones as substrates. 

The trypan blue dye exclusion assay supported the MTT assay, showing a reduction in viable 

cell numbers with increasing concentrations of EGCG (Figure 3.3.2.8). AO-EtBr double 

staining revealed crescent-shaped or granular early-stage apoptotic cells in MDA-MB-231 cells 
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treated with EGCG for 24 hours, whereas no significant apoptosis was observed in the control 

group (Figure 3.3.2.8a). These findings were corroborated by trypan blue dye exclusion assay 

and MTT assays (Figure 3.3.2.8b). In colony formation assays, EGCG dose-dependently 

reduced colony formation compared to the control group (Figure 3.3.2.8c-d), further supporting 

EGCG's inhibitory effects on PRMT5 and EZH2 activities in vitro. 

 

 

Figure 3.3.2.8: Impact of EGCG on cell proliferation: MDA-MB-231 cells were treated with varying 

concentrations of EG G  0, 0.1, 1, and 10 μM , and in-vitro assays were conducted to assess the effects. (a) 

AO/EtBr assay: MDA-MB-231 cells treated with EGCG for 24 hours were subjected to double staining with 

ethidium bromide (EB) and acridine orange (AO). Viable cells emitted green fluorescence (AO), while necrotic 

cells showed predominant red fluorescence (EB) under a fluorescent microscope. (b) Trypan blue dye exclusion 

assay: After 24 hours of EGCG treatment, DU-145, A549, HeLa, Hep G2, MCF7, MDA-MB-231, PC-3, and 

HEK293 cells were incubated with Trypan Blue solution. Viable cells excluded the dye, remaining unstained, 

while non-viable cells absorbed the dye, appearing blue. Cell viability was assessed by counting cells under a 

microscope, and the results were tabulated and plotted. (c, d) Colony formation assay: 500 cells were seeded and 

treated according to experimental conditions. After incubation, colonies were fixed, counted, and compared 

between control and treated groups to evaluate changes in clonogenic potential, providing insights into altered 

cell survival and proliferation. 

 

3.3.3.1 Effect of EGCG on Apoptosis & Cell cycle  

To assess the effect of EGCG on inducing apoptosis in breast cancer cells, we treated MDA-

MB-231 cells with increasing concentrations (0, 0.1, 1, and 10 µM) of EGCG for 24 hours. 

The cells were then stained with Annexin V/PI, and the percentage of apoptotic cells was 
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determined using flow cytometry. FACS analysis indicated that as the concentration of EGCG 

increased, the cells progressively entered the late apoptosis stage (Figure 3.3.2.9a-d & i). 

Additionally, to investigate whether EGCG influences cell cycle progression, we performed 

flow cytometry to examine cell cycle distribution and analyzed the phases of the cell cycle 

(Figure 3.3.2.9: e-h & j). The cell cycle analysis revealed that EGCG treatment induced G0/G1 

arrest in a dose-dependent manner at concentrations of 1 µM and 10 µM compared to the 

untreated control. 

 

Figure 3.3.2.9: EGCG Induces Apoptosis and Autophagy in Breast Cancer Cells: MDA-

MB231 cells treated with EGCG for 24 hours were stained with Annexin V/propidium iodide (PI), and the 

percentage of apoptotic cells was determined using flow cytometry. The top panel (a-d) shows the flow cytometry 

analysis of MDA-MB231 cells following EGCG treatment. The bottom panel (e-h) displays cell cycle analysis of 

MDA-MB231 cells after 24 hours of EGCG treatment. EGCG Induces Autophagy in Breast Cancer Cells: (k) 

EGCG treatment led to the formation of acidic vesicular organelles in MDA-MB231 cells. (l) Western blot 

analysis detected LC3 I/II expression in EGCG-treated MDA-MB231 cells.  Western blot analysis examined the 

expression of Beclin-1, BCl2, Bax, and Bad proteins in EGCG-treated MDA-MB231 cells. 

3.3.3.2 EGCG induced autophagy in MDA-MB-231 cells 

The AO-EtBr assay indicated the presence of apoptotic cells characterized by crescent-shaped 

or granular morphology. To confirm whether the appearance of granular cells was indicative 

of apoptosis-mediated autophagy, we assessed the formation of Acidic Vesicular Organelles 
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(AVOs) following EGCG treatment. AVO formation serves as an indicator of autophagy and 

was examined using AO (Acridine Orange) staining. EGCG-treated cells exhibited red 

fluorescent spots, whereas control cells predominantly displayed green cytoplasmic 

fluorescence (Figure 3.3.2.9k). 

Furthermore, we investigated whether EGCG's inhibition affected autophagy-mediated cell 

death in MDA-MB231 cells by evaluating microtubule-associated protein light chain 3 (LC3), 

a well-known autophagy marker. Our findings demonstrated that EGCG induced a dose-

dependent transition of LC3 (Figure 3.3.2.9l). Additionally, to confirm the induction of 

autophagy, we examined the expression of Beclin-1 and members of the BCL family (BCL2, 

BAX, and BAD) (Figure 3.3.2.9l). 

3.4 Interaction of EA with PRMT5 and EZH2 

To investigate the interaction between EA (Figure 3.4) and the proteins EZH2 and the PRMT5 

complex, we conducted molecular docking studies. These studies assessed the binding patterns 

of EA across three different structural forms of the PRMT5 complex (4X60, 4X61, 4X63), 

which were previously reported with the ligands SFG, SAM, and SAHA, respectively. For 

EZH2, the structures 5HYN and 4MI5 were examined with their reported ligands, the H3K27 

peptide, and the SET domain. As shown in Figure 3.4.1, the ligand SFG in the PRMT5 structure 

formed hydrogen bonds with Tyr324, Glu392, and Glu444, along with a π-cation interaction at 

 ys393.  imilarly, EA's interaction with the PRMT5 complex involved a π-cation interaction 

at Lys393 and three hydrogen bonds with Tyr324, Glu392, and Glu444 within the PRMT5 

binding site. For EZH2, the docking study revealed that EA exhibited strong binding affinity 

with the 5HYN structure, showing a binding energy of -10.46 kcal/mol and forming at least 

five hydrogen bonds with residues Trp624, Ser664, Ala622, Tyr728, and Asp732. When 

docked with the 4MI5 structure, EA interacted with residues Leu671, Phe670, Phe72, and 

Ser667. The common interactions of EA with all structural forms of PRMT5 (4X60, 4X61, 

4X63) and EZH2 (5HYN, 4MI5) are summarized in Table 3.4. 



111 
 

 

Figure 3.4: Chemical structure of EA (Mol wt. 302.19 g/mol, chemical formula: C14H6O8 

 

 
Figure 3.4.1: Interaction profiles of EA with the human EZH2 and PRMT5: MEP50 complex were analyzed. 

(a-c) Interaction details with the PRMT5: MEP50 complex (PDB IDs: 4X60, 4X61, 4X63) revealed specific 

hydrogen bonds between EA and amino acid residues, indicated by green dotted lines. The interactions are 

visualized using a blue/black ball-and-stick model for EA and the ligand SFG. Non-bonded interactions are 

denoted by starbursts adjacent to the residues. (d-e) In the case of the EZH2 complex (PDB IDs: 5HYN and 4MI5), 

EA's binding orientation and hydrogen bonding interactions are highlighted. Hydrogen bonds are represented by 

purple arrows, with arrowheads indicating the direction of donor-acceptor interactions. A significant π-cation 

interaction involving EA and the lysine side chain is depicted by a red arrow. Like the PRMT5 interactions, EA, 

and the ligand SFG are shown using a blue/black ball-and-stick model, with non-bonded interactions indicated by 

starbursts. 
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Table 3.4: Interaction profiles of EA with human EZH2 and PRMT5 complexes were 

examined using various protein structures, specifically 5HYN and 4MI5 for EZH2, and 4X60, 

4X61, 4X63 for PRMT5. Molecular docking analyses were performed with these complexes. 

Additionally, the GlideXP docking scores of EA, with SFG, SAM, and SAHA were evaluated 

and are presented. 

 

Ligand XP 

G-score 

π- cation Residues interacting with the ligand 

H-bonding 

PRMT5 

Sfg -12.77 Lys393 Tyr324, Glu392, Asp419, Met420, Glu435, Glu444, 

Sfg (LigPlot) Tyr324, Lys333, Tyr334, Gly365, Glu392, Asp419, Met420, Glu435, Cys449 

EA(4X60) -7.78 Lys393 Tyr324, Glu444, Glu392, 

SAM -12.61 Lys393 Asp419, Met420, Glu392, Tyr324, Glu435, Glu444, 

SAM (LigPlot) Tyr334, Lys333, Gly365, Met420, Tyr324, Glu392, Arg421, Asp419, Cys449 

EA (4X61) -7.37 Phe327 Phe580, Phe577 

SAHA -12.99 Lys333 Tyr334, Tyr324, Glu392, Cys449, Met420, Asp419, 

Glu435, Leu437, Glu444 

SAH (LigPlot) Tyr334, Tyr324, Cys449, Lys333, Glu392, Asp419, Met420 

EA (4X63) -6.79 Phe327 Phe580, Phe577, Tyr304 

EZH2 

EA(5HYN) -10.46 ------ Trp624, Ser664, Ala622, Tyr728, Asp732 

EA (4mi5) -8.29 -------- Leu671, Phe670, Phe72, Ser667 

3.4.1 Molecular Dynamics Simulation Results for EA with PRMT5 and EZH2: 

To understand the molecular stability of EA with PRMT5:MEP50, molecular dynamics 

simulations were conducted, supporting the docking study results. We analyzed RMSD and 

RMSF over a 100 ns time course, this provided insights into the rigidity of the binding sites 

and the overall stability of both the ligand and the protein complex. The RMSD of the backbone 

ranged between 1-3Å, with EA showing stability only at certain times. The RMSD of the ligand 

correlated with the backbone RMSD, with the RMSF of the ligand remaining within acceptable 

changes, indicating overall stability of the protein. For EA, the ligand-PRMT5 complex was 

stable. However, the contact of residues with the ligand was relatively weaker compared to 

EG G.  ydrophobic π interactions with Phe327 were stable for over 60% of the simulation 

time. Additionally, Phe300 and Tyr304 frequently contacted the ligand. These findings suggest 

that while EA forms a stable complex with PRMT5, its interactions are slightly weaker than 

those of EGCG. In the case of EZH2 binding, EA exhibited greater stability compared to 

EGCG. This was reflected in the RMSD and RMSF analyses, where EA demonstrated more 

consistent stability over the 100 ns time course. The interactions with EZH2 were strong, 
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indicating that EA forms a stable and effective complex with EZH2, surpassing the stability 

observed with EGCG.  

