
Himanshu Sharma / Afr.J.Bio.Sc. 6(10) (2024)                                      ISSN: 2663-2187 

 

https://doi.org/ 10.33472/AFJBS.6.10.2024.5430-5479 

 

 

Natural Compounds Targeting Signaling Pathways in Breast Cancer Therapy 

Himanshu Sharma1*, Prashant Halagali2, Arnab Majumder3, Arushi4, Vijay Sharma4, 

Rashmi Pathak5 

1. Teerthanker Mahaveer College of Pharmacy, Teerthanker Mahaveer University, Moradabad (UP)-

244001, India 

2. Department of Pharmaceutical Quality Assurance, KLE College of Pharmacy, KLE Academy of 

Higher Education and Research Belagavi, Karnataka, 590001, India 

3. Department of Pharmacy; Bharat Pharmaceutical Technology; Amtali, NH-8, Agartala, Tripura (W)- 

799130 

4. Department of Pharmaceutics, Shiva Institute of Pharmacy, Chandpur, Himachal Pradesh, 174004, 

India 

5. Department of Pharmacy, Invertis University, Bareilly (UP)-243123, India 

*Corresponding author 

Himanshu Sharma 

Teerthankar Mahaveer College of Pharmacy, Teerthankar Mahaveer University, 

Moradabad- (UP)-244001, India 

Email id: amitsharmaaligarh786@gmail.com 

 

Article History 

Volume 6,Issue 10,  2024 

Received:28 Apr 2024 

Accepted : 30 May 2024 

doi: 10.33472/AFJBS.6.10.2024.5430-5479 

 

 

 

 

 

 

 

 

ABSTRACT 

Innovative treatment strategies are required for breast cancer, which continues to be a major worldwide health 

concern. Because of how intricately signaling pathways interact, they are essential targets for cutting-edge 

treatments. This chapter investigates the possibility of natural substances as therapeutic agents that alter these 

pathways in treating breast cancer. The chapter starts by providing a summary of the crucial signaling pathways 

involved in the advancement of breast cancer, including the PI3K/AKT, MAPK, and Wnt/β-catenin pathways. 

These pathways influence cellular survival, metastasis, and drug resistance, making them prime candidates for 

therapeutic intervention. Natural substances from different botanical and marine sources have drawn interest 

for their wide range of bioactive characteristics. The chapter dives into the processes by which these substances 

affect cells, including kinase inhibition, receptor modification, and apoptosis induction. Their potential to 

interfere with oncogenic signaling cascades may be seen by carefully examining how they interact with certain 

pathways. The chapter summarizes preclinical and clinical research examining the effects of natural substances, 

with a focus on specific signaling pathways. Research shows that they can reduce pathway activation, stop the 

development of tumors, and make cancer cells more responsive to already available treatments. It also highlights 

their potential for increased effectiveness and less toxicity to explore synergistic combinations with traditional 

medicines. A growing field of research is the conversion of natural substances into clinical trials. The chapter 

offers insights into current studies and discusses potential and obstacles in determining how safe and effective 

they are for people with breast cancer. By affecting important signaling pathways, natural substances provide a 

possible route for targeted breast cancer treatment. They provide opportunities for individualized and 

comprehensive treatment approaches due to their complex processes and possible synergy. To emphasize the 

significance of responsible resource consumption, ethical issues, and sustainable sourcing are also covered. 

Integration of natural substances into conventional oncology has a lot of potential for upgrading breast cancer 

therapy paradigms, provided study and cooperation continue. 

Keywords: Breast cancer, PI3K/AKT pathway, Wnt/β-catenin pathway, Cancer treatment 
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1 Introduction 

Millions of people and families worldwide are impacted by breast cancer, making it a serious 

global health issue.1 Innovative therapy strategies that focus on the disease's underlying 

processes are required since it is one of the most common and difficult cancers. The focus of 

recent research has shifted to natural substances obtained from a variety of sources, including 

plants and marine creatures, that have the potential to modify signaling pathways linked to the 

initiation and progression of breast cancer.2 Abnormal signaling pathways that control 

important cellular functions are inextricably connected to the etiology of breast cancer. The 

PI3K/AKT, MAPK, and Wnt/β-catenin cascades, among others, are crucial for controlling cell 

growth, survival, differentiation, and metastasis.3 Apoptosis evasion, unchecked proliferation, 

and the development of invasive characteristics that are unique to cancer cells are all caused 

by the dysregulation of these pathways .4 Natural substances are appealing because of their 

varied bioactive qualities and long history of usage as medicines in many different cultures.5 

They make desirable candidates for targeted therapeutics due to their capacity to interact with 

certain elements of signaling pathways.6 These drugs provide an exceptional chance to interfere 

with carcinogenic signaling networks by blocking important kinases or modifying receptor 

function .7 This book chapter sets out on an adventure to investigate the complex interactions 

between natural substances and signaling pathways in the context of breast cancer. It explores 

how these substances affect the pathways that fuel the development of cancer. To reveal the 

promising potential of natural chemicals as supplemental medicinal agents, we will analyze 

preclinical and clinical trials.8 The chapter also looks at the potential for synergistic effects 

when these substances are used with traditional therapies, opening up prospects for improved 

treatment approaches9. A mix of science, tradition, and creativity is encountered when we go 

further into the world of natural substances that target signaling pathways in breast cancer.10 

This union offers the potential to fundamentally alter the way that breast cancer is treated, 

taking us one step closer to individualized, all-encompassing strategies that take into account 

the complex web of disease signals.11 We want to add to the continuing discussion around the 

use of nature's pharmacopeia in the battle against breast cancer via this investigation, inspiring 

optimism for better results and a higher standard of living for people afflicted by this terrible 

illness.12 

1.1 Many subtypes of breast cancer 

Tumorigenesis begins with ductal hyperproliferation.13 The development of benign or 

metastatic cancers may be impacted by several carcinogenic factors divided a variety of 

molecular kinds of BrCa into the four fundamental categories of breast cancers based on 

genomic profiling of breast tumors see Figure 1.14 Gene overexpression often has associations 

with basal-like and luminal subtypes as well as long and short survival rates.15The human 

epidermal growth factor receptor 2 (HER2) subordinate type, on the other hand, is connected 

to epidermal growth factor receptor (EGFR) overexpression, and a group of certain genes is 

likewise connected to a limited lifespan.16 
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Figure 1. It shows triple breast cancer kinds and molecular subtypes of breast cancer 

1.2 Background and significance of breast cancer 

The backdrop of the illness, including its incidence, effects, and significance in the medical 

and social spheres, are referred to as the background and relevance of breast cancer.17 Breast 

cancer is a difficult and diverse illness defined by the unchecked expansion of abnormal cells 

in the breast tissue. Both men and women may get it, although women are far more likely to 

do so than men.18 It is one of the most frequent types of cancer in the world. Breast cancer 

develops as a consequence of genetic abnormalities and changes that interfere with normal 

cellular control and cause tumors to form.19 Due to its high incidence rates and severe effects 

on people, families, and communities, breast cancer is a major problem for the world's health.20 

Its importance may be seen in numerous crucial areas and the most frequent cancer among 

women diagnosed globally is high frequency breast cancer.21 It is the main factor in the 

mortality of women from cancer in several nations.22 Although early diagnosis and treatment 

innovations have increased survival rates, breast cancer may still be aggressive and fatal, 

especially if discovered at an advanced stage.23 The physical, emotional, and psychological toll 

that breast cancer may have on people can be quite high.24 The well-being of patients may be 

negatively impacted by the adverse effects of treatments including surgery, chemotherapy, 

radiation, and hormone therapy. Breast cancer's consequences on families, careers, and society 

as a whole have wide-ranging implications.25 It may interfere with everyday living, put a strain 

on finances, and provide emotional difficulties for both sufferers and their loved ones.26 Our 

knowledge of cancer biology, genetics, and molecular pathways has significantly improved as 

a result of advancements in breast cancer research and therapy.27 As a result, tailored treatment 

plans and targeted medicines have been developed. Breast cancer awareness initiatives have 

attracted attention on a worldwide scale, encouraging early identification, access to treatment, 

and financial research support.28 Healthcare burden Breast cancer management, diagnosis, and 

treatment put heavy demands on healthcare systems and resources.29 

1.3 Role of signaling pathways in cancer development and progression 

The emergence and spread of cancer depend heavily on signaling pathways.30 These pathways 

are intricate networks of intracellular molecular interactions that control many cellular 

activities, such as growth, proliferation, survival, differentiation, and death.31 These pathways 
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may have a role in the onset and development of cancer when they are dysregulated or 