 
Figure 3.4.2: Molecular dynamics simulations were conducted to assess the stability of EA with 

PRMT5:MEP50 & EZH2. RMSD and RMSF analyses over a 100 ns simulation period provided insights into the 

rigidity of the binding sites and overall complex stability. The backbone RMSD ranged from 1 to 3 Å, indicating 

moderate stability of the protein-ligand complex. EA showed intermittent stability over the simulation time, 

correlating with the backbone RMSD. The RMSF of EA remained within acceptable limits, suggesting consistent 

stability of the ligand within the protein environment.  pecific interactions, such as hydrophobic π interactions 

with Phe327 and frequent contacts with Phe300 and Tyr304 residues, were observed throughout the simulation, 

albeit weaker compared to interactions observed with EGCG. In comparison, EA exhibited greater stability in 

binding with EZH2 than EGCG, as evidenced by more consistent RMSD and RMSF profiles over the simulation 

period. These findings highlight EA's potential as a stable and effective inhibitor of EZH2, surpassing the stability 

observed with EGCG. 

3.4.2 Binding study of EA with PRMT5:MEP50 and EZH2 by Surface Plasmon 
Resonance 

SPR Analysis of EA Binding Affinity with EZH2 and PRMT5: SPR was employed to measure 

the binding affinity of EA with EZH2 and PRMT5. Recombinant EZH2 and PRMT5-MEP50 

were immobilized on a CM5 sensor chip (Figure 3.3.2.4). Real-time bimolecular interaction 

analysis was conducted to evaluate the interaction and affinity of EA with these proteins. 

Binding kinetics were assessed by introducing varying concentrations of the ligand over the 

immobilized protein surfaces (Figure 3.3.2.12a & c). 

The results indicated that EA exhibited strong binding affinity in the micromolar concentration 

range (200-1.56 nM) with both PRMT5-MEP50 and EZH2. The equilibrium dissociation 

constant (KD) values, representing the strength of biomolecular interactions, were found to be 

3.28E-06 M for EZH2 and 6.54E-05 M for PRMT5-MEP50. The response versus concentration 
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plots demonstrated linearity (Figure 3.3.2.12b & d). Further analysis of the association constant 

(ka) and dissociation constant (kd) revealed that EA had a higher affinity for EZH2 compared 

to PRMT5, which is consistent with the molecular docking study results. 

 

Figure 3.4.3: Surface Plasmon Resonance Analysis was performed to investigate the interaction of EA with 

EZH2 and the PRMT5 complex using a CM5 sensor chip. (a) Dose-response sensorgram for EA interacting with 

immobilized EZH2. (b) Fitting of response and concentration data using BIAcore T200 Evaluation software 

version 2.0. (c) Dose-response sensorgram for EA with immobilized PRMT5. (d) Fitting of response and 

concentration data for this interaction using the same software. The plot of response units (RU) versus protein 

concentration demonstrated a linear relationship. The determined kinetic parameters are as follows: For EA with 

EZH2: association rate constant (ka) = 674.1, dissociation rate constant (kd) = 0.002214, equilibrium dissociation 

constant (KD) = 3.28E-06. For EA with PRMT5:MEP50: association rate constant (ka) = 37.1, dissociation rate 

constant (kd) = 0.00243, equilibrium dissociation constant (KD) = 6.54E-05. 

3.4.3 Inhibition of EA on growth of multiple cancer cell lines 

In this study, a range of human cancer cell lines were utilized, including MCF7 and MDA-MB-

231 (breast cancer), DU-145 and PC-3 (prostate cancer), A549 (lung cancer), HeLa (cervical 

cancer), Hep G2 (liver cancer), and HEK293 (human embryonic kidney). The cells were 

exposed to varying concentrations of EA for 24 and 48 hours, and cell viability was measured 

to determine the IC50 value (Figure 3.4.4). The results revealed a significant reduction in the 

levels of H3K27me3 and H4R3me2s, particularly at a concentration of 10 μM, compared to 

untreated cells. However, the protein levels of EZH2, PRMT5, H3, and H4 remained mostly 

unchanged (Figure 3.4.5a-b , with β-actin serving as the loading control. Furthermore, in vitro 

methylation assays of H3 and H4, followed by ELISA (Figure 3.4.5c), demonstrated a dose-

dependent decrease in H3K27me3 and H4R3me2s at concentrations of 1 µM and 10 µM. 
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AO-EtBr double staining indicated the presence of early-stage apoptotic cells, identifiable by 

their crescent-shaped or granular morphology, in MDA-MB-231 cells treated with EA for 24 

hours. In contrast, the control group showed no significant apoptosis (Figure 3.4.6a). This 

finding was corroborated by the results from the trypan blue dye exclusion assay and MTT 

assays (Figure 3.4.6b). Additionally, the colony formation assay showed a dose-dependent 

reduction in colony formation in the EA-treated group compared to the control group (Figure 

3.4.6c-d). Collectively, these in vitro assays demonstrated that EA effectively inhibits the 

activity of EZH2 and PRMT5. 

 

Figure 3.4.4: Impact of EA on Human Cancer Cell Lines: Various human cancer cell lines, including MCF7 

(breast), MDA-MB-231 (breast), Du-145 (prostate), A549 (lung), Hep G2 (liver), HeLa (cervix), PC-3 (prostate), 

and HEK293 (human embryonic kidney), were treated with different concentrations of EA. Cytotoxicity was 

assessed, and IC50 values were determined and tabulated. The top panel (a) shows results for EA treatment over 

24 hours, while the bottom panel (b) shows results for EA treatment over 48 hours. 

.
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Figure-3.4.5: Effect of EA on H3K27me3 and H4R3me2s Methylation Marks. MDA-MB231 cells were 

treated with increasing concentrations of EA  0.1, 1, 10 μM  for 24 hours. Protein lysates were then prepared as 

per the described methods and analyzed for H4R3me2s and H3K27me3 levels via immunoblotting, using β-actin 

as a loading control. (a) Western blots showing the methylation levels. (b) Graphs depicting the intensity of the 

proteins from the western blots. (c) In vitro methylation assays were performed as described in the methods, and 

methylation levels were quantified using ELISA. These assays utilized EZH2 and PRMT5-MEP50 enzyme 

complexes with histones as substrates. 
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Figure-3.4.6: Effect of EA on Cellular Proliferation Dynamics: Cells were treated with EA at various 

concentrations and durations, followed by multiple cell-based assays to assess the impact. (a) AO/EtBr assay: 

Cells were double-stained with ethidium bromide and acridine orange (EB/AO) and observed under a fluorescent 

microscope. Viable cells emitted green fluorescence (AO), while necrotic cells showed predominant red 

fluorescence (EB). (b) Trypan blue dye exclusion assay: A549, MCF7, MDA-MB-231, Du-145, PC-3, HeLa, Hep 

G2, and HEK293 cells were treated with EA for 24 hours. Post-treatment, cells were incubated with Trypan Blue 

solution. Viable cells excluded the dye, while non-viable cells absorbed it, appearing blue. Cell viability was 

assessed under a microscope, and the results were tabulated and graphed. (c & d) Colony formation assay: 500 

cells were seeded and subjected to EA treatment under experimental conditions. After incubation, colonies were 

fixed and counted to evaluate clonogenic potential. These studies provide insights into how EA alters cell survival 

and proliferation. 

3.4.4 Impact of EA on Apoptosis and Cell cycle 

We explored the impact of EA on apoptosis in MDA-MB-231 cells by exposing them to various 

concentrations (0, 0.1, 1, and 10 µM) of EA for 24 hours. Post-treatment, the cells were stained 

with Annexin V/propidium iodide (PI) and analyzed for apoptosis levels using flow cytometry. 

The results revealed a progressive increase in the number of cells undergoing late apoptosis 

with higher EA concentrations (Figure 3.4.7a, b). Additionally, we assessed the effect of EA 

on cell cycle progression to determine cell cycle distribution and phase transition (Figure 

3.4.7c, d). The findings indicated that EA induced G0/G1 phase arrest in a dose-dependent 

manner at concentrations of 1 µM and 10 µM, compared to the control group. 
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Figure 3.4.7: Induction of Apoptosis by EA in Breast Cancer Cells: MDA-MB231 cells were 

treated with EA for 24 hours. Subsequently, cells were stained with Annexin V/propidium iodide (PI) to assess 

the percentage of apoptotic cells using flow cytometry. (a & b) Flow cytometry analysis of MDA-MB231 cells 

treated with EA. (c & d) Analysis of cell cycle progression in MDA-MB231 cells after 24 hours of EA treatment. 

 

3.4.5 EA mediate the autophagy in cells 

The AO-EtBr assay indicated the presence of apoptotic cells, characterized by crescent or 

granular shapes. To investigate whether these granular cells were indicative of apoptosis-

induced autophagy, we examined the formation of Acidic Vesicular Organelles (AVOs) 

following EA treatment. 
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Figure 3.4.8: EA Induces Autophagy in Breast Cancer Cells: MDA-MB231 cells were exposed 

to EA for 24 hours, revealing induction of autophagy. (a) Treatment with EA led to the formation of acidic 

vesicular organelles (AVOs) in cells. (b & c) Western blot analysis was conducted to assess LC3 I/II expression 

and evaluate the levels of Beclin-1, Bax, Bad, and BCl2 proteins in EA-treated MDA-MB231 cells. 

AVO formation is a marker of autophagy. In treated cells, we observed red fluorescent spots, 

whereas control cells primarily exhibited green cytoplasmic fluorescence (Figure 3.4.8a). We 

also assessed whether EA induced autophagy-mediated cell death in MDA-MB-231 cells by 

measuring the expression of microtubule-associated protein light chain 3 (LC3), a key marker 

for autophagy. Our findings showed a dose-dependent increase in LC3 transition induced by 

EA (Figure 3.4.7b). To further confirm autophagy induction, we evaluated the expression 

levels of Beclin-1 and members of the BCL protein family (BCL2, BAX, and BAD) (Figure 

3.4.7b, c). 