disturbed. Here is how signaling pathways affect the development of cancer.32 In response to 

external cues, cell growth, and division are induced by unchecked growth and proliferation 

signaling pathways, such as the PI3K/AKT and MAPK pathways.33,34 Tumor development in 

cancer may be caused by mutations or abnormal activation of these mechanisms, which can 

cause unchecked cell proliferation.35 A natural process called evasion of apoptosis, or 

programmed cell death, destroys damaged or defective cells. By skewing the ratio of pro- and 

anti-apoptotic signals in signaling pathways like the Bcl-2 family, cancer cells often develop 

the capacity to avoid apoptosis.36 Signaling mechanisms for angiogenesis and metastasis may 

encourage the growth of new blood vessels (angiogenesis) and the invasion of cancer cells into 

nearby tissues as well as the spread of those cells to other locations (metastasis).37 The routes 

involved in angiogenesis and metastasis, respectively, include VEGF and MMPs. immunity 

evasion Some signaling pathways may affect immunological responses, which enables cancer 

cells to avoid being recognized and eliminated by the immune system.38 One such example is 

the ability of the PD-1/PD-L1 axis to inhibit immune surveillance and encourage tumor 

immune evasion. DNA repair and genomic stability mechanisms, such as the p53 pathway, are 

essential for preserving the integrity of the genetic material in the cell.39,40 The accumulation 

of genetic mutations and the development of cancer may both be caused by the dysregulation 

of these mechanisms.41 Signaling pathways controlled by hormones (such as estrogen and 

androgen) may affect the development and progression of tumors in hormone-dependent 

malignancies, such as breast and prostate cancer.42 Signaling pathways often engage in cross-

talk and feedback loops, resulting in the formation of intricate networks that either amplify or 

attenuate messages.43An further factor in the development of cancer is dysregulation of one 

system, which might have unexpected consequences on other pathways.44 

1.4 The rationale for exploring natural compounds as potential therapeutic agents 

Several strong reasons are behind the investigation of natural substances as possible medicinal 

agents. Due to their wide range of bioactive qualities and potential to treat several illnesses, 

including cancer, these natural chemicals, which are produced from plants, marine creatures, 

and other natural sources, have drawn interest.45 Natural chemicals' diverse chemical structures 

are one of the justifications for researching them as medicinal agents.46 A wide variety of 

chemical structures and characteristics are present in natural substances.47 Due to their ability 

to interact with a variety of cellular targets and signaling pathways, these prospective drug 

candidates may have a broad range of therapeutic effects.48 This diversity makes them a rich 

source of possible drug candidates.49 Cultural and historical use For their health advantages, 

natural ingredients from folk cures and herbal medicines have been employed by several 

civilizations throughout history.50 These antiquated methods serve as a significant resource for 

current research projects and provide light on prospective therapeutic uses. many different 

ways that something works Multiple cellular functions are often impacted at once by natural 

substances' diverse modes of action.51 Due to their adaptability, they may focus on several 

disease-related processes, including angiogenesis, apoptosis, inflammation, and proliferation. 

Possibilities of tailored treatment Specific signaling pathways or molecular targets that are 

dysregulated in illnesses like cancer have been demonstrated to be susceptible to being targeted 

by some natural substances.52 When compared to traditional treatments, this selectivity may 
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result in therapies that are more targeted and have fewer off-target effects. Natural substances 

may be used in conjunction with current medications to improve their effectiveness, lessen 

negative effects, or get around resistance mechanisms.53 The interaction of natural substances 

with established treatments has the potential to enhance patient outcomes. security profile Since 

many natural substances have been ingested as part of the human diet for many generations, it 

is likely that they have a pretty good safety profile.54 This gives us a solid base from which we 

may reasonably confidently explore their therapeutic potential.55 Natural chemicals may act as 

skeletons for the construction of new therapeutic leads. Researchers can enhance their 

pharmacological effects by changing their chemical structures, perhaps producing more 

effective molecules and selective ones.56 The discovery of natural substances encourages the 

preservation of biodiversity as scientists examine diverse plant and marine species to find 

potentially useful bioactive chemicals.57 Ecological and moral issues are in line with this 

emphasis on sustainable sources.58 The various modes of action of natural compounds and their 

interactions with different genetic profiles point to possible uses in personalized medicine.59 

The efficacy of therapy may be improved by treating patients according to their unique 

molecular profile.60 Affordable and available resources Compared to synthetic chemical 

libraries, natural chemicals may provide more affordable options for medication discovery and 

development. This may result in the development of accessible, inexpensive medicines for a 

larger population.61 

2 Key signaling pathways in breast cancer 

A variety of signaling pathways that regulate essential cellular functions are dysregulated in 

breast cancer, which is a diverse illness. Understanding the processes behind breast cancer 

formation, progression, and therapy responses is made possible by the molecular complexity 

of these pathways.62 This section focuses on two essential signaling pathways PI3K/AKT and 

MAPK and their importance in the pathophysiology of breast cancer.63 The pathway of PI3K 

and AKT. Cell growth, survival, and metabolism are all heavily dependent on the PI3K/AKT 

pathway.64 A cascade that eventually results in the phosphorylation and activation of AKT, a 

serine/threonine kinase, is set off by the PI3K enzyme being activated. By preventing 

apoptosis, activated AKT encourages cell survival.65 It also speeds up cell cycle progression 

and increases protein synthesis. PI3K/AKT pathway dysregulation is common in breast 

cancer.66 Genetic changes in this pathway's constituent parts, such as PIK3CA mutations, 

PTEN loss, and AKT gene amplification, are rather prevalent. Uncontrolled cell proliferation, 

apoptosis resistance, and an elevated risk of metastasis are all caused by PI3K/AKT 

hyperactivation.67A network of kinases called the MAPK pathway transmits extracellular 

signals to the nucleus, affecting gene expression and cellular reactions. c-Jun N-terminal kinase 

JNK, ERK, and p38 MAPK are the three main branches of the pathway.68 Particularly ERK is 

connected to cell growth, differentiation, and survival. Tumor development and progression in 

breast cancer are attributed to deregulation of the MAPK pathway.69 Angiogenesis, unchecked 

cell division, and metastasis may all be caused by the aberrant activation of this pathway, which 

often results from upstream receptor tyrosine kinase activation70 

2.1 Importance of these pathways in breast cancer pathogenesis 
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With their contributions to many aspects of tumor growth, progression, and treatment response, 

the PI3K/AKT and MAPK signaling pathways play crucial roles in the pathogenesis of breast 

cancer.71When they are dysregulated, a series of things might happen that encourage the 

development, survival, and metastasis of the tumor.72It is possible to identify treatment targets 

and tactics by comprehending the relevance of these pathways in breast cancer.73 PI3K/AKT 

pathway tumor cell survival and resistance to apoptosis Hyperactivation of the PI3K/AKT 

pathway makes it possible for cancer cells to avoid apoptosis, a process that destroys aberrant 

cells by programmed cell death.74 A tumor's ability to develop is facilitated by the ability of 

cancer cells to survive and proliferate. Cell cycle progression and cellular growth are induced 

by cell proliferation and expansion of the PI3K/AKT pathway.75 When this system is 

dysregulated, tumors may develop as a consequence of unchecked cell division. EMT, a 

process that improves cancer cell motility and invasion key actions in metastasis is promoted 

by the activation of PI3K/AKT during metastasis and invasion.76 The angiogenesis process, 

which promotes the development of new blood vessel-feeding tumors, may also be influenced 

by this route. resistance to treatment Hyperactivation of PI3K/AKT has been linked to 

resistance to several treatments, particularly hormonal ones.77 By focusing on this route, it may 

be possible to overcome treatment resistance and improve therapeutic effectiveness. MAPK 

pathway cell expansion and proliferation.78 Cell proliferation and growth are mostly regulated 

by the MAPK pathway, namely the ERK branch.79 Unnatural cell division brought on by 

abnormal activation may aid in the development and spread of tumors.80 The MAPK pathway 

may be activated during invasion and metastasis to increase the motility and invasion of cancer 

cells and aid in the spread of metastatic disease.81 Additionally, it supports the growth of tumors 

in distant areas by assisting in the development of new blood vessels.82 Cell survival may be 

impacted by the modulation of apoptosis regulators caused by resistance to apoptosis in the 

MAPK pathway.83 Cancer cells can avoid programmed cell death when this pathway is 

dysregulated, which lowers the rate of apoptosis.84 Therapeutic MAPK pathway activation may 

impart resistance to a range of medications, including targeted therapy. Inhibiting this 

mechanism could make cancer cells more receptive to medical treatments.85 

2.2 Interconnections and crosstalk among pathways 

The complex interactions and crosstalk across signaling pathways have a role in the 

development of breast cancer. These interactions build a dynamic network that influences the 

growth, spread, and effectiveness of treatments for tumors.86 The interactions between 

pathways influence how cancer cells behave by enhancing or attenuating the impact of 

particular pathways.87 To develop successful treatment plans, it is essential to comprehend 

these linkages. PI3K/AKT and MAPK pathway crosstalk PI3K/AKT and MAPK pathways 

typically display crosstalk in breast cancer.88 AKT activation may promote the production of 

growth factors and receptors that feed into the MAPK pathway, increasing cell survival and 

proliferation. On the other hand, MAPK pathway activation may increase AKT, encouraging 

cell survival and apoptosis resistance.89 By amplifying oncogenic signaling, this bidirectional 

interaction promotes tumor development and therapy resistance.90 The PI3K/AKT pathway 

also interacts with the mTOR system, which regulates protein synthesis and cell proliferation, 

in a process known as PI3K/AKT-MTOR crosstalk.91 AKT turns on mTOR, which controls 

protein synthesis and cellular metabolism.92 Uncontrolled cell growth and tumor development 
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may result from the dysregulation of this connection.93 The epithelial-mesenchymal transition 

(EMT) process may interact with the wnt/-catenin pathway, which is important in cell 

proliferation and differentiation.94 Enhancing cell motility and invasiveness via EMT is 

essential for metastasis.95 EMT may be induced by activation of the Wnt/-catenin pathway, 

which encourages tumor cell invasion and migration.96 Signaling pathways and hormone 

receptors, such as the human epidermal growth factor receptor 2 (HER2) and the estrogen 

receptor (ER), often interact. As an example, whereas HER2 activation may promote the 

MAPK pathway, ER signaling can also activate PI3K/AKT.97 These crosstalk systems help 

hormone-dependent breast tumors spread. Immune signaling interacts with inflammatory 

pathways, and it also does so with cancer-related pathways. Immune responses and immune 

cell infiltration may be influenced by elements of the MAPK and PI3K/AKT pathways in the 

tumor microenvironment.98 

3 Natural compounds and their mechanisms of breast cancer 

The ability of natural substances to affect breast cancer signaling pathways has drawn attention 

from a variety of sources, including plants, marine creatures, and conventional medicines. 

These substances include bioactive elements that interact with certain molecular targets to 

modulate vital cellular functions implicated in the initiation and spread of cancer.99 Many 

natural substances work by attaching to cell surface receptors to modulate their effects. As an 

example, flavonoids, which are compounds present in certain plants, may interact with estrogen 

receptors and alter hormonal signaling in breast tumors that express hormone receptors.100 

Changes in gene expression and a decrease in the growth of cancer cells may result from this 

modulation. Kinase inhibition natural substances can inhibit kinases, which may affect 

signaling cascades.101 Resveratrol and curcumin are examples of polyphenols that inhibit 

kinases in the PI3K/AKT and MAPK pathways.102 This prevents oncogenic activation and 

encourages cell cycle arrest or death. Natural substances can start apoptotic pathways in cancer 

cells.103 The activation of pro-apoptotic proteins and the downregulation of anti-apoptotic 

factors by substances like curcumin and green tea catechins results in the death of cancer 

cells.104 Some natural substances have anti-inflammatory qualities, and inflammation has been 

related to the development of cancer.105 For instance, resveratrol blocks the production of 

inflammatory cytokines and molecules, possibly lowering the pro-inflammatory milieu that 

promotes the formation of cancer.106 Natural substances can affect epigenetic alterations, 

influencing gene expression without changing the DNA sequence. By controlling DNA 

methylation and histone changes, they may be able to silence oncogenes or reactivate tumor 

suppressor genes. adverse impact on angiogenesis.107 The growth of tumors depends on 

angiogenesis, the development of new blood vessels. Vascular endothelial growth factor 

(VEGF) and other angiogenesis-related molecules are the targets of natural substances like 

curcumin and epigallocatechin gallate (EGCG), which suppress angiogenesis.108 Cancers that 

rely on hormones may be affected by some natural substances that imitate or compete with 

hormones.109 Soy and other plants contain phytoestrogens, which may bind to estrogen 

receptors and perhaps modify pathways involved in hormone production.110 Cancer 

development is influenced by antioxidant activity and oxidative stress. Vitamins C and E and 

other naturally occurring substances with antioxidant characteristics may reduce DNA damage 

and prevent tumor development by scavenging reactive oxygen species. At certain stages of 
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the cell cycle, natural chemicals that regulate the cell cycle may stop the growth of cancer cells. 

For example, substances like paclitaxel extracted from the pacific yew tree disrupt microtubule 

dynamics, causing cell cycle arrest and cell death Figure 2.111 

 

Figure 2. Impact of natural substances on breast cancer with several functions 

3.1 Introduction to natural compounds and their sources 

Natural substances have drawn the interest of academics and clinicians alike because of their 

potential therapeutic characteristics. These substances may be obtained from a wide variety of 

plant, marine, and microbial sources. These substances, which often include bioactive 

chemicals, provide an abundance of opportunities for cutting-edge therapies and interventions 

for a wide range of disorders, including breast cancer. origins in plants for millennia, plants 

have been used as a traditional source of natural substances.112 A wide variety of bioactive 

compounds are found in the leaves, stems, roots, and fruits of plants, among other plant parts. 

Plants produce these substances to protect themselves from environmental stresses and 

predators.113 Natural substances originating from plants have been used for their therapeutic 

capabilities in herbal medicines, traditional healing systems including traditional Chinese 

medicine, and indigenous knowledge.114 seafood resources A mostly untapped frontier of 

natural substances is the ocean. Algae, sponges, corals, and mollusks are a few examples of 

marine species that are abundant producers of unusual bioactive chemicals. The maritime 

environment, with its harsh circumstances and varied ecosystems, promotes the creation of 

substances with unique structures and powerful biological activity.115 Intriguing prospects for 

cancer treatment, marine natural chemicals have shown promise in reducing cancer cell 

proliferation and angiogenesis.116 Natural chemicals are produced in large quantities by a wide 

variety of microorganisms, such as bacteria and fungi. Microbial sources are the source of 

many antibiotics and immunosuppressants.117 The immense potential of microbial genomes for 

the synthesis of many bioactive compounds has been shown by recent advances in genome 

sequencing. Natural substances produced by microorganisms show potential as targeted 

treatments for many disorders, including cancer.118 The discovery of several natural substances 

with therapeutic characteristics is a result of both conventional wisdom and contemporary 
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study on ethnobotanical knowledge, traditional medical systems, and indigenous traditions.119 

These ancient usages often serve as the basis for contemporary scientific research. Validating 

the effectiveness and safety of natural chemicals for medicinal reasons requires rigorous 

research techniques, such as phytochemical analysis, bioassays, and clinical trials. There are 

several difficulties and possibilities for natural chemicals.120 It may take a lot of work and 

sophisticated technology to isolate and characterize bioactive compounds from intricate natural 

sources. Another issue is ensuring the uniform quality, standardization, and safety of natural 

chemicals for therapeutic application. The ecological effects of overharvesting and 

unsustainable methods also raise moral questions.121 

3.2 Mechanisms by which natural compounds influence signaling pathways 

When interacting with signaling pathways in breast cancer cells, natural substances use a 

variety of strategies. They can alter important molecular processes involved in the initiation 

and progression of cancer via these pathways.122 Utilizing the medicinal potential of natural 

chemicals requires an understanding of how they act on signaling pathways. Modulation and 

receptor binding.123 Natural substances can bind to cell surface receptors directly, changing the 

activity of the receptors and the signaling that follows. For example, phytoestrogens in soy 

bind to estrogen receptors and affect hormonal signaling in hormone-dependent breast 

tumors.124 Gene expression and cellular reactions may be affected by this regulation. Some 

naturally occurring substances can inhibit kinases. They may hinder the action of kinases, 

which modify proteins by adding phosphate groups to control signaling pathways.125 Natural 

chemicals disrupt oncogenic signaling and reduce the development of cancer cells by inhibiting 

important kinases in pathways including PI3K/AKT and MAPK.126 Natural substances can 

cause apoptosis, or programmed cell death, in cancer cells. They do this by causing the death 

of cancer cells by activating pro-apoptotic proteins and blocking anti-apoptotic factors. These 

drugs often target proteins in the Bcl-2 family, which control apoptosis. Changing the 

epigenome Certain natural substances have an impact on epigenetic changes that regulate gene 

expression without changing DNA sequences. They can control DNA methylation and histone 

changes, possibly suppressing oncogenes or reactivating tumor suppressor genes, which helps 

control the growth of cancer cells. adverse impact on angiogenesis.127 The growth of new blood 

vessels that feed tumors, or angiogenesis, may be inhibited by natural substances. These drugs 

interfere with the angiogenic process, inhibiting tumor development and metastasis by 

targeting molecules like vascular endothelial growth factor (VEGF).128 Cancer development 

and inflammation control are related, and several natural substances have anti-inflammatory 

characteristics. They may result in an environment that is less favorable for the development 

and survival of cancer because they may suppress cytokines and inflammatory chemicals.129 