3.5 Impact of Combination (EGCG+EA 

After individually evaluating the effect of EGCG and EA on malignant cell lines, we aimed to 

investigate their combined effects. Our interest lies in understanding how their combination 

may influence cell behavior and therapeutic potential. 

3.5.1 Impact of Combo on human malignant cell lines: 

In this study, a variety of human cancer cell lines were used, including MCF7 and MDA-MB-

231 (breast cancer), DU-145 and PC-3 (prostate cancer), A549 (lung cancer), HeLa (cervical 
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cancer), Hep G2 (liver cancer), and HEK293 (human embryonic kidney). The cells were 

exposed to different concentrations of Combination for 24 and 48 hours, and cell viability was 

measured to determine the IC50 value (Figure 3.5). 

 

 

 

Figure-3.5: Impact of Combo on Human Cancer Cell Lines: Various human cancer cell 

lines, including MCF7 (breast), MDA-MB-231 (breast), Du-145 (prostate), A549 (lung), Hep G2 (liver), HeLa 

(cervix), PC-3 (prostate), and HEK293 (human embryonic kidney), were treated with different concentrations of 

Combo. Cytotoxicity was assessed, and IC50 values were determined and tabulated. The top panel (a) shows 

results for Combo treatment over 24 hours, while the bottom panel (b) shows results for Combo treatment over 

48 hours. 

3.5.2: Surface Plasmon Resonance Analysis of combination with EZH2 and 

PRMT5:MEP50 

We conducted a Surface Plasmon Resonance (SPR) assay to investigate the interactions of 

PRMT5-MEP50 and EZH2 with a combination of EGCG and EA (Combo). Recombinant 

0

20

40

60

80

100

120

0 20 40 60 80 100 120

C
el

l 
p

ro
li

fe
ra

ti
o

n
 (

%
)

Drug Concentration (µM)

Combo 24 hrs

HEK293 DU145 A549 HeLa

HepG2 MCF7 PC3 MDA-MB231

0

20

40

60

80

100

120

0 20 40 60 80 100 120

C
el

l 
p

ro
li

fe
ra

ti
o

n
 (

%
)

Drug Concentration (µM)

Combo 48 hrs

HEK293 DU145 A549 HeLa

HepG2 MCF7 PC3 MDA-MB231



121 
 

PRMT5-MEP50 and EZH2 proteins were immobilized on a CM5 sensor chip, with the 

immobilization sensograms displayed in Figure 3.3.2.4. Real-time analysis was performed to 

assess the interaction and binding affinity of Combo with PRMT5-MEP50 and EZH2. Binding 

kinetics were analyzed by introducing varying concentrations of Combo to the immobilized 

protein surfaces (Figures 3.5.1). 

 

Figure-3.5.1: Surface Plasmon resonance Studies for Combo with PRMT5:MEP50 and 

EZH2- The sensorgram analysis of the Combo (EA+EGCG) interaction with PRMT5 and EZH2 complexes was 

conducted using a CM5 sensor chip. Panel (a) depicts the dose-response sensorgram of the combo interacting with 

immobilized PRMT5-MEP50. Panel (b) shows the fitting of the response and concentration data using BIAcore 

T200 Evaluation software version 2.0. Panel (c) illustrates the dose-response sensorgram of the combo with 

immobilized EZH2. Panel (d) presents the fitting of the response and concentration data using the same software. 

The plot of response units (RU) versus protein concentration demonstrates a linear relationship. The determined 

association rate constant (ka), dissociation rate constant (kd), and equilibrium dissociation constant (KD) values 

are as follows: For Combo (EA+EGCG) with PRMT5 complex: Ka = 2.30E+02, kd = 1.66E-03, KD = 7.23E-06. 

For Combo (EA+EGCG) with EZH2: Ka = 76.13, kd = 0.003361, KD = 4.42E-05. 

The SPR assay results revealed strong interactions of Combo with PRMT5-MEP50 and EZH2 

complexes immobilized on the CM5 sensor chip. Specifically, Combo demonstrated a KD of 

7.23E-06 for PRMT5-MEP50 and 4.42E-05 for EZH2, indicating a higher binding affinity for 

EZH2. The association rate constant (ka) was 2.30E+02 for PRMT5-MEP50 and 76.13 for 

EZH2, while the dissociation rate constant (kd) was 1.66E-03 for PRMT5-MEP50 and 
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0.003361 for EZH2. These findings highlight the strong binding affinity of Combo towards 

EZH2, suggesting its potential as a targeted therapeutic agent in cancer treatment. 

3.5.3: Effect of combination on H3K27me3 and H4R3me2s Methylation Marks: 

The results showed a marked reduction in H3K27me3 and H4R3me2s levels, particularly at a 

concentration of 10 μM, compared to untreated cells. Despite this, the protein levels of EZ 2, 

PRMT5, H3, and H4 remained largely unchanged (Figure 3.5.2a-b , with β-actin used as a 

loading control. Furthermore, in vitro methylation assays of H3 and H4, followed by ELISA 

(Figure 3.5.2c), indicated a dose-dependent decrease in H3K27me3 and H4R3me2s at 

concentrations of 1 µM and 10 µM. 

 

Figure-3.5.2: Effect of Combo on H3K27me3 and H4R3me2s Methylation Marks. MDA-MB231 cells were 

treated with increasing concentrations of  ombo  0.1, 1, 10 μM  for 24 hours. Protein lysates were then prepared 

as per the described methods and analyzed for H4R3me2s and H3K27me3 levels via immunoblotting, using β-

actin as a loading control. (a) Western blots showing the methylation levels. (b) Graphs depicting the intensity of 

the proteins from the western blots. (c) In vitro methylation assays were performed as described in the methods, 

and methylation levels were quantified using ELISA. These assays utilized EZH2 and PRMT5-MEP50 enzyme 

complexes with histones as substrates. 

3.5.4: Effect of combination on Cellular Proliferation Dynamics: 

AO-EtBr double staining revealed the presence of early-stage apoptotic cells, characterized by 

crescent-shaped or granular nuclei, in MDA-MB-231 cells treated with Combo for 24 hours. 

This staining method uses Acridine Orange (AO) and Ethidium Bromide (EtBr) to differentiate 

live, apoptotic, and necrotic cells based on their fluorescence properties. Early-stage apoptotic 
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cells exhibited distinct morphological features, such as crescent-shaped or granular nuclei, 

which fluoresced green to yellow/orange under the staining protocol due to partial membrane 

permeability. This contrasted sharply with the control group, where most cells retained a 

uniform green fluorescence, indicating live cells with intact membranes and no significant 

apoptosis. The findings, as illustrated in Figure 3.5.3a, demonstrate that the Combo treatment 

effectively induces early apoptosis in the MDA-MB231 cell line, whereas the untreated control 

group shows no notable signs of apoptotic activity. 

 

Figure-3.5.3: Effect of Combo on Cellular Proliferation Dynamics: Cells were treated with Combo at various 

concentrations and durations, followed by multiple cell-based assays to assess the impact. (a) AO/EtBr assay: 

Cells were double-stained with ethidium bromide and acridine orange (EB/AO) and observed under a fluorescent 

microscope. Viable cells emitted green fluorescence (AO), while necrotic cells showed predominant red 

fluorescence (EB). (b) Trypan blue dye exclusion assay: A549, MCF7, MDA-MB-231, Du-145, PC-3, HeLa, Hep 

G2, and HEK293 cells were treated with Combo for 24 hours. Post-treatment, cells were incubated with Trypan 

Blue solution. Viable cells excluded the dye, while non-viable cells absorbed it, appearing blue. Cell viability was 

assessed under a microscope, and the results were tabulated and graphed. (c & d) Colony formation assay: 500 

cells were seeded and subjected to Combo treatment under experimental conditions. After incubation, colonies 

were fixed and counted to evaluate clonogenic potential. These studies provide insights into how Combination of 

drugs alters cell survival and proliferation. 

These observations were corroborated by results from the trypan blue dye exclusion assay and 

MTT assays (Figure 3.5.3b). Additionally, the colony formation assay indicated a dose-

dependent decrease in colony formation in the Combo-treated group compared to the control 

group (Figure 3.5.3c-d). Together, these in vitro assays provided compelling evidence that 

Combo effectively suppresses the activity of EZH2 and PRMT5. 

 

 
 
 
 
 
 
 
 
 

   

 
 
 
 
 

 

 

  

  

  

  

   

   

 
 
  
  
  
 
  
  
 
  
 
 

          

       

 

 

   

  

   

   
   

 

 

  

  

  

  

       

 
 
  
  
 
 
  
 
  
 

         

    

   



124 
 

 3.5.5: Induction of Apoptosis by combination in Breast Cancer Cells 

We investigated the impact of Combo on apoptosis in MDA-MB-231 cells by treating them 

with varying concentrations (0 µM, 0.1 µM, 1 µM, and 10 µM) of Combo for 24 hours. The 

Combo treatment comprised equal parts of EGCG and EA, meaning that 0.1 µM Combo 

included 0.05 µM each of EGCG and EA, 1 µM Combo included 0.5 µM each, and 10 µM 

Combo included 5 µM each. After treatment, cells were stained with Annexin V/propidium 

iodide (PI) and analyzed for apoptosis levels using flow cytometry. Our findings revealed a 

gradual increase in cells progressing into late apoptosis with higher concentrations of Combo 

(Figure 3.5.4-a, b). Furthermore, we examined the effect of Combo on cell cycle progression 

to assess cell cycle distribution and phase transition (Figure 3.5.4-c, d). The results indicated 

that Combo induced G0/G1 phase arrest in a dose-dependent manner at concentrations of 1 µM 

and 10 µM, compared to the control group. 

 

Figure 3.5.4: Induction of Apoptosis by combo in Breast Cancer Cells: MDA-MB-231 cells 

were treated with Combo for 24 hours. Subsequently, cells were stained with Annexin V/propidium iodide (PI) 

to assess the percentage of apoptotic cells using flow cytometry. The Combo treatment consisted of equal parts 

EGCG and EA, with 0.1 µM Combo containing 0.05 µM each of EGCG and EA, 1 µM Combo containing 0.5 

µM each, and 10 µM Combo containing 5 µM each. (a & b) Flow cytometry analysis of MDA-MB-231 cells 

treated with Combo. (c & d) Analysis of cell cycle progression in MDA-MB-231 cells after 24 hours of Combo 

treatment. 