Regulation of oxidative stress Natural substances having antioxidant characteristics displace 

reactive oxygen species, lowering oxidative stress and DNA deterioration.130 These substances 

may prevent cancer from starting and spreading by encouraging a less hostile cellular 

environment. Cell cycle arrests Natural substances may disrupt the cell cycle, stopping cancer 

cells at certain stages. For instance, marine-derived substances may alter microtubule 

dynamics, causing cell cycle arrest and death.131 Natural substances that regulate hormones 

may imitate or compete with hormones, affecting hormone-related pathways in malignancies 
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that are hormone-dependent. This may affect how these tumors develop and respond 

cellularly.132 

3.3 Receptor binding, enzyme modulation, and downstream effects 

Natural substances have a variety of methods by which they impact the development of breast 

cancer. Receptor binding and enzyme modulation are two of these processes that are crucial in 

determining the outcomes of signaling pathways.133 These interactions play a crucial role in 

blocking oncogenic signaling and providing possible treatments. The estrogen receptors ER, 

PR, and AR are only a few examples of natural substances that may interact with hormone 

receptors.134 Plant-based phytoestrogens, for instance, can bind to ER and affect estrogen 

signaling. This interaction may result in the competitive suppression of endogenous hormones 

in hormone receptor-positive breast tumors, perhaps inhibiting the proliferation of cancer cells. 

RTKs, or receptor tyrosine kinase receptors, are key players in the development of cancer.135 

By attaching to RTKs' extracellular domains, natural substances may prevent them from 

activating. 136 For instance, substances in green tea can bind to the EGFR, which inhibits 

downstream signaling and decreases cell proliferation. Natural substances can block kinases, 

enzymes that control signaling pathways by adding phosphate groups to proteins.137 The 

phosphorylation events that set off subsequent signaling cascades are interfered with by this 

interference.138 Curcumin, for instance, blocks many kinases in the PI3K/AKT and MAPK 

pathways, reducing their carcinogenic effects. activation of enzymes on the other hand, certain 

natural substances activate enzymes that block processes that cause cancer.139 The antioxidant 

resveratrol, which is present in red grapes, may activate sirtuins that support DNA repair and 

cell cycle control, possibly reducing the development of tumors.140 By affecting cyclins, cyclin-

dependent kinases (CDKs), and cell cycle inhibitors, natural substances often affect the 

advancement of the cell cycle. Compounds like paclitaxel prevent the division of cancer cells 

by causing cell cycle arrest, which slows the development of tumors.141 Natural substances that 

alter apoptotic pathways cause apoptosis to occur. They may cause caspase activation, 

upregulate pro-apoptotic proteins, downregulate anti-apoptotic elements, and cause cancer cell 

death. Matrix metalloproteinases (MMPs), which promote the migration of cancer cells, are 

one example of a chemical that inhibits metastasis.142 Natural substances like curcumin may 

reduce breast cancer cells' capacity for invasion and metastasis by blocking MMPs. regulating 

angiogenesis Targeting molecules like vascular endothelial growth factor (VEGF) allows 

natural substances to have an impact on angiogenesis.143 These substances prevent the 

development of new blood vessels by blocking VEGF, which slows the growth and spread of 

tumors. Gene expression controls Natural substances can modify gene expression via 

epigenetic processes. They modify histone modifications and DNA methylation, possibly 

suppressing oncogenes and reactivating tumor suppressor genes.144 

4 PI3K/AKT pathway targeting 

Cell growth, survival, metabolism, and proliferation are all controlled by the PI3K/AKT 

signaling system. The common dysregulation of this system in breast cancer contributes to 

tumor development, growth, and treatment resistance.145 A promising approach for treating 

breast cancer is to target the PI3K/AKT pathway, and natural substances may provide ways to 

become involved. The activation of the process may be interfered with by inhibiting PI3K's 
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essential enzyme components. 146 Natural substances like quercetin and resveratrol have been 

shown to suppress PI3K activity, attenuating downstream signaling and impeding the 

development of cancer cells.147 In breast cancer, AKT, a crucial component of the system, is 

often hyperactivated. Resveratrol, curcumin, and EGCG (green tea catechin) are examples of 

natural substances that may block AKT activation and hence reduce cell survival and 

proliferation. Following AKT, mTOR Targeting regulates protein synthesis and cell growth.148 

Natural substances like rapamycin and its derivatives may block mTOR activity, which reduces 

the growth of cancer cells. Loss of PTEN, a tumor suppressor that blocks PI3K activity, is 

typical in breast cancer. 149PTEN's regulatory function in the PI3K/AKT pathway may be 

restored by several natural substances, such as genistein and curcumin. Natural substances used 

in synergistic combinations may work in conjunction with treatments that target the PI3K/AKT 

pathway. For instance, mixing PI3K inhibitors with organic substances like curcumin or 

resveratrol may improve therapeutic effectiveness and get around resistance mechanisms. 

Resistance to treatment is often attributed to the PI3K/AKT pathway. By altering the route, 

natural substances may make resistant breast cancer cells susceptible to conventional 

therapies.150 By blocking AKT, EGCG, for instance, may improve the effects of chemotherapy. 

Despite the PI3K/AKT pathway's critical functions in typical cellular activities, possible 

adverse effects are raised despite the pathway's prospective targets. Natural chemicals may 

allow for more precise treatments with less hazardous side effects due to their selective 

targeting and capacity to influence a variety of pathway components.151,152,153 

4.1 Examination of natural compounds targeting the PI3K/AKT pathway 

Natural substances from a variety of sources have drawn interest because of their potential to 

block the PI3K/AKT signaling pathway in breast cancer. These drugs provide a novel strategy 

for controlling this pathway's aberrant activation, which is essential for the initiation and 

progression of cancer.154 Here, we explore various natural substances that may be effective in 

blocking the PI3K/AKT pathway in breast cancer. Inhibitory effects on the PI3K/AKT pathway 

have been shown in breast cancer cells by curcumin, a medicinal component of turmeric.155 

Cell survival, proliferation, and invasion may be reduced as a result of suppressing AKT 

activity. A powerful contender for reducing oncogenic signaling, curcumin's multitargeted 

strategy also entails blocking downstream AKT effectors including mTOR and NF-B. It has 

been shown that resveratrol, which is prevalent in red grapes and certain berries, prevents 

PI3K/AKT pathway activation. It affects the pathway's PI3K, AKT, and mTOR among other 

elements.156 Resveratrol's potential as a natural substance with many effects is shown by its 

activities, which include decreased cell viability, enhanced apoptosis, and hindered cancer cell 

migration. In breast cancer cells, EGCG (Epigallocatechin Gallate), the main catechin in green 

tea, demonstrates AKT-inhibitory activities. AKT activation may result in reduced cell growth 

and increased susceptibility to chemotherapy, which is what EGCG inhibits.157 The potential 

of EGCG to target the PI3K/AKT pathway and prevent cancer cell survival is further aided by 

its antioxidant capabilities. Various fruits and vegetables include the flavonoid quercetin, 

which can block the PI3K/AKT pathway in breast cancer cells. Cell cycle arrest and apoptosis 

are caused by the suppression of PI3K activity and downstream AKT signaling.158 The ability 

of quercetin to inhibit tumor development and spread is further enhanced by its anti-angiogenic 

properties. Genistein, which is included in soy products, can influence many steps in the 



Himanshu Sharma / Afr.J.Bio.Sc. 6(10) (2024)                                              Page 5441 of 50 

 

 

 

PI3K/AKT pathway.159 It stops PTEN expression from being lost in breast cancer cells, reduces 

AKT signaling and prevents PI3K activation. Genistein's capacity to inhibit cell growth and 

trigger apoptosis is a result of this multimodal strategy.160 The interaction between natural 

substances that target the PI3K/AKT pathway and conventional medicines has been studied in 

conjunction with several other investigations. Natural substances like curcumin, resveratrol, or 

EGCG may improve treatment results and circumvent resistance mechanisms when used with 

chemotherapy or targeted medicines.161 

4.2 Discussion of specific compounds and their effects 

Breast cancer has been shown to respond differently to curcumin, a substance derived from the 

turmeric plant.162 By preventing the activation of PI3K and AKT, it blocks PI3K/AKT 

signaling. Cell cycle arrest, the activation of apoptosis, and a reduction in cancer cell migration 

are all results of this interference.163 The anti-inflammatory and antioxidant characteristics of 

curcumin further increase its potential as an additional therapy in the treatment of breast cancer. 