3.5.6: Combination Induces Autophagy in Breast Cancer Cells  

The AO-EtBr assay identified apoptotic cells characterized by crescent or granular shapes. To 

investigate whether these granular cells indicated apoptosis-induced autophagy, we examined 

the formation of Acidic Vesicular Organelles (AVOs) following Combo treatment. AVO 
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formation serves as a marker of autophagy. Treated cells displayed red fluorescent spots, 

whereas control cells predominantly showed green cytoplasmic fluorescence (Figure 3.5.5a). 

Moreover, we explored whether Combo induced autophagy-mediated cell death in MDA-

MB231 cells by evaluating the expression of microtubule-associated protein light chain 3 

(LC3), a well-established autophagy marker. Our results revealed a dose-dependent increase in 

LC3 levels induced by Combo (Figure 3.5.5b). Additionally, to confirm autophagy induction, 

we assessed the expression of Beclin-1 and members of the BCL protein family (BCL2, BAX, 

and BAD) (Figure 3.5.5b, c). 

 

Figure 3.5.5: Combo Induces Autophagy in Breast Cancer Cells: MDA-MB231 cells were 

exposed to combo for 24 hours, revealing induction of autophagy. (a) Treatment with combo led to the formation 

of acidic vesicular organelles (AVOs) in cells. (b & c) Western blot analysis was conducted to assess LC3 I/II 

expression and evaluate the levels of Beclin-1, Bax, Bad, and BCl2 proteins in E combo -treated MDA-MB231 

cells. 

3.6 Discussion: 

Cancer remains a significant global health challenge, causing millions of deaths annually and 

straining healthcare systems worldwide. According to the World Health Organization (WHO), 

cancer constitutes approximately one-sixth of all global deaths and profoundly impacts nearly 

every household. In 2022, an estimated 20 million new cancer cases led to 9.7 million deaths 

worldwide [13,14]. Projections suggest that by 2050, the burden of cancer will rise by about 

77%, posing significant challenges for health systems, individuals, and communities [13,14]. 
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In the United States, around 2.0 million people were diagnosed with cancer in 2023, with breast 

cancer being the most prevalent among women and prostate cancer among men [15]. Factors 

such as obesity, age, physical activity, family history, and oral contraceptive use can influence 

the onset of these cancers, which involve genetic and epigenetic changes such as DNA 

methylation and histone modifications [16]. These alterations affect chromatin structure and 

various pathways associated with cancer development. 

In recent decades, significant advancements have been made in cancer therapy development, 

focusing on drugs that target critical epigenetic regulators such as histone deacetylases 

(HDACs), DNA methyltransferases (DNMTs), histone methyltransferases (HMTs), histone 

demethylases (HDMs), and bromodomain and extra-terminal proteins (BETs) [17-23]. 

Notably, inhibitors of DNMTs (DNMTi), HDACs (HDACi), and BET proteins (BETi) have 

been approved for specific cancers, underscoring their clinical effectiveness [23]. There is also 

increasing interest in developing inhibitors targeting protein arginine methyltransferase 5 

(PRMT5) and enhancer of zeste homolog 2 (EZH2) due to their versatile roles in cancer therapy 

[24-27]. 

PRMT5 and EZH2 are frequently overexpressed in various cancers, including breast, 

endometrial, liver, ovarian, prostate, small cell lung cancer, melanoma, glioblastoma, pediatric 

glioma, bladder, and lymphomas, often correlating with disease progression and poor prognosis 

[24, 26-28]. Their interaction, particularly in mediating histone marks like EZH2-mediated 

H3K27me3 trimethylation and PRMT5-mediated H4R3me2s symmetric dimethylation, 

suggests synergistic effects, highlighting potential for combined therapeutic strategies [29]. 

These histone modifications play crucial roles in driving epigenetic alterations within cancer 

cells [30-31]. Dysregulation of these modifications disrupts the balance between active and 

repressive chromatin states, leading to abnormal gene expression profiles that promote 

tumorigenesis [32]. Understanding these epigenetic changes is essential for deciphering the 

molecular mechanisms underlying cancer development and identifying potential therapeutic 

targets to restore normal epigenetic regulation and impede tumor progression [33-34]. 

Despite advances in therapeutic strategies, conventional treatments such as chemotherapy often 

induce severe side effects in cancer patients. Researchers are exploring the potential of natural 

compounds with minimal adverse reactions to combat cancer. Phytocompounds derived from 

plants, including curcumin, resveratrol, brazilin, catechin, quercetin, EGCG, and EA, have 
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emerged as promising candidates for modulating epigenetic mechanisms associated with 

different cancer hallmarks. These compounds have shown the ability to interact with key 

epigenetic regulators like DNMT1 and HDAC1 within their catalytic pockets [35-37], 

suggesting their potential to influence the activity of crucial epigenetic enzymes involved in 

cancer progression [38]. 

EA exerts protective effects through several mechanisms. It activates antioxidant enzymes such 

as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and 

glutathione-S-transferase (GST). Additionally, EA modulates various signaling pathways 

including nuclear erythroid 2-related factor 2 (Nrf2), phosphoinositide 3-kinase (PI3K), 

glycogen synthase kinase 3 beta (GSK-3β , and suppresses pro-inflammatory markers such as 

cyclooxygenase (COX-2) and nuclear factor-kappa B (NF-кB  [39]. Furthermore, EA exhibits 

potent radical scavenging activity against hydroxyl radicals  O • , methoxyl radicals 

 O  3• , and nitrogen dioxide radicals   O2•  [31, 32]. Previous studies have underscored 

EA's beneficial effects against various malignancies including colorectal, breast, and prostate 

cancers, leukemia, lymphoma, and melanoma [40-45]. 

Molecular docking-based virtual screening is an essential computational method used to design 

drugs by predicting the binding affinities between potential ligands and protein targets [59]. 

Our study revealed that EA preferentially binds to the catalytic pocket of EZH2 over PRMT5. 

EG G, rich in π electrons, formed at least five hydrogen bonds with key residues within 

PRMT5's catalytic pocket, including Tyr324, Tyr334, Gly365, Leu437, and Glu444 in the 

SAM-dependent methyltransferase domain of the double E loop. EG G also engaged in π-π 

stacking interactions with Phe327 and notably interacted with Glu435. These residues are 

shared with sinefungin and are close to the SAM-binding region, suggesting EGCG's potential 

to inhibit catalysis, potentially contributing to reduced H4R3me2s methylation in exposed 

cells. Further investigations indicated that the combination of EA and EGCG exhibited stronger 

inhibition than either compound alone [38, 46, 47]. 

Docking studies provided insights into EA's binding modes across various structural forms of 

PRMT5-MEP50 and EZH2. EA displayed similar interaction patterns to known ligands such 

as  FG,  AM,  A , 5 Y , and 4mi5. In PRMT5, EA formed a π-cation interaction with 

Lys393 and established three hydrogen bonds with residues Tyr324, Glu392, and Glu444. In 

EZH2, EA exhibited robust binding, forming multiple hydrogen bonds with residues Trp624, 

Ser664, Ala622, Tyr728, and Asp732. 
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The molecular dynamics simulations studies revealed that EGCG and EA exhibit strong and 

stable interactions with PRMT5 and EZH2, confirming their potential as effective inhibitors. 

Recent studies also support this approach. In a recent study exploring EGCG and theaflavin 

digallate as potential inhibitors of druggable cancer targets [60], EGCG and EA emerged as 

effective inhibitors of PRMT5 and EZH2 in our investigation. Docking and simulation analyses 

provided compelling evidence of their inhibitory effects. EGCG demonstrated notable binding 

affinity to PRMT5's catalytic pocket, engaging in multiple hydrogen bonds and π-π stacking 

interactions with residues such as Tyr324, Tyr334, Gly365, Leu437, and Glu444. These 

interactions were stable over time, as confirmed by molecular dynamics simulations, which 

showed consistent RMSD and RMSF values and stable hydrophobic interactions. In contrast, 

EG G’s binding to EZ 2 was less stable, displaying more fluctuations. EA, however, showed 

a preference for binding to EZH2, creating several hydrogen bonds with important residues 

such as Trp624, Ser664, Ala622, Tyr728, and Asp732. Although the EA-PRMT5 complex was 

stable, its interactions were somewhat weaker than those of EGCG. Molecular dynamics 

simulations indicated that EA maintained more stable interactions with EZH2, as evidenced by 

steady RMSD and RMSF values. Interestingly, the combination of EA and EGCG led to more 

effective inhibition of both PRMT5 and EZH2 than either compound alone, suggested a 

synergistic effect. These results highlight the potential of EGCG and EA as promising 

therapeutic agents for targeting PRMT5 and EZH2 in cancer treatment [61-63]. 

The SPR binding analysis confirmed strong binding affinity of EA, both individually and in 

combination with EGCG. Specifically, for EZH2, EA exhibited association rate constant (ka) 

= 674.1, dissociation rate constant (kd) = 0.002214, and equilibrium dissociation constant (KD) 

= 3.28E-06, whereas Combo (EA+EGCG) showed ka = 76.13, kd = 0.003361, and KD = 4.42E-

05. Regarding PRMT5, EA displayed ka = 3.71E+01, kd = 2.43E-03, and KD = 6.54E-05, 

while Combo (EA+EGCG) showed ka = 2.30E+02, kd = 1.66E-03, and KD = 7.23E-06 [63, 

68]. These findings further substantiated the preferential binding of EGCG and EA to both the 

PRMT5-MEP50 complex and EZH2. 

Interestingly, EA displayed stronger binding interactions with EZH2 compared to well-studied 

synthetic molecules such as CPI-0209, CPI-1205, Tazemetostat (EPZ-6438), PF-06821497, 

and DS-3201 [48-50]. In vitro methylation assays followed by ELISA confirmed EA's ability 

to inhibit EZH2 and PRMT5 activity in MCF-7 and MDA-MB231 cells, leading to a reduction 

in specific histone methylation marks. Polyphenolic compounds like EA exert their anti-cancer 
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effects through diverse mechanisms, including antioxidant, anti-inflammatory, and anti-

proliferative actions, influencing cellular signaling pathways, inducing cell-cycle arrest, and 

promoting apoptosis [38]. 