Red grapes and several berries contain resveratrol, which has shown potential for treating 

breast cancer. It interferes with PI3K/AKT activation, which reduces the growth and survival 

of cancer cells. Additionally, resveratrol increases the susceptibility of breast cancer cells to 

chemotherapy, which may lead to better treatment results.164 Its potential as a complete 

therapeutic agent is increased by its multitargeted effects on other signaling pathways, such as 

mTOR and NF-κB. The PI3K/AKT pathway in breast cancer is disrupted by the primary 

catechin in green tea, EGCG. Reduced cell proliferation and higher apoptosis are the results of 

downregulating AKT activity.165 The antioxidant characteristics of EGCG let it target cancer 

cells in a targeted manner. Furthermore, EGCG's anti-angiogenic properties may prevent tumor 

vascularization, reducing the likelihood of metastatic spread. The flavonoid quercetin, which 

may be found in a variety of plant sources, inhibits the PI3K/AKT pathway. Cell cycle arrest 

and death in breast cancer cells are the results of it impairing PI3K activity and downregulating 

AKT signaling.166The possible anti-inflammatory characteristics of quercetin may also 

contribute to its tumor-suppressing qualities, making it a promising subject for future study. 

Breast cancer's PI3K/AKT pathway is affected by genistein, which is rich in soy products. It 

can restore PTEN expression, block PI3K activation, and lower AKT signaling, which 

decreases cell growth and increases apoptosis.167 The estrogen-like characteristics of genistein 

may be advantageous in breast tumors that express hormone receptors, thus providing a dual 

mechanism of action. Intriguing possibilities may arise from combining these natural 

substances with traditional treatments or other natural agents.168 For instance, combining 

curcumin with chemotherapeutic medications may increase therapy effectiveness and 

minimize side effects. These drugs' synergistic effects on the PI3K/AKT pathway and their 

diverse target effects show the possibility of combination approaches for the best therapeutic 

results.169 

4.3 Preclinical and clinical evidence of pathway inhibition 

A potential approach in the treatment of breast cancer is the suppression of signaling pathways, 

such as the PI3K/AKT pathway.170 Insights into the efficacy of pathway inhibition have been 

gained from both preclinical researches done in laboratory settings and clinical trials involving 
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actual patients.171 Table 1 provides an overview of the data supporting pathway inhibition in 

the management of breast cancer. 

Table 1: Evidence of pathway blockage in breast cancer from preclinical and clinical studies 

Evidence Preclinical Studies Clinical Studies References 

Cell line 

studies 

Natural substances like 

resveratrol and curcumin 

block the PI3K/AKT 

pathway in breast cancer 

cell lines. <br>- Cell 

growth was reduced, while 

apoptosis was raised. 

<br>- Preventing invasion 

and migration 

Pathway inhibitors' safety and 

dosage are being evaluated in 

phase I studies. Natural agents 

that target PI3K/AKT have 

little clinical support 

172,173 

Xenograft 

models 

In animal models, drugs 

that target the PI3K/AKT 

pathway demonstrate 

decreased tumor 

development. <br>- 

Suppressed angiogenesis 

was found improved 

sensitivity to 

chemotherapy 

The efficacy of pathway 

inhibitors in patients with 

breast cancer is being studied 

in phase II studies. <br>- 

Modulation of biomarkers that 

suggest pathway modification 

174 

Mechanistic 

insights 

Studies have shown that 

natural chemicals may 

modify important 

molecules in pathways. 

Cell cycle arrest, altered 

gene expression, and the 

triggering of apoptosis in 

breast cancer cells 

Combination therapy using 

route blockers and traditional 

medicines has been 

investigated. <br>- improved 

treatment 

175 

5 MAPK Pathway Targeting 

Cell proliferation, differentiation, migration, and survival are just a few of the many cellular 

activities that are regulated by the MAPK pathway, a crucial signaling cascade. The 

development and spread of breast cancer are often linked to the dysregulation of this system. 

The MAPK pathway has been identified as a possible target for therapeutic intervention in the 

etiology of breast cancer, and natural chemicals provide exciting therapeutic options. 

Numerous growth factors and receptors that inhibit receptor tyrosine kinases stimulate the 

MAPK pathway.176 These RTKs, like the human epidermal growth factor receptor 2 (HER2) 

or the EGFR, may be inhibited by natural substances, which can stop the MAPK pathway from 

working further down the line. These receptors have been demonstrated to be modulated by 

substances like curcumin and resveratrol, which inhibits the signaling of these receptors in 

breast cancer cells. Natural substances may block important kinases in the MAPK pathway via 
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kinase inhibition. For example, substances like curcumin and EGCG have been discovered to 

inhibit the activity of MAPK kinases (MEKs), which are significant intermediates in the 

process.177,178 This inhibitor slows the development of cancer cells by interfering with 

downstream signaling. Natural substances may influence a number of the MAPK pathway's 

downstream elements, including the ERK proteins.179 The expression of genes important in 

cell proliferation, survival, and metastasis is decreased by these substances' interference with 

ERK activation. Breast cancer cells may be made to undergo apoptosis by substances that target 

the MAPK pathway.180 Cancer cells may die as a result of their ability to upregulate pro-

apoptotic proteins and downregulate anti-apoptotic elements. Strategies in Combination the 

PI3K/AKT pathway and the MAPK pathway are both often addressed in conjunction with 

traditional therapy. By making cancer cells more susceptible to treatment, natural substances 

may improve the effectiveness of chemotherapy or targeted treatments. Therapies may become 

resistant if it is difficult to block the MAPK pathway. Natural substances that affect this system 

may be able to circumvent resistance mechanisms, rendering cancer cells more amenable to 

therapy.181 Some natural substances have an effect on gene expression via the MAPK pathway, 

according to nutrigenomic techniques. Understanding how dietary elements interact with genes 

is a key component of nutrigenomic techniques, which serve as the basis for customized 

therapies. Effects that rely on context: It's vital to keep in mind that targeting the MAPK 

pathway may have context-dependent effects. Inhibiting the MAPK pathway may have 

different outcomes depending on the cancer's genetic makeup and the particular mutations that 

are present.182 

5.1 Exploration of natural compounds impacting the MAPK pathway 

The Mitogen-Activated Protein Kinase (MAPK) pathway is a crucial signaling cascade that 

controls important cellular processes linked to the initiation and progression of breast cancer 

see Figure 3. 
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Figure 3. Targeting this route with natural chemicals generated from diverse sources has 

shown potential 

It has been investigated how turmeric's bioactive component curcumin affects the MAPK 

pathway.183 It may prevent MEK and ERK from being activated, hence reducing cancer cell 

invasion, proliferation, and angiogenesis. Because of curcumin's capacity to target the MAPK 

pathway as well as its anti-inflammatory effects, it may be useful as a breast cancer treatment. 

Resveratrol, which is present in berries and grapes, has been shown to have an impact on the 

MAPK pathway. It prevents ERK from being phosphorylated, which inhibits cell proliferation, 

migration, and the induction of apoptosis in breast cancer cells.184 Its promise as a natural agent 

for breast cancer intervention is increased by the compound's multitargeted properties, which 

include antioxidant and anti-inflammatory activity.185 A significant catechin found in green tea 

called EGCG (Epigallocatechin Gallate) has shown potential in blocking the MAPK pathway. 

It may inhibit the phosphorylation of ERK, which reduces cancer cell proliferation, and 

invasion, and increases apoptosis sensitivity. The antioxidant qualities of EGCG increase its 

potential as an additional treatment for breast cancer.186 Quercetin is a flavonoid that may be 

found in a variety of plant sources, and its impact on the MAPK pathway has been studied. It 

may prevent the activation of MEK/ERK, which inhibits breast cancer cell growth, migration, 

and angiogenesis.187 The putative anti-inflammatory effects of quercetin also influence the 

pathway. Fisetin has been investigated for its ability to modulate the MAPK pathway and is 

found in fruits like strawberries. It can downregulate phosphorylated ERK, which reduces cell 

invasion and migration.188 Fisetin has a greater promise as a natural molecule for treating breast 

cancer because of its capacity to affect several signaling pathways. Studies of synergy and 

combinations of organic substances that target the MAPK pathway together with conventional 

medicines are common. 189 They may have synergistic effects on breast cancer treatment due to 

their capacity to boost the effects of natural agents or chemotherapy-targeted treatments.190 

Although preclinical data is encouraging in terms of clinical translation, clinical studies are 

required to confirm the effectiveness and safety of these natural substances in breast cancer 

patients. Insights regarding their potential as additional or stand-alone therapy will emerge 

from phase II studies evaluating their effect on the MAPK pathway and clinical outcomes.191 

5.2 Analysis of compound's effects on cell proliferation and survival 

Natural substances including curcumin, resveratrol, EGCG, quercetin, and fisetin have shown 

unique impacts on breast cancer cell growth and survival. Reduced proliferation and increased 

apoptosis are the results of curcumin and resveratrol's inhibition of the MAPK and MEK/ERK 

pathways, respectively.192 EGCG inhibits phosphorylated ERK, which reduces proliferation 

and boosts apoptosis. Quercetin prevents MEK/ERK activation, reduces proliferation, and 

induces apoptosis. Fisetin targets phosphorylated ERK, inhibits proliferation, and encourages 

death.193 These substances have a variety of effects, altering signaling pathways that affect the 

survival and proliferation of breast cancer cells see Table 2. 
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Table 2: Investigation of the impact of natural substances on breast cancer cell survival and 

proliferation 

Natural 

compound 

Mechanism of 

action 

Effect on cell 

proliferation 

Effect on cell 

survival 

References 

Curcumin Inhibits MAPK 

pathway, induces 

apoptosis 

Decreased 

proliferation 

Induces apoptosis 194 

Resveratrol Suppresses 

MEK/ERK 

activation and 

promotes 

apoptosis 

Inhibits 

proliferation 

Enhances apoptosis 195 

EGCG 

(Green Tea) 

Downregulates 

phosphorylated 

ERK, promotes 

apoptosis 

Reduces 

proliferation 

Induces apoptosis 196 

Quercetin Inhibits 

MEK/ERK 

activation, 

modulates cell 

cycle 

Suppresses 

proliferation 

Promotes apoptosis 197 

Fisetin Downregulates 

phosphorylated 

ERK, modulates 

cell cycle 

Decreases 

proliferation 

Induces apoptosis 198 

6 Wnt/β-catenin Pathway Targeting 

Embryonic development, tissue homeostasis, and stem cell control are among the biological 

activities in that the Wnt/β-catenin pathway is crucial. 199 The development, spread, and 

metastasis of breast cancer are linked to the dysregulation of this system. A potentially effective 

strategy for treating breast cancer is to target the Wnt/β-catenin pathway, and natural 

substances provide possible interventional tactics.200 Natural chemicals that target Wnt ligands 

may sabotage the Wnt signaling cascade. For instance, certain substances bind to the Wnt 

proteins, preventing them from interacting with cell surface receptors. As a result, the Wnt/-

catenin pathway cannot start, and its cancer-causing effects are reduced. Natural substances 

can control the amount of -catenin, a key participant in the process, by modulating its 

concentration.201 They could encourage cytoplasmic β-catenin's breakdown, which would 

prevent it from moving into the nucleus and inhibiting transcription.202 The Wnt target genes 

involved in cell survival and proliferation have their expression attenuated by this. Wnt signals 

must be transmitted with the interference of disordered proteins. Dvl may be inhibited by 

natural substances, preventing the Wnt/-β catenin pathway's ability to transmit signals. 

Oncogenic gene expression pathways can't get started because of this interruption. In addition 

to PI3K/AKT and MAPK pathways, the Wnt/β-catenin pathway also interacts with additional 
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signaling cascades. Breast cancer cell growth and survival may be further hampered by natural 

substances that target both pathways due to their synergistic effects. The expression of some 

natural substances that affect epigenetic changes, such as the Wnt/β-catenin pathway, may be 

changed. These drugs may reestablish a healthy balance between tumor-suppressive and 

oncogenic Wnt signaling by altering DNA methylation and histone changes.203 The Wnt/β-

catenin pathway may be affected more significantly by natural chemicals when they are 

combined with conventional treatments. It may be more effective to combine these substances 

with chemotherapy or other targeted treatments to improve therapeutic results and prevent the 

establishment of resistance.204 Despite encouraging preclinical results, issues with 

bioavailability and specificity must be resolved for clinical translation. The multitargeted 

actions of natural substances could be advantageous for avoiding compensatory mechanisms 

and lowering toxicity.205 

6.1 In-depth review of natural compounds modulating the Wnt/β-catenin pathway 

The Wnt/β-catenin pathway is a significant signaling cascade involved in stem cell control, 

tissue homeostasis, and embryonic development. This pathway's dysregulation has been linked 

to the development, spread, and metastasis of breast cancer.206 The Wnt/β-catenin pathway has 

been modulated by natural substances taken from a variety of sources, potentially opening up 

new therapeutic approaches. Here, we examine in-depth the impact of a few natural substances 

on the Wnt/β-catenin pathway in breast cancer.207 Due to its ability to block the Wnt/β-catenin 

pathway, the polyphenol curcumin, which is present in turmeric, has attracted interest. It targets 

a variety of substances, such as Wnt ligands, receptors, and β-catenin. Inhibiting cell growth 

and promoting death in breast cancer cells, curcumin downregulates the expression of Wnt 

target genes.208 Its promise as a treatment tool is aided by its capacity to modify the route at 

numerous stages. Sulforaphane, which is common in cruciferous vegetables, has been shown 

to block the Wnt/β-catenin pathway by lowering levels of β-catenin.209 The nuclear 

translocation and subsequent gene transcription of -catenin are prevented because it triggers 

the proteasomal destruction of the protein. Breast cancer cells' proliferation and invasion are 

reduced as a result of sulforaphane's actions.210 The Wnt/β-catenin pathway is inhibited by the 

flavonoids epigallocatechin gallate from green tea and quercetin from diverse plant sources.211 

By preventing Wnt ligand-receptor interactions and β-catenin nuclear translocation, EGCG 

blocks the pathway. Breast cancer cell growth and death are impacted by quercetin's inhibition 

of -catenin signaling and downstream gene expression. It has been investigated how genistein, 

which is included in soy products, affects the Wnt/β-catenin pathway. It interferes with -

catenin's interaction with the transcription factors T-cell factor (TCF) and lymphoid enhancer 

factor (LEF) as well as the nuclear accumulation of -catenin. 212 The effects of genistein inhibit 

breast cancer cell invasion and proliferation213. In grapes and berries, resveratrol inhibits the 

expression of Wnt target genes and decreases -catenin levels, which affects the Wnt/β-catenin 

pathway.214 This inhibition helps to increase apoptosis while reducing the proliferation and 

migration of breast cancer cells. Although preclinical investigations on these natural chemicals 

have shown promise, issues with bioavailability and selectivity continue to stand in the way of 

clinical use.215 To effectively target the Wnt/β-catenin pathway in breast cancer patients, 

further research is required to improve formulations, doses, and delivery strategies.216 
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6.2 Examination of compounds' impact on cancer stemness and metastasis 

Critical factors that affect breast cancer growth, therapeutic resistance, and patient outcomes 

include cancer stemness and metastasis. Due to their ability to affect these complex processes, 

natural chemicals produced from numerous sources have attracted a lot of attention.217 Here, 

we examine a few natural substances and their effects on breast cancer metastasis and cancer 

stemness. Turmeric's polyphenolic component curcumin has a variety of effects on the 

development and spread of cancer. By stifling self-renewal pathways and fostering 

differentiation, it targets cancer stem cells (CSCs).218,219 Additionally, curcumin prevents the 

epithelial-mesenchymal transition (EMT), hence reducing the possibility of metastatic spread. 