Numerous studies have reported that inhibiting PRMT5 and EZH2 activity can induce 

apoptosis, autophagy, and cell cycle arrest [51-53]. For instance, inhibition of EZH2 with 3-

deazaneplanocin A (DZNep) has been linked to autophagy induction [54]. EGCG has also been 

shown to reduce H3K27me3 levels in skin cancer cells, affecting cell cycle regulators like 

cyclins and p21/p27 [54]. 

Inhibition of PRMT5 with GSK591 or shRNAs in lung cancer cells induces apoptosis and 

autophagy, accompanied by reduced Akt/G K3β phosphorylation and decreased cyclin D1 and 

E1 expression [55]. PRMT5 inhibition has also been associated with increased apoptosis and 

reduced cell growth in multiple myeloma [56], influencing autophagy stages and tumorigenesis 

through specific target modulation [57]. PRMT5-mediated methylation of ULK1 at R532 

suppresses ULK1 activation in triple-negative breast cancer cells, highlighting its role in 

autophagy regulation [57]. Additionally, the epigenetic inhibitor Trichostatin A suppresses 

cervical cancer cell proliferation by inducing apoptosis and autophagy via the 

PRMT5/STC1/TRPV6/JNK axis [66]. 

Our study underscores EA's potential as an inhibitor of PRMT5 and EZH2 activities, 

suggesting implications for inducing apoptosis and autophagy. Downregulation of EZH2 in 

colorectal cancer cells has been shown to induce both autophagy and apoptosis, while PRMT5 

inhibition in lung cancer cells promotes apoptosis and autophagy by affecting cell cycle 

regulators and signaling pathways [54, 64]. The global reduction in H4R3me2s and H3K27me3 

histone methylation marks observed in our study suggests their involvement in apoptosis and 

autophagy induction, potentially through mechanisms involving cell cycle arrest [66, 67]. 

Our findings highlight the promising potential of EGCG and EA, already recognized for its 

anti-cancer effects and currently undergoing clinical trials [58], as a novel modulator of 

PRMT5 and EZH2 interactions. In silico, in vitro, and SPR binding studies have demonstrated 

its efficacy in inhibiting enzyme activity and reducing repressive histone methylation marks, 

suggesting EA as a candidate for future drug development strategies. 
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4.1 Introduction  
 

Phytocompounds, bioactive substances derived from plants, have garnered significant attention 

for their potential anti-cancer properties. These natural compounds offer a promising 

alternative to conventional chemotherapeutic agents due to their diverse mechanisms of action 

and generally lower toxicity [1-3]. In the previous chapters, we demonstrated that EGCG and 

EA, both individually and in combination, showed substantial inhibition of cancer cell 

proliferation in in silico and in vitro models. However, to fully ascertain their therapeutic 

potential, their efficacy and safety need rigorous validation in vivo. While in-vitro studies 

provide valuable insights into their mechanisms of action, translating these findings to complex 

biological systems such as animal models are crucial. Animal models, particularly mice 

xenograft models utilizing cell lines derived from human tumors, closely mimic the human 

tumor microenvironment, allowing for a comprehensive evaluation of efficacy, 

pharmacokinetics, and toxicity profiles of phytocompounds [4]. These models enable the study 

of tumor growth, metastasis, and overall survival in a living organism, providing critical data 

necessary for progressing towards clinical trials [5-6]. 

In-vivo studies are essential for several reasons, including the complexity of biological 

interactions, pharmacokinetics, pharmacodynamics, and toxicity assessment. Mice xenograft 

models making process involves the transplantation of human tumor cells into 

immunocompromised mice, are particularly valuable for evaluating tumor inhibition, studying 

metastasis, and exploring combination therapies [1,7,8]. The primary objectives of validating the 

tumor inhibitory potential of EGCG and EA using these models include determining their 

ability to inhibit tumor growth, assessing their impact on survival, understanding their 

pharmacokinetic profiles, and evaluating their safety. Successful in vivo validation of these 

phytocompounds will pave the way for preclinical studies, clinical trials, and the development 

of new, plant-derived anti-cancer therapies that offer improved outcomes with fewer side 

effects. This chapter will discuss the detailed methodologies, results, and implications of in 

vivo studies involving the use of EGCG and EA in mice xenograft models, providing critical 

insights into their potential as effective anti-cancer agents. 

4.2 Materials and methods 

Swiss nude mice (female, 4 weeks old) were obtained from the Centre for Cellular and 

Molecular Biology (CCMB) laboratories in Hyderabad and housed in the University of 

Hyderabad animal house facility. Ethical approval for all animal procedures was obtained from 
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the institutional ethics committee (UH/IAEC/SRK/2021-1/49), and the experiments were 

conducted following the university's guidelines for the care and use of laboratory animals. The 

mice were housed in cages maintained at 22±4°C with humidity ranging from 50% to 60%, 

under a 12-hour light/dark cycle. They had ad libitum access to standard laboratory diet and 

drinking water and were allowed to acclimatize for one week. Subsequently, the mice were 

randomly assigned to three groups, each consisting of seven mice: (1) Control group-1, (2) 

Control group-2, and (3) Treatment group. 

4.2.1 Tumor Xenografts 
 

MDA-MB-231 cell lines obtained from ATCC were used to establish xenografts following 

established protocols (reference 24). Each mouse was subcutaneously injected with 2x106 

MDA-MB-231 cells on both flanks. Tumor volume was measured every three days using 

digital vernier calipers and calculated using the formula: Tumor volume = width2 x length / 2. 

Once the tumors reached a volume of 100 mm3, treatment with EA and a combination of 

EGCG+EA (100 mg/kg) was initiated and continued for 21 days. Tumor samples were 

harvested at the end of the treatment period for subsequent weighing and analysis. 

4.2.2 Preparation of Lysate from Tumor Samples 
 

 

Tumor tissues from both the treatment and control groups were excised and weighed. The 

tissues were rinsed with cold 1x PBS and diced into small fragments while maintaining them 

on ice.  ubsequently, 300 μ  of ice-cold RIPA buffer supplemented with protease inhibitors 

was added, and the tissue was homogenized using an electric homogenizer with continuous 

agitation for 1 hour at 4°C. After homogenization, the lysate was centrifuged at 12,000 rpm for 

20 minutes at 4°C. The resulting supernatant was carefully transferred to a new tube kept on 

ice, and the pellet was discarded. Protein concentration was determined using the BCA assay, 

and the lysates were then subjected to western blot analysis following the protocol described 

in the corresponding chapter of the thesis.  

4.2.3 Immunohistochemical Assays 

Tumor tissues collected from both experimental and control mice were fixed overnight in 10% 

neutral buffered formalin, embedded in paraffin, and sectioned. Hematoxylin and eosin (H&E) 

staining was carried out according to the procedure outlined by (24) to visualize cellular and 

tissue structures in detail. For additional histochemical examinations, tissue sections were 

deparaffinized and subjected to immunohistochemistry (IHC) using anti-Ki67 antibodies to 
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evaluate proliferative activity. The stained tissue sections were observed under a microscope 

after being treated with DAB for visualization. 

4.2.4 Study Design 

The study aimed to assess the potential anti-tumor effects of phytocompounds using an in vivo 

mice xenograft model. Female Swiss nude mice, aged 4 weeks, were obtained from the Centre 

for Cellular and Molecular Biology (CCMB) laboratories in Hyderabad and housed in the 

University of Hyderabad animal facility. Ethical approval for all animal procedures 

(UH/IAEC/SRK/2021-1/49) was obtained, and guidelines for the care and use of laboratory 

animals issued by the university authorities were strictly followed. The mice were housed in 

cages maintained at 22±4°C with humidity levels between 50% and 60%, under a 12-hour 

light/dark cycle. They had access to standard laboratory diet and water ad libitum. After a one-

week acclimatization period, the mice were randomly assigned to three groups, each consisting 

of seven mice: Control group-1, Control group-2, and Treatment groups 3-5 (Table-4.1). 

Table 4.1: Grouping of Mice 

S.no Group name Number of 

mice per group 

Treatment description 

1 Control-1 7 No treatment 

2 Control-2 7 Vehicle control (solvent for EA and EGCG) 

3 EA Treatment  7 EA  

4 EGCG Treatment  7 EGCG  

5 Combination Treatment 7 Combination of EGCG and EA 

4.2.5 Body Weight Measurement and Random Grouping Before Tumor Induction 

Before the induction of tumors, the weight of each mouse's body was recorded to ensure even 

distribution of weights across the groups. The mice were subsequently assigned randomly to 

three groups: Control group-1, Control group-2, and Treatment groups 3-5, ensuring that each 

group had an equal number of mice with similar body weights. This randomization helped in 

minimizing any biases and variations that could affect the outcomes of the study. 

4.2.6 Cell Lines Derived Xenograft Model Development 

To establish the xenograft model, MDA-MB-231 cell lines sourced from ATCC were utilized. 

The mice received subcutaneous injections of 2x10^6 MDA-MB-231 cells on both flanks. 

Tumor volume was measured every three days using digital vernier calipers and calculated 
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using the formula: Tumor volume = (width^2 x length)/2. Once the tumors reached a volume 

of 100 mm3, treatment with EA and a combination of EGCG + EA (100 mg/kg) was initiated 

and continued for 21 days. 

4.2.7 Tumor Size Measurement by Digital Vernier Caliper 

Tumor dimensions were assessed every three days using a digital vernier caliper, recording 

both width and length measurements. Tumor volume was calculated using the standard formula 

= (width2 x length)/2. This consistent monitoring allowed for accurate tracking of tumor growth 

and the assessment of the treatment’s efficacy. 

4.2.8 Mice Body Mass Measurement 

In addition to tumor size, the body mass of the mice was measured regularly throughout the 

study. This was crucial to monitor the overall health and well-being of the mice and to detect 

any potential toxicity or adverse effects of the treatments. Body mass measurements were taken 

at the same intervals as the tumor size measurements to ensure comprehensive monitoring. 

4.2.9 Drug Administration Schedule & Drug Preparation for Oral Dosage 

The drug administration schedule was carefully planned to ensure consistent dosing. EGCG, 

EA, and their combination were orally administered at a dose of 100 mg/kg. The 

phytocompounds were prepared fresh daily, dissolved in an appropriate vehicle to ensure 

proper absorption, and administered using oral gavage. This method ensured that the mice 

received the precise dosage required for the study. The detailed information of drug dosage for 

21 days was tabulated in table 4.2. 

4.2.10 Tumor Growth Inhibition (TGI) Studies 

TGI studies were performed by comparing the tumor volumes in treated groups to those in 

control groups. The effectiveness of the treatments was evaluated based on the reduction in 

tumor size compared to the control groups. At the end of the 21-day treatment period, tumor 

samples were collected for further analysis, including weighing to evaluate the reduction in 

tumor burden. 
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Table 4.2: Drug Dosage Schedule for 21 Days 

Day Control 

Group-1 

Control 

Group-2 

EA 

Treatment 

Group 

EGCG 

Treatment 

Group 

Combination 

Treatment Group 

1 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

2 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

3 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

4 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

5 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

6 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

7 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

8 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

9 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

10 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

11 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

12 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

13 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

14 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

15 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

16 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

17 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

18 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

19 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

20 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 

21 No 

treatment 

Vehicle 

control 

100 mg/kg 

EA 

100 mg/kg 

EGCG 

EGCG 50 mg/kg + 

EA 50 mg/kg 
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4.2.11 Western Blotting 

For western blot analysis, tumor tissues from both the treated and control groups were 

harvested and weighed. The tissues were rinsed with chilled 1x PBS, cut into small pieces, and 

homogenized in ice-cold RIPA buffer supplemented with a protease inhibitor cocktail. The 

homogenate was centrifuged at 12,000 rpm for 20 minutes at 4°C, and the resulting supernatant 

was collected. Protein concentrations were determined using the BCA assay, and equal 

amounts of proteins were loaded onto 10% SDS-PAGE gels. Subsequently, proteins were 

transferred onto nitrocellulose membranes, which were blocked and then incubated with 

primary and secondary antibodies. Band intensities were analyzed using a Versadoc Imaging 

System and Image Lab 5.1 software (Bio-Rad). 

4.2.12 Immunohistochemistry Tests 

Tumor tissues from both experimental and control mice were fixed in 10% neutral buffered 

formalin overnight, followed by embedding in paraffin and sectioning. Immunohistochemical 

analysis was conducted using anti-Ki67 antibodies to evaluate cell proliferation. The sections 

underwent deparaffinization, rehydration, and antigen retrieval prior to incubation with 

primary antibodies. After washing, HRP-conjugated secondary antibodies were applied, 

followed by staining with DAB and counterstaining with hematoxylin. The stained sections 

were examined under a microscope for visualization. 

4.2.13 H & E Staining 

Hematoxylin and eosin (H&E) staining was conducted on paraffin-embedded sections of tumor 

tissue to visualize cellular and tissue structures. The sections were deparaffinized, rehydrated, 

and stained with haematoxylin to identify cell nuclei. Eosin was used to stain the cytoplasm 

and extracellular matrix. The stained sections were then dehydrated, cleared, and mounted for 

microscopic examination. This staining method provided detailed insights into the 

morphological changes induced by the treatments. This comprehensive methodology outlines 

the in vivo validation of the anti-tumor potential of EGCG, EA, and their combination, ensuring 

a thorough evaluation of their efficacy and safety. 
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4.3 Results 

4.3.1 Impact of EGCG on tumor xenograft mouse model: 

To evaluate the in vivo anti-tumor effects of EGCG, MDA-MB231 cells were subcutaneously 

injected into Swiss nude mice to establish tumor xenografts. Tumor weights were subsequently 

measured. Treatment with EGCG at 100mg/kg resulted in significant reductions in tumor 

volume compared to control groups (Fig 4.3.1a-C). Throughout the experiment, the body 

weight of mice in the control group remained relatively stable (Fig 4.3.1d).  

 

Figure 4.3.1: In-vivo Xenograft Studies with oral EGCG Dosage - The mice were randomly 

divided into three groups, each containing 7 mice: (1) control group-1, (2) control group-2, and (3) treatment 

group. MDA-MB231 cells were injected subcutaneously into both flanks of the mice. Tumor volume was 

measured every three days. Once the tumor volume reached 100 mm³, EGCG (100 mg/kg) was administered 

orally to the treatment group for 21 days. (a) Comparison of EGCG-treated vs. control mice: the first mouse on 

the left is a control mouse, and the remaining mice (2nd to 7th) bear tumors on the first day of treatment. (b) 

Tumor growth measurement: the top panel shows control animals, and the bottom panel shows the treatment 

group. (c) Tumor volume comparison graphs (control vs. treated mice). (d) Body weight measurement graphs 

(control vs. treated). (e-f) Western blot analysis of tumor lysates from the treatment group, showing levels of 

PRMT5, EZ 2,  4R3me2s, and  3K27me3, with β-actin used as the loading control. (g) Tumor weight 

comparison graphs (control vs. treated). 
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H&E staining of tumor tissues revealed that control tumors exhibited highly aggressive 

sarcomatous neoplastic cells with a vacuolated appearance and a high number of mitotic figures 

(Fig 4.3.2a-b). In contrast, tumors treated with EGCG showed only subcutaneous and muscular 

layers without dermal and epidermal tumor regions (Fig 4.3.2c-d). Assessment of cell 

proliferation using the Ki-67 marker via immunohistochemistry (IHC) demonstrated that 

EGCG significantly reduced Ki-67 levels in treated tumors compared to controls (Fig 4.3.2e-

j). Western blot analysis confirmed that EGCG treatment led to a marked reduction in the 

catalytic products of PRMT5 (H4R3me2s) and EZH2 (H3K27me3) in tumors (Fig 4.3.1e-f). 

 
Figure 4.3.2: Immunohistochemistry Studies for EGCG treated mice group - After 21 days 

of drug administration, mice were euthanized, and tumors were collected from each group (control and treated) 

for immunohistochemistry (IHC) studies. Tumor samples were analyzed by a histopathology expert to compare 

control tumors with EGCG-treated tumors. (a-b) H&E staining of control samples revealed highly aggressive 

neoplastic sarcomatous cells forming nodules in the subcutaneous region and invading the dermal region, with 

mitotic figures indicated by red arrows. (c-d) EGCG-treated tumor samples showed only subcutaneous and 

muscular layers, with no tumor regions in the dermal and epidermal layers. The subcutaneous region with 

adipocytes appeared normal with no metastatic invasion of neoplastic cells (red arrow in d), and the muscular 

region appeared normal with no metastatic invasion (green arrow in c). (e-g) Ki-67 expression in control tumor 

samples showed severe expression in the subcutaneous tumor mass (red arrows in e-f) and in neoplastic cells 

invading the dermal region and hair follicles (green arrow in g). (h-j) EGCG-treated tumor samples showed 10-

20 percent Ki-67 expression in pleomorphic anaplastic epithelial cells in the epidermal layer (red arrows). 

Overexpression of Ki-67 in stromal tissue in the dermal and subcutaneous regions is indicated by green arrows (i-

j). 

 



143 
 

4.3.2 Impact of EA on tumor xenograft mouse model: 

To evaluate the in vivo anti-tumor effects of EA, MDA-MB231 cells were subcutaneously 

implanted into Swiss nude mice to establish tumor xenografts, as described previously. Once 

tumors developed, their weights were measured, and EA was administered at a dosage of 100 

mg/kg daily for 21 days. The findings revealed a notable decrease in tumor volume compared 

to the control groups (Fig 4.4a-c). Conversely, the body weight of mice in the control group 

exhibited steady increase throughout the experimental period (Fig 4.4g). 

 

 

Figure 4.4: In-vivo Xenograft Model Studies with oral EA Dosage - Mice were randomly assigned to 

three groups, each containing 7 mice: (1) control group-1, (2) control group-2, and (3) treatment group. MDA-

MB231 cells were injected subcutaneously into both flanks of the mice. Tumor volume was monitored every three 

days, and once it reached 100 mm³, oral administration of EA (100 mg/kg) was initiated for the treatment group 

and continued for 21 days. (a) Comparative analysis of mice, with the first mouse representing the control group 

and the remaining mice (2nd to 7th) showing tumor development on the first day of treatment. (b) Graph showing 

tumor volumes over the 21-day period, comparing control, and treated mice. (c) Evaluation of tumor growth, with 

the upper panel showing control animals and the lower panel showing treated animals. (d) Western blot analysis 

of tumor lysates from the treatment group, examining levels of EZ 2, PRMT5,  3K27me3,  4R3me2s, with β-

actin as the loading control. (e) Graph illustrating tumor weights between control and treated groups. (f) 

Comparison of protein intensity levels observed in western blot studies between control and treated groups. (g) 

Graph showing body weight measurements of control and treated mice. 
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To assess the potential toxicity of EA, we conducted H&E staining on tumor tissues. 

Comparing control tumors to those treated with EA revealed significant differences. Tumors 

in the control group displayed highly aggressive sarcomatous neoplastic cells with a vacuolated 

appearance and elevated mitotic activity (Fig 4.4.1ai, aii). 

 

Figure 4.4.1: Immunohistochemistry (IHC) Studies for EA treated mice group - After 21 days of 

drug administration, the mice were euthanized according to IEC rules, and tumors were collected from the control 

and treated groups. An expert histopathologist examined the tumor samples for IHC studies to compare control 

tumors with those treated with EA. In the H&E staining analysis (Fig 4.4.1a (i, ii)), control tumor samples 

exhibited aggressive neoplastic sarcomatous cells forming nodules in the subcutaneous region and invading the 

dermal region, as indicated by mitotic figures (red arrows). In contrast, EA-treated tumor samples (Fig 4.4.1a (iii-

vi)) displayed only subcutaneous and muscular layers, with no dermal or epidermal tumor regions. The 

subcutaneous region appeared normal with no metastatic invasion of neoplastic cells (red arrow), and the muscular 

region showed no metastatic invasion (green arrow). Regarding Ki67 expression (Fig 4.4.1b (v-viii)), control 

tumor samples demonstrated intense Ki67 expression in the subcutaneous tumor mass (red arrows), with 

neoplastic cells invading the dermal region and hair follicles (green arrow in viii). Conversely, EA-treated tumor 

samples showed 10-20% Ki67 expression in pleomorphic anaplastic epithelial cells in the epidermal layer (red 

arrows). Overexpression of Ki67 was also observed in the stromal tissue of the dermal and subcutaneous regions 

(green arrows). 