Its promise as a treatment tool is aided by its capacity to alter several signaling cascades.220 

Sulforaphane, which is prevalent in cruciferous vegetables, has shown potential for reducing 

cancer stemness. It causes apoptosis and inhibits CSC growth.221 Through its reduction of 

EMT-related factors and prevention of cancer cell invasion and migration, sulforaphane has a 

negative influence on metastasis.222 Green tea's epigallocatechin gallate (EGCG) has a variety 

of impacts on the stemness and metastasis of cancer. Encouraging divergence hinders CSC 

self-renewal.223 The development of invasive traits is inhibited by EGCG's inhibition of EMT-

related genes. By reducing cell migration and inhibiting matrix metalloproteinases, it 

minimizes the likelihood of metastatic spread. Resveratrol, which may be found in berries and 

grapes, has a variety of impacts on the growth and spread of cancer. It inhibits CSC self-renewal 

and encourages differentiation, which reduces the likelihood that they may initiate tumors.224 

By preventing invasion and migration, resveratrol's regulation of EMT markers and 

encouragement of mesenchymal-epithelial transition prevent metastasis. By inhibiting self-

renewal pathways and promoting differentiation, the flavonoid quercetin, which is found in 

many plant sources, regulates cancer stemness. It affects metastasis by blocking EMT-related 

processes and limiting cell invasion and migration. Despite encouraging preclinical results, 

clinical translation of these natural medicines faces obstacles including bioavailability and 

targeted delivery.225 To confirm their impact on cancer stemness and metastasis in breast cancer 

patients, rigorous clinical studies are required. These chemicals have the potential to be 

complementing elements of cutting-edge breast cancer therapy regimens because of the many 

ways through which they affect these processes.226 

6.3 Potential for disrupting oncogenic signaling 

The development and spread of breast cancer are heavily influenced by oncogenic signaling 

pathways. It has become clear that blocking these routes may slow the spread of cancer and 

enhance therapy results. 227 Natural substances originating from a variety of sources provide a 

potential arsenal of agents that might interfere with oncogenic signaling, offering cutting-edge 

methods for breast cancer treatments. Oncogenic signaling pathways are often affected in 

several ways by natural substances.228 Cross-talk and compensatory mechanisms that support 

cancer cell survival and proliferation may be prevented by their capacity to control different 

elements within a pathway or target several pathways concurrently. Natural substances can 

directly target important molecules inside neoplastic pathways, preventing their activation.229 

For instance, substances like curcumin, resveratrol, and EGCG have shown the capacity to 

inhibit a variety of signaling molecules, such as kinases or transcription factors, resulting in the 
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blockage of a pathway. Multiple signaling pathways are affected by a variety of natural 

substances, which cause apoptosis in cancer cells. These chemicals efficiently reduce the 

survival advantage provided by oncogenic signaling by causing cell death and blocking 

survival pathways.230 Resistance to therapy may be influenced by oncogenic pathways. By 

disrupting the pathways that support survival despite treatments, natural substances have 

shown promise in overcoming resistance mechanisms. This makes them excellent resources 

for boosting the effectiveness of already used medicines.231 Oncogenic signaling-related gene 

expression patterns are influenced by the epigenetic impacts of several natural substances. 

These substances may disrupt carcinogenic pathways by altering DNA methylation and histone 

alterations, which can restore the equilibrium between tumor suppressors and oncogenes.232 

Metastasis, a significant obstacle in the treatment of breast cancer, may be prevented by natural 

substances that interfere with oncogenic signaling. These substances slow down the spread of 

cancer cells to distant areas by altering pathways involved in migration, invasion, and 

angiogenesis.233 Different oncogenic signaling patterns originate from the specific genetic 

composition of each patient's cancer. Natural substances may be specifically formulated to 

target unique oncogenic pathways because of their different mechanisms of action. This makes 

them good candidates for personalized therapy regimens.234 

7 Combination Therapies and Synergy 

Modern oncology is characterized by the fusion of many therapeutic techniques to produce 

synergistic results. Combination therapy for breast cancer has shown significant promise for 

improving treatment results, overcoming resistance, and minimizing adverse effects. A 

potential way to achieve synergy and improve therapeutic approaches is to combine natural 

chemicals with conventional therapies. 235 Chemotherapy's cytotoxic effects on cancer cells 

may be improved by adding natural substances to it. For instance, substances like curcumin or 

resveratrol make cancer cells more sensitive to chemotherapy, which makes them more 

susceptible to cell death. This dual strategy lessens the side effects of chemotherapy while 

increasing therapeutic response. The benefits of targeted treatments, such as hormone therapy 

or drugs that target the HER2 gene, may be enhanced by natural substances. When these 

therapies are combined with organic substances that target signaling pathways, the blockage of 

oncogenic signals is amplified, perhaps delaying the emergence of resistance. The difficulty of 

resistance to chemotherapy or targeted treatments still exists.236 By focusing on different routes 

or mechanisms of resistance, natural substances may aid in overcoming this resistance. This 

complementary strategy re-sensitizes cancer cells resistant to traditional therapies. The 

development and metastasis of tumors may be prevented by combining anti-angiogenic therapy 

with organic substances. Angiogenesis inhibitors and natural substances like resveratrol or 

EGCG may work together to further reduce the tumor's blood supply and slow its growth. 

Immune-modulating properties of natural substances may work in conjunction with 

immunotherapies. These substances improve the effectiveness of immunotherapeutic methods 

by boosting the immune response against cancer cells and making the environment favorable 

for tumor development.237 The features of each patient's cancer are distinct, requiring 

individualized treatment plans. Depending on a person's oncogenic signaling profile, different 

natural substances may be used to maximize synergistic effects unique to their cancer subtype. 

Clinical trials are built on the results of preclinical investigations demonstrating the interaction 
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between natural substances and established treatments. To confirm the security, effectiveness, 

and possible advantages of combination therapy in breast cancer patients, phase I and phase II 

studies are essential.238 

7.1 Discussion of combining natural compounds with standard treatments 

A potential strategy to improve therapy results and address the difficulties presented by cancer 

development, resistance, and side effects is the combination of natural substances with 

conventional medicines in the management of breast cancer. These combinations have the 

potential to completely alter the therapeutic landscape and enhance patient outcomes due to 

their synergistic effects.239 Here, we look into the salient features of mixing natural substances 

with conventional therapies for breast cancer. It is possible to increase the effectiveness of 

treatment by combining natural substances with common medications like chemotherapy or 

targeted therapies.240 Natural substances may promote tumor regression and disease 

management by making cancer cells more susceptible to the cytotoxic effects of standard 

treatments. This is accomplished via a variety of modes of action. One of the biggest challenges 

in managing breast cancer is resistance to conventional therapies. Natural substances have 

shown promise in reversing or defeating resistance processes. These substances resensitize 

resistant cancer cells, possibly restoring therapy efficacy, by focusing on alternate routes or 

encouraging apoptosis. The quality of life for patients is often adversely affected by common 

therapies.241 These negative effects may be reduced by incorporating natural substances. 

Compounds like curcumin or EGCG have shown anti-inflammatory and antioxidant 

capabilities, which help offset toxicities brought on by therapy. The underlying oncogenic 

pathways of a patient's cancer may help guide the selection of natural substances. It is possible 

to completely block a variety of oncogenic signals by combining drugs that target certain 

signaling pathways with conventional therapy, which lowers the risk of developing resistance. 
242 The features of each patient's cancer vary. Personalized treatment plans are possible with 

the use of natural ingredients. Combining drugs that are customized to a person's oncogenic 

profile increases the likelihood of producing synergistic effects that are particular to their 

cancer subtype.243 The potential advantages are encouraging, but there are still obstacles to 

overcome, such as problems with chemical bioavailability, the best dosage, and possible 

interactions with conventional therapies. To confirm the safety, effectiveness, and possible 

advantages of these combinations, thorough preclinical research and thoughtful clinical trials 

are required. Oncologists, researchers, and patients must work together to include natural 

substances with conventional therapies. To achieve the best therapeutic synergy, natural 

substances will be chosen and dosed based on thorough analyses of patient features and 

molecular profiles.244 

7.2 Synergistic effects and enhanced therapeutic outcomes 

Investigating the synergistic effects produced by combining several therapy methods has 

become necessary in the development of better treatment regimens for breast cancer. The 

incorporation of natural substances with conventional therapies is one approach that has a lot 

of promise since it aims to take advantage of their various mechanisms of action and improve 

therapeutic results. By tackling problems like treatment resistance, low effectiveness, and side 

effects, this synergistic strategy has the potential to completely change how breast cancer is 
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managed.245Natural substances like curcumin, resveratrol, EGCG, and others work 

synergistically with conventional therapies in a way that outperforms the advantages of each 

one alone. These substances naturally fight cancer by reducing inflammation, boosting 

antioxidant levels, and altering certain pathways. They may sensitize cancer cells, rendering 

them more vulnerable to treatment-induced cell death, when used in conjunction with 

chemotherapy, targeted treatments, or radiation.246 Additionally, natural substances can target 

many signaling pathways concurrently, lowering the risk of resistance formation and increasing 

the overall efficacy of treatment protocols. Additionally, synergistic benefits include a decrease 

in treatment-related toxicity.247 Natural substances' protective qualities may lessen the negative 

effects of conventional medicines, enhancing the quality of life for patients while they are 

receiving therapy. In addition to improving medication tolerability, this combined strategy also 

makes it possible for patients to follow their regimens more successfully. The idea of using 

natural substances in addition to conventional therapies is intriguing, but careful investigation 