Alternatively, treated tumors exhibited sections containing only subcutaneous and muscular 

layers, without dermal and epidermal tumor regions (Fig 4.4.1a (iii-iv)). Cell proliferation was 

evaluated using Ki-67, a proliferation marker. Immunohistochemistry (IHC) analysis showed 

that EA treatment significantly reduced Ki-67 levels in the treated groups compared to the 

control group (Fig 4.4.1b (v-viii)). To further evaluate the impact of EA on EZH2 and PRMT5 
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activity, we measured the levels of their catalytic products in tumors from control and EA-

treated groups using western blot analysis. The results indicated a significant reduction in 

H4R3me2s and H3K27me3 levels in EA-treated tumors compared to the control (Fig 4.4d-f). 

4.3.3 Impact of Combo on tumor xenografts mouse model: 

To evaluate the anti-tumor effects of the combo in vivo, MDA-MB231 cells were 

subcutaneously implanted into Swiss nude mice to create tumor xenografts, as outlined in the 

methods section. Once the tumors developed, their weights were measured, and the combo 

treatment was administered at a dosage of 100 mg/kg for up to 21 days. The results indicated 

a significant reduction in tumor volume compared to the control groups (Fig 4.5a-c). In 

contrast, the body weight of the control group mice steadily increased throughout the 

experimental period (Fig 4.5g). 

 

Figure 4.5: In-vivo Xenograft Model Studies with oral Combo Dosage - Mice were randomly assigned 

to three groups, each containing 7 mice: (1) control group-1, (2) control group-2, and (3) treatment group. MDA-

MB231 cells were injected subcutaneously into both flanks of the mice. Tumor volume was monitored every three 

days, and once it reached 100 mm³, oral administration of combo (EA (50mg) +EGCG 50 mg/kg) was initiated 

for the treatment group and continued for 21 days. (a) Comparative analysis of mice, with the first mouse 

representing the control group and the remaining mice (2nd to 7th) showing tumor development on the first day 

of treatment. (b) Graph showing tumor volumes over the 21-day period, comparing control, and treated mice. (c) 

Evaluation of tumor growth, with the upper panel showing control animals and the lower panel showing treated 

animals. (d) Western blot analysis of tumor lysates from the treatment group, examining levels of EZH2, PRMT5, 

 3K27me3,  4R3me2s, with β-actin as the loading control. (e) Graph illustrating tumor weights between control 

and treated groups. (f) Comparison of protein intensity levels observed in western blot studies between control 

and treated groups. (g) Graph showing body weight measurements of control and treated mice. 
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Additionally, to assess the potential toxicity of the combo treatment, H&E staining was 

conducted on tumor tissues. Comparing control tumors to those treated with the combo 

revealed significant differences. Tumors in the control group displayed highly aggressive 

sarcomatous neoplastic cells with a vacuolated appearance and heightened mitotic activity (Fig 

4.5.1a-d). 

 

Figure 4.5.1: Immunohistochemistry (IHC) Studies for Combo treated mice group - After 21 days 

of drug administration, the mice were euthanized according to IEC rules, and tumors were collected from the 

control and treated groups. An expert histopathologist examined the tumor samples for IHC studies to compare 

control tumors with those treated with EA. In the H&E staining analysis (Fig 4.5.1a (i, ii)), control tumor samples 

exhibited aggressive neoplastic sarcomatous cells forming nodules in the subcutaneous region and invading the 

dermal region, as indicated by mitotic figures (red arrows). In contrast, EA-treated tumor samples (Fig 4.5.1a (iii-

vi)) displayed only subcutaneous and muscular layers, with no dermal or epidermal tumor regions. The 

subcutaneous region appeared normal with no metastatic invasion of neoplastic cells (red arrow), and the muscular 

region showed no metastatic invasion (green arrow). Regarding Ki67 expression (Fig 4.5.1e-h), control tumor 

samples demonstrated intense Ki67 expression in the subcutaneous tumor mass (red arrows), with neoplastic cells 

invading the dermal region and hair follicles (green arrow in viii). Conversely, Combo -treated tumor samples 

showed 10-20% Ki67 expression in pleomorphic anaplastic epithelial cells in the epidermal layer (red arrows). 

Overexpression of Ki67 was also observed in the stromal tissue of the dermal and subcutaneous regions (green 

arrows). 

In disparity, treated tumors exhibited sections containing only subcutaneous and muscular 

layers, devoid of dermal and epidermal tumor regions (Fig 4.5.1a (iii-iv)). The proliferation of 

cells was evaluated using Ki-67, a marker of proliferation. Immunohistochemistry (IHC) 

analysis revealed that the Combo treatment significantly reduced Ki-67 levels in the treated 

groups compared to the control group (Fig 4.5.1b (v-viii)). To further evaluate the impact of 

Combo on EZH2 and PRMT5 activity, we measured the levels of their catalytic products in 

tumors from both control and Combo-treated groups using western blot analysis. The results 

indicated a significant reduction in H4R3me2s and H3K27me3 levels in tumors treated with 

Combo compared to the control (Fig 4.5d-f). 
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4.4 Discussion 

In vivo validation constitutes a pivotal phase in preclinical research, playing a crucial role in 

linking in vitro findings to clinical trial outcomes [9]. This stage is indispensable for assessing 

the effectiveness, pharmacokinetics, and safety profiles of prospective therapeutic substances 

within a live organism. Within the realm of cancer research, in vivo models offer invaluable 

insights into the intricate interactions between compounds and biological systems, 

encompassing the tumor microenvironment and immune responses [9]. The evolving landscape 

of epigenetic drugs (epidrugs) underscores their promise in cancer therapy, underscoring the 

imperative for rigorous preclinical validation prior to advancing to clinical trials [10,11]. These 

advancements highlight the significance of in vivo experimentation in substantiating the 

therapeutic potential of epidrugs, thereby guiding their translation from bench to bedside. 

In this investigation, our focus is on exploring the anti-tumor properties of EGCG, EA, and 

their combined administration using xenograft mouse models induced with MDA-MB231 

cells. Throughout a 21-day experimental period, we noted a notable decrease in tumor 

dimensions across all treatment cohorts. This finding resonates with prior studies indicating 

that synthetic compounds targeting EZH2 and PRMT5 exhibit efficacy in tumor size reduction, 

thereby contributing to cancer remission [12-14]. These results underscore the potential 

therapeutic benefits of EGCG, EA, and their combined application in combating cancer 

progression, providing a foundation for further clinical exploration in cancer therapy. 

Over the 21-day experimental period, treatment with EGCG and EA led to a substantial 

decrease in tumor size. [15-21]. This reduction was coincided with by decreased levels of 

H3K27me3 and H4R3me2s, indicative of their epigenetic modulatory effects. However, 

western blot analysis of tumor samples did not result in a reduction of EZH2 and PRMT5 

protein levels, suggesting that while EGCG and EA inhibits the catalytic products of these 

enzymes, it does not affect their overall expression. The observed decrease in tumor size was 

further supported by a substantial reduction in the proliferative marker Ki-67. Despite these 

findings, direct evidence linking the reduction in tumor size to decreased histone mark levels 

via specific signaling pathways or promoter occupancy remains elusive [15-21]. 

Numerous preclinical studies and clinical trials have demonstrated the anticancer potential of 

EGCG [15-24]. Clinical trials have confirmed the safety and efficacy of EGCG, showing that 

doses of 200 mg/day were well-tolerated, particularly in the context of prostate cancer. [22]. 
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Additionally, studies on bladder cancer patients disclosed EGCG accumulation in cancer tissue 

and a decrease in proliferation levels [23]. In colorectal cancer patients, Teavigo™, a known 

highly green tea extract consists 94% of purified EGCG, demonstrated chemo preventive 

effects at 450 mg/day [24]. Our study aligns with these findings, showing a significant 

reduction in tumor size and histone mark levels in MDA-MB231-induced xenografts treated 

with EGCG. The observed decrease in Ki-67 further supports its potential as an effective 

anticancer agent [15-24]. Although the direct relationship between Ki-67 reduction and 

decreased levels of H4R3me2s and H3K27me3 was not established, the inhibitory/modulatory 

effects of EGCG on the catalytic activity of PRMT5 and EZH2 highlight its promise for cancer 

therapy [15-24]. 

In conclusion, our comprehensive approach, integrating in silico, in vitro, and in vivo models, 

underscores the therapeutic potential of EA and EGCG as epidrugs. EA's ability to inhibit 

oncogenic PRMT5 and EZH2 without affecting their expression levels suggests it as a potent 

anti-cancer agent. Similarly, EGCG shows promise in reducing tumor size and modulating 

histone marks associated with cancer progression. These natural compounds represent novel 

avenues for developing effective inhibitors of epigenetic regulators like PRMT5 and EZH2, 

thereby advancing cancer treatment strategies [15-24]. 

Additionally, immunohistochemistry (IHC) analysis demonstrated that EGCG, EA and their 

combination treatment significantly reduced the levels of Ki-67, a marker of cell proliferation, 

in the treated tumor samples compared to controls. This decrease in Ki-67 levels further 

supports the anti-proliferative effects of with EGCG, EA and their combination. The consistent 

reduction in both histone methylation marks and the Ki-67 proliferation marker underscores 

the potential of with EGCG, EA and their combination as a potent anti-cancer agent. In 

conclusion, our study shed the light on the potential of EGCG, EA, and their combination as 

effective anti-cancer or anti-proliferative agents. These findings underscore the significance of 

in vivo validation in preclinical research and support the continued exploration of natural 

compounds as epidrugs. The significant reduction in tumor size and proliferation markers 

observed in our study suggests promising therapeutic potential, warranting further 

investigation in clinical settings 
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The present study encompasses a comprehensive exploration, starting from initial screening to 

rigorous in vitro and in vivo validations, focused at unravelling the potential of selected 

compounds targeting the epigenetic regulators PRMT5 and EZH2 in breast cancer treatment.  

 

1. Screening and Identification of Phytochemicals with Antiproliferative Properties: 

Phytochemical screening involves the exploration of plant-derived compounds that inhibit 

cancer cell proliferation. A chemical library comprising 1200 compounds sourced from 320 

medicinal plants was screened, revealing 14 molecules with potent antiproliferative effects 

across multiple human cancer cell lines. Compounds such as EGCG, and EA exhibited 

remarkable efficacy, modulating the expression of epigenetic regulators, and showing promise 

as potential therapeutic agents. 

2.  Validation of PRMT5 and EZH2 Inhibition by Phytochemicals: In vitro validation 

focused on confirming the inhibitory effects of selected phytochemicals (e.g., EGCG, EA) on 

PRMT5 and EZH2. Molecular docking studies and SPR analysis indicated strong binding 

affinities, with EGCG and EA effectively inhibiting enzymatic activities rather than reducing 

protein expression. Cell viability assays and apoptotic studies in MDA-MB231 cells 

highlighted their mechanisms of action through autophagy and apoptosis, demonstrating 

significant decreases in catalytic products of PRMT5 (H4R3me2s) and EZH2 (H3K27me3) 

upon treatment with EGCG, EA, and their combination. 

3.  Investigation of Tumor Inhibitory Potential using Mouse Xenograft Models: 

Mouse xenograft models were employed to validate the efficacy of EGCG, EA, and their 

combination in inhibiting tumor growth and metastasis in vivo. Treatment significantly reduced 

tumor volumes in MDA-MB231 xenografts, confirming their anti-cancer efficacy. Histological 

analyses and western blotting further validated reductions in PRMT5 and EZH2 levels, 

underscoring their potential as effective anticancer agents. Assessment of the anti-tumor 

potential of EGCG and EA, alone or in combination, using MDA-MB231 tumor xenograft 

models in Swiss nude mice revealed noteworthy tumor volume reduction and mitotic activity 

compared to controls. Immunohistochemistry studies demonstrated reduced cell proliferation 

in drug-treated tumors through Ki-67 staining, while analysis of catalytic products of PRMT5 

and EZH2 in treated tumors emphasized their role as inhibitors of tumor growth. 
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Conclusion: In summary, this study emphasizes the significant impact of epigenetic 

dysregulation on cancer progression and underscores the potential of phytochemicals to serve 

as epigenetic modulators and therapeutic agents. Screening efforts identified promising 

compounds like EGCG and EA, which effectively inhibit PRMT5 and EZH2 activities, 

demonstrating anticancer effects in both in vitro and in vivo models. Future research direction 

should emphasis on optimizing these compounds for clinical use, ensuring their efficacy and 

safety in clinical trials to advance cancer treatment strategies. Each stage of this study builds 

upon foundational insights into cancer biology and epigenetic mechanisms, progressing from 

theoretical understanding to practical applications in therapeutic development. 
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APPENDIX-1 

CHAPTER-3 
 

1 Molecular docking studies of top interacting molecules and their docking poses 

(Related to 3.3.2 section of chapter-3 of thesis) 

All docking interaction poses of the top molecules with PRMT5:MEP50 complex and EZH2 were 

mentioned here with their interacting residues and binding energies.  

1.1 Interaction with Brazilin 

The ligand-protein docking revealed that Brz was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Brz was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.1). 

Figure-1.1- Interaction Profile of Brazilin with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Brz with the human PRMT5 complex and EZH2 complex. (a-b) 

Interaction profiles of Brz with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (c-d) Interaction profiles of Brz 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Brz, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s.  
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1.2 Interaction with Resveratrol  

The ligand-protein docking revealed that Rvr was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Rvr was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.2). 

 

Figure-1.2 - Interaction Profile of Rvr with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Rvr with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Rvr with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Rvr 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Rvr, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

 

1.3 Interaction with Sulforaphane  

The ligand-protein docking revealed that Sfp was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Sfp was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.3). 

                                                  

                                        

                    

                                        

                                                 

           

                                

                

                                    

                

            

   



176 
 

 

Figure-1.3- Interaction Profile of Sfp with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Sfp with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Sfp with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Sfp 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Sfp, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.4 Interaction with Apicidin 

The ligand-protein docking revealed that Apdn was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Apdn was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.4). 
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Figure-1.4- Interaction Profile of Apdn with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Apdn with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Apdn with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Apdn 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Apdn, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.5 Interaction with capsaicin 

The ligand-protein docking revealed that Cpcn was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Cpcn was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.5). 
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Figure-1.5- Interaction Profile of Cpcn with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Cpcn with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Cpcn with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Cpcn 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Cpcn, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 

 

1.6 Interaction with Quercetin 

The ligand-protein docking revealed that Qct was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Qct was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.6). 
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Figure-1.6- Interaction Profile of Qct with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Qct with the human PRMT5 complex and EZH2 complex. (a-b) 

Interaction profiles of Qct with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (c) Interaction profiles of Qct 

with EZH2 (PDB IDs: 5HYN). The ligands are positioned in the centre, with hydrogen bonds shown as purple 

arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions between Qct, 

SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green dotted lines, and 

interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-and-stick models. 

Non-bonded interactions are represented by residues with starbursts. The table shows the interaction residues both 

H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.7 Interaction with Eucalyptol 

The ligand-protein docking revealed that Ect was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Apdn was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61) where ligand is SFG, SAM and SAHA respectively and with 

EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 1.7). 
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Figure-1.7- Interaction Profile of Ect with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Ect with the human PRMT5 complex and EZH2 complex. (a-b) 

Interaction profiles of Ect with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (c) Interaction profiles of Ect 

with EZH2 (PDB IDs: 5HYN). The ligands are positioned in the centre, with hydrogen bonds shown as purple 

arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions between Ect, 

SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green dotted lines, and 

interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-and-stick models. 

Non-bonded interactions are represented by residues with starbursts. The table shows the interaction residues both 

H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.8 Interaction with Eugenol 

The ligand-protein docking revealed that Egl was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Egl was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.8). 
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Figure-1.8- Interaction Profile of Egl with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Egl with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Egl with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Egl 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Egl, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.9 Interaction with Gambogic acid 

The ligand-protein docking revealed that Gba was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Gba was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.9). 
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Figure-1.9- Interaction Profile of Gba with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Gba with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Gba with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Gba 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Gba, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.10 Interaction with Vorinostat 

The ligand-protein docking revealed that Vorinostat was interacting with human PRMT5-

MEP50 complex & EZH2. The binding pattern of Vorinostat was analyzed in all the three 

forms of structures of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and 

SAHA respectively and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain 

respectively (Figure 1.10). 
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Figure-1.10- Interaction Profile of Vorinostat with Human PRMT5 and EZH2 

Complexes- Illustration of the interaction profiles of Vorinostat with the human PRMT5 complex and EZH2 

complex. (a-c) Interaction profiles of Vorinostat with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are 

represented by green dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue 

and black ball-and-stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) 

Interaction profiles of vorinostat with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, 

with hydrogen bonds shown as purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. 

The π-cation interactions between Vorinostat, SFG, and the lysine side chain are marked with red arrows. 

Hydrogen bonds are shown in green dotted lines, and interacting amino acid residues, along with the ligand SFG, 

are displayed in blue and black ball-and-stick models. Non-bonded interactions are represented by residues with 

starbursts. The table shows the interaction residues both H bonding and Pi-Pi stacking with respective to each 

PDB ID’s. 

 

1.11 Interaction with Piperine 

The ligand-protein docking revealed that Ppr was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Apdn was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.11). 
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Figure-1.11- Interaction Profile of Ppr with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Ppr with the human PRMT5 complex and EZH2 complex. (a-c) 

Interaction profiles of Ppr with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green 

dotted lines. The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-

stick models. Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Ppr 

with EZH2 (PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as 

purple arrows. The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions 

between Ppr, SFG, and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green 

dotted lines, and interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-

and-stick models. Non-bonded interactions are represented by residues with starbursts. The table shows the 

interaction residues both H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
 

1.12 Interaction with Anethol 

The ligand-protein docking revealed that Atl was interacting with human PRMT5-MEP50 

complex & EZH2. The binding pattern of Atl was analyzed in all the three forms of structures 

of PRMT5-MEP50 (4X60, 4X61, 4X63) where ligand is SFG, SAM and SAHA respectively 

and with EZH2 (5HYN, 4mi5) where ligand is SAHA and SET domain respectively (Figure 

1.12). 
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Figure-1.12- Interaction Profile of Atl with Human PRMT5 and EZH2 Complexes- 
Illustration of the interaction profiles of Atl with the human PRMT5 complex and EZH2 complex. (a-c) Interaction 

profiles of Atl with PRMT5 (PDB IDs: 4X60, 4X61). The hydrogen bonds are represented by green dotted lines. 

The interacting amino acid residues and the ligand SFG are depicted using blue and black ball-and-stick models. 

Non-bonded interactions are indicated by residues with starbursts. (d-e) Interaction profiles of Atl with EZH2 

(PDB IDs: 5HYN, 4MI5). The ligands are positioned in the centre, with hydrogen bonds shown as purple arrows. 

The arrowheads indicate the H-bond donor-acceptor relationships. The π-cation interactions between Atl, SFG, 

and the lysine side chain are marked with red arrows. Hydrogen bonds are shown in green dotted lines, and 

interacting amino acid residues, along with the ligand SFG, are displayed in blue and black ball-and-stick models. 

Non-bonded interactions are represented by residues with starbursts. The table shows the interaction residues both 

H bonding and Pi-Pi stacking with respective to each PDB ID’s. 
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3.1 Full blot images for EGCG interaction with PRMT5:MEP50 & EZH2 (related to 

section 3.3.2.7 of thesis 3rd chapter) 

 
Related to section 3.3.2.9 of thesis 3rd chapter 
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3.2 Full blot images for EA interaction with PRMT5:MEP50 & EZH2 

Related to section 3.4.5 of thesis 3rd chapter 

 
Related to section 3.4.8 of thesis 3rd chapter 
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3.3 Full blot images for combo interaction with PRMT5:MEP50 & EZH2 

Related to section 3.5.2 of thesis 3rd chapter 

 
Related to section 3.5.5 of thesis 3rd chapter 
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Chapter -4 
 

4.1 EGCG animal studies western blot (related to 4.3.1section of thesis 4th chapter) 

 
4.2 EA animal studies western blots (related to 4.4 section of thesis 4th chapter) 
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4.3 Combo animal studies western blots-(related to 4.5 section of thesis 4th chapter) 
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