is necessary before it can be successfully implemented in clinical settings.248 A well-designed 

clinical study is required to confirm these benefits in patients with breast cancer since positive 

preclinical research shows synergy. In addition to assessing effectiveness, these studies will 

also look at safety, ideal dosage, and any interactions. The search for synergistic effects via the 

combination of natural chemicals with established therapies has the potential to considerably 

improve therapeutic results in breast cancer, in conclusion. This cutting-edge method tackles 

treatment issues from several sides, increasing response rates, overcoming resistance, and 

reducing treatment-related toxicity. The realization of improved breast cancer treatment 

outcomes becomes an achievable objective as research and clinical trials go forward, giving 

patients hope and changing the face of breast cancer care.249 

7.3 Strategies to overcome resistance and improve treatment efficacy 

Treatment resistance is still a major obstacle to managing breast cancer, often reducing the 

efficacy of medicines and accelerating the course of the illness. Innovative approaches that 

may circumvent resistance mechanisms and increase treatment effectiveness are necessary to 

address this problem. Here, we examine several methods for overcoming resistance and 

improving the treatment results for breast cancer patients.250 Utilizing a variety of therapeutic 

approaches, including chemotherapy, targeted treatments, and immunotherapies, may target 

cancer cells in various ways. This method may concurrently block many routes and prevent the 

establishment of resistance, increasing the effectiveness of the therapy. Resistance often 

develops as a result of cancer cells switching their reliance on alternate signaling pathways. 

Treatment resistance may be overcome and therapeutic responses can be restored by using 

natural substances or small-molecule inhibitors to target these alternative pathways.251 The 

most likely-to-work targeted medicines may be chosen by using molecular profiling to identify 

certain mutations or variations in each patient's tumor. By limiting needless exposure to 

unsuccessful therapies, personalized treatment plans may increase treatment effectiveness. 

Immunotherapies, including immune checkpoint inhibitors, take use of the immune system to 

attack cancer cells. These medications may break through resistance by triggering immune 

responses against cancer cells, including those that have become resistant to traditional therapy. 

By avoiding apoptosis, or programmed cell death, cancer cells often gain resistance.252 The 

susceptibility of cancer cells to treatment-induced cell death may be restored by using 
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techniques to restart apoptotic pathways, such as utilizing BH3 mimics or organic chemicals. 

Resistance to therapy is influenced by epigenetic changes. 253 Targeting epigenetic alterations 

with medications or organic substances may undo these modifications, re-sensitizing cancer 

cells to therapy and enhancing treatment effectiveness. During treatment, regular monitoring 

of the tumor response and molecular alterations might direct the use of adaptive therapy. These 

methods enable real-time modifications to therapy regimens, optimizing therapeutic 

approaches when resistance mechanisms arise.254 

8 Future Prospects 

Clinical trials were crucial in establishing the effectiveness and safety of novel therapies, which 

have been made possible by advancements in breast cancer research. Clinical studies are now 

underway and future developments show great potential for improving outcomes for breast 

cancer patients as the field continues to develop. Clinical studies are evaluating the 

effectiveness of targeted medicines, such as CDK4/6 inhibitors and HER2-targeted 

medications, which selectively disrupt the pathways promoting the development of cancer. 

Through the customization of medicines to unique patient features, these studies seek to 

improve treatment strategies and minimize negative effects. Clinical studies for breast cancer 

are looking at immune checkpoint inhibitors and adoptive T-cell therapy. These 

immunotherapies attempt to take use of the immune system's capacity to identify and target 

cancer cells, perhaps providing long-lasting effects in certain patient groups. Clinical research 

focuses on the combination of several therapeutic modalities, including chemotherapy, targeted 

treatments, and immunotherapies. Through simultaneous attacks on numerous targets, these 

combination techniques aim to increase therapeutic effectiveness and reduce resistance. 

Biomarker-Based Strategies To find individuals most likely to benefit from certain therapies, 

clinical trials are increasingly combining biomarker analysis. This tailored medicine strategy 

increases the effectiveness of therapy while reducing needless exposure to unsuccessful 

medicines. Neoadjuvant treatments, which decrease tumors before surgery, are being studied 

in clinical research, as well as adjuvant therapies, which aim to prevent recurrence. By focusing 

on residual illness and lowering the chance of recurrence, these methods seek to improve 

outcomes. Early cancer detection clinical studies are investigating the use of liquid biopsies for 

early cancer identification and tracking therapeutic response. These non-invasive techniques 

might change diagnosis and monitoring, enabling earlier intervention and better results. 

concentrated on the patient Focusing on patient-centered care, which includes shared decision-

making, survivorship support, and quality-of-life concerns, is a key component in the treatment 

of breast cancer in the future. Interventions to control side effects of therapy are also being 

studied in clinical trials. Innovative trial designs and cutting-edge therapeutic modalities will 

be driven in the future by cooperation among researchers, doctors, and patients. Individualized 

therapy will be guided by precision medicine, informed by thorough molecular profiling. 

Furthermore, improvements in big data analytics and artificial intelligence will make it possible 

to design clinical trials more efficiently and forecast treatments with greater accuracy. The way 

for the next study and treatment development has been illuminated by remarkable triumphs, 

nevertheless. Natural chemicals may have a low bioavailability and complicated 

pharmacokinetics, making it difficult to administer medications to patients in a way that is both 

consistent and effective. Specificity Targeting the desired signaling pathways or processes in 
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people might be difficult since natural substances can have unintended effects. variations in 

patients Treatments must be tailored to each patient's specific genetic profile due to the variety 

of breast cancer subtypes and their varying patient responses. Natural substances may interact 

with conventional therapy, affecting the efficacy of the treatment or producing negative 

consequences. Regulatory acquiescence to get regulatory clearance for novel treatments, 

thorough clinical studies are needed, which takes time and money. Protection and acceptability 

In clinical studies, numerous natural substances demonstrated acceptable safety profiles, which 

encourages continued research into them as supplements to conventional medicines. 

Synergistic outcomes Successful clinical trials have shown that the addition of natural 

substances to conventional therapies may increase their effectiveness while reducing their 

negative effects. Treatment that is unique the development of tailored therapeutics has been 

facilitated by biomarker-guided research that has revealed patient subgroups that react well to 

certain natural substances. Clinical studies that have improved outcomes have shown 

encouraging trends in terms of slowed tumor development, increased treatment response, and 

better quality of life for breast cancer patients.255-305 

9 Conclusion 

Natural substances have been investigated as therapeutic agents for breast cancer, and the 

results have been astounding discoveries and prospective treatment plans. This voyage has 

shown the complex mechanisms of resistance mechanisms, carcinogenic signaling pathways, 

and the potential for natural substances to interfere with these systems. It becomes clear that 

natural substances provide a diverse strategy for treating breast cancer on an individual basis 

as we review important discoveries and ideas. Research has shown that natural substances like 

curcumin, resveratrol, EGCG, and others have the power to alter important signaling pathways, 

suppress cancer growth, stop metastasis, and improve the outcomes of conventional therapies. 

From early oncogenic signaling to late stages of metastatic dissemination, their multi-targeted 

activities allow disruption at different degrees of cancer development. These substances have 

astounding promise for overcoming treatment resistance, increasing therapy effectiveness, and 

minimizing adverse effects. Because every case of breast cancer is unique, specific treatment 

strategies are necessary. Natural substances are excellent options for modifying therapy to each 

patient's specific molecular profile due to their wide range of action mechanisms. By 

combining these drugs with traditional medicines, it is possible to design individualized 

regimens that target the unique cancer-causing pathways in each patient, increasing the chance 

of a successful outcome and reducing the need for ineffective medications. Natural compound-

based therapy research is a continuous project that calls for cross-disciplinary cooperation and 

consistent research efforts. Validation of the safety, effectiveness, and potential advantages of 

mixing natural substances with conventional therapies requires thorough preclinical research 

and thoughtful clinical trials. To enable the smooth transition of research results into clinical 

applications, collaborations between researchers, oncologists, pharmacologists, and patients 

are essential. Integrating novel strategies will shape the future of breast cancer therapy, and 

medicines based on natural compounds will be essential. Predictive modeling may help with 

treatment choices, improving the accuracy of therapy selection as artificial intelligence and big 

data analytics progress. Furthermore, a potential frontier that ought to drive the development 

of treatment techniques is patient-centered care that incorporates patients' desires and well-
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being. The investigation of natural compound-based medicines for the treatment of breast 

cancer has, in conclusion, shown a promising and innovative route. These drugs provide a 

multifaceted strategy for attacking cancer's weaknesses, overcoming resistance, and improving 

therapy results. 
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